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The constructional details for UNIT "A" were
completed last month. UNIT "A" is, itself, a

complete, self-contained computing equipment, and the
method of operation, with practical examples, is

described in this article.

PATCHING LEADS
The best plugs to use for patching the computer are

those of "spltt-pin" construction, as they can quickly be
attached to wires without the aid of a screwdriver. It
is a help if plugs are obtained in various colours, and
are mated to different coloured wires to allow easy
identification.

For the majority of problems capable of solution by
UNIT "A", certain patching leads may be left in
position on the front panel. For example, coefficient
potentiometers are almost always used with the "0"
end of their resistance track connected to earth (link
SK3 to SK4 for CP1, CP2, CP3, and CP4, Fig. 2.7).

,

Similarly, until such time as integrator mode
switching is brought into use, the integrator sockets
depicted in Fig. 2,9 are joined together by means of a
special three-way patching lead consisting of two short
lengths of wire joined by a plug, with a plug at each end.
Looking at Fig. 2.9, OA1/SK4, SK9, and SK10 are
linked, and repeat for OA2 and OA3. Three more
semi-permanent patching leads are made up to link
each operational amplifier to its companion summer
network. Connect OA1/SK8 to S1/SK5, and do the
same for OA2/SK8-S2/SK5, and OA3/SK8-S3/SK5.
The rearrangeable patching leads should be of

assorted lengths and colours, the longest to patch from,
say, CP4/SK2 to S3/I1/SK1, diagonally across the
UNIT "A" front panel, and the shortest to link nearly
adjacent sockets.

COMPUTING RESISTORS
If a comprehensive range of ±1 per cent high

stability computing resistors was purchased all at
once, to meet every requirement, the cost would
probably exceed £20. There are after all 101 preferred
values in a ± 1 per cent range covering resistors from
only 10 kilohm to 100 kilohm. Nevertheless, in the
period when the computer operator is learning how to
handle PEAC, and a high degree of accuracy is not
essential, the majority of ordinary problem set-ups can
be catered for by a small number of ± 1 per cent and
±2 per cent plug-in resistors. A resistor selection
list, with suggested values of Rs and *in for standard
op-amp closed-loop gains, is given in Table 4.1. Also,
a component list included in this article sets out
minimum quantities, with tolerances, of computing
resistors.

Computing capacitors will be discussed later, in
connection with integration.

SETTING UP THE VOLTAGE SOURCE
To set up all voltage source outputs, first remove the

dials from VR6 to VR10 (Fig. 2.2), and turn the
potentiometer spindles fully anticlockwise. If the
potentiometers have flats on their spindles, make up
blanking pieces consisting of small segments of hard-
wood or plastic, so that control knobs can be con-
veniently located at a selected position on each spindle.
Connect the positive lead of a sensitive d.c. voltmeter
(0-1 V, 20 kilohm/V) to VS1/SK1, and the negative
voltmeter lead to VS1/SK4 (Fig. 2.6), then set slide
switch SI for a positive voltage output. Switch on the
computer power supply and S6.

Carefully rotate VR6 spindle clockwise until a very
small voltage appears, just sufficient to slightly deflect
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the meter pointer away from zero. Now place a dial

knob on VR6 spindle, without disturbing the potentio-
'

meter setting, and align so that the "0" division on the

dial is vertical and opposite the pointer mark on the

surface of the front panel. Tighten the dial knob
grub screw.

Switch off S6 and replace the 0-1V meter with the

0-10V d.c. meter which has been chosen to serve as a

voltage standard for the computer, while retaining the

same meter lead polarity. Rotate VR6 dial until the

"10" division is opposite its pointer, and switch on S6.

Now adjust slider resistor VR1 from the back of the

UNIT "A" box, for a precise reading of 10V on the

"standard" meter. Repeat the above procedures for

outputs VS2, VS3, VS4, and VS5, and remember to

adjust only the particular slider (VR1-VR5) which is

associated with the output being set up.

When all the voltage source dials are aligned, return

to VS1 and make sure that its output is still +10V.
Switch off S6, reverse the "standard" voltmeter leads,

and set SI for a negative output. Switch on S6 again

and check the voltmeter reading; if it is not exactly

10V, go to the back of the UNIT "A" box and trim the

power pack control VR2 (Fig. 3.4), this ensures that

voltage source negative and positive outputs are equal.

SETTING UP THE COEFFICIENT
POTENTIOMETERS

Insert a patching lead to link CP1/SK3 to CP1/SK4
(Fig. 2.7), and do the same for CP2, CP3, and CP4.

Take a long patching lead from VS1/SK1 to CP1/SK1.

Remove the dial from VR11 (Fig. 2.5) and rotate

spindle fully clockwise. With the negative lead

connected to any earth socket, insert the "standard"

meter positive lead into CP1/SK2 after first setting SI

for a positive output. Adjust VS1 dial for a meter

reading of 10V. Rotate CP1 spindle carefully anti-

clockwise until the meter pointer just beings to drop

below the 10V division. Replace CPl dial knob on

VR11 spindle, align the "10" division with the pointer,

and tighten the grub screw. Repeat for CP2, CP3, CP4.

With a 10V input to CPI/SK1, and a 0-10V meter

connected to CP1/SK2, it is a simple matter to check

the agreement between dial divisions and voltage

output from the coefficient potentiometer. If there are

serious discrepancies between voltage output and dial

reading this will indicate that the effective electrical

rotation of the potentiometer differs from the 270 degree

dial calibration. Errors can often be minimised by

slight readjustment of the dial knob on its spindle, to

spread the error over the entire scale. Generally

TABLE 4.1

SUGGESTED VALUES OF COMPUTING RESISTOR FOR
STANDARD CLOSED-LOOP GAINS

' M

Op-amp gain Ml resistors ±2% unless otherwise
stated

"in fit

01 lOOkQ iokn
0-2 1 00k 12 20kfl

03 33kO lOkfi

0-4 40kn± 1
0/
/o lOkfl

0-5 20ka lOkQ
0-6 33kQ 20kft

0-7 ISkQ 91 kQ
0-8 20ka l6kO
0-9 20ka l8kQ

{
lOkii (OkQ

1-0
lOOkfl iookn

2-0
r

lOkii

3-3kii

20ktt
lOkO

30 1 33kQ lOOkP.

i 4kfl ± 1% lOkil
4-0

\ 40kn ± 1% lOOkP.

5-0 20ka lOOkP
6-0 3-3kfi 20ka
70 I3RO 9lkfl

8-0 2ka l6kP.

9-0 2kO i8ka
10-0 lOkii lookn
20*0 5kn± i% lOOktt

300 3-3kO i ooka
40-0 4kQ± 1 /o tOOkft

500 2kil iooka

speaking, the dial setting error should not be worse than

5 per cent at all settings between "1" and "10" dial

divisions. The whole question of computing potentio-

meter accuracy will be raised later, in connection with

the Master Potentiometer of UNIT "B".

SETTING UP THE OPERATIONAL
AMPLIFIERS

It is usual to check operational amplifiers either

before the start of a computation, or at the beginning of

the day, but the computer builder may wish to assure

himself that his amplifiers are all that they should be

when first brought into service. The zero-setting

procedure given at the end of Part 3 of this series will

have eliminated all but obscure faults. The front

panel balance controls (VR15, VR16, and VR17,

Figs. 2.4 and 2.9) are deliberately designed to have a

limited range of adjustment, so that an amplifier fault

will be clearly indicated as an inability to zero-set from

the front panel.

To quickly check each amplifier, insert 10 kilohm

feedback resistors into miniature sockets SK11 and

SKI 2 for OA1, OA2, and OA3 (Fig. 2.9), and ensure

that the operational amplifiers are already linked to their

summing networks. Insert 10 kilohm input resistors

into S1/I1/SK3-SK4, S2/I1/SK3-SK4, and

S3/I1/SK3-SK4 (Fig. 2.8). Patch VS1/SK1 to

SI /1 1 /SKI (Figs. 2.6 and 2.8) and connect the negative

lead of a voltmeter to OAI/SK13, with the positive lead

going to any convenient earth socket.

Check that OA1 output is exactly zero when S6 is off.

If not, zero-set by means of balance control VR15.

Obtain a positive voltage from VS1 by switching on S6

and setting SI and VR6, and monitor VS1 output with a

second voltmeter connected to SN1/SK2 red, and an



COMPONENTS

UNIT "A" COMPUTING
RESISTORS

AND PATCHING LEADS

Resistors
3 off 2tcQ±2%
3 off 3-3kn±2%
3 ofMkQ ±1%
3 off Skfl ±1%
3off9lkQ±2%
5 off IOkQ±l%
5 off lOkfi ±2%
3 off I3kfl ±2%
3 off I5kil ±2%
3 off I6kfl±2%
3 off I8kn ±2%
3off20kQ±2%
3off33kfi ±2%
3 off40kil ±1%
3 off 91 kCl ±2%
5 off lOOkn ±1%
5 off lOOkfi ±2%
(All metal oxide or carbon film,
IW)

Plugs
I dozen of each colour: red, black,

blue, yellow, and white, to fit

front panel sockets (see text).
I dozen miniature plugs, to fit

miniature sockets

Wire
Stranded core single p.v.c, wires in

assorted colours (!4/-0076in).

Fig. 4.

1

. (right) These diagrams indicate
how the operational amplifier can be
used to solve various algebraic
equations
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earth socket. Remember that a positive input voltage
results in a negative operational amplifier output voltage.

Since input and feedback resistors are both 10 kiloh'm,
the operational amplifier gain will be unity, and both
voltmeters should give precisely the same readings.
Double check by interchanging voltmeters. Now see
that the operational amplifier will faithfully "track"
any input voltage of ± 10V or less when a temporary
output load of 2 kilohm is connected from OA1/SK7 to
earth.

The above tests are repeated for OA2 and OA3 by
transferring the patching lead from VS1-SI/II/SK1 to
S2/U/SK1, and then to S3/I1/SK1, and at the same
time reconnecting voltmeters to the appropriate
summer and operational amplifier sockets.

SOFTWARE
Under the heading of "software" comes all the paper-

work associated with drawing up a programme for the
computer. The time spent on preparing a programme
for PEAC can vary from a few minutes to several days,
depending on the skill of the programmer and the
nature and complexity of the problem.
The intention is to give a few typical programme

examples as an introduction to using the computer.

They will consist of a short written routine, plus
programme layouts. The layouts will be in a duplicated
form, of symbolised diagram and patching circuit, so
that the reader can compare analogue computer
symbols with actual circuits and patching procedures.
A newcomer to analogue computers will best learn
programming techniques by working with PEAC, and
this will also help to increase his knowledge of more
advanced mathematics.

ROLE OF THE OPERATIONAL AMPLIFIER
IN EQUATION SOLVING
Now that the time has come to consider UNIT "A"

as a computer, instead of as a collection of circuits
handling voltages, it is appropriate to adopt a slightly
different approach. Voltages will now be replaced by
the letters or numbers of an algebraic equation,
a, b, c, d, x, y, 2, 3, 4, 5, and so on. Computing
resistors loose their individual identity and are con-

sidered only as ratios —\ ~\ etc., which are also
Jtg K2

denoted by equation letters or numbers. The same
applies to coefficient potentiometer settings.

Sign change. In the circuit of Fig. 4.1a, an input
voltage classified as term a, reappears at the op-amp
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SYMBOLISED DIAGRAM

Fig. 4.2 Programme layouts for
3a— 2b = d

output as term a, when the -^ ratio is unity,
Rin

One
Multiplication. In Fig. 4. Id, Rt and Rm are adjusted

Rt

way of looking at this operation, which is common to

all single operational amplifier configurations, is to

assume that a has been multiplied by — 1, hence

~ = — 1. In effect, to multiply by — 1 is to move a
Rin
mathematical term from one side of its equation to the

other, so sign change can be used to transpose.

The operational symbol of Fig. 4.1a avoids the bother

of inserting resistors and their values when drawing up a

programme layout on paper. The figure inside the

triangle—in this case "1"—merely indicates that the

computing resistor ratio, or alternatively the operational

amplifier gain, is unity.

Addition. In Fig. 4.1b, positive terms a and b

are added to yield an output — (a + 6), which can also

be written —a — b. If *-(« + b) is applied as an input

to a second unity gain operational amplifier, to give

two sign changes, it will be converted to a + b. Note
that the figures in the operational symbol triangle show

that§-
r = l.and^- 1.

Subtraction. The only difference between Fig, 4.2b and
Fig. 4.2c is that term b has been made a negative

quantity. The operational amplifier output is there-

fore —(a — b) or —a -r b.

so that— = b. Hence, a is multiplied by factor b to

ab. The letter inside thebecome an output
*f

operational symbol triangle shows that the —
ratio is b.

Fig. 4.1e gives an alternative method of achieving

multiplication. A computing potentiometer is con-

nected to the op-amp input to multiply a by a factor b.

Therefore, with an input ab, and-^- adjusted to equal

r, the result is an output — abc.

Division. When a computing potentiometer is

wired as in Fig. 4. If, with R t connected to its slider,

term a will be divided by constant b when Rt = Rin.

Note that Rt is written inside the symbol triangle to

show that b is a divisor.

It can sometimes happen that a feedback resistor is

inadvertently left plugged into an operational amplifier

when it is re-programmed for a division operation, and

this will result in the circuit of Fig. 4.1g. Instead of an

output ? the operational amplifier will yield

\b+ 1/'
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EXPERIMENTER'S
PRINTED CIRCUIT KIT
SH'ifiJ? '^JEJ-ESII.NG PRO^CTS on « PRINTED CIRCUIT
BOX

W PARTS and TRANSISTORS from your SPARES

CONTENTS: (I) 2 Copper Laminate Boards 4±* x 2±'. (2) I Board for Match-
box Radio. (3) I Board for Wristwatch Radio, etc. (4) Resist (5) Reiijt
Solvent. (6) Etchant. (7) Cleanier/Detreaser. (8) 16-page Booklet Printed
Circuits for Amateurs. (9) 2 Miniature Radio Dials 5W/MW/LW, Alto free
with each kit. JIG) Essential Design Data, Circuits, Chassis Plans, etc. for
building.

40 TRANSISTORISED PROJECTS
A very comprehensive selection of circuits to suit everyone'! requirements
and constructional ability. Many recently developed very efficient designs
published For the first time, including 10 new circuits.

EXPERIMENTER'S
PRINTED CIRCUIT KIT

8/6
Postage & Pack. 1/6 (UK)

Commonwealth:

SURFACE MAIL 2/-

AIR MAIL 8/-

Australia, New Zealand,

South Africa, Canada

(I) Crystal Set with biased Detector. (2) Crystal Set with voltage-cjuadrupter
detector. (3) Crystal Set with Dynamic Loudspeaker. (4) Crystal Tuner with
Audio Amplifier. (5) Carrier Power Conversion Receiver. (6) Split-Load

^SrA l '^d Double Reflex. (7> Matchbox or Photocell Radio. (8) "TRI-
HrXON „ Tr, f' e Reflex with setf-adjusting regeneration (Patent Pending).
(») Solar Battery Loudspeaker Radio. The smallest 3 designs yet offered to
the Ho me Constructor anywhere in theWorld. 3Subminiature Radio Receivers
based on the "Tnfiexon" circuit. Let us know if you know of a smaller
design published anywhere. (10) Postage Stamp Radio. Siie only 1-62" x M*
* - ' <N) Wristwatch Radio MS' x -80" x 55". (12) Ring Radio -70' x
"70' X '55*. (13) Bacteria-powered Radio. Runs on sugar or bread. (14) Radio
Control Tone Receiver, (15) Transistor P/P Amplifier. (16) Intercom. (17)
l-valve Amplifier, (18) Reliable Burglar Alarm. (19) Light-Seeking Animal.
Gutded Missile. (20) Perpetual Motion Machine, (21) Metal Detector. (22)
Transistor Tester. (23) Human Body Radiation Detector, (24) Man/Woman
Dtscrrminator. (25) Signal Injector. (26) Pocket Transceiver (Licence required).
(27) Constant Volume Intercom. (28) Remote Control of Models by Induction.
(29) Inductive-Loop Transmitter. (30) Pocket Triple Reflex Radio. (31) Wrist-
watch Transmitter/Wire-less Microphone. (32) Wire-less Door Belt (33)
Ultrasonic Switch/Alarm. (34) Stereo Preamplifier. (35) Quality Stereo Push-
Pull Amplifier. (36) Ltghc-Beam Telephone "Photophone". (37) Light-Beam
L^IT'""- (3B) Silenc TV Sound Adaptor. (39) Ultrasonic Transmitter.
(40) Thynstor Dnll Speed Controller.

PHOTOELECTRIC KIT
BUILD 12 EXCITING PHOTOELECTRIC DEVICES

CONTENTS: 2 P.C. Chassis Boards, Chemicals, Etching Manual, Cadmium
Sulphide Photocell, Latching Relay, 2 Transistors, Condenser, Resistors,
Gain Control, Terminal Block, Elegant Case, Screws, etc. In fact everything
you need to build a Steady-Light Photo-Switch/Counter/Burgiar Alarm, etc.
(Project No. I) which can be modified for modulated-light operation.

PHOTOELECTRIC KIT

39/6
Postage & Pack. 2)6 (UK)

Commonwealth:

SURFACE MAIL 3/6

AIR MAIL £{.0.0

Australia, New Zealand,
S. Africa, Canada & U.S.A.
Also Essential Data Circuits

and Pians for Building

12 PHOTOELECTRIC PROJECTS. (I) Steady-Light Photo-Switch/Alarm. (2)Modulated-Light Alarm. (3) Long-Range Stray-light Alarm. (4) Relay-Less
Alarm. (S) Warbling-Tone Alarm. (6) Closed-Loop Alarm. (7) Projector Lamp
Stabiliser. (8) Electronic Projector Modulator. (9) Mains Power Supply
(10) Car Parking Lamp Switch. (II) Automatic Headlamp Dipper, (12) Super-
Sensitive Alarm.

INVISIBLE BEAM OPTICAL KIT
Everything needed (except plywood) for building: I, Invisible-Beam Projector
and 1 Photocell Receiver (as illustrated). Suitable forall Photoelectric BurjHar
Alarms, Counters, Door Openers, etc.

CONTENTS: 2 lenses, 2 mirrors, 2 45-degree wooden blocks, Infra-red filter,
projector lamp holder, building plans, performance data, etc. Price !•/&.
Postage and Pack 1/6 (UK). Commonwealth: Surface Mail 2/-; Air Mail 8/~.

LONG RANGE OPTICAL KIT 29/6 p.p. 1/6
Obtainable from larger electronic components distributors or direct from

EXPERIMENTAL ELECTRONIC ENG. KITS
YORK ELECTRICS, 333 York Road, London, S.W.11
Send a S.A.E. far full details, o brief deseribu'en ond Photographs of all Kits and

all 52 fiodio, Electronic ond Photoelectric Projects Assembled.

Through this ICS
3-way Training Method

:

H
MASTER THE THEORETICAL SIDE
From basic principles to advanced applications,
you'll learn the theory of electronic engineering,
quickly and easily through ICS. That's because
each course is set out in easy-to-understand terms.

MASTER THE PRACTICAL SIDE
ICS show you how to develop your practical
abilities in electronic engineering—alongside your
theoretical studies. It's the only sure way to
success. All training manuals are packed with
easy-to-follow illustrations.

MASTER THE MATHEMATICAL SIDE
To many this aspect is a bitter problem. Even
more so because no electronic engineer is complete
without a sound working knowledge of maths.
But new ICS teaching makes mathematics easier
to learn.

Wide range of courses available include:
Radio, TV Engineering and Servicing. Closed Circuit TV, Electronics.

N.™»i™i^mi

en
,

a"«< Servomechani.ms, Computer EngineeringNumerical Control Electronics, etc.

EXPERT COACHING FOR:

r1
l

4J
,

IiII
,

Sr!.
OF ELECTRON 'c AND RADIO ENGINEERS

r,IZ
A
«S £m ,

LDS "COMMUNICATION TECHNICIANSCITY AND GUILDS ELECTRONIC SERVICING
R.T.E.B. RADIO<TV SERVICING CERTIFICATE
RADIO AMATEURS' EXAMINATION
P.M.G, CERTIFICATES IN RADIOTELEGRAPHY

Build your own radio, transistor portable, and profession*/-type testinstruments with on ICS Practical Radio and Electronics Course Every-

«*£r27"ir "*'f/
neJ ""»«* •"* to hondl*. All components and toolssupplied. For details pott coupon below.

Member of the Association of British Correspondence Colleges

FOR FREE HANDBOOK POST THIS COUPON TODAY
I.C.S., Dopt. isi, INTERTEXT HOUSE
PARKGATE ROAD, LONDON, S.W.1I

NAME

ADDRESS

OCCUPATION ,...„ „ __ ^tQE 4-168

INTERNATIONAL CORRESPONDENCE SCH001S
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GKOAE BUILDERS! N.P.N. Si). F-lauar Transistors. All Tested, 1/1 each or 14.0.0
per 100.
IBAJTBtSTOE BARQADI BALE! BEW STOCK AT UNBEATABLE PRICES!
OC44, OC45, OC81D now only lit each: 88.0.0 per 100
OC71, OC72 equivalent 1/- each! 13,0.0 per 100
AHY22 Switching Transistors l,'l euh: £10. 0.0 per 1M
2N753 N.P.N. Silicon PUoar, 30O.iiW. 2S)Icfi, High speed h» iuhitiK . . Sit each!
BSY28 N.P.N . HI I Icon P Innar , Ep I taxi al , 300niW . 300Mc/s . . 2,' 6 rat

:

BBY95 N.P.N. Silicon Planar, Epitaxial. SOOmW. lOOMc/a . . £,'t each!
APZ12 F.N. P. Germanium Alloy DID, low noise V.H.F. uiiijiliner . . 2/4 each!
Complete acta of transistors lor radio:
3G344A/2G345A/2G345B/2G371A/2C378A/2G37BA + diwlc .. ..18/- only!
GET120, 2 walta. Heat (ink included - 2/8 each!
Translator Driver TranalcrinrrE .. .. 2/8 each!
Translator Output Transformers (suitable lor our kits above} , . 2/6 each!
OC28 6/- each!

BYZ 13, 6 anip rectifiers 2/8 each!

Light sensitivity translators simitar to OCP71 21- each!
UNMARKED, LNTESTED TRANB18TOR3 TO CLEAR . . . . 7,8 tor Ml
Silicon diodes. Hake excellent detectors. Also suitable lor keying electronic organs,

l/-eaeh: 20 for 10/-.

BY1Q0 tj-pe rectifiers. 8PECL4L REDUCED PRICE! ONLY 2/8 eiicb; 24/- <loz.;

£7.10.0 per 100; 150.0.0 per 1.000.

ELECTROLYTIC COHDEHSEES I

50^iF 450 volts

64jiF 275 volts
BOO/iF 15 volU
SOOftV 25 volla

16/16/ 16, 350V
S0/M/60, 3MV ,

l.OOO^F, 70V
100/200. 275V
100/200/200/50, 275V *(-
ii.OOOjjF, 35V .. 3/0

2/8
8/7
8/8
8/8

FAJTA8T1C SSLBCTIOfi
20+4
32 + 32
8 + 16

60 + 50
40 + 40 + 20

8/8

.. 1/8

.. 1/8

.. 1/8

.. 1M
100/100, 50V
150/350, 300V

250/250, 325V
2,000/2,000, 25V

2oQ(jF, 50V

4J-

V-
4,6

lOd

275 volts

275 volta
450 volts

275 volts
275 volts

12,500mF, 30Y

30,000/iF, 30V

l.OOO^F, IfiV

I.OOOmF, 18V
500jjF, 16V

10d
l/«
l/»
•;-m

,18/-

tti-

. l/a

iy-
1CM

025»iF
1/iF
ljiF
125uK
2(iF
2(iF
2/iF
2i±Y
2*iF
2-OtiF
2-e*tr
3kF
3fiF
3-2jiF
3-2jiF

4fxF
tn¥
4(iF
4fiF
4(iF
6fiF
OfiF

All at 1/-

3 Volt
50 wit

350 volt
15 volt
3 volt
9 volt

70 Tolt
150 volt
350 volt

16 volt
25 volt
3 volt

25 volt
6-4 volt
64 volt
4 volt

12 volt
25 volt
64 volt
100 volt

6 volt
25 volt

each, 8/- per down

6j*F
8uF
SfiF
8jiF
8**F
8jiF
8/iF
lOpF
IStiF
20jlF
SOjiF
20(iF
20ftF
35nF
25fiF
25/iF

25jiF

30fiF

30(iF

40(iF

40jiF

Mixed

3 volt
3volt

ii volt

350 volt
450 volt
50 volt

276 volt
25 volt
150 volt

3 volt
U volt
9 volt

15 volt
6 volt
12 volt
15 volt

25 volt

6 voit

10 volt

3 volt

6-4 volt

Packets of 20 (our

50jjF
64nF
64fiF
100/iF
lOQjiF
IOOjiF
150MF
2Q0jaF

200^F
250/uF
BSOjiF
320fiF
:(50nr"
350pF
400/iF

400fiF
SOOjuF

SOOjiF

640mF
760/iF

selection) 10

!i volt
2-6 volt

9 volt
3 volt
6 volt
3 volt

12 volt
3 volt
4 volt

16 volt
2-6 volt

9 volt
3-6 volt

9 volt
10 volt
2-5 VOlt

IS volt

4 volt

6 volt

26 volt

12 volt

FATES C0IDEBBEE8
OOOlfiF . , 500 volt I 002fxF . . 600 a.c. I 0>25jiF . . 350 voit

0'001*iF . . 1000 voit
j 0-02fiF . - 350 volt

| 0-6fiF .

.

150 volt
-002(1F - - 600 volt 0-lfiF . . 350 volt ' V-OflF . . 350 volt
005(1F - , 730 volt

I 0-lfiF 750 volt 0-6jiF . 500 volt

All at 15/- per 100. 8/- per dozen. MKed Uagg ol 100 (our selection) 18/-.

MULLAED POLYESTER CAPACITORS. ALL HALT PRICE
0-0022(iF 400 volts
0-0018jiF 400 volts
0-0015(jF 400 volts
OOOl/iF 400 votte
O'OlfiF 400 volU
68pF Tubular pulse coram i.

120pF Disc pulse ceramic

ISjiF 160 volts

44 0-22(iF 160 volts

44 0-27iiF 160 volts

M 0-056(1F 125 volts

44 I,-:!
1

125 VOltS

6d each

VERY SPECIAL VALUE : tiitver M iol, Ceramic, l'alystyreiw Condemere.
Well mworted. Mixed tfpti and values. 10,'- i>er 100.

TUS8I8TOE8. Olvaiwtr orler ! Miiwt trpes »nn »alue», i to J watt.
8/8 per 100 or 55/- per 1,000.
Also t to 3 watt close tolerance. Mixed values, 7/8 per 100; S5 - per 1,000.

WISE-WOOED EESIBTOES. 1 mtt, 8 watt, 8 watt, 64 eacta, 7 watt and 10 watt
•death.
COVXECTDKr WIRE. THIK. P.V.C. 1N80LATED.
10yd, 1/-; 100yd, 7/8; 500yd. 88/- (post 4/ril: 1 .OPOy.l. 40/- (poet 6/->.

YALVE8
DY87
EABC80 ..

EOC82
EOG83
ECL80
ECL86
EF80
EFBG
EF183
EF1S4
EY61
A further 10

BEAJfD-EEW AED BOXED. BOCK-BOTTOM PRICES!
8/9
li-
lt*
71*
7/1
8,'S

7/1

7/1

9.5

8/8

8/8

EYS6 .. 8/8
EY87 .. 8/8
PABC80 . . .. 7/1
PC97 .. 10/8
PCC84 .. 7/4
PCC80 . 10/6
PCFB0 .. 8/5
PCF8U .. 10/1
PCL82 .. 8/5
PCL83 .. 8/18
PCLS4 8/6
PCL85 .. B/8

PCL8U
PFL200
11.3B

PL81
PL83
PL84
PL600
PY32
PY81
PY82
PY800

8/6
11/8
10/1
t/8
8.5
8/8

18/5

•/-

6/8

4/8

6/8

, discount will be given ihi Ms of 50 of any one type.

RECORD PLATES CART/REDOES
Bonotooe Mono, 10/-r Acos (JP67/29 Mono, 15/-; AcosGP«l/35C Stereo icmipatlble.
80/-; Acqs GP93/I Htt-ten, 88/-. All »ith needles.

Signal Injector g It—10/-. aignal Tracer Kit—10/-.
'

17in 3jin 0-15niatri\

01 matrix
0-1 matrix
0-1 matrix
01 matrix

14/8

8/U
8/8
8/8
8/U

YSBOBOARD. All ilaaa In itocfc.
2|ln :: iln 0-15 matrix .. 11
2|ln K 3Jln 0-15 matrix . . 8/8
2iln >: etln 0-15 matrix . . 8/11 Sin 21in
3!ln :-. 3fln 0-16 matrix .. 8/11 3]in 2{in
3jin / Oiu 0-16 matrix .. 5/8 Sin 3]in
171n v. 2)10 0-16 matrix . . 11/- 31 in 3]in
SPECIAL OaTXBl
Cotter and 6 Boards 21in ' lln. 8/8. Cutter only, 7/6. Pin Insert Tool, 9/8. Terminal
Pins. Packet of 80, 8/8.

1AMATW OIRBI
Few only Mnltlmetera, 1,0000 per volt. 46/-: 20,0000 per volt, 88)-,

Orders by post to:

—

G. F, MILWAHD, 17 PEEL CLOSE, DRAYTON BASSET. Staff..

Please Include suitable amount to cover postage, stamped addressed envelope must
be Included with any enquiries.
Foe customer* In the Birmingham area goods may be obtained from Rock Exchange*,
381 Alum Rock Road, Birmingham 8. (All FOOT orders to Drayton.)

R.S.T. VALVE MAIL ORDER CO.
144 WELLFIELD ROAD, STREATHAM, S.W.16

Special 24 Hour Mail Order Service
A61 7/9 K1/J0 6/- QQV03-H.1 ZB03U 15/- 11E3 42/-l«003 9/-

AZ3I 9/6 EL95 9/8 30/- OA2 8/3 12.4C6 10/-,BY100 5/6
CIC 12/- BL300 22/- QQY03/20 OB2 8/- 12AD6 11/-
CY30 1S/3 EL820 0/- 105/- OC3 5/6 12AE6 9/6 IKANSIJIUKil

DAFS1 4/- EL821 6/- QQV04/16 OZ4 4/6 12jvH8 30/- 18131 4/3

DAF0S 6/9 EL822 16/- 106/- 1B3GT 8/- 13AT6 4/6 2152 4/3

ErCCOQ 7/- ELL80 20/- QQV06/40 1R5 5/6 12AT7 a i!i 2G210 12/6

DF91 3/- EM34 15/- • 90/- 2D21 0/- 12AU7 4/9 2G381 5/-

DF96 6/9 EM80 7/6 QQV5/10 2E20 20/- 12AX7 0/3 3G382 6/-

DH3/91 80/- EM81 7/6 70/- 3A6 7,'- 12BA6 6/- 2G401 5/-

DH77 4/6 EUS4 7/6 QS70/20 6/6 3B28 40/- 12BE6 5/9 2G402 6/-

DK91 5/6 ENS2 26/- QS75/20 5/6 3C45 47/- 12E1 17/6 2G414 6/-r

DK92 8/- EY51 7/8 QS75/60 4X150A 96/- 12K7GT 6/- 2G415 6/-

DK96 7/9 EYS1 11- 20/- 5R4GY 8/9 12K8GT 8/- 2G41U 6/6

DL66 16/- EY83 B/0 QS83/3 7/3 SU4G 4/- 12Q7GT 4/6 2G4J7 6/-

DL92 4/9 EY84 7/6 QSB2/10 4/- SV4G 8/- 20L1 16/9 3S247 9/6

DL94 5/9 EY86 7/- QS95/10 5/6 5Y3(iT 5/6 20P4 19/- 2i'J5J 12/6

DL96 7/6 EZ10 8/- Q3108/46 1B/- 6Z4G 6/9 20P6 19/6 AC107 9/-

DL310 12/6 EZ41 10/- Q8160/15 8/- 6/30L2 13/- 25Z4 6/3IACI27 7/6

DL316 30/- EZSO 6/6 Q8150/30 5;- 6AK6 4/6 25Z5GT 7/-iAC128 6/6

DLS19 30/- EZ81 5/6 QS160/36 :6AK6 6/3 25Z6GT 8/6 AGYlil 4/9

DM70 5/- GT1C 17/6 20/- 6AL5 3/- 30C15 13/6 ACY20 4/9

DY86 6/- G230 10/- QS150/45 6AM6 3/6 30C17 15/6 ACY21 4/9

DY87 6/- 6Z32 9/6 20/- 6AN8 10/- 30C1S 13/fi AD140 13/6

E88CC 12/- OZ34 11/- Q3150/S0 6AQ4 4/- 30F5 15/6 AF114 7/-

EISOF 17/6 6Z37 12/9 20/6 6AQ5 6/- 30FL1 16/- AF115 7/-
FAi-lCf 22/6 H63 8/- Q31209 7/3 6A38 6/0 30FL12 16/- AFllri 11-

EABCflO 7/- HL41DD 13/6 QV03-12 10/- 6A87 id}- 30FL14 13/8 GET671 S/-

EAF42 10/- KT'il 12/6 QV04-7 12/fi 6AT6 4/6 30L15 16/3 GETS75 6/-

EB91 3/- KT66 16/- QV06-25 7/- 8,vfi; 6/- 30L17 14/3 NKT211 fi,<-

EBC33 7/- KT67 45/- QV06-20 25J- 6B4G 16/- 30P12 13/6 SKT214 4/-

RBC41 9/9 KT8U7CS) R10 15/- 6BA6 5/- 30F19 13/- SKT216 7/6

EBC90 4/6 16/- R17 8/- 6BE8 5/- 30PL1 15/- XKT217 8/-

EBF80 7/- KT81(GEC) R18 7/6 6BHH 7/6 30PL13 17/- NET218 6/-

EBF83 8/

3

36/-
KT88 27/6

R19 7/9 6BJ6 w- 30FL14 16/3 NET228 6/-

EBF83 6/6 RG5/600 80/- 6BK4 27/6 35L6GT 5/9 NKT404 12/0

EBL31 11/- ETW61 10/- 8130 26/- 6BN6 7/6 36W4 4/6 XKT675 6/-

EBL31 27/6 KTW62 30/- 8130F 25/- 6BQ7A 7/- 35Z4GT 5/6 SKT677 5/-

ECLL800 30/- ML4 17/6 BF41 3/6 6BE7 8/6 50C5 6/3 NKT713 7/6

ECC33 16/- N37 17/8
S78 16/-
PC8S 11/6
PC88 11/6
PC97 8/8
PC900 9/0
FGCSt 6/3
FCC89 11/-
POC189 11/6
PCF80 7/-
PCF86 9/-
FCF801 10/-
PCF802 10/-
PCF806 13/6
PCL82 7/9
PCL83 9/3
PCLS4 7/9
PCL85 9/3
PCL88 9/-
PENB4 20/-
PEN45DD

12/-
PFL200 14/-
pLsa 10/-

SP61 3/6 6BR8 5/6 50CD6C! 31/- OC10 20/-

ECO40 9/6 STV280/40 6BS7 16/9 80 6/- OCJ9 17/6

BC081 3/9 25/- 6BW6 14/- 86A1 26/- OC20 16/-

ECC82 4/9 BTYS88 M 6BW7 14/- 86A2 7/3 OC24 10/-

ECC83 6/3 90/- 6CD6G 22/- SOAG 46/- OC25 11/-

ECCS5 67- 8U2150 12/6 6C4 2/9 90AV 46/- OC26 7/6

ECC88 7/- SU2I50A ia/a 6CB6 5/- 90C1 18/- OC28 16/-

ECF80 6/6 U19 86/0 6CD6CJ 30/- 00CG 25 - OC29 15/-

ECF82
ECH36

7/-
11/-

U24 24/-
U25 13/6

6CH6
6CL8

5/9
8/8

•90CV
150B2

26/-
9/6

OC35 11/6
OC44 4/6

ECH42 11/- U26 13/6 6CW4 12/- 150B3 8/6 OC45 4/-

ECH81
ECH83

5/9
8/-

UlOl 13/6
US01 16/3

6D4
6DK6

15/-
91-

801
803

6/-
35/-

OC71 4/6
OC72 6/-

ECL80 7/- U404 11/9 6F23 13/6m 7/- OC74 6/-

ECL82 7/- U801 23/8 6F24 13/- 811 30/- OC75 6/-

ECLS3 10/3 UABC80 6/- 6F2B 12/- 313 76/- OC76 6J-
ECL8H 8/- UAF43 10/3 6F28 11/6 868A 13/3 OC77 8/-

EF9 20/- UBC41 8/6 6J6G 2/6 872A 67/6 OC78 6/-

EF37A 7/" UBC81 8(3 6J8 3/- 6651 7/6 OC81 4/-

EF39 6/— UBF80 6/9 6J7G 4/9 5664 8/- OC81D 4/-

EF41 10/- UBF89 7/3 6K7G 2/- 6672 H- OC81M S/6

EFS0 5/— UCC85 71- 6K3G 3/- 5687 10/- OC81DM 6/-

EFS6 6/9 UCH21 9/6 6L6G 7/6 5691 25/- OC82 6/-

EFS9 5/- UCH42 10/6 6Q7G 6/- 5749 10/- OC82D 6/-

EF91 3/6 UCH81 8/9 68G7 5/- 5763 10/- OC83 6/-

EF92 2/6 PL81 8/- UCL82 8/- CSJ7M 7/- 5842 65/- OC16B 5/-

EF98 10/- PL82 7/8 UCL83 10/- 6SL7GT 4/9 5963 10/- OC170 11-

EF1S3 6/6 PL84 6/9 UF41 10/- 68>-7GT 4/6 6057 10/- OC171 8/-

EFl*i 6/6 FL500 15/- UF89 7/6 6V6G 4/8 6058 10/- 0C200 7/6

EF804 31/- PX4 14/- UL41 9/6 6X4 3/6 6069 18/- 3X642 3/6

EFP80 10/- PX25 12/(1 TJL84 7/- 6X6G 4/6 6060 «/- XA101 3/6

EHOO 7/6 PY32 8/0 UY41 7/- 6X6GT fi/- 6001 12/- XA111 3/6

EL33 12/6 PY33 9/6 UY85 8/8 7B6 11/6 6062 14/- XA112 4/8

EL-54 10/6 FY81 6/6 VF4B 25/- 7B7 7/6 3063 7/- XA126 5/-

EL41 10/- PY82 6/- VR105/30 6/- 7C6 15/- 6064 7/- XA141 11-

EL42 10/- PY83 8/8 VR160/30 6/- 7C6 6/6 0065 9/- XA142 8/-

ELS I 7/9 PY800 10/- W81 61- 7H7 6/6 6067 10/- XA143 8/-

ELS4 4/9 PY801 10/- Z66 16/- 787 20/- 6080 25/-
TUBESEL85 7/6 PZ30 10/- Z319 36/- 7Y4 8/6 6096 8/-

EL86 7/6 QQV03/6 46/- Z769 33/- 10F13 16/3 6146 26/- 1CP31 80/-

All valves brand new and boxed. Postage 6d valve.

OPEN DAILY TO CALLERS 9 a.m.—5.45 o early closing

CW.O. Tel, 01-7*9 01W It 1649 No C.O.D.

S END S.A E. FOR L1ST OF 2,000 TYPi «

PEAK-

SOUND
8 + 8W.

TRANSISTOR STEREO AMPLIFIER in kit form
Build this tor 88.10.0 (4/3 port). Power Pack Kit £8.10.0 (4'- post}. Cabinet (tee

iHnattatioG) 50/- post paid or £14.10,0 the three items post paid. Parta List Booklet
and tall detail* 1/6 (fret with kit;. A.E.I. Circuit ol 14 Tranaistors ; GW per Channel
Into 8 to 15 obm Speaker. 50mV input. Ceramic, Crystal Cartridge, Radio Tuner or
Output from Tape Recorder ma; be used. 20 to 20,000 Hi - 3dB. Keg. Feed Back
18iB, 12io. X Sin. nigh X Sin. Cabinet. Cir-Kit Board Construction. Bin. Treble
and Yol. Control, lor A.C. mains ot 20Q-250V. Baai Cut and Lift; Treble Cat and
Lift. PaUr bolB 83 extra. Dettrerr by return oE port.

GLADSTONE RADIO alS«Ihot,
r
S^ts.

(2 mins. from Station and Buses.) AlUerahot 22240

CLOSED WEDNESDAY AFTERNOON CATALOGUE fid.
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COMBINED OPERATIONS
The configurations of Fig. 4.1 have many similarities,

which lead naturally to the combination of several
operations. In fact, it is possible to perform, say, ten
additions or subtractions, three multiplications, and one
division operation all at once using a single operational
amplifier with several inputs and coefficient potentio-
meters .

PROBLEM EXAMPLE I.

SOLVING A SIMPLE EQUATION
UNIT "A" can solve a linear algebraic equation

consisting of more than ten unlike terms, but a simple
example with only four terms will serve as an adequate
practical introduction to programming.

Take 3^^= d (Eq-4J)

the letters a, b, and c are regarded as known quantities,
and d is the unknown, but the equation can be trans-
posed to solve for any unknown.

Eq. 4.1 is implemented on the computer as shown in
the Fig. 4.2 patching circuit. Two voltages correspond-
ing to a and —b are taken from the voltage source to

summer SI, where a is multiplied by-^ = 3, and -b

is multiplied by
Rt

*i

The machine equation for the problem is,

Rj
a _ Rt

b
R\ Rz = a (Eq. 4.2)

and if Rt is made 100 kilohm the equation will take the
form of

100 100,

33
a —

50 = d (Eq. 4.3)

Computing resistor values could equally well be
^r = 10 kilohm, /I, = 3-3 kilohm, and R2 = 5 kilohm,
to yield the same multiplication ratios. Since a 50
kilohm resistor is not included in the short list of
Table 4.1, two 100 kilohm resistors are patched
together in parallel in the patching circuit Fig. 4.2.

Routine. To set up Eq. 4. 1 on UNIT "A", first of all
ensure that the voltage source switch S6 is off. Insert
computing resistors into the positions shown in Fig. 4.2
patching circuit, and connect the computing elements
together with patching leads. Set VS1 and VS2 dials
to zero, and CPI to "10", corresponding to a divisor of
1. Wire a voltmeter to OA1/SK13 and zero-set the
operational amplifier by means of VR15. Next
connect a voltmeter to S1/II/SK2, and switch on S6.
Set VS1 dial for a trial value of a = 2V. Transfer the
voltmeter from S1/I1/SK2 to S1/I3/SK2, and set VS2
dial for a trial value of b ~ — 2V.
UNIT "A" will now be computing

(3 x 2) - (2 x 2)

1

= 2 (Eq. 4.4)

with a = 2, b = - 2, c = 1, and therefore d = 2.
When a voltmeter is linked to OA1/SK13 it will be
discovered that the output voltage d is actually — 2V,
due to the operational amplifier sign change. Remedy
by reversing the readout meter leads. If the output
voltage is not exactly — 2V, recheck voltages for a and
— b. To check the exact setting of CPI dial for any
value of c, temporarily remove the patching lead from
CP1/SK1. Patch CPI/SK1 to a precise -f 10V from a

HQVO*

COEFFICIENT
POTENTIOMETER

Fig. 4.3. Voltmeter method of determining coefficient
potentiometer settings

spare voltage source output, and connect a voltmeter to
SI/I5/SK2. The voltmeter will then indicate the
potentiometer coefficient while taking into account the
loading effect of R( (see Fig. 4.3). A voltmeter reading
of 4-75V is equivalent to a coefficient of 0-475. CPI
can now be patched back into the problem set-up. With
a 100 kilohm resistor for Ru CPI will be dividing by
numbers equal to or less than unity. IfRt is changed to
10 kilohm, the range covered by CPI will become
0-10. Therefore, increasing c by a factor of 10 can be
seen quite clearly to be the same as decreasing com-
puting resistor ratios by a factor of 10.
With UNIT "A" now programmed for Eq. 4.1, it is

possible to investigate fully the problem for all reason-
able values of a, b, c, and d, and for any unknown
without the need for transposing terms or altering the
problem set-up. For example, to find a when b, c, and
d are known, set b and c and adjust a for an operational
amplifier output equal to d. Always monitor an input
voltage with a voltmeter when it is being adjusted.
To see how serious computing errors can occur at

extreme limits, set VSI and VS2 so that terms 3a and
-2b are virtually equal, and d =£= 0. Also, set CPI to
near zero and observe that d will pass beyond the 10V
operational amplifier maximum output swing.

PROBLEM EXAMPLE 2.

ANALYSIS OF VOLTAGE DIVIDER CIRCUIT
The voltage divider of Fig. 4.4a is often encountered

in electronic circuits. At first sight, a network consist-
ing of only two resistors might be considered far too
simple to merit investigation by means of a computer.



fl+'Z

:*i

\*2

(a)

4=0

«<

-/2

*2
n

Fig. 4.4. fa} vo/tage divider circuit; (b) direct simulation of
(a); (c), (d) and (e), three variations on (a)

but it does involve at least six variable quantities

Pi. ^a> A. Ai jRi» and ^2, an£l t0 solve a problem for

any unknown, one of six equations would be required,

based on

A + /2

and

R - V*

(Eq. 4.5)

(Eq. 4.6)

Thus, although it would be ridiculous to use the com-
puter to find one specific answer to one particular

voltage divider problem, the paperwork involved in

solving six equations for several sets of variables could

become surprisingly laborious. What the computer
does in fact allow is the solution to literally any voltage

divider problem under any conditions, without the

need for re-programming.
To solve Eq. 4.5 and Eq. 4.6 simultaneously on

UNIT "A ', the equations are first transposed for

terms V2 and 72 , which are common to both.

and

v2 =v1
- Mh + h)

J?2

(Eq. 4.7)

(Eq. 4.8)

Next, both equations are linked to give a self-enforcing

systems, shown diagrammatically as,

Vx Riih + h) - V%

T

- h

where the answer to Eq. 4,5 is one of the terms of

Eq. 4.6 ( V2), and the answer to Eq. 4.6 is one of the

Fig. 4,5. Programme layouts

for voltage divider analysis
(a) (right) symboliseddiagram,
(b) (below) patching circuit

V01TA6E
SOURCE

»iH,-'i)

CHECK VOLTAGES AND POT SETTINGS SHOWN THUS \-E^

OP-AM" 1

1
CM

: : lOkfl

SUMMER I OP- AMP 2

l>

OP-AMP 3 CP2

298



terms of Eq. 4.5 (/2). To see how the problem is
set-up on the computer, refer to Fig. 4.5, and note
the changes of sign involved.

Routine. Switch off S6 and* insert all computing
resistors and patching leads, except the link between
OA3 output and OA1 input, which carries the voltage
analogue of 72 . Zero-set OA1, OA2, and OA3 in that
order, using a voltmeter applied to each operational
amplifier output socket in turn. Now patch the link
between OA3 output and OA1 input into circuit. Set
VS1 to "0", and VS2 to "+10". The voltmeter method
of Fig. 4.3 is employed to set CPI and CP2 both for a
coefficient of 0*5. Temporarily remove the patching
leads from CPI /SKI and CP2/SK1, and connect the
"top end" of the potentiometer tracks to a 10V reference
voltage. Adjust CPI and CP2 for outputs of 5V.
Exactly the same procedure is adopted when it is
necessary to "read off" values for Rl and R2, although
approximate readings can be taken from CPI , CP2 dials.
The check voltages in the diagram of Fig. 4.5

correspond to the above voltage source and coefficient
potentiometer settings, and provided that there is

general agreement with Ohm's law, any desired values
can be given to the voltages, currents, and resistances in
Fig. 4.4a. The check voltages could apply to actual
voltage divider quantities of, say, Vt

= IOV, V2
= 5V,

h = 0mA, I2 = 1mA (1 machine volt = 1mA)'
Rx = 5 kilohm, and R2

•= 5 kilohm, where VS1 covers
the range 0-10mA, VS2 0-1 0V, CPI 0-10 kilohm, and
CP2 0-10 kilohm. Suppose instead that Vt had been
assigned the value of 1 ,000V, when Rt and R2 were both
only 5 ohms. One machine volt would now be equiva-
lent to 100A, and V2 would equal 500V. The ranges
covered by computing potentiometers in the latter case
would then be VSl 0-100A, VS2 0-l,000V, CPI 0-100
and CP2 0-10, ohms.
Unless informed otherwise, the computer assumes that

Pi is an ideal voltage which originates from a source of
infinitely small resistance. Hence, jf K, = 0, this
corresponds to a short-circuit, and gives the variation
of Fig. 4.4c. Alternatively, if I2 is made equal to
nought, the voltage divider circuit is transformed into a
load resistor R2 in series with a source resistor R,
given by Fig. 4.4d,
One further variation will serve to show the flexibility

of the programme. In Fig. 4.4e the resistance network
Ri and R2 is made to couple two sources of voltage K,
and — V2 , and this occurs when fx is made larger than
h -+- h, or in other words, when I2 swings negative.
The layout of Problem Example 2 is an instance of

indirect simulation, where the computer solves
equations and imitates the behaviour of the simulated
circuit. In this indirect "model" of a voltage divider,
relationships between governing equations and actual
circuit parameters are made obvious, and the abstrac-
tions of mathematics are brought to life as tangible
voltmeter and dial readings.
Another way of simulating the Fig. 4.4a circuit is by a

direct "model", shown in Fig. 4.4b, which employs
coefficient potentiometers for Ru ieL , and J?L , volt-
meters for Vx and V2 , and current meters for A and i2 .

Although feasible, the direct model is less elegant, is

not so adaptable to extreme cases, and is subject to
errors which do not occur when the voltage divider is

simulated indirectly.

Next month: Using UNIT "A" to solve a second
order differential equation. Indirect simulation
of LC circuits, spring pendulums, and servo-
mechanisms by means of integrators.

REGULATED POWER SUPPLY
continuedfrom page 284

VOLTS mA A

A B C D E F lj

2-7

Z-1

1-4

No load

CUIT«fil

1-0

2 88

5-e

0-17

0-145

0-12

M-2

H-4
7-0

0.68

0-5

0-36

0-47

0-38
0-26

Z

6

12

65

40

IB

U
Load

0-99

578

0.165

0.143

0-119

(4-1

11-3

69

061

041
0-23

040
0-30

047

2

6

12

36

18

5-5

M
1-3

0-32

ika
1 2* . I,

nQr€)0CB1M 0C29

550.

£ Li,';

Fig. 10. Test measurements for fault-finding

CALIBRATION OF OUTPUT VOLTAGE
After checking the voltmeter accuracy against an

AVO or similar instrument known to have good
accuracy itself, the Regulated Volts dial should be
adjusted as follows.

Switch S2 to "Regulated" and S3 to "Volts" and turn
VR1 until IV is obtained at the output (best seen on the
AVO). Loosen the knob and rotate to indicate IV on
the calibrated dial. Lock the pointer knob grub screw
while indicating ihc correct IV. Rotate VRi until the
dial indicates 12V output. Now adjust VR2 until 12V
output (measured) is obtained.

VOLTAGE CHART
Fig. 10 gives typical voltages at six points in the d.c.

amplifier circuit for three different output voltages.
Reference to these voltages and to the currents of the
super-alpha pair TR2, TR3 should assist in any fault-
finding. JL.

# INDEX
An index for volume three (January 1967
to December 1967) is now available price
Is 6d inclusive of postage.

# BINDERS
Easi-binders are available price 14s 6d
inclusive of postage. State whether "Vol.
I", "Vol. 2", "Vol. 3" or "Vol. 4" is required.

Orders for Binders and Indexes should be
addressed to the Binding Department.

Orders for copies of the Index only should be
addressed to the Post Sales Department. George
Newnes Ltd.. Tower House, Southampton
Street, London, W.C.2.
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