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FIG. 4 - 2 RACK (REAR VIEW) 
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From a maintenance standpoint, the most expedient method of check­
ing components is to plug the package into some form of checker that al­
lows rapid switching of the test circuits from component to component. 
Thus all terminals of every component must be available at the con­
nector pins. 

In considering the stray capacity at critical points, it is noted that, 
in general, the basic circuits are connected as in Figure 4-5. Each am­
plifier is usually used to drive several circuits. Because the output of 
the amplifier is less disturbed by stray capacity than are other points in 
the circuit, the long leads to other packages are inserted at this point. 
The termination package is customarily located as close as possible to 
the delay line package with which it is associated. 

-I __, DELAY 
LINE 
TERM. 

DELAY 
LINE 

DELAY ~AND--1AND- _,OR- PULSE 
f--1 1---1 LINE ~ GATEr--ETC. 

TERM. _ --1GATE _...GATE AMPL. 
--1 

Fig. 4-5 CONNECTION OF BASIC PACKAGED CIRCUITS 

The minimum size of the package is determined by the unit length of 
delay line in the delay line packages and by the size of the 35-pin connector. 
The unit of delay is • 25 microseconds and requires approximately six 
inches of 1350-ohm delay line. The connector is 2-1/4 inches by 1 inch. 
The standard package is, therefore, 1 inch wide, 2-3/8 inches high, and 
7-1/16 inches long. 

The gating-amplifier package is separated into two sections. A single 
type amplifier package is employed, together with six types of and-gate 
packages, as described in Section I (Table 1-1). The two parts of the gat­
ing-amplifier package are held together by spring clips, so that they do 
not become separated during removal from the chassis. 

The frames of all packages are aluminum stampings, and are colored 
during anodizing to provide an identifying color for each type of package. 
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The color code used in MIDAC is as follows: 

Package Color 

And-gate type A Red 

And-gate type C Yellow 

And-gate type D Green 

And-gate type E Blue 

And-gate type F Violet 

Amplifier Gold-Yellow 

Delay Line Green 

Termination Red 

Or-gate Silver 

The packages are cooled by moving air. The air enters the side of 
each package through a hole in its frame, passes first over the diodes and 
then over the warmer resistors and tube, and leaves the package through 
a hole in the front. Packages are held against the air duct in the chassis 
by beryllium copper clips. 

4. 2. 2 Chassis 

One chassis holds 32 packages. The full chassis is small enough to 
be handled easily by one person, yet is not so small that the computer is 
split up into a large number of parts. 

The chassis structure (Fig. 4-1) consists of two end boxes connected 
by an upper and a lower skin and a central horizontal air duct, all of which 
fasten to the end boxes.. The back of the air duct consists of a sheet of in­
sulator board (Fig. 4-6), on which are mounted the power distribution 
busses and lugs for use in connecting the package socket pins to the power 
busses. The lugs on the power strip are so arranged that any of the ten 
supply voltages may be easily connected to any package pin. Connectors 
at the ends of the chassis are used to bring power from the rack to the 
power distribution board. 

IV-9 



-----UNIVERSITY OF MICHIGAN 

1947-2-T 

FIG. 4 - 6 REAR PLATE OF HORIZONTAL AIR DUCT 

A patch panel of 204 pins is mounted on stand-offs behind the power 
strip. The stand-offs also carry the busses for the four clock phases. 
The patch panel is used to connect inter-chassis signal wires. Signal 
wires between packages within a given chassis are permanently wired 
to the package sockets. As shown in Figure 4-1 (b) permanent wiring is 
also installed from the power strip and the patch panel to the package 
sockets. 

In addition to the chassis for packages, a second chassis of the same 
over-all dimensions was designed. Circuits not in package form may be 
installed in one of these chassis and plugged into the rack at any desired 
location. An example of such a chassis is the one in which the clock is 
mounted; this may be seen in Figure 4-4. 

4. Z. 3 Rack 

Figures 4-2 and 4-4 show the vertical columns at each side of each 
rack. These are the vertical air ducts which act as plenum chambers to 
supply the ends of each chassis with forced air for cooling. The top of 

IV-10 



....-----UNIVERSITY OF MICHIGAN 

1947-2-T 

the rack is a horizontal cable channel of the same form as the vertical 
duct. Felt insulation is applied to all inside surfaces of the vertical air 
ducts to prevent "sweating" when the air on the inside is cooler than the 
air on the outside. 

The power voltages are brought into the rack through the horizontal 
cable channel and are connected to Jones sockets mounted in the back of 
the cable channel. Power harnesses run down the back of the air ducts 
and plug into the Jones sockets at the top, as shown in Figure 4-2. Volt­
ages are distributed from the harness to the chassis through a fuse block. 
The fuses are of the indicating type and are connected to an interlock sys­
tem which cuts off the power when any fuse is blown. Filament voltage 
is kept as uniform as possible throughout the computer by providing a 
filament transformer for each two chassis and mounting these transform­
ers on the air duct next to the chassis they serve. 

All signal connections to and from each chassis are made to the patch 
panel strip of the chassis. Signal connections between any two chassis 
are made by connecting patch cords between the appropriate patch panel 
pins. Patch connections between chassis in the same rack are made di­
rectly, but connections between chassis in different racks are made 
through two-inch phenolic tubes running through the five pairs of holes 
shown in the vertical members in Figure 4-2. Connections to units out­
side the racks are made by patch cords to the patch pins in the cable chan­
nel at the top of the rack and then by cable out of the rack. 

The base unit of each rack houses the blowers and air filters and 
serves as a catwalk for work on the computer. The base unit in Fig­
ure 4-3 is uncovered to show the blowers used to force air into the ver­
tical ducts. The choice of blowers was made after a study of the cooling 
requirements of the computer. 

The required air flow, in cubic feet per minute, is 

CFM =BTU/Hr 
1. 08 X At ' 
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where BTU/Hr is the power dissipated and l1t is the maximum permis­
sible temperature rise, in Fahrenheit degrees. For reliable operation, 
diodes should not operate at more than 100° F. If room temperature is 
considered to be 75° F, l1t is then 25° F. The hottest package combina­
tion, including a Type F and-gate and a P2 penthouse, dissipates 22 watts, 
or 75 BTU/Hr. Then for the case of an entire rack completely filled with 
such packages. the required flow is 860 cu. ft./min. Two ILG B-12 
blowers, operating in a typical rack, supply 870 cu. ft./ min. with a 
static pressure difference of 3/ 4 inch of water between blower inlet and 
outlet. 

The heat is finally removed from the room by a 10-ton capacity air 
conditioner. An air conditioner was chosen over several other methods 
of heat removal because it allows control of humidity, is fairly econom­
ical. and can be moved with reasonable ease. 

4. 3 SUGGESTED IMPROVEMENTS 

4. 3.1 Packages 

While a rack and 10 chassis can be made for less than $5000, enough 
packages to fill a rack, at an average cost of $100 each, cost $32, 000. 
A means of reducing the cost of the individual package is clearly desir­
able. 

Printed circuitry was examined with a view to cost reduction. In 
addition to cost reduction. the following factors point toward printed cir­
cuits: 

a. Production rate may be greatly increased with only un­
skilled labor required for assembly. 

b. Maintenance is simplified, as all components are easy to 
replace. 

c. Visual inspection of the finished product is simplified. 

d. Computer reliability is increased because wiring shorts are 
eliminated, components are not stressed by wrapping pro­
cedures, and components are protected against damage in 
handling. 
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Figures 4-7 and 4-8 show etched-circuit package design possibili­
ties. The removable panel is the interchangeable and-gate section. 

4. 3. 2 Chassis 

The pre-wiring of chassis sockets is a desirable feature, and is 
made possible by a chassis (Fig. 4-9(a)) designed to hold etched-circuit 
packages. The chassis consists of four identical extruded angles bolted 
to a plate at each end. Sockets that have been pre·-wired in a jig may be 
inserted separately in the angles. The power strip in this chassis has 
been simplified and consists merely of power bus wires inserted in in­
sulated spacers. Connection is made directly to the bus wire instead 
of to a lug, as in the present chassis. Figure 4-9(b) shows a rear view 
of the new chassis design. All patch pins are in the Cinch plugs on the 
ends instead of being along a patch board across the back of the chassis. 
The improved system permits easy removal of the chassis if necessary. 
Under the present system, a large number of patch cords must be la­
beled and removed before a chassis can be removed from the computer. 
In the improved design. the power wiring connection of the rack is located 
at the front of the chassis. 

4. 3. 3 Racks 

The general organization of the rack may be changed to reduce the 
congestion at the back of the racks. The power harness, fuses, filament 
transformers, etc., could be moved to the front of the vertical air ducts. 
The air filter could be mounted in the front of the base unit and the ex­
tension of the base unit at the back of the rack could be reduced to pro­
vide easier access to the chassis at the bottom of the rack. 

The construction of the vertical air ducts can be simplified and im­
proved. Figures 4-IO(a) and 4-IO(b) show a segment of the suggested 
improved rack. The vertical air ducts consist of front and back U-chan­
nels held together by removable plates. The plates on the inner side of 
the air duct are arranged so that the horizontal air duct required for each 
package chassis can be put in if a package chassis is to be used, but left 
out if a non-standard chassis is to be used. The outer sides of the duct 
are also removable so that baffles may be inserted to equalize air flow 
and eliminate hot spots. 
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APPENDIX A 

RULES AND DATA FOR USING PACKAGES 

A. 1 GENERAL RULES 

a. The path of a pulse is through the following elements in se­
quence: first-level or-gate, logical delay element, and-gate, 
second-level or-gate, pulse amplifier, another first-level 
or-gate, another logical delay element, etc. Any logical 
delay element can be omitted. The possible physical loca­
tions of first-level or-gates are given in Table A-1. 

b. Signal wires connected to the output of an amplifier may be as 
long as 50 feet; all other wires should be kept short. 

c. When a pulse passes from an amplifier clocked with CP r (r = 
1, 2, 3, or 4) to another amplifier clocked with CP 5 (s = 1, 
2, 3, or 4), the relationship between clock phases r and s is 
given by 

s = (r + d + 1) modulo 4, 

where d is the logical delay between packages, measured in 
quarter-microseconds. 

A. 2 PACKAGE DATA 

Tables A-2 through A-7 give additional data on the use of packages, 
including pin numbers. 
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Signal 
Polarity 

Positive 

Negative 

TABLE A-1 

PHYSICAL LOCATIONS OF FIRST-LEVEL OR-GATES 

Used to Drive 
Number of 

Possible Location of First-Level Or-Gate 
Or-Inputs 

One 
Amplifier output B, or positive termination 
connected to amplifier output A. 

One or Many 
And-Gates R package connected to amplifier output A, 

Many or positive termination augmented by free 
diodes connect to amplifier output A. 

One 
Positive termination connected to amplifier 

Single De lay 
output A. 

Line 
Positive termination augmented by free diodes 

Many 
connected to amplifier output A. 

One 
Negative termination connected to amplifier 

Single De lay 
output C. 

Line 
Many 

Negative termination augmented by free diodes 
connected to amplifier output C. 
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TABLE A-Z 

OUTPUT CAPABILITY IN EQUIVALENT-GATE DRIVES 

Terminal Output No Penthouse pl p 
z 

Pin 18 (positive pulse through 4 10 16 
degenerate or-gate) 

Pins 14 (direct positive pulse) 12 6 0 
and 15 (negative), or pins 14 
and Z3 (double-amplitude posi-
tive pulse). 

Notes: 

I. For negative output, pin Z3 is con­
nected to +4v. 

Z. For double-amplitude output, pin 
14 is connected to pin 15 to obtain 
series-aiding transformer con­
nection. 
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TABLE A-3 

CONTENTS AND PIN CONNECTIONS OF AND-GATE PACKAGES 

1~26 
l~v 
And-Gate 

EJB 
Positive Termination 

8~26 
12-v 

13=B-6 22 
17 

21=&-6 31 
35 

And-Gates 

1!~26 
21~ 

1:=iJ-2z 
17=t/ 

!!=t-31 
35=tT 

:=B--10 
And-Gates 

3-c:J-4 I~ I! 7 26 s---t=J-- 6 
1--c==J-2 *- 1--c=:J- 2 

5-c:J-6 21 32---t=J--33 
Free Diodes 

"A" Package 
(Red Frame) 

i-c:J-2 

3-c:=J--4 
5-c:J-6 
Free Diodes 

"D" Package 
(Green Frame) 

i-D-2 
Free Diode 

"F" Package 
(Violet Frame) 

lj=tL-22 
17=v-

Free Diodes 

"c" Package 
(Yellow Frame) And-Gates 

1--c=J- 2 

5-c::=J- 6 

9*0 13 7 22 
17 

Free Diodes 

32$-33 6 31 
35 "E" Package 

(Blue Frame) And-Gates 

Notes: 

1. Number inside gate is 
maximum number of inputs 
allowed on gate. 

2. High pin number of free 
diode is always the anode. 

3. To add an input to a gate, 
connect anode of diode to 
gate output. 

4. On each package type, the 
clock voltage is connected 
to pin 25. 
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TABLE A-4 

POWER CONNECTIONS TO GATE-AMPLIFIER PACKAGE 

Pin Voltage 

7 -8v 

11 +62v 

19 +235v 

20 -lOv 

24 6. 3v ac 

28 +2v 

29 Ground 

30 -65v 

34 -sv 
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TABLE A-5 

CONTENTS AND PIN CONNECTIONS OF DELAY LINE PACKAGES 

22--0--18 

26-0-20 

21-0-15 

2-0-10 

34-0-23 

33-0-25 

3-0- 6 

l-[2Q-- 7 

12-[2Q--14 

35 -[2Q--28 

L 1 Package 

3~6 2~10 

12~14 34-G--23 

35~28 33-G--25 

22~20 3--G-- 6 

1~7 1--G- 7 

2~25 12 --G-14 

L 2 Package 35 ~28 

22 -QQ--20 

1~33 L 3 Package 

L4 Package 

Notes: 
1 . Ground to pins 5 and 31. 
2. Delay units expressed in 

microseconds. 
3. Delay packages have green 

frames. 
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TABLE A-6 

CONTENTS AND PIN CONNECTIONS OF TERMINATION PACKAGES 

Polarity of Termination 

T 1 Package T2 Package 

a b c 

1 2 5 p p 

4 3 8 p p 

9 10 13 p p 

12 11 16 p p 

17 14 22 p p 

21 15 26 p N 

27 18 32 p N 

31 20 35 p N 

33 29 19 N N 

34 24 25 N N 

Power Connections Notes: 1. Termination packages have red frames. 
Ground to pin 6 2. Signal input goes to pin a; delay line 

-8v to pin 7 is connected between pins b and c; and 
+Zv to pin 28 the delayed signal output appears at 

-65v to pin 30 pin c. 
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TABLE A-7 

CONTENTS AND PIN CONNECTIONS OF OR-GATE PACKAGE 

~=$-- 3 
9-f\__ 11 10---vr-
13~ 15 
14 

17~ zo 
18 

22=$-- 25 
23 

32~· 
34 

33 

Positive Or-Gates 

Notes: 

4--cJ-- 8 

12--cJ--16 

z 1--cJ-- 26 

21--c=J-zs 

31--CJ-35 

Free Diodes 

Power Connections 

-Sv to pin 7 

Ground to pin Z 9 

-65v to pin 30 

1. High pin number of free diode is always the 
anode. 

Z. Or-gate packages have silver-colored frames. 
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APPENDIX B 

SOME DESIGN FACTORS AND EFFECTS OF COMPONENT TOLERANCES 

B. 1 DIODE GATE DESIGN PROCEDURE 

The diode gate structure is shown in Figure B-1. 

The first-order design procedure for the diode gates made use of 
the following assumptions: 

1. The grid swing desired on the 6AN5-tube is from -5v to +2v. 

2. Diodes have zero forward resistance and a lowest permissible 
back resistance of 90, 000 ohms. 

3. The minimum tolerable rate of potential rise and fall at the 
grid of the tube is 75 volts per microsecond. 

4. Because of diode manufacturers' ratings. the maximum power 
supply voltages for diode returns are in the neighborhood of 
65 volts. Values of +62v and -65v were chosen. 

5. Unwanted signals at the output of an and-gate should not exceed 
3 volts. 

The design procedure first required that the stray capacitances C 1 
and Cz be measured using the actual circuit structure. These were 
found to be 18 micromicrofarads and 19 micromicrofarads respectively. 

B. 1. 1 Calculation of R 1 

Assume that the tube has been pulsed and that the input voltages to 
the or-gate are then removed at a rate in excess of 75 volts per micro­
second. The required minimum rate of discharge of C 1 must be 75 volts 
per microsecond. The rate will be minimum as the grid approaches 
-5v, with R1 at its maximum value (105 per cent of nominal), and the 
negative supply voltage, E 1• at its minimum value (95 per cent of nominal). 

6 volts 
75x10 -- -

sec 

B-1 
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(1. 05) R 1 Cl 
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+E2 =62V±5% 

SL T R2 JI 1 
--i ------- --------l--i _ _.,_ _ _L_I _ _.,__r 6AN5 

Tc1 

-E 1 

(-65V±5%) 

-I ..L 

-I 
-I 

-:;:- Or- Gate 

Clock 

FIG. B • 1 DIODE GATE STRUCTURE 

B-Z 

-e, 
(-65V±5%) 



-----UNIVERSITY OF MICHIGAN 
1947-2-T 

Substitution of numerical values for E 1 and C 1 gives R 1 = 40, 000 ohms. 
The nearest standard resistor value is 39, 000 ohms. 

B. 1. z Calculation of Rz 

Assume that the inputs to the ,and-gate are elevated at a rate greater 
than 75 volts per microsecond. The minimum rate of charging of C 1 and 
Cz must be 75 volts per microsecond. This minimum rate will occur as 
the grid signal approaches +zv and when: 

1. E 2 is at its minimum value (95 per cent of nominal), 

2. Rz is at its maximum value (105 per cent of nomirial), 

3. E 1 is at its maximum value (105 per cent of nominal), and 

4. R 1 is at its minimum value (95 per cent of nominal). 

5. Only one diode is conducting, the remaining four being cut off. 

The value of R2 is given by: 

where, 

' 

6 I 
75 x 10 = -c--c- ' 

1 + 2 

(0. 95) E 2 -(Z) 

I= (1.05) R 2 

(Lo5)IE 11 +(z) 

(O. 95) R 1 

10 
R' , 

b 

Rb being the back resistance of four or-gate diodes in parallel. Sub-
stituting numerical values gives Rz = 10, 600 ohms. The nearest stand­
ard resistor value is 11, 000 ohms. 

B. 1. 3 Calculation of R 3 

The capacitance C 3 consists of the shunt wiring capacitance at the 
output of an amplifier package. The value of c3 depends upon the num­
ber of circuits a given amplifier is driving and the length of wire used 
to make the connections. Because the capacitance load is variable, it 
is impossible to choose a single fix~d value for R3. In designing the 
packages, it was found that two additional values of R3 could be provided 
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through the use of the standard plug-in penthouse packages. This variety 
of values accommodates the necessary range of output loads. 

B. 2 EFFECT OF NON-IDEAL DIODE CHARACTERISTICS 

Several factors tend to compromise the ideal operation of the gates. 

The non-zero forward impedance of diodes causes unwanted signals 
to appear at the output of an and-gate. 

The situation which is most critical exists when one input alone must 
keep the gate inoperative. The equivalent circuit for this condition is 
shown in Figure B-2(a). It is assumed that all circuit parameters are 
at their maximum values in the direction which produces the largest leak­
age signal. These are: 

1. Maximum leakage current from input diodes: 

a. Maximum number of input diodes (8), 

b. All inputs except one at the most positive voltage 
level, (+22. Sv), 

c. All input diodes at their minimum allowable back 
resistance (90K). 

2. Maximum pull-up current: 

a. Pull-up resistor at its minimum allowable value (10. SK), 

b. Pull-up voltage at its maximum allowable positive value 
(65.lv). 

3. Maximum allowable forward resistance for the conducting diode 
(110.Q). 

The leakage signal amplitude, ea, measured from the -8v input level, 
is equal to the voltage drop across the conducting diode due to the leakage 
current Ib and the gating current I2 . 

22. 5 + (8-e ) 
I = a = 
b Rb 

7 

30. 5 - e 
a 

13000 = (z. 3 - :~) milliamperes 
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+22.SV 

-av 

-av 

+2V 

E2=65.1V 

1,i R2=10.5K 

Rb/7 = 

1{ 90K/7 

... (-a +ea )V 

Rf =110.Q 0 

• I f 

(a) EQUIVALENT CIRCUIT Of a -INPUT AND· GATE. 
(All CIRCUIT PARAMETERS ARE AT THEIR EXTREME VALUES, IN THE 

DIRECTION WHICH ALLOWS THE LARGEST LEAKAGE SIGNAL e 0 ) 

Rb/4= 
90K/4 

(+2-e 0 ) V 

lb 

Rr=110.Q 

o{ 
If ... 

'•1 
R1=37.1K 

E1 =-70.3V 

( b) EQUIVALENT CIRCUIT OF 5 ·INPUT OR· GATE. 
(ALL CIRCUIT PARAMETERS ARE AT THEIR EXTREME VALUES, IN 

THE DIRECTION WHICH CAUSES THE LARGEST REDUCTION e 0 ) 

e 0 (o) 

e 0 ( 1 ) 

FIG. 8 • 2 EQUIVALENT CIRCUITS FOR CALCULATION OF LEAKAGE SIGNALS 
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65. 1 + (8-e ) 73. 1 - e r: e :\ 

12 = RZ a = 10500 a = \. O - l;. 5} milliamperes 

e = a 
-3 

U2 +lb) Rf= (9.3 - 0.2 e) 110 · 10 volts= I.Ov. 

Thus the maximum d-c leakage signal of an and-gate is about one volt. 

Under pulse conditions the transient response of the pulsed diodes 
may increase the leakage signal slightly. since the combined Rb of the 
pulsed diodes tends to remain low for a short period of time. However, 
the signal lines are always pulsed well before the clock pulse occurs. 
Thus, by the time the clock diode is pulsed, the back resistance of the 
signal diodes has had a chance to approach its d-c value. In addition, 
the assumed maximum +22. 5v level at a pulsed input line is character­
istic of only the clock input line while the average information pulse has 
a maximum level of+lOv. 

Non-ideal diodes in the or-gate may reduce the amplitude of a signal 
at the grid. The worst case exists when only one input diode is pulsed; 
this situation is shown in Figure B-2(b). The circuit parameters which 
make this effect most pronounced are: 

1. Maximum leakage current drawn by the "off" diodes: 

a. Maximum number of off diodes (4), 

b. All off inputs at their most negative level (-8v), 

c. All off diodes at their minimum allowable back 
resistance ( 90K). 

2. Maximum pull-down current: 

a. Pull-down resistor at its minimum allowable value 
(37. lK),. 

b. Pull-down voltage at its most negative value (-70. 3v). 

3. Maximum allowable forward resistance of the pulsed diode (110 .Q). 
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The reduction e0 of the output signal amplitude from the +2v-input 
level is equal to the voltage drop across the conducting diode. 

-B - ~ - I e ol) -1 O + I e o I {_ I e o I \ . . 
lb= Rb/4 = 22, 500 = (0.45 + 22. 5J milliamperes 

-70.3 -(2 -leol)_ -72.3 + !eol __ ( 1 
I 1 = R - 3 7 100 . 95 + 

1 , 
leol) ·11· 
3 m1 iamperes 
7. 1 

e0 =I\+11) Rf= - t·4 -je0 I ~zz'.s + 3;. ~] 110 · 10-3 volts 

e = -0. 26v. 
0 

This drop in signal level is not significant since the grid is driven back 
to +2v when the regeneration gate is pulsed. 

The leakage current through the -5v bumper diode has not been in­
cluded in the above calculations because it is several orders of mag­
nitude smaller than the other currents involved. 

B. 3 LABORATORY MEASUREMENT OF EFFECT OF COMPONENT 
TOLERANCES 

B. 3. 1 Timing Numbers 

To provide a basis for measuring the effects of combinations of cir­
cuit tolerances, a notation has been devised to express precisely the 
relative shape and timing of computer pulses. This notation makes use 
of four critical points on a voltage pulse -- two define the leading edge, 
and two define the trailing edge, as shown in Figure B-3. 

For this purpose, time is conveniently measured in hundredths of 
microseconds. The first timing point of a clock-pulse of phase one 
(CP 1) is arbitrarily chosen as time zero. The four numbers which spec­
ify the timing points of any pulse are called the timing numbers and are 
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LOCATIONS OF TIMING POINTS ON CLOCK •pulse· 

+6V 

LOCATIONS OF TIMING POINTS ON AMPLIFIER PULSE 

FIG. B - 3 TIMING POINTS 
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written in a block of two lines and two columns. The timing numbers 
for each of the four clock phases are as shown in Table B-1. 

b' 1 c' 
arr<i• 

TABLE B-1 

TIMING NUMBERS OF CLOCK PULSES 

CP 
2 

CP 
3 

56 103 
50 109 

CP 
4 

81 128 
75 134 

A circuit which delays and distorts a pulse can be described in terms 
of an operator consisting of four numbers in a bracket: 

When this operator is applied to the timing numbers of the circuit input 
pulse, the result is the timing numbers of the output pulse: 

~ 
a' I d' [ ;tt J 

B. 3. 2 Rules of Coincidence 

= b' + b I c' + c 
a'+ a d' + d 

A pulse at the input of an and-gate is said to be coincident with the 
clock pulse at this and-gate if it obeys the following four rules: 

Rule 1. An input pulse must not occur so early as to gate with the 
last part of the previous clock pulse. Specifically, it must not rise 
above -8v while the previous clock pulse is above -5v. 

Rule 2. The input pulse must be at full gating voltage (+Zv) before 
the clock pulse reaches this voltage, so that the input pulse always 
encompasses the leading edge of the clock pulse. 
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Rule 3. The regeneration gate must be activated for at least 0. 05 
microseconds before an input pulse ceases. Therefore, the input 
cannot be allowed below +2v before the package output has been at 
or above this level for . 05 microseconds. 

Of course the input pulse must not last so long that it gates with the 
clock pulse following the one with which it is intended to coincide. How­
ever, this is a trivial statement, since normal information pulses are 
always much less than 1 microsecond. 

If it were not for the regeneration loop, the output pulse of a tube 
package would be a pulse which has a duration only as long as the longest 
time of coincidence at any one of the and-gates. Since Rule 2 states that 
input pulses always occur before the clock pulse with which they are gated, 
then the time of coincidence is always less than the duration of a clock 
pulse. The regeneration loop stretches the output pulse, so that it lasts 
as long as the clock pulse. This loop consists of a two-input and-gate 
which has a clock pulse as one input and the output of the package as the 
other. Once this gate is activated (Rule 3), the duration of the output 
pulse is controlled by the clock pulse, and is independent of the conditions 
present at the other and-gate inputs. Thus a full length output pulse from 
the package is guaranteed. 

Rule 4. The output pulse must not last so long as to gate with the 
next clock pulse. Therefore, the output voltage must be below -8v 
before the clock pulse goes above this value. 

B. 3. 3 Rules of Inhibition 

The previous discussion has been concerned with positive pulses only. 
A negative pulse is used to inhibit an and-gate. The base line of this pulse 
is at +4v. Complete inhibition of an and-gate requires that the negative 
inhibit pulse completely encompass any coincidence event. Four timing 
rules apply to the inhibition of and-gates. 

Rule I. The inhibit pulse must not occur so early as to interfere 
with the previous clock pulse. Specifically, it must not fall below 
+2v while the previous clock pulse is above -5v. 
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Rule 2. The inhibit pulse must be below -5v before the clock pulse 
rises above this level. 

Rule 3. The inhibit pulse must remain below -5v for the total dura­
tion of the clock pulse. 

Rule 4. A delayed inhibit pulse must not inhibit part of the clock 
pulse following the one to be inhibited. Specifically, the delayed 
inhibit pulse must be more positive than +2v by the time the next 
clock pulse reaches -5v. 

B. 3. 4 Worst Timing Numbers 

The eight rules stated in the two previous sections represent a set 
of conditions which, when obeyed, result in the proper operation of the 
gate-amplifier package. The obedience of a circuit to the above rules 
may be checked by means of the timing numbers previously defined. 

A useful concept is a set of numbers which, when added to the tim­
ing numbers of a clock pulse, represents the "worst" possible timing 
configuration. The worst timing is that which comes nearest to violating 
the timing rules in any gating configuration. The worst timing condition 
must be found by experiments in which a great many circuits parameters 
are allowed to vary within stated tolerances. The worst timing numbers 
of a package output pulse have been found to be: 

b' + 14 c' + 1 
a' + 6 d' + 8 

For example, the worst timing numbers of an output pulse of a package 
which is clocked with CP 1 are: 

~ = 20 j 54 
aTd 6167 

The use of the four clock phases is now apparent. If only one clock 
phase were available, the output of a package would have to be delayed 
on the order of . 7 5 microsecond so that it could properly gate a follow­
ing and-circuit. However, if the second and-circuit is clocked with 
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CP 2• no external de lay is required and the four timing rules of coinci­
dence are obeyed. This is illustrated in Figure B-4. The conformance 
to the appropriate timing rules is determined by the timing tolerances 
t 1• t2, t3, t4 given in the_ figure. The subscript of a timing tolerance 
indicates the number of the applicable rule of inhibition or coincidence. 
If any timing tolerance becomes zero or negative, a rule has been vio­
lated. Two additional examples of timing numbers are given in Figures 
B-5 and B-6,. which show two methods of inhibition. 

Nine parameters were varied to obtain the worst timing numbers. 
These parameters were: 

1. Clock pulse amplitude: 

a. "Fast" clock - maximum amplitude - 45v peak to peak, 

b. "Slow" clock - minimum amplitude - 30v peak to peak. 

2. Capacitive load (after output buffer): 

a. Maximum - 300 uuf, 

b. Minimum - no external capacity. 

3. Resistive load: 

a. Maximum - P 2 penthouse, 

b. Minimum - no penthouse. 

4. Grid pull-down current: 

a. Minimum - pull-down resistance 5 per cent high and pull­
down voltage 5 per cent less negative than design center# 

b. Maximum - pull-down resistance 5 per cent low and pull­
down voltage 5 per cent more negative than design center. 

5. Number of and-gates used: 

a. Minimum - 1, 

b. Maximum - 4. 

6. Speed of and-gate: 

a. Slow - seven-input and-gate representing maximum capacity 
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Stage Delay 

[w] 

/:20 54~ 
16 I : 67 --..., t2 i..-
I I I 

-+I tl I.it- I I 

~ 
I /' '8\ I 

I 
I 

-16 25 -+I l+-t-3 84 
I I 

I 
r45 

31 

~ 
3Tf92 

I 

} Stage l O"tp"t, o• 
Stage 2 Input 

14- ··-.iv} c•, 
I 125 
I 
I 
I 

} Stage 2 O"'P"' I 
I 

92 

The Output Pulse of Stage 1 is shown to be coincident with CP2 in 

accordance with the 4 Rules of Timing. The Timing Tolerances for 
this configuration are: 

FIG. 8 - 4 TIMING OF POSITIVE PULSES 
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It 20 54 
~ 1 I 

I t2-+I ~ I I 92 i 3!~ ~· .. /!·;--
1 '1 45 791 kt .i 

} 
Inhibit Pulse 
From Stage 2 

} 
Inhibit Pulse 

Delayed .25 µsec. 

I 1 I 4 I 

~ ... 1 __ V31 78\ V}cP, 
-16 25 184 125 

_., t31.-

'"--"""' I I 20 54 I 
I 

6 

} 
Output of Stage 1 to be 
lnh ibited at And· Gate 
of Stage 3 

The And· Gate of Stage 3 is inhibited by the pulse from Stage 2. 
The Timing T oler~nces are: 

t 1 =22, t2=5, t 3 •12, t 30=9, t4 •33 

FIG. B • 5 INHIBITION BY PULSE STRETCHING 
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I I 
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Stage 3 is Inhibited by Stage 2. The Timing Tolerances are: 

t1=45, t2=5, t3*=1 
* t 3 cannot become Zero .or Negative, because a "Cause• 
must always precede an "Effect•. 

Inhibit Pulse 
( Stage 2 Output ) 

Stage 1 Output 

FIG. B - 6 INHIBITION BY CLOCK PULSE SHORTENING 
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C2, pull-up resistor 5 per cent high and pull-up voltage 
5 per cent less positive than design center, 

b. Fast - one-input and-gate representing minimum CZ, pull­
up resistor 5 per cent low and pull-up voltage 5 per cent 
more positive than design center. 

7. Tube: 

a. Hot tube - draws more than 75 ma of plate current with +Zv 
on grid, +62v on screen and plate, 5. 7v on filaments. 

8. Pulse transformer primary inductance: 

a. High - 4. 5 millihenries, 

b. Low - 3. 0 millihenries. 

9. Pulse condition: 

a. First pulse - an output pulse every 4 microseconds, 

b. Nth pulse - a continuous train of pulses. 

The combination of parameters which by experiment had the greatest 
effect on specific timing members are given below in order of their im­
portance. 

1. Parameters giving smallest Aa (. 06 microsecond}: 

a. First pulse 

b. Minimum capacitive load 

c. Minimum resistive load 

d. Four pulsed and-gates 

e. Slow clock 

f. High inductance (small effect) 

g. Hot tube 

h. Fast grid pull-down (negligible effect) 
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2. Parameters giving largest Ab ( O. 14 microsecond): 

a. Maximum capacitive load (very large effect) 

b. Nth pulse (large effect) 

c. Maximum resistive load 

d. One pulsed and-gate; seven-input 

e. High inductance (small effect) 

f. Cold tube 

g. Fast clock 

h. Fast grid pull-down (negligible effect) 

3. Parameters giving smallest Ac (0. 01 microsecond): 

a. Cold tube (large effect) 

b. Low inductance 

c. First pulse 

d. Maximum resistive load (small effect) 

e. Maximum capacitive load (very small effect) 

f. Four pulsed and-gates (negligible effect) 

g. Fast grid pull-down 

h. Clock amplitude (no effect) 

4. Parameters giving largest Ad (O. 08 microsecond): 

a. Maximum capacitive load (large effect) 

b. Hot tube 

c. One pulsed and-gate; seven-input 

d. Minimum resistive load 

e. Slow grid pull-down 

f. Nth pulse (no effect) 

g. Inductance (no effect) 

h. Clock amplitude (no effect) 
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