
e· 
e 
e 
e 
e 
e 
e 
e 
e 
e­
e 
e· 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e· 

Customer Engine~'rin'g 
<&l 

Manual of Instruction 

Series Data Processing Systems 

Component Circuits 

Book A. General Theory 

Book B. 701-704-709 Components 

Book C. 702-705 Components 

Book D. Auxiliary Equipment 

Book E. Appendix 

'( 



7 /. 

c, 
) 

I. 

"-

'I 

I· 
.j 

,1 " 

h \ C. f· 
\ 

\l 
L 

II'" /, .. 

~ J", I .. , 
" ,,,,I, , 

( 

J c· 

I·. \1\ l 

,. i ,\ 

I .' I; ~ ,.A ,', 

I" (" \ 'i!' ~t , .. 

ii, I J i .\,; - , 

, 
/ 

\' \rv .. 
. .j 

( , ' 

" • 
\ \··.,1 J' . '. I'. 

\ 1 , " .\ 
~ 

\ 
" 

I ) 
, \ 

.' 
" .' l. i 

I 

\ . 

I .. 
Issued to: /1 U J.' V ~, , . \ 

Department or " Telephone • o. 
Branch .ffice'---">.J),-,-~...!.I...!.(-,-' :...' _____ Number ' .' , I -' 

Address,_\:",'_·_-=-\'.:...\~J-_'.2·),-""--,,I'"'-/ ____ City '4(", tlltState Cl ';,~ ~ 

If this manual is mislaid, please notify the above address. 

© 1955, 1956, 1957, 1959 by 

International Business Machines Corporation 

590 Madison Avenue, New York 22, N. Y. 

Printed in U. S. A. 

Form 223-6746-1 



This manual is written at a level that assumes the reader has a background of basic 
electronics. The text material is not written from a standpoint of design but rather 
from a standpoint of the circuit understanding that is necessary for servicing. Where 
design information is deemed necessary, it is included. For those who feel a need 
for review, the Appendix (Book E) contains formulas and procedures necessary for 
simple computations of voltage levels and currents flowing in the circuits. Book E 
also contains some design procedures for those who want more material on this subject. 

Data-processing machines, such as the 700 series machines, contain many thousands 
of individual electronic components (resistors, capacitors, inductors, electron tubes, 
crystal diodes, and so on). Together, they form the "nerve system" of the calculator. 
Because of the complexity of showing the miles of circuits that make up these machines, 
the logic block method of circuit layout is used. Logic blocks simplify circuit tracing 
and trouble shooting. Each logic block represents an individual circuit. Each circuit 
has a specific function in the area where it is used. With the logic block method, cir­
cuits are easily identified and the location of each component is easily found. The fol­
lowing pages contain the logic blocks of component circuits, the circuit schematics, 
their purpose, how the circuits function, the inputs, and the resultant nominal outputs 
of these circuits. Given voltage levels and wave forms are suggested values only, as 
loading conditions affect individual circuits in the machine. 

This manual is divided into five main books. 

Book A contains information that is pertinent to all component circuits and should 
be studied before investigating any individual circuit. The location procedure is de­
scribed early in the manual so that it may be reviewed with each circuit until it is 
fully understood. 

Book A also describes circuits that are popularly called basic or standard circuits. 
Because these circuits are most commonly used, a thorough study of them helps the 
customer engineer in understanding the remaining circuits. For this reason, they are 
explained in greater detail than circuits that are merely modifications of the standard 
circuits. 

Book B contains information about the pluggable unit panels, the systems block dia­
grams and the MF neon locations peculiar to the 701, 704, and 709 machines. It also 
has a complete listing of component circuits assigned to the 701, 704, and 709 systems 
except power supply and transistor components. Every circuit listed in this book is 
cross-referred to the "4" pages of machine systems, e. g., inverter I (section 2.01. 01, 
Book B) is the same as 4.01. 01 and key trigger TK (section 2. 02. 05, Book B) is the 
same as 4.02.05. Wherever advisable, the reader is referred to Book A for a more 
detailed description of the circuit. 

Book C contains information about the 702 and 705 systems' pluggable unit panels, 
edge connectors, circuit locations and panel designations. 



Also, this book contains a complete listing of component circuits except power 
supply components. The basic circuits are duplicated here, with the reader referred 
to Book A for a complete description. This duplication is made so that circuits listed 
in this section can have cross reference to the "C" pages of machine systems. ("C" 
pages contain circuit schematic and standard pluggable unit wiring procedure.) An 
example is the inverter I (section 2.01. 01, Book C) which is the same as C. 01. 01 and 
key trigger TK (section 2.02.04, Book C) which is the same as C. 02. 04. Circuits that 
appear in isolated areas such as memory or drum alone are briefly discussed here 
but full discussion of their usage is found in the respective machine manuals. 

Book D contains information and the component circuits for the 700 series auxiliary 
equipment. The machines described in this book are the 720 Printer, the 760 Control 
and Record Storage Unit, the 774 Tape Data Selector, and'the 777 Tape Record Coor­
dinator. 

The Appendix, Book E, contains detailed component specifications, basic electrical 
formulas, samples of logic block layouts, and a sample of design procedure. 



NOTICE 

The text and illustrations included in the following pages have been prepared for 
teaching purposes and as an aid for learning the component circuits of the 700 series 
machines. All material was prepared from information relative to production at a 
given level. Engineering changes may alter exact timings, logic blocks or component 
values; therefore, the customer engineer is advised not to use this information alone 
as a reference manual or servicing aid. 

ABBREVIA TIONS 

The following abbreviations are used throughout this manual. Component circuits 
block designations (such as I for inverter) are not included in this list. 

A all (cycles) inst instruction 
a ampere I/o input/output 
AC alternating current K kilo (103) (usually refers to ohms) 
adr address Kc kilocycles 
amp amplifier L inductor 
bksp backspace It left 
C capacitor meg megohms (106) 
C cycle m milli (10-3) 
CB circuit breaker MF main frame 
CF core frame MQ multiplier quotient 
CP card punch .n. ohm 
CPU central processing unit op operation 
CT cycle time Pr printer 
CS core storage Q quotient 
ctr counter R resistance 
DC direct current rewd rewind 
DF drum frame RI read-in 
e voltage rt right 
E execute (time) Rd read 
EC edge connector S (sec) seconds 
EOF end of file sw switch 
EOR end of record stg storage 
f farad tgr trigger 
h henry u micro (10-6) 
I current uu micro-micro (10-12) 
I instruction v,V volt 
intlk interlock Wr write 
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1. 00.00 GENERAL INFORMATION 

1. 01. 00 DEFINITION OF TERMS 

Certain terms in the circuit descriptions must be clarified or defined, e. g. , 
"standard cathode follower" or "standard inverter." All circuits are standard but 
the basic ones (such as AND, OR, I, K, T, and S8) are the most commonly used. 
Others may be merely modifications of these basic circuits or entirely different 
circuits; they are popularly called "special circuits, " used in a very few applications. 

The term "tube" may refer to one or both sections of a dual tube, but the term 
is not used unless the reference is clear in the text. The terms "left tube" and "right 
tube" refer to the placement of the components on the schematic. They are not to 
be confused with the terms "front" and "back" that are used to denote the physical 
placement of the tube socket on the pluggable unit. 

The voltage levels of the pulses and input/output lines fall into two general class­
ifications: signal level and plate level (section 1. 05. 00). The terms "rise" and 
"faIP' refer to the transition of a pulse. Rise or fall time is usually the time re­
quired for a pulse transition to reach 80 percent of its final value (from ten percent 
to 90 percent). Rise and fall time of a pulse is expressed in volts per microsecond 
(millionth of a second). Pulse width is measured at a point halfway between voltage 
levels. 

Electron flow ( - to + ) is assumed in all circuit descriptions. Increasing the ab­
solute potential gradient across a capacitor is called charging the capacitor. When 
this gradient decreases, the capacitor is discharging. During some types of 
transitions, the polarity of the voltage across the capacitor reverses; therefore, the 
terms "charge" and "discharge" as defined above may be confusing. In these cases 
assume that one terminal of the capacitor is connected to a steady voltage which 
is always more negative than the opposite terminal. H this assumption is made, 
the above definitions of charge and discharge still apply. For example, if the 
voltage at one terminal of a capacitor changes from -30 volts to +10 volts and the 
opposite terminal is grounded, assume then that the capacitor has been charged. 
It discharges when the voltage returns to -30 volts. 

1. 02. 00 PLUGGABLE UNIT 

The pluggable unit acts as the carrier for most of the component circuitry (tubes, 
resistors, capacitors, and so on) in the 700 series systems (Figures Ala and Alb). 
The unit has eight tube sockets, although it need not have the full complement of 
eight tubes. Filament terminals of all tube sockets are wired. 
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FIGURE Ala. PLUGGABLE UNIT 

FIGURE Alb. PLUGGABLE UNIT 
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Mounted within the pluggable unit are eight terminal strips each consisting of 38 
solder terminals or lugs. The terminals are numbered 1-19 on the fnmt of the unit 
and 20-38 on the back. The terminals are initially shorted together and cut open to 
make the terminals individual. This procedure eliminates the need for jumpers. 
The terminal strips are called islands and are located by their corresponding positions 
in the unit (A through H). The circuit components are mounted between these islands. 

Directly beneath each tube position, at the base of the unit, is a group of con­
nector terminals labeled 1 through 8. These terminals are internally connected to 
the male knife connectors beneath the base. The unit connects to a female receptacle 
that has solder lugs extending out on the wiring side of the panel (panel pins). There 
are eight panel pins for each tube position. The panel pins are used for the entry of 
service wiring (voltage supplies) and signal wiring to the unit. 

The locking-cam shaft extends through the unit and is used to seat the unit into its 
female connector. The unit is aligned to the connector; rotating the shaft with a 
pluggable unit wrench cams the unit downward to lock it in place. The contacts on 
the female connector are aligned vertically in such a way that the negative voltages 
are applied before the positive voltages when the unit is installed. The reverse is 
true when the unit is removed. However, it is wise to drop DC voltages before 
removing or installing pluggable units. 

Each machine systems index section has a pluggable unit location chart for each 
panel on the machine. This chart includes unit part numbers. Standardization of 
units is retained wherever possible. Thus, the same units may have components used 
on one machine and unused on another. 

1. 03.00 PLUGGABLE UNIT LOCATION 

All panels that contain pluggable units use the coordinate reference system for 
locating specific points on the panel. The vertical axis is labeled with upper case 
letters A-Z, omitting I and O. The horizontal axis is labeled with numbers 01-40, 
the number of columns depending upon the specific unit. Thus, the intersection of 
a horizontal and a vertical notation locates a specific section of the panel. Location 
is given to any pluggable unit in the panel by giving the column and alphabetic lo­
cation of the first tube of the unit. With eight tube positions per unit, the first tube 
locations can be only A, J, or S. Because the islands are lettered and the island 
terminals are numbered, any component on a unit can be located. Panel pins re­
ceive their location from the tube socket that is in line with the pin group. 

1. 04. 00 PULSE SKETCHES AND WAVE FORMS 

Sketches and wave form drawings are included to aid circuit explanation. For 
drawing convenience, pulse sketches are shown in many cases as a square wave, 
although the perfect square wave (zero rise and fall time) does not exist. Actual 
rise and fall time is usually several tenths of a microsecond. Distortion effects 
of a circuit on an incoming pulse are occasionally overemphasized to show graph­
ically what is causing the distortion. Also, poor input pulses are used to show 
pulse-shaping and level-setting characteristics of a circuit. 

The same circuit can operate differently throughout the machine because of var­
iables such as stray capacitance, output loading, and variations in component toler­
ances. 
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FIGURE A2 . PANELS A-D 

FIGURE A3. PANEL A (WIRING SIDE) 

FIGURE A4 . PANEL WIRING 
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1. 05. 00 INPUT/OUTPUT LEVE LS 

The voltage levels of pulses and information lines fall into two classifications: 
signal level and plate level. Signal levels are developed at divider outputs while 
plate levels are developed at full plate, tapped plate, or tapped divider outputs. 

Signal level limits are usually +10 to -30 volts, with certain circuits requiring 
variations. In high-speed computer circuits, the effect of line capacitance to ground 
is detrimental. Therefore, the voltage swing above and below ground was chosen as 
a minimum satisfactory level. Circuits are controlled by the input rise from -30 to 
+10 volts, the fall from +10 to -30 volts (± shift inputs), or the steady up or down 
level. The rate of change from one voltage level to another must usually be fast 
(60 volts/microsecond). Some circuits have adverse effects on the voltage shift; 
they damp or cut down the amplitude, slow the shift time, or cause general distortion. 
Other circuits overcome these faults with their pulse-shaping and level-setting 
characteristics. 

Because plate levels are about 100 volts, they are noted as plate levels in the 
system pages. This notation is an aid to proper sensitivity settings on the oscil­
loscope or voltmeter. Plate level outputs are used for economical component usage. 
They perform the same duty as signal levels. 

1. 06. 00 CRYSTAL DIODES 

Crystal diodes rather than vacuum tube diodes are used in the machine wherever 
possible. The small crystal diodes have an obvious advantage in size over their 
counterpart in vacuum tubes; they have the added advantage of not needing a filament 
or heater, thus reducing power requirements and wattage loss in heat. Because the 
number of diodes employed is large, these are distinct advantages. Many watts are 
saved by their use and thousands of unwanted BTU's of heat are avoided. The 
symbol used for the crystal diode is shown below with plate and cathode labeled. 

cathode ~~-p-l-a-t-e-----------
Crystal diodes are divided into various classes depending on their back and for­

ward resistance and upon their ability to pass current. Back resistance is the DC 
resistance exhibited by a diode when the cathode is more positive than the plate. 
With the cathode more positive than the plate, the diode is theoretically cut off. For­
ward resistance is the opposite of this, or the resistance exhibited by a diode when 
the plate is more positive than the cathode. Diode specifications and identification 
markings, as well as theory and construction, are listed in the Appendix (sections 
1. 01. 05 and 1. 02. 04, Book E). 
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1. 07.00 ELECTRON TUBES 

The three most commonly used tubes in the 700 series are the 6211, 5965 and 5687. 
The tubes are listed in the order of their usage in the system. The 6211 is most 
used because it has the lowest filament current requirements and the 5687 is used 
only where maximum power is needed. The three tubes are 12. 6v dual triodes 
with center tapped filaments so that either a 6.3 vor 12. 6v filament supply can 
be used. 

The filament transformers are center tapped to either ground or a minus voltage. 
The AC value is thereby superimposed on different DC levels. Keeping the filament 
supply at a certain DC level minimizes the potential difference between cathode and 
heater (a manufacturer's tube specification). In sensitive amplifier circuits, this 
procedure also is used to prevent the cathode from being positive with respect to the 
filament and causing current flow from filament to cathode. Detrimental noise would 
be introduced into the amplifier circuit. See Figure E10 for the filament wiring lay­
out. Note that the panel pins are different for each voltage level; thus, a 6v pluggable 
unit is inoperative in a 12v pluggable unit socket, preventing damage to the filaments. 
The four tube groups are fed by the filament bus in such a manner as to have the 
filament current travel the same bus bar distance regardless of the tap-off position. 
Therefore, the filament supply voltage is uniform along the complete length of the 
bus bar. 

In most tube circuits, the status of the tube is either cut off or in full conduction, 
and full conduction is usually only two-thirds of recommended maximum current. In 
other circuits, where maximum current is exceeded, the duty cycle is very short. 
The duty cycle is based on a time of 30 seconds. Thus, a ten percent duty cycle 
indicates that the tube is operating or conducting about three seconds out of every 
30 seconds. The individual durations of conduction are usually in the order of 
fractional parts of a microsecond and the average of these durations meets the 
above specifications. Because of the two basic conditions (conducting or cut-off), the 
cut-off bias is frequently used in circuit description. 

These voltages are: 
6211 
5965 
5687 

-8.5 volts 
-6.5 volts 
-13 volts 

Most tubes contain a 150-ohm parasitic suppression resistor in the grid circuit. 
Omission on the circuit schematic does not imply that this resistor is missing. In 
circuit design, modifications are made to insure proper operation with tubes falling 
in the classification 25 percent weak to 20 percent hot. Other tube specifications 
are listed in the Appendix. 
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1. 08. 00 CmCUIT DELAYS 

A characteristic of many tube circuits is the delays that are produced. Delay 
is defined as the time elapsing between the beginning of a voltage shift at a grid and 
the beginning of a resultant shift at the plate. Because a positive input pulse starts 
from a level of about -15 to -30 volts and must rise to the cut-off point for the tube 
before any conduction occurs, the time required to rise to this point appears as 
delay in the output. Conversely, any time required for an input pulse to fall from the 
nominal +lOv level (where grid current flows) to ground (where grid current ceases) 
also appears as a delay in the output. Therefore, the slower the voltage transition 
at the grid, the more delay produced at the plate. This delay can be approximated 
as roughly one half of the rise or fall time of the input pulse. Delay of a circuit 
should not be confused with rise and fall time characteristics. 

All 
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2.00.00 STANDARD CIRCUITS 

The circuits in this section are popularly called standard or basic circuits be­
cause of their frequent usage in the system. The circuits are kept in one section 
as an aid to a thorough understanding of their operation and early application to 
machine logic. 

2.01. 00 + AND (-OR) CIRCUIT 

The +AND circuit in Figure A5 is the first of four basic diode circuits used. 
Diode circuits form the basis for switching, decoding, adder, sampling and control 
circuits. They are economical because they use few components and require no 
vacuum tubes. 

The circuit configuration for the +AND and the -OR are identical. The polarity 
designations are adopted in order to work with negative logic, that is, the recogni­
tion of the absence as well as presence of information. Logical operation of these 
two circuits is as follows: 

+AND circuit requires all inputs to be plus for a plus output. 

-OR circuit gives a minus output if any input is minus. 

Each description holds true for either circuit because the circuits are identical. 
However, the logical usage is different. The +AND insures that both inputs are up 
before the output comes up, while the -OR gives a minus output as long as any input 
is down. 

Figure A5f is the logic block and circuit configuration for the tapped-output 
AND circuit AB . Thus, an output higher than +l0 volts is obtainable. The infor­
mation in the upper portion of the logic block locates the junction point of the two 
resistors. This pOint is the tap. It represents the output of the A

B
. 

2. 01. 01 Circuit Description 

Figure A5a shows the junction point of the diodes and the resistor (R). This 
point is always used to locate diode circuits within pluggable units. Resistor (R) 
limits current and controls the rise time of the output. Cs represents input cap­
acity of the circuit being driven and stray wiring capacity. 

If both inputs are at -30 volts, the polarity is correct for both diodes to conduct 
(Figure A5b). The resultant current flow through R causes a voltage drop across it 
to maintain a level of about -30 volts. Because of the diode's forward resistance of 
100 ohms, the voltage at the junction will be -29. 04 volts. For practical purposes, 
the output is -30 volts and Cs is discharged. 

If input 1 changes instantaneously to +10 volts, diode 1 is cut off because the cathode 
is more positive than the plate (Figure A5c). Diode 2, with -30 volts on its cathode, 
maintains conduction and the output remains unchanged. There is a small amount of 
current flowing through diode 2 to the +lOv source, but its effect is negligible. 
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When input 2 changes to +10 volts, diode 2 is cut off because Cs momentarily is 
holding the output at -30 volts (Figure A5d). Cs has to charge through R to +140 
volts and this delays the rise of the output level. The voltage level at the junction 
starts heading for +140 volts but, as soon as +10 volts is reached, the diodes go 
back into conduction. The output is now +10 volts and Cs is charged to +10 volts. 

When input 1 falls to -30 volts, diode 1 conducts harder, discharges Cs ' and 
diode 2 is cut off (Figure A5e). The output follows the input down to -30 volts and 
Cs is discharged. When input 2 falls to -30 volts, diode 2 goes back into conduction 
to help maintain the -30 volts output. 

The action of an AND circuit may be summarized as follows: The output voltage 
of an AND circuit approximately equals the most negative input voltage. This state­
ment is true regardless of the number of inputs. 

2. 01. 02 Rise/Fall Time 

The fall time of an AND circuit usually follows the input. However, the rise 
time depends upon the time constant of an RC circuit and is delayed. In circuit 
design where the value of Cs and the desired rise time is known, this formula de­
termines the value of the limiting resistor. By transient analysis the formula for 
calculating rise time is: 

Rise Time 

-30 volts to +10 volts 

2.02.00 +OR (-AND) CIRCUIT 

t = ~: g~g Hg~:+g~~ 
R in megohms 
C in uuf (Cs) 
tin usec 

The circuit configurations for +OR and the -AND circuits are identical. Logical 
operation of these two circuits is: 

+OR circuit gives a plus output, if an input is plus. 

-AND circuit requires that all inputs be minus for a minus output. 

Therefore, the +OR circuit differs from the +AND circuit in that it needs only 
one input up to bring the output up. 

2.02.01 Circuit Description 

If both inputs are at -30 volts, the polarity is correct for both diodes to conduct 
(Figure A6b). The voltage drop across the limiting resistor sets the output level at 
about -30 volts and Cs is discharged. 

If either input rises to +10 volts, that leg conducts harder and provides a charge 
path for Cs (Figure A6c). The other diode cuts off and the output follows the input 
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in rising to +10 volts. It is normal for only one input to an OR circuit to come up at 
a time. 

When the input that was up at +10 volts drops to -30 volts, Cs momentarily is 
still charged to +10 volts, and the input diode is cut off (Figure A6d). This means 
that the fall time of the output is delayed because Cs maintains a plus voltage until 
it is discharged through R. The RCS time constant controls the fall time of the 
OR output. The input diodes again conduct when the level at the junction reaches 
a pOint slightly more plus than -30 volts. 

The action of an OR circuit is summarized as follows: The output voltage 
of an OR circuit apprOXimately equals the most positive input voltage. 

2.02.02 Rise/Fall Time 

The rise time of an OR circuit usually follows the input. However, the fall 
time is now the affected part of the output and depends upon an RC delay. Fall 
time of an OR circuit is computed by the following formula: 

Fall Time t = O. 17RC (701-704) 
0.34RC (702-705) 

+10 volts to -30 volts R in megohms 
C in uuf 
tin usec 

2.03.00 +AND CmCUIT DRIVING +OR CIRCUIT 

Throughout the system, AND/OR circuits are tied together to form a network 
that decodes, adds or multiplies. A common situation is: AND circuits drive OR 
circuits. The circuit configuration is shown in Figure A 7a. 

2.03.01 Circuit Description 

Assume the following initial status: 

Inputs 1 and 3 at -30 volts 
Input 2 at +10 volts 

The voltage at point A is about -30 volts because D1 conducts through R (AND). 
Parallel current also flows up through R (OR), through D4, and through R (AND). 
The parallel current does not affect the voltage level at point A because Dl con­
trols the level. Point A, being at -30 volts, sets the output level at -30 volts; Cs 
is discharged. 

Input 1 is changed to +10 volts, D1 and D2 are momentarily cut off because Cs 
holds the output at -30 volts. D4 conducts; as point B starts to rise, D3 is cut off. 
Neglecting the effect of diode back resistances, the output rises exponentially from 
-30 volts toward a voltage determined by the DC voltage division between R (AND) 
and R (OR). This is the DC voltage that would be present at the output if diodes 
D1, D2, and D3 were disconnected from the circuit. (Design practice sets this 
level at about +20 volts). Cs charges toward this voltage and is clamped at +10 volts 
by the input. Note that if R (AND) was too large, the diodes would remain cut off 
and the output would never reach +10 volts. 
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When either input 1 or 2 falls to -30 volts, the respective diode conducting 
causes point A to fall immediately to -30 volts. D4 is cut off because point B can­
not change until Cs discharges. Normal OR circuit fall-time delay takes place 
and the output falls exponentially to -30 volts. 

2.03.02 Rise/Fall Time 

It has been shown that the output of a +AND driving a +OR combines the rise/fall 
time delays of both circuits. However, the rise time formula listed in section 2.01. 00 
does not apply here. The formula is based on the percentage of the total circuit volt­
age the output has to swing. For example, the rise time for a +AND circuit is given 
as t = O. 27RC. The O. 27RC comes from universal time constant curve (Figure S9). 
The voltage limits in the +AND are +140 volts and -30 volts for a total of 170 
volts. The output swing is 40 volts. Thus the percent of output switch is 40/170 or 
23.5 percent. This percent of transition intersects the curve at O. 27RC (time con­
stant) and hence, the rise time formula. In the case of the AND/OR, the total 
equivalent voltage that the output sees has to be computed by Thevenin's Theorem 
(section 1. 01. 01, Book E). By computing the fraction 40/Eeq + 30 volts) and by using 
tLe curve in Figure E2, the number of time constants (t/T) corresponding to this 
fraction can be found. With this value use the following formula to compute the 
rise time of the AND/OR combination: 

Rise Time 
-30 volts to +10 volts 

t=Req C tiT 
R in megohms 
C in uuf 
Tin usec 

The fall time of a +OR circuit driving a +AND circuit can be computed in a simi-
1ar manner. 

2.04.00 DIODE CASCADING 

The back resistances of the diodes in AND/OR circuits act as a load on the driv­
ing circuits. When this effective back resistance is too low, the driving source 
(another diode circuit or cathode follower) cannot supply enough current to main­
tain proper down levels or maintain required rise/fall times. Diode AND/OR 
circuits with 5,6, and 7 inputs are used and these circuits present the problem of 
lowered effective back resistance. 

A six input AND circuit is shown in Figure AS before and after cascading. Back 
resistance of an AND circuit is especially important when only one input is at -30 
volts and is maintaining the output down level. This condition is shown in Figure ASa. 
Assume that each diode has a back resistance value of 400K. Each input that is at 
+10 volts can be represented as a resistor of 400K because each of these diodes is 
cut off. Five resistors of 400K in parallel give an equivalent resistance value of 
SOK as shown in Figure ASb. Therefore, the SOK acts as additional load to the -30v 
driving source. 

When a diode is placed in series with each pair of input diodes (A8c), effective 
back resistance is increased to 170K (ASd). The driving source now sees almost 
twice as much resistance offered by the inputs. Cascading cuts down the current 
requirements for this circuit. If the -30v input is a high impedance source (such 
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as an OR circuit), excess current drawn by cut-off diodes can raise the down level. 
Low impedance sources are also limited as to the amount of current that can be 
supplied to a positively returned load. 

Multiple input OR circuits present the same problem when all inputs are down 
at -30 volts except one. The one leg rising to +10 volts must handle the charging 
current from Cs and the cut-off diodes. The lowered back resistance of the cut-off 
diodes affects rise time and cascading increases the needed back resistance. 

The original design of AND/OR circuit networks determines whether cascading 
saves tubes or simply represents a waste of diodes. 

Cascaded AND/OR circuits are designated AC and 0C' respectively, in logic 
blocks. An example of AND/OR usage is shown in the Appendix and in the illus­
tration "12 to 6 Translator. " 
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2.05.00 INVERTER (I) (IK) 

The standard inverter in the 700 series is the high-speed inverter (Figure A9). 
The inverter circuit produces a negative shift at its plate when a positive shift is 
applied to the grid, and a positive shift at its plate when a negative shift is applied 
to the grid. This property makes it useful in inverting logical conditions, such as 
changing binary zeros to binary ones. The inverter is also a level setter and pulse 
shaper because of its amplification properties. 

The large resistance in the plate circuit gives a large voltage swing, but does 
not slow down the signal transition appreciably. The coil in the plate circuit speeds 
the rise of the plate voltage. When the tube is cut off, the coil produces a voltage 
which for a short time makes the plate more positive than it would be without the 
coil. The coil causes a slight overshoot in this rise of the plate voltage but has 
practically no effect upon the fall time of the circuit. The effect of this coil on the 
voltage at the plate is shown in Figure A9f. The lower dotted line represents the 
voltage without the coil; the upper overshoot represents the voltage produced by the 
coil. The resultant shape of the voltage shows the tendency to square the rise; this 
results in a fast-rising voltage at the plate. The 10K resistor and its by-pass cap­
acitor are used for grid current limiting when a low impedance driving circuit is 
used. The inverter has a nominal rise time of O. 2 usec (microsecond) and a fall time 
of 0.25 usec. An IK is the same circuit but uses one half of a 5965 tube. 

2. 05. 01 Circuit Description 

The minimum input requirements are +5 volts and -13 volts. Assume that the in­
put voltage is -20 volts. The tube is well beyond cut-off because cut-off bias is -8.5 
volts for a 6211 .. The divider output is at +10 volts because 0.33 rna are flowing 
through the divider circuit (Figure A9b). The DC resistance of the coil (25 ohms) is 
di sregarded. 

When the input rises to +5 volts or higher, the tube is in full conduction (Figure 
A9c). With a load of 6. 3K, tube current is found to be about 12.3 rna. Grid current 
keeps the grid slightly above ground. The current flowing through the plate load 
causes the voltage at the plate to drop to +62 volts. However, the divider circuit is 
tied to the plate and the +62v level. Divider current drops to O. 23 rna and this cur­
rent adds to the tube current through the plate load. The voltage at the plate is low­
ered to +62 volts and the divider output is -30 volts. Although this method of calcu­
lating plate current is an approximation, its simplicity overrules the small error 
involved. 

The level-setting characteristic of the inverter circuit is shown in Figure A9d. 
Because the circuit is fully operated by only a portion of the input pulse, the ampli­
fication of the tube resets the levels of the pulse. Pulse shaping is aided by both the 
amplification and the action of the peaking coil. 

2.05.02 Compensated Output 

The circuit produces a fast rise and fall at the plate. This voltage shift must be 
fed to the next circuit where stray capacitance acts upon the shift. Figure Age shows 
that if Cs is charged through R1, the output wave form is distorted. However, by 
adding a compensating capacitor C, the wave form produced by CR2 adds to the 
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output. Thus Cs has a fast charge path and the output more nearly represents the 
voltage shift at the plate. The compensating capacitor is 8.2 uuf or 15 uuf depend­
ing on the input capacity of the next circuit. 

The divider output is high impedance and must feed a cathode follower directly 
(high impedance input). The voltage for a tapped plate swings from +139 volts to 
+99 volts, and at the divider output from +10 volts to -30 volts. 
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2.06.00 TRIGGER (T) 

A trigger is a bistable multivibrator; that is, it remains in either one of two 
stable states until an external signal forces it to assume the other state. This 
forcing action is called triggering or flipping; another name for the trigger circuit 
is "flip-flop." The bistable property of a trigger makes it useful as a storage de­
vice. It is used in registers, counters, and gate-forming circuits. 

2.06.01 On and Off Convention for Triggers 

A trigger is said to be on when its left tube is conducting. Therefore, the left 
side is called the "on-side, " and the right side is the "off-side." In the "on" state, 
the left grid is up, the right plate is up, the right grid is down, and the left plate is 
down (Figure A10). If a trigger is used for storing binary information, it is storing 
a one when on and a zero when off. 

2.06.02 General Trigger Circuit Operation 

Basically, a trigger circuit resembles two inverter circuits in that each plate output 
is coupled to the opposite grid. In one stable state, the left tube is in full conduction 

(about 9. 5 rna) while the right tube is cut off. In the other state, the right tube is in 
full conduction while the left tube is cut off. To change from one state to another, 
an external signal must be applied to a sensitive point in the trigger circuit. 

For example, assume that the right tube is conducting (trigger off). The right 
plate is down; that is, its voltage is considerably less than +140 volts, while the left 
plate is up (near +140 volts). One method of flipping this circuit is to apply a neg­
ative pulse to the right grid. Because the right tube is conducting, grid current 
keeps the grid at about zero volts. The negative input pulse causes the right tube 
to cut off; consequently, the right plate voltage rises. This rise is then coupled 
through the plate -to-grid voltage divider (cross coupling circuit) to the left grid, pul­
ling this grid voltage up toward ground. The left tube then begins to conduct, pulling 
its plate voltage down. This shift at the plate of the left tube is coupled back to the 
right grid and reinforces the initial action. The cross coupling circuits speed the 
regenerative action and the circuit stabilizes with the right side cut off and the left 
side in full conduction. The input pulse can now be removed without reflipping the 
trigger, because conduction on the left side holds the right side cut off. 

The trigger can also be flipped by applying a positive pulse to a non-conducting 
grid or by lowering the plate voltage of a cut-off side through an external circuit. 
In any case, an input pulse must initiate a regenerative action to cut off the con­
ducting tube and bring the non-conducting tube into full conduction. 

2.06.03 Specific Components in a Trigger 

Each plate is coupled to the opposite circuit through a compensated voltage divi­
der. High-speed operation is obtained with the aid of the peaking coils in each plate 
circuit. The plate circuit may contain one resistor or two from which a reduced 
plate voltage swing may be taken as an output. 
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To prevent delay in the flipping of a trigger caused if the down grid voltage is 
far below cut-off, the grids are clamped by diodes. The plate of the diode is a -12v 
power supply. Any attempt to lower the grid voltage below -12 volts causes the 
clamp diode to conduct harder. With this procedure, the grids need to rise only a 
few volts to start conduction. 

2.06.04 Electronic Reset 

Because either side of a trigger can go into conduction when power is first ap­
plied, a provision must be made to establish a specific status. The trigger may be 
reset with the output of the reset cathode follower (KR) applied at the desired reset 
point. The reset cathode follower is usually preceded by either the pulse forming 
inverter (IpF) or a single shot (88). The reset point is the plate of the -12v clamp 
diode. The reset cathode follower provides -12v as a clamp voltage and changes to 
zero volts for reset. Bringing the plate of the clamp diode to ground forces a non­
conducting grid up; that side of the trigger goes into conduction. The reset pulse 
lasts long enough to insure that the regenerative action is complete. The notation 
of reset is placed in the title section of the logic block (Figure A10). The notation 
on the left indicates "reset on:' and on the right indicates "reset off." A trigger may 
have several resets, but only one takes place at a time. The origin of the reset is 
marked on the Systems page. 

Triggers may also be reset by the output of other triggers but in this case, they 
are pulled over (Book A, section 2.06.06) in the usual manner rather than by apply­
ing the pulse to the reset point. All triggers with the letter X in either the right or 
left-hand corner (depending on whether the trigger is to be reset off or on) are re­
set by "power on reset" through a reset cathode follower. 

2.06.05 Manual Reset 

A manual method of flipping helps to test the trigger circuit. The points in 
Figure A10 marked "manual on" or "manual off" are wired to pins on the panel. If 
a trigger is on and the manual-off pin on the panel is touched by a tweaking probe, 
the trigger is flipped off. The tweaking probe is merely a line connected through a 
by-passed, high-impedance resistor to ground. The ground connection pulls the 
tweak points (manual points) up toward ground, thus providing a positive shift at the 
grid to flip the trigger. Tweaking the manual-on point turns the trigger on if it 
was ini tially off. 

2.06.06 Inputs to a Trigger 

Figures All-A14 show several inputs to a trigger circuit. These are explained 
as follows: 

Plate Pullover Input 

The simplest input is the plate pullover type (Figure Alla). The plate pullover 
input is merely an inverter whose plate is connected to a plate of the trigger circuit. 
The plate load of the inverter is the plate resistor of the trigger. When a positive 
pulse is applied to the grid of a pullover inverter tube connected to an up plate of a 
trigger, the negative shift at the plate caused by conduction through the plate resistor 
of the trigger causes the trigger to flip. As long as the input to the pullover inverter 
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remains positive, no external signal on any other input to the trigger can flip it. 
That is, the plate pullover method exhibits holding action. If the inverter were 
connected to a down plate of a trigger, then the application of a positive gate to the 
pullover inverter grid would not affect the trigger in any manner other than pro­
ducing a holding action. 

DC Inputs 

Several AND/OR circuit configurations are used as DC trigger inputs. All are 
grid inputs and they exert holding action on the trigger when the DC input is up. 
Each circuit contains a clamp diode to prevent driving the grid above ground. Al­
though normal AND/OR circuit outputs swing between +10 volts and -30 volts, the 
ground clamp and the -12v grid clamp keeps the swing between 0 volts and -12 volts. 

A typical application is the one-legged AND circuit feeding the trigger (Figure 
Allb). Assume that the input is -30 volts and the grid is non-conducting (-12 volts). 
The base of the limiting resistor is -30 volts and diode C is cut off. As the input 
rises to +10 volts, the base of the resistor rises to zero and is held at that point by 
the ground clamp, diode B. Diode C starts to conduct at -12 volts and continues to 
conduct, forcing the grid up. The tube conducts; the trigger flips and is held in this 
status by the holding action of the input circuit. When the input drops to -30 volts, 
the voltage at the base of the resistor falls to -30 volts also. Because the trigger 
grid stays at zero volts (conducting), diode C cuts off as soon as the input passes 
zero volts on the fall. Only the holding action has been removed and the trigger does 
not flip back until impulsed by a different input. 

The same operation takes place when the OR circuit block feeds the trigger (Figure 
Alld). The infinity sign in the block means that the return resistor for the OR cir­
cuit is in fhe grid circuit of the trigger. In all cases, the diode closest to the trigger 
block indicates the polarity of the pulse operating the trigger. 

Figure Alld shows the normal clamp diode used as an input. An additional diode 
is added for clamp and reset purposes. Usually the clamp diode is used as an input 
when several input circuits are tied to the same grid. This procedure increases the 
impedance of the grid circuit in the same manner as cascading in AND/OR circuits. 
This increased impedance is necessary to prevent unbalancing the grid circuits and 
producing unstable triggering. 

Negative Shift Input 

The negative shift input (Figure A12b) is an AC input and does not exhibit holding 
action. The negative facing diode blocks a positive shift and allows a negative shift 
to cut off the tube. Because of the RC circuit involved, recovery time of the input 
circuit is a necessary consideration. A notation, such as 0.2 usec, may be placed 
near a shift input to denote the recovery time. The notation O. 2 usec means that the 
input must be positive for 0.2 usec before a negative transition begins. The RC cir­
cuit must recover ~ime out) to transmit the full shift to the grid. 
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Binary Input 

The binary input is a negative shift input to a trigger and allows it to be flipped 
regardless of its previous state (unless it is being held by another circuit). A bin­
ary input is indicated when the same signal is applied to both the left and right grid 
(Figure A12c). For example, if the trigger is off and it is fed a pulse through a 
binary input, the trigger is flipped on. If another pulse is tlmn applied to the binary 
input, the trigger is flipped off. 

One grid is initially at ground, and the other is about -12 volts. The negative 
shift begins at ground and pulls the conducting grid negative. The first twelve volts 
of the negative shift cannot affect the cut-off grid because the binary input diode con­
nected to that grid is cut off. By the time this diode is ready to conduct, the regen­
erative action initiated by the negative shift on the opposite grid produces a positive 
shift at the formerly cut-off grid. 

If the differentiated spike is narrow enough and not excessively large in amplitude, 
it does not interfere with the positive shift at the formerly cut-off grid. However, 
if it is too wide or too large in amplitude, it may interfere with the positive shift, 
causing the trigger to flip back to its initial state. For this reason, the binary input 
should not be fed a pulse of very great amplitude. 

Self-Gated Binary Input 

The most widely used binary input to a trigger is the self-gated binary. It is used 
when pulse amplitude and width would affect a normal binary input. The circuit is 
shown in modified block form in Figure A13. When the ordinary binary input exhibits 
self-gating action for the first 12 volts of the negative input shift, the self-gated input 
exhibits this property for the full pulse amplitude because of the different voltage 
levels maintained at the input diodes. 

The voltage at the junction of the 12K and the 330K resistors is about +135 volts. 
When the input is a -30v shift, the voltage at the diode junction is then +105 volts. 
Now the potential at the junction of the diode, the 22K resistor and the 22-uuf cap­
acitor of the conducting side of the trigger, is about +132 volts. The potential at 
this same point on the cut-off side is about +94v. Thus, the diode on the cut-off 
side cannot conduct while the one on the conducting side conducts. The conducting 
grid is brought down; this side ceases to conduct while the cut off grid is brought up 
to ground and starts to conduct. 

The driving circuit may be either a standard cathode follower with the minimum 
load or a standard 6211 inverter tap or trigger tap. The inputs are 25v to 35v neg­
ative shifts. The input fall time must be less than 0.25 microsecond for a 25v in­
put and less than 0.4 microsecond for a 35v input. Recovery of the input network 
limits the frequency of operation to 150KC maximum (with minimum input signal). 
The trigger output rise time is 0.35 microsecond; the fall time, including delay, 
is 0.2 microsecond. 

A33 



2.06.07 Input Requirements for the Trigger 

The following are minimum requirements for flipping a trigger with various in-
puts: 

Plate Pullover: standard inverter input. 
DC: lower level -20 volts to -30 volts; upper level +5 volts to +15 volts. 
Minus Shift: 25v minus shift; 60 volts/usec minimum slope. 
Binary input: 25v minus shift; 60 volts/usec minimum slope. 

2.06.08 Outputs from the Trigger 

There are four types of outputs from a trigger (Figure A14). The full plate swing 
of either plate may be used·, or the plate resistor may be tapped when a smaller 
swing is needed. Generally, this tapped output is used for feeding binary inputs of 
other triggers. A standard signal level may be obtained from a voltage divider 
connected to either plate. If the divider is not used, it is not wired into the circuit. 
When driving a plate-level cathode-follower Ka (702-705 components only), a 
special divider from the trigger plate to +140 volts is used. The output of this tap­
ped divider (TD) is about the same as the tapped plate. 

2.06.09 Voltage Levels in the Trigger 

The following are nominal voltage levels in a high-speed trigger: 

Full plate: +53 volts and +125 volts (divider connected). 
Tapped plate: +94 volts to +132 volts (divider connected). 
Divider output: -30 volts to +10 volts. 
Grid: Tends to go down to -25 volts but is clamped by diode at -12 volts. 

Tends to go up to +17 volts but is grid-clamped at about ground. 
Manual reset points: -74 volts to -79 volts. 

When the voltage divider is not connected to the plate output, the upper plate 
level is +125 volts, and the lower level is only a few volts higher than the +53 volts. 
A trigger may produce some delay and gives a nominal rise time of o. 35 usec and 
fall time of 0.3 usec. 

2.06.10 Block Representation of the High-Speed Trigger 

A single trigger may have many outputs; it may have different inputs to the 
same grid or the same type of inputs to opposite grids. A grid input may be shown 
in either lower corner. A self-gated binary input is indicated merely by a straight 
line drawn into the middle of the bottom of the block. Diodes closest to the trigger 
block indicate the polarity of the voltage affecting the trigger. 

A tapped output is represented by a line coming out of the top of the block near 
one side and with a T placed next to the line. Full plate outputs are represented 
similarly with no T. The divider output is drawn from the side of the block. When 
the divider is changed to drive a plate level cathode follower, a TD is placed next 
to the line at the top of the block. 
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2.06.11 Special Features 

To indicate the state of a trigger, a neon is usually connected through a one-meg­
ohm resistor to the right plate. The neon is mounted on the panel and is returned to 
ground. It is lit when the trigger is on. A trigger circuit always uses the half 
tubes in the same envelope. If a manual reset is not used, the 62K and 47K resistors 
are combined into one 1l0K resistor (grid return). Values of compensating capacitors 
are changed in the same manner as in the inverter. 

2.06.12 Application of Triggers 

Trigger Registers 

Trigger registers are frequently used as temporary storage throughout the 700 
series An example of a four-position register is shown in Figure A15. The reg­
ister is reset by opening the -250v bias at the off-side. It may also be reset by 
"reset register." When this line goes positive, it resets the triggers off through the 
+ DC inputs to the off-side of each trigger. The triggers store the information fed 
to the inputs. At read-in-register time, the input lines are sampled at the AND cir­
cuits across the bottom of Figure A15. If any of the AND outputs goes positive, the 
trigger tied to it through a + DC input is turned on. This information is stored here 
until the next reset time. The output of the register is available from cathode 
followers tied to the off-side plates of the triggers. 

Leslie Ring 

As shown in Figu're A16, the on-side grids of alternate triggers are connected 
together and each set is connected to opposite sides of binary connected trigger 
(TA). The input to the ring is fed to the binary trigger, the negative shift at the on­
side plate is fed to Tl , turning Tl off, Note that at T2, there is now a negative 
pulse turning the trigger on while a positive shift to the on-side grid is not seen by 
the trigger, since the negative-shift input is being used. With the next negative 
shift to the binary trigger, the trigger goes off, sending a negative shift to T 2 and 
T 4. This negative shift turns T 2 off. The fact that T2 is going off gives a negative 
shift to T 3, turning it on. Again, note that T3 is being hit only at the off-side grid. 
The ring steps around in like manner until the last trigger goes off. If the out-
put of the last stage is not fed back to close the loop, the ring stops when the last 
trigger goes off. 

Trigger Counters 

Pulses can be accumulated in binary triggers in the form of trigger counters. 
As shown in Figure A17a, the counter is reset with all the triggers off. The input 
is fed to the first stage only. As the first negative shift is fed to the input, the first 
stage goes on, making its off-side plate go plus. This pulse shift is fed to the sec­
ond stage with no effect. As the second negative shift at the input turns the second 
stage on, Note at this time that only when a trigger goes off does it affect the fol­
lowing stage. With a third impulse, the first stage is turned on, leaving the first 
and second stages on and the third stage off. With the fourth negative shift at the 
input, the first trigger goes off, feeding a negative shift to the second stage, and 
turning it off. As the second stage goes off, the negative shift from its off-side 
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plate turns the third stage on. By correlating the triggers that are on with the 
number of pulses fed to the system, the first stage may be said to represent one, 
while the second stage represents two, and the third stage represents four. At 
this time, we have fed four pulses to the counter and have turned on the third 
stage indicating the sum of the input pulses. With the fifth pulse, the first stage 
again goes on, leaVing the third stage on and indicating the accumulation of four 
and one. 

As the counter accumulates, it may be shown that the sixth pulse would turn 
on the second stage. Likewise the seventh pulse turns the first stage on, leaving 
the equivalent of four, two, and one in the counter. With the eighth pulse, all 
positions are turned off, restoring out counter to its original condition. This 
counter is said to be an octonary counter. Similarly, counters with various 
radices (base numbers) may be constructed. To achieve this, various forms of 
blocking and feed-back circuits are used when the radix of the counter is not an 
integral power of two. The illustration discussed above is sometimes called a 
"count-up" counter. There is application in the 704 for "count-down" counters. 
Such a configuration is shown in Figure A17b. In this application the counter is us­
ually set up to some predetermined value, and pulses are subtracted from this 
value. Let us say that by some means the counter is reset, as indicated by the 
X's in Figure A17b. This would put a 3 in the counter. To subtract 1 for each in­
put pulse, the counter goes to zero with three pulses. The first pulse to the counter 
turns the first stage off. Using the output from the on-side, note that there is no 
further action in the counter since a positive shift from the on-side of the first 
stage has no effect on the binary input of the second stage. As the next pulse comes 
in, the first stage is turned on. This gives a negative shift to the second stage, 
tu'I'ning the second stage off. The third pulse turns the first stage off leaving the 
counter with all zeros. The output of the triggers is tested to determine when the 
counter goes to zero, thereby indicating when a predetermined number of pulses 
has been sensed. 

Note that the count-up and count-down counters are basically alike, but the 
carry from stage to stage is taken from opposite plates. A reason for using the 
count-down counter is that the counter does not have its "ripple-down" just before 
it registers zero. The term "ripple-down" pertains to the action of a count-up 
counter when all the triggers of the counter are on and the next pulse must turn 
each of the triggers off in succession. Ripple-down also describes the action in a 
count-down counter when all the triggers are off and the next pulse turns each stage 
on. Since it takes a definite time to flip a trigger, the time is accumulative in 
ripple-down and a considerable delay is introduced in the system. 
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2.07.00 DIODE GATE (DG) 

The diode gate acts somewhat in the same manner as an AND circuit and is used 
to flip a trigger. It is used where speed of operation is not essential. 

2.07.01 Circuit Description 

The upper end of the 39K resistor is connected to a circuit (such as a divider 
output of a trigger) that will supply a nomtnal +lOv to -30v gate pulse. The diode 
input is the output of a special cathode follower that gives a +lOv to -14v pulse. 
The prerequisite for proper operation is that the gate input overlap the diode input. 

A typical operation is shown in Figure A18. All the pictures have the same 
time relationship. The diode input shows two +8v to -18v pulses (an example of 
normal circuit variations, hence the usage of "nominal"). The gate of +9 volts to 
-30 volts is going to select or "gate" one of the pulses at the diode input. The junc­
tion point is initially at about -30 volts and the diode is cut off. As the gate rises to 
+9 volts, the junction point rises exponentially to -18 volts and is held at that point 
by the diode's going into conduction. As the diode input rises to +8 volts, the diode 
again is cut off and the junction point rises exponentially toward +9 volts. The 
capacitor is now charged. When the diode input falls to -18 volts, the diode's con­
ducting provides a discharge path for the capacitor and the junction point falls 
sharply to the diode input level of -18 volts. The diode maintains this voltage 
level until the gate falls. When the gate falls, the diode cuts off and the junction 
point falls exponentially to -30 volts. The sharp fall from +9 volts to -18 volts is 
coupled through the capacitor to the trigger grid. The negative shift forces the 
grid from 0 volts to -12 volts (held by -12v grid clamp) and causes the trigger to 
flip off. The trigger was turned on by a different circuit. 

The above description has shown that coincidence of the gate and diode input is 
necessary for the diode gate to flip the trigger. The exponential rise and fall at 
the junction point do not affect the trigger. 

2.07.02 Variations 

A second diode input may be added (broken line, Figure A18b) to the circuit. 
The DG must then have coincidence of all inputs to operate; a negative shift into 
either diode input causes a negative shift output. 

The resistor input can be fed from a trigger tap at plate level. The diode input 
must be fed from a special plate level cathode follower to give the same voltage 
relationship as previously described. 

The capacitor is shown outside the diode gate block. When it is not shown out­
side the block, it is not in the circuit. There are special cases in the drum where 
the output of a diode gate is fed directly to the grid of a cathode follower. In this 
case, the circuit acts as an AND circuit. However, the capacitor can be placed 
in the output of the cathode follower for AC coupling purposes. In all diode gate 
blocks, the upper section contains the location of the junction point. 
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2.08.00 DIODE GATE (GJ ) 

The diode gate GJ serves a purpose similar to that of the diode gate DG. It is a 
gated input circuit and flips a trigger with a positive shift. The circuit appears 
in certain registers in CPU. The GJ operates faster than the DG' 

2.08.01 Circuit Description (Figure A19) 

The diode input is a +10v to -30v gate from a cathode follower, while the input 
to the 22-uuf capacitor is a sharp 55v + pulse, originating in the wave-form gener­
ator peaker (PKRZ)' This pulse is applied to a cathode follower that drives the 
capacitor input. When the input to the diode is -30 volts the output is approx­
imately -30 volts, and the +55v pulse at the capacitor input is swamped out by the 
heavily conducting input diode. However, when the input to the diode is +10 volts, 
the diode is cut off because the plate is at about -12 volts. The 55v pulse now causes 
the output to swing from -12 volts up to ground. 

Figures A19b, A19c and A19d show typical wave forms. A steady +10 volts is 
at the diode input. Figure A1ge shows the points where the wave forms are located. 
Point A is the junction point of the diode gate (A19a). 

The ground clamp tends to prevent overdriving the trigger grid positive. The 
input diode to the trigger block isolates the negative shift of the input pulse. The 
value of the return resistor is 33K and is not shown in the logic block. As in other 
diode circuits, the upper section of the block contains the location of the junction 
point. 
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2.09.00 CATHODE FOLLOWER (K) 

The basic powering circuit in the 700 series is the cathode follower K (Figure 
A20). Cathode followers have many characteristics that promote their wide use 
in calculators. They are primarily power amplifiers and, therefore, are used 
for supplying a stable voltage level for driving resistive loads such as diode 
AND-OR circuits or capacitive loads such as wiring capacitance. Their high in­
put impedance and low output impedance make them useful for impedance matching 
and isolation. They do not invert a signal, but they do attenuate a signal. 

2.09.01 Circuit Description 

To understand thoroughly the natural actions of a cathode follower, the self­
biasing characteristics of the circuit should be understood. The plate, with +140 
volts, is always calling for more current. The controlling grid is calling for 
more current as long as the effective bias is positive, is neutral when the bias is 
zero, and completely resists the plate command when the effective bias reaches 
-3 volts (-30 volts on the grid). The grid takes control at -Iv bias, when the in­
put is +10 volts. The reason for the different stable points of bias voltage at the 
two different input levels is readily understood by noting the effective plate voltage 
in both cases. Because the effective plate voltage is only 129 volts with +10 
volts on the grid, only one volt bias is needed. With an effective plate voltage of 
167 volts (-30 volts on the grid), more bias (-3 volts) is needed to overcome the 
effect of the plate. 

The tube conducts in such a manner as to tend to regulate itself, that is, not 
to allow an appreciable voltage change from grid to cathode. If the tube current 
increases, the tube tends to cut itself off as the cathode tends to rise. This 
cut-off action tends to decrease the current. If, on the other hand, the current 
tends to decrease, the cathode potential tends to fall, thus increasing the current 
flow. This type of self-regulation is called inverse voltage feed-back. 

Current through the tube causes a voltage drop across the 91-ohm dropping 
resistor. With the input at +10 volts, this drop should aboqt equal the grid-to­
cathode rise, so that the output voltage is also +10 volts. If the input signal should 
drop to -30 volts, then the output voltage would also drop. Note from the tube 
characteristics that a change in current through the tube, which accompanies the 
change in voltage across the load, increases the negative grid bias to about three 
volts. With this bias and this current, the drop across the 91-ohm bias resistor 
changes from the one volt to about one-half volt. This means that the drop across 
the dropping resistor can no longer compensate for the grid-to-cathode rise, and 
the output will now be more positive than the input. The voltage rise in a cathode 
follower is about one tenth of a volt per volt change in signal level with the min­
imum cathode load in the circuit. As the cathode resistor is increased, the value 
of the lower level can be expected to increase also (about one volt per 3K increase 
in cathode resistor). The gain of a cathode follower operating class A is about 
0.9. 
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2.09.02 Positively Returned Resistive Load 

If the cathode follower load is resistive and is returned to a positive voltage, 
the current for the load must be supplied from the -60v supply through the cathode 
resistor (Figure A20b). Because the tube regulates itself, this load current is 
taken away from the tube. As load current increases, tube current decreases. 
Design limits the minimum current through the tube to 1. 5 rna. Therefore, a single 
cathode follower (5965 tube) can supply 10.5 rna without materially affecting voltage 
level (low impedance output). 

2.09.03 Negatively Returned Resistive Load 

A load that is returned to a minus supply voltage is effectively paralleled with 
RK (Figure A20b). Therefore, any current demands of the load must be met by the 
tube. A value of RK is chosen so that, in parallel with the load, the total imped­
ance is such that both currents together will not exceed 12 rna. 

2.09.04 Capacitive Load 

Let the loading become capacitive and the situation changes somewhat (Figure 
A20b). Assume that a capacitance is connected from the output to ground. If the 
grid now shifts from +10 volts to -30 volts, what are the conditions? Because the 
voltage across the capacitance cannot change suddenly, the cathode is held at +10 
volts while the grid shifts to -30 volts. The tube is cut off for a time. The out­
put voltage drops at a rate determined by the RC path of the capacitance and the 
load resistor. After the voltage has dropped far enough, the tube starts to con­
duct again. When the input again shifts to +10 volts the capacitance is charged by 
the current through the tube. Usually the input capacitance from succeeding 
stages is such that the RC time constants encountered are comparable to rise and 
fall time of the input. Therefore, the extremes of cut-off and very heavy conduc­
tion to charge the capacitance are not encountered, and the output follows the in­
put. If the RC time constant is such as to cause the above mentioned extremes, 
the output does not follow the input but depends on the RC time constant. This 
condition appears as output distortion. 

2.09.05 Parallel Cathode Follower 

The use of more than one cathode follower in parallel helps to minimize the 
voltage rise of the down level through the circuit with a given load. Paralleling 
the cathode followers also provides more current for the line charging purposes to 
speed output voltage shifts. In addition, the paralleling 10wers the effective cathode 
resistance, allowing faster discharging of line capacitance. Each tube can use one 
RK or the value of RK can be divided by the number of tubes paralleled. When 
cathode followers are paralleled, the connections are made at the grid parasitics 
and the output (Figure A20c). The number of half tubes in parallel precedes the 
symbol K in the block diagram, thus a whole tube cathode follower is symbolized by 
2K. Parallel cathode followers are more susceptible to parasitic oscillation than 
are most of the other circuits or unparalleled cathode followers. 
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2.09.06 Cathode Follower OR Circuit 

Frequent use is made of a cathode follower to act in the same manner as a 
diode input to an OR circuit. Two or more cathode followers are tied together 
as shown in Figure A20d. Because they each use the same return resistor, any 
input rising to +10 volts causes the output to come up (OR circuit operation). The 

components of a diode OR circuit and a separate cathode follower are saved by 
this method because all input lines to the diode OR circuit would need powering. 
The block notations of a cathode follower OR circuit are KO or K with infinity signs 
(00) in all blocks but one. 

2.09.07 Cathode Follower Inputs 

Figure A21 shows several special input circuits and their logic block notations. 
Special integrated and differentiated inputs are used whenever mechanical devices 
such as relays or circuit breakers are used to control voltage levels or activate 
circuits. 

2. 09. 08 Summary 

The following points summarize the operation of the standard cathode follower: 

1. Power amplifier 
2. No inversion 
3. High-input, low output impedance 
4. Self regulation (inverse voltage feedback) 
5. Attenuation--gain about 0.9 
6. Class A operation (normally) 
7. Rise in down level 
8. RK set to not exceed current limitations of tube and set fall time of 

capacitive load 
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2.10.00 GROUNDED-GRID AMPLIFIER (GAF) 

The grounded-grid amplifier GAF , E'hown in Figure A22a, is used as a level 
setter and pulse shaper. As pulses pass through the machine, their shape and 
voltage levels deteriorate. The GAF is used to reshape the pulse and feed it to 
cathode followers. The special down level of -38 volts permits normal cathode 
follower down level loss without affecting minimum down level requirements. The 
GAF does not invert the signal. 

2.10.01 Circuit Description 

The grid of the right tube is held at approximately -3 volts by the voltage divider 
network between -60 volts and ground. With -30 volts on the left grid, the right 
tube is conducting approximately 10.5 rna, the cathode is -2.5 volts, and the right 
plate is at +45 volts, resulting in -38 volts at the divider output. The left tube is 
cut off. 

As the input signal rises, the left tube starts to conduct with approximately -10 
volts on its grid. More current flows through the cathode resistors and the voltage 
at the cathode rises. Because the grid bias is fixed at -3 volts, the rising cathode 
voltage causes the right tube to begin cut-off action and its plate voltage rises toward 
+140 volts. The tube characteristics are such that when the input voltage reaches 
+3 volts, the cathode is at +3. 5 volts and the right tube is cut off. The divider out­
put is now +10 volts. Any further rise of the input causes the left tube to conduct 
harder and the cathode voltage rises as in a cathode follower. Because the right tube 
is cut off, the rising cathode voltage has no effect on the right tube or the output 
voltage. 

As the input drops, the previous action is reversed. The right tube starts to 
cbnduct when the input is at +3 volts and is in full conduction when the input falls to 
-10 volts. The divider output returns to -38 volts. There is about a 4-to-1 speed­
up in rise time and about a 10-to-l speed-up in fall time. The reason for the dif­
ference in speed-up of the rise and fall time is the shape of the portion of the input 
signal that is being used. The leading edge of the input signal is usually sloped 
much more in the used portion than the trailing edge. Figure A22b shows a typical 
input to a GAF and the resultant shaped and level-set output. Minimum input voltage 
requirements are +5 to -20 volts. The tapped plate output levels are +138 volts to 
+94 volts nominal. 

There is a special case in the arithmetic circuits in CPU where a GAF is used to 
reset a voltage level before impulsing a trigger. Noise on the incoming pulse was 
found to pass through the GAF and erroneously to set the trigger. A 68-uuf capacitor 
has been added from GAF plate to ground. The addition of this special capacitor is 
shown outside the GAF logic block. 

2.10.02 Variation--1/2 GAF 

Sometimes the output of a cathode follower OR circuit needs to be shaped and 
level set. One-half tube can be saved by feeding the OR output directly to the cathode 
of the right tube and deleting the left tube. The rising input to any cathode follower 
in the OR configuration operates the right tube in the same manner as the GAF . The 
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1/2 GAF block uses one-half of a 5965 and the input is at cathode level. All Ko 
blocks have infinity signs denoting that they are sharing the cathode circuit of the 
1/2 GAF (Figure A22c). 

2.10.03 Variation (GA
FO

) 

The GAFO is a GAF with multiple inputs (Figure 22d). One input is the normal 
grid input and one or more inputs are tied to the cathode. Therefore, any of the in­
puts can control the output. The inputs are labeled G for grid and K for cathode 
to denote their levels. 
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2.11.00 SINGLE SHOT (SSE) 

A basic monostable multivibrator is the single shot, SSE' It currently replaces the 
standard single shot SS, and, therefore, is covered in this section. This circuit 
is used to generate gates or pulses of specified duration and to provide delays. A 
single shot resembles a trigger circuit in that it may be flipped into a certain state. 
B~t it then returns to its previous state after a predetermined time without being 
impulsed from an external source. After being impulsed, the circuit turns on and 
stays on until the predetermined time has elapsed. The circuit then returns to its 
off or quiescent state. 

2.11. 01 Circuit Description (Figure A23) 

In its quiescent state, the right tube conducts about eight milliamperes with the 
right grid at about zero volts and the right plate down to about +35 volts. Because 
of the same type of cross-coupling as is in the trigger, the left grid is held down 
and clamped at -12 volts. The left tube is cut off and its plate is up near +140 volts 
and its cathode is at ground level because of the ground clamp diode. The cathode 
can rise above ground level but it cannot fall below this point. 

Assume a 40v negative shift being applied to the input capacitor. The shift 
couples through the 68 uuf capacitor, through the negative facing diode and is im­
pressed on the left plate. It is coupled on through the timing capacitor C to the 
rig1!t grid, dropping the grid to about -40 volts and solidly cutting the right tube off. 
Because the voltage across a capacitor cannot change instantaneously, the plate side 
of the timing capacitor is now at about +100 volts with the grid side at about -40 volts. 
The regenerative action of the circuit now starts. As the right tube begins to cut off, 
the right plate rises. This rise is coupled back to the left grid, bringing the left 
tube into conduction. As the left tube starts to conduct, the left plate voltage drops 
to +53 volts. This voltage drop aids the original negative shift, reducing the grid 
another 47 volts (100-53). When the left side is in full conduction (about 4.5 rna), 
the circuit has the following voltage status: 

Left plate 
grid 
cathode 

Right plate 
grid 

+53 volts 
+10 volts 
+10 volts 

+118 volts 
-87 volts 

With the right grid driven down to -87 volts, the timing capacitor CT still has a 
potential of 140 volts across it. 

As the left tube reaches its steady state of conduction, the voltage shift affecting 
the right grid stops and the timing-out action of the single shot starts. The right side 
of CT is held at +53 volts by the left plate voltage. CT starts to discharge and the 
right grid rises toward +140 volts through RT. The right grid voltage rises exponenti­
ally until it reaches -6.5 volts, the cut-off point of a 5965. Because the grid has to 
rise 80.5 volts to reach cut-off, the rise represents only 35 percent of the possible 
potential change (to +140 volts is maximum). Referring to the universal time con­
stant curve (Figure E4), note that 35 percent of the total possible change is accomp­
lished in 45 percent of the time constant. The time of this single shot is equal to 
0.45 CT RT' 
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As the right grid reaches -6.5 volts, the right tube starts to conduct and the re­

generative action takes place to cut off the left tube. The right tube, going into con­
duction, lowers its plate voltage and this shift is fed back to the left tube to cut it off. 
Cutting off the left tube allows its plate to rise slightly and this rise is coupled 
through CT to the right grid, bringing the grid up to zero volts where it is held by 
grid current flowing through RT. The regenerative action is complete and the single 
shot has "timed out. " 

2.11. 02 Recovery Time 

At the completion of the regenerative action, CT has zero volts on the grid side 
and +59.5 volts on the plate side. Before the single shot can be used again, the 
circuit must be restored to its quiescent state with a charge of 140 volts across CT. 
The charging or recovery time is now determined by the R/C network of CT and 
the two 10K resistors in the left plate circuit. The voltage on the left plate is held 
back for the time necessary to charge CT" This recovery time is about 5 percent 
of the timing-out time. 

2.11. 03 Timing Accuracy 

The left tube circuit contains precision cathode resistors that provide degenera­
tion or self-biasing characteristics. Effect on the circuit by variations in tube char­
acteristics is held to a minimum. The capacitor in the left cathode circuit momen­
tarily keeps the left cathode positive as the left grid is being pushed down at the end 
of the timing cycle. The cathode tends to follow the grid down; it would take longer 
to cut off the left side. 

With a variation of 10 percent while biasing the +140v and -130v supplies, the 
timing does not vary more than +4 percent to -6 percent. 

2.11.04 Inputs 

The circuit description mentions the negative shift input. The single shot can 
also be impulsed by a positive input (Figure A23). The input is tied directly to 
the left grid with a diode to block negative shifts. The positive shift forces the left 
tube into conduction and the regenerative action takes place as before. The inputs 
to the single shot show their polarity by their position on the logic block. The 
positive input is placed on the left side and the negative input is placed on the right. 

Both inputs require a 25v minimum shift at 60 volts/usec and an input pulse 
width of at least two usec. A noise pulse of 14v sharp rise triggers the single shot 
through the positive input while a noise pulse of 11 v sharp fall triggers the single 
shot through the negative input. The 10K resistor in the input circuit is removed 
for timings of 10 usec or less. 

2. 11.05 Outputs 

The various nominal output levels and rise/fall times are as follows: 
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Output 

Right divider 
Tapped right plate 
Left divider 
Tapped left plate 

Voltage Level 

+10, -33 
+130, +86 
+14, -34 
+137, +92 

* A function of CT and left plate load. 

Rise/Fall 

0.2/0.35 usec 
same 
*/0.2 usec 
same 

The delay in the rise of the left plate is caused by the exponential charging of 
CT during recovery time. See typical output wave forms in Figure A24. 

2.11.06 Miscellaneous 

The Systems page shows near the SSE logic block the value of CT' the value 
of RT' and the timing or duration of the single shot. RT can be varied from l30K 
to 1. 0 megohms. CT can be varied from 100 uuf upward. It is unwise to use a 
single shot for timings below 3. 5 usec. All resistors in the left plate and cathode 
circuits are precision resistors for timing accuracy. RT is also a precision re­
sistor in critical timing applications. 

2.11. 07 Variation (SSF) 

The SSF is one design variation of the single shot. The SSF is used when a fast 
left divider output pulse is required. During restoration the SSE has a left plate 
voltage that is slowly rising because CT is charging. 

The only circuit change in the SSF is the location of the diode and lOOK resistor. 
They are moved from the input circuit to the plate side of CT (Figure A20). The 
addition of these components between CT and the left plate releases the plate from 
CT during recovery time. As the left side of the tube cuts off after timing out, the 
left plate is free to rise rapidly. Because the lOOK resistor and CT represent a 
divider circuit to the plate, the voltage at the plate does not rise to +140 volts but 
to a value slightly lower. The transition is not as far as the SSE but it is faster. 

By adding the lOOK resistor in the charge path of CT, the recovery time of the 
SSF is longer than the SSE· Recovery time for this circui t is about 40 percent of 
the single shot duration. 

2.11.08 Outputs (SSF) 

The output levels are the same as the SSE. However, the rise/fall times are 
changed as follows: 

Output 

Right divider and plate 
Left divider and plate 

Rise/Fall 

0.2/0.6 usec 
0.7/0.2 usec 

In all other respects, the SSE and the SSF are the same. 
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2.12.00 PULSE FORMING INVERTER (IpF) 

The pulse-forming inverter IpF (Figure A25a) generates pulses at various 
points in the system. The input to the IpF is a negative transition with an amp­
litude of 25 to 50 volts, and a fall time greater than 60 volts/usec to the driving 
cathode follower. (A standard cathode follower always drives an IpF.) No change 
is allowed in the input wave form until four usec after the negative transition, to 
allow the circuit to time out normally. The divider output of the IpF is a nominal 
+10v to -31v pulse with a rise time of 0.15 usec and a fall time of 0.40 usec (0.15/ 
0.4). The nominal pulse width is two usec at 50 percent amplitude. 

2.12.01 Circuit Description 

In its quiescent state, the tube conducts about 12.5 rna with the grid drawing 
about 0.02 rna. Positive shifts at the input are clamped by the diode to ground 
and blocked by the diode to the 150-ohm grid resistor. The divider output is about 
-30 volts. The negative shift supplies the current to charge the tank circuit and 
to lower the grid voltage. The current flowing into the tank charges C and magnetic 
energy is stored in L. (See "LC Tank Circuits, " section 1. 01. 04, Book E.) Near the 
bottom of the falling input pulse, the slope of the pulse decreases. This decreased 
slope causes a change in charging current to the tank. Inductor L tries to resist 
the current change by giving up its magnetic energy (collapsing flux lines), tending 
to keep the current flowing. The collapsing field starts the tank circuit oscillating 
even before the input shift is complete. (See input wave form for reflection effect 
from tank.) When the grid goes negative, the tube is rapidly cut off and the divider 
output swings up to about +12 volts with some overshoot caused by the coil in the 
plate circuit. The output pulse width is determined largely by the natural period 
of the LC tank circuit in the grid with the input capacity and the circuit resistance 
tending to increase this width (t = 2n JLC). The input tank tends to ring but the 
positive half cycle is dissipated by the ground clamp diode. The 120K resistor 
from the grid to +140 volts speeds up the swing back of the grid to ground level 
after the negative transition. The 470-ohm resistor keeps DC current out of 
the tank circuit and routes it through the diodes to +140 volts. 

The wave forms show the input pulse, the voltage at the grid and the divider out­
put. Note that the upward transition of the tank circuit is reflected back to the input. 
For this reason, the driving cathode follower does not feed any other circuit. The 
input must stay down until the tank has completed its timing cycle. 

2.12.02 IpF Timing 

There are definite reasons why an LC tank circuit is used instead of RC timing 
as found in the single shot. The IpF is used to generate a relatively accurate timed 
pulse. The circuit should not be affected by variations in the input shift. Figure 
A25b shows the timing variation that can be encountered if an RC input circuit is 
used. The input shift varying 10 volts has a material affect on the time that the 
grid is held below cut-off. Figure A25c shows that a tank circuit, whose time or 
frequency is largely a function of Land C, does not produce as large a timing 
variation as did the RC circuit. The grid voltage also moves through the cut-off 
point at a faster rate, producing a faster falling voltage at the plate. 
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2.13.00 OSCILLATOR (CLOCK OSC) 

The oscillator (Figure A26) used in the clock drive is a crystal-controlled modified 
electron-coupled oscillator. Feedback in this type of circuit is usually accomplished 
by the interelectrode plate-to-grid capacitance. However, to insure circuit stability, 
a small plate-to-grid capacitor has been added. A quartz crystal with properties 
enabling it to vibrate at a specific frequency (one megacycle is shown) is used in the 
grid circuit to control tube conduction. An adjustable tank ciruit feeds the swinging 
plate voltage back to the grid, to re-energize the crystal. 

2. 13.01 Circuit Description 

When power initially comes up, the tube starts conducting because there is no 
negative bias to prevent conduction The initial surge of current is enough to lower 
the plate voltage and, through the feedback capacitor, to shock the crystal. The 
negative transition of the crystal (acting as a tank circuit) cuts off the tube and the 
plate current falls. The falling plate current produces a positive voltage transition 
in the plate tank circuit. Thus, the phase of the sine wave voltage produced by the 
crystal and that of the tuned tank circuit are naturally 1800 apart. 

If the alternating voltage at the plate were exactly 1800 out of phase with the 
grid voltage, the feedback would be degenerative and the oscillations would not 
continue. Th'e tank circuit is, therefore, detuned slightly to p~oduce a regener­
ative feedback action. The variable capacitor is adjusted until maximum output at 
the cathode is obtained. The response curve (Figure A27) of the circuit shows the 
optimum operating point. The tuning capacitor should be adjusted so that a slight 
amount of capacitance is added beyond the peak. This procedure insures maximum 
stability for the circuit (dependable starting with power on, operation while biaSing, 
and minimum effect of stray capacitance of oscilloscope probes). 

The grid wave form is a nominal 440v peak-to-peak sine wave. The plate wave 
form is a slightly distorted sine wave with an amplitude of about 500 volts, peak­
to-peak. The cathode wave form is a positive peak, about 80 volts in amplitude. 
The negative portions are clipped as the tube is cut off. The cathode voltage drops 
slightly even after the tube is cut off. This drop is caused by the interelectrode 
capacitive coupling between grid and cathode. The output of the oscillator consists 
of positive-going pulses of 0-80 volts occurring once each microsecond. The magni­
tude of the feedback voltage in combination with the cathode bias is such that the 
tube is overdriven. The result is that the output is not a pure sine wave, but is dis­
torted on the positive excursion and clipped by the cut-off action of the tube (neg­
ative excursion). The output is taken from the 2K cathode resistor which serves 
both as bias and as part of the load for the circuit. 

This oscillator uses a pentode tube (a common practice with high frequency 
oscillators) with the suppressor grid tied to the cathode. The suppressor performs 
the screening action in a pentode as well as the suppression of secondary emission. 
The screen grid is tied to +270 volts through an 18K dropping resistor and is also 
coupled to ground through a O. 01-ufd capacitor. (This helps maintain a steady volt­
age level on the screen.) In this circuit, the screen grid accelerates the electrons 
through the tube. Without the screen's accelerating action relativeiy few electrons 
would penetrate the space charge and reach the plate. The 510K resistor from grid 
to ground serves as a DC path for the grid. The decoupling in the plate circuit keeps 
noise out of the power supply. 
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2.14.00 THYRATRON CIRCUITS 

All thyratron circuits to date use the 2D21, a heated cathode, Xenon-filled, 
tetrode gas tube. The thyratron has several characteristics that differentiate it 
from a vacuum tube. In a vacuum tube, the grid exercises full control over tube 
conduction. In the thyratron, however, the grid controls only the start of conduc­
tion. Once the gas is ionized and the tube is in full conduction, the grid has no 
further control. Conduction is stopped by either opening the plate circuit or low­
ering the effective plate voltage to a point where ionization is no longer sustained. 
For this reason, the circuits in this section either use a high impedance RC plate 
circuit or the plate circuit is opened by circuit breakers to stop conduction. 

Another deviation from vacuum tubes is the delay in starting and stopping con­
duction. These delays are known as ionization and de-ionization times, respectively. 
Ionization time is the time necessary to gain sufficient energy for the electrons travel­
ing from cathode to plate to cause ionization (dependent upon type of gas present in 
tube). Once ionization takes place, the tube is immediately in full conduction. Ioni­
zation time can be about 1-2 usec. This delay can be materially decreased by 
having pre-ionization current flowing before the control grid is impulsed. Pre-ioni­
zation current flows in all circuits that have the screen grid returned to a positive 
power supply. A tube in this case is cut off (no plate current) although screen cur­
rent is flowing. Circuits that are not affected by long ionization time have the 
screen grid tied to the cathode to minimize power usage. 

De-ionization time is the time necessary (after plate voltage has been sufficiently 
lowered or removed) for the gas ions to regain their electrons and become neutral 
atoms again. Because the ions are relatively heavy and slow-moving, this neutrali­
zation time can be several hundred microseconds. Thus de-ionization time limits 
the frequency of operation for thyratrons. 

Ion bombardment of the cathode can cause minute quantites of the cathode mater­
ial to flake off (cathode migration) and travel to the grid mesh. This foreign matter 
on the grid acts as an electron emitter with the resulting current seriously affecting 
the bias level of the grid. The current in this case may be only several micro­
amperes, but, with a very high impedance (1 MEG), the bias variation could be 
several volts. 

The thyratron changes characteristics not only through the normal factors of 
cathode interface (increased resistance between cathode sleeve and oxide layer be­
cause of tube inactivity), interelement leakage, and cathode migration and deteriora­
tion, but also through variation in gas pressure and/or mixture. Excessive negative 
voltages applied to tube elements during ionization can cause enough ion acceleration 
to imbed the gas atoms in the metal of the tube element. This lessens the number 
of gas atoms available for ionization and hence increases the tube drop (cathode­
to-plate impedance). The amount of current available from the tube is decreased. 
This effect can take place in a matter of hours; it is difficult to predict by marginal 
checks. 
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It is impossible to state at what control grid bias level ionization takes place. 
This point is determined largely by the amount of screen grid current, and there 
fore, by the screen bias level. The average control characteristics of the 2D21 
(Appendix, Figure E19) give this firing point. 

Most of the above mentioned characteristics of thyratrons do not enter into ser­
vicing techniques but should help to familiarize the reader with the gas tube and its 
operation. 

2.14.01 Printer/Punch Magnet Thyratron (TH) 

The printer/punch magnet thyratron TH (Figure A28) is used to fire the print 
magnets in the 717 printer and punch magnets in the 722 punch. In the quiescent 
state, the input divider holds the grid at -22 volts and the thyratron is cut off. The 
input pulse to the circuit is the output of the buffer amplifier BAp. A BAp is used 
to insure a pulse of sufficient duration to fire a thyratron (section 2.04.06, Book B). 
The input pulse is a 48v positive pulse and is approximately 20 microseconds in 
duration. A 48v pulse applied to the thyratron causes the tube to conduct. The 
thyratron is extinguished by breaking the plate return to +72 volts by the use of 
circuit breakers. When the thyratron fires, the plate voltage falls approximately 
to ground. 
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2.15.00 PEAKER (PKR) 

In the 700 series many circuits have the designation "PKR" meaning peaker 
circuit. A peaker is a special type of inverter used to produce a narrow pulse 
of fixed width and large amplitude. 

2.15.01 Principles of Peaker Circuit Operation 

RLC Circuit 

The essential part of a peaker circuit is a parallel RLC network connected to 
the plate of the tube. The inductance L in the plate circuit is in the form of a coil. 
The resistance R is the resistance of the coil plus any other resistance placed in 
parallel with the coil. The capacitance C is any effective capacitance across the 
terminals of the coil. The capacitance in the RLC circuit includes the shunt cap­
acity of the coil, any capacitor wired across the terminals of the coil, plate-to­
ground capacity in the tube, wiring capacity of the output, and input capacity of the 
following stage. See section 1. 04. 00, Book E, for LC tank circuit operation. 

Peaker Operation 

Peakers produce positive output pulses in the following manner. Assume that 
the tube is initially conducting (Figure A29). The current should be as large as 
possible within the dissipation rating of the tube. The current is limited by the 
plate load resistor so that the allowed plate dissipation is not exceeded. A negative 
input pulse cuts off the tube. The coil then generates a voltage that tends to keep 
the current flowing; this voltage is of such polarity that the end of the coil connected 
to the plate becomes more positive than the other end. The capacitor, connected be­
tween the coil and the plate load resistor, allows current flow through the coil 
into the shunt capacitances. If this capacitor were not present, the output of the 
circuit would be like that of an ordinary shunt-peaked inverter circuit. After the 
field in the coil collapses and its current goes to zero, the voltage built up across 
the capacitance then causes current to flow in the opposite direction. This process 
usually produces oscillations in the plate voltage; that is, the circuit tends to ring. 
Energy continues to be transferred between the capacitance and the inductance until 
it is all dissipated in resistance in the circuit. Because only a single positive pulse 
is required from this circuit, the portion of the ringing output that tends to go more 
negative than the original plate level is clamped by diodes. 

Pulse Width and Amplitude 

The pulse width is determined by the resonant frequency of the circuit; it is 
calculated in microseconds as two pi times the square root of the product LC, where 
Land C are the inductance in henrys and capacitance in uuf of the plate resonant 
circuit as described above. Therefore, increasing either the L or the C widens the 
pulse width. 

The amplitude of the original pulse is dependent mostly upon the amount of an 
inductance in the plate circuit and the rate of change in current through the tube 
when it is cut off. The pulse amplitude in volts may be approximated by the ex­
pression LIo/T, where L is the plate circuit inductance in millihenrys, Io is the 
original tube current in milliamperes (assuming complete cut-off and linear fall of 
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current), and T is the time in microseconds from the beginning of the current 
fall to cut-off. This formula shows that increasing the initial current, the in­
ductance, or the speed of cut-off increases the amplitude of the output voltage pulse. 
The expression LIciT is theoretically correct only when there is no shunt cap­
acitance across the coil. The greater the capacitance across the coil, the more the 
amplitude of the pulse is reduced. 

A more exact computation may be made when the LC product is large in com­
parison with the cut-off time. The pulse amplitude in volts equals Io times the 
square root of Llc, where 10 is in milliamps, L is in microhenrys, and C is in 
micro-microfarads. 

Other Considerations 

The input has some special restrictions. First, it must have a fast fall to 
produce a fast change in plate current. Second, the input pulse must be longer 
than the output pulse, or else the rise of the input pulse interferes with the action 
of the ringing circuit. Third, the input pulse must go far enough negative to keep 
the tube cut off even when its effective plate voltage is raised by the peaking action. 
The plate voltage usually rises higher than the plate supply voltage. The load cap­
acitance and shunt capacitance across the coil may be sufficient to obtain the desired 
pulse width, but, if it is not, a capacitor may be wired in parallel with the coil to 
widen the pulse. 

2.15.02 Wave Form Generator Peaker (PKRZ) 

The wave-form generator peaker PKRZ (Figure A29) is used in the memory and 
the wave form generator to generate peaked pulse~. For general peaker circuit op­
eration, see section 2.15.01, Book A. The input pulse to the PKRZ is a negative 
shift of at least 60 volts per microsecond. The peaked pulse at the plate of the 
PKRZ is approximately 100 volts in amplitude and 0.4 microseconds in duration. 
There is a slight negative overshoot at the plate when the PKRZ comes back into 
conduction. The output pulse of the PKRZ is a 90v pulse, 0.4 microseconds in dura­
tion. This pulse is passed through cathode followers and divider networks until the 
final amplitude is approximately 40 volts. The pulse is used for the memory and 
accumulator samples. The 2. 2K resistor in series with the diode in the plate 
circuit limits the current through the diode during the time the diode is conducting. 
The . 01-ufd capacitor in the plate tends to maintain a steady potential at the top 
of the one-millihenry coil. 
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1. 00. 00 GENERAL INFORMATION 

1. 01. 00 CmCUIT LOCATION 

A coordinate reference system is used on all pluggable unit panels. This system 
is illustrated in Figure Bl. With this reference system, it is possible to locate 
pluggable unit sockets, pluggable-unit pin connections, and edge connector connections. 

The following location codes are used as an illustration in Figure B1. 

For a pluggable unit: 

MF 1 
Frame Panel 

For a pluggable unit panel pin: 

MF 
Frame 

For an edge connector: 

MF 
Frame 

1 
Panel 

1 
Panel 

A 
Section 

Q 
Row 

C g 
Row Pin 

For a tube location within a pluggable unit: 

04 
Column 

33 
Column 

MF 
Frame 

-7 
Pin Number 

1 05 c 
Panel Column Pin 

The top tube in the unit is tube 01, the one immediately below is tube 02, then 
03, and so on. 

For location of a tube in the machine: 

MF 2 J 06 
Location of the pluggable unit 

B7 

-3 
Location of the tube in the pluggable 

unit 
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1. 02. 00 HALF-TUBE DESIGNATIONS 

Half-tube sections are located by adding the suffix A or B after the tube location 
number, such as, 06A or 02B. The A section of a tube is the section that has an 
element connected to the lowest pin number, exclusive of heated connections. The 
B section is the remaining section. Using this rule, the A and B sections for some 
common tubes are as follows: 

Tube Section A Section B 
5965 1, 2, 3 6, 7, 8 
5687 1, 2, 3 6, 7, 9 
5844 1, 6, 7 2, 5, 7 

1.03.00 SYSTEM BLOCK DIAGRAMS 

The system diagrams serve as an aid in explaining the operation of the machine, 
as well as a service aid in locating circuits. The diagrams are made up of standard 
blocks, as illustrated in Figure B2. The identification in the strips at the top and 
bottom of the blocks is as shown below. 

Standard symbol for the 
circuit. 

Pluggable unit code 

~ Pluggable unit location 
containing circuit. 

number. ------+-I----~--
Location of the tube for 
the circuit (omitted for 
circuits not using tubes.) 

Lines between the blocks shown in Figure B2 represent the signal wires con­
necting individual circuits. Wires connected to panel socket pins or terminal block 
pins are given the numbers of those pins. Frame and panel indications are dropped 
from the pin number if they are clear from the origin of the wire. A wire joining 
two blocks on two different pluggable units has two socket pin numbers, one at each 
end. If the two units are on different panels, there are two numbered edge connec­
tors also. If a wire goes from one frame to another, a cable connection is indicated 
and labeled by the initials of the frame in which the previous block is located and, in 
the case of cables coming from the main frame, it is labeled by the initials of the 
frame to which the line is going, as well as the cable terminal number. Wires that 
go off the edge of a drawing are labeled with the page number of the drawing to which 
they go. 
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2. 00. 00 COMPONENT CIRCUIT DESCRIPTIONS 

This section describes each component circuit that is represented by a logic 
block. The circuit descriptions are arranged in the same order as the circuit 
schematics that are found in the systems for each machine. Thus, 2.01. 01 (inverter) 
is the same circuit that is found on 4.01. 01. Numbers unassigned as of this writing 
are so noted. 

Each circuit description is designated by a three-part decimal number. The first 
part of the number is a 2, which represents this section. The second part of this 
number represents the functional classification of the circuit. These functional class­
ification numbers are as follows: l--inverters, 2--triggers, 3--single shot multivi­
brators, 4--amplifiers, 5--cathode followers, 6--diode circuits, 7--delay circuits, 
8--pulse generators, 9--pulse-shaping circuits, and 10--special circuits. These 
classifications are rather loose, and some circuits may fall into either of two cate­
gories. The third part of the number is the number of the circuit within its classi­
fication. The circuits are usually arranged alphabetically within one category. 

Many of the component circuits are not complete in themselves; that is, compon­
ents in the circuits that feed them or are fed by them are just as important to the cir­
cuit operation as the components shown in the corresponding block. 
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2.01. 00 INVERTERS 

The operation of the standard inverter is discussed in section 2.05.00, Book A. 

2.01. 01 High-Speed Inverter (I) 

The resistor in the plate circuit in parallel with the coil serves as a bobbin for the 
coil and also serves to prevent ringing in the plate circuit after the initial peaking ac­
tion has occurred. This circuit produces a pulse with a nominal rise time of less 
than 0.2 microsecond and a fall time of about 0.3 microsecond. The coil causes 
slight overshoot in the rise of the plate voltage, but it has practically no effect upon 
the fall time of the circuit. 

Inputs 

The inverter may have one of three standard inputs. If the inverter is fed from a 
high-impedance source, its input is only the l50-ohm parasitic suppression resistor. 
If the circuit is fed from a low-impedance source, such as a cathode follower or an 
OR circuit, a 10K grid-current-limitingresistor is used instead of the l50-ohm resis­
tor. If an AND circuit with a low load resistance feeds the inverter, the grid-cur­
rent-limiting resistor may be used. If high-speed operation is required, the 10K 
resistor is shunted with a 39-uuf capacitor, but since this leaves no unbypassed 
parasitic resistor next to the grid, a 150-ohm resistor is inserted between the RC 
combination and the grid. The addition of the capacitor makes only about a 0.05-
microsecond difference in rise time. There are no identification markings on the 
block diagrams to indicate which of these inputs is used. The inverter has an 
approximate input capacity of 35 uuf. Required inputs for the inverter are from 
+5 to +15 volts and -15 to -30 volts. 

Outputs and Voltage Levels 

Outputs from the inverter may be from the plate, from a tapped plate load resistor, 
or from a divider connected to the plate. The voltage swing from a full plate output 
is about +60 to +150 volts. If the inverter is to feed a binary input of a trigger, its 
plate resistor is composed of a 6. 8K resistor next to the plate and a 3. 3K resistor 
next to +150 volts, and a B is placed next to the plate output line on the block diagram. 
The coil and shunting resistor are not used for the binary output. The voltage ap­
pearing at the junction of these two resistors feeds the binary input. This voltage 
swing is from +120 to +150 volts. The voltage divider connected to the plate is pre­
sent only when a standard signal output is required. The plate swing when the divider 
is present is about +55 to +142 volts, and the divider output is nominally -41 to +14 
volts. Since the output is high-impedance, it must feed a cathode follower directly, 
and the output of this cathode follower fixes the standard signal level. The divider 
output is compensated according to the number of cathode followers that it feeds. 
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Delay of an Inverter 

Another characteristic of an inverter is the delay it produces. Delay is defined as 
the time elapsed between the beginning of a voltage shift at the grid and the beginning 
of the resultant shift at the plate. Since a positive input pulse starts from a level of 
about -15 to -30 volts, and it must rise to the cut-off point for the tube (about -6 volts 
in this circuit) before any conduction occurs, the time required to rise in this point 
appears as delay in the output. Conversely, any time required for an input pulse to 
fall from the nominal +10 level (where grid current flows) to ground (where grid cur­
rent ceases) also appears as a delay in the output. Therefore, the slower the voltage 
transition at the grid, the more the delay that is produced by the circuit. This delay 
is about one half of the rise or fall times of the input pulse. Delay of an inverter 
should not be confused with its own rise and fall time characteristics. The interval 
between the beginning of the input transition and the time the output transition reaches 
its final value is equal to the delay plus the time of the output transition itself. 

Compensated Output 

The output circuit is designed to produce fast rise and fall time. See lower insert, 
Figure B3. The normal output of the inverter must feed the next circuit where stray 
capacitance (CS) acts to distort the wave shape. When Cs must be charged or dis­
charged through Rl, the rise or fall time is seriously slowed. But if compensating 
capacitor, C, is added, forming a differentiating circuit with R2, a typically differen­
tiated wave form is added. The sum of the two is a good square wave to the grid of 
the next tube. 
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2.01. 02 Inverter-Dash Generator (IA) 

This component was assigned to 701 electrostatic memory and is not used now. 

2. 01. 03 Inverter -Sync Genera tor (IB) 

This inverter (Figure B4) is used in the inverted sync generator to amplify the 
inverted clamp input pulse. 

2.01. 04 Clock Inverter (Ie> 

IC is the symbol for the inverter (Figure B5) that feeds the binary trigger, driving 
the clock (Systems diagram 8.04.00). This circuit receives clock drive pulses that 
are delayed by a delay line to pOSition the clock pulses in relation to the sync and 
clamp pulses. The rise of the pulse is not so sharp as that of the clock drive pulse 
from the clock drive circuit, but it still has about a O. 2-microsecond rise time. The 
plate wave form is a 50-volt swing for feeding the binary trigger. The low value of 
plate resistance allows the plate voltage to return to +150 volts before the next input 
pulse arrives. 

2.01. 05 Clamp Inverter ICL 

The master-inverted-sync and master-inverted clamp pulses are distributed from 
the sync and clamp generators by coaxial transmission lines to the arithmetic col­
umn units. Here these pulses must be inverted before they feed the microsecond 
delay units in the form of sync or clamp pulses. Each arithmetic column unit con­
tains one sync inverter and one clamp inverter to feed the sync and clamp pulses to 
the three delay units in each column unit. 

The input of each of these inverters is isolated from the transmission lines by a 
RC-coupled cathode follower. For economy reasons, each cathode follower feeds 
the inputs of either two sync inverters or two clamp inverters. One inverter is loca­
ted in the unit containing the cathode follower; the other is located in an adjacent 
unit. There is only one of these RC-coupled cathode followers in each column unit. 

For example, the cathode follower in column S and each even-numbered column 
receives master-inverted-clamp pulses from pin 07-3 and feeds isolated-inverted­
clamp pulses to the clamp inverter in that column and also to the clamp inverter in 
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the next higher, odd-numbered column through pin 07-4. Conversely, the cathode 
follower in each odd-numbered column receives master-inverted sync pulses from 
pin 07-2 and feeds isolated-inverted-sync pulses to the sync inverter in that column 
and also to the sync inverter in the next lower, even-numbered column through pin 
07 -8. (Column 1 feeds column S.) Therefore the two-column units act together in 
supplying sync and clamp pulses to their delay units; one may not operate without 
the isolated-inverted-sync or clamp pulses that the other provides. 

Circuit Description 

Clamp inverters, ICL' (FigureB6) are located in each column unit to provide 
clamp pulses of nominal +10v to -30v levels to the delay units. The input and 
output of this inverter are RC-coupled so that the proper levels may be obtained. 
The input is biased by a divider to about -110 volts with respect to ground. The tube 
is normally conducting lightly, but during a pulse input, the tube is brought into 
heavy conduction. Because the clamp pulse must be short, the plate resistance is 
made small. The plate voltage swing is from about +90 volts to -20 volts, and the 
output is caught by the diodes from +10 to -30 volts. 

2.01. 06 Inverter (Drum) (ID) 

ID is a special inverter circuit (Figure B7) used to pick read relays, write 
relays, and timing and index relays in the drum system. These inverters feed a 
variety of relay coil combinations. The capacitor on the grid provides integrating 
action so that noise pulses do not tend to pick the relay coils. 

Typical output levels for this circuit are: 

+60 to +80 and +150 
+55 to +75 and +150 
+42 to +72 and +150 

2.01. 07 Inverter (IE) 

for timing and index relays. 
for read relays. 
for write relays. 

This component was assigned to 701 electrostatic memory and is not used now. 

2.01. 08 Inverter (IF) 

This component was assigned to 701 electrostatic memory and is not used now. 
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2.01. 09 Inverter (10) 

IG is the symbol for an inverter circuit (Figure B8) which powers some of the 48-
volt indicator lamps. It is fed a signal of about -30 to +60 volts and its output is 
about +102 to +l50 volts. The plate resistance for the IG is chosen to give the pro­
per voltage drop across the bulbs. In some instances, this resistance value may be 
slightly different than shown for adjusting the brightness of the indicator lamps to 
like values. Each lamp requires about 48 milliamperes; therefore, a full tube is 
used. 

2.01. 10 Inverter (IH) 

The special circuits IH and PCF A are used to supply driving voltage of opposite 
polarities to the circuits feeding opposite ends of the moving clutch coil. The IH 
(Figure B9) is designed so that a 40v signal produces a swing of about 140 volts at 
the plate. The input divider is provided for two purposes: (1) for dividing the two 
sets of input voltages so that the tube is cut off for the more negative voltages of 
each set, and conducts for the more positive voltages of each set, and (2) to provide 
grid current limiting for the upper level voltages. With the tube removed, the divid­
er tends to produce voltages of about -94 volts for +lOv input, +60 volts for +l50v 
input and -250 volts for a floating input. The equivalent plate circuit is 24K returned 
to about +83 volts. The large resistance in the plate circuit is used to provide a 
large plate swing. 

2. 01. 11 Inverter (IJ ) 

This component was assigned to the 701 field tester only, and is not used now. 

2.01. 12 Inverter (IK> 

This component (Figure B10) is used in the tape read circuits to feed an SSo (sec­
tion 2.03.04, Book B). The function of the IK is to supply a satisfactory negative 
shift to the SSo. The inverter has some cathode degeneration, tending to keep the 
operation class A. 

2.01. 13 Neon Inverter (IN) 

IN is the symbol for the neon inverter circuit (Figure Bll) used in the main 
frame to drive the operator's panel neon indicator lights. It receives an input signal 
through an integrating resistor located in the column units. This signal averages 
around the +lOv or about -25v levels, although it is not a smooth wave form. The 
output signal varies from +l50 volts to about +80 volts, depending upon whether the 
neon is fired. 
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2.01. 14 Neon Inverter (INAl 

This component was assigned to 701 electrostatic memory and is not used now. 

2.01. 15 Pull-Over Inverter (IPS) 

The inverter circuit used for plate pull-over of trigger or single-shot circuits is 
called a pull-over inverter, IpS (Figure B12). Its plate load is the load resistor of 
the plate to which it is connected, and its conduction pulls down the voltage on that 
plate. Its positive input pulse should rise higher than +5 volts with the tube removed 
and must fall lower than '-15 volts for reliable operation. With the tube in place, 
the input cannot rise appreciably above ground because of grid-circuit clipping. When 
a pUll-over inverter is feeding a single shot and the pulse width of the input is greater 
than 75 percent of the single-shot pulse width, the inverter input must be Re-
coupled; otherwise it may be direct-coupled. If the input is fed from a low-imped­
ance source and is direct-coupled, it must have grid-current-limiting circuit shown 
at the bottom of Figure B12 added to point A. The values of resistors used in the 
RC-coupled input are shown in the pluggable unit blocks. Although the input shown 
on the block in Figure B12 is located on the side of the block at the bottom, it may 
alternatively be located at the bottom in the middle, or at the right side near the 
bottom. An X placed in the upper right portion of the block indicates that a 5687 tube 
is used instead of the standard 5965. 

2.01. 16 Inverter (IR) 

This component (Figure B14) is used to supply current to the moving clutch coil 
in the tape unit and to drive relays in the operator's panel circuits. It is also used 
in the drum-read-sample generator, where it functions as a pUll-over inverter for an 

SSD' 

2.01. 17 Slow Inverter (IS) 

In applications where the speed of the high-speed inverter is not needed, a slow­
speed inverter, IS (Figure B 13), is used. This inverter is basically the same as 
the high-speed inverter (section, 2.01. 01). The principal difference is that neither 
the coil nor the damping resistor is used in the slow inverter. The omission of the 
coil causes the rise time of a slow inverter output pulse to be about 0.5 microseconds, 
but the fall time is not changed from that of the high-speed inverter, namely 0.3 
microseconds. Because the high-speed input of the high-speed inverter is not needed, 
only a 150-ohm parasitic suppression resistor or a 10K grid-current-limiting resis­
tor is used in the input circuit. No tapped plate output is taken from this inverter, 
but the divider output is identical to that of the high-speed inverter. Input levels 
required for correct operation and output voltages are identical to those of the high­
speed inverter. Delays are also produced in this circuit as in the high-speed inver­
ter. 
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2.01. 18 Sync Inverter (ISY) 

Sync inverters, ISY ' (Figure B15) are located in each column unit to provide 
sync pulses of nominal +10v to -30v levels to the delay units. The input to the sync 
inverter is RC-coupled for setting the level of the input pulse. The tube is nor­
mally conducting very heavily but during the pulse, the tube becomes cut-off. When 
the tube is again made to conduct, the heavy conduction through the tube enables the 
output voltage to fall very rapidly; the fast fall is the important characteristic of the 
sync pulse. The diodes on the output keep the signal output within nominal limits. 

2.01.19 Pull-Over Inverter (IT) 

This component was assigned to 701 electrostatic memory and is not used now. 

2.01. 20 Write Inverter (lW) 

The 701 drum system uses the circuit IW (Figure B16) for writing information. 
This system of writing is used instead of a cathode follower (as is used for writing 
the timing track) so that damage to the write coil does not result from loss of bias 
in the circuit. 

The sequence of operation is as follows: Normally, the tube is cut off, and the 
capacitor is charged to +150 volts. The circuit is conditioned to write by connecting 
the output to the write coil. When a pulse of about 1. 5 usec duration arrives on the 
grid, the tube conducts, discharging the capacitor through the tube and through the 
write coil. The impedance of the coil is much less than 470K, so that practically all 
of the discharge current flows through the coil. The discharge current is initially 
about 350 milliamperes, and because the discharge path has a time constant of 
about three microseconds, the current is between 200 and 250 milliamperes at the 
time that the tube is again cut off. Then, the capacitor begins to charge again 
through the coil and through the plate load resistor of the tube but because this re­
sistor is much larger than the dynamic resistance of the tube during discharge time, 
the initial value of charging current is not sufficient to cause writing. This circuit 
requires about 425 microseconds to fully recover, that is, about 425 microseconds 
until the capacitor is again charged to +150 volts. A smaller value of parasitic sup­
pression resistor in the grid circuit is used so that grid current during the pulse is 
not limited as much as if 150 ohms were used. 
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2.01. 21 Inverter (IX) 

IX is the symbol for a special inverter circuit (Figure B17) used in the 701 drum­
system writing circuits. It resembles a standard inverter, I, except that its plate 
resistor and divider resistor values have been changed to produce a large output 
swing. In this way, the output of the following cathode follower is clipped by both 
catcher diodes. This swing on the grid of the cathode follower when the cathode 
follower tube is removed should be about +36 volts to -35 volts. This means the plate 
swing can be about +136 volts to +38 volts. 

2.01. 22 Unassigned 

2.01. 23 Phase Inverter (PI) 

This component was assigned to 701 electrostatic memory and is not used now. 

2.01. 24 Inverter (PIT) 

The inverter PIT (Figure B18) is a part of the circuits used to supply current to the 
moving clutch coil in the tape unit. Three PIT's are provided in parallel with the two 
IR's in the feed, for "stop current" to help switch this accelerating current for a short 
interval of time. The inverters are fed a positive shift of about 140 volts from a 
-140v level from a differentiating circuit. This pulse returns to -100 volts through a 
circuit with a time constant of about two milliseconds. When this pulse reaches 
about -100 volts, the three PIT's conduct and lower the impedance of the circuit 
through which the accelerating current must flow. That is, the action of bringing 
the three PIT's to zero bias condition from a cut-off condition causes the plate volt­
age of the tube to be lowered. Because the opposite end of the coil is connected to a 
cathode follower, that voltage will not change appreciably; therefore, the overall 
voltage across the coil is increased, and more current flows through the coil. 

B25 



r-----....,.- NOTE 1 

PKRo t--~ PKRol---" 

Pluggable Unit 
+150v System In ----+----, 

160K-A 

3K 2w 3K 2w 

470 uuf 
In .... -----lII----1r------'l .. A 330K-A 

10K 

+15v 

AC Input 

~·IPKREI · 
Pluggable Unit 

In 

3K 2w 3K 2w 

1mh 15uuf 
F 

~F 

-250 
DC Input 

.-----~~-----~~----_eOut 

A _-.J\J"\AAAA 

FIGURE 819. PEAKER (PKRD) 

500uh 

5687 

FIGURE 820. READ SAMPLE PEAKER (DRUM) (PKRE) 

Nate 1: Capacitor symbol indicatese 
AC input. No capacitor 
symbol indicates DC input_ 
C inuuf ., 

~·IPKREI 
System 

68 uuf 

e 
II 

.----.---~~Out 

820K (A) 

-25Ov 



Principles of Peaker Circuit Operation 

The 700 series systems use many circuits designated peaker, PKR. A comprehen­
sive coverage of peaker operation is given in section 2.15.00, Book A. 

2.01. 25 Sample Read-In Peaker (PKRA) 

This component was assigned to 701 electrostatic l1lemory and is not used now. 

2. 01. 26 Left or Right Sample Peaker (PKRB) 

This component was assigned to 701 electrostatic memory and is not used now. 

2.01. 27 Dot Generator Peaker (PKRc) 

This component was assigned to 701 electrostatic memory and is not used now. 

2.01. 28 Bit Sweep Start Peaker (PKRD) 

This component shown in Figure B19, is used to deliver sharp one-usec pulses to 
a heavily capacitive load. The capacitor shunting the peaking coil produces the cor­
rect output pulse width. 

2.01. 29 Read-Sample Peaker (Drum) (PKRE) 

PKRE (Figure B20) generates the read sample pulse (slightly less than one micro­
second wide at its base). No additional capacitor is added in the plate circuit, be­
cause the distributed capacitance of the coils, wiring, and so on, is sufficient to obtain 
the desired pulse width. Two tubes are used to give the pulse a greater amplitude. 

2.01. 30 Inverter (ISYA) 

This component was assigned to the 701 field tester only (section 2.01. 11, Book B). 

2.01. 31 Inverter (ICLA) 

This component was assigned to the 701 field tester only (section 2.01. 11, Book B). 
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a signal of at least 60 volts is required to operate the following circuits. Any signal 
fed to the selector circuit greater than 150 volts is likely to be distorted because of 
overdriving of the amplifiers. Therefore, to obtain greatest reliability of operation 
of the shaper circuit, the output should be between these two values, that is, about 
100 volts, peak to peak. 

First Stage 

The first stage is an amplifier with a gain of approximately three. The gain is 
small because of the 2. 7K degeneration resistor in the cathode circuit. The degen­
eration is used so that input signals on the grid of the tube may swing at least 50 
volts and still allow the circuit to operate class A. As in most of the other circuits 
in the shaper, some of the supply voltages are decoupled so as to keep transients off 
the DC power supply lines and to prevent interaction between stages when pulses are 
transmitted through this circuit. 

Second Stage 

The second stage is a cathode follower with a capacitively-coupled input, which is 
biased at -50 volts. The cathode follower is needed to provide a low-impedance source 
for feeding the differentiating circuit which follows. Variations in amplitude are 
caused by variations in input pulse amplitudes. The pulse is differentiated so that 
the portion before the peak appears as a positive pulse on the grid of the third tube, 
and the portion after the peak appears as a negative pulse on the grid. 

Third Stage 

The third stage is also a cathode follower, thus, it does not load the output of the 
differentiating circuit. Its output is capacitively-coupled into a symmetrical diode 
circuit. On either the positive or negative shift of the voltage fed to the capacitor, 
the charging path for the current to the capacitor is the parallel combinations of the 
47K resistor and a 10K resistor (the forward resistance of either diode being 
neglected). This symmetry is necessary to prevent bias buildup that: (1) would 
cause clipping at some other value than ground and (2) would prevent proper oper­
ation of the following stage. The series diode clips off the positive part of the pUlse, 
leaving the negative part intact. It should be noted here that the beginning of the neg­
ative transition of this pulse corresponds with the negative peak of the input to the 
shaper. This is the feature that allows the shaped pulse to be synchronized with the 
drum. These points are marked A and A' on the theoretical wave forms drawn above 
each circuit in Figure B92. 

Fourth and Fifth Stages 

The next two stages are inverters, which are used for squaring the pulses by 
grid-circuit clipping and plate-current-cut-off clipping. The outputs of the plates 
of the fourth and fifth stages are square waves. 
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Final Stage 

The final stage is a peaker circuit producing an output of practically constant 
amplitude and width. Since the resonant frequency of the RLC circuit on the plate 
is about 333 kilocycles, the output pulse, being one half of a cycle, is about 1. 5 
microseconds in width. The slight negative excursion in the pulse is caused by 
peaking action when the tube is again caused to conduct, but this portion is clipped 
off in a succeeding cathode follower, and therefore, does not cause trouble. 

2. 09. 06 Index Pulse Shaper (IPS) 

The index pulse shaper (Figure B94) is designed to produce an output pulse of 
practically constant amplitude, which is in synchronism with the drum. Its input is 
from the main amplifier for the index tracks and may vary widely in amplitude. As 
in the timing pulse shaper, the input is biased at -50 volts and is conducti vely 
coupled to the index pulse shaper. 

The first four stages are identical in construction and operation to the first four 
stages of the timing pulse shaper (Figure B92), and the signal amplitude required is 
also identical. The last two stages are standard inverters with increased compen­
sation in the output dividers. This increase is necessary because of the high-input 
Miller capacitance in the succeeding stages. As in the timing pulse shaper, these 
inverters shape the pulse by grid-circuit clipping and plate-current-cut-off clipping. 
The output is practically a square pulse of constant amplitude, but its width is pro­
portional to the amplitude of the input to the shaper. 

2.09.07 Index Pulse Generator (IPG) 

The index pulse generator (Figure B93) is used on the drum to indicate the begin­
ning of the timing track. The amplified timing pulses are fed into the input stage of 
the index pulse generator through the 330-uuf capacitor. The signal is large in 
amplitude and must be clamped to +10 volts at the input to prevent overdrive. The 
timing pulses could be fed in through a divider network but then the effect of a steep 
wave front would be lost. The first timing pulse after the 150-usec gap causes gen­
eration of the index pulse. This pulse must be detected early, because of the arrange­
ment of the index and timing pulse circuits in section 7 of Systems. The timing pulses 
on the drum surface are 12 usec apart. When the timing pulse causes the input of the 
index pulse generator to go positive, the plate of the first tube goes in a negative 
direction. This negative signal is fed through a capacitor to the grid of the next 
stage. This cathode follower output also goes negative. The 100-uuf capacitor in 
parallel with the 690K resistor is charged with the negative pulse. When the timing 
pulse causes the input to the first stage to go negative, the resulting positive pulse 
from the output for the cathode follower has no effect on the 100-uuf capacitor. The 
grid of the output tube is controlled by the voltage that appears across the capacitor; 
as it is negative, the tube is cut off. The time constant of this RC network is larger 
than 12 usec; therefore, as long as the timing pulses appear every 12 usec, the out­
put voltage does not change. When the 150-usec gap arrives, the capacitor in the 
grid circuit of the output stage has time to discharge. This allows the output tube to 
conduct; its plate is held down. Then the first timing pulse appears at the input stage, 
the capacitor is charged again and a positive pulse appears at the output. This pulse 
is used to generate the index pulse. 
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2.10.00 SPECIAL CIRCUITS 

2.10.01 Current Adder (CA) 

This component was assigned to 701 electrostatic memory and is not used now. 

2.10.02 Current Switch (CS) 

This component was assigned to 701 electrostatic memory and is not used now. 

2.10.03 Cathode Ray Tube (CRT) 

This component was assigned to 701 electrostatic memory and is not used now. 

2.10.04 Level Shifter (LS) 

This component was assigned to 701 electrostatic memory and is not used now. 

2.10. 05 Sampling Amplifier (SA) 

This component was assigned to 701 electrostatic memory and is not used now. 

2.10.06 Thyratron (THY) 

The thyratron circuit THY (Figure B95) is used to pick relays in all the card 
machines. This circuit is also used to fire the print magnets and punch magnets. 
It is necessary to have an up line at each of the two inputs in order to fire the tube. 
When fired, the gas in a thyratron ionizes and remains in conduction until the plate 
voltage falls to a low level or the circuit is broken. In practice, the plate voltage 
to all the thyratrons is fed through CB's. Therefore, the thyratron is de-ionized by 
the break of the CB. 

The coil or magnet to be operated upon is found in the cathode circuit of the thy­
ratron where it is shunted by a resistor and a diode. The resistor provides a 
smooth current through the tube while overcoming the reactance of the inductive 
load. The diode swamps any attempt of the inductive load to oscillate when power 
is removed. In doing so, it also prevents generation of harmful voltages caused by 
inductive kick. 

2.10.07 Thyratron (THYA) 

The thyratron circuit THY A (Figure B96) is identical in operation to the THY 
(Figure B95). It is used to pick relays in the card machines. The main difference 
is that this circuit is operated by one AC input. The fact that the input is AC deter­
mines that the input may be a long one without interfering with operation. The 
single input circuit is used for logic reasons. The double input above was used to 
save an AND circuit. 
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