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Walter Cocking retires

For over 40 years the name of W. T. Cocking has appeared in the journal, for it
was in September 1929 that he contributed his first article — on the design of
a.c. mains receivers. He was then a free-lance radio journalist and consulting
engineer and it was not until 1936 that he joined the editorial staff. His great
contribution has undoubtedly been his constructional articles. The lucidity of his
explanations was born of his practical experience. for in the majority of cases he
did a major part of the constructional work himself. Readers may recall his
peroration to his article ‘Milestones in Receiver Evolution’ in our 60th birthday
issue (April 1971). He wrote ‘The old saying, “an ounce of practice is worth a
ton of theory” is still true. It is not that theory is unnecessary. It is more neces-
sary than ever. It needs the practice, however, to drive it home and make one
realize to the full what it means’. This epitomizes Cocking’s whole approach to
his journalistic work — theory and practice must go hand in hand. One recalls,
for instance, the number of jigs he produced and on which he wound the
deflector and focusing coils for the post-war monochrome television receiver
(January-December 1947) before finally deciding on the one to describe tor
readers to wind their own coils. One -correspondent writing congratulating us on
our 60th birthday issue wrote ‘Cocking’s article underlines the debt we owe him
on the home-construction side of the journal’s activities’.

It would be invidious to try and pick out his most outstanding designs — each
was outstanding in some respect when produced — but mention must be made
of the Monodial receiver (1932) which was one of the first examples of a superhet
using a single tuning control. In the audio field there was, of course, the ‘Push-
pull Quality Amplifier’ (1934) which older readers will recall used two PX4 triodes
in push-pull driven with RC coupling from push-pull MHL4 triodes. His more
recent contructional projects include the W.W. Colour Television Receiver
(1968/1969), a television wobbulator and the recently completed dual-trace oscillo-
scope unit. In applauding his practical contributions we must not, of course,
lose sight of his theoretical articles not all of which bore his own name, he some-
times used the pen name W. Tusting. Incidentally, much of the theory on which he
has written over the years has resulted from the mathematical investigations he
carried out preparatory to a constructional project. He is also the author of several
books such as ‘Wireless servicing manual’ and “Television receiving equipment’.

During the second world. war Walter Cocking served in the R.A.O.C. and
later R.E.M.E. and attained the rank of major. From 1942 to 1945 he was
attached to the Ministry of Supply, as deputy assistant director, scientific research.

On demobilization he was appointed editor of our sister journal Wireless
Engineer, which in 1962 became Industrial Electronics. In 1965 he was appointed
editor-in-chief of both I.E., which ceased publication in 1969, and W.W.

We wish Walter Cocking, who was 65 on January 7th, a long and happy
retirement and hope that we shall occasionally have the opportunity of including
contributions from him.

~
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Four-channel Stereo

Wireless World, February 1972

2 — Some commercial quadraphonic matrix systems

by Geoffrey Shorter*

This article does not discuss the virtues of
multichannel reproduction for two- or
three-dimensional directionality, nor the
appropriateness of choosing four channels
as opposed to any other number'. Given
that the record industry has decided that the
next development in audio is four-channel
reproduction, what is discussed is how
this can be achieved using existing two-
channel media by matrixing or coding and
without recourse to multiplexing or modul-
ated carriers. In the long term, of course, it
could be that a carrier technique will replace
the matrix techniques, but it is too early to
say.

First,it’simportant todistinguish between
the ‘surround-sound’ systems and the true
coding systems. As mentioned in last
month’s article?, the first type takes the
signals from an ordinary stereo record or
broadcast and derives signals for two
additional speakers, usually placed behind
the listener. In manufacturers’ literature
this is frequently referred to as composing,
quadralizing or synthesizing a sound field.

The simplest way is to put difference
signals in the rear speakers with a 180°
phase difference between them, but there
are many variants, as illustrated in the
table* published last month.

Now, using such methods of getting four
speaker signals from the two stereo signals
as a basis, it is possible to achieve direction-
ality of sound in addition to the normal
stereo stage width by °‘coding’ the two
stereo signals, in the way suggested in last
month’s article. Of those ‘surround-sound’
systems listed only Electro-Voice, Dynaco
and Sansui promote a coding system. CBS
and Nippon Columbia also have coding
techniques. (Those wishing to experiment
with surround sound could use the circuits
of Fig.5 in last issue with resistor values
chosen to give desired amounts of crosstalk.)

One of the first commercial systems for

*Assistant editor, Wireless World

*To which we can now add data for the Toshiba
and Onkyo methods. For Toshiba, front and back
crosstalk, respectively. is none and OdB: 15dB and
0dB; or none and 13dB (switchable). For Onkyo,
the crosstalk is none and about 6dB. (Makers claim
a 90° phase difference between the two rear speakers.
but it is not clear that this is achieved from the circuit
diagram.) Scott, Fisher and Lafayette also have
‘exclusive’ surround-sound circuitry in their equipment.

achieving added ambience and difection-
ality was proposed by Dynaco. This is
perhaps the simplest of all systems because
it needs only two (existing) amplifiers.
Designating signals intended for localiza-
tion in the left, right, front and back
speakers by L, R, F and B the signals
L+F+B and R+F—B are used as the
two transmitted or recorded signals. In
playback through the ‘speaker matrix’ they
are fed to left and right speakers, and the
front and rear speakers receive 2F+ L+
R and 2B+ L — R respectively (Fig. 1(a)).

Table 1 summarizes data on the system.
As with the matrix discussed last month,
localization is poor. Mono rendition is also
poor (back signals are not reproduced and
front signals emphasized by 6dB).

Apart from the disadvantages of
mislocalization of sounds and the poor
mono compatibility in the Dynaco system,
the diamond speaker pattern also requires
a blend between the two channels to
counteract crosstalk in the speaker network,
reducing its simplicity. Also, there is an

> ‘ —G )

Lett 5

Left

Blend $ ﬁK] Bock

Right J JQ

(b)

Rignt

Fig. 1 Speaker matrix used with Dynaco
‘diamond’ array (a) and Dynaco ‘square’
array (b). Circuit (b) is that of the
‘Quadaptor’.

upset to the amplifier load, which can vary
over a 9:1 ratio depending on sound
position.

Some improvement of the original
diamond set-up can be had by a modifica-
tion suggested by Tappan®, where the code
and decode coefficients are as shown in the
Table. This results in better performance
but it’s still far from perfect. Mono com-
patibility is better, with the front source
enhanced by only 3dB.

Latest technique by Dynaco involves a
square speaker set-up (Fig. 1(b)) with no
blend added between the two inputs, but
with reduced signal levels in the rear
speakers (counteracted by listening closer
to the rear speakers). Mislocalization still
occurs in the rear sectors. In the two-
channel mode there is crosstalk between
‘front’ signals of 12dB and in the mono
mode the rear signals are 8dB down on the
front signals. Data are summarized in Table
2.

In this table mathematical matrices
are used to avoid writing lots of similar
equations. (Use ‘of the word matrix in
quadraphony does not arise from this
mathematical sense but from the electrical
sense, as indicated last issue.)

For those not familiar with matrix
algebra, the matrices in this article can be
regarded merely as a convenience. Take the
coding equations derived last month
L=(1LF+bRF+(1LB—bRB
R:bLF+aRF—bLB+aRB
where 4=0.924 and 5=0.382. Using
matrix notation these can be written

Lp
[L] _ [0.92 0.38 0.92-0.387]Rfg
R]-1038092-038 092]|Lp
Rp
(Figures rounded off.) Similarly the decod-
ing equations

Ly =al + bR

Rr=bL + aR

Ls=alL — bR

R'p= —bL + aR

can be written o
Ly 092 038] |
Ryl _ 0.38 092 R
Lyl — 0.92 —0.38

Rz —-0.38 092

where the same coefficients are used in
decoding




Wireless World, February 1972

Combining these by the rules of matrix
algebra gives

Ly 1 071 071 - o |[Lf]

Rp| 071 1 0 071 R
Lg1=[071 0 1 —071||Lg
_R};' 0 071 —0.71 1{|Rg

equivalent to the equations for final outputs
on p4 of last issue.

Now in the discrete case the equivalent
matrix would be

(1 0 0 0
0 1 0 o
0 0 1 o
0 0 o0 1

and any terms in a matrix in addition to
these in this unit matrix represent unwanted
terms due to crosstalk.

Thus, without knowing anything about
matrix algebra, it is easy to deduce appro-
priate output equations. In the 2 by 4
matrices under the heading ‘code’ the two
rows represent the two encoded signals,
say L and R, the numbers being coefficients
of Lr, Rr, Lg and Rgin that order. In the
4 by 2 matrices under the decoder heading,
the two numbers in each row are
coefficients applied to L and R, each row
representing equations for Ly, R¢. Ly
and Rp'. (Primes in these terms distinguish
output from input signals). In the 4 by 4

matrices numbers in the rows are coef- |

ficients of Ly, R, Lg and Ry in the
equations for L g etc. representing signals
fed to each speaker. (A column gives the
speaker signals resulting from a single
input to the matrix.)

As well as being able to deduce direc-
tional accuracy from the equations for the
four outputs in Table 2 (Fig.7 last month
illustrates the case of the Scheiber matrix),
one can also deduce what the outputs ar
éach speaker will be if an ordinary stereo
source is plaved through the matrix
(‘surround-sound’ or ‘synthesizer’ mode).
But it is of more interest to know of the
compatibility of coded sources with existing
two-channel and mono reproducers, sc
the outputs in these modes are indicated
in the Table.

Other, related, systems involving phase
shifts of only 180° — the symmetrical
(Scheiber) matrix derived last issue, and the
Electro-Voice system — also have the
drawback of mislocalization and clear
back images are not possible because of
the antiphase relation in the back speakers.
In the two-channel mode with the Scheiber
matrix, crosstalk between left and right
front signals is 7.7dB, and in the mono
mode the back signals are 7.7dB down.
With the E-V matrix, left and right front
crosstalk is 10dB in the two-channel mode,
and in mono back signals are 8.3dB
down. For decoding E-V coded material,
Zenith have a decoder with coefficients
different from the usual E-V coefficients.
This gives an improved left-right front
crosstalk in the four-channel mode —
10dB as opposed to 6.5dB.

A matrix proposed by Tappan®, but
not taken up commercially, improves the
two-channel performance of the Scheiber
array by using coefficients shown in
the table to give zero left-right crosstalk,

pie LEL ——— I =, T - rr -
55
TABLE 1
outputs with coded material
code decode four-channel two-channel* mono
Dynaco — ‘diamond’ array r
Lr=L+F+8B L=Ly L+F+8 left-right I_+R+2F,
Rr'=R+F-8 R = Ry R+F—-8B crosstalk nill front + 6dB
F =1Ly + Ry L+ R+ 2F back zero
B =Ly - Ry L— R+ 28
Tappan modification -
Lr=1L+ 0.7F + 0.78 U=l L+ 0.7F + 0.78 left-right L+R+ ‘L4Fl
Rr =R +0.7F - 0.78 R = Ry R+ 0.7F — 0.78 crosstalk nill front +3d8
F =0.7lL + Ry) F+0.7L +0.7R back zero
B'= 0.7y — Ry) B +0.7L - 0.7R

numbers recorded off to one decimal place.
*equations as under 'code’

but with back signals emphasized by 3dB.
and in mono back signals are 7.8dB down.

One way of overcoming the severe
mono  incompatibility, proposed by
Scheiber?, is to introduce a differential
phase shift between the two coded signals
of 90° (say ¢ +45° on one channel and
#—45° on the other). On decoding, the two
signals are treated with a differential phase
shift in the opposite sense, thus cancelling
the phase shifts. It is claimed that the 90°
phase difference doesn’t matter in two-
channel playback. In mono playback the
corresponding signals in the two channels
add to give resultants that are all 0.707
down. '

The Scheiber system does not seem to
have been produced commercially and we
understand the rights to the system were
acquired by Electro-Voice. Encoders and
decoders for the Electro-Voice system are
in existence, but it seems that Electro-
Voice are advocating a new system — as
from October last — probably the later
matrix developed by Scheiber and an-
nounced at about that time. We hope to give
more details later. (It is for this latest system
that Electro-Voice are offering a new i.c.
chip which they claim will decode any
existing matrix.) .

A way of avoiding the mislocalization —
illustrated last issue and which can be
deduced from the data in the Table —
in the simple matrix technique has been
adopted by Sansui in their QS matrix
system®. The basic technique used by
Sansui is the same as the matrix derived in
the previous article. But before the four
inputs are combined in the coding matrix

(a) (b)

Fig. 2 All-pass filters provide a frequency-
dependent 90° phase shift. Circuit at (a)
used in Sansui decoders and at (b) in
CBS decoders.

(Fig. 4 in the previous article; the circuit
could be an encoding circuit performing
the equivalent of the decoding matrix of
Fig. 5) the two rear signals are treated to
phase shifts of +90° and —90° relative to
the front channels. Thus the rear two
signals are still 180° out of phase, but no
cancellation occurs within each equation
for the coded signals with coherent signals
overcoming one source of mislocalization.

As an antiphase relation between the
two rear signals prevents localization in
the back, 90° phase difference circuits are
used in the decoder after the matrix (Fig. 5
last month) in the converse way to encoding
i.e. —90° shift in the Ly channel relative
to the front, and + 90° shift in R channel
relative to the front. Decoded outputs are
shown in the table and of course some
signals are in quadrature. But Sansui claim
that localization is unaffected by the phase
shifted components.

Crosstalk from any speaker to its
neighbours is —3dB. but to the opposite
speaker is zero, and centre front-to-back
side-to-side crosstalk is 7.7dB as for the
basic matrix without phase shifters. Also
as with the basic matrix, ‘front’ left-right
crosstalk in the two-channel mode is 7.7dB
(with of course the phase-shifted terms
still providing an antiphase output thus
giving ‘back’ images apparently from out-
side the speakers). In the mono mode the
two back signals will emerge shifted by
+90° and —90° and —7.7dB relative to
the front signals.

One point about the phase-shift circuits
used by Sansui is that ideally they should
give the required phase shift over a wide
band of frequencies, and while it’s possible
to get a 90° phase shift at any spot fre-
quency it’s impossible to get such an
absolute shift over a range of frequencies.
What is done is to provide a 90° phase
difference between two lines using an all-
pass filter. By cascading networks of the
kind shown in Fig. 2(a) in each of the two
lines and adjusting corresponding filters
to have a 90° phase difference, a wide phase
bandwidth can be approximated. What
effectively is being done is to give the front
channels a phase shift of », at a certain
frequency, and the back channels a phase
shift of ¢ —90° and ¢, +90° at that
frequency. At another frequency the front
phase might be ¢, but so long as the rear
phase shifts- are ¢,—90° and ¢,+90°,
the 90° difference is maintained (Fig. 3).

In the decoder circuit however such a
cascade circuit in each channel is costly
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Tabte 2

Quadraphonic matrix systems
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Outputs with coded material

o .
Code Decode Four-channel Crosstalk (dB) Two—channel* Mono
s N
DYNACO 'square’array 12
>
10 025 10 -05 10 o 10 0-25 1-0 -05 5-‘9\‘ 51 1:25LF +1:25RF
0-25 10  -05 1.0 o 10 025 1.0 —0'5 1:0 1a(180%) ront +0-5Lg +0-5Rg
064 —036 055 —0-2 082 -0'68 43(180°) 1248 Bock —8dB
-0-36 0-64 -0:2 0'55 -0:68 0:82 —1-9§ A =19
3-2(180°)
ELECTRO-VOICE original system
65
10 0-3 1.0 -05 1.0 02 _} 1-06 05 09 -0-3 1 5'1?\ 51 1-3LF + 13Rp
03 1.0 -0'5 1.0 02 10 0-5 106 —0'3 09 89 (180%) cri,":;?é'k os5lg + 0'5Rg
076 —0-61 059 —0-38 1.06 —0-99 11(180°) 10-49B Back —8-3dB
| -oe1 076 | [ -038 o059 -09s 106 | 15(5/' 15
oe(1ao)
ZENITH decode
10-4
>
10 o ] 1.0 0-3 10 —-05 _l 5»9\‘ 51
0 1:0 03 10 —05 10 9-5(180°) A A
0-68 —053 052 —0-33  0-95 =081 56(180°) RS s
| —os3 0-68 -0-33 0-52 —0-87 095 -0-4&/\' '%—o»n
——>
015
SCHEIBER original system
" 3 Qe——0
0-92 038 092 -0D:38 0-92 0-38 1.0 0-71 071 ) 1:31LF + 1-31RF
0-38 0-92 -0-38 0-92 0-38 0-92 071 1:0 0 071 Front +0-54Lg + 0-54Rp
) P crosstalk
0-92 —0-38/ 071 0 10 —071 7.74B Bock —7.7dB
—0-38 0-92 o) 071 —0-71 1-0 4 0dB with phase shift mod.
€ >
3(180°)
TAPPAN
[0-71 0 10 -07 J 1-41 10 0:71LF + 071Rp
o} 0-71 —0-71% 10 1.0 1-44 Front . d
1.0 o As above As above crosstalk £a° 29LB + 029Rg
i none
Back —7-8dB
o) 10
SANSUI
4 A O«—"—0
[0-92 0-38 jO-92 JO-BB] 0-92 0-38 1.0 071 jo71 0 'l 1-31LF + 1-31Rg
038 o _io-38 -jo-é2 . > -71 1. —j0-71 + Front 10 - o
92 —jo jo-d '9 38 .o 92 .o s} ¢} jo-7 G- 900) s (; 90°%) oM« | tio:s4ke - jo'54 Ry
—jo92  jo-38 —jo:71 o 071 | (1+90) (1 s0°)  7.74B
—jo-38  jo-92 | o) jo-71 071 1-0
Qe——20
cBS
[ro o -jo-71 071 1.0 o ] 9.0 o —jo-71 071 | 5 Lr+RE
o 10 —071 jO-71 o 1-0 o 10 —o7 jo7r | (k+90°) s '505 (—oc?) Front +Lg (-135%) + Rg(+45°)
jo71  —0-7 jo71 —0-71 1-0 0 (#-90°) 5|t +90) T none Centre back signal
071 -jor71 | 071 —jO-71 [} 1-0 suppressed
Q=0
10 0-25 &
| Improved centre 3.03 352 o
0423 R 50 . front to back (76°4) ($=104°) As above As above
o71(025+])  —071(1 +0:25)) crosstalk (c104°d) (4767
L 071(1+025)) —071(025+])
] 12
Alternative torms
ot decode
20 ‘/cP
10 01
Centre
O 1= e HOIEEl) ST ST As above As above
Notes 0.7,(0.4,”‘) __0.71(1 +°‘4j) cro;:tBalk 3‘1(_1740) 31(84°)
Most numbers rounded off to o ai —0- a i Y 0 B 0
two decimal piaces o 71('*'041) 0:71(0 4+j) 3:1(-96°) 34(6°)
% Equations as under ‘code’ 8
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and Sansui use two simple phase-shift
circuits — Fig. 2(a) — whose 90° fre-
quencies are about an octave apart, which
means that the shift is frequency dependent,
reducing to nearly zero at low audio
frequencies and increasing to 180° at high
audio frequencies.

Listening tests by Sansui suggested the
frequency of 90° phase shift should be
around a few hundred Hz. Actually this
90° phase relation is constantly varied so
that sounds coming from behind have an
unpredictable phase — this is done to
simulate more closely reverberant on
reflected sounds which in a live sound field
would have varving phase relations. Sansui
claim an increased ‘presence’ as a result of
this and also a better dynamic range of
pulsed tones. Listening tests decided the rate
and depth of phase modulation so that any
direct sound from the back is unaffected.
The phase modulator circuit is shown in
Fig. 4, where the féed to the lamp is taken
from 8 and 9Hz oscillators (additionally
producing a 1Hz beat) and from the audio
signal, allowing left and right channels to be
modulated differently, and giving a
‘random’ element to the modulation.

For completeness in our table, data for
the CBS SQ system® is included. As a
matter of interest the SQ system uses
similar cascaded networks for its profes-
sional coders and decoders. With two such
chains, a phase difference of 90° can be
maintained to within +2° from 20Hz to
20kHz. But in the simplest decoders four
single-stage second-order networks are used
- Fig. 2(b). By proper staggering, the 90°
phase differential is maintained to + 10°
from 100Hz to 10kHz (giving a 20-dB
minimum isolation between back channels).

In reference 6 we showed a simplified
decoder diagram for the SQ system.
Actually the terms formed with j are, of
course, phase difference circuits of the kind
described, and not absolute 90° phase
‘shifters as some readers may have been led
to believe. (The j notation was merely a
convenience). An alternative SQ decoder
design has a degree of blending with 25%
of both front channéls put into the other,
and similarly for the back channels. Another
variant uses a 10% blend between front
channels and a 40% blend between back
channels. (These are intended for use
without the ‘logic’ circuits which can be
used to improve ‘discretness’ for simple
input signals.)

With the gain of the back channels
reduced by 1dB the last mentioned matrix
gives a 20dB front crosstalk; an 8-dB-rear
crosstalk and a centre front-to-back
differential of 7dB. This matrix is being used
by CBS Masterworks (U.S.A.) and by
other manufacturers.

Sony, who are making decoders for the
SQ system outside the U.S.A. (non-
exclusively), use a front-back ‘logic’ circuit
in their SQ1000 decoder. In the SQ system,
a centre-front signal has the undesired
(back) outputs in antiphase, and also a
centre back signal produces the undesired
(front) signals in antiphase. This antiphase
condition is detected and a variable gain
network is used to enhance front-to-back
centre from 3 to 8dB. This decoder has

—H
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1 : | |
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-90°
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Fig. 3 Phase modulator circuit used in Sansui decoders to rapidly vary phase

shift either side of the 90° norm.

phase-shift networks giving 90° over
100Hz to 10kHz with +5° accuracy.
Crosstalk between back channels is 26dB,
but diagonal front-to-back crosstalk
remains at 3dB.

Sony are expected to bring out a decoder
with a logic which detects and reduces gain
for undesired (quadrature) signals accom-
panying corner signals.

A big claim for the CBS system is its

compatibility in the two-channel mode,

in which crosstalk between left and right
front signals is zero. In mono, all four
inputs are reproduced at the same level, but
a centre back signal would be suppressed.
CBS therefore advise recording engineers
not to locate soloists at this position.

Another difference is that in SQ system
with two-channel listening the rear signal
images are placed in between the two
speakers, whereas in the other systems
the antiphase rear signals give rise to
i{nages outside the two speakers.

Fromt Rear
circui
of tig 2a CZ?;'S?I
7 VCC
88 9Hz
Osc

Fig. 4 Two cascaded all-pass filters one
in each of two channels can provide a
wideband 90° phase difference between
the two channels.

As well as the commercial systems
discussed, Nippon Columbia in Japan will
be using a new kind of matrix from spring
onwards. Also the new form of thé Electro-
Voice matrix will be around, and quite
possibly other systems may be proposed.
We hope to discuss these in a future article.
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News of the Month

Electronically generated
colour test card

Periodically during January and February.
television transmitters in the London area
will radiate a different form of test signal
during trade test periods. Instead of the
normal Test Card F, an electronically
generated colour picture signal will be
used. This incorporates most of the
facilities provided by Test Card F, except
for the picture contained in the central
circle. The experimental periods are:

Jan. 24 to 28 BBC-1 transmitters

Jan. 31 to Feb. 4 BBC-2 transmitters

Feb. 7 to 11 LT.A. transmitters

In the case of BBC transmitters, the
present Test Cards are generated centrally
and distributed to the transmitters by the
normal distribution networks. The use of
the electronically generated signals will
make it possible to maintain a colour
signal at those times when the distribution
circuits are not available for this purpose.

European conference on
high fidelity

The President of the Federation of British
Audio, Mr. K. H. Williman, has just
returned from a European Conference
organized by the/ German High Fidelity
Institute. The objects of the conference

were twofold. First, to discuss the
formation of a European High Fidelity
Institute, intended to cover technical and
legal matters and European standards for
high-fidelity equipment; and secondly, to
discuss the possibility of holding a
high-fidelity congress at the new
Dusseldorf exhibition site during October
1972. Taking part in the Conference, as
well as Mr. Williman, were Monsieur
Boissinot (director general of the Society
for Information for Sciences and Arts
(France)), Ing. Hans K. Friedl (Austrian
Institute for High Fidelity), Dr. Boggaerts
(Belgian High Fidelity Society), and Mr.
Bé6 Rydin (Swedish High Fidelity
Institute). A further meeting is planned.

Festival Hall acoustics exhibit

The Building Research Station has
presented to the Science Museum.
London. an exhibit which symbolizes the
work that it carries out in the field of
architectural acoustics and in particular
the acoustics of concert halls. The main
feature of the exhibit is a scale model of
the Royal Festival Hall.

The model shows the Hall sectioned
along the centre line, with the seats
occupied by a full audience and the stage
by an orchestra and choir. Pressing a
button illuminates the space above the

This push-button
data telephone
with visual display
has been devel-
oped by Siemens,
Munich, as a
result of a study
of the ‘human
factor’.
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ceiling of the hall and draws attention to
the Helmholtz resonators, microphones
and loudspeakers of the ‘assisted
resonance’ system, invented and developed
at the Building Research Station, which in
the Festival Hall has increased the
reverberation at the lower frequencies.

The exhibit also includes a full-sized
example of the resonators and
microphones used in the assisted
resonance system. In addition there are
illustrations of other features of the
construction of the Hall - that were
incorporated in the original design for the
specific purpose of giving it the desired
acoustic properties.

The exhibit canbe seenon the top floor
of the Museum at the junction of galleries
61 and 64.

Investigating p.a.p.m.

Marconi Communication Systems have
been awarded a study contract by the
Comsat Corporation on behalf of
Intelsat. Under the contract Marconi will
investigate the properties of the pulse

,amplitude and phase modulation process

(p.a.p.m.) using a mathematical model
within a large computer.

A large saving in bandwidth for a
given amount of information is promised
as any radio link could be used to carry
up to four-times the amount of informa-
tion without any need to increase the
bandwidth if p.a.p.m. is used.

An identical study is being carried out
in America so that a comparison of
results can be made and accuracy
checked. 5

The modulation process impresses
pulses onto a carrier by altering the
carrier both in amplitude and phase.

Attitude sensor equipment

The Inertial System Department of
Ferranti is to design, develop and
manufacture attitude sensor equipment for
the new all-British X4 earth satellite under
a contract awarded by Hawker Siddeley
Dynamics who are the prime contractors.
It is planned that X4 will be launched

_early in 1974 by an American Scout

rocket at the Western Test Range in
America.

The X4 is the largest and most complex
civil satellite to be undertaken by the U.K.
so far. Its purpose is to prove in orbit
systems and techniques which will be used
on future applications satellites.

The attitude sensor will consist of three
orthogonally mounted rate-integrating
gyroscopes which will measure very small
changes of the satellite’s angular
movement in all three dimensions. thus
providing the electrical signals necessary
to stabilize the satellite in a chosen attitude
in space. A fourth standby gyroscope will
also be carried; this will be positioned at
equal angles about the satellite’s three axes
of movement so that it can ‘stand in’ for
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any one of the other three gyroscopes in
the event of a malfunction. Each
gyroscope will have its own electronic
module, providing electrical power for
gyro motors and amplifiers, temperature
controllers and switching circuits. The
modules use a combination of discrete
components and integrated circuits
already proven in previous space
programmes.

ESRO to build applications
satellites

At a highly successful meeting in Paris in
early December of the Council of the
European Space Research Organization
future plans for the organization were
discussed and unanimously approved by
the representatives of the member nations.
A resolution allows ESRO to undertake
application satellite programmes at an
expenditure of not less than $70M*
during the period 1974 to 1980. The
programme could include aeronautical,
meteorological and  communications
satellite projects.

=~ In addition not less than $27M* per
year will be spent on scientific satellite
projects together with sufficient funds to
meet the requirements of the current
scientific satellite projects TD-1A (due for
launch February ’72), HEOS-A2 (due
for launch this month, January) and
ESRO-4 (due for launch August *72). The
budget ensures the future of the proposed
satellites COS-B and GEOS and will
allow ESRO to participate with America’s
National Aeronautics and Space
Administration and the U.K. in the small
astronomical satellite project SAS-D.

The outcome of the meeting is good
news for ESRO who will welcome trying
their hand at applications satellites as
their activities had previously been
limited to scientific satellites; even the
future of some of these was very much in
doubt until the meeting.

*At mid 1971 prices

High altitude temperature
measurements

The Science Research Council has
granted £141,710 to Oxford University for
a new experiment to be flown in the
NASA satellite Nimbus-F which'is due to
be launched in 1974. The grant will enable
Dr. J. T. Houghton to produce a
two-channel pressure modulator rad-
iometer (so called because spectral
selection in the instrument will be achieved
by the use of a cell of carbon dioxide the
pressure of which is modulated). The
radiometer will make remote measure-
ments of atmospheric temperature at 40
to 90 km above the earth. No measur-
ments of temperature at these heights
have ever been made before on
such a large scale. It is known from rocket
experiments that marked variations of
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Twenty million tests per second on logic integrated circuits can be made by this
computer controlled logic test system type S-3160 _introduced by Tektronix. Up to four
test bays can be controlled by the one computer.

temperature produced by atmospheric
tides and gravity waves occur at these
heights, but little is known of their
influence on the lower atmosphere. It is
also known that there are strong links
between the motion of the lower
atmosphere and events in the ionosphere
as evidenced by radio propagation studies.

Largest coaxial cable

The largest short-wave transmitting
station in Europe is currently being built
for the German broadcasting organization
‘Deutsche Welle’ near Ettringen in the
Wertach valley (31 miles south west of
Ausberg). The station will have 12
500kW transmitters that can be con-
nected to 74 aerials by means of a
computer-controlled switching matrix. The
aerials are to be erected in three lanes
which extend as arms from a 300m circle.
The main aerials will consist of webs of
wire suspended from 53 towers which will
vary between 35 and 125 metres in height,
the mesh forming a radiating curtain on
each side with a central reflector. The
whole site will occupy an area of nine
square kilometres.

About 100 tons of copper, 370 tons of
aluminium and 30 tons of Teflon
fluorocarbon resin will be used in the
manufacture of the coaxial cables to
connect the switching matrix to the aerials.
The cable has the largest diameter of its
type in the world, and is being
manufactured on specially constructed
machines by Felton & Guilleaume
Kabelwerke in Cologne and Kabel und
Metallwerke in Hanover.

The cable consists of an inner
conductor of radially corrugated copper
tubing 99mm in diameter and 0.6mm
thick, and an outer conductor of spirally
corrugated aluminium with a diameter of
246mm. The corrugations give the cable
enough flexibility to be wound on to
drums. Every 250mm along the cable

there are three spacers mounted at 120° to
each other, manufactured from Du Pont
Teflon. to ensure that the inner conductor
stays concentric with the outer conduc-
tor. The spacers are held in place by a
copper plated C-shaped steel ring.

Ceramic substrate test method

Ceramic sheet is being used in large
quantities in the electronics industry and it
would appear that methods of testing the
strength of the material leave quite a lot to
be desired as results are often none too
accurate. The most popular test method in
current use, a beam bending method,
requires lath shaped specimens which
must be either ground to certain
dimensions and given a “standard’ surface
finish or cut from larger specimens
forming raw edges. Either procedure can
mask the desired results.

The biaxial flexure test method
developed at the American National
Bureau of Standards, the ‘Piston-on-3-balls’
technique, involved supporting a plate of
ceramic on three balls equidistant from its
centre and uniformly loading a small,
circular central area. The area of
maximum tensile stress thus falls at the
centre of the lower face of the plate and
the strength should be independent of the
condition of the edges of the plate. This
method has been accurately analysed for
small deflections (less than one-half the
specimen thickness). The . technique of
supporting the specimen on three balls
allows the use of a slightly warped
specimen; thus no surface grinding or
polishing is required. This makes it
possible to test ceramic plates with an
as-fired surface finish.

Eleven laboratories constructed their
own test jigs according to the design
developed by N.B.S. A total of eight types
of polycrystalline alumina substrates,
chosen to represent different strength
levels, were supplied by five manufactur-
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erz. Strength variations ranged from 3.2 to
6.6 X 10°N/m?’ Each laboratory was
supplied with a random selection of
specimens together with a random order
of testing for 10 specimens of each
substrate. Samples were cleaned and
dried; the relative humidity of the air was
recorded; and the samples tested. Each
laboratory recorded the diameter of each
specimen, its thickness adjacent to the
origin of fracture, and the breaking load.
The breaking strength values were
calculated using a Poisson’s ratio value of
0.23.

The results from eleven laboratories
were examined by fitting ledast squares
straight lines to their data and examining
the resulting lines for indications of
systematic differences between the labora-
tories. Small systematic differences are
detectable but are so much less than
the scatter within each laboratory that
the most significant factor contributing
to scatter in the data appears to be
variations in the material. Examination
of the data for all materials shows
that, although there is always an
increase in the standard deviation when
the variation between laboratories i$
included, it is .always small compared to
the variation within laboratories.

The data was also analysed to
determine the number of measurements
required to give a reasonable measure of
average strength. The coefficients bf
variation (the ratio of the standard
deviation to the average strength) wére
determined for single and for averages, of
five and ten replicate measurements per
laboratory. Results using a single
measurement vary from 10.3 to 14.5%.
The coefficients of variation for averages
of five measurements range from 6.5 to
7.6%. For averages of ten measurements
the range is 5.2 to 6.8%.

Laser beam displays

Commercial devices for modulating and
deflecting laser beams, intended mainly for
projected-light character displays, are now
available in the U.S.A. Zenith Radio
Corporation have produced in the past
few months the M—40R modulator, the
D-70R beam deflector and the Cascade
800 scanner — a device that receives the
scanning beam. from the D-70R and
doubles its deflection angle. Demonstra-
tions of the devices have been given in
systems for directly displaying news items
from news agency wires. The code signals
that would normally operate a teleprinter
were fed into a converter which produced
signals for operating the modulating and
deflecting units.

The principle of operation of all the
devices is that the laser beam passes
through a glass cell in which an optical
diffraction grating, of compressions and
rarefactions in the glass, is set up by
ultrasonic waves travelling through the
material from a transducer (70MHz
frequency in the beam deflector). A
detailed description of the physical
mechanism, which is based on Bragg
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reflection as utilized in crystallography,
was given in Wireless World, Nov. 1966,
p.546, in a report on the early Zenith work
in this field. Suffice to say here that light
modulation is achieved by varying the
amplitude of the ultrasonic waves and
beam deflection by varying their
frequency.

In one demonstration, in a Chicago
museum, the incoming signal from the
news agency wire was coded and passed
into a unit where seven frequencies were
generated. These seven frequencies were
sent to the M—40R modulator where, as
ultra-sound, they split a laser beam into a
fan of seven diverging beams. Each of
these seven beams was turned on or off in
accordance with the incoming signal. The
beams were projected onto a slowly
revolving phosphor-coated drum and each
spot struck by a beam glowed for several
seconds. The slow rotation of the drum
allowed the words to be read as they came
off the agency wire.

In another demonstration, in New
York, the revolving phosphor drum was
replaced by light-sensitive paper, and a
deflector swept the seven-beam fan
sideways, thus eliminating the need for
any mechanical motion. The paper was
dry-processed in a few seconds and reeled
off the machine with the news ready to
read.

Zenith say that a character generator of
this type could also be used to print on
microfilm. One practical application would
be a readout device which would translate
the output of a computer into readable
copy and print it on microfilm. The
microfilm could then be read in any

Wireless World, February 1972

conventional microfilm projection reader.
It is claimed that such a character
generator could print computer output
information at speeds of about 100,000
characters per secodd — considerably
faster than the present paper readout
systems,

Push-button telephones using
m.o.s.ts '

An order worth over £100,000 has been
placed by the Post Office with the
Telephone Division of GEC-AEI
Telecommunications for several thousand
self-contained  push-button telephones
using metal-oxide semiconductor electron-
ics. The telephones will be used for large-
scale trials under public-service conditions.
The telephone, known as the Keyphone
81, has been developed by GEC from
their earlier Keyphone 75 to meet Post
Office requirements. The Keyphone 81
telephone incorporated the DIA 51 keyset
mechanism which is used to replace the
rotary dial in all types of GEC push-button
telephones. Over 30,000 of these
mechanisms have already been delivered.”
The telephones do not require any
conversion of the exchange switching
equipment and can, therefore, be supplied
as a direct replacement for most dial
telephones, unlike the multifrequency
telephone (Touch-tone) now being used in
North America which does require the
installation of interface equipment at the
telephone exchange.

Sound field plotting by colour lights

Our cover shows a picture of sound field
contours produced by a bass reflex en-
closure, using a method described at the
1971 International Congress on Acoustics
and briefly discussed in our report in the
November issue. It involves moving a
microphone, to which are attached coloured
lamps, around the field. Each lamp is ar-
ranged to light when the sound pressure
level is within a certain range. The technique
is said to make sound field investigation
in auditoria a relatively simple matter.
Earlier related methods required the
microphone to be moved at constant speed
and relied on just one lamp with varying
brightness. In the method used for our
cover photograph, developed by Z. Barat
and M. Viczian at the Technical Univer-
sity of Budapest, the amplified microphone
output is fed to a pen recorder with a sliding
contact fitted to the pen. It switches on one
of the lamps when the output is within a
certain range, as determined by fixed
contacts wired to the lamps. By watching
the lights, contours of equal sound pressure
can be followed by an operator holding a

bar with the microphone and lights
attached. A colour camera* operated in
darkness with an open shutter will record
the isobar. The five lamps used represented
a 25-dB range in pressure level, each colour
corresponding to different 5-dB ranges.
Because the width of the fixed contacts was
2% of the 25-dB recorder scale, each con-
tour line represents a minimum uncertainty
of 0.5dB — more in practice because of
time delays in lighting the filament lamps
(48-V, 50mA lamps gave 40ms delay and
6-V, 40mA lamps gave 15ms delay. These
delays mean rapid movement should be
avoided).

For a laboratory instrument, the sliding
contact idea certainly seems to be the
cheapest if a recorder is to hand. But if a
recorder is not available, electronic level
switches are an obvious alternative,
especially for a robust commercial instru-
ment. Non-filament lamps would reduce
the time delay problem.

*Fitted with a wide-angle lens, an aperture of 5.6,
and 14DIN/20ASA film for the cover photograph.
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Universal Meter Ampllﬁer

Desi

different input impedances

by A. J. Ewins

The basic sensitivity of moving-coil meters,
in terms of the minimum input voltage
for full scale deflection (f.s.d.) and input
impedance in ohms/volt, can be greatly
increased by amplifying the input signal
before applying'it to the meter. In various
vvms and transistorized multimeter
designs, where a.c. and d.c. voltage and
current signals are measured, this is nor-
mally achieved by separate amplifiers for
the a.c. and d.c. signals. The most
obvious reason for using separate ampli-
fiers is probably the fact that a.c. signals
need to be rectified before they can be
measured by a d.c. meter. Also, there is a
certain degree of incompatibility between
the design requirements of the a.c. and d.c.
amplifier. In the case of the d.c. amplifier it
is not usually necessary to have a voltage
gain greater than unity, provided the basic
voltage sensitivity of the meter is adequate,
it being only necessary to increass the
input impedance. This can be readily
achieved by the sort of circuit shown in
Fig. 1, in which zero drift is no real prob-
lem provided the two transistors are
suitably matched. The a.c. amplifier, how-
ever, needs to have high open-loop gainin
order that a large amount of negative feed-
back may be applied to overcome the
rectifying diode’s pedestal voltage and
extreme non-linearity. Thus, an a.c./d.c.
amplifier needs to have high open-loop
gain and low zero drift, which are not
always compatible.

However, the writer felt that if an
amplifier could be constructed to drive a
moving-coil meter, and have a frequency
response from d.c. to some tens of kilohertz,
the construction of a multimeter could be
somewhat simplified and possibly some
additional, advantageous, features could
be introduced.

The amplifier designs presented in this
article achieve this objective without de-
generating the performance of either the
a.c. or d.c. sections. They do so with good
d.c. stability, excellent scale linearity and a
frequency response extending from d.c. to
100kHz. .

The amplifiers have been designed
around the Avo Model 9 meter movement,
which has a basic current sensitivity, when
shunted with a 10k resistor to produce
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Fig. 1. Type of amplifier, for d.c. only,
suitable for increasing input impedance.
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When this meter movement is used in
conjunction with the two amplifiers des-
cribed, its current sensitivity is increased
to 500nA, or SnA, with a practical voltage
sensitivity of 100mV, making possible
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for a.c. and d.c. measurements, in two versions with

input impedances of 2M§/volt and 200
MQ/volt. An additional advantage obtained
by using this type of amplifier, when
measuring d.c. signals, is that the meter
always gives a ‘positive’ indication regard-
less of the polarity of the signal applied to
the input terminals.

Circuit design

Fig. 2 shows the basic circuit from which
the final designs evolved. Use of the RCA
integrated circuit, CA3018, determined the
transistor configuration used. It contains
a pair of isolated matched transistors and
a Darlington-connected pair. The input
stage of Fig. 2 is a differential amplifier of
the long-tailed pair variety. The output from
the differential amplifier is fed to the
Darlington-connected pair of transistors
via a potential divider network in order to
match the differing d.c. potentials at the
collector of Tr, and the base of Tr,. The
emitter of Tr, is held at a negative voltage
by the zener diode, enabling its collector
potential to vary above and below the zero
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the required damping, of 50uA anc a volt-
age sensitivity of 125mV.

Fig. 2. Basic circuit from which amplifier designs were evolved. The two patrs of transistors
are provided by the CA3018 integrated circuit.
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volt line. The meter circuit is connected
between Tr, collector and the zero volt
line. Negative feedback is achieved by con-
necting the base of T7,, via R, to the junc-
tion of Rg, Ry, and R,y,.

With no input signal to the amplifier the
base of Tr, will be at some voltage slightly
negative of the zero volt line due to the
voltage dropped across R, by Tr’s input
bias current. Provided that the differential
amplifier is balanced, under open-circuit
input (by Rgy) and short-circuit input (by
R¢y) conditions, for minimum deflection
of the meter, the base of Tr, must be at the
same potential as the base of Tr, and the
voltage dropped across R, must be the
same as the voltage dropped across R,.
Thus the potential at the junction of R;,
R,, R,, and R,, must be equal 1o zero
volts. A portion of the input bias current
to Tr, must therefore flow directly through
the meter. However, as will be seen later, the
value of this current may be readily de-
signed to be about 0.3% of the meter’s f.s.d.

On application of a voltage to the input
terminals, the balanced states of Tr, and
Tr, are initially upset, causing the voltage
at the collector of Tr, to shift according to
the polarity of the input signal. The voltage
shift at the collector of Tr, is amplified by
the Darlington pair, producing an even
greater and opposite shift in the collector
voltage of 7r,. A voltage is thus de-

veloped across R;, in opposite phase to the
input voltage, which returns the differential
pair to a balanced condition. Owing to the
presence of the meter diodes, the cur-
rent flowing through the moving-coil
meter, which is a constant fraction of the
current flowing through the resistor R,
always flows in one direction, no matter
what the polarity of the input voltage.

Provided that the open-loop gain of
the amplifier is very high, the voltage de-
veloped across R, (equal to R;.J;, where
I; is the current flowing through the meter
circuit) will be equal to:

Vin(R;+R)(R, +R,)

Thus, R..I; = Vi, (R, + RY(R, + R,)
and the input voltage sensitivity for f.s.d.
equals R,.J;.(R, + R,)/(R; + R)whenl;
equals the current flowing through the meter
circuit when the meter indicates f.s.d. The
current flowing through the meter is thus
directly proportional to the applied input
voltage.

In order to overcome the non-linearity
of the rectifying diodes the open-loop gain
of the amplifier should be very high, allow-
ing a large amount of negative feedback to
be applied. The negative feedback effec-
tively increases the output impedance as
‘seen’ by the meter circuit. Thus an alterna-
tive to a high open-loop gain is to increase
the output impedance as seen by the meter,
circuit by some other means. The simple
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Fig. 3. Practical circuit of meter amplifier, with higher open-loop gain and higher output
impedance than those of the basic circuit (Fig. 2). In the i.c. the circled numbers indicate the
conductors which are taken out to leads (with corresponding numbers) on the TO-5 12-lead
package. No. 10 is the chip substrate. (The intersections of conductors with the shaded
rectangle have no significance as connections.) D, and D, are type OA202.

o

Wireless World, February 1972

circuit of Fig.2 does not possess either a
sufficiently high open-loop gain or high out-
put impedance to satisfactorily overcome
the non-linearity of rectifying diodes.
Hence, the more sophisticated circuit of
Fig. 3 was developed. Fig. 3 is basically the
same circuit as Fig. 2 except for the fact
that R¢,, R¢, and Rg, have all been re-
placed by constant current sources. By
replacing R¢, with a constant current
source, the output impedance of the output
stage is made extremely high by virtue of
the fact that the collector impedance of a
transistor is very high. This, coupled witha
reasonably high open-loop gain, satisfac-
torily overcomes the non-linearity of the
rectifying diodes. This technique has been
successfully carried out by the writer in a
previous a.c. millivoltmeter design'. By
replacing Rg, with a constant current
source, the current flowing through the
differential pair of transistors is main-
tained at a constant level, regardless of the
potential at the two transistors’ bases. It
also has the advantage of increasing the
common-mode rejection ratio of the
differential pair. The replacement of
R¢, by a constant current source is not
really necessary from the point of view of
greatly increasing the open-loop gain of
the amplifier or its overall performance.
However, by doing so, and by virtue of the
fact that Rg, and R¢, have been replaced
by constant currents, the d.c. stability of
the amplifier becomes virtually unaffected
by variations in the supply voltages of
plus or minus one volt. Thus there is no need
for stabilized voltage supplies.

The heart of the amplifier remains the
transistors 77, to Tr, whichare all contained
in the integrated circuit, CA3018A, which
is a tighter specification version of the
CA3018. The two isolated transistors in
this package are matched for g to + 10%
and Vg to +2mV over a range of collector
currents from 10yA to 10mA. This type
‘A’ version of the package was specifically
used because hgg of the two isolated
transistors is maintained to a minimum of 30
at a collector current of 10uA. The current
gain of the Darlington pair is a minimum
of 1000 at a collector current of 100uA and
2000 at 1mA. The collector currents of the
differential pair are designed to be 10uA.
For a minimum gain of 30, the input bias
currents are thus a maximum of 0.33uA.
By virtue of the fact that the basic sensitivity
of the Avo Model 9 meter movement,
when shunted with a 10kQ resistor, is
50uA, and that two 5.1kQ resistors are
used in the bridge rectifying circuit instead
of a further two diodes, the current indicated
by the meter is half that which flows
through the meter circuit. Thus, under zero
input conditions, the meter registers a
maximum of half the input bias current,
ie. 0.17uA, which is only 0.3% of the
50uA f.s.d. This is a negligible amount and
may be totally ignored under normal
measurement conditions.

The current through the potential
divider network to the base of the transistor
Tr, is designed to be 10uA. The constant
current supplied by Tr; thus needs to be
20uA. The collector current of the Darling-
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ton pair is designed to be about 400uA and
as the minimum gain of the pair is 1000 at a
collector current of 100uA and 2000 at
ImA, the current flowing into the base of
Tr, will certainly be less than 0.4uA, which
is negligibly small compared with the 10uA
flowing through the potential divider.

Since the collector loads .of Tr, and the
Darlington pair are effectively constant
current circuits and since the input imped-
ance of the Darlington pair will be very

-much less than 750k (2, the current gain of

the amplifier will be approximately equal to
the product of the current gains of 77, and
the Darlington pair. This product is likely
to have a minimum value of between
30,000 and 60,000 depending on the
minimum gain of the Darlington pair ar a
collector current of about 400uA. A
minimum of 40,000 should be a fairly safe
assumption. The typical figure will be about
200,000.

The current through the meter circuit for
f.s.d. is 100uA, therefore the change in
input bias current to the differential pair
will be a maximum, for f.s.d., of 100uA/
40,000=2.5nA. Now for reasonable
accuracy the input current to the amplifier
should be at least 100 times greater than this
value, i.e. 250nA. However, the current gain
of the amplifier falls off slightly under low
input signal conditions because of the
increase in impedance of the rectifying
diodes. If it is assumed that the impedance
of the meter circuit rises to become approxi-
mately equal to the output impedance of
Tr, under low input signal conditions, then
the current gain will fall by about a half.

Thus the input signal current should not be
less than about 500nA for f.s.d. of the meter.
For a voltage sensitivity of 100mV this
gives an input impedance to the amplifier
of 2MQ/volt, and values for the resistors
R, and R, (Fig.2)of 100k 2.

The minimum voltage sensitivity of the
circuit is basically determined by the ability

to accurately balance the open and short -

circuit input conditions and the tendency
of the zero to drift. The difference between
Vpe, and Vpgg,, for the CA3018A, is not
more than +2mV and, since the gains of
the differential pair are matched to + 10%,
the input bias currents are not more than
0.33pA and the values of R, and R, are
100k, the short circuit input conditions
will not be out of balance by more than
+10% of 100kQ X 0.33uA = +3.3mV.

With 10uA flowing through the collec-
tors of Tr, and I7,, and hence their
emitters, it is a simple matter to correct
the open circuit input balance by inserting
a 2500 potentiometer between the emitters
as shown in Fig. 3. This enables the
difference between Vpg, and Vgg, to be
corrected by +2.5mV,i.e. a swingof SmV.

In order to correct the short circuit
input balance, it is necessary to ensure that
the voltages dropped across the resistors
R, and R, (of Fig. 2) are identical. This
can, of course, be done by altering the
value of either R, or R, but as this would
upset the gain of the amplifier an alternative
method is to alter the currents flowing
through these resistors. These currents
are the input bias currents to the bases of

the differential pair of transistors and can
be controlled by varying the collector
currents of the differential pair. Since the
emitters of these two transistors are fed
with a constant current, the sum of the
two collector currents will be very nearly
equal to this value, ie. I,~1I, + I.
I, is a constant current and therefore so
also is I, equal approximately to I,—I,,.
Thus, if 7;, is decreased by an amount dI,
current I, must be increased by the same
amount. The 220k Q fixed resistor and the
25k (2 variable resistor in the emitter circuit
of Tr; are designed to vary the collector
current of Tr; over the range of approxi- -
mately 19 ‘A to 21uA. Remembering that
about 10uA of this current flows through
the potential divider network consisting of
the 360k 2 and 750k resistors, this means
that the collector currents of Tr, and Tr,
can be varied over a range of 91/A to 1 11/A.
This gives an overall +20% control over
the base currents of 7r, and 77,. Only a
control of 10% is required to compensate
for the tolerances of the two transistors but
the additional control will cope with the
1 5% tolerances of the resistors, R, and
R,. The short circuit balance may therefore
be controlled over a range of +6.7mV
(100k Q2 x 1uA/30), i.e. a swing of 13mV.

The two balance controls thus provide
a swing of not less than 13mV, which is
small compared with a basic sensitivity of
100mV, and no difficulty will be encounter-
ed in obtaining an accurate zero.

The stability of the zero with changes
in temperature is extremely good. The
change in the difference between Vpgg, and

e e o e e—
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VgE, of the differential pair with tempera-
ture is typically 10uV/°C for the
CA3018A. However, the stability of the
circuit in general will depend upon the
variation of the base-emitter voltages, with
temperature, of the transistors 77, to Tr,
and the temperature coefficients of the zener
diodes. A typical variation of Vgp with
temperature, for a silicon transistor, is
—2mV/°C. A variation of this order to
Vg of transistor Tr, would result in a
change in the constant current to the
emitters of the differential pair of approxi-
mately 7nA/°C (i.e. 2mV/270k Q). If it can
be assumed that the collector current of
Tr, remains constant, then this will result
in a change to the collector current of T,
of approximately 7nA and hence a change
to its input base bias current of 7TnA/30 =
200pA. This would cause a change in the
short-circuit balance conditions of approx.
200pA X 100k , i.e. approx. 20 *V and,
if all of the 250 ohms of the potentiometer
is in the emitter circuit of Tr,, a change
to Vpg, of TnA X 250, i.e. 2uV. Changes
in the values of the base-emitter voltages of
the other tramsistors, 7r; and Tr,, with
temperature all have similar minimal
effects and, because they are unlikely to
occur in isolation from one another, will
tend to have a cancelling out effect rather
than an additive one. The temperature
coefficient of the two base-emitter voltages
of the Darlington pair is typically
4.4mV/°C. This could result in a change
in the potential divider current of approxi-
mately 4.4mV/750kQ = 6nA/°C and
hence a 6nA change in the collector current
of Tr,, resulting in a maximum change in
VgE, of 2500 X 6nA = 1.54V/°C and a
maximum change to the short-circuit input
balance condition of 100k X 6nA/30 =
20 ‘V/°C.

Provided the temperature coefficients of

’

the zener diodes are not very much more
than —2mV/°C, their effect will be similar
in magnitude and unlikely to deteriorate
the performance of the circuit. The circuit
is thus extremely stable to variations of a
few degrees centigrade around the normal
ambient conditions and the voltage sensi-
tivity could be made less than 100mV
provided an accurate balance could be
obtained. Increasing the sensitivity to 10mV
resulted in great difficulty in obtaining an
accurate balance, necessitating the use of
additional, finer, open- and short-circuit
zero controls. The linearity of the meter
scale at the top end of the frequency scale
was also not quite so good. Thus, the
writer settled on a minimum, practical
sensitivity of 100mV.

Having successfully developed the
circuit of Fig. 3 the writer felt that the
circuit would benefit by a still yet increased
input impedance. Consequently the circuit
of Fig. 3 was developed to that of Fig. 4.
It will be seen that in front of each of the
transistors of the differential pair has been
placed an fet. in a source-follower
configuration. The bases of the transistors
of the differential pair are connected to
tappings of the source resistors of the
fe.t.s because the gate-to-source voltage
of the types used is typically —3 volts at
the design value of the drain current (ImA)
and the writer felt it desirable to retain the
positive supply voltage of 9 volts rather
than increase it to 12 volts. The slight
reduction in open-loop gain is more than
compensated for by the increase in open-
loop gain due to operating the differential
pair at collector currents of 500 ‘A instead
of 10uA. Apart from the fact that the
input impedance has been increased by a
factor of 100, an additional advantage is
obtained by being able to reduce the number
of set-zero controls to one.

AT

The pair of fets can be bought with
their gate-to-source voltages matched to
within + 100mV at a drain current of ImA.
As a result of this fairly coarse matching,
it is not worth buying the tighter specifi-
cation version of the CA3018. The value
of 1k for the set-zero control allows for
variations of 5% in the values of the source
resistors and produces an overall swing of
about + 200mV. It should, therefore, be
a ten-turn controller or, alternatively, an
additional finer control of about 1002 may
be placed in series with one of the 9.1k Q
source resistors.

The circuit of Fig. 4 does have one
disadvantage over the simpler circuit of
Fig. 3 and that is a poorer upper frequency
response due to the use of higher valued
resistors for R, to R,. Thisis to be expected
since all resistors have a stray capacitance
associated with them and the higher the
value of the resistance the greater the
effect. Consequently it is recommended
that resistors of as high a wattage rating as
is practical should be used in these positions
as the effect is more reduced the greater
the physical size of the resistor.

It was found necessary with the circuit
of Fig. 4 to connect a capacitor and
resistor, R, and C, of Fig. 4, in series
between the collector and base of transistor

« Tr,, in order to prevent high-frequency

instability. By trial and error, practical
values for the resistor and capacitor of
5.6k 2 and 470pF were found to produce
the desired effect.

Prototypes of both circuits, Figs. 3 and
4, have been constructed by the writer.
The circuits were tested for linearity and
frequency response at their basic voltage
sensitivities of 100mV. The scale linearity
of both circuits is excellent, there being no
detectable error at 10% or even 3% of
f.s.d. The circuit of Fig. 3 has afrequency
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response, flat within +2%, from d.c. to
100kHz. The circuit of Fig. 4 does not
perform quite so well up at the 100kHz
end of the scale, the reading falling off by
about 10%. This frequency response,
however, was achieved without making any
attempt to compensate for the stray
capacitances across the 10M*. resistors,

The writer has constructed a prototype
multimeter, with voltage and current
ranges, using the circuit of Fig. 3 with a
suitable attenuator as shown in Fig. 5. By
suitable adjustment of the feed-back resistor
in the meter circuit the multimeter was
made to operate with a 1004A meter of the
Japanese ‘SEW’ type. The multimeter was
constructed in an aluminium die-cast box
of dimensions, 41in wide X 7in long X
34in deep. The ranges provided by the
attenuator are, 100mV, 1V, 10V, 100V,
1000V, 1A, 100A, 1000A, 1mA, 10mA,
100mA, and 1A, a.. or d.c. The inclusion
of the two-pole switch and the associated
components shown in Fig. 5§ enables a.c.
signals only to be measured with an r.m.s.
scale for sinewaves. This is essential if a.c.
signals are to be measured in isolation from
the d.c. bias ‘conditions of a circuit. If if is
required that the meter should be ablz to
give an indication of the polarity of a d.c.
signal, a diode may be inserted in the meter
circuit between the junctions of the resistors
R, and R,;,, and R, and R, of Fig. 2.
This diode should normally be short-
circuited by a single-pole, push-button
switch. On ' pressing the switch and
disconnecting the short-circuit across the
diode, the meter will continue to indicate
the measured voltage only if the polarity
of the input signal is in one particular
direction (determined by the ‘way round’
the diode is connected into the meter
circuit). If the polarity of the signal is in
the other direction, the reading will fall to
zero. This technique maintains the ampli-
fier’s advantage of always giving a ‘positive’

Television Sound Adaptors

Methods requiring no electrical connection to

Since publication of the leader in the
October 1971 issue, some letters to the
Editor in the November and December
issues and an article by J. C. G. Gilbert in
the January issue, all on television recziver
sound quality, we have heard of several
methods of extracting the sound signal
from the television set for feeding into hi-fi
equipment. Of these, techniques which do
not require a direct electrical connection to
the receiver would seem the most
attractive, first because they avoid the
problem of the set’s ‘live’ chassis. secondly
J

whtdd,
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Fig. 6. Method of obtaining a number of
voltage ranges using the amplifier circuit
of Fig. 4. The input resistance is a
constant 20M € on all ranges.

10M

Position

Sy Se

NBWN SO WN =
IS
<

MRS = = o

meter deflection no matter what the
polarity of the input d.c. signal, at the same
time as providing a means of determining
the signal’s polarity. The input terminals
must therefore be marked + and —.
Héving discussed the theoretical aspects
of zero drift for the circuit of Fig. 3, the
writer should perhaps mention that in
practice the prototype multimeter con-
structed by him has not exhibited a zero-
drift of greater than 1% of f.s.d. over a
period of use. In all cases it has only been
necessary to adjust the short-circuit set-
zero control to obtain a satisfactory zero.
The writer is not able to comment on the

because they do not invalidate the maker’s
guarantee if the set is owned by the user
and thirdly because they can be used on
rented sets without infringing the rental
agreement. These methods depend on the
presence around u.h.f. sets (or the u.h.f.
part of dual-standard sets) of
electromagnetic radiation from the
intercarrier sound i.f. signal, which in the
UK. is at a frequency of 6MHz. The
magnetic component of this radiation can
he inductively picked up outside the
cabinel, and the resulting signal,

-9V

practical zero-drift of the circuit of Fig. 4,
not having, at the time of writing, tested the
circuit in a finally constructed form. There
does not appear, however, any reason why
it should be very much worse than that of
Fig. 3, provided the two fets can be
maintained at roughly the same temperature.

Finally, Fig. 6 is a suggested method
of obtaining a number of voltage ranges
using the more sophisticated circuit of
Fig. 4. ’

Reference
1. “Linear Scale Millivoltmeter’ by A. J. Ewins.
Wireless World, December 1970.

the set

containing the sound information as
frequency modulation, can be amplified
and demodulated as required.

Two examples of this general technique
are shown in the figures. Fig. 1 is
extracted from an article in our associated
Swedish journal Radio & Television, No.
11, Nov. 1971. This circuit picks up the
intercarrier sound if. signal, which is
5.5MHz in Sweden, and converts it to a
frequency of 10.7MHz to allow it to be fed
into the i.f. section of a conventional f.m.,
tuner. Thus the tuner can be witched to

e P
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Fig. 1. Circuit of converter providing a
television sound signal for feeding into
the i.f. section of a conventional f.m.
tuner. (Modification would be required
in the U.K. because of the 6MHz
intercarrier sound frequency.)

Radiation pick-up head

——— e — — — — —— -
| 2N3819 |
| . |
| A |
]
|| 1 Sast==30p 150 47n :
I
| U T T |
L 5.5MHz |
give either the normal v.h.f. sound

broadcasts or the television sound
broadcasts. As can be seen there is a
pick-up unit containing a ferrite-cored coil
and capacitor tuned to 5.5MHz and an
f.e.t., which forms the bottom half of a
cascode input stage. The upper half of the
cascode is the 2N2369 bipolar r.f.
transistor, which is housed in the main
unit of the adaptor. The final transistor,
in conjunction with the 16.2MHz tuned
circuit, is an f.e.t. oscillator /mixer. In this
the local oscillation is heterodyned with
the 5.5MHz signal from the cascode stage
to give a difference frequency of 16.2 —
5.5 = 10.7MHz, which is selected from
the sum and 'difference frequencies by the
output tuned circuit and transformer in the
drain circuit of the fe.t.

Fig. 2 is a block diagram of a
commercial adaptor called the Telefi
which has just become available in the
U.K. (makers: Dinosaur Electronics Ltd,
85 Victoria Street, Windsor, Berks). This
device provides an audio output signal
(typically 1V r.m.s.) for feeding into a hi-fi
amplifier. The change-over switches seen
on the right are simply to allow the user to

Coaxial

Wireless World, February 1972

—0
+12V
220
4-7n£
’ I
B '
: 4-7n
|
150p 12t i " 107
! MHz

select either the output of the adaptor or
the output of his fim. tuner. Here the
pick-up unit is simply an encapsulated coil
on the end of a screened cable, which is
connected to the main unit containing all
the electronics and switches. First the
6MHz intercarrier if. sound signal is
amplified in a single-transistor stage, then
the required band of frequencies centred
on 6MHz is selected by a band-pass filter.
Next the frequency modulated 6MHz is
applied to an integrated circuit which
includes an amplifier, a limiter and an f.m.
discriminator (this being of the coinci-
dence detector type described by T. D.
Towers in the September 1971 issue,
p.434). The audio amplifier includes a
‘user’ pre-set gain control, and the output
a.f. signal is claimed to have less than 1%
distortion at full modulation at a level of
1V r.m.s. Wireless World has tried out
this device and found it completely
satisfactory. The main unit is housed in a
wooden case which can: be stood on the
top of the TV set or placed anywhere
nearby. The encapsulated coil may be
stuck to the insulating back cover of the
set, as near to the sound if. amplifier as

Pick-up
coil Lc
sMHz Amplifier .
Pre-amp [~ band-pass —» limiter > Audio
filter discriminator Y

Fig. 2. Schematic of adaptor providing
ana.f. signal for feeding into a

conventional audio amplifier.

+12V, lov

Power
supply

Commercial unit infig. 2, showing
encapsulated pick-up coil.

possible, or allowed to dangle loose near
the back cover. Its position and
orientation were found to be non-critical
on a set containing a B.R.C. type 1500
chassis. The manufacturers say that with
one of the five TV sets on which they have
tried the adaptor the pick-up coil could be
up to 3ft away!

Information on Standards

The British Standards  Institution
maintains an affiliated organization for
standards engineers, metrication officers
and others concerned with standardization
in every industry. Known as B.S.Is
Standards Associates Section it provides a
meeting place for the exchange of views on
standards matters and a feedback of
information to B.S.I. on the effectiveness
of standards. The subscription of £3 a
year includes a copy of the magazine BSI
News each month which keeps members
up to date on metrication and lists new
and revised standards issued; early
notification of standards conferences and
courses at special rates, and, in most parts
of the country,” a regular programme of
meetings. Information from the Secre-
tary. Standards Associates Section,

B.SL 2 Park Street, London WIA 2BS.
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Current-limited Power Supply

A simple design of relatively low cost with dual range current

and voltage supplies

by A. Royston*, B.Sc. (Hons), Ph.D.

A stable power supply with a controllable
maximum current and a widely variable
output voltage is an essential aid to experi-
mental electronics. This article describes
a unit which was designed to be simple and
fairly cheap to build and yet have a per-
formance comparable to those available
commercially. It might be thought that the
circuit is retrograde in that it does not use
currently available monolithic voltage
regulators, but apart from the slightly
expensive Motorola MC1466!, none of

those known to the author gives a com-
parable performance, particularly with

respect to current limiting. Also, few
external components are saved by their use.
Performance of the unit is given in table 1
and a list of symbols used in table 2.

Circuit description

Fig. 1(a) shows a constant-voltage source
in which the error amplifier, IC,, floats with
the positive output terminal — this ensures
that the only circuit component to have a
high voltage across it is the series element
Tr 1,2

Since the voltage drop across R, is con-
stant (V) and the input current to the
error amplifier is assumed to be zero, the
output voltage, Vy, is

Voutr= Vret Ry/R,
This implies that the gain of the amplifier
is infinite, and for this design the expression
will not be more than 0.001% in error.

As it stands the output current of this
circuit will be limited only by the capability
of the series element, and in any case it
would be destroyed by short circuiting the
output so some means of controlling the
maximum load current must be provided
to protect both the supply and any load
connected to it. Fig. 1(b) shows a simplz
constant-current source in which ths
voltage across a current sensing resistor,
R;, is compared with the drop across part
of the potential divider chain formed by
R, and R,. If we assume that /C, is a perfect
differential amplifier,

Lijm = R;. V/R,R)
The two sources are combined in Fig. 1(c)
such that the maximum load current will ba
I;ims and the highest output voltage will bz
that defined by R,. (It should be remem-
bered that an ideal current source has an
unlimited output voltage capability to

* University of Durham

accommodate high load resistances.) This
implies an OR function which is imple-
mented in Fig. 1(c) by Tr,. If the load
current is less than Ky, the inverting
terminal of IC, is negative of the non-
inverting input causing the output of this
amplifier to be positive with respect to the
positive output terminal. Because R,
supplies sufficient base current to Tr, for
this transistor to be saturated, the output
of IC, is effectively connected to the base
of the series element T, ,, giving the equi-
valent of Fig. 1(a). If the load current is
increased to near Iy, the output of IC,

Vret

will fall until the base current of Tr, is
insufficient to cause saturation so in
attempting to compensate the output of
IC, will rise. When the output voltage has
fallen by a small amount this amplifier will
saturate positively and as 77, is now an
emitter follower IC, will have complete
control of the output current. By following
this argument in reverse, it can be readily
seen that a subsequent increase of the load
resistance to such a value that the load
current is less than Iy, means that the
voltage control amplifier will resume control
over the output voltage. Thus we have a

Trig Ry

(c)

(b)
Fig. 1(a) Constant voltage source. (b)
Constant current source. (¢) Combined Vet
current limited voltage source and
voltage limited current source. Ry

D,
SN
Rz
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current limited voltage source, and a voltage
limited constant current source for which
the change from one characteristic to the
other requires only a change of about ImV
and 100gA in the load voltage and current
respectively. In the appendix a more de-
tailed treatment of the theoretical per-
formance is given.

Fig. 2 shows the implementation of the
diagrammatic circuit of Fig. 1(c). Practical
considerations make it necessary that the
heat dissipation of Tr, be kept to reasonable
limits by splitting the output voltage into
two ranges, 0-25V and 25-50V, and having
corresponding a.c. voltages of 30V and 48V
supplied to rectifier Dy(Fig. 3). When the
lower range is selected the reservoir capaci-
tor C, has 36V across it (load current of
1.0A) so the greatest short circuit dissipa-
tion of Tr, is about 36W. For the upper
voltage range the corresponding dissipation
would be a somewhat excessive 56W. To
reduce this re-entrant foldback protection
has been incorporated by including Tr,
and Tr,, together with some associated
circuitry which is inactive while the lower
range is selected. If the voltage between
A and B is more than 48V the zener current
of D, flowing through R, causes Tr, to
saturate and the junction of R, and R, to
be 23.5V with respect to the negative out-
put terminal. For as long as the output
voltage is more than this value D, is reverse
biased and no emitter current can be caused
to flow from Tr,, but if the supply current

TABLE 1. Performance
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Output voltage
Output current
Load regulation”
Current regulation
Line regulation”
Rippte and noise
7
Temperature coefficient Voltage
Current

Fully variable, two ranges

Fully variable, two ranges

Al = 1.0A

Load current = 1.0A

10% mains variation

Constant voltage mode, | = 1.0A
Constant current mode

0-25V. 25-50V
0-100mA, 0-1.0A
<0.03%

<0.1%

<0.03%

<2mv

<0.03%
0.01%/deg C (typ.)
0.06%/deg C (typ.)

* These figures are the limit of the accuracy of measurements of the equipment available to

the author. They should be better than 0.002%.

limits the output, voltage can drop below
23.5V. Diode D, now conducts and as the
output voltage falls to zero T, saturates
(collector-base voltage zero) causing Ry to
parallel the current setting potentiometer,
R,,. Thus the short-circuit current is de-
fined by this resistor combination. It is
important that R, should supply only
sufficient current for Tr; to just saturate
or the supply would latch off, with a zero
short circuit current, and the output voltage
would not rise with removal of the load.
Fig. 4(a) shows the current/voltage charac-
teristic for both ranges, while Fig. 4(b)
indicates the corresponding dissipation of
Tr,.

Fig. 3 shows all the internal supplies.
The mains transformer supplies 30V or
48V a.c., selected by the range switch §,p,
which is rectified and smoothed by D
and C, respectively. The positive and
negative supplies, which float with the

TABLE 2.

Typical
Symbols used vatue
A Voltage gain of differential amptifier 10°

4V Voltage between the input terminals of the
differential amplifier

Load current

Load current at limiting

=~

L Load regutation (%)

v, Negative reference voltage 8.2v

v, Output voltage with no load current

V,.. Output voltage with load current /

Viey Positive reference voltage 51V

R Output resistance of differentiat dmplifier  75Q

R, Base resistance of Try (R,) 15kQ
R, Current sensing resistor 10r10Q
f;  Current gain of 7ry, 6000

fs Current gain of 7ry,;,3 600,000
AV Change in output voitage when load current

changes by / amps

positive output of the circuit, are given by
an additional secondary. To obtain a ripple-
free reference voltage D, is fed indirectly
by a constant current source Trg. For the
negative voltage, less current is required so
far simpler smoothing has been used, but

+82V0o—

?Nggo Fig. 2. Circuit of the
P %Rm } regulator.
a7k
4
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Fig. 3. Internal supplies.
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Fig. 4. (a) Output characteristic.
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Internal view, showing the position of the larger components, Fig. 5. P.c. board,
p.c. board and heat sink at the rear. copper side.




Fig. 6. Layout of p.s. board.

as it provides the reference voltage for the
limiting current it is perhaps unfortunate
that the temperature coefficient of 8.2V
zener diodes is somewhat higher than that
of 5.1V zeners (0.06% per °C against
0.007% per °C). If this is unsatisfactory,
D, could be replaced by one similar to Dy,
giving a common mode voltage of about
- 2V to IC, and IC,. This would probably
not affect circuit operation.

To give the higher voltage range S;,
switches an extra resistor (R,;) into the
voltage sensing chain and the two current
ranges are implemented by altering the
current sensing resistor from 1¢ to 107
by means of S,. The last switch, S,, allows
a meter to display the load current or
voltage. Preset potentiometers R,, and
R,, set the maximum output current and
calibrate the meter current range, respec-
tively, while R, varies the limiting current.
Adjustment of R,, causes the output to
swing by about 26 voits.

Constructional details
Originally SN72702N amplifiers were used
but it was found that when the supply was

/ 12 1 8

—o 0

10
I

short circuited suddenly the current control
amplifier had an occasional tendency to
latch-up, preventing current limiting. In
their place, the more sophisticated
SN74741Ns have been used as they do not
display this characteristic. In addition,
they are internally compensated and have
such a high open loop gain, that it is difficuit
to measure the performance of the circuit.

The maximum voltage across 7
is about 72V, so the ubiquitous 2N3055
with its Vcgg of 65V would not be a good
choice. The RCA 40636 is an improved
version with a Vg of 95V. Transistor
Tr, has a similar rating, and also recom-
mends itself by having an integral heatsink
sufficiently large to dissipate the heat
generated by the base current of a worst
case 40636 (#=30 at 1.0A gives about
1.6W).

Diodes D,, D, and D, protect theinputs
of the integrated circuits.

To aid construction Fig. 5 shows the
conductor side of a suitable printed circuit
board which contains all but the largest
of the components. Its layout is shown in
Fig. 6, and Fig. 7 indicates the wiring from
the edge connector to the various external
components and controls. To obtain the
stated performance it is essential that wiring
carrying high currents be done carefully.
Resistor R,, should be returned directly
to the negative output terminal, and pin 9
of the edge conductor, together with the
current sensing resistor R,, must be joined
by a low resistance path to the positive
terminal. Otherwise a wiring resistance of
5m¢ can make the load regulation worse
by a factor of twenty. This problem has
been discussed in a Motorola application
note?, and could be solved by means of
sense terminals.

The unit was built into a Contil Mod 2B
case with the heatsink mounted externally.
Total cost was about £17, although the
cheapest components were not used.
References
1. Motorola application note AN497.

2. Motorola application note AN480.
3. Review of Scientific Instruments, Vol. 42,
page 797 (1971).
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Component list

Resistors

1 15k 11 9.1%

2 1k 12 100k

3 180 13* 24k

4 4.7k 14 4.7k

5 2.7k 15 680

6 47k 16 5.6k

7 47k 17 820

8 100 18 3.3k (3W)
9 7.5k 19 270 ,

10* 1 (3W/5%)

all W, 5% unless otherwise shown
20* 1k lin. 21% 25k lin.
22 1k lin. preset vertical mounting
23 4.7k lin. preset for p.c.b.

t for 9 Q parallel with 8200
Capacitors

2 0.0474/20V ceramic 6% 20004100V

3 0.047;/20V ceramic (Hunts)
4 64,/10V (Mullard) 7 6404/25V
5 14/64V (Mullard) (Mullard)
8 640425V
(Muliard)

C, has not ‘disappeared’ but was removed

as a design improvement made by the

author.

Integrated circuits

1 and 2 SN72741N  (the dual 74ls,
SN72741D or L147B1 (Fairchild)
could be used)

Transistors

1* 40636 (RCA) 3

2 40409 (RCA)

BCI183L
4,5,6 BC212L

Diodes

1, 3,4 18921 8 HS7051

2 IN914 (Emihus)
5 BSOS (IR) 9 1S2047A
6* TBO8T20 10, 11 HS7082

7 1S3047A (Emihus)

all semiconductors are Texas unless other-

wise ‘shown

Transformer* 0-30-48V/1A Douglas MT

126 is suitable

Wind on another secondary 15-0-15 by

adding 2 X 75 turns of 38 s.w.g. wire.

Switches* ‘

1 s.p.d.t. WEL TS106D
recommended

2, 3,4 d.p.dt. WEL TS206N
recommended.

S3, must be able to withstand the charging

surge of C,.

Meter* 0.5mA (re-scale 0-50V, 0-100mA,

0-1.0A).

Edge connector. 12 way, 0.15in. contact

pitch.

Heatsink* Marston 50DN0400 A100

recommended. This has a thermal resistance

of about 1 deg C/W but any other may be

used if it has a thermal resistance of less

than 1.75 deg/W. The usual 4 X 4 X lin.

sink is not suitable unless the maximum

current is limited to less than 0.8A (maxi-

mum ambient and junction temperatures

of 40°C and 175°C respectively).

* Not mounted on p.c. board.

Appendix—Theory

In the foregoing account it was assumed
that the devices used in the circuit were ideal.
Here the effect of using real amplifiers is
examined.
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It is assumed that dV for each of the error
amplifiers is zero when there is no load cur-
rent, and that their input bias current is
zero. Also the base-emitter voltages of Tr, , 5
are ignored.

Constant voltage mode (see Fig. 1(a))
With no load current the output voltage is,
v, = Vref.Rz/Rl

If the current is drawn from the supply an
error voltage is developed across the input
of IC, to compensate for the drop over R,
and R so,

V(;ur = «Vref_dVl)' Rz/Rl)_dV

where

I{R;+R
av, (R RIB)
A
Thus the change in output voltage is
I(1+R3/R MR+ R/
AV, = -V, = (1+R,/ 1)1( 1+ R/B,)

The load regulation, L is defined as
L= AV/Vx100%
_ I(R;+ R/B,)(1 "‘R1/Rz)><
AV.e;
and the output resistance is
R = AW/I
(R;+R/BN1+R,/R )/A

We can calculate the performance using the
typical parameters:

100%;

Current Range 0.1 1.0 A
Output voltage 5 50 5 50 v

L 0.0004 0.0002| 0.0005 0.0003 %

R 020 1.1 0.022 012 mQ

AV, 0.02 011 [0022 0.2 myv

The figures are considerably better than the
measurement accuracy of the instruments
available to the author, but the performance
of a similar regulator confirms them.?

Constant current mode (see Fig. 1(c))
Here Tr; acts as an emitter follower,
nowdV, = I,;.(R,+ Ryp/B3)/A
and at limiting the drops across R, and R,
differ by dV,
0 iimR; = (1R + V)R3 /AR5 + R+ dV,

after some re-arrangement

R:Y,
R4R1<] _%(] +RD/B3)>
For the simple case A = 8, =

I = R3V/R4R,
so the actual current is higher than thar
given above by

(14 Rp/B3)(R3+ Ry)/AR, x 100

Since R, = 8R; (I, = 100mA or 1.0A
this error will be about 0.001 %,

Current regulation is made worse by two
factors. First, shunting of the load by R,
when the meter is used to measure the out-

]lim =

put voltage, and secondly by the voltage
sensing chain. This second effect can be
removed by connecting the inverting input
of IC, to the other end of R, instead of the
output, leaving the two diodes between pins
4 and 5 of IC,. This connection must be
used only in the constant current mode, the
output voltage before limiting will be,

Vour = Vref.Rz/R1“1R1

out
Since the current and voltage are linearly
dependent on the values of R,, and R,,
these potentiometers could be replaced by
helipots or decimally switched resistors.

Announcements

B.C.S. approval. Marconi Instruments have received
British  Calibration Service approval for their
Electrical and Electronic Calib-ation Laboratories at
Luton and the Microwave Standards Laboratory of
the Sanders Division at Stevenzge. The Measurement
Standard Laboratorv at the companv’s St. Albans
headquarters received B.C.S. approval in 1968.

Lampitt  Electronics Ltd, 48 Princess Street,
Manchester M1 6HR, have signed an agreement with
SABA to distribute the German company’s range of
colour television. radio and hi-fi equipment.

Following the introduction in the U.K. of the
“Remotecopies” facsimile tr ission equip
Plessey Communication Systems have signed’ a
long-term agreement with Visual Sciences Inc, of
New York, for the world-wide marketing (outside the
US.A. and Japan) of the American designed
facsimile transceiver.

The Carrier Corporation, owners of the electronic
components and potentiometer manufacturing
organization Spectrol Electronics Corporation of
California, have acquired Reliance Controls Ltd, of
Swindon. The company name has been changed to
Spectrol Reliance Ltd.

Emihus Microcomponents Ltd have signed an
agreement under which the campanv will <ell and
distribute in the U.K. the range of standard m.o.s.
integrated circuits manufactured by the Mostek
Corporation, of Carrollton, Texas, U.S.A.

ICl and Ciba-Geigy have acquired from CBS of
America its interests in the EVR Partnership. The
Fartnership will be granted non-exclusive rights to
exploit the EVR system in the U S.A. and Canada.

Brandenburg Ltd, manufacturers of high-voltage
power supplies. have opened a sales office in
Germany. The address is: bei Edwards Hochvakuum
GmbH, 6 Frankfurt am Main, Niederrad,
Hahnstrasse 46. (Postfach 160).

Sims-Worms International Ltd, Hodford House,
17-27 High Street. Hounslow, Middx, have recently
been appointed UK. distributor for the range of
electronic components supplied by Thomson-CSF
United Kingdom Ltd. ’
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Daly (Condensers) Ltd, electrolytic capacitor
manufacturers, are to set up a subsidiary, Daly
Processes Ltd, to specialize in the anodizing or
forming of aluminium foii.

Nelson Tansley Ltd, who specialize in
telecommunications systems for railways, are now
marketing these systems internationally under the
registered trade name ENTEL.

Signatrol Ltd, Denmark House, Devonshire Street,
Cheltenham, Glos, is to market in the U.K. the range
of computer products manufactured by the Analogic
Corporation of Massachusetts, U.S.A.

Seatronics (UK) Ltd, 22-25 Finsbury Square,
London EC2A 1DT, have appointed the French
company International Passive Components -«
exclusive agent and distributor throughout France.

Guest International Ltd., of Thornton Heath, Surrey,
have acquired the U.K. agency for the Lintronix range
of solid state lamps and digital displays.

Advance Electronics Ltd, of Bishop’s Stortford, and
Ballantine Laboratories Inc., of Boonton, N. J., have
announced an agreement in which Ballantine will in
future market Advance instruments throughout the
United States.

Taylor Instrument Companies (Europe) Ltd, of
Stevenage, Herts, manufacturers of control systems
for the process industries, have acquired Servomex
Controls Ltd, of Crowborough, Sussex, who make
analytical instruments for industrial and laboratory
use.

Transducers (C.E.L.) Ltd., Trafford Road, Reading
RG1 RJH. have been appointed exclusive UK.
agents for the ranges of precision die-stamped foil
strain gauges and temperature sensors manufactured
by Dentronics Inc., of New Jersey, U.S.A.

Data Recognition’s ranges of Dataterm 3 and
Dataspec 2 optical mark reading data-capture
systems are now available combined with any of the
embossed-plate printing machines manufactured by
Bradma Ltd. to enable semi-variable alphanumeric or
bar-marked data to be easily printed onto o.m.r.
forms.

Decca have received orders for radars totalling over
£200.000 from BP Tanker Co. Ltd. Twenty of the 22
tankers are to have dual 16-in installations.

The Post Office have placed a £15M contract for final
development, supply and installation of large
electronic exchanges of the TXE4 design with
Standard Telephones and Cables Ltd.

Pye TVT Ltd have received the first u.h.f. colour
television trangmitter order, valued at £30,000, from
the South African Broadcasting Commission. The
order was placed with Philips Telecommunications,
South Africa, Pye TVT’s agents.

Frigates being built by Vosper Thornycroft Ltd. for
the Brazilian Navy will be fitted with tactical action
information and weapon control systems designed
and developed by Ferranti’s digital system division.
The systems are valued at well over £5m.

Redifon Teleco‘rnmhnications Ltd have received an
order, valued at £63,000, to supply h.f., s.s.b.
receivers to the Civil Aviation Division of the New
Zealand Ministry of Transport for use in air traffic
control networks. '

BN

Standard Telephones and Cables Ltd have received a
contract from the Post Office to supply over £1M
worth of pulse code modulation equipment to
increase the circuit capacitv of existing junction
cables between exchanges.

Tape Recorder Spares Ltd, Tape Recorder
Components Ltd. and Audio Packs Ltd, members of
the Tape Recorder group of companies, have moved
to premises at 206/210 Ilderton Road, London SE15
INS. (Tel. 01-639 7844.)

!
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his correspondents

Corner horns

In the May 1970 issue of Wireless World,
“Toneburst’ described a domestic corner
horn which reproduced bass down to
below 30Hz. Ralph West referred in the
June issue to having measured it down to
at least 40Hz. ‘Toneburst’ in the July
“Letters to the Editor’ suggested that “the
flaring rate made in conjunction with the
walls is too rapid to be accommodated by
horn theory for the results attained. Even
for a 40Hz cut off the cross sectional area
should double in about 16in”.

It is worth considering further what is
the flaring rate resulting from the walls
and the floor. One may perhaps normally
think of the expansion of a corner as the
increase in the distance between
corresponding points on the walls as
distance from their junction increases. The
useful expansion, however, is that of the
trihedral corner formed by the walls with
the floor. This can be represented as a
succession of larger and larger equilateral
triangles coming out from the apex of the
corner down on the floor, their midpoints
forming the axis of the expansion. The
areas of a number of such triangles, at
ift distances along the axis, are shown as
crosses on the accompanying graph. The
graph shows in addition the approximate
equivalent of the volume occupied by
‘Toneburst’s’ speaker, the expansion of -the
corner net of this being shown by the

upper boundary of the diagonal hatching.
The superimposed lines showing the

- laws of expansion of exponential horns

with minimum useful frequencies of 65, 40
and 30Hz indicate that we are dealing
with something that is essentially a set of
segments of horns of differing expansions
succeeding each other imperceptibly as far
as the corner flare is concerned. But there
seems to be a bad junction with the
loudspeaker itself. The attested perfor-
mance is presumably obtained in the face
of this disadvantage.

It would be fun to try energizing an
array of speakers on an equilateral baffle
about 20 sq ft in area and mounted in a
corner in an effort to match more closely
to the useful part of the corner flare. A
large box baffle (over 20 cu ft) should pick
up most of the advantages with less
difficulty. Finally, one or more available
speakers could be packed out to 20 cu ft
with back issues of Wireless World to see
the effect.

S. W. GILBERT,
Beckenham, Kent.

Electrostatic headphones

In reply to Mr. Halliday’s letter, in the
January issue apropos my article
(November issue), and taking his points in
turn: First, he is badly misguided if he

30 40
13r . . . . /
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believes plastic foam has no acoustic
function! For a start there are many types
of foam rubber or foam plastic — latex,
polyurethane and polystyrene being only
three of the better knotvn ones. Depending
on the process of manufacture these are
again subdivided into many types, and
each type has its own acoustical
transmission /absorption spectrum, hence
giving quite a distinct colouration of ‘true
sound” when used in any transducer. A
specific example of the use of foam to alter
the measured frequency response of an
earphone is given in H. Souther’s
description of the Koss type ESP6, in
Hi-Fi News, February 69; the use of a foam/
felt combination in an acoustical cavity is
clearly shown to remove several kinks
from the response curve. Hence the
properties of the transmission tunnel lined
with latex foam might be somewhat easier
to measure than calculate. This was done
and the results are given in the article.

Secondly, 1 am afraid 1 must accept
that the performance of the earphones is
limited by the rest of the system, as the
response taken on its own is extremely
good. (It is a pity we cannot say the same
for most electro-magnetic transducers). 1
would accept that 0.1% distortion is a
good figure to aim for, and am pleased
that Mr Halliday has taken the second
step in this direction, but I do not really
believe that the amplifier proposed will
ever be widely used or accepted for the
same reason as I have designed a second
amplifier. The reason is that any circuit
involving valves nowadays is subject to
noise, replacement costs, and inbuilt
obsolescency.

As there is a lack of groundwork in
audio high-voltage design of this type the
amplifier is, of necessity, simple in
construction and conception. The
commercially available e.s. headphones
that I know of overcome this problem with
the use of a transformer, with its own
special inbuilt distortion. Perhaps we shall
see a rapid development of a suitable drive
amplifier to the standards of perfection we
have become accustomed to in audio work
today. This development notwithstanding,
1 would be surprised if one could buy an
audio system for much below £150 giving
as linear and distortion-free an output
from its speakers as one can obtain from
the system described in the article.

Thirdly, one must certainly bear in
mind the limitations of the application of,
and the results given by, the
electro-mechanical analogy. The —6dB
frequency limits given are those calculated
in terms of power and certainly become
—3dB points if calculated in terms of
current required for a given audio output.
The lower limit is in practice a lot higher
than 0.5Hz as is pointed out. This is not
only to be expected, but welcomed, as the
earphones are quite capable of
reproducing any rumble or other
low-frequency sounds emitted by modern
decks. In fact would-be designers of an
amplifier for these earphones ought to
beware and cater for a very sharp roll-off
below 30Hz!

The last paragraph of the letter 1S
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somewhat incomprehensible to me as I fail
to see any direct relation between
small-signal sensitivity and bass response.
In answer to the query, however, I hope
the following will suffice. For normal
listening conditions the e4rphones require
quite large signal voltages — in fact
something of the order of one fifth of the
bias potential is required. In constant-
voltage mode this would cause fairly
severe distortion. In constant charge
mode this is not so. To -achieve a t-ue
constant-charge condition the diaphrazm
resistance would have to be infinite, which
is physically impossible. A conflicting
requirement is also present to provide a
small current that flows through the
diaphragm and small leakage paths to
earth. The best compromise has been
found to be 103-10° ohms per square. If
the value were to be any smaller than this
the earphone’s intrinsic RC time constant
would be such as to allow the charge on
'‘the diaphragm to fall during bass notes of
the same order of time constant, thus
reducing the sensitivity.

In conclusion may I thank Mr. Halliday
for his interest in the article and the
many points he has brought up.

PHILIP D. HARVEY,
Chelmsford, Essex.

Swept-frequency audio
oscillator

I read the anicfe on the construction of a
swept-frequency audio oscillator writtzn
by R. J. Ward which appeared in your
September issue with considerable interest.
Mr. Ward is to be congratulated on the
production of a really practical design.

I would like to offer the attached circuit
as an alternative to the active filter used by
Mr. Ward. The measured frequency
response of a breadboard version is given
in the graph. The response is not as flat
over the pass band as the calculated
response is, but as it is within the design
limits (3% amplitude error) no fiddling was
done to improve it.

The resistors used are from the Philips
5% range. It has been my experience that
it is rare indeed for one of these resistors
to depart from its marked value by s
much as 2%. The capacitors are from the

° S.T.C. polystyrene and foil range — type
455-105 which are close tolerance and the
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transistors are BC 107s. There was no

special selection of the components.
Naturally the source resistance has to

be included in the 5.1k Q2input element.

R. CURLING-HOPE,

Johannesburg,

South Africa.

T.T.L. trigger circuits

The following comments” may be of
interest to potential users of the t.tl
trigger circuits described by H. A. Cole in
the January issue (p.31).

In order to operate reliably t.t.l. devices
require a fast edge to the driving
waveform. If this is not so there is a
possibility that the gate will oscillate as the
input voltage reaches a level which biases
the gate as an amplifier. The result of this
is that for one. input voltage level change,
several qutput pulses will occur.

To interface slow rise and fall times into
t.t.l.-compatible speeds some manufactur-
ers have introduced a dual four-input
Schmitt trigger device, the SN7413. With
this device input voltage changes of the
order of volts per second can be interfaced
with normal t.t.l. devices without risk of a
multi-pulse output.

While it is feasible that many
‘monostable’ circuits of the type suggested
by Mr. Cole may function without
‘multi-pulsing’, or that such malfunction
will not be detrimental ta the performance
of certain systems, it is suggested that the
SN7413 device may be bzstter employed as
the pulse output gate, particularly where
pulse lengths in excess of a microsecond
or so are contemplated.

It may be of interest to note that by
connecting a 330 ohm resistor between the
input and output terminais of the ‘13’ gate
and connecting the input to the zero volt

+10V
4.7k
—_— K
15n :
6-8k 5n
10k

E %s.zk
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rail via a capacitor the device will provide
a most useful oscillator for driving such
devices as bistables and counters.

Further details of the ‘13’ gate and its
uses are contained in one of the
application reports published by . Texas
Instruments Ltd.

D. B. STILES,
Bristol, Somerset.

Differential discriminators

I was surprised to read (‘Letters’,
January issue) of the trouble R. W. Penny
says he experienced when operatingthe type
of differential discriminator described by
me in the December issue, page 603. I have
had a single-channel analyser based upon
this design in quantity production for
more than three years now without
experiencing any of these difficulties. This
instrument, described in references 1 and
2, is capable ;of operating at 10MHz
within the dynamic range 25mV to 5V,
and uses standard t.t.l. throughout.

I suspect Mr Penny may have been
trying to operate the comparator at bias
levels set below the intrinsic backlash
(about 5mV). If this is attempted, periodic
latch-up will occur and meaningless channel
output puises will beproduced. Asfarast.t.l.
switching spikes are concerned, I agree
these can be troublesome but with a good
earth plane and single-point earthing for the
comparators (preferably at the signal input
socket), they can usually be kept below an
acceptable limit.

H. A. COLE,
Reading, Berks.

1. Cole, H. A. “A single-channel pulse-height analyser
with 100nsec resolution’, Nuclear Instruments &
Methods 84 (1970), pp93-101.

2. Cole, H. A. ‘The use of integrated-circuit
amplifiers to provide variable back bias in
single-channel pulse-height analysers’.  Nuclear
Instruments & Methods 79 (1970), pp356-358.

Free bump-testing! :

My wife and I are planning an expedition,
to take approximately a year, during which

- time we shall be travelling through the

Sahara to South Africa, acrossto Australia

and from there via Indonesia, Malaysia,

Thailand, and Pakistan to India and then

home. I am particularly interested in using

modern equipment for our expedition.
May we please extend through. your

magazine a request to manufacturers to

help us to provision our expedition. Any

item would be welcomed especially equip-

ment that is compact, light-weight and

either has a small current drain at

12 volts or an internal supply. We can

supply what must be one of the most

rigorous field- trial and ‘bump-testing’

services available.

D. M. WILLOUGHBY,

Grafton,

Balaclava Hill,

Pell Green,

Wadhurst, Sussex.
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Electronic Building Bricks

20. The function generator

by James F ranklin

We have already seen that some of the
operations we wish to perform on
information have a specifically mathe-

-matical character — addition, subtraction,

integration, for example. This means
in practice that an electrical variable (or
variables) representing information is fed
into a ‘building brick’ and the output
of the ‘brick’ is the input variable operated
upon in some way in accordance with a
mathematical rule. The general mathe-
matical way of describing such situations
is to say that the output, which will also be
a variable, is a function of the input variable.
Using mathematical symbols to express
this, if the input is x (representing, say,
a varying voltage or current) the output
is f(x), a function of x. This is shown
schematically in Fig. 1 (top). In
electronic terms we know that the output
is dependent on or related to the input
by some, as yet unspecified, law.

So let us be more specific and say what
the operation performed on the input is.
We will assume that it is the process of
squaring. Then we can depict the situation
as in Fig.1 (middle). Here f (x), the function
of x which is the output in this particular

case is x2. To simplify matters we can re-

place the symbols f(x) by a single symbol,
say y. Then the output variable y = x
as shown in Fig. 1 (bottom). This is an
equation, which can be plotted as a graph
to show the relationship between x and y
— see Fig. 2 — and can be considered
as a ‘mathematical model’ of the
relationship.

We have made this incursion into mathe-
matical concepts and terminology really
to explain what is meant by a building
brick described as a ‘function generator’.
Electronically we think of what goes on
inside any of the boxes in Fig. 1 as the
generation of a function — a function of
the input variable. Actually the word
‘generator’ is a bit misleading because it
suggests an electrical device that doesn’t
need an electrical input, whereas in fact
this building brick is a sort of modifier
of input signals. However, if one thinks
of the mathematical operation as being
‘generated’ then the term is perhaps accept-
able. Function generators are used in ana-
logue computers and in other information
processing equipment where analogue
computing operations are performed on
signals. For example there is one type

of analogue multiplier which works on the
‘quarter-squares’ principle” and this uses
two ‘squaring’ function generators of the
type illustrated in Figs. 1 and 2. Another
application of the squaring function
generator is to derive an output signal
which is proportional to electrical power
(Part 8) from an input signal representing
electric current or voltage.

In communications Systems one type
of function generator is used for
compressing the dynamic range of input
signals. This means that the electrical

signal, in passing through the device, is -

modified so that it is nolonger proportional
to the physical variable it represents (e.g.
air pressure): as the physical variable
and input signal are increased in value,
the rate of increase of the output signal
becomes progressively less and less. Often
this compression is achieved by using a
function generator with a logarithmic
characteristic as shown in Fig.3 (a)and (b).
It is usually known as a logarithmic ampli-
fier and the solid-line graph in (b) shows
how its amplification or .gain factor (indi-
cated by the ratio of the output signal
change to a given input signal change)
alters with the value of the input signal
in contrast with the gain factor of an ordin-
ary amplifier (Part 9) which, as indicated

*The product @ z b is equal to a quarter of (a+ by
—(a—b).

Function
c3 Perform operation f(x)
on
(input) |incoming variable | (Output)
Function
2
25 Square the f(x)=x
> incoming variable
Function
2
x Square the Y -i =
> incoming variable

Fig. 1 Schematic representation of a
function generator. The output
variable is a function of the input
variable.

.
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Fig. 2. Graphical representation, or
‘model’, of the equation y = X%, as given
by the function generaior in Fig. 1.

Function
x Find logarithm y=log X
—_——— of R
(input input variable (output
signal signal)
(a)
Logarithmic
amplifier
bl Yabuiplp il -
) I
3 i~
& ]
El P
Bl Pl
3 /’/ o
2L . b
5 P .
o i j’ Linear : II
A amplifier — 4V re—
! L1

—’ldVL—

Input signal (voits)
(b)

Fig. 3. Function generator with a
logarithmic characteristic (a); and output/
input characteristic of a logarithmic
amplifier compared with that of a linear
amplifier (b). A given change of input
signal, dV, results in different changes
of output signal, depending on where it
occurs on the log. curve.

by the chain line, is constant whatever the
value of the input signal. At a later point in
the communications system, the ‘compres-
sed’ signal produced in such a way will
probably have to be expanded, to return
it to true proportionality. This would
be done by a function generator with the
opposite effect to that in Fig. 3 — that is
giving an output signal which is an
exponential function of the input signal.

Not all functjon generators are based
on straightforward mathematical laws.
Some have arbitrary functions — that
is any kind of output/input relationship
that the electronic engineer wishes to
provide for a particular application. For
example in an analogue simulatort it may
be necessary to introduce functions cor-
responding to backlash or dead-zone,
as found in mechanical transmissions.

+Type of analogue computer which acts as an
electronic ‘model’ of some mechanical or other
physical system.
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Solder Tests

Choice of solder for fine wires

and thin copper films

by B. M. Allen*

Soft solders are among the most versatile
of metal-bonding materials, mainly because
of their ability to wet so many of the
commonly-used metals and alloys. The
wetting action is spontaneous and, for most
metals, requires only the assistance of a
flux and a moderate degree of heat for the
joint to be completed in a few seconds.
It is for this reason that the process has
found almost universal application in the
making of permanent electrical connections
in electronic equipment. However, the
action of wetting, on which the joint-making
property depends, is only the first stagein a
process by which the metal to be soldered is
dissolved by the molten solder. The rate of
penetration is not very rapid but, with the
increasing use of fine wires and thin films,
is becoming significant. The strength and
reliability of soldered joints on such parts
can be seriously affected if attention is not
given to the proper choice of solder.

Previous work on the rate of solution of
metals in solder has been based on the rate
of wear of a soldering iron bit under simu-
lated practical conditions', or on the
reduction of diameter of wires immersed
in solder 3. The former method is entirely
empirical and the results are applicable
only to the rate of wear of bits. The latter
method is based on sectioning and polish-
ing, supported by X-ray microprobe
analysis of the sections.

In the investigation to be described,
simple equipment was used to determine
the time to breakage of lightly-loaded thin
copper wire immersed in a globule of molten
solder. Though results are somewhat
variable and the test conditions do not
at present allow of accurate calculation of a
rate of solution, the method is inexpensive
to set up, easy to perform, and the average
of several results is sufficiently stable to
show very significant differences in the
performance of various solder alloys.

Method of test

The equipment, illustrated in Figs. 1 and 2,
comprises an arrangement for holding a
reel of fine copper wire, the wire passing
over a smooth electric contact to a pulley
supporting a balance pan, the weight of
which is adjusted to provide a load sufficient
to keep the wire taut and to break it

* Senior works chemist, Multicore Solders Ltd.
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Fig. 1. General view
of test equipment.

abruptly when a certain amount of solution
has taken place. The wire passes from the
pulley over an iron-plated soldering bit (held
at a controlled temperature) and secured
to another contact. Timing by an elec-
trically-operated seconds counter is started
manually at the moment when pre-fluxed
solder, applied to the bit, is seen to wet the
wire, and stopped automatically when
breakage of the wire interrupts the clock
circuit.

Temperature control was obtained using
commercial iron-plated bits incorporating
a magnetic thermostat. Four temperatures
were used, measured with an iron-
constantan thermocouple standardized by
taking the cooling curves of lead, tin and
60/40 tinflead solder placed on the bit.
The temperatures and their variation during
the thermostat switching cycle were
272 +17°C, 318+9°C, 370 +7°C, and
430+ 10°C. The wires tested were soft-
drawn o.fh.c.* copper of diameter 0.067

*Oxygen-free high-conductivity.
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and 0.105mm. It was found that, even at
the highest temperature used, the wires
when laid across the bit without solder took
at least 30 times as long to break as they
did with any solder in position, so simple
burning-through of the wire may be dis-
counted. It was also found that the time to
break was unaffected by the type of flux
used, whether plain rosin, activated rosin
or acid-salt type. Generally, activated rosin
flux was used to ensure rapid wetting of
the test wire by the solder. The quantity
of flux used was varied from 1.5 to 3.5% of
the weight of the solder, again without
affecting the result. The pan weight was
adjusted to 50g.

Interpretation of results

(a) Weight of solder. Tests on solders con-
taining added copper showed that the rate
of attack on the wire by the solder is reduced
if copper is already present in it. The rate
of attack will therefore be slowed down
during the test, as the copper concentration
in the solder rises, unless the weight of
solder used is sufficient to make this change
in concentration very small. From Fig. 3 it
appears that with 0.067mm diameter wire
this possibility hardly affects the measured
time if the initial solder weight is over 75 mg.
For most of the tests reported here, a
constant volume of solder (9 cu. mm.) was
used; the weight used therefore varied with
the solder density.

() Variability of results. For a given test
condition, five tests were made and the
mean value taken. In most cases, the
individua' results did not differ from the







