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IBM RAMAC 305 

T h e  RAMAC 305 is a complete accounting system, capa- 
ble of performing most of the accounting operations 
required by the various transactions in modern busi- 
ness. These business transactions are processed indi- 
vidually as they occur, so that each accounting record 
in the file represents its actual, up  to the minute, status 
at all times. Accounting records, which are stored in 
the RAMAC file, are automaticAlly adjusted and updated 
following each transaction. This technique of account- 
ing is called in-line processing. 

In-line precessing is not, in itself, a new concept 
of accounting. I t  was the prevalent system in  the days 
prior to the development of mechanized accounting, 
when the number of transactions to be handled and 
the number of accounts to be maintained were few. 
With the growth of business activity and the develop- 
ment of accounting machines, other techniques were 
adopted. Batch processing, as performed by IBM 

punched card accounting machines, became the most 
efficient system for handling business requirements. 

Development of a machine to perform accounting 
functions by in-line processing has long been desired. 
However, the most fundamental requirement of such 
a machine is its ability to read, alter, and replace any 
of the file records in any random sequence. Such a 
machine was not practical until the development by 
IBM of the 350 Random Access File. This file is an 
integral part of the RAMAC. 

Five million characters of business facts are stored 
in  the file so that they can be referred to, adjusted, 
updated, entered or extracted the moment a business 
transaction is made. This processing technique is made 
possible by the ability of the random access file to store 
the information contained in 62,500 80-column stan- 
dard IBM cards within the machine. This information 
is contained in 50,000 100-character records in the file. 
Any one of these records may be reached in  a maxi- 
mum access time of 800 milliseconds (.8 second) . T h e  
eEective access time is usually much less, and may be 
reduced to zero in some programs. This  ability to 
obtain any record in  the file without appreciable loss 
of time makes possible the posting of transactions as 
they occur. This immediate processing leads to the 
-avai!ability of more timely information, and conse- 
quently to  closer control over business transactions. 

For example, in the area of inventory control and in- 
voicing, for a single customer order the machine may: 

1 .  Determine availability 
2. Check customer credit 
3. Price each item 
4. Adjust stock balances 
5. Invoice the customer 
6. Prepare the accounts receivable record 
7. Accumulate usage data for sales analysis 
8. Credit the salesman's commission account 
9. Perform various other related operations 

Each operation is performed in sequence for each 
order. Periodically, under card control, sales analysis 
and other reports may be obtained, based on the ac- 
cumulated usage data. 

The  procedures made possible by the ability to store 
five million characters and to obtain them from 
memory without appreciable loss of time, eliminates 
the need for sorting, collating, and successive runs. 

Current processing of minute-by-minute data means 
dynamic accounting instead of a history for manage- 
ment to review. 

Closer control over inventory, results in reduced 
inventory charges as well as increased service to cus- 
tomers by reducing back orders. 

Continuous processing eliminates the need for ac- 
cumulating customers' orders before making a run. 
This makes possible a continuous flow of orders 
through the office and warehouse, resulting in a much 
smoother operation and better service to customers. 

Character Coding 

In the card, each character is stored in a particular 
column in the form of punched ho!es. T h e  vertical 
position of each punch determines the character. In  
RAMAC, each character is stored in  a particular charac- 
ter position of a process drum track or  file record; 
i t  is stored in the form of magnetized spots rather than 
punched holes. Just as the location of a punched hole 
within a card column determines its Hollerith code 
identity, the location of a magnetized spot within a 
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charztcter position tleter~nines its binary code identity. 
Each ~nagnetizect spot is r;jlled a "bit," ant1 there is 
;in exclusive ;rrrangemc.nt or combination of bits for 
each char;~ctn-. 

\\'ithin R . A V . ~ C ,  all tl;tta is read, transferred, and writ- 
ten serially by \cord. ch:rracter, and bit. There are 
eight bit positions within each character position. They 
are itlcntifietl ;IS bits S, X.  0, 1, 2, 4, 8, and R. Bit S 
merely pro\,itles a space between the recording bit 
positions of e;jch ch;ir;rcter, and is not used in the bit 
cotling. Bit R has no numeric or alphabetic value, but 
is atl(led to certain characters so that every character 

i 
~vill  have an odtl nunlber of bits. This convention 
makes possible a technique whereby RAMAC may per- 

I form a validity check on each character transferred. 
Translation from Hoilerifh code into binary code 

involves the substitution of a particular bit or combi- 
nation of bits for each Hollerith punch. T h e  table 
belijw gives the binary equivalent of each Hollerith 
punch. 

Major Units and Functions 

Processing operations, including all data transfers, 
arithmetic, logical tlecisions, plus the mechanical oper- 
ations of reading cards, changing file address, punch- 
ing, and printing, are normally under complete control 
of the stored program, suppleinented by control panel 
wiring. The  operator, however, may select the program, 
start, stop, or alter processing operations frem the 
supervisory station. In acldition, the operator may ob- 
tain any recortl from the file without halting automatic 
processing. 

With the addition of optional features or  the rear- 
rangement of the basic units, the customer may change 
the capacity of the machine. Several files may serve 

single process unit for a dual file system. One file can 
be used by two process units for dual processing. With 
the use of two access arms on a single file the access 
time may be greatly decreased. Input and output may 
be changed by the addition of a 382 Paper Tape  
Reader or a 407 Printer. For output at remote Ioca- 
tions the customer may use 381 Remote Printing 
Stations with remote inquiry. 

Process Drum 

T h e  major units of R A n l x c  incllide the 305 Processing All transfers of data in the RAMAC begin or end at the 
Unit, the 350 File, the 323 Punch, the 310 Printer, the process drum in the 305 (Figure 2 ) .  The  drum is a 
34s Power Supply, the 380 Supervisory Station, and cylinder, coated with magnetic recording material ant1 
the card reader, which technically is a part of the 380. revolving at 6000 RPnr.  It is divided into circular tracks 

BINARY 

j ~ 0 1 2 4 8 ~ 1  

HOLLERITH 

h z i 1 0 1  2 3 4 5 6 7 8 9 1  
BINARY 

1 x 0  1 2 4 8 ~ 1  
HOLLERITH 

h 2 1 1 0 1 2 3 4 5 6 7 8 9 1  

Figure 1 .  Hollerith Character Coding and RAMAC Binary Chzracter Coding 
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ter written or  read is character 99, often referred to as 
character 9 field 9 (F9C9) , whiie the last is character 
00 (FOCO) . Each character position is further broken 
down into the 7 bit system of coding with an S (space) 
bit separating each character position. 

Basic machine timing during a transfer to or from 
the drum is directly related to the angular position of 
the drum. An additional permanent track on the 
drum, known as the clock track, generates the basic 
timing pulses (Figure 4) .  This track is broken dcwn 
into character pulses, then into bit pulses. Regardless 
of the physical location of the drum heads, all charac- 
ter 99's are read or written at the same time as estab- 
Iished by the clock track. 

Because the drum is revolving at 6000 RPM, one 
revolution takes 10,000 ~ s .  Between character 00 and 
character 99 there is a 400 ~s gap leaving 9,600 ~s per 
I00 characters or 96 US Der character. This is the rate 

I A 

at which cllaracters are read from or written on the Figure 2. Process Drum Head Layout 

drum. 
(Figure 3) ,  most of which have a read-write coil so - 
positioned that data may be recorded within the tracks 
in the form of magnetized spots. T h e  standard machine Core Buffer 
has 32 atltlressable tracks; four for general storage, 
twenty for instructions or storage, three for arithmetic 
operations, three lor input from the reader, one for the 
typewriter, and one for output to the 370 Printer or 
323 Punch. Adtlitional tracks for output or general 
storage are akailable as optional features. 

On each track 100 characters are written serially 
(sequentially) . T h e  100 character track is clivided in 
fields of 10 characters each (Figure 3 ) .  Because of the 
direction of the revolution of the drum the first charac- 

When transferring data from one track on the drum 
to another track it is necessary to have an intermediate 
storage area, capable of storing 100 characters. IVithout 
this additional storage area all transfers would have to 
be from a particular character position of one track 
to the same character position on the new track. 

The  storage unit used is a 100 character magnetic 
core buffer. In  any transfer of data the flow is from one 
track to cores, and then from cores to another track. 
Normally the cores are not addressed. T h e  cores are 

Arithmetic  rack^ \ Accumu/ator, (L a M)* v/ 

Instruction Tracks 
0 Through 9, a, A ~ h r o ~ 9 ~  ' 

Storage Tracks A 

Clock Track 

Spare Track 

Figure 3. 305 Process Drum 

assigned character positions from 00 to 99 and read-in 
or read-out starts at character 00. hTote that this rim- 
ing is the reverse of the drunl where we always read 
or write character 99 first. Figure 5 illustrates the 
transfer of data from K track to MI track through the 
core buffer. T h e  cores are being read into at a rate 
established by the drum clock track, i.e., 96 PS per 
character. 

Random Access File 

The  third and largest storage area in the system is the 
file. This device consists of 50 metal disks, coated on 
both sides with a ferrous oxide recording material. 
These disks, slightly separated from one another, are 
mounted on a vertical shaft which revolves a t  1200 
RPM. Information is stored in the form of magnetized 
spots in tracks around the top o r  bottom side of the 
disks. At the side of the stack of disks there is an access 
arm that moves under electronic control to any desired 
track on any disk. Two  magnetic read/write heads 
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DRUM SHOWN AT FIELD 9, CHARACTER 9 TIME 

Clock Trock limingr shown ore trtoblirhed by the Gmcrol Storage, Progrom Storage. lnpvt Ovtpvt. 
(Catoinr 816 cquolly gocrd Clock Ttock ond the I;rning Rings ond h l t i p l i ' a d  ltocks 

m g u t i c  spots from t h  b.ginn;ng (Cmtoinr only those b:tr that decode 
OF CE thru end of CL) to the dot. octually written) 

Figure 4. Drum Timing and Data Assignment 

(top and bottom) mounted on the access are used to 
read or write information. 

T h e  file is available with a capacity of 5,000,000 
characters or 10,000,000 characters. On the 5,000,000 
character file there are ten 100-character records stored 
on each track (five on each side of the disk), and there 
are 100 tracks on each disk. The  tracks are divided 
into 5 equal segments or records of 100 characters 
each. These segments are numbered sequentially, 0 
to 4 on top and 5 to 9 on the bottom (Figure 6). T h e  
tracks are numbered from 00 to 99 moving from the 
outside to the center. 

We now have a method of addressing any record on 
the file. A 5-digit number is used, the first two digits 
being the disk number, the third and fourth, the 
track number, and the last the record number. Disk 
address 35439 will position the head at track 43, record 
9 (bottom of disk), disk 35. 

On the 10 million character file, the track density has 
been doubled, i.e., there are 200 tracks per disk. T h e  
tracks are still numbered from 00 to 99, but they 
repeat 00 to 99 again on the same side. T h e  second 
or  inside 100 tracks on the top disk, become disk 

address 01. The  inside of the bottom disk becomes disk 
address 99. In the above example disk address 35 would 
now refer to the 18th disk from the top, the inside one 
hundred tracks. 

The  disks are revolving at 1,200 RPM, about one- 
fifth the speed of the drum. There are five times as 
many characters passing the head in one disk revolu- 
tion. The  result is practically the same character rate 
as on the drum, or 100 PS per character. However, there 
is no way to synchronize the drum with the file. When 
reading from the file to the drum we must use our 
core buffer again. Transferring from or to the file, 
the entire record must be transferred starting with 
character 99. 

Input and Output 

The  card reader, a part of the 380 Console Unit, is 
used to enter data into the system. This data is in Hol- 
lerith form, read digit by digit, and must be translated 
to binary form and written on the drum serially. T h e  
input data is automatically written on K track. T h e  
console can be used to mai~irally read in data to a 
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specified drum track or file record. Q track is the input 
and output track for the typewriter. The  382 Paper 
Tape  Reader may also be used for input. 

Standard output devices are the 370 Printer, 323 
High Speed Punch. These two devices use only S track 
or S and T track. As an optional feature the 407 may 
be used as output. An additional device for output is 
the inquiry feature of the 380 or 381 Remote Station. 

ence purposes only, the character positions of an in- 
struction are coded as follows: 

T ,A,B,T, .~ ,B,MN P Q  
In data transfer, which is the basic operation, the 

characters in the different charactcr positions of the 
instruction have the following significance: 

TI-Track of origin. Read from' this track. 
A,B,-Character position on above track where read- 

ing should begin. 
T,-Track of destination. M'rite the characters 

Stored Programming 

Rather than use a control panel for all control of 
operation, the RAMAC refers to its own storage units for 
its next instruction, previously stored as a 10-digit 
coded instruction. Twenty drum tracks are used to 
store instructions (tracks 0-9, &, A-1) . Each field within 
the track may contain a 10-digit instruction. Thus we 
have a possible 200 program steps which the RAMAC 

will automatically refer to in sequence, starting with 
program step 000 (FO track 0) and repeating after 
program step 199 (F9 track 1 ) .  Any instruction loca- 
tion not used for an instruction may be used for 
general storage. 

By using its stored program, the RAMAC can transfer 
data and compute. T o  punch, print out, feed a new 
card, compare results and make logical decisions, or 
change the program sequence, control of the machine 
is turned over to the 305 control panel by special 
coded characters in the 10-digit instruction. For refer- 

transferred on this track. 
A,B,-Character position where writing should begin. 
hXN-Total number of characters to be transferred. 

P-Program exit code. Any character in this posi- 
tion causes an impulse to be emitted from a 
corresponding hub on the control panel. This 
impulse occurs after the instruction has been 
completed, and may be used to test decision 
elements and to cause the program counter to 
be skipped to some new level. Such an impulse 
may also be used to initiate mechanical func- 
tions, such as printing, or feeding a new card. 
A character in this section is often called a 
"P flag." 

Q-Control code. Certain characters in this posi- 
tion modify the instruction, for example: " 1  " 
changes an instruction from a transfer of data 
to a comparison of the data in the from and 
to locations. "5" causes an accumulator reset 
prior to  an add or subtract operation. A char- 
acter in this section is often called a "Q flag." 

From Tmck (K) 

Core b fb r  

To Tmck 0 
I I I I I 

Figure 5. Track to Track Transfer 
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T h e  P and Q sections of the instruction are often a P flag must be included. This character may be any 
blank. I n  program planning, a blank instruction is of the alphabetic or  numeric characters or  one ol 
indicated by the symbol b. several special characters, each of which has a corres- 

ponding program exit hub on the control panel; foi- 
example: 

Instruction Example 

If it is desired to transfer thirteen characters from 
position 21-33 of track X to positions 65-77 of track 
Y, the instruction is: 

TI 
X 

If it is desired to test the result of the comparison in General Storage 

order to select a new step of the program counter, tracks 

transfers or other operations. 

10 Records on Each Tmck 
(0 thru 4 on TOP, 

5 thru 9 M BOTTOM) 

If it is desired that  this instruction be a cGmparison of the various tracks or addresses within r n ~ ~ c  M-hicli 

of data  rather than a transfer. the instruction becomes: may serve as the origin or destination address in d;?t.~ 

on h c h  Record 

B 

33 

From T o  
MI \\' 

T, 

X 

Top 0-y Disk A c c y  A m  

T, 

Y 

Disk 01 

2z&4 

A,B, 

77 

A,B, 

33 

Instruction tracks 
(may also be used 
for general storage) 

(2 
- b 

Add 
Subtract 
Read out 
Read out and reset 
Multiplicand 
Multiply 
Divide (optional) 
Input track 
Output track 
Optional output track 

(printer) 

Address ldentif ication 

A discussisn of programming requires an identification 

hlN 

13 

T, 

Y 

Figure 6. Random Access File-Disk, Track, and Record Selection record 
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- b 

x X 
Y Y 
z z 

Program 
Step xos.  

A,B, 

7 7 .  

hlN 

18 

P 

- b 

Q 
1 



File address register 
(also initiates a servo 
to the new file address) J 

Inquiry track Q Q 
Character ,elector 

(causes the character to be 
malyzed into Hollerith Code - (hyphen) 
Components) 

Core Buffer - (hvphen) 

Data Flow and Logical Organization 

The  general data flow 13 the R A ~ I A C  305 is shown in 
Figure 7. Notice this d iag~am does not include the 
controlling units and circuits. The  need for these units 
wili not be apparent until data flow is understood. 

Data, either instructions or factors, is entel-etl from 
the reader to K track. Following any read operation 
the information mus! be transferretl from K to some 
other storage location, then another read operation 
may take place (Figure 5 ) .  T h e  flow is fl-om K 

track into the core buffer and then out to the drum. 
IVhen all the information has been loaded, pro- 
cessing may begin. T h e  operator resets the machine 
and then pushes prograin start, which will cause 
the R A ~ ~ A C  to move sequentially through the pro- 
gram steps beginning with step 000. 

Each transfer instruction will require at least three 
tlrum revolutions, each of which is considered a 
machine cycle. T o  differentiate one c)cle from the 
other, we shall call them instruction cycle, read cycle, 
and write cycle, or I, R, and Mi. During the I cycle the 
.instruction will be read from the drum directly to the 
instruction register for analysis. T h e  storage location 
referred to will be determined by the program counter 
which advances from 000 to 199 and then resets. 

During the R cycle the T, character in the instruction 
register is analyzed and a drum head is selected for 
reading. T h e  A,B, characters tell the machine where 
on the selected track to begin reading while the M N  
determines the stopping point. This information flows 
to the core buffer. If TI = R the file is selected and the 
data moves from the file to the cores. 

During W cycle the T2 character is analyted, a drum 
head is selected for writing and data is read out of 
the cores to the drum. If T, R, the flow is to the file. 

Figure 5 .  RAMAC Data Flow 
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A,B, and RIN determine the exact location within the 
track for the data. This represents the most common 
machine instrxction and data flow. 

When reading or writing on the file the 5-digit ad- 
dress must be placed in the control circuits prior to 
the T, or T, of R instruction. This is done with a 
special command of T, = J ,  often referred to as a servo 
command. The  disk address itself is the first five char- 
acters read from the selected track as established by 
T,. During W cycle this address moves from cores to 
the file address register. This register is a relay storage 
device. Due to the relative slowness of relays, more 
than 30 milliseconds is needed to complete the opera- 
tion. Following W cycle the machine goes through two 
additional cycles, D and P, brfore advancing to the next 
instruction. 

When processing is complete and the result is to  be 
punched or printed, it is first necessary to transfer 
the data to one of the output tracks, S or  T. This same 
instruction should provide an impulse to the control 
panel which can be wired to print or punch. This is 
done by placing some character in the P position of the 
instruction. Once again relays must be picked, result- 
ing in extra cycles following M' cycle. T h e  sequence is 
IRWDP with the specific program exit hub emitting 
during P cycle. 

Each of these machines cycles, I, R, W, D, and P are 
basically 10 millisecond cycles of the process drum; 
however, it is sometimes necessary to  extend an R or 
W cycle to some multiple of the process drum cycles. 

I4 IBM RAMAC 305 

On the data flow diagram notice a parity check is 
made on every transfer, before entering cores and after 
leaving cores. Parity is checked during print o r  punch 
out. T h e  instruction is parity checked during I cycle. 
Basically this means the bits within each character are 
checked for an odd count. There is 'also a check far 
the accuracy of the input data. T h e  reader has two 
sets of brushes and within the process unit a compari- 
son will be made to be sure the same information 
is read at each set of brushes. 

T h e  arithmetic unit consists of the adder, the delay 
register, and 10 accumulators. Each of the 10 accumu- 
lators occupies 1 field on the L (or ivl) track. T h e  par- 
tial product track is a non-addressable track used only 
to develop the product or quotient, while the V track 
is used for storing the multiplicand. Addition, subtrac- 
tion, and multiplication are standard machine func- 
tions whiie division is optional. 

T h e  console is represented by- the keyboard and 
typewriter. With the format key the operator may 
manually enter ar, address into the file address register 
and cause the file to servo. When the access arm has 
located the correct record, the data will move from 
file to cores, from cores to Q track, and from Q track 
to the typewriter. T h e  only path to  or from the type- 
writer to the process unit  is via Q track. Data may be 
placed on Q track from some other storage location, 
then printed on the typewriter. At the typewriter i t  may 
be partially or  completely altered and then replaced 
in the original location. 



Electronics 

The  electronic circuits used in the RAMAC 505 are built 
around pluggable units. A pluggable unit will ge~e ra l -  
ly include one or :wo electronic tubes and the asso- 
ciated circuitry. The  components of a standard circuit . 

are mounted on a frame provided with a standard 10 
pin electronic tube base (Figure 8).  T o  bring the unit 
into use, it is plugged intd its corresponding socket on 
one of the electronic gates; hence, the designation 
"pluggable unit." 

The  object of the "Electronics" section of this manual 
is to g i ~ e  a functional understanding of the operation 
of the circuits used in RAMAC. Although there are ap- 

proximately 70 different pluggable units in use, there 
are a comparatively small number of basic circuits from 
which these units have been derived. These basic cir- 
cuits will be our  main concern in this cection. 

Quite often a functional circuit is composed of sev- 
eral pluggable units. For instance, the drum matrix 
read amplifier ("System Diagram 3.10.11 ") consists of 
two units, AM311 and AM315. T h e  Overbeck ring 
(1.01.05) is another example of a functional circuit 
made up  of several units. This should be kept in mind 
when applying the principles of operation of a basic 
circuit to the actual pluggable units. 

Two Tube 
7. 0 0 2  Unit 

6. 0.3 

~ l u ~ g o b l e  
Unit b e  

One Tube 
Unit 

View A-A 

Figure 8. Electronic Pluggable Unit Assembly 
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Basic circuits plus the conventions relating to plug- 
gable units ant1 "System Diagrams" are described in 
this section. Pluggable unit components are described 
separaterl! in "Component Circuits." 

Conventions 

T h e  lollolcing conventions are used in this section, the 
"System Diagrams," and the "Component Circuit" 
ctiagrams. 

Standard Levels 

Standard levels are used in the circuits in which the 
signal is either absent or present. The  nature of many 
circuits, howeyer, necessitates their having non-stan- 
darcl outputs. Such circuits are the file servo circuits, 
and the signals read from the process drum, core buffer, 
and file. Non-standard levels are frequently converted 
to standard levels by means of the scheme illustrated 
in Figure 9. 

The  nominal standard levels are as follows: 
Nominal plate level: U p  1401;; Down +50v 
Nominal cathode level: Up  12v; Down -38v 

In practice, these levels will vary slightly throughout 
RAMAC. However, nominal values are used throughout 
this section of the manual. 

Physical Location of Pluggable Units 

The  pluggable units used in the 305 Process Unit are 
~ ~ l o u n t e d  on three electronic gates, as shown in Figure 
10. Each gate is subdivided into three panels. For itlen- 
tification purposes, the panels are numbered conse- 
cutively from 1 to 9 (a 10th panel, mounted differently, 
supports the mercury relays). Each panel is provided 
with 264 sockets arranged in 24 columns (A to Z with 
1 and 0 omitted) and 11 rows (1 to 11). T h e  location 
of a pluggable unit, plugged into one of these sockets, 
can be given in terms of three symbols: e.g., 3F2 speci- 
fies the location of the socket on panel 3, column F, 
row 2. Panel wiring is brought out to etlge connectors. 

Standard 
b 

Level 

/ 
Weok and Trigger or 

Noisy Signal Inverten 

Figure 9. Conversioil of Weak Signals to Stantlard Level 
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\ BACK GATE 

Figure 10. Electronic Gates anct Panels 

T h e  pluggable units are used in the 350 File before 
System 305-10220 are arranged in 2 rows (numberetl 1 
and 2) ok 20 columns (A to V with 1 and 0 omitted). 
The  location of a pluggable unit on the file is given 
in terms of two s>mbols: e.g., K2 specifies the location 
of the socket in column K, row 2. 

Beginning with 305-10220, the file pluggable units 
are mounted on an electronic gate. These pluggable 
units are numbered from 1 through I G  for horizontal 
rows and letteretl X through D for vertical columns. 

Symbols for Pluggable Units 

A pluggable unit is represented on the "System Dia- 
gram" by a rectangle subdividetl into four sections. 

T h e  bottom section contains a code, such as .\RI301, 
which refers to a definite tvpe of standard circuit. 

T h e  next to bottom section contains the code indicat- 
ing the physical location of that unit, in some cases one 
pluggable unit includes 2 ideniicpl circuits, each using 
one section of a dual tube. T h e  left hand section is 
designated by the letter a, the right hand section by b. 
T h e  letter n or b is added to the location cntle of the 
unit so that the code 6Bl la  indicates section n of the 
tube circuit in the pluggable unit locatec! or. panel 6, 
column B row I 1. 

T h e  next to top section contains the symbol for the 
logical function performed by the unit in the particu- 
lar circuit where it is used. T h e  same electronic circuit 
may be used to perform different logical functions. 



Special Tapped 
Information Plate 

Signals 

Plate 
Logic Signals 

Function 

Grid 
or 

AM 301 Cathode 

Standard 
Grid 

Circuit or 

Code Cathode 

Figure 11. Pluggable Unit Logic Block Diagram 

For instance, the pluggable unit coded DD301 may 
be used as an AND circuit (logical symbol A ) ,  or as an 
OR circuit (logic symbol o) , or as an  isolator ( i s o ~ )  . 

The  top section may be used when additional infor- 
mation is required. Thus, in the case of a single-shot 
circuit, the unit coded CU302 contains the components 
which determine the duration of the single shot pulse. 
The  length of the pulse is recorded in the top section. 
In the case of circuits which represent diocles, the ori- 
entation of the diode is often shown in the top section. 

Note that in the case of trigger circuits, section 2 of 
the block diagram also contains information relating to 
the manual reset of the trigger. This will be explained 
later. 

Input and Output Signals 

These signals are indicated by arrows on the input 
ar,d output lines on the "System Diagrams." As a gen- 
eral rule, certain types of signals are associated with a 
definite section of the pluggable unit block diagram. 

Top  Section: Tapped Plate Signals 
Center T o p  Section: Plate Signals 
Center Bottom Section: Grid o r  Cathode Signals 
Bottom Section: Grid or Cathode Signals 

This general rule does not apply to some of the 
units, such as diodes. T h e  function of the unit will 
usually make it clear whether this rule is applicable 
or not. I n  doubtful cases, reference should be made to 
the circuit diagram for the unit. 

Test points are indicated by the pin number on the 
pluggable unit where the slgr?al is available. 

Trigger Conventions 

A trigger is ON wheil its left side is conducting. Its 
right plate is then high. A trigger is OFF when its right 
side is conducting. Its right plate is then low. 

Resistor and Capacitor Conventions 

The  following values apply to resistors unless otherxvisc 
stated in the diagram: 

1. Il'attage: 0.5 is understood. 
2. Tolerance: 5(,% is unclerstoocl. 
3. R e s i ~ t a n ~ c  value: I< is understood (e.g., 10,000 

ohms is written as 10) . 
T h e  following values apply to capacitors unless 

otherwise stated in the diagram: 
1. Voltage: 600v is untlerstood. 
2. Tolerance: 2001, is undelstood. 
3. Capacitance \slue; yfd is understootl. 

Abbreviations 

T h e  following abbreviations are used throughout "Sys- 
tem Diagrams, Component Circuits," and this manual: 

A, tens position of FROM instruction 
-42 ten positiori of TO instruction 
ACC access 
ACCR accumulator 
ACLR alternating current line regulator 
ACLR-MB aiternating current line regulator 

meter back 
ACLR-hfF alternating current line regulator 

meter front 
ALBAR alarm bar 
AlLlPL DRUM CLOCK amplified drum clock 
A R accumulator track read 
ASM assembly 
AW accumulator track write 

units position of FROM instruction 
units position of TO instruction 
bit space 
bit O 
bit x 
bit 1 
bit 2 
bit 4 
bit 8 
redundancy bit 

CO-C9 characters 0-9 
CB circuit breaker 
CE character early 
CE customer engineer 
CHAR character 
CHAR & FLD RING character and field ring gate 

GATE 
CHAR RING DRIVE character ring drive 
CHB check brushes 
CH K check 

CL 
CLM 
CLP 
COMP 
CONN 
CPC 
CPL 
C T  
C T R  

D 
DB 
D CYCLE 
DF 
DHP 
DSE 

card lever, or character late 
clamp 
clip, or clipper 
component 
connector 
control cable parallel connector 
control panel 
clock track 
counter 

diode 
distribution board 
delay cycle 
dummy fuse 
drum head plug 
digit selector emitter 
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E 
ECS 

FO-F9 heltl 0-field 9 
FR fuse I~ox,  or file bincler post 
FBS card feed barrier st1 ip 
FCB card feed circuit 111-cakes 
FCP frrse control panel 
FD feed 
FIL tilanlent 
FLD RISG DR11.E held ring drive 
F S . l  slo\\. blolr signal t!pe fuse 

F S  J s lo~r  blow signal type fuse 
FNRi slow I)low non-ir~dicating fuse 
F R S  s lo~r  blolv nor)-inclicating fuse 

GCP 
GEN 
GERhI 
G S D  

punch control panel 
qenerator 
germanium diode 
ground 

H t~oltl coil-relays 
HD 013 head 0 or head 3 
HD 2;5 head 2 or head 5 
HD liea\y dut! relay 

1 it~candescent light 
lx. 10, 11, 12, 14. I R  progl-an: bits x, 0, 1. 2, 4, 8 
I CYCLE instructio~l cycle 
IMRIED in~~ned ia t e  
INLK or INTL interlock 
INLK SW interlock switch 
INSN instruction 
1 ,  0 input or output 
]SOL isolation 

JP  Jones plug 

L 
L1 
ZCO-LC9 
LFO-LF9 
12LPB 
LR RESET 
L T  

lower 
line terminal #I 
line character 0-9-cores 
line field 0-9-cores 
l a ~ c h  pick relay #I2 on R side 
latch relay reset 
latch trip, or light 

hl A N manual 
hflC immediate blow signal t?pe fuse 
hilJ inimediate blow signal type fuse 
MLPR multiplier 
MN number of character to be 

transferred 
U R  mercury wetted relay 
M T  nlotor tei-~ninal 

N E neon 

P 
P3C 
P5C 
PBS 
PCB 

PCL 
PCP 
PEhf 
PNL 
P on L 
POT 
P P  
PPR 
PPW 
PRBS 
PRG 
PROC 
PS 
P T  
PWR 

pick coil-relay, or punch-323 
power parallel 3 connectors 
power parallel 5 connectors 
punch barrier strip 
punch circuit breaker, o r  

power circuit breaker 
punch card lever 
process unit control panel 
punch emitter 
panel 
power on light 
potentiometer 
partial product 
partial product read 
partial product write 
printer barrier strip 
program 
process 
program shaft-370 
point 
power 

Q special instruction 

R -4 
RBS 
R CYCLE 
RCM 
RI) 
RDR 
RE 
REG 
RES 
REWR 
R F3 
RG12 
RLY 
R XI 
RUB 
R/\V 

read amplifier 
resistor barrier strip 
read cycle 
read clutch magnet 
read 
reader 
read emitter 
register 
reset , or resistor 
rewrite 
radio frequency choke coil a 3  
germanium rectifier #12 
relay 
reference mark 
rubber 
read or write 

SBS 
SC 
SCB 
SCP 
SOL 
SPEC 
S T A T  I 
STAT 2 
STP 
STR 
STRD 
S7V 

supervisory station bar strips 
shoe connector 
supervisory circuit breaker-380 
supervisory station control papel 
solenoid 
special 
status 1 
status 2 
stop 
start 
standard 
switch 

TI 
T? 
T B  
T D  
TFMR 
THPLAS 
T R F  
TRK 
TS 

FROM track address 
.ro track address 
terminal block 
time delav 
trarlsformer 
thermo plastic 
transfer 
track 
terminal strip 

u upper 

W CYCLE write cycle 
W'P Winchester plug 
U'R write 
WRB write brushes 

Indexing of System Diagrams 

The  five digit number at the upper right hand corner 
of each system diagram is an indexing of ihat diagram 
according to the following table. 

DIAGRAM 
NUMBER CATEGORY 

Reference 
Processing information 
Processing informa tion 
Processing in formation 
Drum 
Cores 
Arithmetic 
Supervisory station 
Card Reader 
Punch 
Printer 
File 
Power Supply 
Paper Tape 

MACHINE 
INVOLVED 

305 
305 
305 

Point to Point Wiring Representation - 
System Diagrams Relay Circuits 

T h e  relay circuits in the "System Diagrams" are drawn 
point to point, i.e., the wires in the machine go from 
one relay point or coil to another exactly as drawn. 
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1 Modified Point to Point Wiring Representation - 
System Diagrams Electronic Circuits 

The  electronic circuits in the "System Diagrams" em- 
ploy modified point to point representation as follows: 

The  line originates at pin 3 of the unit on 1.02.03 
1 and goes directly to pin 4 of the unit on 1.04.02. 
I 

T h e  line originates at pin 3 of the unit on 1.02.03 
and goes to panel 1 edge connector 1Aa. I t  then goes 
to panel 2 edge connector 2Bb, and then to pin 4 of 
the unit on 1.02.05. 

Three lines are output in parallel from pin 3 of the 
unit on I .01.01. One line goes to pin 4 of the unit on 
1.02.03, another to pin 4 of the unit on 1.03.04, and 
another to pin 4 of the unit 'on 1.04.05. 

One line is output from pin 3 of the unit on 1.01.01. 
Three pages are listed on the output line. This shows 
that the line goes first to pin 4 of the unit on 1.02.03, 
from there to pin 4 of the unit on 1.03.04, and from 
there to pin 4 of the unit on 1.04.05. 

If a line goes to more than one point on a given page, 
the last point on that page connects the first point on 
the next page of the serial connection list. T h e  output 
from pin 10 of the unit on 1.05.01 goes first to pin 8 
on 1.05.08, then to pin 4 on 1.05.08, then to pin 4 on 
1.05.09. 

Combinations of the above 5 basic representations 
are used in the system diagrams. 
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Circuit and Componeni Descriptions 

The  basic circuits used in the pluggable units fall into 
the follcwing categories: 

I. Logic circuits: a) Ai<D circuits; b) OR circuits; 
c) Inverters: d) Triggers. 

2. Driving and level setting circuits: a) Cathode 
followers; b) Inverters; c) Amplefiers. 

AND Circuits ("System Diagram" Symbol: A! 

An AND circuit may have two or more inputs. When 
all inputs are high, a high output will result. Physically, 
the AND circuit consists of two or more diodes suitably 
intelconected. Diodes have a small resistance to elec- 
tron flow from the cathode to the plate (forward), but 
a large resistance to flow from the plate to the cathode 
(back). Diodes may be either crystal or vacuum tzbe 
type. In  RAMAC the crystal type is not used in AND 01- 

OR circuits, but is used in a few circuits to control the 
direction of current flow. With crystal diodes the for- 
ward resistance is usually negligible, but the back re- 
sistance cannot be assumed to be infinite. \Vith vacuunl 
diodes, the forward resistance must be reckoned with, 
but the back resistance can be assumed to be infinite. 

All vacuum diode AND circuits operate at cathode 
levels. A typical example of the operation of an AND 
circuit is shown in Figure 12. 

The  input signais come from a low impedance 
cathode follower driving circuit. T h e  output goes to a 

high impedance load. T h e  plates of the diodes are con- 
nected together and returned to + 140v through resistor 
"R." As long as the two inputs remain low (-38v) 
current flows through both diodes and the output is 
low (-38v neglecting diode forward resistance) . If 
input 2 is raised to + 12v but input 1 remains at -38v, 
diode 1 will continue to conduct while diode 2 is cut 
off, and the output will remain low. 

In  a multiple input AND switch, if any input remains 
low, then the diode with the low input will conduct, 

tvhile the high input diodes are cut off, causing the out- 
put to be low. If all inputs are raised to + 12v, curlent 
will flow through all diodes ant1 the o ~ ~ t p ~ ~ t  \olt:tge 
will be the same as the input voltage (neglecting for- 
ward tliode resistance). Thus, the output xoltage al- 
unys follows the lowest input voltage rep;~cllcss of the 
~rumber of inputs. 

Positive OR Circuit 
("System Diagram" Symbol: 0 )  

Like the AND circuit, the positive OR circuit ma) have 
two or more inputs. Unlike the AXD circuit, when any 
one positive OR input is high, the output is high. The  
basic diode interconnection for a posi t i~e OR circuit is 
shown in Figure 13. 

Cathode 
Follower 

Inputs Grid of 

C 

Figure 13. OR Circuit 

T h e  input signals conle from a low impectance 
cathode follo~ver tlriling circuit. The  output goes to 
a high impedance load. T h e  cathodes are connected to- 
gether and retulned to -6Ov through resistor "R." As 
long as both inputs are low (-38v) both diodes con- 
duct equally anti the output remains low (--38v neg- 
lecting forwarct tliode resistance). If input 1 is raised to 
+I%, diode 1 conducts while diode 2 is cut off, and 
the output becomes +12v (neglecting forward diode 
resistance). As soon as input I is again dropped to 
-38v, both diodes again conduct equally and the out- 
put becomes low. Thus, the output voltage always fol- 
l o~ r s  the highest input voltage. 

Negative OR Circuit 
("System Diagram" Symbol: NO) 

Cathode 
Follower 

Inputs 
(-38V to +l29 I 
Figure 12. A N D  Circuit 
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T h e  negative OR circuit performs the same function 
with negative pulses that the positive OR circuit per- 
forms with positive pulses. T h e  diode interconnection 
for the negative OR circuit is identical with that of the 
positive AND circuit (Figure 12) . T h e  inputs are nor- 
mally +12v. Whenever one input decreases to -38v, 
:he output follows it in accordance with the principle 
established for AND circuits: the output always follows 
the lowest input voltage. 



Types of AND and OR Circuits 

The  AND and on Circuits used in R.-\M/\C are not limited 
to simple diode circuits. A basic AND circuit may in- 
clude an inverter ("System Diagram" symbol AI)  or a 
cathode follolver ("System Diagram" symbol A K )  de- 
pending on the type ol output desired. Another type 
A N D  circuit uses th!-ratrons. ("System Diagram" symbol 
ATH) . Some on  circuits are made up  of neon diodes 
which use plate level inputs. For more details about 
;\SD or OR circi~its, see "Component Circuits." 

lnverter ("System Diagram" Symbol: I) 

The  inverter circuit produces a negative shift at its 
plate when a positive shift is applied to the grid, or a 
positive shift ;it its plate when a negative shift is ap- 
plied to the grid. ?'his property is used to invert logi- 
cal conditions. 

T h e  in\erter also amplifies and shapes signals. There- 
fore, it is also used as l e ~ e l  setter and pulse shaper. 
Different circuits are used, depending on which of 
these properties is to be emphasized. 

The  basic circuit is \hol\rn in Figure 14. U7hen a 
positive l'ulse 1s applied to the grid, the grid rises above 
cutoff, the tube conducts. and the plate voltage drops. 
Xt the end of the pulse, the grid voltage drops below 
cutoff, the tube becomes non-conducting, and the plate 
voltage rises to + 140v. 

Figure 14a illustrates the level-setting characteristic 
of the inberter. T h e  tube is biased so that the grid 
voltage swing from cutoff to full conduction is a small 
portion of the input pulse swing. And, since the circuit 
also gives amplification, the output level can be set d.  
to any desired lalue. Thus, a badly shaped, non- 
stantlard level input pulse is restorecl to an almost 
"square" output pulse at the right level. 

Figure 14b: .An input voltage clivicler has been added 

0 .  
Illustrating Shaping 

In and Ampl ificotion r7 
Properties of Inverter I 

Voltoge at A 

in order to accept high input level pulses. The  tube 
In p u f i  

then operates under the same conditions as in Figure 
Output Without ccV( ; )  

14a. Since the grid resistance is now higher, the added 
Voltage Across R I+(;;) 

resistor, in series with the grid, is bypassed by a capaci- 
Output with CC Addedv(iii) 

tor to speed up  the response. 
e. 

Figure 14c: Response to positive shifts only is re- - 
!n 

quired. .A capacitor is added in series with the input 
signal to differentiate the shifts occurring at the plate 
of the trigger preceding the inverter. A negative shift 
merely cuts off the tube farther and produces no  

+ 140V 

Compensating 

Capacitor 

Ou! 

T 

change in the inverter output. Figure 14. Basic Inverter Circuit and Variations 
Figure 14d: T h e  input pulse is obtained through 

relay contact points. T o  reduce the "noise" due to con- output circuit. T h e  stray capacitance is represented by 
tact-chatter, an integrating circuit is used in the input "C,." T h e  output wave shape when "C," is charged by 
circuit. R, is shown in Figure 14e (i). When "C," is added, 

Figure 14e: For additional shaping of the inverted the RC time constant of the charge path is reduced. 
pulse, a compensating capacitor "C," is added in the T h e  resulting wave shape is shown in Figure 14e (iii) . 
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T h e  Schmitt Trigger (component type TR311) is an 
application of the use of inverters as described by 
Figures 14d and 14e. This application allows ragged, 
noisy input pulses to result in squared-up output 
pulses. Two inverters are used in series in the T R S l l  
so that a positive output can be obtained from a posi- 
tive input. (See "Component Circuits.") 

Triggers ("System Diagrams" Symbol: T) 

A trigger is a hi-stable multivibrator. This means that 
i t  remains in either of two stable states until i t  is 
forced by an external signal to assume the other state. - 

T h e  forcing action is called triggering or flipping. The  
bi-stable property of a trigger makes it useful as a 

storage device. I t  is used in registers, counters, and 
ga te-forming circuits. 

A trigger circuit resembles two inverter circuits with 
the plate output of each inverter coupled to the grid of 
the other inverter (Figure 15). I n  one stable state, 
the left tube is in full conduction while the right tube 
is cut off. In  the other state, the right tube conducts 
while the left tube is cut off. T o  flip the trigger from 
one state to the other, an external signal must be 

applied to a sensitive point in the trigger circuit. This 
point may be a grid or  a plate of the trigger. Since thc 
gain of a conducting tube is greater than the gain of 
the non-conducting tube, it requires less energy to fiip 
the trigger by applying a negative voltage tc? the con- 
ducting grid than by applying a positive koltage to the 
other grid. The  trigger may also be flippccl by applying 
a negative voltage to the high plate of the trigger. In 
any case, the input signal must initiate a regenerative 
action to cut off the conducting tube and bring the 
other tube into full conduction. A small grit1 current is 
allowed to insure that the plate is at its lowest voltage 
level, and that small grid voltage fluctuations cannot 
initiate this regenerative action. A neon lamp is some- 
times connected between plate and ground to give 
visual indication of the state of the trigger. 

GRID FLIP - DIRECT INPUT (TR306) 

The  most common way to flip a trigger is to apply 
a positive or negative pulse to a grid. Assume that the 
trigger is OFF (the right plate is low), and it is to be 
flipped ON by applying a negative pulse to the right 
grid (Figure 15) . T h e  negative shift to this grid cuts 
off the right tube, thereby raising the right plate volt- 
age. This  rising voltage is applied to the left grit1 
through its voltage divider, As a result, conduction 
starts in the left tube, and the left plate voltage de- 
creases. Since the negative input signal is also applied 

INVERTER INVERTER TRIGGER 

( o ) Basic Trigger Circuit 

Left Plote 
+140v 

Right Plote 

Slightly + 
Left Grid 

9 if:? 

Right Grid- 
ON-&--OFF I ----rfcoN 

( b ) On-Off Convention 

Figure 15. Basic Trigger Circuit and Trigger ON-OFF Convention 
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to the left plate through the voltage rlivider, 21 regener- 
ative action is initiated. 7'hc 7:olt;tges are stabilized 
when the left grid reaches ground potelltial. T h e  volt- 
age dividers keep the grid level sufficiently low to pre- 
vent the positive going trailing edge of the pulse from 
flipping the trigger back again. 

-4s long as the external negative signal is maintained 
to the right gricl, the triggpr is "~1;11~1pecl~" an(1 callnot 
be flipped by a signal to any other input. 

A somewhat greater positive signal applied to the 
left grid of a trigger that is OFF ~t.il1 cause the trigger 
to flip. This signal causes the left tube to contluct and 
initiates a regenerative action similar to that outlined 
above. 

GRID FLIP - CAPACITOR INPUT- ( T R  30'7 .4ND T R  308) 

T h e  inserting of a capacitor in series with each grid 
makes the trigger sensitive to only negative grid inputs. 
Triggers TR307 and TR308 are such triggers. .Assume 
that we have a caracitor input trigger that is ON. (See 
Figure 16.) 

With the trigger ON, the left gricl is close to cut off 
and the right grid is below cut off. .A negative pulse of 
about -3v to the left grid is enough to start I-egenera- 
tive action to cut off the left tube. The  attenuation 
caused by the small input capacitor will keep normal 
input signals within this range. .l +3v input to point 
A at the right grid would not affect the trigger since 
this grid is about -30v be!ow cut off. However, should 
a sufficiently large positive signal be applied to the 
right grid, the trigger would flip, but such a signal 
would indicate machine trouble. 

If a series of negative pulses is applied to the high 
grid of a capacitor input trigger the first pulse flips 
rho trigger, and the following pulses have no effect. The  
action is the same as that described in the previous 
paragraph. T o  flip the trigger in the other direction, a 
pulse must be applied to the other grid, which is now 
high. If the grids are tied together and a series of nega- 

(Due to I-ll ~ ~ , i , ; ~ ~  
Input-Copocitod 

With LeR Tube Conductins 

Figure 16. Capacitor Input Trigger 

tive 1~11ses applied to the grids, the trigger will then 
be sncc-essivel! turned os and OFF :IS each pulse is 
received. .-I t l  igger operating under these co~lditions is 
loosely c;rlled a "binar!; trigger." These triggers are 
used extensivel! in counter ;tntl ring circuits. 

.-\ trigger nla) ;tiso be fiippecl by applying a negative 
voltage to the high plate of the non-conducting tube 
of the triggel-. The  \,oltage of that plate is thus "pulled 
down," hcnce the name "plate pullover." If only a 
positive signal is available, it is of wrong polarity to 
Hip the trigger by the plate pullover methotl. An in- 
verter is therelore used to provide the correct polarity 
and level. 

If an i n ~ e r t e r  is used to plate pullover a trigger that 
is OFF (Figure I ? ) ,  a positive signal pulse applied 
to the gritl of the inverter will cause the plate voltage 
to drop from 140v to 50v. The  left plate of the trigger, 
which is connected to the plate of the inverter, will 
also drop from llOv to 50v. T h e  left trigger plate, 
connected to the right trigger grid through a voltage 
divider, ~vill drive the right trigger grid dolvn below 
cut off. ,As a result, the right trigger plate rises, pulling 
the left trigger grid up  through its voltage divider. As 
the left trigger gritl approaches ground potential, the 
left trigger tube begins to conduct, pulling the left 
trigger plate ~ o l t a g e  down, which is the same direction 
as the initial shift applied by the inverter. This 
regenerative action continues until the left trigger 
gricl reaches ground potentia1, where voltages are 
stabilizecl with the left trigger tube fully contlucting 
and the right trigger tube cut off. T h e  trigger is now 
ON. T h e  input pulse could now be removed without 
reflipping the trigger, because the conduction of the 
left trigger tube holds the left plate voltage down. The  
plate level of the inverter follows that of the left plate 
of the trigger. 

If the inverter continues to conduct holding the left 
trigger plate down, the trigger is "clamped." No other 
input to the trigger can cause it to flip, because the re- 
generative action cannot be initiated as long as the 
left tube is held in full conduction. 

nu- 
Hi-Level Dividtr In 
Following Pluggable Wl7 (' +'Iunit 

In 

-250 v 

Figure 17. Trigger Plate Pullover 
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TRIGGER RESET 
(See "Con~ponent Circuits" for diagrams of units.) 

I When power is first turned on, either side of a trig- 
ger may start conducting. I t  is therefore essential that, 
before any operation is attempted, the triggers be reset 
to their coirect statuy. 

Triggers always reset by raising one grid voltage 
above cut ofi. Each grid resistor is connected through 
a voltage divider to -250v. There is one exception: the 
right voltage di\ider of TR308 is connected to -182~. 
(The  reason for this will be made clear later.) T h e  left 
voltage divider is always connected to pin 4, the right 
tlivicler to pin 6. T o  reset a trigger OFF, the reset volt- , 

tage is removed from pin 6. T h e  right grid voltage 
rises above cut-off and the regenerative process is 
initiated. The  right tube conducts, the left tube is cut 
off, and the trigger is OFF. 

Some triggers must be reset while the machine is 
cycling; in other words, they must be reset automati- 
cally and at "electronic speeds." For instance, a trigger 

I may be reset at a given time during a machine cycle, 
ready to be set at some later time during the same cycle. 
In  this case, an "electronic reset" unit IF301, is used. 
(See "Component Circuits".) T h e  output of the elec- 
tronic reset unit (pin 3, normally at -182~) is applied 
to pin 6 (the right grid voltage divider) of trigger 
TR308. When a reset pulse is applied to the IF301 
unit, the level at pin 3 is raised to Ov. The  voltage at 
pin 6 of the trigger rises above cut-off to force that side 
of the trigger into conduction. 

Other triggers are reset at a time when the machine 
is not cycling. T h e  reset in this case is initiated as a 
result of a manual operation at the console. T h e  
different ways in which this manual reset can be 
accomplished are shown in Figure 18. In each case, 
the reset pin of the trigger is returned to -250v. When 
the key is depressed, the reset line is open (through 
relay points) and the voltage at the reset pin rises to 
ground potential. A capacitor between the reset key 
and ground serves to protect the -250v supply from 
transients resulting from contact bounce at the relay 
points. 

Single Shot Multiribrator 

A "single shot" circuit, as used in RAMAC, is a mono- 
stable multivibrator which, when impulsed by a posi- 
tive shift, produces an output pulse of a predetermined 
length. A single shot circuit is used whenever a puke  
of a given length is required. T h e  start of the pulse is 
determined by the time at which the single shot is 
triggered by the positive shift, and the end of the 
pulse is determined by the delay introduced by reactive 
components within the single shot. 

Found i n  
Check Progrom Program Read, Systems 

Reset Reset Lood Set Write or Diogrom 
Button Button button Button Test Write Section: 

Manual Check Status Status 
Reset Rest Reset Rewt #2 
"XU "C" "SX" "S" - Code 

N O T E :  The Code Indicating the Type o f  Reset Used is 
Shown on the Trigger Block Diagram. 

E X A M P L E :  m 
Indicates that the Trigger con be 
Reset Off by the h n w l  Reset Line 

1 1 Connected t o  Pin 6. 

Figure 18. Trigger Manual  Reset 

We may recognize two differences in single shot pulse 
requirements: 

a. Relatively short, accurately timed pulses, such as 
used for timing purposes. 

b. Longer pulses not so accurately timed, used to 
provide a "minimum delay." The  requirement is 
that, providecl a given minimum delay is obtained 
between start and end of pulse, :he length of the - 

pulse Is not critical. 
These two requirements lead to the use of two types 

of single shot circuits. For pulses where the timing is 
critical, a multivibrator -.vith an LC tank circuit is used. 
T h e  inductance of the coil in the tank circuit is adjust- 
able, so that the length of the output pulse is adjust- 
able. For the pulses where timing is not so critical, a 
mu1 tivibra tor with capacitor coupling between left 
grid and right plate is used. T h e  value of the capacitor 
is chosen to give the desired pulse length and is 
mounted externally. 



.\DJCSTABLE SIXGLE SHOT: SS302 

The  SS302 unit is used to produce accurately timed 
pillses. The  basic circuit is shown in Figure 19. The  
tank circuit is mounted on a separate pluggable unit, 
CU302, and the diode is part of a third pluggabie 
unit, DD301. 

The  left grid is biased more negatively than the right 
grid so that the stable state of the multivibrator is with 
the right tube conducting. In  this state the right plate 
voltage is low and the output is down. A positive pulse 
applied to the input is differentiated by the input "C." 

T h e  rebulting positive peak raises the left grid volt- 
;lge above cut off, so that the left tube starts to conduct. 
As the left tube conduct5, its plate voltage drops. This  
drop is applied to the right grid through coupling ca- 
pacitor "C,"; the right grid voltage is lowered and con- 
duction through this tube decreases. T h e  result of the 
shifts at the two grids is to turn the left tube on and 
to cut off the right tube. (The action is similar to the 
flipping of a trigger described earlier.) T h e  right plate 
is now high. 

The  current which starts to flow through the left 
tube also flows through the LC circuit. Damped oscil- 
lations are set up, and the current through the left 
plate oscillates. During the first half cycle of oscillation, 
the plate voltage decreases from +140v to a minimum 
value, then increases back to + 140v. (See Figure 19.) 
During the second half cycle, the voltage would in- 
crease beyond +140v, but the diode across the LC 
circuit becomes contlucting and effectively shorts out 
the tank circuit. T h e  result is that only one negative 
voltage pulse has been producecl at the left plate. T h e  
frequency, or length, of that pulse is determined by 
the tank circuit time constants. 

At the end of the "half cycle of oscillation," the left 
plate is again at + 140v. T h e  rising left plate voltage 
and rising right-grid voltage (through "C,") cuts off 

I -=. SS 302 : - - - - - - - _ _ _ - - _ _ _ _ _ _ - - - -  ------- --; 

Figure 19. Basic Circuit of Single Shot SS302 

the left tube and turns on the I-ight tube; the output, 
after being high for a periocl of time equal to half an 
oscillation of the tank circuit, is now down ag:rin. 

T h e  outpiit pulse length can be atljustetl by chang- 
ing the time constant of the I,C circuit. For this pur- 
pose, the intluctar.ce of the coil has been matle adjust- 
able, giving a range of octput j1~11se Icngths from 2 to 5 
micro seconds. 7 he position of the core within the coil 
can be varied by screwing the core in or out as re- 
quired. If a little more t1:ar: :', n~icroseconcls delay is 
required, the time constant may be further increased 
by adding an external fixed cal~acitor across the capaci- 
tor in the tank. 

N O N - A D  JUSTABLE SINGLE SHOT : IN305 

An IN307 unit may be used when long output pulses 
are required and the desired tolerance on the pulse 
length is not closer than about 15r0. 

T h e  unit contains two inxerters. Hv cross connecting 
the grid of one inverter to :he plate of the other, a 
multivibrator circuit is formed. The  ba5ic circuit is 
shown in Figure 20. Observe that the circuit is com- 
pleted by the external addition of a lead and certain 
components, in particular ci~pacitor "C," which deter- 
mines the length of the output pulse. T h e  voltage 
values indicated on the cliagranl are approximate, ant1 
will be used as a help in explaining the circtiit opera- 
tion. In  the stable state, the left tube is conducting, 
and point "A," Figure 20, is at +2v. Point "B," on the 
other side of the coupling capacitor "C,," is at +I4Ov, 
the right plate potential. 

The  trailing edge of a positi:,e plate level pulse is 
differentiated at capacitor "C,," giving a negative spike 
at point "A." This voltage drop cuts off the left tube 
causing its plate to rise. T h e  rise of the left plate volt- 
age through the voltage divider causes the right grid 
to rise. T h e  rising of the right grid causes this tube to 
conduct. With full conduction, the voltage at point "B" 
drops from + 140v to about i-30v. This drop of 1 10v is 
impressed across capacitor "C," to cause point "A" to 
drop 110 volts below it5 original +2v or to -108v. 
Point "A" now begins to rise toward +140v as capaci- 
tor "C," discharges through resistor "R." The  values 
of resistor "R" and capacitor "C," in this RC network 
determine the discharge rare of "C,." T o  make time t in 
Figure 20 equal to 180 microseconds, "C," = 330 ,up/ 

since "R" always=l MEG. When point "A" reaches 
about -8v, the left tube will again conduct, causing its 
plate voltage to go down, cutting off the right tube and 
making its plate rise. The  capacitor "C," now charges 
up causing point "A" to return to +2v. This charging 
continues until the original static state is reached with 
138v across capacitor "C,." 
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Opootian of Single S b l  

Figure 20. Basic Circuit of Single Shot IN307 (Left Tube Con- 
ducting) 

The  output pulse is usually obtained from the left 
plate, giving a positi1.e pulse, but it may be obtained 
from the right plate to give a negative pulse. 

Voltage Amplifiers (AM, MI) 

Amplifiers. as such, perform no  logic function. They 
are used mainly to amplify weak signals from certain 
circuits. These signals are ~isually at non-standard 
levels, but after amplification will generally be shaped 
and "level set" to a standard level. I t  is to be expected 
that amplifier circuits will vary appreciably from one 
p!uggable unit to the other. T h e  common feature of 
all voltage amplifiers, with few exceptions, is that a 
weak signal applied to the grid will appear as an am- 
plified signal at the plate. '4 notable exception is the 
AM316 unit, which is not an amplifier at  all, but 
chiefly a gating or switching unit. T h e  special features 
of each AM type circuit are reviewed in "Component 
Circuits," under the respective circuit code numbers. 

Current Amplifiers (CD, RD) 

These units are used where current rather than volt- 
age is to be amplified. The  load is in series with the 
plate, so that a small voltage change at the grid 
produces a large current change through the load. Each 
CD or RD unit uses a type 6350 tube. 

Current amplifiers are used chiefly in the matrix and 
core buffer circuits and to drive mercury relays. T h e  
output signals are thus non-standard, and vary with 
each application. T h e  main features of each pluggable 
unit are reviewed in the "Component Circuits" under 
the respective circuit code numbers. 

Cathode Followers (K) 

Cathode follo~vers are widely used throughout RAMAC 

circuits as power amplifiers. The chief advantages of 
a cathode follower circuit are high input impedance 
and low output impedance. 

T h e  plate of the cathode follower is connected 
directly to + 140v and the output is connected directly 
to the cathode, which has a load resistor between it  and 
-60v. A voltage divider network at the input insures 
that the grid voltage will be between +12v and -38v. 
This choice of grid voltages allows the tube to conduct 
all the time, and merely varies the amount of conduc- 
,tion. Greater conduction, caused by a rise in grid 
koltage, will be reflected by a rise at the output. Thus  
the catltotle voltage follows the grid voltage. 

I n  actual practice, the cathode voltage will be slightly 
higher than the grid voltage, and since the voltage 
amplification factor of a cathode follower is less than 
1, the amount of difference will vary with the voltage 
at the output. Since the difference between grid and 
cathode voltages is about 1 volt, it is usually ignored. 

T h e  low impedance (stable voltage level) output is 
of great importance in the use of cathode followers as 
power amplifiers. This stable output voltage level is 
obtained regardless of voltage changes in the output 
load by the following actions within the cathode fol- 
lower: 

I .  Suppose that the output load voltage decreases by 
an increase in load. This decrease in voltage will - 

cause the cathode to become more negative 
(farther from grid potential), which will increase 
tube conduction, causing the cathode voltage to 
tend to rise. These opposing actions balance and 
the cathode output voltage remains the same as 
before. 

+140V 

Input From Voltoge Divider /h 

I Output 

- 6 0 ~  

Figure 21. Basic Cathode Foliower Circuit 

26 IBM RAMAC 305 



2. Suppose that the output load voltage increases by 
a decrease in load. This increase in voltage will 
cause the cathode to become more positive (nearer 
grid potential) . l\'ith the cathode more positive, 
the tube will conduct less, causing the cathode 
voltage to tend to drop. These opposing actions 
balance and the cathode output voltage remains 
the same as before. 

.An increase or decrease in current through the out- 
put load will tend to change the voltage at the cathode, 
but the voltage here is self regulated as outlined above. 

T h e  actual cathode follower pluggable units may 
perform a logical function in addition to providing 
driving power. Examples include the AK, IK, and OK 
units which perform the logical AND, Inverter and OR 

function, respectively. 

Thyratrons (TH) 
T h e  thyratrons used in RAMAC are 2D21, heated ca- 
thode, xenon filled, tetrode gas tubes. The  thyratron 
has several characteristics which distinguish it from a 
vacuum tube. 

FVhen the thyratron grid is brought up  to a critical 
voltage, the tube fires (conduction starts) . Once con- 
duction starts, electron flow through the gas causes 
ionization, which prevents the grid from exerting 
further control over conduction. T o  stop conduction, 
either the plate circuit must be opened or the plate 
voltage lowered to a value at which ionization cannot 
be sustained. Both methods are used in RAMAC thyra- 
tron circuits. 

There is a delay in the starting and stopping of 
thyratron conduction due to ionization and de-ioniza- 
tion times. Ionization time for the 2D21 as used in 
RAMAC circuits is 1 to 2 microseconds. This delay can 
be decreased by pre-ionization, which is accomplished 
by allowing a small electron current to flow before the 
firing pulse is applied to the grid. Pre-ionization is ac- 
complished by raising the screen grid to a sufficiently 
high potential, as in thyratron units TH303 and 
TH304. De-ionization time is the time it takes for the 

I grid to regain control after the plate voltage has been 
removed. Since this time can be several hundred inicro- 

I seconds, i t  limits the frequency of operation of a 
thyratron. 

I ("System Diagrams" Symbol: ATH) 

1 All thyratron circuits used in RAMAC perform a I+c 
AND function; they require two input signals to be 

1 made to conduct. T h e  basic thyratron circuit is show11 
i in Figure 22. T h e  coil of the relay controlled by the 

thyratron is in series with the plate circuit. T h e  grids 
are maintained at a voltage sufficient to insure pre- 
ionization. 

+140V 

Shunt I Mercury Reiay 
Contoct Pointr 

Conduction 

m O 

With Shunt 

< 

Figure 22. Basic Thyratron Circuit 

T o  fire the thyratron, two input signals are required. 
Usually a short firing signal is applied to the control 
grid. T h e  signal is obtained from a thyratron driver 
unit, IF302, which has a cathode follower output 
suitable for driving several thyratrons in parallel. This 
cathode follower output pulse is non-standard, from 
-40v to +28v. T h e  gating pulse has standard levels 
f12v to -38v which is applied to  the screen grid. 
When both grid inputs are high, the thyratron fires 
and current flows through the plate circuit, energizing 
the relay in the plate circuit. 

RESET BY OPENING THE PLATE CIRCUIT 

T o  extinguish the thyratron, the relay points must be 
opened. When the plate voltage is removed, the 
thyratron is cut off and the relay drops. 

When this type of reset is used, a shunt resistor (part 
of the thyratron pluggable unit) is connected across 
the relay coil to the +70v supply, through the points 
of a mercury wetted relay. T h e  reason for the use of 
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the shunt is illustrated in Figure 22b. -At the instant 
that concluction begins, a small concluction culrent, 
represented by the ordinate "0-a," i5 establishetl. The  
current then increases exponentia!ly, clue to the in- 
ductive reactance of the relay coil, until full con- 
duction is attained. However, withill a \cry short time 
after firing, the conditions hithin. the gaseous area 
where ionization is taking place are far from steady. 
As a result, the current does not i~crease  smoothl) 
along curve "a-a'," but osciliates erraticall?, somewhat 
in the manner shown by the wavy line between "a" 
and "a'." It is possible for the current to decrease 
l~lomentarily to Lero, thus cutting off the thllatron. 
T o  akoid the possibility of the tube cutting itself off 
before it has had a chance to conduct fully, a shunt 
resistor is added to increase the initial current to about 
10 ma (ordinate o-b in Figure 22b) T h e  contluction 
current then oscillates about curle "b-b"' without 
danger of crossing the zero current axis. 

T o  accomplish the resetting of o11e thyratron b) 
another thyratron, the two plates are coupled together 
through capacitor "C" as shown in Figure 23. T h e  
relay coil is connected in series with the plate resistor 

of the TH303 unit antl the +70v line. Since the 
TH303 unit is ~lsctl onl) as a ~ e s e t  unit, it contains 
the coupling capacitor but n o  shunt resistor, antl its 
plate resistor has .I different value because there is no 
relay in it5 plate circuit. 

One of the two thyratrons will continue to conduct 
until the other is fired. Following is a description of 
this resetting action. 

Assume that TH303 is conducting, energizing the 
relay. T h e  voltage at point "A" will be about + 12v. 
Since THS04 is cut  off, the voltage at "B" is +70v, 
giving a drop across "C" of 58 volts. When TH304 is 
fired, the voltage a t  point "B" drops to +12v, forcing 
'the voltage ;it point "A" to drop instantaneously to 
-46v. An instantaneous -46v at the plate of TH303 
cuts it off. The  voltage at point "A" then rises expon- 
entially to +7O\ as the capacitor "C" charges. 

Il'hen TH303 is nou fired, the process is repeated in 
the other direction cutting off TH304. 

The  transient ch;inge in plate voltages is shown in 
Figure 23a. TH303 is initially conducting. When 
TH304 is fired, the tapictor potential drops about 
58v, then charges up and peaks a little above +7Ov 
clue to the inductance of the relay coil. lt'hen TH303 
is fired, its plate tlrops about 5 8 ~ .  T h e  capacitor again 

Fig. o 

Figure 23. Reset of a Thyratron by Another Thyratron 
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;;- *!gc.s, ;in2 since T'FI?OS ha. no  inductive load, its 
,,I Le = , I t n g .  . ::,119 t \ ,~thout  overshoot, as shown at "D." 

T l ~ e  shu1.t resistor (-ic~oss the relay coil) is not 
requireti in i:iis ~ ) . p e  of reset. T h e  effect of a shunt is 
illustrated by the overshoot shown in dotted lines at 
"C." This overshoot might be large enough to drop 
the plate voltage of TH304 to cut off, as shown at 
"E." The  large current peaks obtained from the capa- 
citor on switching insure a satisfactory operation of 
the thyrarrons without the shunt resistor. 

Mercury Wetted Contact Relays (MR) 

Mercury re1a)s are used in RAMAC as circuit breakers. 
The  r e l a~s  consists of a pair of N/O and N/C contacts. 
an armature, and a small pool of mercury sealed within 
a glass capsule in an atmosphere of hydrogen at a 
pressure of 225 PSI (Figure 24) . Capillary action of the 
mercury causes i t  to constantly bzthe the operating 
contact element. The  capsule is located in the center 

of the relay coil. T h e  operating contact element is held 
against the N/C points under the spring tension of the 
reed. Since the annature is off center within the cap- 
sule, energizing the coil will cause the armature to 
seek the center, causing the operating element to trans- 
fer to the N / O  points. 

For further description of construction ant1 operat- 
ing characteristics, see "Component Circuits." 

Modified Binary Counters 

Four capacitor input triggers and an inverter may be 
connected as shown in Figure 25 to form a circuit that 
will count to nine and then return to zero. Assume 
that all triggers are OFF and we have zero stored in 
the counter. 

T h e  first negative input pulse to trigger 1 turns this 
trigger ON. One is now stored in the counter. 

The  second negative input pulse turns trigger 1 OFF, 

causing the right plate voltage to drop. This negative 

N ' C  Po,nf 

Point 

ng Point 

Figure 24. Mercury Wetted Contact Relay (Enicrgized) 
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Figure 25. Modified Binary Counter 

shift from pin 10 turns trigger 2 ON, but does not affect 
trigger 8 since it is already OFF. 

The  third negative input pulse turns trigger 1 ON. 

T h e  positive shift from pin I0 of trigger 1 does not 
affect trigger 2. Triggers 1 and 2 are now ON. 

The fourth negative input pulse turns trigger 1 OFF. 

T h e  negative shift from pin 10 of trigger 1 turns trig- 
ger 2 OFF. The  negative shift from pin 10 of trigger 2 
turns trigger 4 ON. 

The  fifth pulse turns trigger 1 ON. Trigger 4 is still 
ON. 

The  sixth pulse turns trigger 1 OFF and trigger 2 ON. 

Trigger 4 is still ON. 

The  seuenth pulse turns trigger 1 ON. Triggers 2 and 
4 are still ON. 

T h e  eighth pulse turns trigger 1 OFF, which turns 
trigger 2 OFF, which turns trigger 4 OFF, which turns 
trigger 8 ON. 

The  n i n t h  pulse turns trigger 1 ON. Trigger 8 is still 
ON. 

The tenth pulse must turn all the triggers OFF. This 
is accomplished as follows: T h e  input pulse turns trig- 
ger 1 OFF. l 'he  negative shift from pin 10 turns 
trigger 8 OFF and attempts to turn trigger 2 ON. 

Hcl.vever, the voltage rise at pin 3 (left plate) of trig- 
ger 8 is in~er ted  and applied to pin 10 (right plate) 

of trigger 2. This clamps t r i g g ~ ~  2 so that it cannot 
turn ON. Thus all triggers are OFF. 

Trigger 8 provides a positivr output shift from the 
left plate on the tenth pulse onb. This carry pulse ma) 
be inverted and used as the input to another modified 
binary counter, forming a 2 position counter thrrt \\.ill 
count to 99. 

Any counter trigger may have an amount set in it 
by plate pullover before the negative input pulses start. 
The  input pulses will then cause the counter to atl- 
vance from the number initially set in it. This principle 
is used in several counters in RAMAC. 

Resetting these counters is accomplished by elec- 
tionic reset of each trigger before new amounts are 
stored. (See "Trigger Reset.") 

Overbeck Ring (Figure 26) 

The  Overbeck ring is used to supply timed pulses 
within computer circuits much as cam operated circuit 
breakers supply timed pulses on mechanical machines. 
It consists of a set of triggers with a common input 
from the ~ i n g  driue line which carries pulses supplied 
by the process drum. 

Figure 26 shows an 8 position Overbeck ring with 
positions 4-7 left out for clarity. Initially the triggers 
are reset OFF with the exception of the home trigger, 
which is ON. Each negative input pulse will turn OFF 

the trigger that is ON. The  fall of the voltage at pin 10 
of the trigger being turned OFF will grid flip the next 
trigger ON. This continues through a closed ring, since 
pin 10 of trigger 8 is connected back to pin 8 of trigger 
1. Note that the output is taken from pin 10 of each 
trigger. 

OUT 

OUT 

l ~ d -  
INPUT 
(NEGATIVE TR 307 

PULSE) 

Figure 26. Overbeck Ring 
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Basic Machine Timings 

.-?!I operations performed by R A n r A c  are based on the 
transfer of data. This transiei of data falls into G cate- 
gories, each of ~vhich will be treated in separate sec- 
tions of this manual, in the following ortler: 

1. The  transfer of data from track to track on the 
process drum. 

2. The  transfer of data to and from the file. 
3. The transfer of data from plinched cards. 
4 .  The  transfer of data to punched cards. 
5. The  transfer of data to a printed report. 
6. The  special transfer of data that performs arith- 

metic. 

In order to corit~ol the tinta as ~t is ~vritten or read 
f i  om the drum or file. i t  will be necessan to have basic 
timing pulses available. These pulses which are re- 
cortled on the drum clock track, will tell the machine 
the exact position of the drum at any instant (Fig. 4 ) .  

T h e  process drum clock track also has a gap which 
defines the beginning of a drum cycle. Because we 
have a number of different types of cycles, it is fur- 
ther necessary to define these cycles and place them 
in some logical fequence. In this manner the RAMAC 

can keep track of all data as it is transferred. 

Drum Gates and Pulses 

Clock Pulses (Figure 28) 

816 recorded spots on the clock track are used to develop 
the other machine pulses and gates. T h e  208 p gap 
signals the end or  the beginning of a drum cycle. The  
100 character positions with 8 bits result in 800 pulses 
of 12 ~s duration and an additional two characters, 
character early and character late, result in 816 pulses. 
T h e  clock amplifier (3.10.30) takes the small sinus- 
oidal voltages, shapes and amplifies them to standard 
level pulses. 

Reference Mark (Figure 27) 

T h e  reference mark signals the start of a drum revolu- 
tion. I t  is generated on 1.01 .OO by Schmitt trigger 1H2. 

T h e  lack of amplified drum clock pulses during the 
gap allows the 470 ppf capacitor to discharge. When 
1H2-7 reaches -6v, 1H2 flips, causing 1H2-10 to drop. 
T h e  resulting negative spike from the 130 , L L ~  capa- 
citor is shaped by 1G3a. The  positive spike caused by 
the reflipping of 1H2 as clock pulses start again has no 
effect in 1G3a. 

Phase Pulses (Figure 28) 

T h e  three phase pulses drive the timing rings and 
help control data flow. 0 A advances the timing rings; 
0 B is a delay to allow timing triggers to settle down; 
and 0 C controls the transporting of data. These phase 
pulses are generated as fol!ows: 
@ A  is generated on 1.01 .O1 by single shot 1Y 1, which 
is triggered by the rise of each clock pulse. 1Y2 is 
adjusted for a 2% microsecond pulse output from 1Y1. 
0 B, 3% microseconds long, is generated by 1V1, which 
is triggered by the inversion of the fall of @ A .  
@C, 3 microseconds long, is generated at IT1 by the 
inversion of the fall of 0 B. 

Bit Pulses (Figures 29, 31) 

Bit pulses are used to select data bits fi-om a drum 
track. Each is available on 1.01.05 from pin 10 of its 
own trigger. T h e  8 bit triggers form a n  Overbeck ring. 

lGJ-3 n I.M. 

Figure 27. Development of the Reki-ence Mark Pulse 

Basic Machine Timings 31 



Character and Field Ring Gate (Figwes 30, 31) 
7 1 2  M i c r o s e ~ o n d s r  

T h e  character and field ring gate signals the presence 

n r Clock Pulse 
of the data containing area of a track beneath its 

2 1/4 ~ i c r o s e c o n d s ~  read-write head, and is high from the beginning of 

N QA 
C99 through COO. I t  is developed on 1.01.06 from 

3 1/2 ~icro~econds-4  + Ihf5-3. A manual reset before processjog siarts causes 
I IB 1 h15-3 and 1L5-I0 to be low. T h e  first RM flips 1L5 ON, 

3 Microseconds-4 

I IC 
but the positive pulse from 1L5-10 does not affect lh15. 
T h e  first Bs 0 B after RM flips l L 5  OFF. The  fall of lL5- 

- 3 114 Microsecond 10 flips 1 R.15, bringing u p  the character and field ring 
lntervol 

gate. Note on Figure 31 that the first Bs@B after Rhl  
Figure 28. Expanded View of One Clock Pulse is BS 0 B of C99. There is no BS 0 B during CE. 

T h e  character and field ring gate is droppea by the 
(See Section 2 for Overbeck ring operation.) 1R3, the inversion of FO carry to 1M5-8. FO carry results from 
Bs trigger, is the only one that is manually reset ON, turning off the FO trigger at the end of COO time 
and is the home position. T h e  bit ring is driven (1.01.09). 
through lZ2a by the inversion of @ A ,  ~vhich comes 
from 123 when not clock error aiid not manual reset 
are present. Not manuaI reset is developed on 1.01.02 Character Gates (Figures 29, 30) 

at lH3 by plate pullover by the first Rhl  after a man- T h e  character gates are used to select a specific char- 
ual X reset. clock error will be developed later. acter or group of characters from the drum track. Each 

'1110 illNG GATES 

On. arum il*rolutcon 10 MS 

CHARACTER LING GATES 

c 3 7-7 

BIT RING GATES 

I-- 

114 -- 

Figure 29. Timing Pulses and Gates 
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811 RlNG 
( 1.0' .05 ) 

CHARACTER RlNG 
( 1.01.08 ) 

FIELD RlNG 
11.01.09) 

Clock 

:rock 0 

Figure 30. T i m i n g  Ring Drives 

CHARACTER EARLY I CHARACTER 99 1 C H A u c T r R  m I c l u r * c T r R  urr  I rK1 
d l +  I - i L  t-- 96 Microrecondr 

Clock - 
L B A  ---- 

-LIL-.II QB ---I 

U-J Q c  n w - r  
1-1 - BS - n r- 
I-, BX -7 n 

n BO J 
- B I  n n 

B 2 

n B 4 

n B B 

F- BR n I- - Chomcter 6 Field Ring Gote 

I C 9 I - 
C 0 

Figure 31. Gates in the Vicinity of the Gap 
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is tlevelopetl by its own trigger in a 10 trigger Overbeck 
ring ( I  .01.08) . The  C9 trigger, 145,  is the home posi- 
tion. The  ring is driven by Bs 0 B from 1.01.06, where 
i t  is gatetl by the output of I h14-I 0. 1314 is flipped ON 

Iroin lP3a at BO of C99, which is the first BO during 
the character and field ring gate. The  gating of the 
th;trac-ter ring drive is necessary since there are 102 
Bs 9 H pulses (luring a drum cycle, but only 100 of these 
m;ty be a1lo1vt.d to drive the character ring in order to 
keep i t  in time ~vi th the drum. 

The  output of the C9 tl-igger is gated by character 
:t~itl fielti ring gate at lQGa on 1.01.08, since the C9 
trigger is ON from the end of COO through C99. 

Field Gates (Figures 29, 30) 

The  field gates are used with the character gates to 
select a group of characters from a drum track. Each 
is de\ eloped by its own trigger in a 10 trigger Overbeck 
ring. The  F9 trigger, lQ7, is the home position. The  
output of lQ7 is gated by the character and field ring 
gate, since it is on. from the end of FO through F9. The  
ring is driven from 1.01.06 b) the inversion of CO. 
CO provitles a positive shift when the CO trigger is 
flippecl OFF (1.01.08) . 

Character Early (Figure 31) 

Character early is a pate one character in length coming 
Y 

just before C99, and signalling the start of the data con- 
taining area of a drum track. It is developed on 1.01.07 
from 1A46-10. In16 is flipped ON when IN6 is flipped 
OFF by the fall of Bs which is the rise of the first 0.4 
after RAl. Xote that IN6 was flipped ON by RM. 

Character early gate falls when 1 R-16 is f l i p p e d . 0 ~ ~  by 
the fall of not character and field ring gate, which comes 
from 1 h15-10 on 1.01.06 at the leading edge of C99. 

Character Late (Figure 31) 

Character late is a gate one character in length that 
comes just after COO, signalling the end of the data 
containing area of a drum track. I t  is developed on 
1.01.07 from 1I,7-10. 1L'i is flipped ON by the fall of 
not FO carry, which is at the fall of COO. Character late 
gate falls when 1L'i is flipped OFF by the fall cjf 1K7-10, 
I K 7  is flipped OFF by the next Bs after i t  was flipped 
ON by BXCL from 1P5b. Since BXCE also occurs during 
the not character and field ring gate, it will also flip 1K7 
ON, but 1L7 will not be affected, since It is already OFF. 

Not Clock Error 

Not clock error allows the bit ring to advance (1 .01.05) . 
T h e  absence of the 110t clock error gate indicates that 

the timing rings are out of sequence, and a clock error 
eui5ts. Not clock error is developed on 1.01.02 at 1 H4-3. 
I H 1 is manually reset pin 3 high, and will remain thus 
unless a clock error occurs. 

Clock error is indicated by flipping 1H l ox  through 
plate pullover. If Bs or C9 or  F9 triggers are not ON, or 
the cha~acter and field ring gate trigger is ON (either 
Br, not gated C9, not gated E9, oi not character 'ind 
field ring gate is low) at RRI, the low output of l H 5  
~c i l l  be inverted and anded with Rhl at ?N4b to plate 
pullover 1 H4. 

Machine Cycles 
The  fire basic types of machine cycles,I, R ,  W, D, and P 
were explained briefly in the first section. These 
machine cycles nearlv always correspond to a 10 milli- 
second drum cycle defined as one reference mark to 
the next. T h e  exception occurs when the process unit 
is interlocked in a particular cycle awaiting comple- 
tion of some mechanical action, i.e., servo, reading a 
card, etc. At this time a machine qc l e  may be eqrrixa- 
lent to several drum cycles. 

T h e  sequence of these cycles is illustrated in block 
form in Figure 32. For a normal track to track transfer 
three cycles, IRW in that order, are sufficient. T h e  pro- 
gression here is automatic. As shown in the diagram 
on some operations a different sequence must be fol- 
lolvcd. After any M' cycle the RAMAC must analyze the 
instruction or operation further. If it is a file write 
operation (T1 =R) an IRIITRIZT sequence is necessary 
so that the information written on the first W cvcle may 
be read back and compared for accuracy. 

In  the event of a servo (T,=J), a copy operation 
(card reader), a P flag, a test read/write or  inquiry 
(console operation) , additional time is necessary to 
energize and test relays, so an IRWDP sequence is taken. 
In certain special cases even this is insufficient time so 
the sequence may become IRTYDPDDP as shown by the 
(lotted line. 

In  all 5 types of cycles there are two key triggers 
for each, the cycle ready trigger ant1 the cycle trigger. 
T h e  cycle ready trigger comes up before the end of 
the previous cycle, as soon as the machine has decided 
what the next cycle will be. T h e  next Rhl  brings on 
the cycle trigger for that cycle ready trigger, and this 
trigger will be on until CLBR. One cycle ready i r i ~ ~ e r  
coming ON turns OFF the previous one. This sequence 
is illustrated in Figure 33 and 34. 

IRW 

T h e  following three 10 millisecond cycles are necessary 
for a 30 millisecond track to track transfer: I (instruc- 
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Reset 

Key 

Figure 
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I -1 Servo Copy , I 

i I - I R W  
CV Y LV 

A I 
- 

Standard Tronsfer - 
N o  P Flag 

New Progrom, Copy, Inquiry, Test 

32. Cjcle Sequence Flow Chart 

tion) cycle, R (read or from) cycle, 12' (write or to) 5. W cycle ready and then MJ cycle (RAI to CLBI) . 
cycle. 6. Return to I cycle. 

I Cycle Ready. T o  start processing, I c;cle rentl) 
OR JECTIVES trigger ( 3  C2-1.03.04) is turned on' b; S reset. Depress- 

I .  I cycle ready at start of processing. ing the program set key (6.04.12) will d e ~ e l o p  nn S 
2. 1 cycle at first RAI. reset as well as establishing the desired program l e ~ e l .  
3. 1 cycle down at CLBI. I C y c l ~ .  I cycle trigger (1E2-3.03.04) will co~ne OY 

4. R cycle ready ant1 then R cycle (Rhl  to CLBI) . with I cycle ready ON and the next c;cle qtnrt pulse, 

R Mclrk ond Start Cycle 

Cycle Complete (9 I C L  

W or P Cycle End 

I C y c l e  Ready 

I CYCLE 

I Cycle End 

R Cycle Reody 

R CYCLE 

R Cycle End 

W Cycle Ready 

W CYCLE 

W Cycle End 

D Cycle Reody 

D CYCLE 

Second D Cycle 

D Cycle End 

P Cycle Reody 

P CYCLE 

P Cycle End 

P- h h 

sic Cycler Required b r  a Data r d d i t i o r x l l  Cycles /anal Cycles Required i f  Time i s a  
Transfer From Drum Trock to  Drum Track Required for instructions on Control Panel Before Programming is Resumed 

Containing a P Flag 

Figure 33. Machine Cycle 

Basic Machine Timings 35 



Jr 01 ( Cycle Complete ) B l  ( Cycle Complete ) 

W Cycle Recdy 1 

1 
1 Cycle W Cycle 

- 
R Cycle Rwdy 

I ! 
R Cycle -------- 

- 
Stort Cycle 

Figure S f .  Execution Pulses for C\c?e Sequenring 

tleveloped on 1.02.09 from a sequence reference mark. 
Notice that the clevelopa~ent of cycle start is clepen- 

dent on a number of conclitior?s such as no  error intli- 
cations and no calls for a machine stop. T h e  master 
stop trigger may be turned 3 pin high by a start de- 
xrelopetl on 1.02.01. This Schmitt trigger ( 1  U9-1.02.01) 
is turned 10 pin high through the R161 points. Rl6 l  
is picked on 1.02.03 by depressing the program start 
key (6.04.12). It may also be picket1 by the reader start 
ant1 program load s~vitches, which will be co~eretl  
later. 

Cycle Complete. 1 cycle will be complete after one 
drum re~olut ion.  T h e  cycle complete pulse at lG2 
(1.03.04) tlevelops 1 cycle end pulse which turns off 1 
cycle read!; trigger at BRCL, while 1 cycle remains ON. 

T h e  cycle complete pulse is developed on 1.02.08. The  
trigger at IG8 (1.02.08) is turned 10 pin high every 
BOCL and 10 pin low every K2 (luring normal opera- 
tion. ;St BICL the cycle complete pulse is del-elopetl at 
1 Dl Oa if the previous operation has been completecl. 
T h e  cycle complete gate trigger at i H9 is turned 10 pin 
high when none of the six inverters are conducting, 
i.e., all operations are complete. 

1 cycle trigger (1.03.04) will be turned OFF at CLBR 
if R cycle ready has already been turned ON. 

R Cycle Rendy  ond R Cycle. T h e  R cycle ready trig- 
ger (1C4-1.03.05) will come ON when the I cycle ready 
trigger is turned OFF (CLBI) . This in turn conditions 
the R cycle trigger, allowing it to be turned ON with 
the next start R cycle. This is actually a cycle start 

K y c l e  End 

Stort Cycle -P- 
(Rhl), contlitioned on 1.02.10. As the machine ad- 

vances from one cycle to the next it will always pro- 
ceed as far as possible without interfering with a 
previous operation which may still be in process. \Then 
one servo-opera tion (TL=J) foIlows another anti the 
first servo is not complete (track not located) the sec- 
ond servo will be suspencted in R cycle ready until the 
A1 (1RIOb-1.02.10) is cut off. This will be covered 
more thoroughly in the file section. 

R cycle ready can be brought up  in one other man- 
ner, following a W cycle, at lB3a (1.03.05) . This occurs 
on a file write operation (T,=R) and results in 
IKWRM' sequencing. 

The  conclusion of R cycle is the same as 1 cycle. R 
cycle ready OFF at CLBI and R cycle OFF at CLBR. 

If/ Cycle. 14' cycle sequence (1.03.06) will be the 
same at 1 and R cycle, starting with R cycle end. T h e  
completion of W cycle, however, can be accomplished 
in a number of ways. Notice in the cycle flolz. chart 
(Figure 32) there are three possible paths after M' 

cycle: R, I, or D cycle. The  OR switch 1B5 ( 1  03.06) 
hanclles all these possibilities to end W cycle. The  con- 
ditions anded at 1B4b are used only by the C E  for 
single cycle multiply. 

Return to I Cycle. At this point a decision must be 
made to determine the type of cycle to follow W cycle. 
The  more common is a return to 1 cycle. T h e  condi- 
tions allowing this return are found at 1A2 and 1AS 
on 1.03.04. Following I cycle ready the sequence repeats 
itself. 
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IRWDP 

,As can be seen in Figure 32 any operation requiring 
the energization of reiays sets u p  a DP sequence fol- 
lowing 11: cycle. Also all instruction with ;# P flag 
turns control of the program sequence over t o  the 
control panel ant1 requires a P c!cle to provitle a con- 
trol panel impulse. Let's assume an instruction ~ v i t l l  a 
P flag. T h e  IR\IT sequence is the same as above. 

OBJECTIVES: 

I .  Block I c\ cle ready following 11' c) cle. 
2. D cycle follo~\,ed by P cycle. 
3. Return to I c\cle. 

Block I Cycle. Follo\z~ing \\7 c)cle, I cycle is blocked 
at 1A2 (1.03.04) since P is not blank. 

D Cycle Fo l l o i~~ed  by P Cycle D cycle read) ~ 1 1 1  be 
turned on at \I7 cycle end (CI BR) at  1A7 (1.03.07) . Not 
store check will be high except during the first I\' c\cle 
of an I R\I'R\IT sequence (servo) . D cycle then proreeds 
as the previous cycles. One ~ a r i a t i o n  is the line labeletl 
becond D cycle tle\~eloped at lFlOb (1.03.07) As indi- 
cated in the flow chart (Figure 32), this line will be 
high along with D cycle in the present sequence. J t ill 
be u p  as long as the D c)cle delay trigger (1B8) is 3 
pin high. This was accolnpl~shed on any pret iow D 
cycle at  1B9a (1.03.07). P cycle (1.03.08) begins with 
the end of D cycle and lasts until the followrng BRCL. 

Retz t in  to  I Cycle. T h e  conditions permitting a re- 
turn to I cycle following a P cycle are shown at 11-\1 
(1.03.04). Following a P flag the new program line 
should be high since the control panel wiring decided 
which of the 200 program steps to return to. Copy 
(card reader) would have been high after impulsing 
the copy-in hub  on the control panel. 

Additional Sequences 

PDDPZRW. When making an inquiry, the reset key 
places the machine in P cycle ready with an X reset. 
When the inquiry key is hit, a tlouble delay cycle will 
be taken (Figure 32) before going to P and IRW.  Also, 
if the program entry hubs or the program advance hubs 
tlo not receive an impulse during P cycle to raise the 
new program line, the RAMAC will return to D cycle. 
This  will be a DD cjlcle (2 drum revolutions), followed 
by a P cycle. Th is  will continue until new program is 
raised. 

During this tlouble dela). the second D cycle line will 
be u p  only for the secontl D cycle. T h e  D cycle tlelay 
trigger (1B8-1.03.07) is turnetl 3 pin low (also the 
D cycle reatly trigger) at  1=\_9a a t  P cycle entl. T h e  next 
cycle complete pulse, instead of tleveloping D cycle end, 
turns the D cycle delay trigger three pin high for a sec- 
ond D cycle. 
IRM'RW: sequence occurs on a file write operation 

(T, = R) ant1 is ilevelopetl at lB3a on i.03.05. 

Program Exit Overlap (Optional) 

T o  speed u p  process time the \4: and P cycles can be 
nia$e to occur simultaneously, eliminating the D cycle. 
Normal IRUTDP is a 50 millisecontl operation with the 
D and P cycle used to energize relays. Occasiorlally a P 
flag may not require the picking of reiays. In this case 
the delay may be elirninatetl, resulting in a 30 milli- 
secontl opera tion. 

OBJECTIVES: 

I .  P cycle during M: cycle. 
2. Block D cycle. 

P Cycle 1)ui.ing I t '  Cycle. I f  the not P cycle line is 
tlown the P cycle trigger .ruill be turnetl ox (1.03.08- 
optional). This line \vill be down if 1 J 7  (1.03.1 1- 
optional) contlucts (luring a W cycle at  CE. Any opera- 
tion in which the D cycle is necessary will have the 
program exit overlap feature blvcketl at  this unit. 

This  is done by turning the trigger at IF7 10 pin 
high or cutting off the OR switch at 1 E7a. T h e  use of 
the MR-7 line to gate the CE pulse at IC9a (1.03.1 1) 
is a pretest of control panel wiring to be sure the P 
flag is not calling for an operation requiring a D cycle: 
for example COPY I N .  Normally, with AIR-7 open this 
line is a t  0 volts through a 1.5K resistor (2.09.1 1) . If 
the program exit calietl for is wired to COPY IN, this 
line will be at  -30 volts during W cycle through the 
following circuit: from -60 volts at  DB257-9 (1.03.1 1- 
optional), through a 1.5 K resistor to copy in h u b  
on 2.07.01, by control panel wire to the program exit 
h u b  selected (2.05.03), to hIR-7, through a second 
1.5K resistor to 0 volts (2.09.1 1) . 

Block D Cycle. (1.03.07-optional) D cycle reatly ran 
be turned ON when the W cycle end and not W-P cycle 
is high. This is raised at  1K8b (1.03.1 1-optional) only 
if not P cycle is high. Not P cycle will be low during a 
W-P cycle overlap. 
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Track To Track Transfer 

A11 data coming to or from the drum must go to the 
core buffer with one exception (Figure 7 ) .  This occurs 
during I cycle when the instruction is transferred 
directly from the drum to the instruction register for " 

analysis. During R cycle, data is read from an address- 
able drum location into the core buffer. On  W cycle 
i t  is written from the core buffer into some new drum 
location. In  this section we will discuss first the prin- 
ciples of reading and writing on the process drum, 
and then reading and writing in cores. Then we can 
examine in detail each type of transfer. 

Read and Write Principles 

Drum Magnetic Storage 

Figure 35 illustrates thc form in which bits and char- 
acters exist on a process drum track. Assume that the 
whole track is magnetized in one direction forming 
a closed magnetic loop, as shown in Figure 35a. Since 
no  lines of force are intersected as the drum revolves. 
no voltage will be induced in the read coil. Now an 
area of the track one bit in length is magnetized at 
the bit 0 position (Figule 35b). T h e  change in mag- 
netic flux lines at the beginning and end of bit 0 will 
induce a voltage at the read head as the drum revolves. 
If two adjacent bit positions are magnetized, the flux 
pattern will be like that shown in Figure 35c for bit 
2 ant1 bit 4 of the character "W". T h e  read signal for 
a "M'" is also shown. 

No portion of the 100 recording character positions 
of the drum track is magnetically neutral. If a bit or 
series of adjacent bits is written, current is drawn con- 
tinuously through the center tapped write head coil 
in the write 1 direction. T h e  absence of bits causes 
current to be drawn in the opposite or  write 0 direc- 
tion. 

T h e  brass shim between the ferrite pole pieces forces 
the magnetic flux down into the drum surface to  com- 
plete its magnetic circuit. This action causes the drum 
surface to become magnetized. Current flowing through 
the coil in one direction will cause magnetization in 
one direction, while a reversal of current will cause 

magnetization in the opposite direction. Specific ex- 
ceptions regartling the manner of letolding data will 
be noted foi certain 5peci'tl pu~pose  tracks, such as KI 
ant1 K3. 

Write Logic I 
T h e  data coming from cores to the I-eatl/c\-rite head 
crlrrent tlrivers during \V cycle will be 12 ~s pulses 
(aA-\ to @.A) for each bit of information. These 

pulses will cause the write one side of the head current 3 

drive unit to conduct, resulting in 65 mn of current 
through the head coil (Figure 36) . This s;ime data line 
is invet-tetl zrnd placed on the write 0 grit1 of the current 
driver, causing it to conduct with 65 mcl of current 
when no bits of information are coming from cores. 
Each of the drum heads is addressable by placing some 
character in the T2 portion of the instruction. IYhen 
writing, the T p  character should allolv only one of 
the drum heads to draw 65 mn. T o  accomplish this 
the drum heat1 circuitry is arranged in a matrix (Fig- 
ure 3'7). T h e  zone portion of the T, register conditions 
the cathoclcs of the c u ~ r e n t  drivers in the same zone 
group for conduction. T h e  numeric portion of the 
T, instruction, gates the write data from cores to the 
grids of three current drivers of the same numeric 
group. T h e  result will be only one current driver and 
head in conduction. 

Read Logic 

During R cycle and I cycle the information written on 
the drum will be read. All drum heads will be cutting 
lines of flux as the drum is revolving; therefore, all 
head coils will have a 1 volt peak to peak signal across 
them (139.5~ to 140 .5~) .  All heads in the matrix, ex- 
cept S and T, feed a common read data line. 

During R cycle all but the selected head output must 
be blocked. T h e  T, character will select one of the 27 
current drivers in the matrix for conduction in a 
similar manner as was done during W cycle. Since 
there is no  write gate however, the T, line will allow 
only 5 ma of current to  flow in the cathode circuit 
(Figure 37).  This  5 ma current through the write 0 
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Figure 35. Process Drum Track Flux Patterns 

side of the selected head (Figure 36) will drop the 
plate potential to 138 volts. T h e  common read data 
line will also be lowered to 138v and the only diode 
able to transfer the Iv  head signal will be that at the 
selected head. Notice that the three "and" circuits at 
the bottom of Figure 37 are not true "and" circuits. 
IVhen both inputs (the TZ line and the write gate) 
are up, 65 ma flows. When only T Z  is up, 5 ma flows: 
M'hen T Z  is down, no current will flow. Since there 
is no matrix write data, the three current drivers 

, selected by the T N  line will have +10v on their write 
I 0 side. This can be seen in Figure 38. 

There are times when we do not want the common 
read data to reach the read amplifier. When writing 
or when no head is selected for reading, undesired 
signals will appear on the common read data line. 
T o  control this flow of data we shall develop a matrix 

read gate and also use a special switching arrangement 
shown in simplified form in the upper right hand 
corner of Figure 37. The  read data can reach the 
amplifier input only if the matrix read gate is high 
and the write gate low. 

Three areas of Figure 37, outlined in dotted lines, 
are drawn and described in detail below. 

Selection Circuits 

Figure 38 illustrates the circuit action necessary to 
write a "9" on track C and then to read it. T o  write, 
assume the instruction XXXC5301XX which will write 
the "9" In position 53 of track C. .4n analysis of T, 
will result in a TN=3, which piaces the data from cores 
on the grids of the CD's for position C, T and 3. The 
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Figure 36. Process Drum Head 

grid voltage xvill vary from -30v to +6v. T h e  voltage 
placed on the cathode by the zone matrix selection cir- 
cuits will determine which of the three current drivers 
conclucts and whether it draws 65 ma of current for 
writing or 5 mn for reading. 

With 0%. on the cathode the grid bias is high ( $ 6 ~ )  
resulting in 65 ma of current through the left or right 
half. 12'ith +lOv on the cathode the tube barely con- 
ducts (-3v bias) with 5 ma of current, while +26v on 
the cathode cuts the tube off. T o  write, the TZ=12 line 

current flows. This current through the write 0 side 
of the C current driver lowers the plate voltage to 
1 3 8 ~ .  T h e  selected react signal, varying from 137 .5~  to 
138 .5~  appears on the common read data line. 

When TZ=12 is low, inverting it places +28v on 
5V7, clamping the cathodes to approximately +26v, 
regardless of the condition of the write gate. This  holds 
all the current drivers in the 12 zone section cut off. 

is inverted, placing -40v on the plate of 5V7, cutting 
Matrix Read Gate 

it off. The  write gate is inverted placing - 40v on the 
grid of 5 ~ 1  cutting it off. This means both resistor T h e  input of the common read data line to the read 

legs can conduct with electrons flowing from the -60v amplifier must be controlled, since there are times 

ant1 the -250v supplies through the current drivers. when unwanted data appears on this line (Figure 39). 

T h e  result is Ov on :he cathodes of all current drivers I .  During writing, the data being written will ap- 

in the TL=12 matrix. 
T o  rend the "9" on track C an instruction of 

C53XXS01XX is placed in the instruction register. 
T h e  analysis of T, results in a TN=3. Since matrix 
write data will be low (luring R cycle, the inverted 
matrix write data, on the write 0 grid; will be high. 
T h e  matrix write gate (now low) when inverted, 
places +28v on the grid of 5Vi. T h e  +28v appear- 
ing on the cathode of 5VI will prevent any electrons 
from flowing u p  the -60v leg of the resistor network 
and through diode "d" to the cathodes. 'The cathodes 
of the current drivers are placed at +10v by con- 
duction through the - 2 5 0 ~  leg only and 5 mtl of 

pear on the common read line. 
2. If no track within the matrix is selected, the data 

from all tracks will appear on the line, with the line 
following the most negative signals. T h e  selection of 
no track within the drum matrix is Iimited to the 
following: 

a. No TI address. This selects the zone N matrix, 
but no  track within the matrix. 
b. T h e  selection of an I I zone track, all of which 
are outside the matrix. However, during a multi- 
ply (T,=N)or divide (T,=P)operation, reading 
must take place from the drum matrix d u ~ i n g  
MT cycle to develop the answer. 
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c. T h e  selection of T and S tracks, which are not 
within the 0 zone matrix for reading purp~scs.  

T h e  read signal enters the switch at 5Yll on pin 9, 
a 1 volt peak to peak signal varying about 138v. During 
a read cycle the left hand section of the triode will 
not he conducting and its piate will be above pin 9 
and pin 3. T h e  signal will pass through diodes B and 
C, appearing at pin 3. During \I7 cycle the left hand 
section of the triode conducts pulling its piate below 
pin 9, blocking the signal at diode B. This takes care 
of condition I above. 

During an K cycle the signal passes through the 
switch unless the voltage at pin 10 (normally i4Ov) 
is lowered, clamping pin 9 below the read signal level 
at the current tlriver plates. This occurs if either half 
of the duo-triode at 5U8 conducts. T h e  right hand side 
 rill conduct for conditions 2b and c above. T h e  left 
llanct section conducts when T,=blank (this raises the 
TZ=N ant1 TN=O lines). The  grid is brought to +6v 
by T N  = 0 while the cathode is common with the cur- 
rent driver cathodes of the N zone section of the 
matrix. TZ=N pulls the cathode down from +26v to 
+IOv and the tube conducts, lowering the matrix read 
gate. 

Core Buffer 

T h e  intermediate storage unit, through which all data 
being transferred illust pass, is the 100 character core 
buffer. Figure 6 shows its location in the RAMAC system 
of data flow. 

Magnetics of the Core 

T h e  basic component of the core buffer is the ferrite 
core (Figure 40) . It is made of a bi-stable alloy capable 
of maintaining one of two magnetic states indefinitely. 
This characteristic makes possible the storage of binary 
information in a core. 

T h e  magnetic properties of the ferrite core are 
illustrated by the hysteresis curve in Figure 40. This  
curve shows the relationship between the flux density 
and the magnetizing force as the current is varied be- 
tween +Jm and - Im. Im is the amount of current 
along a wire threaded through a core necessary to 
change that core's magnetic state. +Im is the amount 
of current flowing in one direction, and -1m is the 
same amount of current flowing in  the opposite direc- 
tion. 

I n  Figure 40, if the core is at the magnetic state 
labeled B (or zero) : and a current of +Im is applied, 
the core's magnetic flux density will follow the sharply 
rising curve to +R Max. With the removal of the 

Figure 40. Core hlagnctics 

current, the core's flux density wiil follow the flat curve 
to A (or one).  The  core is said to have flipped. 

If the core is already a t  magnetic state X (one) ancl 
a current of +Im is applied, the flux density will fol- 
low the flat curve to +I3 max, ant1 with the removal 
of the current will return to X (one). The  core has 
not changed magnetic state. 

If the core is at magnetic state A (one) and a cur- 
renL of -1m is applied, the flux density will follow the 
sharply falling curve to -B max. With the removal 
of the current, the flux density will go to state B (zero). 
Thus, the core is flipped from one to zero. 

If the core is at state B and a current of -1m is 
applied and removed, the flux density will go to -B 
max and back to B; the core does not flip. 

If a current of Y2Im is applied in either the + or - 
direction, the core will not flip. 

If two wires pass through the core, each carrying a 
current of G I m  the result of the two will be Im. If 
one of these wires carries a current of Im in one 
direction, and the other carries Y2lm in the opposite 
direction, the result is the same as the first wire carry- 
ing a current of G l m .  

Core Control Logic 

Because a single core is a binary storage unit, seven 
cores are necessary for each character with the RAMAC 
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seven bit system. For 100 characters 700 cores are nec- 
essary. These are arranged in a matrix ~vitli 5 planes 
of 100 cores each (Figure 4 1) . Each plane is 10 cores 
~ri t le  by 10 cores long, the vertical rows reserved for 
each character within a field while the horizontal rows 
represent the fieltls (0 to 9) . Each plane represents one 
of the seven bits, therefore one chz~racter will have a 
single core in each plane. 

Because data is transmitted serially by character, we 
must be able to select one o f  the 100 character positions 
to pass + or - Im through at any particular instant. 
A11 character 0 cores (70) will have a common drive 
line passing through them. This holds true for charac- 
ter 1 ,  2, etc. In atltlition, all cores of field 0 have a 
common wire through them. Each of the other fields 
has a common drive wire, also. By directing +Y21m 
through character (un,its) drive line 4 and + S I m  
through field (tens) drive line 7 all seven cores in 
character 74 will have S l m .  In a similar manner we 
can send -1m through any character position simply 
by reversing the direction of current through the drive 
lines. 

The  units and tens lines are controlled by two 
10 position Overbeck rings, called the core units ring 
and the core tens ring, which advance sequentially 
from character 00 to 99. Mihen transferring to or from 
the drum the two rings will be advanced with Bs or BR 

f clock pulses respectively. When data is flowing to or 
from the file, the rings will be synchronized with a disk 

clock, which x+,ill be covered later. T h e  rings will al- 
ways be reset to 00 before a transfer operation, and 
begin advancing when the transfer begins. l \Te now 
have a method of addressing the seven cores of any 
character position in the core array, by passing Y21m 
through one units drive line ant1 I/2Im through one 
tens drive line. For ease of explanation we say current 
in a plus direction will write a one in the addres5ed 
cores and current in a minus direction will reset to 
zero, or read-out of the addressed cores. 

During R cycle the data from the drum is written 
in cores. This requires resetting the addressed cores to 
7ero with a "core read pulse" and then writing "ones" 
in the same cores with a "core write pulse." This  will 
be done at the end of each character time, i.e., BRD C .  
Notice on Figure 41, during R cycle, a B R ~ C  pulse 
first develops a 3 PS "core read pulse" at a single shot 
to feed the addressed core drive lines. This results in 
-1m through the addressed cores. T h e  fall of the core 
read pulse fires a second single shot to develop a 3 ps 
"core write pulse." This also feeds the drive line to 
pass +Im through the seven addressed cores, to write 
"ones." This same core write pulse advances the core 
units ring to address a new7 core position for the next 
read and core write pulses. 

During W cycle the cores are read out and the data 
will go to the drum. Now it is necessary to read-out 
(or reset) the addressed cores at the beginning of a 
character time (Bs0  C) so the data may be placed on 

Figure 41. Core Buffer Logic 
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the data from cores line. Each core read pulse resets 
the addressetl cores to zero as well as reading them out, 
so it is necessary to write the information back in 
immediatel). This is done b) following the core read 
pulse with a write pulse, just as was done during R 
cycle. On Figure 41 it is a B s a C  which develops a 3 
ps core read and then write pulse, on W cycle. 

T o  summarize: whether we are transferring data to 
or from the cores, a read pulse must always be followed 
by a write pulse. 

Core D a t a  F low 

T h e  data flowing to and from the drum is in serial 
form by bit. T h e  bits are read into or out of cores in 
parallel. The  character register accomplishes this tran- 
sition. There are seven triggers in the register, one for 
each bit. T o  write in cores, 0 C  bits coming from the 
read head (data to cores) are stored in the appropriate 
triggers for that particular character. At BR time a read 
pulse resets the cores and a write pulse attempts to 
store a one in each plane. In order to control which 
cores in a character position are flipped, an inhibit line 
is threaded through all the cores in each plane. By pass- 
ing -Y2Im through a particular inhibit line, that core 
position which has t l m  due to a write pulse, will have 
a resultant current of +1/21m. This is insufficient cur- 
rent to flip the core from the 0 to the l state. Because 
there is an inhibit drive line for each trigger in the 
character register, we can sample all triggers at core 
write time and drive those inhibit lines associated with 
the no-bit triggers. The  seven triggers are then reset 
and the units and tens ring advances for the next 
character. 

To read from cores (14' cycle) we must add a fourth 
line, the sense line. There are seven sense lines; one for 
each core plane or bit, The  read pulse will pass -Im 
through seven cores. Those cores which are at the 1 
state will be flipped, inclucing a signal on the appro- 
priate sense line. Any core at 0 will remain unchanged, 
therefore, no flux change and no induced voltage re- 
sults in those sense lines. These sense pulses, coming in 
parallel for any character at Bs time, will turn ON the 
triggers in the character register. This occurs at the be- 
ginning of the character, so the triggers may be strobecl 
to put serial bits on the "data from cores" line. T h e  
read pulse destroyed the information in the single 
character position, so it is necessary to write immedi- 
ately back into those cores, using the condition of the 
seven character register triggers to control the inhibit 
lines. 

C o r e  Circuits 
T h e  discussion of circuit operation necessary to store 
data in cores during R cycle and read that data from 

cores during W cycle follows. Reference is made to 
Figures 42, 43 and 44. Figures 45 and 46 are sequence 
charts illustrating core operation during a specific in- 
struction. 

 OBJECTIVE^: 
1. Reset the core units and tens rings to 00 
2. Reset and enter the character register from the 

drum. 
3. R cycle core starts to: 

a. Reset the addressed cores with a core read 
pulse. 
b. Write into cores from character register with 
a core write pulse. 

' c. Advance units and tens ring. 
4. W core starts to: 

a. Read into character register from addressed 
cores with a core read pulse. 
b. Rewrite into cores with a core write pulse. 
c. Advance the units ant1 tens ring. 

Core  unit^ and T e n s  Rings .  T h e  ten triggers in each 
ring (4.02.00, 4.03.00) are reset 10 pin low by the 
buffer counter reset line from 3.02.10, a CL pulse every 
cycle unless T = R  or N. T h e  core units 0 line and the 
core tens 0 line will be high, addressing core position 
00. T h e  units ring will advance with every pulse on 
the write gate line (this is the 3 PS core write pulse) 
and a carry will advance the core tens ring. 

A special reset inverter is needed in each ring to 
prevent the ring from rolling while the reset gate is 
applied to  the right hand grids. When a trigger is cut 
off a negative shift on pin ten will appear as a negative 
spike on the right hand grid of the next trigger in the 
ring. This causes a positive spike on pin 10, the fall 
of which puts another negative spike on the next grid. 
Since all pin 10's are connected to the following trig- 
ger's grid, the ring would roll, leaving one trigger ON 

when the reset gate was removed. T o  block this spike 
the reset gate is inverted at 4S4a (4.02.00) and 4S4b 
(4.03.00) and the 10 pin plates on a trigger in each 
ring are clamped at the low level. 

Character Register. Because the data from the drum 
is in serial form, it is necessary when entering cores 
to store the bits for each character, X through R, in 
the character register triggers. Then at the end of each 
character we can read the data into all seven cores 
for that character with a write pulse. T h e  seven char- 
acter registers triggers (4.08.01 to 4.08.07) are reset 10 
pin low with a plus pulse on the character register 
reset line from 4.1 1.00. During R cycle the R cycle gate 
ands with 0 C  at 4G8a which in turn is gated with bit 
S at 4G6b to give a B s a C  reset pulse at the start of 
each character coming from the drum. 

On  4.08.01 (BR character register) the data to cores 
line has all Sits ( 0 C )  from the drum on it. This com- 
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mon data line is scanned with core bit R's and any 
drum bit R present flips the trigger 10 pin high. T h e  
core bit ring on 4.09.00 is a core clock which ~vill  be 
synchronized with either the tirum clock or  the clisk 
clock depending on the operation. I t  is reset to bit S 
when not operating. 12'hen reading into or out of cores 
it will be advanced by 0 A pulses de; cloped on 3.02.02. 
Notice the @ A ,  @ B  and @ C pulses here are either 
the 0 pulses from the drum clock or the disk clock. 

When a bit is stored in the charac~er register trigger 
(4.08.01) the bit R write line will be low and the bit 
R gate will be high. T h e  bit R write line goes to the 
inhibit drivers on 4.07.00 while the bit R gate goes 
to the core data out line. 

working with position 80. T h e  core units 0 line is high 
rontlitioning the grid of the CF304 at 4E1. T h e  3 ps 
core read pulse (labeled reat1 gate) causes the two 
CD units, 4 4 1  allti 4R1 to contfuct. Of the ten units 
switch core transformers in the CF304 units, only the 
one l'or position 0 xzill 11at.e current in winding "A"' 
causing it to flip. \\'hen it flips -%Jm will be induced 
in the secondary which is laced through all 70 charac- 
ter 0 cores. In  the same manner all 70 cores in field 
8 (core tens) receive -V2l1n resulting in -Im in 7 
cores of character 80. This flips all these cores to the 
"0" state. 

T h e  core write pulse (labeled write gate) follows 
immediately and causes current to flow in all b wind- 

Core Start (R Cycle). On 4.1 core start is ings of the 10 unit drive transformers and the 10 tens 
drive transformers. This current is in the opposite 

a BR 0 C pulse developed at 4H6 during R cycle gate. 
direction of that through tvinding "a". Since the units 

On  4.10.00 the start pulse develop; a 3 ~s Lore read 
0 and tens 8 transforlner cores were the only ones 

pulse a t  sing1e shot 4K5. The ot this polse de- flipped during the core read pulse, only these two 
\.elops the PS Core pulse (core w'rite pulse) a t  t ransfor~~ler  cores can change their flux direction dur- " 
shot 4L6. ing the core write pulse. Since transformer action is 

Using Figure 42 and diagram 4.04.00 we can see how caused by changing flux lines only these two second- 
the core read pulse will reset a11 cores actdressed by aries will have +%Im induced in them, resulting in 
the unit and tens rings to "0". In Figure 42 we are +Im in the 7 character 80 cores. 

Figure 42. Address Core Buffer Position 80 (4.04.00, 4.05.00) 
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Figure 43. Inhibit Drive Showing BR in Detail (4.07.00) 

T o  select which of the seven cores will be allowed to 
flip from "0" to "I"  the character register triggers will 
be analyzed and the inhibit lines for those positions 
with no-bits will pass -%lm. This is shown in Figure 
43 and diagram 4.07.00. T o  prevent writing a bit we 
must pass current through winding "a" of the inhibit 
switch core transformers. The  CD 302 will conduct if 
its DF303 is allowed to conduct. The  DF303 will con- 
duct if the core write pulse (write gate) and the bit 
write line frorn the respective character register trig- 
gers are both high. These lines feed an "and" switch 
within the DF303 unit. 

Following the core write pulse the inhibit switch 
core transformers have flipped and the next pulse 
through winding "a" wili not result in an output un- 
less the transformer core is flipped back to its original 
state. To accomplish this a steady current is passed 
through winding "b", opposite in direction from "a". 
When the write pulse is finished [his current returns 
the transformer core to its original state. 

On 4.02.00 the core units ring is advanced by the 
core write pulse (write gate). Actually during writing 
the core position addressed is one higher than the posi- 
tion which receives -1m. In Figure 42 we found that 
the only switch core transformers affected by the write 
pulse were those originally flipped by the read pulse. 

Core Start ( W  Cycle). T h e  primary difference in core 
operation during M' cycle as compared to R cycle is the 
direction of data flow and the timing of the core starts 
The  data is moving from the cores to the character 
register. From there it moves to the drum on the line 
labeled "serial data from cores". It  is necessary to read 
out of any core position to the character registel, 211 
seven bit positions at once, then scan edih character 
register trigger in sequence: X, 0, 1, 2, 4, 8, and R. 
This means the core start must occur at  the beginning 
of each character. On 4.1 1.00 the core stal L is a Bs 0 C 
developed at 4G8b and 4G6b. This core start developes 
a core read pulse and core write pulse as drtring R 
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cycle. T h e  read pulse passes -1m through the ad- 
dressed cores, flipping any core which has a "1" stored 
in it. A sense line passt-s through all cores in each 
plane. T h e  cores which are flipped by the read pulse 
induce a small signal in one or more of the seven sense 
lines at each character time (Figure 44). These signals 

are rectified at the PX units on 4.06.00, then amplified 
and sent to the respective character register. At the 
character registers it is anded with core sense, which 

is a W cycle core read pulse, to turn the triggers 10 pin 
high. As the core bit ring continues to advance the 
seven character register triggers are scanned serially 
to develop 0 A to 0 A data from cores on 4.08.08. 

T h e  seven cores which have been read out are reset 
to a blank. I t  is necessary before moving on to the 
next character to rewrite back into this position from 
the character register. The  3 pS core write pulse, fol- 
lowing the read pulse, attempts to pass +Im through 
all seven cores. However, the inhibit lines on 4.07.00 
are once more driven by those character register trig- 
gers storing no-bit (bit write line high) . 

T h e  core units ring is advanced by this same core 
write pulse. 

EX.~.MPLE OF CORE BUFFER OPER,\TION 

Figures 45 and 46 are sequence charts illustrating the 
core operation during the instruction 1\'53C5402bb. 

Transfer Of Data During C Cycle 

During I cycle a 10 digit instruction is read from one of 
200 drum locations and placed in thc instruction regis- 
ter. T h e  200-step program counter determines .rz.hich 
instruction shall be chosen (Figure 47) . T h e  hundreds 
counter determines which of two track groups, numeric 
(0-9) or  12 zone (&, A-I) will be selected. T h e  tens 
counter selects the track within the group, anti the 
units counter determines which fieltl of the selected 

track will be transferred. For example, if the program 
counter is at level 035, field 7 of track 3 is selected; 
i i  the program counter is at  137, field 7 of track C is 
selected. One exception to the zone selection occurs 
for the 0 drum track. This is in thc 0 zone and both 
the hundreds and tens counter must be analyzed. 

Figure 44. Sensing "H" While Flipping Cores (BO, BX, B8) Back to Zero 
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Figure 43.  Core Btrfler Operalion on R C\cle 

Figure 46. Core Buffer Operation on W Cycle 
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Figure 47. I Cjcle Data Flow 

Normally the program countel, reset to 000 with 
the reset key, will advance sequentially at CLBR just 
before I cycle. .An instruction with a P flag interrupts 
this sequence, requiring control panel wiring to con- 
tinue. The  program exit hubs may be used to impulse 
the program entry hubs for setting u p  a new program 
l e ~ e l ,  or to impulse the program advance hubs to cause 
the counter to continue advancing sequentially. 

OR JECTIYES: 

1 .  Set the program counter. 
a. Program switches 
b. Program entry hubs 
c. Normal advance BRCL W cycle 
cl. Program advance hub  (P gag) 

2. Select a read head with the value in the program 
counter, tens and hundreds. 

3. Gate one field of selected track data by analysis 
of the units position of program counter. 

4. Reset and read-into instruction register. 
Program Counter. Both the program counter units 

(2.01.04) and tens (2.01.05) consist of ten triggers. 
T h e  hundreds counter (2T2-2.01.06) is a single trigger, 

since 199 is the highest program level provided. There 
are a number of ways to reset the program counters. 
T h e  manual reset key on the 380 console develops an 
"X" reset which sets the hundreds trigger (2.01.06- 
2T2) 3 pin high. T h e  "X" reset places all triggers in 
the units and tens counters three pin high, resulting 
in blanks in these counters. This is done by placing 0 
volts on the program counter reset line at 2L4 on 
2.01.07. 

Depressing the program set key picks R153 (2.01.01) 
and de~elops a 200 ~s reset pulse at the single shot 2P4 
(2.01.05) to reset the units and tens counters. Follow- 
ing the reset pulse (R153 still up) the program selector 
switches (2.01.01) determine which triggers will be 
turned ON in each of the three counter positions. A 
thI.2 method to reset and set the program counters is 
used when a P flag is present (2.01.07-2L3). T h e  flag 
forces tile D, P cycle and during the P cycle the count- 
ers are reset. Following this reset they will be set with 
impulses to  the program entry hubs (2.01.02) from a 
program exit hub. T h e  line to pin 6 of 2L3 (2.01.07) 
coming from the CE sync panel is normally floating. 
This is the same as a plus voltage on the AI. 
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T h e  program advance pulse to pin 5 of aii the 
program counter units triggers 1s a BRCL pulre before 
each I cycle (2.01.07) following an) IRTI' sequence or 
when the program advance hubs are impulsed follol.\-- 
ing an IRIYDP sequence T h e  coritrois for atlxance- 
ment of the counter are developed on 2.01.06 at two 
triggers, labeled new program alld program advance 
(2N2 and 2h12). Both are reset 10 pin lox\. at  I cycle 

end antl rernain there unti! a P flag or T,=J. T h e  P 
flag must result in the new program line being high or 
1 cycle cannot begin (1.03.04) . 2N2 is turned on by im- 
pulsing program entry hubs (units), program advance 
hubs, or T L y J  when Pzblank.  2 E 2  is turned ON by the 
last two conditions only, net the program entr) hubs. 

In the counter rings the two A1 units (2.01.05-2G5a 
and 2.01.04-2GEib) are designed to block the rolling 
of the counter during reset time. Th is  concept is more 
fully covcrcd in the section on "Core Units and Tens 
Rings." 

Head Selectzon. T h e  program counter tens condi- 
tions the numeric portion of the head matrix (2.03.07) 
during I cycle ready. At the same time the program I00 
trigger selects the zone matrix (2.03.09) . This  is shown 
in Figure 37. All of the selected track will appear as the 
output of the drum matrix read amplifier. 

I Cycle Gate. T h e  field of the selected track data to 
be entered into the instruction register is determined 
by the value in the program counter units. O n  2.02.03 
the matrix read data is gated with I cycle and the pro- 
gram gate; the latter being developed while scanning 
the program counter units with the field ring. T h e  re- 
su!t is ten characters of 0 C  data on the line labeled 
gated process drum data. T h e  various bits are sepa- 
rated for entry into the instruction ~egisters (2.02.04). 

Inr t r~~c t lon  Regtstel-. T h e  program bits are gated 
with characters 9 through 0, the C9 data entering the 
Q register (2.06.00), C8 data entering the P register 
and so on down to CO data entering the TI register. 
Remember, data from the drum is arriving character 99 
first and character 00 last. 

T h e  TI and T2 registers (2.03.03, 2.03.05), similar 
in operation, consist of six triggers. Using T, register 
(2.03.03) as an example, all triggers will be turned OFF 

prior to the I cycle gate with the instruction register 
reset ,4 line. On 2.03.01 this line is high during any 
"C" reset developed with the manual reset button, 
check reset button, or program load button. T h e  pro- 
gram set reset line is high when the program set button 
is pushed. These are static resets. When cycling the 
reset occurs with the I cycle ready trigger ON (CLBR) 
and lasts until the I cycle begins (RM) . 

The TI register triggers are plate-pulled ON in sev- 
eral ways on 2.03.02. During I cycle thk matrix read 
data in the form of I bits "ands" with CO and is in- 

\-ertetl. T h e  TI I-egistei- ma)- also bc. entcvtl  fl-om the 
380 Console at  the D1302's. 

There are 4 nlodifietl binary counters in the instruc- 
tion register; the A,, B,, .A,, B, counters. Lisinp the 
A,, B, (203.04, 2.0-l.03j counters ns an ex:lrnl~le. these 
counters are reset with a CI.BR to R J I  gate. bctore 
an 1 cyclc. T h e  instruction bits from the : ~ l ) p ~ - o l ~ - i a t e  
iharr!cte~- turn ox the corresponding tl-iggei-s. 

T h e  .\IN register (2.0-1.12) ancl the Q 1-egister 
(2.06.00) ai-e binary storage units of Soul- triggers. 
hl r+nd ;"\' rcgistel-s are rent1 into on characters 6 antl 7 
resp~t i \ , e ly ,  xvhile the Q register is ]-eat1 into (luring 
character 9. 

T h e  P instruction register (2.05.02) is ;I rela! \torage 
device, the relays being picked by th!-ratrons fil-etl by 
the bits in C8 of the instruction. T h e  relays determine 
which of the program exit hubs (2.05.03) \\,ill emit 
cluring P cycle. These relays therefore are held until P 
cycle through the normally closed points of mercury 
relay 2 (2.09.10). ?'he pick coils of the P relays will be 
energized until the plate circuit, P pick, is opened on 
2.09.10 when hlR-I picks. hlR-I is picked on 2.09.01 
by turning trigger 3x12 10 pin high a t  FG of 1) cycle. 
T h e  hold cuils were previously energized b!. the drop- 
ping of 31R2 at R cycle end (2.09.01) until P cycle 
end. T h e  impulse to the program exit hubs comes from 
MR5 normally open points. MR7 is energized on e\.ery 
P cycle (2.09.02). T h e  hlR relay timings are sho~cn  on 
the sequence chart on 0.09.03. 

Figure 48 is a sequence chart illustrating the read in 
of the instruction register tluring I cycle. 

Transfer Of Data During R Cycle 

Using the instruction TY53C7402_bth, cluring R cycle the 
data will move from the drum to cores (Figure 49). 
T,=\,V will select the M7 drum head from the matrix. 
T h e  A,, B, counters will tell the machine when to 
begin reading and the hfN register will decide when 
to stop. I f  the .A, B, counters, containing 53, are ad- 
vanced each character time beginning with BR of 
character early, they will roll from 99 to 00 at BR 
character 54. T h e  carry thus develcped begins read-in 
to cores. If the A, B, counters continue to advance 
they will reach 02, the amount in the RIN register, at 
BR character 52 and the transfer will be stopped. 

OBJECTIVES: 

1.  Select the read head with the T, register. 
2. Develop R / W  cycle gate with AB compare to 

MN compare. 
3. Develop AB compare and MN compare. 
4. Core start during R / W  cycle gate. 
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Figure 48. Setup of Instructiotl Register Program Step 146 (It~struction: \V15Y2408K1) 
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Figure 49. Development of R Cycle Gate (Instruction: W53C5402bbj 
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Select Rend Hend fi-on? T ,  Rcgistcl-. Analysis of the 
T, register occurs on 2.03.07 ant1 2.03.09 tleveloping 
a T Z  line and a T N  line. I f  any heads in the matrix 
are selected, the nli~ti-ix read g;lte (3.10.07) will be 
high. The  matrix write gate is lo\\. cluring K cycle. The  
matrix read c1at;r in the form ot :I 1 \.olt peak to peak 
sinusoitlal sigil;~i enters Sour stages of amplification 
(3.10.1 1) . I 'he  clipper ;it  51'1 l rrcc.i\.es two limilar 
amplified ant1 inverted clr~;rii signals, one riding at + I  3 
volts (pin 10) ;~ntl  one at -15 1-olts (pin 5) . On]>- the 
top of the signal at pin 5 antl the bottom of the signal 
at pin 10 reach the TR306, blocking any noise appeal-- 
ing on the base line. T h e  trigger ;it 5U I I follol\.s both 
plus and minus changes on its grid. The  Hs pulse ]\-ill 
set the trigger 10 pin lolv before the next charactel-. 
Matrix read data is now full bit pulses. T h e  data u7as 
written on the tlrum g A  to @ . A .  Because there is a 
delay when going to the drum an(? then frotn the tlrum, 
the data is iiow apj~roxjma~ely 13 to 0 B. 

R jiZ' Cycle Gtrte. The  matrix read data is gated 
with R cycle gate and @ C  to cores (3.02.06). \,ITith the 
instruction 1\'53C7402_b~ the R cycle gate shou!tl be up  
for characters 53 ant1 52 only. O n  3.02.04 the R cycle 
gate will be up  when any one of the three .AI's conduct 
if 3T6a is cut-off. 3U3 will conduct [luring R cycle 
for the duration of R/1V cycle gate from 3.02.03. 
This is the major gate during track to track transfer, 
determining whcn the transfer will begin and end. The  
trigger at 3T1 will go to 10 pin high at A B  compare 
and 10 pin lolv at h lN compare or CL. 

AB Coztn te~s .  T h e  A, 13, counters are advanced 
during R cycle with each BR. starting with CEBR. The  
trigger at 236 (2.04.03) tloes prevent BR of character 
0@ and CL from advancing them. T h e  B, counter 
carries into the A, counter antl when the A, counter 
rolls from 9 to 0 an ,4, carrv (2.04.04) is developed 
which becomes an AB carry (2.04.06) from BR to B2. 
This is "anded" with B s g  C (2.04.14) to become AB 
compare and raise the R/1V cycle gate. 

The  R3N compare signal used to drop the R/W cycle 
gate is developed at 2 x 6  (2.04.14) from N set, M set, 
BSD B and a previous AB car1-y (226) . T h e  M and N 
set are developed on 2.04.13 in the I\IN comparator. 31 
set will be high only when the value in the A counters 
is equal to the figure in the hl register. N set is high 
when the B counter equals the N register. Both lines 
are devloped in thesame manner so we will examine 
only N set. For N set to be high none of the eight A1 
on this line can be conducting. Four inverters compare 
the OFF side of the four N triggers with the ON side of 
the four B triggers. T h e  other four AI's compare the 
ON side of the N triggers with the OFF side of the B 
triggers. Only when all N triggers compare with all 
B triggers will all eight AI's be cut off. 

\\-llrn 3IS-00 and .A,R,=99, 100 charactel-s are to 
be 11-;~n.sferretl beginning at character 99. XIN compare 
tnllst be blorkctl since it tvill occur at character 99 also. 
The  11-igger :I r 2Zl.i (2.04.14) accomplishes this. 1 t must 
he ox to pel-init an ;\IN compare at Bs0B .  In this 
cabe rrbo1.e the trigger- ~.vill not come ox llntil Bx char- 
acter $19 (2%'7n)  ; too late fol- RlN compare. 

Cove St i l r i .  During the R j \Z :  cyclc gate a core start 
(4.1 1.00) i s  rleetled at B R ~  C of each charact~r  written 

into cores. The  R/\\' cycle gate was up at the begin- 
ning o f  the first character transferred (Hs0B) .  After 
this char;~cter is e~>teretl into the character register, the 
core start (HRDC;) 1-esets core position 00, writes the 
ckararter a n d  aclvances the core units ring. 

Transfer Of D a t a  During W Cycle 

During the I\' cycle, data flows from cores to the drum. 
The  drum track written on is decided by the T, ad- 
dress while the starting character is fixed by the A,B, 
cot~nrer-s. The  hlhT register determines how many char- 
acters ~ v i l l  be read out of cores beginning at core 
character 00. The  starting point on the drum and the 
number of characters will be controlled by the 12' cycle 
gate de~.elopetl from the R/MT cycle gate, which was 
previously discussed. Figure 50 is a sequence chart 
showing the necessary gates and  the data flow. 

OB JECTII'ES: 

1. Select drum head for writing with T2 register. 
2. Core start. 
3. Select data specified by A,B, counters and the 

i\.1N register. 

Hend Selection. This is accomplished just as it was 
(luring R cycle by analysis of T,. The  matrix write 
gate is u p  now allowing 65 ma to flow through the 
selected current driver (3.1 0.1 3) . 

Col-e Stnl-t. T h e  first core start pulse will read posi- 
tion 00 of the core matrix into the character register. 
This rz~ill occur in the example W53C7402_bh at the 
beginning of drum character 74. On 4.1 1 .OO the core 
start pulse, developed at IH7, is BSQI C (start of a 
character) "anded" with M' cycle gate and W cycle core 
start gate. T h e  Mi cycle core start gate is up every 
machine cycle from RM to FOCOB2. The  W cycle gate, 
through a number of inversions is actually R/W cycle 
gate "anded" with W cycle. On  1.02.08 the not W cycle 
gate is deveIoped at the trigger 3T1 on 3.02.03, u p  a t  
B s 0  B of the first character and down at Bs 0 B follow- 
ing the last character to be transferred. 

AB C a n y  a n d  M N  Compare. T h e  R/W cycle gate is 
started with an Ah carry and stopped with an MN 
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compare. During 'LZ7 cycle the B, cnunter is advanced OBJECTIVES: 
instead of the B, counter (2.04.03). Therefore, the 1. Count the bits in each character and tul-n on 
XB carry on 2.04.06 is a result of a carry in the A,B2 parity error if the number is even. 
counters. hIN compare is developed just as it was 2. Stop processing with cycle ready trigger still ox. 
during R cycle except h i  is compared to A, ant1 N 

3. Reset parity error 11,ith check reset key: restal-t 
to B?. 

in I cycle with 111-ogram still-t. 

Parity Checking 

.All data entering or i e a~ ing  core buffer is parity 
checked, i.e., each character transferred must have an 
odd number of bits. 'The data moving to the instruc- 
tion register on I cycle is also parity checked. This can 
be seen on the data flow diagram, Figure 7. \Vhen 
an error occurs we want the machine to stop processing 
immediately in the error cycle. T h e  console will indi- 
cate the cause of stopping (parity error) and the cycle. 
Processing may be restarted at the beginning of I cycle 
in the same program step by depressing the check reset 
key followetl by the program start key. 

Parit)) E~-ro).  T~iggttl-. Figure 51 illustrates the oper- 
ation of the parity error trigger (3.02.1.1-31'5) (luring 
1 cycle. R and \I\' cycles are similar in operation. \\'hen 
an error is detected 3U5 will be pullet1 10 pin high. 
The  actua! counter of bits is the parity control trigger 
3W4. At the beginning of each character, Bs@C, it is 
set* 10 pin high. T h e  bits of data comprise a binary 
input, the first bit after reset flipping the trigger OFF, 

the second ON. If no  bits or an even nuniber of bits are 
present the trigger ~vill  be 10 pi:: high at the enti of 
a character, BSQIB. T h e  condition of the triggei- is 
iested each B s 0 B  at 3V5 and i f  10 pin high, the parity 
error trigger is turned ox. Notice in Figure 50 the first 
test pulse (BsaB)  is blocked and the final one per- 
mitted by the slow rise and fall o f  the I cycle gate. 

R.M. R.M. I.M. 
W Cpl. la, I Cycle I+ I I 

Ch.& l r r t  I /hw-s* * i  

W Cpl. I Cyd= I 
I 

I & 1% I Rlbl - 
! 

WCIO IPl* l , *  l 3 .W. l l )  

-I u u I n n w  n n n  
W5-I0 h i t ,  trm '3.02.14. 

-I 
Inor 0 .02 .06 )  

-1 
M..r 0 . 0 1 0 - 3  (1.4.09) 

L 

Figure 51. 1 Cycle Parity Error 
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S t o p  Processing. O n  1.02.06 the parity error joins 
the other possible error conc!itions. Any of them will 
raise the common error line. This  error line turns the 
master stop trigger 10 pin high on 3.02.09 to block 
all cycle starts. T h e  error line blocks cycle complete 
on 1.02.08, and fin;rlly it clirectly turns OFF any of the 
cycle triggers which m;t)- I>c os. Blocking cycle com- 
plete prevents a cycle e ~ ~ t l  which allo~vs the cycle ready 
trigger to remain o x .  1 his trigger and the parity error 
trigger have neons on the console (6.15.0'7, 6.15.08) . 

Reset Pal-it)) EI-)-oY T ~ i g g c r .  Depressing the check 
reset key picks R156 (1.02.03) developing three levels 
of reset: C, SX, and S. This resets the parity error 
and parity control triggers 3 pin high, all cycle and 
cycle ready triggers OFF except I cycle ready. Depress- 
ing the program start key will pull the master stop 
trigger 3 pin high, permitting a cycle start. 

all begin with character 9 (low order) position. T h e  
same is true of the expanded fields during the expand 
operation. Also note that all fields, compressed or ex- 
panded, are adjacent. 

T h e  compander operation is calletl for during pro- 
cessing by placing a 7, 8, or 9 in the 10th character 
of a program instruction. Q=9 calls for compress: Q=8 
is an expand operation; Q=7 is a compress-expand 
opera tion. 

T h e  function of MN characters in the instruction re- 
presents the major change in programming. h l  now 
tells the machine how many adjacent fields, beginning 
with the .-lB address (B must always be 9 ) ,  are to be 
c~mpressetl or are to be the result of expansion. N 
now tells the machine how man) characters in each 
field are to be transferred, autornatically beginning at 
character 9. An N of 0 will result in the transfer of 
10 characters from each field, a normal transfer 
opera tion. 

Compander (optional) 
Compress 

This  optional feature permits the compression or ex- 
~;111sion of process drum track fields during a track 
to track transfer. This is illustrated in Figures 52 and 
53. Notice in the compl-css operation, the port-ions of 
each field to be compressed are of the same length and 

Of the three operations, compress requires 2 program 
instructions, the others one instruction. 

Using Figure 52, the first instruction L89b9916b9, 
will transfer four, six digit fields (31N) starting with 
position 89 (AB) to the first 24 positions of cores. 

FROM Trock (L) 

C o n p n s  Field S i u  
Into Cwn (JO m) 

2d Imtrwtion - 
No-r honskr of 

dab from cores 

Figure 52. Compress (Q= 9) Function 
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FRCM Tmck 6 )  K82W797e Wnn) 

Fields expomkd ond tronskrmd 

Areor tranrferrcd to cons but not to W tmck. - 
Figure 53. Expand (Q = 8) Function 

Since T, is blank, no transfer from cores will occur 
during W cycle. The  second instruction then will be 
-99S3524_bb, transferring the first 24 characters in 
cores to S track, beginning with character 35. If one 
instruction L89S3534Gh9 had been used, 46 characters 
would have been read out of cores to S track on MT 
cycle. 

On R cycle the R / W  cycle gate will be brought 
down at character 9 and M set (4N6-3.02.03-optional) . 
This can be seen on the sequence chart in Figure 3. 
During compander operation WIN compare is blocked 
a t  AI-4R8a. The  read cycle gate is now developed on 
3.02.04-optional at A1 3U3 from R / W  cycle gate (a C9 
to C9 gate), Q =  9 and C9 to N comp. gate. This latter 
gate, used in all compander operations, is developed 
on 3.02.08-optional at trigger 3W2. This trigger is al- 
ways pulled ON at C9 and OFF at N compare (BsaB) 
which occurs once during each field. C9 to N comp. 
gates, 10 per drum revolution, are equal in length to 
the N in the compress instruction. Switching these 

~ l u m -  gates with R / W  cycle gate results in selecting a -- 
ber of them equal to M (See Figure 54) . This becomes 
the R cycle gate and establishes the core starts. 

During W cycle T,=blank so no  hezd is selected for 
writing from cores. T h e  W cycle gate wiil be u p  for 100 
characiers and all positions of cores will be read out 
and then read back in. No data will be destroyed. 
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Cycle complete will occur at Cz when the R/\V cycle 
gate goes down (3.02.03-optional) . 

T h e  second compress instruction, -99S3524_bb, is a 
standard transfer, reading from cores to S track on 
W cycle. TI= - addresses cores during R cycle and is 
cleveloped on 2.03.1 1. I t  causes a cycle complete at CE 
(1.02.08) and blocks the R cycle gate (3.02.04) so no 
core starts can occur. A T,=blank, on the other hand, 
would raise the R q d e  gate and cause BR'S to be in- 
serted into cores. This would set the contents of the 
cores to blanks. 

Expand 
T h e  expand operation (Figures 53 and 54) requires 
one instruction of the form K82W7975k8. T h e  R cycle 
occurs as normal with one exception found on 3.02.03- 
optional. T h e  R / W  cycle gate can not be brought 
down until CL, which means all information on the 
FROM track following the AB address will be placed in 
cores. 

During W cycle the R / W  cycle gate (3.02.03-option- 
al) is a character 9 to character 9 gate for the number 
of fields specified by M, in this case seven. T h e  not W 
cycle gate (3.02.08-optional) is a product of the ten 
C9 to N comp. gates and the R / W  cycle gate "anded" 
at A1 322. This, in turn, becomes the W cycle gate de- 
veloping the core starts. 
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Figure 54. Compander Sequence Chart 

Compress lExpand tions (30 ms) ~vithout this feature. I, R, and Mi cycles 
always begin ant1 enti with a reference mark, even 

A 7 in character I0 position of the instruction will though t.he actual transfer may take only a few char- 
compress the fields on K cycle, then expalltl them to the acter times. M7ith Irs installed, the system advances to 
original size on W cycle. T h e  primary advantage of this the next cycle as soon as the transfer is complete, with- 
operation is the ability to change the information in out waiting for a reference mark. For example, as 
portions of adjacent fields leaving the rest of each field soon as the instruction has been placed in the instruc- 
intact. T o  ~cc"mPli'h c o " ' ~ ~ e " - ~ ~ ~ ~ n d ~  the 7 in the tioll during I cycle, R cycle can begin. when  
Q register will raise both Q-8 and Q=9 lines on 2.06.01- the specified by the A,B, and the MN 
optional from AK 2L6. register has entered cores, W cycle can begin. As soon 

as the data from cores has been written in the specified 
drum location, I c)cle can be started. ?Vith optimum lo- 
cation of instructions and data, an IRWI sequence may 

Increased Processing Speed (Optional) be completed in 10 ms. The  only limitation on loca- 
tion of data is that 4 character times exist between 
the end of one address to the beginning of the next. 

IPS is a special feature that may be installed in the Any less will cause the machine to take another cycle. 
n*MAc reduce the time required to transfer This 4 character gap between cycle gates is necessary 
data between process drum tracks. This feature is auto- to allow the drum head selection circuits time to be- 
matic in operation and requires no  special program- ,,,, established. 
ming nor control panel wiring. T o  aid in servicing the machine, a CE switch has been 

Normal transfer operations require 3 drum revolu- included which can cripple the IPS feature. 
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Circuit Operation 

At the time of this printing, system diagrams are un- 
itvailable. T o  aid in a discussion of IPS, two simplified 
circuit diagrams are referred to (Figures 55, 56) and a 
sequence chart is included (Figure 57) . 

O n  a standard machine the cycle sequencing operates 
similarly in all three types of cycles, I, R, and \Ir. X 
sequence KhI tests all three cycle ready triggers to 
turn ON one of the cycle triggers. Then  a cycle gate is 
tlevelol~ed from ,AB compare to MN compare (or pro- 
gram gate during I cycle) to gate the data to and from 
the clrum. At the fall of the cycle gate the cycle com- 
plete gate trigger (lH9-3.02.08) is turned ON, then at 
CI-HO this trigger is sampled to develop a cycle com- 
plete pulse. The  cycle complete pulse turns ON the 
next cycle ready trigger which then turns OFF the pre- 
1-ious cycle trigger. T h e  next cycle start (sequence 
reference mark) then begins the new cycle. 

\\'ith IPS three major circuits need revising. A cycle 

start pulse must be available at any character time, 4 
characten after the actual data transfer of the previous 
cycle is completed. A cycle complete pulse must be 
available ;tt any time. Finally, the A,B, counters and 
the .AZBL counters must be corrected after I cycle if 
we are to use our AB carry to begin a transfer. This 
correction is necessary to simulate starting the count- 
ers at CEBR. 

OBJECTIVES: 
1. Start a cycle at BO of any character or at RhI. 
2. Cycle complete pulse as soon as transfer is com- 

plete. 
t:. Correct A, and A, counters before X cycle begins. 

Cycle Start.  R.efer to Figure 55. The  cycle start 
pulses, sampling the cycle ready triggers are now con- 
ditioned BO's or sequence Rhl's. I cycle can begin at 
BO if I cycle ready is ON and the program gate is not 
high. The  not program gate prevents I cycle from com- 

l Cycle 
Rwdy 

Sequence 
R. M. 

Start 00 l Cycle 

Al T 

I-- 
~ X ~ a t e  /=/El R Cycle 
C6 

Seqwnce 
R.M. 

Start BO 

I w Cycle 
I 

From A B Carrv to M N  Comwre 

Sequence 

Ready 

SS 

I R.M. 
I I WCvcle 7 

W Cycle Gate 

Cycle Complete 

Turn On Next 
Cycle Ready Trigger 

Gate 
W Cycle 

t e r ; r f b  I 
T 

BI a A Cycle Complete 01 I  urn off ~reviour 

Cycle Trigaer 

Buffer Reat t - - - -- - - - - 

Figure 55. IPS Block Diagram (A) 
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Gate 

A8 Counter 8R - I 
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I Cycle Ready 
A 
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Figure 36. IPS Block Diagram (B) 

ing up  in the middle of the field in which the next 
instruction is located. Also I cycle cannot be turned ON 

during C1 or CO. This  prevents 1 cycle from beg in~ ing  
sooner than 4 characters after \I7 cycle ends and can be 
more fully understood after cycle complete has been 
discussed. 

R cycle can begin whenever R cycle ready is ON at 
any C6BO. Since the 1 cycle transfer of data is always 
complete at the fall of character 0, the R cycle transfer 
can begin 4 characters later, at  C5 time. R cycle trigger 
will go ON at C6BO. 

147 cycle can come ON at BO when W cycle ready is 
turned ON. This will occur as soon as the read cycle 
gate falls. Wre must delay the actual transfer of data 
for 4 characters, however. Notice that W cycle ready 
trigger fires a 285 ps single shot. Until this delay is 
complete, the A,B, carry cannot tlevelop a \Ycycle gate. 

Cycle Complete. In each case listed above, the BO 
or RM cycle start tested the 3 cycle ready triggers 
(I, R & W) to turn ON the next cycle trigger. On a 
standard machine these ready triggers were turned ON 

by a cycle cc)rnplete pulse at CLBO. With IPS we will 
de\elop a cycle complete pulse at B1 of the character 
following the last character transferred, turning ON 

the cycle ready trigger immediately. I n  Figure 55 the 
cyclc complete gate trigger still comes ON with the fall 
of the I, R or  W cycle gates. This trigger is now 
samp!ed every B1 time to develop a cycle complete 

FG, Cb, 
Reset 

pulse and turn ON the next cycle read) trigger. 
Now let us examine the 1 cycle start which is blocked 

every Cl and CO. If the W cycle gate should fall at the 
end of character 3 of the field preceeding the instruc- 
tion field, there would be on]) 3 chalacter times be- 
tween W and I cycles. I11 this case, 1 cvcle must be 
blocked until after the program gate. T h e  cycle com- 
plete trigger will be turned o\ at Bs 0 B between char- 
acter 3 and 2 (hlN comppre) . T h e  I cycle ready trigger 
will come ON with cycle complete at C2B1. The  next BO 
start pulse would occur at character I time but it is 
blocked at the "and" switch by the not program gate, 
not C1, and not CO line. I cycle will not come ON until 
C9BO following the program gate. 

A B  Counter Cor~ect lon a n d  A d v a n c ~ .  In normal 
machine operation the A,B, counters were advanced 
during R cycle beginning at CEBR. AS the drum char- 
'icter ring advanced from 99 toward 00 the AB counter 
value increased until i t  rolled from 99 to 00, de\elop- 
ing an AB carry which started the transfer. The  A,B, 
counters advanced during M' cycle, performing the 
same function. With IPS both counters advance during 
all cycles except I cycle. On  Figure 56, BR'S "and" with 
the ON side of the AB counter advance control trigger. 
This trigger is intially turned ON a t  CO of the I cycle 
gate and OFF a t  FO, CO, B2. For all other cycles it is 
turned ON at RM and OFF at FO, CO, B2, allowing 100 
BR'S to impulse both counters. 
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Since these counters may begin atlvancing ;it an)- one  
of ten fields at  COBR follo~cing the 1 cycle gate, they 
rilust be corrected to simulate starting them at  CEBR. 
They  will be incorrect by some multiple of ten, deter- 
mined by the fall of the I cycle gate. T h i s  in turn  is 
estnblislietl by the program gate fro111 the program 
counters. \Ve find that the .-I, ant1 .A, counters must be 
correctetl with the tens complenient of the value in 
u t ~ i t s  p s i t i o n  (field location) of the program counter. 
Th i s  can be  seen in  the chart in Figure 56. B) ac1di11g 
these an,ou~its  to the  .A, ant1 .A2 counters dur ing the 4 
rharacter delay between I and R cycle. these counters 
will ~ - e ~ i l ; ~ i n  in step throughout K and  \V cycles. 

Since \vc may have to adtl u p  to 9 in these positions 
xcithin 5 character times, we must add 2 each correc- 
tiori character time. T h i s  alloxvs us to acid 8. Since 
all four counters (.AIB,, X,B,) have the  initial in- 
struction entered by character I time of the 1 cycle 
gate, x2.e can also use C0 of I cycle for cc)rrection of the 
tlecimal I position if the  col-rection figure is odd. T h e  
correction circuit is shown in Figure 56. Dur ing the 
correction time, 2 advafice pulses. a Bs and  a R1, will 

impulse the A, anti A, counters, atlcling 20, each char- 
acter time. T h e  control trigger determines how many 
"20's" are added to the  counters. I t  is turned iO pin 
high a t  the fall of the I cycle gate if not in  program 

step X9. I t  will be plate pulled 10 pin low a t  C5, Cf,  
C i ,  or C8 depending on  the  value in the units posi- 
tion of the program counters. If the program step is 
XO the t ~ i g g e ~  *,vill be pre tented  from going ten pin 
high since n o  correction is needed. Although not 
bhown on the simplified diagrams, the cycle start and  
cycle complete pulses must be  conditioned by a num- 
ber of other conditions. T h e r e  are a number  of opera- 
tiops requiring a full d r u m  revolution. 

Servzce A l d .  T h e  start BO l ine is debeloped a t  an  
"and" switch when the master s top trigger is OFF ancl 
the  CE switch is on  IPS. By turning the CE switch to 
non IPS operation, the start BO l ine is low a n d  only the 
R h l  can advance the cycles. 

Example of IPS Opertltzon. T h e  sequencing chart in 
Figure 57 illustrates IPS operation with an  o p t i m i ~ e d  
instruction of A45B4001_b_b located in field 5. 

I Cycle Rsody 

l Cycle 

I Cycle Gate 

R Cycle Ready 

R Cycle 

R Cycle Gate 

W Cycls Ready 

W Cycle 

W Cycle Gate 

Cycle Complete Gate 

Cycle Complete n fl fl 
285 ps Single Shot ( No AB Compare ) I 

I Cycle Gate 1 

R Cycle Ready A 
R Cycle 

R Cycle Gote 

Counter Advance 

Correct 10 

Correct 20 

AB Carry 

A, Bl CTR Value 

A2B2 CTR Volue 

Figure 57. IPS Sequence Chart (Instruction A45B400lbb in Program Step XX5) 
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350 File 

File Mechanics Disk and Track Selection 

Disk, Track and Record Arrangement 

The  arrangement of the disks in the file is shown in 
Figure 58. T h e  file contains 52 disks, however, only 
50 of these are used for data storage. The  top and 
bottom disks are dummy disks, used to aid in the 
regulation of stray air currents within the file. The  
recording disks are numbered consecutively from top 
to bottom, 00 to 49. T h e  whole disk array is rotated 
at a speed of 1200 RI'M by a I % HP, 220 volt AC motor. 

Data is stored on both the top and bottom of each 
recording disk. There is one read/write head for 
addressing the top side of the disk and one for the 
bottom. Both of these heads are mounted in one 
access arm (Figure 59) which may be positioned to 
straddle any of the 50 disks. 

When the access arm is addressed to any particular 
disk, i t  may be moved inward or outward to place 
the read/write heads at various radial distances from 
the center. The  arm may be detented at 102 different 
positions. When the arm is detented at any one of 
its 102 positions, a circular path on the surface of 
the disk moves past the read/write heads. These circu- 
lar paths are called tracks. Each track includes the 
paths both on the top and on the bottom of the disk. 

T h e  innermost track and the outernlost track on 
each disk are reserved for use by the Customer Engi- 
neer when servicing the file. The  100 remaining tracks, 
which are used for storage of accounting records, are 
numbered 00 to 99 from outside to inside. 

With the disk rotating at 1200 RPM, each revolu- 
tior, requires 50 ms, which is 5 times as long as a 
drum revolution. Using a bit frequency in the file 
approximately equal to the bit frequency of the 
drum, two complete 100 character records can be 
stored in each 1/5 of the track circumference, one on 
the top side and one on the bottom side. Thus, a 
total of 10 records can be stored on each file track. 
Record positions 0, 1, 2, 3, and 4 are on the top side 
of each track; 5, 6, 7, 8, and 9 are on the bottom side. 

In  order to select a given track, the arm must be 
moved from its previous track location to the new 
track location. This involves one of three types of 
movement sequences: 

I. T o  move to a numerically higher track address 
on the same disk, the access arm must move inward 
only. 

2. T o  move the arm to a numerically lower track 
on the same disk, the arm must move outward only. 

3. T o  move to an address on another disk; the arm 
must first be moved all the way out, then u p  or down 
to the new disk location, and inward to the selected 
track. 

Since the third movement sequence includes the 
movements used in the other two, we shall use it as 
the example for an explanation of disk, track, and 
record selection. 

I n  order to accomplish the necessary movement of 
the arm, an access mechanism is provided. This con- 
sists basically of the following components (Figure 60). 

1. A carriage on which the arm is mounted for 
horizontal movement. 

2. A way on which the carriage is mounted for 
vertical movement. 

3. Two access cables, a capstan, two clutches, and 
a motor to provide movement to the arm and carriage. 

4. A disk detent to keep the carriage fixed in place 
while the arm moves into the disk array. 

5. A track detent to fix the arm's position at the 
correct track. 

CARRIAGE AND DISK DETENT 

In ord:r to allow the arm to move vertically, it is 
held in a carriage that is free to move vertically on 
a specia!:y constructed way (Figure 60). T h e  arm 
itself is free to move horizontally within special guides 
on the carriage. However, the carriage cannot move 
vertically at the same time that the arm is moving 
horizontally without damaging the disks. Therefore, 



. 
Oat W o r k  

Figure 58. Disk Assembly 

a detent is provided to lock the carriage to the way 
while the arm is extended or retracted. Another de- 
tent is provided to lock the arm all the way out, in 
the home position, while the carriage moves vertically. 
This disk detent (which locks the carriage to the way) 
and the fail safe bar (which locks the arm in the 
home position) are mechanically linked so that one 
or the other must be engaged at all times. This link- 
age (Figure 61) is called the fail safe interlock. 

When the arm is retracted to the home position, out 
air pressure is applied to the disk detent piston to 

Oil Droin Plug 

unlock the carriage so that it can move. M7hen the 
correct disk has been located, in air pressure is applied 
to the disk detent piston to lock the carriage to the 
way and unlock the arm. 

CAPSTAN AND CABLES 

T h e  capstan and cables provide a method of apply- 
ing power to move the arm and the carriage. T h e  
two cables are wrapped around the capstan in oppo- 
site directions (Figure 62). One of these cables goes 
u p  the far  side of the way, over the tension adjusting 
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Trolley Assembly Pulley Clevis 
pulley, down and through a pulley on the carriage, \ I 
IInd is fastened to the front -end of the arm. T h e  
other cable goes up  the near side of the way, through 
a pulley on the carriage, and is fastened to the rear 
end of the arm. 

If the disk detent has locked the carriage to the 
way, rotating the capstan clockwise will cause the arm 
to mm.e in; rotating it counterclockwise will cause the 
arm to move 011 t .  

If the arm is locked in the home position by retract- 
ing the disk tletent, clockwise. capstan movement will 
c;iu\e the carriage to move down; counterclockwise 
capstan movement will cause the carriage to move up. 

The  capstan may be caused to rotate in either direc- 
tion b) energizing one of two clutches attached to 
the capstan shaft. Figure 63 shows an exploded view 
of one of these clutches. The  rotor is fastened to the 
capstan shaft, and the clutch housing is free to move 
about the shaft. The  two clutch housings making up  
the pair of ser\o clutches are each driven in the 
opposite tlirection by a pinion assembly on the shaft 
of a 1/3 HP access drive motor. This pinion is shown 
in Figure 64, along with its clutches. One of these 
clutches is shown in cross section. 

The  space between the rotor and the housing is 
filled with powdered iron and graphite. T h e  applica- 
tion of a direct current to the magnet coil will cause 

1- 

=-I 
D-l 

Air Line to 

R,N Hecds 

' \ >  
/ 

Access Arm Track ~ e t e n t  \ 
Crash Stop Latch Rack Even Air Hose 

Figure 60. Carriage and Arm Assembly 

the powdered iron particles to align themselves and 
form a magnetic bond between the continuously 
running housing and the rotor. 

Head C o v o  

Note Po,ttioning ,,: Head Lifter 

Piston Ptnr 

Figure 59. Access Arm 
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Figure 61. Disk Deten: Operation 

The  servo control c~rcuits are designed so that only TRACK DETENT 
one clutch is energized at a time. If one of these Once the arm has been moved into the correct track, 
clutches is energized to produce the desired movement a track &tent is driven by air pressure into a land 
of the arm or carriage, the other will be energized in the rack on the side of the arm (Figure 65). In  
as the addressccl position is reached to cause dynamic order to allow the rack to have teeth large enough 
braking. to effectively hold the arm in place, two detents are 
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provided, one for even track addresses, and the other 
for odd addresses. Thus, one arm rack tooth is used 
to hold the arm for two tl-acks, depending on which 
detent is used. Both detents are air operated and 
spring returned. 

Record Selection 
I 

M'hen the access arm is detented so that its reatl/wr ite 
heads are scanning a particular track, further selection 
is necessar) to obtain one specific record. 

The  selection between the records on the top 
side of the disk 2nd those on the bottom is accom- 

lrollc)l K,"s Pin 

/ 

Figure 62. Access Mechanism 

Figure 63. Exploded I'iew of Magnetic Clutch 

plished by the side relay. When normal, this relay 
connects the read/write circuits to the top head, 
when transferred, to the bottom head. 

The  selection of one of the five records on the 
selected side of the selected track is accomplished 
with the aid of the record heads. These heads are 
mounted on the top casting at intervals of 72". A 
permanent magnet mounted on the top dummy disk 
moves past one record head every 10 ms. T h e  relays 
which establish the record address connect the proper 
head into the record selection circuit to provide a 
record start pulse at the correct time. T h e  same relays 
connect a second read head into the circuit to supply 
a record stop pulse 10 ms after record start. The  
record stop pulse serves as a safety feature. 

T h e  actual reading and writing of a file record is 
done by the read/write heads. Figure 66 shows the 
physical arrangement of the coils used fclr reading 
or writing on the disk. T h e  read/write coils have a 
core consisting of 8 laminations, while the erase 
coil core has 14 laminations. T h e  erasing of a broader 
path than is used for writing and reading helps mini- 
mize extraneous "noise." T h e  read/write head is cast 
in plastic and mounted in a larger mechanism called 
the air head (Figure 66). 

Figure 59 shows the air heads as they are mounted 
in the access arm. T h e  purpose of the air heads is 
to position the read/write head in relatien to the disk. 
When the access arm is advanced from a position 
clear of a disk to a position straddling a disk, the 
read/write heads must be in a retracted position to 
avoid striking the edge of the disk. When the arm is 
detented at a track address, the read/write heads 
must be positioned close to the disk for reading 
and writing. 
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Figure 64. Magnetic Clutch Assembly 

T h e  positioning of the air head (and the read/write 
head which it contains) is conlrolled by the appli- 
cation or removal of air pressure. I f  no air pressure 
is applied to the head, the springs act against the 
gimbal pins to hold the head against the head cover. 
When air pr-sure is applied to the air head, the three 
pistons are forced to protrude from the head against 
the head cover. T h e  stationary head cover limits the 
movement of the pistons, forcing the head away 
from the cover and toward the disk. T o  keep the head 
from scraping the disk, air is expelled against the 
disk from six small orifices in the head. T h e  applied 
air pressure thus causes two distinct forces to impel 
the head in opposite directions. The  point at which 
these f&es balance allows the head to ride about 
.00@3" from the surface of the disk. When air is 
applied, the heads are said to be down, even though 
the bottom head is m o ~ e d  upward to reach its active 
position. 

Sewo Control Mechanism Logic 

The  preceding material has explained the mechanisms 
required to move thc r~ad/wr i te  heads from one 
address to another. Since the various actions involved 
i ~ .  a servo operation are controlled electronically, some 

means of translating the positions of the access arm 
and carriage into electrical signals and control!ing 
their movement is required. 

The  track potentiometer pro\~ides a means of indi- 
cating electrically the distance and direction that 
the access arm must be moved to reach the addressed 
track. This potentiometer is mounted on the carriage 
as is shown in Figure 60. T h e  wiper is geared to 
the access arm. As the access arm is moved from it's 
home position, the wiper moves from one end of the 
potentiometer resistor strip toward the other. 

The  upper part of Figure 67 shows the logic of 
the track potentiometer operation. A 150 volt floating 
power supply is connected across the extremes of 
the potentiometer. T h e  position on the potentiometer 
resistor strip ccrresponding to the newly addressed 
track is g:c?l.lnded. However, since the track potentio- 
meter is not physically large enough to permit a 
separate tap for each track position, taps are provided 
for track positions 00, 20, 40, 60, 80, and 100 only. 
Intermediate track positions are addressed by ground- 
ing a point on a voltage divider network connected 
between two adjacent taps. T h e  selection of the 
grounding point is accomplished by the track ad- 
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dress relay tree (8.02.02). Ground potential is pro- 
vided through the disk null relay N/O points which 
are transferred when the carriage is detented at the 
correct disk. 

If the wiper receives a positive signal, as is the case 
in Figure 67, ihis voltage is taken through the home 
relay N / C  points (the home relay is down when the 
carriage is detented) to the differentiating clutch 
amplifier. A positive voltage causes the in and down 
clutch to be energized. This moves the arm in. 

A negative wiper signal follows the same path to 
the clutch amplifier, but energizes the out and u p  
clutch. 

A zero wiper signal causes neither clutch to be 
energized. However, it does cause an  output from 
the track null detector, which is used to apply air 
to the ccjrrect track detent. 

T h e  disk potentiometer proviiles a means of indic- 
ting electrically the direction and distance that the 
carriage must be moved to reach the addressed track. 
I t  operates on the same principle as the track potentio- 
meter; however, the disk potentiometer resistor strip 
is actually mounted on the side of the way. The  
spacing of the disks is sufficient to allow a separate 
tap on the disk potentiometer strip for each disk 
position. T h e  disk potentiometer wiper is mounted 
on the carriage. 

Figore 65. Track Detent 

The  output at thr disk potentiometer wiper is fed 
to the disk null detect01 and a N / O  point of the home 
rela). If the horne rela) is up (disk detent not en- 
gaged), this signal is fed to the clutch amplifier to 
control the mo\-ernen t of the carriage. 

7-he output of the disk null tletector controls the 
di5L &cent air ant1 the disk null rela\ (top of Figure 
67) . 

T\'llt:: the disk detent is disengaged, the disk tletent 
switch is transferred to pick the home relay (8.01.03). 
Since disengaging the disk detent also frees the car- 
riage to mole, the control of the clutches is given to 
the disk potentiometer when the home relay is picked, 
:IS 12~as seen in the discussion of the disk potentiometer. 

T h e  tachometer provides a means for controlling the 
speed of movement and deceleration of the arm or 
carriage d ~ ~ r i n g  a serlo operation. I t  is essentially 
a DC generator, 1~11ich is mounted on the tlutch shaft. 

As the clutch shaft gathers speed, the tachometer 
supplies a potential that builds up  to a maximum of 
approx~matelv 25 volts. T h e  tachometer signal has 
the same polarity as the potentiomenter signal which 
has energized the act i \ r  clutch, but the two signals 
oppose each other in the differential clutch amplifier. 
As the carriage or arm approaches the addressed posi- 
tion, the wiper signal becomes less than the tacho- 
meter signal. This causes the opposing clutch to be 
energized to provide dynamic breaking. T2'ith proper 
adjustment, the carriage or arm will decelerate to a 
smooth stop ~vithout oscillation or overshoot. 

AIR VALVE SOLENOIDS 

T h e  air valve solenoids are provided to control the 
air used to position the read/write heads and to oper- 
ate the two track detents and the disk detent. These 
are located at the lower part of the access mechanism, 
on the side away from the disks. From top to bottom, 
these solenoids control the following: odd track de- 
tent. even track cletent, head, disk detent in, disk tie- 
tent out 

Compressed air is supplied to the air valve solenoids 
from a piston type compressor currently located in its 
own cabinet. Previous models were located under the 
file. A schematic of the remote air compressor is 
shown in Figure 68. One or two compressors may be 
used depending on the requirements of the system. 
Air is delivered from the tank to the file through 
flexible hose. A solenoid operated vent valve will 
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Figure 66. Read/Write Head and Air Head 

SECTION O F  AIR HEAD THROUGH GIMBAL PI::: 
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i open the file air lines to atmosphere if the file is taken lt'hen set to LOCAL, the compressor can be con- 
off line. IVater the tank and lines accumulates trolled with the start and stop buttons on the control 
in the automatic drain valve. From there it passes box. on 8.40,-,4, the compressor motor is excited 

i to trays to evaporate. A pressure switch will de- through the motor control switch and the three points 
energize a dump valve solenoid if the line pressure 

of switch C1 to the line. C1 coil is energized from 
exceeds 80 PSI. This will direct the compressor output 
to the atmosphere until the pressure in the tank is L2, through the thermal ~ o i n t s ;  then, through the 

-- 

i I reduced to 60 PSI by file operation or bleeding. remote-local switch terminal 33 (8.40.03) to the ;:art 

Each of the two compressors has a three position switch On 8.40.04. When the control switch is set to 

control switch in the sequence control box. With REMOTE the motor control is through time delay 

the switch set to OFF, the unit under control of that point 7 (8.40.03). This point closes after the timer 
switch is ino~erative. ,,,ntnr h2= h-0" rt7rtorl h., ,. -:---1 f--- - L -  

, Di* Null  Belay ~ ~ ~ R 5 0 m ~ l l  ASwitched Relay BY Trmk Tree Address 

Home 00 X) 40 I I ++ 

60 80 100 
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. . . . . . . . . 
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Out+.- --+In Di*  Detent Switch 
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DISK POTENTIOMETER 
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CLUTCH 6 
t 

Dirk D a m t  - In Air 

Figure 67. Logic of Access Servo System 
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Left Side Compressor 

3 Position Rotory Volve 
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Figure 68. Remote Compressor 

Basic F i le  S e r v o  Circuits 

In  order to follow thc circuits involved in a complete 
T,= J operation, it will first be necessary to consider 
the following basic servo circuits: safety circuits, null 
detectors, differential clutch amplifier. 

Servo Safety Circuits 

Great care has been taken in the design of the 350 
circuits to protect the records that are stored in the 
file. A number of safety circuits must be properly 
conditioned before the file can be operated as a 
component of the RAMAC. TWO safety relays are 
involved in these safety circuits, and both must be 
energized. These are the logic safety relay, and the 
bias safety relay. 

LOGIC SAFETY RELAY 

T h e  logic safety relay, R5116 (8.06.01), can be picked 
only by meeting the requirements of the interlock 
chain in series with the coil. Even if all of the inter- 
locking conditions are fulfilled, R5116-2 N/O must be 

shunted in order to pick the relay initially. This shunt 
may be provided by either the safety reset switch 
(8.06.01), or  by R160-1 (1.02.02). R160 is energized 
by the reset switch at the supervisory console (1.02.03). 

If either reset switch is depressed, R5116 (8.06.01) 
will be energized, provided the following conditions 
exist: 

I .  The  carriage is not at its extreme upper or lower 
limit of travel on the way. This permits the disk drive 
overtravel safety switches to be closed (8.06.01). 

2. A number of critical relays must be in the 
machine. .4 normally open and a normally closed 
point of each of these relays are paralleled, so that 
any one may be either energized or not energized and 
still complete its portion of the interlock (8.06.01) . 

3. T h e  pressure supplied by the air compressor 
must be greater than 45 PSI in  order to close the air 
pressure switch (8.00.06) . 

Even though the logic safety relay is picked with 
the above conditions satisfied, the bias saFety relay, 
R5007, must be picked to establish a holc? circuit 
through the R5007-3 N/O points. 
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Brxs SAFETY RELAY 

Figure 69 has the circuit for the pick of the bias 
safety relay, R5007 (8.06.02). 

This relay is to be energized only if all of the 

following conditions and voltages are present: 
1. Logic safety relay is energized. 
2. f 48v, f 140v, -250v and -6Ov are present. 
3. Regulated voltages -210v, +215v, +140v are 

present. 
4. Pluggable unit B8b is present. 
5. Track and disk ground fuses are intact. 
6. Track and disk power fuses are intact. 
7. Track and disk floating power supplies voltages 

are present. 
Normally the left hand grid of the DE304 is at 

approxima;ely ground potential causing the left hand 
section to conduct, picking R5007. If the disk or track 
ground fuses, the regulated 140v or regulated 215v 
power goes out, the left hand grid will be pulled down 
cutting this side of the tube off. If the -250v or regu- 
lated -210v were not present, the right hand grid - 

would go plus, raising the common cathode potential 
and cutting off the left hand side again. T h e  relay 
points of R5055 and R5056 in the plate circuit will be 
closed only if the two floating power supplies are oper- 
ating correctly. T h e  logic safety relay, R5116, must be 

c l4W 

Disk P r r  
Bias 

Within 

Figure 69. Bias Safety 

u p  due to thr fact that either the reset key or the safety 
reset key are depressed. R5116 has no  hold until 
R5007 has been picked; therefore, the key must be 
held until 5007 picks. 

Null Detectors 

The  disk and track null detectors are almost identical. 
\Ye shall consider the disk null detector first, then the 
differences between the disk null detector and the 
track null detector. 

Figure 70 is a redrawing of the disk null detector 
(8.01.04) to include all the components within the 
pluggable units. 

Servo logic requires that the disk null relay, R5079, 
be energized only when the carriage is located at the 
disk to which it is addressed. This relay is picked 
through the normally open points of h3R3. MR3 is 
picked only when the disk wiper signal is within v2 
volt of ground level. 

T h e  input to pin 4 of ClOa must be high to allow 
this unit to draw current to energize MR3. This re- 
q ~ ~ i r e s  that both halves of A10 be cut off; that is, both 
grids must be about 10 volts negative with respect 
to their cathodes. As the left cathode and the right 
grid are both connected to ground, Bl la  must supply 
-10 volts from pin 6 and t i 0  ~01:s from pin 3 to 
achieve a null. T h e  circuit components are such that 
the required levels will be available if the input to 
Dl0  is within 1/2 volt of ground level. 

If the input to D l0  rises, the increased conduction 
through the left triode causes a lower level at the 
cathode of CIla .  C l l a  draws more current to lower 
the grid of Bl la. T h e  input to the right cathode of 
XI0 becomes negative, allowing current to flow 
through that triode, which lowers its plate output. 
ClOa is thus blocked and MR3 is dropped. 

A negative input to D10-5 causes the left triode to 
conduct less, raising the cathode of Cl  la. Cl  la draws 
less current to raise the grid of Bl la, causing greater 
conduction. Pin 6 of Bl la is thus raised, causing the 
left triode to A10 to conduct. This lowers the plate 
output of A10. As a result, ClOa is blocked and MR3 
is dropped. 

T h e  potentiometer in the cathode circuit of D l 0  
controls the bias at the right grid. Since the voltage 
level of the common cathodes of D l0  is determined 
by the total conduction of bc:h triodes, the grid bias 
at the left triode is also controlled in part by the 
potentiometer adjustment. T h e  serisitivity and balance 
of the disk null detector are therefore functions of 
this potentiometer adjiistment. 



Figure i O .  Disk Null Detector (8.0i .04) 

TRACK NULL DETECTOR 
Servo logic requires that the track null relay (R5082 
on 8.02.04) be energized only when the access ann 
is positioned at the track to which it is addressed, or 
when it is at home position if there is no disk null. 
R5082 is energized by the N/O points of MR2. With 
disk null relay (R5079) energized, MR2 is picked in 
a manner identical to the pick of MR3 by the disk 
null detector. This may be seen by comparing Figure 
70 with Figure 78 (8.01.04 with 8.02.04). The  opera- 
tion of the track null detector when the arm is at 
the home position will be considered later. 

Clutch Power Amplifier 

Figure 71 shows the differential clutch amplifier 
(8.05.01) with the components of all the pluggable 

units drawn in. T h e  input to pin 5 of A14 is taken 
from either the track or disk potentiometer wiper, de- 
pending on the status of the home relay (GR5010) . 
T h e  input to pin 8 is the tachometer signal. 

If a positive signal is applied to pin 5 of A14, the 
in and down clutch will be energized, assuming that 
R5116 and R5035 are energized. T h e  positive signal 

to A14-5 increases conduction through the upper tri- 
ode. This raises the cathode level, causing less cur- 
rent to flow through the lower triode. Thus, the level 
of A1 4-3 becomes more negative while A14-I 0 becomes 
more positive. These two levels applied to B14 cause 
less current to flow through B13's upper triode, and 
more current through the lower triode. Thus, B14-3 
becomes more positive while B14-10 becomes less posi- 
tive. T h e  inputs to pin 5 and 8 of C14 cause the out- 
put from pin 3 to rise and that from pin 10 to fall. 
The  halves of the CD 308's which drive the out and 
up clutch are cut off, while greatly increased current 
is drawn through the in and down clutch. - 

Similar analysis will show that a negative wiper 
signal causes the out and up  clutch to be energized. 

As the clutch shaft gains speed, a signal is supplied 
from the tachometer to pin 8 of A14. This signal has 
the same polarity as the wiper signal applied to pin 
5, but its maximum value is about 25 volts. As the 
wiper signal becomes less than the tachometer signal, 
the differential amplifier becomes unbalanced in the 
other direction. This causes the opposite clutch to be 
energized to provide dynamic braking. 
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File Servo Circuit Operation 

In order to facilitate the explanation of file circuits, 
we shall assume that a servo from address 01451 to 
address 49955 is being executed from the instruction 
\\'04J9905bb. Figure 72 is the data flow diagram. 

OBJECTIVES: 

1. Cause IRTVDP cycle sequence. 
2. Place new actdress in file address register relays. 
3. Start mechanical servo operation. 

a. Retract air heads. 
b. Move arm out (track detent was released d ~ i r -  
ing R cycle) . 

New File Address NIR 4 
T2 = J Cyc le  From Core Buffer 2 09.03 

I I Gate , I 1 1 I 

I 

C Address Buffer Relays 
(3 .05.03,  3.05.05, 3 .05.07)  

Pick Corn. 
J Hold B 

Address Register Relays 
(8.01.01, 8.02.01, 8.0'3.01 ) 

*Address Reg. Rly. Hold 

c. k e t r i c t  dirk detent, causing fail safe mechan- and Hold Addre% 
ism to lock arm all the way out. 
d. Move carriage down to new disk. 
e. Engage disk detent, causing fail safe mechan- 
ism to free arm. 
f. Move arm into new track. 
g. Engage track detent. 
h. Extend air heads. 

4. Notify process unit servo is complete with track 
located gate. 

5. Select addressed record for reading or writing. 
ZRTVDP Sequence: T h e  T2= J line causes D cycle 

to follow W cycle. I t  also blocks I cycle ready trigger 
until P cycle end. On 2.01.06, T, = J forces a program 
advance and a new program if P =  blank. New pro- 

gram must be u p  to allow P cycle end to initiate an 
I cycle ( I  B2a - 1.03.04) . 

Address Regzster Relays: T h e  data flow chart for a 
servo operation (Figure 72) illustrates the path of the 
file address data. During R cycle the 5 specified char- 
acters are read into core buffer. On  M' cycle they are 
lead out of cores as data to J and stored in the thyra- 
tron controlled address buffer relays. hiR4 provides 
plate voltage for these thyratrons on a T,= J opera- 
tion. When MR6 makes, the address buffer relays are 
sampled to pick the address lrlays in the file. Just 
prior to reading the address out of cores, MR5 picks, 

305 1 350 
I 

I 
1 Disk Read Out Data 

I 

T I 
+ 7 b  

t 

1 
R Cycle I Track Located 

Data Switching I Record Start - 
fi Record Stop - 

Core I 
I Ebffer Doto to J Addrerr - Bufkr I 

Relays - - - - - - - - I 
w Cycle I 

Data Switching . - - - - - - - , I 
Track Units I 6 Tern 

3.05.07 I - - - - - - - - Pick Commn + 48v 
MR 6 Pick Com Record 

~ e l e c t i m ~  I 8.04.01 
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I 
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I 
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I 
Disk Write Data 
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Figure 72. File Data Flow and Servo Control 
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tlropping the hold on all file address relays, file start 
iela)s and some of the buffer relays. After the new 
1e1a)s have been picked hIR5 will drop out establish- 
ing a hold until the next servo instruction. T h e  only 
address buffer r e l a ~ s  held are the record relays (for 
record advance purposes), and the disk tens relays (for 
dual file purposes) . 

The  t~mings of these h3R relays for a T, = J opera- 
tion ale shown on System Diagram 0.09.05. hIR5 will 
pick on 2.09.03 at the start of R cycle (3F3a), and 
drop out at F2 of second D cycle (same as D cycle). 
This lowers the J hold B line on 2.09.10, dropping 
the atldress buffer relays (3.05.03, 3.05.07). All file 
address relays (8.01.01, 8.02.01, 8.03.01) are dropped 
since their hold lines become J hold B on 3.05.1 1. 

hIR4 picks at the same time MR5 does on 2.09.03 
but holds up  longer, until D cycle end. This raises the 
3 pick line on 2.09.10 to provide +70 volts to all the 
address buffer thyratrons (3.05.03, 3.05.05, 3.05.07) . 
During W cycle the core data appears as data to J 
from C99 through C95 (A,B2= 99 and M N  = 05). 
On  3.05.01 this data is separated into 4 bit lines which 
feet1 the associated thyratrons of the address buffer 
relays. The  units position of the core buffer appearing 
at C99 time is gated to the record address thyratrons 
(3.05.03). The  next two characters, track units and 
track tens, are gated to the track address thyratrons 
(3.05.05). T h e  disk address characters go to the disk 
address thyratrons (3.05.07) . 

T o  transfer the address from the process unit to the 
file address register, on 8.01.01, we must ground the 
proper pick line and place + 48v on the pick common 
line. The  pick line grounding is acconlplished on 
3.05.12 and 3.05.3 by the points of the previously 
energized address buffer relays. T h e  pick common line 
passes through 8.00.07 on one of eight common lines, 
depending upon the file configuration. For a single 
5 million character file installation, pick common ac- 
cess 0 /3  disk 00-49 would be used. This particular 
line is connected to + 48v through MR6 N/O points 
(3.05.14). MR6 wiIl be up  dufing D cycle (2.09.03). 
T h e  pick common selection circuits on 3.05.14 will be 
more fully explained under "350 Optional Features." 

During D cycle MR5 dropped out, establishing a 
hold on all file address relays. T h e  points of these 
relays have now set up  new ground points on the disk 
potentiometer (8.01.03) through the relay tree on 
8.01.02, and on the track potentiometer (8.02.03) 
through the relay tree on 8.02.02. 

T h e  following table will aid in tracing the pick 
circuits for the address 49955: 

Address Register Relay Address Buffer Relay Point 
Disk 40 R5137 (8.01.01) R355-5 (3.05.13) 
Disk 8 R5121 (8.01.01) R347-2 (3.05.12) 

Disk 1 R51 30 (8.01.01) R342-2 (3.05.12) 
Track 80 R5166 (8.02.01) K339-2 (3.05.12) 
Track 10 R5152 (8.02.01) R335-2 (3.05.12) 
Track 4 R5156 (8.02.01) R330-2 (3.05.12) 
Track 1 R5134 (8.02.01) R327-2 (3.05.12) 
Record 4 R5163 (8.03.01) R308-3 (3.05.12) 
Record 1 R5157 (8.03.01) R305-3 (3.05.12) 

START SERVO OPERATION 
T h e  initiation of the servo operation is controlled by 
the start relays on 8.64.01. These relays are picked and 
held along with the file address relays with MR6 and 
MR5 (de-energized) respectively. T h e  start hold ac- 
cess line becomes J hold B on 3.05.1 I, while the pick 
common line goes to hlR6. 

Retract Ail- Heads: T h e  air head solenoid on 8.01.05 
is de-energized as soon as the head relay (R507O) 
drops. This is only necessary if the disk address has 
been changed, so on 8.01.07, R5070 is dropped only 
if the disk null points (5079-5) are open after the 
start relays repick. For our example, the disk null re- 
lay (R5079) on 8.01.04 will be down. A positive disk 
null signal is applied to the null detector from the 
disk potentiometer through the start relay points, 
G5046-7 N/O on 8.01.03. The  disk wiper is located at 
disk 01 while the new ground point is at disk 49, 
through the address relay tree on 8.01.02. 

While the start relays are de-energized, and the nev: 
address is being transferred to the file, the disk null 
relay was dropped by applying -60v to the null de- 
tector through G5046-7 N/C points on 8.01.03. Tlie 
head relay (R5070) on 8.01.07 is held at this time by 
the normally closed start relay points. 

Move Arm Out: T o  accomplish this objective the car- 
riage must still be detented. the track detent must be 
released and the out-up clutch energized. T h e  track 

Air Head Relay 

Air Head 
Solenoid 

J Hold Safety J Pick Address Register 
1 8 )  I R5116, Common , Relctjs, 

Figure 55. Retract Air Hadr 

\/Start 2, R5044 
" (8.04.01) 
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(8.04.01) 
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(8.04.01) 
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cletent solenoid (8.02.05) was de-energized when the 
start relay (R5046) dropped during R cycle. T h e  disk 
detent in solenoid (8.01.07) is still energized through 
the home relays points (R5010-1 N/C) and track null 
points (R5082-2 N/C) . 

The  out-up clutch is energized by applying a nega- 
tive track signal (clutch) to the clutch amplifier on 
8.05.01 and closing the clutch power relay points 
(R5035) on 8.05.02. The  negative track signal from 
the track potentiometer on 8.02.03 is provided by 
grounding the home position. T h e  de-energized disk 
null relay indicates the arm must be completely re- 
tracted to facilitate a shift to a new disk, so a disk 
null point (G5079-11 N/C) places ground potential at 
the track potentiometer plus end, beyond track ad- 
dress 00. 

The  clutch is actually energized when R5035 on 
8.04.02 is picked. M'ith no  disk null (R5079 normal), 
R5035 picks when the air head begins retracting 
(R5070 normal) and the track detent is out. T h e  CD 

cathode is grounded through the track detent switch 
on 8.01.06. If the read/write heads are already near 
the edge of the disk due to a previous track address 
of less than 20, we must delay arm movement until 
the air heads are fully retracted. In  this case the clutch 
delay relay (R5006) will be energized and holding. 
T h e  R5006-1 N / O  points place a negatively charged 
capacitor on the grid of the CD, which must discharge 
through the R5070-4 N / c  points before the clutch 
power relay is picked. 

Retract Disk Detent: When the arm is fully re- 
tracted, a track null is developed. T h e  track null 
points (R5082-4 N/O on 8.01.07) close to energize 
the disk detent out solenoid. At the same time the 
disk detent in solenoid is de-energized with the open- 
ing of R5082-2 N/C. When the disk cietent is disen- 
gaged the home relay (R5010) on 8.04.03 will be 
energized. 

Air Head Disk Null Home 
Start 2 R5070 R5079 R5010 

1 R5044 ; , Down 1 I Down I L Down 1 

Ground Track 
)(Pot. At Home 

Pos.(8.02.02) 
):Neg. Track Pot. . Clutch Power Wiper Signol 

' '~5035 (8.04.02) 
:(Neg. Input To 

Clutch Amp. 

t 0 ~ 1 t - u ~  i iu tch  

Shaft Rotation 

Arm Mores Out 

i 
I 

.4rm Moves * Disk Nu l l  
Shaft Relay R5079 

?=- 
Wiper Signol 

(8.05.031 

I f In-Down Clutch I 
I JI( Dynamic Braking i 

Early TrocL 
Null Picks 

Relay R5082 
(8.02.04) 

Disk Detent Disk Detent 
Out  Solenoid In Solenoid 

Retract Disk Detent 

f 

Figure 57. Retract Disk Detent 

In  order to save time when transferring from track 
drive to disk drive the track null circuits are designed 
to pick MR2 early (8.02.04) when m o ~ i n g  to the 
home position. Figure 78 shows the disk null points 
in the grid circuit of the left hand section of Al lb .  
When R5079-5 is normal the grid is tied to a more 
negative point on the cathode resistors of Bl lb .  This 
cuts off the right hand section of A l l a  before the 
track signal actually reaches zero volts. 

Move the Carriage Down: T h e  fail-safe mechanism 
locked the arm in the home position when tile disk 
detent was retracted. Energizing the in-down clutch 
on 8.05.02 will move the carriage down until a disk 
null is detected. A positive disk signal (clutch) is ap- 
plied to the clutch power amplifier on 8.05.01 ihrough 
the transferred home relay points (G5010-8). I n  our 
example the carriage is at location 01 (8.01.03) while 
the disk potentiometer is grounded at location 49 
through the address relay points on 8.01.02. 

Engage Disk Detent: When the disk null is detected 
the disk detent in solenoid is energized through the 
R5079-4 N/O points. 

Move the Arm In: Energizing the in-down clutch 
will now move the arm in until a track null is detected 
at the addressed track. A positive track signal can be 
applied to the clutch power amplifier (8.05.01) when 
the home relay (G5010) drops. This occurs as soon as 
the disk detent is engaged on 8.04.03. 

The  track potentiometer (8.02.03) will be grounded 
at position 95 by placing the 10 one ohm resistors and 
then the ten ohm resistor on 8.02.02 in parallel with 
the markite strip from position 100 to position 80. This 
is done through the following N/O points on 8.02.02: 
from position 100, G5 166-5 N/O, G5152-7 N/O, the 
ten one ohm resistors, G5152-6 N/O, the 10 ohm re- 
sistor, G5152-8 N/O, G5166-6 N/O to position 80. T h e  
fifth one ohm resistor down wi!! be grounded through 
the units track address relay points. 



Figu~e 78. Track Null Detector (8.02.04) 

The  full application of the postive track signal 
(clutch) to the power ;,mplifier on 8.05.01 will be de- 
layed follo~ving a carriage movement until the carriage 
settles down. Xccerelator limiter points, R5004-1 N/C 

and R5005-1 N / C  will open, sequentially, after the 
carraige reaches the addressed disk. On  8.04.03, R5004 
picks when the disk detent switch transfers a i d  R5005 
picks shortly later when the 10 pfd condenser has 
charged. 

Engcrge Odd Track De fen t :  When the wiper on the 
track potentiometer reaches the addressed position, 
the track signal decreases to zero volts. This picks the 
track null rela) (R5082) on 8.02.04 which will ener- 
gize the odd track detent solenoid on 8.02.05. 

Extend the Air Heads: T h e  air head relay (R5070) 
on 8.01.07 is picked through the track null relay 
points, R5082-2 N/O. This energizes the air head 
solenoid on 8.01.05. 

Track Located Signal: This signal, developed on 
8.10.01 by the closing of the arrival relay points 
(R5071-~N/o), informs the 305 process- unit that 
the servo is complete. T h e  arrival relay on 8.01.06 
picks as soon as the track detent switch transfers if a 
track null exists and the air head relay is picked. 

Disk Detent 
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5- 
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Disk Wiper 

Figure 79. Move Carriage Down 
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Figure 74 is a sequence chart of the entire servo 

,Disk Detent in Disk Detent opera tion. 
, solenoid --Out Solenoid 

--Removes Ground 

(8.01.07) (8.01.07) From Home Track Position Pot CUSTOMER ENGINEERING TRACK SELECTION 
) ( ~ i s k  Detent One of the two customer engineering tracks (inner or 

outer) on an addressed disk is selected auton~atically 
when the test lock switch is ON and  T , = J  operation 

Figure 80. Engage Disk Detent at Disk 49 is initiated. If the record address is an odd number, 
the outer track is selected. If the record address is even, 

Record Selection: The  record address relay points 
the inner track is selectetl. 

are used to select the correct record head through 
The  test run relay, GR5119 (8.1 1.01) is energized 

the network on 8.03.02. In our example, address 49955, 
when the test lock switch is ON (6.15.04). With 

record address relays I and 4 provicle a record start 
GR5119 energized in addition to GR5079, control of 

pulse from the 0/5 head and a record stop pulse from 
the track address is exercised by GR5134-I 2 (8.02.02) . 

the 1/6 record head. These pulses will tell the process 
The  entry of an even track address will leave GR5134 

unit when to start reading or writing record 5. 
clown, and will apply ground to the 100 (inner CE 

T h e  bottom head on the access arm will be selected 
track) tap of the track pot. The  entry of an odd track 

by energizing the side relay (XJRI) on 8.10.03. 
address will cause GR5134 to be picked, and will apply 
ground to terminal "B", which is a point on a ~ o l t a g e  

Address divider connected between the 00 tap and the positive 
Disk NUII input to the track potentiometer. This will establish 

Returns Control 

--Remove Fail Safe ~ i ~ k  D~~~~~ >(Positive Track Pot 
Start 4 Disk Null  Track Null  Start 3 

lntlk From Arm--Switch open Wiper Signal 1 R5058j L R5079 1 R5082, , R5043, 
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Figure 81. Move Arm In Figure 83. Extend Air Heads; Obtain Track Located Signal 
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File Read/Write 

Basic Circuits 

T h e  method used to record information on the R A n t A c  

file differs from that used on the process drum. On  
the drum one polarity of flux indicates a bit whi!e 
the opposite polarity indicates no bit. On  the disk an 
NRZI (non return zero IBM) system is used where a 
change in flux represents a bit while iio chlnge repre- 
sents no bit (see Figure 86) . One additional tliEsrence 

is the fact that all space bits (Bs) are inserted and 
written for each character. This is clone only to sta- 
bilize the file read circuits. 

T h e  phyhical arrangement of the read/write coil 
and the erase coil are shown in Figure a. T h e  coil 
wiring is shown on System Diagram 8.10.02. Notice 
that the read/write coil is centertapped with the erase 
coil feeding the tap. One of the two heads (top or 
bottom) will always be selected by the points of the 
side relay, hfR1. This is picked by analysis of the units 
position in the file address relays (8.10.03) . \lThen 
writing on the disk, the write relay 5057 will be ener- 
gized ant1 the arrival relay 5071 will be up. Electrons 

will flow from the heat1 ground through the top head 
erase coil (assume 31K1 is normal). At this point it 
will flow through either half of the reatl/w.rite head, 
depending on which write amplifier (A or B) is con- 
ducting. One of the t w o  will altvays be contlucting 
during a file write oper;ition ant1 a bit of information 
coming in will cause the other to contluct. The  resuIt- 
ant flux pattern lait1 down on the disk will change 
polarity only when a bit of information is written. 
%\'RITE .~\XIPLIFIER (8.10.05) 

A (letailed drawing of the write amplifier is shown in 
Figure 8 4 .  T h e  three CD308's will conrluct on either 
the left or the right sick to pass write current one way 
or the other through the reatl/write head. The  con- 
dition of trigger D8, determines which half of these 
CD's conducts. T h e  two outputs of the trigger feed 
two inverters a: B8a, and the output of the inverters 
goes to the grids of the CD308's. 

The  start 3 relay R5058 will be energized any time 
the arm is not in a ser-vo operation. When a file write 
operation takes place the disk write data line will have 
QIC data pulses from the core buffer, plus inserted 
Bs QIC pulses on it. These pulses are inverted and 

Figure 84. Write Amplifier (8.10.05) 
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fed to the trigger D8 thl-ough a binary input, each one 
flipping the trigger to the opposite condition. T h e  
CD308's \%.ill follov- the trigger, one side conducting 
with the other side cut off, until the trigger changes 
its status. 

Because the ~ t r i t ing  of the data must occur at a 
specific time in the re~olut ion of the disk, there must 
be some \<.a) to pre\ent either side of the CD308's 
from cor~ciucting until read!. The  disk write gate will 
be low until the tlesiretl sector on the disk is reached. 
This low on pin ti of the TR310 keeps both halves 
of the trigger cut-off. The  two outputs will be high 
and are invel tetl to lows on all grids of the CD308's. 
So Ice can sa) the disk write gate determines the start- 
ing anci stopping time of current flow through the 
read/write head. 

The  erase coil, with current always flowing through 
it in the same direction, is necessary to eliminate any 
peripheral flux from the previous record. T h e  width 
of its field is greater than that of the read/write head. 

read these changes. The  read amplifier is shown in 
Figure 85. When a change in flux passes the head, a 
small current will flow through the head coil. This 
places a pulse of one polarity on one grid of the 
Ah1306 (D4), and a pulse of the opposite polarity on 
the other grid. This 2 phase signal will be amplified 
through the four stage differential amplifier. One ad- 
vantage of the push-pull amplifier is the elimination 
of noise picked up  in the head leads. These noise 
pulses will generally appear on only one input to the 
amplifier and the degenerative feedback between the 
two halves of the amplifier will eliminate them. 

T h e  outputs of the amplifier A4, u~ill have alternate 
positive and negative pulses representing data. T h e  
plus pulses from first one output and then the other 
are combined at the OR cathode follower A5, then 
shaped at the Schmitt trigger C5 to provide disk read 
out pulses. 

Because of the difference in surface speed between 
READ AMPLIFIER (8.1 0.04) the inside and the outside of the disk, signals from 
Once the data has been stored on the disk in the form the inside track will vary from I1 to 14 millivolts 
of flux reversals, the read/xcrite head can be used to while signals from an outside track will vary from 26 

Figure 85. Read Amplifier (8.10.04) 
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to 40 millivolts. T h e  read amplifier must be able to 
accommodate signals between these extremes. T o  ac- 
complish this an automatic gain control circuit (B5- 
8.10.04) samples the output pulses ancl varies the am- 
plification of the second stage at C4, accorclingl~. For 
example, if the output signals increase i ~ .  strength it 
would be desirable to reduce the amplification of C4. 
This can be done by lowering the plate voltage ancl 
raising the cathode voltage. The  signals are sampled 
at pin 10 of A5 and cause the left hand section of B5 
to conduct more heavily, increasing the charge on the 
. 1  ,,.f capacitor between pin 7 and ground. This raises 
the voltage on pin 5 causing the right hand section of 
B5 to contluct more heavily. This in turn raises pin 10 
and lowers pin 3, which has the desired effect on C4. 

Prior to dual access and double density files, the 
first few bits of the record were (when reading) used 
to set the level of amplification. T o  prevent an) pos- 
sible distortion of the first few bit5, a series of @ C  
AGC pulses are now written aheatl of the data portion 
of each record. These pulses are written each time the 
record is alteretl ant1 are used when reatling to estab- 
lish the chalge le\ el of the .I p f  capacitor. 

DISK CLOCK 

T h e  only pulses generated by the file itself are the five 
record start pulses for each revolution. These are de- 
\?eloped by a permanent magnet, fixed to the top 
dummy disk,as it passes each of the five equally spaced 
record start heatls fixed to the file housing (8.03.04). 

The  recortl start heatls are numbered 0 to 4, or  5 to 
9, depending upon whether the top read/write head 
or the bottom reatl/write head on the access arm is 
selected. Since the disk is revolving at 1200 RPM, a 
start pulse occurs every 10 milliseconds. These pulses 
tell the 350 file when to start writing (or reading) a 
record and when the record should h a ~ e  been finished. 

Between two start impulses 100 characters must be 
written or reatl (with a gap before ant1 after). This 
requires a clock to control the character rate and to 
identify each character and bit (or no bi t ) .  A clock 
track written on the disks would not be feasible be- 
cause of the inability to predict the exact position of 
the read/write head from one servo to the next. On 
the drum, the heads are permanently fixer1 but not so 
in the file. For this reason the disk clock must be gen- 
erated by an external osci1la:or during a write opera- 
tion. On a read operation the data being read will con- 
trol the clock. 

When writing cn the disk the spacing of the data 
bits is determined by the speed of advancement of the 
core buffer bit ring. Qn  a track to track transfer, the 
core bit ring was driven by @ A  pulses from the proc- 

ess drum clock. On 3.02.02 it can be seen that the @ .A 
pulses to the cores come from the disk clock instead of 
the process drum clock when T = R  (file read or 
write). These disk clock pulses are tleveloperl on 
3.01.02 from three single shots. T h e  rise of the disk 
clock, a square wave signal of approxin~ately 12 P.S in 
duration, triggers the @ A  single -;lot. T h e  fall of the 
2% PS @ A  pulse initiates the 2% , ~ s  @ B  pulse. The  
@ C  single shot will be triggered by the fall o!' @ B  
or the fall of the disk clock, whic:lievel- occurs later. 

The  disk clock square wave is generated by an oscil- 
lator on 3.0i.01. When writing into the file, cne oscil- 
lator (consisting of pluggable units 2D6 ant1 'LFGa) 
determines the frequency of the clock. It is adjusted 
to step through 100 characters plus a 1200 brs gap dur- 
ing the interval between two consecutive record starts. 
Because the records stored on the file must be retained 
permanently while the speed of the disks and the oscil- 
lator frequency may vary, some method is required to 
keep the disk clock frequency s;.nchrcjni~ed wit11 the 
rate of the data bits being reatl from the file. T o  accom- 
plish this there are two oscillators used when reading. 
T h e  bits on the disk read out line switch one oscilla- 
tor, then the other, to the disk clock iine. This can 
be seen in Figure 82. Notice that when the oscillators 
are switched, the active oscillator always hegins its sine 
wave at the midpoint and proceeds to the lo\\-er half 
of the osciiiation. Raising pin 5 of the CF302 portion 
of the oscillator to ground level prevents i t  from oscil- 
lating. 

When writing, the oscillator at 2D6 and 2F6a will 
conduct continuously in the following manner. Pin 5 
of 2F6a drops below ground level because 2D5a is not 
contlucting. This is due to the high at pin 10 of the 
clock switching trigger 2ET, which will bc held 10 pin 
high. At the same time the low at pin 3 of this trigger 
is inverted, causing conduction at 2D7b, blocking the 
second oscillator at 2F6b. T h e  clock switching trigger 
is held 10 pin high by raising the write clamp line 
(access 0/3) . 

When reading from the file the write clamp line 
will be down. T h e  disk read out data pulses are in- 
verted and binarilly fed to the trigger at 2E7, altei-n- 
ately switching it ON and then OFF. This alternates the 
oscillators through the two AK's, 2D7a and 2D7b. 
During both reading and writing the clock control 
trigger at 2B6 is 10 pin high and has no effect on the 
oscillator operation. When it is desirable to stop both 
oscillators, this trigger is turned 10 pin low by a nega- 
tive shift on the clock set line. This  causes both AK 
units to conduct, stopping the oscillators. 

Figure 86 illustrates the operation of the oscillators, 
the clock and the phase generating circuits for reading 
and writing. T o  assure that the oscillators will switch 
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Figure 86. File M'rite and Read \\'a\-eforms 

at least twice every character, the $pace bits are in- 
serted. Notice in the diagram that one oscillator is 
tending to speed up  on the read operation. This in- 
creases the duration of the BI clock cycle. T h e  @ A  
and 0 B  pulses have been advanced; however @C, 
which is initiated by the fall of the clock pulses, is 
still in time with the disk data out. This is important 
since 0C 's  are used later on to sample the disk data. 

File Write Operation (T, - R) 

Two data flow charts in Figure 88 and a sequence 
chart Figure 87 are provided to supplement the write- 
up. T h e  file write operation, for example X99R9900bb, 
can begin when the track has been located. This in- 
struction will transfer X track (100 characters) to core 
buffer on R cycle. On  W cycle the data in the core 
buffer is transferred to the file location specified by 
the address relays. As a check, a second R W  cycle wiIl 
follow the first W cycle. On  the second W cycle the 
data just written will be read from the file and com- 

~mreti, character by character. to the data from X track 
which i$ placed in cores during the second R cycle. Any 
variation in the two records will stop the machine. 

OB JECTI\.ES; 

1. T1 = R causes an IRWRW sequence. 
a. Pick up  the write relay R5057. 
b. Store check trigger differentiates first \Ycycle 

from second. 
2. During first W cycle data flows from core buffer 

to addressed record position in the file. 
a. Record start. 
b. Write AGC pulses ( 0  C) for 200 ~ s .  
c. M'rite core character 00, 600 ps after record 
start. 
d. Insert Bs for each character. 
e. T h e  disk clock controls core ring advance and 
core starts. 
f. Stop file write alter core character 99 is writ- 
ten. 
g. Check file speed and write speed. 



3. On second R cycle re-read selected drum track 
into cores. 

4. On second W cycle data flows from file record 
just written to comparing circuits and data from 
cores flows to comparing circuits. 
a. Record start. 
b. Block AGC pulses from data line. 
c. Develop standard disk data, @ A  to @A, to 
compare circuits. 
d. Disk clock advances cores and reads out of 
cores to compare circuits. 
e. Stop machine and turn on file check light if a 
comparing error occurs. 
f. Stop file read after core character 99 is corn-. 
pared. 

IR W R  W Cycle Sequence: A T, character of R will 
command the machine to begin a file write operation 
by picking R5057 on 8.10.01. This relay is energized 
by firing the thyratron (3Al I) on 3.01.06 with I cycle 
end and T, = R. Notice that the file hubs on the 305 
control panel must be jackplugged. T h e  relay will re- 

main energized until the thyratron is cut-off by firing 
a second thyratron at 3Bll .  This occurs at the end of 
the first W cycle. 

T h e  store check trigger (2T4) on 3.01.05 controls 
the special cycle sequence for T, = R. I t  also identifies 
the first MT cycle and the second. Every I cycle it is 
turned ten pin high. T h e  trigger remains ten pin high 
until the fall of the disk write delay (2S4) . This occurs 
just prior to writing the record on the first W cycle. I t  
will then remain 3 pin high throughcut W cycle, the 
second R cycle and into the second W cycIe. Then  it  is 
turned ten pin high by the fall of the disk read delay, 
2V2, just prior to reading the record for comparing. 
T h e  read delay is initiated by W cycle record start and 
store check switching at "and" inverter 2S5a. This  can 
be seen in Figure 87. 

On  1.03.05, R cycle ready trigger will be turned ON 

with W cycle end and store check for the second R W  
cycle. Both I and D cycle will be blocked at this time. 
First W Cycle: T h e  data flow during this cycle is 

shown on Figure 88. T h e  core buffer contains 100 
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t 
1 
B" characterr to be \c.ritten on the disk. Once 12' cycle 

begins, the mathine \<ill wait for the proper record S start pulse; then, aftel ,I 600 ~s tlela), begin writing. 
-1'he record start 11ulse originates on System Diagram 

8.03.03. For e s a ~ ~ ~ p l e ,  if the recortl arldress is 49995, 
the record start pulse selected will be from the 0/5 
rt.cort1 he;~tl. .-Is the per1n;tnent magnet passes the head 
;I lx~lse is gener;~tetl. On 8.03.02 this 0/5 pulse will be 
selected since the recortl 1 and rccord 4 adclress relays 
;tl-e up. After ;tmplificntion nncl shaping on 8.03.03 the 
start 11ulse will become K cycle or \\T cycle record start 
on 3.01.04. T h e  \\' cycle recortl start is conditioned by 
11' cycle, T = R, and track located signal (212:i) . T = R  
will be high while I\' cycle ready is high, if T, = R,  as 
in our case. This means T = R will also be u p  while R 
cycle is still up  (from C:I.BI to CLBR) . TO block a 
possible R cycle record start at this time the "andMin- 
verter at 2Y8b will be conducting. 

During the first 11: qc l e  (not store check still high) 
the recortl start pulse is inverted at 2S5b on 3.01.05 
and its leading edge triggers the 200 ~s single shot, 
2CG on 3.01.01. The  rise of the 200 PS gate from pin 3, 
1;tbeletl control level gate, is placetl on pin f of the A1 
at 3K8 on 3.02.12. If disk write gate is high at this time 
we \<ill place AGC pulses (0 C) or, the disk write data 
line. The  disk write gate trigger (2V5 - 3.01.07) will 
be set 10 pin high by the leading edge of the 200 ,US 

delay, labeled start record write delay. T h e  disk write 
data on 3.02.12 is in\~erted on 8.1 0.05 and used to alter- 
nate conduction through the two halves of the read/ 
write head. 

The  400 ~s disk write delay (2S4 - 3.01.05) is initi- 
ated by the fall of the disk 12' cycle delay gate, which is 
the 200 ~s delay gate. During this 400 ~s nothing is 
written on the disk, however the gap is being devel- 
oped. At the fall of the 400 VS disk write delay the store 
check trigger, 2T4, and the disk W cycle control trig- 
ger, 2S3, are turned 3 pin high. T h e  fall of the next 
@A sets the disk W cycle gate 3 pin high, raising the 
disk cycle gate !he. This gate, 600 ps after record 
start, signals the machine to start reading out of core 
buffer to the disk write amplifier. On 3.02.08 it will 
drop the not W cycle gate, which inverted becomes the 
M' cycle gate. On  3.02.02 we can now send phase pulses 
to the cores, each @ A  advancing the core bit ring, and 
every eighth bit time (Bit S) the QIC will develop a 
core start on 4.11.00 at 4Hi .  This start reads out of 
the cores to the character register and 3 ps later ad- 
vances the core units ring. Because the W cycle gate 
does not come u p  until the fall of @A, the bit ring 
is still at  bit S when QIC arrives. This reads out of 
core character 00 and advances the units ring to char- 
acter 01. 

T h e  data fro111 cores, @A to @ A ,  is sampled on 
3.02.12 with @ C  at 3R8. At the same time core space 
bits are being inserted for each character at 3S8. Since 
the core bit ring is reset to Bs, the first bit in any file 
record following the AGC pulses will be a space bit 
(Refer to Figure 86).  

T o  stop writing after core character 99 has been 
written it is necessary to drop the disk cycle gate on 
3.01.05 at 2V3. This blocks the core starts. T h e  stop 
disk cycle gate line has a negative pulse at this time 
developed on 3.01.0'7. Two "and" inverters feed this 
line, one for W cycle and one for R cycle. During \V 
cycle 2X5b will have Bs pulses on pin seven. Pin eight 
ivill go u p  when the write gate control trigger goes 3 
pin high at the fall of core field 9. At the same time 
a 180 delay is initiated at 2U1 on 3.01.07. l ' h e  fall 
of this delay gate will turn off the disk write gate 180 
PS after the last character is written. 

T h e  recorct must be written within one sector on 
the disk. If the disk write gate remains "up" into the 
next sector, the AGC pulses for the next record will be 
erased. T o  detect this condition, the record stop pulse 
(record start for follolving record) san~ples the tlisk 

write gate trigger at 2VIOb on 3.01.07. A write gate 
stop failure will turn on the file check trigger on 
1.02.06. T h e  fall of the record stop pulse, 40 ps later, 
is inverted at 2T5b on 3.01.07. It is capacitively 
couplecl to the inverter at 2F1 Ob, where it plate pulls 
the disk write gate 10 pin low. 

MJhen writing on the file a check will be made to 
ascertain that the file is up  to speed. If the file is below 
speed, writing may be completect long before the end 
of the sector (record stop) . On 3.01.08 the fall of the 
disk write gate will trigger the single shot at 4Y2. T h e  
negative single shot gate should appear at pin 5 of the 
A1 at 4YIa when the record stop pulse is on pin 6. 
In  this case no  file speed check will be detected. No- 
tice that the check will be made only if a write opera- 
tion has just been performed. T h e  trigger at 4 x 2  
will be pulled 10 pin low each file revolution with the 
record start. Only the fail of the disk write gate can 
raise pin 10 and allow the check. The  duration of the 
single shot is adjusted after the file has reached full 
speed as outlined in the RAMAC Reference h.Ianual. 

Second RIV Cycle:  T h e  store check line, being high 
at the end of the first W cycle, demands another RM' 
cycle. T h e  second R cycle will be accomplished in the 
normal manner, re-reading the selected drum track 
into the core buffer. 

During the cycle the 100 characters in the corc 
buffer are entered into the compare circuits (3.03.01) 
as W data and the file record is entered into the com- 
pare circuits as read data. (Refer to the data flow on 
Figure 88.) T h e  two sets of data flow must be syn- 
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chronized with the file clock. The  file clock in turn 
will be controlled b) the data coming from the disk. 

.A W cycle record start will be developed in the same 
manner on 3.01.04. O N  3.01.05 the disk read single 
shot 2V2 will be turned on, since store c h e ~ k  is high. 
At the end of 360 p pin 3 will go low, turning the 
disk R cycle control trigger 3 pin high and the store 
check trigger 10 pin high. The  disk R cycle control 

1 scans the disk data line a t  the A1 at 2U3b looking ior 

I the first bit written (after the AGC pulses). The  first 
bit, a space bit, arriles and triggers a 4 ps read delay 
at 2R1. At the fall of pin 10 the disk cycle gate will 
be brought u p  by turning the trigger at 2T3, 3 pin 
high. The  disk cycle gate will again become the ?V 

i cycle gate on 3.02.09. This will provide core phase 

k pulses to drive cores, and also d e ~ e l o p  M7 data on 
1 3.02.12 at 3Q2b. 

I T h e  disk clock on 3.01.01 was started with the first 
1 Bs on the disk read out data line by setting the 

1 clock control trigger at 2B6 10 pin high. This trigger 
t had been previously set 10 pin low at the fall of the 
L 360 PS disk read delay, appearing on the clock set line. 

I t  was previously explained how the clock control 
trigger kept both oscillators from operating when 10 
pin low. Each data bit from the disk on 3.01.01 will 
flip the clock switching trigger, 2E5. T h e  write clamp, 
which previously kept it 10 pin high, is down since 
the write relay 505'7 on 8.01.01 dropped out at W cycle 
end of the first Mi cycle. 

T h e  disk read out data pulses are arriving at disk @ A  
time since they are switching the clock. These pulses 
are developed into 6 ps pulses at the disk data single 
shot on 3.01.01 at 2F9. This is the disk data line which 
brings up  the disk cycle gate on 3.01.05. This data is 
also fed to pin 8 of the standard data trigger 2H7, the 
plus shift turning this trigger 3 pin high. T h e  next 
@ A  will flip 2H7 trigger 3 pin low resulting in a @ A  
to @ A  standard data pulse. In the case of 2 consecu- 
tive data pulses, both @A's will be blocked at 2K7b 
resulting in a 24 ps data gate out. T h e  standard disk 
data has the space bits removed on 3.02.06 at 3P4 
(since there are no Bs in cores) and becomes read 
data. 

1.t' data and read data are now compared on 3.03.01. 
Two  AK's at 3G7a and 3F4b are fed by both data 
lines. If both sets of data are identical neither one 
conducts. Any discrepancy causes one of them to con- 
duct resulting in a @ C  pulse on the compare I'nilure 
line to the file check trigger. This tligger raises the 
error lines and stops the machine in the same mqnner 
as a parity error, described in section 4, except the file 
check light will be on. 

T h e  reading and comparing operation will be 
stopped on 3.01.05 by dropping the disk cycle gate 

with a negative pulse on the stop disk cycle gate l i n ~  
at the first Bs after the fall of core field 9 (after char- 
acter 99) . 

The  file writing and reading operations are shown 
on the sequence chart in Figure 86. Notice how the 
two oscillators are out of phase during bit one time. 
@ A  and QIB are early in r eh t i o~ l  to the data pulse 
but a C ,  initiated by the fall of the clock, is back in 
time. 

Read Record From File (1, = R) 

With the instruction, R99X9900, the RAJIAC cycles 
through I, R, and W cycles, during which it transfers 
the record from the established file address into the 
core buffer on R cycle and to track X on ?I7 cycle. As 
the transfer from the core buffer to track X is a typi- 
cal W cycle operation as covered in Section 4, we need 
to give attention only to the R cycle operation . 

The earlier discussion of the second W cycle opera- 
tion with T , = R  has developed all of the concepts 
necessary to understand how data may be read from 
the file. In  the second W cycle operation with T , = R ,  
the standardized disk data was passed through 3.02.06 
to become read data which was entered into the com- 
pare circuits on 3.03.01. With T , = R  the read data 
is gated into the core buffer circuits by the R cycle gate 
(3.02.06). Refer to Figure 89. 

T h e  R cycle gate is provided by gating the disk cycle 
gate against R cycle at 3V3a (3.02.04). T h e  disk cycle 
gate is developed in the same manner as was used to 
develop it for the second W cycle with T, = R, except 
that the single shot, 2V2, is triggered with the R cycle 
record start applied through 2W2a (3.01.05) . 

I t  will be recalled that on R cycles the core buffer 
waveform generator is not activated at any character 
time until BR@C, after all bits for that character have 
been entered into the character register. Because of 
this, the core units and tens rings do  not advance until 
the end of each character time. When the rings ad- 
vance from 99 to 00, the last character has been trans- 
ferred and the disk cycle gate can be turned off 
immediately. T h e  fall of core F9 is inverted into a 
positive shift at 2Y4a (3.01.07). This is gated by R 
cycle to cause a negative shift on the stop disk cycle 
gate which flips the trigger 2T3 (3.01.05) to lower 
the disk cycle gate. 

Record Advance 

There are certain types of ledger accounts which nor- 
mally require the capacity of two records to store the 
required data. A RAMAC user may, for example, reserve 
two records for each of his customer accounts. 

One of these records would normally contain such 
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information as name, address, and shipping instruc- 
tions, whereas the second would contain the account- 
ing data related to that customer. T h e  two records 
required by ledger accounts of this type are normally 
stored in two cons2cutive file addresses. T h e  record 
advance feature permits both of these records to be 
made availabe without requiring a second servo in- 
btruction. 

For example, the ledger account of a particular cus- 
tomer is stored in file addresses 25242 and 25243. 
Record 25242 contains customer name, address and 
shipping instructions. Record 25243 contains the ac- 
counting data. When it is necessary to process a cus- 
tomer order, the following instructions transfer the 
customer's records to the processing track: 

1 .  K05J9906 causes a servo to file address 25242. 
2. R99W9900& 

a. Transfers record containing customer name, 
address, and shipping instruction to track W-. 
b. PROGRAM EXIT & is wired into RECORD ADVANCE 

IN. This causes the file address to  advance from 
25242 to 25243. RECORD ADVANCE OUT is wired to 
PROGRAM ADVANCE. 

3. R99X9900 transfers record containing account- 
ing data to track X. 

A -  

Immediatelv prior to record advance the access 
mechanism is established at file address 25242. T h e  
address register relays are holding on the J hold B 
line. T h e  record relay which holds is R5160, for record 
2 (8.03.01). T h e  disk tens relays and the record relays 
of the process unit address buffer are holding to J hold 
B. These relays are: 

1 .  R354 disk iens = 2 3.05.07 
2. R306 record = 2 3.05.03 

4 I 

OBJECTIVES: 

1 .  Drop record 2 relays in address buffer and ad- 
dress register. 

2. Pick record 3 relays in both groups. 
3. Provide record advance out impulse during sec- 

ond P cycle. Drop old record relays. 
Drop Old Record Relays: T h e  program exit & hub 

emits an MR7 impulse during the first P cycle. This is 
wired to  the record advance in hub on 3.05.02, picking 
R290 and R295 through the R306-2 N/O points. This 
will cause the 305 to go through an IRWDPDDP se- 
quence. These relays hold through MR9 until charac- 
ter 48 of the second D cycle (2.09.02). T h e  R290-4 
points will open the hold to the record relays in the 
address buffer and address register by picking R3I l  on 
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3.05.01. The  address buffer relays are on 3.05.03 and 
the address register relays are on 8.03.01. This occurs 
at  F7 of the first D cycle follo~ving P cycle. 

P ~ c k  New Record Relays: After dropping the record 
relays it is necessary to pick new relays, increasing by 
one the previous address. R295 has stored the informa- 
tion that the previous record address was 2. On 3.05.03 
the address buffer relays 305 and 306 are picked 
through the 100 n resistor and the normally open 
points of R290 and R295 to ground. T h e  other side of 
these relays goes to + 70 volts on the J pick line, 
through 1MR4 during the double D cycle. On 8.03.01, 
R5 15'7 and R5160 (the record 1 and 2 relays) will pick 
through the normally open points of 305 and 306 on 
3.05.12. The  common side of the address register relays 
goes to + 48v on the pick common line. Normally 
this circuit is through hIR6, which picks on servo 

1 operations. For record advance, however, we will place 
I hIR7 on the hlR6 line. On 2.09.1 1 the circuit ~vill  be 

through the R289-3 x / o  points to MR7 to +48 volts. 
R289 will pick on 3.05.02 through the 290-2x/o 
points. 

P, D, D, P cycle sequence will be required to com- 
plete the record advance routine. T o  continue the pro- 

gram a control panel impulse to the program advance 
hubs or the program entry hubs is required. This im- 
pulse will be available during the second P cycle from 
the record advance out hubs on 3.05.02. When the 
record address is advanced from 9 to 0 it may be 
desirable to change the track address. In this case the 
record advance overflolv hub (3.05.02) emits instead 
of the record advance out hub. 

Skip to Record 

This feature operates very similar to record advance. 
A P flag wired to one of the 10 skip to record hubs 
(3.05.02) will change the record address, the track 
and disk addresses remaining unchanged. Any one of 
the 10 possible record addresses may be selected. A 
skip to record out h ~ l b  provides an impulse to con- 
tinue programming on the second P cycle. 

For example, a P flag wired to SKIP TO RECORD 8 on 
3.05.02 will pick relays 278 and 284. The  278-2 N/O 
points will pick R277 during the double D cycle. On 
3.05.10, R311 will be energized through the 278-4 N/O 
points to drop both address buffer relays (3.05.03) 
and address register relays (8.03.01). Relay 309 on 
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3.05.03 will be  picked through the 284-2 points to 
ground, when J pick (MR-I) is made. O n  3.05.12 rec- 
ortl 8 pick line will be grountled through 309-3 N / O  

p ~ i n t s .  T h i s  will pick the record 8 relay R5164 on  
8.03.01 because the pick common line is returned to 
+ 4% volts by placing AIR7 on the hIR6 line. T h e  skip 
to record out h u b  provides a control panel impulse 
on  3.05.02 through the 277-2 N/O points. 

350 Optional Features 

lion character file. Figure 93 illustrates the location of 
the various access arms a ~ a i l a b l e ,  the 1oc:ltion of the 
shoe connectors, fuse boxes and  relziy gates. T h e  31 antl 
s refer to JIASTER ; ~ c d  SL.A\.E 305's, the slave processing 
unit  being the  second 305 on  a dual process system. 

.Access 0 is used on the standard single access ~ n a c h i n c  
and is connec:ed to the 305 through shoe coni~ector 
E (hi)  . For dtlal access: O antl 2 ;I)-e used through sc~ .  
(31)  . For dual process, acccsses 0 ant1 3 are used 

through SCE (3lj o n d  s c ~  (s) resprcti\.el!-. If dual ac- 
cess is includetl with dual  process, all four accesses 
are used, ii and  2 for the master 305 antl 3 and 5 for 
the slave. A dual  file system with single access uses 
access 0 for both files. T h e  secontl file is connectecl to 

I n  this section the various combinations of files, proc- the 305 from its SCE (%I) to the first file's SCH (31 ) .  

ess units ant1 accesses will be tliscussed. T h i s  covers Nearly all the s c ~  terminals are jumpered to the cor- 
dual  access, dual  file, dual  process a n d  also the 10 mil- respontling position5 or? the first file's s c ~  ( ~ r ) .  This  

STEP 10 STEP l l  
A 

5lfF 12 

/ K05J99C6 \/ R99W99008 \/ R??X??00 \ 

Figure 91. Record Advance 
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STEP ZG STEP 31 STEP 32 

/ h 0 5 J 9 9 0 c  \ /  RPP>JWOOb v R99X9900 \ 

Figure Y2. Sktp T o  Record 

can be seen on 8.00.07. The  SCE (A*) on the first file cess 1 on a dual access system. In  the system diagrams 
goes to the 305. Dual access can also be included on access 0 and 3 correspond to the control panel access 
a dual file system using access 2 through the same 0 while access 2 and 5 correspond to the control panel 
cable arrangement. access 1. 

A dual file system as well as the 10 million char- 
acter file will augment the standard file addresses. For 
a dual file the second file will use addresses 5000 to Access 

99999. With a 10 million character file the addresses T o  reduce the time required for servo operations and 
will run from 00000 to 99999 for one file. If a 10 mil- to allow processing to begin sooner, two access arms 
lion and a 5 million character file are used on a dual may be installed on a single file. Mechanically, the 
file system the 10 million character file uses addresses second access operates like the first and is located in  
00000 to 99999 and the 5 million character file will position 2 (Figure 93). All circuits in the file are 
use 100000 to 149999. Two I0 million character files duplicated for the second access. These are mounted 
use 00000 to 99999 and 100000 to 199999. in a second relay gate below the first with identical 

I t  is important to note that all operational informa- numbering for the relays and pluggable units. T h e  
tion and control panel hubs refel to access 0 and ac- input, output and control lines to the 305 from access 
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2 circuits pass through SCE along with lines from ac- 
cess 0. T o  trace these lines physically the System Dia- 
grams contain small charts showing the plug connec- 
tions in shoe connector E for access 0/3 and access 2/5. 

FUNCTIONAL OPERATION 

There are two modes of operation for a dual access 
file: 

I .  Automatic sequencing. 
2. Select hlode. 

A. Using one access only. 
B. Using either access, selected through the con- 
trol panel. 

Automatic sequencing occurs without any special 
control panel wiring. Following a machine reset, a 
T, J instruction will cause access 0 to servo. This 
same instruction switches all file input and output cir- 
cuits to access 2. Any later instructions or commands 
to the file will be directed to access 2. This includes 
another T,= J, a T = R ,  or an inquiry. A second 
T, = J will activate access 2 and at the same time alert 
access 0 to any file commands following. This means 
all programs using automatic sequencing will begin 
with two T, =J instructions conditioning access 0 for 
the first file read or  write operation. 

T h e  switch of the control circuits, when in auto- 
matic sequencing, may be prevented by including a Q 

P com- of 4 in the T, = J instruction. T h e  following fi!, 
mands will refer to the access which received this 
servo instruction. Another T,= J without a Q = 4  will 
resume the sequencing. 

In the select mode of operation the operator must 
choose the active access with control panel wiring. 
Five hubs, shown in Figure 94, have been added to 
the 305 control panel. A wire from the dual access 
common hub to SEL places the machine in the select 
mode. Program exits may be wired to either the dual 
access 1 or 0 hubs, through selectors if desired, to alert 
access 2 or 0. The  selected access remains so until a 
new selection takes place. T o  use only one access for 
the entire program, a wire from the common hub to 
the 1 or 0 hub can be used. 

DUAL ACCESS LOGIC 

In Figure 95 the control of the two access arms as 
well as the data flow is illustrated. T h e  condition of 
three relays, R426, R429, and K432 determines which 
access will be active. Let's assume these relays are all 
picked, conditioning access 2. During W cycle of a 
T,= J operation the file address (data to J) picks the 
access 2 buffer relays, disk tens and record, through the 
N / O  points of R432. T h e  other buffer relays are com- 
mon to both accesses. Pick common is directed to 
access 2 address relays through R426-1 N/O. This line 
also initiates the pick of the start relays for access 2. 

DUAL ACCESS [ago 

Figure 94. Dual Access Hubs 
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T h e  result is a servo of access ?. T h e  address relays 
and start relays will hold throggh N / C  RIR5. 

This same operation will drop out (Figure 95) the 
3 selection relays at the end of P cycle. R426-5 N / C  

conditions the 0 access write amplifier, while R426-6 
N / C  ccnditions the 0 read amplifier. Another T,= J 
instruction will pick the access 0 address and start 
relays through the R432 N/C and R426-1 N / C  points. 
Notice that during this T,= J operation AIR5 will 
open to drop the old access 0 address a d  start relays. 
The  access 2 address and start relays will hold th rmgh 
R429-8 N / C  points at this time. 

CIRCUIT DESCRIPTION 

Access Selection: An "X" reset will set the alternate 
access trigger (3Y8-3.05.09) 10 pin low. This allows the 
manual reset line to fire the three blowout thyratrons 
and drop the three access selection relays. This trigger 
will be flipped from one state to the other every W 

- 
cycle (luring T,= J ant1 Q =  -1 Its output alternately 
conditions the relay pick thyratrons, then the blow out 
thyratrons lzhich will be fired at P c)cle end. 

In the select mode a control panel wire from DUAL 

ACCESS c to SEI. blocks the binai! input to the alternate 
access trigger. I t  can be flippetl onl) b\ an impulse 
to the 0 hub or the 1 hub. 

Servo: 7 he servo operation on dual access i5 per- 
fornlecl in the same manner as on ,I single access file. 
IVhen tracing circuits the condition of the three select 
relays must be known. 

.A modification in dual access interlocking does exist. 
on 1.02.10. Normally a servo operation cannot begin 
if the access arm is still engaged in a previous servo, 
i.e., track located is low. An exception to this is follow- 
ing an "S" or "X" reset. Any time DC is turned OFF 

the file address relays will drop. This means the 
first servo must be made with track located down. On 
a dual accesg system the first two servos will be made 

c v c L ~ s  , I , R , W , D , P , I , R , W , I , R ~ W ~ D , P , I , R , W , I ~ R , W , D , P , I , R ~ W , I , R , W , D , P , I , R , W , 1 , R , W , D , P , I , R , W , I , R , W , D , P ,  
YIIlllll 

I S 1  ' 0 '  SERVO 2 N D  '2-  SERVO 3RD ' 0 '  SERVO 4 T H  -1" SERVO J T M  "0 '  SERVO 

h l d  N/C S . k t k m  Lbp 

Figure 95. Dual Access Logic 



uith track not locatetl. On the first servo the Rcycle 
contiol trigger (IR11-1.02.10) xvill be 3 pin high 
,~llo\ting a start R cycle. P cycle of T, = J will pull 
1 Kl  l 3 pin low, but the next T, = J instruction for 
.icces5 2 !\.ill turn trigger 1K9 3 pin low. This returns 
the R c\cle control trigger 3 pin high, allowing an- 
otht.1 5t;rrt K c ~ c l e  w-ithout a track located gate. Both 
tllggers vill remain 3 pin low for the remainder of 
rhp opelation requiring a track locatecl signal for an R 
c ~ c l e  s t n i t  (luring T , = J .  

Dual File 

FI.NC;TIONAL OPERATION 
-1'here is no change in the operation or programming 
of a R A ~ I A C  when a second 350 Disk Storage Unit is 
iiddetl to the system. The  305 Process Unit automatic- 
;~Ily tlecides which 350 ~vill servo, this action depend- 
ing upon the tens value of the disk address. When per- 
forining an instruction in which T = R ,  the system 
~vill read or write at the last servo address. T h e  file 
~\ . l~ich contains this adtlress will be referred to as the 
;icri~.e file in this discussion. T h e  5 million character 
file added to a basic system is referred to as file 2. 
I t  will contain records whose addresses range from 
50000 to 99999. A 10 million character file in a dual 
file system becomes file 1 with addresses from 00000 to 
99999. T h e  5 million character file contains addresses 
100000 to 149999. This requires an additional char- 
acter position in the disk address circuits (3.05.07) 
which is analyzed for a 1 bit to select file 2 as the 
active file. 

.A separare set of system diagrams will show the cir- 
cuits for file 2. Input and output signal lines go from 
SCE on file 2 to SCH on file 1. From there many termi- 
nals on SCE and SCH of file 1 are common. AC power to 
both files comes from the remote compressor. T h e  
"power on" sequence is controlled by a timer in the 
remote compressor cabinet and is covered in the "340 
Power Supply" section of this manual. 

CIRCUIT OPERATION 

T h e  block diagram of Figure 96 shows the moclification 
to the circuits when two files are used. During any 
T, = J command, the J hold B line opens and drops 
any address relays and start relays in either file. T h e  file 
address is entered into the common address buffer re- 
lays. T o  select the active file, the high order position 
of the file address is analyzed and the pick common 
line is directed to file 1 or  2. T h e  pick common also 
picks the start relays for the active file. T h e  start relays 
will hold until the next servo, alerting the active file's 
read/write circuitry for a T = R  operation. Notice 
that the inactive fiie's start and address relays will bc 

clown. The  only neons indicating on an inactive file 
are logic safety, bias safety, head relay and disk sol- 
enoid. 

On 3.05.14 there are 4 pick common li~lss available 
for a dual file system with single accesses. Two of these 
will be used, determined by the file configurations (5 
or 10 million character files). T h e  adtlress buffer re- 
lays in the 305 ~vill  direct the hlR6 pick common line 
to one or the other. On an inquiry operation the first 
digit of the address keyed at the consoIe lvill select one 
of the four common lines coming from 6.05.02. 

Dual Process 

FUNCTIONAL OPER.\TION 
Dual system control allows ~ w o  RAXIAC systems to share 
the same disk storage unit or units. T o  enable each 
system to operate independently, an access mechanism 
is provided for each in the shared file (s) . Each bystem 
may use dual access in the shared file. The  master 
system uses accesses 0 and 2 while the slave system 
uses accesses 3 and 5. Figure 93 sholvs the arrange- 
ment of accesses within a sIlaretI file. Each access has 
its own rela) gate, with 0 and 3 being the top gate in 
the left and right end of the file, respectixel!. T!tYo 
additional shoe connectors, E and H, are addect for 
accesses 3 and 5. The  symbol (s) signifies slave com- 
ponents and the s)mboI (M) mastel. 

T h e  only reason to prevent the two s)stems from 
operating completely independently 1c.oult1 be an at- 
tempt of both systems to process the same record 
simultaneously. No restriction is placed on both files 
servoing to the same address; however, dual process 
interlock circuits prevent a track located signal to the 
second file to serlo to a common atldress. T h e  first 
file to reach an address has precedence. Whenever a 
file servos it compares the contents of its address relays 
to the contcnts of the other file's address relays. With 
dual access, two comparisons must be n~ade.  If both 
comparisons are unequal, a track located signal is 
allowed. These same checks are made follolving a rec- 
ord advance or  a skip-to-record operation. 

Dual process interlock can be suppressed by control 
panel wiring on either or both of the 305's. However, 
when a system picks interlock suppression it cannot 
write on the file. When dual process interlock suppres- 
sion is active a neon glows on the originating system's 
console, just above the file check light ( 8 . 2 5 . ~ ~ )  

With dual accesses on a shared fiie a double inter- 
lock condition can arise preventing either fi!e from 
receiving a track located signal. For example: 

Access O to  address A 
Access 3 to address B 
Access 2 to address B with a Q of 4 
Access 5 to address A with a Q of 4 
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Dual process double interlock release circuits will 
allow the master system to receive a track located sig- 
nal in this case. 

Either system can operate with the other off. Depres- 
sing the power on switch on either console will cause 
the timer motor in the master compressor cabinet to 
sequence the file (s) power on (8.40.03) . A slave com- 
pressor cabinet will be used only if the capacity of the 
two compressors in the master cabinet are insufficient. 
The  slave cabinet will have only additional compres- 
sors in it. T h e  control of file power is still in the 
master cabinet. When using a slave cabinet, the air 
supplies are in parailel. With dual access, dual file, 
dual process systems, connect aas te r  cabinet file 2 hose 
vent valve to the slave cabinet file 1 hose vent valve. 
T h e  master cabinet fiie 1 hose vent valve supplies file 1 
and the slave cabinet hie 2 hosc vent valve supplies 
file 2. 

CIRCUIT OPERATION 

T h e  dual process interlock circuits for access 0 chcck- 
ing the addresses at which arms 3 and 5 (on a dual 
access file) are located, are on diagrams 8.25.01 and 
8.25.05. Each of the other three accesses will have 
similar circuits. A number 3 or 5 in parenthesis fol- 
lowing a relay point indicates a relay in one of the 
other gates. All other relays and points are in access 0 
gate. T h e  objective is to develop a track located signal 
on 8.10.01 as soon as the access 0 servo is completed 
if access 3 and 5 are not at the same address. Plus 48 
volts will be placed on the track located line through 
R5034-2 N / O  and R5067-2 N / O  on 8.25.01. These re- 
lays are picked by the J hold B line when an unequal 
condition exists in the compare circuits on 8.25.05. 
They will hold through their own 1 points until J 
hold B is broken by another servo instruction. 
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.-in in~pulse to the tlual process interlock suppress 
pick (DPISP) hub on the mastel- 305 control panel 
(3.05.11) will latch pick relays R5093 ancl R5094b>: 
passing the compare points in the track locatetl sign;~l 
line. File writing c;lnnot occur from the system which 
has suspentletl interlocking because R5057 cannot pick 
(8.10.01). The  intel-lock suppress will exist until the 

tlrop out hub  on the master 305 is impulsetl, latch trip- 
ping R5093 ant1 K50!)4. 

On a record advance or skip-to-record operation the 
J !:old B line itself tloes not drop, howe\.er, it is nlocli- 
fiecl belorc reaching 8.25.01 ant1 8.25.05. On 3.05.1 I 
R289 or R277 points will open dropping the compare 
relays and allo~v a retest of the cornpm-ing cil-cuits. 
The  dual process double interlock release circuit is on 
diagram 8.25.09. .-ill four arrival relays (R5071) must 
be picked. If there is no track located signal in either 
the slave or master 305 at this time, a ctouble interlock 
exists. A high from 2Zlb in the master system lvill 
force a record stal-t for the master system on 3.01.04. 

In the event both systems sel-1-0 to the same adtlress 
simultaneously, preventing an access 3 clear signal 
(3.25.05) ant1 an access 0 clear signal (8.25.06), the 
master systeni clear relay, R3034 on 8.25.01, will pick 
through R503.4-3 (3) X / C  points on 8.25.01 with J hold 
B. ?'he slave s\stenl clear rela), R5034 on 8.25.02, ~vill  
be unable to pick. 

10 Million Character File 

The  track density has been doubled on this file in- 
creasing the addressable locations to 99999. Fift\ single 
thickness disks are u5etl which means 4 disk addresses 
per disk. This can be seen in Figure 6. .-Ill even disk 
addresses serlo to the outer I00 traclks 1% hile odd d~sk  
addresses mo\ e the arnl to the inner 100 tracks. There 
is an oulrr and one inner CE track, separated b) 200 
processing tracks. 

The  track detent assembly is shown in Figure 9'7. 
There are four tletents numbered 1, 2, 3, 0 from out- 
side to inside. Detent 0 operates for track addresses 
00, 04, 08, 12, etc., detent 1 for addresses 01, 05, 09, 13, 

Detents 

3 1 
(0 Below) (2 Below) 
Airlines Connections 

Figure 95. Track Detent, 10 Million Character File 

etc., detent 2 for 02, 06, 10, etc., and detent 3 for 03, 
07, 11, etc. 

The  address register for a single 10 million character 
file is not changed. However, the bit 1 relay of the 
units position of the disk address is now used in the 
track address relay tree to determine whether the track 
address is for an odd or even clisk. For the disk mark- 
ite all we need is the disk 10's relays and the 2, 4, and 
8 bit relays of the disk units position. This can be 
seen on diagrams 8.01.02 and 8.02.02 for a 10 million 
character file. 

The  5 and 10 million character gate files are identi- 
cal in most areas. Any area that is different is easily 
identified. Each System Diagram covering a changed 
circuit has the title "10 million character file." 

The  single thickness disks used on this file require 
a different access arm, head spreader, read/write head, 
and head air pistons. 
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Card Reader 

For normal processi~g the only input available to the shaft is driven whenever the card feed clutch pawl 
RAMAC is through the card reader. The  data reat1 from and arm are engaged in the 10 tooth ratchet. T h e  
the cards if translated from Hollerith into binary clutch latches at 320° of the index on systems equipped 
code, checked for accuracy, and stored or! the input k i t h  K3 track. I t  latches at 288O on systems without 
track of the process drum. K3 track. 

Card Feed Clutch 

Mechanical PrincSples 

Card Feed 

402 type card feed is used to transport the cards 
from the hopper, past two sets of reading brushes 
to the stacker. The  upper brushes are called write 
brushes, and the lower brushes are called check 
brushes. T o  recognize the presence of cards there is 
a card lever contact ahead of each set of brushes. 
There is also a hopper card lever contact. 

T h e  cards are placed in the hopper face down, 9 
edge toward the throat, and are moved past the 
brushes by a series of feed rolls. T h e  feed rolls are 
gear driven from the card feed clutch. At a fixed time - 
in each feed cycle, a pair of feed knives move a single 
card from the hopper through the throat to the first 
set of feed rolls. 

As a card moves past a reading station the 80 indi- 
vidual brushes scan the 80 columns, searching for 
punched holes. When a brush locates a hole, a + 140 
volt signal is applied to that brush line. T h e  identity 
of a punched hole is determined by the timing within 
the machine cycle when that hole is read. Signals from 
the write brushes are used to write card data on drum 
track K1. Check brush signals write card data on K3 
track. K3 data is compared with write brush data to 
verify the reading accuracy of the write brushes. 

Mechanical  Dr ive  

The card feed clutch is similar to the 402 card feed 
clutch. Once the armature is attracted the pat11 en- 
gages the first tooth of the ten tooth ratchet to pass 
by it. T h e  safety pawl guarantees that once unlatched, 
the clutch pawl cannot be relatched by the armature 
until it has engaged with the ratchet and has been 
driven through a cycle. T h e  clutch lever yoke spring 
absorbs the shock when the clutch pawl arm latches 
up  and returns the arm to the 320" position if there 
is any movement beyond this point. 

Card Feed Control 

T o  start the feeding of cards, a single depression of 
the reader start key causes three card feed cycles. T h e  
process unit ccntrois feed cycles after run in. Each 
PROGRAM EXIT impulse received at the card feed hubs 
causes one feed cycle. When the feed runs out of cards, 
several operations can take place. They are described 
below under "Last Card Operation," "Last Card Rout- 
ine," and "Automatic Last Card Routine." Feed check 
circuits allow feeding, provided cards feed in correct 
order and do not jam. Read check circuits allow card 
feeding as long as the data read from the card is writ- 
ten correctly on the input track. 

Run In Circuits 

Figure 98 shows the relationship of the card feed O B J E ~ ~ ~ E S :  

unit to the 380 mechrrnical drive. T h e  card feed clutch 1. Three successive pulses to the card feed clutch 
ratchet receives its drive from the motor, through a (7.22.0.5) . 
series of idler pulleys. T h e  feed unii, the feed circuit 2. Keep the feed check relay u p  (7.22.04). 
breakers, and the index are driven by the card feed 3. Keep the read check relay u p  until read check 
clutch through the horizontal shaft. T h e  horizontal time (7.22.04). 
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Index v 
10 Tmth Ratchet 

Horizontol Shoft 

/ I 
/ t 

I I 
1 I 
/ I 

Feed Circuit Breokers ! :  

I I 
I :  
I ,  
/ . 
I I 
I i 
1 I 
4 ,  

Circuit Breokers 

Figure 98. 380 Mechanical Drive 

One depression of the start l e y  will feed 3 cards, Process Unit Control 

the first card passing the check brushes on the third 
leed cycle. T h e  sequence chart in Figure 99 illustrates OBJECT]\E~: 

the relay operation. Relays 8035, 8036, and 8037 are 1 .  E n r r g i ~ e  card feed clutch once (i.22.03) . 

u p  before striking the key and will remain u13 unless 2. Latch pick R l i O  (2.0503). 

a feed failure occurs. R8027, the run  relay will pick 3 \\.hen R170 is u p  tile reader not read\ line is high 

times through the R8F04-2 N / O  points on 7.22.03, then (2.07.03). This  line blocks an R cycle gate (3.02.01) 

R8004 will drop. Th is  directs control of R8027 to the or a I\ cycle gate (3.02.08) if T =  K .  R l 7 0  LT is 

select relay, R170, on 2.07.03. picked by FCB 19 at 2 5 3 O .  

320' 0 270 320' 0 90 180 270 320- 0 90 I80 
9? 180 270 3:O' 

I I I i I I I I 1 , 
- T H I R D  FEED C Y C L E  F I R I T  FEED C Y C L E  - a S E C O N D  F,EEG C Y C L E  _I 

cord, mppcr 1 8001 17.22.01 J 

! 1t.d Key 

1 ~ g w 2  (7.22.01 1 1 
1 80" i r8m4 (7.22.01 I R B m 4  ''Id Run I" 

reed ,nt..lork . iB03: 
I 

18037 (7.22.041 - 
P80-15 ! R8035 17.22.041 reed C k c k  

I I 
I 

118036 17.22.M1 Rrod ChceL 

R8027 L RB027l7.22.03) 1"" 
Clu?ch C l ~ r c h  1 7.22.03 1 

7 22 0 2  
Jam I.,, 

18010 Cmd Leve~  Relay 

Jom lei, R8017 17.22.02) - .... R8017. R W l 7  1U Jam R o l v ~  - F5! .-.A ? - I rCM '.-' 

Figure 99. Reader Run-in Clutch Control 
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Last Card Operation 

.After the run in, the cztrtl feet1 will operate for each 
impulse received at the feet1 c a ~ t l  hubs until the last 
card has passetl the check brtlshes. T h e  opening of 
R8013-10 s / o  points (T.PL'.OY) blocks the pick of 
R8025. I f  the]-e are nlore cards to be processetl, place 
them in the hoppel- ant1 tlepl-ess the start key. T h e  
cartls will feed in an t l  then processing will proceed 
as if there were 110 interruption. lf there are no more 
carrls to be ~~rocessed, the last cartl may be fed to the 
stacker by tlepressing the stzlrt key. K8027 will be 
picket1 through the R8002-3 s/o poinis. 

Last Card Routine 

Many programs will include a special routine to be 
executed after the last card has been processed. Th is  
last cartl routine (ALC hubs not wired) should be used 
whenever the amount of cards to be processed is more 
than one hopper full. T h e  set of last card hubs is 
user1 to indicate when this routine should start T h e  
last carti relay, \vhich controls these hubs, is energized 
(luring the first card feed cycle after the last card has 
parsed the che t l  brushes. .An example of this condi- 
tion i\ shown in Figure 100. 

\t7hen the feed runs out of cards the last card rou- 
tine will be suppressetl b) placing cards in the hopper. 
An example of this operation is shown in Figure 101. 

OB JECTIYE: 

Energite the last card relay (7.22.03) . 
In  Figure 100 the program loop is short so that the 

card fcecl is kept in continuous operation. Transfers 
from the input track are accomplished by the instruc- 
tion, K9!)M19900Fb. After the last card has passed the 

Figure 100. Last Card Routine 

check brushes, the program instruction that transfers 
last card data to I\' track is accomplished, but a card 
leed operation does not take place. R170 picks, but 
with the second card lever relav down, the run relav 
does not pick. Processing continues until the program 
loop returns to R cycle of the same instruction. De- 
pressing the reader start key allows a c:trd feed cycle. 
T h e  last card relay picks during this c)cle. This  latch 
trips R150 ant1 programming resumes, branching into 
the last card routine. 

Automatic Last Card Routine 

When the amount of cards to be processed is less than 
one hopper full, the last card routine can be started 
automatically. Bottle plugging the ALC hubs on the 
contlol panel allows one additional cart1 feed follox:.- 
ing the cycle that the last card passed the check 
brushes. T h e  last card relay picks during this cycle 
allowing the last card routine to start. 

OBJECTI\~ES: 

I .  One additional automatic feed cycle after last 
card passes check brushes (5.22.03) . 

2. Pick last card relay (7.22.03) . 
T h e  additional cycle occurs when Rl7O is picked. 

T h e  circuit tha t  picks the run relay on 7.22.03 goes 
through R8007-5 N / O  to the ALC hubs on 3.05.1 1. 

Feed Interlock 

T h e  feed interlock circuitry is designed to stop card 
feed operation whenever cards feed incorrectly. When 
cards are feeding correctly the feed check ant1 feed 
interlock relays are u p  throughout each feed cycle. 

R 8W1 Hopper Reloy 7.22.01 Slort Key 
I 

R 8010 1 s t  Cord Lever Relay 7.22.02 R 8002 7.22.01 
I 

R 8020 1st Read Deloy Relay 
I 

R 8013 2nd Cord Lever Rcloy 
I 

R 8021 2nd Reod Delay Relay 
I 

' R  170 Feed Cord 1 R t70 2-07-03 i R I70 1 R 170 I I I 
I R '8037 , it m 7  

I 
lnput Ready Input Ready 

7 
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f TEST FOR LAST CARD 
N O  FEED CbKD A N D  PROGRAM ADVANCE 
YES: SKIP 1 0  LAST CARD ROUl1NE 

CONDITIONS: 
R W C  mOCESSES THE LAST CbKD I N  THE READER A N D  STOPS 
OPtRATOR PLACES C M D S  I N  THE HOPPER A N D  DEPRESStS START KEY 
AFTER R U N  I N  . R A M C  CONTINUES PROCESSING WITHOUT LAST CbKD ROUTINE 

- - - - -- - -- 
- -- 

720' j0 120 210 j20' 30 120 210 j20" 30 120 210 /20' 
, 1 1 1  

20' )P It! 210 720' 10 I20 210 J20' 30 120 210 120' 
PLACE I 1 1 1 1 1 1  

CARDS 

b 
i( 8Wl wopp~r Rtloy ( 7 22 01 

II 8010 1.9 C-zd Lerc Rcloy 

R 80m 1st  rod D I ~ D ~  Relay 

K 8011 i r d  Cord Lcrer 1cloy 

! 
I 
I 
I 

I 
17 22 02)  

i 7 22 02 1 

i 22 02 

R 8Wl ROPP.~ b1.y ( L- : .I LebI EG Isuilne j 

I -- Q 8011 2nd Rcoi Delol Re1.y I 
a 1% 

R 8 W i  
I 

I 
P 8021 2nd l e d  3 . 1 ~ ~  R d q  [i 7 22 02 

I 
R l7OfeedCmd ( 2  07 b )  ! 11170 

I 
J 1170  

R am7 7 22 0 1  I 7 1 -r 
I Inpul 1 4  

7 
Inpul Red, - 1npvt R e d "  

In-. -1 
_F71cyc1. R C Y C I .  

-1 
n c 1 . 1 .  

W ~ t h  T L K  I I I 
-I 

R Cycle Ex9erd.d 

".,,I lopu+ R+ d l c y c 1 <  Gme J L R C y c I -  Go" & C r I e  Gate 

I I 

- 

-- - . _P- RJ.$ 

+ 
Y- t c r < 1 <  

I 
f iC". ' .  GO*. 

Figure 101 Run-in %3p?Ra Afier Reader Runs Out of Cards 

OB JECTIVSS: passes the check brushes. Data' read a t  the check 
1. keep  feed check relay u p  (7.22.84) , biugk@g j~ written on K3. As soon as ali 5 3  da t a  
2 .  Keep feed interlock relay up  (7.22.(1$) . bken written, a bit by bit comparison of KZ and K 3  
The  feed interlock relay must be up k.~~ khg &:a is ha&. If this data compares favorably. tr2nsfcr 

feed check relay up. T h e  hold coil of the feed inter- ok KB data to the core buffer is allowed. This describes 
lock relay, R8037, picks twice each khtbugh the card reader operation for normal processing con- 
FCB's 4 and 9 in series on (7.22.04) . R8037 pick coil is ditions. T h e  K test-K run switch on the console is set 
impulsed to bridge one gap between the FCB 4 and CJ to K RUN for this operation. Tha t  is the m~rmal  P s i -  
impulses. This impulse is received as long as no card tion for this switch. With it SO set, a T = K  operation 
Jam occurs. R8037 hold receives an impulse fro,m addresses K2 track. 
FCB 5 to bridge the second gap in the FCB 4 and g TO assist a Customer Engineer to analyze read check 

as long as cards are feeding in their proper problems the K test-K run switch may be set to KTEsT. 
order. lvhen this is done a console read K operation reads 

K:{ track. T h e  card feed will not run continuously 
wi th the switch in this position. I t  forces a read check. 

Data Flow switch is not present on early production models. 
Eskrly models use a bit count System of read checking. 

'There are three different input tracks, I(], ~ 2 ,  and 
K3- Card data read at the write brushes is written 
on KI. K l  data is transferred to K2 without going \ W  riting on K1 and K3 

the core buffer. This t rd~afer  occurs at the c a rd data is written in character positions 00 to 79 cf 
beginning of the cycle when the card containing the K I and K3 tracks. Card column one data is written 
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in COO; column two in C01; etc. Character positions 
80 through 99 of K1 and K3 never r e c e i ~ e  data. As 
the card is read, all the 9 punches are reat1 simulta- 
neously, then all the 8 punches, etc. 1-he process drum 
makes 1% rexolutions dur iag  rach reari time i~nptilse. 
T h i i  allows each card calumn to write into its parti- 
cular character position ::n the drum.  Each hole cle\- 
elops its own write character gate to allow writing on 
K1 and its own check character gate to a l loa  writing 
on K3. Any brush reatling a hole at  9 time will hake 
the read impulse decocle(l into BO anrl B I  polses, 
because data is s t o ~ c d  on KI and  K3 one bit earl). 
Il'riting one bit  early allou~s data to be transferred to 
K2 from K1 without going through the core buffer. 

Since the character in the card may be composed of 
more than one Hollerith punch, the bits ierordetl 
within a particular character position (luring a digit 
impulse time may be supplemented b) additional bits 
a t  a later digit time. T h e  intervals between the record- 
ing of bits cannot be occupied b) write 0 current be- 
cause this would erase the bits which were written a t  
an  earlier digit time. T h e  technique used is to erase 

the track completel!, prior to card reatling time. T h e n  
0 C bits are rerordetl ~vi thout  interspersing write 0 
current. 7 his is called the t l isc~ete pulse rnethotl 01 
IVI iting. 

Il'riting on K I objecti\res b l l o r ~ .  M7riting on K3 objec- 
tives :ire similar. 

I .  Erase KI (3.10.21) . 
2. Develop the write character gate (7.21.05). 
3. Decode emitter output  ('7.25.00) . 
4. \\'rite on K1 (3.10.21). 
T h e  follo~ving describes the achievement of the above 

objectives while writing a "7" on KI track from card 
column 14 (brush 13) . T h e  description refers to  Fig- 
ures 102 ant1 103. At the beginning of the card feet1 
cycle, FCB 25 provides current to completely erase 
(write 0) Kl  track. Then ,  when the 7 punch is sensed, 
the i m p ~ ~ l s e  is "andetl" with C I 1  and  BR to plate poll  
the write character gate trigger ( 5 x 3  - 5.21.05) . T h i s  
trigger develops a gate for each punch that is sensed in 
the card. I t  31101z.s decotler impulses to be written on 

Figure 102. Input Read and Check Logic 
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Figure 103. Card Read and Check Sequence Chart 

XI. B8 of C13 lowers the write character gate. At the 
time that the 7 punch is sensed, the enlitter (7.22.01) 
is made on the 7 segment. The  decoder emits RO, B1, 
B2 pulses all during this time. BG, B1, and B2 repre- 
sent a 7 when written one bit early. One group of 
these pulses "ands" with the write character gate, then 
is strobed with a 0 C .  These pulses then become write 
one pulses at the write head. BR'S are not on 
K1 and K3. 

K I  lend dntn d r lny  occurs on 3.10.20. Figure 103 is 
a sequence chart showing an example of signals pres- 
ent when a "P" is read from K1 track. 

BR's n l e  inserted into K1 read data on 7.27.00. SJ7 
counts the number of bits present in each character. 
7J7-I0 is high whenever the count is even. This output 
"anded" with the R bit gate inserts BR'S into K2 write 
data. 

K2 7u,-ite dntn is gated by the K2 write gate. T h e  se- 
quence of tlevcloping this is shown in Figure 103. 

Transfer K1 to K2 

Refer to Figures 102 and 103. T h e  track transfer CB ~~~d check 
controls when data is shifted from Kl to K2. This 
occurs very early in a feed cycle just before K erase 

Keatl check consists of csmparing K 2  and K3 track 

time. Data transferred must be tielayet1 one bit and 
data bit by bit to see if the data is the same on both 
tracks. K3 data has to be delayect one bit and ex- have BR'S added where neetletl. 
panded to full bit  width before enter in^ the com- 

OBJECTIVES: 
1. Delay K I read data (3.10.20) . 
2. Add BR'S where needed (7.27.00). 
3. Write data on K2 track (3.10.21) . 

V 

parator so that it will be similar to K2 read data. 
On  a T, = K operation if the two tracks contain the 
same data, R cycle gate is allowed. This  allows the 
process unit to read K2 track. If the data does not 
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compare, the R cycle g;lte is not allowetl, a reat1 check 
is inclicatecl, and the carel ieetl will not  operate. 

Equal comparison. 
1. Delay K3 reat1 data (3.10.22) . 
2. Cornpare OK (7.28.00). 
3. T, = K K cycle gate (3.02.04) . 
T h e  delay of K3 rend data is accomplished the same 

way KI reatl data is. Figure 104 shows a sequence 
chart of KI reat1 data delay. 

T h e  comparator has n o  output  if each input  is equal, 
so the XTH 527 conducts on  7.28.00. on-7.22.04; the 
read check relay, R8036, picks when the thyratron 
fires. Th i s  allows the reader select relay, R170, to be 
latch tripped. 

A T, = K R cycle ge!e is allowed o n  3.02.04 after the 
reader select relay is tripped. T h i s  is indicated when 
tile reader not reatly line is low. 

O K  JECTIVES: 

Unequal comparison. 
1. Fail to pick read check relay (7.22.04) . 
2. Interlock reader (i.22.01). 
3. N o  T, = K K cycle gate (3.02.04) . 
T h e  1-etld check relay is not picked when there is a n  

unequal comparison. 
Reader i n t ~ r l o c k  results from not tr ipping the reader 

select relay. R8036-3 N / O  on  7.22.01 preyents tripping. 

No T ,  = K R cycle gntr is ;tllowetl when the re;ttler 
not ready line is high. 

Console Read K3 Track 

On JECTI\.ES: 

1. K3 clata t o  coles (5.28.00) . 
2. Xcltl neetled BR'S (7.27.00) . 
K3 clat;~ ";~ntletl" with I<-test allows K 3  data to 

cores. K2 cl;i!a "antlecl" ~ v i t h  KR's, inserts BR'S ~vhere  
neetletl on the K S  data line. 

Program Load 

I t  is possible to load programs from the cartl re;~tler 
to the p rogra~n  tracks. T h i s  is accomplishetl by auto- 
matically performing the instr~rction K991!)900 as soon 
as the data read is checked on  the input  track. T h e  
instruction also has a special automatic program exit. 
which is labeled COPY OUT. T h i s  exit is usually used to 
start a program to transfer the  1 track data to other 
program tracks atid then prograrn load another card. 

A prograni loat1 operation may be started two ways. 
One  way is to place the program loat1 cards in the 
feed hopper and then depress the prograrn load btlt- 
ton. Th i s  causes 3  cartl feet1 cycles and then the auto- 

C H A R A C T E R  

Dotoon K I  - "  P "  

K t  Real Coil Signol 

i Input to 55 10-8-, 
I 

55 10-10 - - - - - - - - - - 
PA- -- . 

---------I- 

% l  ::--> 5010-10 

D o t a o n K 2 = . P "  1 1 1 1 IWl 1 i i I 1 wt,I R Bit Added 1 by 1 1  
R Bit G.nnnmr 

Figure 104. Delay znd Expansion of K1 Read Data (3.1020) 
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matic transfer 01' K ti-:ttk c1:ti;r to I track, and a COPY 

OCT EXIT. T h e  other is t o  Xvire the control panel 
frorn the st;lrt h u b  to t11t. c o p  in hut) and  then 
tlepress the reatler st;tl-t ke). This \\.ill cause the feed 
operation, then the tr;tnsfc~- to I tr;tck, 2nd COPY OUT 

l.XlT. 
.Acltlitional prograln load c:rrcl operations may be 

initiated by wii-ing a rwocrc.-\xr E X J I  to the copy in hub. 

Program Load Button Operation 

Figure I05 sholvs the svcluence ol operations when the 
1xogr;im loact button :,t;rrts the olwrntion. 

O B J ~ C T I \  ES: 

1. 3 card feeti cycles (7.22.01) 
2. Copy line i ~ i g h  (2.07.01). 

3. h'laster stop trigger 3 pin high to begin process- 
ing (1.02.09) . 

1. T, = K (2.03.03). 
5. T, = 1 (2.03.05). 
6. lRMiDP cycles (1.03.04 to 1.03.08) . 
7. Copy out impulse (2.04.01). 
T h e  3 card fred cycles arc normal run in card feed 

cycles. They are started by the program 1o;rtl switch 
parallel to the start button on 7.22.01. 

The  copy line high signals the system that a program 
loat1 operation is taking place. T h e  copy trigger is 
turned ON by R175-3 N/O on 2.05.01. R175 latch picks 
o~ 1.02.03 when the program load switch is depressed. 

T h e  master stop trigger pin 10 is plate pullet: as a 
result of R161 on I .02.03 picking. R161 is picket1 
through the Rl55-2 N/O points when R175 is latch 
tripped. This occurs when the R8021-4, 2nd reat1 delay 

j f o O  JO 120 210 JZOO 10 it0 210 XOO jO 120 80 120' 
. I 

Program Load Switch 
I I I I I I I I 

w - Cord Feed Cycle- 
R 8002 1 7.22.01 : 
I 

R 800-4 I 7.22.01 1 

Reset I 
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R159,l~) C,S, 8 SX Reret I 1.02.021 

- - 7 I R 8007 Recdy 
1 1.02.02 1 Mon Rewt - R175 LP 1 1.02.03 r 

LT Scl Relay 
3A8-10 "Copy* 2.07.01 r 7.22.01 

I 

R161 
-1 .C2.03 

Stort I -1 .02i01 
IQ10-3 Master Gote I .02.09 

P Cyc le  Ready 1.03.08 
-1---7_ 

I Cycle Ready 1.03.04 7 
-1 w 'b 

1: c w  -- 
R'I, Pw 

I 3A8-10 "Copy" ( 2.07.01 ) 

1% oon Test (1.03.04) 1 - 
Ins Reg Rewt 
n Ins Reg Reret 

n 
~l=x , r l=2 , rz=o , r~=x ,~z=1 , rz=s  (2.03.03) (2.03.05) 

R Cycle Gote ( 3.02.04) 

W Cycle Gale 
13.02.09 

Matrix Write Gate ( 3.02.09) - 
T=K 

t--.-----, TZ=12 TN=9 - 
I Thyrotmn UIlO Voltopc on R174 ( 2.07.01 ) 

R174 ( 2.07.01 ) , 
"Copy Out" 2.07.01 

Figure 105. Program Load 
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I Figure 106. Cop) Operation 

relay is up, indicating the third feed cycle is nearly 
complete. 

T, = K is set in the instruction register as a result of 
TI = X and T, = 2 on 2.03.03. Tu rn  on T, = X and 
turn on T , = 2  are (leveloped with 1 cycle on test. 
I cycle on test is de\reloped on 1.03.04 with the copy 
line high. 

T ,  = I is developecl by cop): and I cycle on test on 
2.03.04, similar to the development of TI = K above. 

IR WDP cycle details are found in the Basic Machine 
Timing Section. I cycle ready is initiated by depressing 
the program loat1 button. Refer to Figure 101. 

A copy out impulse originates from the MR-7 line. 
MR-7 picks every P cycle on 2.09.02. 

Copy in Operation 

At the completion of the run in card feed cycles, the 
start hub emits an impulse. This impulse when re- 
ceived at the copy hub, plate pulls the copy trigger 
ON. This sets up  an automatic K9919900 operation 
with a copy out impulse. Any program exit impulse 
into the copy in hubs initiates this automatic pro- 
gram also. 

OBJECTIVES: 
1. Three card feed cycles (start button) . 
2. Start hub impulse (1.02.02) . 
3. Copy line high (2.07.01). 
4. TI = K (2.03.03). 
5. T, = 1 (2.03.05) . 
6. IRWDP cycles (1.03.04 to 1 B3.08) . 
7. Copy out impulse (2.07.01). 
All of the above objectives except the start impulse 

are describetl u ~ ~ d e r  the program load operation. T h e  

start impulse is a MR-7 impulse coming from 6.1 1.04. 
The  impulse passes through Rl67-I N/O, and R8006-2 
N/O. R167 was latch picked on 1.02.03 when the reset 
button was depressed. R8006 is latch picked on a run 
in operation on 6.1 1.04. T h e  hIR-7 impulse is present 
(luring P cycle. T h e  reset button placed the machine 
in P cycle ready. T h e  master gate, going high after the 
third card feed cycle, starts P cycle. This is illustrated 
in  Figure 106. 

Input Data Rearrangement (Optional) 

T h e  control panel hubs associated with this feature 
may noi be wired to ally other area of the panel. T h e  
control panel mask is bright orange 'to define this 
restricted area. 

Rearrangement 

Data rearrangement is accomplished by controlling 
the location on K track in which data from each 
card column will write. 100 input track control exit 
hubs and 80 card column control entry hubs on the 
305 control panel allow this control. By wiring from 
any track hub to any card column hub, the informa- 
tion contained in the card column will be written on 
K1 diid K3 tracks in the character position wired. T h e  
cnntrol pane1 wiring "ands" the character to be writ- 
ten with the brush from which it  is read. A BR is 
written in all unwired positions on K2 track. Figure 
I07 is a block diagram showing how the rearrange- 
ment feature operates. 
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Figure 10 i .  Illput Data Rearrangelllent and Check Logic 

Eliminators 

An eliminator permits any cald code to be eliminatetl 

from any character which is to be written on the input 
track. T h e  card code to be eliminated is cleterminetl 
by one input to an eliminator. This input comes from 
one of the card cotle hubs. T h e  card column from 
which the code is to be eliminated is determined by 
the other input to the eliminator. This input comes 
from a card column control entry hub. A cart1 code 
is removed from a character by elimir~ating the de- 

coder output for the card code at the time that the 
character is to be written. 

Eliminate decoder output (7.10.01) . 
T h e  elimination occurs at the AK 7P9a on 7.10.01. 

7P9a-5 is always high unless 7S8-3 is plate pulled. 
Plate-pulling is done at BR of any character when 
there is a coinciding input to both hubs of any elim- 
inator. 

Analysis Selectors 

The  prerequisite to this leature is Input Data Re- 
arr;,ngenlent. n a l y s i s  selectors are used to analyze 
a character for cartl code content as it is being written 
on K track. Only data that is being written on K 
track can be artalyzecl. Analysis selector PU hubs are 
in the orange section of the 305 control panel. They 
may be wired from other hubs in the orange section 
only. Both PU hubs must be impulsed at the same time 
to pick up a selector. One pt: hob must be wired fi~om 
;I cartl code hub. T h e  other must be wiretl from a 
CARD COLUMN CONTROL ENTRY. 

Once a selector is energized, i t  remains energized 
until 335O of the next card feet1 cycle through FCB-31 
on 7.10.03. T h e  analysis selector test point hubs are 
on the 305 control panel. These hubs may be tested 
with program exits only between a T, = K instruction 
and the next card feed instruction. Testing an ana- 
lyzer must wait until a T, = K instruction is permis- 
sable, i.e., reader ready, so that an analyzer is not 
tested during a card feed cycle. T h e  TI = K, card feed 
and analyzer testing may occur on the same instruction. 
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370 Printer 

Mechanical Principles applied to one entl of the tape bv a spring operated 
lever. Rotary motion is imprirtetl to the print stick by 
pulling the rotary control tape a fixed distance in in- 

The sole p u r ~ ~ o s e  the 370 's to serve as a n  O u t p u t  * crements of 1 to 7 units. Exact rotary alignment of 
printer for the RA\ .~AC;  thus, all of the mechanisms in the print stick a t  print time is accomplished by the 
this unit are related either to the positioning of forms aligner, which is sllring operated and cam returned. 
or to the selection and printing of characters in the The ends of the print stick are held between two 
proper po~itions on these forms. plates, which are fastened toget!ler by three rotls. This 

is called the basket. The  print stick is free to rotate 
within the basket, but moves hoiizontally along the 

Print Element print element shaft as the horizontal position of the 
Figure 108 shows the relationship of the foim to the basket is moved. T h e  horizontal position of the basket 
print element, ribbon, and hammer. These comprise is under control of the horizontal control tape and the 
the essential elements for printing. horizontal return spring. Horizontal motion is im- 

Onlv one print element and one hammer are needed parted to the print stick b) pulling the horizontal 
because the 370 prints serially. T h e  print element, or control tape a fixed amount in increments of 1 to 6 
print stick, is a hollow aluminum tube with 8 sides units. Exact horizontal alignment of the print stick, 
and 7 divisions lengthwise. A par~icular character is at print time, is obtained by a cam operated aligner 
engraved in each of the 7 divisions on each side. With or comb. T h e  selen-tooth aligner is spring driven 
the various combinations of fixed increments of hori- against the basket at print time. The  end plate of the 
zontal and/or lotational movement, any one of the basket is held between the teeth of the aligner. 
5 G   character^ may be placed in the printing position, In addition to the horizontal and rotary motion of 
opposite the hammer. the print stick, the complete print carriage and ham- 

The  poritioning of the print stick to print a char- mer carriage mole from left to right past successive 
acter is controlled by the identity of the bits within printing positions. These carriages return to their 
a character on the output track. Each bit value IS extreme left positions between the printing of lines. 
translated into a number of units of horizontal or  In order to keep the print control tapes taut without 
rotary motion of the print stick. T h e  table in the stretching 01- breaking them, and to prevent imparting 
lower left corner of Figure 108 shows that bits X, 0, false horizontal or rotary motion to the print stick, 
ant1 2 impart rotary motion of 4, 2, and 1 units, re- these tapes are looped over pulleys of the half speed 
spectively. Bit 1, 4, and 8 impart horizontal motion carriage instead of coming directly from the print set- 
of 1, 2, and 4 units, respectively. T h e  table in the u p  unit. The  half speed carriage is so named because 
lower right corner shows thc combinations of hori- it moves at half the speed of the print and hammer 
zontal ant1 rotary motion necessary to position the carriages. T h e  methods of tlri\ing these mechanisms 
print stick for the printing of any character. will be explained later. 

Figure 109 shows a top view of the printing mech- The  aligner mechanism and ribbon feed are oper- 
anism. T h e  print stick has two internal keys, which ated through a gear which rides on the aligner and 
ride in splines on the print element shaft. It is free ribbon drive shaft. T h e  gear has an internal key ~;'.irh 
to slide horizontally on the shaft, but rotation of the rides in a groove of the shaft. T h e  gear is free to slide 
shaft causes rotation of the print stick also. along the shaft, but musc turn with it. T h e  aligner 

T h e  left end of the print element shaft is geared and ribbon drive shaft turns at 1500 RPM, but the gear 
to a pulley, which is operated by the rotary control ratio causes the digner mechanisms to operate at 
tape. A block, welded to the tape, fits into a slot of twice that speed, thus permitting a printing speed of 
the pulley to provide a positive action. Tension is 3000 characters per minu:e. 
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Mylar Backing \// 
Hammer Ploten 

PRINT ELEMENT CODE AND MOTION VALUES 

- 

Rotary 

Shaded Chorncterr Are Not  Obtaimble With Valid Data Coding 

Figure 108. Print Element Positioning 

Print Setup Unit the rotary setup tape is attached to the setup unit 

Bit values are t r~nslated from electrical impulses into frame. Each of the setup tapes is looped over its three 

i~lcrelnents of motion to the control tapes within the pulleys and is linked with its corresponding con- 

print seilip unit. Figure 110 illustrates the method trol The print stick may be caused to move to 
by which motion is i~nparted to the horizontal and the left by moving the upper or lower horizontal setup 
rotary cootrol tapes, and from the tapes to the print pulley to the right or by moving the middle pulley to 
stick. One end of both the horizontal setup tape and the left. Likewise, rotary motion may be imparted to 
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Print Element Shoft Forms Troctor Hommer Hammer Corrioge 

Rotary Control Tape Rotary Control Tope Retvm Arm 

Figure 109. Print ;\ssernbl> 

the print stick by moving the upper or lower rotary 
setup pulley to the right or the midtlle pulley to the 
left. 

Figure I 1  I illustrates schematically how one of the 
two groups of setilp pulleys may be operated to pro- 
vide the desiretl inc-rements of motion to its setup 
tape. T h e  directions of motion intlicatetl by this figure 
are applicable to a rear view of the mechanism. As 
the setup bail moves to the right, it will engage with 
any setup pawl which has been raised into its path. 
It  can be seen that two of the setup pulleys would 
move to the left ant1 one ~voultl move to the right as 
the result of inter-action between its pawl and the 
bail. T h e  increment of motion resulting from the 
operation of any one of these setup pulleys is de- 
termined bp the distance from the pivot point of the 
arm to the pivot of the pulley. 

Figure 112 shows an explodetl view of one position 
of the print setup unit. Each setup position includes 
two setup pawls ant1 a repeat pawl. Each of the setup 
bails has seven teeth, one for operating a setup pawl 
at  each position of the print setup unit. Although the 
lower bail is beneath the upper bail, its teeth are 
shorter so that the operating edges of the two sets of 
teeth are at  the same level. T h e  teeth of the lower 

bail operate between the teeth of the upper bail so 
that each bail has a tooth directly above a setup pawl 
a t  each position. Each of the setup bails oscillates left 
antl light a t  a speed of 1500 cycles per minute, but 
since they operate 180° out of phase, the effective 
speed ot operation is 3000 cycles per minute. 

If the setup magnet is energized, its armature is at- 
tracted to  permit the latch arm to follow into the low 
dwell of the reset cam. T h e  operating ear on the 
right end of the latch arm operates against the lower 
side of both setup pawls to move them upward. 

One of the bails will be in a retracted position at  
the time of the impulse to the magnet, but it will 
then move to the !eft antl engage its pawl. T h e  setup 
pawl will be moved to the left by the bail until it 
operates against the motion pulley stud, moving to 
the left also. ?'he upper end of the motion pulley arm 
will be moved to the left and the setup pulley will 
move to the right, thus imparting motion to  the setup 

tape, the control tape, and to the print stick. 

T h e  reset cam turns a t  1500 RPM. However, it has 
two high lobes and thus operates 3000 times per min- 
ute to reset the latch arm onto the setup magnet arma- 

ture, if it has been unlatchetl. 
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Figure 110. Schematic of 3i0 Printing Mechanics 

If a second consecutive impulse is received by the it will also cause the  repeat paxvl to move upward and 
setup magnet, one of the setup pawls a n d  the  repeat latch onto  the repeat pawl latch block. T h i s  will cause 
pawl will already be in a n  advanced position. T h e  the setup pullev to remain in  its operated position as 
operating ear of the latch arm will move the retracted one bail is retracted and the other advancecl. T h e  
pawl upward into the path of the retracted bail, and  advancing bail xvill give slight ad(litionni movement 

ONE OF TWO SETUP BAILS 

r L - 
- - - - - - - - - - - - - - - - - - Setup Boil 

U n i h  
of 

Motion 

I 

2 

10-1 h i t s  of Motion 6 4 2 

Figure 1 1  1 .  Functional Operation of Motion Pulle)s 

112 IBM R.4MAC 305 



to the repeat pawl as it reaches !!?e setup position, 
thereby allowing the repeat paw! to be unlatchetl from 
the repeat pawl latch block. 

I n  order to permit a parity check of characters which 
are set u p  for printing, each setup position operates 
a pair of setup contacts as shown in Figure 112. T h e  
BR setup position does not operate a setup pulley, 
bu t  does operate its pair  of setup contacts. 

Since there is only one latch to operate two s e t ~ ~ p  
pawls within each position of the pr in t  setup unit ,  the 
latch must be reset onto  the setup magnet annature  
before printing time. There  also must be some ar- 
rangement to prevent the setup pawl from dropping 
off the bail when the latch is reset. T h i s  is the function 
of the locking bar. As a pawl, which has been operated 
by the latch, is molerl by the bail in to  its setup posi- 
tion, :he step on the underside of the pawl reaches a 
position above the locking bar  before the latch is re- 
set. T h e  locking bar  will then prevent the pawl from 
dropping off of the bail un:il after the bail and  pawl 
are retracted (see Figure 112) . 

If, due  to some malfunction, the  latch should fail 
to hold the pawl high enough to clear the locking 
bar, the locking bar would be pivoted against its 

spring tension. T h i s  arrangement is to I N  r\ ent break- 
;rge in the e\ent  of a mech;tnical kiiltlre. 

Figure 1 13 sho~vs  a top 1 ie\v of the p~ int setup unit 

mountecl in the 350. 

Hammer Unit 

.-\ rear view of the hammer ant1 its ;tssociatetl nlechan- 

ism is shown on Figure I 14. T h e  Ilammer (11-ive shaft 
turns at  1500 K P N .  However, the gear ratio results in 
3023 R P ~ I  operation of the hammer c;mi sh;ilt. T h i s  
permits the hammer to be fired at  the same frequency. 
as the pr in t  stick is positioned for printing. 

* T h e  hammer platen, hammer arm, hammer cam 
shaft, hammer latch, un1;itching le\-er, tension adjust- 
ment mechanisn~, and  the three t r ip  tape pulleys just 
to the rear of the unlatching mechanism are all parts 
of the hammer carriage. I'he inner surface of the 1500 
R P ~ I  gear which drives the hammer cam shaft has a key 
which rides in a groove of the hammer drive shaft. 
Th i s  gear, being a part  of the hammer carriage, is 
free to move along the hammer drive shaft, but  turns 
with it. 
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Figure 11.8. Print Setup Unit  

In  the normal position, the hammer arm is held 
clear ot the hammer cam by the hammer latch. T h e  
370 must anticipate when a character is to be printed 
and  must energire the hammer magnet while the ham- 
mer latch cam is at its high dwell. T h e  hammer latch 
c;,m follolver \\,ill then follow the cam to its low dwell, 
causing the trip tape to be pulled. T h e  tightening of 
the trip tape causes the unlatching lever pulley to 
move downward, which causes the left end of the un- 
latching lexer to move upward. This  lifts the hammer 
latch clear ot the hammer cam follower, which is then 
free to follower the hammer cam down the gradual 
slope to its low dwell. As the hammer cam continues 
t~ turn, the sharp rise as it approaches its high dwell 
imparts sufficient momentum to the hammer arm to 
throw the hammer against the paper, ribbon, anti 
print stick. 

If the hammer magnet is not energized again for 
printing the next character, the hammer latch ram 
follower will be relatched by the hammer magnet 
armature and the hammer latch and unlatching lever 
will be returned to their normal position by spring 
tension. T h e  hammer latch then holds the hammer 
cam follower clear of the hammer cam. T h e  rebound 
lever insures against tlouble impression resulting from 
bounce of the hammer. 

As the hammer cam follo~ier is operated against the 
tension of its return spring when it is thrown forward 
to print a character, the printing impact may be ad- 
justed by positioning the tension adjusting lever to 
alter the tension of the spring. This permits adjusting 
the hammer impact for printing on multipart forms. 

Main Tape Drive 

The  preceding discussion has shown how the print 
stick is positioned for printing the various characters 
ant1 how the hammer is fired. I t  has also been stated 
that both the print carriage and the hammer carriage 
must move from left to right past the successive print- 
ing positions as a line is printed, and that they must 
move back to their home position after each line. As 
the 370 prints a maximum of 80 characters at ten 
characters per inch on one line, total movement of 
the carriage is s!ightly more than 8 inches. 

Figure 110 illustrates the manner in which the ham- 
mer carriage, print carriage, and half speed carriage 
are driven. T h e  hammer and print carriages are at- 
tached to the main drive tape and are pulled to the 
right at tape speed when the tape drive pulley is 

caused to rotate clockwise. T h e  half speed carriage 
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moves at half tape speed because of the block and 
tackle arrangement. 

T h e  tape drive plley is niounted on the emitter 
shaft, which will be explained later. T h e  emitter shaft 
is positively driven in its clockwise direction, but is 
I-eturnetl by the carriage return spring action through 
the half speecl carriage and the main drive tape. 

Figure 115 provides a front view showing the print 
carriage, half speed carriage, par: of the main drive 
tape, and the carriage return spring. 

Emitters 

As the print and hammer carriages are moved from 
left to right acrnss the form during the printing of a 
line, individual characters are read from the output 
track to impulse the bit magnets within the print set- 
up unit. Il'iring on the 370 control panel determines 
the character position of the output track from which 
a character will be selected for printing in each of the 
80 print positions. The  machine must have some 

means of determining, electrically, when the print car- 
riage reaches each printing position. 

Figure 110 shows that there is a definite relationship 
at all times between the horizontal position cf the 
print carriage and the angular position of the emitter 
shaft, to which the tape drive pulley is attached. 'l'his 
provides a means of indicating electrically when print- 
ing positions are reached. 

Figure 116 shows two emitter plates positioned to 
be wiped by brushes mounted on the emitter shaft. 
Each emitter plate has 80 spots, 40 on each side. Each 
wiper assembly includes two sets of brushes, one set io 

wipe the spots representing print positions I through 
$0 located on one side of the emitter plate, and a sec- 
ond set to wipe the spots representing print positions 
41 through 80 located on the opposite side of the 
emitter plate. 

T h e  emitter closest to the front of the machine is 
the print position exit emitter, and that closest to the 
rear is the print control exit emitter. The  actual func- 
tion served by these two emitters will be explained 
later. 

Figure 114. Hammer Carriage 
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Figure 115. Carriage and Print 3lechanisln 

Three circuit breakers. called E l ,  E2, ant1 E3, are 
also nlountetl ( ~ 1  the emitter shalt. Two o t  these are 
closed when the print carriage is in its home position, 
ant1 :he other closed when print position 80 has been 
passed. 

After the 370 I-ecei1.e~ a signal to cause it to pl-int a 
line, the driving mechanism for the emitter shaft is 
engaged. 'Illis causes the shaft to turn through a part 
of a re\,olution, pulling the print ant1 hammer car- 
riages past the successi\-e printing positions. and caus- 
ing the enlitter brushes to wipc the emitter spots. 
Tl'hen the last position to be printed has been passed, 
the emitter shaft is disengaged from its driving mech- 
anism, allowing the carriage return spring to force the 
carriage and the emitter shaft back to their home posi- 
tions. T h e  actual mechanism which drives the emitter 
shaft will be discussed later. 

Program Shaft 

T h e  370 control panel permits a very flexible arrange- 
ment of data in printing each line. T h e  format may 

be v;rried from line to line under control of code 
chirracters in certain character positions of the outprit 
tl-;rck. In  order to accomplish the selection of the tle- 
sirecl fornlat for each line, some time must be a l l o ~ ~ e t l  
betxvesn the signal to initiate a printing operation and 
lor the engagement of the emitter shaft drive. A set of 
timed impulses must be available during this time for 
the purpose of testing code characters and picking 
selectors. These in~pulses are pro\~idetI by the program 
shaft circuit breakers. 

T \ l~en  the 305 program directs the 370 to print, the 
first result is to energize the program shaft clutch mag- 
net (Figure 115).  This permits the program shaft to 
turn through one 320 rns cycle, at  the end of which 
the clutch latches. T h e  program shaft operates the 
cam contacts that can be seen mounted on the upper 
right corner of Figure 116. T h e  emitter shaft engages 
after 130 ms  of the program shaft cycle. 

T h e  program shaft clutch (Figure 1 17) contains the 
followirlg basic elements: a magnet and armature, a 
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latching mechanism, a clutch pawl, an eight-tooth 
ratchet, and a restoring device. The  clutch drive gear 
and the clutch ratchet are continuously running and 
ricle free on the program shaft. 

19'hen the clutch magnet attracts the armature, the 
latch is rotated in a clock~vise direction by spring ten- 
sion, thus releasing the pawl. The  pa~vl then pivots 
in a counterclockwise direction and engages in a tooth 
of the ratchet. The  pawl and pawl ann then turn with 
the continuously running i-atchet. Since the clutch 
pawl arm is pinned to the program shaft, the program 
shaft CB's are operated through one cycle. 

The  clutching mechanism is restored to normal dur- 
ing the program shaft cycle in the follo\ving manner. 
The  restoring cam operates against the roller to pivot 
the knockoff arm in a counterclockwise direction. T h e  
knockoff arm pulls the adjusting screw plate to the 
right by spring tension. Since the adjusting screw plate 
is attached by two screws to the latch arm, the latch 
arm is pivoted in a counterclockwise direction to re- 
latch on the armature. As the upper end of the latch 
arm moves to the left, it operates the knockoff bell 
crank, which knocks the armature free from the mag- 
net cores. 

Emitter Shaft Drive 

The  emitter shaft drive is engaged directly as a result 
of the operation of the program shaft clutch. The  
emitter shaft starts turning when the program shaft 
has turned for 120 rns of its 320 ms cycle. T h e  emitter 
shaft drive may be explrinecl with reference to Fig- 
ures 118 and 119. 

X sectcr gear is attached to the rear encl of the 
emitter shaft; it is driven by the sector drive gear. 
The  sector clrive gear is continuously running, but it 
normally does not ~ r ~ e s h  with the sector gear. 

In  order for clrive to be transmitted to the emitter 
shaft, the sector drive gear must slide approximately 
?/,-inch on its shaft, towarct the front of the machine, 
to mesh with the sector gear. This is accomplished un- 
cler con:rol of the face cam mounted on the rear end 
of the program shaft. 

As the program shaft turns through its cycle, the 
face cam follo~ver rides from a high dwell to a low 
elwell. A strong compression spring forces the face cam 
follower and the cam fol!ower operating plate toward 
the rear of the machine. T h e  cam follower operating 
plate causes the sector drive gear operating lever to 
pivot so that the sector drive gear is moved toward 

Print Control 
Emitter Plate 

Figure 116. Print Position S i t  and Print Control Exit Emitters 
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,Knockoff bell Cronk T 
gear meshed lvith the sector gear even after the face 
cam follo\ver ha5 returnetl to its high tl~vell. 

\Then printing on a particular line is complete, the 
line stop magnet must be operated to unlatch the sec- 
tor drive gear operating lever and permit the sector 
ilrive gear to tle-mesh. T o  prevent an!. possibility of 
oiertlriving the mechanisms operated h! the emitter 
shaft, the sector gear has only enough tecth to be 
driven thrcugh safe arc. In addition, 21 knockoff stutl 
on the side of the sector gear will oper;lte a lever to 
unlatch the line stop magnet mechanically if there 
should be electrical failure. This may be seen in Fig- 
ure 1 19. 

Viewed from the rear of the machine, as in Figure 
119, the emitter shaft, sector gear ant1 carriage return 
control cam turn counterclockwise during the printing 
of a line. .As they turn, the follo~ier for the carriage 
return control cam rides to a lower dwell, permitting 
the cam follower spring to lif-t the dash pot plunger. 
When the line stop magnet is energized to de-mesh the 
sector drive gear, the emitter shaft is pulled clockwise 
by the main drive tape back to its home position. 

T h e  follolver for the carriage control cam returns 
to its high dwell, pushing the dash pot plunger down- 
ward. T h e  dash pot thus absorbs the shock as the 
emitter shaft and the prin:, hammer, and half speed 
carriages reach their home position. 

R i d e  Free on Shoft 

7 P o w ,  

Figure I l i .  Program Shaft Clutch 

the front of the machine to mesh with the sector gear. 
T h e  pivoting of the sector drive gear operating lever 
causes it to be latched in its operated position by the 
line stop magnet armature. This  keeps the sector drive 

Figure 118. Face Cam, Cam Follower, and Sector Operating Lever 
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Line Stop Mognetr P 5 Clutch Mognetr 

Figure 119. Printer D r i ~ e  ant1 Clutch 3lechaniqnt 

Meckanirol Drive 

Figure 120 shows how mechanical power is trans- 
mitted from the motor to the various units within the 
printer. 

T h e  following continuously running mechanisms 
opfrate at 1500 RPM: the CRCB's, the hammer drive 
shaft, the aligner and ribbon drive shaft, and the print 
setup unit cams. AII of these units are involved in 
the printing of characters. Even though all these units 
operate at 1500 RPM, 3000 characters per minute (with- 
in a line) are printed. This is accomplished through 
the use of double cams and I to 2 gear ratios. 

A11 of the moving parts within the 370 which are 
not continuously running are under either direct or  
indirect control of the program shaft clutch. All of 
the non-continuously running parts, except the pro- 

- .  

gram shaft itself, are driven by the sector drive gear 
and returned by the carriage return spring operating 
against the half-speed carriage. 

Timing Relationships 

All continuously running mechanisms are timed to 
the CRCB index which is mounted on the hammer 
drive shaft. This index (Figure 121) turns at 1500 
RPM; hence, it requires 40 ms per revolution. I t  i s  

divided into two halves, A and B, each of which is 
graduated in milliseconds, 0 to 20. 

The  program shaft index (Figure 119) is attached 
to the face cam, which is mounted on the rear of the 
program shaft. As this index requires 320 ms for a 
cycle, it is graduated in increments of 10 ms, 0-32. The  
index is at zero when the program shaft clutch is 
latched. T h e  program shaft clutch itself may engage 
or latch only when the CRCB index is at A10. 

T h e  sector drive gear meshes with the sector gear 
to set the emitter shaft and the hammer, print, and 
half speed carriages in motion when the program 
shaft index indicates 13 (130 ms) . T h e  timing of the 
emitter spots must then have a definite relationship 
to the CRCB index. 

These timing relationships are shown on system dia- 
gram 0.09.50 and Figure 122. 

Form Feeding Mechanism 

T h e  370 Printer employs a forms tractor mechanism 
to feed forms by lifting at the marginal pin holes. 
This is the only provision for feeding, therefore forms 
must have marginal pin holes. T h e  tractor mechanism 
is driven from the shaft operated by the form feed 
ratchet shown in Figure 121. 

Units of single, double, and triple spaces are ob- 
tained by repetitive single spaces. Skipping also uses 
the repetitive single space method. 
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Figure 120. 370 Mechanical Drive 

Line space drive is obtained through two cams on 
the left end of the continuously running hammer 
tlrive shaft. T h e  function of the line space drive is to 
give an oscillating motion to the line space pawl. T h e  
pawl is norlnally held clear of the form feed ratchet 
by a disengaging arm. lmpulsing the line space mag- 
net allows the disengaging arm to cam forward and 
drop the line space pawl into the form feed ratchet 
by spring tension, as the pawl is at its maximum for- 
ward position. The  pawl and ratchet are then pulled 
back an amount equal to one space by the line space 
clrive cam, after which the disengaging arm lifts the 
drive pawl clear of the ratchet. T h e  ratchet is held 
in position by a spring loaded detent roller. 

On repetitive spacing, the line space disengaging 
arm is not relatched, but allows the drive pawl to drop 
into the next rachet tooth for another space. 

The  form feed employs a 12 channel tape to control 
the positioning of forms for skipping and overflow. 
Five of these channels, numbers 7 through 11, are 
inoperative on a standard machine. T h e  tape chan- 
nels are read by star wheel contacts (Figure 121). 

Selection Circuits 

T h e  only function of the 370 is to serve as a document 
printer under control of the 305 program. An auto- 

matic print operation is initiated by an impulse into 
the print hub  on the 505 control panel. As a result 
of this print signal, the program shaft clutch is oper- 
ated to provide a program shaft cycle. At 13 of the PS 
index the sector drive gear starts to drive the emitter 
shaft, which causes the operation of the print and 
hammer carriages. As the carriages move across the 
form and the print position exit emitter spots are 
wiped, characters for printing are selected from the 
output track by ;viring on the 370 control panel. The  
370 checks the parity count of each character printed, 
as it is read from S track. It also makes a parity check 
of the setup magnets energizect for each character 
printed. T h e  controlling circuits for each function of 
the 370 are describetl below. 

Print Ready 

Before a 370 can start to print a line, it must be in a 
ready status. T h e  ready light on indicates that the 370 
main line switch is on, forms are in the printer, and 
that S track is not interlockect. S track becomes inter- 
locked whenever the printer is printing ciata, after a 
setup error has occurred, or  after an S track parity 
error is detected. 

The  ready light on 7.74.12 glows whenever R1 and 
R2 are up. R I H  is picked on 7.74.11 through the 
start key, R40-3 N/O, and R41-2 N/O. R40 is the print 
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setup check relay. Its control is explained untler "Set- 
up  Check." Control of R41, the track check relay, is 
explained uncler "Track Check." R2H is picked 
through emitter cam El on '7.74.1 I. El indicates that 
the carriage is in the home position. The  names of 
the other points in the pick cf R2H indicate other 
conditions that prevent a ready conc!ition. 

Printer Not Ready 

Printer not ready is a signal to the process unit t11at 
the printer is unable to start a print operation or ac- 
cept new data on S track. This signal exists wheneyer 
the printer is printing, or after a setup error or track 
check error ha\ e occurred. 

OBJECTIVES: 
1. Printer not ready line high (2.07.03). 
2. Prevent T, = S program (3.02.08) . 
3 Prevent print star: (7.74.1 1) . 
T h e  pr~nter  not ready line is high whenever the 

print select relay is up. It is latch picked to begin a 
print operation. I t  is latch tripped after the last char- 
acter in the line has been printed. Howelver. R1-4 s /o  
on 7.74.12 prevents tripping if a setup error or a 
track check error occurs during the printing of a line. 

To prevent a T ,=S  transfer the not T.1: cycle gate 
is developed from printer not ready ancl T = S  on 
3.02.08. 

PI rntet c t l r t  t 15 pt ~ i ~ o l t ( ' d  h\ R2-1 N/O on 7.74.1 1. 
R3  cannot pick. I)) leleriing to Figure 122 you can 
see that R2 (11-011s earl) in a print operation. 

Printer Start 

Energizing the PS c111tch magnet causes the print stick 
to Ftart mo\ing nciosr the line to be printed. T h e  PS 
clutch magnet is picket1 whenever the printer is ready 
and a PROGRAM E X ~ T  impulse is received at the print 
hubs. Figure 122 s?io~vs the ~elays neecletl to pick the 
PS clutch. 

Line End 

T h e  movement of the carriage is terminated by im- 
pulsing the line stop magnet after all characters for a 
particular line have been printed. A line end opera- 
tion is started automatic all^ by emitter shaft CB E3 
after character 80 is printed. If less than 80 characters 
are to be p~in ted ,  printer operating time can be saved 
by wiring from the print control exit hub after the 
last character to be printed into the line end hub. 
Howexer, lrne ~ 7 1 d  ~ n u ~ t  not be impulsed before punt  
con tj ol r x r t  10. ?'his exception allows su6cien t time 
for the carriage to return home before the program 
shaft clutch is reenergized, when the 305 is interlocked 
with T ,=S.  The  cut of the program shaft face cam 
will not allow the carriage to return before print posi- 
tion 10 time. 

T h e  line end operation also removes the printer 
interlock and re-establishes the printer ready condi- 
tion. Figure 122 sho\vs a sequence chart of line end 
operations. 

OBJECTIVES: 

1. Energize the line stop magnet (7.74.42). 
2. Remove printer interlock (2.07.03). 
3. Printer ready (7.74.1 1) . 
T h e  line stop magnet is energized through CR13 

after R5 is picked. T h e  pick of R5  is initiated on 
7.74.42 by ES or the line end hub. 

Printer interlock removal is accomplished by latch 
tripping the print select relay. T h e  printer not ready 
line goes low when the print select relay is tripped. 
T h e  print select relay is tripped through R5-2 N/C, 

Rl4-2 N/O on 7.74.12 from CR-17. 

Printer ready indicates that the printer is ready to 
begin printing a new line. I t  is indicated when R2H 
is picked through E l  on 7.74.11. If a long line is 
printed R2 is picked when position 20 is passed on 
the carriage return. This  is the time when E l  makes. 
I n  the example of Figure 122, E2 never opened; SO 

Figure 121. CRCB Index and Carriage Tape Assembly R2H picked when CR19 made after R14 was tripped. 
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Figure 122. Printer Operation 

Print Start 

, , , ,  

' I !  I I..". "2- ?.in -F ~ I l l ! i l I l i ! i  
P- I p r 3  2 For ? Po, l Pas 5 P o l  6 

Printing Circuits 

Format control of a printed line is accomplished by 
wiring the print start and print stop hubs. T h e  COL- 

U M N  CONTROL EXIT of the first position of each field to 
be printed should be wired to PRINT START. This allows 
the hammer to be fired, and a set up  check to be made. 
Figure I22 shows the sequential operation of print 
start. 

OBJECTIVES:  

I .  Fire hammer (7.74.22) . 
2. Setup check (7.74.31) . 
The hammer magnet picks through 238-1 N/O. R38 

picks on 7.74.22 when an impulse is received at a 
print start hub. T h e  print position and print con- 
trol hubs emit impulses as long as R6 is up. 

A setup check is made whenever R38-2 N/C is open 
on 7.74.31. R39-2 N/O keeps R40 u p  for one print cycle 
after R38 picks until a setup check can be made (see 
Figure 122) . 

Print Stop 

Wiring print start and print stop hubs alIows format 
control. They are wired from COLUMN CONTROL EXITS. 

PRINT STOP prevents hammer firing and nullifies set 
u p  check. These objectives are accomplished by pick- 
ing R115 and dropping R38. Refer to Figure 122 and 
the objectives under "Print Start" for further arnpli- 
fication. 

Print Setup 

Once the carriage has started across the copy and PRINT 

START has been impulsed, i t  is only necessary to set the 
print stick and file the hammer to print. T h e  set of 
the print stick depends upon analysis of a character on 
S track. T h e  character to be printed depends upon 
control panel wiring (see Figure 122). T h e  print stick 
can be set up  whenever the print position emitter 
makes. I t  sets u p  when a control panel wire allows an 
emitter impulse to an output track hub. T h e  ham- 
mer fires when a printable bit is detected in the OUT- 

PUT TRACK position wired. 
T h e  print stick is set u p  by motion pulley move- 

ment. T h e  setup magnets are energized through print 
reiay points. T h e  proper print relays are picked 
when the character to be printed (selected data) is 
analyzed. Selected data is developed by "anding" S 
track data with the selected character gate. T h e  se- 
lected character gate is determined by control panel 
wiring. Figure 123 is a block diagram showing the 
logic of print setup. It combined with Figure 122 
shows the printing of a 2 in print position 3. 

OB JEGTIVES: 

1. Selected character (7.71.03) . 
2. Pick print relays (7.74.21) . 
3. Set print stick (7.74.22). 
4. Fire hammer (7.74.22) . 
The selected character is a "gate" that allows only 

one character of S data t c  be analyzed for each print 
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position exit impulse. The  character analyzed de- 
pentls upon the output track hub wired. The  develop- 
ment of this "gate" can be seen in Figure 123. T h e  6 
ms print position exit impulse passes through the FO, 
and C8 diode OR switches, and then is lengthened to 
13 ms using condensers and a discharge CB. T h e  con- 
denser and discharge CB at the F1 .\K of Figure 123 
are typical of the circuit connected to all 20 XK units. 
The  actual contlensors are the twenty .047 pf uniis 
connected to the .\K's on 7.71.03 and 7.71.04. CR21 
is the discharge CB. The  FO and C8 XK units develop 
a field 0-9 pulse during FO time and a CHO-9 pulse 
during C8 time. These two pulses "anded" develop 
the selected character. 

T h e  p ~ z n t  lelays enejglzed depend upon the thyra- 
trons fired on 7.72.01. The  thryatrons fire through 
CR2 on 7.74.21. Then the appropriate print relays 
pick through CR3 on 7.74.21. T h e  thyratrons fired 
tlepend upon the bit structure of the selected data 
character. The  "anding" of selected character and S 
read clata develops selectecl data. S read data is always 
present since S read data does not pass through the 
read matrix. 

T h e  p ~ l n t  strck I S  set after the setup magnets are 
eneigized. They are energized through print relay 
A / O  points and CRIO. 

Pr i r *  Position 

CR-22 
Rint Control Exit 

( 7.74.74) 

T h e  hammer magnet zs cne?;~rzrd through one or 
mvre print relay N / O  point and CK20. Notice or, Fig- 
ure 122 that the print position exit emitter wiper will 
be making on the 5 spot before the character selected 
by the 3 spot is printed. 

Checking Circuits 

Two separate parity checks are msde of each character 
piinted. The  first, a track check, verifie5 the parity 
count of each character printed as it is reatl from S 
t r kk .  The  second, a setup check, verifies the parity 
count of the setup magnets energized for each char- 
acter printed. T h e  check light glows and the 370 stops 
when an error is detected, or the control panel can 
cause either a "A" to print then stop the 370, or con- 
tinue to print succeeding lines. Each checking circuit 
condition is discussed below. 

Track Check 

R41 energized indicates a track check error. This relay 
picks whenever the thyratron 8D10 on 7.75.01 fires. 
T h e  pin 8 input to the thyratron is the selected char- 

Print Check Conml 
(7.74.31 ) R40 

Figure 123. Print Setup Logic 
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:tcter. This permits the thyratron to fire only for char- 
acters th;~t are printed. The  .02 ,LIT conklenser ant1 7.5K 
resistor at pin 8 delay the selected charltcter at least 
4 :rs so thrrt the Bs@B test j,ulse can fire the trigger 
just after the bit count of the character- 112s been made. 
The  test pulse chec-ks the contlition of the S parity 
control trigger. SE8;:-5 low. ~vhen the test pulse is 
present, indicates an otld nu~nber  of bits has just been 
tletec-tetl. 

Track Check Error 

R41 picks \+.hen a track check error occurs. Il'hen a 
track check error occurs, the 370 completes the line it 
is printing before it stops. The  track check error relay 
holds until R45 on 7.74.32 picks. ?'he printer check 
reset switch picks R45. .Is long as the track check error 
relay is up, i t  preyents re-establishment of the ready 
condition by preventing the pick of R1 and  R2 on 
7.74.1 1 .  ?'he printer not ready line is also kept high. 

After the print carriage returns to its home position 
R58 picks on 7.74.32. This lights the check light on 
7.74.1 2. Operating the check reset button, then the 
start button, re-establishes printer ready. 

Error Print-Delta Stop 

Improper control panel wiring can cause setup errors. 
\\'hen testing for this condition on a machine mal- 
function, it may be de~i red  to print a delta left of an) 
line which includes an error. Jackplugging the delta 
stop or delta non-stop hubs causes this. 

IVhen delta stop is wired the printer prints a delta 
left of the line in error after the carriage returns to it5 
home position. Then the printer stops in a not read! 
condition. Depressing the start key re-establishes print- 
er ready in this case. However, the check light remains 
ON. I t  may be extinguished by depressing the printer 
check reset button. 

Figure 124 shows the sequence of circuit operation. 
When the print stick is in its home position a delta 
prints if the hammer is fired. T h e  hammer magnet 
is energized through R43-3 ix/o on 7.74.22. R43 and 
R58 are picked through the delta stop hubs as the 
carriage nears its home position. R51 staying up  keeps 
the check light ON. R45 picks to drop the error inter- 
lock condition, R48 up. If the error had been a track 
check error, R41 would have indicatetl the error con- 
dition. 

Setup Check 

R40 up indicates a successful setup check. R40 up  is 
necessar) lor printer ready, therefore, n means of keep- 
ing it up  is needed whenever a setup check is not being 
matie. This means is through R38-2 x/c on 5.74.31. 
This circuit must be opened in order to test the setup 
contacts when a character is printed. If an ocitl num- 
ber of setup magnets are energizecl, there is a circuit 
through the setup contacts. 

A stud) of the picks and holds of relays 38, 39 ant1 
115 in Figure 122, reveals how these 3 relays control 
the time that setup checks are made. RS9 up  picks R40 
for the cycle between R38 pick ant1 the first setup 

check. R115 up  allows the last character printeti to be 
setup checked. 

Setup Check Error 

T h e  setup check relay, R40, drops when a setup check 
error occurs. T h e  370 finishes printing the line and 
then stops in a not ready condition with the printer 
check light ON. The  setup check relay is prevented 
from repicking by the setup check interlock relay, 
R48, on 7.74.31. R48 drops when the check reset but- 
ton is depressed. This allows a repick of R40. Depress- 
ing the start key then re-establishes printer ready. 

Error Print-Non-Stop 

\Vhen the non-stop hubs are jackplugged the 370 
prints a A to the left of any line with an error ant1 
continues operating \vithout any interruption. This 
is accomplishetl by iailing to destroy the printer read! 
condition. It an error occurs the check light turns oh 
and stays ON. 

Bottleplugging the non-stop hubs keeps R4-l 
up constantly. This allows the R44-2 N/O points on 
7.74.1 1 to keep the ready 1 relay held. Therefore the 

!a e re- ready condition is re-established when the carre g 
turns home in the normal manner. 

Other than the fact that the reatly contlition is not 
destroyeti this operation is the same as error print - 
delta stov. 

Pr in t  Contro l  Circuits 

Print control circuits increase the fiexibility and use- 
fullness of the 370. T h e  function anci operation of 
each circuit is described below. 

X-Eliminate 

In a n~imerical fielti a Bx in the units position digit 
indicates the complete number is negative. If such a 
Bx were allowed to to enter into the setup of a char- 
acter for printing, an alphabetical character would 
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Figure 124. Error Print -Delta Stop 

print. The  X-eliminate feature is provitletl to prevent 
this. The  wire from P R I N T  CONTROL EXlT 20 to X-ELIRI 

in Figure 125 operates the feature. 
If a Bx is suppressed by the X-eliminate relay, R34 

on 7.74.22, a print setup error indication will occur 
unless there is a modification in the pick of the BR 
setup magnet. T h e  table below indicates how this 
circuit is modified. 

CHARACTER SETUP hiAGNET 

CONTAINS BX BR 

Bx, BR, Etc. Suppress Suppress 
Bx, No BR, Etc. Suppress Pick 
No Bx, Etc. No pick Picked Normally (R25) 
T h e  above conditions are accomplished in the pick 
of the bit R setup magnet. 

The  370 may be wired to print a minus sign to indi- 
cate a negative number. T h e  two wires labelled A in 
Figure 125 accomplish this. This control panel wiring 
allows the Bx setup magnet only to be energired if 
there is a Bx in the units position. It picks only the 
RR setup magnet if there is no  Bx in the units posi- 
tion. R35 on 7.74.22 controls this operation. 

(7.74.22). The  R37-1 point prevents the hammer mag- 
net from being energized if only the BO relay, R16 is 
~ i c k e d .  T h e  first character containing any bit, other 
than a BO, will provide a circuit to the hammer mag- 
net and will pick R31 through R37-I N/O. R31-3 then 
opens the R37 hold circuit. R31 can also be picked by 
a print control exit impulse wired into the zero sup- 
press stop hub. Figure 125 shows proper control panel 
wiring. 

Print Space 

If PRINT START is wiretl from PRINT CONTROL EXlT 10 
and PRINT STOP from PRINT CONTROL FXIT  21, then 
every print position exit hub  from 10 through 20 
should be wired. If any print position exit hub  within 
this field is left blank, no  setup contacts will transfer 
causing a setup error. T o  prevent this, wire into the 
print space hubs from each print position exit hub 
which is not otherwise wired. 

An impulse into the print space hub (7.74.22) is 
taken to 8H8a (7.72.01) where it gates BR pulses onto 
the selected data line at 8J9b, where they are strobed 
with 0 C .  These BR@ C pulses cause thyratron 8R9 
to be fired. Thus. the BR relay and the BR setup mag- 
net are e::ergized to  prevent a false error indication. 

Zero Suppression 

I n  the numeric field it is often desirable to suppress Special Character Hub 

the printing of zeros to the left of the first significant A special character hub  on 7.74.21 may be wired from 
digit. This may be accomplished by a PRI NT CONTROL a print control exit hub  to cause the character thus 
EXIT wired into the zero suppress start hub to pick R37 selected to be printed. T h e  print position exit hub 
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KclNT CONTROL E X f l S  

\d X - ELIM 

FRlNT P O S I T I O N  EX11 

Figure 125. Numeric Field Wiring 

should be left blank for a printing position where a 
special character is to be printed. 

Analyzers 

An analyzer determines the Hollerith code of any 
character on the output track. I t  then emits an im- 
pulse from a combination of its exit hubs to indicate 
the code content determined. An analyzer operates 
during the early part of the program shaft cycle be- 
fore the emitter shaft drive engages. There are four 
analyzers. 

An analyzer reads a character on S track in  the 
same manner that a character is read for printing. 
T h e  same circuit is used and the print relays are 
picked. This is done because the circuit is not needed 
for printing early in the program shaft cycle. 

Figure 126 is a block tliagr;~m showing how the ana- 
lyzer relays are picked. The character to be analyzetl 
is determinect by the output track hub tviretl. T h e  ACI 

hub determines which ;~nalyrer ~vill  do  the analyzing. 
T h e  analyzer relays are picker1 through the appropri- 
ate print relay points zinc1 the program shaft CB asso- 
cialet1 \\.it11 the analyzc-r. 

Figure 127 shows the sequence ol aper:ttion when 
selecting character 51 to set up analyzer A, and of 
selecting character 13 to set I!]> analyzer D. 

Analyzer X detects a Bx. Analyzer D detects a R8. 

Multiple Line Printing 

T h e  370 can print u p  to 4 lines each time the print 
select hubs are impulsed. This operation is called 
multiple line ~ r i n t i n g ,  or MLP. Normally a different 
line program selector is energixed for each line to 
control format. Each of the NI.P out hubs, 1, 2, 3, and 
4, emits an  impulse during the early part of the pro- 
gram shaft cycle preliminary to the printing of its 
corresponding M L P  line. Usually an MLP start hub  is 

Trock 
99 

Charocter 9 
Gate 

7.74.53 

I B i t  Pulses 
X 0 1 2 4 8 R  

t t t t t t t  
PS 5 Print Thyrotronr 

7.74.53 

Analyze A 

Figure 126. Analyzer Logic 
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Figure 12;. Anal!zer Operation 

impulsetl after analyzing a character on the output lay. For example, during an MLP 4 operation the MLP 

track. Figure 128 shows control panel wiring for a 4 3 out impulse passes through R51-2 ~ j o  on 7.74.50 at 
line X ~ L P  operation. the beginning of the third nrLP line. R51 holds until 

Once an MLP operation starts, the output track must late in the third program shaft cycle. 

remain interlocked until the last line has been printed. 
The  program shaft rlutch magnet must be energized 
for each line to be printed. The  appropriate MLP out 
hub must emit an impulse for each line printed. 

OB JECTI\~ES: 

I .  interlock output track ('7.74.12) . 
2. Successive PS clutch picks (7.74.1 1) . 
3. MLP OUT impulse (7.74.51). 

T h e  output 11-uck remains interlocked as long 2s the 
print select relay, R172, is not tripped. R54-5 N/C on 
? - 1.14.12, an saw interlock relay point, prevents this. It 
serves to latch trip R14 instead. R54 was picked on 
7.74.50 and remains held until the last line of print is 
initiated. 

PS clutch picks occur each time R3 on 7.74.1 1 picks. 
R3 picks, whenever the carriage returns home, through 
R2-1 N/O. El  makes, as the carriage returns home pick- 
ing R2. T h e  last time the carriage returns home, R 3  
does not pick because R172 has been tripped. 

Line Program Selectors 

Each line program selector has eleven sets, of hubs. 
One set of hubs from each selector is grouped together 
above the print control hubs. T h e  other 10 sets are 
grouped together in the lower half of the control 
panel. Each set of hubs is connected via relays so that 
only two of them are common at one time. T h e  c 
and N hubs are common normally. T h e  c and 1 hubs 
are made common if the 1 PU hub is impulsed. The  c 
and 2 hubs are matie common if the 2 PU hub is im- 
pulsed, etc. Once a PU hub is impulsed the hubs so 
controlled remain common until line end. 

Figure 128 shows control panel wiring for a line 
program selector application. T h e  machine wiring for 
these selectors is shown on System Diagrams 7.74.61 
through 7.54.63. 

Selectors 

T h e  appropriate MLP out impulse is present thrclugh Twelve selectors of the conventional type are cata- 
a program shaft CB and the appropriate MLP start re- loged on 7.74.72. A sample set of hubs with the asso- 
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Figure 128. MLP Line Program Selector Application 

ciated relay point is shown at the top of the page. 
The  iocation of all hubs and identification of all relay 
points are shown in the table. 

T h e  pickup hubs for these selectors are shown on 
? F 1.14.7 I .  An impulse into the 5 hub picks R139, which 
holds until R11 picks at line end. This transfers all 
five points of selector 5. 

Form Feeding Circuits 

Paper Space Control 

T h e  370 may be wired for single, double, or triple 
spacing. T h e  line space magnet (7.74.42) must receive 
a CR17 impulse for each space to be taken. If the 
single, double, or triple space hubs are jackplugged, 
PSI, PS2, or  PS3, respectively, will be placed in the 
circuit to the line space magnet. The  timing chart 
(0.09.50) shows that TS1. PS2, and PS3 overlap one, 
two, and threi CR17 impulses respectively. Spacing 
occurs after the program shaft clutch magnet is im- 
pulsed, but before printing begins. 

Once the for111 is positioned at the desired line by a 
skip, normal line spacing is suppressed before printing 
that line. This I s  accomplished by R7 (7.74.42). R7 
is picked as R73 holds. R7 holds until PS 17 makes 
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after printing begins, and opens the circuit from the 
space hubs to the line space magnet. 

Carriage Tape Control 

T h e  370 form feed carriage eml~loys a stanclartl I R \ I  

12 channel carriage tape to control the positioning of 
the forms for skipping and o\.cl-Ho~z-. Five of thcse 
channels, numbers 7 through 11, are inol)el-ati~.c es-  
cept as an optional feature. X hoie in channel I of the 
tape is normally used to stop t12e carriage :it the first 
line of a form. X hole in channel 12 is usetl to initiate 
an overflow to a new for~n .  Holes in channels 2 
through 6 are used to stop a fol-m at one of 5 inter- 
mediate positions after skipping has been started. The  
holes in the tape channels are sensetl by star wheel 
contacts. 

T h e  form feed mechanism is c;iusetI to take rcpeti- 
tive spaces for all movements of the form. Except for 
form spacing operations, the form feed may not be 
advanced while a line printing operation is in prog- 
ress. T h e  repetitive iml>ulses to the line space magnet 
(7.74.42) for a skip or restore action are pro\,iclcd by 
a circuit through the selectetl saw TO channel relay 
points ancl the skip start relay point, R73-2 s / o  from 
CR17. This circuit is opened by the selectetl SKIP TO 

channel relay point as that relay is latch trippec! ~vhen 
the selected channel is reached. 

Programmed Skips 

In order to skip before printing, a skip to hub on the 
370 control panel must be impulsed before the print 
hub on the 305 control panel is iml>ulsed. If  sKlr TO 

is impulsetl after the print cycle has started, skipping 
will takc place after printing. 

A 370 print operation is normally initiated during 
a program step having T ,=S.  If it is tlesired to have 
the skipping take place before printing, the PROGRAII 

EXIT impulse is wired through a con~munication chan- 
nel to the appropriate skip to hub. T h e  same impulse 
is wired to CYCLE DELAY-IN. CYCLE DEI.A\'-OI'T then 
wiretl to P R ~ N T  an(1 to PROGRAM ADVANCE or PRO(;R.A>I 

ENTR\'. 
If it is desireci that skipping take place immcc1i;ttely 

after printing, either of two control panel wiring 
methods may be used. The  first requires that the PRO- 

GRAM EXIT impulse be wired into print hub anti the 
cycle delay-in hub. T h e  resulting CYCLE DELAY-OUT 

impulse is wired through a communication channel to 
:he desired skip to hub. This  same impulse is wired 
LO PROGRAM ADVANCE or PROGRAM ENTRY. T h e  second 
method makes use of an impulse at the 370 control 
panel, such as an ANALYZER EXIT impulse, to cause 
skipping. 



I t  is possible for a 370 to receive signal to ski]:, 
while it is in the process of skipj>ing. So that the 370 
can remember where to skip to, and to prevent a 
process unit  interlock, it has a secontl set o f  skip to 
relays. ?'he two sets of skip to relays take turns being 
the relays to store skip informatio11. T h e  function of 
the skip buffer control relays is to control xvhen the 
skip to relays >tore data. One set is prep;rred to he 
picked for every other print operation. 

Figure 129 shows sequeiitial relay operation for a 
skip to 2 before printing, printing, and a skip to 3 
after printing. T h e  printer receives the skip to 3 im- 
pulse while the skip to 2 is in operation. T h e  program 
that causes this operation is \1'99S9900&b. Cycle tle- 
lays are used in the wiring of the g- PROGRAN EXIT. 

Notice that the skip buffer control relays, R1.52, and 
R153, pick every other time the print select relays 

pith. .Also ship buffer rela>s, R177, 178, ant1 179, pick 
c \ n \  other time the program shaft clutch is energized. 
7 he figure s h o ~ s  R152, 153, 177, 178, and 179 as latch 
tllpl:,cd ~t the beginning of the sequence. They are 
tlipped \thene\er the 370 reset button is depressed. 

O~~JF.CTI\  ES: 

I .  Pick skip to relay (7.74.41) . 
2. Skip start ('7.74.42). 
3. Interlock 370 (7.74.1 1) . 
3.  Skip stop (7.74.41). 
A skip to rela$ is latch picked to remember what 

carriage tape channel hole stops the form movement. 
I t,stavs u p  until the hole is sensed. 

Skip starts occur when R73 on 7.74.42 is picked. 
K11-1-2 in the pick of R73 prevents a skip start when- 
ever a printer is already skipping. R73-2 N / O  aliows 

instruction. W9Cj99006'p 
Prog Exit 8: Skip To 2 ,  Cycle Delay I in Inrtruction: X99899006b 
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Figure 129. 370 Skipping 
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CR17 impulses to the line space magnet. 

Pv-inter i n t e ~ l o c k  is accomplished by dropping R2 
on 7.74.1 1. R73-5 x/c does this. 

Skip  stop is accomplished by dropping R'i3. R73 is 
held through a N/O skip relay point. Skip to relays 
are latch trippetl when the skip to hole is sensed on 
7.74.4 1. 

OBJECTIVE: 

1. Pick a skip to relay during a skip (7.74.41) . 
T o  pick a sk ip  to relay during a sk ip  it is necessary 

to use the set of skip to relays not concerned with the 
present skip. R152 and R153 points accomplish this. 
These relays are latch picked every other print opera- 
tion on 7.74.40. Rl77-1 N / C  controls this. Referring to 
7.74.40 you see that R177 is latch picked every other 
PS clutch pulse under control of R152-3 N/O.  Refer to 
Figure 129 to see the timing of these relay operations. 

Overflow 

T h e  overflo~v hubs (7.74.41) emit a PSI7 impulse 
after printing starts if the channel 12 contact is closed. 
T h e  OVERFLOW impulse is wired to a skip to hub to 
cause a skip to a hole in the desired channel after 
printing of the line is complete. 

Restore 

Depressing the restore switch causes a skip to 1 opera- 
tion. When you operate the restore switch on 7.74.42, 
one of the skip to one relays, R155 or R156, picks. 
R114 on 7.74.40 latch picks. When the restore switch 
returns to normal, the skip start relay, R73, picks on 
7.74.42. T h e  circuit then operates as a normal skip 
to 1 skip. 

If the channel 1 star wheel contact is already read- 
ing a hoIe when the restore switch is operated, the 
skip takes place nevertheless. This is insured by R114-1 
N/C on 7.74.41, which holds open the circuit to Iatch 
trip R155 or R156. T h e  first impulse to the line space 
magnet also latch trips R114. 

Optional Features 

MLP Repeat 

Up to 8 lines of MLP may be printed by using this 
feature. I t  c ~ ~ ~ s i s t s  of relays and control panel hubs to 
permit extended control of MLP. MLP and I\ILP repeat 
control panel hubs are shown in Figure 130. T h e  wir- 
ing in this figure also shows an example of wiring to 
cause a 6 line MLP operation. T h e  XILP repeat in hub  
must be impulsed before analysis time of the last 
standard MLP line called for has passed (line 3 in Fig- 
ure 130) . 

Impulsing the ni1.p repeat in hub  picks R56 on 
7.74.50 to allow a hold for R54 through R56-2 N/O 

until YS-16 makes again on 7.74.51. With R54 u p  the 
printer select relays may not be tripped, so the printer 
proceeds into repeating MLP. T h e  MLP repeat out hub 
emits an impulse during the first hrLp repeat program 
shaft cycle. This  impulse is directed by control panel 
wire to an MLP in hub. T h e  MLP in hub  selected de- 
termines the number of MLP repeat lines of printing. 
In Figure 130 the number of additional MLP repeat 
lines of printing is 3. R59 remains up  throughout the 
MLP repeat operation to activate the MLP 5, 6, 7, and 
8 hubs. 

ANALYZER A 

Figure 130. MLP Repeat Control Panel 
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323 Punch 

The  323 Punch serves as one of the output devices for 
the RAMAC 305. Its operation during automatic proc- 
essing is under control of the 305 program, supple- 
mented by control panel wiring on the punch itself. 
TVhen a program exit impulse is received at the punch 
hub on the 305 control panel, the 323 takes a cycle. 
During this cycle, data is selected from the output 
track, translated into Hollerith code, and punched 
into a card. 

Mechanical Principles 

Feeding Mechanism 

The  feed knives feed one card through the throat into 
the first set of feed rolls for each revoiution of the 
punch clutch. The  feed rolls then carry the card past 
the punch station and the brush station to the stacker. 
T h e  k n i ~ e s  are driven back and forth by gear sectors 
which mesh with the knife racks. T h e  gear sectors 
are pinned to a shaft which moves back and forth 
under the control of complementary cams mounted 
on tht. punch clutch shaft as shown on Figure 134. 

Die and Stripper 
I 

Punch Brush 
Card Lever Contact 

Levsr Contact Lever Contact 

Figure 131. Punch Feed Schematic 

When a card is fed from the hopper, i t  is fed 
between the first pair of feed rolls. T h e  feet1 rolls 
operate intermittently under control of the genevrr 
The  feed knives are timed to carry the card u p  to the 
first feed rolls while the feed rolls are stationary. T o  
insure that the first feed rolls will pick up  the card, the i 

knives buckle the card slightly just before the feed 
rolls start turning. 

T h e  upper feetl rolls are mounted in fixed bearings. 
The  iower feetl rolls a]-e provided with pivoted bcar- 
ings to allow separation of the rolls when a cart1 is 
fed between them. Feed roll tension is provided by 

! 
a pressure bracket consisting of four bearing shoes 
held against the feet1 roll shaft by compression springs. 

T h e  card also passes a jet of brushes and a contact 
roll. T h e  brush assembly consists of 80 individual 
brushes mounted in a brush holder so that they are 
insulated from each other. 

Figure 131 shows a schematic diagram of the punch 
feed. Cards are placed in the hopper, face down, 12- 
edge toward the throat. During the first feed cycle. 
the bottom card is fed from the normal hopper loca- 
tion to a position v;htre its leading edge is just enter- 
ing the die and stripper. .At the end of the first feed 
cycle, the die card lever contact has been closecl in 
addition to the hopper card lever contact. 

Stocker Roll 

5to; ker 
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During the secontl feet1 cycle, the first cartl is 
:\tlv:~ncctl p:r\t thc (lie :ant1 stripper to a position 
\\here i t 9  1e;ltling etlge hits just reachcct the brush 
st;ttion. T h e  sc.conil c;t~nl i, atlvancetl to the position 
whcl-e i t 9  1c;rtlillg rtlgc is just entering the die antl 
s t r i l q ~ ~ - .  . - i t  the twtl 01 the second cycle, the brush 

1 c;lrtl l e ~  YI. cont;ti r h;is 1)ec.n closed in aclrlition to the 
tlic c:rrtl I v ~ c r  co11t;lt t ;111(1 the hoppel- c ; ~ ~ - t l  ]eye]- con- 
tact. 

Dul-i~lg thr thitnl Sect1 cycle, the first cart1 molres 
past the re;ttlillg c:tntion. the second cartl moves past 
the rlic :111tl st~-il)~,er. antl rhe third carcl is atlvancetl 
l'rorll thr  I~ol,pe~.. P ~ ~ n t h i n g  111:r) be performed on this 
ant1 on ; i l l  subseclncnt feed t!cles. 

Drive Mechanism 

P o u w  to clrive thC 323 Punch is pro\~icletl by the drive 
motor. tliagl-:in1 of the tlrive mechanism is shown 
in Fig~il-c. I S .  

\Then thy tll-i\-e tnor or is energized, the following 
~nechanizms operate continuousiy: 

I .  hlotor, \'-bclt. ;+ntl tlrive ~ ~ u l l e y .  
2. C;enel-a tlisk. 
3. Eccentt-ic shaft. 
4. Oil pttmp. 
5. Punch clutch ratchet. 
All of the other mechanisms are under control of 

the punch clutch. T h e  feed rolls, contact roll, antl 
stacker roll are untler further control of the geneva 
clutch. 0per;rtion oS the punch clutch causes the 
geneva clutch to engage mechanically in a manner 
which ~.r.ill be tlescribetl later. 

/ 
Punch Clutch Rvtchet 

Dynamic T i m  

Figure 132. 323 Mechattical Drive 

Corm 

Drive 

T1:hen the motor is in operation, hut with neither 
clutch engaged, the drive pulle) turns the tlriye ~ ~ u l l e ~  
shaft to which the pulley is kc\ed. Xttacheci ro thic 
shaft inside the gear housing are trvo gears, the gene1.a 
tlrive gear antl the eccentric shaft tlrive gear. 

T h e  eccentric shaft drive gear operates the eccentric 
shat't, ~vhich in turn transmits 111oti011 to the punch 
bail. T h e  gene\-;# dri\-e gear operates the geneva, the 
geneva ratchet, ant1 also the punch c l ~ ~ t c h  itller gear 
ancl shaft. Pinned on the outsitle of the icller gear 
shaft is a small gear which drives the intermediate 
index gear (Figure 139) .  T h e  punch clutch 14-tooth 
ratchet is a part of the intlex gear asbembly anti 
rotates continuously as long as the motor is in opera- 
tion. T h e  intermediate index gear and ratchet rotate 
on the punc!l clutch shaft, but are not pinned.to it. 

In  order to place the other machine units in oper- 
ation, it is necessary to unlatch the punch clutc11 pa1\,1 
from its armature so that it will engage in the c-ontin- 
uously running 14-tooth ratchet. 12'hen the patvl 
engages, the punch clutch shaft turns \vith the ratchet. 
One of the gears mountetl on the punch cl~itc-h shaft 
drives the P-cam shaft. ?'he geal- on the outsitle end 
of the punch clutch shaft clri\-es the dynamic timer. 
which is the index for the 323. 

S4'ithin the gear housing, pinned to the punch clutch 
shaft, are two sets of complementary cams. One  set 
of cams operates the feeti knives, anct the other con- 
trols the engaging of the geneva clutch pawl with its 
ratchet. 

T h e  geneva pawl ant1 pav l  alln are normal!) stn- 
tionary, but when the p a ~ c l  engages with the 3eneva 
ratchet, they are tiriven b y  the gene\n disk, ~vhich 
imparts an intermittent motion to the pawl and ;):~.rvl 
arm. MTe!t!etl to the gene1.a pawl arm is the pawl gear, 
which serves as the drive gear for all feed rolls, rhe 
contact roll, and the stacker roll. Because all of these 
rolls are driven from the grneva, they all turn inter- 
mittently. T h e  intermittent movement is necessary so 
that the cartl will be stationary when punching occurs. 
Only the upper feed rolls and the contact roll are 
driven bv the gear train in the housing. T h e  lou~er feed 
rolls are driven by their corresponding upper rolls 
through gears at  the front of the machine. T h e  stacker 
i-011 is tiriven by a gear train from the last feed roll. 

Punch Clutch 

T h e  punch clutch has a 14-tooth ratchet similar to 
the one-tooth ratchet commonly used o n  IBM equip- 
ment. T h e  principal parts of the clutch inclutle the 
continuously running 14-tooth ratchet, a clutch pawl, 
a latching mechanisnl, and a magnet. T h e  magnet 
provides a means of electrically controlling the oper- 
ation of the clutch. T h e  clutch magnet armature serves 
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Line 

Line 

Figure 133. Punch Clutch 

as the latching mechanism to latch the pawl and keep 
it from engaging in the ratchet. 

It'hen the magnet is energized, the armature 1s 
attracted and the pawl is unlatched. T h e  pawl spring 
causes the pawl to pivot in a clockwise direction to 
engage the 14-tooih ratchet when the next ratchet 
tooth reaches the pawl. The  pawl pivots on a stud 
fastened to the clutch pawl arm, which is pinned to 
the punch clutch shaft. Thus, when the pawl turns 
with the ratchet, the shaft must also turn. 

Once the pawl is unlatched, i t  must make one 
complete revolution before it car, be relatched, because 
there is but one latching point. For this reason, it is 
necessary to keep the armature attracted only long 
enough to allow the pawl to engage the ra td~e t .  

When the pawl reaches the end of its cycle, the 
armature has been returned to its normal position by 
the return spring, and the tail of the pawl will strike 
the armature, causing the pawl to be ~ a m m e d  out of 
mesh with the 14-tooth ratchet. When the paw! has 
been cammed out of mesh, the keeper drops behind 

the clutch pawl arm and prevents the clutch shaft 
from turning backward. Without the keeper, the shaft 
might turn backward because of the rebound, and 
the pawl could drop against and catch on the 14-tooth 
ratchet. This nipping action would have a tendency 
to round off the edges of the ratchet teeth. 

The  latch point of the punch clutch is 14.5 on the 
index. 

Index and Cycles 

Since all of the mechanical and electrical actions in 
the 323 must be synchronized with each other, it is 
necessary to have a common index to which all 
machine timings may be referred. T h e  dynamic timer 
serves as the index for 323 operations. 

For convenience in measurement, one cycle is 
divided into units called cycle points. T h e  most logical 
unit of division is the distance between successive 
punching positions on the card. The  distance from 
the 12 punching position to the 11 punching position 
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Figure 134. 323 Hopper 

in one card represents one cycle point. The  distance 
from the 12 punching position in one card to the 
12 punching position in the following card is one cycle. 

There are 12 punching positions in each column of 
the card. Since each punch position is 1/4 inch from 
the next, the card moves inch on its path through 
the machine for each cycle point. 

Since the card is 3% inches wide, 13 cycle points are 
required to advance a card past any given point. In 
this machine there is 1/4 inch between cards; therefore 
the cycle consists of 14 cycle points. T h e  teeth on the 
intermediate index gear and the marks on the dynamic 
timer scale are used for further subdivisions. A timing 
given as 11.1 indicates one tooth past the 11 index 

mark. Since the punch clutch latches at 14.5, this is 
the starting point of each machine cycle. 

Geneva Mechanism 

As indicated previously, the feed rolls must operate 
intermittently to allow punching of the card. The  card 
must be standing still when punched, but it must be 
moved to a new punching position fourteen times each 
cycle. This  intermittent motion is provided by the 
geneva mechanism. 

T h e  geneva drive gear is located just inside the gear 
housing and pinned to the pulley shaft. A stud and 
roller fastened to this gear operate in the slots of the 
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geneva (Figure 135) . T h e  hub of the geneva drive 
gear is a cam surface for approximately two-thirds of 
its periphery. T h e  cam surface holds the feed rolls 
in a stationary position during punching time by 
locking the gene\a in position. 

T h e  geneva disk has seven deep slots and seven 
bhallolv cuts. T h e  roller of the drive gear operates 
in the deep slots antl the can1 surface rides in the 
shallo~tl cuts. .Is the drive roller leaves the deep slot of 
the geneva disk, the cam surface turns into the shallow 
cut, thus stopping the geneva disk from turning and 
holding it until the drive gear has rotated to a point 
where the drixe roller enters the next deep slot. Then 
the cam surface has turned to a point where it releases 
the disk antl allolvs it to turn freely. 

T h e  geneva disk and disengaging cam turn contin- 
uously as long as the drive motor runs; however, n o  
motion is transmitted to the feed rolls until the 
genevd pawl is engaged with its 7-tooth ratchet. T h e  
genela ratchet is pinned to the same shaft as the 
geneva disk. This  shaft runs through the geneva pawl 
arm and gear (Figure 137). T h e  pa\v1 is free on the 
shaft and does not turn unless the pawl is engaged with 
the ratchet. 

When the punch clutch is not engaged, the geneva 
pawl is cammed away from each tooth of the 7-tooth 
ratchet by the disengaging cam roller. T h e  disengag- 
ing carn makes one revolution each cycle point. Before 
the 7-tooth ratchet starts to turn counter-clockwise, the 
disengaging cam roller moves against the :ail of the 
pawl, raising it out of the ratchet tooth. T h e  geneva 
and the 7-tooth ratchet start to turn. After the pawl 
is clear of the ratchet tooth, the disengaging cam roller 
moves to the left, allowing the pawl to ride down into 
the next tooth. 

Because the <!isengaging cam makes one revolution 
for each index point, it will operate the disengaging 
rol!er and raise the pawl to clear each tooth on the 
7-tooth ratchet. By hand-cranking the machine, it can 
be noted that the disengaging roller prevents the 

geneva pawl from engaging. 

T h e  operation of the geneIra pawl is controlled by 
the pawl disengaging roller. As shown in Figure 137, 
the pawl disengaging roller is mounted on an L-shaped 
lever which pivots on the latch cam arm. lIThen the 

punch clutch is engaged, the latch cam turns, causing 
the latch cam arm to rotate in a counter-clockwise 

Figure 135. Geneva Mechanism 
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r i v e n  Gear TURN 1 

PINNED TO 

SAME SHAFT 
Geneva Disk 

12igure 136. Geneva Asse~nbl) 

direction. .As the latch cam arm rotates, the upper end 
mover to the lelt and down, allowing the pawl dis- 
engaging rollel to Inole away from the pawl, permit- 
ting the pawl to engage the next tooth of the geneva 
ratchet. 

As the punch cycle is completed and the punch 
clutch latches, the latch cam causes the latch cam arm 
to rotate in a clockwise direction, carrying the paw! 
disengaging loller to the right. Th is  allows the clis- 
engaging cam to 1-ai5e the pawl out of the geneva 
ratchet tooth. 

T h e  geneva ratchet makes two revolutions each 
punch cycle. T h e  genela pawl is not disengaged after 
the first revolution ot the geneva ratchet because the 
latch cam arm is movetl back into the disengaging 
position only at the end of each punch cycle. 

Principles of Punching 

T h e  mechanism for punching holes consists of the 
tollo~ving: 

1. 80 indivitluai punches, each controlled b> an  
interposer. 

2. 80 punch magnets together with armature and 
pull wires to control the 80 interposers. 

3. I? punch bail to drive the punches through the 
card. 

4. An eccentric drive shaft and links to operate the 
punch bail. 

For each caxd column there is one punch which may 
punch d hole in  any of the 12 punching positions. T h e  
card feeds 12-edge first, and every 12 hole to be 
punched is punched a t  12 time. T h e  card then moves 

to the 11 position and every I 1  hole to be punched is 
punched T h e  process is repeated for each of the txvclve 
digit positions. 

As previously mentioned, the eccentric shaft operrires 
continuously, as long as the (11-ive motor is in opera- 
tion. T h e  purpose of the eccentric shaft, I\-ith its links 
to the punch bail, is to conl-el-t the rotary motion of 
the shaft to the reciprocating nlotion necessary to 01)- 
erate the punrh bail: this is illustratetl in Figui-e 138. 
Only one of the 90 punches with its associatetl puncll 
magnet is shown. 

When the punch magilet is not energized, the punch 
bail may move u p  ant1 tlo~vn without contacting the 
interposer; therefore, no  i~unching takes place. \\.hen 
the punch magnet is energizetl, its armature is a t -  

tracted, and through the pull wire the corresponcling 
ir~terposer is pullecl under the punch bail tongue. .As 
the punch bail tongue moves down, it carries the 
punch interposer ant1 the punch connectetl to i t  clown 
through the card. On the return stroke, the punch is 
positively withtlrawn from the card by the action of 
the punch bail. .As the inrcrposer is retul-net1 to its 
normal position, the upper ro~lndetl edge strikes the 
knockoff bar and the interposcl- is cammed ;i12~ay 11-om 
the punch bail tongue. T h e  interposer spring then 
holds the interposer in normal pcsition. 

Direngaging Corn 

/ 

Genevc Roller 

7 Twth Rotchet 

Lotch Corn Arm 

Figure 137. Geneva Asse111bly and Drive 
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Stripper 

Die 

Figure 138. Principle of runching 

Magnet Unit 

T h e  punch magnet unit consists of 80 punch magnets 
along with their armatures antl pull wires, 80 inter- 
posers and punches, the die antl stripper assembly, and 
the punch hail assembly. 

Therc are three types of interposer and punch as- 
semblies. One type is used in the first column, a 
second type in the 80th column, and a third type is 
used in all columns from 2 to 59 inclusive. The  inter- 
poser used in the 80th column is provided with a long 
stud for the eye of the magnet pull wire to prevent 
slipping off the stud. The  interposer used in column 
I is attached to the punch to prevent the interposer 
from slipping off. T h e  space between the interposers 
prevents the interposers from sticking together and 
causing extra holes to be punched. 

T h e  magnet unit is held in place by four mounting 
screws and is located by two aligning screws. The  mag- 
net unit aligning screws are located approximately 
midway right and left on the front and back of the 
magnet assembly. These aligning screws determine 
the vertical punching registration. T h e  left front and 
back mounting screws hold the punch magnet assem- 
bly through wide slots. Thus, horizontal registration 
can be adjusted. The  right front and back mounting 
screws pass through elongated holes to permit vertical 
registration adjustment by the aligning screws. 

Oil Pump 

'The oil pump is a simple rotary-vane pump. I t  is 
located inside the gear housing on the shaft of the 
small gear which drives the index. I t  pumps the oil 

from the bottom of the gear housing to the top, where 
it is free to run down over the geneva mechanism and 
gears. 

The  rotor is pivoted off-center in the housing. T h e  
expansion chamber at the inlet provides a vacuum and 
causes the oil to enter the pump from the well below. 
T h e  compression chamber at the outlet causes oil to 
be forced out at the top. See Figure 139. 

Card Feed Control 

The  fundamental purpose of the 323 is to serve as an 
output device for the RAMAC.  It may also be used as a 
gangpunch when it is not required in the RAMAC pro- 
gram. When used exclusively for gangpunching the 
gangpunch hubs on 7.44.21 must be jackplugged. 
When used as an output device in the R A n i A c  system, 
the run interlock hubs must be jackplugged. In this 
condition the 323 may gangpunch and punch from 
the output track. The  following discussions cover the 
323 when used as a RAMAC output device. 

Punch Ready 

It is necessary to place the 323 in a ready status before 
it can operate as an on line output device. This is ac- 
complished by depressing the start key after placing 
cards in the hopper. This causes two feed cycles, and 

Compression 
Chamber . . ...:.. 

Outlet- -1 - -  Puma Vane 

Pump Housing \ 
Expansion 

Figure 139. Oil Pump 
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Figuit 140. Punch Feed Cycles 
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then turns on the ready light. T h c  second card into 
the 323 will be the first card punched by the RAMAC. 

Once the punch is reacty, feeding of cards is con- 
trolled by the process unit. Each PROGRAM EXIT impulse 
received at the punch hubs causes one punch feed cycle 
until the hopper runs out of cards. In this case. punch 
ready is obtailled by placing cartls in the hopper, then 
depressing the start key. 

IVhen a job is complete, cards may be run out of the 
feed by removing the cartls from the hopper, thcii de- 
pressing the start key. 

OBJECTIVES: 

1. Energize the drive motor (7.44.51) . 
2. First card feed cycle (7.44.22). 
3. Second card feed cycle (7.44.22) . 
4. Punch ready (7.44.21) . 
T h e  drive m o t o ~  operotes when HDI is up. HDI 

picks on 5.44.22 when R17 picks parallel to the punch 
d u t c h  magnet. Once the motor starts, i t  runs continu- 
ously until machine DC power is removed. 

T h e  fil-st card feed cycle is obtained by impulsing 
the punch clutch magnet through PI 1 on 7.44.22. R16 
picks through the start key and R15-1 s / o  on 7.44.21. 

T h e  second card feed cycle is accomj~lished in the 
same way that the first is. Figure 140 is a sequence 
chart of card feed relay operation. 

T h e  punch 1-eady light glows when R18 on 7.44.22 
picks with R16 down. R16 does not pick because 
R4-6 N / C  is transferred. T h e  circuit for the light passes 
through R11-1 N / O  on 7.34.21. R1 I picked late in the 
second card feed cycle. 

Punch Setect Feed Cycle 

Each program exit iillpulse into the punch hubs on 
the 305 control panel causes one punch feed cycle. 
When this happens R16 on '7.44.21 is picked through 
R151-3 N / O  on 7.44.22, providing the punch is ready. 
T h e  C R  cam in this circuit is timed to close one index 
division after each tooth of the punch clutch ratchet 
passes the latch position. R16 energizes the punch 
clutch so that the clutch pawl will engage the next 
ratchet tooth. During this cycle, data will be selectetl 
by control panel wiring from the output track, and 
will be punched into the cart1 passing the die and 
stripper. T h e  punching circuits will be covered later. 
In  Figure 140 the third and fourth cycles are examples 
of relay operation during a punch select cycIe. 

Punch Not Ready 

Whenever data is being punched the transfer of new 
data to S track is prevented by the punch not ready 
line o n  3.02.08. Th is  input keeps the not W cycle gate 

line high. T h e  ptlnrh not re;~tl!- line is high whenever 
the punch select rel;~);, R171 o n  2.07.03, is up. R171 
is latch tripped just after 9 tilne punching. On the 
rhircl feed cycle this impulse Ixlsses through R9-2 x/c  
on 7.44.31. On the fourth ant1 sutcessive c!-cles it must 
])ass through the n rsc  relay points. nrRc checks are 
nlntle only fronl the fourth feet1 c!-cle on. R l i l  is latch 
tripped i f  there has been a s~~cressful DFRC check or if 
rhe DPRC stop hubs are not wiretl. T h e  R171 I,T im- 
pulse also p;isses through R22-1 N / C  on 7.44.22. Th is  
insures that a successful p;~rity clleck of S track has 
been made. Parity check ; ~ n d  DPBC are tlisc~ssetl later. 

I f  the punch takes only one punch cycle, punch 
ready is obtained v:hen RlcS picks. It  picks through its 
hold coil ant1 R171-3 ~ / c  on 7.44.22. 

Punching Circuits 
Control panel flexibility allolvs data from any S track 
character to be punr l~ed  in any column of a card. T h e  
bit data on S track must be translatetl to Hollerith 
code impulses at the appropi-iate output track hub  to 
clo this. Then a wire from the output track hub  to a 
punch magnet hub causes punching. T h e  logic of this 
translation is shown in Figure 141. 

Whenever the digit impulse CB's make, all charac- 
ters of S track must be analyzed to determine if their 
associatecl thyratrons should fire. This is possible be- 
cause each CB impulse is 23 milliseconds long, which 
is equivalent to 2y3 drum revolutions. A thyratron 
fires if, at a given impulse and character time, the 
gated data ant1 decocter output compare equally. At 
RR of the character analyzed, a punch gate is devel- 
oped i f  there is an equal comparison. Do not be mis- 
led by the ~vords "punch gate." T h e  signals on the 
punch gate line are actually BR pulses. T h e  character 
timing of the punch gate determineswhich thyratron 
fires. 

OR JECTIVES: 

I. Gated data (7.42.01) . 
2. Decoder output (7.41 .01) . 
3. Equal compare (7.43.01). 
4. Punch gate (7.43.01) . 
5. Fire thyratrcn (7.45.00 - 7.45.09) . 
T h e  following describes the development of the 

above objectives when a Bx and BO are sensed in COI 
at  12 impulse time. Refer to Figures 141 and 142 when 
developing these objectives. 

Gated data is developed whenever there are 3 co- 
inciding inputs to either of the "and" switches on 
7.42.01. I n  this example 8F6b conducts during BX and 
BO time. 

T h e  decoder ou tpu t  consists of Bx's and BO's as long 
as the punch emitter is made for 12. 
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NOTE : Additiond Circuihy is Recpird to Accomplish the 

Translation of Special Characten Hoving 3 -8 or 4 -8 Combination . 

Figure 141. Punch Translation Logic 
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A n  ~ q u a l  cornpa)-ison occurs at COl time because the 
inputs are equal. 

A punch .gate is developed at BR of any character 
whose inputs to the comparator are equal. T h e  trigger 
at 856 is not flipped when this gate is de\~elopecl. The  
trigger is flipped when a character is not to be punched. 
T h e  trigger is reset after each character at Bx time. 

A thyratron fires during digit impulse time when the 
punch gate coincides with the thyratron's cliaracter in- 
put, COOBR in this example. 

Translation of 8-3 and 8-4 Combination 

hlost special characters have an 8-3 or 8-4 Hollerith 
code combination as seen in Figure 1. Because of this 
the punch translation logic of Figure 141 is modifictl 
on the machine. Analysis of Figure 1 shows that the 
modification of the translation circuitry must accom- 
plish the following objectives. It^ the chara~ter  con- 
tains: 

B1 + B2 + B8 a 3 and 8 must punch. 
B4 + B8 a 4 and 8 must punch. 
B8 .An 8 must punch. 
BI + B 8  .An 8 must not punch. 

T h e  above objecti~es are accomplished by control- 
ling the trigger 856 to originate a punch gate when you 
need it. 
OBJECTIVE: 

Punrh 3 or 4 with a B8 present (7.42.01). 

When the 323 emitter is making on its # 3  spot or 
its #4 spot, the decoder circuit supplies B1 ant1 B2 
pulses or B4 pulses, respectively. A character on the 
output track may include a B8 in combination \\,it11 
a B1 and B2 or a B8 in combination with a B1. In 
either of these cases the presefice or' the B8 in a char- 
actel must be prevented from tlestroying the compari- 
son between the gated data anci the decctler pulses. 
For this reason, B8 pulses are excludetl from the gated 
data when the 323 emitter is making on it, 2 3  spot 
or its #4 spot. This is accomplished on 5.42.01 where 
the inversion of EM 4 or Ehl 3 prc\ents B8 pulses 
from being gated through 8C9b. 

Oe JECTIVE: 

Punch 8 with B8 present (7.43.01). 
At 8 emitter time to insure that an 8 is punched 

when a B8 is present, the lower half of the comparator 
is crippled. This is done through 8GGb on 7.43.01. 
With this unit operating a B8 must be in the gatetl 
data or the trigger 8 j6  is fiippec!. With a B8 present ! 

856-10 remains high at BR ant1 a punch gate is tle- 
\,eloped. 

OR JECTIVE: I 

Not punch 8 with B8 and B1 present (7.43.01). 
The  previous object i~e showed how an 8 is punched 

when a B8 is present. T h e  objective is now to suppress 
B8 punch gate when a BI is present. This is accom- 

PI,P?,P3 b PI7- 
P U N C H  T H Y R A T I O N  PLATE SUPPLY 

C l o x d  23 M I  0 C1 0 0 B 0 

Figure 142. Punch Gate Development 

DATA HOLES 
BITS PUNCHED 

COS XOl14 17-7 
C M  X014 12-5 
C03 I24  
C O l  0178 0-3-8 
COI X0128 12-3-8 
CW XMB 12-4.8 
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plished by flipping 8J6 pin 10 low. 8H6-5 receives 
R1 Q ~ C  inlpulses from 8H7b when this condition es- 
ists. This  impulse flips 856 pin 10 lox\, to prevent 
punching. 

Punch Parity Check 

it'hen data is being punched, a parity check is ~ n ~ ~ t l e  of 
all data on the output track. I1  there is ~i palit\ errot, 
the punch wili >top at the entl of the punch c\cle. T h e  
puncl: not ready line rem:lins high. T h e  punch parit) 
light g!ou-s. It'ith the punch not reach line high, a 
T2 = S instruction ma) not be performect. 

T h e  card being punched 1% hen a paritv error occurs, 
may or mav not be in error. If the error character is 
not wired to punch, the cart1 will be punchetl correct- 
ly. T h e  operator may determine which character is in 
error by reading S track from the console. Parity error 
characters will be underlined by the t~pexvriter. 

Manual Correction of Parity Error Card 
The  procedure to manually correct the carti folIows: 

1. Depress the console check reset key. 
2. Read the output track. Error characters are un- 

tlerlined. 
3. Depress the program start key. 
4. Remove the cards from the punch stacker. De- 

press the 323 check reset and start keys. T h e  
secor,tl card to reach the stacker is the error card. 

Repunching of Parity Error Card 

Following is the procedure to eliminate the error card 
and to cause the cc~ltrolled daid to bc punchetl into 
a new card: 

1. Depress check reset key at console. 
2. Read the output track. Error characters are un- 

derlined. 
3. Correct the output track data and transfer cor- 

rected data back to output track. 
4. Depress the program start key. 
5. Remove the cards from the 323 hopper. 
6. Depress the 323 start key to run the cards out of 

the punch feed. 
7. Depress the 323 check reset key. 
8. The  last three cards must be removed from the 

stacker. The  next to last card is the error card; 
replace it with a new card. Place these three cards 
at the front of the deck removed from hopper, 
and return the deck to the hopper. 

9. Depress start key to cause run-in and to re- 
establish automatic operation. 

T h e  new card will be punched with the corrected 
output track data and processing will continue from 
that point. 

OBJECTIVES: 

1. Detect parity error (7.44.51) . 
2. Punch not ready (7.44.22). 
3. Correct S track data. 
4. Run cartls from feed. 
5. Remove parity error interlock. 
6. Run cards into feed. 
7. Punch secontl card into feed. 

Parity error checks are made cin the output track 
whenever the punch select relay is up. When the par- 
ity error relay (R22 on 7.44.51) is up, a parity error 
has been detected. T h e  parity control trigger on 
7.75.01 counts the bits in each character on S track. 
1f-the bit count is even, the thyratron 8C10 fires 
through R171-4 N / O  to pick R22. 

Punch not ready is maintained when a parity error 
occurs by not latch tripping the punch select relay, 
Rl7 l  on 2.07.03. R22-I ~ j c  on 7.44.22 opens the latch 
trip circuits. 

S track data is corrected by a console read, alter, 
write operation. T h e  details of this operation are dis- 
cussed in the Console section of this manual. The  con- 
sole check reset key shoi~ld be depressed before the 
read, alter, write operation. T h e  program start key 
should be depressed after. 

T o  remoue the cards from the feed it is necessary to 
empty the hopper, then depress the 323 start key. 
When the hopper card lever relay drops, Rl -3  N / C  on 
7.44.21 allows the start key to pick the clutch control 
relay, R16. Reference to Figure 143 shows that the 
next to last card into the stacker is the error card. 

T h e  parity en-01- interlock is maintained by R22. 
Depressing the punch check reset key drops R22 on 
7.44.51. However, this does not latch trip the punch 
select relay. This cannot be accomplished until after 
the delayed brush card lever relay, RS, picks. R8-5 N/O 

on 7.44.22 prevents tripping the punch select relay. 
When R8 picks the corrected S track data has been 
punched into the second card into the feed. 

Cards are run into the feed by depressing the start 
key. This causes two feed cycles just as a normal run- 
in operation does. A third feed cycle occurs because 
R l i l  is up. R16 on 7.44.21 picks through R4-6 N / O  

and R171-3 N / O  on 7.44.22. This third cycle is the 
cycle when the corrected data is punched. 

Punching the second cai-d into the feed is accom- 
plished because R171 starts the feed cycle. Just before 
this cycle the brush card lever relay, R4, picks. Thi5 
relay must be made, for any punching to take place. 
When it  is down i t  prevents the first card into the feed 
from being punched. T h e  R4-1 I N / O  point on 7.44.?1 
allows emitter impulses to the decoder. Decoder output 
is necessary for punching from the S track. 
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OBJECTIVES: 
1. Start punch repeat (7.44.45). 
2. Keep S track interlocked (3.02.08) . 
3. Energize punch clutch secontl time. 
4. Punch repeat ou t  impulse (5.44.45). 

Punch Repeat is stai-ted by picking R l l 3  on  7.44.45. 

S tl-ack remazns interlocked for the second cycle be- 
cause R113-3 N / C  prevents tr ipping the punch select 
relay. T h i s  does cause error control relay, RIS,  to pick 
though. 

T h e  punch cl~ctch 2s picked a second time by R16-2 
o n  7.44.22. K16 is picked through R18-2 x jo since 
R l ' i l  is still up. 

T h e  punch 7-epeat out impulse on 7.44.45 passes 
th rough  Rl -5  N/O on 7.14.45 a n d  P12. Circuits arc 
provided to remember the punch repeat status when 
correcting a parity error card. Figure 145 describes this 
opera tivn. 

a negative number  is zero, the bit structure of the 
character is Bx, BO a n d  BR. Punch translation decodes 
the Bx and  BO into  a 12 time impulse. However the 
units position shoultl be  punched with a n  11 a n d  a 0 
punch, not a 12 punch. T h e  sign conversion circuits 
convert a 12 time impulse into I I time a n d  0 time 
impulses. 

T h e  circuits are on  7.44.41. T h e  units position out-  
p u t  crack h u b  should be wiretl to one  of the sign con- 
version in hubs. T h e  correspontling sign conversion 
out  h u b  should be wiretl to a punch magnet hub.  T h e  
only impulse that is changed when i t  enters an  in h u b  
is a 12. .A11 other impulses travel through the two 
normallv closetl points to the out hub.  R55 picks tlur- 
ing 12 time. If a 12 impulse is received at  an  in hub, 
R55 N/O points allow picking of a n  impulse relay, for 
example, R81. T h e  impulse relay -2 point then allows 
I I t ime and  0 time impulses to reach the out hub. 

Column Split 
Sign Conversion I t  is often desired to provitle a different assignment 
A Bx in the units position of a number  indicates that for a 12 or  11 impulse than is affortled the numeric 
the number  is negative. If the units position digit of impulse emitter from the same output  track hub. I n  
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such a case, the output track hub  may be ~ciretl  
through a COLUMN SPLIT. 12 or 11 time impulses re- 
ceived at the column split common h u b  will be emit- 
tetl from the 1 1  - 12 hub (7.44.61). Numeric impulses 
receivetl at the common hub  are emitted from the 
0 - 9 hub. 

Ten  pos i t io~~s  of column split are included on the 
323 contrui panel. Each position is controlled by a 
point of R27, which is energized during the time that 
P I 6  is closetl, 14.6 to 1 1.6. 

Double Punch and Blank Column Detection 

T h e  323 is provided with 20 standard and !iO ol)tional 
l~ositions of double punch and blank column detection. 
This  feature permits any column of the card to be 
checked for either double punches, blank column, or 
both. T h e  323 may be wired to stop or offset stack 
the error card, or both, if a double punch or blank 
column is detectetl. Figure 146 shows the flexibility 
o f  this feature. 

DPBC tletection is accomplished as the cartl passes 
the punch brushes. T h e  data from which the card was 
~ ~ ~ i n c l i e t l  has already been replaced on S track when 
the DPBC check is made. For this reason error cards 
must be corrected manually. If DPBC STOP is wired, the 
fil-st cartl to reach the stacker on a restart is the error 
card. 

If inspection reveals that the error is in a gang 
punch field, all cards must be removetl from the feed 
ant1 n punch restal-t made. 

OB JECTI\ ES: 

1. Detect blank colunln ('7.44.31) . 
2. Detect double punch (7.44.31) . 
3. Stop punch feed (7.44.22). 
4. Interlock S track (3.02.08). 
5. Restart punch. 
A blnnk column is detected just after 9 time if the 

blank column control relay, R52 on 7.44.31, is not 
j)icketl. Each punch brush wired for blank column 
detection must pick its DPBC detection relay. Th is  wiII 
complete the test circuit to pick R52. 

A do~rb l e  pzrvch I S  detcctcd when the double punch 
control relay, R53 on 5.44.32, is picked. R53 is picked 
tvhen the secontl hole of a column wired for double 
punch detection is sensed. It  picks because the first 
punch sensecl transfers the d?-h two point of the posi- 
tion wired. 

The  pzinch feed stops becausc the circuit to pick the 
clutch control relay, RIG, is open at  R18-ZN/O on 
'7.44.22. R18 is down because it cannot pick through 
R171-3 N/C. R17I is nc: larch tripped because a11 the 
relay points between P14 and P23 on 7.44.31 are trans- 
ferred. R51, the DPBC stop relay, is picked instead. 

S track intzt.lock is accomplished when the punch 
select relay, K171 is up. T h e  reasons for this are ex- 
plained above. R171 u p  tlevelops the punch not ready 
line on 3.02.05. 

Punch 1-estcr~t is accomplishecl by rlel>ressing tlie 323 
check reset key, then the start key. T h e  check reset key 
trips the punch select relay through R5l-3 x/o  on 
7.44.22 and drops R51 on '7.44.31. T h e  start key re- 
picks the run control relay, R14 on '7.44.21. 

Optional Features 

Offset Stacker 

T h e  offset stacker provides an alternate method of 
indicating DPBC errors. If the offcet stacker hubs are 
jackplugged ('7.44.99), any csrd containing a DPRC er- 
ror will be stacked in an offset position from tlie othel 
cards in the stacker. T h e  DPBC stop hubs ('7.4i.81) 
may be left unwired so that a DPRC error will not tle- 
stroy continuous operation. 

T h e  offset stacker device consists of a split stacker 
roll and a cam assembly, a pair of cam fingers, ant1 a 
magnet that controls the operation of the cam fingers 
(Figure 147) . 

T h e  two cam fingers are 50 arranged (mechanically) 
that they operate simultaneously, and one controls the 
operation of the other. One cam finger latches on the 
magnet armature. It carries a stud, which operates the 
other cam finger. Th is  assures that the two cam fingers 
operate at the same time and permits them both to be 
controlled by a single latch. 11'hen the cam fingers are 

Right 

\ 0f2et Com 
Left 

Cam Finger 

Figure 147. Offset Stacker 
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idtched in an  open position, they clear the cam surface 
and are inoperative. \\'hen the magnet coil is ener- 
gized, the armature is attracted, ant1 the cam fingers 
are released and allo~vetl to close al)out the cam shaft. 
As the stacker roll revolves, the cam sill-face causes the 
stacker ro!l to be carried tolcai-d the 1'1-ont of the ma- 
chine. T h e  stacker roll has ;I split sil;~ft, splined s o  
that i t  may be drivzn in either a no rm;~ l  or extentled 
position. At the entl of the cycle the restoring carn 
carries the cam fingers beyond the lntcliing point ant1 
knocks the armature alr.;Iy from the col-es. \\'ith the 
cam fingers relatched, the stacker roll is free to be re- 
turned to its normal position by spring tension. 

Since the unpunched o r  double punched column is 
sensed by the punch brushes one cycle before the card 
reaches the stacker, the operation of thc offset stacker 
magnet is delayed for one  cycle until the card contain- 
ing the blank o r  double punched column is being 
stacked. 

O n  7.44.99 R l  l l must be energized in ortler to pro- 
vide a P I 8  impulse to the oftset stacker magnet. When  
the offset stacker hubs are jackl,luggetl, a circuit is pro- 
~ i d e d  to R I  1 1  by the energization of R33 or  the failure 
to energize R52. T h i s  is a P I4  in~pu l se  supplied from 
7.44.31 at  9.7 to 13.2 of the cycle dur ing which the 
error is detected. Once picked, R1 I 1  holcls through Pl ' i  
unti l  9.5 of the following cycle, thereby providing a 
circuit to the offset stacker magnet from 0.5 to 2.5. 

Pilot Selectors 

-T'en pilot selectors are available on  the 323. Each of 
these 11;ts ;r P esit  o r  immediate pick u p  h u b  and a 
de1;1y pick u p  11~11). 

. i n  i m p ~ l s c  into the P exit pick u p  h u b  for pilot 
sclector I 1;1tcl1 picks K231 ant1 transfers the selector 
]mints immetliately (7.44.92) . This  h u b  is designed 
~:rimarilv t o  reccive 305 PRocR.+al EXIT impulses wired 
through ;I (:ox1 \ ~ r . s ~ c . - \ ~ ~ o s  channel. 

.An inl lx~lse into the tlelay pick u p  h u b  selector 1 
picks RZ32, ~vh ich  then holds until 13.9. R232-2 pro- 
\-ides a P20 imj)ulse to the pick of R231 at  13.2 to 13.5. 
Thus ,  the selector points will be transferred dur ing 
the follolving cycle. T h i s  h u b  is intended primarily to 
I-eceive digit i ~ n l ~ u l s e s  from a n  output  track hub. 

,111 selectors itre tl-ipped by the same impulse that  
ti-ips the punch select relay in the 305 (2.07.03, 
5.44.22). Th i s  impiilse is provided at  9.7 to 13.2 after 
p inch ing  is c n m ~ ~ l e t e .  

Co-Selectors 

Twenty co-selectors are available on the 323. Each 
selector has fi~.e sets of points. An inlpulse in to  the 
pickup h u b  for  co-selector 1 picks R118, which then 
holtls u r ~ ~ i l  13.9 thrnugh P19. T h e  points of R118 im- 
mediately ;rlter the circuit through the selector posi- 
tions so that the circuit is from C to T rather than 
from C to N. T h e  circuits are on 7.44.94. 
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407 Accounting Machine 

The  407 Accounting Machine-hIodels R1 and R2-is 
an optional R A a r A c  output unit. IVhen selected b) the 
305, it performs a list cycle reading S track instead of rt 

card in its feed. U7hen on line, its card feed is inopera- 
tive. When selected by the 305, any standard 407 func- 
tion may be accomplished; for example comparing, 
RILR, carriage controls, selection, programming, stor- 
age, counters, and summnry punching. T h e  407 may 
be used off line as a stantlard 407. 

Mechanica l  Principles 

OR JECTIVES: 

1 .  Cause CR mechanism to run continuously. 

2. Prevent card feeding. 

3. Pick power interlock relay (7.44.51 j . 
T h e  C R  mechanism runs continuously whenever 

the drive clutch is energiretl. T h e  hold circuit for the 
tlrive clutch is through the run relay point, R1638 
AU N / O  in section 4.4 of the 407 diagram. T h e  run 
relay is held through rt second read card control relay 
point, R1632 BL in I.A. T h e  run relay picks through 
standard 407 circuits. R1632 is picked in 2B through 
RX112-6 N/O and RA112-4 N / O  to the line. RA112 
picks through the interlock hubs in 3A. 

Card feeding is p ~ e v e n t e d  by opening the circuits to 
The principles are the same as a standard the gripper and picker clutch magnets. T h e  grip- 
407 Accounting Machine. The  407 Customer Engineer- per clutch circuit is opened by R A 1  ] 1-7 N/c  in The 
ing Manual of Instruction, Form 22-8090-4, contains picker clutch circuit is opmed by RA1 in Card 
descriptions of all 407 mechanical principles. reading is prevented by R.Al31-.A and B N / C  points in 

2'4. KA131 picks in 3A when the run interlock hubs 

407 Circuits 

Standard 407 circuits are altered so that i t  can per- 
form on-line operation. T h e  additional circuits are 
shown on wiring diagram 210950. All relays and CE's 
on this diagram are prefixed by "RA." This diagram 
supplements 407 diagram 123 165B. T h e  following dis- 
cusses only the circuits peculiar to a hlodel R1 or R2. 

Standard 407 circuits are explained in the 407 Cus- 
tomer Engineering Manual of Instruction, form 22- 
8090-4. All wiring diagram references in this writeup 
refer to the 407 supplemental diagram unless other- 
wise designated. 

are wirecl. 

T h e  p o u ~ ~  interlock 7-elay o n  7.44.51 picks through 
RA112-10 in 3A, and CR108 in 3A of the 407 diagram. 
I t  picks on the first 4U7 cycle after depressing the start 
key. T h e  power interlock relay points on 7.44.51 allow 
340 regulated voltages to the 407. 

Off Line 407 

T o  take a 407 off line it is necessary to drop all the 
function interlock relays. They are relays RA112, 
RAI 1 I ,  and RA131 in section 3A. T o  drop RA112 and 
RA131, open the INTERLOCK connection. (The INTER- 

LOCK may be wired through an alteration switch.) 
Then, depressing tilr start key will cause R A l l l  to 
drop. 

On Line 407 Ready 

T o  place the 407 in a ready condition, wire its inter- 407 Print Select 

lock hubs then depress its start key. This causes the A PROGRAM EXIT impulse to the 407 print (select) hub  
407 CR mechanism to run continuously, and the 407 on the process control panel, causes the 407 to  perform 
ready light to glow. T h e  card feed will not feed cards. a list cycle. R134 is latch picked (2.07.03) when the 
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Figure 148. 405 - 323 S~\,itching 

407 is selected. This causes the next 407 cycle to be a 
list cycle if the impulse is receivec! before 230° of the 
407 index (see Figure 149). Printing during this cycle 
will be discussed later. Data on S track cannot be al- 
tered until the 407 has finished reading it. This inter- 
lock is accomplished by 407 not ready on 3.02.08. At 
180° of the 407 print cycle, the 407 has finished reading 
S track data. R134 LT is energized (2.07.03) through 
SCL-40 to 1.4 of the Supplement through CRRA 9, 
RAI 11-7 N/O, to CR30 in 7A of the 407 diagram. This 
allows 500 (about 55 milliseconds) for writing new 
data on S track and selecting the 407. Therefore, it is 
pcssihtp to have successive list cycles. 

407-325 Select 

Whenever the same PROGRAM EXIT is wired to the 407 
print (select) and the punch (select) hubs on the 305 
control panel, 407 printing will precede 323 punching. 

This sequence is controlled by relays 133, 134, and 135 
in the 305. Relays 134 and I71 on 2.07.03 are latch 
picked simultaneously when this happens. R134-2 N/O 

allows a 407 list cycle on 2.07.03. The  323 punch cycle 
is held up  because R135-6 N / C  prevents a pick of R16 
on 7.44.22. R134 is latch tripped at 180° of the 407 
list cycle through CRRA 9 in section 1A. R16 picks 
through R135-I N/O. R135 was picked through Rl7 l -3  
on 7.44.22. R16 then allows a punch cycle. At the end 
of the punch cycle, R171 and R133 are latch tripped. 

On Line Printing 

When the 407 prints, switching relays in the 323 con- 
nect it to the punch translation logic circuits shown ' 

in Figure 141. Figure 148 shows how this is accom- 
plished. T h e  thyratrons, instead of developing an im- 
pulse at the 323 output track hubs, pick high speed 
permissive make relays in the 407. These relay points 
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;1l!o1\7 -107 master C;K inil)ulses to the secontl re;itling 
hubs. Each permissive ~-el;r) pick then is similar to 
]-catling :I hole i n  a c.;trtl n t  the secoricl reat1 station. 

Printing circt~its are bcst tlescribetl b! using an ex- 
;in1ple. ?-he following ;issuInes the 40'7 to be pei-foi-m- 
ing ;in on-line ,107 list c ~ t l e .  It can be ;rppliecl to the 
1'1-intirlg of ;I 5 11-oln COO o f  S track. Figure 149 shows 
~-el;i)- olxration lor printing a 5 f r o n ~  C O O .  

OB,JECI.I\'ES: 

1 .  Pick switching relays ('7.51.02) . . 

2. Pick re;ttl relay (3B) . 

3. Deveiop print/punch gate (7.43.01). 
4. Fire thyratron (7.45.00 - 7.45.09) . 
5. Pick print relay (6A). 
6. Hold print relay through impulse time (6X). 
T h e  switcl7ing relays pick to synchronize the punch 

translation logic to the 407. They pick on 7.51.02 
through RA130 B N / O  in section 2A. Thei r  hold is 
through CR82 in 2A until 1800. When they drop, 
punch tr;tnslation logic is synchronized to the 323 so 
punching can begin. 

T h e  read relay, R;\109, picks in 3B through the 
K1422-1 N / O  point (feet1 control relay). It is u p  during 

205 CYCLES 
LIST CYCLE R W D P  1 R W  

, 1 1 1 1 1 1  

I I 

L IS1 CYCLE 

IMPULSE CB'S 
0 0 0 0 0 0 0 0 0 0 0 0  

RUN 

FUNCTION INTERLOCKS 

2ND %FADING CD CTRL 

407 SELECT ) I 
3(15 

407 N O T  READY ) 

PRINT CYCLE 

1 (88) 
FEED CONTROL m 

11481 11491 (78) 
CF C A M  C O M R O L  

I pm,e.Jol (7 51 02) 
SWITCHING RELAYS - 323 

331' 346O I 800 I 
R41W 38 

READ I 1 0 7  I& I 

305 FlELD RING 

4 3 2 1 0  9 , 8 , 7 , 6 , 5 ,  , 4 
t - - 1  I I I ' I' 

DECODER INPUT - 
bBD 

ATH PLATE SUPPLY MCB 13-16 38 - 
5jO M.50 6a0 81.S0 

ATH 841 7.45.00 
THRATRON 

PRINT RELAY PICK CB'S 
K 8 7 6 B  M 

6 P  6 P  7P 8 P  

Figure 149. Printing a "3" from COO 
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read time only. R1422 picks in 8B of the 405 diagram. 
T h e  pick circuit is modified by RA 130 .4L anrl R.4 I 12-7 
in I B. RX130 is picket1 in 3A through CRR.4 2; and a 
407 select relay point, R134-2 N / O  on 2.07.03. 

T h c  pl-int/plrnch gcrte develops the same way the 
punch gate tle~elops. .i description of this de\,elop- 
ment is in the 323 section. However, there is a motti- 
fication to the circuits which prevents development of 
a print gate until a full character has been analyzed. 
Th is  motlification is necessary because the thyratron 
plate supply and the tlecocler input occur at the same 
time. Since these two signals are not synchronized with 
the 305, they may begin at  the mitldle of ;I character. 
If this happens, the first character can be incorrectly 
compared and a print gate developed in error. 

T h e  pluggable units 8J7 and 8K6a are added to pre- 
vent this false print gate. 857-3 rises slowrly ancl falls 
rapidly. This prevents tlevelopment of a false print 
gate for the first and last character. 

Figure 150 shows how this is accomplished. T h e  
emitter gate is high, searching for "5's" on S track. 
C07 data is a 4. If 8J7-3 rose immediately a false print 
gate would have developed since the decoder could not 
emit a BI before the emitter gate went high. Similarly 
a BI in C84 was prevented from firing a thyratron 

T h c  PI-int velny Picks through the thyratron when 
or after hICB's 5 and 8 make. T h e  cii-cuit for picking 
a print relay runs from grouncl through MCBS and 
the relay coiI in section GA; to 7.44.73 thro~igh a N / O  

switching relay point; to the thyratron. 
Pl-int 1-e1ay.r hold through the impulse CB's. If the 

impulse CB's are at their extreme low tolerance, the 
print relay pick coil is held by its inductive kick back 
circuit after the thyratron stops firing. This circuit 
runs from grouritl through RICB's '7 and 8 ancl through 
the diode attached to pin 10 of the thyratron to 
ground. T h e  print relays hold circuit starts in 6X and 
runs through RAIYI-A ant1 B N / O  points in 2.4, ant1 
the impulse CB's in 26A of the 407 diagram. 

Parity Check 

X parity check of all S track data is made each time 
the 407 is selected by the 305. If a parity error is de- 
tected, the 407 parity error light glows and the 407 
parity error h u b  emits an impulse. Th is  impulse may 
be wired to MACHINE STOP to cause the 407 to stop at 
the end of the list cycle. When this happens, S track is 
interlocked. T o  remove the interlock, depress the 40'7 
parity reset switch, then the start key. 

- 
when 817-3 fell quickly. OBJECTIVES: 

T h e  thy?-at,-on fil-es as soon as it has coinciding print 1. Parity check S track (7.75.01) . 
gate anrl character inputs through the plate supply 2. Indicate parity error (7.7.5.01). 
CB's. 3. Stop 407 (30X - 407 diagram). 

305 T i m  
Bit C 0 7  I C o b  C 85 C 84 

- 5  X  0 1 . 2  4 ~ ' R ' s ' x  0 '  
I ,  ,, 

B R S O  1 2 4 8 R S X  

S Doto in n l i  
Trier to print o 5 ior a 84 ; Trier to print a 5 for o 81 

Decoder I 1 
I 

407 Emitter CB's I ,'5" E ' metter Gate 
8J7-7 

53- on 407 Index 65O on 407 Index 

Print Gotc , t n 
Figure 150. 405 Print Gate Control (5.43.01) 
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4. interlock S track (3.02.08). 
5. Clear interlock. 
S track parity check occui-s on 7.75.01. 
POT-ity err.o~-s 01-e indictrtcd when the thyratron 8C1 I 

on 7.75.01 fires. It fires at Bs@B following a character, 
wher, 8D9-10 is left high, if 8C11-'7 and 8 are high. 407 
not ready is high when :lie 407 is selected. SC11-6 is 
high when CR41 in 3A is made. RA109-2 N / O  allows 
the error 1 relay, RA113, to pick during S track read 
time only. 

The 407 stops when the parity error impulse is re- 
ceived at the stop hsb.  R1464 in section 30.4 of the 
407 diagram picks to cause a normal 407 stop manual 
start. 

S track interlocks when the 407 select relay, R13-4, 
is up. T h e  trip circuit to R134 is open at RAI 13-5 N/C. 
407 not ready on 3.02.08 prevents a MJ cycle gate when 
T = S. 

The interlock is cleared by depressing the parity re- 
set switch, then the start slvitch. RA108 in section 3R 
picks after the error I relay picks. While up, it nullifies 
the 407 start key with its - 3 N / C  points in section 1.1. 
RA108 drops when the parity reset slvitch is tlepl-essetl 
(3B) . 407 ready is obtained by depressing the start key. 

This also allows CRRA 9 in 1A to trip the 407 select 
relay, thus releasing S track interlock and developing 
407 ready. 

Error Print 

An asterisk prints to indicate a parity error when the 
407 error print hub is wired to a lower zero print hub. 
This will not stop the 407; however, thc stop hub  
could be wired also. T h e  parity error light re~llains on 
after an error, until the parity reset switch is depressed. 
RA113-6 N/O, and error 1 relay pvint in section 3B, al- 
lows the asterisk entry CB impulse to reach the error 
print hub. 

Program Exit Translator 

T h e  program exit translator in hubs accept program 
exit impulses from the 305 control panel via communi- 
cations hubs. Translators may be used only when pick- 
ing pilot selectors and impulsing the last record hub. 
T h e  PROGRAM EXIT used must be the same as that used 
for 407 PRINT (select). T h e  translator converts the 
program exit impulse into a 407 timed lo0 impulse, 
occurring at 31S0 of the first list cycle following recep- 
tion of the impulse. T h e  translators are in 4A of the 
407 supplement. 

Multiple Line Read 

T h e  MLR hubs in 2A of the supplement may be wired 
from a 305 PROGRAM EXIT via communication hubs to 

start a 111-R opcintion. The  PRoGRAhl EXIT used must 
also be \virecl to 10'7 PRIAT. T h e  XILR hubs ma) not be 
~ciretl from a PROGRA\I EXIT TRANSLATOR. All stanclard 
\ I I  R  control^ r e~ l l~ i r l  the same. 

Record Ahead Control 

\\:hen -107 counters are usetl to accumulate, they may 
be controlled for PI-ogra~nming the same as an off-line 
-105 b!- simula!ing cards feeding through the 407. This 
is accomplishetl by carrying two complete input rec- 
ords in the 30-5 program. The  data to be printed and 
the control clztta for the next item to be printed can 
be assembletl and transferred to S track. In  this way, 
control data for the next item is available one list cycle 
ahead, just as i t  \vould be if wired from first reading 
in an off-line operation. The  comparing unit can then 
he usetl to compare control data and initiate program 
cycles. ..In esarnple of wiring to accomplish this is 
shown in Figure 151. Counters controlled by this wir- 
ing may be "run-in-reset" by wiring the RI - O N  hubs 
(2B-supplement) . T h e  reset occurs the first time the 
407 is selected. This run-in-reset will function the same 
as a stantlard 407 run-in total cycle. Print suppression 
will occur. T h e  counters wired will clear. Relay se- 
quence is shown in Figure 152. 

RUN IN RESET OBJECTIVES: 

1. First 407 select. 
2. 407 program start. 
3. Suppress printing (1X) . 
4. Reset counters. 
5. Fail to read S track. 
6. 40'7 ready. 
The first 407 select impulse causes the 407 to per- 

form an S track read cycle. 

407 program start occurs as a result of the control 
panel wiring shown in Figure 151. There is no data in 
the "data to be printed this cycle" fields (Figure 151). 
This causes an unequal comparison with the "next 
card data." 

Printrng is suppressed on this first list cycle and the 
following total cycles. Picking the non-print relay, 
R1656 in IA, does this. R1656 PL  picks through R1633 
AU N/C, CRRA 5 in 3B, and 1422-1 N/O in 8B of the 
407 diagram. 

T h e  non-print relay holds through the "run-in con- 
trol change" cycle and the counter reset total cycles. 
On  the counter reset total cycles the non-print relay, 
R1656 PL, picks through R1633 AU N/O in  1A of the 
407 diagram. 

T h e  non-print relay picked through a second read 
card control relay N/C point, R1633 AU N/C in 1A. 
This relay does not pick until 2250 of the first list 
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10 COMPARING ENTRY --- 22 25 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

5 10 COMPARING EXIT ---- 20 25 30 \ 

COMPARING ENTRY --- 20- 25 M 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

20 25 X) I - -  TO PROGRAM START I 
/ "NEXT CARD 

/ DATA TO BE PRINTED THIS CYCLE DATA" / 
h 1 

I 1 I t 

OUTPUT TRACK DATA 
(AVAILABLE THROUGH SECOND READING BRUSHES) 

Figure 151. On Line Comparing 

cycle when RUN-IN-ON is wired. RAll7-3 N / C  in 2B 
prevents picking R1632 until the first list cycle after 
R1481-12 makes. 

All counters reset that are wired to reset. T h e  reset 
occurs during the total cycles started by the unequal 
comparison. This is a standard 407 function accom- 
plished with standard 407 circuitry. 

S track cannot  be rend during total cycles because 
R1422, the feed control relay, cannot pick. This pre- 
vents the read relay, R109, in 3B from picking. 

407 ready occurs after the last total cycle when the 
minor 2 relay drops. R1413-5 N/C in !B lights the ready 
light. This same point prevents starting 407 on-line list 
cycles, while the 407 is still in a total cycle. 

Last Record Operation 

T h e  last record hub  in 2B of the 407 Supplement may 
be wired from a PROGRAM EXlT via a PROGRAM EXlT 

TRANSLATOR, or a 407 control panel impulse. T h e  PRO- 

GRAM EXIT used should be the same one that is wired 
to 407 print (select). The  wire to the LR hub  may 
test the 305 last card selector. T h e  run-in-on hubs 
must be wired to make the LR hub active. Wiring the 
LR hub causes the 407 CR mechanism to stop, after 
printing the last output of a job. RA118 in 2B picks 
during the last on-line list cycle. This causes the second 
read card control relays in 2B to drop a t  2280. This 
opens the permanent hold to the run relay, R1638, at 
R1632-BL N/O in  IB. R1638 drops and picks R1464 in 
3OA through R1638-AU N/C in 4A. R1464-4 N/C trans- 
ferring in 4A opens the permanent hold to the drive 
magnet. 

If a program start occurs during the last list cycle, 
the 407 stops after the programs are wer.  T h e  drive 

clutch is kept energized by delaying the pick of R1464 
in 30A until after the program cycles have finished. 
T h e  minor 2 relay, R1413-11 N / C  in 30X, opens the 
pick of R1464. 

Wiring the LR hub  activates the 1 . m  hub in section 
I B of the 407 supplement. 

407 Final Total 

At the completion of a job it  is possible to take a 407 
final total. One of the two following procedures must 
be followed: 

I. When the LR hub is wired, depress the final total 
key after the 407 stops at the end of a job. A 
final total will print. 

2. When the LR hub is not wired, do  the following: 
a. After the job is finished open the INTERLOCK 

connection. (Wire the INTERLOCK through an 
alteration switch.) This causes the CR mechan- 
ism to stop. 
b. Depress the 407 start key. This insures that all 
function interlock relays drop. 
c. Depress the final total key. 

T h e  first card in relay, R1688, must be down to 
allow a final total. R1688 AL N/C in 8A of the 407 
diagram must be made. RIG88 remains u p  as long as 
the second reading card control relay, R1632 in 2B of 
the 407 supplement, is up. R1632 is dropped by open- 
ing RA118-2 N/C in the first procedure. R.4112-5 N/O 

drops R1632 in the second procedure. 

Reset Check 

Circuits added to the 407 allow clearing a reset check 
whiie the 407 remains on-line. T o  clear a reset check, 
depress the 407 stop key. This turns oif the reset check 
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SWITCHING RELAYS - 323 

331° -W" 34H 

READ 
34 2O 107O 

N O N  PRINT 

PRINT RELAY b &a 

62" &.so 

Figure 152. Run-in Reset Operation 

light. Then advance the form to prevent over printing. When a reset check occurs, R144-l- 2 N / C  tranqferred 

Depress the 407 start key, follorred immediately by the in 1A. opens the circuit to the Start key. Depressing 

stop key for each total cycle. If the reset check light 
the stop key picks the reset check release rela), RIG69 
in SB of the 405 diagram. Section 5A shows a R.1112-2 

remains off, the counters are clear. Resume processing 
N / C  modification of the 407 circuits. This allows 

by advancing the form, then depressing the 407 start ~ 1 6 6 9 - A  N/c  to drop out ~ 1 4 4 4 ,  the reset ,-heck re- 

key. lays, and the reset check light. 
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382 Paper Tape Reader 

Functions and Operations 

T h e  ~ e z ~  382 Paper T a p e  Reader is an  optional input  
itnit for the 305 system. ?'he tape I-eacler is tlesigned 
to re;ttl 5-channel telegraphic tape ant1 8-channel tape, 
using the 1 ~ x 1  858-884 cotling as stantlard input to the 
system. I n  ;tcltlition, a n  all-channel tlecoclir~g principle 
has been incorporated so that virtually ;ill types of 
paper tape <-;in be user1 for input to thc R.AMAC. 

T a p e  is read i ~ t  the rate ~f 20 characters per second 
ant1 is written on the tape input  track ( 6 )  in the same 
sequence in which it is read. TVriting on  the input  
track can be turned ON or  OFF at  thc 382 control panel 

to eliminate the entry of unnecessary data from the 
tape. 

T h e  entry of data from the tape reader to the proc- 
ess unit  is controllecl by a program exit impulse wired 
to. the feed tape h u b  on the process unit  control panel. 
T h e  impulse to the- feed tape h u b  initiates a tape feed 
operation, and the 382 will continue to feeti and  read 
tape unti l  the end of the tape record is signalled by 
the presence of a n  identifying special character. X 
control panel exit corresponding to the special char- 
acter will emit a n  impulse when that  character is read 
from the  tape. \\Tiring the exit impulse to the record 
end h u b  will suspend tape feeding unti l  another tape 
feed operation is initiated a t  the  process unit .  

Tape Reader 

T h e  paper tape reader is mounted i n  a desk type cab- 
inet which can be located either to the right of the 
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console or to the left of the printer. T h e  reading 
mechanism is the same as that used in the 46-47 Tape- 
to-Card Punch. The  reading mechanism accepts tape 
up  to one inch in width. A11 punched holes must haye 
a spacing ok one-tenth of an inch center to center bot!~ 
vertically ant1 horizontally. The  tape feed sprocket can 
be adjusted to allow tape with offset feed holes to be 
read. 

Tape Input Track 

As tape is read into the system, it is written on the $ 
track. Each time the tape reader is impulsed to read a 
new recorcl, the tape input track is automatically 
erased. T h e  information from the tape is then entered 
serially, starting at track position 00 and progressing 
in ascending sequence. 

Writing on the input track is controlled by a track 
position counter. Each time a character is written, the 
track position counter advances to condition the next 
track position on the following read cycle. If the tape 
record contains more than 100 characters, the track 
position counter will advance from position 99 to 00 
and begin writing again at track position 00. When 
writing is turned off, counter advancing stops, even 
though tape continues to pass through the tape reader. 

T h e  tape input track is interlocked to prevent trans- 
ferring data from the input track until tape reading is 
complete, and to prevent entering data from a process 
drum track during the time that tape is being read. 

8-Channel Operation 

8-channel tape is used by the IBM CARDATYPE 858 and 
the 884 Typewriter Tape Punch. The  code structure 
is the same binary coded decimal system that is used in 
the RAMAC. 

An 8-channel tape contains two types of data: 
1 .  Alphabetic and numerical information. 
2. Functional codes which are needed to identify or 

control the operation of the reader in assembling 
and selecting data to be written on the input 
track. This includes such items as skip codes, 
error codes, and end-of-line codes. 

Eight punching positions across the tape provide for 
coding alphabetic, numerical, and functional codes. 
Combinations of six of these channels are used for the 
letters, numbers, and special characters. T h e  remain- 
ing two channels are used for checking and end-of-line 
codes. 

The  eight channels are labeled, from bottom to top, 
1, 2, 4, 8, check, 0, X, ancl end-of-line. Each character 
is represented by a single hole or combination of holes 
:IS illustrated in Figure 153. 

When the tape is punched correctly, each vertical col- 
umn contains an odd number of holes. When the tape 
is read by the 382 each column is checked to see that 
an odd number of punched holes are sensed. If an even 
number of holes is sensed, the tape reader stops ancl 
the tape check light turns on to indicate the reason 
for the stop. 

Control panel functions are contrclled by placing 
special character codes in the tape. For example, selec- 
tors may be picked u p  or dropped out by character 
codes in the tape. T h e  last character in every record 
must be unique so that when it  is recognized tape 
reading can be suspended. This final character or 
special function code must be wired from its exit to 
the record end hub. 

5-Channel Operation 

T h e  tape reader will accept standard 5-channel 11/16 
inch telegraphic tape. When reading 5-channel tape, 
the lower five reading pins are used for sensing and 
the upper three perform no function. T h e  5 CHA STD 

switch on the 382 control panel must be wired in order 
to interpret telegraphic codes. 

T h e  5-channel tape system i~~c ludes  31 valid code 
combinations which are divided into 5 functional 
codes and 26 character codes. T h e  functional codes 
correspond to printing telegraphic equipment func- 
tions. Space, carriage return, line feed, letters shift, 
and figures shift are the five functional codes. T h e  26 
character codes are dual purpose codes. I n  one shift 
(letters shift) they represent the 26 letters of the al- 
phabet and in the other shift (figures shift) they 
represent numerical digits and special characters. After 

T A P E  FEED 

- ......... 
CHECK-. 0 0.0 0. 0. - 

8 -0 0. 0. 0. 00 ............... ..e....- ...................... *.**........................*..***** 
4 - 0  .... om.. .... .... .... ...... ....- 
2 - 0  0. 0. 0. 0. 0. 0. 0. 0. 0.. .... ........ 
1-0. e..................... e..... 0- 

SENSE PIN 
NUMBERS 
8 
7 
6 
5 
4 
3 
2 
I 

Figure 154. 8-Channel Code 
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Figure 1%. 5-Channel Code 

a shift code has been sensed by the 382, the decoding Mechanics 
circuits remain i i i  that shift until the next shift code 
is read from the tape. 

The  382 contai~li  the following major mechanical 
T h e  special characters are represented by the nor- 

u11i ts: 
~nal ly unassigned figures shift codes. Any of these char- 

1 .  A clutch controlled c i~cui t  breaker unit. 
acters not assigned to digits or special characters may 

2. .I cam operatetl, latch controlletl tape reading 
be used for functional codes. 

unit. 
3. .I continuously operating tape rewind unit. 

All Channel Exits 

T h e  ALL-CHANNEL EXITS are provided so that tape codes 
other than %channel or 5-channel telegraphic ma); he 
decoded and processed. T h e  concept of decoding with 
the all-channel exit hubs is based on assigning a binary 
value to each of the seven punching positions, num- 
bering from the bottom of the tape and progressing to 
the top. T o  determine which of the 128 all-channel 
exit hubs will emit for a particular punched code, the 
binary value of the holes are added and the total de- 
termines the number of the exit hub  for that code. By 
wiring the ALL-CHANNEL EXITS to the character entry 
hubs any tape code of up  to seven channels can be 
decoded. Figure 156 illustrates the process of selecting 
an appropriate ALL-CHANNEL EXIT for a given combina- 
tion of tape punches. 

CB Unit 

X clutth controlled circuit breaker shaft, operating 
eight circuit breakers, protides for electrical control of 
the tape reading process. The  tape reading unit is gear 
tiriven from the circuit breaker shaft; therefore, the 
circuit breaker clutch must be energized in order to 
furnish mechi~nical power to the tape reading unit. 

Tape Reading Mechanism 

The  tare  reatling mechanism perform> two functions: 
I .  RIechanical sensing of the tape. 
2. .ldvancing the tape one character position dur- 

ing each tape reat1 cycle. 

UK SlG D ond SIG M hubs (L-M, 21-22) provided far these codes instead of exits l2Oond 7. 

Figure 156. All-Channel Exits 
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Figures 157, 158, ant1 159 illustrate the operation of 
the tape sensing mechanism. ll'ith the tape reading 
mechanism latched, the reader pins are held in a re- 
tractetl position by the individual reader pin inter- 
~~osers .  T h e  group of eight reatler pin interposers are 
held in ;I retr;~cted position by tlme latchet1 interposer r 
lx~il. 

.-I 1-e;tdel- cycle is initiated by energizing the rcatIer 
control  nagn net ;~nt l  transferring the control arnm. Ii'ith 
the control arm in the fully operated position the inter- 
Imser bail assembly is free to follow the pin operating 
tarn. -4s the interposer bail follo~cs the pin operating 
cam. the reader pin interposers drive the reader pins 
against the tape untler spring tension. T h e  same inter- 
poser bail motion releases the pin contact lever bail 
assemblies by removing the stud that separates the two 
bails when the reading mechanism is latched. T h e  
motion of the pin contact lel.er bails allows the eight 
pin contact levers to pivot tov:arcl the reader pin inter- 
posers. If the reatler pin is stopped by the tape, the 
position of tlme interposer will prevent the pin contact 
lever frolrl transferring. If the reader pin passes 
through a hole in the tape, the position of the inter- 
poser will iillo~z- the pin contact lever to :ransfer and 
close the pin contact. 

As the pin operating cam restores the interposer bail 
to the latched position, the reader pin interposers re- 
tract the reader pins. T h e  stud on the interposer bail 
forces the pin contact lever bails apart and restores the 
pin contact levers to their normal position. Positive 
relatching of the interposer bail assembly is providetl 
by the control magnet armature knockoff cam. 

Figure 15i .  Sensing Mechanism, Latched Position 

Ptn con?o<r 
lever stopped 

lnterpawr 
Boil Assembly Rcoder Pin 

Figure 158. Reader Pin Stopped h \  Tape 

Tape feeding occurs between 225O and 22 i0  on the 
clutch drive index during each tape sensing cycle. Tape 
feeding is mechanically interlocked by the tape sens- 
ing mechanism. Therefore, tape feeding can only take 
place during a tape sensing cycle. 

Figure 160 illustrates the operation of the tape feed 
mechanism. The  dri\ ing power for the tape feeding 
mechanism is furnished by the tape feed cam, which 
is mounted on the same shaft as the pin operating cam. 
In the latched position the feed pawl operating arm 
is held away from the feed ratchet wheel by the feed 
pawl latch. As the feed pawl operating arm reaches 
the high dwell of the tape feed cam, the feed pawl 
latch is free to p i ~ o t  away from the feed pawl operat- 
ing arm under spring tension. As the feed pawl operat- 
ing arm approaches the low dwell of the tape feed cam, 
the feed pa~vl  engages with the feed ratchet wheel and 
advances the pin wheel one position. 

T h e  auxiliary latch is used to restore the feed pawl 
latch and to interlock the operation of the sensing 
mechanism and the tape feed mechanism. T h e  tail of 
the auxiliary latch normally rests against the contact 
lever bail of the sensing mechanism. If the sensing 
mechanism is in the latched position the auxiiiai-y 
latch resting against the contact lever bail prevents 
the feed pawl latch from releasing the feed pawl oper- 
ating arm. During a sensing cycle, the pin contact !ever 
bails move toward the sensing pins and zllow the feed 
pawl 1-tch and the auxiliary latch to pivot and release 
the feed pawl operating arm. As the pin contact lever 
bails are returned to the latched positicn, the left bail 
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Figure 159. Reader Pin Sensing Hole in Tape 

operates against the tail of the auxiliary latch and re- Circuit Descript ion 
stores the feed pawl latch on the feed pawl operating 
arm. 

Tape Feeding 

Tape Rewind 

Two tape reels are furnished with each machine-one 
for supplying tape to the machine and one for storing 
tape which has been processed. T h e  rewind assembly 
is driven from a small motor located under the rewind 
spool. A friction disk is driven clirectly from the motor. 
T h e  rewind reel is impelled by friction belween the 
bronze shoes of the spider assembly and the surface of 
the friction disk. The  reei mounts above the spider 
assembly and its wtight increases the force with which 
the shoes on the spider assernbiy rest against the sur- 
face of the friction disk. As the spool receives tape, the 
weight of the reel and tape increases and the torque 

! 
I exerted on the reel gradually increases to compensate 

I for the added load. 

T o  set up  the RAMAC to read tape, the operator must 
first depress the RAMAC reset key and then depress the 
382 start key. T h e  382 will go through one circuit 
breaker shaft cycle as the reset key is depressed. This 
rycle is called a reset cycle and establishes circuits to 
activate the 382 start key. As the start key is depressed 
the 382 goes through a second circuit breaker shaft 
cycle to set up  the $ track for the entry of tape data. 
During the setup cycle, $ track is erased and the 100 
character counter is reset to position 00. The  382 will 
begin to feed and read tape automatically after the 
setup cycle is complete. Tape  feeding will continue 
until the first record end code is read from the tape. 
A CHANNEL EXIT wired to the record end hub  suspends 
tape feeding and places the 382 in a ready condition. 
Feeding of the next tape record must be initiated by 
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a PROGRAM EXIT impulse to the feed tape hub on the 
305 control panel. IVhenever tape is being fed. the tape 
not ready signal interlocks the S track. F igu~ e 162 is ;I 

tape feeding sequence chart. 
S e ~ r c e  ald. The  rexl  contlol magnet is impulsetl 

every other circuit breaker shaft cycle when the 382 
start ~n : l  stop keys are held tlepressed. Depressing the 
console reset key allolvs \ou to use this technique. I t  

i is possible to connect the 305 remote cycling box to the 
I 382 (bee 10.12.1 1) ant1 ha\e the 3 keys mentioned 

above at yovr finger tips. (Depresing the check reset 
key on this box latch picks the tape select relay on 
2.07.04.) 

OB JECTI\'ES: 

1. lnitiate a reset cycle when the console reset key is 
tlepressed by energizing the CB clutch (10.02.00) . 

2. Initiate a setup c)cle when the 382 start key is 
depressed by energiring the CB clutch (10.02.00) . 

3. Write R bits on S track during the setup cycle 
(10.06.01) . 
a. $ Erase gate (10.06.00). 

b. $ Erase data (10.06.00) . 

-1. Reset the 100 character counter during the setup 
clcle (10.05.01-.02) . 

3. Feed the tape until a record end code is read. 

a. Energize the CB clutch each cycle until record 
end (10.02.00) . 

b. Energize the reader control magnet each c)cle 
until record end (READY) (10.02.01). 

c. Interlock $ Track (2.07.04 Optional). 

6. Transfer control of the 382 start circuits to the 
305 ~(10.02.00) . 

Tape Reading 

Figure 161 illustrates the process of entering tape data 
on the process drum input track. As the reader pins 
sense punched holes in the tape, the reader pin con- 
tacts close and complete circuits to pick corresponding 
analyer relays. The  points of the analyzer relays form 
a decoding network to activate the channel exit hub 
that corresponds to the character that was read from 
the tape. T h e  channel exit is normally wired to the 
associated character entry hub. 

Feed Rotchet 

Figure 160. Tape Feed in Latched Position 
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Figure 161. Paper Tape Data Input 

The impulse to the character entry hub is translated in serial bit form that corresponds to the decoded 
to standard RAMAC code by the diode decoding net- character. The output of the tape character register is 
work. The diode decoding network conditions units available during each character time of the drum 
within the tape character register to produce an output revolution. 
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T h e  character gate indicates that the tape character 
register has a new character to write. After CB 5 makes 
the first output pulse from the tape character registe: 
flips the character gate control trigger (9E9). T h e  
character gate trigger (8Ell)  produces an output from 
BSQI B through BR during each character time. 

F T h e  100 character counter determines the character 
position in which the tape character will be written 
on $ track by combining the output of the counter 
with the chzracter gate to produce the $ write gate. 
T h e  output of the counter is available only when the 
counter is standing at a value of 99. T h e  100 character 
counter is reset to a value of 00 during the setup cycle. 
The  counter receives an additional advance after writ- 
ing each character. This causes the counter to allow 
writing one character sooner than the last character 
was written. Figure 162 shows the $ track writing se- 
quence. 

If the write off hub is impulsed, writing on the .$ 

5. \.\;rite on S track (counter at 70) (10.06.01). 
6. BRCL advance 100 character counter after IVI-it- 

ing a character (10.05.00). 

8-Channel Redundancy Check 

When an 8-channel tape is read, an automatic I-ctlun- 
dancy check is made of each character as it is rcatf. IS 
an even ~ l~ l rnbcr  of holes is sensed a read check error 
is indicated. ?'his error stops tape feeding ;tntl keeps 
the 5 track ir~terlocked. T o  clear this error the opera- 
tor must reread the tape record. This is accom~~lishctl 
by repositioning the tape to read the preceding record 
end hole, then depressing the rerun key. If the tape 
record reacts correctly processing resumes. I f  not the 
read check re-occr~rs. 

Figure 163 shorvs the operational sequence when the 
rerun key is depressed after a reacl check. 

track will stop at the next character sensed. T h e  paper Optional Features 
tape continues to feed, however. Impulsing the write 
on hub  re-establishes the ability to write on the $ 
track. The  N / C  write off relay points on 10.03.15 pre- 
vent decoder output when WRITE OFF is impulsed. 

OBJECTIVES: 

1. Channel exit impulse (10.03.04) (10.03.14) . 
2. Tape data (bit structure) (10.04.00). 
3. Character gate (10.04.01 j . 
4. Advance 100 character counter. (100 pulses) 

(10.05.00) . 

Telegraphic Checkable Code 

This feature checks the accuracy of standard 3-channel 
tapes, if the tapes have been punched with a checkable 
code character at the end of each record. It countr the 
number of holes punched in each tape record ancl 
compares the units position of the total with the tape 
check code number punched at the end of the record. 
If the trvo numbers are equal, no  tape punches have 
been dropped or misread. 

3.5 YI L, Lb Cvl. YJ " - A d  W?IR L7.i. 1 0  L d O ( < , -  <,.I. 

l0.m.m 

PI L.* r., 

I-* 1 10.02 (Y 

l0.W.W C., 

--- . CU., Urn- I- lk At ,bin li 

Figure 162. Tape Feed,Read and Write Sequence 

162 IBM RAMAC 305 



Figure 163. Read Check Rerun Operation 

The  beginning of each tape record is defined by a 
Figure (Figs) shift code. T h e  end of each tape record 
is identified by the following four codes in order: 
carriage return, figures shift, line feed, and the tape 
check code. Figure 164 shows tape record codes. 

Two sets of hubs are added to the 382 control panel 
for this feature. They are ~ c c c  RECORD END (TRE) and 
the TCCC switch (TCCC) . They are at NP 18 and 19. 
Jackplug the ~ c c c  switch when a tape is to be read 
and checked. The  TRE hub emits the record end im- 
pulse when ~ c c c  is jackplugged and the compare to 
the check digit is equal. 

Figure 165 shows a sequence chart of a ~ c c c  opera- 
tion. I n  this operation the TCCC tape data and the 
counter data compare equally. If the comparison were 
uncqual, a read check stop would occur. Restarting the 
382 when a read check occurs is described under "Re- 
tlundancy Check." 

Track Skip Control 

Track skip control allows skipping over portions of 
the $ track while writing the tape record. UTriting on 
the skipped over area of the track is suspendecl during 
skipping. M'riting resumes at the position skipped to. 
T h e  effect of a skip is to set the track write control 
counter to the position indicated by the skip wiring. 

T h e  control panel hubs used for skip control are 
shown in Figure 166. This figure also shows an ex- 
ample of skipping caused by the wiring in the figure. 

T h e  following explains the sequence chart in Figure 
166. T h e  control panel wire from the skip control 1 
hub  develops the skip gate. T h e  skip gate occurs at 
the character at which the first skip will stop, C30. 
When the skip control in hub  receives its first impulse, 
the skip starts. This  causes the counter to reset when 
the  ski^ reset counter line goes high. After the reset 

k 
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CHECK CODE 
1 

LBeginning Of Unit Record 

F 
I 
G G 
s S : = I  e e e  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Figure 164. TCCC Tape Codes 

f 

the counter ~11ive line advances the counter a t  each 
character time. This causes the counter to reach 99 at 
C30 time. The  next character read then writes in C30. 
T h e  skip start character doesn't print, because it is 
not wired to print. T h e  next skip contiol hr;!, (2) 
becomes hot at the RhI following the reset of the 
counter. This is controlled by R162. Klli2 piths when 
t11e thyratron 9Ri0  on 10.51.15 fires. \.\'it11 the skip 
control 2 hub hot, the skip gate developec! occurs at 
C50, the stop character for the next skip. 

If the skip code is not punched in the tape becausr 
the field is completely filled with data (making the 
skip unnecessary), passing the SKIP TO TRACK POSITION 

(position wired from a skip exit) advances skip con- 
trol to the next exit. For example, if SKIP 1 is wired to 
SKIP TO TRACK POSITION 30, passing position 29 without 
a skip, advances skip control from SKIP 1 to SKIP 2. This  
is acco~nplished by 9K10b on 10.51.04. At B4 as C29 
is being written the skip counter adxance sets up  the 
.ATH 9RIO on 10.51.15 to fire at the next Rhl .  

TCCC T o p  D.ta 10.M.W 

C k k  CMI 0 

e = - l  

I 

Cldch (10.02.W) 
w 

Included In Count 

L,J 

End Of  Unit Record 1 

Figure 165. TCCC Operation Sequence 
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Arithmetic 

General Principles 

T h e  R A A I ~ C  is capable of performing adtlition, sub- 
traction and multiplication. Division is also available 
as an optional feature. However, the basic arithmetic 
function of RAAI.-\C is addition, since subtraction is per- 
formed b! complement addition, multiplication by 
repetitive addition, and division by repetitive comple- 
ment addition. 

Accumulator Track 

T h e  accumulator track and associated circuits are pro- 
~rided to accomplish the basic arithmetic functions. 
Like other processing tracks, the accumulator track is 
dividetl into ten fields with ten character positions per 
field. Each field of the accumulator track is also called 
an accumulator. Thus, RARIAC has 10 accumulators, 
each of which can store 10 digits. Within each accumu- 
lator, the C9 position stores the lowest order digit, and 
the CO position stores the highest order digit. 

Unlike the normal process drum track, which has a 
single heatl for reading and writing, the accumulator 
track employs two heatls, one for reading and one for 
writing. The  read head is positioned to read one char- 
acter earlier than its corresponding machine character 
time, and the write heatl is pcsitioned to write one 
character later (Figure 167) . 

T h e  reason for this read head and write heatl dis- 
placement is that the accumulator must be capable of 
reatling a digit contained in any character position, 
adding to that digit, and writing the sum back in the 
same character position. 

Programming, For Add, Subtract, and Read Out 

A positive number may be added into an accumulator 
by employing the character L in the T, section of the 
instruction. For example, to  add the six digit number 
located in position 54-99 of track W into accumulator 
2, the instruction is W59L2906. 

A positive number niay be subtracted into an  ac- 
cumulator by employing M as the T, character. For 
example, to subtract the three digit number located 
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in positions 13-15 of track X into accumulator 1, the 
inltruction is X 15M 1903. 

It is not possible to couple two accumulators in the 
manner that accounting machine counter groups arc 
coupled. If an accumulated amount exceeds the 10 
positions of an accumulator, this condition is indi- 
cated by the transfer of a seiector on the control panel. 
This overflow selector may be tested after each addi- 
tion, and when found to be transferred, a special 
program step may be executed to add 1 into the low 
order position of another accumulator. Thus, even 
though two accumulators may not couple automati- 
cally, effective coupling ma) be accomplished by pro- 
gramming, but an extra program step is required. 

If it is desired to read a number out of an accumu- 
lator, the T, character must be either L or M. If 
T, = L ,  the number \\-ill remain on the accumulator 
track after read out. This is the same as a normal proc- 
ess drum transfer. If T, hl,  the affected accumulator, 
or accumulators, will be reset to zero (luring read out. 
If the instruction requires any portion of an accumu- 
lator to be reset, the complete accumulator will be 
reset. 

True Add, Complement Add 

Since RAMAC adds algebraically, a true add operation 
is performed under the following two conditions: 

I. T, = L and the number coming from core buffer 
into the adder circuits is positive. 

2. T, = hf and the number coming from core buffer 
into the adder circuits is negative. 

1 
X complement add operation is performed under 

the following two conditions: 
1. T, = L and the number coming from core buffer I 

into the adder circuits is negative. I 

2. T, = M and the number co:::ing from core buffer 
into the adder circuits is positive. I 

i 
Lagic of RAMAC True Add Operation 

During the execution of an exalnple instruction, 
X75L4903, the R cycle operation is the same as with 
any ordinary process drum transfer. During W cycle 



Reod ' 1 write 
Heod I ! Heod . 8 

Figure 1 G i .  Accumulator Track 

the three characters which were transferred from track 
X are scanned out of the core buffer during C49, C48, 
and C47 time. Thesc three numerical digits are en- 
tered into the adder circuits simultaneously with the 
three digits already stored in C49, C4& and C47 posi- 
tions of the accumulator track. 

Since the accumulator read head reads one character 
early, the digit in the C49 position of accumuiator 4 
will be read during C50 time. However, the entry of 
the accumulator digit into the adder circuits must be 
simultaneous with the digit coming from the core 
buffer during C49 time. Therefore, the accumulator 
digit is delayed one character time in a delay register 
before entry into the adder circuits. 

If the sum of the units position digits is 10 or 
greater, there must be a decimal carry into the tens 
position. This is accomplished by entering a numeric 
1 into the adder along with the digit coming from the 
core buffer and the digit coming from the delay reg- 
ister during C48 time. 

Three separate input lines to the adder are required 
to fulfill the needs shown above. These inputs are 
designated as inputs A, B, and C. A input is from the 
core buffer, B input is from the delay register and C 
input is the carry input. 

Rule 2. If a bit pulse is received a t  only one input, 
the bit sum is 1. 

Rule 3. If a bit pulse is received at each of two 
inputs, the bit sum is 0, and there is a bit 
carry into the next bit. 

Rule 4. If a bit pulse is recei~ed at each of the three 
inputs, the bic sum is 1, and there is also a 
bit carry. 

Let us apply these rules to adding pukes at B1 and 
B2 time into adder input B, and pulses at BI and B2 
time into input .A. In decimal form this problem is 
3 + 3 = 6 .  

B8 time B4 time B2 time Bl time 
Input B 0 0 1 1 
Input X 0 0 1 I 
Input C 0 1 1 0 

-- -- -- -- 

Bit Sum 0 1 1 0 

The  binary sum of this addition is B4 and B2, which 
translates to decimal 6, the correct answer. 

Since four binary bit positions are used to repre- 
sent each numeric digit, sums having a value 0 through 
15 could be accumulated within a particular char- 
acter position. However, a numeric bit value greater 
than 9 cannot be allowed to remain in one character 
position. 

Since the numeric data on all tracks is stored serially B8 B4 B2 B 1 
in binary bit form, addition within the adder circuits Input B 0 1 1 O =  6 
takes place one bit at  a time in binary form. T h e  adder Input  A 0 1 1 1 =+ 7 
circuits wi!! accept only the numeric bits, BI, B2, B4, ~ n p u t  C 1 1 0 0 
and B8, from any character. -- -- -- -- -- 

In  order to accomplish addition a bit at  a time, the Bit Sum 1 0 1 = + I 3  
following four rules are necessary: T h e  bit sum in the problem above must be modi- 

Rule 1. If  no  bit pulses are received at any of the fied to leave B1 and B2 in the character position 
three inputs to the adder, the bit sum is shown, and a decimal carry initiated to carry 1 into 
zero. the next character position. I n  order to modify the 
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bit sun], tal must be sobtrrrctetl. Sirice direct subtrac- 
tion is not possible, conlplemcnt ;tdtlition is used. 
Ho~vever, we are tlealir~g with ;I 16 base counter, so 
the 16's complement 01 ten, 6, inust be acttled. Figure 
I68 sholvs the correction necess;ri)- for the problem 
cited above. 

The  necessity o f  + t i  correction adcls two simple 
rules to the foul- alreatl! given for KX31AC addition: 

Rule 5. I\-henever the bit sum esceetls 9, + 6 cor- 
rection and tlecinlal cirri-? are initiated. 

Kule 6. .-I bit 8 carry is thrown ;rxtray whenever it 
occul-s, since this tnrr! situ:~tion is taken 
care of by the tleciin;~l carry set up  as a 
result of rule 5. 

Since the aclder rccei~e, inputs lrom the core buffer 
rrntl from the delay register only during bits 1 ,  2, 4 and 
8 time, the remaining iour bit times may be usecl for 
correction. These two intervals of time are called add 
cycle and correction cycle. T h e  correction cycle covers 
bit tinles, R, S, X, ant1 0, which ha\,e a value of 1 ,  2, 
4, anti 8, respecti~ely, for coirection purposes. 

Sum : 13 

Decimal 

FOUR-POSITION BINARY COUNTER 

Figure 168. + 6 Correction 

USE OF PR.~CTICE PROBLEM C H ~ R T  

The  use of the practice problem chart (Figure 169) 
will aicl in understanding the R ~ I . - \ c  arithmetic ]>roc- 
ess during a true add operation. The  numberect blocks 
across the top of the practice problem chart represent 
machine chaiacter time. Hit times ale intlicatetl for 
the acld and correction cycles in relation to each char- 
acter time. T h e  three adder inputs are intlicated irlong 
the right side. The  input of a bit is indicatect b) a "1" 
in the proper square, no input is indicated b\ "0". 
T h e  B1 square at input C is reservetl for decimal carry. 
T h e  adder register triggers which store the sum until 
it can be written on the accumulator track (one char- 
acter later than machine time) are indicated below 
the adder inputs. A horizontal line is used to indicate 
that the trigger is storing the appropriate bit; the ab- 
sence of a line inclicates the trigger is not storing a bit. 

Assume that the instruction being executed is X55L- 
4903 with 463 stored in C73, C74, and C75 positions on 
track X and 873 in accumulator 4 at the C47, C48. and 
C49 positions. Using Figures 169 and I70 together, 
trace the flow of data ant1 the entry of data on the 
practlce pioblem chart. 

During R cycle a normal transfer was executed, 
transferring 463 from track X to the 00, 01, 02 posi- 
tiona of the core buffer. T h e  actual arithmetic tlata 
flow, which we shall trace, takes place during M' cycle 
as follows: 

I .  At C50 time the 3 in the C39 position of accumu- 
lator 4 is read into the delay register a bit at a time. 
At each following character time, the next charac- 
ter is read into the clelay register, a bit at a time. 
Each character is stored in the delay register for 
one character time. 

2. At C49 B1 time the add cycle is initiated. A 
pulse is received into adder input B from the delay 
register and into adder input A from the core 
buffer. This results in no sum, and a carry, which 
sets up  the feeding of a bit carry into adder input 
C during B2 time. 

3. At C49 B2 time a pulse is received into all three 
adder inputs. This  results in a B2 sum, and a carry, 
which causes storage in the adder register B2 trig- 
ger at B4 time, and a bit carry into input C at 
B4 time. 

4. At C49 B4 time a pulse is received into input C 
only. This results in a B4 sum which causes stor- 
age in the adder register B4 trigger at B8 time, and 
no  carry. 

5. At C49, B8 time no adder inputs are received. 
T h e  add cycle is complete at the end of B8 cime. 

6. At  C49 QR time the correctictn cycle is initiated. 
Since nothing is stored in  the adder register B1 
trigger, there is no entry into any input during BR. 
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Deloy Fiegister! 

Core Buffer) 

1 

Figure 169. Development of 873 $463 

5. At C49 Bs time the adder register B2 trigger 
causes a pulse to be entered into adder input B. 
Since no correction is necessary, there is no pulse 
into input A. This results in a correction B2 sum, 
which causes storage in the atlder B2 trigger at Bx 
time, and no carry. 

8. At C48 Bx time the adder register B4 trigger 
causes a pulse to be entered into adder input B. 
There is no pulse into input A. This results in a 
correction B4 sum, which causes storage in the 
adder register B4 trigger at BO time ar.d no  carry. 

9. At C48 BO time there is no entry into the adder, 
resulting in no sum and no carry. The  correction 
cycle is complete at the end of BO time. 

10. At C48 Bi time another add cycle is initiated. 
A pulse is received into adder input B from the 
delay register. No pulses are received into inputs 
A or  C. This results in a sum, which causes storage 
in the adder register Bl trigger during B2 time. 
Since the adder register B1 trigger had nothing 
stored in it at C48 B1 time, 0 is written in the B1 
position of C49 on the accumulator track. (Re- 
member: the accumulator write head is offset one 
character later.) 

11. At C48 B2 time a pulse is received at both the A 
ant1 B inputs, resulting in no sum and a carry. T h e  
adder register B2 trigger is in the "storage" state 
during C48 B2 (due to the addition that took 
place during C49 time), a 1 is written in the B2 
position of C49 on the accumulator track. 

12. At C48 B8 time a pulse is received into input C 
due to bit carry during B4. A sum and no  carry re- 
sults. Storage takes place in adder register B8 trig- 
ger at BR time. Since the BE trigger had nothing 
stored during C48 B8, 0 is written in the B8 posi- 
tion of C49 of the accumulator track. 

13. T h e  correction cycle proceeds much as it did 
before, except that a + 6 correction occurs because the 
adder register B4 trigger is in the "storage" state when 
the B8 trigger is flipped to the "storage" state at BR 
time. A Bs pulse and a Bx pulse (correction B2 and 

B4) are fed into input A while input B pulses are 
controlled by the adder register triggers. 

14. Since + 6 correction and decimal carry go hand 
in hand during true add, a B1 pulse is fed into adder 
input C at C47 time. Writing will occur on the accumu- 
lator track in the C48 position during C47 time, using 
the same principles used during C48 time. 

Tracing the data flow and entry of data on the 
practice problem chart for the C47, C46, and C45 
positions should cause no  difficulty, if the principles 
and rules already presented are followed. 

Adder 

Logic and Data Flow 

The  adder (5.01.01) , the result register (5.01.02) and 
the adder register (5.01.03, 5.01.04) will be treated as 
a unit with no consideration of the type of operation 
being performed (See Figure 170). Three inputs to the 
adder, A, B, and C, will be examined to raise two of 
the four following output lines: sum or no  sum, carry 
or iio carry. 

This information is stored in  2 triggers, sum and 
carly, at  QI C time for each bit. T h e  sum triggers will 
be sampled to turn on the appropriate bit sum trig- 
gers in the adder register. These are scanned twice 
during a character time, once in the add cycle, B1 
through B8 and once during the correction cycle, BR 
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- One Character Early One Character Late 

Delay 
Register 

5 .02 .02  Switch - 
5.01.05 r - -  - - -----  

I Adder Register 5 . 0 1 . 0 3  , 5 .01 .04  . I 
I I I 

ueclrnal 
Carry 

5 .03.01 

through BO. T h e  serial data from the adder register 
goes two places. During the correction cycle, it returns 
to adder input A for possible correction. During the 
add cycle, it is the output of the adder, delayed one 
character time from the inputs. 

The  carry trigger output is used to turn on the bit 
carry trigger. The  latter provides an input to the 
adder, one bit later than it was developed. Also if a 
carry is sensed at BR time, indicating an attempt to 

accumulate 16 or higher, the decimal carry trigger is 

turned ON. This trigger is also turned ON when a bit 8 

sum is sensed (BR time) and the 2 or 4 bit sum trigger 

is ON, indicating a sum over 9. This decimal carry trig- 

ger remains ON until B4 of the next character, and is 

used to enter the + 6 correction factor during the cor- 

rection cycle, and to provide a carry at Bl time of the 

next add cycle. 
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?'he follo~ving circuit explanation covers only the 
;rtltlei- ant1 atlcler ]register circuits. For the various func- 
tions, the input s~vitching rnay vary but the adder itself 
will st i l l  tlevclop a serial sum out, one character time 
later th;~rr the inputs, ant1 also sense the need for a 
tlecirn:~l c;rrry. 

Figure I ' i  I sIio\\.s a sequence chart of adder operation. 

Circuit Description 

cycle gate. It is flipped 3 pin high every B1 for an ;rtld 
cycle gate. 

Add Opcmtion: On 5.01.01 the three inputs to the 
acltler, A, B, and C ,  are compared bit by bit to tle- 
velop two outputs. At each bit time, the sum or  no 
sum line will be high and the carry or no carry line 
will be high. At QI C time, the suin and carry triggers 
on 5.01.02 are set. One bit later, these triggers are 
sampled with 0 B's. 

The  bit carry trigger 6N 1 1  on 5.01.02 is turnecl 3 
- - 

pin high one bit later than the carry trigger. This bit OB JECTI\.ES: 
carry is returned to the aclder ~brough input C or 

1 Establish ;ldcl cycle (B1, B2, '49 '8) and '0'- 
5.02.04 to be mired luith the otller inputs. T h e  sums 

rection cycle (BR, Bs, Bx, BO) . 
or no sums are stored in the adder register on 5.01.03 

2. ?Iits to produce Output of sum anti 5.01.04. since the B B  sums are arriving one bit - or no sum, carry or no carry. late, the four bit sum triggels will set one bit later 
3. Develop serial data out, one character after input. than their value indicates. Notice that  the bit sum 
4. Determine need for decimal carry. trigger (6J 10 - 5.01.03) is pulled 3 pin high at 3 2 0  B 
A d d  Cycle-Coil-ccl~on Cycle: T h e  correction cycle time if the sum line is high. Once the sum trigger is 

trigger (6G10 - 5.03.05) is in continuous operation, pulled 3 pin high it will remain so until a no sum 
being flipped 10 pin high at ekery BR for a correction result for that bit arrives from the adder. For example, 

Figure 171. Adder Operatier: 
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the bit one sum trigger can only be pulled 10 pin high True Add Operation 
at B2 or Bs time with no sum 0 B .  

serial ~~t~ olltr ~h~ four sum triggers are scanned T h e  instruc:ion \2'95L7802_b_b v:ill atld characters '35 

with B1, B2, B4 and B8 to produce 0 ,A to (a A serial and 94 from \'\I track to characters 78 ant1 75 of the 
accumc!:ttor track (L) . During R cycle a normal trans- tlata out. The  triggers are also scanned at BR, Bs, BX 
fer of data from M' track to cores will trike p1;icc.. Dur- 

and BO to tlevelop serial tlata for the correction cycle. 
ing \\I cycle, the acld operation will occur and  it is 

All serial data appears on the register out line on shoMrn in the flow chart  of 

Con-ection Cycle and Decimal Cariy: T h e  output of 
the four sum triggers is always returned to the adder 
during the correction cycle (BR, Bs, BX BO) through 
input B (Q5b-5.02.04j. If the sun1 counter accumu- 
lated more than 9 during the adtl cycle, a correction 
factor of + 6 is entered into the atlder through input 
A (6Q9 - 5.02.03) . During a true adtl operation, this 
becomes an input at Bs and Bx. T h e  decimal carry 
trigger (5.03.01) is turned 3 pin high at the and switch 
6L10a if the 8 sum trigger is turned ON (sum QIB at 

Data is being reatl one character early from the 
accumulator track ancl then clelrtyec! one character in 
the delay register. If a Q of 5: calling for :I reset of 
the accumulator, were present, the on time accumu- 
lator data woultl never reach the atltler. A t  atltler in- 
put B the add subtract fields gate selects the tlesired 
accumulator track data for atltler entry during add 
cycle time. This same gate is alloxving the tlata from 
cores to enter atlder input .A. One character later the 
swn of the two inputs wi!l appeal- from the adt1e1- 
register. During the add cycle the bit carries are re- 
turned to adder input C. If a + 6 correction is neetletl 

RR time) ant1 the 2 or 4 sum trigger is ON. Also, a sum as <letermined by ihe llecimal carr) triggel. i t  i5 en- 
greater than 15 (carry QIB at BR time) \\.ill result in a tered into adder input A during the correctio~i c\cle 
decimal carry. This trigger will remain ON until B4 of with the adder result going to input E. T h e  adtlei re- 
the next add cycle. sult has BR inserted and is gated to the accun~ulator 

Accumulator 

Add, Subt 

Register Add Cycle Write Gote 

Accumulator 
Write 

r - - - - - - - - -  
Adder lnput A 

Add Cycle , 
True Add I 

I I 

I Correction Cycle 

True Add- 5.01.01 

L -  - -- - - - - -J  
W Cycle 

Data Switchin r -  - - - - -  
I 

- -1  
Adder lnput C I 

W Data 
From Cores Decimal Carry- 

Bit carry' - - I*; I 

I 5.02.04 ' 
L -  - - -- - - - - J  

Bit Carry 
Decimal Carry 

Figure 152. True Add Data Flow and Controls 
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Figure l i 3 .  Delay Register Operation 

write head one character late by the acld subtract write 
gate. Since the write head is ph)sically located one 
character late, the result is returned to the same char- 
acter position from which the accumulator factor was 
read. 

OBJECTIVES: 
1. Develop true add gate. 
2. Read and delay the accumulator track data one 

character time. 
3. Select desired accumulator track data with the 

add subtract fields gate. 
4. Enter adcler with core data, accumulator data 

and carries. 
5. Insert BR'S after bit count. 
6. Select adder output with add subtract write gate. 
7. Write I-esult on accumulator track. 

T?-zie Add Gate: The  inputs to adder input A will 
be controlled by the type of operation being per- 
formed. T o  establish a true add operation both-the 
instruction and the sign of the factor coming from 
cores must be analyzed. For the present discussion we 
will assume true add is high for the entire operation. 

The  detailect development of the true ant1 comple- 
ment add gates %$-ill be covered later under "Sign 
.Analysis ant1 Sign Control." 

Accumltlnto,- Reod Dntcl ond Delny Rcgiste,: On 
3.10.42 all data on the accumulator track appears as 
full bit pulses on the read data line. T h e  read head 
is positioned to procluce approximately @ A  to @ A  
data one character early. At the delay register (5.02.02), 
this data is scanned with prC pulses to protluce @ C  
bits at 6D9a and 0 C  no bits at 6Fl la. This is shown 
in Figure 173. T h e  QIC bit pulses are scanned by the 
bit ring to turn their respective delay triggers 3 pin 
high. The  0 C  no bit pulses are scanned to turn the 
triggers 10 pin high. Therefore, the iour delay trig- 
gers will be set from QIC to QIC for at least a fill1 
character. 

One character after one of the delay triggers has 
been turned 3 pin high, its 3 pin is mixed with a bit 
ring pulse. These 0 A to 0 A pulses are a11 sent to the 
XI-6A8a where they mix with a 0 B  to  pull the ac- 
cumulator delay trigger, 6A7, 3 pin high. This same 
line of delayed bit pulses is i n~c r t ed  at AI-6A9a and 
mixed with QI B's to pull the accurzlulator delay trigger 



10 pin high. The  lesult is on time 0 B  to 0 B  ac- 
cunlulator dela) data. This data is gated at 6E8a with 
Q = not 3, Test R/TV + \V Cvcle. Q= 5 is a reset coin- 
mand. T h e  other conditions allou~ the changing of 
the accumulator track data from the console. 

Add Subtract F~elds Cote: We must now select the 
data specified by the instruction for entry into the 
adder with the atlri subtract fields gate. Since the ac- 
cumuiator track is really 10 separate accun~ulators we 
must alwals enter the entire field (s) into the adder. 
This is necessary because of the possibility that quzn- 
tities added to low order positions of an accumulator 
(field) may require carries into several high order 
positions. In complement addition another reason for 
entering the cornplete accumulator will be discussed. 
In our sample instruction, 12'95L7802bb, -- all of firlcl 

seven of the accumulator track must enter the adder. 
The  Add Subtract Fields Gate gates the on time ac- 

cumulator data at GP5 on 5.02.04. This gate is de- 
veloped on 5.06.02 at trigger GU7. 6U7 is pulleci 3 pin 
high at A compare of 11: cycle. This can be seen in the 
sequence chart in Figure 174. A compare, tleveloped 
on 2.04.14, always occurs at the beginning of the field 
(COBS) in which the AB counters roll from 99 to n0. 
T h e  add subtract fields gate trigger is pulled 3 pin low 
at C9Bx at the end of the add operation with the 
cycle complete gate high. Note that the add subtract 
fields gate actually comes up  during bit 8 of the high 
order of the previous accumulator. If a bit 8 does en- 
ter the adder at this time it will not be written since 
the add subtract write gate comes up  at BR, one char- 
acter later. 

Figure 174. Example Trsc Add Operation (W95L7802l$i) 
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A d d o .  Inpzlts: During the add subtract fields gate, 
adder input B has a cornplete field or fieltls of @ B  
to 0 B on time data on it, as discussed above. 12: data 
enters adder input X from the core buffer during the 
atltl subtract fieltls gate. This data is further concli- 
tioned on 3.02.12 by 12: cycle gate which is established 
by the instruction. It is also conditioned on 5.02.03 
by true add and adcl cycle gate. T h e  bit carries and 
the decimal carry will funciion as outlined under 
".Adder" operation. 

Parity Insel-t: The  atlder register out data appears 
on 5.01.05 in serial form, one character time after the 
inputs. At "and" s~vitch 6H10, the add cycle data is 
allowed to pass through. These data bits are sent to 
3.03.03 as parity insert control data. T h e  trigger at 
FJ'i on 5.03.03 counts the bits within each character. 
If left 10 pin high at BR time, a BR is inserted in the 
data from adder line at 6G5a on 5.01.05. 

Add Stlbtl-act TI'I-itc Gate and JYrite Head: The  
data from the adder goes to 5.06.04 where it is gated 
with the adtl subtract write gate before going tu the 
accumulator write circuits. Although the entire ac- 
cumulator contents are sent to the adder from CS 
through CO, the desired output will be from C8 
through C9 of the next field. The  add subtract write 
gate is tleveloped on 5.06.02 at trigger 6V7. This trig- 
ger is puller1 3 pin high at C8 after the add subtract 
fields gate trigger is turned 3 pin high. I t  is pulled 3 
pin low at C8 after the add subtract fields gate trigger 
is turned 3 pin low. 

T h e  full ten characters (or multiple of ten) of ac- 
cumulator write data is sent to the write circuits on 
3.1 0.42. Accumulator write trigger 5 4 6  is flipped 3 pin 
high with each 0 C  data bit from 5R5 pin 9. This 
trigger is flipped 3 pin low at each 0 C  no  data bit 
from 5R5 pin 6. The  two compIemrntary outputs of 
this trigger are gated to either side of the accumulator 
write head with an accumulator write gate. This lat- 
ter is a conditioned add subtract write gate. 

T h e  sequence chart in Figure 174 illustrates the 
operation 11195L7802bb with 0000000831 in accumu- 
lator 7 and 32 in characters 94 and 95 of W track. 

Complement Add 

Principles of RAMAC Complement Add 

TENS COMPLEMENT 
Complement addition within RAMAC is based on the 
tens complement principle. Using this principle, a 
number may be subtracted from another number by 
adding its tens complement. T h e  tens complement 

of a number is the result of subtracting i t \  t in~ t ,  c!ig~t 
from I @  nntl nll other digits f ~ o m  !) Fol tx,rmple, 
473218 ma) be ~ctluced b! 3168-1 b\ two cllfie~ent 
methods to obtain the same 'cnswer. 

Direct Subtraction Co~-nplement ;\dclition 
047321 8 Of73218 

Note that the c3rr? fro111 the high order position 
j, dropped when doing tens complement a(1dition. 

Since this method of subtraction is used in R . ~ \ I A C .  

a negative figure will appeal- on the accumu1;ttor 
track as its tens complen~ent. \\'hen it is netessnry 
to transfer such ;t number out of the act.umulator 
with T, = L or hf, it is con~erted to a true number 
by complement aclclition to zero. .A bit X is atltled to 
the units position digit to identify the number as 
being negative. 

SIXTEENS CORIPLE\IENT 

Since RAnfAc. stores and processes each digit as a four 
position binary number, the complement addition of 
individual bits within each digit must be done to 
a base of 16. This sixteens base binary number must 
then be modifietl to a decimal (tens base) number 
just as it was during true add. 

In order to accompiish sixteens complement addi- 
tion the following method is used: 

1. The  number coming from the core buffer is 
inverted into adder input A, giving the fifteens 
complement of that number. 

Example: 

B8 B4 B2 BI  
Adder input A 

number = 4 

The inversion 
of 4 - 1 1  - 

2. A B1 pulse is automatically added to the units 
digit of the input A number to give the 16's com- 
plement of that number. 

Example: B8 B4 B2 B1 
15's complement of 4 = I1 1 0 1 1 

Add B1 0 0 0 1  
- - - -  

16's complement, 12 results 1 1 0 0 

T h e  first digit from the core buffer into input A 
will always have a B1 added, as will all digits going 
into the C9 position of an accumulator. This B1 pulse, 
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automatit;~lly addetl into input C, is called "sixteens 3. Complement number resulting from the addition 
carry." if a negative number: 

W75L2903 
, \ I O D I F I ~ T I ~ X  FROM 16's CO~IPLEMENT B = 00175 
TO 10's C O ~ I P I  F ~ I E N T  ;2= 337 (negative) 

T h e  sixteens base number that is in the adder register 
at the end ot the adtl cjcle must be modified to a Result = 99838 

decimal number (luring the correction cycle.. This 
is accomplishetl (luring a complement atld operation 
by eithei initiating a dehimal carry or adding a +I0  
correction according to the following rules: 

1. T h e  neetl for a decimal carry is indicated by a 
bit 8 carry from the adder. 

2. The  11eed for a +I0  correction is indicated by the 
absence of a bit S carry. 

63 3 8 

COMPI.ERIENT ADD EXAMPLE PROBLEMS 

1 .  True  number resulting from a subtraction: 
W75h,12902 
B = 00005 
A =  03 

Result = 00002 

2. Complement number resulting from a subtrac- 
tion: 

W75M2902 
B = 00003 
A =  05 

Result = 99998 
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4. T rue  number resulting from the subtraction of 
a number that is entered one place to the left: 

W75M2802 
B = 00175 
A =  16 

Result = 00015 

5. True  number resulting from adding a negative 
number that is entered one place to the left: 

W75L2802 
B = 00175 
A = 16 (negative) 

Result = 0001 5 



In example #5, note that true add, rather than 
complement add was perfornled (luring C9 time. T h e  
need for complement add was not recognized until 
Bx of C8. The  sixteens carry was thus entered at B1 
of C8. Compare with example #4. 

6. There is a method of arriving at a complement 
result without complement adcling the figure at 
input A. T h e  addition of a positive figure to a 
negative number on the accumulator track is 
performed as a normal true add operation, since 
the negative number is aiready in the tens 
complement form. 

W75L2903 
B = 985 (complement) 
A=Ol l  

Kesul t = 998 

Complement Add Data Flow 

During the add cycle, the data from cores is inverted 
to the fifteens complement form at adder input A 
by the complement add gate. At this time, the units 
position of the data from cores must be converted 
to the sixteens complement by the entry of a bit one 
into adder entry C. This occurs at AB carry time. 
In the event more than one accumulator is used 
during the complement add operation, there will also 
be a bit one added at every character 9 (units posi- 
tion of each accumulator). 

A decimal carry is developed only if the result ac- 
cumulated exceeds 15. This is indicated by a bit carry 
at BR time. The  decimal carry signifies tIldr the result 
in the adder register is already back to the tens com- 
plement form so no  correction is necessary. A carry 
into the B1 position of the next character is needed, 
however, and is entered a t  input C. 

No decimal carry signifies that the result is in the 
sixteens complement form, and must he  corrected by 

ntltling 10 (Bs and BO) through input -1 tllil-ing the 
correction cycle. 

OR JECTIVES: 

I .  Develop complement add gate. 
2. Read and delay nccumulator track data (see :rue 

add) .  
3. Select desired accumulator track data (ser true 

add) .  
4. Enter adtler 

a. Complement core data. 
b. Insert units position sixteens carry. 
c. Correct result with + 10 if no decimal car]-\. 

5. Insert BR (see tiile acld) . 
6. Select adder output (see true add) . 
5. Write rcsult on accumulator track (see true atltl) . 
Complement Add  Gate: This gate is developed at 

the same trigger that provides the true add gate (6312- 
5.04.02). I t  will be pulled 3 pin high after an anal\sis 
of the T, character (L or hl) and the sign ui  the 
factor coming from cores. This will be co~erec! I . t t a  

in "Sign Analvsis and Sign Control." 
Addel E77t)l . The  M' data from corer is inxel tetl 

at 6KIOb on 5.02.03 to develop the fifteens comple- 
ment input to the adder. T h e  bit one carrx to the 
units position 1s entered through input C (5.02 04) 
by the line labeled sixteens carry. This line is cle- 
veloped on 5.04.02, as a result of complement instluc- 
tion and a check sign puise. T h e  check sign impul5e 
(5.04.01) is a BI at C9 or AB carry of MT c)cle. The  

AB carry occurs dt BR to B2 of the first character 
coming from cores (see Figure 174). Character 9 
allows a sixteens carry insert at the units position of 
each accumulator if more than one en t e~s  the acltlcr 
The  number oi accumiilators (fields of the accumu- 
lator track) is determined by the A4 of the instruction. 

A correction factor of +10 will be enteretl through 
input A only if there has been no decimal carry (6RS- 
5.02.03) . 

Sign Analysis and Sign Control 

Sign Analysis 

Sign analysis refers to the examination of the oper- 
ation called for and the sign of the factor in cores 
to determine whether this factor will be true added or 
complement added to the factor in the accumulator. 
This is shown in the table below: 

T, = L, Add 

T2 = M, Subtract 
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Accurnulotor 7 
Read 

Register 
~ d d  Cycle - 

Accumulator Data 
I 

L-- - - - -  
Add, Subt Fields Gate Parity Insert 

L ~ d d  Cycle 

01 
Register - 

C9 or A 0  Carry I 
Comp Add I - + 

I 

Correction Cycle I I + 
BS/BO - - 

Comp Add Decimal Carry .--@ 5.02 03 L ----- :--J 

- 
BR/ B 1 

I 
I 

Bit Carry - - 
Bit Carrv 

Adder 1 1 
5.01.01 

I I , -  
I 5.02.04 1 Decimal Carry, 

Figure 175. Complement .4dd Data Flow and Controls 

T h e  accumulator track consists of ten separate 10 
position accumulators which cannot be coupled. How- 
ever, the RAMAC is designed to permit more than one 
accumulator to be added to or subtracted from during 
one program step. For example, an instruction W95 
L7743kb will add 43 characters from W track to the 
accumulator track. Characters 95 through 88 wil.1 
enter accumulator 7 beginning with character 77. 
Characters 87 through 78 will enter accumulator 6 ,  
characters 77 through 68 will enter accumulator 5, etc. 
T h e  first character from W track will be analyzed for 
a sign; after that each character entering the C9 posi- 
tion of the accumulator will be analyzed. Some factors 
from W track may true add and some may comple- 
ment add to the accrimulator depending on the sign 
stored in the units position of the factor. A bit X 
written in the units position indicates a negative 
number on the process drum (excluding thc accumu- 
lator track) or file. 

switched with the outputs of this trigger to raise either 
complement instruction or true instruction each 
character. This switching results in the sign analysis 
pattern shown above. Since the only positions which 
contain a sign are the first one or those arriving at 
the adder at C9 time, this is when a check sign im- 
pulse, developed at 6Q4, on 5.04.01, tests the true or 
complement instruction line. This B1 check sign im- 
pulse conirols the condition of the true-complement 
trigger on 5.04.02 and also develops a sixteens carry 
for complement add. 

Sign Control 

For purposes of console display and control panel de- 
cisions, the sign of each accumulator is stored in a 
relay. T h e  condition of zero or  non-zero for each ac- 
cumulator is also stored in relays. T h e  points of these 

relays used for control panel decision elements and 

CIRCUIT DEVELOPMENT console lights are shown on 5.05.09. T h e  pick and 

Each character coming from cores during W is drop-out of the sign relays (5.05.02, 5.05.03) is thyra- 

checked for the presence of a Bx. Any Bx flips the controlled- A pulse on the fire minus (thy) line 

sign trigger 6R4 on 5.04.01 3 pin high (or minus). picks the desired relay, indicating a negative quantity 
Every Bs then returns the trigger to 10 pin high (or in that accumulator. A fire plus pulse causes the blow- 
plus) . T h e  two instruction, T =  L and T = M, are out thyratron to conduct, dropping the relay. 
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Immetliately following any operation on an accumu- 
lator the follolving items must be analyzed to deter- 
mine what the new sign is to be: 

1. The  operation performed, determined by the in- 
struction ant1 the sign of the factor in cores. 

2. The  original sign of the accumulator. 

3. IYas there a decimal carry from the high order 
(character 0) of the accumulator? 

The  table in Figure 176 covers all the possible con- 
ditions with numeric examples. 

This table can be covered by a standard rule. Dur- 
ing a true add operation there should be no decimal 
carry and during a complement add operation there 
should be a decimal carry if the sign is to remain un- 
changed. Any violation of this rule indicates a sign 
change of the accumulator or an overflow of the 
accumulator. 

Figure 157 shows the flow of information required to 
change the accumulator sign. The  ten sign relays are 

scannetl each machine cycle by the field ring. The  plus 
and minus trigger indicates the sign condition for 
each accumulator during its field. This in turn raises 
the ~t.rite minus or write plus line during each ac- 
cumulator field. During an arithmetic operation, all 
the items required for sign c o ~ t r o l  are compared. T h e  
C9/Bx pulse checks the tlecimal carry trigger for the 
high order (C.0) of the previous field. Q= 5 tells 
the machine to ignore the accumulator factor and 
its sign. 

Following the operation on any accumulator the fire 
minus or fire p!us line will send a pulse to the sign 
relay storage unit, except in the two conditions of no  
sign change shown on the chart. 

CIRCL IT DE\~EI.OPXIENT 
On 5.04.03 the normally closed points of each sign 
relay are scanned one field early. On 5.04.04 the plus- 
minus trigger is set at COB1 and will indicate the ac- 
cumulator sign during the correct field. On 5.04.05 
the write accumulator sign trigger is set at CQBO to 
C9BO of the next field. At C9Bx on 5.05.01 (6F5a) 

/ Figure 176. Accumulator Sign Analysis 
I 
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Figure 177. Accumulator Sign Control Logic 

we will mix all the required items together at one of 
the units indicated on the chart to  provide a fire plus 
or minus. This occurs during the units positiorl of the 
next accumulator. T h e  fire minus line will flip trigger 
6Y2 10 pin high. At character 7 time pin 10 is scanned 
to develop a fire minus (thy) line. This occurs 3 char- 
acters after the accumulator operation was completed. 
Fire plus is simply the C9/Bx pulse from 1K 61Mlb. 

All units on 5.05.01 used for sign control during add 
or subtract operations are gated with the add subtract 
write gate. Fire Plus when the accumulator is zero is 
developed at 6F6a with only the fire zero line high. 
Sign control during multiply and divide will be cov- 
ered later in the appropriate sections. 

Zero Control 

If any operation should cause an accumulator to go to 
zero, the zero relay for that accumulator must be en- 
ergized. Each of the zero relays (5.05.05, 5.05.06) is 
co~~trol led by two thyratrons: one thyratron to ener- 
gize the re!ay, and the second thyratron to drop the 
relay by extinguishing the first. 

The  nlethotl of controlling the zero and non-zero 
thyratrons is to examine the tlatn scanned out of the 
adder on atltl cycle during each field that the zttltl- 

subtract write gate is high. If any bit is includetl in 
this data, the accumulator is not at zero ant1 a fire non- 
zero pulse is supplied. If the data is completely blank, 
a fire zero pnlsc is pro~idet l .  Note that each thyratron 
is gated by the field gate follo~zring the accumulator 
field, to allow the correct thyratron to be fired after the 
tlata has been examined for that accumulator. 

The  fire lero nnd fire non-zero pulses are developetl 
at 6E8b and 6AllOa (5.05.04). T h e  test pulse, B R C ~  
or BRCL is (Ie~elopetl at 6E9. These test pulses are 
controlletl by 6E7 so that they are available only dur- 
ing accumulator write gate or reset cycle. Each test 
pulse will cause either a fire zero or a fire non-zero 
output, depending on the state of the zero field trigger, 
6F7. 

6F7 is plate pulled pin 3 high by each BOC8 pulse 
through 6F8a. If any numeric data bit is scanned out 
of the adder during the add-subtract write gate, 6F7 
will be plate pullet1 pin 10 high from 6F8b. 
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I Reset zero field search (5.03.05) is tie\-elopetl at 
1 

6H10 by the "anding" of atltl cycle antl register out. 
At this point neither X nor R bits have been adtled to 
the data from the adder register. 

In multiplication and division opei-ations, fire non- 
! zero is forced for accumulatoi- I and 0. This is accom- 

plished by clamping the left grid of fiFi (5.05.0-1) at 
its iiigh le\-el by ~nultiply/di~.itle: zel-o thyratron con- 
trol, which ic developetl at G\V9 (5.06.02) for multi- 
plication antl a t  f l y 8  for division. 

Accumulator Overflow 

R A ~ I A C  has onli one overflow relay, R 2 i  (5.05.08). It 
is a latch t!pe, and will be picked if any one of the 
ten accumulators should overfio\c. .After an overflow, 
the overflolr hubs \\,ill remain transferled until an im- 
pulse is wired into the overfiow drop out hub. This 
will latch trip K2i. 

I t  is not posible for an accumulator to overflow on 
an operation ha\ ing Q = 5 .  For this reason Q = not 5 
is supplied ;I\  one input of the thvratron fX5. Note 
that 6.15 is fired by fire overflow and eutinguished by 
firing of 6.16 during P c\cle. 

Fire o\erflol\- is de\eloped on 5 05 0'7 ns a result of 
any one of the three sets of conditions listed in Figure 
176. T h e  ole~flmzr trigger is onl) used to indicate a 
decimal carry during a complement add and a nega- 
tive accumulator, a normal occurence. Its output, how- 
ever, is "anded" with fire zero to indicate the special 
overflow condition resulting in a zero accumulator. 

Reset Cycle 

Since the sign data and the zero, non-7ero data are 
stored in th?ra tron controlled relqs ,  removing DC 
from the R A ~ ~ A C  will destroy this data. T h e  first I cycle 
following an X reset becomes a reset cycle (ILI-  
1 .01.02) during which time the data on the accumula- 
tor track will be scanned to repick the appropriate 
zero relays. Any accumulator which contains a nega- 
tive number will hare a Bx in character 0, therefore, 
CO of each accumulator must be scanned during a 
reset cycle to repick the sign relays. T h e  writing of the 
Bx must be done when the accumulator goes minus. 
The  sequence chart in figure I78 illustrates this oper- 
ation. 

OBJECTIVES: 

1. Write Bx in CO when accumulator goes minus. 
2. Develop reset cycle gate after reset. 
3. Scan accumulator data for zero. 
4. Scan COBx to fire minus. 

Write Bit X: T h e  bit X is inserted into data from 
the adder at 6 H l l b  on 5.01.05. T h e  fire minus line is 

a C9/Bx from 5.05.01 indicating a minus result. Re- 
member that data from the adder is one character late 
so the bit X is written in character 0 of the accumula- 
tor track. 

Rrset  Cycle: The  reset cycle trigger (1L1-I .01.02) 
is reset 3 pin high by X reset, and mixes with I or P 
cycle. I t  is pulled 3 pin low at the end of I cycle by 
the reset cycle reset line. 

Rcpick  Zero Relays: T h e  reset cycle line allows 
CO/CL BR'S to test the zero field trigger (GF7-5.05.03) 
antl fire zero or non-zero. T h e  data from the accumula- 
tor must pass through the adder to become reset zero 
field search data on 5.05.04. T h e  add subtract write 
gate must be up  at 6F8b on 5.05.04. T h e  add subtract 
fields gate must also be up  to allow all ten fields of 
the accumulator track to pass through the adder. 

On 5.06.02, the reset cycle line flips the add subtract 
fields gate trigger 3 pin high. This in turn flips the 
add subtract write gate trigger S pin high at C8 time. 
The  reset cycle line also blocks the accumulator write 
gate io prevent writing on the accumulator track. 

Repick  Sign Relays: On 5.05.01, the restore sign 
trigger, 6EG, will be flipped I0 pin high by a Bx at 
C1 of the accumulator read data during a reset cycle. 
At C9/Bx of the next accumulator field, we flip trig- 
ger 6Y2 10 pin high from the restore sign trigger, if a 
COBx was sensed. This results in a fire minus (thy) at 
C7. At C8 and Rh4 the restore sign trigger is restored 
to 3 pin high. 

Accumulator Read Out 

When an instruction with a T , = L  or hI is executed, 
the numeric data must be transferred from the ac- 
cumulator into the core buffer during R cyc!e. This 
data is passed through thc adder for several reasons. 
First, the early accumulator data must be delayed one 
character time to enter cores on time. Secondly, a nega- 
tive number in the accumulator must be converted 
from complement to true form. 

T h e  data flow chart for this operation is Figure 179. 
On every R cycle, accumulator data enters adder input 
A directly, one character early. Each accumulator sign 
relay is scanned to develop a true or complement add 
gate for that accumulator. This is the only entry to 
the adder during add cycle. T h e  serial data from the 
adder goes to the output switch where BR'S are in- 
serted. Also, an absence of bits from the adder repre- 
sents a zero so BO's must be inserted. Any negative 
accumulator must have a Bx in the units position to 
identify it on the process drum, since it  is now in true 
form. T h e  units position will be the iirst character 
to enter the adder after AB carry. If more than one 
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Tl-ue ol- Complement  A d d :  Since the accumulator 
read data is obtained one character early, the data 
from accumulator 9 enters the adder during the inter- 
\a1 from CE through C91; the data from accumulator 
8 enters the adder (luring the interval from C90 
through C81, etc. Because of this timing, the true-com- 
plement trigger, 6RI2 j5.04.02), must be forced into 
the desired state at CE or  CO. During read out, 6312 
is controlled from 6N2 and 6P3 by not ~ccumu1ato1- 
sign scan and accumulator sign sczn, respectively. 
These two units are gated with R cycle and a BICE 
or BlCO test pulse. These gates (5,04.04, 5.04.03) 
represent the positive or negative condition or' accu- 
mulator 9 during CE time, accumulator 8 during F9 
time, etc. 

Adder  Inpu t  A: On 5.02.03, the accumulator read 
data, one character early, is permitted to enter the 
adder when the accumulator to adder gate is high 
(6S10b) . This gate is actually R cycle, cleveloped on 
5.06.04. Within adder input A, the data is mixed with 
the true or complement add gate. 

Bx Insert: During complement add on an R cycle, a 
bit X is inserted in the units position of the accumu- 
lator data at 6G6 on 5.01.05. The  units position will 
occur at AB carry for the first accumulator read out or 
at C9 of all following accumulators read out. 

BO 1tisr.t.t: The  bit 0 is inserted at 6G5b on 5.01.05 
when the 7ero insert trigger on 5.03.02 is 3 pin high. 
This trigger is set 3 pin low a t  B1. Then either of two 
contlitions existing in the ndtler register at B R ~ C  will 
pull i t  3 pin high. These conditions are explained 
above. 

A d d c r  t o  Col-ca.r: The  on time tlata from adder goes 
to 3.02.06 w11ere it is gated with T = L / M  to become 
read data. This in turn is garetl by R cycle and @ C  

(3P2) to become data to cores. 

READ OUT EXAMPLE 

Figure 180 shows an example of a read out operation 
for the instruction L84Y5912 with accumulator 8 nega- 
tive and accumulator 7 positive. The  number in ac- 
cumulator 8 is 9248900426. T h e  number in accumula- 
tor 5 is 000000001 9. 

Read Out and Reset 

In a T, = R I  operation the accumulator track is the 
origin of a data transfer as in the case with T ,=L .  
In addition to data transfer, howeyer, the particular 

- - - - - - - - - - - - - - - - 
RX Insert - -1 

I 5.01.05 I I 
I A B a r y  I I 

I 
I c9 
I I I 

I 

To R Cycle 
Data Switching 

Accr- Adder 

Accr Sign I t j i i i q  
L 

I 
I 
1 
I 

Comp Add , I 
I 

Figure 179. Accumulator Read Out Data Flow and Controls 
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accumulator from which the data is taken must be re- 
set to rero. It is important to note that a read out and 
reset operatiun requires that the complete accumulator 
be reset if an)  part of it is reset. 

T o  accomplish read out and reset we need only to 
modif) read out k.! bringing up  the accumulator write 
gate but provitlc no write tlata, i.e., write blanks in the 
accumulator. .-\ccumulator write gate is brought up on 
5.06.02 b) read out and reset coming from 5.06.01. The  
read out ant1 reset trigger will be pulled 3 pin high 
at C8 of a T =  31 operation when the set u p  trigger 
1s 3 pin high. This will occur at A compare, which 
is a COB8 pulse occurring prior to the field in which 
the AB counters d e ~ e l o y  a carry, i.e., tfevelop R/W 
cycle gate. This assures us that the entire accumulator 
will be reset. At C9 after the cycle complete gate is 
raised (6X8b - 5.06.01) the reset trigger will be pulled 
3 pin low dropping the accumulator write gate. 

During this time no data should be present on the 
accumulator write data line on 5.06.04. 

Multiplication 

hlultiplication is performed by RAMAC as a series of 
repetitive additions, involving three process drum 
tracks: the multiplicand track, the partial product 
track, and the accumulator track. T h e  multiplicand 
track is addressed by a T, or T, of V, and may serve 
either as the track of origin or destination in a trans- 
fer of data. T h e  partial product track may not be 
addressed, but is utilized automatically in the process 
of multiplication. The  accumulator track was dis- 
cussed in the development of addition. 

The  multiplicand is limited to 9 digits. A larger 
multiplicand might develop an I 1  digit partial prod- 
uct a ~ d  the high order digit would be lost. T h e  prod- 
uct can be as large as 20 digits; therefore, an I 1  digit 
multiplier may be used with the 9 digit multiplicand 
to develop a 20 digit product. A larger multiplier may 
be used; however, all lower order digits beyond the 20 
high order digits of the product are lost. 

Programming of Multiplication 

In  order to accomplish multiplication, the following 
two program steps are necessary: 

i .  The  first, contai l l i~g a T, of V, writes the multi- 
p!icand once in each field on the multiplicand 
track. T h e  X,B, is normally 99 to cause the units 
digit to be written in the C9 position of each I field. 

2. T h e  second instruction contains a T, of N, an 
A,B, of 99, and an MN of the number of digits 

in the multiplier. The  T,A,B, part of the in- 
struction is the address of the multiplier. This 
program step requires an I cycle, an R c)cle and 
a long W cycle composed of as Inany machine 
cycles as there are digits in the multiplier. Thus 
with an XIN of 06, there will be six machine 
cycles. I\'e shall call each machi~:e c)tle occur- 
ring during this long \\' c)de ;I "multiply \\' 
cycle." 

Theory of Multiplication 

Multiplication by the R A n i A c  is a series of repetitive 
additions combined with the right shifting of the par- 
tial products stored in the accumulator. T h e  number 
of additions of the multiplicancl to itself is controlled 
by the digits of the multiplier. Each digit of the multi- 
plier, beginning with the low order, requires a com- 
plete machine cjcle to perform its adding require- 
ments. Each of these cycles are W cycles, therefore a 
multiply operation requires as many continuous multi- 
ply Mi cycles as there are digits in the ~nultiplier. The  
multiplicand is added to itself by adding each fieltl of 
the multiplicand track to each field of the partial 
product track and writing the sum on the next field 
of the partial product track. 

Since the largest possible multiplier digit is 9: re- 
quiring 9 additions, one field is left in the machine 
cycle to add the partial product to the previous partial 
product from the accumulator track. At the same time 
the accumulator data must be shifted right one char- 
acter, so that the tens position adds to the units posi- 
tion of the partial product. This sum is then rewritten 
on the accumulator track in accumulator 0. This is 
shown in the example below: 

Multiplier 
2 

P.P. 780 
0 { A 

End of 1st W Cycle Accr 780 

Mu1 tiplier F 2 i P . '  M'cand \ 195 
- 
195 
195 Right Shift 

End of 2nd W Cycle Accr 4680 

Notice that the developing product is being shifted 
out of accumulator 0 into accumulator 1 during the 
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right shift. These two acctrmulators (20 tligitc) are 
reserved for the product. The  units position of the 
product will always be found in character " n- 2 "of 
accumulator 1 where "n" is the number of digits in 
the multiplier. 

Mrs:tiply Data Flow 

Figure 181 shows the data flow ant1 controls (luring a 
m ~ l t i p l y  M' cycle. The  multiplier has been previously 
placeti in each of the 10 fields of the multiplicand 
track with a T, = V  instruction. On ;I T, = N instruc- 
tion, 1 cycie and R cycle occur normally, placing the 
multiplier in cores. For example, \2'+9K9902l1b ~vould 
place C49 and C4S of 147 track in the cores. 

At CE time of each multiply 1%' c)cle, the multiplier 
digit is transferred to the multiplier comparator, core 
position 00 reacting out on the first 1%' cycle, position 
01 on the second cycle, etc. .At the comparator, the digit 
is analyzed to raise the multiplicand to adder gate for 
the number of fields specified (See gate 1 on Figure 
181). This gates on time data from the multiplicantl 
track into adder input A. The  fall o f  this gate is fixed 
at C9F0, therefore, the time it is brought u p  deter- 
mines the number of additions performed. 

T h e  output of the adder is written on the partial 
product track one character late, due to the adder 
delay. Nine characters later this same information 
must be read from the partial product track, on time, 
to adder input B to add with the next multiplicand 
field. Therefore, the partial product write head is 
physically clisplaced 9 characters ahead of the read 
head. T h e  partial ploduct to adder gnte (gate 2 on 
Figure 181) is raised one field after the multiplicand 
to adder gate, when the first partial product is read 
from this track. 

By C8FO the fully developed partial product has 
been written on the last field of its track. During field 
0 this data will be added to the right shifted accumula- 
tor track. On the first W cycle accumulators 0 and 1 
contain zeros; however, on following W cycles the pre- 
vious partial product is located there. C8F1 through 
C9FO of the accumulator track will be right shifted 
through the delay register. C9F1 is lost each shift cycle. 
C8FO through COFO of the accumulator track will be 
shifted right by the one character delay of the adder. 
While C8FO of the accumulator enters adder input A 
one character early, C9 of the partial product track is 
entering adder input B since the partial product to 
adder gate is still up. The  accumulator to adder gate 
(gate 3 on Figure 181) is u p  from C9FO to COFO to 

gate C8 through CO to the adder. T h e  shift gate (gate 
4 on Figure 181) is u p  from C8F1 through C9FO to 
right shift the rest of the product accumulators. 

T h e  accumulator write gate will be up  for field I 
anct field 0 to gate the data from the delay register and 
the adder to the accumulator write head. 

T o  summarize, the major objectives of multiply are 
listed below. T h e  detailed objectives will be covered 
Inter. 

MAJOR OBJECTIVES: 

1. Place multiplicand on track V with a T , = V  
instruction. 

. 2 .  Place multiplier in core buffer on R cycle of a 
multiply instruction, T, = N. 

3. Analyze first multiplier digit on Mr cycle. 
4. Repetitively add multiplicand to itself (partial 

product). 
5. Shift accumulators 1 and 0 right one character. 
6. Add partial product to accumulator 0 (during 

shift) . 
7. Analyze next multiplier digit and repeat steps 4, 

5,  and 6. 
8. Continue for MN times. 

Loading the MuJtiplicand Track, 1, =V 

When the instruction having a T , = V  is executed, 
the multiplicand is written inta each field of the multi- 
plicand track. In order to accomplish this special type 
of transfer, the W cycle gate is raised by the leading 
edge of each C9, and lowered by N compare. A spe- 
cial operation is also required of the core buffer. 

If the instruction W75V9907 is executed, the data 
from C75 through C69 of track W will be transferred 
into the core buffer during R cycle. During W cycle, 
the W cycle gate will be raised at the leading edge of 
each C9 and will be lowered by N compare at the 
trailing edge of each C3. When the W cycle gate is 
lowered, the core units and tens rings will have ad- 
vanced to 07. Since the same characters must be en- 
tered into each field of the multiplicand track, the 
core units and core tens rings must be reset prior to 
the beginning of each field. 

An additional requirement of T , = V  is to erase and 
then insert R bits in any position on V track which 
does not receive data. 

1. Develop 10 W cycle gates of 9 characters or  less 
to load multiplicand track. 

2. Erase V track and insert BR when W cycle gate 
is down. 

3. Reset core units and tens rings to 00 at each CO. 

W Cycle Gate: Pin 10 of the W cycle multiplicand 
trigger, 3W2 on 3.02.08, controls the W cycle gate 
through A1 3X3a. Each C9 pulls this trigger 10 pin 

!86 IBM RAMAC 305 



- 
-4 c 

C u m u ~ o t o r  dc' ‘  

One Character Early Accumulator 
Read 

3.10.42 

I Delay 
Register 

I 
Gote 

On Time FlBFO 

I 

/ 5.02.04 I 
I- - - - - - - -  -.I Adder Register 

r - - - - - - - 7  
I Input P 
I 

5.02.03 
L -------- J 

Core Buffer 0 3.10.43 
F9 Thru FO 

On Time On Time 

l l l l l l ~ l ~ ~  
Multiplier Digit i s  "3" 

a MPCD TO ADDER 

@ PP TO ADDER 

@ ACCR TO ADDER 

@ SHIFT GATE 

@ FO WRITE GATE 

@ ACCR W GATE 

Figure ! $ I .  Multiply Data Flow and Controls 

Arithmetic 187 



high. At N compare it is pulled 10 pin low. N com- 
pare (2.04.14) occurs 10 times during 1%' cjcle, when 
the digit value of the N register is the same as the 
quantity in the B, counter which began advancing at 
BR of CE time. In the example above (\\"75\.'9905) N 
compare will occur each C2 at Bs@ B, sel,en ch:tmcteis 
after C9. 

Erase nnd  Inseyt BR: Erasing of V track when thc 
\I7 cycle gate is down, is accomplished by kccpillg the 
matrix write gate high throughout TV c~c l e .  T ='v7 

is "anded" with W cycle at 3V6a (3.02.09) to keep the 
matrix write gate high. Since the matrix write gaie re- 
mains high during intervals of time when no  data is 
coming from core buffer, R bits must be inserted into 
the matrix write data path to prevent subsequent parity 

I 
errors. BR pulses are inserted into the matrix write 

I data through 3U7 (3.02.12), where they are gated by 
not MT cycle gate, T = V ,  and W cycle. 

Reset  Co?-e Bzcfler: Buffer counter reset (3.02.10) is 
supplied from 3 4 3  with the anding of CO, T =  V, 11' 
cycle and the output of 344  from every BO to every 
Bs. Thus, buffer counter reset is high from BO to Bs 
of every CO during I Y  cycle when T = V. 

Multiply, T, = N 

For this cliscussion, the major objectives listed above 
under "Data Flow" will be broken down into detailed 
objectives. Notice that there is no  sign analysis of the 
multiply factors. A fire plus is developed at 6L9b on 

1 5.05.01 for the product accumulators on all multiply 

I 
operations. Figures 182 and 183 illustrate portions of 

I a multiply instruction W49N9902bb, with factors of 
546 X 43. I 
OBJECTIVES: 

1. Transfer multiplier to core buffer during R cycle 
(see "Track to Track Transfer"). 

2. First multiplier digit to multiplier comparator. 
3. Gate required number of fields from multipli- 

cand track to the adder with the M'cand to adder 
gate. 

4. Write adder output on partial product track. 
5. Gate partial product track output to adder with 

PP to adder gate. 
6. Right shift accumulators 0 and 1 one character. 
7. Add partial product track to accumulator 0 dur- 

ing shift. 
8. Write shifted accumulator 0 and 1 data. 
9. Repeat W cycles for MN machine cycles. 
Load Multiplier Comparator: T h e  comparator on 

5.06.05 is a modified binary counter capable of de- 
veloping a carry when advanced from 9 to 0. T h e  
multiplier digit is entered as W data which is strobed 
by the bit ring to set each of the four triggers. This 

must occur prior to the multiply \ \  cycle, at CE time. 
T o  devclop 12' data from the data from cores at 3K4 
on 3.01.12, the I\' cycle g;t tr must be I-aisetl during CE 
time. On 3.02.08 at 3S3b the not \V c!-cle gate is low- 
ered by the ";inding" of I-,= S anti multiplier reat1 
out gate. This gate is always rnisetl ;I[ RAI and lolveretl 
by the first B s 0  B of ;I tlrum revolution ( 1  P4 - 1.01.05) . 
See Figure 183. 

During this special \\ cycle 97te. a core start is de- 
velopetl on 4.1 1.00 a t  Hx of CE at 4H5. The  character 
register reset line will be high during this time while 
the core bit ring is still at Us (4JI6) .  The  core buffer 
counters are reset (3.02.10j at CI. of R cycle and then 
the reset is suspended for the duration of 12: cycle by 
T, = not N being low. This enables the multiplier 
ciigits to be reatl out progressively at each CE time, since 
the core units and tens rings are advancing. 

Afziltiplicnnd t o  A d d e r  Gate: T h e  multiply compa- 
rator counter (5.06.05) is advanced each field time with 
C9. A carry pulls the mu1tiplic:ind gate trigger on 
5.06.03 3 pin high to raise the aiPco to adder gate at 
C9BO time. This gate remains high until the beginning 
of FO. On 5.02.03 the matrix read data is gated into 
adder input X through GRS. True  atltl will be up 
throughout multiply, since there is no sign analysis. T h e  
matrix react data is from V track, which is selected by 
T N  = 5 and TZ=O. T N = 5  is high since T , = N .  
TZ=O is artificially tleveloped on 3.10.14 at 5S6a. 

Pal-tiol PI-odlrct 1 Y ~ i t e :  Data from the adder is gated 
to the partial protluct write circuits by T,= N / P  on 
3.10.43. T h e  trigger at 5T3 is flipped 10 pin high by a 
bit from the adder, to cause zuj-ite I current to flow 
at the fall of 0 C .  M'ith no bits from the adder 5T3  
is flipped 3 pin high for WI- i te  0 current. Notice that 
the partial product track is constantly erased except 
when data from the adder is present. 

Partial Product  t o  Adder  Gate:  The  adder output 
is written one character late and the PP  Kead Head 
(3.10.43) is physically positioned and adjusted to read 
the data 9 characters after it is written. Therefore, 10 
characters after character 9 of the multiplicand track 
first enters the adder, it is returned from the partial 
product track to adder input B. At the same time C9 
of the multiplicand track is again entering input A. 
T h e  partial product to adder gate is developed on 
5.06.03 (6T4) at BxC9, one field after the MPCD to 
adder gate came up. This gate will stay u p  until CL. 

Right Shift: T h e  product, which is being accumu- 
lated in accumulators 0 and 1, must be right shifted 
each W cycle, before the next partial product is added 
to it. 

All accumulator data is appearing at the output of 
the delay register as on time accumulator delay data. 
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TIME 

Delay 
(Active F1C8 Through FOC9) 

Figure 182. Multiplication During Instruction W49N9902_bb 

This is gated to the accumulator write data line at data is written one character late due to the physical 
6V10a on 5.06.04 when the shift gate trigger is 3 pin position of the accumulator write head. 
high. The  shift gate goes high at  FlC8 of a multiply C8 through CO of accumulator 0 will enter the addrr 
W cycle when the product gate trigger is pulied 3 pin to be right shifted (delayed one character) under con- 
high. It  remains 3 pin high until FOC8. The  on time trol of accumulator to adder gate (6S10b - 5.02.03). 
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This gate is a result of the ~ r o d u c t  trigger (6TS on 
5.06.04) being 3 pin high and FO. 

Add PP to  Accumzrlator 0: T h e  accumulator read 
data enters input A while the partial ~~rodt lc t  read data 
enters input B from FGC9 to CL. The  PP to adder gate 
is u p  until CL (5.06.03). The  accumulator to adder 
gate is up until FOCO. 

Wp-ite I n  Accu?::u!cltors 1 n77d 0:  The  accumulator 
write data on 5.06.04 consists of the accumulator delay 
data (6VlOa) during F1 and the:? data from the adder 
beginning at FOC8 when the shift gate goes clown. Data 
from the adder is gated at 6Ul l b  when the partial 
product triggrr is pulled 3 pi:: high to develop the FO 
write gate. 

Repent 1Y Cycle: The  above steps are repeated for 
each multiplier digit. T c  accomplish this, M' cycle end, 
on 1.03.06, is delayed by blocking cycle complete on 
1.02.08. The  cycle complete gate trigger at l H 9  will 
not be flipped 10 pin high until &IN compare falls at 
1KlOb. hfX cornpa-e is a B s g B  pulse occurring when 
the h lN register equals the A,B, counters. These 
counters were set to 99 during 1 cycle. -At R cycle end 
they advance to 00 (2K6a - 2.04.03) and normal B, 
counter advance is blocked by T , = N .  At the end of 
each 14' cycle they advance one more unit (2K5b - 
2.04.03). T h e  M N  compare will occur after h IN W 
cycles, which is equal to the number of digits in the 
multiplier. 

Reset Multiply 

If accumulators 0 and 1 contain significant data at the 
start of the multiply W cycle this data will be added 
to the partial product. A Q of 5 in a multiply instruc- 
tion will erase these two accumulators during the R 
cycle by raising accumulator write gate. Trigger 6V4 
on 5.06.02 is flipped 10 pin high at this time and reset 
every CE. Since there is no accumulator write data, 
during R cycle, write 0 current will be drawn through 
the write head. 

Division (Optional Feature) 

Automatic division is performed by RAMAC in much the 
same manner as multiplication. Multiplication is a 
series of repetitive additions using tracks L, V, and PP. 
Division is a series of repetitive subtractions also using 
tracks L, V, and PP. 

T h e  following is a definition of the terms used in 
division : 

quotient 

divisor ldividend 

Programming of Division 

In order to accomplish this process of division, three 
1xogr;iIn steps are necessary as follolvs: 

1. The  first, containing a T, of L, loads the divi- 
tlentl into :~ccumulators 0 and 1 according to the 
follo~ving rule for quotients of 1 I cligits or less: 
The  number of digits in accumulator 0 must not 
exceed the number of digits in the smallest tlivi- 
sol- used, providing the dividend does not exceed 
1 1  digits. For dividends greater than 11 tligits, at  
Irxst 2 digits \vill be in accumulator 0. I t  may be 
necessary, therefore, to shift the divisor to the left 
on 1' track to obtain the correction quotient. 

Note: .A Q flag of 5 is usually used to clear accumula- 
tors 0 ant1 1 before the dividend is entered. 

2. T h e  second instruction contains a T, of V and 
is used for loading the divisor into each field of 
the n~ultiplicand track. For quotients of 11 digits 
or less, the X,B, will be 99 to load the divisor 
into the low order positions of each field. (For 
cluotients greater than 11 digits, it will be neces- 
sarv to position both the divisor and dividend 
further to the left by the number of places de- 
sired in the quotient minus l l . )  The  execution 
of this instruction causes the V track to be loaded 
exactly as it is during the multiplication process. 

3. T h e  third instruction must be LOSP99 with an 
;\.IN of twice the desired number of digits in the 
quotient. This instruction starts the actual divi- 
sion operation. T h e  &IN of this instruction de- 
termines the number of machine cycles that TV 
cycle lasts during the development of the quo- 
tient. T h e  machine cycles that occur during this 
long 14' cycle are divided into pairs, which occur 
repetitively. The  first cycle of the pair is called 
"divide odd W cycle" and the second cycle of the 
pair is called "divide even W cycle." 

Description of Division 

During the division process, the development of the 
quotient involves counting the number of repetitive 
subtractions of the divisor from the dividend which 
are necessary to reduce the dividend to less than the 
divisor. T h e  divisor is written in each field on track V 
(the multiplicand track) and the dividend is stored in 

accumulators 0 and 1. T h e  quotient is developed in a 
single position quotient counter and transferred to C9 
position of accumulator I (FIC9) the next drum cycle 
after i t  is developed. Since the quotient counter is a 
single position, the quotient must be developed a digit 
at  a time. Therefore, the divisor must be subtracted 
from only the high order digits of the dividend to 
insure that the quotient digit will be nine or less. These 
high order digits of the dividend, which we shall call 
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Figure 184. Divide O d d  W Cycle- Data Flow and Controls 

the "active dividend," are placed in accumulator 0, 
and the rest of the dividend, which we shall call the 
"inactive dividend," is placed in accumulator 1. T h e  
two data flow charts, ~ i ~ u r e s  184 and 185 show this 
operation. 

1. Analyze sign of accumulator 0 and 1. 
2. Repetitively subtract divisor (V track) from ac- 

tive dividend (in cores during F9, then on PP 
track.) 

3. Count successful subtractions to develop quotient 
digit. 

4. Detect overdraw and true add divisor to remain- 
der. 

5. Enter quotient in C9 of accumulator 1. 
6. Left shift accumulator 0 and accumulator 1. 
'7. Enter shifted accumulator 0 into core buffer. 

During R cycle the dividend in accumulator 0 will 
be loaded into cores as the instruction demands. On 
the divide odd W cycle the divisor will be complement 
added to the dividend from core buffer during field 9. 
T h e  result is written on the partial product track. Dur- 
ing field 8 and later fields the divisor is complemeni 
added to the amount on the partial product track. 

During these subtractions a decimzl carry at each 
character 0 tells the machine that a successful reduc- 
tion has been made. I t  adds one to the quotient count- 

er and keeps complement add up. No decimal carry 
indicates the remainder has gone from plus to minus 
and initiates a true add of the divisor to the partial 
product. T h e  remainder on the partial product track 
continues to pass through the adder and back to the 
partial product track on each field. T h e  divisor is 
blocked from input A following the true add field. 
.At FO time the remainder is written in accumulator 0 
as it leaves the adder. 

,4t the beginning of the divide even 14' cycle the quo- 
tient digit is in the quotient counter and the remaintier 
in accumulator 0 and 1. At F2CO the quotient is 

passed through the adder and written at F1C9 of the 
accumulator track. All of accumulators 1 and 0 are left 
shifted one character. This  is accomplished by delaying 
the early accumulator read data 3 character times. I t  

is passect through the clelay register, the adder and the 
divide left shift register, each stage providing one 
character delay. For example, C9 is read at CO time, 
delayed three character times until C7 time and writ- 
ten in C8 of the accu::~ulator track. At the same time 
the new active dividend is taken from the adder output 
to core buffer from FOC9 through FOCO. T h e  odd and 
even W cycles are continued for the number of times 
specified by the M N  of the instruction. At the end of 
the division process, the quotient will be in accumula- 
tor 1 beginning with the units position (C19), and any 
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remainder will be in accumulator O (and perhaps the gates in Figure 156 will aid in tracing the circuits. 
high order positions of accumulator I ,  depending on Assume an instruction of L09P9906 for the problem 
the size of the remainder). 553 -+ 3. 

Quotient 
~ra , lvpsc  ~ I \ N ~ F ~ I I .  3 1 1 ~ 3  I .  A .  I Counter 1. Transfer dividend in accumulator 0 to core 

1 Beginning of first dixide W rycle.1 7153 i El buffer on R cycle. 
End of first divide odd W cvclc: L 1\53  I El 2. On  odd M' cycle repetitively subtract to tleveiop 
End of first dixidr rrcn W cycle: LU..L 

-----?.\..?A 
Inst *-- n....-> I:-. 

I t t V ' 3 t  i 1 I I I 14 one digit of the quotient. 
~ t ? b - h k ~ t b - ~ . ~ . t  ,+..b.t4,h... 

UUNCU ~ ~ z s  indicate shifting that has a. Divisor to atldci-gate a t  F9 to enter core buffer 
taken place during divide even W cycle. contents into atltler. 

b. Partial product read data to atlder on all fields 
after F9. 

The  divisor and dividend are treated ds plus factors c. Complement atld tlilisor from 1' track to 

resuiting in a positive quotient. There is a possibilit) adder. 

that the dividend in accunlulator O or  1 may be in d. Write results on parti'l! product track. 

complement form, since it was loaded on a previous e. Add "one" to quotient counter when decimal 

instruction. In  this case it must be returned to true carry at CO occurs. 

form before ii is used in the divide operation. This sit- f. True  add \' track to correct o\erdra~v when 

uation will be covered later under "Divide Sign Con- no decimal carry occurs at CO. 

trol." g. Write remainder in a<cumulator 0. 
I 
L 3. On even 11' cycle left shift accumulator 1 and 0. 

Enter ql-iotient tligit in FICO. 
Divide Circuits a. Gate quotient countel to adder at F2CO. 
This discussion will treat only the divide instruction. b. Delay accumulator lead data 3 characters for 
I t  would have been preceded by two other instruc- left shift. 
tions loading the dividend in accumulators O and 1 ,  c. Transfer remaindel in accumulator 0 to core 
and the divisor on V track. T h e  two data flow charts buffer. 
in Figures 184 and 185 and the diagram of the divide 4. Continue M: cycle until hIN compare. 

R Cycle Divide - - .  .. Core Buffer 

Buffer El 

t- Adder 
kegister 

1 5.02.04 1 Adder 5 .01 .03  

I I Quotient 

I Input C 
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v T r a c k  

Output 
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Figure 185. Dividc Even W Cycle - Data Flow and Controls 
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GATES AND QUOTIENT DEVELOPMENT FOR PROBLEM 3 1753 
DURING FIRST DlVlDE ODD AND EVEN W CYCLES 

I 

DIVIDE EVEN W CYCLE I DIVIDE ODD W CYCLE 

V TRACK 

ACCR TRACK 

DlVlDE COMP AD 

DlVlDE TRUE ADD 

DlVlDE FO ACCR 
WRITE GATE 

DIV!DE LEFT 
SHIFT WRITE GA 

Figtne I R G .  Division Gales 

Diuidend to Cores 0 7 7  R Cycle: T h e  transfer of data 
frcm the accumulator track to cores is accomplished in 
the same manner as a n  accumulator read out, with one 
exception. The  R/\\- cycle gate (3.02.03), raised by 
A\B compare, is not lo~verect until CL. RIN compare is 
blocked by the contluction of 2Z4a (2.04.14) on a 
divide operation. This must be done since the RlN 
characters of the instruction now specify the number 
of M; cycles to be taken. 

Diuide Odd TIJ' Cycle: The sequence of events during 
the long divide W cycle is controlled by the trigger 4U9 
on 5.07.04. This trigger is reset 3 pin high with "C" 
reset. Each If cycle start pulse flips the trigger when 
T, = P. 10 pin high raises divide odd W cycle. An 
even number of 1%' cycle start pulses will leave it at  
divide even \V  cycle, or 3 pin high. 

Di-i~idend from Co?-es to Adder: The  data to adder 
input B during the odd W cycle (6N8- 5.02.04) is 
labelled dividend to adder data. It comes from two 
sources on 5.07.01. During F9 it is \V data from core 
positions 00 to 09. For all other fields it is partial 
product read data. All that is necessary to place core 
data on the W data line is to raise the W cycle gate 
during F9 (3.02.12). This is provided at 3E6a on 
3.02.09. 

Partial Product Track to Adder: Following F9 all 
fields of the partial product track will be gated to the 
adder on the dividend to adder line (5.07.01). 

Complement Add V Track to Adder: V track is 
selected in the read matrix by T N  = 5 and T Z = O .  
T h e  latter is forced at 5S6a on 3.10.14. T h e  matrix read 
data enters adder input A (5.02.03) under control of 
the quotient digit not 9 gate and the divisor adder 
gate. T h e  divisor adder gate (5.07.01) will remain u p  
until the overdraw is corrected. I t  is a result of either 
divide complement add or divide true add being high. 
T h e  divide complement add trigger is set 10 pin high 
at F9 of each odd W cycle, and will remain there until 
an overdraw (fio decimal carry) . 

If a quotient digit greater than 9 is attempted due 
to incorrect placement of the dividend in accumulator 
0, trigger 4V6 will be flipped 3 pin low, blocking adder 
input A. This condition is signaled by a decimal carry 
at FlCO because the dividend was not reduced to a 
negative number after 9 subtractions. 

Once the matrix read data (track V) is at input A 
it will be complement added until an overdraw. Tile 
true-complement trigger (5.04.02) is set to complement 
each field by divide complement add and check sign, 
a C9B1 pulse. 

Partial Product Write: All data from the adder will 
be written on the partial product track by T, = P and 
W cycle on 3.10.43. 

Develop Quotient: Each successfu! reduction of the 
divisor during the odd V\' cycle results in a decimal 
can7 a t  CO time. "One" is added to the quotient count- 
er on 5.07.02 at this time. Notice that this operation is 
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conditioned by complement add. Following the over- 
draw a true add operation takes place to return the 
remainder to a positive condition. This results in a 
decimal carry also, but it is not part of the quotient. 

Correct the Oilel-draw: If the subtraction of the 
divisor from the dividend results in a negative remain- 
der, no decimal carry occurs at CO. This signals a 
di\ ide true add operation to correct the remainder. 
On 5.07.01 the divide complement add trigger is 
flipped 10 pin low by no decimal carry. This  in tarn 
flips the true add trigger, 4U6, to raise the divide true 
add gate. This trigger is pulled 10 pin low each CO 
time so the gate is never up  for more than one field. 
T h e  divide true add gate will flip the true-complement 
trigger on 5.04.02 to true add. V track will enter the 
adder from input A without inversion. 

Remaznder to Accumulator 0: Following the true 
add of the divisor, the correct remainder is read from 
the partial product track, passed through the adder 
with no change and rewritten on the next PP field. 
This continues until FO when the output of the adder 
will be directed to  the accumulator write circuits (see 
Figure 184) . The  divide FO write gate trigger (4U10- 
5.05.04) is flipped 10 pin high at FOC8. I t  remains 
high until CL. At the same time the accumulator write 
gate is raised on 5.06.02 through 6W8. 

Dzvzde Euen t%' Cycle: On 5.07.04 trigger 4U9 is 
flipped 3 pin high at the start of the second W cycle. 

Quottent Dtgit to Accumulator: T h e  contents of the 
quotient counter are always present on the quotient 
digit line. I t  is gated into adder entry B (6T7 - 5.02.04) 
at F2CO. This means it will be written one character 
later at F1C9 on the accumulator track. 

Left Shzft Acczimulatol-s 0 and I :  T h e  entire remain- 
der in accumulators 0 and 1 must be left shifted one 
character in  preparation for the next reduction opera- 
tion. When adding and subtracting a delay of two 
character times between the accumulator read head 
and accumulator write head resulted in writing the 
data in the same position from which it was read. This  
is due to the physical location of the two heads. A de- 
lay of three characters will write the data in the char- 
acter position immediately following the one from 
which it was read. T h e  additional delay in the divide 
left shift register results in a left shift. 

T h e  accumulator delay data is entered into adder 
input A, on rime, at 6N7 on 5.02.03. I t  leaves the adder 
one character late and is entered into the left shift 
circuits on 5.07.03. This circuit operates very similar 
to  the delay register. T h e  Q ~ C  bits from 4X6a !lip the 
respective shift triggers 3 pin high while the @ C  no  
bits from 4W7a flip them 3 pin low. T h e  3 pins are all 
sampled with @B's at 4x1 1b resulting in one charac- 
ter delay. 

The  accamulator read data appears three characters 
later as clivide left shift data. It is gated to the accu- 
mulator write data line by the left shift write gate from 
trigger 4Ul l  on 5.07.04. At the same time the accu- 
mulator write gate is raised t h~ough  67\'8 on 5.06.02. 

Remarndej- to Core Bufler: The  new "active divi- 
dend," appearing at the adder output from FOC9 
through FOCO of the divide even W cycle is sent to 
core buffer by the divide core buffer write gate (4Vl la- 
3.02.06). This gate also provides a character regibter 
reset and core start pulses through 4J8b on 4.1 1.00. 

W Cycle Control: T h e  odd and even W cycles con- 
tinue until the correct number of digits in the quo- 
tient have been developed. T h e  completion of IY cycle 
is signalled by an MN compare since h lN in a divide 
instruction must be two times as great as the number 
of quotient digits desired. T h e  A,B, counters are ad- 
vanced "one" for each machine cycle during the long 
W cycle at 2K5b on 2.04.03. MN compare, a BsmB 
p~llse, occurs during FOC9 to raise the cycle complete 
gate ( l H 9  - 1.02.08) on the last divide even W cycle. 

Divide Sign Control 

The  sign of the quotient is always set to plus. Fire plus 
for accumulator I occurs at 6K8b on 5.05.01 and for 
accumulator 0 at 6K8a. 

T h e  dividend and divisor must be sent to the adder 
inputs in true form. A negative figure is always written 
in true form on all process drum tracks except the ac- 
cumulator track. Track V, the divisor, will always be 
in true form. A negative dividend, however, will be 
written in complement form on the accumulator track 
prior to the divide instruction. Either accumulator 0 
or accumulator 1 or both, may be in complement form. 
The  complement accumulator must be changed to true 
form by passing it through adder input A with the 
complement add gate up, prior to its use in the divide 
operation. Accumulator 0 will be recomplemented, if 
negative, when first sent to cores on the R cycle of the 
divide instruction. Accumulator 1, if negative, will be 
recomplemented on the first left shift cycle. 

Recomplement Accz~mulator 0: When the accumula- 
tor delay data from accumulator 0 enters adder input 
A on R cycle, the true complement trigger on 5.04.02 
will be set to complement add a t  6N2. T h e  sign relay 
for this accumulator is not set to plus until the first 
divide odd W cycle. 

Recomplement Accumulator 1: On the first left shift 
operation a t  F1 of the even W cycle the sign of accu- 
mulator 1 is still negative. T h e  true complement trig- 
ger is set to complement at 6P7 on 5.04.02. Then, at 
FOC8 of the divide even W cycle the sign relay for 
~ccumulator 1 is set to plus a t  6K8b on  5.05.01. 
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380 Supervisory Operations 

T h e  3P0 Console i~~clut ies  a carti reader, tlpewiiter, 
keyboard, indicator panel, control ke)s and control 
panel. T h e  larious operations of the ~ . \ \ r i c  are con- 
trolled from this station. The  operation of the cart1 
reader and the control exercised over other R ; Z ; \ I ~ C  

units from the supervisory console during the process- 
ing of data are colered in other sections of this manual. 
This section deals with the special operations yer- 
formed by the supervisory station which supplement 
the actual processing of data. 

T h e  special super\isorv operatiom inclutle tire cor- 
rection of in\alid characters which are indicated b) a 
parity error, alteration of data on a process drum track, 

to the alphabetic and numeric keys a group of function 
kt.\ s are p~ o\ iclecl to con t i  01 manual console oper- 
a tions. 

The  supel \ isoi) circuit breaker unit is clutch con- 
trolled and males one revolution for each console key 
depression 01 each character that is transferred from 
Q track to the tlpe~rriter.  

The  rotitr? stepping switches control the selection 
of indi\idual character positions on Q track. As each 
character is read from Q track and typed, the rotary 
switches adlance one position and select the next char- 
acter for t \  ping. 

typing a record from the file, and operation of the 
Keyboard 

typewriter as an auxiliary document printer. .All of 
these operations involve the transfer of data to znd T h e  keyboard used nrith the type 380 Console con- 

from the typewriter track (Q track) and the analysis tains two mechanically independent units. One of 

of individual characters from Q track in order to ener- these units is similar in design and functional opera- 

gize the corresponding typewriter key magnet. tion to the 024 type keyboard; this unit contains all 
of the alpha-numeric keys. A mechanically inde- 
pendent 7-key unit for the functional keys has been 
mounted upon the rear of the alpha-numeric keyboard. 

Su~;ervisory Mechanical Components 

T h e  four major mechanical components that make u p  
the 380 supervisory station are: a magnet operated 
electric typewriter, a console keyboard, a supervisory 
circuit breaker unit, and a group of spring driven 
rotary stepping switches. 

T h e  console typewriter provides a printed output 
for data that is transferred as a result of manual con- 
sole operations and also serves as an auxiliary docu- 
ment printer under control of the program being 
performed by the process unit. A control panel is pro- 
vided to allow flexible format control of the output 
data. T h e  control panel permits rearrangement of the 
output data, variable line length, controlled spacing, 
zero suppression, and ribbon color ccntrol. 

T h e  console keyboard contains a complete set of 
alphabetic and numeric keys that are used to enter 
information on the process drum and correct error 
information from the process drum or  file. In  addition 

A L P H A - N U M E R I C  KEYBOARD 

T h e  operation of an individual key is illustrated in 
Figures 187 and 188. The  depression of a key causes 
the key stem bell crank to move its latch pull bar 
forward, causing the latch assembly to drop off the 
latch bar. 

Individual key stem springs restore the keys and pull 
bars to normal. X separate flat spring holds each pull 
bar against its latch assembly and insures its relatching 
in the notch of the latch. 

I n  Figure 188, notice that the latch assembly is made 
u p  of three parts, which are free to rotate about a pivot 
point. Each part has its own function. T h e  permuta- 
tion bar supports the operating spring and causes the 
contact bails to pivot and close the bail contacts. T h e  
latch hooks over the latch bar and holds the latch 
assembly and its permutation bar inoperative until its 
key is depressed. T h e  check lever slides over the notch 
in the latch to block a second operation before the 
latch assembly is fully restored. 
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Figure 18i. Keyboard Operation - Latch Normal 
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Figure 188. Keyboard Operation - Latch Tripped 
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189. upyboard Mechanics 
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In Figure 189, several ke>board mechanical features 
are shown. Disk interlocks, which are operated by the 
latches, preve111 tripping more than one latch assembly 
at a time. The  pull bar guide has L shaped separators 
whic:? hook under the pull bars, to aid in disassembly 
of the keyboard. As each key stem is returned to its 
normal position, it comes to a stop against a nylon cord 
threaded through the slot in each key stem. 

Notice the position of the restoring bail in Figure 
188. The  bail is operated by two restoring magnets, 
one at each end of the bail. When the restoring mag- 
nets are energized, the permutation bar and latch 
assembly are lifted to permit the latches to relatch on 
the latch bar. 

FUNCTION KEY UNIT 
The  function key unit is illustrated in Figure 190. 
There are seven key positions identical to the one 
position shown. 

IVhen the key is depressed, the contact lever is moved 
downward until it is free of the latch bar. The  upper 
spring pulls the contact lever to the right to close the 
contact. The  contact lever remains in its operated posi- 
tion and the contact remains closet1 until the restoring 
magnets are energized. i,Vhen the restoring magnets are 
energized, the armature pivots to move the contact 
lever clear of the latch bar. T h e  contact lever return 
spring then moY;es the contact lever upward to i t s  
original position 

Supervisory Clutch 

The  superkisory CE unit is controlled by a clutch 
similar to the type 24 punch clutch. I'olver is supplietl 
to the unit from a continuously running V belt from 
the card feed drive mechanism. The  drive pulley is 
formed with a sleeve which fits around the drile shaft 
and inside the clutch spring (Figure 191). \Vith the 

Figure 190. Fu~iction Key Unit 
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Figure 191. Superr-isol-! Clutch .4ssembly 

clutch sleeve Iatchtcl on the clutch magnet armature, 
and with the detent latched, the clutch spring is un- 
coiled (expanded) tightly within the clutch sleeve. 
The  position of rest for the clutch spring, circuit 
breaker shaft, ant1 index is tletermined by positioning 
the clutch spring collar, which anchors the spring to 
the shaft. 

14'hen the clutch is unlatchetl, the tension of the 
clutch spring causes it to coil about the drive pulley 
sleeve, locking the pulley to the circuit breaker shaft. 

As the drive shaft completes a revolution and ap- 
proaches latch u p  position, a step on the clutch slceve 
strikes the tip of the rubber-mounted clutch magnet 
armature. X step on the inner wall of the clutch sleeve 
engages the tip of the clutch spring. Momentum of 
the driven mechanism causes the clutch spring to 
unwind until a point is reached at which the clutch 
tletent latch engages the detent. T h e  spring being un- 
wound frees the tlrive pulley from the circuit-breaker 
shaft. T h e  index pointer should indicate 00 when the 
clutch is latched. One cycle of the supervisory CB shaft 
requires 100 milliseconds. 

Rotary Switches 

T h e  380 makes use of two types of spring driven rotary 
stepping switches. One has 11 operating contact posi- 
tions, and the other has 20. 

ELEVEN POSITION ROTARY SWITCH 

X drawing of an eleven position rotary switch is shown 
in Figure 192. T h e  mechanism has 8 wafers of 12 con- 
tacts each. The  wafers are numbered 1-8, front to rear. 
The uppermost contact on each wafer is the common 
position for the wiper. T h e  contact immediately below 
the wiper common on each wafer is contact # 1. These 
contacts are numbered consecutively in a downward 
and counter-clockwise direction so that the last con- 
tact is 11. 

There is a wiper with three wiper arms for each 
wafer. T h e  wipers make continuously against their re- 
spective wiper commons. With the rotary switch in any 
detented position, one of the three wiper arms will be 
making against one of the contacts 1 through 11 on 
each wafer. Contact 11 is the home position. If the 
rotary switch is advanced one step from home, the 
eight wiper arms making or, contact 11 will be ad- 
vanced to a position clear of all contacts; however, the 
next set of eight wiper arms will be advanced to con- 
tact 1. Successive pulses to the drive magnet would 
cause this set of wiper arms to step from contact 1 to 
contacts 2, 3, 4, etc. 

T h e  rotary switch is advanced one step by each de- 
energization of the drive magnet. When the drive 

magnet is energized, the drive spring is compressed and 
the drive pawl is moved to the right, where it  engages 
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the next tooth of the ratchet. When the drive magnet 
is de-energized the drive spring advances the ratchet 
one tooth position. The  detent holds the ratchet and 
wipers stationary when not being advanced by tile 
tlrive pawl. 

X cam with three lobes spltced 1 20° apart is mounted 
on the front end of the ratchet shaft. The  lobes of this 
cam are used to operate a cam contact to give an elec- 
trical indication that the rotary switch is, or is not, 
;at its home position. T h e  reset cam contact is open at 
the home position and is closed at dl1 other positions. 

There are times when the rotary switch must search 
for a particular position. In order to permit searching 
to take place as rapidly as possible consistent with re- 
liable operation, a set of interrupt contacts is included. 
This set consists of one normally closed and one nor- 
mally open contact, both of which transfer when the 
tlrive magnet is energized. 

ROTARY SWITCH TER~VINOLOGY USED IN 
SYSTEMS DIAGRAMS 

Two eleven position rotary switches are used as the 
program counter for supervisory program control. One 
of these rotary switches maintains the program level 
and the other maintains the program step. PCLRS 4 
designates the program control level rotary switch, 
wafer 4. PCLRS 4-2 designates the program control level 
rotary switch, wafer 4, contact 2. PCSRS is the designa- 
tion for the program control step rotary switch. 

One eleven position and one twenty position rotary 
switch are used as the character position, or column 
control counter when writing on, or typing from, the 
Q track. T h e  tens counter is an eleven position rotary 
switch and is designated CCTRS. T h e  units counter is 
a twenty position rotary switch and is designated 
CCL'RS. 

Typewriter 
TWENTY POSITION ROTARY SWITCH 

T h e  twenty position rotar! switch is similar in con- 
struction and identical in operation to the eleven 
position rotary switch. There are twenty contacts, not 
including the wiper common, numbered I through 20 
in the counter-clockwise direction. 

Contact 20 is the home position. There are two 
wiper arms on each wiper and two lobes on the reset 
cam. 

The  typewriter used in the supervisory station is sim- 
ilar to the model B c;trtlatype typewriter. T h e  motive 
power to operate the machine is supplied by a con- 
tinuously rotating power roll, which is driven through 
cog belts by a 1/40th HP, 230 v, AC motor. T h e  rubber 
composition power roll clrives nylon cams to cause 
character printing, or metal cams to initiate such func- 
tional opcrations as spacing, carriage return, or tabula- 
tion. T h e  cams are released magnetically. However, for 

Wipers (3 Sets) \ 
Home Position Cam 

Figure i92. Spring Driven Rotary Step Switch 
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Figure 193. Typewriter Cam and Typebar - Rest Position 

analysis or maintenance, manual depression of the keys 
may be made effective by pulling the keyboard locking 
bail toward the front of the machine. 

CHARACTER PRINTING 

Figures 193 and 194 illustrate the mechanical opera- 
tion of typing a character. Energizing a character 
magnet attracts the armature, which forces a push rod 
against the lower part of a nylon cam. This causes the 
nylon cam to rotate against the periphery of the rubber 
power roll. As the cam follows the roll, it rotates the 
cam lever about its pivot, pulling the typebar forward 
at  an accelerated rate. Momentum forces the upper 
half of the typebar toward the platen with a whipping 
action, until the center of the typebar strikes the ring 
or anvil. T h e  resultant flexing of the typebar causes a 
short, clean impact of the type slug against the ribbon, 
which leaves an image of the type slug face on the 
paper. During the printing operation, the momentum 

Pivot 

of the cam lever pulls the cam away from the power 
roll as the tail of the cam strikes the knockout finger. 
T h e  cam return spring pulls the cam back to its re- 
stored position, followed by the cam Iever return spring 
pulling the cam Iever back to its restored position. 

As a character is printed, the lower portion of the 
typebar pushes forward on a universal bar, or U-bar. 
The  U-bar is a semicircular bail, located below the ring, 
and behind the typebar guide comb. I t  is common to 
all type bars. Forward travel of the U-bar is trans- 
mitted through linkage to lift the single escape pawl 
out of the rack for a one position escapement. Motion 
of the escape pawl can also be initiated by impulsing 
the space magnet, or by depressing the space bar man- 
ually, either of which releases a metal space cam. A s  
this cam rotates, it operates linkage which lifts the 
escape pawl from the rack; thereby causing a space 
without printing. 
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CARRIAGE RETURN 

.-\ super~isory station clear operation, or  a manual 
depression of the carriage return key, causes the single 
lobe carriage return cam to be unlatched. This causes 
the carriage return friction clutch to be latched in its 
ope~ated  position. T h e  clutch, located at the right end 
of the power roll, winds a carriage return tape onto a 

clrum. As the tape is wound, it pulls the carriage to the 
light until the left hand margin control unlatches the 

clutch, allowing the carriage return mechanism to be 
restored. While the clutch is held engaged the escape 
pawl is held out of the rack, and an interlock contact 
is held in its transferred position. T h e  interlock con- 
tact is located on the right side of the frame, toward 
the rear, near the off-on switch. 

TARUI.ATION 
Il'hen the tabulation magnet is energized, it releases 
a single lobe metal cam. As this cam follows the power 
roll, motion is imparted to place the tab lever mechan- 

ism in its latched position, and at the same time the 
escape pawl is raised from the rack. T h e  main spring 
pulls the carriage to the left, under control of a fric- 
tion governor, until the tab lever is uniatched by 
striking a preset tab stop or  the right-hand margin 
stop. Either of these will cause the tabulating mecha- 
nism to be restored and will permit the pawl to hold 
the rack. While the tabulating mechanism is in its 
latched condition, a tab interlock contact is held trans- 
ferred. This contact is mounted in the left rear, above 
the motor. 

Each typebar, when operated, causes a common bail 
to move toward the operator. This movement is linked 
to cause both ribbon lift and ribbon feed. A ratchet 
drive rotates either the left or right hand ribbon spool 
to cause spacing of the ribbon. When a spool ap- 
ploaches the empty condition, increased ribbon tension 
initiates reversal of spool feeding and the ribbon moves 
in the opposite direction. 

Ring or Anvil Stops Typebar 
Printing C a u d  by Whip of 

Before Rwching Popcr. + / / r s i n g l e  CO= *phr 
Upper Position of Typebar. 

Underscore Typebor Only is Cut Out 
at This Point to Prevent Escapement 

Cam Lcvmr Return I Spring Extc 

Cam Return Spring Extended 

Pivot 7 - 
Rod 

Figure 194. Typewriter Cam Knocking Out 
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UNDERSCORE 

In RAI\IAC application, use of the underscore is re- 
stricted to error identification. The  typewriter does 
not space when the underscore is printed; this permits 
the identification of an error character without back- 

Alph Num 

spacing. T o  prevent spacing when the underscore is Cont 
Bo11'9 

I 
Keyboard t\ped, the underscore t ~ p e b a r  is relieved at the point 6.02.3 &,I Contact, 

where i t  rvould contact the U-bar. I 
6.01.05 

L , sc , *y 
Supervisory Circuits 

Typing a Character from the Console Keyboard 

Typing a character from the console keyboard involves 
Suprvisory 

the selection of the typewriter key magnet that corre- Circuit  bea~arr Relays 

sponds to the character to be typed. As an alphabetic 6.03.01 

or numeric key is depressed, one or more common 
channel relays are picked. There are common channel % SCB 2 

relays corresponding to each of the six bits that make 
up the RAMAC code and a network of common channel 
relay pcints directs an impulse to the proper typewriter 
key magnet. T h e  logic drawing of console keyboard 
typing illustrates this operation (Figure 195). T h e  
timing of the SCB contacts is shown on System Dia- 
gram 0.89.21. 

OBJECTIVES: 1. Energize Type the SCB a "5" clutch (6.01 .G5) . 
Key M u n e t  J 

6.14.05 

2. Pick the common channel relays (6.03.01) . 
3. Energize the 5 key magnet (6.14.05) . 

El 
Figure 195. Console Keyboard Typing 

4. Restore the console keyboard (6.02.04) . 
SCB Clutch: T h e  chart on 6.02.01 illustrates the key- Data F'rom lrack 

board bail contacts that will close as the result of any 
key depression. T h e  5 key will close the 8 and 9 con- 
tacts. T h e  8 bail contact serves as a common baiI con- 
tact and is closed by every alphabetic and numeric 
key. T h e  SCB clutch is energized by the 8 baiI contact 
(6.02.04) and SCB-5 which is closed when the clutch 
is latched. 

Common Channel Relays: The  1 and 4 common 
channel relays (R8081 and R8092) are energized by 
SCB 1 and the 9 keyboard bail contact through Dl 131 
and Dl 138 (6.02.02) . 

Key Magnet: T h e  5 key magnet is energized by SCB 
5 through a network of common channel relay points 
(6.14.03). The  console switching relay point in series 

with the key magnet on 6.1.1.05 i s  used in conjunction 
with the 381 Remote Printing Station optional fea- 
ture. I t  will be u p  for all normal console operation. 

Keyboard Restoring Mag??ets: T h e  keyboard restor- 
ing magnets (6.02.04) are energized by SCB 3 or SCB 
9 through the points of R8042, late in the cycle after 
the common channel relays have been picked. 

Most supervisory operations involve transferring data 
from Q track to the typewriter key magnets. The  cir- 
cuits for energizing the typewriter key magnets are 
very similar to those previously discussed under con- 
sole keyboard typing. T h e  key magnets are energized 
by the common channel relays, and a supervisory clutch 
cycle is required for each character that is to be typed. 
T h e  circuit for energizing the SCB clutch and the 
method of picking the common channel relays are the 
major differences between Q track typing and key- 
board typing, Controlling relays complete a circuit to 
the SCB clutch and the common channel relays are 
picked by analyzing one character of data from Q 
track for each SCB clutch cycle. 

T h e  actual selection of a character of data from Q 
track is performed by CCTRS # 5  and c c u ~ s  #8 (Fig- 
ure 196). If the CCTRS is in the 0 position, its output 
is anded with FO to produce a controlling gate that is 
u p  only during FO. If the c c u ~ s  is in the 0 position, 
its output is anded with CO to produce a gate that is 
high at CO of each field. T h e  two outputs are com- 
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bined to produce a gate that is high only a t  COO. The  
Q reacl/write gate at COO is used to control the tr;rnsfel- 
of the first character of d;~t;r from Q track. Each bit in 
the selected c1i;tracter of data fires a thyratron which 
picks ;a Q track data bit relay. T h e  transferred points 
of the bit relnys pick the corresponcling common chnn- 
nel relays :;;it1 the proper typewriter key nlagnet is 
selectetl by ;I net\vor-k of common channel re1;ty points. 
Lnte in the SCB clutch cycle the c c r ~ s  atl\.ances from 
the 0 11osi:iorl to the I position. O n  the follo~ving 
clutch cycle ihe Q read/write gate is high at C01 ant1 
the second chaiacter of data is selectetl a~icl typed in a 
similar manner. 

OBJECTIVES: 

1. Energize the SCB clutch (6.01.05) . 
2. Select one character of data from Q track 

(6.08.rn). 
3. Pick Q track ciat'c bit relays (6.09.1 1 ) .  
4. Pick the comnlon cliannel relays (6.03.01). 

5. Energize a typewriter key magnet (6.14.05). 
6. Advance the column control rotary switches 

(6.06.10) . 
SCB Clzrtch: The  typing of data from Q track is 

normally the result of a programmed type operation, 
a11 inquiry, or a console read/alter/write operation. 
?'he circuit to the SCB clutch (6.01.05) is completed 
by the transferred points of the controlling relay for 
one of these operations. The  circuit to the clutch is 
available until the line of typing is complete. 

~ e l e c t l r i ~  One  Chnl-rzcter of Data:  T h e  selected char- 
acter of data appears on 6.08.02 labeled store data in 
bit relays. T h e  desired character of Q track data is 
selected by combining Q read data with the Q read/ 
write gate at 3C5. T h e  Q read/write gate is developed 
at 3E5a and is high for one character time during each 
SCB cycle. T h e  input to 3E5-6 is a gate that is high for 
one character time during each drum re:rolution. T h e  
input to 3E5-5 insi~res that the Q read/write gate will 
be developed only once for each SCB cycle. Early in 

Q Trock Reod control - - - - - 
Thyrotron Plate Supply 6-09-10 - - - - 

Q Trock 
Read Dato Store Doto 

In Bit Relap 

Col Ctrl 
Cornp Un 

Como Tn 
I Q Track Data Bit 1 
I Relays 

6.09.11 
I I 

Common Chonnel 
Relays 

Key Mognet 

Figure 196. Selecting a Character of Q Track Data 
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the cycle, SCB-I5 (Q track rend) is applied to 3D1-5 
and the leading edge of the SCB 15 impulse, inverted 
by 3D3a, flips the Q read/write gate control trigger 
at 3E4. The  output of 3E4 allows the next RRJ to turn 
on the Q read/write gate trigger at 3D4. When 3E5-6 
goes high for one character time the Q read/write gate 
is alailable to select one character of data from Q 
track. The  Q read/write gate turns off the controlling 
triggers at BR to prevent the development of a secontl 
Q read/write gate during the same SCB cycle. 

T h e  specific character timing of the Q reatl/write 
gate is determined by the position of CCLRS #8  
(6.06.04) and CCTRS #5 (6.06.08). For example, with 

both rotary switches in the 0 position, plus 140 volts 
is applied to 1Q1-6 (6.08.06) to develop a FO gate on 
the column control comparator tens output line. Con- 
tact 20 on c c u ~ s  # 8  applies plus 140 volts to 1Nl-6 
(6.08.05) to develop a CO gate on the column control 
comparator units output line. The  outputs of the two 
comparators are combined at lL3  (6.08.02) to produce 
a gate at COO. Before the next chararter is typed the 
units rotary switch will advance one position and the 
gate for the following cycle will appear at COI. 

Q Track Data Bzt Relays: Relays corresponding to 
the bits present in the selecteci character of Q track 
data (6.09.1 1) are picked by SCB-15 and the thyratrons 
on 6.08.03. SCB-15 (Q track read) and the selected 
character of Q track data are applied to each of the 
seven thyratrons. The  coincidence of a bit impulse 
from the bit ring and a data bit from the selected 
character will fire a thyratron and pick the correspond- 
ing bit relay. 

Common Channel Relays: T h e  common channel 
relays (6.03.01) are picked by SCB 1 through the 
transferred points of the Q track data bit relays. For 
example, R8085 is picked through R8164-4 N/O and 
R8147-8 N/O to type a 2 during an inquiry operation. 

Key Magnet: T h e  key magnet (6.14.05) correspond- 
ing to the character of data from Q track is energized 
by SCB 2 through a network of common channel relay 
points (6.14.01, .02, and .03) . 

Column Control Rotary Swztches: Near the end of 
each SCB cycle the c c u ~ s  advances one position. T h e  
rotary switch drive magnet (6.06.10) is energized dur- 
ing each cycle by SCB 10 through R8442-2 or R8212-8. 
T h e  rotary switch is advanced by the spring returned 
magnet armature at the end of the SCB 10 impulse as 
the magnet is de-energized. T h e  CCTRS (6.06.10) is 
advanced every tenth cycle by the contacts of the 
ccvw. When the c c u ~ s  # 7  (6.06.04) is positioned 
on contact 09 or  contact 19, an SCB-10 impulse is 
applied to the CCTRS drive magnet and as the units 
rotary switch advances from 9 to 0 the tens rotary 

I switch advances one position. 

i 

Type Operation 

A type opention is the process of using the console 
typewriter as an auxiliary document printer under 
control of the 305 program. Before the type operation 
can be performed the data to be typed must first be 
assembled on 2 track. A program exit inlpulse wired 
to the type hub  on the 305 control panel initiates the 
actual type operation by picking controlling relays in 
the 380 (Figure 197). An impulse emitted from the 
type hub on the 380 control panel is used to control 
the typing format. If the impulse is wired to CoLuhrN 
CONTROL ON, the COLUMN CONTROL EXITS (00-99) will 
emit impulses sequentially as each character is typed. 
These impulses can be wired to control spacing, tabu- 
lation, and other typewriter format fnnctions. T h e  
typing of Q track data takes place in the manner pre- 
viously described. When the desired number of char- 
acters have been typed, a COLUn4N CONTROL EXIT im- 
pulse wired to the clear hub drops out the controlling 
relays and returns the typewriter carriage. 

1. Initiate a type operation. 
a. Program exit wired to the 305 type hub 
(1.02.03) . 
b. Pick the controlling relays (TYPE NO. 1, TYPE 

NO. 2, TYPE NO. 3 and INQ/TYPE) (6.04.05) . 
2. Establish format control. 

a. Emit an impulse from the 380 type hub  
(6.04.05) . 

b. Emit impulses sequentially from the COLUMN 

CONTROL EXITS (6.06.03) . 

3. Type data from Q track. 
a. Energize the SCB clutch (6.01.05) . 
b. Select one character of data from Q track 
(6.08.02) . 

c. Pick Q track data bit relays (6.09.11). 
d. Pick the common channel relays (6.03.01) . 
e. Energize a typewriter key magnet (6.14.05) . 
f .  Advance the column control rotary switches 
(6.06.10) . 

4. Clear and carriage return. 
a. Drop the controlling relays (6.04.05) . 
b. Energize the carriage return magnet (6.14.04) . 
c. Restore the rotary switches to the 00 position 
(6.06.lO) . 

5. Prevent alterxnz Q track until the type operation 
is complete. 
a. Interlock :he W cycle gate (3.02.08) . 

Initiate a T y p e  Operation: A program exit impulse 
wired to the 305 type hub (1.02.03) initiates the type 
operation by picking TYPE NO. 1 relays (R8151 and 
R8152) on 6.G4.05. T h e  SCB dutch  (6.01.05) is ener- 
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Figure 197. Programmed Type Operation 

gized by a TYPE NO. 1 relay point and during the result- 
ing clutch cycle TYPE NO. 2, TYPE NO. 3, and INQ/TYPE 

relays are picked by SCB-2, SCB 3, and the transferred 
points of a TYPE NO. 1 relay (6.04.05). TYPE NO. 1, 2, 
and 3 relays are used to control the initial set-up of 
the type operation and drop out during the first and 
second clutch cycles, but the INQ/TYPE relays must be 
up  during the entire type operation. T h e  INQ/TYPE 

rela).s are held u p  by overlapping SCB 2 and SCB 4 
impulses until the end of the type operation. 

Format Control: An SCB 1 impulse is emitted from 
the type hub  (6.04.05) on the 380 control panel during 
the second SCB cycle of the type operation. T h e  im- 
pulse is controlled by TYPE NO. 3 which is picked 
too late in  the first cycle to make the SCB-1 impulse 
available. TYPE NO. 3 drops out late in  the second 
clutch cycle to prevent emitting a second type impulse. 

T h e  type impulse wired to COLUMN CONTROL ON 

(6.06.01) picks COL CTRL ON # 1 which picks COL ~ R L  

ON #2 late in the same cycle. COL CTRL ON #2 remains 
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transferred until it is latch tripl~ed by the clear relay 
(CLR R8374) at the end of the type operation. COL 

CTRI. os $2 activates the COLc~ls COSTRoI- EXITS on 
the 380 control panel (6.06.03) . As each cll;tmcter of 
data is typed an SCB I impulse is emitted from the 
correspontling control panel exit. 3-llese in~pulses are 
used LO control tabulation, c;irri;tge I-eturning, and 
other format functions of the collsole ty11e1vriter. 

Tjpirlg 1)ota from Q T r t ~ c k :  T h e  tleti~ils of selecting 
a character of Q track tlnta anti cnergi~ing ;I ~ypen-riter 
key magnet are discussed in a previous paragraph. For 
a t ) ~ e  operation the necessary clutch cycles are pro- 
vided by the transferred points of the INQ/TYPE relay 
(6.01.05) . T h e  selection of the characters to be typed 
is controlletl by the COL CTRL ON # 2 relay activating 
CCTRS # 5  (6.06.08). T h e  pick of the common channel 
relays is controlled by the INQ/TYPE relay points 
(6.03.01). 

Clzaj- n n t l  Cnrsiage Return:  .4 colr~rnn control exit 
wired to the clear hub (6.10.01) terminates the type 
operation by dropping out the controlling relays, re- 
turning the typewriter carriage, ant1 restoring the 
rotary switches to the 00 position. 

The  column control exit impulse ~viretl to the clear 
hub  picks the clear setup relay (CLR SU R8159) 
(6.10.01). After ilie typing of the character selected 
for this clutch cycle is complete, the clear relays (CLR) 
are picked by SCB 5 and R8189-2 N/O (6.10.01). T h e  
CLR relays drop out the relays that have been con- 
trolling the type operation by latch tripping or inter- 
rupting overlapping pick and hold circuits. For ex- 
ample, the INQ/TYPE relay (6.04.05) drops out when 
the clear relays open the circuit from SCB 2 to the pick 
coils. The  COL CTRL ON # 2  relay is latch tripped by 
the clear relay points and SCB 9 (6.06.01). 

T h e  carriage return magnet (6.14.04)' is energized 
by SCB 3 or SCB 9 through the points of the carriage 
return relay (CARR RET R8274) . T h e  GARR RET relay is 
picked by SCB 2 through Dl 196 (6.14.04) and the 
transferred points of the clear relay (6.1 1.04) . 

T h e  c c u ~ s  and CCTRS are restored to the 0 positions 
by completing a circuit to the rotary switch drive 
magnets through the interrupt contacts and the search 
relays (COL CTRL UN SRCH) (6.06.10) . The  SCB 7 im- 
pulse through the interrupt contact advances the rotary 
switch one position at a time until the circuit is broken 
by dropping out the search relays. COL c l a ~  UN SRCH 

(6.06.02) is picked by CLEAR R8374-5 and the c c u ~ s  
cam contact. This  contact is open only when the rotary 
switch is resting in the 0 position. The  rotary switch 
will continue to advance until COL CTRL UN SRCH is 
latch tripped. COL CTRL UN SRCH is latch tripped by 
SCB 7 through RS CLR (8450-2) when the rotary 
switch has advanced to the 0 position (ccu~s  #6 con- 
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Figure 198. Tjpe with Colutnn Control ON 

tact 19) (6.06.04). X similar circuit is p ro~ ided  to 
return the CCTRS to the 0 position during a clear oper- 
ation. 

Interlock Q TI-ack:  T o  prevent altering Q track 
while a type operation is in progress, the W cycle gate 
is inter!ocketl by T = Q  and typewriter not ready 
(3.02.08). T h e  line labeled typewriter not ready is 

high until the INQ/TYPE relay is dropped out at the 
end of the type operation. 

Format Control 

The 380 supervibory control panel permits various ar- 
rangements of typewritten data. T h e  sequence in 
which characters are selected from Q track for typing 
and all functional typewriter operations can be se- 
lected at the control panel. Two groups of hubs, col- 
umn control exits and program exits, emit impulses 
which are used to control the typewriter format. 

T h e  column control exits are numbered 00 through 
99 and correspond directly to the character positions 
on Q track. As character 00 of Q track is being typed, 
an impulse is emitted from the 00 column control exit. 
T h e  column control exit impulses are controlled by the 
same rotary switches that perform the selection of 

R3-3 
IC "00" 6.08.02 

Bit Relays - 6.09.11 

Common Channel Relap - 
6 . 0 3  

Type *gnct 
6 . 1 4  

Col "00" Exit 
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nch 
m 

R8147 

Col. Ctri. U N  Drive 

; Col 

IL3-3 
I c  "01" 

Bit Relays - 
Common Channel Relays - 

Type Mognet 
m 

Col "01 " Exit 
D 

characters from Q track. T h e  rotary switches normally 
advance sequentially from position 00 through position 
99 and are advanced one position for each SCB cycle. 

The  order in which the characters from Q track 
are typed can be altered by interrupting the normal 
step-by-step advancement of the rotary switches. If a 
column control exit impulse is wired to a COLUMN 

CONTROL ENTRY, the rotary switches will search to the 
new position before the next charxter  is typed. I n  the 
example illustrated in Figure 200, after character 65 
has been typed the rotary switches will advance to po- 
sition 93. Character 93 will be typed immediately fol- 
lowing character 65 and the rotary switches will con- 
tinue to advance normally and select characters 94 
through 99. 

T o  peri'orm a search operation a circuit is completed 
to the rotary switch drive magnet through the inter- 
rupt contact. As the magnet is energized, the interrupt 
contact opens and the rotary switch advances as the 
magnet is de-energized. T h e  interrupt contact closes 
as the magnet is de-energized and the process is re- 
peated until the circuit to  the interrupt contact is 
broken when the rotary switch reaches the position 
that corresponds to the column control entries that 
were impulsed to initiate the search. 
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COLUMN CONTROL UNITS ROTARY SWITCH 
SEARCH OR JECTIVES: 

1. Initiate a units search to position 3. 
a. COLUMN CONTROL EXIT wired to C O L U ~ I N  CON- 

TROL ENTRY UNITS # 3  (6.06.01) . 
2. Energize the rotary switch tlrive magnet through 

the interrupt contact (6.06.10) . 
a. Latch pick COL CTRL U N  SRCH R8443 (6.06.02). 

3. Open the circuit to the drive magnet when posi- 
tion 3 is reached. 
a. Latch trip COL CTRL UN SRCH (6.06.02). 

4. Suspend SCB clutch cycles until the search is 
completed (6.01.05) . 

Initiating the Seal-ch: An SCB 1 impuise wired from 
a column control exit to COLUMN CONTROL ENTRY # 3  
picks R8405 (6.06.01). R8405 is held by SCB 8 and 
remains up  until the next clutch cycle is initiated 
after the search is complete. If the search operation is 
initiated by an impulse other than a column control 
exit, column control will be turned on automatically 
when R8405-5 latch picks COL CTRL ON #2 (6.06.01). 

Advancing the R o t a ~ y  Switches: T h e  units drive 
magnet is energized by SCB 7 through the interrupt 
contact and the transferled points of COL CTRL U N  SRCH 

(6.06.10) . COL CTRL U N  SRCH is latch picked by SCB 9 
through R8405-2 (6.06.02) . T h e  interrupt contact will 

continue to furnish a series of pulses to advance the 
tlrive magnet until the COL CTRL UN SRCH relay i5  latch 
tripped. 

Search Stop: COL c r ~ r  U N  SRCH is latch tripped when 
the rotary switch reaches the new lecoation (6 06.02) . 
The  trip circuit is through ODD SFCT R8442-2 x/o or 
N/C, R8405-4 or -3, c c u ~ s  #6  contact 2 o: 12 ancl 
SCB 7 (6.06.04). 

COL CTRL U N  SRCH does not artuaiiy drop out until 
the rotary switch advances from the 2 contact to the 
3 contact due to a parallel circuit to the trip and pick 
coils through R8463-2. As the rotary sw~rch advances 
from contact 2 to contact 3 COL CTRL U N  SRCH drops out 
and opens the circuit to the drive magnet. 

Since the c c u ~ s  is a twenty position switch, the 
tens position of the new switch location must be an- 
alyzed to determine whether the CCL~RS should stop 
on the first half of the switch or the second. If the 
column control exit impulse that init~ated the search 
was wired to any odd position of column control entry 
tens, the odd section relay (ODD SECT R8444) will 
be energized to transfer control of the stopping point 
to the second half of the rotary s~ritch (6.06.02) . 

SCB Clutch: T h e  circuit to the SCB clutch is sus- 
pended while a search operation is in progress by 
a normally closed COL CTRL U N  SRCH point (6.01.05) . 

I I 
Clutch 6.01.05 Clu!ch 

Hold h t i l  Cleor 

UN Drive Mog. 6.06.10 - 
RE442 Latched 6.06.01 

I 

CoI 75 Exit - 

Corn Channel kcloyr 6.03.01 

R8l89 (6.10.01) - 
I 

R8371,8190,8193 (6.10.01) 

Carriage Return Mogntt - 

Q Trock Rd 3D1-10 - 6.08.02 
3E4-10 
11.3 6.08.02 

3D4-I0 
9 6 08.02 

113-3 
8 C75 

Bit Relays 6.09. l l 
L 

Figure 199. Clear 

R8450 (6.10.01) - 
SC87-Scarch 

6.06.01 - 
0 7 . 0 1 5  

6.06.02 8443LP 

6.06.07 
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Figure 200. Column Control Search 

C o ~ c a n  COKTROL TEAS ROTARY SIPITCH SEARCH 

The  tens search is initiated and controlied in the same 
manner as the units search. The  circuits for a tens 
search can be cle\cloped h\ follolring the objecti~es 
that were listed for the unit, search. Zhe tens t h e  
magnet is located on 6.06.10 ant1 the controlling re- 
lays are located on 6.06 06 and 6.06.07. CCTRS # 2  
(6.a6.08) controls the stopping point of the tens 
search. 

Program Control 

The  program exits provide an alternate source of im- 
pulses for controlling typewriter format. The  column 
control exits are available only on cycles in which a 
character of data is being reat1 from Q track and typed. 
In some cases it is necessary to type information that 
is not present on Q track or perform a series of func- 
tional operations that do not involve the typing of data 
from Q track. T o  perform this type of operation con- 
trol of the typewriter format is transferred from the 
column control exits to the program exits by wiring 
a column control exit to PROGRAM CONTROL ON. After 
program control has been turned on, the program exits 
will emit sequentially starting with A0 and progressing 
through E4. Typing of data from Q track can be re- 

sumed ;it any point b) wiring a program exit impulse 
to COLL \ lh COhTROI. ON. 

I n  the exiimple illustrated by Figure 201, program 
control is turned on after C01 of Q track is typed. The  
.A0 program exit causes a carriage return. T h e  A1 exit 
shifts to the black ribbon and turns column control 
back on. Typing will be resumed on the next line 
starting with C02 from Q track. 

The  program control operation is performed by 
rotary switches (progidm control level and step rotary 
\witches - PCLRS and PCSRS) in a manner very similar 
to column control operation. 

1. Turn  on program control. 
3. COl.UA1N CONTROL E X I T  wired to PROGRAM CON- 

TROL ON (6.07.01) . 
2. Tu rn  off column control. 

a. Latch trip COL CTRL ON #2  (6.06.01). 
3. Emit an SCR 2 impulse from level A step 0 

(6.07.03). 
a. Energize the SCB clutch. 

4. Advance the PCSRS. 
a. Energize the PCSRS drive magnet (6.05.07). 

5. Advance the PCLRS after level A step 4. 
a. Energize the PCLRS drive magnet (6.07.07) . 
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Figure 201. Program Control 
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6. Tu rn  off program control. 
a. Program exit wired to COLUMN CONTROL ON 

(6.06.Ol). 
b. Latch trip PROG CTRL ON #2 (6.07.01). 

Turn On Program Control: A column control exit 
wired to PROGRAM CONTROL ON picks PROG CTRL ON # 1 
(R8459) and a hold circuit is avai!able through SCB 8 
until early in the next clutch cycle (6.07.01). Late in 
the cycle SCB 9, through the transferred points of 
PRG CTRL ON # 1 ,  latch picks PRG CTRL ON #2  (R8460) . 
T h e  typewriter remains under program control until 
PRG CTRL ON #2  is latch tripped. 

Turn Ofl Column Control: Column control is 
turned off by latch tripping COL CTRL ON #2 with the 
same impulse that latch picked PROG claL ON #2  
(6.06.0l). 

Program Exit  Impulse. If the rotary switches have 
been previously reset to level A step 0, an SCB 2 im- 
pulse will be emitted from the A0 program exit 
(6.07.03) through the 1 I contact on PCSRS # I  and 
the 1 1  contact on PCLRS # 1 (6.07.05) . T h e  circuit 
to the SCB clutch is still available through the trans- 
ferred points of INQ/TYPE (6.01.05) . 

PCSRS Advance: T h e  step rotary switch is advanced 
one position during each clutch cycle by SCB iO and 
PRG CTRL ON #2  (6.07.07). The  step rotary switch 

C R lnlk Contoct 

P q .  Exit " A l "  - I 

Color Detent 6.14.04 

T 
I 

Color Shih M9) 6.14.04 

I 

is an eleven position switch. As program control ad- 
vances through steps 0 through 4 the step rotary switch 
advances through the first five contact positions. As 
program control advances through steps 0 through 4 
of the next level the step rotary switch advances 
through the next five contact positions. Contacts 11 
through 4, and 5 through 9 perform identical functiozs. 
When the rotary switches are rpset by a clear operation, 
the step switch will stop on the ff 11 contact or the #5 
contact (6.07.03). The  #10 contact position is unused 
and as the step rotary switch advances from the #9 
contact, the # 10 contact must be skipped in order to 
return the switch to contact # I 1  and set-up step 0. 
This is accomplished by picking ADV STP 0 R8458 
when the rotary switch is in the contact #9 position 
(6.07.01) . ADV STP 0 initiates a search to contact # I  1 
by latch picking PRG CTRL STEP SRCH R8461 (6.07.02). 
T h e  theory of program control search operation is 
essentially the same as the coltimn con:rol search oper- 
ation previously discussed. 

PCLRS Advance: T h e  level rotary switch is ad- 
vanced by SCB 10 and the conLacts of P C ~ R ~  #7 as 
the program step rotary switch advances from the con- 
tact 4 position or  the contact 9 position (6.07.04). 

Turn Off Program Control: Program control is 
turned off by wiring a program exit to COLUMN CON- 
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TROL ON (6.06.01) . T h e  same impulse that latch picks 
COL CTRL ON #2 latch trips PROC CTRL ON #2 and sus- 
pends the program operation (6.07.01). 

Carriage Return 

A column control exit or program exit wired :a CAR- 

RIAGE RETURN will cause the typewriter carriage to 
return to the beginning of the next printing line be- 
fore the next character of Q track data is typed. 

OBJECTIVES: 

1. Return the typewriter carriage. 

a. Energize the carriage return magnet (6.14.04). 

2. Suspend typing until the carriage return is com- 
plete. 

a. Prevent energizing the SCB clutch (6.01.05). 
The  carriage return magnet is energized by SCB 

3 or  9 and CAR RET R8274-2. (On systems not equipped 
with 381 the cathodes of Dl171 and Dl172 are jump- 
ered) . CAR RET is picked by the impulse to the carriage 
return hub (6.14.04) . 

Tabulation 

An impulse wired to the tabulate hub  will cause the 
typewriter carriage to escape to the next tab stop be- 
fore the next character of data is typed. T h e  impulse 
to the tabulate hub  sets up an operation similar to the 
carriage return operation. T h e  tab magnet is ener- 
gized to release the carriage (6.14.05) and CLR DEL 

is picked to hold off the next clutch cycle until the tab 
operation is completed. 

Zero Suppression 

When typing fields of numeric data from Q track it is 
often desirable to suppress the typing of zeros to the 
left of the first significant digit. The  suppression of 
zeros is accomplished by wiring the column control 
exit that corresponds to the high order digit to ZERO 

SUPPRESS ON. With zero suppression turned on, the im- 
pulses that would normally energize the zero magnet 
are rerouted to the zero transfer hub on the control 
panel. The  zero transfer hub is normally wired to 
SPACE. Zero suppression is turned off by the first signifi- 
cant digit or by wiring a column control exit to ZERO 

SUPPREba OFF. 

OB JECTX*~ES: 

1. Tu rn  on zero suppression. 

a. Column control exit wired to ZERO SUP ON 

(6.15.01). 
b. Latch pick LFT ZR SUP #2  (6.15.01). 

2. Reroute the zero type impulse to ZERO TRANSFER 

(6.14.01) . 
3. Turn  off zero suppression with the first signifi- 

cant digit. 
a. Latch trip LFT ZR SUP #2 (6.15.01) . 

Column Contrsf Delay 

A column control delay operation suspends the typing 
of Q track data for one cycle and is initiated by wiring 
a column control exit impulse to the column control 
delay hub. In the example illustrated by Figure 202, 
the column contrnl delay is initiated during the cycle 
in which C93 is typed. During that cycle the rotary 
switches do  not advance, but on the following cycle the 
column control exits are suppressed to eliminate a 
second impulse from the same exit. During the delay 
cycle the impulse that .;croulcl normally go to the key 
magnet is switched to the column control delay exit 
(CCD). The  CCD impulse wired to the type only # 

hub will cause the "#" to be typed during the delay 
cycle. Late in the delay cycle the rotary switches ad- 
vance and on the following cycle normal typing is re- 
sumed with C94. 

OB JEGTIVES: 

1. Initiate a column control delay. 
a. Column control exit wired to WLUMN CON- 

TROL DELAY (6.06.1 1) . 
2. Prevent the column control rotary switches from 

advancing. 
a. Hold the drive magnets in the energized posi- 
tion until the fol!owing clutch cycle (6.06.10). 

5. Emit an impulse from CCD exit during the delay 
cycle (6.06.1 1) . 

4. Suppress the column control exit during the de- 
lay cycle (6.06.03) . 

Column Split 

A column control exit wired to COLUMN SPLIT alters 
the key magnet circuits so that only the numeric por- 
tion of an alphabetic character will be typed. T h e  
column split operation initiates a column control de- 
lay and during the delay cycle the character is read 
from Q track a second time. T h e  common channel 
relays are picked and analyzed for the presence of an 
X bit and the impulse that would normally energize 
a key magnet is transferred to the X or NX control 
panel exit (Figure 203). 

OBJECTIVES: 

1. Setup column split. 
a. Column contrel exit wired to COLUMN SPLIT 

(6.15.01) . 
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2. l 'ype the numeric portion of the character 
(6.14.01). 

3. Initiate a column control delay cycle. 
a. Pick COL CTRL DEL #2, R8447 (6.06.1 1) .  

4. Emit an impulse from X or NX hub (6.15.01). 

Digit Selection 

X column control exit wired to the digit selector PU 

hub will suspend typing of the corresponding character 
position. The  character of data from Q track picks the 
bit relays and the common channel relays in the nor- 
mal manner, but the impulse to energize the key mag- 
net is transferred to a network of bit relay points that 
make u p  the character selector. Through the network 
of bit relay points the impulse is emitted from the 
digit selector exit hubs that correspond to the Hollerith 
code representation of the character. 

OR JECTIVES: 

I .  Supp re s s  t h e  i m p u l s e  t o  t h e  type  m a g n e t s  
(6.14.01) . 

2. Emit an impulse from the digit selector exit 
(6.15.02). 

Ribbon Shift 

T h e  red or black portion of the typewriter ribbon can 
be selected by wiring a column control exit to RIBBON 

SHIFT-RED Or RIBBON SHIFT-BLACK. Ribbon shifting is 
accomplished by the detent magnet, which removes 
the tletent roller from the detent plate and allows it 
to be shifted, and the transfer magnet, which moves 
the detent plate to the black position. T o  shift from 
black to red the detent magnet only is energized ant1 
the detent plate moves to the red position under 
spring tension. T o  shift from retl to black both mag- 
nets are energized (6.14.04) . 

Manual Console Operation 

Read Operation 

The  operator may examine the data on any ot the 
addressable tracks by depressing the read key and then 
the alphabetic or  numeric key that corresponds to the 
track to be examined. T h e  block diagram of read oper- 
ation, Figure 204, illustrates the sequence of events and 
major units involved. 

Depressing the read key resets the process unit to I 
cycle ready and sets u p  controlling circuits for a 100 
column print operation (100 characters of Q track 
data typed consecutively with all fsrmat control panel 
wiring bypassed.) As the track key is depressecl the 
corresponding character is typed to indicate which 
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track is being examined alld the typewriter tabulates 
to the first tab stop. During the clutch cycle that re- 
sults from the track key depression, the master stop 
trigger is turned OFF and the system advances through 
an IRWDP cycling sequence. During I cycle the com- 
mon channel relays that were picked to type out the 
track indication, setup a corresponding T, value in 
the instruction register A T2 value of Q is automati- 
cally set up  during 1 cycle ant1 a 100 character track 
to track transfer is performed during the R and \V 
cycles to transfer the desired data to Q track. During 
P cycle a type operation is initiated by picking the 
read/write test write relays and 100 characters of Q 
track data are typed out under control of 100 column 
print. After C99 has been typed, a clear and carriage 
return is initiated automaticaliy. 

OBJECTIVES: 

Read Key Cycle 
1. Setup read operation control circuits. 

a. Energize the SCB clutch (6.01.05). 
b. Turn  on I cycle ready (1.03.04). 
c. Pick 100 column print (6.1 I .04) . 

Track Key Cycle 

1. Type the track indication. 
a. Energize the SCB clutch (6.01.65). 
b. Energize a key magnet (6.14.05) . 

2. Tabulate to the first tab stop. 
a. Energize the tab magnet (6.1 4.05) . 

3. Advance through an IRWDP cycling sequence. 
a. Turn  OFF the master stop trigger (1.02.09) . 

4. Set up  the instruction register during I cycle. 
a. Enter a T, value corresponding to the typed 
track indication (2.03.03) . 
b. Enter a T, value of Q (2.03.05) . 

5. Perform a 100 character transfer to Q track. 
a. Develop a 100 character R cycle gate (3.02.04) . 
b. Develop a 100 character W cycle gate (3.02.08) . 

6. Type 100 characters of Q track data. 
a.  Condition the thyratron plates (Q track read) 
(6.08.03) . 

b. Select Q track data (store data in bit relays) 
(6.08.02) . 
c. Energize the key magnets (6.14.05) . 

7. Initiate a clear after C99 is typed (6.10.01) . 

oO la@ oO la@ 00 

I 
I 

I 
I 

TYPE CHARACTER 94 COL. SPLIT "Xu EXIT IMPULSES 

COL. 94 EXIT IMPULSES COL. SPLIT CARRIAGE RETURN I 
SUPPRESS COL. ADVANCE COL. CONTROL ADVANCES I 

R8147 RE147 
6.04.05 

UN.  Drive Mog. UN. Drive Mag 6.06.10 
Hold by RE447 

Col . 94 Exit 6 1 .  94 Exit Supprcued 

D C Z Y 7  
R8114,8117 

6.06.11 

6.06.11 

QTrock Reod 3DI-I0 3DI-I0 Col. Split "X" Exit - 6.08.02 -- -- 
I L3-3 
1 C94 

Bit X, 8 Reiop 

X, 8 Corn. Chon. Relop m 6.GS.01 
"8" Trpa Mag. - 

Car. Rct. Mog. 
6.14.09 

113-3 

Bit X ,  8 Relays 

X,  8Com. Chon. Rclovr 
1 6.63.01 

Figurc 203. Column Split 
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Figure 204. Read Operation 
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Typewriter Parity Checking 

Each rltnracter of data that is selected for typing is 
p;~rity checketl before the typewriter key magnet is 
cnergi/etl. ;It the same time that the common channel 
1re1;t)s are being picked by the bit relays, a network 
of bit relay points are checketl to determine if an even 
or an ocltl number of bit relays have been picked. If 
an even number of bit relays have been picked, the 
circuit to 'the key magnets is opened and the impulse 
that \coultl normally energize a key magnet is switched 
to the underline magnet. T h e  advance of the column 
contl-ol rotary ST\-itches is suspended on the cycle that 
the parity is detected and on the following cycle the 
same ch;rracter of Q track data is selected a second 
time. On the second cycle the key magnet circuit is 
restoretl to normal and the error character is typed 
over the underline. At the end of the second cycle the 
rot;lr!- switches advance and normal typing continues 
until the end of the line is reached or another error 
character is tletectetl. 

OB JECTII,ES: 

1. Test lor an even number of bit r e l a ~ s  (6.09.01). 

2. Oycn the normal key magnet circuit (6.14.01). 

3. Ene~gize the underline magnet (6.14.05) . 
4. Prevent the advance of the column control rotary 

switches. 

a. Mold t h e  u n i t s  d r i v e  m a g n e t  ene rg i zed  
(6.06.10) . 

5. Suspentl the parity test on the delay cycle 
(6.09.01) . 

Alter Operation 

AII alter operation is the process of entering data on Q 
track directly from the console keyboard. The  data on 
any addressdble process drum track can be altered by 
first entering the new data on Q track and then trans- 
ferring the data from Q track to the track to be altered. 

An alter operation may be performed to enter new 
data on a process drum track or to correct an invalid 
character that has been indicated during a console 
reat1 opera tion. The  type of alter operation to be per- 
formed is determined by the test lock switch. If the 
test lock is ON, data can be written in any or all Q 

I track positions during an alter operation and subse- 

I quently transferred to any process drum track. If the 
test lock is OFF, the only Q track character positions 
which can be changed are those positions which have 
been previously underlined to indicate an invalid 
character and after the error character is corrected the 
data can only be returned to the process drum track 
which was read initially. 

Track Read 
6.09.10 

Bit Relays n 

Relays 6.09.01 Par Col 

8177 

2- A 

Key hbgnet Magnet 
6.14.05 

Figure 205. Typewriter Parity Checking 

Alter Parity Correction 

An error character that is indicated while the machine 
is processing czn be corrected by performing a simple 
three-step console error correction procedure. 

I. Read the process drum track that contains the 
error. 

2. The  error character will be underlined as the 
track is typed. Depress the alter key with the test 
lock OFF. T h e  typewriter will automatically 
space until the error character is reached. De- 
pressing the alphabetic or nu111eric key to correct 
the error character will enter that character on 
Q track and the typewriter will resume spacing 
to the end of the line or  until the next error 
character is reached. 

3. Depress the write key. T h e  corrected data will 
be typed out and automatically returned to the 
process drum track that was read initially. 

Depression of the alter key initiates an operation 
that is -~?ery similar to a console read operation (Figure 
206). T h e  controlling relays that are picked by the 
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alter key energize the tab magnet and set u p  a 100 
column print operation to control the advance of the 
rotary switches and the selection of data from Q track. 
As soon as the tab is complete the alter relays pro- 
vide a contin_uous circuit to the SCB clutch and during 
each clutch cycle a character of data is read from Q 
track and set u p  in the bit relays. A normal parity test 
is performed on each character and if the character 
contains an odd number of bits, a circuit is completed 
to energize the space solenoid. If an invalid character 
is set up in the bit relays, the alter colunin delay relays 
will be picked and the space solenoid will not be ener- 
gized. The  alter column delay relays suspend the cir- 
cuit to the SCB clutch and condition the Q track write 
circuits to accept one character of data from the con- 
sole keyboard. Depressing the correct alphabetic or 
numeric key initiates one SCB clutch cycle. During the 
clutch cycle the corresponding common channel relays 
are picked and the corrected character is typed. T h e  
common channel relay points are analyzed and the 
corrected character is written on Q track. T h e  char- 
acter position in which the data is written is deter- 
mined by the position of the column control rotary 
switches. During the manual clutch cycle the alter 
column delay relays drop out and spacing is resumed 
as the circuit to the SCB clutch and the space magnet 
is restored. 

OBJECTI\~ES: 

1. Set up  alter operation control circuits. 
a. Pick I00 column print (6.1 1.04) . 

2. Tabulate to the first tab stop. 
a. Energize the tab magnet (6.14.05). 

3. Set up  one character of data in the bit relays. 
a. Condition the thyra tron plates ((2 track read) 
(6.08.03) . 

b. Select one character of data (store data in  bit 
relays) (6.08.02) . 
c. Pick the bit relays (6.09.1 1) .  

4. Space past valid characters. 
a. Energize :he space solenoid (6.14.05) . 

5. Detect an error character. 
a. Pick ALT COL DEL #1 (6.09.01) . 
b. Open the circuit to the space solenoid 
(6.12.01) . 

c. Open the circuit to the SCB clutch (6.01.05). 
6. Type the corrected character. 

a. Energize the SCB clutch (6.01.05) . 
b. Energize the key magnet (6.1 4.05) . 

7. Write one character on Q track. 
a. Q write gate (3.10.41) . 
b. Q write data (3.10.41) . 

8. Rezume spacing. 

Writing on Q Track: Writing a character of data 

on Q track is controlled by the Q write gate (3.10.41) . 
T h e  Q write gate is an SCB 2 impulse controlled by 
ALT #2 and ALT COL DEL # 3  (6.09.10). 

During the time that the Q write gate is high, a one- 
character Q read/write gate is tleveloped based on the 
setting of the column control ro::ir) switches (6.08.02) . 
A character correspontiing tc, the alphabetic or  nu- 
meric key that was tlepressed will appear on the bit 
data to be written liae ewrv character time until the 
common channel relays drop out near the entl of the 
cycle. The  Q read/write g3te >elects one character of 
tiata from the bit data to bc written line and allows 
it to be transferred to the Q track write circuits as Q 
write data. 

Alter Operation - Test Lock On 

Tliith the test lock switch turned ON, any character or 
group of characters of Q track data may be changed 
during an alter operation. Under nolmal operating 
procedures the track to be changed would first be typed 
out during a console read operation. By tlepressing the 
alter key and then holding down the dup  key on the 
console keyboard, the existing tlat,t on Q track can be 
duplicated until the character to be c!tnnged is reached. 
Releasing the clup key suspends typing and allows data 
to be written on Q track one character at a time from 
the console keyboard. T h e  alter operation is suspended 
automatically as C99 is tluplicated or  altered, or  the 
operation may be suspended at any point by depress- 
ing the clear key. 

Depressing the alter key with the test lock ON picks 
the test alter relays which energize the tab magnet and 
set u p  a 100 column print operation (Figure 207). 
After the typewriter reaches the first tab stop, no 
further clutch cycles are available until the operator 
depresses the dup  key or  a character key. Holding the 
d u p  key down provides a circuit to the SCB clutch 
and during each clutch cycle one character of Q track 
data is read from Q track and typed under the con- 
trol of 100 column print. When the character to be 
changed is reached, releasing the dup  key opens the 
circuit to the SCB clutch and completes a circuit to de- 
velop a Q track write gate on the following clutch 
cycle. T h e  keyboard contacts provide the next clutch 
cycle as an alphabetic or  numeric key is depressed. T h e  
altered character is typed through the normal common 
channel circuits and the character is written on Q 
track under control of the Q track write gate. 

OBJECTIVES: 

1. Set up  test alter control circuits. 
a. Pick 100 column print (6.1 1.04) . 

2. Tabulate to the first tab stop. 
a. Energize the tab magnet (6.14.05) . 

216 IBM RAMAC 305 



I 
I Key Magnet I 
I 

I 

I 
I 
I 

L ---- - - - - -  - - - -  - - - - - ---  - - - - - - -  - - - - - - - - - - - - - --  - - - - - - - - -  - - - ------  J 

Figure 206. '41ter Parity Correctiol, 



Key 
.Magnet 

6.14.01 

Q T R A C K  

Alter Test Alter 

K~~ CETest Relays Q Read Q Write 

6.02.03 3.10.41 

100 Column 
Print 
821 2 

6.11.04 Q Read Data 

t t t t t t t  
B B B B B B B  
X 0 1 2 4 8 R  

A 

0 
A 

CCURS 8 
6.06.04 

Relays SCB 2 

* K B Contact 

6.02.02 

Figure 207. Al:cr Operation - Test Lock ON 

218 IBM RAMAC 305 



3. Type Q track data under control of the dup  key. 
a. Energize the SCB clutch (6.01.05) ) . 
b. Condition the thyratron plates (Q track read) 
(6.08.03) . 
c. Pick the bit relays (6.09.1 1) .  
ti. Fick the common channel relays (6.03.01) . 
e. Energize the key magnets (6.14.05) . 

4. Type the character to be altered. 
a. Energize the SCB clutch (6.01.05) . 
b. Pick the common channel relays (6.03.01). 
c. Energize a key magnet (6.14.05) . 

5. Write one character on Q track. 
a. Q write gate (3.10.41 j . 
b. Q write data (3.10.41). 

Write Operation 

In order to alter an addressable process drum track 
from the console, :he data must first be entered on Q 
track and then transferred to the track to be altered. 
A console write operation is the process of manually 
transferring data from Q track to another process drum 
track. 

The  position of the test lock determines the type of 
operation that will be performed when the write key 
is depressed. If the test lock is OFF the only process 
drum character that can be altered is one that has been 
underlined as invalid during a console read operation, 
therefore, when the write key is depressed Q track is 
automatically transferred to the error track that was 
previousl) read. If the test lock is ON, any addressable 
process drum track can be altered. Depression of the 
write key must be followed by an alphabetic or nu- 
meric key tlepression to indicate the track on which the 
Q track data is to be written. 

Write Operation - Test Lock Off 

Depression of the wriie key initiates an SCB clutch 
cycle and during the cycle controlling circuits are es- 
tablished to allow the transfer of data from Q track 
to the error process drum track and the subsequent 
typing of the data that was transferred (Figure 208) . 
T o  prepare for the transfer of data the process unit is 
reset to I cycle ready. The  100 column print relays 
are picked to control the typing of Q track data. 

When the error track was read initially, track selec- 
tion relays were picked to set up  the proper T, value 
in the instruction register. With the test lock OFF the 
track selection relays that are picked during the read 
operation d o  not drop out until a write operation is 
performed. During the first clutch cycle the track seIec- 
tion relays (SELD TRK MEM) pick the corresponding 
common channel relays to type out an indication 
of the track to which the data is being transferred. 

.After the track indication has been typed the tab mag- 
net is energized and  the typewriter carriage escapes to 
the first tab stop. 

Late in the first clutch cycle the mxstei- stop trigger 
is turned OFF ;tnd the process unit atlv;~nces thl-ough a 
normal IRWDP c)cling sequence. During 1 cycle the 
trnrk selection I-ela).s (SELD TKK X I E ~ I )  set up ;I Tt, 
value in the instruction register and the transfer of 
data fro111 Q trnck to the el-ror track is perfonnet1 tlur- 
ing !he l? ant1 I\' cycles. During P cycle the t)-ping of 
Q track data is initiated ant1 a normal type operation 
is performed untler control of 100 column pr in t  

I. Set up  write operation control circuits. 
a. Energize the SCB clutch (6.01.05) . 
b. Turn  on I cycle ready (S reset) (1.03.04) . 
c. Pick 100 column pri~l t .  

2. Type the track indication. 
a. Pick the common channel relays (6.03.01). 
b. Energize a key magnet (6.14.05) . 

3. Tabulate to the first tab stop. 
a. Energize the tab magnet (6.14.05). 

4. Advance through an IRIVDP c)-cling sequence. 
a. Turn  off the master stop trigger (1.02.09) . 

5. Set up  the instruction register during 1 cycle. 
a. Entcr a T, value of Q (2.03.03) . 
b. Encer a 7, value from selected track memory 
(2.03.05) . 

6. Perform ;I 100 character transfer. 
a. Develop a I00 character R cycle gate 
(3.02.04) . 
b. De~e lop  a I00 character M' cycle gate 
(3.02.08) . 

7. Type I00 characters of Q track data. 

Write Operation -Test Lock On ' 

Write operation with the test lock ON is essentially the 
same as write operation with the test lock OFF. T h e  
primary difference is that a second key depression is 
required to type the track indication and enter the 
proper T, value for the transfer of c!ata (Figure 209). 

Inquiry Operation - RAMAC Reset 

An inquiry operation is the process of reading and typ- 
ing a selected 100 character record from the file. T o  
perform an inquiry it is necessary to cause the access 
mechanism to servo to the selected record location, 
read the file record, transfer the data to Q track, and 
type out the data after the transfer is complete. If the 
RAMAC is not processing and is in a reset condition, 
an inquiry can be initiated by depressing one of the 
three format keys and then entering the proper five- 
digit address with the numeric keys. 
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Figure 208. Write Operation - Test Lock OFF 
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Drpressing the format key cmditions the console to 
accept a file address. Each of the three format keys 
perform the same controlling functions, but as the 
typing is initiated an impulse is emitted from a hub  on 
the 380 control panel that corresponds to the format 
key that was depressed. The  impulse from the format 
hub is usetl to establish the typing format for the file 
record. 

T h e  logic of inquiry operation is illustrated in Fig- 
ure 212. 

Depression of format key #1 picks the FMT 1 A 
and R relays. I N Q  su and I N Q  ADDR relays. The  FMT 

relays remain u p  until the typeout is initiated and 
the) control the typing format. The  I N Q  ADDR relays 
set up the entry of the five-digit file address. 

Relay storage is provided in the console for each 
position of the file address. As each numeric key is 
depressed a circuit must be completed from the nu- 
meric keys to a different position of relay storage. T h e  
contacts of the PCLRS are used to switch the circuit 
succ~ssively from one position of storage to the next. 
As each key is depressed the rotary switches advance 
one position and set up  the entry of the next digit. 
The  rotary switch advancing from the fifth position 
to the sixth signals the completion ctf the file address 
and picks the I N Q  ADDR COMP relay. 

Picking I N Q  TRANS SU, INQ TRANS START, and turning 
on the inquiry trigger, turns OFF the master stop trig- 
ger and allows the process unit to advance through a 
PDDPIRWDP cycling sequence. Late in the P cycle the 
address switching relays are energized to control the 
transfer of the file address from the supervisory buffer 
to the file address register. During the D cycles the 
ILIR 6 line picks up  the file start relays and transfers 
the file address from the supervisory buffer relays to 
the file address relays. During i cycle a T, value of R 
and a T, value of Q are set up  in the instruction reg- 
ister in a manner very similar to console read or write 
operation. Operation is suspended in the R cycle until 
the servo is complete and the selected record has been 
reached. 

T h e  transfer of data to Q track is completed during 
the W cycle and the completion of the transfer is sig- 
nalled by an RilR 8 impulse during the D cycle. The  
INQ TRANS COMP relays initiate the type operation by 
picking the INQ TYPE relays and conditioning Q track 
read. The  INQ TRANS COMP relays also energize the SCB 
clutch for one cycle to control the impulse from the 
format hub. T h e  type operation progresses normally 
as soon as COL =L ON is picked by the impulse from 
the format hub. 

INQUIRY OBJECTIVES: 

1. Set u p  the inquiry operation. 

a. Carriage return (6.1 4.04) . 
b. Pick: F ~ I T  1 X & B (6.04.01). 

I N Q  su (6.04.01 j . 
IXQ ADR (6.04.02) . 

2. Enter a five-digit address. 
a. Pick disk 10's relays (6.05.01) . 
b. Advance the PCLRS (6.07.07). 
c. Pick disk units relays (6.05.01) . 
d. Advance the PCLRS (6.07.07) etc. 

3. Advance through a PDDPIRWDP cycling sequence. 
a. Tu rn  OFF the master stop trigger (I .02.09) . 

4. Drop out the bld address and start relays. 
a. hlR 5 (2.09.10). 

5. Servo to the inquiry address. 
a. Pick file address relays (8.01.01, 8.02.01, 
8.03.01) . 
b. Pick the file start relays (8.04.01). 

6. Transfer data from file to Q track. 
a. Set u p  T, = R in the instruction register 
(2.03.03) . 
b. Set u p  T, = Q in the instruction register 
(2.03.05) . 
c. Develop a 100 character R cycle gate (3.02.04) . 
d. Develop a 100 character W cycle gate 
(3.02.08) . 

7. Emit an impulse from the format hub (6.04.01). 
8. Set up  a type operation. 

a. Tu rn  column control on (6.06.01). 
b. Develop Q track read (6.09.10) . 

Inquiry - RAMAC Processing 

In order to perform an inquiry while the RAMAC is 
processing, the servo and file read operation must be 
executed at a time that does not interfere with pro- 
grammed servo and file read operations. T h e  i ~ q u i r y  
on hubs must be wired before processing inquiries can 
be performed and the point in the program loop at 
which the inquiry servo can be initiated must be sig- 
nalled by a program exit impulse wired to the inquiry 
in hub. 

A processing inquiry is normal until the address has 
been entered and the INQ TRANS su relay has been 
picked. At that point, the inquiry is suspended until 
a program exit impulse enters the inquiry in hub  and 
initiates the inquiry servo and transfer by picking 
INQ TRF SIR # 1  (6.04.03). At the conclusion of the 
inquiry transfer an impulse is emittccl from the inquiry 
out hub  to return the procuss unit to the proper pro- 
gram step and resume operation. 

Inquiry Type Ifiterlock 

If it is necessary to perform inquires while processing 
a program that uscs the console typewriter as an out- 
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Figure 212. Inquiry 
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Figure 213. Inquiry with R A ~ I A C  Reset 
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Figure 214. Inquiry with RAMAC Processing 
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put device, the inquiry operation must be modified to 
prevent the inquiry from interfering with the pro- 
grammed typing. Wiring the inquiry type interlock 
hubs on the 305 control panel modifies the inquiry 
operation. After the format key has been depressed, 
the operator must wait until the inquiry light comes 
on before entering the file address. Once the format 
key has been depressed the INQ su relay picks, but 
the INQ ADDR relays are not picked until a program 
exit impulse enters the inquiry in hub. When the 
I N Q  ADDR relays have bcen picked the file address can 
be entered and the inquiry proceeds in the normal 
manner. 

The  interlocking function is performed by latch 
picking INQ ADR INTLK (R8132). T h e  INQ ADR INTLK 

relay places the pick of the INQ ADR relays under con- 
trol of a program exit impulse wired to the inquiry 
in hub. If the operator attempts to enter the file ad- 
dress before the INQ ADR relays have been picked, a 
clear operation will be initiated by ALPH N U M  BAIL 

CONT #8 (6.02.04) . 

Keyboard Interlocking While Processing 

During processing all alpha/numeric keys and the 
read, write and alter keys are inoperative. Depressing 
any of these keys will result in an immediate clear oper- 
ation, dropping all controlling relays and causing a 
carriage return. As long as the master stop trigger is 
OFF the PROC PRG STP relay (R8043) on 6.02.05 will 
be de-energized. Depressing the read key on 6.02.03, 
for example, will direct SCB-5 through R8043-4 N / C  

on 6.1 1 .O1 to pick the clear relays on 6.10.01. 
Depressing any alpha/numeric key will close bail 

contact #8 on 6.02.04. This directs SCB-5 to the clear 
relays through R8043-3 N/C on 6.02.04. 

Control Selector Switch 

The  operator may determine the mode of operation 
of the RAMAC by positiofiing the control selector dial 
switch on the supervisory panel. T h e  switch has five 
positions, PROGRAM RUN, CONTROL STOP, SINGLE OPERA- 

TION, SINGLE CYCLE, and FORMAT TEST. Its wafers, desig- 
nated 24A, 24B, 24C, and 24D, are located on 1.02.01, 
1.02.02, 1.02.04, and 6.04.06, respectively. 

PROGRAM RUN 

T h e  control selector switch is placed in the PROGRAM 

RUN position for normal processing. When in  this 
mode, the RAMAC executes the successive cycles and 
steps of its operations without any intervening idle 
periods, except for certain delays necessitated by inter- 
locking conditions. All of the automatic processing 

operation discussed in previous sections of this manual 
have assumed the control selector switch to be in the 
PROGRAM RUN position. This does not include the man- 
ual supervisory operations. 

Processing may be halted at a selected program step by 
first positioning the program selector switches to iden- 
tify the program step and then turning control selector 
switch to CONTROL STOP. 

Processing is halted by flipping the master stop trig- 

ger (1.02.09) to lower the master gate from i Q10-3. 
This prevents cycle start pulses from being gated 

through 1N10; hence, machine cycling is halted with 
the R cycle ready trigger ON. No cycle trigger will be ON. 

If the program start button is depressed while in 
CONTROL STOP, the RAMAC will cycle through one com- 
plete program loop and stop at the same program 
step, presuming that the setting of the proglam selector 
switches has not been changed. 

If the control selector switch is placed in the srr\.cLE 
OPERATION position, processing may be advanced one 
program step at a time by depressing the program start 
button. I cycle end will gate with single operate at 
ISlOa, and not inquiry and not test R / W  at lSl la 
(1.02.07), to cause the master gate to be lowered at 
1410-3 (1.02.09). This will allow only one program 
step per depression o f  the program start button. Cy- 
cling will stop at R cycle ready on each occasion. No 
cycle trigger will be ON. 

SINGLE CYCLE 

If the control selector switch is placed in the SINGLE 

CYCLE position, processing will advance only one cycle 
with each depression of the program start button. T h e  
program start button raises the master gate at 1410-3 
(1.02.09) in the same manner as in the examples 
above. 

This gate is lowered by each cycle complete pulse 
gated with single cycle at l Sl Ob (1.02.07) . 

T h e  format test mode is designed to permit the testing 
of supervisory operations one cycle at a time. I t  is 
particularly helpful to the operator when program- 
ming a new typing format, but is also of aid to the 
Customer Engineer. When the control selector switch 
is in the FORMAT TEST position, each supervisory cycle 
must be a direct result of either the depression of a key 
at the supervisory keyboard or  the depression of the 
program start button. If the supervisory operation be- 
ing tested requires a transfer of data between tracks of 
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the process drum or file, each machine cycle (I, R ,  I\', 
D, and P) will be taken individually, also under con- 
trol of the program start button. 

Any of the supervisory operations, read, alter, write, 
or inquiry, may be entered at the keyboard, and may 
be advanced, cycle by cycle, with the program start 
button. If the supervisory circuits are not aileady in 
some particular operational status, the dep~ession of 
the program start button will initiate a type nperation. 

Format test does not result in any modification of 
supervisory operation other than to place buper~;isory 
and machine Lycles under control of the program start 
button. 

When in format test, if the program start button is 
depressed without first setting u p  a read, ;liter, write, 
or inquiry operation, a type operatio~l will be initiated. 
The  type operation will be executed just as though the 
type hub  on the 305 control panel were impulsed, ex- 
cept that it will be executed cycle by cycle under con- 
trol of the program start switch. 

381 Remote Printing Station 

T h e  381 Remote Printing Station provides for addi- 
tional typewriter output at remote locations. One to 
four remote printing stations can be attached to the 
305 System and installed at any distance u p  to 40 feet. 
A customer may install and maintain a cable to extend 
this distance to 2500 feet. 

Three basic types of operation are possible with 
the remote printing station: 1) selected station type 
out, 2) inquiry transfer, and 3) remote inquiry. 

Figure 215. IBM Remote Printing Station 

=\ selected station type out is a programmed type 
operation directed to one or more of the remote 
printing stations. X remote st'ition t!pe hub for each 
of the remote printing stations is provided on the 305 
control panel. .A proglanl exit impulse wired to a re- 
mote station type hub will initiate a normal type 
operation and set up switching circuits to transfer 
the type in~pulses to the Ley magnets at the selected 
remote station. 

An inquiry transfer operation is the process of typ- 
ing out the results of a console initiated inquiry at 
one of the remote printing stations. T h e  stations re- 
questing file information ale selected by positioning 
the station select switch at the console. Depressing the 
format key sets u p  a normal inquiry operation and 
depressing the station select set key establishes switch- 
ing circuits to transfer the type impulses to the se- 
lected remote station at the same time that the infor- 
mation is typed out at the console. 

Direct file inquiry from a remote location is possible 
with the installation of the remote inquiry optional 
feature. An additional keyboard containing five banks 
of address keys anti five functional keys is added with 
the remote inquiry optional feature. The  address keys 
select the five digit file address. T h e  function keys con- 
trol restoring of the keyboard (cleai), selecting the 
desired format (format 1 - 2 - 3) , and initiating the 
inquiry {inquire) . 

The  381 functional operations, use of switches, con- 
trol panel wiring, and station description are covered 
in the IBM 381 Remote Printing Station, M Series 
Bulletin (Form G26-3503-1) . An understanding of the 
material covered in the bulletin is a prerequisite to 
circuit and component description. 

The  following components are added to the 380 con- 
sole: 

I .  Switching relays. One set of switching relays for 
the console and one set of switching relays for 
each remote station are added. T h e  points of the 
switching relays are added between the network 
of common channel relay points and the type- 
writer key magnets. 

2. Interlock relays. Wire contact relays are added 
to prevent normal console operations from inter- 
fering with a remote inquiry. 

3. Intermachine shoe conncctors. One shoe cnnnec- 
tor receptacle for each remote station is added to 
the 380 console. 

4. Switches. An eleven position rotary stepping 
switch is installed on the console relay gate 
(optional inquiry only). T h e  console control 
switch, station select wafer switch, statinn select 
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set switch and type release switch are installed 2. Display panel. The  ribbon control and tabulator 
on the console display panel. clear-set levers extend through the display 

5. Lights. T h e  additional indicating lights are: panel. T h e  control switch, power switch, station 
type check, console control, aild a station select ready light, RAMAC ready light, and form light 
light for each of the remote stations. ;ire mounted on the pan?!. 

3. Component gate. A component gate with two 
hinged ccvers opening toward the rear contains 

Figure 216. Console Keys and Lights 

6. Control panel hubs. Four sets of remote station 
hubs are added to the 305 control panel for 
selecting a remote station with a program exit. 
Twelve format hubs (three per station), and 
four type exit hubs are added to the 380 console 
corl trol panel. 

I S T O P  PUNCH ---r--- TYPE 

i- RESET STOP- 

A0 3 ' 1  0 3 0  

BUS 

380 C O N S O L E  C O N T R O L  PANEL 
Station Formt F-J, 9-1 1 
Station Typ. F-J, 12 

Figure 217. Control Pa-el Modifications 

Each remote station contains the f~ l lowing  com- 
ponents: 

1. Typewriter. An IBM Electric hlodel B1 modified 
for DP equipment is provided and incliides a 
I I Ov AC motor, paper sensing device, and a power 
switch contro!led lockout bail solenoid. 

a cable reel for excess cable, 110v utility outlet, 
I,C power supply, t~pewri ter  connectors and CE 

telephone connector. 
4. Keyboard. When equipped with remote inquiry 

a special keyboard is added just to the right of 
the typewriter keyboard. T h e  keyboard contains 
five banks of keys for file addressing and five 
functional keys for controlling the inquiry oper- 
ation. 

Figure 218. Inquiry Keyboard 

Mechanical Principals 

INQUIRY KEYBOARD 

The  keyboard consists of 5 removable key banks and 
a control key bank. 

Each column of the inquiry keyboard is a separate key 
bank ani t  containing nine digit keys. When a digit key 
is depressed, the bottom of the key stem engages the 
cam bar and cams it to the rear. T h e  travel of the 
cam bar is determined by the slant of the cam surface. 
T h e  cam bar is designed so that two adjacent keys 
cannot be depressed simultanesusly. T h e  motion of 
the cam bar is imparted to the 5cc:ar arm which is 
geared to the emitter finger assembly. T h e  emitter 
fingers rotate to contact one of the emitter segments. 
If a key is not depressed, the emitter finger remains 
in contact with the zero emitter segment. 

T h e  digit keys are latched down by a spring-loaded 
latch Ear that engages a formed ear on the front side 
of the key stem. T h e  latch bar may be moved forward 
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Emitter Wiper Adivrting Screw 

Figure 219. Address Key Bank 

to release a depressed digit key by depressing another 
digit key in that key bank. 

Motion to clear a column is imparted to the latch 
bar by the clear bail. 

CONTROL KEY BANK (FIGURE 220) 

T h e  control key bank consists of five keys, the inquire 
key, clear key, and three format keys (1 - 2 - 3) . De- 
pressing the inquire key locks the entire keyboard 
until a pulse is applied to the inquire key release 
magnet. With the inquire key latched down, the fol- 
lowing conditions exist. 

I .  T h e  clear key is ineffective because the inquiry 
lockout pawl is in position to interfere with the 
clear lever. 

2. T h e  clear bail is holding the slide bar for each 
of the numeric key banks toward the rear, there- 
by preventing any of the keys from being de- 
pressed or  cleared. 

3. T h e  selected format key is locked down. 

T h e  clear key operation when the keyboard is not 
locked is as follows: 

1. The  clear iever slips by the inquiry lockout pawl. 

2. T h e  clezr lever pivots the clear bail, forcing the 
slide bars toward the front of the machine; this 
frees all of the numeric keys. 

3. T h e  contro! key slide bar releases the selected 
forlaat key. 

Selected Station Type Out 

A selected station type out operation is initiated by a 
program exit impulse wired to one of the remote sta- 
tion hubs on the 305 contro! panel (Figure 215). The  
logic of selected station type out is illustrated by Fig- 
ure 221. 

.4 program exit impulse wired to the remote station 
#2 hub picks TYPE # I  and initiates a normal con- 
sole type operation. T h e  same program exit impulse 
latch picks the remote print relays for station 2 
(RPZA, R86lG and R825Gj. During the first clutch 

cycle an impulse from the station 2 type exit hub  on 
the 380 control panel is wired to COLuhrN CONTROL ON 

to establish the proper typing forma: for the remote 
station. T h e  selection of data from Q track and the 
pick of the common channel relays is identical to nor- 
mal console type operation. T h e  SCB9 impulse that 
normally energizes a selected console key magnet is 
transferred by the station switching relay points to the 
corresponding key magnet at the remote station. 

T h e  data from Q track can be typed simultaneously 
at more than one station by wiring the program exit 
to more than one remote station type hub on the 305 
control panel. 

OB J E C ~ V E S :  

1. Initiate a console type operation. 
a. Pick TYPE # 1 (R8151) (6.04.05) . 

2. Emit an impulse from the station 2 type hub  
(6.04.07) . 
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Inquiry 

viry Key 

Figure 220. Control Key Bank 

3. Energize the station 2 key magnets (6.20.02) 
(6.14.05). 

Inquiry Transfer 

Inquiries originating at the console can be directed to 
any of the remote stations in the console format. Oper- 
ation is as follows: 

1 .  Depress a format key on the console and wait 
for the inquiry light io come on. 

2. Place the station select switch to the desired 
station. 

3. Depress station select set. 
4. Key in the five digit file address. 
After depressing the last key, the information from 

the selected address will type out at the console and 
the selected station in the console format. 

Only one modification of normal console inquiry 
operation is necessary in order to perform an  inquiry 
transfer. The  station switching relays for the station 
requesting the file data must be picked u p  before the 
actual typing of data begins. Under normal inquiry 
operation, after the format key has been depressed 

and the INQ ADR relays have been picked the inquiry 
is suspended until the operator enters the five digit file 
address. Before the file address is entered, the operator 
must position the station select switch and depress the 
station select set key. Depressing the station select set 
key picks the inquiry transfer select relay for the select- 
ed station (6.03.20). T h e  entry of the file address from 
the console keyboard initiates a servo and file read 
operation in the normal manner (Figure 212). When 
the INQ TRF COMP relays are picked at the conclusion 
of the transfer of data to Q track, the inquiry transfer 
select relays pick tho station switching relays for the 
selected remote station (6.04.08). With the station 
switching relays transferred, the data from Q track 
will be typed out a t  the remote station as well as at 
the console. 

Remote lnquirj 

Note: This discussion is written to "C" level System 
Diagrams. On  later levels the relay designation will be 
changed from lXXX to 8XUX. 
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-. rlgure 221. Selected Station Type Out 
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The  Remott Inquiry feature allows , -ect inquiry 
from any of the Remote Printing Stat IS. Normal 
Inquire On and IT1  interlocking are ac t i~e .  T h e  re- 
mote inquiry is answered when a program exit im- 
pulse enters the inquiry in hub  on the 305 control 
panel. Figure 222 illustrates the logic of remote in- 
quiry operation. 

Before the operator at a remote station can initiate 
an inquiry, the file acldress must be cet up  in the 
remote inquiry address keys and a formzt key must 
be depressed. These keys remain in the opelnted posi- 
tion until they are cleared manually or the inquiry 
is complete. Depressing the inquire key at the remote 

i station initiates the inquiry operation by picking the 
i iB 1 INQ relay in the 380 console. 

In  order to allow time sharing of the console inquiry 
circuits, a station request scanner (SRS rotary switch) 
is used. The  KB 1 INQ relay activates the SRS d r i ~ e  
magnet to advance the rotary switch to the position 
that corresponds to the requesting statiol~. If the same 
station initiates a second inquiry, the SRS advances 
through the remaining positions of the rotary switch 
and checks for requests at the other stations before 
answering a second request from the same station. 

\4rhen the SRS reaches the requesting position, a 
test impulse is directed to the latched format key at 
the remote station. T h e  test impulse through the 381 
format key picks the corresponding format relays in 
the 380 console and sets up  normal inquiry controlling 
circuits. A program exit impulse entering the inquiry 
in hub  picks the INQ ADDR relays and conditions the 
console circuits for the entry of the file address. 

T h e  INQ ADDR relays activate the PCLRs drive magnet 
and the SCB clutci~. During each clutch cycle the ro- 
tary switch advances one position to control the se- 
quential scanning of the address key emitters at the 
remote station. T h e  #8  wafer of the PCLRS picks the 
disk tens scan relay which directs a test impulse to  the 
disk tens address key emitter at the remote station. A 
decoder a t  the remote station produces an output on 
four bit lines that corresponds to the numeric position 
of the address key emitter. T h e  output of the decoder 
is returned to the 380 console to pick the correspond- 
ing supervisory buffer relays under control of the 
PCLRS. AS the rotary switch is advanced to the next 
position a new scan relay is picked and the process 
is repeated for the disk units address. 

As the PCLR~ advances to  the sixth position the I N Q  

ADDR W M P  relays are picked and normal inquiry oper- 
ation is resumed. T o  direct the type impulses to  the 
remote station, the station switching relays are picked 
by I N Q  TRF COMP just prior to  the actual type out. 

OB J- =CTI\ ES: 

I. Search the SRS to the irlqui~ing station. 
a. Energize the SKS tlrive magnet (6.03.21) . 

2. Pick the console format r e l q s  to initiate an in- 
quir) (6.04.01) . 

3. Transfer the file atltlress from the remote key- 
board to the supel\ isory buffer relays. 
a. Energize the SCB clutch (6.01.05). 
b. Pick the scan rela)s (6.07.08) . 
c. Test the remote inquiry address keys (6.20.01). 
d. Pick the supervisor) buffer relays (6.05.01) . 
e. .-\dl ance the PCI-RS (6.0'7.05) . 

4. Initiate a normal inquiry. 
a. I N Q  ADDR COMP (6.04.02). 

5. Emit an impulse from the station format hub 
(6.04.07) . 

6. Pick tile station switching relays (6.04.08). 

Interlocks 

RAKIAC READY (REMOTE INQUIRY) 

Before a remote inquiry can be made, the RAAIAC must 
be ready to accept the inquiry. T h e  RAMAC is ready 
when it  is in a reset position or when processing. On 
6.02.06, if R1381 (RAXIAC not ready) is down, the 
RAMAC ready condition exists. T h e  relay (R1381) will 
pick through R1044-9 N / C  (proc prog reset), and 
R1043-I (proc prog stop). When processing, process 
program stop (R1043-1 N/O) will prevent the pick of 
the relay. T h e  relay will also be down if the RAMAC 

is reset (R1044-9 N/C) . The  rwnuc ready lights at the 
Remote Stations (6.20.03) will be turned on through 
R1381-1 N / C  (6.02.06). On 6.03.20, SCB5 impulses to 
the SCB clutch will be prevented through RI  381-2 N/C 

if the RAMAC not ready condition exists. 

STATION READY 

On  a selected station type out operation, the type 
must not be attempted unless: 

I. The  typewriter motor for the station is O N .  

2. There is paper in the typewriter. 
3. The  control switch for the selected station is in 

the RUN position. 
I n  order for the selected station type out to progress, 

it was necessary to  pick the station switching relays. 
There must be a ground return circuit for these relays 
to pick. I t  will be shown that the three conditions 
listed above must exist, or  the ground return for 
the switching relays will be open. 

1. O n  6.04.08, the ground side of the switching re- 
lays goes to  6.04.1 1. R8539 must be u p  to  com- 
plete the ground circuit. 

2. T h e  station 2 ready relays (R8539, etc.) are 
picked through R8217-2 N/C (form stop) on 
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Figure 222. Remote Inquiry 

380 Supervisory Operations 233 



6.04.09, to 6.20.03, through run - stop control 
switch in RUN,  to the 40v DC supply. 

3. The  input to the 401 DC supply is the 115v AC 

that is across the typewriter motor. 
If the station is not ready, the following cond~tions 

should occur: 
1. Program should stop. 
2. The  interlock light should be ON. 

3. Select light corresponding to the not ready sta- 
tion should "blifik." 

On 6.04.07, the impulse to the remote station hub 
will go through R8539-1 N / C  (RP2 Ready) through 
Dl097 to the program stcjp hub on the 305 control 
panel ( I  .02.09) . 

On 6.04.1 1 the remote printer interlock relay 
(R8379) will pick through the ground circuit sup- 
plied by D1219, R8616-3 N / O  (RP2A) , and R8539-2 
N/C (station read)). T h e  clutch interlock relay will 
open the SCB clutch circuit (6.01.05) preventing sub- 
sequent clutch c~cles. On 6.04.10, the interlock light 
will come ON through R8379-I2 N / O  (RP interlock). 
T h e  select station 2 neon will turn ON through R8616-4 

I s /o  (RPZX) and R8253-3 N/C (RP2 l ea t l~ )  . The  
2 hleg resistor and .22 pf capacitor and the neon form 
a relaxation oscillator whose frequency is approximate- 
ly 3 cycles/second. This causes the neon corresponding 
to the not ready station to blink. 

Once the interlock condition described above is en- 
countered, the opelator has three options: 

I .  Perform a clear operation with console control 
switch ON. However, this will cancel type out 
of that data. 

2. Tu rn  run -stop control switch to STOP and cor- 
rect the situation at the remote station (forms, 
switches, plugs, etc.) . Type out will commence 
immediateiy. Depress the program start key at 
the console to resume operation. 

3. Press the type release button on the console. The  
attempted type out will occur at the console. De- 
press the program start key to resume operation. 

TYPE RELEASE 

Depression of the type release button will cause a type 
out of the selected information at the console and re- 
lease the interlocks on the machine. 

1. On 6.04.07, the type release switch (SW15A) 
will latch pick type release relay (R8385) and 
console typc A relay (R8536). R8536 will set u p  
the pick to the ronsoie switching relays. 

2. On 6.04.1 1, R8385-2 N/C will cause the R P  inter- 
lock and clutch interlock relays to drop on the 
next SCB cycle. 

3. On 6.01.05, R8385-3 N/O bypasses R8494-1 N/C 

(clutch interlock) and releases SCB clutch. 

234 IflM RAMAC 305 

4. The  selected information will type out at the 
console because the console switching relays 
are up. 

5. On 6.02.06, the type release switch shorts out all 
carriage return ant1 tab contacts and xvill release 
any tab or carriage return interlock conditions. 

T ~ P E  CHECK (selected station program tvpe out only) . 
If a parity error is detected in the 9 track darn relay\, 
a t)pe check should occur. The  type check nean shoultl 
turn ON and subsequent transfers to Q track shonld be 
prevented. 

1. On  6.09.01 a Q track parity will latch pick the 
type check relays (R8378, R8382). On 6.04.10 
the R8382-3 N/O point turns on the type check 
light. 

2. On  6.04.11 the SCB 3 impulse will pick the R P  
interlock (R8379) and the clutch interlock 
(R8494) . 

3. On  6.04.07 the latch trip of the remote station 
select relays is prevented. 

4. On  6.04.10 the R8382-4 N / O  point keeps the tvpe- 
writer not ready line high, preventing a M7 cvcle 
gate when T = Q. 

5. Type release will release this interlock. 
A type check interlock should also occur if the type- 

writer loses power during a program type out. The  
type check condition will not be recognized until the 
clear occurs. T h e  station ready re lay  are picked with 
the 40v supply from the Remote Printing Station ancl 
the presence of this supply indicates typewriter power. 
If power is lost, the station ready relays will drop. This 
will open the ground to the station switching relays t o  

prevent key piling (6.04.1 1) . T h e  N/C point of the 
station relay supplies a ground return for the latch 
pick of the station not ready relay (R8541) on 6.04.1 1. 
T h e  R8541-1 N / O  points pick the type check relays on 
6.09.01 and the machine is type check interlocked. 

FORMAT CHECK (Remote Inquiry) 

If an operator fails to unlock the inquiry keyboard, or 
fails to depress a format key, the system should not re- 
spond to a remote inquiry. This is accomplished by 
impulsing the inquire key release magnet if either of 
these conditions exist. 

I .  T h e  keyboard must be unlocked and a format 
key depressed (6.20.03) before a format "A" re- 
lay can be energized (6.04.01) . 

2. Failure to pick a format relay will result in not 
picking R1336 on 6.04.01. 

3. T h e  format check relay (R1337) will pick on 
6.03.20 through R1336-1 N/C. 

4. When the search to  the selected station is com- 
pleted, the inquiry key release magnet is ener- 



gized (6.20.03) to 6.03.21, through R1337-S x/o 
(FRIT check) , R1379-4 N/O and R1336-3 r/c. 

CONSOLE INTERI.OCKING (Remote Inquiry) 

If an error occurs at a Remote Station preventing the 
completion of a remote inquiry, the console operator 
must be able to clear the affected station at his discre- 
tion. This is accomplished by turning the console 
control switch ON. On 6.02.06, the switch will pick 
R1880 (console control). On 6.03.21 a search to the 
console position is initiated through the SRS interrup- 

ter contact and R1380-2 N/O. On 6.02.03 the clear key 
is activated through R1380-1 N/O and SCB-5. 

T h e  test lock is interlocked through the console posi- 
tion of SRS-8-11 (6.3 5.04) . 

Program load is also a console operation. In  order to 
start an operation with the program load button, the 
circuit must be operative with + 48v through SW14.A 
N/O (6.03.21) . When the console control switch is 
turned on the SRS rotary switch advances to the con- 
sole position and provides + 48v through SRS 7-11 
ant1 SM'I4A N/O (6.03.21) to SW5A N/O (6.04.12). 

380 Supervisory Operations 235 



Decision Elements 

T h e  decision elements in the R A n f A c  system are as 
follows: 

1. Accumulator sign. 
2. Accumulator overflow. 
3. Compare. 
4. Field compare. 
5. Blank transmission test. 
6. Character selector. 
7. Selectors. 
8. Cycle delay. 
Each of these decision elements has a special purpose 

selector with hubs on the 305 control panel. T h e  selec- 
tors are tested with a program exit impulse at a pre- 
determined point in the program routine. T h e  status 
of the selector, whether normal or transferred, deter- 
mines what the system will do next. 

The  first two of these decision element selectors, 
accumulator sign and accumulator overflow, are dis- 
cussed in the Arithmetic section (Section 11) under 
"Accumulator Sign Control." 

Compare 

T h e  compare feature is probably the most frequently 
used of the decision elements. In  addition to its func- 
tion as a source of logical decisions, this feature is often 
used by the programmer as a safeguard to prevent any 
possibility of obtaining and altering the wrong file 
record. 

There are three types of compare operations, each 
of which is activated by the inclusion of a particular 
Q instruction. T h e  three types of compare operations 
are illustrated below: 

1 .  I t  is desired to determine whether the data 
in character positions 37-43 of track W is the 
same as the data in  character positions 81-87 of 
track Y. T h e  following instruction may be used: 
W43Y8707$1. 

The  Q instruction of "1" changes this program in- 
struction from a transfer of data to a comparison. The  
P instruction causes the I, R, and W cycles to  be fol- 

Compare (Q = 1 ) 

T h e  instruction W43Y8707gI will cause the following 
objectives to  take place: 

OBJECTIVES. 
1. P flag causes D and P cycle with an impulse 

from "&" hub on P cycle. 
2. W data from TI address to compare circuits on 

W cycle. 
3. Read data from T, address to compare circuits 

on W cycle. 
4. Pick R31 if unequal occurs. 
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lowed by D and P cycles. I t  also causes an impulse 
to be emitted from the "$" hub on P cycle. 

This impulse may be used to test any of the com- 
pare hubs (3.03.05). 

2. It is desired to determine which fieltls of track 
X are equal to the corresponrling fields of track 
.A. T h e  following instruction may be used: 
X99Z9900&2. 

The  Q instruction of "2" causes each field of track X 
to be compared with the corresponding field of track Z. 
Two sets of field compare hubs (3.03.04) are associ- 
ated with each field. T h e  field compare hubs are condi- 
tioned to indicate the result of the comparison within 
each field. After a compare operation, the state of the 
compare relays will not be altered until the next pro- 
grammed comparison. 

3. The  programmer desires to compare the fields 
of track X with the fields of track Z, as in the 
preceding example. H e  also desires an indication 
of the equal or unequal condition of the two 
tracks taken as complete units. This  requires a 
combination of two types of comparisons men- 
tioned above, and is accomplished by using a Q 
instruction of "3," as in the following program 
instruction: W99Z9900P3. 

With this instruction, the compare hubs (3.03.05) 
are conditioned to indicate the equal or  unequal re- 
lationship between the two complete tracks, and the 
field compare hubs indicate the equal or unequal 
relationship between the individual fields. 



D, P Cycles: D cycle is initiated, foiiowing 1 1 7  cycle 
by the P = n o t  blank line. During P cycle the "Ps" 
program exit hub will emit an hIR7 impulse (2.05.03) 
to test the compare selector. 

1Y Data: The  data from the T, address was placed 
in cores on R cycle. Then on MI cycle it  enters the 
compare circuits on 3.03.01 as \AT data. 

Read Data: On a Q =  I operation a special circuit 
is necessary to provide read data from the drum read 
matrix cldring W cycle. Normally this would be a write 
operation. T h e  inatrix write gate is blocked on 3.02.09 
by the not Q compare line being low. The  T, addrew 
$elects the desired head. With the matrix write gate 
low the matrix circuits are conditioned for reading 
(see "Track to Track Transfer"). 

Plck R31. All compare hubs on 3.03.05 are condi- 
tioned by R31 points. R31, if previously energized, 
.will be dropped out at I cycle end of a compare in- 
struction at thyratron 3K5 on 3.03.01. During the W 
cycle gate, a difference between W data and read data 
will fire thyratron 3J6'through A1 3G6. This picks 
R31, which will remain up  until another compare 
instruction. 

Field Compare (Q =2) 

T h e  table beneath the field compare hubs (3.03.05) 
shows that a separate relay is employed to condition 
the hubs for each field. These relays are energized on 
3.03.02, with an individual thyratron for each relay. 
Each of the thyratrons receive + 70 volts through its 
respective relay on the line labeled P pick. 

OBJECTIVES: 

1. Drop all field compare relays on R cycle of com- 
pare operation. 

2. Pick specific field compare relay during W cycle 
if unequal is detected. 

3. Hold relays until next compare operation. 

Field Compare Relays: On 3.03.02 the relays are 
held by field compare hold to the normally closed 
points of RfRll on 2.09.1 1. M R l l  is energized on 
2.09.02 at the start of R cycle on a compare operation 
and dropped at F4 of W cycle. 

Pick field compare relay: Each of the ten thyratrons 
on 3.03.02 is conditioned by a field gate. An unequal 
condition existing between read data and W data on 
3.03.01 will appear on the not compare line and pick 
the required field compare relay. T h e  read data and 
W data are gated to the compare circuits on W cycle 
just as they were for Q =  1. P pick must be high dur- 
ing this W cycle to enable the thyratrons to fire. I t  is 
supplied through the normally closed points of h lRl  
on 2.09.10. MRl  will pick and open P pick at F6 of 
D cycle if P is not blank (2.09.01) and drop out at F4 

of P cycle. Therefore it will be normal on n conlpare 
operation until after I\' cycle, at which time the field 
conlpare holcl will be established. 

The  field compare feature may be usecl to c-ompare 
a group of fields of the T, track to a tliffervnt gl-oup 
cf fieicls of the T, track. This may be i1lustr;tted with 
the instruction X5SZ9960R2 which will c;iusc :I com- 
parison between 6 fieltls. Fields 5, 4, 3. 2, I ,  ant1 0 of 
track X will be conlparetl to fieltls 9, S. 7. 6,  3. ant1 4, 
respective!):, of track Z. The  result of the comp;tl-ison 
will be intlicatetl in selectors !I, 8, 7, 6. 5, ant1 4. 

Compare and Field Compare (Q = 3) 

,A program instruction that has a Q instruction of "3" 
will cause triggers 2x10 antl 21'10 (2.06.00) to be 
turned ox. Since trigger 2210 ~ ~ 1 1 1  be OFF, the gates 
Q = I and Q = 2 will both be a: ailnble from the spe- 
cial instruction ~egister. 1Vith Q =  I antl Q = ?  both 
high, the compare ant1 the field tompale ol~cr;rtions 
will both be accomplished on one program step. 

Blank Transmission Test (Q = 6) 

T h e  blank transfer 11tibs are located on 3 03.05. From 
the ch'trt on 3.05.05 it can be seen that a blank trans- 
fer has occurred if relay 30 is up. The  blank transfer 
selector cdn be picked or droppetl on11 (luring an in- 
struction \vitIi a Q =  6. A test of 12' d,ita is made 
tfuring a Q 1 6  instruction If anything except bit 0 
or bit R occurs, the transfer xvac not blank ant1 relay 
30 will be down. If the I\' data contained on11 bit R's 
or Bit O's, a blank transfer has occurretl and R30 ~vill 
be up 

At I cycle end of a Q = 6  instruction, 3 4 6  on 3.03.03 
is set 3 pin high and 3RI6 is fired, dropping R30. If 
3N6 conducts, R30 will pick and a blank transmission 
will be indicated (3.03.03). If 3 4 5  conducts, 3 4 6  will 
be pulled 3 pin low and 3N6 cannot come up  at \I' 
q c l e  end. 3 4 5  conducts only on a transmission which 
has bits other than BR or B0 as TIT data. If onl) BR or 
BO occurs as M' data, 3Q5 will not conduct and 3 4 6  
will remain 3 pin high. 3N6 will conduct at I V  c)cle 
end. This will pick R30 ant1 indicate a blank trans- 
mission. 

Character Selector 

One of the most powerful decision elements within 
RAMAC is the character selector. This unit permits the 
selection of a particular routine from among several 
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possible p1-ogran1 branches. These may be illustrated points of MR3 on the line labeled "-hold"(2.09.10). 
b!- the follolving ir~strurtion: K05-9901gb. - 31 R3 (2.09.01) is energized at the leading edge of R 

I n  the :ire;! of in\.entory control and billing, a par- cycle when T,= "-" to F4 of W cycle. This drops all 

I iirular 13rog1-;1m might require the processing of several reliiys ant1 then holds the new rela\s before their points 
tlifferent t\.pe< of c;irtls. Column 6 of the cartl might are tested on P cycle. 

I be I-esel-vctl for :I cocle character to identify the t!-pe 

i of transaction 1\-hic11 that cart1 represents. The  first step 
i in the processing ol each new set of cartl data coultl 

employ the following instruction: K05-9901@. Selector 
i The  c1i;il-ncter "-" (hyphen) in the T, position 

~voultl cause the code character in the 05 position of 
The  305 control panel has hubs for ten standard and 

11-ack I< to he itoretl in the character selector relays. 
additional optional selectors. Each selector has two sets 

If the program exit fl-om the & hub is wired into the 
of points, with a common, normal, and transfer hub 

character selector in hub (3.04.03), the out hubs might 
[or each point as indicated on 2.08.03. 

be wired ;is follo~vs: 
Latch type relays are used and there is a pickup and "A"-This c;trtl represents items ordered by a cus- 

tomer. IVire to program advance. drop out hub for each selector. In  addition there is a 
reset hub for each group of ten selectors. I t  can be seen "R"-This cartl represents items returned for credit 

by a customer. IVire to program 50. on 2.08.04 that an impulse into the reset A hub  picks 

"C"-This cartl represents merchandise received to R213. The  points of R213 then apply + 4811 to latch 

replenish stock. I'l'ire to program 75. trip all relays of selectors I through 10. 

"D"-This c'l~tl leprrsents price changes to be stored 
in item records. Tl'ire to program 85. 

"E"-This card represents a remittance received from 
a customer IVire to program 95. 

"F"-This card represents an alteration in custom- 
er's maximum credit allowance. Illire to pro- 
gram 105. 

"G"-Etc. 
In addition to the set of hubs on 3.04.03 which indi- 

cates actual alphabetic, numeric, or special character 
identification, the character selector also includes three 
standal tl ant1 three optional sets of hubs on 3.04.04 and 
3 04 06, which indicate the Hollerith elements that 
comprise the selected character. As an optional feature 

I three positions each of "X" "no-X" bit and " 0  "no 0" 
bit selection may be added to the function of the char- 
acter selector. These selectors allow analyzing of a 
character for the presence or absence of X or 0 bits. 

T o  enter a character into the character selector, T, 
must be "-" (hyphen) and &IN must be 01. Although 
not essential, A,B, should be 99 to allow maximum 
pick time for the character selector relays. 

The  character selector relays are energized by the 
i: 
! six thyratrons on 3.04.01. P pick, which is MRl  N/C, 
? 

i 
applies + 70 volts through the character selector relays 
to the thyratron plates during W cycle. Since each of 

1 the relays has a particular bit value, the screen grid 
of each thyratron receives a particular bit pulse from 
the bit ring. Data to "-" is applied to the control grids. 

Data to "-" is obtained on 3.02.12 at 3T8 from W 
data anded with TI "-" and QI C's. 

The  hold circuit for the character selector relays 
(3.04.01) is supplied through the normally closed 

Cycle Delay 

I t  is frequently desirable to test the points of a selec- 
tor and then to drop that selector (or pick it) before 
continuing to the next program step. If the same im- 
pulse which tests the selector is wired to the PU or 
DO hub, several ill effects would result. T h e  state of 
the selector would be altered in the midst of the im- 
pulse wired through its points; hence, a fragment of 
the impulse would be emitted from the normal point 
and a fragment from the transferred point. This could 
cause an invalid program level to be stored in the 
program counter. The  cycle delay unit provides a 
means of testing a selector and then dropping it (or 
picking it) 30 milliseconds later. 

Figure 223 illustrates a typical application of the 
cycle delay unit. A program exit impulse tests a selec- 
tor and, if the selector is transferred, it is desired to 
drop the selector as well as to set the program counter 
at the necessary level. In the event that the selector is 
transferred, the impulse passes from the transferred 
hub into the cycle delay in hub. 

This causes an impulse to be emitted from the cycle 
delay out hub 30 milliseconds later. T h e  cycle delay 
exit is wired to the DO hub and through a distributor 
to the desired program level. 

T h e  process unit control panel has 15 standard cycle 
delay positions. An impulse into a particular IN  hub 
on 2.08.05 causes an impulse from the corresponding 
OUT hub on 2.08.06. 
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The  cycle delay relays are arlanged in binary fashion 
so that only four relays are needed to receive the inputs 
from 15 hubs. Four additional relays are needed to pro- 
vide the impulse f~ om the corresponding OUT hubs. For 
this reason the cycle delay selectors can be used to add 
binary numbers. For example, impulsing both delay 
I and 4 .rvill result in an impulse from the cycle delay 
5 exit hub on the second P cycle. 

T h e  cycle dela) operation involves four mercury 
relays whose timings are shown on 0.09.04. It should 
be remembered that all control panel impulses are pro- 
vided by MR7. 

OBJECTIVES: 

1. Store program exit impulse in cycle deIay relays. 
2. Cause D, D, P cycles to follow P cycle. 
3. Impulse from cycle delay exit hub on second P 

cycle. 
Store Program Exit Impulse: Using the sequence 

chart and control panel wiring in Figure 223, RlOl 
and R102 will be picked on the first P cycle by the 
program exit impulse (MR7). 

D, D, P cycles: T h e  not new program line remains 
high since no  impulse reaches a program entry hub or 
a program advance hub (2.01.06) . This  results in two 

Cycle Delay Exit:  Relays 107 and 108 are picket1 
during the second D cycle t h r o ~ ~ g h  the RlOl and R102 
points. On the second P cycle the Rl07 and R108 
points allow an MR'i impulse at the cycle delay out 
hub. This  impulse, if wired to program entry will raise 
the new program line (2.01.06) and allow cycling to 
advance. 

Program Exit Split (optional) 

Operation 

The  double program exit hubs can be split and placed 
under selector control, so that either the upper hub  
or the lower hub (but not both),  will emit the cor- 
responding program exit impulses. See Figure 224. 
This feature is divided into two groups: progrnm exit 
hubs A-Z make up  the first group, and program exit 
hubs 0 (zero) through 9, and special characters make 
up  the second. The  operation of this device consists of 
impulsing either the U (upper) or L (lower) pickup 
hubs (located in control panel positions C, 23-26') 

D cycles followed by a P cycle. with a program exit; or similar impulse. Lf the upper 

P lndrvction of "K"  from MR 7 

I Not New Program 2.01.06 

D Cycle 1.03.07 

R 107 8 108 H 

Cycle D e l q  Out 2.OB.W 

New Progmm - 2.01.06 

Figure 223. Cycle Delay 
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Figure 224. Split Prograr~. Exit Hubs 

hub is impulsed, the corresponding program exit hubs Description of Circuits 

of this group will emii until the lower hub  is impulsed. Diagram 2,05.03 indicates when relays 82, 
lf the lower hub  is impulsed, the lower row will emit 85, 88 are deenergized' the upper program exits are 
until the upper hub is impulsed. At the beginning of a active. Control of these three relays (which control the 

iob, a start, or  similar impulse should be used to set first group of' tlouble program exit hubs) is accom- 

Lp the group of exits desired. Reset and check reset plished Diagram 2.05.05. 82. 859 and 
88 are picked by an M R  8 line after R95 is latch 

have no  effect on which exits are set u p  to emit. Two  
picked. Relays 82, 85, and 88 remain held and the 

neons~ One for each group, indicate when the lower program exits are active until after R95 is latch 
upper set Program exits are active- are located tripped. T h e  second group of program exits are con- 
just above the cycle neons. trolled similarly. 



340 Power Supply 

T h e  power input to the type 340 power supply must 
be from either a 208 or 230 volt, three phase, 60 cycle, 
four wire service. Variations from this input can be 
t 10yo for voltage and -) 1/2 cycle per second for fre- 
quency. All AC and DC power for operating the RAMAC 

305 is obtained from the 340 Power Supply except the 
file power, compressor, and access motors. T h e  340 
does not use three phase power as such, but arbitrarily 
distributes voltages to various loads which are not 
necessarily balanced across the phase lines. 

340 Voltages 

The  AC voltages supplied by the 340 and the purpose 
of each is listed below: 

1. Unregulated line Drum motor, d r i ~ e  motors for 370,323 
(208 vac-230 vac) card reader, typewriter and 382, blower 

motors. 
2. Regulated 230 File filament transformer, file blower 

vac (ACLR 1 8- 2) motor and flood lights. 
3. 6.3 vac 305 tube filan~ents. 
4. 115vac convenience outlets, AC sequencing 

circuits. 

The  DC voltages supplied by the 340 are listed below: 
1 .  +270vdc electronic circuits. 

+I40 vdc 
2. + i O  vdc thyratron plate supply. 
3. +48 vdc relays and lights. 
4. -60 vdc,-250 vdc electronic circuits. 
5. -250 vdc reset reset of triggers. 

of controls at the rear of the 340. The  following push 
buttons are ubed: 

On the Console On the Power Strppl~l Purpose 

MASTER POIVER IMMEDIATE OFF Retno\e all power 
OFF instantaneousl~. 

PON7ER ON POWER ON Initiates normal cycl- 
ing lip sequence. 

(Use POWER ON DC ON Re-establishes all 
bu i ton) DC \oltages 

PO\\'ER OEF POWER OFF In~tiates normai cycl- 
ing down sequence. 

DC OFF DC OFF Remo~es  all DC 
voltages 

RESET Removes blown fuse 
or electronic gate 

thermal trip 
condition. 

The  immediate off button cuts off all power in- 
stantaneously regardless of sequencing, and should be 
used only in an emergency. T h e  reset button removes 
the blown fuse or the electronic gate thermal trip 
condition. It will not reset the process unit. 

In addition to the above controls, a DC off toggle 
switch and a DG on push button are mounted on the 
CE sync panel. The  toggle switch may be thrown to 
cause a DC off sequence. With this switch transferred, 
the power on and the DC on buttons are inactive. The 
toggle switch must be returned to the normal running 
position before DC can be reapplied. 

File Voltages Meters 

T h e  340 power supply provides + 270v, + 48v, + 140v, 
- 60v, and - 250v to the 350 file (s) . T h e  - 250v and 
+ 27Ov are used to develop 3 regulated DC voltages 
within the file, 4- 215v, + 140v and - 210v, for use in 
the track and disk null detector circuits. Regulated 
236 vac is also sent to the file for the tube gate blower 
motor, the flood lights, and to develop 6.3 vac filament 
voltage. The  floating power supplies in the file are 
driven solely by the 6.3 vac. All other file motors jac- 
cess, compressors, compressor blowers) are supplied 
230 vac fram the line cord on the remote compressor 
cabinet. 

There is an AC and a DC voltmeter located on the 
power supply panel. A selector switch is provided for 
each meter. T h e  switch not only selects the proper 
input, but also selects the proper range. 

The  AC meter measures the input voltage across 
each of the three phase lines and the output voltages 
of both AC line legl~lator transformers. I t  is a 167 
ohm per volt meter with a range of 0-300 volts. 

The  DC volt meter measures the output of the DC 

regulators for each of the DC su?nlies. T h e  ranges 
for the meter are 0-150 and 0-3CO volts. 

Control Functions and Msnitoring Phase Sequence 

T h e  power supply is normally operated by the remote T h e  sequence of phase rotation at the power input 
controls at the console. I t  can also be operated by a set terminals must be 3, 2 and 1 on lines 1, 2, and 3 
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respectively. A resistance-capacitive network monitors 
this sequence and causes the AC sequence light on the 
340 panel to glow brightly when the sequence of rota- 
tion is correct. The  improper sequence will cause the 
light to be very diin or out. When the sequence is 
wrong, there is an unbalanced curicnt distribution 
across the indivitlual phases. This unbalanced condi- 
tion has no noticeable effect on the RAMAC system. 

The  following chart shows the variations in current 
load for both sequences: 

Correct Wrong 
N o  Load Sequence Sequence 

Phase 1 28.7 Amps 33.5 Anps  25.8 Amps 
Phase 2 33.8 Amps 36.0 Amps 43.2 Amps 
Phase 3 29.5 Amps 34.0 Amps 36.0 Amps 

Blower Timer 

T h e  electronic panel blowers should continue to run 
for 3 to 5 minutes after the machine power is turned 
off. A timer motor on the power supply panel starts 
after all voltages have been removed from the RAMAC 

system by a depression of the power off button. 
The  time required to open the normally closed 

timer micro-switch contacts is controlled by the time 
dial setting on the front of the timer. Each dial divi- 
sion is equal to 30 seconds. T h e  timer is spring reset 
when the blower timer motor is de-energized. 

Regulation 

The  AC voltage regulators are step-up type transform- 
ers, whose outputs are used as filament transformer 
inputs. T h e  primary windings of the voltage regula- 
tors are non-saturated inductors. In normal trans- 
former operation, changes in primary voltage are re- 
flected as changes in secondary voltage due to the 
changing magnetic lines of force or flux density. T h e  
voltage regulators use the saturable reactor principle 
of a saturated core for the secondary winding. 

When the core is saturated, there is little or no 
change in the lines of force (flux density) across the 
coil. An inductor operating at saturation maintains a 
nearly constant magnetic flux density through a corn- 
paritively wide variation in current flow, and there- 
fore maintains a nearly constant voltage across its 
output terminals. 

T h e  ACLR I and 2 saturable reactors are shown on 
9.04.01 and 9.04.02. T h e  capacitor and the secondary 
winding form a resonant circuit which will cause satu- 
rztion of the secondary core. U p  to 500 volts AC may 
appear across the secondary winding. T h e  secondary 
is tapped to provide 236 vac. 
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All eight DC power supplies also use saturable re- 
actors for voltage regulation. In addition, a buck- 
boost transformer is used on the output of the sec- 
ondary (for example, T 9  on 9.05.01). This trans- 
former takes an increase or a decrease in secondary 
voltage, transforms it to a bucking or a boosting cur- 
rent, respectively, and couples it back to the sec- 
ondary. 

T h e  primary x\-ir~dings of the zc and DC regulators 
have tapped windings to provide for either of two 
input voltagcs (208 or  230 volts) . Design r equ i rhen t s  
dictate the actual arrangement of the secondary wind- 
ings on the reactors. 

T h e  regulation of the AC regulators is t- 3% for 
input voltage variations of -C I Oyo. The  regulation for 
the DC power supplies is generally -C 1% for the input 
voltage variations of ) 10yo. 

Adjustment of DC Levels 

T h e  output voltage may be adjusted over a range of 
-C 1Oyo of input voltage. Initially the variac is ad- 
justed until a nominal voltage, as stated on the meter 
caibration chart, is react on the DC meter. The  DC 

loads will vary according to the type of operation 
performed by the machine at any given instant. 
Thus, the DC voltage must be set initially and 
checked periodically under specified machine condi- 
tions. (These are covered in the 305 CE Reference 
Manual.) 

Sequencing 

The  340 sequencing circuits are both AC and DC, 

therefore extra care should be used when servicing 
this equipment. Heavy duty AC contactors must be 
used to supply AC power to the various motors, to the 
DC power supplies and the filament transformers. T h e  
energizing of these contactors is controlled by a group 
of standard 48 volt duo relays. T h e  contactors, K1 to 
K8 are listed on System Diagram 0.46.01 and the duo 
relays, 1 to 32, on 0.46.00. For discussing all sequenc- 
ing circuits the function charts on System Diagrams 
0.43.00, 0.43.01 and 0.43.02 wilI be used. 

Power On 

When either the 340 or the 380 power on button is 
depressed the indivdual machine components must re- 
ceive power in a definite sequence to  prevent damage 
to circuitry or overloading of the line. T h e  function 
chart for this sequence is shown on 0.43.00. 



OB TECTIYES: sequence control box (8.40.03) . The  function and 

I. Depress power on switch (9.02.02) . 
2. Power to AC and DC sequencing circuits, K2 

(9.03.03) . 
3. Start file power on sequence, R1 (9.03.00) . 

a. Start file timer (8.40.03). 
b. Start disk drive motor (8.40.06). 
c. Start access motors ant1 hose vent valves 
(8.40.06 and 8.40.05) . 
d. Start compressor motors and compressor cab- 
inet blowers, C1 (8.40.04) . 

4. Start 305 sequencing, R5 (9.03.01). 
5. Blowers on, K4 (9.01.03) . 
6. Drum and unregulated ~ c , K 1  (9.01.02). 
7. Filament build up  for 30 secs, K'i (9.01.01). 
8. Full filament for 30 secs, K8 (9.01.01). 

timings of the seven TC contacts are shown in Figure 
225. These contacts test the file remote local control 
switches (8.40.05) and compressor remote local switch 
(8.40.03). If set to REMOTE the motors will start dur- 
ing the power on sequence. On  LOCAL or OFF the file 
motors or compressor motors will be bypassed. The  
file sequence complete circuit, labeled INTLK also is 
conditioned by these switches, checking C1 and K1 
only if the control switches are on REMOTE. 

For dual file operation the T C  contact timings are 
changed to start disk motor 1 sixty seconds before disk 
motor 2 to prevent loading of the line. For dual 
process there is still a single timer located in the 
master compressor cabinet. It is energized by a power 
on sequence from either 340. 

9. Negative DC on, K3. 
10. Plus DC on, K6. 
1 1. -250 vdc reset on, R 3  (9.05.01) . 
12. Ready light, RS (9.03.02) . 

DC Off Sequence 

When servicing the R . A ~ I A C  it is often desirable to re. 
File Po.irler On Sequence: This sequence is con- move all DC voltages. T h e  function chart for this 

trolletl by the timer located in the compressor cabinet operation is on 0.43.01. 

Timer Motor 

350 
Timer 
Motor 
Hold 

Compressor 

Blower 
Solenoids Motors 

Motors 

* ~ 5  (9.03.01) 

SECONDS 

NOTE: Chart shorn single file imtallation timing . For duo1 file retime TDI, TG2 ond TD3 to make 60 secs earlier. 

CLOSED 

Figure 225. File Power On Sequence 
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OBJECTIVES: 

1. Depress DC off switch dropping R4 (9.03.01). 
2. Remove -25Ov reset voltage, R3BL (9.05.01) . 
3. Remove all positive voltages, KG (9.02.01) . 
4. Remove all negative voltages, K3 (9.02.01). 
The  DC voltages will remain off after the DC off 

switch is released since R4 can only be repicked 
through R5BL. R5 has no hold circuit. Notice that 
R3 on 9.03.01 will drop if any DC voltage is lost. This 
also initiates a DC off sequence. 

DC On Sequence 

If a DC off sequence was initiated by the DC off toggle 
switch on the CE panel (9.03.01), this switch must be 
returned to normal before any DC on switch is opera- 
tiye. 

OBJECTIVES: 

I. Depress any DC on switch, picking R5  (9.03.01). 
2. Positive voltages on, K3 (9.02.01) . 
3. Negative voltages on, K6 (9.02.01). 
4. -25011 reset line high, R3RL (9.05.01). 

I Power Off Sequence 
I Depressing either power off switch (9.03.01) will re- 

move all AC and DC from the R A ~ I A C .  AS in a DC off se- 

I quence the positive DC voltages will be remo:.ed before 
the negative DC voltages with the exception of the -250v 
reset voltages. When the filaments go off, a timer motor 

I in the 340 is started, (9.02.01) opening the T C I  points 
3 to 5 minutes later. These normally closed points 
keep the blowers in operation. T h e  points are spring 
reset as soon as the timer motor is de-energized. T h e  
function chart for this operation is on 0.43.00. 

DC Fuse Blow and Restore 

T h e  function charts are on system diagram 0.43.01. 
If any DC fuse blows the indicating plunger makes 
contact on an alarm bar picking R30 or R29 (9.05.06). 
Either relay picking will latch pick the AC and DC 

fail relay, R26, (9.03.02) which turns on the fuse light 
and initiates a DC off sequence. Also, a loss of any DC 

voitage without a blown fuse will latch pick R26, 
turning on the fuse light. 

T o  restore power after the fuse light is on, the Jc- 
fective fuse (if one exists) must be replaced. Then  the 
reset button (9.03.02) must be depressed to latch trip 
R26. T h e  DC on button may then be depressed. 

I AC Fail Sequence 

I There are four types of AC failures which will initiate 

a power off sequence. The  function chart is on 0.43.02. 
T h e  four failures are: 

1. File failure. 
2. Blown AC fuse. 
3. Filament supply failure. 
4. Closing of the thermal circuit breakers in the 

electronic gates. 
In  all casrs the power off sequence will proceed as 

normal, however, K2 will remain energized on 9.02.02 
through the 2AU N/O points. This will provide + 45 
volts to the DC sequencing circuits and for the power 
on and fuse lights. 

File Fail: Relay 4 and 6 are dropped on 9.03.01 
when the file interlock circuit is opened. This circuit 
tests the condition of the K1 contactor (8.40.06) and 
the C1 contactor (8.40.03). These contactors will drop 
if the thermal in the disk motor (shaft) opens or any 
of the thernlaIs for the compressor cabinet motors 
open (8.40.04) . 

Blown  AC Fzrse: Any of the indicating AC fuses 
will pick one of six relays (R20, R21, R22, R23, R24, 
R25) if it blows. This drops relay I initiating the 
power off sequence (9.03.01) . 

Filament  Failure: Failure of either filament supply 
will drop R29 (9.04.01) or  R28 (9.04.02). These re- 
lays in turn drop R1 (9.03.01) . 

Thermals :  T h e  three thermal points in the 305 tube 
gates can drop R7 if overheating causes thein to cipen 
(9.03.01). T h e  R'IXL points will drop R1. 

In all cases above R26 must be latch tripped with 
the restore key before power can be restored to the 
system. 

Immediate Off 

T h e  immediate off switch on the power supply panel, 
or the master power off switch on the console are to 
be used only in case of emergency. Operation of either 
switch (9.02.02) will pick K5 by removing L l  from 
the B side of this contactor. T h e  K5 points energize 
the shunt trip coil in the main CB on the 340 
(9.01.01) and the shunt trip coil in the main CB in 
the compressor cabinet (8.40.03). This removes all 
AC and DC power immediately. These two CB's must 
be manually reset before power on is effective. 

Servicing 

Extreme CAUTION should be exercised when servic- 
ing or  inspecting the power supply. Dangerous volt- 
ages are present at various points within the power 
supply, even when the machine is in a power off 
status. If it is necessary to make a test instrument con- 
nection within the power supply, or  to reach into it 
for any reason, the commercial power input should 
be disconnected. 
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Servicing Aids 

Several self-contained servicing devices have been in- 
corporated in the RAMAC. T h e  ability to effectively use 
these devices will facilitate the analysis of reported 
failures. Good customer engineering logic while using 
the oscilloscope and the built-in aids should result in 
a minimum of down time for the system. 

Supervisory Console 

The  supervisory console has great potentiai for the 
preliminary analysis of machine failures. The  Cus- 
tomer Engineer should be thoroughly familiar with 
the indications provided by the signal neons and 
should develop an  intimate knowledge of the various 
operations that may be performed at this station. 

The  particu!ar cycle during which a failure occnrs 
can often be determined by monitoring the signal 
neons while operating RAMAC in SINGLE OPERATION, 
SINGLE CYCLE, or FORMAT TEST. If the failure is one 
that will not be immediately indicated on the signal 
panel, the point at which failure occurs can generally 
be determined by investigating the affected process 
drnm tracks between successive program steps. 

T h e  console may be used to alter program instruc- 
tions or  process drum data after the test lock switch 
has been turned ON. Such changing should be done if 
necessary to  determine the exact conditions under 
which failure occurs. 

If a failure involves a transfer of data to or from 
the file, the testing operations should be restricted to 
the Customer Engineering tracks on the disk. One of 
these tracks is addressed automatically by turning the 
test lock ON. 

The  test lock switch energizes R8056 (6.15.04) and 
R5119 (8.11.01). R5119-2 then picks R5118. If the 
file address register relays store an  odd track address, 
R5119-4 and R5134-12 (8.02.02) will address the ac- 
cess arm to track --I; if an even track address is stored 
in the address register, R5119-4 and R5119-5 address 

I the arm to track 100. T h e  track null is thus destroyed. 
T h e  loss of the track null without dropping the servo 

start relays will cause the clutch power relay, R5035 
(8.04.02), to be energi~ed. A servo is thus initiated 
to one of the CE tracks. 

Il'ith the test switch ON, data may be read from or 
stored at the addressed CE track. .A new senro may not 
be initiated, hoxt~ever, as long as the test switch is ON, 
unless the remo:e cycling box is connected into its re- 
ceptacle on the synchroni~ing panel. T h e  CE test 
relay, R8056-4 (6.15.04), opens the MR6 circuit so 
that a file pick pulse cannot be supplied to the file. 
If a servo to another CE track is desiretl, the remote 
cycling box must be plugged in. This will pick R163 
( I  .02.03) . R163-6 (2.0!).11) will then shunt R8056-4 
(6.15.04) . 

305 Synchronizing (Sync) Panel 

Since the oscilloscope is used almost invariably in the 
analysis of the electronic circuits, an appreciable sav- 
ing in total service time can be accomplished Ey reduc- 
ing scope set-up time to a minimum. In order to facili- 
tate scope setup, a synchronizing panel is located be- 
hind the front relay gate on the process unit. An 
assortment of pulses and gates which are frequently 
used in triggering or gating the scope signal are avail- 
able from hubs on this panel. A 4-input AND inverter 
switch is also included so that the scope may be trig- 
gered by the coincidence of two or more of the sync 
panel signals. 

X diagram of the sync panel is shown in Figure 226. 
The  System Diagram location and identification of 
each of the sync panel hubs follows: 

CE-1 (1.01.00) Reference Mark. 
CE-2 (3.01.04) Record Start. 
CE-3 (1.03.04) I Cycle. 
CE-4 (1.03.05) R Cycle. 
CE-5 (1.03.06) W Cycle. 
CE-6 (1.03.07) D Cycle. 
CE-7 (I  .03.08) P Cycle. 
CE-8 (1 .01.05) Bit 0. 
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Figure 226. 305 Sync Panel 

CE-9 (2.05.03) Program repeat exit - used in 
conjunction with program repeat 
switch. 

CE-I0 (2.10.01) High input to voltage divider. 
CE-I I (2.10.01) 48 volt input to voltage divider. 
CE-12 (2.10.01) Standard (low) level output from 

voltage divider. 
CE-13 (2.10.02) Reader cycle point gate used in 

conjunction with dial switch. 
CE-14 (2.10.01) Core buffer tens ring gate used in 

conjunction with dial switch. 
Core buffer units ring gate used in 
conjunction with dial switch. 
Input to 4-input AI. 

lnput  to 4-input AI. 
Input to 4-input AI. 
Input to 4-input AI. 
Output from 4-input AI. 
Field ring gate-used in conjunc- 
tion with dial switch. 

CE-22 (2.1 0.02) Character ring gate-used in con- 
junction with dial switch. 

CE-34 (2.10.02) Tweaker hub used in conjunction 
with the tweaker probe. 

CE-26 
CE-27 \ Communication hubs providing 
CE-29 (2.10.02) circuits to file test panel. 
CE-30) 

Use o f  the Cvcle Controi  Switch 
I 

Single Cycle: This setting simply parallels the single 
cycle setting of the console control selector switch 
(1.02.04), allowing processing to advancc one cycie 
with each depression of the progrsm start key. 

Cycle Repeat: This setting will prevent n cycle com- 
plete gate on 1.02.04. T h e  previously set cycle ready 
and cycle triggers will remain ON, rcpeating the estab- 
lished cycle until the CE stop button is depressed. The  
desired cycle may be set up  by first using the SINGLE 

CYCLE position of the switch. 
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Prop-am Repeat :  T o  cause the RAMAC to repeat a 
particular program step, this switch setting blocks the 
normal program advance pulse and the P cycle pro- 
gram counter reset pulse on 2.01.07. If the program 
being repeated has a P flag, the MR7 impulse will be 
directed to the P-out hub on the sync panel (2.05.03) 
rather than to the 305 control panel program exit 
hubs. This prevents any program exit impulses from 
reaching the program entry hubs, and setting up  a 
new program level. T o  check any of the decision ele- 
ments during this repated program, a wire may be 
taken from the P-out hub on the sync panel to the 
desired 305 control panel hub. 

T o  enable I cycle ready to be turned ON at P cycle 
end (1.03.04) an MR7 impulse is used to force the 
new program line high on 2.01.06. This impulse is 
directed through the program repeat switch points on 
2.05.03. 

Use of the Sync Panel Hubs 

T h e  sync panel hubs, CE-10, CE-I I, and CE-12, are 
points on a voltage divider (2.10.01). T h e  principal 
purpose of this divider ir to convert plate level or 48 
volt level signals to approximately standard level for 
entry into the 4-input A1 switch. 

T h e  four input A1 at 4T1 (2.10.01) employs sync 
panel hubs, CE-16, 17, 18, and 19, as inputs and CE-20 
as an output. If this unit is used, CE-16 must be wired 
to prevent the triode grids from floating. The  other 
three input hubs may be wired or  may be left open. 

CE-21 and CE-22, with their associated dial switches, 
provide process unit field ring gates and character ring 
gates. These signals are available at their specific 
process drum timings. For example, if it is desired to 
examine the data bits entering the core buffer during 
character 49 time of K cycle, it would be desirable to 
trigger the scope through the AI. R cycle, F4, and C9 
could be wired to the A1 input hubs, and the output 
hub wired to the trigger input of the scope. Since the 
output from CE-20 would consist of a negative shift 
at  the leading edge, it would be necessary to adjust 
the scope to trigger on the negative slope. If the scope 
is triggered with the positive shift, C48 will be dis- 
played instead of C49. 

T h e  gates provided by the tens and units rings of 
the core buffer address counter must be used when it 
is desired to examine particular characters of data 
which are being stored into or  read from the file. T h e  
process unit charzctei and field ring gates cannot be 
used to trigger the scope. T h e  reason for this is that 
the rotation of the disks is not synchronized with the 
process drum dock. By selecting the proper core tens 

, ring gate from CE-14, and the proper core units ring 

gate from CE-15, the scope may be triggered to inspect 
any character of the data transfer. 

T h e  units position of the core address counter is 
"anded" with a bit 2. This is to prevent early trigger- 
ing of the scope by spikes due to the overlap of the 
falling character 9 and the rislng new field gate. Later 
triggering could be caused bv the spikes clue to o\er- 
lapping of the falling field ant1 the rising character 0 
gate. T h e  overlap is due to the varying time constants 
for the changing states of triggers. The  bit 0 hub, 
CE-8, should be used in the evpnt that such extraneous 
triggering is troublesome while using the units ring 
and the tens ring hubs. 

If i t  is desired to examine the data bits being 
decoded from the card at a particular digit impulse 
time, the corresponding reader cjcle point gate may 
be selected from CE-13 (2.10.02) . The  selection is ac- 
complished by the associated dial switch. I t  should be 
noted that the signals available from CE-13 are at the 
+ 48 volt level. 

T h e  trigger tweaker hub, CE-34, provides a means 
of grid flipping or plate pulling triggers. T h e  resistive- 
capacitive circuit ties to ground. 

When servicing the RAMAC, it is frequently desirable 
to prevent machine operation from being inter~upted 
by a parity error, compare failure, or read check fail- 
ure. T h e  Customer Engineer can accomplish this by 
throwing the parity stop switch to NO (1.02.06), if the 
remote cycling box is plugged into its receptacle on 
the sync panel. With both R163-5 and the parity stop 
switch open, neither a parity error nor a compare 
failure will halt system operation. T h e  1B point of 
the parity stop switch (7.28.00) comple~es a circuit 
through R163-10 to insure that R8036 picks on each 
feed cycle. This will prevent a rezd check from stop- 
ping the system. 

The  communication hubs provide direct circuits to 
the file test panel. Scope triggering pulses and gates 
may be sent from the 305 to the 350 or vice-versa 
through these lines. 

In  addition to the switches and hubs discussed 
above, the sync panel includes a DC on and a DC off 
switch. With the DC off switch in the OFF position, 
the DC on and POWER on switches at the power supply 
panel and at the supervisory panel are crippled. This 
prevents the DC from being applied inadvertently while 
the Customer Engineer is working on the system. 

305 Remote Cycling Box 

The  305 remote cycling box has five push-button 
switches. This  device is connected through a flexible 
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cable to a Jones plug which Inn! be pluggetl into ;i 
receptacle on the sync panel. 

IVhen the remote cycling box is attarhetl, RIG3 
(1.02.03), is energized. The  points of R163 rt~ake ac- 
tive the CE check reset switch. the CE program set 
siiitch, the CE program start sic-itch, the CE program 
siop switch, ant1 the CE manual reset switch. The  cor- 
~-cspon(ling switches at the console itre n~acle inactive 
by tr;insier ol the R163 points. 

Other points of R163 perform certain auxiliar~f 
functions as follows: 

1. RI63-5 (1.02.06) -P;~rallels the p;rrit!- stop switch 
1.4 point to suppress parity error stops. 

2. R163-6 (2.09.1 1 )  -Parallels RSO56-4 to provide 
AIR6 impuises to file pick common even though 
test lock is ON. Servo operations can be per- 
fol-metl. 

3. R163-7 (2.05.03) - Transfers all program exit 
impulses to the P-out hub on the sync panel when 
the CE cycle control switch is set to P R o G R A n r  RE- 

P E A T .  

4. R163-9 (1.02.03) -Permits inquiry even though 
test lock is ON. 

5. R163-10 (7.28.00)-Prevents rear1 check error 
stops when the parity read check s~vitch is at NO. 

6. R163:12 (2.01.07) -Blocks program counter ad- 
vance pulse when the CE cycle control switch is 
set to PROGRAM REPEAT. 

370 Dynamic Timer (Figure 227) 

The 3'70 tlynamic timer initex is in continitous opera- 
iion and is therefore synchronized with the CR index 
at all times; however, it is not in automatic synchron- 
ism with the program shaft index and with the emitter 
shaft. Since the dynamic timer index is based on a 400 
millisecond cycle, there is a possibility of engaging the 
program shaft clutch at ten different points in the dy- 
namic timer cycle. Thus when the dynamic timer is 
to be used in servicing the piinter, the impulse to 
energi7e the PS clutch must be timed to cause the 
clutch to engage when the dynamic timer is at its zero 
index line. 

T h e  dynamic timer CB, DTCB (7.74.1 1) , is nor- 
mally shunted by the dynamic timer interlock switch. 
If this switch is opened, R 3  will be energized at the 
proper point of the dynamic timer cycle to cause the 
program shaft clutch to engage in synchronism with 
the dynamic timer index. 

T h e  interval from 17 to 19 on the dynamic timer 
index is identified as print position # 1  (Figure 227). 
I t  is during this interval of time that impu!ses are 

a\ailable from print position exit emitter spot # I  
and print control exit emitter spot *I.  Thus, the 
print positions as indicated on the dynamic timer in- 
dex refer to the position of the emitter shaft when a 
character is selected for printing. Xctual printing time 
comes somewhat later. 

T h e  dynamic timer has a 400 millisecond cycle; 
printing takes place at the rate of 20 characters per 
c)cle. Therefore, the interval which represents print 
position # I  on the first cycle will represent print posi- 
tions #21, $41, and #61 on succeeding cycles. 

If it is desired to use the dynamic timer to examine 
the relay circuit actions occurring in the area of print 
position #41, it would be desirable to prevent print 
position #21 or  #61 from lighting the dynamic timer 
neons. X method is provided whereby this may be 
accomplished. 

T h e  socket connections for the tlynamic timer 
power pack and the dynamic timer neons are shown 
on 7.74.81. Note that R15 must be energbed in order 
to conlplete a circuit to the neons. Relay 15 has a 
latch pick and a latch trip coil on 7.74.1 1. T h e  pick- 
up  and drop-out hubs are located on the timer panel 
above the socket for the power pack. Leads may be 
taken to these hubs from print control exit emitter 
hubs on the control panel to make the dynamic timer 
effective only during the desired interval. 

Relay 15 may also be picked prior to the beginning 
of the PS cycle with the same impulse which holds R 3  
(7.74.11). T h e  dynamic timer control pulse hub is 
provided on the timer for this purpose. 

X jack for an auxiliary start key is also available on 
the 370 timer panel. When this key is inserted, the 
circuit to relay 1 is broken; hence neither of the ready 
relays, R1 nor R2, will be energized (7.74.1 1) . T h e  
auxiliary start key is placed in the circuit so that, when 
depressed, i t  will energize R32. R32-1 bypasses R2-1 
and R172-3 in the circuit to R3. 

T h e  dynamic timer index should not be used to ad- 
just or manually check a timing. T h e  timer index will 
not agree with the CRCB index when the machine is 
operated by hand. This variance is due to gear play 
and belt stretch in the drive mechanism. Refer to the 
305 CE Reference Manual for complete details. 

Dynamic Timers for Reader and Punch 

A dynamic timer is iiicluded with both the reader and 
punch. Unlike the 379, these dynamic timer indexes 
are continuously synchronized. 
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Figure 227. 370 Dynamic Timer 

File Test Panel (Figure 228) 

T h e  350 file has been designed with a built-in test 
panel. All normal electronic adjustments and most file 
trouble analysis can be performed at this station. T h e  
file test station includes 7 adjustable potentiometers, 
46 indicating neons ant1 6 spares, 16 servicing hubs 
and 5 spares, 5 fuses, 3 toggle switches and 1 push- 
button switch. T h e  S!stem Diagrams locations for the 
various test station items can be found on 0.55.01. 

The  specific adjustment procedure for each of the 
potentiometers will be found in the 305 CE Reference 
Manual. T h e  purposes of neons and fuses are self- 
explanatory on Figure 228. Except for the communi- 
cation hubs and the ground hub, the servicing hubs 
are monitor points placed in the file circuits. 

T h e  safety off push-button (8.06.01) is used to drop 
the hgic  safety relay 51 16. R3116-5 then drops the bias 
safety R5007 (8.06.02). T h e  file should be in a SAFETY 

OFF condition when working around the access mech- 
anism. 

T h e  three toggle switches are the double-pole 
double-throw type with the center position OFF. T h e  
safety reset adjust switch in the SAFETY RESET position 
completes the pick circuit to the logic safety R5116 
(8.06.01). T h e  ADJIJST position of this switch com- 
pletes the circuit to pick the adjust relay 5052 
(8.06.01) in the electronic gate. When this relay is 
energired the following objectives are accomplished: 

1. R5052-I turns on the adjust neon on the file test 
panel (8.08.01). 

2. R5052-2 drops the head solenoid relay (8.01.07). 
Z .  R5052-10 applies ground level to the clutch am- 

plifiei wiper signal input (8.05.01). 
4. R5052-7 connects a 6 . 3 ~  AC signal to  the track 

null detector input (8.02.03). 
5. 135052-8 connects a 6 . 3 ~  AC signal to the disk 

null detector input (8.01.03) . 
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The  no null toggle switch (8.01.04) removes either 
the disk null condition or the track null condition. 
It does this by supplying -60 volts to the last stage 
of the disk or  track null amplifier (8.02.04). Loss of 
[he track null will cause the track detent solenoit1 to 
be de-energized. This permits the access arm to he 
moved manually. 

T h e  null adjest switch (8.01.04) controls the out- 
put of the null adjust signal hub. i t  makes an ampli- 
fied disk potentiometer signal available when up. .An 
amplified track potentiometer signal is available when 
the switch is down. 

File Robot (8.20.00) 

T h e  testing of file senro operations can be facilitated 
by operating the access mechanism a separate ma- 

chine, free of control from the process unit. If this is 
to be done, an atlclitional set of controls must be avail- 
able to the Customer Engineer. These additional con- 
trols are inclutletl in a portable box which is called 
the robot. This device is illustrated in Figure 229. 

T h e  functions of the front panel switches, jacks, and 
lights are as follows: 

Address: Two sets of rotary switches permit ad- 
dresses "A" or "B" to be made active. The  access 
mechanism may be caused to servo alternately between 
the two addresses. Five rotary switches are used to set 
up each address. Each switch connects one side of an 
address relay coil to ground. Any address from 00000 
to 99999 may be selectetl. 

T r o r k  Solenoid: This slvitch may be opened to re- 
move the + 48 volt input to the track solenoids. I t  is 
a SPST toggle switch which prevents either track sole- 
noid from being energized when in the down position. 

Figure 228. File Test Panel 
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DISK TENS DISK TENS 

DISK UNITS DISK UNITS 

START HOLD COMPARE 

TRACK TENS TRACK TENS 

AUTOMATIC 
TRACK UNITS TRACK UNITS 

SAFETY OFF 

RECORD RECORD 

START TRACK 
HOLD LOCATED 
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Figure 229. File Robot 

Disk Solenoid: This switch prevents either disk de- 
tent solenoid from being energized when in the down 
position. When opened, this SPST switch removes the 
+ 48 volt potential from the disk detent solenoid line. 

Head Solenoid: This SPST switch makes it possible to 
remove the air supply to the file read/write heads. 
When down it prevents the + 48 volt line from being 
applied to the air head solenoid. This keeps the air 
heads away from the disks at all times. 

Compare: This is a spare SFST switch placed in the 
robot for future use. 

Start Hold: This switch breaks the hold circuit for 
the start relays when in the down position. I t  is a 
SPST toggle switch. 

Manual Start-Automatic: When this double pole- 
double throw toggle switch is in the AUTOMATIC posi- 
tion, i t  colnpletes the circuit so the track located signal 
will cause a change of address. T h e  access mechanism 
will then servo automatically between the two ad- 
dresses set u p  by the rotary switches. 

When in the MANUAL START position, the switch 
provides a + 48 volt impulse to initiate a servo to the 
alternate address. T h e  switch is spring loaded to re- 

turn from the MANUAL START position to the center 
OFF position. 

Safety Ofl: T h e  safety-off switch is the push-button 
type which will open the + 48 volt potential to the 
logic safety relays when depressed. Dropping the logic 
safety relay will cause the bias safety reiay to drop 
also. 

Start Monitor Point: This is a hub on the robot 
which permits observing the "start hold" signal with 
the oscilloscope. 

Track Located Monitor Point: This hub on the 
robot permits observing the "track locatecl" signal 
with the oscilloscope. 

"A" and "B" Address Lights: These two neon lights 
indicate which of the two addresses is ac t i~e .  

Operating Procedure for the File Robot 
T h e  following procedure should be followed in con- 
necting the robot for servicing the 350 file: 

1. Tu rn  off the DC power. 
2. Put the manual start-automatic switch at its cen- 

ter position. 
3. Put the remaining toggle switches in the down 

position. 
4. Connect the H and K connectors f r ~ m  the elec- 

tronic gate to the receptacles in the back of the 
robot. 

5. Turn  on the DC power. 
T h e  following procedure may be employed to oper- 

ate the access mechanism under manual control: 
1 .  Verify that the safety relays in the electronic 

gate are energized. 
2. Position the five rotary switches of the "A" group 

at the desired record position. Place thc "B" 
address switches at a different record position. 

3. Place the track, disk and head solenoid switches 
in the up  position. 

4. Place the start hold switch in the up  position. 
5. Flip the manual start switch u p  momentarily. 

T h e  access arm will go to the address indicated 
by the lighted neon address light on the front 
panel of the robot. 

6. After the access arm has reached the selected ad- 
dress, a second deflection of the manual start 
switch will cause the access arm to servo to the 
alternate address selected in step 2. 

The  System Diagrams page 8.20.00 shows that nine 
relays are included in the robot. Two  of these, MR1 
and MR2, are mercury relays. MRl  (8.20.00) supplies 
the hold circuit for the address register relays and for 
the file start relays. MR2 supplies + 48 volts to the 
common pick circuit for these. We learned from the 
previous discussion of the file circuits that a servo is 
initiated by first dropping and then repicking the 
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