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By D.BOLLEN

HIS month’s article deals with UNIT “D"—the

multiplier, which is the final piece of PEAC
cquipment. After a technical description, details of
the construction and setting up are given.

The servo driven potentiometer has been widely
employed in the past for multiplication of one variable
voltage by another, but its frequency response, in most
cases, is seldom better than 0-5Hz. Modern analogue
computers now tend to use all solid-state multiplier
circuits, which have a frequency response extending
into the kHz region, but they are both complex and
expensive. Taking the quarter-square multiplier as an
example, it needs five operational amplifiers and two
diode function generators to produce an accurate
product voltage from two inputs.
that analogue multiplier circuit design can be expected
to present considerable difficulties when cost is an
important consideration.

UNIT “D”—THE MULTIPLIER

Working on the premise that even a multiplier of
restricted performance can make a worthwhile con-
tribution to an analogue computer which lacks such a
facility, an accuracy of 4-2-5 per cent and a frequency
response of 50Hz under the most favourable con-
ditions was considered to be an acceptable specification
for the UNIT *“D” multiplier. Although 0-50Hz
seems rather limited by ordinary electronic standards,
in the context of “parallel” computer circuit operation
it represents a useful compute time which compares
favourably with the servo multiplier.

UNIT *“D” contains three distinct circuits, two
operational amplifiers and a bistable reed relay driver.
One of the amplifiers is identical to those used with
UNIT *“A”, and is available as a multi-purpose
operational amplifier when the multiplier is not in
service. :
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It follows, therefore.’

PEAC
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TIME DIVISION

With the time division multiplier, a square wave is
modulated in such a way that the mark/space ratio is
proportional to one input voltage, while the amplitude
of the waveform is proportional to another input
voltage. The mean value of the resulting waveform is
then proportional to the produét of the two input
voltages.

Looking at Fig. 9.1, which sets out the simplified
multiplier circuit with associated waveforms, a voltage
E, is compared with a fixed voltage E, at the input of the
integrating amplifier. A bistable relay is arranged to
switch S1 and S2 when the integrator output reaches a
pre-determined value, conveniently about two thirds of
the maximum available amplificr output swing. If the
sign of E; at the S1 contacts is correct, the feedback will
be positive, and a self-sustained oscillation at a fre-
quency determined mainly by E, and C: will result.
When E, = 0 the output from the integrator will
consist of a sawtooth or symmetrical ramp waveform,
with identical rising and falling slopes, which is
generated by E,.

Assume now that a voltage E, is applied; - this will be
added to, or subtracted from E,, depending on the
position of the S1 switch. The ramp waveform is
therefore modified to an asymmetric form where the
iising and falling slopes become dependent on the level
and sign of E,.

Waveform (a) in Fig. 9.1 depicts the asymmetric
ramp for - E; and —E,, while waveform (b) shows the
square wave generated by the switch, of mark/space
dependent on the magnitude of E,. As S2 is
synchronised with S1, so the input resistor R1 will be

alternately switched to the inverting and non-inverting

inputs of the product amplifier, and will remain at each
contact for a time dependent on the frequency and
mark/space of the switching waveform.

The amplitude of the product amplifier output is
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COMPONENTS . . .
iy
R ~ UNIT “D” FRONT PANEL AND BOX
Eqo—ANN £o Potentiometers
: VR25 [100Q wirewound
NON-INVERTING ~| PRODUCT VR26 500 wirewound
| AMPLIFIER (both panel mounting type)
b I| Switches
R3 1 +E5 SiI 3 pole, 4 way rotary
| S12 Double-pole slide switch (c/o contacts)
|O—E3 .
Ce | Sockets
| 2 red, 2 blue, | black, 2 yellow, 3 white,
_|I'——\ : | green, and 6 miniature sockets
- | f ! H Miscellaneous :
- = BISTABLE Material for front panel and box. Hardboard,
E20—N\WN V RELAY I 2 off 123in X 44in, 2 off 4kin x 3%in.
Vil S White plastlc laminate, 2 off 123in x 43in,
INTEGRATING v 2 off 3fin X 44in, | off 12in x 3&in.
3 7
AMBLIFIER Softwood, 25in X %in X ¢in. Knob, one
e EwE ek __x:_:= { AND E5=10v Radiospares 14in type PK with pointer.
UNIT “D” BISTABLE RELAY AND %
PRODUCT AMPLIFIER §
Resistors
Rl 1kQ *RI410kQ 19
R2  43kQ RIS 1kQ
RELAY R3  43kQ RI6 820Q
— — — OPERATES R4 4-3kQ RI17 820Q
+ R5 1kQ RI8 1kQ
=5 R6 100Q R19 8-2kQ
B *R7  11kQ 19, R20 22kQ
RELAY R8 10kQ R21 22kQ
T =QRERATES B RO 9780 R22 8-2kQ
} RI0 2:2kQ *R23 200Q2 29,
+£3 RIl 100Q *R24 1kQ 29,
r *RI2 10kQ 1Y, *R25 1-2kQ I%
b el ) Eodd o e ilss *RI3 1kQ 19 *R26 300Q 19
L LI (AII 109, 4 watt carbon composition except
| —E5 = IW metal oxide)
MARK-SPACE DETERMINED BY MAGNITUDE OF E, Potentiometers
VRI 100kQ vertical skeleton pre-set
VR2 220Q miniature horizontal pre-set
-~ (+&5) (+&) CEME)— o A P
Capacitors
RS D el ol et B e i e o Cl IuF polyester 250V d.c.
C2 0-25uF polyester 250V d.c.
S s S C3  IuF elect. 15V
: C4 8uF elect. 15V
C5 100uF elect. 15V
W (+&2) (~£1) R (~£2) (-&1) P :
Transistors
e B By B = — 1 1 TRI, TR2 2N2926 (orange) or 2N3%04 (2 off)
TR3 2N3906
E S e £ TR4 2N3904
PEAK TO PEAK AMPLITUDE DETERMINED BY E, TRS, TR6. ACY28 or AC126 (2 off)
Diodes
Di-D4 OA202 (4 off
R FE) —— = = FRllEr g
i : +£ || I Choke
——TT_ s oo s ——- = LI 5H (Radiospares “‘Midget’ type)
T t ) .
21 e e Reed coils
d L = RLA, RLB Miniature triple 12V
dﬁ Osmor type MTI2V (2 off)
+£5,) (—E; & —E3) (—£ ES
( 2 1) 1 ;--I (~2) (~5) I' —I +£, Reed switches
B | _|. £ i RS RLAI, RLA2 Hamlin MRG2 20-40AT (4 off)
L B £ Sl RLBI, RLB2
B e e s e e Miscellaneous
MEAN D.C. LEVEL EXTRACTED BY FILTER S.R.B.P., | off 3in x 3fin, | off 3in x 44in.
Small turret tags. Baseboardl2 in x 4in
s.r.b.p. or plastic laminate
Fig.9.l. Time division multiplier with associated waveforms

641




i3
&

r IRED
|
GREY | s
GREY s12 : RED -i
TO RLAf P L .L pegn
| | R8 9% ; 2NTsR9<?o == |
| | R2<S  R3 10k < c3]. s Tes |
! | 430> 430 1yF 8yF |i00yF |
1 [
; VR1
SROu ' OUTPUT I
s s I TR1 TR2 TR4 w0 |
| 2N2926 2N2926 2N3904 L1 5H P
: = |
YELLOW | Vo [
TO Ri4 | o |
7 ]
O | 7 |
| R10 Rit L
| 22k 1000 =% |
i 5 sl - 12y {
! PRODUCT AMPLIFIER CIRCUIT PANEL _}
g{—»— ————————————————————————————————————————————————————————
______________________ RED 2

|
|
|
| I
l I
:o—'wv— |
|
| GREEN |
i O
| o |
2
| 1-2k 0. :
|
=
{ i -12:5V II
BEUES. TP ] et
I 5B
o | l
] BLUE l
ST { RLA RLB :
| D D - |
| | _RLA1 RLB1 BROWN |
. aner +— —= |
| d R14 !
| \ 10kQ 4 II
| YELLOW < f R s | |
i RLA
| e /—H |
| R e ~———— |
| o i BLACK |
1k
JELEOW L AN BISTABLE RELAY CIRCUIT PANEL _}

Fig. 9.2. Multiplier circuit, comprising product amplifier panel and bistable relay panel

wholly dependent on E;, but whatever the value of Ey 1t
will be divided by 10/E, (time division), which is the
same thing as (E, X £,)/10, assuming of course that
appropriate values for R1-R3, R¢ and £, are chosen.
Waveforms (c) shows what happens to different signs

of E, and E,, in terms of the square wave. If now the

mean voltage level of the output from the product
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amplifier is extracted by a suitable filter (see waveform
(d) ) it can be seen that four quadrant multiplication has
been achieved. When E, and E, are both positive, or
both negative, the product voltage will be positive, but
when E, and E, are of opposite sign, the product
becomes negative.

The multiplier circuit will now be described.















