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TECHIIICAL MEDORANDII 0, 15

COIZIUVICATIOCN BETWEEN ELRECTRONIC CIRCTITRY
AND

MECHATTICAL OR ELECTRO=-MECHANICAL DEVIC

In the design of electronic computing equipment it is necessary
to provide means of communication between the electronic equipment and
mechanical or electro-mechanical devices. In fhe Task 13 equipnent, such
communication includes the followings:

1. Hanmal Start.

2. Operation of relays as a result of pulse occurrence,

3. Producing relay contact pulses as a result of a very
short pulse (0.1 usec).

L. Communicating with the output system.

£. Generation of system clock pulses for use on sinrle
step or "inch" operation.

The above problems will be taken up in order. It is recognized
that there are many methods of accomplishing these results. The ones
discussed have proved to be very reliable.

The standard pulses in the arithmetic and control systems vary
between 0,1 and 0.2 usec in width and from 20 to 35 volts in amplitude.
Pulse widbhs up to 0.5 usec may be tolerated with the standard circuitry.
Advantage of this fact was taken in the development of the circuits dis-
cussed below.
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1., Manual Start

This application calls for the generation of a single pulse as a
result of a mechanical contact closure. This pulse must be coincident with
a standard clock pulse.

This is accomplished in two steps. The first is the production
of a sincle sharp pulse initiated by a contact closure. The second is the
synchronizing of this signal with the standard clock pulses. For the first
step, a self-extinguishing thyratron circuit was chosen because an output
pulse of very short rise time may be easily obtained. Adjustment of circuit
time constants eliminates spurious pulses due to contact bounce. This circuit
is shown in Figure 1,
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Figure 1 -~ Pulse-Tormer

The thyratron is normally held off by the -10 volt bias. Capacitor C3 is
charged to 4210 volts.

Capacitor Cy serves the dual purpose of preventing firing due to
cross-talk and eliminating much of the contact bounce signal.

Capacitor Cp is initially discharged (-10 both sides). Closing
the contact causes the grid to momentarily come to ground potential. The
tube fires, producing a negative output at(a). Firing of the tube discharges
03. The tube will go out when the plate reaches the exbinction potential as
C3 discharges. The tube cannot fire again until C, charges through R), to the
f%ring potential, By this time, however, the grid has regained its negative

bias and the tube remains off. £
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The output pulse is several microseccnds wide so must ve shaped
into a usable pulse. For this purpose the circuit of Firure 2 was used.
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Figure 2 - Pulse Shaper

The 6ANS is normally conducting. The pulse from the thyratron
circuit cuts off the tube thereby interrupting the flow of current throush
the inductance. The potentizl at @ will rise sharply, its limit being
proportional to h(g% « The circuit will attempt to cscillate, but is pre-
vented from doing so by the damping diode. The output is essentially a
half-sine wave of about 4O v amplitude and 0.7 usec duration.

. 2
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Une more staze is necessary to produce a pulse approximating the
standard characteristics. Ficure 3 shows the pulse amplifier used throush-
out the couipment.

+80 +210

%‘ 3/ A
c
v

2790

Figure 3 - Pulse Amplifier

“hen the signal from @ of Figure 2 is applied %o the input of
Firure 3, an output will appear across C. Either polarity may be used.
The circuit will deliver about a 3% v _pulse into a 100 load. When used
with Fisure 2, the width is about 0.l usec.

Since these three circuits will be used throughout the discussion,
it is convenient to assipgn names and symbols for them. {(See Figure li). The
symbols from left to right represent the circuits of Ficures 1, 2, and 3
respectively.

S e
THYRATRON
PULSE PULSE PULSE

FORMER SHAPER AMPLIFIER

La

Figure | - Manually Initiated Pulse Former
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The second step regarding manual start is the synchronizing of the
manually initiated signal with the standard clock pulses.

The simplest method of accomplishinzg this would be the circuit of

Tirure S.
GATE
CLOCK I * SINGLE
PULSES PULSE OUT
FLIP
FLOP
MANUALLY ‘ CLEAR

INITIATED PULSE

Figure 5 - Elemenbary Synchronizing Circuit

The gate is biased off by the flip-flop. The mamally initiates
pulse triscers the flip-ilop; one clock pulse passes throuth the rate and
returns the flip-=flop to the normal condition.

With this cireuit, however, there exists a possibility ol pro-
ducing as output a "runt" pulse. The initiating pulse may cccur ai any
time with respect to the clock pulses; the gate may be only partially
enabled when a clock pulse occurs. To eliminate this possibility, the
arranvement of Fipure 6 was used.
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Figure 6 - Synchronizing Circuit
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Now if a "runt" pulse is emitted {rom Gate 1 it will eithsr tripger
FP'? or it will not. If it does, FF2 has ample time to completely enable G2
before the next clock pulse occurs. If it does noi, the next one will. The
purpose of the delay in the clear line is to avoid the possibility of "con=-
fusing® FF2 by pulsing both sides similtaneously with signals of different
amplitudes. (Gl is putting out a pulse similtaneously with that from G2).

The Task 13 standard flip-flop and gate circuits will not e
discussed here as other material is available on the subject. The delay
circuit of Firure 6 is shown gchematically in Figure 7.
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Picure 7 — One Microsecond Delay
(S} L4

The tube is normally conducting. The input pulse is a standard
nezative pulse of at least 20 v anplitude. This pulse charges Cq through
diode CRj, cutting off the tube. The charge leaks off through Ryj. The
rrid sipgnal is therefore a "stretched" pulse which keeps the tube cut off
for about 2 usec. dhen the plate current cuts off, an output is produced
from the plate in the form of a damped sine wave. The signal is R~ coupled
to the ¥F. The negative portion is used and provides a delay of about 1 usec
from the initiating pulse.

2, Relay Operation as a Result of Pulse Occurrence

“hen certain pulses occur within the computer, it is necessary to
operate relays to perform indicabing and control functions. TFor this service
the arrangement of Figure 8 was used. Considerable loss of emission can be
tolerated in the 5687 tube before relay operation fails.
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Fizure 5 - Flip-flop and Relay uller

3.  Pulsed Relay Operation

Pulsed relays are needed for several control apprlications. Time
el "energy-on" varies [rom 15 B to 60 M5 for different uses. 4 cathode
coupled one-shot multivibrator was used combined with the relay puller of
Birure 3., (See Fipure 9).

+210 + 150

50 Vv 6AHE

si{: :

Figure 9 - One-Shot Multivibrator and Relay Puller

—20

- 60 -60
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The pulse duration is equal to kRC; for this circuit k = .28
within the range used.

i, Providing Information to the Cutput System

It was required to print cut a character corresponding to a six-
digit binary number. The information was read out of storase to a thyratron-
relay register. These relays energize the relay translator which selects the
proper typewriter solenoid. Fach element of the resister has the circult of
Firure 10.

TO + 150 THRU CONTROL CONTACTS

B NEON
INDICATORS
IND. (= =Y IND. 33 K
OFF \& ON
gn MEG. | MEG.
|
I
READ TO | L
PPR 17
|
|
I
A
- 20
ENABLE FROM
READING AMPLIFIER
TFigure 10 - Print-Punch Register Element
To initiate the print cycle, the circuit of Figure 1l was
used,

»

Page' 4 of 11

Original document — Engineering Research Associates, No. XA-19742 dated 12 December, 1950



VIP CLug

A Legacy Project re-print, from Task 13

READ TO

January, 2011

TO +150 THRU GCONTROL CONTACTS
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+70

Figure 11 - Print Initiate Circuit

The purpose of the resistors paralleling the relars in both
flgures 10 and 11 is to provide a resistive load to insure rapid ipnition.

i#hen the typewriter had printed it was necessary to produce an
“aclmowledge" signal te inform the electronic circuits of this fach.
Figure 12 is a block diagram of ghe circuit.

PF

PS

P A

NORMALLY Kl
GLOSED

Firure 12 - “rint Acknowledge

TO ELECTRONIC
CONTROL
CIRGUITS

The relay contact K1 is normally closed; this relay is pulsed

when the typewriter function is completed.

emitted from the amplifier.

A single shaped pulse is
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5. Sinvle Step Operation

For test purposes, the equipment is often operated in the "inch®
condition. One clock pulse is produced for each cleosure of 2 push-button
switch. These clock pulses must look exactly like the normal high speed
pulses. For this reason, the shaping and output stases ol the clock
generator were common to all pulse rates. A block diagram of *the circuit
appears in Figure 13.
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Figure 13 - Single Step Pulse Generator and Clock Pulse Mixing Circuit
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SICIARY e

FPor producing sharp pulses from contact closures, a sell-
extinguishing thyratron circuit is used in combination with a pulse

shaper and pulse amplifier., The inpuf circult has an "0 filtar to

avol:l spurious pulses due to contact bounce. ’

To operate relays as a result of a milse occurrence, either
a flip~-flop or a one-shot multivibrator is used in coujunction with a
hard tube amplifier termed a "relay puller®.

To transfer intelligence to the output system, a Lhayratron-
relay register is used.
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Reference: For a discussion of Task 13 standard circuits see Instruction
Book CXMX equipment (Confidential) Section 3, "Detailed Theory".
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