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This is the size of

the needle shown in the macro -

photograph on the left. It has been

threaded with copper wire and

fine nylon. We cannot illustrate the

wire actual size; no printing

process is sensitive enough to show

a line .0005" thick.

At BICC we draw wires as fine as

this for a wide range of

micro -miniature applications. We

also enamel them with Bicelflux

self -fluxing polyurethane based enamel.

If you have any fine wire problems,

discuss them with our engineers at

BICC Wire Mill Division, Prescot,

Lancashire.

They know the answers.

BICC

FOR THE FINEST
COPPER WIRE

BRITISH INSULATED CALLENDER'S CABLES
LIMITED
21, BLOOMSBURY STREET, LONDON W.C.I
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7 4 , (ADVERTISEMENT) \VIRELESS \VORLP 

TV' SERVICIN.G'S 
NEW• You can forget about old-style servicing. The indepen­

dently mounted 'Panorama' direct vision tube can be 
fixed or unfixed in minutes. It's as simple as four nuts. 

MARCHIN'G· ORDERS 
One fm each o1: the Panorama's foul' conveniently 
positioned mounting lugs. Left, right, left, right. Servicing 
was never easier. For the first time ever you can forget 
about dust seals and mounting accessories. And remem­
ber, 'Panorama' direct vision introduces: * sharper, 
brighter pictures with no dust or multiple reflections. 
* truer picture realism thanks to elimination of protective 
screen. * new freedom in TV styling. 

JANUARY, 1965 

Mullard PANORAMA PICTURE TUBES 
~WW-116 FOR FURTHER DETAILS. 
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TV SERVICING'S 

> « . You can forget about old-style servicing. The indepen- 

INI Fj \Ar dently mounted 'Panorama' direct vision tube can be 
^ fixed or unfixed in minutes. It's as simple as four nuts. 

MARCHING ORDERS 

One for each of the Panorama's four conveniently 
positioned mounting lugs. Left, right, left, right. Servicing 
was never easier. For the first time ever you can forget 
about dust seals and mounting accessories. And remem- 
ber, 'Panorama' direct vision introduces: * sharper, 
brighter pictures with no dust or multiple reflections. 
* truer picture realism thanks to elimination of protective 
screen. * new freedom in TV styling. 
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Wi.reless World 
_E-LECTRO-N lOS, . . 

TEL~V _IS .IONJ -_ :RADiOJ .AUDIO 

.. _Dissemination and . Retrieval of -. Information ·· 
AMONG the research projects put forward by. the National Electronics Rese~rch Council, 
high priority· has been given· to tlle retrieval . of information. Lord Mountbatteri, in his . 
speech last autumn . to the ·conference-of the Electronics Industry, was able to announce 
the appointment of a full-time qualified specialist to work with the N.E.R~C. Committ~e 
on the scientific Dissemination of Information. Of the new venture he had this to say:...:._ 

· " Our system will use a computer to select from the hundreds of papers and arti~les 
published every week the references to those of interest to · each particular research 
worker throughout the country. It will incorporate a feedback .loop to allow changes 
in the interests of each research worker to be embodied in the system. In addition 
to separate lists for each research ·worker, a weekly listing of all new material will 
be provided and there will be facilities for retrospective searching by computer. This · 
project can, of course, be developed to serve all branches of science and industry. We 
believe it will take about three years to develop this project to the full and we hope 
to make a major. breakthrough in tackling the information explosion problem." 

This project, when completed, will bear comparison in scale with similar .. work in 
Ameri<:;a arid Russia and will powerfully supplement, if it does not supersede, other systems 
for running down the facts needed. -It will not, however., solve the problems of deciding 
what is to go into the stores (we us~ the plural advisedly) or whai to do with. the jackpot 
when any particular button is pressed. 

If the solution to the first problem is to include everything, does that mean also the 
commercial and military secrets of industry and Government? Obviously there must be 
selection and segregation, which raises the question of who is to make the final choice. 
The process of filtration begins earlier when the author commits his thoughts to paper. 
It is continued by his employer before giving permission to publish, then by_ the editor 
of a journal or the referees of a learned society and finally by indexers, librarians, data 
processors and the custodians of computers. But what of the many papers which are never 
published? Should not these rejects be systematized also, if only to give someone the 
opportunity -of discovering a latter-day F. W. Lanchester or 0. Heaviside? 

With the enormous bulk of material to be handled there · may be a temptation to rely 
on titles and synopses. We hope that indexers will find time to read more deeply. 
Authors' titles are often changed, sometimes to reduce them to manageable length, quite 
often to enhance what the editor regards as the main interest of the contents. How is 
an editor or an indexer to know that the future value of a paper on, say, the neurophysiology 
of the cochlea of the cat may rest on a new technique of d.c. amplification which was 
used to obtain the results? Values change and any system of selection and indexing must 
be capable of constant revision. 

The growth and decline of value aflects also the proc-esses of r·etr1eval. At the fronti,ers 
of knowledge where the need is greatest, one cannot afford to take chances. The jackpot 
must contain everything. The coinage will be strange and only time will show what 
is sound and what spurious. Hence the need for constant re-assessment and the removal 
(not the rejection) of "rubbish" to another bin. ::. 

We hope that the system of retrieval which finally emerges will permit access at different 
levels as well as at vertical divisions of subject. At the foundation would be found the 
classical text-books; above these the co-ordinating papers which acknowledged authorities 
should feel it their duty to write from time to time; still higher those papers which statis­
tical analysis shows to have appeared frequently in bibliographies; and above all the uncon­
densed froth of current literature. 

Computers will have their place in converting data into information, but the process 
of turning information into knowledge and ultimately into understanding is essentially 
a human problem involving consensus of opinion based on individual effort and choice. 
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AMONG the research projects put forward by the National Electronics Research Council, 
high priority has been given to the retrieval of information. Lord Mountbatten, in his 
speech last autumn to the Conference of the Electronics Industry, was able to announce 
the appointment of a full-time qualified specialist to work with the N.E.R.Q Committee 
on the scientific Dissemination of Information. Of the new venture he had this to say: — 

" Our system will use a computer to select from the hundreds of papers and articles 
published every week the references to those of interest to each particular research 
worker throughout the country. It will incorporate a feedback loop to allow changes 
in the interests of each research worker to be embodied in the system. In addition 
to separate lists for each research worker, a weekly listing of all new material will 
be provided and there will be facilities for retrospective searching by computer. This 
project can, of course, be developed to serve all branches of science and industry. We 
believe it will take about three years to develop this project to the full and we hope 
to make a major breakthrough in tackling the information explosion problem." 

This project, when completed, will bear comparison in scale with similar work in 
America and Russia and will powerfully supplement, if it does not supersede, other systems 
for running down the facts needed. It will not, however, solve the problems of deciding 
what is to go into the stores (we use the plural advisedly) or what to do with the jackpot 
when any particular button is pressed. 

If the solution to the first problem is to include everything, does that mean also the 
commercial and military secrets of industry and Government? Obviously there must be 
selection and segregation, which raises the question of who is to make the final choice. 
The process of filtration begins earlier when the author commits his thoughts to paper. 
It is continued by his employer before giving permission to publish, then by the editor 
of a journal or the referees of a learned society and finally by indexers, librarians, data 
processors and the custodians of computers. But what of the many papers which are never 
published? Should not these rejects be systematized also, if only to give someone the 
opportunity of discovering a latter-day F. W. Lanchester or O. Heaviside? 

With the enormous bulk of material to be handled there may be a temptation to rely 
on titles and synopses. We hope that indexers will find time to read more deeply. 
Authors' titles are often changed, sometimes to reduce them to manageable length, quite 
often to enhance what the editor regards as the main interest of the contents. How is 
an editor or an indexer to know that the future value of a paper on, say, the neurophysiology 
of the cochlea of the cat may rest on a new technique of d.c. amplification which was 
used to obtain the results? Values change and any system of selection and indexing must 
be capable of constant revision. 

The growth and decline of value affects also the processes of retrieval. At the frontiers 
of knowledge where the need is greatest, one cannot afford to take chances. The jackpot 
must contain everything. The coinage will be strange and only time will show what 
is sound and what spurious. Hence the need for constant re-assessment and the removal 
(not the rejection) of "rubbish" to another bin. 

We hope that the system of retrieval which finally emerges will permit access at different 
levels as well as at vertical divisions of subject. At the foundation would be found the 
classical text-books; above these the co-ordinating papers which acknowledged authorities 
should feel it their duty to write from time to time; still higher those papers which statis- 
tical analysis shows to have appeared frequently in bibliographies; and above all the uncon- 
densed froth of current literature. 

Computers will have their place in converting data into information, but the process 
of turning information into knowledge and ultimately into understanding is essentially 
a human problem involving consensus of opinion based on individual effort and choice. 
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Stereo/Mono Integrated Version, Mk H 

TRANSISTOR HIGH-QUALITY 

AUDI-O AMPLIFIER By J. DINSDALE,* M.A. 

SINCE the publication thr·ee years ago of articles 
, describing a transistorized high-quality · amplifier 1 

and pre-amplifier/ prolonged listening tes•ts and 
se:-ies of measurements have been conducted both on this 
design and on several commercial systems which are 
becorn,ing available. In addition, I have received a wealth 
of constructive comment (and criticism) from colleagues 
and readers of Wireless World, many of whom bear out 
my own feelings. The appearance, moreover, of several 
articles on transistor amplifiers, notably by P. Tharma, 
T. D. Towers and the series by 0. Greiter, show that the 
trend to transistor units has become firmly established. 
In short, I believe that the time has arrived to examine 
in greater detaH some aspects of the original design and 
to describe some modifications which may be made to 
improve the performance. 

General Specification 
It was decided to maintain the basic specification of the · 
original ampllifier and follow normal commercial figures 
as far as possible. Thus the input sensitivities are 4 m V 
for magnetic pickups and 400mV for crystal pickups. 
The " ·auxiEary" input may be used for radio tuner 
(80 m V) microphone (5 m V) or tape head (3m V). 

Treble and bass controls are provided, together with 
a swit·ched low-pass filter and an improved infinitely -
variable balance ·control. The use of low-noise tran­
sistms maintains a satisfactory background level even at 
full volume. The input level to the power amplifier is 
100m V for 10 watts output, and the frequency response 
of ·the complete system is flat within 2 dB from 35 cfs to 
20 kc/s, with a total harmonic distortion of under 0.2% 
at 10 watts. 

Input Impedance ; 

It was stated in the original article (and has been 
reiterated more recently) that the most efficient way of 
designing pre-amplifiers for low sensitivity magnetic 
pickups and tape replay heads is to work into a low­
impedance load and utilize the inductance of the trans-

* Elliott Brothers (London) Ltd. 

2 

ducer in series with this low impedance to achieve the 
h.f. de-emphasis in the replay characteristics, as shown 
in Fig. 1. The advantage :~ claimed for this mode of 
operation are twofold. 

(i) The transistor is a current-operated device and 
therefore a low-impedance source will raise the sensi­
tivity of the input stage and hence that of the pre­
amplifier. . 

(ii) The noise generated in the input transistor may 

r--, 
I I I 

Rl I 
I 

I 

I 
I 

Ll 
I I 
I I 
I I 
I I 

L __ J 

Rl 

Cz 
r--!J[i--.., 

c1 : : 
Rz 

__... 
r l MAGNETIC PICKUP 

OUTPUT 

Fig. I. Method used in the original (/961) design for equalization 
of magnetic pickups. C2 is used only when R1 is large enough to 
remove the effect of L from the audio spectrum . . 

be minimized by connecting the base to ground via a 
low-impedance (e.g., the pickup). Unfortunately there 
are ·certain side effects which detract from the apparent 
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TRANSISTOR HIGH-QUALITY 

AUDIO AMPLIFIER By J. DINSDALE,* m.a. 

SINCE the publication three years ago of articles 
describing a transistorized high-quality amplifier1 

and pre-amplificr," prolonged listening tests and 
series of measurements have been conducted both on this 
design and on several commercial systems which are 
becoming available. In addition, I have received a wealth 
of constructive comment (and criticism) from colleagues 
and readers of Wireless World, many of whom bear out 
my own feelings. The appearance, moreover, of several 
articles on transistor amplifiers, notably by P. Tharma, 
T. D. Towers and the series by O. Greiter, show that the 
trend to transistor units has become firmly established. 
In short, I believe that the time has arrived to examine 
in greater detail some aspects of the original design and 
to describe some modifications which may be made to 
improve the performance. 

General Specification 
It was decided to maintain the basic specification of the 
original amplifier and follow normal commercial figures 
as far as possible. Thus the input sensitivities are 4 mV 
for magnetic pickups and 400 mV for crystal pickups. 
The "auxiliary" input may be used for radio tuner 
(80 mV) microphone (5mV) or tape head (3 mV). 

Treble and bass controls are provided, together with 
a switched low-pass filter and an improved infinitely 
variable balance control. The use of low-noise tran- 
sistors maintains a satisfactory badkground level even at 
full volume. The input level to the power amplifier is 
100mV for 10 watts output, and the frequency response 
of the complete system is flat within 2 dB from 35 c/s to 
20kc/s, with a total harmonic distortion of under 0.2% 
at 10 watts. 

input Impedance 
It was stated in the original article (and has been 
reiterated more recently) that the most efficient way of 
designing pre-amplifiers for low sensitivity magnetic 
pickups and tape replay heads is to work into a low- 
impedance load and utilize the inductance of the trans- 

* Elliott Brothers (London) Ltd. 

ducer in series with this low impedance to achieve the 
h.f. de-emphasis in the replay characteristics, as shown 
in Fig. 1. The advantages claimed for this mode of 
operation are twofold. 

(i) The transistor is a current-operated device and 
therefore a low-impedance source will raise the sensi- 
tivity of the input stage and hence that of the pre- 
amplifier. 

(ii) The noise generated in the input transistor may 

r--Sf—> 
I I 
I I 

i 1 R| 

—11 • vWvA 
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RJ 

> 
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r A' 

L 

1 I MAGNETIC 
>L I | PICKUP 

Fig. I. Method used in the original (1961) design for equalization 
of magnetic pickups. C2 is used only when ^ is large enough to 
remove the effect of L from the audio spectrum. 

be minimized by connecting the base to ground via a 
low-impedance (e.g., the pickup). Unfortunately there 
are certain side effects which detract from the apparent 
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advantages of this system and, indeed, when a stereo 
pickup is used, can become most undesirable. 

For exampie, one of the main problems in the design 
of stereophonic pickup heads is to reduce crosstalk be­
tween channels to a satisfactory level (better than 20dB) 
over the full frequency range, but especially above 2kcjs, 
where most of the directional information is found. While 
this figure may be approached in the modern high­
quality instrument, it will only apply when the currents 
flowing in the component coils are negliglible, for two 
reasons. 

(i) The magnetic field set up by the current will be 
sufficient to cause a reduction in channel separation due 
to the proximity of the coils in the confined space avail­
able inside the head causing direct transformer coupling 
between channels. 

(ii) A more serious effect occurs with the sum-and­
difference type of pickup (e.g. the Decca "ffss" and 
E.M.I. EPUlOO) where a common coil carries the lateral 
signal before being combined with each phase of the 
vertical signal to form the complete output. Both left­
and right-hand currents flow in the common lateral coil 
and owing to the impedance of this coil (2 to 12M2 
depending on the frequency) considerable crosstalk will 
result. Indeed the Decca " ffss " Mk. I head and Decca 
Stereo test record SXL 2057 produced 2 kc/s signals in 
each channel of the original pre-amplifier of only 6 dB 
difference, although only one channel c·ontained recorded 
information. An analysis is given in _the Appendix. 

A further practical difficulty concerns . the use of pick­
ups with widely differing inductances (as may happen for 
example in demonstrations and tests). It is inconvenient 
to change the input resistor continually and, moreover, 
there comes a time when the inductance of a particular 
pickup is so low that even without any series resistor 
the input impedance of the transistor is itself too high to 

SELECTOR SWITCH 51 

MICROGROOVE} DISC 
STANDARD REPLAY 

:1 RADIO 
MICROPHONE 

TAPE RELAY 

LOW~PASS FILTER SZ 

20 kcfs 
10 kc/s 

· 3 ·s kc/s 

FUNCTION SWITCH 53 
I MONO 
2 STEREO 
3 REVERSE STEREO 

TABLE I-COMPONENT VALUES FOR FIG. 2 

Rl IOOkO 2 % , high stability R17 8.2k0 2%, higbstability 
R2 68k0 2 % , high stability . RIB S6kQ - 2%, high stability 
R3 IOOkO 2%, high stability R.l9 IOkO 
R4 82k0 2%, high stability R20 8 .2k0 2%, high stability 
RS IOkO 2 % , high stability R21 ISkO. 2%, high stability 
R6 12k0 R22 3.3k0 
R7 12k0 R23 3 o3k0 
RS 220 R24 2 o7k0 
R9 So6k0 R2S 207k0 
RIO l o2k0 R26 2o2k0 
Rll IOkO R27 6o8k0 
Rl2 4 o7k0 R28 33k0 
Rl3 4700 R29 2 o2k0 
Rl4 

I 

lo8k0 R30 2o2k0 
RIS 180k0 2 % , high stability R31 lkO 
Rl6 ISkO 2%, high stability R32 IOkO 1f used with 40-

volt supply. 

All resistors ;1-watt, and S% unless otherwise stated. 

Cl 200J.LF 6V wkg. electrolytic Cl4 Ooi2J.LF S% 
C2 IOJ.LF 6V wkg. electrolytic CIS OoOIJ.LF S% 
C3 SOJ.LF 6V wkg. ·electrolytic Cl6 ·Oo0068J.LF 5-"/o 
C4 SOJ.LF 6V wkgo electrolytic Cl7' Ool/iF S% 0 
cs IOJ.LF 6V wkgo electrolytic CIS 2SJ.LF ISVoWo electrolytic 
C6 IOOJ.LF 6V wkgo electrolytic Cl9 Oo0033J.LF S% 
C7 Oo0047J.LF S% C20 OoOIJ.LF S% 
ca OoOISJ.LF S% C21 IOOJ.LF 6YoW. electrolytic 
C9 Oo0068J.LF S% C22 OoOOIJ.LF S% 
CIO Oo047J_,F S% C23 Oo0047J.LF S% 

. 

Cll Oo0047J.LF S% C24 OoOIJ.LF S% 
Cl2 IOJ.LF ISVoW. electrolytic C2S IOJ.LF 6VoWo electrolytic 
Cl3 SOJ.LF 20VoWo electrolytic C26 SOJ.LF 20V.W. electrolytic 

In the prototype the small electrolytics used were Wima "Printilyt ",or 
Plessey miniature (not subminiature), larger (IOOOJ.LF+), Plessey "CE ", 
and other capacitors Mullard Polyester 12SV. 

RVI Bass SOkO+ SOkO linear } RV2 Treble 25k0 + 2Sk0 linear Morganite 
RV3 Balance IOknlog. + IOkO, antilog. lypeoAG 
RV4 Volume IOkO + IOkO, log 

51 Input 4-pole S-way (2-bank) Model DH, NSF 
0 52 Filter 2-pole 3-way Model TG, NSF 
53 Function 3-pole 3-way Model TG, NSF 

Vt I, 2, 3 . OC44, OC75, ACI07, GET880, etc. (hre>60 at lc= I mA.) 

FROM 
PRE-AMPLIFIERS 

RH~--~----~~~~~~ 
~--~--------~lH 

TO POWER 
AMPLIFIERS-

~----------------------oRH 

Fig. 2. Circuit ofrevised pre-amplifier with·high input impedance. 
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advantages of this system and, indeed, when a stereo 
pickup is used, can become most undesirable. 

For example, one of the main problems in the design 
of stereophonic pickup heads is to reduce crosstalk be- 
tween channels to a satisfactory level (better than 20dB) 
over the full frequency range, but especially above 2kc/s, 
where most of the directional information is found. While 
this figure may be approached in the modern high- 
quality instrument, it will only apply when the currents 
flowing in the component coils are negliglible, for two 
reasons. 

(i) The magnetic field set up by the current will be 
sufficient to cause a reduction in channel separation due 
to the proximity of the coils in the confined space avail- 
able inside the head causing direct transformer coupling 
between channels. 

(ii) A more serious effect occurs with the sum-and- 
difference type of pickup (e.g. the Decca " ffss" and 
E.M.I. EPU100) where a common coil carries the lateral 
signal before being combined with each phase of the 
vertical signal to form the complete output. Both left- 
and right-hand currents flow in the common lateral coil 
and owing to the impedance of this coil (2 to 12kfl 
depending on the frequency) considerable crosstalk will 
result. Indeed the Decca " ffss " Mk. I head and Decca 
Stereo test record SXL 2057 produced 2 kc/s signals in 
each channel of the original pre-amplifier of only 6 dB 
difference, although only one channel contained recorded 
information. An analysis is given in the Appendix. 

A further practical difficulty concerns the use of pick- 
ups with widely differing inductances (as may happen for 
example in demonstrations and tests). It is inconvenient 
to change the input resistor continually and, moreover, 
there comes a time when the inductance of a particular 
pickup is so low that even without any series resistor 
the input impedance of the transistor is itself too high to 

TABLE I—COMPONENT VALUES FOR FIG. 2 

R1 lOOkQ 2%, high stability RI7 8.2kft 2%, high stability R2 6Bkfl 2%, high stability RI8 56kft 2%, high stability R3 \00kQ 2%, high stability RI9 lOkft R4 QlkQ 2%, high stability R20 8.2kft 2%, high stability R5 lOka 2%. high stability R2I ISkft 2%, high stability R6 l2kQ R22 3.3kft R7 i2ka R23 3.3kft R8 22Q R24 2.7kft 
R9 5.6kQ R25 2.7kft 
RIO 1.2ka R26 2.2kft Rll \0kQ R27 6.8kft RI2 A.lkCl R28 33kft RI3 470ft R29 2.2kft RI4 1.8kft R30 2.2kft RI5 ISOkft 2%, high stability R3I Ikft RI6 ISkft 2%. high stability R32 lOkft If used with 40- 

volt supply. 

All resistors jwatt, and 5% unless otherwis< stated. 

Cl 200^ F 6V wkg, electrolytic CI4 0. I2/J,F 5% C2 \0piF 6V wkg. electrolytic CIS O.OI/xF 5% C3 50MF 6V wkg. electrolytic C16 0.0068ArF .5% C4 50MF 6V wkg. electrolytic CI7* 0.1/LF 5% ' C5 IOJIF 6V wkg. electrolytic CIS 25/iF 15V.VV. electrolytic C6 IOOmF 6V wkg. electrolytic CI9 0.0033/2F 5% C7 0.0047JIF 5% C20 O.OI/aF 5% C8 O-OISjiF 5% C2I 100/iF 6V.VV. electrolytic C9 0.0068AiF 5% C22 0.00 l/xF 5% CIO 0.047mF 5% C23 0.0047/xF 5% CM 0.0047jxF 5% C24 O.OI/xF 5% C12 IOMF ISV.W. electrolytic C25 10/iF 6V.VV. electrolytic 
CI3 50M F 20V.W. electrolytic C26 50/xF 20V.W, electrolytic 

In the prototype the small electrolyt cs usec were Wima " Printilyt or Plessey miniature (not subminiature), larger (IOOOLIF-I ), Plessey " CE and other capacitors Mullard Polyester 125V. 
RVI Bass 50kft+ 50kft linear RV2 Treble 25kft-f- 25kft linear i Morganite i 
RV3 Balance lOkftlog.-i- lOkft, antilog. J Type AC 
RV4 Volume lOkft-f- lOkft, log 
SI Input 4-pole 5-way (2-bank Model DH, NSF 
S2 Filter 2-pole 3-way Mo del TG. NSF 
S3 Function 3-pole 3-way Model TG, NSF 

Vt I, 2, 3. OC44, OC75, ACI07, GET880, etc. (hIe>60 at l0=l mA.) 

RV4. 
' OUTPUt 

53= S'jb S3 

Fig. 2. Circuit of revised pre-amplifier with high input impedance 
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allow for accurate equalization. This also raises another 

point : that one should not be forced to . ,rely on the 

inductance ·of a particular manufacturer's device being 

maintained to close limits over a prolonged period of pro­

duction. All the above stresses the need for an input 

impedance high enough to keep the accompanying L/R 

roll-off well outside the audio band, provided that the 

noise figure does not rise unduly. Equalization for the 

recording characteristic may then be achieved by con­

ventional feedback networks. 

Revised Pre-amplifier 

The new pre-amplifier circuit Fig. 2 follows the basic 

form of the original, but with a completely new input 

stage. Two transistors are used in this stage with heavy_ 

a.c. feedback via C 3 and R (l . This has the effect of in­

creasing the input impedance at the base of Vt1 to about 

500kf1, while at the same time keeping noise to a mini­

mum since the base of Vt1 can still be loaded to ground 

via the impedance of the transducer. (This, of course, 

would not happen if the problem of raising the input 

impedance had been solved merely by adding a suitable 

series input resistor and increasing the sensitivity.) Since 

the · actual impedance is frequency-dependent and is in 

any case far higher than is normally required, a padding 

resistance has been incorporated in each input network 

to stabilize the value over the audio band. 
Equalization is again performed by feedback, but taken 

Fig. 4. Feedback network for R.I.A.A. disc equalization. 
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this time from the collector of Vt2 to emitter of Vt1 

si':lce th~ first .stage is no longer a virtual-earth amplifie; 

With an mput Impedance of effectively zero, and any feed­
back from the collector of Vt2 to the base . of Vt1 would 
reduce the high input impedance. 

This first stage has a voltage gain of approximately 10 

in its most sensitive mode (microphone and magnetic 

pickup inputs) and is followed by the output stage con­
sisting of a single transistor Vt3. This stage is very 

similar to the original article, and incorporates negative 

feedback tone controls and low-pass filters . Overall nega­
tive feedback from the emitter of Vr3 via R 19 provides 

additional stability at very low frequencies. 

Magnetic Pickup Input 

Since all pickups operating on the elctromagnetic prin­
ciple -have a velocity characteristic, i.e. the output is pro­
portional to the velocity of the stylus, the output will be 

identical to the recording characteristic and equalization 

is necessary. It was decided to provide equalization to 

the RIAA specification for both microgroove and stan­
dard recordings, since this has been the International 

Standard since 1955.. The microgroove characteristic is 

detailed in Fig. 3, and the calculated turnover frequencies 

occur at 50.049c/s, 500.49cjs and 2121.5cjs. The 

characteristic may be achieved by three separate networ~s 

with a buffer stage betwen each to prevent interaction, but 

if, as in most applications, a single network is to be used, 

the parameters are as shown in Fig. 4. A convenient way 

of determining the component values is to . choose R2 to 

provide the required sensitivity and then calculate the 

remaining values. Thus in the present design if R 2 = 
15kfl, for microgroove, 

R 1 =186 kD (omitted since its effect is negligiblet 
C 1 = 16,300 pF, nearest value 15,000 pF 
C 2 =5,400 pF, nearest value 4,700 pF 
Similarly if R 2 =8·2 kO for 78 r.p.m. standard discs, 
R 1 =58 kD (omitted) t 
C 1 =48,000 pF, nearest value 47,000pF 
C 2 = 7,000 pF, nearest value 6,800 pF 

In the prototype, the above values were found to give 

t These re sis tors will , in fact , reduce the respon se by about ldB at 

SOc / s, and provision for fitt ing them if d esired has been made on the 

printed circuit. The curves in Fig . 5 were m easured without the ~ e 

re sistors. 
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allow for accurate equalization. This also raises another 
point: that one should not be forced to rely on the 
inductance of a particular manufacturer s device being 
maintained to close limits over a prolonged period of pro- 
duction. All the above stresses the need for an input 
impedance high enough to keep the accompanying L/R 
roll-off well outside the audio band, provided that the 
noise figure does not rise unduly. Equalization for the 
recording characteristic may then be achieved by con- 
ventional feedback networks. 

Revised Pre-amplifier 
The new pre-amplifier circuit Fig. 2 follows the basic 
form of the original, but with a completely new input 
stage. Two transistors are used in this stage with heavy, 
a.c. feedback via C3 and R,.. This has the effect of in- 
creasing the input impedance at the base of Vtl to about 
SOOkQ, while at the same time keeping noise to a mini- 
mum since the base of Vtl can still be loaded to ground 
via the impedance of the transducer. (This, of course, 
would not happen if the problem of raising the input 
impedance had been solved merely by adding a suitable 
series input resistor and increasing the sensitivity.) Since 
the actual impedance is frequency-dependent and is in 
any case far higher than is normally required, a padding 
resistance has been incorporated in each input network 
to stabilize the value over the audio band. 

Equalization is again performed by feedback, but taken 

Feedback network for R.I.A.A. disc equalization. 
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this time from the collector of Vtl to emitter of Vtl, 
since the first stage is no longer a virtual-earth amplifier 
with an input impedance of effectively zero, and any feed- 
back from the collector of Vtl to the base of Vtl would 
reduce the high input impedance. 

This first stage has a voltage gain of approximately 10 
in its most sensitive mode (microphone and magnetic 
pickup inputs) and is followed by the output stage con- 
sisting of a single transistor Vt3. This stage is very 
similar to the original article, and incorporates negative 
feedback tone controls and low-pass filters. Overall nega- 
tive feedback from the emitter of Vt3 via R19 provides 
additional stability at very low frequencies. 

Magnetic Pickup Input 
Since all pickups operating on the elctromagnetic prin- 
ciple have a velocity characteristic, i.e. the output is pro- 
portional to the velocity of the stylus, the output will be 
identical to the recording characteristic and equalization 
is necessary. It was decided to provide equalization to 
the RIAA specification for both microgroove and stan- 
dard recordings, since this has been the International 
Standard since 1955. The microgroove characteristic is 
detailed in Fig. 3, and the calculated turnover frequencies 
occur at 50.049c/s, 500.49c/s and 2121.5c/s. The 
characteristic may be achieved by three separate networks 
with a buffer stage betwen each to prevent interaction, but 
if, as in most applications, a single network is to be used, 
the parameters are as shown in Fig. 4. A convenient way 
of determining the component values is to choose R, to 
provide the required sensitivity and then calculate the 
remaining values. Thus in the present design if R.= 
15kU, for microgroove, 

R1 = 186 kfl (omitted since its effect is negligiblet 
C, = 16,300 pF, nearest value 15,000 pF 
C, = 5,400 pF, nearest value 4,700 pF 
Similarly if R, = 8-2kn for 78 r.p.m. standard discs, 
R, =58k^ (omitted)t 
Cj =48,000 pF, nearest value 47,000pF 
C„ = 7,000 pF, nearest value 6,800 pF 

In the prototype, the above values were found to give 

t Thc-fc resistors will, in fact, reduce the response by about IdB at 
50c/s, and provision for fitting them if desired has been maae on t..e 
printed circuit. The curves in Fig. 5 were measured without these 
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Fig. 6. Two methods of equalization for crystal pickups. (a) Velocity loading. (b) Norma/loading. 

responses within 1 dB of the standard curves as shown 
in Fig. 5. 

The frequency of the roll-off produced by the indue-

tance of the pickup is given by f Rin -. h R 
2 TTL w ere · in 

is the input impedance of the pre""'amplifier (100 kD in this 
case). Thus for an inductance of 600 mH, a high figure, 

IQ5 
f- =25 kc/s which is suffi.cently high to 

- 2TT X 0-6 

avoid interference with the characteristic. 

Crystal Pickup Input 
Piezoelectric (crystal) transducers are capacitive sources, 
and produce an output proportional to the amplitude of 
the signal. Thus provided negligible current flows. no 
equalization is necessary; an input impedance of 1 MO 
to 2 MD will achieve this, . and an additional position­
" Crystal pickup~'-may be added to S1, the input con.:. 
sisting of a 1 MD and 10 kD potentiometer (to allow for 
the high output level of crystal pickups and also to load 

-the base of Vt1 to ground via a low impedance to pre­
serve the signal-to-noise ratio), and a with a single 18 kD 
resistor in the feedback network. This will give a sensi-

Fig. 7. Tape replay characteristic with equalization for 7tinfsec. 
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tivity of 400 m V, which is typical of modern high-quality­
instruments. However, in the prototype it was decided 
to utilize the existing equalization networks by " velocity 
loading " the crystal pickup, i.e. loading the pickup until 
the output approximated to an ,electromagnetic char­
acteristic and then equalizing as before. A load of 
approximately 68 kD will achieve this with the majority of 
pickups, and the resistor R 2 on the crystal pickup input 
provides this impedance. 

It is difficult to maintain the necessary loading require­
ments for both magnetic and crystal pickups in this mode 
of operation, and the solution adopted here is to lo.ad the 
magnetic pickup input to ground via a low resistance 
when a crystal pickup is to be used. This may be achieved 
(!ither by the use of jack plugs and sockets or (in this 
instance) by inserting a spare coaxial plug containing 
the extra resistor. It must be emphasized that this is by 
no means an accurate " impedance matching " component 
-it is used solely to allow for the high output of these 

· _ pickups and to ensure a very low noise figure. A 1 kD 
resistor will result in a sensitivity of 400 mV as before. 
The two arrangements are shown in Fig. 6. If a higher 
output device is used additional attenuation may be pro­
vided by reducing the additional resistor (and, inciden­
tally, improving still further the signal-to-noise ratio). 
Thus if the resistor is made 470 ohms, the sensitivity is 
reduced to 1 volt. 

Auxiliary Inputs 
In the " Radio " and " Microphone " positions a flat 
response is achieved by simple resistive feedback via 
R 2:0 and Rm sensitivities being 80 m V and 5 m V respec­
tively. The "Tape" input provides equalization to the 
C.C.I.R. standard for a tape speed of 7t inches per 
second. The characteristic within 1 dB of the standard 
from 70 cjs to 15 kc/s is shown in Fig. 7 and is inde­
pendent of the replay head inductance. If preferred, 
equalization may be carried out at the tape · deck, and 
the selector switch set to the "Radio" position for a fiat 
characteristic. The sensitivity as drawn is 3 mV. 

The signal-to-noise ratio is typically :--70 dB (wide­
band measurement), but this may be increased to 
-85 dB by selecting transistors. Harmonic distortion 
is of the order of 0.01 %, for signals up to 20 dB o>rerload, 
when it rises sharply. 

5 

Fig. 6. Two methods of equalization for crystal pickups, (a) Velocity loading, (b) Normal loading. 

responses within 1 dB of the standard curves as shown 
in Fig. 5. 

The frequency of the roll-off produced by the indue- 
R- 

tance of the pickup is given by / =■ _ — where Rln 2 77 L, 
is the input impedance of the pre-amplifier (100 kO in this 
case). Thus for an inductance of 600 mH, a high figure, 

106 

f =  — =25 kc/s which is sufficently high to 2rr X 0-6 
avoid interference with the characteristic. 

Crystal Pickup Input 
Piezoelectric (crystal) transducers are capacitive sources, 
and produce an output proportional to the amplitude of 
the signal. Thus provided negligible current flows no 
equalization is necessary; an input impedance of I M-l 
to 2 will achieve this, and an additional position— 
"Crystal pickup"—may be added to SI, the input con- 
sisting of a 1 M-l and 10 k- potentiometer (to allow for 
the high output level of crystal pickups and also to load 
the base of Vtl to ground via a low impedance to pre- 
serve the signal-to-noise ratio), and a with a single ISkfl 
resistor in the feedback network. This will give a sensi- 

Fig. 7. Tape replay characteristic with equalization for 7-tin/sec, 
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tivity of 400 mV, which is typical of modern high-quality 
instruments. However, in the prototype it was decided 
to utilize the existing equalization networks by " velocity 
loading " the crystal pickup, i.e. loading the pickup until 
the output approximated to an electromagnetic char- 
acteristic and then equalizing as before. A load of 
approximately 68 kil will achieve this with the majority of 
pickups, and the resistor R2 on the crystal pickup input 
provides this impedance. 

It is difficult to maintain the necessary loading require- 
ments for both magnetic and crystal pickups in this mode 
of operation, and the solution adopted here is to load the 
magnetic pickup input to ground via a low resistance 
when a crystal pickup is to be used. This may be achieved 
either by the use of jack plugs and sockets or (in this 
instance) by inserting a spare coaxial plug containing 
the extra resistor. It must be emphasized that this is by 
no means an accurate " impedance matching " component 
—it is used solely to allow for the high output of these 
pickups and to ensure a very low noise figure. A 1 kfl 
resistor will result in a sensitivity of 400 mV as before. 
The two arrangements are shown in Fig. 6. If a higher 
output device is used additional attenuation may be pro- 
vided by reducing the additional resistor (and, inciden- 
tally, improving still further the signal-to-noise ratio). 
Thus if the resistor is made 470 ohms, the sensitivity is 
reduced to 1 volt. 

Auxiliary Inputs 
In the " Radio" and " Microphone" positions a flat 
response is achieved by simple resistive feedback via 
R2:o and R21, sensitivities being 80 mV and 5 mV respec- 
tively. The "Tape" input provides equalization to the 
C.C.I.R. standard for a tape speed of 71 inches per 
second. The characteristic within 1 dB of the standard 
from 70 c/s to 15 kc/s is shown in Fig. 7 and is inde- 
pendent of the replay head inductance. If preferred, 
equalization may be carried out at the tape deck, and 
the selector switch set to the " Radio " position for a flat 
characteristic. The sensitivity as drawn is 3 mV. 

The signal-to-noise ratio is typically —70 dB (wide- 
band measurement), but this may be increased to 
—85 dB by selecting transistors. Harmonic distortion 
is of the order of 0.01%, for signals up to 20 dB overload, 
when it rises sharply. 
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The pre:..amplifier will operate off the main amplifier 
40-volt line with a suitable series dropping resistor R3 ~. 
Otherwise a 12-volt ·source is adequate. The current 
consumption is 2. 7 rnA. 

Tone Controls 
The tone control and filter circuits are very similar to 
the original design, being performed by negative feed­
back around the final stage. The tone control consists 
of a Baxandall network at the input to Vt3. For corre_ct 
operation, the two capacitors c 1-1 and ell should be 
close-tolerance components. The use of switched tone 
controls is of doubtful value in a mono equipment except 
to obtain an accurate "level" position at the centre of 
the control. However, in stereo systems the more 
accurate ganging between channels obtainable with 
switched controls may be an added advantage. Ganged 
potentiometers are now available, however, accurate 
to within 1 dB at little extra charge. The tone control 
characteristics are shown in Fig. 8. 

Three fixed low-pass filters were provided giving cut­
off frequencies of 20kc/s ("fiat") 10kc/s and 5kcjs. 
As in the original design, the slope of attenuation varies 
with the setting of the corresponding tone control, since 
both filter and tone control are achieved by feedback 
round the same transistor. The maximum boost posi.:. 
tion of the tone control gives the greatest slope of the 
corresponding filter. This ensures maximum discrimin­
ation against frequencies outside the audio band, when 
they would otherwise prove most objectionable. The 
filter characteristic is shown in Fig 9. 

Balance 
. . . 

The original form of balance coritrol (Fig. 10) was aban-:­
.: doned since its operation (by varyiilg the colle~tor load 
· of the output transistor) resulted in noise at the o.utput, 
and gave insufficient variation in channel gains to com­
pensate (for example) for a different loudspeaker on each 
channel. In addition the ·tone controls were affected 
unequally by altering the fraction of the output fed back, 
since this fraction is determined by the ratio RA: RA + RB, 
and for identical performance from both channels this 
ratio must be maintained. 0 

6 

Rear view showing arrangement of input and outpuc 
sockets. 

RIGHT-HAND 

The new design uses a conventional log/antilog ganged 
potentiometer at the output for minimum attenuation 
at the balance point and infinite variation beween 
channels. 

It would be possible to use a dual ganged linear poten­
tiometer, but as will be seen in Fig. 11, this results in 
an attentuation of SO % at the central (balance) point? 
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Fig. 8. Pre-amplifier tone control characteristics (low-pass filter 
at 20kcjs). 
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Tone Controls 
The tone control and filter circuits are very similar to 
the original design, being performed by negative feed- 
back around the final stage. The tone control consists 
of a Baxandall network at the input to Vt3. For correct 
operation, the two capacitors C, , and C,, should be 
close-tolerance components. The use of switched tone 
controls is of doubtful value in a mono equipment except 
to obtain an accurate "level" position at the centre of 
the control. However, in stereo systems the more 
accurate ganging between channels obtainable with 
switched controls may be an added advantage. Ganged 
potentiometers are now available, however, accurate 
to within 1 dB at little extra charge. The tone control 
characteristics are shown in Fig. 8. 

Three fixed low-pass filters were provided giving cut- 
off frequencies of 20kc/s ("flat") lOkc/s and 5kc/s. 
As in the original design, the slope of attenuation varies 
with the setting of the corresponding tone control, since 
both filter and tone control are achieved by feedback 
round the same transistor. The maximum boost posi- 
tion of the tone control gives the greatest slope of the 
corresponding filter. This ensures maximum discrimin- 
ation against frequencies outside the audio band, when 
they would otherwise prove most objectionable. The 
filter characteristic is shown in Fig 9. 

Balance 
The original form of balance control (Fig. 10) was aban- 
doned since its operation (by varying the collector load 
of the output transistor) resulted in noise at the output, 
and gave insufficient variation in channel gains to com- 
pensate (for example) for a different loudspeaker on each 
channel. In addition the tone controls were affected 
unequally by altering the fraction of the output fed back, 
since this fraction is determined by the ratio Ra : Ra + Re, 
and for identical performance from both channels this 
ratio must be maintained. 

The pre-amplifier will operate off the main amplifier 
40-volt line with a suitable series dropping resistor R,i;,. 
Otherwise a 12-volt source is adequate. The current 
consumption is 2.7 mA. 

The new design uses a conventional log/antilog ganged 
potentiometer at the output for minimum attenuation 
at the balance point and infinite variation beween 
channels. 

It would be possible to use a dual ganged linear poten- 
tiometer, but as will be seen in Fig. 11, this results in 
an attentuation of 50% at the central (balance) point. 

TREBLE MAXIMUM 

500 Ik 
FREQUENCT (c/s) 

Fig. S. Pre-amplifier tone control characteristics (low-pass filter 
at 20kc/s). 

500 Ik , 5k !01< . .20k 

FREQUENCY (c/s) 

Fig. 9. Low-pass filter response (radio input). 
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TO OTHER . 
CHANNEl. 

._-------•OUTPUT 

Fig. 10. Original balance control. 

while the use of a log/ antilog combination results in an 
attenuation of only 10%. · . 

Since the volume control further loads the wiper of 
the balance control to earth via 10 kD, the above atten­
uation figures become approximately 60% and 15% 
respectively. 

Power Amplifier 
Turning now to the power amplifier circuit, Fig. 12, 
several points arise that may be modified quite readily 
to give improved performance. 

(i) When switching on this amplifier there is a loud 
"plop" from the loudspeaker owing to the output capa­
citor c7 charging to approximately half the supply volt­
age. While this may be aggravating . (acting as it does 
like the "Surpris·e'' in Haydn's Symphony) it does at least' 
signify (in the absence of hum and noise) that the equip­
ment is "on." However, on a more serious note it may 
spell ruin to a loudspeaker system costing four times the 
price of the amplifier. A simple, if bulky, remedy is to 
use two capacitors in series across the supply, thus 
providing an artificial a.c. centre tap. 

(ii) The bootstrap capacitor C 6, while linearizing the 
l.f. response may also . induce distortion by pulling Vt3 
into the non-linear (bottoming) region of its characteristic 
on large negative-going signals. It has therefore proved 
worthwhile to connect a 1 kD resistor in series to mini­
mize this effect. The capacitor still improves the l.f. 
response, though to a slightly less extent. 

In both the original articles the need for correct earth­
ing was emphasized since a l-amp pulse of current in 1 
milliohm of wire will produce a p.d. of 1 millivolt, one 
quarter of the input sensitivity on magnetic pickups. 
The current pulses in the earth line are asymmetrical, 
causing severe even-harmonic distortion. 

Unfortunately, the stereo . equipment will inevitably 
destroy the utility of all the · above by causing an obvious 
but unavoidable earth loop. Fig. 13 shows two similar 
amplifiers operating from the same power supply (with 
individual decoupling). The signal earth points at the 
inputs will both differ by several hundred millivolts from 
true earth depending on the signal iri each channel. 
Connection of a commercial stereophonic pickup or 
microphone with a corrimon earth line now causes each 
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Since the volume control further loads the wiper of 
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respectively. 
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Turning now to the power amplifier circuit. Fig. 12, 
several points arise that may be modified quite readily 
to give improved performance. 

(i) When switching on this amplifier there is a loud 
" plop " from the loudspeaker owing to the output capa- 
citor C7 charging to approximately half the supply volt- 
age. While this may be aggravating (acting as it does 
like the "Surprise" in Haydn's Symphony) it does at least 
signify (in the absence of hum and noise) that the equip- 
ment is "on." However, on a more serious note it may 
spell ruin to a loudspeaker system costing four times the 
price of the amplifier. A simple, if bulky, remedy is to 
use two capacitors in series across the supply, thus 
providing an artificial a.c. centre tap. 

(ii) The bootstrap capacitor C6, while linearizing the 
l.f. response may also induce distortion by pulling Vt3 
into the non-linear (bottoming) region of its characteristic 
on large negative-going signals. It has therefore proved 
worthwhile to connect a 1 kll resistor in series to mini- 
mize this effect. The capacitor still improves the l.f. 
response, though to a slightly less extent. 

In both the original articles the need for correct earth- 
ing was emphasized since a 1-amp pulse of current in I 
milliohm of wire will produce a p.d. of 1 millivolt, one 
quarter of the input sensitivity on magnetic pickups. 
The current pulses in the earth line are asymmetrical, 
causing severe even-harmonic distortion. 

Unfortunately, the stereo equipment will inevitably 
destroy the utility of all the above by causing an obvious 
but unavoidable earth loop. Fig. 13 shows two similar 
amplifiers operating from the same power supply (with 
individual decoupling). The signal earth points at the 
inputs will both differ by several hundred millivolts from 
true earth depending on the signal in each channel. 
Connection of a commercial stereophonic pickup or 
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Fig. /4 , Circuii: of revised power amplifier. 

channel .to become .distorted by the even harmonic pro­
ducts of both channels:, causing unpleasant distortion 
particularly when one channel has a transient such as a 
cymbal clash. 

To overcome this effect it is necessary to add some 
small impedance (but: large compared with the few 
~Jliohms of lead resistapce involved) into the earth loop 
m such a way as not to accentuate the even-harmonic 
distortion. Such a place is within the main feedback 
loop of the power amplifier wher·e no large voltage ampli­
fications take place. Fig, 14 shows the final power 
amplifier circuit. Although thi~. causef:, a slight increase 
in overall distortion on mono signals the improvement 
on stereo signals is impressive. (A far inore costly but 
admittedly more elegant method would be to use two 
independent power packs). 

The original design described two versions : 
Version r-40 volt supply-10 watts in 15 ohm load 
Version 2~24 volt supply-10 watts in 3 ohm load 

· or 3-!- watts in 15 ohm load 

50mH 

TABLE II-COMPONENT VALUES FOR FIG. 14 

Rl / 330kn Note A s6on l R2 56k!1 Rll rson 1.,. 
R3 68k!1 Rl2 ron 

I watt, wirewound r 
R4 22kQ Rl3 rson 
R5 220!1 I Rl4 rn 
R6 33!1 2% high stability Rl5 rn I watt, wirewound 
R7 lkQ Rl6 3.9kn 2 % high stability 
RS 4.7kn I Rl7 rkn 
R9 22!1 Note B I RIS ron 10%' 

All resistors t watt and 5% unless otherwise stated. 

Cl 5011F \2SY. wkg.electrolytic cs l 2001-'F 6Y. wkg. 

C2 ro, .. F C6 
electrolytic 

I 5Y.wkg.electrolytic 25!-<F SOY. wkg. 

C3 20011F 6Y.wkg. electrolytic C7 'i 
electrolytic 

I,00011F ·soY.wkg. 
I electrolytic 

C4 II,OOOpF CS j I,00011F SOY. wkg. 

I 

I 

electrolytic 

01 I OA5 

Note A. Adjust for collector of Yt6 to sit at half supply volts ± I volt. 
Note B. Adjust for output stage quiescent current (measured as difference in 

supply current when R9 is shorted out) to be ISmA ± SmA. 

In view of the large currents flowing in the version 
2 design, and the difficulty in avoiding earthing prob­
lems, version 1 is to be preferred although the lower 
voltage design will give very satisfactory results at lower 
power levels. All the component values and perform­
ance figures mentioned here refer to version 1. The 
circuit diagram of the 40 V power supply is given in 
Fig. 15. 

Certain minor alterations have been made to the com­
ponent values in the light of further knowledge of com­
ponent tolerances, and to improve the bass response. 
The quiescent current in the output stage (measured as 
the variation in supply current which occurs when Vt3 
and Vt4 bases are shorted together) should be between 
10 and 20 rnA, R 9 being altered if necessary to obtain 
this value. Similarly the output sitting-point may 
qe set up by altering R 1 • It is important to mount 
the thermal stabilizing diode D1 on the same heat sink 
and in close proximity to the output transistors. 
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R, 330l<a Note A RIO 5600 
R2 56ka Rll 1500 
R3 68 kn RI2 I0O 
R4 22kO RI3 I50O 
R5 2200 R14 IO I watt, wirewound 
R6 33Q 2% high stability RI5 IO Iwatt, wirewound 
R7 IkQ R16 3.9kO 2% high stability 
R8 4.7kO RI7 IkO 

10%' R9 220 Note B RI8 100 

All resistors 3- watt and 5% unless otherwise stated. 

Cl 50jtF 25V.w kg.electrolytic C5 200/2F 6V. wkg. 
electrolytic 

C2 IO/xF 1 SV.wkg.electrolytic C6 25/4F 50V. wkg. electrolytic 
C3 200/2F 6V.wkg. electrolytic C7 1,000/iF 50V. wkg. electrolytic 
C4 I.OOOpF C8 1,000/2 F 50V. wkg. 

electrolytic 
DI OAS 

Note A. Adjust for collector of Vt6 to sit at half supply voltSrh ' volt. 
Note B. Adjust for output stage quiescent current (measured as difference in 

supply current when R9 is shorted out) to be 15mA i 5mA. 

Fig. 14. Circuiil of revised power amplifier. 

channel to become distorted by the even harmonic pro- 
ducts of both channels, causing unpleasant distortion 
particularly when one channel has a transient such as a 
cymbal clash. 

To overcome this effect it is necessary to add some 
small impedance (but large compared with the few 
milliohms of lead resistance involved) into the earth loop 
in such a way as not to accentuate the even-harmonic 
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In view of the large currents flowing in the version 
2 design, and the difficulty in avoiding earthing prob- 
lems, version 1 is to be preferred although the lower 
voltage design will give very satisfactory results at lower 
power levels. All the component values and perform- 
ance figures mentioned here refer to version 1. The 
circuit diagram of the 40 V power supply is given in 
Fig- 15- Certain minor alterations have been made to the com- 
ponent values in the light of further knowledge of com- 
ponent tolerances, and to improve the bass response. 
The quiescent current in the output stage (measured as 
the variation in supply current which occurs when Vt3 
and Vt4 bases are shorted together) should be between 
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pre-amplifier and offered valuable comments and criti­
cism during the development. He is also indebted to P~ 
Lepine for carrying out the experimental work in opti­
mizing and plotting the response curves. · 

[To be concluded. Full dimensioned drawings of metal­
work, printed circuit and wiring diagrams will appear in 
the next issue together with hints on construction.] 
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Where R is large, the effects of Zv and Zn are negligible. 
However where R is of the same order as I Zu + Zv I, 
about 2 to 12K, the channel separation will be seriously 

. degraded; and since Zrr and Z\- are frequency-dependent, 
this effect will worsen with increasing frequency. 

· In addition, the lateral/vertical sensitivity will depart 
from the ideal ratio of 1 (an effect pointed out by Mr. D. G . 
Jaquess). The effective lateral sensitivity measured 
between points A and B will be (eu - 2iL I ZH I) because 
both currents flow . in ZH, while the . effective vertical 
seusitivity me:;tsured between points A and C will be 

. ( eH - 2iL I Zrr I ) 
r (e\' - iL I Zv I ). Thus the ratio ----- ·~-- .. - -· ~-

·' ey -- iL Zv 
will be dependent on both frequency and current and 
hence on loading. 

Measurements taken on the Decca "ffss" Mk. II 
pickup tend to support _this theory, but there are other 
factors involved, such as the mutual coupling mentioned 
earlier. 

CATHEDRAL SOUND 
MANY of the beautiful architectural features of the new 
Coventry Cathedral-the high absorbent roof canopy, the 
tapestry at one end of the nave and the highly reflecting 
engraved glass curtain window at the other-have presented 
unique problems for the acoustic consultants who have been 
called in to provide electroacoustic reinforcement, so that all 
members of the large congregations can hear well. Sound 
projected longitudinally down the aisle, even when suitably 
delayed to compensate for time lags in propagation, has failed 
to remove confusion of sound because it is overlayed by the 
strong return from the end window. 

A new system, designed by F. H. Brittain and his col­
leagues at the Hirst Research Centre of the General Electric 
Company Ltd., relies on a single group of loudspeakers high 
in the roof and has satisfactorily solved the problem. The 
sound is directed principally toward the back of the nave 
where the requisite delay (about 60 millisec) is obtained 
simply by the increased height of the source. If the sound 
level is correctly adjusted one is not conscious that the sound 
is coming downwards, but the steep angle ensures that reflec­
tions from the floor of the aisle and from the back window 
are returned upwards instead of longitudinally over the con­
gregation, and are soon lost in the absorbent roof canopy. The 
directional properties of the loudspeaker array are such that 
in the front rows there is negligible reinforcement (delayed) 
to interefere with direct hearing of the preacher's voice. 

There are 27 microphone positions, controlled from a con­
sole with mixing facilities at the back of the nave. Audio 

· power is supplied by two 50 watt amplifiers, but for normal 
· speech only about 7 watts is, in fact, required. 
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The loudspeaker group consists of two short column arrays, a medium­
frequency 3-ce/1 horn and two pairs of h. f. units to improve articula­
tion in the front corners of the nave. 
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cism during the development. He is also indebted to P. 
Lepine for carrying out the experimental work in opti- 
mizing and plotting the response curves. 
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A major problem for the electronics industry is 
the real shortage of people with the right practical 
qualifications for research' laboratory or develop­
ment work, for production control and kindred 
activities . In particular, people capable of operating 
the wide range of standard instruments to be found 
nowadays in most electronic laboratories are hard to 
come by. 

" Wireless World " recognizes that a real need 
e}(ists in this field for an integrated, up-to-date, in­
formative set of articles on the practical aspects of 
laboratory instruments. It has therefore commis­
sioned Mr. T. D. Towers to write a series entitled 
'' Electronic Laboratory .Instrument Practice,'' start­
ing in t_his is.sue. Mr. Towers is alr~ady well knowri 
to our readers for his series of articles on "The 
Elements of Transistor Pulse Circuits " which ap-

peared throughout 1964, and for his . "Transistor 
Television Receivers " ( llitfe Books Ltd.). 

The material in the new series is carefully selected 
to form a comprehensive well-organized course. 
Basically it will give clear detailed information about 
the commonplace instruments of the electronic 
laboratory. Much has been written on this subject 
in the past, but few surveys covering the range of basic 
test equipment furnish · also practical instruction in 
their methods of use. 

When you work in an electronics laboratory, you 
come in time to use all the measurement instruments 
almost subconsciously. But when you first join such 
a laboratory, you find the array of meters, signal 
generators, oscilloscopes, bridges, etc. quite frighten­
ing. Even though you have been through a course in 
.laboratory instrument practice at a University, 

ELECTRONIC LABORATORY INSTRUMENT 
By T. D. TOWERS,* M.B.E., A.M.I.E.E., A.M.I.E.R.E. 

ELECTRONIC instruments have been in general use 
for about half a century, but it was only the tech­
nical impact of the Second World War that brought 

such precision measuring equipment on to every lab. 
bench. Also the scope of measurement has widened 
greatly and nowadays measurements of frequencies up 
to hundreds of megacycles, GUrrents down to fractions of 
a millimicroamp and voltages down to fractions of a 
microvolt are commonplace. 

A series of articles like this can cover only the broader 
aspects of electronic instrumentation. A whole library of 
text-books would be required to cover details. My aim 
is mainly to show the newcomer what sort of instrument 
he would normally ·use to measure what, and to offer 
practical advice on the use and care of these .instruments. 
The discussion will not be limited to the enticing array 
of new instruments offered by the manufacturers from 
time to time. . The series must be Ietrospective too, 
because most people reading the articles will be " stuck 
with what they have got," and, most .laboratories usually 
end up with " something old, something new, something 
borrowed and" ... an intense wish that they had some.; 
thing else ! · · · · · 

Transistors have been much used in recent instrument 
models and have brought the ·usual semiconductor 
advantages of smaller size, greater r-obustness and longer 
life. · But transistorization has brought a new problem .. 
The spate of redesigned transistorized model-s · is so per­
sistent that you will find difficulty ttyin;g t-o keep up with 
thenn. . 

Instrumen-t prt!s.entation, too, has been ·changing rapidly. 
In the old days, you could walk into a laboratory and, if 
you had a little experience, you could identify every · piece 
of equipment on sight. Nowadays it has be.come in-

*Newmarket Transistors Ltd. 
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creasingly difficult to work out what an instrument is 
by merely looking at its front panel. · One of my objects 
is to familiarize you with the general appearance of the 
instruments. in common use. Take Fig. 1, which is an 
illustration of a corner of my private laboratory. If you 
are an experienced electronics man, you will be able to 
identify the instruments in the picture fairly_ correctly. 
If you are a newcomer, you may be puzzled by some -of 
the " prehistoric" models I continue to use because I 
" like the feel of them." The large . instrument on the 
extreme. right, for example, is an ancient r.f. generator. 
I keep using this because it has an excellent attenuator, 
which (deSJpit·e · its age) is better than nnany fitted in 
present-day instruments. · 

Instrument Types 
You can · divide electronic lab. instruments into three 
main classes :-
1. General-purpose: instruments in almost daily use in 

every electronics laboratory. 
2. Special-purpose: instruments in daily use in lab­

oratories specializing in a particular field but not in 
the general . run of laboratories. 

3. Esoteric: instruments only occasionally required for 
extra special 111easurements. 

. In the general-purpose class, can be listed seven bas:c 
instruments: (1) multimeter, (2) d.c. power supply, (3) 
a.f. generator, (4) r.f. generator, (5) oscilloscope, {6) valve 
voltmeter, {7) transistor (or valve) tester. 
· Fig. 2 shows · a typical set of these basic instruments 
in use in the Applications· Laboratory at Newmarket 
Transistors Ltd. at the time of writing. Most of them 
are ·standard commercial equipments. 

Besides these basic instruments, most laboratories use 
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nowadays in most electronic laboratories are hard to 
come by. 

" Wireless World " recognizes that a real need 
exists in this field for an integrated, up-to-date, in- 
formative set of articles on the practical aspects of 
laboratory instruments. It has therefore commis- 
sioned Mr. T. D. Towers to write a series entitled 
" Electronic Laboratory Instrument Practice," start- 
ing in this issue. Mr. Towers is already well known 
to our readers for his series of articles on " The 
Elements of Transistor Pulse Circuits " which ap- 

peared throughout 1964, and for his "Transistor 
Television Receivers " (lliffe Books Ltd.). 

The material in the new series is carefully selected 
to form a comprehensive well-organized course. 
Basically it will give clear detailed information about 
the commonplace instruments of the electronic 
laboratory. Much has been written on this subject 
in the past, but few surveys covering the range of basic 
test equipment furnish also practical instruction in 
their methods of use. 

When you work in an electronics laboratory, you 
come in time to use all the measurement instruments 
almost subconsciously. But when you first join such 
a laboratory, you find the array of meters, signal 
generators, oscilloscopes, bridges, etc. quite frighten- 
ing. Even though you have been through a course in 
laboratory instrument practice at a University, 

ELECTRONIC LABORATORY INSTRUMENT 

By T. D. TOWERS,* m.b.e., a.m.i.e.e., a.m.i.e.r.e. 

ELECTRONIC instruments have been in general use 
for about half a century, but it was only the tech- 
nical impact of the Second World War that brought 

such precision measuring equipment on to every lab. 
bench. Also the scope of measurement has widened 
greatly and nowadays measurements of frequencies up 
to hundreds of megacycles, currents down to fractions of 
a millimicroamp and voltages down to fractions of a 
microvolt are commonplace. 

A series of articles like this can cover only the broader 
aspects of electronic instrumentation. A whole library of 
text-books would be required to cover details. My aim 
is mainly to show the newcomer what sort of instrument 
he would normally use to measure what, and to offer 
practical advice on the use and care of these instruments. 
The discussion will not be limited to the enticing array 
of new instruments offered by the manufacturers from 
time to time. The series must be retrospective too, 
because most people reading the articles will be " stuck 
with what they have got," and, most laboratories usually 
end up with " something old, something new, something 
borrowed and "... an intense wish that they had some- 
thing else! 

Transistors have been much used in recent instrument 
models and have brought the usual semiconductor 
advantages of smaller size, greater robustness and longer 
life. But transistorization has brought a new problem. 
The spate of redesigned transistorized models is so per- 
sistent that you will find difficulty trying to keep up with 
them. 

Instrument presentation, too, has been changing rapidly. 
In the old days, you could walk into a laboratory and, if 
you had a little experience, you could identify every piece 
of equipment on sight. Nowadays it has become in- 

* Newmarket Transistors Ltd, 

creasingly difficult to work out what an instrument is 
by merely looking at its front panel. One of my objects 
is to familiarize you with the general appearance of the 
instruments in common use. Take Fig. 1, which is an 
illustration of a corner of my private laboratory. If you 
are an experienced electronics man, you will be able to 
identify the instruments in the picture fairly correctly. 
If you are a newcomer, you may be puzzled by some of 
the " prehistoric" models I continue to use because 1 
" like the feel of them." The large instrument on the 
extreme right, for example, is an ancient r.f. generator. 
I keep using this because it has an excellent attenuator, 
which (despite its age) is better than many fitted in 
present-day instruments. 

Instrument Types 
You can divide electronic lab. instruments into three 
main classes: — 
1. General-purpose: instruments in almost daily use in 

every electronics laboratory. 
2. Special-purpose: instruments in daily use in lab- 

oratories specializing in a particular field but not in 
the general run of laboratories. 

3. Esoteric: instruments only occasionally required for 
extra special measurements. 

In the general-purpose class, can be listed seven basic 
instruments: (1) multimeter, (2) d.c. power supply, (3) 
a.f. generator, (4) r.f. generator, (5) oscilloscope, (6) valve 
voltmeter, (7) transistor (or valve) tester. 

Fig. 2 shows a typical set of these basic instruments 
in use in the Applications Laboratory at Newmarket 
Transistors Ltd. at the time of writing. Most of them 
are standard commercial equipments. 

Besides these basic instruments, most laboratories use 
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technical college, or school, you will find that prac­
tising engineers use techniques and " short-cuts " 
which never seem to get reflected in text-books. 

If you are going in for electronic work in a pro­
fessional (or even serious amateur) capacity, you 
should find the series rewarding, as it is aimed prim­
arily at the "new recruit". It should be particularly 
useful to those who have obtained all the necessary 
paper qualifications like O.N.C., H.N.C., or B.Sc., and 
find themselves projected into the disquieting turmoil 
of a commercial electronic laboratory to "find their 
own feet''. 

But the series is not for the beginner only. It 
will also make useful reference material for practising 
engineers · who have reached positions where they are 
" away from the bench " and thus unable by personal 
experience to keep up with the changing field of 
laboratory instrumentation . 

PRACTICE 
1.-INSTRUMENT REQUIREMENTS 

special-purpose instruments related to their particular 
interests. Typical of these are admittance bridges, v.h.f. 
millivoltmeters, distortion meters, wide-band oscillo­
scopes, and pulse generators. A small selection of 
typical special-purpose units in use at Newmarket is 
shown in Fig. 3. 

Apart from general and special-purpose instruments, 

Fig. I. Corner of Author's 
private laboratory with typi­
cal instruments :-1, D.C. 
power supply; 2, Valve, volt­
meter ; 3, Oscilloscope ; 4, 
Multi meter; 5, Audio gener­
ator; 6, Transistor tester; 
7, R.F. Signal generator. 
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The author will try to instil into the series the true 
atmosphere of the working laboratory. The aim is 
to keep the text at a level which will be most apprec­
iated · by the student and experimenter who is ever 
seeking to extend his knowledge. While essentially 
a practical guide written with emphasis on applica­
tions and testing methods, the articles will also consider 
basic design and circuit features where necessary to 
appreciate the full scope and diversity of instruments-
and their limitations. . 

As the Chief Applications and Measurements 
Engineer of Newmarket Transistors Ltd., the author 
runs a large modern electronics laboratory with a 
wide sphere of activity. Through this and his own 
private laboratory, he has .a specialized practical 
knowledge of modern electronic laboratory practice 
which assures the reader of an a·uthoritative practical 
treatment bf the subject. 

anyone who works in a lab. will occasionally come across 
esoteric instruments used to carry out very specializ.ed 
measurements. In this class are things like spectra­
photometers, ion gauges., scintillation counters, and inter­
modulation test sets. Fig. 4 gives a typical example-a 
transistorized crystal-controlled clock with digital readout 
facilities. The general use of this sort of thing is so 
infrequent that many engineers can go through life with­
out ever handling one. 

Many things control the selection of instruments in 
these three classes. Not the least is cost, and sensibly 
you should look at this as an accountant would. Work 
out the cost of writing off the capital value of a piece 
of equipment, together with its maintenance costs, and 
decide whether it is more economical in end cost (i.e., 
counting engineer time, etc.), to buy commercially or 
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If you are going in for electronic work in a pro- 
fessional (or even serious amateur) capacity, you 
should find the series rewarding, as it is aimed prim- 
arily at the " new recruit". It should be particularly 
useful to those who have obtained all the necessary 
paper qualifications like O.N.C., H.N.C., or B.Sc., and 
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interests. Typical of these are admittance bridges, v.h.f. 
millivoltmeters, distortion meters, wide-band oscillo- 
scopes, and pulse generators. A small selection of 
typical special-purpose units in use at Newmarket is 
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anyone who works in a lab. will occasionally come across 
esoteric instruments used to carry out very specialized 
measurements. In this class are things like spectro- 
photometers, ion gauges, scintillation counters, and inter- 
modulation test sets. Fig. 4 gives a typical example—a 
transistorized crystal-controlled clock with digital readout 
facilities. The general use of this sort of thing is so 
infrequent that many engineers can go through life with- 
out ever handling one. 

Many things control the selection of instruments in 
these three classes. Not the least is cost, and sensibly 
you should look at this as an accountant would. Work 
out the cost of writing off the capital value of a piece 
of equipment, together with its maintenance costs, and 
decide whether it is more economical in end cost (i.e., 
counting engineer time, etc.), to buy commercially or 
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Fig. I. Corner of Author's 
private laboratory with typi- 
cal instruments:—I, D.C. 
power supply; 2, Valve, volt- 
meter ; 3, Oscilloscope ; 4, 
Multimeter; 5, Audio gener- 
ator; 6, Transistor tester; 
7, R.F. Signal generator. 
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make do with a .lab_ "lash .up.".' This ~imple rule. will 
prevent the accumulation of . white 'elephapts, ·:a failing 
of many laboratories. Of course there is alw~ys the diffi~ · 
culty that commercial equipmentmay:- not l?e available~ 
In the forefront of the transistor ·business -particularly, 
where new parameters keep appearing, I find you . have 
to keep designing and building your _oy;n. Bpt fqr :the . 
average engineer in electronics tliis ·situation does 'not : 
arise. · _ . . · · · · · 

Commercial literature often emphasizes the versatility 
of equipment, but this can be a snare. Always remember 
that an instrument, however versatile, can only be 'in one · 
place at one time. Accessories too, should be approached 
with caution. Provided a good basic instrument is avail- · 
able, it is surprising how little use need be made ~f the 
accessories offered with it. Always spend money on the 
basic instrument rathe:r tb,an on the accessories. 

.· One s-et of accessories _pn whi¢h it is worth~hile spend .. 
ing money, however, is in equipment mounting. With 
lab. floor space at such a premiulll, there is much to be 
said for mounting instruments (particularly those not 
too frequently used) on standard 19in ·Post Office racks. 
Also any large oscilloscope ought to be mounted on a 
trolley, as it is so liable to be damaged by being passed 
about by hand from one engineer position to another. 

Instrument Procurement 
Where you are faced with a problem of getting a new 
instrument you can buy new, buy second-hand, build 
yourself, or (a reoent development) hire. This last 
facility is particularly good for ''one off" projects. 

The advertisement columns of the electronics journals 
such as the Wireless World give full d.etails of new equip­
ment, and instrument suppliers are always pkased to send 
you leaflets. Second-hand equipment is mor-e difficult 
and for the beginner probably the best advice is "don't." 
New equipment can also be obtained pre-asse,mbled from 
the do-it-yourself kit manufacturers. Many laboratories 
buy in kit form and ass-emble themselves, using the exer~ 
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cise for .. training iuniors at the: same time. Because of all . 
this~.:m3:ny Jabs. di~play a _curio.~'s miscellany .of . riuikets. 
There_ 'are; howeyer, advantage~. in . getting your ¢quip- · 
-me.rit a~ far a~ possible from · one maker. _ Unlds yoq. . 
·are a · real instrumentation expert; always go to a staridard 
instrument manufactun!r, and pay the price he asks. You 
will get val\le ·,for your inoney. You may be surpri~ed 
at how apparently expens-ive the equipments of· reputable 

· manufacturers can be, but you should recognize that in 
a properly equipped · hl.b. the electronic instrument capital 
investment ~r bench- engineer can run to something 
approaching his annual salary. 

Instrument Care 
Always look to the.safety of your instruments. Treat h.t. 
voltages with respect~ If you do have to open up an 

• in~trpment (such as an o.s¢illoscope) with dangerously 
.high voltages, be . ~extra" careful. Remember the old en­
gineers' rule (always repeilted by living grey-haired 
experts) "When you are messing about with · high or 
unknown voltages; keep ohe hand in your trouser pocket, 
look down to see that the floor you are standing on isn't 
a good conductor, and move wires, -etc., with the back 
of your fingers, so that if you . do get a shock and in:.. 
voluntarily contract your handthe contact is broken." 

Instruments are expensive. Despite manufacturers' 
claims of ruggedness (particularly in this transistor era) 
always treat an electronic instrument as if it were a cup 
of tea brimming to overflowing. Always see that it is 
regularly serviced and calibrated. Try to keep a log 
book for -each instrument, and, if this is . impossible, at 
least tie on to the handle a label on which its history is . 
recorded. If for your own purposes you bring out 1,000 V 
to a front terminal, which normally has only 10 V on it 
according to the hieroglyphics on the panel, see that a 
temporary label is tied on. 
. Before you use an instrument you are not familiar 

with, check the earthing, fusing, and the mains voltage 
tappings. Remember tha_t American equipment is de .. 

Fig. 2. Seven essential 
laboratory general purppse 

·.instruments (examples· in 
use at Newmarket : Tran­
sistors) :-1, OsCifioscope; 
2, Power supply; 3, Multi­
meter; 4, Transistor tester 

· 5, R.F. Signal generator ; 
6, Valve voltmeter; 7, 
Audio ger:rerqtor. 
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prevent the accumulation of white elephants, a failing 
of many laboratories. Of course there is always the diffi- 
culty that commercial equipment may not be available. 
In the forefront of the transistor business particularly, 
where new parameters keep appearing, I find you have 
to keep designing and building your own. But for the 
average engineer in electronics this 'situation does mot 
arise. 

Commercial literature often emphasizes the versatility 
of equipment, but this can be a snare. Always remember 
that an instrument, however versatile, can only be in one 
place at one time. Accessories too, should be approached 
with caution. Provided a good basic instrument is avail- 
able, it is surprising how little use need be made of the 
accessories offered with it. Always spend money on the 
basic instrument rather than on the accessories. 

One set of accessories on which it is worthwhile spend- 
ing money, however, is in equipment mounting. With 
lab. floor space at such a premium, there is much to be 
said for mounting instruments (particularly those not 
too frequently used) on standard 19in Post Office racks. 
Also any large oscilloscope ought to be mounted on a 
trolley, as it is so liable to be damaged by being passed 
about by hand from one engineer position to another. 

Instrument Procurement 
Where you are faced with a problem of getting a new 
instrument you can buy new, buy second-hand, build 
yourself, or (a recent development) hire. This last 
facility is particularly good for " one off " projects. 

The advertisement columns of the electronics journals 
such as the Wireless World give full details of new equip- 
ment, and instrument suppliers are always pleased to send 
you leaflets. Second-hand equipment is more difficult 
and for the beginner probably the best advice is " don't." 
New equipment can also be obtained pre-assembled from 
the do-it-yourself kit manufacturers. Many laboratories 
buy in kit form and assemble themselves, using the exer- 

cise for training iuniors at the same time. Because of all 
. this,; many labs, display a curious miscellany of makers. 

There are, however, advantages in getting your equip- 
ment as far as possible from one maker.. Unless you 
are a real instrumentation expert, always go to a standard 
instrument manufacturer, and pay the price he asks. You 
will get value for your money. You may be surprised 
at how apparently expensive the equipments of reputable 
manufacturers can be, but you should recognize that in 
a properly equipped lab. the electronic instrument capital 
investment per bench engineer can run to something 
approaching his annual salary. 

Instrument Care 
Always look to the safety of your instruments. Treat h.t. 
voltages with respect. If you do have to open up an 
instrument (such as ah oscilloscope) with dangerously 
high voltages, be extra careful. Remember the old en- 
gineers' rule (always repeated by living grey-haired 
experts) "When you are messing about with high or 
unknown voltages, keep one hand in your trouser pocket, 
look down to see that the floor you are standing on isn't 
a good conductor, and move wires, etc., with the back 
of your fingers, so that if you do get a shock and in- 
voluntarily contract your hand the contact is broken." 

Instruments are expensive. Despite manufacturers' 
claims of ruggedness (particularly in this transistor era) 
always treat an electronic instrument as if it were a cup 
of tea brimming to overflowing. Always see that it is 
regularly serviced and calibrated. Try to keep a log 
book for each instrument, and, if this is impossible, at 
least tie on to the handle a label on which its history is 
recorded. If for your own purposes you bring out 1,000 V 
to a front terminal, which normally has only 10 V on it 
according to the hieroglyphics on the panel, see that a 
temporary label is tied on. 

Before you use an instrument you are not familiar 
with, check the earthing, fusing, and the mains voltage 
tappings. Remember that American equipment is de- 
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Fig. 2. Seven essential 
laboratory general purpose 
instruments (examples in 
use at Newmarket, tran- 
sistors):—I, Oscilloscope; 
2, Power supply; 3, Multi- 
meter,^, Transistor tester 
5, R.F. Signal generator; 
6, Valve voltmeter; 7, 
Audio generator. 
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Fig. 3, . Special-purpose in­
strument selection :-'-1, Pulse 
generator; 2, R.F. admittance 
bridge; 3, Total distortion 
meter; 4, V.H.F. millivolt­
meter. 

signed to work on 110-120 V, 60 c/s, a.c. and British (nor­
mally 230-250V 50c/s. When you are using a scope, never 
leave the beam focused on a single spot, as . this may 
burn the tube and leave a dark mark. When. you are 
using very sensitive meters, always short the input ter­
minals when you have finished. The simplest way is to 
take a piece of rosin-cored solder and wind it round the 
two terminals; you can snap the excess solder off 
without a pair of cutting pliers. Finally, do not, as so 
many engineers do, use the multimeter cut-out ~s a cir­
cuit protection. The voltmeter is provided with a cut-out 

' to protect itself and not the equipment you are working 
on. Too frequent overloading of the cut-out can seriously 
mar the accuracy of the multimeter. 

Instrument Accuracy 

When you first start to use electronic instruments, you 
tend not to question their accuracy. I have found that 
the average electronic engineer has a surprising faith 
in the accuracy of his instruments. Time and again I 
find myself saying "How accurate are these figures?". 

Fig. 4. Esoteric instrument example:-Eiectronic unit of micro­
balance with combined analogue-digital readout (courtesy Cambridge 
Consultants). 
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I then launch into a more precise question. " What is 
the probable error and what is the maximum possible 
error?" I then find that I am wandering off into a dis­
quisition on the mathematical theory of errors, so I 
reduce the matter to a simple challenge . . . " Will you 
give me a shilling (or ten shillings depending on the 
importance of the point) for every figure that! can prove 
to you is more than, say 10';,{., wrong?" Over the years 
I have found that engineers divide into two d~stinct 
categories: those whose results I would usually accept 
without checking because, nine times out of ten, I find 
that I would be wasting my time doing so; and those 
results I am loath to accept Without some form of cross-
check. · 

It seems to be a matter of basic intelligence. The 
good engineer is a scientist at heart and recognizes that 
an electronic test instrument is only a tool. Take a clock. 
Just because the hands point to 4 o'clock, you don't 
assume that it shows the correct time. You normally 
assess the error, .probably sub-consciously, by, say, look­
ing out the . window at the state of the light. Yo.u 
should do the same with lab. instruments. Always men'­
tally assess the probable errdr in what 'you iue recording. 
Until you get the feel of things and acquire the ability 
to cross-check readily, you should be over-cautious. 
Your motto could well be, parodying Descartes, H Dubito, 
ergo sum," i.e. take nothing for granted. 

Now, you read an instrument by looking at a pointer 
on a scale, a setting of a dial, a figure in a digital readout, 
and so on. There are really two problems here. First, 
you must consider how precisely you can make the read:... 
ing that the instrument shows. Second, you must decide 
how accurately what the instrument shows represents 
the quantity being measured (however precisely you 
m~ke your actual readingof the display). . . 

With a digital readout, under most circumstances, the 
precision of the reading is exact because the val~e a~­
pearing is a whole number. With analogue type mstru­
ments such as meters, the precision depends on such 
things as the · angle at which you look at the needle or 
the scale against which you are reading it. A good 
guide is never to try to read more closely than to the 
smallest printed scale division. This works on the 
assumption that the ' instrument manufacturer prints his 
scale sensibly ... as 11e usually does. This problem of 
reading precision is illu~trated in the voltmeter scale of 
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signed to work on 110-120 V, 60c/s, a.c. and British (nor- 
mally 230-250 V 50c/s. When you are using a scope, never 
leave the beam focused on a single spot, as this may 
burn the tube and leave a dark mark. When you are 
using very sensitive meters, always short the input ter- 
minals when you have finished. The simplest way is to 
take a piece of rosin-cored solder and wind it round the 
two terminals; you can snap the excess solder off 
without a pair of cutting pliers. Finally, do not, as so 
many engineers do, use the multimeter cut-out as a cir- 
cuit protection. The voltmeter is provided with a cut-out 
to protect itself and not the equipment you are Working 
on. Too frequent overloading of the cut-out can seriously 
mar the accuracy of the multimeter. 

Instrument Accuracy 

When you first start to use electronic instruments, you 
tend not to question their accuracy. I have found that 
the average electronic engineer has a surprising faith 
in the accuracy of his instruments. Time and again I 
find myself saying " How accurate are these figures? 

Fig. 4. Esoteric instrument example:—Electronic unit of micro- 
balance with combined analogue-digital readout (courtesy Cambridge 
Consultants). 

I then launch into a more precise question. " What is 
the probable error and what is the maximum possible 
error? " I then find that I am wandering off into a dis- 
quisition on the mathematical theory of errors, so I 
reduce the matter to a simple challenge ..." Will you 
give me a shilling (or ten shillings depending on the 
importance of the point) for every figure that I can prove 
to you is more than, say 10% wrong? " Over the years 
I have found that engineers divide into two distinct 
categories: those whose results I would usually accept 
without checking beca'use, nine times out of ten, I find 
that I would be wasting my time doing so; and those 
results I am loath to accept without some form of cross- 
check. 

It seems to be a matter of basic intelligence. The 
good engineer is a scientist at heart and recognizes that 
an electronic test instrument is only a tool. Take a clock. 
Just because the hands point to 4 o'clock, you don't 
assume that it shows the correct time. You normally 
assess the error, probably sub-consciously, by, say, look- 
ing out the window at the state of the light. You 
should do the same with lab. instruments. Always men- 
tally assess the probable erf or in what you are recording. 
Until you get the feel of things and acquire the ability 
to cross-check readily, you should be over-cautious. 
Your motto could well be, parodying Descartes, " Dubito, 
ergo sum," i.e. take nothing for granted. 

Now, you read an instrument by looking at a pointer 
on a scale, a setting of a dial, a figure in a digital readout, 
and so on. There are really two problems here. First, 
you must consider how precisely you can make the read- 
ing that the instrument shows. Second, you must decide 
how accurately what the instrument shows represents 
the quantity being measured (however precisely you 
make your actual reading of the display). 

With a digital readout, under most circumstances, the 
precision of the reading is exact because the value ap- 
pearing is a whole number. With analogue type instru- 
ments such as meters, the precision depends on such 
things as the angle at which you look at the needle or 
the scale against which, you are reading it. A good 
guide is never to try to read more closely than to the 
smallest printed scale division. This works on the 
assumption that the instrument manufacturer prints his 
scale sensibly ... as he usually does. This problem of 
reading precision is illustrated in the voltmeter scale of 
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Fig. 5. Meter scale illustrating method of rounding off 
readings. 

Fig. 5. Here a wise man · would read 8.2 V only and 
not attempt to interpolate within the smallest scale 
division. In this matter of "rounding off," be · con­
sistent. I always round off to the nearest scale line, and, 
when the needle falls halfway between two lines, round 
off to the nearest even scale number (B.S. 1957:1953). 
Where you record rounded off numbers like this, carry 
your decimal place only to the actual number rounded 
off. In the case above, the reading should be recorded ' 
at 8.2 V and not 8.20 V. 

While you must always consider the question of the 
precision of your readings, their accuracy is a much 
more difficult and important problem. There are two 
aspects of this. One is how closely the ipstrument dis­
plays the real value of what it measures. The other is 
how much the instrument upsets the circuit it measures, 
i.e. how far it fails to measure accurately because it 
changes the quantity being measured. 

We recognize that an instrument must display a read­
ing different from the actual quantity applied to its 
terminals. The important question is how different. 
!his depends on two things. First; how accurately the 
mstrument reads by its intrinsic design, i.e. even if the 
instrument is new and freshly calibrated it will have an 
intrinsic possible error. Take the case of a good general 
purpose multimeter. When it is new; the reading · of a 
quantity in any scale can be out by up to± 2 or 3 % of 
full scale deflection. Very soon, with normal laboratory 
manipulation, it can become materially worse than this. 
Experienced engineers know the expected theoretical 
accuracy of an instrument and, as a precaution, mentally 
double this possible error if they cannot check before 
they have to use it. · 

In meter-type instruments, you should remember that 
the accuracy is specified as a percentage of the full-scale 
deflection. Specifications are not always clear, but 
usually for an instrument specified as of 2% accuracy 
the full-scale deflection reading can be in error ± 2%. 
Remember also, that this error remains fixed in absolute 
vaLue across the scal,e, so that if you attempt to measure 
a quantity at a t•enth of the full scale deflection, the pos­
sible error of the r·eading can still be ± 2% · of the full · 
scale value, i.e., ±20% at the low value. This is, of 
course, why most good ·multi-scale instruments have 
overlapping scal·es, so that you can read any quantity 
without having to go below about one-third of full scale 
defl.ection. This. is also why you will often hear the 
advice: "Try to keep the meter ne·edle up." 

Never forget that when you put a measuring instru­
ment on a circuit, you chang·e the quantity you are 
measuring, so that even with a perfectly precise, perfectly 
accurate instrument the value you read will not be the 
trUe value in the abs·ence of the instrument. The impor­
tant thing is to be abl·e to judge how much you . have 
modifi·ed the quantity measured. This point will be 
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. covered in later artides in some detail · since the . increas- , 
· inguse of silicm.J. transistors~-operated at very lowcurrents 
· has meapt thatthe effective loadipg of instruments on 

circuits . i~- ,becoming a maj9r proble'm. · A. simple r-Ule that · 
! follow IS to assume that if'the current being measured 
IS more than a hundr~d times . the . full,.scale . deflection 
(f.s.d.) current, the instrument' has a negligible eff·ect on 
the parameter being measured. 
.. To ensure the maximum possible accuracy when using 
mstrl:lmehts, al~ays use standard good measur·ement 
practice by seemg that the instruments are - properly 
earthed, properly screened (where neoessary), and s•et to 
the . proper rang·e. Also, always · see that adequate time is 
allowed for an instrument using valves to heat up and 
" settle down." · . · · 

Always try, {fonly mentally, to cross-check your read­
ing in some way. This may be merely the simple pro­
cess of stopping-and thinking, "Does this value make 
sense? Is it in accordance with what I would expect 
from my experience in the field?" Always try to look 
past the figures to the actual value itself. Apart from 
this, aways try to ass·ess. the accuracy of the instrument 
you ar·e using._ Look at th·e label to see when it was last 
calibrated and, where the question of accuracy is impor­
tant, check the instrument against a standard, or have it 
calibrated. 

Laboratory Calibration Standards 
By how you should begin to see why every lab; should 
have something .· to check the instruments against, i.e., 
some standards; Instruments are obviously of little use• 
ful value unles.s they are checked r·egularly. In later 
articles I will discuss the question of standards 'mor•e fully~ 
but at this. juncture it is worth pointing out that for cali­
bration you should us·e a standard with an -accuracy 
greater than you want from your calibrated instrument. 
Standards are of two general types, "primary" and 
" ·secondary." Primary standards are of a very high 
accuracy. Normally this means an error of less than 
± 0.05% as compar•ed with the absolute ref•er·ence stan­
dards maintained by one of the. oentral institutions. These 
sort of standards are usually maintained only by instru­
ment manufactur·ers. Most standards used in ordinary 
laboratories a11e secondary ones, which compar·e with the 
absolute standard to about ± (O.l-0.5 %). In calibrating 
an instrument of, say, 1% accuracy, the standard should, 
if possible, be better than 0.1 %, i.e., ten times more 

. accurate. 
The standards ideally required in a laboratory are: (a) 

potentiometer test set, (b) self-contained power source, 
(c) standard resistance, (d) standard inductance, (e) stan­
dard capacitance, (f) standard frequency, (g) standard 
timebase. Athough ideally a lab. should have all these 
standards, precise voltage and current sources are the 
most important. 

Reference Material 
So far it has be·en largely a matter of " setting the pic­
ture" on lab. instrumentation. Later articles will fill out 
some details, but the fi·eld is so larg·e that the engineer 
will want to look to other sources of information. In this 
respect, anyone who works with _electronic _instruments 
should keep at hand standard reference . material for 
guidanoe. Even in the author's modest laboratory, .the 
array of reference books pictured in Fig. 6 is in constant 
use. 

4 ' wide tange of text-books. is ·· available, and some 
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Fig. 5. Meter scale illustrating method of rounding off 
readings. 

Fig. 5. Here a wise man would read 8.2 V only and 
not attempt to interpolate within the smallest scale 
division. In this matter of "rounding off," be con- 
sistent. I always round off to the nearest scale line, and, 
when the needle falls halfway between two lines, round 
off to the nearest even scale number (B.S. 1957:1953). 
Where you record rounded off numbers like this, carry 
your decimal place only to the actual number rounded 
off. In the case above, the reading should be recorded 
at 8.2 V and not 8.20 V. 

While you must always consider the question of the 
precision of your readings, their accuracy is a much 
more difficult and important problem. There are two 
aspects of this. One is how closely the instrument dis- 
plays the real value of what it measures. The other is 
how much the instrument upsets the circuit it measures, 
i.e. how far it fails to measure accurately because it 
changes the quantity being measured. 

We recognize that an instrument must display a read- 
ing different from the actual quantity applied to its 
terminals. The important question is how different. 
This depends on two things. First, how accurately the 
instrument reads by its intrinsic design, i.e. even if the 
instrument is new and freshly calibrated it will have an 
intrinsic possible error. Take the case of a good general 
purpose multimeter. When it is new, the reading of a 
quantity in any scale can be out by up to+ 2 or 3 % of 
full scale deflection. Very soon, with normal laboratory 
manipulation, it can become materially worse than this. 
Experienced engineers know the expected theoretical 
accuracy of an instrument and, as a precaution, mentally 
double this possible error if they cannot check before 
they have to use it. 

In meter-type instruments, you should remember that 
the accuracy is specified as a percentage of the full-scale 
deflection. Specifications are not always clear, but 
usually for an instrument specified as of 2% accuracy 
the full-scale deflection reading can be in error ±2%. 
Remember also, that this error remains fixed in absolute 
value across the scale, so that if you attempt to measure 
a quantity at a tenth of the full scale deflection, the pos- 
sible error of the reading can still be ±2% of the full 
scale value, i.e., +20% at the low value. This is, of 
course, why most good multi-scale instruments have 
overlapping scales, so that you can read any quantity 
without having to go below about one-third of full scale 
deflection. This is also why you will often hear the 
advice: " Try to keep the meter needle up." 

Never forget that when you put a measuring instru- 
ment on a circuit, you change the quantity you are 
measuring, so that even with a perfectly precise, perfectly 
accurate instrument the value you read will not be the 
true value in the absence of the instrument. The impor- 
tant thing is to be able to judge how much you have 
modified the quantity measured. This point will be 

covered in later articles in some detail, since the increas- 
ing use of silicon transistors operated at very low currents 
has meant that the effective loading of instruments on 
circuits is becoming a major problem. A simple rule that 
I follow is to assume that if the current being measured 
is more than a hundred times the full-scale deflection 
(f.s.d.) current, the instrument has a negligible effect on 
the parameter being measured. 

To ensure the maximum possible accuracy when using 
instruments, always use standard good measurement 
practice by seeing that the instruments are properly 
earthed, properly screened (where necessary), and set to 
the proper range. Also, always see that adequate time is 
allowed for an instrument using valves to heat up and 
" settle down." 

Always try, if only mentally, to cross-check your read- 
ing in some way. This may be merely the simple pro- 
cess of stopping and thinking, " Does this value make 
sense? Is it in accordance with what I would expect 
from my experience in the field?" Always try to look 
past the figures to the actual value itself. Apart from 
this, aways try to assess the accuracy of the instrument 
you are using. Look at the label to see when it was last 
calibrated and, where the question of accuracy is. impor- 
tant, check the instrument against a standard, or have it 
cahbrated. 

Laboratory Calibration Standards 
By now you should begin to see why every lab. should 
have something to check the instruments against, i.e., 
some standards. Instruments are obviously of little use- 
ful value unless they are checked regularly. In later 
articles I wilhdiscuss the question of standards more fully, 
but at this juncture it is worth pointing out that for cali- 
bration you should use a standard with an accuracy 
greater than you want from your calibrated instrument. 
Standards are of two general types, " primary" and 
" secondary." Primary standards are of a very high 
accuracy. Normally this means an error of less than 
±0.05% as compared with the absolute reference stan- 
dards maintained by one of the central institutions. These 
sort of standards are usually maintained only by instru- 
ment manufacturers. Most standards used in ordinary 
laboratories are secondary ones, which compare with the 
absolute standard to about ±(0.1-0.5%). In calibrating 
an instrument of, say, 1 % accuracy, the standard should, 
if possible, be better than 0.1%, i.e., ten times more 
accurate. 

The standards ideally required in a laboratory are; (a) 
potentiometer test set, (b) self-contained power source, 
(c) standard resistance, (d) standard inductance, (e) stan- 
dard capacitance, (f) standard frequency, (g) standard 
timebase. Athough ideally a lab. should have all these 
standards, precise voltage and current sources are the 
most important. 

Reference Material 
So far it has been largely a matter of "setting the pic- 
ture " on lab. instrumentation. Later articles will fill out 
some details, but the field is so large that the engineer 
will want to look to other sources of information. In this 
respect, anyone who works with electronic instruments 
should keep at hand standard reference material for 
guidance. Even in the author's modest laboratory, the 
array of reference books pictured in Fig. 6 is in constant 
use. 

A wide range of text-books is available, and some 

14 Wireless World, January 1965 

www.americanradiohistory.com

www.americanradiohistory.com


guidance is not out of place on this. The more commonly 
used text-books r·elating tq laboratory dectronic instru­
mentation to be found around lab. benches are listed 
below in alphabetical author order. Each of these con­
tains valuable referenoe material, much of it most prac­
tical, and are worth looking at even if you don't want to 
buy them. 

Fig. 6. Standard reference books in common use by the author in 
the field of instrumentation. 

Of all these titles I have found over the years four 
volumes which I think no laboratory should be without­
" Langford-Smith", "Scroggie ", "Donaldson" and 
"I.T.T." 

In the matter of reference material the service manuals 

I Author 
~--

Banner, E. H. W . 

Donaldson, P. E. K. 

Hague .• B. K. 
Harris, F. K. 
Hartshorn, L. 

Hughes, L. E. C. 
I.T.T. 

Landee, R. W. et ol. 
Langford-Smith, F. 
Lion, E. N. 
Partridge, G. R. 

Prensky, S. 
Risse, J. A. 
Scroggie, M. G. 

Soisson, H. E. · 
Terman F. E. & 
J. M. Pettit 
Turner, R. P. 

Turner, R. P. 

·Book 

Electronic Measuring Instruments 

Electronic Apparatus for Biological 
Research 

A.C. Bridge Methods 
Electrical Measuremen ts 
Radio Frequency Measurements by 

Bridge and Resonance 
Electronic Engineers Reference Book 
Reference Data for Radio Engineers 

Electronic Designer's Handbook 
Radio Designer's Handbook 
Instrumentation in Scientific Research 
Electronic Instruments and Instru-

mentation 
Electron ic Instrumentation 
Electronic Test Instrument Handbook 
Radio and Electronic · ·Laboratory 

Handb.ook 
Electronic Measudng Instruments 
Electronic Measurements 

Basic Electronic Test Instruments 

Basic Electronic Test Procedures 
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Publisher 

Chapman & 
Hall 

Butterworth 

Pitman 
Wiley 
Chapman & 

Hall 
Heywood 
International 
Telephone & 
Telegraph 

McGraw Hill 
lliffe 
McGraw Hill 
Pitman 

Prentice .Hall 
Howard Sams 

· lliffe 

McGraw 1-'lill 
McGraw Hill 

Holt, Rinehart 
& Winston 

Holt Rinehart 
& Winston 

or instrument handbooks for all the lab. instruments in 
use should be carefully preserved. A record of any 
historical features, such as design modifications carried 
out that can affect the accuracy of the instruments, should 
be pasted into these. 

No laboratory can do without transistor and valve 
manuals. I have always found the Wireless World Radio 
Valve Data to cover the British market for these devices 
well. For American and European transistors, however, 
the most useful reference is "DATA " published by 
Derivation and Tabulation Associates, 43 South Day 
Street, Orange, New Jersey. 

Conclusion 
In this preliminary survey, I have tried to pick out some 
of the general points that are important in practice; but 
one should not be " blinded by science." You should, of 
course, always get hold of the best instruments you can 
afford and need. But do not think that an impressive array 
of exotic test equipment by itself will ensure good work. 
A curious thing is that constructive work seems to come 
more readily out of laboratories where the electronic te~ t 
equipment looks a bit seedy, and is not always the most 
expensive or newest available. Where a lab. is neat and 
tidy and has a glittering orderly array of test instruments, 
my experience has been that the place tends to be sterile, 
and the quantity and quality of the work output from it is 
generally poor. This is an old story. You can look at a 
man's bookshelves and judge by the appearance of the 
bi'ndings whether the owner really uses them or not. A 
few well thumbed tomes speak volumes. 

CLUB NEWS 
BRADFORD.-An informal meeting ::,etween the members 
of the Bradfo·rd, Spen Valley and Leeds .radio societie:> will 
be held at 7.30 on January 5th at Cambridge House, 66, 
Little Horton Lane, Bradford 5. 

EAST HAM.-Sho.rt-wave listeners and licensed amateurs 
living on the east side of London are invited to the fortnightly 
meetings of ·the East Ham Group of the Radio Society of 
Great Britain. These are !held on alternate Tuesdays at 7.30 
at the home of A. A. Leith (G2COG), 12 Leigh Road, Lon­
don, E.6. Further information from the secretary, D. R. 
Durham, G3SIR, 43 Victoria Avenue, E.6 . 

HALIFAX.-At the January 5th meeting of the Northern 
Heights Amateur Radio Society A. W. Walmsley (G3ADQ) 
will discuss s.s.b. trends. Fortnightly meetings are held at 
7.30 at the Sportsman Inn, Ogden. 

HECKMONDWIKE.-At t'he meeting of the Spen Valley 
Amateur Radio Society on January 21st, L. M. Dougherty 
will talk on aerials for radio astronomy. Fortnightly meetings 
are held at 7.30 at the Grammar School,. High Street. 

LEICESTER.-" Parametric amplifiers in the v.h.f./u.h.f. 
bands" is the title of the lecture to be given by C. L. Wright 
(G3CCA) at 1he January meeting of the Leicester Radio 
Society which meets in the Engineering Dept. of the Uni­
versity. 

MELTON ·MOWBRAY.-"Flat line equipment for 23cm " 
is t'he title of the talk to be given by J. L. Warrington 
(G2FNW) at the meeting of the Melton Mowbray Amatem 
Radio Society on January 28th. Mont'hly meetings are held 
art 7.30 at St. John Ambulance Hall, Asfordby Hill. 

WELLINGBOROUGH.:Jaimary meetings of vhe Welling­
borough Radio Club, which meets at 7.45 every Thursday at 
the Silver Street Club Room, include a talk on home-made 
gadgets by P. Elderkin (14th) and one on transistors by 
G. Abrams (28th). 
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guidance is not out of place on this. The more commonly 
used text-books relating to laboratory electronic instru- 
mentation to be found around lab. benches are listed 
below in alphabetical author order. Each of these con- 
tains valuable reference material, much of it most prac- 
tical, and are worth looking at even if you don't want to 
buy them. 

S 
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Fig. 6. Standard reference books in common use by the author in 
the field of instrumentation, 

Of all these titles I have found over the years four 
volumes which I think no laboratory should be without— 
" Langford-Smith ", " Scroggie ", " Donaldson " and (( J rj-' rp JJ 

In the matter of reference material the service manuals 

Banner, E. H. W. I Electronic Measuring Instruments 
Donaldson, P. E. K. 
Hague, B. K. 
Harris, F. K. 
Hartshorn, L. 
Hughes, L E. C. 
I.T.T. 

Landee, R. W. et al. 
Langford-Smith, F. 
Lion, E. N. 
Partridge, G. R. 
Prensky, S, 
Risse, J. A. 
Scroggie, M. G. 
Soisson, H. E. 
Terman F. E. & 

i J. M. Pettit 
Turner, R. P. 
Turner, R. P. 

Electronic Apparatus for Biological 
Research 

A.C. Bridge Methods 
Electrical Measurements 
Radio Frequency Measurements by 

Bridge and Resonance 
Electronic Engineers Reference Book 
Reference Data for Radio Engineers 

Electronic Designer's Handbook 
Radio Designer's Handbook 
Instrumentation in Scientific Research 
Electronic Instruments and Instru- 

mentation 
Electronic Instrumentation 
Electronic Test Instrument Handbook 
Radio and Electronic Laboratory 

Handbook 
Electronic Measuring Instruments 
Electronic Measurements 
Basic Electronic Test Instruments 
Basic Electronic Test Procedures 

Chapman & 
Hall 

Butterworth 
Pitman 
Wiley 
Chapman & 

Hall 
Heywood 
International 
Telephone & 
Telegraph 

McGraw Hill 
lliffe 
McGraw Hill 
Pitman 
Prentice Hall 
Howard Sams 
lliffe 
McGraw Hill 
McGraw Hill 
Holt, Rinehart 

& Winston 
Holt Rinehart 

& Winston 

or instrument handbooks for all the lab. instruments in 
use should be carefully preserved. A record of any 
historical features, such as design modifications carried 
out that can affect the accuracy of the instruments, should 
be pasted into these. 

No laboratory can do without transistor and valve 
manuals. I have always found the Wireless World Radio 
Valve Data to cover the British market for these devices 
well. For American and European transistors, however, 
the most useful reference is " DATA" published by 
Derivation and Tabulation Associates, 43 South Day 
Street, Orange, New Jersey. 

Conclusion 
In this preliminary survey, I have tried to pick out some 
of the general points that are important in practice; but 
one should not be " blinded by science." You should, of 
course, always get hold of the best instruments you can 
afford and need. But do not think that an impressive array 
of exotic test equipment by itself will ensure good work. 
A curious thing is that constructive work seems to come 
more readily out of laboratories where the electronic test 
equipment looks a bit seedy, and is not always the most 
expensive or newest available. Where a lab. is neat and 
tidy and has a glittering orderly array of test instruments, 
my experience has been that the place tends to be sterile, 
and the quantity and quality of the work output from it is 
generally poor. This is an old story. You can look at a 
man's bookshelves and judge by the appearance of the 
bindings whether the owner really uses them or not. A 
few well thumbed tomes speak volumes. 

CLUB NEWS 

BRADFORD.—An informal meeting between the members 
of the Bradford, Spen Valley and Leeds radio societies will 
be held at 7.30 on January 5th at Cambridge House, 66, 
Littie Horton Lane, Bradford 5. 
EAST HAM.—Short-wave listeners and licensed amateurs 
living on the east side of London are invited to the fortnightly 
meetings of the East Ham Group of the Radio Society of 
Great Britain. These are held on alternate Tuesdays at 7.30 
at the home of A. A. Leith (G2COG), 12 Leigh Road, Lon- 
don, E.6. Further information from the secretary, D. R. 
Durham, G3SIR, 43 Victoria Avenue, E.6. 
HALIFAX.—At the January 5th meeting of the Northern 
Heights Amateur Radio Society A. W. Walmsley (G3ADQ) 
will discuss s.s.b. trends. Formightly meetings are held at 
7.30 at the Sportsman Inn, Ogden. 
HECKMONDWIKE.—At the meeting of the Spen Valley 
Amateur Radio Society on January 21st, L. M. Dougherty 
will talk on aerials for radio astronomy. Fortnightly meetings 
are held at 7.30 at the Grammar School, High Street. 
LEICESTER.—"Parametric amplifiers in the v.h.f./u.h.f. 
bands " is the title of the lecture to be given by C. L. Wright 
(G3CCA) at the January meeting of the Leicester Radio 
Society which meets in the Engineering Dept. of the Uni- 
versity. 
MELTON MOWBRAY.—" Flat line equipment for 23cm " 
is the title of the talk to be given by J. L. Warrington 
(G2FNW) at the meeting of the Melton Mowbray Amateur 
Radio Society on January 28th. Monthly meetings are held 
at 7.30 at St. John Ambulance Hall, Asfordby Hill. 
WELLINGBOROUGH.—January meetings of the Welling- 
borough Radio Club, which meets at 7.45 every Thursday at 
the Silver Street Club Room, include a talk on home-made 
gadgets by P. Elderkin (14th) and one on transistors by 
G. Abrams (28th). 
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RECENT TECHNICAL DEVELOPMENTS 

Automatic · pegaussing for 
Colour Television · 

. the effect of the presence of impurity 
·. · gases on the dielectric properties of the · 
· · silicoxi • .tnonoxide films widely used in 

Demagn~tization of the shadow mask :- · ·microdrcuhs, and also the feasibil"ity of 
and associ'ated ferrous · material in a · depmiting.drcuit _elements and intercon­
colour television re<;:dver (deg~ussing) is ·'. nections :by wtrting with a beam of posi-: 
necessary when a receiver ·is installed or · ~ tive· metal. ions. . Peposition of metal 
reorientated in order that . the ·electron. from ion beams has hitherto been be­
beams remain in alignment . . Degaussing ·devilled. by . dilution with neutral atoms 
is achieved by tracing . a helix in front . and · by other factors ·which prevent 
of the receiver and away from the tube efficient collimation and the produc~ion 

. ~reen with a coil energized with 50 c/s of a small &pOt size. Present work is 
a.c. . directed at the improvement of vacuum 

R.C.A. have now incoDporated an . arc sources of copper ions. 
automatic degaussing feature in their re..; 
ceivers (N.T.S.C.) ·whieh remove·s colour Electronic Stop and Coupler 
impurity due to magnetization. A purity Actions for Pipe Organs 
shield surrounding the tube is il•sed as 
the pole pieces for four degauss,ing coils · 
using the usual 50 c/s a.c. By use of 
voltage dependent resistors and negative 
temperature coefficient resistors the cir­
cuit is arranged such that each time the . 
receiver is switched on demagnetization 
oocurs, the effect decaying during the 
warming-up period to negLigible pro­
portions when th.e receiver is ready for 
viewing. Purity magnets which are used 
for alignment of the three electron. 
beams are to the rear of the receiver and 
consequently ~affected. 

Thin Films 

It has in the paSit been customary to 
effect th:e coupling of the pipes to form 
"stops " in conventional pipe organs by 
means . of mechanical " tracker " mech­
anisms or a multiplicity of relay contacts 
in organs with elect·ric actions. 

The advent of ·semiconductor logic 
switching has_ opened up the possibility 
of more silent and reliable action and 
the appropriate circuitry is discussed by 
A. K . Cabrera in A.W.A. Technical 
Journal, Vol. 13, No. 1 (Sept. 1964). 

Each manual in a pipe organ has a 
number of stops associat·ed with it. 
These s:tops operate ranks distinguished 
by :their tone colour (e.g., diapason, flute) 
and for each note there are a number of 
pipes, each rank having one of these 
pipes as a member. It is evident that 

NOTE LOGIC 

SWELL C o--------" 

before a note . or pipe can so~nd :a key · · 
must be depre.ssed t\.ND a stop pulled. 
In· addition to. these " speaking" stops: 

· ·,there are a number of stops coupling 
manuals which allow. a.Q.Ote ItO Qe. played 
on say the Swell manual and the. corres-

. ponding note to ·play on say the Great 
manual. -In other wo.rds, a given note 
on the Great manual will sound if that 
note is .played OR if the corresponding 
note lS .. played on :the Swell manual 
AND tthe Great to Swell coupler stop 
is drawn, OR, etc. · . · 

·To ~om plicate matters, the extension . 
principle is used (in order to reduce the 

·total number of pi·pes). Give_n -a bask 
Swell rank notes may 'be b~rrowed by 
the Great Manual or ·the Pedal organ · 
and other ranks can be ·simulated. 

A typical logic diagram for one note 
on the Swell manual of a small org·an 
is shown in Fig. 1. ' 

In electromagnetic pipe organs relays 
af'e used ·to perform the logic functions 
and considerable saving in cost can be 
achieved by using diodes and in addi­
tion we have their greater reliability and 
faster aotion. Due to the power require­
ments of the electromagnets operating 
the note valves, for example 12 V at 
150 rnA, use of the diode logic will cause 
high dissipation in some resistors and 
consequently transistor logic is an ob­
vious advantage. A .simple two manual 
organ with about 250 pipes . may require 
about 600 transistors ·and resistors and 
250 diodes in a typical arrangement. 

PIPE LOGIC 

DIAPASON C 

FLUTE C 

COUPLERS SWELL TO PEOAL o-----+- T~g;~iR 
{

SWELL TO GREAT } 

FLUTE c' 

, GREAT TO PEDAL o-----. 
FLUTE c" 

The wmk of the Electronics Depart­
ment of the Electrical Research Associa­
tion at Leatherhead, Surrey, is at present 
largely concerned with thin -film tech­
niques, and some -interesting results are 
being obtained. Electron microscopic 
examination of gold films deposited on 
dielectric substrates shows a surprising 
lack of continuity. Indeed, it is difficult 
to find continuous paths through the 
assembly. of discreet ag;gregates into 
which the metal film is divided, rather 
resembling a cmckle enamel finish in 
appearance. The cracks are due to the 
forces of cohesion in the metal being 
greater than the forces of adhesion with­
in the substrate. Nevertheless, the film 
as a whole shows better conductivity than 
the geometry of the fissures would sug­
gest and investigations of the film/sub­
strate system as a whole point to two 
possible mechanisms for the anomalous 
conductivity-electron scattering at the 
film boundaries in a process analogous 
to tunnelling and initial conductivity in 
the substrate, particularly when this is 
a polar dielectric like glass. SWELL FLUTE 8ft o---------------J 

{

DIAPASON 8ft . 

Other work in . this field being under­
taken by E.R.A. is directed to discover 

16 

STOPS FLUTE · 4ft o-----------------J 
. FLUTE 2ft o--------~-------J 

WIRELESS WORLD, JANUARY 1965 

RECENT TECHNICAL DEVELOPMENTS 

Automatic Degaussing for 
Colour Television 

Demagnetization of the shadow mask 
and associated ferrous material in a 
colour television receiver (degaussing) is 
necessary when a receiver is installed or 
reorientated in order that the electron, 
beams remain in alignment. Degaussing 
is achieved by tracing a helix in front 
of the receiver and away from the tube 
screen with a coil energized with 50 c/s 
a.c. 

R.C.A, have now incorporated an 
automatic degaussing feature in their re- 
ceivers (N.T.S.C.) which removes colour 
impurity due to magnetization. A purity 
shield surrounding the tube is used as 
the pole pieces for four degaussing coils 
using the usual 50 c/s a.c. By use of 
voltage dependent resistors and negative 
temperature coefficient resistors the cir- 
cuit is arranged such that each time the 
receiver is switched on demagnetization 
occurs, the effect decaying during the 
warming-up period to negligible pro- 
portions when the receiver is ready for 
viewing. Purity magnets which are used 
for alignment of the three electron- 
beams are to the rear of the receiver and 
consequently unaffected. 

Thin Films 

The work of the Electronics Depart- 
ment of the Electrical Research Associa- 
tion at Leatherhead, Surrey, is at present 
largely concerned with thin film tech- 
niques, and some interesting results are 
feeing obtained. Electron microscopic 
examination of gold films deposited on 
dielectric substrates shows a surprising 
lack of continuity. Indeed, it is difficult 
to find continuous paths through the 
assembly, of discreet aggregates into 
which the metal film is divided, rather 
resembling a crackle enamel finish in 
appearance. The cracks are due to the 
forces of cohesion in the metal being 
greater than the forces of adhesion with- 
in the substrate. Nevertheless, the film 
as a whole shows better conductivity than 
the geometry of the fissures would sug- 
gest and investigations of the film/sub- 
strate system as a whole point to two 
possible mechanisms for the anomalous 
conductivity—electron scattering at the 
film boundaries in a process analogous 
to tunnelling and initial conductivity in 
the substrate, particularly when this is 
a polar dielectric like glass. 

Other work in this field being under- 
taken by E.R.A. is directed to discover 

the effect of the presence of impurity 
gases on the dielectric properties of the 
silicon monoxide films widely used in 
microcircuits, and also the feasibility of 
depositing circuit elements and intercon- 
nections by writing with a beam of posi- 

: tive metal ions. Deposition of metal 
from ion beams has hitherto been be- 
devilled by dilution with neutral atoms 
and by other factors which prevent 
efficient collimation and the production 
of a small spot size. Present work is 
directed at the improvement of vacuum 
arc sources of copper ions. 

Electronic Stop and Coupler 
Actions for Pipe Organs 

It has in the past been customary to 
effect the coupling of the pipes to form 
"stops " in conventional pipe organs by 
means of mechanical " tracker " mech- 
anisms or a multiplicity of relay contacts 
in organs with electric actions. 

The advent of semiconduotor logic 
switching has opened up the possibility 
of more silent and reliable action and 
the appropriate circuitry is discussed by 
A. K. Cabrera in A.W.A. Technical 
Journal, Vol. 13, No. 1 (Sept. 1964). 

Each manual in a pipe organ has a 
number of stops associated with it. 
These stops operate ranks distinguished 
by their tone colour (e.g., diapason, flute) 
and for each note there are a number of 
pipes, each rank having one of these 
pipes as a member. It is evident that 

before a note or pipe can sound a key 
must be depressed AND a stop pulled. 
In addition to these " speaking" stops, 
there are a number of stops coupling 
manuals which allow a note to be played 
on say the Swell manual and the corres- 
ponding note to play on say the Great 
manual. In other words, a given note 
on the Great manual will sound if that 
note is played OR if the corresponding 
note is. played on the Swell manual 
AND the Great to Swell coupler stop 
is drawn, OR, etc. 

To complicate matters, the extension 
principle is used (in order to reduce the 
total number of pipes). Given a basic 
Swell rank notes may be borrowed by 
the Great Manual or the Pedal organ 
and other ranks can be simulated. 

A typical logic diagram for one note 
on the Swell manual of a small organ 
is shown in Fig. 1. 

In electromagnetic pipe organs relays 
are used to perform the logic functions 
and considerable saving in cost can be 
achieved by using diodes and in addi- 
tion we have their greater reliability and 
faster action. Due to the power require- 
ments of the electromagnets operating 
the note valves, for example 12 V at 
150 mA, use of the diode logic will cause 
high dissipation in some resistors and 
consequently transistor logic is an ob- 
vious advantage. A simple two manual 
organ with about 250 pipes may require 
about 600 transistors and resistors and 
250 diodes in a typical arrangement. 

NOTES ( GREAT C 

SWELL TO GREAT 
COUPLERS < SWELL TO PEDAL 

GREAT TO PEDAL 

(DIAPASON 8ft 
FLUTE 8ft 
FLUTE +(t 
FLUTE 2ft 

TO OTHER 
NOTES 

& }—ODIAPA50N C 

& }-o FLUTE C 
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OSCAR ··· III 
By W. H. ~LLEN,* ~ M ~ B.E., G2UJ 

THE th. irci of the Oscar series of satellites is now under­
going final ground tests in the United States in pre­
paration for launching later this winter, the actual date 

depending upon the availability of space in a suitable Ameri­
can research rocket vehicle. 

Unlike Oscars I and II, transmission from which con­
sisted . of the morse le~ters. " HI " serit continuously on a 
frequency of 145 M.c/s with a radiated power of 100 mW, 
Oscar III · will be · a .. translator satellite capable of receiving 
signals ·over a $0kc/s portion of the "two metre" amateur 
band centred on 144.1 Mc/s; changing their frequency with­
out demodulation, and reradiating them on' another 50 kc/s 
segment of the band centred on: 145.9 Mc/s. The actual 
frequency limits will thus be : . 

Receiving 144.075 to 144.125 Mc/s. 
Transmitting 145.925 to 145.87$ Mc/s. 
It will be appreciated that .in the process of translation, 

frequency inversion will take place; a ·station . operating on, 
say, 144.075 Mc/s being retransmitted ori 145.925 Mc/s. ' 
Thus, with a single-sideband transmission in which the upper 
sideband is transmitted by the ground stati<:m, it will appear 
as the lower sideband when received from the satellite. 

All forms of modulation including c.w., narrow band f.m., 
a.m. or p.m. telephony and teleprinter may be employed. 

A modification of the frequency limits, both for acquisition 
by Oscar ·III · and . for rec~ption of the translated signal by 
a ground station, may be cai.Ised by Doppler shift due to the 
speed of the satellite relative to the transmitting and. receiv­
ing stations concerned. A maximum frequency shift of 
8 kc/s is anticipated when the track of the satellite passes 
immediately . above the receiving station and must be allowed 
for when tuning over the trarislated band of signals. 

The average output power of the main transmitter. in the 
satellite will be one watt, and automatic gain control in the 
receiver section will ensure that this is not exceeded by even 
the loudest incoming signal. It will be imperative, there­
fore, that amateurs attempting to make contacts via the 
satellite restrict their power to such a level that this a.g.c. is 
not brought into operation, otherwise a reduction in the 
strength of all other signals being handled by Oscar III at 
that time would occur. 

Two further transmitters will be carried, one a beacon 
radiating a continuous unmodulated 100 mW carrier on 
145.950 Mc/s for tracking purposes and the measurement of 
Doppler :'.hift, and the other, on 145.850 M.c/s, for telemetry. 
This will take the form of the morse let,ters "HI," the speed 
of sending varying according to the information being trans­
mitted, together with variable width pulses between the 
Morse characters to convey the state of the power supply. 

Receiver and Aerial Recommendations 
. For reception of signals from Oscar III a combination of a 

crystal-controlled converter feeding into a communication 
receiver which provides the variable first i.f., as generally 
favoured by operators on the 144 to 146 Mc/s amateur band, 
is to be recommended, and as all transmissions from the 
satellite including the beacon and telemetry frequencies will 
occupy a band only_100 kc/s wide, some means of frequency 
measurement is highly desirable. An ideal arrangement 
would be a frequency marker consisting of a 1 Me Is crystal 
oscillator checked against the standard frequency trartsmis-. 
sions from MSF or 5 or 10 Mc/s, locking a 100 kc/s multi­
vibrator and harmonic ·generator giving · an output between 

*United Kingdom Co-o~dinator for Project Oscar, 24 Arundel' Road, 
Tunbridge Wells, Kent . 
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145 and 146Mc/s. A word of warning is appropriate, how­
ever, as it is all too easy for the qystal and multivibrator 
harmonics to find their way directly into the tunable first i.f. 
and .not come from the v.h.f. section of the receiver at all. 
An alternative arram:ement available to listeners within 50 
miles or so of Londo.n, would be to locat;e the Radio Society 
of Great Britain's beacon transmitter; GB3VHF, situated at 
Wrotham, Kent, and radiatingop. 144.5 Mc/s, and the:p to 
calibrate the firsti.f. tuning range_ of the receiver by inj.ectirig 
harmonics from a 100 kc,;fs crystal oscillator directly into it 
in parallel with the output of the converter. · 

·Unless reception is to be confined to those times when the 
satellite is in the immediate vic:inity of the . station, some form 
of rotatable beam aerial will be n~ccssary. This may take 
the form of a four- or five-element Yagi or .the more elabor­
ate stacked multi-element Yagi. 

As the satellite will not maintain a constant attitude in 
space, signals from its quarter~wave ground-plane aerial may 
arrive in any plane and either horizontal or vertical polariza­
tion of the receiviqg aerial could be employed. 

So far as amateur signals on tbe two metre. band are 
concerned, these are almost invariably horizontally polariz;:-d, 
and with the multi-element arrays previously mentioned the 
vertical polar diagram is . quite· narrow. This would be per­
fectly satisfactory .· for communication with the .satellite at 
extreme range, when it would be low on the horizon; bm 
when it is . nearer, and therefore at a greater elevation, the 
flat-topped beam would not be working at its ·best. This 
could be important when transmitting, and some amateurs are 
arranging for their arrays to. be stec:rable in elevation as 
well as in azimuth. Bearing in mind, however, that for the 
nearer passes; signals even from a _100 mW transmitter, would 
be niany decibels above the noise level, it .is not considered 
necessary to provide for variable elevation of the aerial when 
reception only is intended. 

Expected Results 
If Oscar III follows a similar polar orbit and at about the 
same height as its two predecessors, signals from it, given 
suitable receiving equipment, should be audible when it 
is at least 1,000 miles distant, which means that commumc:a­
tion with its aid should be possible over twice that range. 

The duration of signals during any pass, other ,things being 
equal, will depend upon its distance from the receiver with 
a maximum of about twelve minutes when the track takes 
it directly overhead. 

It is intended that predictions of the satellite's tracks dur­
ing its expected life of three 'to Jour weeks will be broadcast 
on Sunday mornings from the R.S.p..B. News Bulletin trans­
mitters, GB2RS, operating the following schedule: 

I . .. --- . -- - . - . - -- -- --- -· . - _.. .. - -- . .. - _: 
I Frequency \ Time i Location of Station I 
145.10r1cf;--l--093ci--: s~-;;,-~g~~-;;;r,::;;c;-~~------

looo I· Beaming west from London . 
145.80 Mc/s ' 1015 I Beaming south from Belfast 
145.30 Mc/s 1030 1 Beaming north wes~ fr.om Sutton Coldfield 

1100 I Beaming south west from Sutton Coldfield 
145.50 Mc/s 1130 Beaming north from Leeds 

1200 I Beaming ·east from Leeds 

It would be advisable to commence listening on the beacon 
frequency from five to ten minutes before the predicted time, 
depending upon whether the track is distant or near to the 
station, and as soon as this transmission is heard to start 
tuning the translater . signal band. 
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OSCAR III 

By W. H. ALLEN * m.b e., G2UJ 

THE third of the Oscar series of satellites is now under- 
going final ground tests in the United States in pre- 
paration for launching later this winter, the actual date 

depending upon the availability of space in a suitable Ameri- 
can research rocket vehicle. 

Unlike Oscars I and II, transmission from which con- 
sisted of the morse letters " HI" sent continuously on a 
frequency of 145Mc/s with a radiated power of 100 mW, 
Oscar III will be a translator satellite capable of receiving 
signals over a 50kc/s portion of the "two metre" amateur 
band centred on 144.1 Mc/s, changing their frequency with- 
out demodulation, and reradiating them on another 50kc/s 
segment of the band centred on 145.9 Mc/s. The actual 
frequency limits will thus be: 

Receiving 144.075 to 144.125 Mc/s. 
Transmitting 145.925 to 145.875 Mc/s. 
It will be appreciated that in the process of translation, 

frequency inversion will take place, a station operating on, 
say, 144.075 Mc/s being retransmitted on 145.925 Mc/s. 
Thus, with a single-sideband transmission in which the upper 
sideband is transmitted by the ground station, it will appear 
as the lower sideband when received from the satellite. 

All forms of modulation including c.w., narrow band f.m., 
a.m. or p.m. telephony and teleprinter may be employed. 

A modification of the frequency limits, both for acquisition 
by Oscar III and for reception of the translated signal by 
a ground station/may be caused by Doppler shift due to the 
speed of the satellite relative to the transmitting and receiv- 
ing stations concerned. A maximum frequency shift of 
8kc/s is anticipated when the track of the satellite passes 
immediately. above the receiving station and must be allowed 
for when tuning over the translated band of signals. 

The average output power of the main transmitter in the 
satellite will be one watt, and automatic gain control in the 
receiver section will ensure that this is not exceeded by even 
the loudest incoming signal. It will be imperative, there- 
fore, that amateurs attempting to make contacts via the 
satellite restrict their power to such a level that this a.g.c. is 
not brought into operation, otherwise a reduction in the 
strength of all other signals being handled by Oscar III at 
that time would occur. 

Two further transmitters will be carried, one a beacon 
radiating a continuous unmodulated 100 mW carrier on 
145.950 Mc/s for tracking purposes and the measurement of 
Doppler shift, and the other, on 145.850 Mc/s, for telemetry. 
This will take the form of the morse letters " HI," the speed 
of sending varying according to the information being trans- 
mitted, together with variable width pulses between the 
Morse characters to convey the state of the power supply. 

Receiver and Aerial Recommendations 
For reception of signals from Oscar III a combination of a 
crystal-controlled converter feeding into a communication 
receiver which provides the variable first i.f., as generally 
favoured by operators on the 144 to 146 Mc/s amateur band, 
is to be recommended, and as all transmissions from the 
satellite including the beacon and telemetry frequencies will 
occupy a band only.T00kc/s wide, some means of frequency 
measurement is highly desirable. An ideal arrangement 
would be a frequency marker consisting of a 1 Mc/s crystal 
oscillator checked against the standard frequency transmis-. 
sions from MSF or 5 or 10 Mc/s, locking a lOOkc/s multi- 
vibrator and harmonic generator giving an output between 

* United Kingdom Co-ordinator for Project Oscar, 24 Arundcl Road, 
Tunbridge Wells, Kent. 
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145 and 146 Mc/s. A word of warning is appropriate, how- 
ever, as it is all too easy for the crystal and multivibrator 
harmonics to find their way directly into the tunable first i.f, 
and not come from the v.h.f. section of the receiver at all. 
An alternative arrangement available to listeners within 50 
miles or so of London, would be to locate the Radio Society 
of Great Britain's beacon transmitter, GB3VHF, situated at 
Wrotham, Kent, and radiating on 144.5 Mc/s, and then to 
calibrate the first i.f. tuning range of the receiver by injecting 
harmonics from a 100 kc/s crystal oscillator directly into it 
in parallel with the output of the converter. 

Unless reception is to be confined to those times when the 
satellite is in the immediate vicinity of the station, some form 
of rotatable beam aerial will be necessary. This mav take 
the form of a four- or five-element Yagi or the more elabor- 
ate stacked multi-element Yagi. 

As the satellite will not maintain a constant attitude in 
space, signals from its quarter-wave ground-plane aerial may 
arrive in any plane and either horizontal or vertical polariza- 
tion of the receiving aerial could be employed. 

So far as amateur signals on the two metre band are 
concerned, these are almost invariably horizontally polarized, 
and with the multi-element arrays previously mentioned the 
vertical polar diagram is quite narrow. This would be per- 
fectly satisfactory for communication with the satellite at 
extreme range, when it would be low on the horizon, but 
when it is nearer, and therefore at a greater elevation, the 
flat-topped beam would not be working at its best. This 
could be important when transmitting, and some amateurs are 
arranging for their arrays toi be steerable in elevation as 
well as in azimuth. Bearing in mind, however, that for the 
nearer passes, signals even from a 130 mW transmitter, would 
be many decibels above the noise level, it is not considered 
necessary to provide for variable elevation of the aerial when 
reception only is intended. 

Expected Results 
If Oscar III follows a similar polar orbit and at about the 
same height as its two predecessors, signals from it, given 
suitable receiving equipment, should be audible when it 
is at least 1,000 miles distant, which means that communica- 
tion with its aid should be possible over twice that range. 

The duration of signals during any pass, other things being 
equal, will depend upon its distance from the receiver with 
a maximum of about twelve minutes when the track lakes 
it directly overhead. 

It is intended that predictions of the satellite's tracks dur- 
ing its expected life of three to four weeks will be broadcast 
on Sunday mornings from the R.S.G.B. News Bulletin trans- 
mitters, GB2RS, operating the following schedule: 

Frequency Time Location of Station 
145.10 Mc/s 0930 j Beaming north from London 

1000 [, Beaming west from London 
145.80 Mc/s 1015 : Beaming south from Belfast 
145.30 Mc/s 1030 Beaming north west from Sutton Coldfield 

1100 | Beaming south west from Sutton Gofdfield 
145.50 Mc/s 1 130 1 Beaming north from Leeds 

1200 ! Beaming east from Leeds 

It would be advisable to commence listening on the beacon 
frequency from five to ten minutes before the predicted time, 
depending upon whether the track is distant or near to the 
station, and as soon as this transmission is heard to start 
tuning the translater signal band. 
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Miniat·u:r·e :Selenium Rec·tifiers for 

VOLT AGE REG~LATION PROBLEMS AND THEIR SOLUTION 

FOR more · th~m a· decade it has been . the ·established 
practice : in television receivers to ' obtain the 
e.h.t. supply for the c.r.t. by rectifying the high­

voltage pluse generated by the line':"scanning circuit during 
the rapid flyback'at the end of each scanning stroke. The 
principles of operation of the scanning and e.h.t. circuits 
are well known1 and will not be discussed here. Valve 
rectifiers have been universally used for the e.h.t. although. 
selenium stacks put in a brief appearance in early days . 
when the -size of receivers was still large enough ·to 
accommodate the relatively large stacks that were neces­
sary with the techniques of the day. Although the com­
ponent space available in modern television receivers 
has shrunk to very small proportions, it has been possible 
once again to consider selenium for the e.h. t. owing to 
the recent introduction -of very small and efficient plates. · 
These can be stacked into compact assemblies to give 
sizes comparable with valves, and modern automated 
manufacturing processes . have kept the costs down to an 
attractively low level. . The advantages to be gained from 

I= ~· MR Fig. I. Equivalent circuit 
of e.h.t. rectifier. 

the use of a selenium stack in place of a valve are the 
expectation of longer life, and the elimination of a heater 
winding from the line transformer (with its attendant 
design problems, especially relevant to dual line standard 
sets as are now current in Great Britain). To be set 
against these is the inferior voltage regulation of the 
selenium stack, which must be carefully controlled to 
keep within acceptable limits of performance, and the 
need to limit the maximum operating temperature to 
a safe level. 

A given percentage regulation of the e.h.t. supply 
yields, in any television set, a given percentage variation. 
in picture size for different mean picture brightness levels 
This change of picture size must be kept within bounds 
if the set is to be acceptable to the average viewer. 
Subjective tests have established what level is tolerable 
(this is bound to vary from one person to another and a 
compromise must be adopted) and this therefore sets 
the permissible level of e.h.t. percentage regulation for 
any television set. This article discusses the quantitative 
effect of rectifier forward and reverse resistance on the 
voltage regulation and offers some conclusions. 

The conditions applying during the reverse-biased 
portion of the rectifier cycle are significantly different 
from those that would apply in normal sine-wave recti­
fication. These conditions are examined and certain 
conclusions are drawn. 

Some explanation is given of the need for mounting 
1 See for example S.W. Amos and D.C. Birkinshaw, «Television Engineer­
ing" Vol. 4, pages 219-234. (Alternatively, W.T. Cocking, "Television 
Receiving Equipment", 4th edition, chapters 8 and 28) . (Iliffe Books Ltd.) 
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the rectifiers in as ·cool a posltlon as is obtainable in a 
television receiver. The causes .of uneven distribution 
of heating throughout the stack. are given, and the 
remedy is given as a recommendation to add shunt 
capacit~ce across part of the stack. 

Finally, conclusions . are · given coocerning the speci-­
fication and use of these rectifiers . which are the subject 
?f various patent descriptions. · 

Voltage Regulation .. ·.. . .. . · 
Effect of Rectifier Forward ' Resist~nce:;_.-A simp~ified 
equivalent circuit . of the e.h~ t . . ,, rectifier 'is shown in 
Fig. 1 and the applied puls~ waveform of voltage is 
illustrated in Fi~ 2. . . · . ·. . · · . 

In Fig. ~~ ? is .the instantaneous vah~e of the ·input 
voltage, whose waveform is illustrated in Fig. 4; V is 
the: d. c . . rectified output voltage; r is the effective forward 
resistance of the source and of the rectifier in ·series; 
MR is an ideal rectifier of zero ·forward resistance and 
infinite reverse resistance; R is the effective load consti­
tuted 'by the cathode ray tube (V divided by the beam 
current) and C is . a . reservoir capacitance. R may be 
taken to include. the . shunt loading presented . by the 
reverse resistance of a. practical rectifier when reverse­
biased. C is, in practice,. constituted by the capacitance 
in the c.r.t. between the anode (internal conductive 
coating) and the external earthed coating. 

· In Fig . . 2, T 1 is the duration of the first half.-:cyde of 
· the oscillatory waveform: that constitutes the · input 

voltage; T 2 is the periodicity of the ~aveform (i.e. the 
reciprocal of the line frequency). Typically, the oscil­
latory period of a ·line-scan circuit is three times the line 
frequency, which would make T 2 = 6T 1 , We can general­
ize, however, by putting T 2 = 2nT 1, where n is the 
frequency ratio. The equation of the first half-cycle 
of the waveform may be written as shown in Fig. 2. 

If capacitor C is sufficiently large to make the time­
constants rC and RC long compared with T 1 and T 2, 

Fig. 2. Waveform of applied input. 
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Miniature Selenium Rectifiers for 

VOLTAGE REGULATION PROBLEMS AND THEIR SOLUTION 

FOR more than a decade it has been the established 
practice in television receivers to obtain the 
e.h.t. supply for the c.r.t. by rectifying the high- 

voltage pluse generated by the line-scanning circuit during 
the rapid flyback at the end of each scanning stroke. The 
principles of operation of the scanning and e.h.t. circuits 
are well known1 and will not be discussed here. Valve 
rectifiers have been universally used for the e.h.t. although 
selenium stacks put in a brief appearance in early days 
when the size of receivers was still large enough to 
accommodate the relatively large stacks that were neces- 
sary with the techniques of the day. Although the com- 
ponent space available in modern television receivers 
has shrunk to very small proportions, it has been possible 
once again to consider selenium for the e.h.t. owing to 
the recent introduction of very small and efficient plates. 
These can be stacked into compact assemblies to give 
sizes comparable with valves, and modern automated 
manufacturing processes have kept the costs down to an 
attractively low level. The advantages to be gained from 

Fig. I. Equivalent circuit 
of e.h.t. rectifier. 

the use of a selenium stack in place of a valve are the 
expectation of longer life, and the elimination of a heater 
winding from the line transformer (with its attendant 
design problems, especially relevant to dual line standard 
sets as are now current in Great Britain). To be set 
against these is the inferior voltage regulation of the 
selenium stack, which must be carefully controlled to 
keep within acceptable limits of performance, and the 
need to limit the maximum operating temperature to 
a safe level. 

A given percentage regulation of the e.h.t. supply 
yields, in any television set, a given percentage variation, 
in picture size for different mean picture brightness levels 
This change of picture size must be kept within bounds 
if the set is to be acceptable to the average viewer. 
Subjective tests have established what level is tolerable 
(this is bound to vary from one person to another and a 
compromise must be adopted) and this therefore sets 
the permissible level of e.h.t. percentage regulation for 
any television set. This article discusses the quantitative 
effect of rectifier forward and reverse resistance on the 
voltage regulation and offers some conclusions. 

The conditions applying during the reverse-biased 
portion of the rectifier cycle are significantly different 
from those that would apply in normal sine-wave recti- 
fication. These conditions are examined and certain 
conclusions are drawn. 

Some explanation is given of the need for mounting 
1 See for example S.W. Amos and D.C. Birkinshaw,Television Engineer- 
ing" Vol. 4, pages 219-234. (Alternatively, W.T. Cocking, "Television 
Receiving Equipment", 4th edition, chapters 8 and 28). (Iliffe Books Ltd.) 

the rectifiers in as cool a position as is obtainable in a 
television receiver. The causes of uneven distribution 
of heating throughout the stack are given, and the 
remedy is given as a recommendation to add shunt 
capacitance across part of the stack. 

Finally, conclusions are given concerning the speci- 
fication and use of these rectifiers which are the subject 
of various patent descriptions. 

Voltage Regulation 
Effect of Rectifier Forward Resistance:—A simplified 
equivalent circuit of the e.h.t. rectifier is shown in 
Fig. 1 and the applied pulse waveform of voltage is 
illustrated in Fig. 2. 

In Fig. 1, e is the instantaneous value of the input 
voltage, whose waveform is illustrated in Fig. 2; V is 
the d.c. rectified output voltage; r is the effective forward 
resistance of the source and of the rectifier in series; 
MR is an ideal rectifier of zero forward resistance and 
infinite reverse resistance; R is the effective load consti- 
tuted by the cathode ray tube (V divided by the beam 
current) and C is a reservoir capacitance. R may be 
taken to include the shunt loading presented by the 
reverse resistance of a practical rectifier when reverse- 
biased. C is, in practice, constituted by the capacitance 
in the c.r.t. between the anode (internal conductive 
coating) and the external earthed coating. 

In Fig. 2, Ti is the duration of the first half-cycle of 
the oscillatory waveform that constitutes the input 
voltage; T2 is the periodicity of the waveform (i.e. the 
reciprocal of the line frequency). Typically, the oscil- 
latory period of a line-scan circuit is three times the line 
frequency, which would make T2 = bTi. We can general- 
ize, however, by putting T2 = 2nT1, where n is the 
frequency ratio. The equation of the first half-cycle 
of the waveform may be written as shown in Fig. 2. 

If capacitor C is sufficiently large to make the time- 
constants rC and RC long compared with Tl and T2, 

Fig. 2. Waveform of applied input. 

1st. '/z CYCLE <? = Ecosir4 
'l 

;o -it o i 
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E.H.T. 

By J. L. -STORR-BEST,* B.Sc.(Eng.), A.M.I.E.E. 

we 'inay assume that V remains constant throughout 
the cycle_; that is to say, the charge injected via r into c 
during forward · conduction of the rectifier, and the 
charge lost via R :when the ' r~ctifier is reverse-biased, is 
small . compared . to . the total · charge oh C. · Since in 
practice Cis of the order of' 1500 pF whilst' rand Rare 
not less thari 100k'O and 100 MO 'respectively, the time­
constants can be considered sufficiently long to justify 
this assumption. 

With these conditions applying, we can see that the 
diode will conduct during the shaded portion of the input 
voltage. The current flowing from. the source at any 
time t during this period is given by:-

. i ~ ~· (Ecos~f; -v) 
an.d since V = E cos B, 

t = - cos1r -- - cosB . E (' t ) 
r T 1 

The energy injected into the capacitor is:-

J
+ !!..Tl 

7r ' 

i.V.dt 
- ~.T1 

7r 

E2J +!·Tl( t 
= - cos1r- . cosB -

r T 1 
0 - ; ·Tl 

0 + ;;. .T1 

= ~~ [~ sin 7T .!_· . COS (} - COS 2 7T. t]. 
r 7T T 1 

- !! .T1 
7r 

E
2 

(2T1 • B ) = --· - sm 8 cos(} - 2- T 1• cos2 0 
r 7T rr 

Now the energy lost from the capacitor during 
complete cycle is:-

E2 
= --· T 2 cos2 B 

R 
Equating (1) and (2) we get 

Hence 

T
2 

1 ( T 1 T 1 ) = ·- 2- tan 8 - 2- (} 
R r 7T 7T 

r 2T1 --= - - (tan(} - B) 
R 1rT 2 

(1) 

the 

(2) 

and if, as · suggested earlier, we let T 2 

general case, the general solution becomes 
2nT 1 in a 

r tan B.- B 

R n.1r 
(3) 

Note that if we make n = 1, we have the condition for 

*STC Semiconductor Division (Rectifiers) 
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S.T,C. miniature e.h.t. rectifier elements. 

normal sine wave rectification, ::md ~:his provides the 
useful check that · · 

r 
R 

tan B - B . , . 
-- ·-- - -·- , whtcn 1s well-known. 2 

rr 

S
. v 
mce E = cos e 

we can see from equations (3) and (4) that 
v 
E 

(4) 

is a 

function of~- This relation~hip has been plotted in Fig. 3 

for the simple sine wave case, where n = 1, and the 
typical television case where n = 3. It will be seen that 
these curves are in fact regulation characteristics, with 

the output voltage, V, dropping as load current. -~ is 

increased. The regulations of a given rectifier is three 
times as bad in the pulse rectification case, as it is in the 
sine-wave case. Matters look even worse when we. com­
pare the regulation of this pulse rectifier circuit to the 

equivalent d.c. case. Thus, the value of kfor 95% output 

must be 44 times smaller than in a d.c. circuit; in other 
words, a lOOk 0 series resistance measured by d. c. appears 
as a source resistance of 4.4 MD in the pulse rectifier 
circuit! 

How bad a regulation can be tolerated and what does 
this mean in terms of specifying the forward characteristic 
of the rectifier? To answer these questions, first let us 
look at the effect of e.h.t. voltage regulation on television 
receiver behaviour, as seen by the viewer. 

The spot deflection in a magnetically-deflected c.r.t. 

. . b D K.B h K. d beam IS g1ven y = \TE w ere lS a constant . epen-

dent on the tube and deflection coil geometry, B is the 
deflecting flux density and E is the e.h.t. voltage. 

2M G. Scroggie, "The Diode Rectifier in Valve Voltmeters", Wireless 
World, July, 1954. 
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Television E.H.T. 

By J. L. STORR-BEST,* B.sc.(Eng.), a.m.i.e.e. 

we may assume that V remains constant throughout 
the cycle; that is to say, the charge injected via r into C 
during forward conduction of tlie rectifier, and the 
charge lost via R when the rectifier is reverse-biased, is 
small compared to the total charge on C. Since in 
practice C is of the order of 1500 pF whilst r and R are 
not less than 100kO and 100 MO respectively, the time- 
constants can be considered sufficiently long to justify 
this assumption. 

With these conditions applying, we can see that the 
diode will conduct during the shaded portion of the input 
voltage. The current flowing from the source at any 
time t during this period is given by:— 

and since V 

* = * (Ecos^-v) 

= E cos 6, 
■ E / t \ l — —\ COStt — cost*! 

'l Tr / 
The energy injected into the capacitor is:— 

S.l.C. miniature e.h.t. rectifier elements. 

normal sine wave rectification, and this provides the 
useful check that 

, which is well-known.2 

Since - , = cos 
E • • (4) 

+ i -T1 

(COSTT—cost 
\ T! 

E2 rTi... J — sin w—. cos 0 — cos27r. rj 

— sin g cos g _ 2 Tj. cos2<A .. (1) 
r \ 7T 77 / 

Now the energy lost from the capacitor during the 
complete cycle is:— 

V2 ^ 
R X 12 

E2 

~-—'T2cos2d .. (2) 

Equating (1) and (2) we get 

I2 ^ (2^ tan.-2^) R r \ TT TT ' 
r 2T 

Hence — = (tan 0—0) 

and if, as suggested earlier, we let T2 = 2nTl in a 
general case, the general solution becomes 

r tan 0—0 
-- =  .. .. (3; 
R n.-n 

Note that if we make n = 1, we have the condition for 

*STC Semiconductor Division (Rectifiers) 

we can see from equations (3) and (4) that • „ is a E 
Y ' . ■ ' . 

function of - . This relationship has been plotted in Fig. 3 R 
for the simple sine wave case, where « = 1, and the 
typical television case where « = 3. It will be seen that 
these curves are in fact regulation characteristics, with 

the output voltage, V, dropping as load current ^ is 

increased. The regulations of a given rectifier is three 
times as bad in the pulse rectification case, as it is in the 
sine-wave case. Matters look even worse when we com- 
pare the regulation of this pulse rectifier circuit to the 

f 
equivalent d.c. case. Thus, the value of - for 95% output 

R 
must be 44 times smaller than in a d.c. circuit; in other 
words, a 100k O series resistance measured by d.c. appears 
as a source resistance of 4.4 MO in the pulse rectifier 
circuit! 

How bad a regulation can be tolerated and what does 
this mean in terms of specifying the forward characteristic 
of the rectifier? To answer these questions, first let us 
look at the effect of e.h.t. voltage regulation on television 
receiver behaviour, as seen by the viewer. 

The spot deflection in a magnetically-deflected c.r.t. 
K B 

beam is given by D = where K is a constant depen- 
vfc . 

dent on the tube and deflection coil geometry, B is the 
deflecting flux density and E is the e.h.t. voltage. 
ZM G. Scroggie, 
World, July, 1954. 
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Fig. 3. Comparison of th~oretical regulation curves obtained with 
the same rectifier for (a) TV pulse re::tifier (n = 3) : (b) normal 
half sine wave rectifier (n = /) . 

Thus for a given current through the deflection coils, 
and hence for a given flux density, the deflection varies 
inversely as th';! square root of the e.h.t. In practical 
terms this means that, as the brilliance control is advanced 
and more beam current is drawn, the resulting drop in 
e.h. t. due to the voltage regulation of the rectifier system 
causes the picture to expand. If we neglect. the effect. of 
the change in rectifier load on the deflectiOn scannmg 
circuit, then a 5% drop in e.h.t. gives approximately a 
2!% increase in picture width (and height). On a 20'-in 
screen, this amounts to about Mn increase in the diagonal. 

It is convenient to define the voltage regulation in 
terms of an effective d.c. source resistance. For example, 
it has been found by subjective viewing tests that 
a performan.:e which is. just acceptable is givex;t by an 
effective source resistance of 8M 0 for a change m beam 
current from zero to 100 f.LA. The interpretation of the 
" 8 M 0 J' is that the voltage drop from no load to 100 
microamps is (8 x 106) x (100 x 10- 6) = 800 V. This 
constitutes a 5% regulation on a 16 kV e.h.t. supply. 

We· can now begin to see what the maximum forward 
resistance of the rectifier must be. 

Thus e.h.t. on no load = 16 kV 
e.h.t. on 100 fLA = 15.2 kV 

.R = !~·~~~ 150MO 
100 X 10- 6 

v 15.2 
Since E = l6 = 0.95 

8=cos-1 0.95 = 0.3176 

:. :_ = tan o ~ o = 0.3288- 0.317~ (if n = 3) 
R n1r . 3TT 

' = 0.00119 
:. r = 0.00119 x 150 MO 

= 180 kO 

Thus a forward slope resistance of 180 kO yields an 
effective regulation resistance of 8 M 0~ The peak current 
through the rectifier is 800 I 180 = 4.4 rnA. 

Effect of Rectifier Reverse Resistance:-During the 
period of the cycle in which the diode is not conducting 
the capacitor C loses charge both through the beam · 
current path (150 Mn in the above. examp~e) and throu~h 
the leakage path of the reverse-biased diode. Thus .1f, 

20 

for example, the diode leakage curre.nt is 5_Df.LA, we hav.e 
in shunt with the 150 M 0 an effecttve resistance of 

15.2 x 103 ~ 300 Mo 
50 X 10- 6 

150 X 300 .. 
Thus R becomes · = 100 M · 0 for . a load 

4;50 
current of 100 fLA. 

For zero load current R is· simply the 300 MO due 
to reverse leakage current. . · 

· r 180k o · · . · ·. V · 
· Atzero, --= ---=0.0006,fromwhichE-- = 0.968 
•. R 300MO 

· r 180k0 . 
At 100 {LA, - = --- = 0.0018, from which 

R 100MO · 
. v · 

:E = o~933 

H ence the voltage· drop from 0 to 100 f.LA is . .· · 
. · 16 (0.968-0.933) kV = 560 V; 

T hus the effect of the presence of this finite rectifier 
reverse resistance is to improve the . regulation resistance 
from 8 MO to 5.6 MO. On the other hand, the e.h.t. 
output is of course · lower than it would have been in the 
absence of leakage current. The no load output ·is 
approximately 15.5 kV instead of 16 kV, and the 100 fLA 
load output is about 14.9 kV inste31d of 15.2 kV. . . · 

The conditions applying durmg the reverse-b1ased 
portion of the cycle are, in practice, co~pli~ated by the 
presence of shunt capacitance to earth, distribute~ d.own 
the length of the rectifier stack. The effect of. t~us IS to 
give a gradient of reverse voltage per pl,at~ rismg to a 
peak at the pulse input end of the stack. T his effect, and 
the remedy, is discussed later. 

It has been shown that to obta~n the acceptable figure 
of 8 M 0 regulation resistance requires a total forward 
resistance (source + rectifie!) ~f 180k~. Now t?e source 
will generally constitute a sigmficant part of this 180k o, 
depending on the design of the line output stage and 
transformer. In one practical case on which measureme~ts 
were made, the regulation due to the source alon~ .(1.e. 
measured with a valve rectifier) was 6 MO and, m an 
improved designt, 3 MO. In the forrper ca.se, the 6 MO 
is equivalent to 110kO, so ~hat only 7~k0 Is left for the 
rectifiers . It is found that with the quality of 2-mm plates . 
at present available, it is not pos~ible to ob~ain such a low 
forward resistance whilst havmg sufficient plates to 
withstand the maximum reverse voltage. 

. Conclusion 1. 2-111Iil selenium e.h:t . stacks can only 
be used in television sets in which the line output stage 
(and transformer) design is good eno~gh. To check 
whether this is so, the e.h.t. regulation should be 
measured between 0 and 100 f.LA, using a valve rectifier. 
If the regulation resistance, measured in this way, 
exceeds about 3 or 4 M O, it will be impossible to use 
a 2-mm selenium stack rectifier and obtain an acceptable 
regulation. 

Fig. 4 illustrates the measured forward characteristic 
of a selenium stack containing 170 2-mm. plates. The 
characteristic may be approximated by the dotted straight 
line. This line, in turn, represents the forward .characte~­
istic ·of a perfect rectifier of zero forwa~d resistance, m 
series with a resistance of a perfect rectifier : of zero for­
ward resistance, . in series with a resistance of 45k 0 ; 
Thus, three of these in series (which may be nec~ssary . 
to withstand a certain required reverse voltage) will be 
equivalentto a bias voltage of360V. in series with 135kn. 

·.t The new Thorn miniature jellypot line transfor,mer 
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Fig. 3. Comparison of theoretical regulation curves obtained with 
the same rectifier for (a) TV pulse rectifier (n = 3) : (fa) normal 
half sine wave rectifier (n = I). 

Thus for a given current through the deflection coils, 
and hence for a given flux density, the deflection varies 
inversely as the square root of the e.h.t. In practical 
terms this means that, as the brilliance control is advanced 
and more beam current is drawn, the resulting drop in 
e.h.t. due to the voltage regulation of the rectifier system 
causes the picture to expand. If we neglect the effect of 
the change in rectifier load on the deflection scanning 
circuit, then a 5% drop in e.h.t. gives approximately a 
21increase in picture width (and height). On a 20-in 
screen, this amounts to about iin increase in the diagonal. 

It is convenient to define the voltage regulation in 
terms of an effective d.c. source resistance. For example, 
it has been found by subjective viewing tests that 
a performance which is just acceptable is given by an 
effective source resistance of 8M Li for a change in beam 
current from zero to 100 nA. The interpretation of the 
" 8 Mil " is that the voltage drop from no load to 100 
microamps is (8 x 106) x (100 x 10 s) = 800 V. This 
constitutes a 5% regulation on a 16 kV e.h.t. supply. 

We can now begin to see what the maximum forward 
resistance of the rectifier must be. 

Thus e.h.t. on no load = 16 kV 
e.h.t. on 100 /uA = 15.2 kV 

15.2 x 103 

R = -   150 Mn 
100 x 10-6 

V 15.2 
Since - = —— = 0.95 

E 16 
0=cos~l 0.95 = 0.3176 

r tan 9 - 0 0.3288 - 0.3176 = =    (if n = 3) 
R nv 3w 

= 0.00119 
r = 0.00119 X 150 MO 

= 180 ka 
Thus a forward slope resistance of 180 ka yields an 

effective regulation resistance of 8 Ma. The peak current 
through the rectifier is 800/180 = 4.4 mA. 

Effect of Rectifier Reverse Resistance:—During the 
period of the cycle in which the diode is not conducting 
the capacitor C loses charge both through the beam 
current path (150 Ma in the above example) and through 
the leakage path of the reverse-biased diode. Thus if. 

300 Ma 

100 Ma for a load 

for example, the diode leakage current is 50ftA, we have 
in shunt with the 150 Ma an effective resistance of 

15.2 X 103 ,nnwn 
—  V7v—<r 300 M ^ 50 x 10-6 

Thus R becomes ^ — = 100 Ma for a load 4d0 
current of 100 uA. 

For zero load current R is simply the 300 Ma due 
to reverse leakage current. 

r 1SOk a V 
At zero, ^=3^^-^= 0.0006, from which- = 0.968 

At 100 pA, ^ = rfirTA = 0.0018, from which R 100M a 
V   

Hence the voltage drop from 0 to 100 ftA is 
16 (0.968-0.933) kV = 560 V. 

Thus the effect of the presence of this finite rectifier 
reverse resistance is to improve the regulation resistance 
from 8 Ma to 5.6 Ma. On the other hand, the e.h.t. 
output is of course lower than it would have been in the 
absence of leakage current. The no load output is 
approximately 15.5 kV instead of 16 kV, and the 100 p-A 
load output is about 14.9 kV instead of 15.2 kV. 

The conditions applying during the reverse-biased 
portion of the cycle are, in practice, comphcated by the 
presence of shunt capacitance to earth, distributed down 
the length of the rectifier stack. The effect of this is to 
give a gradient of reverse voltage per plate rising to a 
peak at the pulse input end of the stack. This effect, and 
the remedy, is discussed later. 

It has been shown that to obtain the acceptable figure 
of 8 Ma regulation resistance requires a total forward 
resistance (source + rectifier) of 180k a. Now the source 
will generally constitute a significant part of this 180k a, 
depending on the design of the line output stage and 
transformer. In one practical case on which measurements 
were made, the regulation due to the source alone (i.e. 
measured with a valve rectifier) was 6 Ma and, in an 
improved designf, 3 Ma. In the foriner case, the 6 Ma 
is equivalent to 110k a, so that only 70ka is left for the 
rectifiers. It is found that with the quality of 2-mm plates 
at present available, it is not possible to obtain such a low 
forward resistance whilst having sufficient plates to 
withstand the maximum reverse voltage. 

Conclusion 1. 2-mm selenium e.h.t. stacks can only 
be used in television sets in which the line output stage 
(and transformer) design is good enough. To check 
whether this is so, the e.h.t. regulation should be 
measured between 0 and 100 xA, using a valve rectifier. 
If the regulation resistance, measured in this way, 
exceeds about 3 or 4 Ma, it will be impossible to use 
a 2-mm selenium stack rectifier and obtain an acceptable 
regulation. 
Fig. 4 illustrates the measured forward characteristic 

of a selenium stack containing 170 2-mm. plates. The 
characteristic may be approximated by the dotted straight 
line. This line, in turn, represents the forward character- 
istic of a perfect rectifier of zero forward resistance, in 
series with a resistance of a perfect rectifier of zero for- 
ward resistance, in series with a resistance of 45k a. 
Thus, three of these in series (which may be necessary 
to withstand a certain required reverse voltage) will be 
equivalent to a bias voltage of 360V. in series with 135k a. 

t The new Thorn miniature jellypot line transformer 
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The 360V is significant only · in that it imposes a fixed 
voltage drop at all load currents; on the other hand, as 
already discussed, the 135k n determines the voltage 
regulation. A practical test was carried out with three 
such rectifiers, working from an output stage and trans­
former of 3 MO regulation (measured as described above). 
Now 3 M n regulation resistance is equivalent to 40k n 
series source resistance, calculated by the methods 
described. Therefore the combined series resistance of 
source and rectifier should be about 185k0, it will be 
remembered that a 180k n series resistance yields, by 
calculation, an 8 M n regulation resistance if no leakage 
current is present. In the measured case, these three 
rectifier stacks gave a regulation resistance of 10 M O, 
which is a reasonable correlation considering the assump­
tions that have been made. The numerical illustrations 
are ·chiefly of use in obtaining an understanding of the 
dependence of rectifier performance on certain para­
meters rather than of yielding specification data. Once 
the former is understood, the latter can be fixed experi­
mentally with a high degree of confidence. 

The addition of 10 pF capacitance across one of the 
stacks (for .a reason to be discussed later) had the effect 
of worsening the regulation resistance from 10 to 16 MO. 
The explanation of this effect is not complete, but it is 
known from many practical observations that the addition 
of shunt capacitance always worsens the regulation. 

It was concluded that these 170-plate rectifier stacks 
would -not be satisfactory for television e.h.t. owing to 
the excessive regulation resistance produced, particularly 
when the necessary shunt capacitance was added. At the 
same time, it would not be possible to reduce greatly the 
number of plates whilst still being able to withstand 
the absolute maximum reverse voltage; if the reverse 
voltage per plate is allowed to become too great, the 
rise in leakage current may be too great for safe operation 
and the reduced level of e.h.t. may become unacceptable. 

A suitable compromise can be made with a reduced 
number of plates per stack. For example, a 150-plate 
stack will reduce the regulation resistance, including 
the effect of added shunt capacitance, to about 9 M n. 
In this case, improvement to the specification figure 
of 8 M Q can be met by control of plate forward character­
istic. This is the basis of the present design. 

Conclusion 2. To obtain a regulation resistance not 
exceeding 8 M n from 0 to 100 p.,A (on a nominal 
16 kV d.c. output) three stacks with 150 plates each 
should be used. (This does not mean that the current 
is limited to 100 p.,A nor the d.c. output of 16 kV. 

~ i·S 1-----+---+----t----s-+----t 
~ 

-~ 
B t·o 1----+----+----+-1'--+---1 

0 - so 

Fig. 4. Measured forward characteristic of a typical 170-plate 
2-mm selenium stack. 

It is merely an assessment of the requirements for 
voltage regulation.). 

Reverse Voltage 

The main difference between the reverse voltage conditions 
of a pulsed e.h.t. rectifier and that of a sinusoidal e.h.t. 
rectifier may be summarized as follows. The peak inverse 
voltage (p.i.v.) of a pulsed input rectifier may be only a 
small percentage above the d.c. output voltage, whereas 
for a sinusoidal input, the p.i.v. is at least twice the d.c. 
output. (In Fig. 2 it will be seen that the p.i.v. is V + E 0, 

which would approach E + E 0 on zero beam current 
and with zero leakage rectifiers.) To be set against this 
.advantage of a lower p.i.v. per d.c. volt, is the disadvantage 
that the reverse voltage persists for a much ·larger per­
centage of the cycle; with a sinusoidal input, only during 
a very small portion of the cycle is the reverse voltage 

· at a high level (around the peak of the sinewave); with 
the pulse input, d.c.' blocking conditions almost apply. 

As shown earlier there is another disadvantage in the 
pulse input compared with . the sinusoidal input: the 
volt;1ge regulation of a given stack is worse by the ratio 
of equivalent pulse frequency to line frequency; i.e. if 
the line scan transformer circuit resonates at three times 
the line scan frequency, then the regulation of the rectifier 
will be three times as bad as it would be when fed with a 
sine-wave input at line frequency. This is partly offset 
by the lower p.Lv. and therefore by the reduced number 
of plates in use; however, to achieve equally as good a 
regulation as with sinusoidal input, it would be necessary 
to use even less plates,- and hence to end up with a 
requirement for a greater p.i.v. per plate. 

The actual p.i.v. quoted for a particular stack is largely 
a matter of definition: the principles have been explained 
above. Thus, the p.i.v. for pulse rectification will actually 
be lower than for sinusoidal operation because of the 
" blocking " duty performed, as previously explained. 
Sinusoidal ratings, on the other hand, tend to be con­
servative since they are intended for a wide variety of 
general applications. A further consideration is that the 
pulse rating, for the particular application of television 
line flyback pul~es, must be made as keen as possible 
in order to be able to achieve at all necessary compromise 
between vohage regulation and p.i.v. For this reasqn 
it is considered that a single p.i.v. rating can be given 
for both sinusoidal and television pulse inputs. The d.c. 
rating should of course be lower than this figure, as 
mentioned above. 

The ratings adopted for the present rectifier stack 
designs are as follows:-

150-plate stack Code X80/150. D.c. reverse voltage 
at 20 p.,A:-6000 V. (40V/plate). P.i.v. sinusoidal 
or t.v. pulse input :-6750V. (45V/plate). Stacks 
with other numbers of plates may be rated acoordingly. 

Rectifier Heating 
Causes:- As in most rectifiers, heating is due to forwerad 
conduction, in which power is dissipated by a high 
current at low voltage; or to. reverse leakage, by which 
power is di~sipated by low currents at high voltage. 

Some idea of dissipation can be obtained by re- . 
examining Figs. 1 and 2 and working out. an example. 
Figures that will not be far from those of a practical 
case, and . are convenient to use, are as follows:-

Source resistance 40k0 (Corresponds to a 
3 M n regulation re­
sistance) 

Stacks used 3 X 150-plate 
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The 360V is significant only in that it imposes a fixed 
voltage drop at all load currents; on the other hand, as 
already discussed, the 135k 11 determines the voltage 
regulation. A practical test was carried out with three 
such rectifiers, working from an output stage and trans- 
former of 3 Mil regulation (measured as described above). 
Now 3 MO regulation resistance is equivalent to 40kO 
series source resistance, calculated by the methods 
described. Therefore the combined series resistance of 
source and rectifier should be about 185kO, it will be 
remembered that a 180k O series resistance yields, by 
calculation, an 8 MO regulation resistance if no leakage 
current is present. In the measured case, these three 
rectifier stacks gave a regulation resistance of 10 MO, 
which is a reasonable correlation considering the assump- 
tions that have been made. The numerical illustrations 
are chiefly of use in obtaining an understanding of the 
dependence of rectifier performance on certain para- 
meters rather than of yielding specification data. Once 
the former is understood, the latter can be fixed experi- 
mentally with a high degree of confidence. 

The addition of 10 pF capacitance across one of the 
stacks (for a reason to be discussed later) had the effect 
of worsening the regulation resistance from 10 to 16 MO. 
The explanation of this effect is not complete, but it is 
known from many practical observations that the addition 
of shunt capacitance always worsens the regulation. 

It was concluded that these 170-plate rectifier stacks 
would not be satisfactory for television e.h.t. owing to 
the excessive regulation resistance produced, particularly 
when the necessary shunt capacitance was added. At the 
same time, it would not be possible to reduce greatly the 
number of plates whilst still being able to withstand 
the absolute maximum reverse voltage; if the reverse 
voltage per plate is allowed to become too great, the 
rise in leakage current may be too great for safe operation 
and the reduced level of e.h.t. may become unacceptable. 

A suitable compromise can be made with a reduced 
number of plates per stack. For example, a 150-plate 
stack will reduce the regulation resistance, including 
the effect of added shunt capacitance, to about 9 MQ. 
In this case, improvement to the specification figure 
of 8 M n can be met by control of plate forward character- 
istic. This is the basis of the present design. 

Conclusion 2. To obtain a regulation resistance not 
exceeding 8 MH from 0 to 100 aA (on a nominal 
16 kV d.c. output) three stacks with 150 plates each 
should be used. (This does not mean that the current 
is limited to 100 mA nor the d.c. output of 16 kV. 

2'0 

LaJ cr. 
o 1-0 

^ 0-5 

0 

Fig. 4. Measured forward characteristic of a typical 170-plate 
2-mm selenium stack. 
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It is merely an assessment of the requirements for 
voltage regulation.). 

Reverse Voltage 
The main difference between the reverse voltage conditions 
of a pulsed e.h.t. rectifier and that of a sinusoidal e.h.t. 
rectifier may be summarized as follows. The peak inverse 
voltage (p.'.v.) of a pulsed input rectifier may be only a 
small percentage above the d.c. output voltage, whereas 
for a sinusoidal input, the p.i.v. is at least twice the d.c. 
output. (In Fig. 2 it will be seen that the p.i.v. is V A 
which would approach E — E,, on zero beam current 
and with zero leakage rectifiers.) To be set against this 
advantage of a lower p.i.v. per d.c. volt, is the disadvantage 
that the reverse voltage persists for a much larger per- 
centage of the cycle; with a sinusoidal input, only during 
a very small portion of the cycle is the reverse voltage 
at a high level (around the peak of the sine wave); with 
the pulse input, d.c. blocking conditions almost apply. 

As shown earlier there is another disadvantage in the 
pulse input compared with the sinusoidal input; the 
voltage regulation of a given stack is worse by the ratio 
of equivalent pulse frequency to line frequency; i.e. if 
the line scan transformer circuit resonates at three times 
the line scan frequency, then the regulation of the rectifier 
will be three times as bad as it would be when fed with a 
sine-wave input at line frequency. This is partly offset 
by the lower p.i.v. and therefore by the reduced number 
of plates in use; however, to achieve equally as good a 
regulation as with sinusoidal input, it would be necessary 
to use even less plates, and hence to end up with a 
requirement for a greater p.i.v. per plate. 

The actual p.i.v. quoted for a particular stack is largely 
a matter of definition: the principles have been explained 
above. Thus, the p.i.v. for pulse rectification will actually 
be lower than for sinusoidal operation because of the 
" blocking" duty performed, as previously explained. 
Sinusoidal ratings, on the other hand, tend to be con- 
servative since they are intended for a wide variety of 
general applications. A further consideration is that the 
pulse rating, for the particular application of television 
line flyback pulses, must be made as keen as possible 
in order to be able to achieve at all necessary compromise 
between voltage regulation and p.i.v. For this reason 
it is considered that a single p.i.v. rating can be given 
for both sinusoidal and television pulse inputs. The d.c. 
rating should of course be lower than this figure, as 
mentioned above. 

The ratings adopted for the present rectifier stack 
designs are as follows:— 

150-plate stack Code X80/150. D.c. reverse voltage 
at 20 /iA:—6000 V. (40V/plate). P.i.v. sinusoidal 
or t.v. pulse input :—6750V. (45V/plate). Stacks 
with other numbers of plates may be rated accordingly. 

Rectifier Heating 
Causes:- As in most rectifiers, heating is due to forwerad 
conduction, in which power is dissipated by a high 
current at low voltage; or to reverse leakage, by which 
power is dissipated by low currents at high voltage. 

Some idea of dissipation can be obtained by re- 
examining Figs. 1 and 2 and working out an example. 
Figures that will not be far from those of a practical 
case, and are convenient to use, are as follows:— 

Source resistance = 40k (Corresponds to a 
3 Mil regulation re- 
sistance) 

Stacks used = 3 x 150-plate 
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Forward resistance total ==;:' _ 120k0 (Cf. Fig. 4 for a 
single 170-plate stack) 

Total forward threshold --
voltage 

Leakage current, total 
Peak input voltage 
Stray capacitance 

315V 
~() f-LA 

- ~ 16 kV 
Zero (to reduce com-

. . plexity of' analysis) 
The forward dissipation is given by integrating the 

product of diode forward current arid voltage over the 
conducting portion of the cycle. In Fig. 5, which takes 
into account the rectifier " threshold " voltage, the shaded 
area represents conduction. V is Jhe d. c. rectified voltage 
and V d is the rectified "threshold voltage" (corresponding 
to the horizontal intercept of the straight dotted line in 
Fig. 4). Conduction starts when the input voltage 
exceeds the d.cr + the threshold voltage. 

The voltage across the rectifier during conduction 
= e-V 

= E cos7T ;~ - a:E cos (} (ifV is some fraction a 

of the combined voltage (V + V a)). 

. = E ( cos7T !_ - a cos O) 
Tl . 

The current ·through the rectifier 

The energy dissipated per 
given by 

-fiT1 

r 

=~(cos 7T _!_ - cos e) 
y Tl 

pulse of conduction is 

J = ~2J' (c:s ";,-coso) .(cos"?~- a. cos e). dt 
. +fiT1 . 

1T 

£2 T 
.·. J = --- . 

2
- 1[28(1 + 2a cos2 B)- (1 + 2a) sin 28] 

y 7T 
Therefore if W is the mean power dissipation . due to 
forward conduction 

W X T 2 = J 
or W x nT 1 = J (using the symbol n as before) 

:. w =-L 
nT 1 
E 2 1 

= - -
2
- [28(1 + 2a cos2 B) - (1 + 2a) sin 28] 

r nr. 
In the practical case given, the following figures are 

calculated between 0 and 500 f-LA load (beam) current. 

Peak 
I 

Forward 
Beam Current E.H.T. rectifier power 

current 

I 

dissipation 
(J.LA) (kV) (mA) 

0 15.35 2.1 50mW 
100 14.8 5.5 340mW 
300 14.1 10.0 950mW 
500 13.6 13.1 1.9W 

Now the reverse dissipation is approximately constant at 
about 15 kV X 30rA = 450 mW if we neglect the rise of 
leakage current due to the ·forward heating of the stack. 

Therefore we can roughly say that at the normal 
picture setting, which corresponds to a little over 100/-LA, 
the forward and reverse losses contribute fairly equally. 
At extreme brightness, or with a worn c.r.t., the forward 
losses will contribute most to the heating. 

These calculations only give a guide to the conditions 
and give a· feel for the order of power · involved. In 

ANGLE -
Fig; 5~ Basis (oiccttculating forward dissipation. 

practice, they will be modified for a number of reasons; ' 
The most important of these is probably the fact that exira · 
reverse leakage current must . flow, particularly in $e 
plates nearest the pulse input, in order to charge up the 
stray capacitance to earth. At the relatively high fre­
quencies involved in 625-line receivers, this current can 
be appreciable. . It leads in fact to a marked temperature 
gradient over the length of the complete stack assembiy, 
and precautions have to be taken to even 'this out in order 
to avoid overstressing the first stack. The effect may be 
analysed br regarding the reverse-biased· rectifier assembly 
as a transmission line consisting of series and shunt cap­
acitances; the series elements are the effective capacitances 
of the rectifier plates, and the shunt ones are the stray · 
capacitances to earth. Such an analysis shows that the 
voltage gradient may be reduced by increasing the ratio 
of series-to-shunt capacitance, and · hence reducing the 
proportion of the . transmitted current that is lost by 
"earth-capacity leakage " at each plate junction. It is 
not possible in this . case · to apply the suggested method 
literally, i.e., by adding shunt capacitance across each· 
plate, or even across each stack of plates; this · would 
increase the total stack capacitance, and hence the . 
capacitance across the tuned line transformer; since the 
latter has an extremely high L/C ratio, very little extra 
capacitance can be tolerated. The solution** was to 
apply a small amount of shunt capacitance across just the 
first stack of the three. The effective input capacitance 
was then not increased beyond the value· of two of the 
stacks in series. By a proper choice of capacitance value 
it was possible to find a condition in which the h~ating of 
the first stack could be brought down to equality with the 
other two. A value of 10 pF was found to be about 
optimum. 

Finally, whilst discussing the causes of rectifier heating, 
the ambient temperature cannot be overlooked. The 
position which the rectifier is required to occupy for 
functional reasons is perhaps the worst in the set; this is 
because the line output valve carries a very heavy dissipa­
tion and because the assembly must be properly screened 
to reduce radiation. Particular . care must therefore be 
taken to keep the ambient temperature within bounds. 
Recommendations 

( 1) The stack should not normally be expected to. 
deliver more than 300!-LA d.c. to the load. This should be 
ample for the requirements of television monochrome 
receivers, and short-period excesses may not be harmful. 

(2) A 10-pF capacitor of adequate working voltage, 
should be ·shunted across the first rectifier of a stack of 
three to even out the temperature gradient of the three 
stacks. This value may not be optimum for all con-

** Br. Pat. Application No 38622/63 
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Forward resistance total = 120k O (Cf. Fig. 4 for a 
single 170-plate stack) 

Total forward threshold 
voltage = 315 V 

Leakage current, total = 30 nA 
Peak input voltage = 16 kV 
Stray capacitance = Zero (to reduce com- 

plexity of analysis) 
The forward dissipation is given by integrating the 

product of diode forward current and voltage over the 
conducting portion of the cycle. In Fig. 5, which takes 
into account the rectifier " threshold " voltage, the shaded 
area represents conduction. V is the d.c. rectified voltage 
and V,/ is the rectified "threshold voltage" (corresponding 
to the horizontal intercept of the straight dotted line in 
Fig. 4). Conduction starts when the input voltage 
exceeds the d.c. + the threshold voltage. 

The voltage across the rectifier during conduction 
= e - V 

= E cosw ^ — a.E cos 0 (if V is some fraction a 

of the combined voltage (V + Vl()). 
.. / t A E I COSrt , 

The current through the rectifier (V + vP 

COS TT — COS 
^ T, 

The energy dissipated per pulse of conduction is 
given by 

-flTi 
"P?2 / ^ \ { t \ 

J =— l^cos tt ^ — cosflj . |cos n ^ a . cos 8j. dt 

Ea T 
J =— . .-[2S(1 + 2a cos2 9) — (1 + 2a) sin 28] 

Y 2TT 
Therefore if W is the mean power dissipation due to 
forward conduction 

W x T2 = J 
or W X nT, = J (using the symbol n as before) 

w=T 
ni x 
E2 1 

= - . -— [2S(1 + 2a cos2^) — (1 + 2a) sin 20] 
r 2k7t 

In the practical case given, the following figures are 
calculated between 0 and 500/iA load (beam) current. 

Beam Current 
(/.A) 

E.H.T. 
(kV) 

Peak 
rectifier 
current 

(mA) 

Forward 
power 

dissipation 

0 15.35 2.1 50 mW 
100 14.8 5.5 340 mW 
300 14.1 10.0 950 mW 
500 13.6 13.1 1.9 W 

Now the reverse dissipation is approximately constant at 
about 15 kV x 3(VA = 450 mW if we neglect the rise of 
leakage current due to the forward heating of the stack. 

Therefore we can roughly say that at the normal 
picture setting, which corresponds to a little over l()0/iA, 
the forward and reverse losses contribute fairly equally. 
At extreme brightness, or with a worn c.r.t., the forward 
losses will contribute most to the heating. 

These calculations only give a guide to the conditions 
and give a feel for the order of power involved. In 

V +Vd (— t cos 0) 

TIME (t) Zll 
 A. 2 

Fig. S. Basis for calculating forward dissipation. 

practice, they will be modified for a number of reasons. 
The most important of these is probably the fact that extra 
reverse leakage current must flow, particularly in the 
plates nearest the pulse input, in order to charge up the 
stray capacitance to earth. At the relatively high fre- 
quencies involved in 625-line receivers, this current can 
be appreciable. It leads in fact to a marked temperature 
gradient over the length of the complete stack assembly, 
and precautions have to be taken to even this out in order 
to avoid overstressing the first stack. The effect may be 
analysed by regarding the reverse-biased rectifier assembly 
as a transmission line consisting of series and shunt cap- 
acitances; the series elements are the effective capacitances 
of the rectifier plates, and the shunt ones are the stray 
capacitances to earth. Such an analysis shows that the 
voltage gradient may be reduced by increasing the ratio 
of series-to-shunt capacitance, and hence reducing the 
proportion of the transmitted current that is lost by 
" earth-capacity leakage " at each plate junction. It is 
not possible in this case to apply the suggested method 
literally, i.e., by adding shunt capacitance across each 
plate, or even across each stack of plates; this would 
increase the total stack capacitance, and hence the 
capacitance across the tuned line transformer; since the 
latter has an extremely high L/C ratio, very little extra 
capacitance can be tolerated. The solution** was to 
apply a small amount of shunt capacitance across just the 
first stack of the three. The effective input capacitance 
was then not increased beyond the value of two of the 
stacks in series. By a proper choice of capacitance value 
it was possible to find a condition in which the heating of 
the first stack could be brought down to equality with the 
other two. A value of 10 pF was found to be about 
optimum. 

Finally, whilst discussing the causes of rectifier heating, 
the ambient temperature cannot be overlooked. The 
position which the rectifier is required to occupy for 
functional reasons is perhaps the worst in the set; this is 
because the line output valve carries a very heavy dissipa- 
tion and because the assembly must be properly screened 
to reduce radiation. Particular care must therefore be 
taken to keep the ambient temperature within bounds. 
Recommendations 

(1) The stack should not normally be expected to 
deliver more than 300 ^A d.c. to the load. This should be 
ample for the requirements of television monochrome 
receivers, and short-period excesses may not be harmful. 

(2) A 10-pF capacitor of adequate working voltage, 
should be shunted across the first rectifier of a stack of 
three to even out the temperature gradient of the three 
stacks. This value may not be optimum for all con- 
** Br. Pat. Application No 38622/63 
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ditions, and layout vanauons that appreciably affect 
shunt capacitance may · require the val~e to be modified. 
With a different number of stacks the same principles will 
apply and an optimum should be found experimentally. 

(3) The temperature surrounding the stack, after 
normal stabilization, should not be allowed to exceed 50°C. 

General Conclusions 

If properly used, 2-mm h.v. selenium stacks may be 
chosen with advantage as a substitute for a valve rectifier 
in the line flyback e.h.t. circuit of television receivers. 
The advantages to be expected are a longer life and the 
reductio'n of cost, size and complexity of the line scan 
output transformer by the elimination of the valve heater 
winding. 

The voltage regulation of a television e.h.t. supply 
determines the extent to which picture size varies with 
brilliance. Selenium rectifiers give a poorer . regulated 
supply than valve rectifiers and can only be used in this 
application if the regulation of the line output stage 
(including transformer) is already good. This should be 
checked, using a valve rectifier. (If no heater winding 
is available on the transformer, a battery supply can be 
used for the test.) The e.h.t. voltage should not drop by 
more than 400V, and preferably not more than 300V, 
when the c.r. t. beam current is increased from zero . to 
lOOJLA. (300V drop at 100JLA corresponds to a 3M n 
"regulation resistance".) If the line output circuit gives 
a worse regulation than this with a valve rectifier, there 
is little hope that the performance will be acceptable with 
a 2-mm selenium stack rectifier. (The ultimate criterion · 
,is a subjective test io judge the degree of viewer annoyance 
caused by the change of picture size when the brilliance 
control is adjusted from a black to a fully bright picture.) 
Measurement of " regulation resistance " should always 
be.made with the line oscillator running at the correct line 
frequency, preferably synchronized. 

Three similar stacks in series are generally needed for 
the normal level of e.h.t. found in ordinary domestic 
monochrome receivers. The number of plates to be 
specified per stack should be matched to the maximum 
p.i.v. expected from the type of receiver to be used, with 
the controls set for normal operation. (The p.i.v. for this 
purpose should be taken as the voltage amplitude between 
the crest of the positive voltage pulse applied to the 
rectifiet and the trough of the first negative . overshoot 
pulse.) ·If the number of plates is made greater than 
necessary, the voltage regulation may suffer; if too small, 
the rectifier may overheat due to overvoltage per plate in 
reverse. A figure of 45V reverse per plate should be used . 
for this estimation. On a d.c. test, the voltage expected 
should not be less than 40V per plate at 20 microamps. 

A s111all capacitor, of appropriate working voltage, 
should be connected in shunt with the stack nearest to 
the pulse input. The value of this capacitor will be of 
the order. of lOpF; an optimum value may be chosen by 
selecting one such that the heating of the first stack is no 
greater than that of the other two. (With zero capacitance, 
the ~rst ~tack triay overheat; with too great a capacitance, 
~he first stack may be " bypassed ,, and stay cold whilst 
·the othet; .two carry the full burden and overheat.) Since 
this bypass capacitor is to compensate for the effect of 
stray earth capacitance, the optimum value may be 
expected to vary with circuit layout. 

The stacks should not, . under normal working con­
.ditions, be permitted , to deliver more than 300 ~A d.c. 
·into the load. Th;s should be perfectly adequate for . 
'monQchrome . receivers~ , Currents up to twice · this 

' amount will not, however, cause catastrophic failure. 
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Whilst it · is necessary, by virtue of :its functional 
position in the set, for the rectifier .to work in a high 
temperature area (e.g., near the heavily dissipating line 

·_output valve) every effort shQuld be made · to keep the 
surrounding temperature as low as possible. In any case, 
this temperature must not be allowed to exceed 50°C. 
This ·may call for some ingenuity in set design since 
close screening will almost certainly be used in this area 
to reduce radiation. This problem can, however, be 
solved without great expense in practical receivers by 
appropriate positioning of the rectifiers and by making 
adequate ventilation arrangements. 

Acknowledgements:-The development work on the 
selenium rectifiers for this application was carried out 
with the co-operation of the Thorn Television Labo­
ratories, whose assistance has been much appreciated. 
Finally, the author would like to thank the management of 
Standard Telephones and Cables Limited for permission 
to publish this article. 

Addendum:-It is. worth recording that since the first 
draft of this article was prepared, significant improve­
ments to the design and manufacturing techniques of 
these rectifiers have been made. In particular, these 
·have led to a marked redu·::tion of forward losses and a 
consequent improvement . in voltage regulation charac-
teristics. With the earlier desigas, on which numerical 
examples in the article are based, the number of plates 
had to be chosen as a narrow compromise betw~en p.i.v. 
and voltage regulation performance. The quality of 

· current rectifiers is now, however, such 'that there is a 
good working margin be'tw(;!en acceptable limits for these 
two p~rameters . · · 

Fig. 6 gives a comparative illustration of the forward 
characteristics of a typical 150 plate rectifier of to-day 
compared with one of a year ago. (Fig. 4 of the article 
shows a 170 plate rectifier of this earlier period.) It will 
be seen that the forward slope has considerably improved, 
i.e., the slope resistance is lower, and that the effective 
threshold voltage is lower.- Voltage regulation resistance, 
including the contribution from the Thorn jellypot 
transformer, is now typically only 5M!l from 0 to 100JLA 
beam current; subj_ective viewer tests have shown this to 
be a very worthwhile improvement in performance as 
regards picture size variation with brilliance control 
setting. 

Fig. 6. Comparison between the measured forward characteristic$ 
of typical /50-plate miniature . selenium e.h.t. rectifiers (Type 
XBOf ISO f) showing improved performance of present ·production. 
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ditions, and layout variations that appreciably affect Whilst it is necessary, by virtue of its functional 
shunt capacitance may require the value to be modified. position in the set, for the rectifier to work in a high 
With a different number of stacks the same principles will temperature area (e.g., near the heavily dissipating line 
apply and an optimum should be found experimentally. output valve) every effort should be made to keep the 

(3) The temperature surrounding the stack, after surrounding temperature as low as possible. In any case, 
normal stabilization, should not be allowed to exceed 50oC. this temperature must not be allowed to exceed 50 C. 

This may call for some ingenuity in set design since 
close screening will almost certainly be used in this area 

General Conclusions t0 reduce radiation. This problem can, however, be 
If properly used, 2-mm h.v. selenium stacks may be solved without great expense in practical receivers by 
chosen with advantage as a substitute for a valve rectifier appropriate positioning of the rectifiers and by making 
in the line flyback e.h.t. circuit of television receivers. adequate ventilation arrangements. 
The advantages to be expected are a longer life and the Acknowledgements:—The development work on the 
reduction of cost, size and complexity ot the line scan selenium rectifiers for this application was carried out 
output transformer by the elimination of the valve heater with the co.operation 0f the Thorn Television Labo- 
winding. _ . ratories, whose assistance has been much appreciated. 

The voltage regulation of a television e.h.t, supply Finally, the author would like to thank the management of 
determines the extent to which picture size varies with Standard Telephones and Cables Limited for permission 
brilliance. Selenium rectifiers give a poorer regulated to blish this article, 
supply than valve rectifiers and can only be used in this 
application if the regulation of the line output stage Addendum:—It is worth recording that since the first 
(including transformer) is already good. This should be draft of this article was prepared, significant improve- 
checked, using a valve rectifier. (If no heater winding ments to the design and manufacturing techniques of 
is available on the transformer, a battery supply can be these rectifiers have been made. In particular, these 
used for the test.) The e.h.t. voltage should not drop by have led to a marked reduction of forward losses and a 
more than 400V, and preferably not more than 300V, consequent improvement in voltage regulation charac- 
when the c.r.t. beam current is increased from zero to teristics. With the earlier designs, on which numerical 
100/iA. (300V drop at 100/jA corresponds to a 3M O examples in the article are based, the number of plates 
" regulation resistance ".) If the line output circuit gives had to be chosen as a narrow compromise between p.i.v. 
a worse regulation than this with a valve rectifier, there and voltage regulation performance. The quality of 
is little hope that the performance will be acceptable with current rectifiers is now, however, such that there is a 
a 2-mm selenium stack rectifier. (The ultimate criterion g00d working margin between acceptable limits for these 
is a subjective test to judge the degree of viewer annoyance tWo parameters. 
caused by the change of picture size when the brilliance Fig. 6 gives a comparative illustration of the forward 
control is adjusted from a black to a fully bright picture.) characteristics of a typical 150 plate rectifier of to-day 
Measurement of " regulation resistance " should always compared with one of a year ago. (Fig. 4 of the article 
be made with the line oscillator running at the correct line shows a 170 plate rectifier of this earlier period.) It will 
frequency, preferably synchronized. be seen that the forward slope has considerably improved, 

Three similar stacks in series are generally needed for i.e., the slope resistance is lower, and that the effective 
the normal level of e.h.t. found in ordinary domestic threshold voltage is lower. Voltage regulation resistance, 
monochrome receivers. The number of plates to be including the contribution from the Thorn jellypot 
specified per stack should be matched to the maximum transformer, is now typically only 5Mn from 0 to 100^A 
p.i.v. expected from the type of receiver to be used, with beam current; subjective viewer tests have shown this to 
the controls set for normal operation. (The p.i.v. for this be a very worthwhile improvement in performance as 
purpose should be taken as the voltage amplitude between regards picture size variation with brilliance control 
the crest of the positive voltage pulse applied to the setting, 
rectifier and the trough of the first negative overshoot 
pulse.) If the number of plates is made greater than 
necessary, the voltage regulation may suffer; if too small, 
the rectifier may overheat due to overvoltage per plate in 
reverse. A figure of 45V reverse per plate should be used 
for this estimation. On a d.c. test, the voltage expected 
should not be less than 40V per plate at 20 microamps. 

A small capacitor, of appropriate working voltage, 
should be connected in shunt with the stack nearest to 
the pulse input. The value of this capacitor will be of 
the order of lOpF; an optimum value may be chosen by 
selecting one such that the heating of the first stack is no 
greater than that of the other two. (With zero capacitance, 
the first stack may overheat; with too great a capacitance, 
the first stack may be " bypassed " and stay cold whilst 
the other two carry the full burden and overheat.) Since 
this bypass capacitor is to compensate for the effect of 
stray earth capacitance, the optimum value may be 
expected to vary with circuit layout. 

The stacks should not, under normal working con- 
-ditions, be permitted to deliver more than 300mA d.c. 
into the load. This should be perfectly adequate for pg Comparison between the measured forward characteristics 
monochrome receivers. Currents up to twice this of typical 130-plate miniature selenium e.h.t. rectifiers (Type 
amount will not, however, cause catastrophic failure. X80//J9 ) showing improved performance of present production. 
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Monostable Blocking Oscillator 
HIGH-POWER, FAST PULSES FROM TWO TRANSISTORS 

By M. D. A. B. RACKOWE, * B.A. 

SOME simple blocking oscillator monostable circuits 
are known1 which produce pulses of good shape, 
but relatively low power. If these pulses are then 

amplified by a power amplifier, the pulse shape is liable 
to deteriorate unless . rather elaborate circuitry is used. 
In the circuit described here, the power amplifier is 
included in the positive feedback loop, and peak powers 
of the order of 1 watt may be obtained using a very simple 
two-transistor circuit. 

Description of Circuit 

When the circuit shown in Fig. 1 is in its stable state 
transistors T1 and T2 are both cut: off, the base/emitter 
junction of Tl being reverse biased by the potential 
divider in its -emitter circuit. The application of a positive 
triggering pulse via the input differentiating network · 
to the base of T 1 overcomes the reverse bias and causes 
collector current to flow in Tl. This is directly coupled 
to the base of T2, which therefore turns on. A voltage 
is induced in the secondary of the output transformer, 
which is connected to T1 emitter in such a way that the 
emitter is driven negative. Thus T1 is driven further 
into conduction, since its base is clamped by a diode. 
This regenerative action means that T2 turns on very · 
rapidly, giving 'the output pulse a fast leading edge. 
Conduction proceeds uritil capacitor C has charged to 
such a voltage that Tl base/emitter junction is no longer 
forward biased. T1 collector current now falls, and the 
regenerative action takes place in reverse, ensuring a rapid 
turn off. · 

The resistor in the emitter of T2 is merely to prevent 
thermal runaway. The amplitude of the output pulses 
depends on the supply voltage, and the primary /output 
winding turns ratio of the transformer. 

Pulse Duration 

Consider the circuit in its stable state. The supply 
voltage is - V volts, and the potential at T 1 emitter with 
respect to the negative supply is · · 

R1V R1 ---- ~-V ifR1~R2 
R 1 + R 2 R 2 

Suppose a positive pulse is now applied at the input. 
Regenerative action takes place and T2 bottoms. A step 
of V volts occurs in the transformer primary, and a 
voltage of N 3V/N1 in the .. secondary. 

The potential at T1 emitter is now 

Rlv- Nsv 
R2 N1 

The capacit9r C now charges until_ the potential at T1 

* AMF British Research Lab. (now with Coutant Electronics) 
1 "Functional Circuits and Oscillators," H. J, Reich, (Van Nostrand, 1961.) 
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Fig. I. Circuit of blocking oscillator. Components shown dotted 
control pulse duration . 

emitter reaches - VBE' whereupon T1 cuts off, marking 
the end of the pulse. 

The time taken by C to charge from V(R1/R~~Na/N1) 
to - V BE is therefore the pulse duration. , · · 

The charging current for C flows through both Ra. and 
the potential divider formed by R1 and R2 • Fig. 2 shows 
the equivalent charging circuit for the duration of the 
pulse. . 

Consider the instantaneous voltage v across C. By 
Thevenin's theorem, the contribution due to · R 1 is 
R 3/(R 1 + R 3). VN3/N1(1 - e-tiRc) where R is the parallel 
combination of R 1 and R 3 = R 1R 3/(R1 + R 3) . 

The contribution due to R 3 is 

___&___ (v ~~ -- V ~~- V.) (1 - e· ·t-c.c) 
Rl + R3. Nl R2 HTI . . 

:. v = (v~~- K)(1- e- tlnc) 
where K = -~1 -- -- (v~~- VBE) · 

Rl + R :I R2 

(
Rt N3) T1 turns off when v = - V130 - V R

2 

- N
1 

. ·( N 3 ) ( ,)· . - (R,1 .or _ V_ - - K 1 -- e- 1 me = -- V m~ ~- V- , 
· N1 - R 2 

:. e -t JRc = ('VnE .+ VRt/R2- K) 
-VN~/Nl --=- IZ--

:. t = RC log(---_ -~~~/N_~"~-) 
. . , . . Vm: + VR 1/R 2 - K 

At the end of the pulse C discharges thro1.1gh R 1 ·and 
R 2, and thistime constant must be kept short, so that C 
is fully discha·rged before the next pulse is required.'. · -
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Monostable Blocking Oscillator 

HIGH-POWER, FAST PULSES FROM TWO TRANSISTORS 

By M. D. A. B. RACKOWE,* b.a. 

C^OME simple blocking oscillator monostable circuits 
^ are known1 which produce pulses of good shape, 

but relatively low power. If these pulses are then 
amplified by a power amplifier, the pulse shape is liable 
to deteriorate unless rather elaborate circuitry is used. 
In the circuit described here, the power amplifier is 
included in the positive feedback loop, and peak powers 
of the order of 1 watt may be obtained using a very simple 
two-transistor circuit. 

Description of Circuit 

When the circuit shown in Fig, 1 is in its stable state 
transistors T1 and T2 are both cut, off, the base/emitter 
junction of T1 being reverse biased by the potential 
divider in its emitter circuit. The application of a positive 
triggering pulse via the input differentiating network 
to the base of T1 overcomes the reverse bias and causes 
collector current to flow in Tl. This is directly coupled 
to the base of T2, which therefore turns on. A voltage 
is induced in the secondary of the output transformer, 
which is connected to Tl emitter in such a way that the 
emitter is driven negative. Thus Tl is driven further 
into conduction, since its base is clamped by a diode. 
This regenerative action means that T2 turns on very 
rapidly, giving the output pulse a fast leading edge. 
Conduction proceeds until capacitor C has charged to 
such a voltage that Tl base/emitter junction is no longer 
forward biased. Tl collector current now falls, and the 
regenerative action takes place in reverse, ensuring a rapid 
turn off. 

The resistor in the emitter of T2 is merely to prevent 
thermal runaway. The amplitude of the output pulses 
depends on the supply voltage, and the primary/output 
winding turns ratio of the transformer. 

Pulse Duration 

Consider the circuit in its stable state. The supply 
voltage is —V volts, and the potential at Tl emitter with 
respect to the negative supply is 

^ lb 
Suppose a positive pulse is now applied at the input- 

Regenerative action takes place and T2 bottoms. A step 
of V volts occurs in the transformer primary, and a 
voltage of NsV/Ni in the secondary. 

The potential at Tl emitter is now 

The capacitor C now charges until the potential at Tl 

* AMF British Research Lab. (now with Coutant Electronics) 1 "Functional Circuits and Oscillators," H. J. Reich, (Van Nostrand, 1961.) 
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Fig. I. Circuit of blocking oscillator. Components shown dotted 
control pulse duration. 

emitter reaches VBE, whereupon Tl cuts off, marking 
the end of the pulse. 

The time taken by C to charge from V(R1/R2 —Na/N,) 
to — VBE is therefore the pulse duration. 

The charging current for C flows through both Rs and 
the potential divider formed by R, and R2. Fig. 2 shows 
the equivalent charging circuit for the duration of the 
pulse. 

Consider the instantaneous voltage v across C. By 
Thevenin's theorem, the contribution due to R, is 
R3/CR1+R3) • VN3/N1(l-e-"'^) where R is the parallel 
combination of R, and R3 = RjR.tR, -i R:j). 

The contribution due to R, is 

where K 

Tl turns off when v 

R' h Ll+R:, I 

RC log 

Cj^l - 

VBE F VR. R , - 
VNVX, - K 

/ VNu/Nj - 
g \Vnr. + VR R, 

At the end of the pulse C discharges through R, and 
Ra, and this time constant must be kept short, so that C 
is fully discharged before the next pulse is required. » 
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Maximum Repetition Frequency 
If the load across the output winding is R1,, then the load 
reflected into the primary is RL N 12 /N 2 

2
• 

If this is large compared with the emitter resistor, then 
the maximum current I = V /RL(N dN 2)

2
• 

At the end of the pulse, energy stored in the trans­
former primary inductance L is ~- LP. As the induced 
voltage goes negative with respect to V, the resistor r in 
series with the catching diode D appears in parallel with 
the load reflected into the primary winding. Thus the 
effective resistance is 

r RL (N!/N 2)
2 

- -- --- ~- - ~ 

r + RL (N1/N 2)
2 

T he reverse voltage transient therefore has the value 

____ IrRL V_ r _ _ 

(N )2 (N )2 

r N~ + R11 r+ N!· RL 

The rate at which the voltage decays · is given by the 
formula 

This determines the maximum p.r.f. at which the circuit 
may be used, since the reverse voltage must fall to a low 
value, before the circuit can again be triggered. 

Triggering 
In order to trigger the monostable, the trigger pulse must 
have sufficient amplitude to forward bias Tl. The 
reverse bias of the emitter is VR1/R 2 + VBE· 

It is also required that after the trigger pulse is removed, 
the loop gain of the circuit should be greater than unity. 
In the section on pulse duration it was found that the 
feedback winding develops a voltage VN3/N1 • Current 
flowing in R:~ is therefore (VN 3/N 1 - VR1/R 2 - V BE)1 /R3• 

This current flows in T1 collector, and if the effective 
current gain of T2 is (3, then the transformer primary 
current is f3/R3 (VN 3/N 1 - VR1/R 2 - V BE). 

In the last section it was found that the primary current 
actually flowing is V /R 2 (N 1/N 2)

2
• 

Therefore the loop gain is 

(3~~(~~)2 (v N a - V Rt - VsE) 
VR3 N 1 . Nt R2 

The power P delivered to the load is ~: (~ :) 
3 

so the loop gain in terms of power is 

j_y_ ( V ~ - V R! - V ) 
PR

3 
N

1 
R

2 
nE • 

It would appear, therefore, that for a given loop gain the 
power output · can be increased if R 3 is reduced or N 3/N 1 

increased. These terms, however, govern the power 
required by the feedback circuit, which must be sub­
tracted from the available. output power. 

Control of Pulse Duration 

It was seen earlier that pulse duration can be controlled 
by varying RD R 2, R 3 or C. Since R 1 and R 2 affect the 
d.c. levels in the circuit and R 3 affects the loop gain, it is -
most convenient to vary C. If a continuously variable 
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Fig. 2. Equivalent charg­
ing circuit of C. 

control is required, the components of R' and C', shown 
dotted in the diagram, are added. Minimum pulse 
duration is determined by C and maximum duration by 
C'. If C is made very small, the transit times become a 
significant proportion of the total pulse time, and the 
pulse tends towards a spike. Rise and fall times can 
be improved by using fast transistors, but it is also 
necessary to reduce the size of the pulse transformer, in 
order to minimise losses, and winding capacity. However, 
the size of the transformer also governs the maximum 
pulse duration available, since if it is small and therefore · 
has time to saturate, the pulse will have a marked droop. 
It was found in practice that a width ratio of 20 : 1 was 
quite readily attainable. 

Practical Design 
Fig. 2 shows the component values used in a practical 
circuit. 

The primary/output winding turns ratio of the trans­
former gives a 2: 1 step up in voltage. Since a 12-volt 
power supply is used, the output pulses have an ampli­
tude of 24 volts, which is delivered into a 470 Q load. 
Output power during each pulse is theretore 1.2 W. 

The values of C and C' give a range of pulse widths 
between 10 Jl-Sec. and 200J1-sec., continuous control being 
obtained by means of the 5k0 variable resistor in series 
with C. 

At minimum pulse width the maximum repetition 
frequency is 25 kc/s, and at maximum pulse width it is 
2 kc/s. For continuous operation at a high duty cycle, 
the output transistor shol,!ld be mounted on a heat sink. 

Conclusion 
This type of circuit ' affords a simple means of obtaining 
medium-power pulses. If pulses of higher power than 
this are required, the loop gain must be maintained by 
increasing the effective current gain of the output tran­
sistor. This can be simply achieved by including an 
emitter follower between T1 and T2. The circuit has 
been found particularly useful for firing s.c.r.'s where a 
number of these devices have to be triggered at the same 
time. 

I NFORMATION SERVICE FOR 

PROFESSIONAL READERS 

To expedite request~ for further information on products appear­
ing in the editorial and advertisement pages of Wireless World each 
month, a sheet of reader service cards is included in this issue. The 
cards will be found between advertisement pages 16 and 19. 

We invite readers to make use of these cards for all inquiries dealing 
with specific products. Many editorial items and all advertiseme-nts 
are coded with a number, prefixed by 16WW, and it is. then necessary 
only to enter the number(s) on tbe card. 

Readers will appreciate the advantage of being able to fold out the 
sheet of cards, enabling them to make entries while studying the 
editorial · and advertisement pages. e. 

Postage is free in the U.K., but cards .inust be stamped· i( posted ====: 

overseas. This service will enable professional readers to obtain 
t he additional information they require quickly and easily. 

.................................... ·-·············-··································--·•·i!~••••-•111!' 
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Maximum Repetition Frequency 
If the load across the output winding is R,., then the load 
reflected into the primary is RL N 

If this is large compared with the emitter resistor, then 
the maximum current I = V/RLCNJNa)2. 

At the end of the pulse, energy stored in the trans- 
former primary inductance L is ' LI2. As the induced 
voltage goes negative with respect to V, the resistor r in 
series with the catching diode D appears in parallel with 
the load reflected into the primary winding. Thus the 
effective resistance is 

r Rl (N,/N2)2 

'r + R, (Ni/Na)2 

The reverse voltage transient therefore has the value 
IrR,, Vr 

The rate at which the voltage decays is given by the 
formula 

u=  exp 1 - ( r +Ri,j £ 

This determines the maximum p.r.f. at which the circuit 
may be used, since the reverse voltage must fall to a low 
value, before the circuit can again be triggered. 

Triggering 

In order to trigger the monostable, the trigger pulse must 
have sufficient amplitude to forward bias Tl. The 
reverse bias of the emitter is V R i R, +VBE. 

It is also required that after the trigger pulse is removed, 
the loop gain of the circuit should be greater than unity. 
In the section on pulse duration it was found that the 
feedback winding develops a voltage YNj/N,. Current 
flowing in R3 is therefore (VN3/N1 — VR1/R2 VBE)1/R3. 

This current flows in Tl collector, and if the effective 
current gain of T2 is /i, then the transformer primary 
current is 18/R3 (VNs/Nj—VRi/Ra—VBB). 

In the last section it was found that the primary current 
actually flowing is V/R^ (Nj/Na)2, 
Therefore the loop gain is 

/N2V /v ^ 
\NJ \ Ni 

Fig. 2. Equivalent charg- 
ing circuit of C. vfA-Al v U, fW 

The power P delivered to the load is 

control is required, the components of R' and C, shown 
dotted in the diagram, are added. Minimum pulse 
duration is determined by C and maximum duration by 
C. If C is made very small, the transit times become a 
significant proportion of the total pulse time, and the 
pulse tends towards a spike. Rise and fall times can 
be improved by using fast transistors, but it is also 
necessary to reduce the size of the pulse transformer, in 
order to minimise losses, and winding capacity. However, 
the size of the transformer also governs the maximum 
pulse duration available, since if it is small and therefore 
has time to saturate, the pulse will have a marked droop. 
It was found in practice that a width ratio of 20 :1 was 
quite readily attainable. 

Practical Design 
Fig. 2 shows the component values used in a practical 
circuit. 

The primary/output winding turns ratio of the trans- 
former gives a 2 : 1 step up in voltage. Since a 12-volt 
power supply is used, the output pulses have an ampli- 
tude of 24 volts, which is delivered into a 470 £2 load. 
Output power during each pulse is therefore 1.2 W. 

The values of C and C give a range of pulse widths 
between 10 ^sec. and 200ftsec., continuous control being 
obtained by means of the 5kO variable resistor in series 
with C. 

At minimum pulse width the maximum repetition 
frequency is 25 kc/s, and at maximum pulse width it is 
2 kc/s. For continuous operation at a high duty cycle, 
the output transistor should be mounted on a heat sink. 

Conclusion 
This type of circuit affords a simple means of obtaining 
medium-power pulses. If pulses of higher power than 
this are required, the loop gain must be maintained by 
increasing the effective current gain of the output tran- 
sistor. This can be simply achieved by including an 
emitter follower between Tl and T2. The circuit has 
been found particularly useful for firing s.c.r.'s where a 
number of these devices have to be triggered at the same 
time. 

so the loop gain in terms of power is 

/5V/ N3 ..R, v 

1:-vr;-v4 
It would appear, therefore, that for a given loop gain the 

power output can be increased if R3 is reduced or Ns/Nj 
increased. These terms, however, govern the power 
required by the feedback circuit, which must be sub- 
tracted from the available output power. 

Control of Pulse Duration 
It was seen earlier that pulse duration can be controlled 

by varying R,, R.,, R3 or C. Since R, and R2 affect the 
d.c. levels in the circuit and R3 affects the loop gain, it is 
most convenient to vary C. If a continuously variable 
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UNITS By "CATHODE RAY" 

I SUSPECT that most p'eople in our line reckon the 
subject of units is pretty boring. It may look like a 
side issue, all right for a few specialists to get on with, 

but of no great practical value. Or, if one does glance 
into the history, its murky and confusing appearance 
discourages further investigation. 

There certainly is a long and tangled history, which 
like most things has been speeding up lately. The 
progress made in the last few years has been so great 
that those whose student days are well behind may need a 
little refresher. Mter all, getting our sums right is of 
great practical value, and without clear ideas about units 
it is quite easy to get them wrong. And as for the more 
distant history, that is really quite fascinating. The · 
French Revolution might not seem particularly relevant 
for us-and anyway, didn't it show its contempt for 
science by sending to the guillotine Lavoisier, one ·of the 
greatest scientists of his time, who devised the first 
systematic chemical notation, ·in use to this day? · Yet 
paradoxically it initiated the metric system, which also 
is in use to this day. That was by far the biggest step 
forward in the whole progress ·of units, because it was 
something quite new and it provided the . basis · of the 
system th~t has become universally adopted for science 
(and, in an increasing number of countries, for every 
purpose). 

International System 
This present-day system of units is known officially 
as SI (Systeme Internationale d'Unites). It is an exten­
sion of the m.k.s. system, which itself was based on the 
metric system. 

You may perhaps be thinking that we have only just 
changed ov~r to the m.k.s. system-with an effort­
and why should this SI appear so soon? Some pockets 
of c.g.s. resistance, such as the magnet industry, haven't 
even got as far as the m.k.s. system and will feel doubly 
injured. So let us take a broad look at the reasons for 
these changes. 
. Obviously for every kind of trade there is a need for 

. units of quantity. And to establish confidence, the 
quantities represented by those units should be generally 
agreed; they must be the same for buyers and sellers. 
In the ·early days, when trade was mostly quite local, 
each district had its own units. And there was a tendency, 
not yet extinct, for each trade to have its own units. 
And so we still have a difference of more than a pint 
between the American and British gallons to cause 
confusion in car performance figures and cookery recipes. 
And there are innumerable trade measures such as crans, 
pipes, pecks, barrels (of different sizes), bundles and 
trusses. Now that trade as well as science and technology 
is world-wide, there can surely be no doubt that the ideal 
is one and only one basic system of units for all purposes 
everywhere. 

Every unit must be realized in some physical standard. 
Our unit of length, the foot, was originally the length of an 
adult human foot; · but while this standard had the 
advantage of being plentifully distributed there was the 
obvious disadvantage of imprecision. With the increasing 
need for accuracy there began the practice of establishing 
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one carefully preserved standard, of which all others 
were copies; and so the (oot is now one-third of the dis­
tance between two marks on a bronze standard yard. 

Clearly the units of a lot of quantities can be derived 
from others. There is no need to have independent 
standards of area and volume, since unit area . can so 
easily be defined as the area enclosed by a square of unit 
length of side, and so on. One great advance made in 
1790 with the invention of the metric system was to 
reduce the independent units to two-length and time­
and to base them not on arbitrary man-made standards 
but on the earth itself. So the standard of length, the 
metre, was defined as one ten-millionth of the distance 
from ·pole to equator along the meridian through Paris, 
and the second was 1/86,400 of a day. The unit of mass 
(the gramme) was tied to that of length and the density 
of water by defining it as the mass of a cubic centimetre 
of water at normal atmospheric pressure and the tem­
perature of maximum density. 

Although the standard of mass was defined in terms of 
length and the properties of a natural product, mass is 
quite different in kind from length and time, so the 
metric system is regarded .as based on three fundamental 
quantities. Other quantities ·such as velocity and force 
can be derived from these. · 

Another valuable innovation of the metric system was 
that all multiples and subdivisions (except those of time, 
which presumably were considered too well established 
and already universal) were to be decimal. So the metric 
system is much easier to learn than our cc 12 inches one 
foot, 3 feet one yard,'' etc. notwithstanding that "5! 
yards one rod, pole or perch " has recently been abolished. 

. Mass and Weight 
At this point we ought to take note of the confusion 
of thought that often exists with regard to inass and weight. 
The Weights and Measures Act of 1878 defines the pound 
as the weight of a certain piece of platinum and declares 
it to be " the standard measure of Weight and of measure 
having reference to weight." Now if that piece of plati­
num was really a standard of weight there would need to 
be some reference in the Act to where it was. Weight is a 
force that depends on gravitational attraction, which varies 
between different places on the earth's · surface~ to 
say nothing of spaceships. One can be quite sure that 
what was in the minds of those who worded the · Act 
was not a force but a quantity of material, for which the 
correct word is 'mass. When you buy a pound of sugar it is 
the quantity of sugar you are interested in, · not its weight. 
A pound (mass) of sugar is just as nutritious in orbit, 
where its weight is nil, as on the ground. So although 
the word " weight " occurs seven times· in our legal 
definition of a pound and " mass " not at all, it really 
defines a unit of mass, just like the . original' cubic centi­
metre (gramme) of water in the metric system or the 
kilogramme of metal which became its actual embodi­
ment. But because it happens .that at any given point 
the force of gravity (i.e., the weight) is directly propor- · 
tional to mass, the practical method of comparing masses 
is by weight. If the force on a bag of sugar is· shown by a 
balance to be the same as that on a piece of iron marked 
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1 SUSPECT that most people in our line reckon the 
subject of units is pretty boring. It may look like a 
side issue, all right for a few specialists to get on with, 

but of no great practical value. Or, if one does glance 
into the history, its murky and confusing appearance 
discourages further investigation. 

There certainly is a long and tangled history, which 
like most things has been speeding up lately. The 
progress made in the last few years has been so great 
that those whose student days are well behind may need a 
little refresher. After all, getting our sums right is of 
great practical value, and without clear ideas about units 
it is quite easy to get them wrong. And as for the more 
distant history, that is really quite fascinating. The 
French Revolution might not seem particularly relevant 
for us—and anyway, didn't it show its contempt for 
science by sending to the guillotine Lavoisier, one of the 
greatest scientists of his time, who devised the first 
systematic chemical notation, in use to this day? Yet 
paradoxically it initiated the metric system, which also 
is in use to this day. That was by far the biggest step 
forward in the whole progress of units, because it was 
something quite new and it provided the basis of the 
system that has become universally adopted for science 
(and, in an increasing number of countries, for every 
purpose). 

International System 
This present-day system of units is known officially 
as SI (Systeme Internationale d'Unites). It is an exten- 
sion of the m.k.s. system, which itself was based on the 
metric system. 

You may perhaps be thinking that we have only just 
changed over to the m.k.s. system—with an effort— 
and why should this SI appear so soon? Some pockets 
of c.g.s. resistance, such as the magnet industry, haven't 
even got as far as the m.k.s. system and will feel doubly 
injured. So let us take a broad look at the reasons for 
these changes. 

Obviously for every kind of trade there is a need for 
units of quantity. And to establish confidence, the 
quantities represented by those units should be generally 
agreed; they must be the same for buyers and sellers. 
In the early days, when trade was mostly quite local, 
each district had its own units. And there was a tendency, 
not yet extinct, for each trade to have its own units. 
And so we still have a difference of more than a pint 
between the American and British gallons to cause 
confusion in car performance figures and cookery recipes. 
And there are innumerable trade measures such as crans, 
pipes, pecks, barrels (of different sizes), bundles and 
trusses. Now that trade as well as science and technology 
is world-wide, there can surely be no doubt that the ideal 
is one and only one basic system of units for all purposes 
everywhere. 

Every unit must be realized in some physical standard. 
Our unit of length, the foot, was originally the length of an 
adult human foot; but while this standard had the 
advantage of being plentifully distributed there was the 
obvious disadvantage of imprecision. With the increasing 
need for accuracy there began the practice of establishing 

one carefully preserved standard, of which all others 
were copies; and so the foot is now one-third of the dis- 
tance between two marks on a bronze standard yard. 

Clearly the units of a lot of quantities can be derived 
from others. There is no need to have independent 
standards of area and volume, since unit area can so 
easily be defined as the area enclosed by a square of unit 
length of side, and so on. One great advance made in 
1790 with the invention of the metric system was to 
reduce the independent units to two—length and time— 
and to base them not on arbitrary man-made standards 
but on the earth itself. So the standard of length, the 
metre, was defined as one ten-millionth of the distance 
from pole to equator along the meridian through Paris, 
and the second was 1/86,400 of a day. The unit of mass 
(the gramme) was tied to that of length and the density 
of water by defining it as the mass of a cubic centimetre 
of water at normal atmospheric pressure and the tem- 
perature of maximum density. 

Although the standard of mass was defined in terms of 
length and the properties of a natural product, mass is 
quite different in kind from length and time, so the 
metric system is regarded as based on three fundamental 
quantities. Other quantities such as velocity and force 
can be derived from these. 

Another valuable innovation of the metric system was 
that all multiples and subdivisions (except those of time, 
which presumably were considered too well established 
and already universal) were to be decimal. So the metric 
system is much easier to learn than our " 12 inches one 
foot, 3 feet one yard," etc. notwithstanding that " 51 
yards one rod, pole or perch " has recently been abolished. 

Mass and Weight 
At this point we ought to take note of the confusion 
of thought that often exists with regard to mass and weight. 
The Weights and Measures Act of 1878 defines the pound 
as the weight of a certain piece of platinum and declares 
it to be " the standard measure of Weight and of measure 
having reference to weight." Now if that piece of plati- 
num was really a standard of weight there would need to 
be some reference in the Act to where it was. Weight is a 
force that depends on gravitational attraction, which varies 
between different places on the earth's surface—to 
say nothing of spaceships. One can be quite sure that 
what was in the minds of those who worded the Act 
was not a force but a quantity of material, for which the 
correct word is mass. When you buy a pound of sugar it is 
the quantity of sugar you are interested in, not its weight. 
A pound (mass) of sugar is just as nutritious in orbit, 
where its weight is nil, as on the ground. So although 
the word " weight " occurs seven times in our legal 
definition of a pound and " mass " not at all, it really 
defines a unit of mass, just like the original cubic centi- 
metre (gramme) of water in the metric system or the 
kilogramme of metal which became its actual embodi- 
ment. But because it happens that at any given point 
the force of gravity (i.e., the weight) is directly propor- 
tional to mass, the practical method of comparing masses 
is by weight. If the force on a bag of sugar is shown by a 
balance to be the same as that on a piece of iron marked 
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"2lb," the mass of the sugar is thereby shown to be . 
2 pounds. . 

In a shop on a high mountain the forces on both would 
be less. They would both weigh less, but they would still 
be equal, as would be their masses. But note that if 
weight is measured as such, by means of a spring balance, 
then the quantity of sugar you would get in the mountain 
shop would be more than you would get at sea level with 
the machine indicating the same weight. In a space­
ship a spring balance would indicate nothing at all, 
however much was hung on it. 

Coherence 
To deserve . the name of system, all units should be 
coherent. That is to say, the primary unit of every derived · 
quantity should be defined in terms of unit amount of 
each fundamental quantity involved. If one of the funda­
mental quantities is mass, then the coherent unit of force 
must be that required to accelerate unit mass at the rate of 
unit length per unit time per unit time. In the c.g.s. 
version of the metric system this is true of its unit of force 
-the dyne. And so it is in the m.k.s . version, whose unit 
of force .is the newton. But what about our own f.p.s . 
(foot-pound-seco~d) system? A mec:hanical en~ineer 
reckons pressure m pounds· per square mch. In thts use 
of the word "pound " he obviously doesn't mean mass, 
for that would be nonsense. Pressure is force per unit area. 
So in this context a pound is the force of gravity on a mass 
of a .pound. Since the force of gravity depends on the 
position of the mass in relation to the body attracting it­
the earth-and is not the same even at sea level every­
where, .the pound force has no precise meaning unless a · 
figilre i's given for the rate of gravitational acceleration. 
The agreed figure in feet/sec is 32.1740. 

So two possibilities exist for a coherent f.p.s. system. 
Th(! pound can be the unit of mass, in which case the 
unit of force is that which would be needed to accelerate 
a pound at the. rate of 1 ft/sec. As force is proportional 
to acceleration, such a unit force is 1/32.17 4 of a pound 
weight (which as we have just seen is deemed to accelerate 
a pound mass at 32.17 4 sec2). This coherent unit i~ called 
a poundal, and no very abstruse 'Calculation is needed to 
show that it is equal to just under half an ounce weight 
at the presumed standard sea level. Or the pound can be 
the unit of weight (in its true sense, which is force). 
In which case the coherent unit of mass is equal to 32.174 
pounds mass, because the force of a pound applied to it 
would accelerate it at 1 ft/sec. Again, this U.Uit has been 
given a name-the slug. 

With our unrivalled British capacity for muddle, we 
not only legally define the pound as a unit of weight when 
mass is meant, but we reject both of the above legitimate 
systems in favour of a strange mixture of the two, in 
which '' pound " sometimes ineans 0ne thing and some­
times another 32.174 times larger or smaller. To call this a 
system is downright flattery. 

For completeness of information, we note th:tt g, the 
presumed acceleration due to gravity, is 980.665 em/sec 
in the c.g.s. system and 9.80665 m/sec in the m.k.s. system; 
so the dyne is. just over one milligramme weight and the 
newton is just over one tenth of a kilogramme weight and 
thertfore equal to 105 dynes. 

The value of a coherent system of units is .not just that it 
sounds better than an incoherent one; it has the great v~ lue 
that all the equations that . state relationships between 
physical quantities can be used for computations without 
having to think about units or bring in constants to allow 
for them. For example, the equation for kinetic energy 
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E in terms of mass m and . velocity v is 
E t mv2 .' ............ •• • (1) 

This does not depend on units, so long as th :y are 
coherent. The t is not a constant needed to express the 
result in a particular unit, but arises from the physics of 
the thing. So if m is in pounds and v in ft/sec, E is in the 
corresponding coherent unit of energy, the foot-pound ::.l. 
But if you want it in foot-pounds (force) you have to 
divide the result by the constantg, 32.174; or (what is the 
same thing) modify the equation to 

E = t mgv2 •••••••• •• •• • ••• (2) 
Obviously there is much less risk of error or confusion 

if each physical-law equation always appears in only one 
form. Equation (2) can rightly be objected to because g 
is being used as just a number-a unit-conversion con­
stant-whereas it really has the dimensions of an accelera­
tion and so makes the equation false dimensionally. If 
one were making a check-as one should-by seeing that 
the dimensions in terms of M, L and T (length, mass and 
time) were the same on both sides, one would find (2) 
wrong. 

A criticism brought against the m.k.s. system (and SI) 
is that one doesn't (for example) want to measure the 
cross-sectional areas of pickup magnets in square metres. 
And if centimetres are used instead then the system ceases 
to be coherent. But this is not so if the prefix " centi " , 

· is regarded as part of the arithmetical amount to be filled 
into th~ relevant equations. For example, for "2 cm2 " 

you would write " 2 x 10-4m 2
." 

All the same, I suppose it would have to be admitted 
that on the whole the sort of quantities we use are a little 
more easily expressed in centimetres and grammes 
than in metres and kilogrammes. That being so, the onus 
was on advocates of m.k.s. to show why c.g.s. should not 
continue to be used. 

That would have been difficult to do in pre-electrical 
days. But not now. When units of electricity and mag­
netism were first defined, the c.g.s. system was universally 
used for scientific purposes, so naturally it was extended 
to include the new quantities~ The system for electrical 
units was based on the law of attraction between opposite 
electric charges, and the system for magnetic units on the 
law of attraction between (non-existent) opposite magnetic 
poles. Because of the relationships between electricity 
and magnetism, both systems of units · could .be . and were 
extended to include all electric and magnetic quantities, 
and so there were two alternative c.g.s. units for each. 

Dimensions 
Now we have already had something to say about the 
" dimensions " of physical quantities. For example, 
because of physical laws, force has the dimensions mass x 
acceleration, and acceleration in terms of the fundamental 
quantities is length/time2 • So we say the dimensions of 
force are ML/T2

• . Anything that a force is equal to must 
have th~se dimensions, or something is . wrong. The law 
of the force F between two electric .charges Q1 and Q 2 

·,concentrated at points separated by distance r is 

F = k Q;r~2 
• • • .. • • • • • • • • • .. (3) 

where k is a constant depending on the system of units and 
E is the permittivity of the medium. So the elecrostatic 
c.g.s. unit of charge is defined as that which spaced 1 em 
from an equal and opposite charge in a vacuum is attracted 
with a force of 1 dyne, k and E both being reg~rded as 1. 
The dimensions of charge are therefore the square root 
of (force x length2), or L1 M~ T-1 • The electromagnetic 
c.g.s. unit of charge, on the other hand, turns o:ut to have 
the dimensions L} Mt. But this is nonsensical! The ratio 
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then the quantity of sugar you would get in the mountain 
shop would be more than you would get at sea level with 
the machine indicating the same weight. In a space- 
ship a spring balance would indicate nothing at all, 
however much was hung on it. 

Coherence 
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of a pound. Since the force of gravity depends on the 
position of the mass in relation to the body attracting it— 
the earth—and is not the same even at sea level every- 
where, the pound force has no precise meaning unless a 
figure is given for the rate of gravitational acceleration. 
The agreed figure in feet/sec is 32.1740. 

So two possibilities exist for a coherent f.p.s. system. 
The pound can be the unit of mass, in which case the 
unit of force is that which would be needed to accelerate 
a pound at the rate of 1 ft/sec. As force is proportional 
to acceleration, such a unit force is 1/32.174 of a pound 
weight (which as we have just seen is deemed to accelerate 
a pound mass at 32.174 sec2). This coherent unit is called 
a poundal, and no very abstruse calculation is needed to 
show that it is equal to just under half an ounce weight 
at the presumed standard sea level. Or the pound can be 
the unit of weight (in its true sense, which is force). 
In which case the coherent unit of mass is equal to 32.174 
pounds mass, because the force of a pound applied to it 
would accelerate it at 1 ft/sec. Again, this unit has been 
given a name—the slug. 

With our unrivalled British capacity for muddle, we 
not only legally define the pound as a unit of weight when 
mass is meant, but we reject both of the above legitimate 
systems in favour of a strange mixture of the two, in 
which " pound " sometimes means one thing and some- 
times another 32.174 times larger or smaller. To call this a 
system is downright flattery. 

For completeness of information, we note that g, the 
presumed acceleration due to gravity, is 980.665 cm/sec 
in the c.g.s. system and 9.80665 m/sec in the m.k.s. system, 
so the dyne is just over one milligramme weight and the 
newton is just over one tenth of a kilogramme weight and 
therefore equal to 105 dynes. 

The value of a coherent system of units is not just that it 
sounds better than an incoherent one; it has the great V: lue 
that all the equations that state relationships between 
physical quantities can be used for computations without 
having to think about units or bring in constants to allow 
for them. For example, the equation for kinetic energy 

E in terms of mass m and velocity v is 
E = i mv'1  (1) 

This does not depend on units, so long as th y are 
coherent. The 4 is not a constant needed to express the 
result in a particular unit, but arises from the physics of 
the thing. So if m is in pounds and v in ft/sec, E is in the 
corresponding coherent unit of energy, the foot-poundal. 
But if you want it in foot-pounds (force) you have to 
divide the result by the constant^, 32.174; or (what is the 
same thing) modify the equation to 

E = i mgv"-  (2) 
Obviously there is much less risk of error or confusion 

if each physical-law equation always appears in only one 
form. Equation (2) can rightly be objected to because g 
is being used as just a number—a unit-conversion con- 
stant—whereas it really has the dimensions of an accelera- 
tion and so makes the equation false dimensionally. If 
one were making a check—as one should—by seeing that 
the dimensions in terms of M, L and T (length, mass and 
time) were the same on both sides, one would find (2) 
wrong. 

A criticism brought against the m.k.s. system (and SI) 
is that one doesn't (for example) want to measure the 
cross-sectional areas of pickup magnets in square metres. 
And if centimetres are used instead then the system ceases 
to be coherent. But this is not so if the prefix " centi " 
is regarded as part of the arithmetical amount to be filled 
into the relevant equations. For example, for " 2 cm2 " 
you would write " 2 x 10"4m2." 

All the same, I suppose it would have to be admitted 
that on the whole the sort of quantities we use are a little 
more easily expressed in centimetres and grammes 
than in metres and kilogrammes. That being so, the onus 
was on advocates of m.k.s. to show why c.g.s. should not 
continue to be used. 

That would have been difficult to do in pre-electrical 
days. But not now. When units of electricity and mag- 
netism were first defined, the c.g.s. system was universally 
used for scientific purposes, so naturally it was extended 
to include the new quantities. The system for electrical 
units was based on the law of attraction between opposite 
electric charges, and the system for magnetic units on the 
law of attraction between (non-existent) opposite magnetic 
poles. Because of the relationships between electricity 
and magnetism, both systems of units could be and were 
extended to include all electric and magnetic quantities, 
and so there were two alternative c.g.s. units for each. 

Dimensions 
Now we have already had something to say about the 
" dimensions " of physical quantities. For example, 
because of physical laws, force has the dimensions mass x 
acceleration, and acceleration in terms of the fundamental 
quantities is length/time2. So we say the dimensions of 
force are ML/T2. Anything that a force is equal to must 
have these dimensions, or something is wrong. The law 
of the force F between two electric charges Qt and Q , 
concentrated at points separated by distance r is 

where ife is a constant depending on the system of units and 
e is the permittivity of the medium. So the elecrostatic 
c.g.s. unit of charge is defined as that which spaced 1 cm 
from an equal and opposite charge in a vacuum is attracted 
with a force of 1 dyne, k and e both being regarded as 1. 
The dimensions of charge are therefore the square root 
of (force x length2), or U Mi T"1. The electromagnetic 
c.g.s. unit of charge, on the other hand, turns out to have 
the dimensions U Mi. But this is nonsensical! The ratio 
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of two quantities ot the same ki11d .must be a pure number, 
with no dimensions. But the ratio 'of any amount of electric 
charge in e.s.u. to the same ·amourit in e.m.u. is 

L~M~T-1 L . 
L}M~·. = T 

which · of course is a velocity. 
Do the same for any electric or magnetic quantity 

and you always get a velocity, or the square of a velocity. 
And always the satne velocity-2.99792 X 1010 em/sec, . 
which of course is the velocity of electromagnetic waves 
through space. 

The fallacy responsible for the absurdity mentioned . 
above was the assumption that € was a pur~ number 
(1); and the same for fL in the magnetic case. Now · 
nobody knows what · the dimensions of € and are fL, but 
we· doknow that 1; ,; ;-p, has the dimensions of velocity. 
Nor can the magnitudes of € and fL both be made 1 
(while retaining ·the second as the unit of time) other 
than by making our unit .of .length · ·equal to 2. 99792 X 
1010 em, which would hardly be a popular move. 

What it alL boils down to is that electrical and magnetic 
quantities can't be expressed in terms of the three fun­
damental (or any other) mechanical quantities, but need 
at: least one electromagnetic quantity. Any one would 
do, but for convenience it has been decided internationally 
that it should be electric current. 

Besides being fundamentally unsound, as we have seen, 
both of the c.g.s. systems were highly inconvenient in 
that their units were quite differet;1t from those in practical 
use, such as volts, amperes and ohms. Most of them 
were much too small or too large; for example, the e.m.u. 
unit of e.m.f. was equal to one hundredth of a microvolt, 
and unit capacitance was . one thousand million farads 
By making the four fundamental units the metre, kilo­
gramme, second and ampere,- all the coherent units of 
electricity and magnetism are the same as those in general 
use. And, incidentally, the units of force and of energy 
and work are of more convenient size than the dyne and 
erg. In particular, the unit of energy and work is the 

same for mechanical and electrical work-the watt­
second, or joule. The only inconvenience is that the 
values of € arid fL in space are not 1. 

On the whole, · however, this m.k.s.A. system is both 
sound and convenient, and the sooner all others are 
consigned to past history the better. The c.g.s. systems 
are rapidly moving in that direction, as well. they might! 

We have admittedly been taking rather a self-ce.ll.tred 
electrical view of things-not without · some, j~.stification 
in view of the electrical constitution of all things. But 
even the strictly mechanical engineer can hari.ily fail to 
benefit from at least (me by-product ofthe adoption of 
what is basically the m.k.s~A. sy.stem___;the replacement 
of 15 different units of heat, all called the calorie, by one 
already well-established-the joule. Heat is_rtow defined 
in electrical terms. 

Temperature could be defined in terms of the same'four 
fundamental quantities, but for conveni(;frice tlie degree 
Kelvin has been made a fifth quantity in .the· ~L , To 
bring units of light into it, the unit of luminous i,nterisity, 
the candela, is a sixth. So what we now have is an 

· m.k.s.A. °K.cd system, SI for short. The . SI agreement 
· includes several changes besides the abolition · of • separate 
heat units. The standard metre is no · longer a . metal 
bar but 1,650,763.73 wavelengths in vacuo -of a -certain 
radiation from the gas krypton. The second is also 
being re-defined in atomic terms, as a n~mber or cycles 
of a certain transition of caesium. The only one of the 
original three standards to remain is the .· kilogramm.e, 
kept at Sevres in France. . Greater precision could be 
obtained by specifying it as the number <)f atoms of a 
given element, but counting them with . available · facilities 
would be rather laborious. Before that ·becomes. prac­
ticable, no doubt the ampere will be te...:ddined as a 
number of electrons per second, instead of the force 
between two conductors carrying it. 

May I -suggest that, without waiting for these or any 
other developments, all readers who have not already 
done so accustom themselves to the use of SI? 
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(LUF) for reception in this country. Unlike the standard 
MUF, the LUF is closely dependent upon such factors as 
transmitter power, aerials, and the type of modulation. The 
LUF curves shown are those drawn by Cable & Wireless Ltd. 
for commercial telegraphy and assume the use of transmitter 
power of several kilowatts and rhombic type aerials. · 
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to May inclusive, i.e. 6, 6, 7, 7, 8, 9, respectively, suggest that 
the sunspot minimum has past. A steady rise would now be 
expected over the next few years. 
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We have admittedly been taking rather a self-centred 
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in view of the electrical constitution of all things. But 
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number of electrons per second, instead of the force 
between two conductors carrying it. 

May I suggest that, without waiting for these or any 
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WORLD OF w ·_IRELESS· 
U.K. Radio Shows 
SINCE the closing of the last National Radio Show at Earls 
Court, which was attended by over 200,000 fewer than 
the previous exhibition two years earlier, there have been 
frequent discussions on the future of the London show. 
Should it be biennial? Should it be international? Should 
it become a purely trade show? etc. Before B.R.E.M.A., the 
sponsors, had made up their minds the Thomson Organiza­
tion announced that they were to hold an international radio 
show in Newcastle to coincide with the annual Tyneside 
Summer Exhibition in the first week in August. (The date 
has subsequently been changed to August 17th-21st.) 

Within a few days of this announcement Industrial & 
Trade Fairs announced that they had taken over the pro­
motion and organization of annual radio and television ex­
hibitions at Earls Court. These would .be international and 
would replace those formerly run by B.R.E.M.A. who had 
options on dates for several years. It is understood that 
other trade associations will be invited to participate in the 
show which it is intended to broaden to cover other forms 
of home entertainment. The first of this new series of shows 
will run from August 25th-September 4th. 

The opening 
0 
of the doors of the London show to overseas 

manufacturers may mean that the organizers of the German 
show-to be in Stuttgart this year-will reciprocate. In the 
past they have offered to · do · this if we in the U.K. did 
likewise. 

Will the introduction of international shows mean the 
disappearance of the . plethora of . trade shows staged by 
individual manufacturers and importers coincident with the 
London Show? · 

Royal Society 
AS a result, in part, of a recommendation by an ad hoc com­
mittee ·set up •last year " to consider what action the Royal 
Society might take ... to heighten the esteem of the technolo­
gist as · a scientific contributor to <the national welfare " the 
number of annual elections of Fellows is to be increased 
from 25 to 32. The intention is rhat a substantial number 
of the .. new places should be given to applied scientists 
on both the physical and biological sides. 

In the report of the committee on scientific research in 
schools issued by the Society details are given of some 100 
research projects being undertaken by science teachers. These 
include an investigation of radio emission from sunspots 
(Bradford Grammar Sch.); radio communication on 430 Mc/s 
by reflection from the moon (Canford School, Wimborne); 
the measurement of ionospheric drifts (Tregaron County 
Secondary Sch.); construction of a 200 Mc/s radio telescooe 
(Gordonstoun Sch.) and radio astronomy (Westminster Sell.). 

Quality of Instruments 
A CONFERENCE on the performance and quality of instru­
ments, organized by the Scientific Instrument Manufacturers' 
Association recently, discussed how far criticisms of British 
instruments were justified, how to ensure that they are 
capable of meeting the users' requirements, and how to sell 

·more overseas. 
Points that came to light included the need for the pooling 

of information from the field engineers and servicing estab­
lishments and feeding it back to the design teams to help 
improve the reliability of _later designs; more fundamental 
analysis of unnecessary cost (i.e. cost that provides neither 
better quality, nor extended use, nor improved life); the 
implications of changing to the metric system; cheap and 
quick evaluation of instruments; and e~tending the existing 
calibration facilities now available to the industry. 0 

Dr. J. V. Dunworth, acting director . of the National 
Physical Laboratory, discussed the scherrie for establishing 
calibration centres under the auspiCes of the N.P.L. 
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Mullard Award of the Radio Society of Great Britain being received 
by James Illingworth (right), a blind amateur transmitter (GJEPL) of 

St. Bees, Cumberland. The award of books or apparatus to the value 
of £25 is donated by Mul/ard and is given to an R.S.G.B. member who 
has, through the medium of amateur radio, rendered outstanding 
personal ser.vice to the community by his own endeavours or by his 
example of fortitude and courage. 

I.E.R.E.-As already announced, the new president of 
the Institution of Electronic and Radio Engineers is Colonel 
G. W. Raby. The Institution's. new vice..:presidents are 
R. H. Garner, principal of Coatbridge Technical College; 
Major General B. D. Kapur, until recently controller of 
defence research and development in India's Ministry of 
Defence; H. F. Schwarz, managing director of Decca Navi­
gator; and Professor Emrys Williams, of University College of 
South Wales and Monmouthshire. New members of the 
Council are: R. ]. Cox (Atomic Energy Establishment, Win­
frith); T. A. Cross (Redifon); Rear-Admiral C. R. Darling­
ton (Ministry of Defence); Professor W. A. Gambling 
(University of Southampton); N. L. Garlick (Brighton Col­
lege of Technology) and M. James (Industrial Electronics 
Division in the U.K. of International G.E. Company). 

Among the nine premiums awarded at the annual meeting 
of the I.E.R.E. was a new one-the J. Langham Thompson 
Premium-endowed by Mr. Thompson, the retiring presi­
dent, for " the outstanding paper in the field of control 
engineer~ng." The first recipients of the 30gn award were 
G. B. Cole and S. L. H. Clarke, both of Elliott Process 
Automation Ltd., for their joint paper "The development 
of ARCH-a hybrid analogue-digital system~ for computers 
for industrial control." The Institution has announced a 
further award which has been endowed by Radio Rentals 
Ltd. to commemorate their founder P. Perring-Thoms. It 
will be presented annually for the most outstanding contri­
bution on improved methods of television reception, 

B.:k.S.T.S.-Since the merger a few months ago of the 
British Sound Recording Association with the British Kine­
matograph Society there have been .several attempts to find 
a new "all embracing" title. It has now been decided 
to register the name British Kinematograph Sound and Tele-
vision Society. · 
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U.K. Radio Shows 
SINCE the closing of the last National Radio Show at Earls 
Court, which was attended by over 200,000 fewer than 
the previous exhibition two years earlier, there have been 
frequent discussions on the future of the London show. 
Should it be biennial? Should it be international? Should 
it become a purely trade show? etc. Before B.R.E.M.A., the 
sponsors, had made up their minds the Thomson Organiza- 
tion announced that they were to hold an internadonal radio 
show in Newcastle to coincide with the annual Tyneside 
Summer Exhibition in the first week in August. (The date 
has subsequently been changed to August 17th-21st.) 

Within a few days of this announcement Industrial & 
Trade Fairs announced that they had taken over the pro- 
motion and organization of annual radio and television ex- 
hibitions at Earls Court. These would be international and 
would replace those formerly run by B.R.E.M.A. who had 
options on dates for several years. It is understood that 
other trade associations will be invited to participate in the 
show which it is intended to broaden to cover other forms 
of home entertainment. The first of this new series of shows 
will run from August 25th-September 4th. 

The opening of the doors of the London show to overseas 
manufacturers may mean that the organizers of the German 
show—to be in Stuttgart this year—will reciprocate. In the 
past they have offered to-do this if we in the U.K. did 
likewise. . ■ . , , . 

Will the introduction of international shows mean the 
disappearance of the plethora of. trade shows staged by 
individual manufacturers and importers coincident with the 
London Show? 

Royal Society 
AS a result, in part, of a recommendation by an ad hoc com- 
mittee set up last year " to consider what action the Royal 
Society might take ... to heighten the esteem of the technolo- 
gist as a scientific contributor to the national welfare" the 
number of annual elections of Fellows is to be increased 
from 25 to 32. The intention is that a substantial number 
of the new places should be given to applied scientists 
on both the physical and biological sides. 

In the report of the committee on scientific research in 
schools issued by the Society details are given of some 100 
research projects being undertaken by science teachers. These 
include an investigation of radio emission from sunspots 
(Bradford Grammar Sch.); radio communication on 430Mc/s 
by reflection from the moon (Canford School, Wimborne); 
the measurement of ionospheric drifts (Tregaron County 
Secondary Sch.); construction of a 200Mc/s radio telescope 
(GordonstoUn Sch.) and radio astronomy (Westminster Sch.). 

Quality of Instruments 
A CONFERENCE on the performance and quality of instru- 
ments, organized by the Scientific Instrument Manufacturers' 
Association recently, discussed how far criticisms of British 
instruments were justified, how to ensure that they are 
capable of meeting the users' requirements, and how to sell 
more overseas. 

Points that came to light included the need for the pooling 
of information from the field engineers and servicing estab- 
lishments and feeding it back to the design teams to help 
improve the reliability of later designs; more fundamental 
analysis of unnecessary cost (i.e. cost that provides neither 
better quality, nor extended use, nor improved life); the 
implications of changing to the metric system; cheap and 
quick evaluation of instruments; and extending the existing 
calibration facilities now available to the industry. 

Dr. J. V. Dunworth, acting director of the National 
Physical Laboratory, discussed the scheme for establishing 
calibration centres under the auspices of the N.P.L. 

Milliard Award of the Radio Society of Great Britain being received 
by James lllingworth (right), a blind amateur transmitter (G3EPL) of 
St. Bees, Cumberland. The award of books or apparatus to the value 
of £25 is donated by Mallard and is given to an R.S.G.B. member who 
has, through the medium of amateur radio, rendered outstanding 
personal service to the community by his own endeavours or by his 
example of fortitude and courage. 

I.E.R.E.—As already announced, the new president of 
the Institution of Electronic and Radio Engineers is Golonel 
G. W. Raby. The Institution's new vice-presidents are 
R. H. Garner, principal of Coatbridge Technical College; 
Major General B. D. Kapur, until recently controller of 
defence research and development in India's Ministry of 
Defence; H. F. Schwarz, managing director of Decca Navi- 
gator; and Professor Emrys Williams, of University College of 
South Wales and Monmouthshire. New members of the 
Council are: R. J. Cox (Atomic Energy Establishment, Win- 
frith); T. A. Cross (Redifon); Rear-Admiral C. R. Darling- 
ton (Ministry of Defence); Professor W. A. Gambling 
(University of Southampton); N. L. Garlick (Brighton Col- 
lege of Technology) and M. James (Industrial Electronics 
Division in the U.K. of International G.E. Company). 

Among the nine premiums awarded at the annual meeting 
of the I.E.R.E. was a new one—the J. Langham Thompson 
Premium—endowed by Mr. Thompson, the retiring presi- 
dent, for "the outstanding paper in the field of control 
engineering." The first recipients of the 30gn award were 
G. B. Cole and S. L. H. Clarke, both of Elliott Process 
Automation Ltd., for their joint paper "The development 
of ARCH—a hybrid analogue-digital system:- for computers 
for industrial control." The Institution has announced a 
further award which has been endowed by Radio Rentals 
Ltd. to commemorate their founder P. Perring-Thoms. It 
will be presented annually for the most outstanding contri- 
bution on improved methods of television reception,. 

B.K.S.T.S.—Since the merger a few months ago of the 
British Sound Recording Association with the British Kine- 
matograph Society there have been several attempts to find 
a new "all embracing" title. It has now been decided 
to register the name British Kinematograph Sound and Tele- 
vision Society. 
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R.T.E.B. and S.E.R.T.-Since the formation of the Radio 
Tt;ades Examination Board in 1942 secretarial assistance has 
been provided by ·the Institution of Electronic and Radio 
E~gineers at its offices at 9 Bedford Squar~, London, W.C.l. 
Wuh· the expansion of the Board's activities and the estab­
lishment of the Society Electronic and Radio Technicians, 
these two organizations have moved to 33 Bedford Street, 
London, W.C.2. The telephone numbers are COVent 
Garden 0926 (R.T.E.B.) and ll52 (S.E.R.T.). · As announced 
elsewhere in this issue, A. J. Kenward is now secretary 
of both organizations. 

· I.E.R.E. Membership.-The Report of the Institution of 
Electronic and Radio Engineers for the year ended last 
March, which was presented at the a.g.m. on December 9th, 
re~or~s a net gain in membership of 832 during ·the year 
brmgmg the total to 9,531. Just under a third of the total 
(3,100) are graduates and another 2,800 associate members. 

A total of some 300 exhibitors have already booked space 
for the Radio & Electronic Compo~ent Show to be held at 
Olympia, London, from May 18th to 21st. This is almost 
a 20 % increase on the 1963 figure. Sponsored by the Radio 
& Electronic Component Manufacturers' Federation, it is 
organized by Industrial Exhibitions Ltd. 

I.E.A. 1966.-The dates of the next International Instru­
ments, Electronics and Automation Exhibition-May 23rd-
28th, 1966-have been announced by the organizers, Indus­
trial Exhibitions Ltd., 9 Argyll Street, London, W.l. The 
biennial exhibition is sponsored by the British Electrical and 
Allied Manfrs' Assoc., Radio and Electronic Component 
Manfrs' Fed., British Industrial Measuring · and Control 
Apparatus Manfrs' Assoc., Electrical Engineering Assoc. and 
Scientific Instrument Manfrs ' Assoc. 

Television for Barbados.-The Caribbean Broadcasting 
Corporation's first television station was brought into 
service on December 15th. The 625-line station is located 
in Bridgetown, Barbados. The channel width is 6 Me/ s. 
Studio . equipment, including 4-!--in image-orthicon cameras 
and telecine units, was supplied by Pye T.V.T. 

Pakistan's first television station, built in the West Pakistan 
capital of Lahore, · was inaugurated by the president on 
November 26th. A second station is opening soon in Dacca, 
the eastern capital. Both transmitters, which operate on 
the 625-line 7 Me/ s standard, were supplied by Nippon 
Electric Company of Japan. 

A joint I.E.R.E.-I.E.E. symposium on microwave applica­
tions of semiconductors is to be held at University College, 
London, from June 30th to July 2nd. 

Microwave Behaviour.-An international conference on 
the microwave behaviour of ferrimagnetics and plasmas is 
being organized for next September by the I.E.E . . in col­
laboration with the I.E.R.E., the U.K. Section of the I.E.E.E. 
and the Inst. Phys. & Phys. Soc. It will be held at the 
I.E.E. headquarters, Savoy Place, London, W.C.2. 

Electronics Design.-:-A two-day conference on the design 
of electronic equipment, covering the commercial, manu­
facturing, resthetic and ergonomic ·aspects as well as those_ 
concerned with technical performance, is being organized 
by the Electronics Division of the I.E.E. for 8th and 9th 
February ~t Savoy Place, London, W.C.2. Registration 
forms ar·e obtainable from the Institution at the above 
address. 

Correction.-In line· 23, r:h. column, page 614 of R. B. C. 
· Copsey's article in the December. 1964 issue on a transistor 
f.s.k. oscillatOT, th~ second term of the expression for the 
input .to Tr3 should be the same as in eqn. (1) with index 
j0, not j20. · 
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The commemoration stamp issued on 
December 15th by the United States 
Post Office to mark the 50th anniver­
sary of the founding of the American 
Radio Relay League. A specially 
designed envelope bearing a repro­
duction of the first cover of the 
League's journal QST was used for 
first day cancellations. · 

Engineering sc.holarships combining undergraduate and 
P?St-graduate education are announced by the English Elec­
tnc group of companies. The schola!ships will include awards 
of £550 a year for three years to undergraduates following 
a course leading to an honours degree in mechanical 
eng~neer~ng, electrical engineering, electronics, production 
engmeenng or some other related applied science. For those 
who have completed a year's practical training with the 
company and have a 1st- or 2nd-class honours degree, 
awards to the value of £825 a year will be available. 

A course of twelve weekly lectures on microwave applka­
tions of semiconductors begins at the Borough Polytechnic, 
Borough Road, London, S.E.l, on January 12th (fee 50s). 
Incidentally, proposals for the erection of a maj<;>r extension 
to the college, providing an extra 140,000 sq ft . of accom­
modation, have been approved. This would more than double 
the existing space. 

Three courses, each of two weeks' duration, to "provide 
a d_eeper insight into the circuit techniques, applications and 
mamtenance procedures " of Tektronix instruments and their 
sampling and digital systems, are being arranged by Tek­
tronix Ltd. at their Guernsey, Channel Islands, training 
department. Each course is repeated at intervals of approxi­
mately a month. They start in January. Details of the 
courses, which are free but travel and accommodation have 
to be paid for, are obtainable from J. Thompson, Tektronix 
U.K. Ltd., Beaverton House, Station Approach, Harpenden, 
Herts. 

An evening course of 12 lectures on statistical signal 
theory begins at the Brunei College, London, W.3, on Janu­
ary 12th. · It is intended for engineers and scientists who 
already have a basic knowledge of information theory. (Fee 
2 gn.) 

A course of six Tuesday evening lectures in radar tech­
nology, commencing February 2nd, are to be held at the 
Norwood Technical College, Knight's Hill, London, S.R27. 
(Fee ISs.) · . 

Two courses, each · of 12 weekly lectures, start at the 
Northern Polytec.hnic, London, N.7, on January 14th. In 
the afternoon there will be a course on printed circuit 
techniques (fee £2) and in the evening one on basic micro­
wave techniques (fee £1). A course of . 14 lectures on .the 
principles of modern network theory, with an introduction to 
synthesis, starts on January 15th (fee 30s). 

A. c~urse of 11 weekly · evening lectures providing an 
. introduction to the theory and application of lasers, masers 
.. and parametric amplifiers, begins at the Twicken'harri: 'College 
of Technology, Egert9'ri Road, Twickenharri, ·Middx., ori 
January 15th. (Fee 55s.) · 
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R.T.E.B. and S.E,R.T.—Since the formation of the Radio 
Trades Examination Board in 1942 secretarial assistance has 
been provided by the Institution of Electronic and Radio 
Engineers at its offices at 9 Bedford Square, London, W.C.I. 
With the expansion of the Board's activities and the estab- 
lishment of the Society Electronic and Radio Technicians, 
these two organizations have moved to 33 Bedford Street, 
London, W.C.2. The telephone numbers are COVent 
Garden 0926 (R.T.E.B.) and 1152 (S.E.R.T.). As announced 
elsewhere in this issue. A, J, Kenward is now secretary 
of both organizations. 

I.E.R.E. Membership.—The Report of the Institution of 
Electronic and Radio Engineers for the year ended last 
March, which was presented at the a.g.m. on December 9th3 
records a net gain in membership of 832 during the year 
bringing the total to 9,531. Just under a third of the total 
(3,100) are graduates and another 2,800 associate members. 

A total of some 300 exhibitors have already booked space 
for the Radio & Electronic Component Show to be held at 
Olympia, London, from May 18th to 21st. This is almost 
a 20°,, increase on the 1963 figure. Sponsored by the Radio 
& Electronic Component Manufacturers' Federation, it is 
organized by Industrial Exhibitions Ltd, 

I.E.A. 1966.—The dates of the next International Instru- 
ments, Electronics and Automation Exhibition—May 23rd- 
28th, 1966—have been announced by the organizers, Indus- 
trial Exhibitions Ltd., S Argyll Street, London, W.l. The 
biennial exhibition is sponsored by the British Electrical and 
Allied Manfrs' Assoc., Radio and Electronic Component 
Manfrs' Fed., British Industrial Measuring and Control 
Apparatus Manfrs' Assoc., Electrical Engineering Assoc. and 
Scientific Instrument Manfrs' Assoc. 

Television for Barbados.—The Caribbean Broadcasting 
Corporation's first television station was brought into 
service on December 15th. The 625-line station is located 
in Bridgetown, Barbados. The channel width is 6Mc/s. 
Studio equipment, including 4j-in image-orthicon cameras 
and telecine units, was supplied by Pye T.V.T. 

Pakistan's first television station, built in the West Pakistan 
capital of Lahore, was inaugurated by the president on 
November 26th. A second station is opening soon in Dacca, 
the eastern capital. Both transmitters, which operate on 
the 625-line 7 Mc/s standard, were supplied by Nippon 
Electric Company of Japan. 

A joint I.E.R.E.-I.E.E. symposium on microwave applica- 
tions of semiconductors is to be held at University College, 
London, from June 30th to Juiy 2nd. 

Microwave Behaviour.—An international conference on 
the microwave behaviour of ferrimagnetics and plasmas is 
being organized for next September by the I.E.E. in col- 
laboration with the I.E.R.E., the U.K. Section of the I.E.E.E. 
and the Inst. Phys. & Phys. Soc. It will be held at the 
I.E.E. headquarters, Savoy Place, London, W.C.2. 

Electronics Design.—A two-day conference on the design 
of electronic equipment, covering the commercial, manu- 
facturing, aesthetic and ergonomic aspects as well as those 
concerned with technical performance, is being organized 
by the Electronics Division of the I.E.E. for 8th and 9th 
February at Savoy Place, London, W.C.2, Registration 
forms are obtainable from the Institution at the above 
address. 

Correction.—In line 23, r.h, column, page 614 of R. B. C. 
Copsey's article in the December 1964 issue on a transistor 
f.s.k. oscillator, the second term of the expression for the 
input to Tr3 should be the same as in eqn, (1) with index 
)0, not j20. 

The commemoration stamp issued on 
December ISth by the United States 
Post Office to mark the 50th anniver- 
sary of the founding of the American 
Radio Relay League. A specially 
designed envelope bearing a repro- 
duction of the first cover of the 
League's journal QST was used for 
first day cancellations. 

Engineering scholarships combining undergraduate and 
post-graduate education are announced by the English Elec- 
tric group of companies. The scholarships will include awards 
of £550 a year for three years to undergraduates following 
a course leading to an honours degree in mechanical 
engineering, electrical engineering, electronics, production 
engineering or some other related applied science. For those 
who have completed a year's practical training with the 
company and have a 1st- or 2nd-class honours degree, 
awards to the value of £825 a year will be available. 

A course of twelve weekly lectures on microwave applica- 
tions of semiconductors begins at the Borough Polytechnic, 
Borough Road, London, S.E.I, on January 12th (fee 50s). 
Incidentally, proposals for the erection of a major extension 
to the college, providing an extra 140,000 sq ft of accom- 
modation, have been approved. This would more than double 
the existing space. 

Three courses, each of two weeks' duration, to " provide 
a deeper insight into the circuit techniques, applications and 
maintenance procedures " of Tektronix instruments and their 
sampling and digital systems, are being arranged by Tek- 
tronix Ltd. at their Guernsey, Channel Islands, training 
department. Each course is repeated at intervals of approxi- 
mately a month. They start in January. Details of the 
courses, which are free but travel and accommodation have 
to be paid for, are obtainable from J. Thompson, Tektronix 
U.K. Ltd., Beaverton House, Station Approach, Harpenden, 
Herts. 

An evening course of 12 lectures on statistical signal 
theory begins at the Brunei College, London, W.3, on Janu- 
ary 12th. It is intended for engineers and scientists who 
already have a basic knowledge of information theory. (Fee 
2gn.) 

A course of six Tuesday evening lectures in radar tech- 
nology, commencing February 2nd, are to be held at the 
Norwood Technical College, Knight's Hill, London, S.E.27. 
(Fee 15s.) 

Two courses, each of 12 weekly lectures, start at the 
Northern Polytechnic, London, N.7, on January 14th. In 
the afternoon there will be a course on printed circuit 
techniques (fee £2) and in the evening one on basic micro- 
wave techniques (fee £1). A course of 14 lectures on the 
principles of modern network theory, with an introduction to 
synthesis, starts on January 15th (fee 30s). 

A course of 11 weekly evening lectures providing an 
introduction to the theory and application of lasers, masers 
and paramstric amplifiers, begins at the Twickenham College 
of Technology, Egertori Road, Twickenham, Middx., on 
January 15th. (Fee 55s,) 
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At the presentation of prizes to apprentices at the · Mar~ 
coni Company's works at Chelmsford on Dec;ernber '4th the. 
education and training officer ·· announced that 738 appr:en- . 
rices are at present in training. Of this number 380 are 
craftsmen, 157 technidan<s, 143 students and · 58 graduates. 
Apprentices' successes in the various' exams for degrees·, dip- · 
lomas and certificates reached the high level of 78% during . 
the pa:st year. · · 

Automatic Control . .....:._ London is to be 'the· venue , of the 
third congress of the International Feder-ation of Automatic 
Control which is Ito be held from June 20th-25th, 1966. 
Or~anization is in the hands of the U.K. Automation Coun..; 
cil, c/o I.E.E., Savoy · Place, L ondon, W.C.2. 

The Society of Environmental Engineers is planning . to 
hold its second symposium and exhibition in London in 
April 1966. 

A twenty-minute colour film entitled " Solder Glass Tech­
nique" is now available for hire from the Central Film · 
L ibrary, Industrial Section, Government Buifqing, Brom­
yard Avenue, Acton, London, W.3. Professor King, of the 
M .I.T. of America, demonstrates a simple method of produc­
ing inexpensive v.acuum tube devices for experimental use 
from ordinary :;oft glass tubing · and solder glass. · - .. 

. ·Three new pamphlets in the series . " Educational Elec­
troni~;: Experiments" are available from the Mullard Educa­
t ional · Service, Mullard House, Torrington Place, London, 
W.C.l. The first ofthese-number eight in the series-:-deals 
with the construction . of a low-voltage electrometer · which 
is particularly suitable for all pH measurements. Number 

· nine describes the construction of a decade scaler which has 
a · maximum .count rate of 400 c/•s and will accept and count 
most standard waveforms. A method of making Hall effect 
measurements is described in pamphlet ten and samples of 

· semiconductor wafers for this. purpose are available from 
the Educational Service. No charge is made to schools and 
other educational establishments for these pamphlets. 
Although not in the Electronic Experiments series, . a list of 
elements giving atomic numb.er and ·weight, electron shdl 
dispositions, periodic group and neutron complement is 
available from the Educational Servic~. · · 

· EST.EC-the European Space Technology Centre.:._at 
present operating from buildings belonging to the Technical 
University of Delft, is to set up its own establishment a few 
kilometres .. south of Noordwijk ·. This decision was an­
nounced by the Council of ESTEC at its meeting on the 
22nd October attended · by delegates from all nine member 
count.ties:-Belg.ium, Denmark, Federal Republic of Germany, 
F rance, Netherlands, Spain, Sweden, Switzerland and U.K. 

P-ERSONALITIES 
Sit Robert Renwick, Bt., K.B.E., who 

was appointed a baron in the Honours 
L ist on the dissolution of Parliament, 
is chairman of Associated Electrical In­
dustries, Associated Television, British 
Relay and the British Space Develop­
ment Corporation. During the last war 
Sir Robert was closely associated with 
the development of radar by virtue of 
the positions he held in the Supply and 
Air M inistries. For the past ten years 
he has been president of the Radar & 
Electronics Association. 

. the war he was engaged on radar de­
velopment and subs·equently on the 
design of television cameras. In his new 
position he will be respons~ble for the 

Captain J. W. G. James, O.B.E., 
F.R.Ae.S., M.Inst.P., who has been 
flight operations and communications 
director of British European Airways 
since 1952, ha:s been appointed a full­
time member of the board of B.E.A. 
for a period of five years from Decem­
ber 1st. 

Walter Bruch, who developed the 
PAL television system, has been 
appointed an honorary doctor of engin­
eering by the Hanover ·Technical Uni­
versity " for his excellent scientific 
achievements in the domain of colour 
television." Dr.-Ing. Bruch, who is 56, 
joined the television and physical re­
search department of Telefunken in 
1935. After the war he ran his own 
laboratory in Berlin for four years but 
returned. to T elefunken in 1950. He is 
a member of the ad hoc colour television 
group of the E uropean Broadcasting 
Union and of Study Group XI (tele­
vision) of the C.C.I.R. 

E. L. C. White, Ph.D., M.A., 
M.I.E.E., for the past three · years in 
charge of military projects research for 
EM! Electronics, has been appointed 
chief scientist. Dr. White joined EMI 
Research Laboratories in 1933 and was 
a member of the team led · by the late 
Sir Isaac Shoenberg· which · developed 
the 405-line television system. During 
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technkal · execu~ive duties hitherto car­
ried out by the techni,;::al direc :or, 
Arthur H. · Cooper~ C.B.E., B.Sc., who 
has. left the country to become a direc­
tor of the recently formed EMI Elec­
tronics . (Australia) Pty., Ltd. Mr. 
Cooper, who is 60 and is a graduate of 
King's Gollege, London, was in the 

· research laboratories of the G.E.C. and 
then the B.B.C. before · joining the 
Gramophone Company (now part o.f 
EMI) in 1929. He was appointed head 
of advanced development of EMI · in 
1932 and was in charge of the work on 
proximity fuses. He ·has · been technical 
director of EMI Electronics since 1956. 

J. G. Thompson, Assoc.I.E.E., director 
of telecomqmnications, Singapore, for 
the past two years has resigned to take 
up an appointment with the Inter­
national Civil Aviation Organization and 
will be seconded to the governement of 
Libya as senior .radio engineer. M!!. 
Thompson, who is 42, served in the 
R.A.F. Signals B.ranch during the war 
and in 1946 was seconded to the Forces 
Broadcasu!ng Service. He left the 
R.A.F. in 1950 but remained with 
F.B.S. in a civilian capacity to become 
senior technical officer, Middle East. A 
year la·ter he joined the Government 
Telecommunications Department, Sin­
gapore, and after serving as engineer­
in-charge of radio transmitting and re­
ceiving stations was controller of the 
Radio Branch from 1960 until his 
appointment as director of · telecom­
munications in 1962. 

R. W. Beattie, manager of the capa­
citor division of the · Telephone Manu­
facturing Company, Ltd., has been 
appointed an executive director. As 
divisional manager, Mr. Beattie is res­
pons~ble for all aspects of production, 
sales and engineering of T.M.C's capa­
cit~r division. 

At the presentation of prizes to apprentices at the Mar- 
coni Company's works at Chelmsford oh Deqember 4th the 
education and training officer announced that 738 appren- 
tices are at present in training. Of this number 380 are 
craftsmen, 157 technicians, 143; students and' 58 graduates. 
Apprentices' successes in the various' exams for degrees, dip- 
lomas and certificates reached the high level of 78% during 
the past year. ' ■ 

Automatic Control.-—London is to be the venue of the 
third congress of the International Federation of Automatic 
Control which is to be held from June 20th-25th, 1966. 
Organization is in the hands of the U.K. Automation Coun- 
cil, c/o I.E.E., Savoy Place, London, W.C.2. 

The Society of Environmental Engineers is planning , to 
hold its second symposium and exhibition in London in 
April 1966. '■■■■■. «. 

A twenty-minute colour film entitled " Solder Glass Tech- 
nique" is now available for hire from the Central Film 
Library, Industrial Section, Government Building, Brom- 
yard Avenue, Acton, London, W.3. Professor King, of the 
M.I.T. of America, demonstrates a simple method of produc- 
ing inexpensive vacuum tube devices for experimental use 
from ordinary soft glass tubing and solder glass. 

Three new pamphlets in the series "Educational Elec- 
tronic Experiments " are available from the Mullard Educa- 
tional Service, Mullard House, Torrington Place, London, 
W.C.I. The first of these—number eight in the series—deals 
with the construction of a low-voltage electrometer which 
is particularly suitable for all pH measurements. Number 
nine describes the construction of a decade sealer, which has 
a maximum count rate of 400 c/s and will accept and count 
most standard waveforms. A method of making Hall effect 
measurements is described in pamphlet ten and samples of 
semiconductor wafers for this purpose are available from 
the Educational Service. No charge is made to schools and 
other educational establishments fOr these pamphlets. 
Although not in the Electronic Experiments series, a list of 
elements giving atomic number and weight, electron shell 
dispositions, periodic group and neutron complement is 
available from the Educational Service. 

ESTEC—the European Space Technology Centre—at 
present operating from buildings belonging to the Technical 
University of Delft, is to set up its own establishment a few 
kilometres south of Noordwijk. This decision was an- 
nounced by the Council of ESTEC at its meeting on the 
22nd October attended by delegates from all nine member 
countries :—Belgium, Denmark, Federal Republic of Germany, 
France, Netherlands, Spain, Sweden, Switzerland and U.K. 

PERSONALITIES 

Sir Robert Renwick, Bt., K.B.E., who 
was appointed a baron in the Honours 
List on the dissolution of Parliament, 
is chairman of Associated Electrical In- 
dustries, Associated Television, British 
Relay and the British Space Develop- 
ment Corporation. During the last war 
Sir Robert was closely associated with 
the development of radar by virtue of 
the positions he held in the Supply and 
Air Ministries. For the past ten years 
he has been president of the Radar & 
Electronics Association. 

Walter Bruch, who developed the 
PAL television system, has been 
appointed an honorary doctor of engin- 
eering by the Hanover Technical Uni- 
versity " for his excellent scientific 
achievements in the domain of colour 
television." Dr.-Ing. Bruch, who is 56, 
joined the television and physical re- 
search department of Telefunken in 
1935. After the war he ran his own 
laboratory in Berlin for four years but 
returned to Telefunken in 1950. He is 
a member of the ad hoc colour television 
group of the European Broadcasting 
Union and of Study Group XI (tele- 
vision) of the C.C.I.R. 

E. L. C. White, Ph.D., M.A., 
M.I.E.E., for the past three years in 
charge of military projects research for 
EMI Electronics, has been appointed 
chief scientist. Dr. White joined EMI 
Research Laboratories in 1933 and was 
a member of the team led by the late 
Sir Isaac Shoenberg which developed 
the 405-lme television system. During 

the war he was engaged on radar de- 
velopment and subsequently on the 
design of television cameras. In his new 
position he will be responsible for the 

Dr. E. L C. White 

technical executive duties hitherto car- 
ried out by the technical director, 
Arthur H. Cooper, C.B.E., B.Sc., who 
has left the country to become a direc- 
tor of the recently formed EMI Elec- 
tronics . (Australia) Pty., Ltd. Mr. 
Cooper, who is 60 and is a graduate of 
King's College, London, was in the 
research laboratories of the G.E.C. and 
then the B.B.C. before joining the 
Gramophone Company (now part of 
EMI) in 1929. He was appointed head 
of advanced development of EMI in 
1932 and was in charge of the work on 
proximity fuses. He has been technical 
director of EMI Electronics since 1956. 

Captain J. W. G. James, O.B.E., 
F.R.Ae.S., M.Inst.P., who has been 
flight operations and communications 
director of British European Airways 
since 1952, has been appointed a full- 
time member of the board of B.E.A. 
for a period of five years from Decem- 
ber 1st. 

J. G. Thompson, Assoc.I.E.E., director 
of telecommunications, Singapore, for 
the past two years has resigned to take 
up an appointment with the Inter- 
national Civil Aviation Organization and 
will be seconded to the governement of 
Libya as senior radio engineer. Mr. 
Thompson, who is 42, served in the 
R.A.F. Signals Branch during the war 
and in 1946 was seconded to the Forces 
Broadcasting Service. He left the 
R.A.F. in 1950 but remained with 
F.B.S. in a civilian capacity to become 
senior technical officer. Middle East. A 
year later he joined the Government 
Telecommunications Department, Sin- 
gapore, and after serving as engineer- 
in-charge of radio transmitting and re- 
ceiving stations was controller of the 
Radio Branch from 1960 until his 
appointment as director of telecom- 
munications in 1962. 

R. W. Beattie, manager of the capa- 
citor division of the Telephone Manu- 
facturing Company, Ltd., has been 
appointed an executive director. As 
divisional manager, Mr. Beattie is res- 
ponsible for all aspects of production, 
sales and engineering of T.M.C's capa- 
citor division. 
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Colonel E. N. Elford, O.B.E.,. T.D., 
A . .M..I.E.E., has retired from Marconi's 
after 27 years' service. He was 
manager o( the company's radar divi­
sion from 1948 until 1960 when he was 
appointed consultant to the managing 
director, particularly in the defence 
field. Col. Elford originally joined 
Marconi's as an unpaid trainee in 1915 
but left to join the Regular Army in 
1917. He was commissioned in the 
Royal Artillery but invalided out and 
resumed his career in . the radio indus­
try. · He rejoined the Marconi Company 
i::: 1937 but ao a Territorial Army officer 
was recalled at the outbreak of war in 
1939. He returned to Chelmsford in 
1945 and was instrumental in the for­
mation of what is now the radar 
division. 

H. Stephen Marmorek; M.A., who 
graduated at Cambridge University and 
following service in the Second World 
War as a captain in R.E.M.E. went to 
North America, has become president of 
Sprague-TCC (Canada) Ltd. This is 
the joint Canadian subsidiary of the 
Telegraph · Condenser . Company, of 
London, and the Sprague Electric Com­
pany, of North Adams, Mass. Mr. Mar­
morek was for some years works man­
ager of Radio Engineering & Products 
Ltd., of MontreaL 

The recently appointed dir~ctor of 
technical castings in the Ministry of 
Aviation is H. E. Drew; M.I.E.R.E., and 
not E. C. Drew as stated in error last 
month. Mr. Drew joined Sir Robert 
Watson-Watt's staff atthe Bawdsey Re­
search Station in 1938 after 14 years 
in the . R.A.F. In 1946 . he became .a 
member of the headquarters staff of the 
Ministry of Supply's Directorate of 
Radio Production. He was director of 
electronics production (air) from . 1959 
until his new appointment on October 1. 

G. Caldwell, B.Sc., A.M.I.E.E., is to 
be the new head of the Department of 
Electrical Engineering in the Borough 
Polytechnic, London, S.E.l, from Jan­
uary 1st in succession to V. P. Mendoza, 
M.Sc.Tech., M .I.E.E., who was recently 
appointed vice-principal. Mr. Caldwell, 
who is 44 and is a graduate of the Uni­
versity of Manchester, has been head 
of the Department of Electrical En­
gineering at the Oxford College of Tech­
nology. He has also been a member of 
the academic staff of the Loughborough 
College of Technology and was for some 
time principal of the Apprentice Train­
ing School of the U.K. Atomic Energy 
Authority at Harwell. 

R. A. King, M.A., A.M.I.E.E., lecturer 
in the electrical engineering department 
of Imperial College, London, has been ·. 
seconded for three years to the Indian 
Institute of Technology, Delhi, as pro~ 
fessor of electrical engineering (c-ontrol 
engineering). 
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Colonel E. Holland, · B.Sc.(Eng.), 
' . A.M.I.Mech.E., A.M.I.E.E., R.E.M.E., ' 

assistant director electrical and mechani­
cal engineering in the Ministry of De­
fence since April, 1963, has been 
appointed director of electrical inspec­
tion in the Ministry of Aviation in suc­
cession to E. D . Whitehead who is now 
director . of electronics production 
(radar). .Col. Holland has been granted 
the rank of Brigadier. · 

G. D. Clifford, C.M.G., secretary of 
the Institute of Electronic and Radio 
Engineers which he joined in 1937, is 
retiring from the post of secretary of the 
Radio Traders Examination Board he 
has held s·ince the formation of the 
Board of which the I.E.R.E. is one of 
the four sponsoring bodies. A. J. Ken­
ward; B.Sc., . A.M.I.E.RE., who is a 
graduate of London University and has 
been education -officer of the . LE.R.E. 
since 1948, is being released to become 
secretary of the R.T.E.B. and of the 
recently formed Society of Electronic 
and Radio Technicians. 

G. N. Patchett, B.Sc.(Eng.), Ph.D., 
M.I.E.E., M.I.E.R.E., who . has been· 
head of the Electrical Engineering 
Department of Bradford Institute of 
Technology for the past 12 years, has 
been appointed a professor . of electrical 
engineering in the proposed University 
of Bradford. Dr. Patchett has been on 
the staff of the College since 1940 when 
he joined to teach Servicemen radio .. He 
received his own academic training at 
the College where he graduated B.Sc. 
(electrical engineering). H~ re<:eiv~d 
his Ph~D. from London Univers1ty m 
1946. 

W. F. Lovering, M.Sc., M.I.E.E., 
head of the Electrical Engineering 
Department of Battersea College of 
Advanced Techno!ogy, London, has 
been appointed to the chair of electrical 
and control engineer·ing. This is one 
of several appointments to personal 
chairs in anticipation of the granting of 
university status to the college. Mr. 
Lovering, who is 51 and a graduate of 

· Birmingham University, was in indus­
HY (Ferranti, G.E.C. and Stratton) for 
some years before joining the staff of 
Nottingham ·University as. a lecturer. 
He subsequently served on the staff of 
the Umversity of New South Wales, 
Australia, and of Imperial College, 
London. 

William A. Gambling, Ph.D., B.Sc. 
(Eng.), A.M.I.E.E., senior lecturer in 
the Department of Electronics at South­
ampton University until his appoint­
ment a year ago as reader in electronics, 
has nb·w been appointed to the Univer­
sity's second chai.r of electronics. The 
incumbent of the other chair is Dr. 
Geoffr'ey D . Sims who succeeded to the 
prof.essorship on 1'he retir·ement of Dr. 

·E . E. Zepler a year ago. 

The · Copley Medal of the Royal 
Society has beep awarded to Professor 
S. Chapman, F.R.S., advisory scientific 
director of the Geophysical Institute, 
University of Alaska, for his theoretical 
contributions to terrestrial and inter­
planeta·ry magnetism, the study of. the 
ionosphere and of the aurora borealis. 

OUR AUTHORS 
J. L. Storr-Best, B.Sc.(Eng.), 

A.M.I.E.E., author of the article on 
miniature selenium rectifiers for tele­
vision e.h..t. in this issue. obtained a 
First Class -Honours degree of London 
University at Brighton Technical Col­
)ege. From 1940 until 1959 he worked 
in -the Radio Division of Standara Tele-
phones & Cables at New Southgate. 
In 1959 he became head of the labora­
tory designing digital transistor circuits 

: for electronic telegraph switching equip­
ment. Since February, 1963, he has 
been chief applications -engineer for the 
Rectifier Division of S.T.C. at Harlow. 

M. D. A. B. Rackowe, B.A., con­
tributor of · the article on page 24, 
graduated in the mechanical sciences 
uipos at Pembroke College, Cambridge. 
He then spent a year with English Elec­
tric Aviation working on guided weapon 
control circuitry after which he joined 
Everett Edgcumbe & Co. where he was 
concerned mainly with the development 
of a.c. and d.c. amplifiers. From 
1anuary; 1963, until la·st June he was 
with AMF Bri·tish Research Laboratory, 
Reading, and is now with Coutant. Elec­
tronics, of Reading. He is .28. 

OBITUARY 
Charles Samuel Franklin, C.B.E., 

M.I.E.E., who died on December lOth at 
the age of 85, will always be honoured 
for the prominent part he played in the 
creation of beam wireless, although at 
the time of his retirement from the 
Marconi company in 1939 he modestly 
pointed out that "beamed" short-wave 
transmission is as old as wireless itself. 
After extensive experiments, both in this 
country and abroad, an aerial with a 
large reflector was erected at Poldhu, 
Cornwall, and its. transmissions on 100 
metres and below were received on 
Marconi's yacht · Elettra in . various parts 
of the world. Having proved the value 
of beamed short-wave communiCation a 
contract was · obtained from the Post 
Office in 1925 for a number of stations. 
Franklin was one of the original band 
of engineers who joined -· th,e 'Marconi . 
compjlny on its foriilation in . 1899 and 
is perhaps best known .as t.l).e originator 
of the high-stability oscillator bearing his 
name. In 1949 he received the . Faraday 
Medal · of the I.E.E. .for " his 
distinguished work in radio engineering, 
and more particularly for . his develop­
men t of the beam aerial · and ' other 
devices that made long:..:range hJ. com­
rimnication a practical possibility." 
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Colonel E. N. Elford. O.B.E., T.D., 
A.M.I.E.E., has retired from Marconi's 
after 2? years' service. He was 
manager of the company's radar divi- 
sion from 194S until 1960 when he was 
appointed consultant to the managing 
director, particularly in the defence 
field. Col. Elford originally joined 
Marconi's as an unpaid trainee in 1915 
but left to join the Regular Army in 
1917. He was commissioned in the 
Royal Artillery but invalided out and 
resumed his career in the radio indus- 
try. He rejoined the Marconi Company 
h 1937 but as a Territorial Army officer 
was recalled at the outbreak of war in 
1939. He returned to Chelmsford in 
1945 and was instrumental in the for- 
mation of what is now the radar 
division. 

H. Stephen Marmorek, M.A., who 
graduated at Cambridge University and 
following service in the Second World 
War as a captain in R.E.M.E. went to 
North America, has become president of 
Sprague-TCC (Canada) Ltd. This is 
the joint Canadian subsidiary of the 
Telegraph Condenser Company, of 
London, and the Sprague Electric Com- 
pany, of North Adams, Mass. Mr. Mar- 
morek was for some years works man- 
ager of Radio Engineering & Products 
Ltd., of Montreal. 

The recently appointed director of 
technical costings in the Ministry of 
Aviation is H. E. Drew,, M.I.E.R.E., and 
not E. C. Drew as stated in error last 
month. Mr. Drew joined Sir Robert 
Watson-Watt's staff at the Bawdsey Re- 
search Station in 1938 after 14 years 
in the R.A.F. In 1946 he became a 
member of the headquarters staff of the 
Ministry of Supply's Directorate of 
Radio Production. He was director of 
electronics production (air) from 1959 
until his new appointment on October 1. 

G. Caldwell, B.Sc., A.M.I.E.E., is to 
be the new head of the Department of 
Electrical Engineering in the Borough 
Polytechnic, London, S.E.l, from Jan- 
uary 1st in succession to V. P. Mendoza, 
M.Sc.Tech., M.I.E.E., who was recently 
appointed vice-principal. Mr. Caldwell, 
who is 44 and is a graduate of the Uni- 
versity of Manchester, has been head 
of the Department of Electrical En- 
gineering at the Oxford College of Tech- 
nology. He has also been a member of 
the academic staff of the Loughborough 
College of Technology and was for some 
time principal of the Apprentice Train- 
ing School of the U.K. Atomic Energy 
Authority at Harwell. 

R. A. King, M.A,, A.M.LE.E., lecturer 
in the electrical engineering department 
of Imperial College, London, has been 
seconded for three years to the Indian 
Institute of Technology, Delhi, as pro- 
fessor of electrical engineering (control 
engineering). 

Colonel E. Holland, B.Sc.(Eng.), 
A.M.I.Mech.E., A.M.I.E.E., R.E.M.E., 
assistant director electrical and mechani- 
cal engineering in the Ministry of De- 
fence since April, 1963, has been 
appointed director of electrical inspec- 
tion in the Ministry of Aviation in suc- 
cession to E. D. Whitehead who is now 
director of electronics production 
(radar). Col. Holland has been granted 
the rank of Brigadier. 

G. D. Clifford, C.M.G., secretary of 
the Institute of Electronic and Radio 
Engineers which he joined in 1937, is 
retiring from the post of secretary of the 
Radio Traders Examination Board he 
has held since the formation of the 
Board of which the I.E.R.E. is one of 
the four sponsoring bodies. A. J. Ken- 
ward, B.Sc., A.M.I.E.R.E., who is a 
graduate of London University and has 
been education officer of the LE.R.E. 
since 1948, is being released to become 
secretary of the R.T.E.B, and of the 
recently formed Society of Electronic 
and Radio Technicians. 

G. N. Patchett, B.Sc.(Eng.), Ph.D., 
M.I.E.E,, M.I.E.R.E., who has been 
head of the Electrical Engineering 
Department of Bradford Institute of 
Technology for the past 12 years, has 
been appointed a professor of electrical 
engineering in the proposed University 
of Bradford. Dr. Patchett has been on 
the staff of the College since 1940 when 
he joined to teach Servicemen radio. He 
received his own academic training at 
the College where he graduated B.Sc. 
(electrical engineering). He received 
his Ph.D. from London University in 
1946. 

W. F. Lovering, M.Sc., M.I.E.E., 
head of the Electrical Engineering 
Department of Battersea College of 
Advanced Technology, London, has 
been appointed to the chair of electrical 
and control engineering. This is one 
of several appointments to personal 
chairs in anticipation of the granting of 
university status to the college. Mr. 
Lovering, who is 51 and a graduate of 
Birmingham University, was in indus- 
try (Eerranti, G.E.C. and Stratton) for 
some years before joining the staff of 
Nottingham University as a lecturer. 
He subsequently served on the staff of 
the University of New South Wales, 
Australia, and of Imperial College, 
London. 

William A. Gambling:, Ph.D., B.Sc, 
(Eng.), A.M.LE.E., senior lecturer in 
the Department of Electronics at South- 
ampton University until his appoint- 
ment a year ago as reader in electronics, 
has now been appointed to the Univer- 
sity's second chair of electronics. The 
incumbent of the other chair is Dr. 
Geoffrey D. Sims who succeeded to the 
professorship on the retirement of Dr. 
E. E. Zepler a year ago. 

The Copley Medal of the Royal 
Society has been awarded to Professor 
S. Chapman, F.R.S., advisory scientific 
director of the Geophysical Institute, 
University of Alaska, for his theoretical 
contributions to terrestrial and inter- 
planetary magnetism, the study of the 
ionosphere and of the aurora borealis. 

OUR AUTHORS 

J. L. Storr-Best, B.Sc.(Eng.), 
A.M.LE.E., author of the article on 
miniature selenium rectifiers for tele- 
vision e.h.t. in this issue, obtained a 
First Class Honours degree of London 
University at Brighton Technical Col- 
lege. From 1940 until 1959 he worked 
in the Radio Division of Standard Tele- 
phcnes & Cables at New Southgate. 
In 1959 he became head of the labora- 
tory designing digital transistor circuits 
for electronic telegraph switching equip- 
ment. Since February, 1963, he has 
been chief applications engineer for the 
Rectifier Division of S.T.C, at Harlow. 

M. D. A. B. Rackowe, B.A., con- 
tributor of the article on page 24, 
graduated in the mechanical sciences 
tripos at Pembroke College, Cambridge, 
He then spent a year with English Elec- 
tric Aviation working on guided weapon 
control circuitry after which he joined 
Everett Edgcumbe & Co. where he was 
concerned mainly with the development 
of a.c. and d.c. amplifiers. From 
January,' 1963, until last June he was 
with AMF British Research Laboratory, 
Reading, and is now with Coutant Elec- 
tronics, of Reading. He is 28. 

OBITUARY 

Charles Samuel Franklin, C.B.E., 
M.I.E.E., who died on December 10th at 
the age of 85, will always be honoured 
for the prominent part lie played in the 
creation of beam wireless, although at 
the time of his retirement from the 
Marconi company in 1939 he modestly 
pointed out that " beamed" short-wave 
transmission is as old as wireless itself. 
After extensive experiments, both in this 
country and abroad, an aerial with a 
large reflector was erected at Poldhu, 
Cornwall, and its transmissions on 100 
metres and below were received on 
Marconi's yacht Elettra in various parts 
of the world. Having proved the value 
of beamed short-wave communication a 
contract was obtained from the Post 
Office in 1925 for a number of stations. 
Franklin was one of the original band 
of engineers who joined the Marconi 
company on its formation in 1899 and 
is perhaps best known as the originator 
of the high-stability oscillator bearing his 
name. In 1949 he received the Faraday 
Medal of the LEE. for " his 
distinguished work in radio engineering, 
and more particularly for his develop- 
ment of the beam aerial ' and ■ other 
devices that made long-range hi. com- 
munication a practical possibility." 
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C 0 N FE.REN C ES AND EXHIBITIONS 
Latest information on events during 1965 both in the U.K. and abroad is given below • . 

· Further details are obtainable from the addresses in parentheses. · 

LONDON 
Feb. 8-9 Savoy Place 

Conference on Electronics Design 
(I.E.E., Savoy Place, W.C.2) 

Feb. 26 Savoy Place 
Cryogenics in Relation to Vacuum 
(Inst. Phys. & Phys. Soc., .47 Belgrave Sq., S.W.l) 

Mar. 17-18 Kings Head, Harrow 

Public Address Exhibition 
(A.P.A.E., 394 Northolt Rd., South Harrow, Middx.) 

·Mar. 29-Apr. 2 Earls Court 

LABEX-Laboratory Apparatus & Materials Exhibition 
(Scientific Instrument Manfrs. Assoc., 20 Peel St., W.8) 

Apr. 21-30 . Olympia & Earls Court 
International Engineering Exhibition 
(F. W. Bridges & Sons, 1-19 New Oxford St., W.C.1) 

Apr. 22-25 · . • Hotel Russell 
International Audio Festival & Fair · 
(C. Rex-Hassan, 42 Manchester St., W.'l) 

May 17-21 ' Savoy Place 
Components & Materials in Electronics Engineering 
(I.E.E., Savoy Place, W.C.2) 

May 18-21 Olympia 

Component Show 
(R.E.C.M.F ., 21 Tothill St. , S.W .1) 

May 20-21 . R.Ae.S ., Hamilton Place, W.l 
E lectrical Conduction at Low Temperatures 

: {Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.1) 

June 16-26 Olympia 
Interplas Plastics Exhibition 
(British Plastics, Dorset House, Stamford St., S.E.1) 

Aug. 25-Sept. 4 Earls Court 
Radio Show 

. (Industrial & Trade Fairs, 1-19 New Oxford St., W.C.1) 

. Sept. 13-17 Savoy Place 
Microwave Behaviour of Ferrimagnetics & Plasmas 
(I.E.E., Savoy Place, W.C.2) 

Sept. 20-24 Savoy Place 
Thermionic Electrical Power Generation 
(I.E.E., Savoy Place, W.C.2) 

Oct. 27-30 Seymour Hall 
R.S.G.B. Radio Communications Show 
(P. A, Thorogood, 35 Gibbs Green, Edgware, Middx.) 

BIRMINGHAM 
Apr. 5-7 The University 

Conference on Elementary Particles 
(Inst . Phys. & Phys. Soc., 47 Belgrave Sq., S.W.1) 

BRIGHTON 
Sept. 28-0ct. I Hotel Metropole 

European Medical Electronics Symposium & Show 
· (Symposium Secretary, 4 Mill Street, W.1) 

BRISTOL 
Jan. 5-8 The University 

Conference on Solid State Physics 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.1) 

Apr. 7-9 The University 
Stress Analysis Conference . . 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.1) 

CAMBRIDGE 
Mar. 31-Apr. 2 . The University 

Non-Conventional .Electron Microscopy 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq~ , S.W.l) 

Sept. 1-7 
British Association Meeting 
(British Assoc., 3 Sanctuary Bldgs., Great Smith St., S.W.1) 

LIVERPOOL 
Sept. 15-17 The .University 

Nuclear and Particle Physics 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.l) 
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MANCHESTER 
Apr. 5-8 Col. of Science & Tech. 

Physics Exhibition 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.l) 

Sept. 7-9 The University 
Internal Friction in Solids 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.1) 

NEWCASTLE 
Aug. 17-21 Town Moor 

International Radio Show 
(Tho~nson Organisation, 200 Gray's Inn Rd., W.C.1) 

NOTTINGHAM 
Apr. 6-9 

Automatic Control Convention 
The University 

(I. Mech. E., 1 Birdcage Walk, S.W.1) 

SCARBOROUGH 
May 23-27 Royal Hotel 

R .T.R.A. Annual Conference 
(Radio & Television Retailers' Assoc., 19 Conway St., W.l) 

OVERSEAS 
Jan. 12-14 Miami Beach 

Reliability and Quality Cont rol 
(R. Brewer, Mullard Southampton Works, Southampton, Rants.) 

Feb. 3-5 Los Angeles 
Military Electronics Convention 
(Dr. R. Ashby, North American Aviation, 3370 Miraloma Ave., 
Anaheim, Cal.) 

Feb. 17-19 Philadelphia 
Solid State Circuits Conference 
(Lewis Winner, 152 w. 42nd St., New York, N .Y.) 

Feb. 28-Mar. 9 Leip-zig 
Leipzig Fair 
(Leipziger Messeamf, Post Box 329, Leipzig) 

Mar. 10-12 . · Washington 
·Particle Accelerator Conference 
(I.E.E.E., Box A, Lenox Hill Station, New York 21) 

Mar. 11-16 Paris 
Festival of Sound 
(F.M.I.E., 16 rue de Presles, Paris 15e 

Mar. 22-26 Canberra 
Australia and the Electronics World 
(Institution of Radio and Electronics Engineers Australia, Box 
3120, G.P.O., Sydney) . 

Mar. 22-29 New York 
International Convention 
(I.E.E.E., Box A, Lenox Hij.l Station, New York 21) 

Mar. 23-26 Los Angeles 
Audio Convention 
(Audio Engineering Soc., P ._0. Box 383 Maddison Sq. Station, 
New York.) 

Apr. 5-10 Paris 
Symposium on Techniques of Memories 
(Societe Francaise d'Electroniciens et des 'Radioelectriciens, 
10 avenue Pierre-Larousse, Malakoff) 

Apr. 8-13 Paris 
Electronic Components Exhibition 
(F.N.l.E., 16 rue de Presles, Paris 15e) 

Apr. 8-13 . .. Paris 
Audio Equipment Exhibition 
(F.N.I.E., 16 rue de Presles, Paris 15e) 

Apr. 12-17 Los Angeles 
Technical Conference 
(S.M.P.T.E., 9 East 41st St., New York 17, N .Y.) 

Apr. 13-15 . Houston 

Telemetering Conference 
(R. W. Towle, Advan.ce.d Technology Labs., 369 Whisman Rd., 
Mou~tain View, . Cal.) 
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CONFERENCES AND EXHIBITIONS 

Latest information on events during 196S both in the U.K. and abroad is given below. 
Further details are obtainable from the addresses in parentheses. 

Savoy Place 

LONDON SavoyPlace 

Conference on Electronics Design 
(I.E.E.j Savoy Place, W.C.2) 

Feb. 26 Savoy Place 

Cryogenics in Relation to Vacuum _ wT _ 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.I) 

Mar. 17-18 Kings Head, Harrow Public Address Exhibition v 
(A.P.A.E., 394 Northolt Rd., South Harrow, Middx.) 

jviar 29-Apr 2 Earls Court 
LABEX—Laboratory Apparatus & Materials Exhibition 
(Scientific Instrument Manfrs. Assoc., 20 Peel St., W.8) 

Apr 21-30 Olympia & Earls Court 
International Engineering Exhibition ^ 
(F W. Bridges & Sons, 1-19 New Oxford St., W.C.I) 

Apr.*22-25 Hotel Russe11 

International Audio Festival & Fair 
(C. Rex-Hassan, 42 Manchester St., W.l) 

May 17-21 . c . SavoyPlace 
Components & Materials in Electronics Engineering 
(I.E.E., Savoy Place, W.C.2) 

May 18-21 Olympia 
Component Show 
(R.E.C.M.F., 21 Tothill St., S.W.I) 

May 20-21 R.Ae.S., Hamilton Place, W.l 
Electrical Conduction at Low Temperatures 
(Inst. Phvs. & Phys, Soc., 47 Belgrave Sq., S.W.I) 

June 16-26" Olympia 
Interplas Plastics Exhibition c ^ 
{British Plastics, Dorset House, Stamford St., S.E.I) 

Aug. 25-Sept. 4 Earis Court 

(Industrial & Trade Fairs, 1-19 New Oxford St., W.C.I) 
Sept 13-17 Savoy Place 

Microwave Behaviour of Ferrimagnetics & Plasmas 
(I.E.E., Savoy Place, W.C.2) 

Sept. 20-24 Savoy Place 

Thermionic Electrical Power Generation 
(I.E.E., Savoy Place, W.C.2) 

Oct 27-30 Seymour Hall 
R.S.G.B. Radio Communications Show 
(P. A. Thorogood, 35 Gibbs Green, Edgware, Middx.) 

BIRMINGHAM 
Apr. 5-7 

Conference on Elementary Particles 
(Inst. Phj's. & Phys. Soc., 47 Belgrave Sq., S.W.I) 

The University 

MANCHESTER s ... . 
Apr. 5-8 Col. of Science & Tech. 

Physics Exhibition 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.I) 

Sept. 7-9 TE6 University 
Internal Friction in Solids 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.I) 

NEWCASTLE 
Aug. 17-21 

International Radio Show 
(Thomson Organisation, 200 Gray's Inn Rd., W.C.I) 

Town Moor 

NOTTINGHAM 
Apr. 6-9 

Automatic Control Convention 
(I. Mech. E., 1 Birdcage Walk, S.W.I) 

The University 

SCARBOROUGH „ , 7r . 
May 23-27 RoyaI Hotel 

R.T.R.A. Annual Conference 
(Radio & Television Retailers' Assoc., 19 Conway St., W.l) 

BRIGHTON „ , , 
Sept. 28-Oct. 1 . Hotel Metropole 

European Medical Electronics Symposium & Show 
(Symposium Secretary, 4 Mill Street, W.l) 

BRISTOL TT . 
Jan. 5-8 . The University 

Conference on Solid State Physics 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.I) 

Apr. 7-9 "EEe University 
Stress Analysis Conference „ ,s 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., S.W.I) 

CAMBRIDGE TT . . 
Mar. 31-Apr. 2 . The University 

Non-Conventional Electron Microscopy 
(Inst. Phys, & Phys. Soc., 47 Belgrave Sq., S.W.I) 

Sept. 1-7 
British Association Meeting „ . . o o w, 
(British Assoc., 3 Sanctuary Bldgs,, Great Smith St., S.W.I) 

LIVERPOOL t-u tt v 
Sept. 15-17 . The University Nuclear and Particle Physics „ 

(Inst. Phys. & Phys. Soc., 47 Belgrave Sq.,, S.W.I) 
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OVERSEAS „ u 
Jan. 12-14 Miami Beach 

Reliability and Quality Control 
(R. Brewer, Mullard Southampton Works, Southampton, Hants.) 

Feb. 3-5 Tos Angeles 
Military Electronics Convention 
(Dr. R. Ashby, North American Aviation, 3370 Miraloma Ave., 
Anaheim, Cal.) 

Feb. 17-19 Philadelphia 
Solid State Circuits Conference 
(Lewis Winner, 152 W. 42nd St., New York, N.Y.) 

Feb. 28-Mar. 9 Leipzig 
Leipzig Fair , . . , 
(Leipziger Messeamf, Post Box 329, Leipzig) 

Mar. 10-12 Washington 
Particle Accelerator Conference 
(I.E.E.E., Box A, Lenox Hill Station, New York 21) 

Mar. 11-16 Paris 
Festival of Sound 
(F.M.I.E., 16 rue de Presles, Paris 15e 

Mar. 22-26 Canberra Australia and the Electronics World 
(Institution of Radio and Electronics Engineers Australia, Box 
3120, G.P.O., Sydney) 

Mar. 22-29 . New York 

International Convention 
(I.E.E.E., Box A, Lenox Hill Station^ New York 21) 

Mar. 23-26 _ Los Angeles 
Audio Convention ^ o • 
(Audio Engineering Soc., P.O. Box 383 Maddison Sq. Station, 
New York.) 

Apr. 5-10 . Paris 

Symposium on Techniques of Memories „ 
(Societe Francaise d'EIectroniciens et des Radioelectnciens, 
10 avenue Pierre-Larousse, Malakoff) 

Apr. 8-13 ... Paris 

Electronic Components Exhibition 
(F.N.I.E., 16 rue de Presles, Paris 15e) 

Apr. 8-13 . . Paris 

Audio Equipment Exhibition 
(F.N.I.E., 16 rue de Presles, Paris 15e) 

Apr. 12-17 Los Angeles 
Technical Conference 
(S.M.P.T.E., 9 East 41st St., New York 17, N.Y.) 

Apr. 13-15 Houston 
Telemetering Conference • r> j 
(R. W. Towle, Advanced Technology Labs., 369 Whisman Rd., 
Mountain View, Cal.) . . 
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Apr. 14-15 Cincinnati 
Electronics and Instrumentation Conference 
(J. R. EbbeJ.er, Avco Corp., 2630 Glendale-Milford Rd ., Cin­
cinnati) 

Apr. 20-22 New York 
Symposium on System Theory 
(Polytechnic Institute of Brooklyn, 333 Jay St., Brooklyn 1, N.Y.) 

Apr. 20-22 Atlantic City 
Frequency Control Symposium 
(M. F . Timm, U.S. Army Electronics Labs., Fort Monmouth) 

Apr. 21-23 Pittsburgh 
Optimization Techniques 
(I.E.E.E., Box A, Lenox Hill Station, New York 21, N.Y.) 

Apr. 21.,.23 .. Washington 
Nonlinear Magnetics 
(Dr. E. W. Pugh, IBM Building 703-2; Poughkeepsie, N .Y.) 

Apr. 24-May 2 Hanover 
Hanover FaiJ: 
(Schenkers Ltd., 13 FinsburySq., London, E.C.2) 

1\tlay 5-7 Clearway, Fla· 
Microwave Theory & Techniques 
(J. E. Pippin, Sperry Microwave Electronics Corp., Box 1828, 
Clearway, Fla.). 

May 6-8 Boston 
Human Factors in Electronics 
(I.E.E.E., Box A, Lenox Hill Station, New York 21, N.Y.) 

May 10-12 Dayton 
Aerospace Electronics Conference 
(NAECON, 1414 E. 3rd St., Dayton 2, Ohio) 

May 19-25 Amsterdam 
Electronic Exhibition 
(Elvabe, Molenallee 63A, Wilp, Gld., Netherlands) 

May 24-28 . Montreux 
Television Symposium 
(R. Jaussi, Postfach 97, Montreux, Switzerland) 

May 24-29 New York 
Information Processing Conference 
(British Computer Soc., Finsbury Pavement, London, E.C.2) 

May 25-27 Washington 
A.F.C.E.A. Annual Convention 
(Armed. Forces Communications & Electronics Assoc., 1725 Eye 
St., N.W., Washington, D.C.) 

June 7-9 Boulder 
Communication Convention 
(W. F. Ulant, N.B.S., Boulder, Colo.) 

June 20-24 Houston 
Aerospace Conference 
(T. B. Owen, 635 20th St., Santa Monica, Cal.) 

June 22-25 Troy, .N.Y. 
Joint Automatic Control Conference 
(Pro[ J. W. Moore, University of Virginia, Charlottesville) 

June-27-July 3 · Stockholm 
Navigation Congress 
(British National Navigation Committee, cio I.C.E., Gt. George St., 
London, S.W.1) 

June 28-30 New York 
Electromagnetic Compatibility 
(I.E.E.E., Box A, Lenox Hill Station, New York 21, N.Y.) 

June 28-July 2 . . Stuttgart 
Vacuum Congress 
(Dr. H. Adam, 5 Kolri-Bayental, West Germany, Postfach 195) 

Aug. 24-27 · . San Francisco 
Western Electronics Show. 31id Conference 
(WESCON, 3600 Wilshire Blvd.; Los Angeles, Cal.) 

Aug. 25-:Sept. 5 Stuttgart 
German Radio & TV Show 
(Stuttgarter Ausstellungs...:.....GinbH, Stuttgart, Postfach 990) 

Aug. 29-Sept. 3 ·• . Tokyo 
Medical Electronics Conference 
(Prof. K. Suhara, Tokyo University of Education, 26 
Otsukakubomachi, Bunkyo-ku, Tokyo) . 

Aug. 30-Sept. 1 · Washington 
Antennas and Propagation · • · 
(Dr. R. J. Adams, Naval Research Lab., Washington D.C.) 

Sept. 7-11 Basle 
INEL-Industrial · Electronics Exhibition 
(Swiss· Industries Fair, Postfach, Basle 21) 

Sept. 7-14 Liege · 
International Congress on Acoustics 
(Se Congres International d' Acoustique, 35 rue Saint~GilJ~s, 
Liege, Belgium) 

Sept. 14;...Nov. 12 Montreux 
I. T. U. ·Plenipotentiary Conference 
(International Telecom. Union, Place des Nations, · Geneva) 
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Sept. 17-0ct. 3 Tokyo 
British Exhibition 

. (British Overseas Fairs, 21 Tothill St., London, S.W.1) 
Sept. 22-24 . Washington 

Military Electronics Convention 
(I.E.E.E., Box. A, Lenox Hill Station, New York 21, N.Y.) 

Sept. 27-0ct. 2 New York 
Technical Conference 
(S.M.P.T.E., 9 East 41st St., New York 17, N.Y.) 

Oct. 4-6 Toronto 
Canadian Electronics Conference 
(I.E.E.E., 1819 Yonge St., Toronto 7, Ontario) 

Oct. 7-12 Geneya 
Communication Congress 
(I.C.C. Secretariat, cfo Civico Institute Colombiana, Palazzo 
Tursi, Genoa) 

Oct. 13-19 Dusseldorf . 
Interkama-Measuring Instruments & Automation 
(J. Buck Ltd·., :47 Brewer St.,London, W.l.) 

Oct. 25-27 Chicago· 
National Electronics Conference 
(N.E.C., 228 La Salle St., Chicago, Ill.) 

-- ----·-~---

Books Received 
Transistor-Praktikum, by Marcus Tuner. A light-hearted, 
but nevertheless sound introduction (in German) to the 
apparently nonsensical peculiarities of transistor techniques. 
Cartoons alternate with specific circuit details and the reader 

- is quickly put in possession of the essential facts about the 
behaviour of transistors in practice. Pp. 64. Published for 
Graetz by Verlag F. W. Rubens, 475 Unna (Westf.), Ger­
many. Price DM 3.80. 

Adv'ances in Radio Research, edited by Dr. J. A. Saxton. A 
new series of collected papers by recognized authorities in 
their subjects. 
Vol. 1. Measurement of radio refractive index of the 
atmosphere, by A. W. Straiton. Tropospheric refraction 
and attenuation of radio waves in the troposphere, by B. R. 
Bean. Electromagnetic surface waves, by James R. Wait. 
Pp. 226. Price 50s. 
Vol. 2. Ionospheric indices, by C. M. Minnis. · Antennas 
and receivers for radio astronomy, by John W. Findley. 
Radio noise from thunderstorms, by F. Horner. Pp. 215. 
Price 50s. 
Published by Academic Press Inc. (London) Ltd., Berkeley 
Square House, London, W.l. 

Intrinsic Electric Strength and Electromechanical Breakdown 
of Polythene, by R. A. Fava, B.Sc. 
Report No. 5044 of the Electrical Research Association inves­
tigates the electrom~chanical compressive forces and st~ains 
and describes a technique for their measurement. Modifica­
tions for the specimen mounting are suggested which give 
results closer to the intrinsic strength near the critical tem­
perature (80oC). Pp 18. Released to members, Feb. 1964, 
and now generally available from Publications Sales Dept., 
E.R.A., .Cleeve Road, Leatherhead, Surrey. Price 13s by 
post. 

Frequency of Self-oscillations, by Prof. J. Groszkowski. 
Detailed and extensive analysis of all forms of self-oscillation 
in linear and non-linear electrical systems, with ·emphasis on 
the influence of circuit elements on stability. There is a 
50-page section on electromechanical oscillators and a biblio­
graphy of references contaihing 1,900 items. Pp. 530. Polish 
Scientific Publishers, Warsaw, and Pergamon Press, Head-

. Oington Hill Hall, Oxford. ·Price £5. · 

Electronic Universal Vade. Mecwn. Vol. _1. Radio Receiving 
Valves. Vol. 2. Semiconductor Devices and VCll'ious Elec­
tron Devices. Gives data on devices produced by most pf 
the industrial countries .. of the world, and contains over 
8,000 characteristic curves. · Devices having similar or iden­
tical characteristics are ·segregated in over 1,000 different 
groups according to application. Pp. 1449; Pergamon 
Press, Headington Hill Hall; Oxford. Price £12. 
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Amsterdam 

Apr. 14-15^ Cincinnati 
Electronics and Instrumentation Conference 
(J. R. Ebbeler, Avco Corp., 2630 Glendale-Milford Rd0 Cin- 
cinnati) 

Apr. 20-22 New York 
Symposium on System Theory 
(Polytechnic Institute of Brooklyn, 333 Jay St., Brooklyn 1, N.Y.) 

Apr. 20-22 Atlantic City 
Frequency Control Symposium 
(M. F, Timm, U.S. Army Electronics Labs., Fort Monmouth) 

Apr. 21-23 ^ Pittsburgh 
Optimization Techniques 
(I.E.E.E., Box A, Lenox Hill Station, New York 21, N.Y.) 

Apr. 21-23 Washington 
Nonlinear Magnetics 
(Dr. E. W. Pugh, IBM Building 703-2, Poughkeepsie, N.Y.) 

Apr. 24-May 2 Hanover 
Hanover Fair 
(Schenkers Ltd., 13 Finsbury Sq., London, E.C.2) 

May 5-7 ^ Clearway, Fla* 
Microwave Theory & Techniques 
(J. E. Pippin, Sperry Microwave Electronics Corp., Box 1828, 
Clearway, Fla.). 

May 6-8 Boston 
Human Factors in Electronics 
(I.E.E.E., Box A, Lenox Hill Station, New York 21, N.Y.) 

May 10-12 Dayton 
Aerospace Electronics Conference 
(NAECON, 1414 E. 3rd St., Dayton 2, Ohio) 

May 19-25 Amsterdam 
Electronic Exhibition 
(Elvabe, Molenallee 63A, Wilp, Gld,, Netherlands) 

May 24-28 Montreux 
Television Symposium 
(R. Jaussi, Postfach 97, Montreux, Switzerland) 

May 24-29 # New York 
Information Processing Conference 
(British Computer Soc., Finsbury Pavement, London, E.C.2) 

May 25-27 Washington 
A.F.C.E.A. Annual Convention 
(Armed Forces Communications & Electronics Assoc., 1725 Eve 
St., N.W., Washington, D.C.) 

June 7-9 ^ ^ Boulder 
Communication Convention 
(W. F. Ulant, N.B.S., Boulder, Colo.) 

June 20-24 Houston 
Aerospace Conference 
(T. B. Owen, 635 20th St., Santa Monica, Cal.) 

June^ 22-25 Troy, N.Y, 
Joint Automatic Control Conference 
(Prof. J. W. Moore, University of Virginia, Charlottesville) 

June*27-July 3 Stockholm 
Navigation Congress 
(British National Navigation Committee, c/o I.C.E., Gt. George St., 
London, S.W.I) 

June 28-30 New York 
Electromagnetic Compatibility 
(I.E.E.E., Box A, Lenox Hill Station, New York 21, N.Y.) 

June 28-July 2 Stuttgart 
Vacuum Congress 
(Dr. H. Adam, 5 Koln-Bayental, West Germany, Postfach 195) 

Aug. 24-27 . . ^ ' San Francisco 
Western Electronics Show and Conference 
(WESCON, 3600 Wilshire Blvd., Los Angeles, Cal.) 

Aug. 25-Sept. 5 Stuttgart 
German Radio & TV Show 
(Stuttgaxter Ausstellungs—GmbH, Stuttgart, Postfach 990) 

Aug. 29-Sept. 3 ^ Tokyo 
Medical Electronics Conference 
(Prof. K. Suhara, Tokyo University of Education, 26 
Otsukakubomachi, Bunkyo-ku, Tokyo) 

Aug. 30-Sept. 1 Washington 
Antennas and Propagation 
(Dr. R. J. Adams, Naval Research Lab., Washington D.C.) 

Sept. 7-11 . Basle 
INEL—Industrial Electronics Exhibition 
(Swiss Industries Fair, Postfach, Basle 21) 

Sept. 7-14 ^ Liege 
International Congress on Acoustics 
(5e Congres International d'Acoustique, 35 rue Saint-Gilles, 
Liege, Belgium) 

^ePt; jf^-Nov.^ 12 Montreux 
I.i.U. Plenipotentiary Conference 
(International Telecom. Union, Place des Nations, Geneva) 

Houston 

Troy, N.Y, 

Charlottesville) 
Stockholm 

New York 

Sept._ 17-Oct. 3 Tokyo 
British Exhibition 
(British Overseas Fairs, 21 Tothill St., London, S.W.I) 

Sept. 22-24 ^ Washington 
Military Electronics Convention 
(I.E.E.E., Box A, Lenox Hill. Station, New York 21, N.Y.) 

Sept. 27-Oct. 2 New York 
Technical Conference 
(S.M.P.T.E., 9 East 41st St., New York 17, N.Y.) 

Oct. 4-6 ^ Toronto 
Canadian Electronics Conference 
(I.E.E.E., 1819 Yonge St., Toronto 7, Ontario) 

Oct. 7-12 ^ ^ Geneva 
Communication Congress 
(I.C.C. Secretariat, c/o Civico Institute Colombiana, Palazzo 
Tursi, Genoa) 

Oct. 13-19 ^ Diisseldorf 
Interkama—Measuring Instruments & Automation 
(J. Buck Ltd., 47 Brewer St., London, W.l.) 

Oct. 25-27 Chicago 
National Electronics Conference 
(N.E.C., 228 La Salle St., Chicago, 111.) 

Books Received 

Transistor-Praktikum, by Marcus Tuner. A light-hearted, 
but nevertheless sound introduction (in German) to the 
apparently nonsensical peculiarities of transistor techniques. 
Cartoons alternate with specific circuit details and the reader 
is quickly put in possession of the essential facts about the 
behaviour of transistors in practice. Pp. 64. Published for 
Graetz by Verlag F. W. Rubens, 475 Unna (Westf.), Ger- 
many. Price DM 3.80. 

Advances in Radio Research, edited by Dr. J. A. Saxton. A 
new series of collected papers by recognized authorities in 
their subjects. 
Vol. 1. Measurement of radio refractive index of the 
atmosphere, by A. W. Straiton. Tropospheric refraction 
and attenuation of radio waves in the troposphere, by B. R. 
Bean. Electromagnetic surface waves, by James R. Wait. 
Pp. 226. Price 50s. 
Vol. 2. Ionospheric indices, by C. M, Minnis. Antennas 
and receivers for radio astronomy, by John W. Findley. 
Radio noise from thunderstorms, by F. Horner. Pp. 215. 
Price 50s. 
Published by Academic Press Inc. (London) Ltd., Berkeley 
Square House, London, W.l. 

Intrinsic Electric Strength and Electromechanical Breakdown 
of Polythene, by R. A. Fava, B.Sc. 
Report No. 5044 of the Electrical Research Association inves- 
tigates the electromechanical compressive forces and strains 
and describes a technique for their measurement. Modifica- 
tions for the specimen mounting are suggested which give 
results closer to the intrinsic strength near the critical tem- 
perature (80"C). Pp 18. Released to members, Feb. 1964, 
and now generally available from Publications Sales Dept., 
E.R.A., Cleeve Road, Leatherhead, Surrey. Price 13s by 
post. 

Frequency of Self-oscillations, by Prof. J. Groszkowski. 
Detailed and extensive analysis of all forms of self-oscillation 
in linear and non-linear electrical systems, with emphasis on 
the influence of circuit elements on stability. There is a 
50-page section on electromechanical oscillators and a biblio- 
graphy of references containing 1,900 items. Pp. 530. Polish 
Scientific Publishers, Warsaw, and Pergamon Press, Head- 
ington Hill Hall, Oxford. Price £5. 

Electronic Universal Vade Me cum. Vol. 1. Radio Receiving 
Valves. Vol. 2. Semiconductor Devices and Various Elec- 
tron Devices. Gives data on devices produced by most of 
the industrial countries of the world, and contains over 
8,000 characteristic curves. Devices having similar or iden- 
tical characteristics are segregated in over 1,000 different 
groups according to application. Pp. 1449. Pergamon 
Press, Headington Hill Hall, Oxford. Price £12. 
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MANUFACTURERSJ ·PRODUCTS 

Anchor-nut Insert 
AVAILABLE in a variety of thread 
types is the new anchor-nut insert from 
Avdel Ltd., of Welwyn Garden City, 
Herts. This nut insert-registered Nut­
sert--can be used on tubes as well as 
flat material and is simple to fit and, for 
that matter, easy to remove should it be 

necessary. 
The anchor-nut insert comprises two 

sections, one of which is threaded and 
drawn into the other by means of a 
special tool (see illustration). It can be 
used on most types of material such as 
steel, aluminium alloy, glass fibre, plas­
tics, etc., and can be placed in a com­
pletely blind hole from one side of the 

job. 

16WW 301 for further details 

Stereo Magnetic Pickup 
Cartridges 
THREE new magnetic pickup cartridges 
from Pickering are announced by the 
Goldring Manufacturing Company 
(Great Britain) Ltd., of 486-488 High 
Road, Leytonstone, London, E.11. All 
three units are suitable for arms with 
,.;. to t in mounting centres, fitted with 
a diamond stylus, have a channel separa-· 
tion figure of 35 dB and a load resistance 
of 47 kO. The Model V-15, which only 
weighs 5 grams and is priced at 
£15 19s 8d, has a tracking weight of 2 
to 5 gm; the same in fact as the Model 
400AA, which is priced at £33 2s 8d. 
Both models have an output of 
1.5 mV /em/sec. 

The tracking weight of the other, the 
481AA is t to 3 gm. This one has an 
output of 0.5 mV fern/sec and is priced 
at £40 2s 2d. 

16WW 302 for further details 

Continuous Tape Transport 
Mechanism 
A NEW deck with a continuous operat­
ing tape transport mechanism is being 
made by Planet Projects Ltd., of Good­
man Works, Belvue Road, Northolt, 
Middx. It runs at 1-~in/sec to provide 
half~track mono replay facilities for pre­
re:orded tapes. International re­
cording sense is used, that is to say the 
top track runs from left to right and­
bottom track right to left, thus enabling 
standard equipment to be used for pre-
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recording the tapes for use on this deck. · 
The standard models accept seven-inch 
reels, however modifications can be 
made to the standard deck to enable 
smaller reels to be played. Using double­
play tape on .a seven-inch reel, the 
length of one cycle is quoted as 8! hours. 
The retail price is £65. 

16WW 303 for further details 

Silicon Avalanche RecHJiers on 
Valve Bases 
DIRECT replacements for thermionic 
e.h. t. rectifiers in the form of silicon 
avalanche rectifiers mounted on conven­
tional valve bases· are announced by the 
rectifier division of Standard Telephones 
and Cables Ltd. These units have been 
found to have a longer life than the 
equivalent xenon and mercury vapour 
valves used in radio and television trans­
mission, and besides broadcasting, these 
units should be_ particularly inteFesting . 
to those concerned with industrial appli­
cations. 

Three types are so far available from 
S.T.C. These are: Types AV/5R4GY; 
AV /3B28 and AV /4B32. The first of 
these is a direct replacement, on an 

Anchor-nut insert from Avdel Ltd. The illu­
stration on the left shows the threaded cone 
beginning its entry into retaining sleeve, 
the other shows it in its final position; 
the insertion tool has not been withdrawn. 

Pickering v-•s magnetic pickup cartridge. 

international octal base, for the 5R4 
family of full-wave rectifiers. Ii: is com­
pH:tely encapsulated, has an average 
anode current capacity . of 250 rnA, 
(maximum voltage drop of 2.5 V) and a 
p.i.v. rating of 1.6 kV. The second of · 
these, the A V /3B28, is a fully encapsu­
lated half-wave rectifier mounted on . an 
American four-pin bayonet base and has 
a Type CT3 cap. Thisunit has a p.i.v. 
rating of 10 kV and an average anode 
current · characteristic of 250 rnA (max. 
voltage drop 10 V). 

Suitable for natural or forced-air cool­
ing, the third unit is a half-wave device 
mounted on a B4F base and has a CT3 
cap. Average anode current is quoted 
as 1.25 A (max. voltage drop 16 V) and 
the p.i.v. as 10 kV. . 

All of these units are available from 
the rectifier division which is based in 
Edinburgh Way, Harlow, Essex. 

16WW 304 for further details 

Pulse Generator 
A COMPACT pulse generator designed 
for laboratory and production applica­
tions, where pulse repetition rates from 
1 c/s to 16 Mc/s (double pulse 8 Mc/s 

Silicon avalanche e.h.t. rectifiers on valve 
bases for use as direct replacements from 
Standard Telephones : and ·Cables Ltd. 
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MANUFACTURERS' PRODUCTS 

NEW ELECTRONIC EQUIPMENT AND ACCESSORIES 

Anchor-nut Insert 
AVAILABLE in a variety of thread 
types is the new anchor-nut insert from 
Avdel Ltd., of Welwyn Garden City, 
Herts. This nut insert—^registered Nut- 
sert can be used on tubes as well as 
flat material and is simple to fit and, for 
that matter, easy to remove should it be 
necessary. 

The anchor-nut insert comprises two 
sections, one of which is threaded and 
drawn into the other by means of a 
special tool (see illustration). It can be 
used on most types of material such as 
steel, aluminium alloy, glass fibre, plas- 
tics, etc., and can be placed in a com- 
pletely blind hole from one side of the 
job. 
16WW 301 for further details 

Stereo Magnetic Pickup 
Cartridges 
THREE new magnetic pickup cartridges 
from Pickering are announced by the 
Goldring Manufacmring Company 
(Great Britain) Ltd., of 486-488 High 
Road, Leytonstone, London, E.ll. All 
three units are suitable for arms with 

to iin mounting centres, fitted with 
a diamond stylus, have a channel separa- 
tion figure of 35 dB and a load resistance 
of 47 kO. The Model V-15, which only 
weighs 5 grams and is priced at 
£15 19s 8d, has a tracking weight of 2 
to 5 gm; the same in fact as the Model 
400AA, which is priced at £33 2s 8d. 
Both models have an output of 
1.5 mV/cm/sec. 

The tracking weight of the other, the 
481AA is i to 3 gm. This one has an 
output of 0.5 mV/cm/sec and is priced 
at £40 2s 2d. 
16WW 302 lor further details 

Continuous Tape Transport 
Mechanism 
A NEW deck with a continuous operat- 
ing tape transport mechanism is being 
made by Planet Projects Ltd., of Good- 
man Works, Belvue Road, Northolt, 
Middx. It runs at 1 Jin/sec to provide 
half-track mono replay facilities for pre- 
recorded tapes. International re- 
cording sense is used, that is to say the 
top track runs from left to right and 
bottom track right to left, thus enabling 
standard equipment to be used for pre- 

recording the tapes for use on this deck. 
The standard models accept seven-inch 
reels, however modifications can be 
made to the standard deck to enable 
smaller reels to be played. Using double- 
play tape on a seven-inch reel, the 
length of one cycle is quoted as 8-) hours. 
The retail price is £65. 
16WW 303 for further details 

Silicon Avalanche Rectifiers on 
Valve Bases 
DIRECT replacements for thermionic 
e.h.t. rectifiers in the form of silicon 
avalanche rectifiers mounted on conven- 
tional valve bases are announced by the 
rectifier division of Standard Telephones 
and Cables Ltd. These units have been 
found to have a longer life than the 
equivalent xenon and mercury vapour 
valves used in radio and television trans- 
mission, and besides broadcasting, these 
units should be particularly interesting 
to those concerned with industrial appli- 
cations. 

Three types are so far available from 
S.T.C. These are: Types AV/5R4GY; 
AV/3B28 and AV/4B32. The first of 
these is a direct replacement, on an 

international octal base, for the 5R4 
family of full-wave rectifiers. It is com- 
pletely encapsulated, has an average 
anode current capacity of 250 mA, 
(maximum voltage drop of 2.5 V) and a 
p.i.v. rating of 1.6 kV. The second of 
these, the AV/3B28, is a fully encapsu- 
lated half-wave rectifier mounted on an 
American four-pin bayonet base and has 
a Type CT3 cap. This unit has a p.i.v. 
rating of 10 kV and an average anode 
current characteristic of 250 mA (max. 
voltage drop 10 V). 

Suitable for natural or forced-air cool- 
ing, the third unit is a half-wave device 
mounted on a B4F base and has a CT3 
cap. Average anode current is quoted 
as 1.25 A (max. voltage drop 16 V) and 
the p.i.v. as 10 kV. 

All of these units are available from 
the rectifier division which is based in 
Edinburgh Way, Harlow, Essex. 
ISWW 304 for further details 

Pulse Generator 
A COMPACT pulse generator designed 
for laboratory and production applica- 
tions, where pulse repetition rates from 
Ic/s to 16Mc/s (double pulse 8Mc/s 

Anchor-not insert from Avdel Ltd. The illu- 
stration on the left shows the threaded cone 
beginning its entry into retaining sleeve, 
the other shows it in its final position; 
the insertion tool has not been withdrawn. 

Pickering V-15 magnetic pickup cartridge. 

Silicon avalanche e.h.t. rectifiers on valve 
bases for use as direct replacements from 
Standard Telephones and Cables Ltd. 
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an output stability of 1 %. The price is 
£150. -
16WW 306 for further details 

\¥ideband R.F. Voltmeter 

Model PG-2 pulse generator from Inter ·continental 
Instruments Incorporated. 

AN accuracy of 2 % on frequencies up 
to 100 Me/ s is claimed for an instru­
ment that is capable of measuring volt­
ages from 300 ;1.V to 300 volts over a 
frequency range 20 kc/s to 1,200 Me/ s. 
This instrument, which is manufactured 
by the Boonton Electronics Corporation, 
of New Jers.ey, and handled in this 
country by Livingston Laboratories 
Ltd., of _ 31 Camden Road, London, 
N.W.l, is known as the 91DA. The 
accwacy of the instrument at higher 
frequencies is quoted at ± 5% to 
400 Mcj.s and ± 10 % up to 1,200 Mc/s. 
Applic~tions for this instrument include 
the measurement of high frequency 
characteristics of tt1ansistors and · r.f. 
networks, and v.s.w.r. and return loss 
measurements of transmission systems. 
The price is £288, exduding duty. 

Left :-Variable phase 
oscillator covering I cjs .to 
100 kc/s (Feedback Ltd.). 

' Below :-One-watt con tin­
. uous-wcive argon laser from 

· the Raytheon Company. 

Wideband r.f voltmeter 
manufactured by the 
Boonton £ I e c t ron i c s 
Corporation. 

are required, is being manufactured by 
Intercontinental . Instruments Incor­
porated and is availabJe in this country 
through the instruments division of 
Claude Lyons Ltd., of 16 'bid_ Hali 
Street, Liverpool 3 (Southern· offices 
Hoddesdon, Herts). Known as the 
Model PG-2, this instrument features 
single or double pulses, posi!ive - or · 
negative output - up to 20 volts into -
50 ohms with adjustable reference, and 
comprehensive- tr:iggering . facilities. 

:Transistors . are used throughout the 
PG-2 giving its . rather compact size of 
only J! in in height, 15 in 'wide - (rack­
mounting accessories are provided) and 
an overall depth of 14iri . . It . weighs 
191b. Other features of this instrument 
include adjustable pulse width from · 30 
nanoseconds to 200 milliseconds, delay 
from - 20 nsec to + 20 msec, and inde­
pendent rise and fall times from 10 nsec 
to 200 p.sec. The cost of the PG-2 is 
£369 lOs exclusive of duty and sur­
charge if applicable. 
16WW 305 for 1urttuir details 

Variable Phase Oscillator 
A VARIABLE phase sinewave genera­
tor covering the frequency range of 1 cIs 
to 100 kc/s is announced by Feedback 
Ltd., of Crowborough, Sussex. Features 
of this instrument, which sho-uid be of _ 
particular interest to those concerned 
with control, vibration, audio and low 
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radio frequency work, include three 
separately adjustable outp.t:ts-a referc­
ence, a quadrature and a 0° to 360° 
v.ariable phase. . 
. Two substantially indentical stages 

are used in the oscillator, each produc­
ing a phase shift of 90 o and are followed 
by phase inverters to obtain four signals . 
eacl:J. s~parated by 90 °. These four sig-
nals are fed to the cardinal points of a 
toroidal-wound potentiometer which is 
compensated to provide an almost linear 
adjustment of phase angle with displace­
ment. The amplitude varies in fact by 
about 2 % as the wiper traverses each 
quadrant. 

Known as the VP0230, this instru­
ment has a peak output power of 40 mW 
(S volts at 8 rnA into a 600 n load) and 

16WW 3 07 . for further detaHs 

One~watt Gas Laser 
A CONTINUOUS-WAVE argon laser 
operating in the. single transverse mode 
at a power of one watt is now available 
from the Raytheon Company. Known 
as the Model LG 12, its one-watt power 
outout is over the range 4545 to 5145 
ang.:otroms in the blue-green portion of 
the visible spectrum with the principal 
lines at 4880 and 5145 angstroms. 

It . is a water-cooled device commer­
cially developed as a result of basic work 
performed by the Company's research 
divi~i,~m, which incidentally only recently 
produced an output greater than one 
watt · during experiments with arg::ln 
lasers. · 

· A three-phase 60 c/s supply deliver­
ing up to SO amps (that required to 
obta:n 1 watt output) is available to 
drive the laser head which measures 
40 x 12 X 10 in. The head itself weighs 
less than 100 lb, while the associated 
power supply unit weighs 600 lb. 
16WW 308 for further details 

.at••" •••••••••••••••••••••••••••••••••o::.,~r;::..-,..a•••••a•ao::u~~ollioaOII;;;a;;;•••••••••••••••••••••••••••••••••••••••••••-••.••a•••••••ll!'••••.••••••••••••••••:· : 
: i INFORMATION SERVICE FOR PROFESSIONAL READERS 5 i To expedite requests for further information on products appearing in 5 • the editorial and advertisement pages of Wireless World each mon.th, a i~ •• •· -sheet of reader service cards is included in this issue. The cards will be found between advertisement pages 16 and 19. . . We invite readers to make use of these cards for all tnqUines dealmg with specific products. Many editorial items ~n~ all advertisements are coded with a number, prefixed by 16WW, and 1t 1s then necessary only to enter the number(s) on the card. 

Readers will appreciate the advantage of bein~ able to f.old out the. sh~et of cards, enabling them to make entries while studymg the ed1tor1al and advertisement pages. ·· . · .·· · Postage is free in the U.K., but cards must be stamped·~ posted ov:r~eas. This -service will enable professional readers to obtam the add1t1onal information they requjre quickly and easily. 
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Model PG-2 pulse generator from Inter continental 
Instruments Incorporated. 

* , - 'o 

Left : — Variable phase 
oscillator covering I c/s to 
100 kc/s (Feedback Ltd.). 

Below:—One-watt contin- 
uous-wave argon laser from 
the Raytheon Company. 

Wideband r.f voltmeter 
manufactured by the 
Boonton Electronics 
Corporation. 

are required, is being manufactured by 
Intercontinental . Instruments Incor- 
porated and is available in this country 
through the instruments division of 
Claude Lyons Ltd., of 76 Old Hall 
Street, Liverpool 3 (Southern' offices 
Hoddesdon, Herts). Known as the 
Model PG-2, this instrument features 
single or double pulses, positive or 
negative output up to 20 volts into 
50 ohms with adjustable reference, and 
comprehensive triggering facilities. 

Transistors are used throughout the 
PG-2 giving its rather compact size of 
only 3iin in height, 15 in wide (rack- 
mounting accessories are provided) and 
an overall depth of 14 in. It weighs 
191b. Other features of this instrument 
include adjustable pulse width from 30 
nanoseconds to 200 milliseconds, delay 
from — 20 nsec to + 20 msec, and inde- 
pendent rise and fall times from 10 nsec 
to 200 ."-sec. The cost of the PG-2 is 
£369 10s exclusive of duty and sur- 
charge if applicable, 
16WW 305 lor further details 

Variable Phase Oscillator 
A VARIABLE phase sinewave genera- 
tor covering the frequency range of 1 c/s 
to 100 kc/s is announced by Feedback 
Ltd., of Crowborough, Sussex. Features 
of this instrument, which should be of . 
particular interest to those concerned 
with control, vibration, audio and low 

radio frequency work, include three 
separately adjustable outputs—a refer- 
ence, a quadrature and a 0° to 360° 
variable phase. 

Two substantially indentical stages 
are used in the oscillator, each produc- 
ing a phase shift of 90° and are followed 
by phase inverters to obtain four signals 
each separated by 90°. ' These four sig- 
nals are fed to the cardinal points of a 
toroidal-wound potentiometer which is 
compensated to provide an almost linear 
adjustment of phase angle with displace- 
ment. The amplitude varies in fact by 
about 2% as the wiper traverses each 
quadrant. 

Known as the VPO230, this instru- 
ment has a peak output power of 40 mW 
(5 volts at 8 mA into a 600 tl load) and 

an output stability of 1%. The price is 
£150. 
16WW 306 for further details 

Wideband R.F. Voltmeter 
AN accuracy of 2% on frequencies up 
to lOOMc/s is claimed for an instru- 
ment that is capable of measuring volt- 
ages from 300 "V to 300 volts over a 
frequency range 20 kc/s to 1,200 Mc/s. 
This instrument, which is manufactured 
by the Boonton Electronics Corporation, 
of New Jersey, and handled in this 
country by Livingston Laboratories 
Ltd., of 31 Camden Road, London, 
N.W.I, is known as the 91DA. The 
accuracy of the instrument at higher 
frequencies is quoted at ±5% to 
400 Mc/s and ±10% up to 1,200 Mc/s. 
Applications for this instrument include 
the measurement of high frequency 
characteristics of transistors and r.f. 
networks, and v.s.w.r. and return loss 
measurements of transmission systems. 
The price is £288, excluding duty. 
16WW 307 for further detaHs 

One-watt Gas Laser 
A CONTINUOUS-WAVE argon laser 
operating in the single transverse mode 
at a power of one watt is now available 
from the Raytheon Company. Known 
as the Model LG12, its one-watt power 
output is over the range 4545 to 5145 
angstroms in the blue-green portion of 
the visible spectrum with the principal 
lines at 4880 and 5145 angstroms. 

It is a water-cooled device commer- 
cially developed as a result of basic work 
performed by the Company's research 
division, which incidentally only recently 
produced an output greater than one 
watt during experiments with argon 
lasers. 

A three-phase 60 c/s supply deliver- 
ing up to 50 amps (that required to 
Obtain 1 watt output) is available to 
drive the laser head which measures 
40x12x10 in. The head itself weighs 
less than 100 lb, while the associated 
power supply unit weighs 600 lb. 
16WW 308 for further details 

INFORMATION SERVICE FOR PROFESSIONAL READERS 
To expedite requests for further information on products appearing in 
the editorial and advertisement pages of Wireless World each month a 
sheet of reader service cards is included in this issue. The cards will be 
found between advertisement pages 16 and 19. 

_We invite readers to make use of these cards for all inquiries dealing 
with specific products. Many editorial items and all advertisements are 
coded with a number, prefixed by I6WW, and it is then necessary only to 
enter the number(s) on the card. 

Readers will appreciate the advantage of being able to fold out the sheet 
of cards, enabling them to make entries while studying the editorial 
and advertisement pages. 

Postage is free in the U.K., but cards must be stamped if posted overseas. 
This service will enable profassiona! readers to obtain the additional 
information they require quickly and easily. 
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Small Reed Switch 
DESIGNED as a companion to the re­
cently introduced Hamlin Type MRG-

. DT reed switch is the new MTRG-z: 
This unit is considerably smaller than 
the MRG-DT, but retains the same 
environmental characteristics. - In fact, 
the overall length of the MTRG-2 is 
only 2-k in and the diameter of the glass 
envelope is only 0.090 in. 

It is the same as the MRG-DT in as 
much as it does not need magnetic bias­
ing, and also it is possible to obtain 
double-pole changeover, single-pole 
changeover, and single-pole single-throw 
combinations. The maximum voltage 
and current figures quoted for the new 
device ace 28 V and 0.250 A respectively. 
A life expectancy of ten miHion opera­
tions is given, with a nominal contact 
resistance of 0.10: These are avail­
able from . Flight Refuelling Ltd., of 
Wimbome, Dorset. 
16WW 3·09 for further · details · 

Piston Trimmer Capacitors 
THE . Stangard rapge of tubular glass 
piston trimmer capacitors manufactured 
by J. F. D. Electronics Corporation, of 
New York, are now being marketed in 
the United Kingdom by the capacitor 
division of Standard Telephones and 
Cables Ltd., of Brixham Road, Paignton, 
Devon (or Loridon sales office at Foots­
cray, Kent). These capacitors have a 
vinyl encap~ulation, which protects the 

,glass dielectric against ·shock, and are 

available. with 'two exterior designs; one 
for pane'! or chassis mounting and 
another for printed circuit insertion. , 

Four different capacitance ra·nges are 
available covering 0.5 to 3.0 pF, 0.8 to- . 
5:0pF, 1.0 to 8.0pF and 1.0 to 12:0pF; 
and all have a working voltage of 1,000 V 
d.c. Other ·electrical characteristics 
quoted include · a " Q " figure of better 
than 1,000 at 1 Mc/s, insulaticm resis­
tance of 10n MO at 500V d.c. These 
properties are retained through the tem­
perature range of -55 ° c to + 125 ° c. 
Other feawres of these devices include 
smooth adjustment torque and multi­
tum adjustment for sensitive tuning. 
16WW 310 for further details 

Digital Distortion Monit'or 
TO heLp reduce the ·nUmber .. of man­
hours now devoted to monitoring 
operations in telegraph and data link 
systems, Radiation Incorporated, of 
Melbourne, Florida·, have· introduc.;:d a 
digital distortion monitor. Known as 
the Model7525, it is designed to operate 
at any · speed in ·· the range '30- to 4,800 
bauds. Plug-:in crysta}s are employ-ed 
to provide an easy means: of changing 
the operating speed of . the instrument, 
which is normally supplied with crystab 
-for operation at 45.5, 50, 55.6, 75 and · 
150 bauds. 

The percentage of distortion is 
numerically displayed · on the front pand 
of the instrument. Wheri marking dis'­
tortion is present, the numerals are dis-

played against a red background and 
space distortion is indicated py a green 
di.~l _ backgiound. · The a::cura.c;:y of the 
display is quoted'· to be within 2% . 

. The unit features a novel alarm out­
put :Which can be used to ac:tuate record­
ing or counting equipment when the 
level of distortion in the system ex­
ceeds a predetermined level. This, of 
course, allows the monitored system to 
be analysed at a later date. The 7525 
uses transistors throughout and is suit­
able for rack or bench use and only 
requires 3! in of panel sp:;tce. 
16WW 311 for : further details 

Subminiature , J;.Amp f?iod~s 
SMALL ·physi~al si';e; high surge capa­
city ang,)bility :t? withstand ~igh peak 
tr.ansie[lt .. reverse voltages are features of 
a new- series . of subminiature dicdes 
from the .· I~ternational .. Rectift~r Com­
pany (Gr~at ~' - Br:itairi} . Ltd., ; .: ~f Hurst 
Green, · q#ed~ · .Surrey. · :~- Designated 
lOD 1 to .. lOD.lO; units~.iri th~- rtew series 
are avaiiabi~. fm .inqustrial ind domestic 
applicatior;s wJ:le~ {>~ak i~v:erse vcltage 
specifications :of ,JOO to 1,000 V have to 
be met. Each unit in the series is rated 
at 1 amp at 50° C ambient and has a 10 
milliseco:!d surge r-ating of 50 amps. 
16WW 312 ~or furl:l1er d~tails 

Marine Equipment 
THREE .e1ew m:1rine equipments are 
announced by the Cossor Communica-

Hamlin reed switches from Flight Refuelling Ltd. 

Three subminiature l-amp diodes (p.i.v. 100 to 
I ,000 V) from a new series by the International 
Rectifier Company. 
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Printed circuit and chassis mounting versions of the J.F.D. Stangard 
piston trimmers, that are now available through S.T.C. 

Digital distortion monitor for telegraph and data link systems, 
from Radiation Incorporated. 
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Small Reed Switch 
DESIGNED as a companion to the re- 
cently introduced Hamlin Type MRG- 
DT reed switch is the new MTRG-2. 
This unit is considerably smaller than 
the MRG-DT, but retains the same 
environmental characteristics. In fact, 
the overall length of the MTRG-2 is 
only 2® in and the diameter of the glass 
envelope is only 0.090 in. 

It is the same as the MRG-DT in as 
much as it does not need magnetic bias- 
ing, and also it is possible to obtain 
double-pole changeover, single-pole 
changeover, and single-pole single-throw 
combinations. The maximum voltage 
and current figures quoted for the new 
device are 28 V and 0.250 A respectively. 
A life expectancy of ten million opera- 
tions is given, with a nominal contact 
resistance of O.lll. These are avail- 
able from Flight Refuelling Ltd., of 
Wimbome, Dorset. 
16WW 309 for further details 

Piston Trimmer Capacitors 
THE Stangard range of tubular glass 
piston trimmer capacitors manufactured 
by J. F. D. Electronics Corporation, of 
New York, are now being marketed in 
the United Kingdom by the capacitor 
division of Standard Telephones and 
Cables Ltd., of Brixham Road, Paignton, 
Devon (or London sales office at Foots- 
cray, Kent). These capacitors have a 
vinyl encapsulation, which protects the 

i glass dielectric against shock, and are 

available with two exterior designs; one 
for panel or chassis mounting and 
another for printed circuit insertion. , 

Four different capacitance ranges are 
available covering 0.5 to 3.0 pF, 0.8 to 
5;0pF, 1.0 to 8.0 pF and 1.0. to 12:0 pF; 
and all have a working voltage of 1,000 V 
d.c. Other electrical characteristics 
quoted include a " Q" figure of better 
than 1,000 at IMc/s, insulation resis- 
tance of 10" MC at 500 V d.c. These 
properties are retained through the tem- 
perature range of -55° C to +125° C. 
Other features of these devices include 
smooth adjustment torque and multi- 
turn adjustment for sensitive tuning. 
16WW 310 for further details 

Digital Distortion Monitor 
TO help reduce the number. of man- 
hours now devoted to monitoring 
operations in telegraph and data link 
systems. Radiation Incorporated, of 
Melbourne, Florida', have introduced a 
digital distortion monitor. Known as 
the Model 7525, it is designed to operate 
at any speed in the range 30 to 4,800 
bauds. Plug-in crystals are employed 
to provide an easy means of changing 
the operating speed of the instrument, 
which is normally supplied with crystals 
for operation at 45.5, 50, 55.6, 75 and 
150 bauds. 

The percentage of distortion is 
numerically displayed on the front panel 
of the instrument. When marking dis- 
tortion is present, the numerals are dis- 

played against a red background and 
space distortion is indicated by a green 
dial background. The accuracy of the 
display is quoted'to be within 2%. 

The unit features a novel alarm out- 
put which can be used to actuate record- 
ing or counting equipment when the 
level of distortion in the system ex- 
ceeds a predetermined level. This, of 
course, allows the monitored system to 
be analysed at a later date. The 7525 
uses transistors throughout and is suit- 
able for rack or bench use and only 
requires 3) in of panel space. 
16WW 311 for further details 

Subminiature I-Amp Diodes 
SMALL physical size, high surge capa- 
city and^ability to withstand hi^h peak 
transient reverse voltages are features of 
a new series. of- subminiature diodes 
from the International Rectifier Com- 
pany (Great ( Britain) Ltd., >'of Hurst 
Green, Oxtcd, Surrey. ', Designated 
10D1 to 10D10, units., in the new series 
are available for .industrial aind domestic 
applications where peak inverse voltage 
specifications of 100 to 1,000 V have to 
be met. Each unit in the series is rated 
at 1 amp at 50° C ambient and has a 10 
millisecond surge rating of 50 amps. 
16WW 312 ."or further details 

Marine Equipment 
THREE new marine equipments are 
announced by the Cossor Communica- 

m, 

Hamlin reed switches from Flight Refuelling Ltd. 

Three subminiature I -amp diodes (p.i.v. 100 to 
1,000 V) from a new series by the International 
Rectifier Company. 
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Printed circuit and chassis mounting versions of the J.F.D. Stangard 
piston trimmers, that are now available through S.T.C. 

Digital distortion monitor for telegraph and data link systems, 
from Radiation Incorporated. 
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tions Company; a ten,-inch 20 kW radar, 
two transceivers and a Loran receiver 
capable of receiving both the A (1,700 
to2,000 kc/s) and the C(lOO kc/s) trans­
mitted signals, the latter which has only · 
recently been introduced and consider• 
ably extends the coverage area. 

Designated Raytheon 2S02 the new 
3-cm transistor marine radar has been 
developed by the Raytheon organization 
and features a continuously bright pic-. 
ture, which has been achieved through 
increasing the rotation speed of the 
aerial, to 80 r.p.m., and the pulse repeti­
tion frequency, to a maximum of 6,000 
per minute. This enables the ·screen to 
be viewed in normal ambient lighting 
conditions without the need of a visor. 

The larger of the two new marine 
v.h.f. ·radiotelephones, the CC300M, 
employs ·a hybrid circuit of transistors 
and quick-heat valves to provide almost 
immediate operation . from cold. This 
unit is crystal-controlled and can pro­
vide up to six channels from any 6/12 
or - 12/24 volt d .c. supply, whilst the 
other new unit, the CC2/8M is a single 
channel' portable instrument weighing 
16 oz. · The output of this

1 
unit is be­

tween 100 to SOO mW (factory pre-set) 
and meets the requirements of the inter­
nation;il marine specifications. 

The - new Loran receiver employs 
transistors throughout and was also de­
veloped •by the Raytheon orga.ruizMion. 
Known as the Raytheon CA400, the re­
ceiver has a sensitivity of 1 p. V for 
10 dB quieting and can be used to pro­
vide accurate navigational fixes ·at over 
1,000 miles off shore. The maximum 
power requirements for the CA400 re­
ceiver is 32 watts. 
16WW 313 for further details 

Thermoelectric Probe for Testing 
Small Components In-circuit 
A PORTABLE thermoelectric instru­
ment that enables temperature variations 
to be effected on small components 
whilst in circuit is being made by Day­
strom Ltd., of Canada, and is ·available 
in this country through the Solartron 
Electronic Group, of Farnborough, 
Rants. Known as the Thermo-probe 
TP 10, this unit should prove particu­
larly useful to those in prototype design 
and development as the range of the 
probe is from -20 o C to + 70 o C, and 
the response time is two minutes to 
reach 60 % of the final temperature. 

Probe tips of various shapes are avail­
able tG provide maximum thermal con­
tact with the component on trial. In 
the cooling mode, heat is transferred 
from the probe tips by conduction to the 
faces of thermo-electric elements. From 
here, the heat is pumped to the opposite 
faces of the elements by :applied direct 
current and -then conducted to a cooling 
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liquid. This liquid is circulated through . 
a liquid-to-air heat ·exchanger and the 
heat is transferred to the atmosphere. In · 
the heating mode, the heat flow is re­
versed by changing the direction of the 
direct current through the. thermoelectric 
elements._ The quantity of heat pumped 
is a function of the direct current level. 
Temperature is sensed by a copper/ 
Cons·tantim thermocouple connected to 
a Weston pyromillivoltmeter. The cost 
of this instrument is £120, plus the 1S% 
Government surcharge. · 
16WW . 314_ for further details 

Electrical Stop Clock 
A SIMPLE . arid rpbust timing device, 
based on an original design by J. N. 
Emery, M.A., is now in production by 
Venner Ltd., Kingston By-Pass, New 
Malden, Surrey. A clock mechanism 
with 21- in dia. seconds dial and two 

subsidiary 10-sec arid 150-sec dials is 
driven .. by a 12 V, SO cIs synchronous 
motor · through an e1ectrically-operated 
clutch. . Contacts provide an output 
pulse, if required, every second and re- · 
setting to zero can be effected either 
manually or electrically. Readings can 

Cossor type CC300M marine ·radiotelephone. 

be made to 1/lOOth second a11d the 
a\;cliracy is that of the power supply 
frequency . . Overall dimensions are 4! X 
3 X 3j- in and the price is £10 ISs. De­
signed originaily for educational experi-, 
merits in physics this unit will no doubt · · · 
find many uses in, development labora­
tories. 
16WW 315- for further details 

Signal Generators for Colour 
Television · 
TWO new items of test equipment for 
colour television are announced by 
CF.T.-Compagnie Franc;:aise de Tele­
vision, of 19 rue Ernest-Cognacq, Leval­
lois-Perret~ Seine, France. The first, 
Type GS-.10, -has been developed for u'se 
in factories for the alignment of SECAM 
colour · receivers, and the second, " Ser­
vochrom," is intended for ·use by the 
service man in installation and mainten- . 
ance of SECAM receivers jn. the field. 

Both units employ transistors through­
out and the GS-10 generator will supply 
all the signals necessary to set-up · a 
SECAM receiver in the factory. This in­
dudes . a series of typical signals, selec­
ted by push.:.buttons, for controlling the . 
various functions of the ·receiver; a 

C.F. T. Type GS- I 0 signal generator for setting 
up and maintaining SECAM colour television 
receivers. 

Above:-Venner electric 
stop clock. 

Left:-Thermo-probe for in­
circuit testing of small com­
ponents, available through 
Solartron. 
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tions Company; a ten-inch 20 kW radar, 
two transceivers and a Loran receiver 
capable of receiving both the A (1)700 
to 2,000 kc/s) and the C (100 kc/s) trans- 
mitted signals, the latter which has only 
recently been introduced and consider- 
ably extends the coverage area. 

Designated Raytheon 2502 the new 
3-cm transistor marine radar has been 
developed by the Raytheon organization 
and features a continuously bright pic- 
ture, which has been achieved through 
increasing the rotation speed of the 
aerial, to 80 r.p.m., and the pulse repeti- 
tion frequency, to a maximum of 6,000 
per minute. This enables the screen to 
be viewed in normal ambient lighting 
conditions without the need of a visor. 

The larger of the two new marine 
v.h.f. radiotelephones, the CC300M, 
employs a hybrid circuit of transistors 
and quick-heat valves to provide almost 
immediate operation ■ from cold. This 
unit is crystal-controlled and can pro- 
vide up to six channels from any 6/12 
or 12/24 volt d.c. supply, whilst the 
other new unit, the CC2/8M is a single 
channel portable instrument weighing 
16 oz. The output of this unit is be- 
tween 100 to 500 mW (factory pre-set) 
and meets the requirements of the inter- 
national marine specifications. 

The new Loran receiver employs 
transistors throughout and was also de- 
veloped 'by the Raytheon organization. 
Known as the Raytheon CA400, the re- 
ceiver has a sensitivity of 1 /iV for 
10 dB quieting and can be used to pro- 
vide accurate navigational fixes at over 
1,000 miles off shore. The maximum 
power requirements for the CA400 re- 
ceiver is 32 watts. 
16WW 313 for further detail^ 

Thermoelectric Probe for Testing 
Small Components In-circuit 
A PORTABLE thermoelectric instru- 
ment that enables temperature variations 
to be effected on small components 
whilst in circuit is being made by Day- 
strom Ltd., of Canada, and is available 
in this country through the Solartron 
Electronic Group, of Farnborough, 
Hants. Known as the Thermo-probe 
TP 10, this unit should prove particu- 
larly useful to those in prototype design 
and development as the range of the 
probe is from —20° C to +70° C, and 
the response time is two minutes to 
reach 50% of the final temperature. , 

Probe tips of various shapes are avail- 
able to provide maximum thermal con- 
tact with the component on trial. In 
the cooling mode, heat is transferred 
from the probe tips by conduction to the 
faces of thermo-electric elements. From 
here, the heat is pumped to the opposite 
faces of the elements by applied direct 
current and then conducted to a cooling 

liquid. This liquid is circulated through 
a liquid-to-air heat exchanger and the 
heat is transferred to the atmosphere. In 
the heating mode, the heat flow is re- 
versed by changing the direction of the 
direct current through thft thermoelectric 
elements. The quantity of heat pumped 
is a function of the direct current level. 
Temperature is sensed by a copper/ 
Constantan thermocouple connected to 
a Weston pyromillivoltmeter. The cost 
of this instrument is £120, plus the 15 % 
Government surcharge, 
16WW 314 for further details 

Electrical Stop Clock 
A SIMPLE and robust timing device, 
based on an original design by J. N. 
Emery, M.A., is now in production by 
Venner Ltd., Kingston By-Pass^ New 
Maiden, Surrey, A clock mechanism 
with 2} in dia. seconds dial and two 
subsidiary 10-sec and 150-sec dials is 
driven by a 12 V, 50c/s synchronous 
motor through an electrically-operated 
clutch. Contacts provide an output 
pulse, if required, every second and re- 
setting to zero can be effected either 
manually or electrically. Readings can 

be made to 1/100th second and the 
accuracy is that of the power supply 
frequency. Overall dimensions are 4i X 
3 X 3f in and the price is £10 15s. De- 
signed originaily for educational experi- 
ments in physics this unit will no doubt 
find many uses in development labora- 
tories. 
16WW 315 for further details 

Signal Generators for Colour 
Television 
TWO new items of test equipment for 
colour television are announced by 
C.F.T.—Compagnie Frangaise de Tele- 
vision, of 19 rue Ernest-Cognacq, Leval- 
lois-Perret, Seine, France. The first. 
Type GS-10, has been developed for use 
in factories for the alignment of SECAM 
colour receivers, and the second, "Ser- 
vochrom," is intended for use by the 
service man in installation and mainten- 
ance of SECAM receivers in the field. 

Both units employ transistors through- 
out and the GS-10 generator will supply 
all the signals necessary to set-up a 
SECAM receiver in the factory. This in- 
cludes a series of typical signals, selec- 
ted by push-buttons, for controlling the 
various functions of the receiver; a 

1 
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C.F.T. Type GS-10 signal generator for setting 
up and maintaining SECAM colour television 
receivers. 

Cdssor type CC300M marine radiotelephone. 
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Above:—Venner electric 
stop clock. 

Left:—Thermo-probe for in- 
circuit testing of small com- 
ponents, available through 
Solartron. 
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Transistor ultrasonic flaw detector from the 
Ultrasonosrlope Co. (London) Ltd. 

Portable d.c. voltmeter and voltage calibration 
unit manufactured · by Electro Scientific 
Jndustries Inc., of Oregon, U.S.A. 

black-and-white signal to provide a con­
vergence pattern; three bar test pattern 
primary signals; a SECAM bar pattern 
signal; and a SECAM coded signal of 
external primary signals. In fact, when 
used in conjunction with a synchroni­
zing pulse generator, it can be used to 
provide a composite SECAM signal. 

16WW 316 for further details 

Spectrum Analyser with 2 Gcjs 
Sweep 
A NEW spectrum analyser with adjust­
able sweep bandwidths up to 2 Gc/s, 
from io Mc/s to 40 Gc/s, marks the 
entry of Hewlett-Packard into this field 
of instrumentation. . Known as the 
Model 851A/8551A, ail basic functions 
of the instrument · -are calibrated; 
spectrum width accuracy is ± 5 % 
from 100 kc/s to 3 Mc/s, ± 5% at 
10 Mc/s and ± 4 Mc/s from 30 Mc/s to 
2 Gc/s. The accuracy to which one can 
set -the :sweep rate is quoted to be 2% 
and the resolution is adjustable-manu­
ally or ' autoinatically_:_at 1, 3, 10, 100 
kc/s or 1 Mc/s. The vertical display is 
WIRELESS WORLD, JANUARY -1965 

Wideband spectrum analyser from Hewlett­
Packard. 

Modei45D valve tester from Taylor Ele~trical 
Instruments, of Montrose Avenue, Slough, 
Bucks. · 

also calibrated: _ log, 60 dB ( ± 2 dB); 
linear, 70:1 (±3 %); and-·square (power), 
70:1 (±5 %). 

Other _ features of this instrument, 
which is designed for rack-mounting and 
weighs 140 lb, include an internal 
graticule c.r.t. that overcomes parallax 
distortion, and a base-line clipper that 
can be used to eliminate the base-line to 
facilitate viewing of fast pulses at low 
repetition rates and to.prevent fogging of 
film when the display is photographed. 
A signal indentifier allows frequencies _of 
an unknown line spectra to be read 
directly on a slide rule scale. The price 
complete is £3,643. The company's ­
address is Dallas Road, Bedford. 

16WW 317 for further details 

Transistor Ultrasonic Flaw 
Detector 
A NEW ultrasonic flaw detector using 
transistors throughout is ·announced: by 
the Ultrasonoscope Co. (London) -Ltd., 
of Sudbourne Roaq, Brixton Hill, Lon­
don,_ S.W.2. The fastest timebase speed 
of--·this instrument, which is known as 

the -Mark V, is 2 /'-S and enables the 
whole of the five-inch c.r.t. display to be 
filled -· when testing quarter-inch steel. 
The timeba:se is continuously variable 
with a maximum range of 20 feet in 
steel and the pulse repetition frequency 
is variable from 50 cjs to 1,000 c/s for 
the elimination of "ghost echoes." 

The instrument is fitted with re­
chargeable batteries that give the Mark 
V a life of seven hours at one time in 
the field. A special mains supply unit 
that fits in the battery compartment 
can be supplied to allow the instrument 
to operate directly off the mains. The 
price of the Matk V is £650. 

16WW 318_ for further details 

Valve · Tester 
.\ NEW valve tester, Model 45D, that 
super-sedes the Model 45C, has been · in­
troduced by Taylor Electrical. Instru­
ments. The appearance of the instru­
ment has been changed by using a case 
with a sloping front and an easy-to-read 
meter. Ten valve bases, including _ one 
for nuvistor·s, are incorporated iri the 
new instrument and enable tests to be 
carried out on most types of valve. A 
valve chart that gives test information 
on over 7,000 British, American, Con­
tinental Europe and Rus·sian valves is 
provided with the instrument. 

1 6WW 319 for further details 

Portable Voltmeter and Calibra­
tion Unit 
A PRECISION d.c. voltmeter and volt­
age calibration unit manufactured in the 
United State-s by Electro Scientific In­
dustries Inc. is now available in the 
United Kingdom through Livingston 

. Laboratories Ltd. Designated E.S.I. 
330, it features an accuracy of ± 0.003 % 
of indicated reading and as a voltmeter . 
covers- the range 121.110 mV to 1211.10 
volts in five ranges. As a voltage source 
there is three ranges; zero to 121.110 mV 
in 1tJ.V steps, zero to 1.21110 volts in 
10 p.V steps and zero to 12.1110 volts 
in 100 p.V stteps. The battery life is 
1,000 hours, and the price of the instru­
ment is £312, excluding duty. 

16WW 320 for further details 

Stabilized Power Unit for Tunnel . 
Diode Logic 
A CONTINUOUSLY variable output 
voltage from zero to 100 millivolts at a · 
current of eight amps, to drive tunnel' 
diode logic circuits, and two auxiliary 
suppli~s of + 5 and -5 volts at six amps, 
for associate'd transistor circuits, • are 
features of a stabilized power supply 
unit Coutant Electronics Ltd. have de­
signed to match into standard· printed 

Transistor ultrasonic flaw detector from the 
Ultrasonosiope Co. (London) Ltd. 
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Wideband spectrum analyser from Hewlett- 
Packard. 

the Mark V, is 2/'.S and enables the 
whole of the five-inch c.r.t. display to be 
filled when testing quarter-inch steel. 
The timebase is continuously variable 
with a maximum range of 20 feet in 
steel and the pulse repetition frequency 
is variable from 50c/s to 1,000 c/s for 
the elimination of " ghost echoes." 

The instrument is fitted with re- 
chargeable batteries that give the Mark 
V a life of seven hours at one time in 
the field. A special mains supply unit 
that fits in the battery compartment 
can be supplied to allow the instrument 
to operate directly off the mains. The 
price of the Mark V is £650. 
16WW 319 for further details 

Valve Tester 
\ NEW valve tester, Model 45D, that 
supersedes the Model 45C, has been in- 
troduced by Taylor Electrical. Instru- 
ments. The appearance of the instru- 
ment has been changed by using a case 
with a sloping front and an easy-to-read 
meter. Ten valve bases, including one 
for nuvistors, are incorporated in the 
new instrument and enable tests to be 
carried out on most types of valve. A 
valve chart that gives test information 
on over 7,000 British, American, Con- 
tinental Europe and Russian valves is 
provided with the instrument. 
16WW 319 for further details 

Portable d.c. voltmeter and voltage calibration 
unit manufactured by Electro Scientific 
Industries Inc., of Oregon, U.S.A. 

black-and-white signal to provide a con- 
vergence pattern; three bar test pattern 
primary signals; a SECAM bar pattern 
signal; and a SECAM coded signal of 
external primary signals. In fact, when 
used in conjunction with a synchroni- 
zing pulse generator, it can be used to 
provide a composite SECAM signal. 
16WW 316 for further details 

Spectrum Analyser with 2Gc/s 

A NEW spectrum analyser with adjust- 
able sweep bandwidths up to 2Gc/s, 
from lOMc/s to 40Gc/s, marks the 
entry of Hewlett-Packard into this field 
of instrumentation. Known as the 
Model 851 A/8551 A, ail basic functions 
of the ' instrument are calibrated; 
spectrum width accuracy is +5% 
from 100 kc/s to 3 Mc/s, + 5 % at 
lOMc/s and + 4Mc/s from 30Mc/s to 
2 Gc/s. The accuracy to which one can 
set the sweep rate is quoted to be 2% 
and the resolution is adjustable—manu- 
ally or automatically—at 1, 3, 10, 100 
kc/s or IMc/s. The vertical display is 

Model 45D valve tester from Taylor Electrical 
Instruments, of Montrose Avenue, Slough, 
Bucks. 

also calibrated: log, 60dB ( + 2dB); 
linear, 70:1 ( + 3%); and square (power), 
70:1 ( + 5%). 

Other features of this instrument, 
which is designed for rack-mounting and 
weighs 1401b, include an internal 
graticule c.r.t. that overcomes parallax 
distortion, and a base-line clipper that 
can be used to eliminate the base-line to 
facilitate viewing of fast pulses at low 
repetition rates and to prevent fogging of 
film when the display is photographed. 
A signal indentifier allows frequencies .of 
an unknown line spectra to be read 
directly on a slide rule scale. The price 
complete is £3,643. The company's' 
address is Dallas Road, Bedford. 
16WW 317 for further details 

Transistor Ultrasonic Flaw 
Detector 
A NEW ultrasonic flaw detector using 
transistors throughout is announced, by 
the Ultrasonoscope Co. (London) Ltd., 
of Sudbourne Road, Brixton Hill, Lon- 
don, S.W.2. The fastest timebase speed 
of this instrument, which is known as 

Portable Voltmeter and Calibra- 
tion Unit 
A PRECISION d.c. voltmeter and volt- 
age calibration unit manufactured in the 
United States by Electro Scientific In- 
dustries Inc. is now available in the 
United Kingdom through Livingston 
Laboratories Ltd. Designated E.S.I. 
330, it features an accuracy of ± 0.003 % 
of indicated reading and as a voltmeter 
covers the range 121.110 mV to 1211.10 
volts in five ranges. As a voltage source 
there is three ranges; zero to 121.110 mV 
in 1 nV steps, zero to 1.21110 volts in 
10 /'V steps and zero to 12.1110 volts 
in 100 «V steps. The battery life is 
1,000 hours, and the price of the instru- 
ment is £312, excluding duty. 
ieww 320 for further details 

Stabilized Power Unit for Tunnel 
Diode Logic 
A CONTINUOUSLY variable output 
voltage from zero to 100 millivolts at a 
current of eight amps, to drive tunnel 
diode logic circuits, and two auxiliary 
supplies of +5 and —5 volts at six amps, 
for associated transistor circuits, are 
features of a stabilized power supply 
unit Coutant Electronics Ltd. have de- 
signed to match into standard printed 
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circuit strip lines. The output connec­
tions are, in fact, made by directly 
soldering the strip lines to a double­
side·d printed circuit board in the power 
unit. 

To avoid voltage errors at the equip­
ment driven by this unit through line 
resistance, a sample voltage is fed back 
to tlie control amplifier in the power 
unit's stabilizer circuit via miniature co­
axial cables. Silicon semiconducto.rs are 
used throughout and the unit is designed 
for use in standard 19-in racking and 
occupies a panel height of 5-! in. 
16WW 321 for further details 

White Noise Test Set 
DESIGNED. for testing cable and radio: 
multi-channel links· with capacities of up 
to 2,700 channels, is the Type OA 2090 
white noise test set from Marconi In­
struments Ltd., of St. Albans, Herts. It 
is considerably smaller than its predeces­
sors, thr~mgh. the use of transistors, and 
comprises two units; a noise generator 
Type TF 2091 and a noise receiver. 
Type TF 2092. . 

A speCial semiConductor diode · is em- · 
ployed as the . noise source and used to 
generate white noise ·to a bandwidth and 
power level appropriate to the system · 
under test, thus s'imulating fully loaded 
conditions. ·A filter . with a narrow stop- · 
band is ' interposed between the white 
noise source and the system, which in · 
effect produc~s a quiet channel. The 
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Fi't'e-inch instrument tube 
from Mullar~ Ltd .. 

Stabilized power supply unit for tunnel diode 
logic applications from Coutant Electronics 
Ltd. 

Above :- Miniature component 
coupling from Oxley 
Developments. 

Left:-White noise test set from · 
Marconi Instruments Ltd. 

receiver section of this t(;!st instrument is 
tuned to this channel. and used to com­
pare the noise level produced by inter­
modulation of the white noise occupying 
the remainder of the frequency band 
with the original signal in the c-hannel. · 

Up to nine "quick-change" filters~ · 

each containing band-limiting and band­
eliminating filters-are inco-rporated in 
the generator. These units include 
switches with colour-coded toggle-keys 
to simplify operation. The receiver 
unit has provision for up to six spot fre­
quencies and also employs interchange­
able filter units, which correspond to the 
generator band-stop filter frequencies. 

· 16WW 322 for further details 

five-inch C.R. Tube 
AN addition to their range of oscillo­
scope cathode-ray tubes is announced by 
Mullard Ltd. in the form of a five-inch 
tube. This tube has an overall length 
of under 14 in and should be of particu­
lar interest to designers of small general 
purpose oscilloscopes and of equipment 
with "built-in " monitoring facilities. 
Designated Dl3-"27GH, it has a flat­
faced, ·medium persistence green phos­
phor screen with a helical post-deflection 
accelerator. . 

In common .with <;>ther recently intro­
duced Mullard tubes, a separate elec­
trode arrangement permits direct · beam 
blanking and this particular tube . only 
requires a deflection voltage of 60 (maxi-

mum) to effect this at the normal 3 kV 
operating voltage. The deflectJion sensi­
tivity, also under 3 kV operating condi-

.. tions, is better than. 27 VI em for the X 
direction a.nd U VI em fo.r the Y direc­
tion; the minimum picture size is 
10X8cm. 
16WW 323 for further details 

Miniature Coupling 
A COMPONENT coupling with p.t.f.e. · 
bushings, which the manufacturer's 
claim reduces fricnion and ·eliminate 
wear, is · announced by Oxley Develop­
ments Co. Ltd., of Ulverston, Lanes. 
Designed for use on standard t-in dia­
meter shafts, this coupling will provide 
5o angular and :12 in axial displacement, 
and will transmit a torque of 15 oz per 
in. 
16WW 3 24 for further details 

Light-emitting Diode 
A FORWARD-BIASED gallium phos­
phide diode suitably doped to produce 

·electroluminescent radiation of 7,000 
angstroms . (red) is being manufactured 
by the electronics department . of Fer­
ranti Ltd., of Gem Mill, Oldham, Lanes. 
The device, which is claimed to be the 
first of its type to be manufactured in 
the United Kingdom, is based on radia­
tion due to the effect of the re-combina­
tion of electron-hole pairs at a p-n junc­
tion. It is encapsulated in transparent 
plastic and measures 0.030 ><; 0.040 in. 

Average steady brightness of 10 to 40 
lamberts is achieved by feeding it with 
50 rnA pulses of one millisecond dura­
tion. Current can be increased to · im­
prove the light intensity at the junction 
and a 1-A 1 p. sec pulse gives an increase 
of twenty times over the steady-state 
brightness. Switch-on time of the device 
is around 0.2 1~ sec and the operating 
temperature range is -zoac to +70°C. 

This device can also be operated in 
the reverse biased mode to act as ·a fast 
light source; light output rise titnes. of 
less than three nanoseconds can be ob­
tained. 

The Services Electronics Research 
Laboratory sponsored the development · 
of this device and were responsible for 
all of the initial research work. 
16WW 325 for further details 
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Five-inch instrument tube 
from Mullard Ltd. 
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Stabilized power supply unit for tunnel diode 
logic applications from Coutant Electronics 
Ltd. 
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circuit strip lines. The output connec- 
tions are, in fact, made by directly 
soldering the strip lines to a double- 
sided printed circuit board in the power 
unit. 

To avoid voltage errors at the equip- 
ment driven by this unit through line 
resistance, a sample voltage is fed back 
to the control amplifier in the power 
unit's stabilizer circuit via miniature co- 
axial cables. Silicon semiconductors are 
used throughout and the unit is designed 
for use in standard 19-in racking and 
occupies a panel height of 5 j in. 
tSWW 3 21 tor further details 

White Noise Test Set 
DESIGNED for testing cable and radio 
multi-channel links with capacities of up 
to 2,700 channels, is the Type OA 2090 
white noise test set from Marconi In- 
struments Ltd., of St. Albans, Herts. It 
is considerably smaller than its predeces- 
sors, through the use of transistors, and 
comprises two units; a noise generator 
Type TF 2091 and a noise receiver 
Type TF 2092. 

A special semiconductor diode is em- 
ployed as the noise source and used to 
generate white noise to a bandwidth and 
power level appropriate to the system 
under test, thus simulating fully loaded 
conditions. A filter with a narrow stop- 
band is interposed between the white 
noise source and the system, which in 
effect produces a quiet channel. The 

Above:-Miniature component 
coupling from Oxley 
Developments. 

Left'.-White noise test set from 
Marconi Instruments Ltd. 

receiver section of this test instrument is 
tuned to this channel and used to com- 
pare the noise level produced by inter- 
modulation of the white noise occupying 
the remainder of the frequency band 
with the original signal in the channel. 

Up to nine "quick-change" filters—' 
each containing band-limiting and band- 
eliminating filters—are incorporated in 
the generator. These units include 
switches with colour-coded toggle-keys 
to simplify operation. The receiver 
unit has provision for up to six spot fre- 
quencies and also employs interchange- 
able filter units, which correspond to the 
generator band-stop filter frequencies. 
16WW 322 for further details 

Five-inch C.R. Tube 
AN addition to their range of oscillo- 
scope cathode-ray tubes is announced by 
Mullard Ltd. in the form of a five-inch 
tube. This tube has an overall length 
of under 14 in and should be of particu- 
lar interest to designers of small general 
purpose oscilloscopes and of equipment 
with "built-in" monitoring facilities. 
Designated D13-27GH, it has a flat- 
faced, medium persistence green phos- 
phor screen with a helical post-deflection 
accelerator. • 

In common with other recently intro- 
duced Mullard tubes, a separate elec- 
trode arrangement permits direct beam 
blanking and this particular tube only 
requires a deflection voltage of 60 (maxi- 

mum) to effect this at the normal 3 kV 
operating voltage. The deflection sensi- 
tivity, also under 3 kV operating condi- 

,, lions, is better than 27 V/cm for the X 
direction and 13"V/cm for the Y direc- 
tion; the minimum picture size is 
10 x8 cm. 
16WW 323 for further details 

Miniature Coupling 
A COMPONENT coupling with p.ti.e. 
bushings, which the manufacturer's 
claim reduces friction and eliminate 
wear, is announced by Oxley Develop- 
ments Co. Ltd., of Ulverston, Lanes. 
Designed for use on standard J-in dia- 
meter shafts, this coupling will provide 
5° angular and -3'.j in axial displacement, 
and will transmit a torque of 15 oz per 
in. 
16WW 324 for further details 

Light-emitting Diode 
A FORWARD-BIASED gallium phos- 
phide diode suitably doped to produce 
electroluminescent radiation of 7,000 
angstroms (red) is being manufactured 
by the electronics department of Fer- 
ranti Ltd., of Gem Mill, Oldham, Lanes. 
The device, which is claimed to be the 
first of its type to be manufactured in 
the United Kingdom, is based on radia- 
tion due to the effect of the re-combina- 
tion of electron-hole pairs at a p-n junc- 
tion. It is encapsulated in transparent 
plastic and measures 0.030x0.040 in. 

Average steady brightness of 10 to 40 
lamberts is achieved by feeding it with 
50 mA pulses of one millisecond dura- 
tion. Current can be increased to im- 
prove the light intensity at the junction 
and a 1-A 1 /i sec pulse gives an increase 
of twenty times over the steady-state 
brightness. Switch-on time of the device 
is around 0.2/j sec and the operating 
temperature range is —20''C to -(-70°C. 

This device can also be operated in 
the reverse biased mode to act as a fast 
light source; light output rise times of 
less than three nanoseconds can be ob- 
tained. 

The Services Electronics Research 
Laboratory sponsored the development 
of this device and were responsible for 
all of the initial research work. 
ICU/U/ -391; fnp furthpr rlptailQ 
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LETTERs · TO THE · EDITOR 
The Editor does not necessarily endorse opinions expressed · by his correspondents 

Television Distribution by Wire 
IT is perhaps 'Unfortunate that Mr. Kinross, in his con­
tribution " Television Distribution by Wire," has deviated 
from a truly technical exposition into the realms of relay 
politics. For a start, one would expect from the title that a 
full discuss.ioh of all types of relay systems was to follow, but 
instead w¢· are presented with a somewhat summary .dismissal 
of v.h.f. systems and a lengthy, though interesting, ~ong of 
praise for the h.f. distribution system. Jn view of this, would 
it not seem that the title to the article is a trifle misleading, 
particularly to those who know little about the television relay 
business? · · 

H.f. relay networks were born out of necessity in the pest:- . 
war revival of the television service, the days of . double­
sideband on Channel 1. Many of the old audio-only networks 
were faced with financial ruin unless vide·o could be also 
distributed, and h .f. was chosen in preference to re-wiring a 
whole network! 

V.h.f. systems were born out of a desire to improve upon 
the old distribution methods and have reached a highly 
advanced stage of development. They were also introduced 
to break the monopoly then existing wherever h.f. distribution 
systems were operating with their special " relay-only " sets. 
I would suggest that the competition from v.h.f. systems has 
forced the h.f. relay company to gradually make concessions to 
the television retailers over the receiver side of their business . 

Woujd somebody please tell Mr. Kinross and the rest of 
the world about the large systems using British-made v.h.f. 
relay equipment that exist in Europe and North America? 
L et us not forget that Britain is not the only country where 
wired distribution systems serve a good proportion of the 
viewing community. 

Lastly, a word about the special receivers. It is all very well 
to state that the purchase price of a 19in wired receiver is £21 
less than that of an average cheap aerial receiver, but what 
happens to the purchaser of one of these sets when he or she 
decides to move house? People have been known to move! 
Furthermore, a breakdown on the relay network would leave 
subscribers with blank screens, whereas the subscriber with 
the standard receiver could get some sort of picture until the 
fault is rectified. 

Brentwood, Essex. G. M. YOUNG 

Resistances and Reactances in Parallel 
I CAN hardly believe that the following simple construction 
for the impedance of a resistance and a reactance in parallel is 
not common knowledge, and yet in all my reading I have not 
come across it. 

Fig. 1 shows a resistance R and a reactance jX plotted on an 
impedance diagram. 

The impedance Zs obtained by connecting R and jX in 
series is got by " completing the parallelogram " (in this case 
a rectangle), and is shown on the diagram. 

------ •Z 
. I s 

I 

I 

I 

A 
. Fig 1 
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The impedance Zp obtained by connecting R and jX in 
parallel is found by dropping a perpendicular from .the. origin 
to the line joining the points R and jX, and is likewise shown 
on the diagram. · 

The proof is quite simple. If r and x are the resistive and 
reactive components of Zv; we have to show that: 

r = X 2R/(R2 + X 2) ·and x = XR2/(R2 + X2); 
that is, that: 

xjr = R/X (i) 

and that: .. ..· .. · . 
r2 + xz = (X4R2 + X2R'~) /(R2 + X2)2 

= X2R2 j(R2 +· X2) (ii). 

· These relations follow from the fact that a :resistance R in 
parallel with a reactance jX form an impedance 

R:iX . 
which when rationalized becomes 

R + )X' . . 
xzR/(R2 ~- xz) + jR2X/(R~ -+ xz). 

Thus 
r = X2Rj(R2 + X 2) and x "'"~ R2X /(R7 + X2) . 

The triangles OR(jX) and OAZv are similar, therefore 
AZp/OA = OR/O(jX). This proves :relation (i) . 

The triangles ORZP and OR(jX) are also similar, therefore 
ORjOZp = R(jX) /O(jX), thus 

R /(rZ + x2)l = (R2 + XZ)l /X, 
therefore: 

r2 + :x2 = X2R2 j(R2 + X2), which is relation (ii). 

A similar construction holds for a conductance and a 
susceptance in series. Fig. 2 shows how to obtain the conductive 

j B 

G 

Fig .2 

and susceptive components, g and b, of a conductance G 
connected. in series with a susceptance jB. The diagram is an 
admittance diagram, and Y s is the admittance of G and jB in 
series. · 

The proof of this case follows similar lines as in the one 
given above. · 

In each of these cases, if the values of R and X, or of G 
and B, are at all awkward, the method described here using a 
sheet of graph paper and a set square is very much quicker 
and easier than the calculation. · 

Manchester G. HOFFMANN DE VISME 

Practic.al Transistor Circuit ·Design 
MR. HOBBS (p. 619, Dec. 1964 issue) appears to have missed 
the point of my criticism in my last letter, so I would like to 
expiain the reasoning behind my arguments. . . 

To describe the performance of a three-termmal actlve 
network, a set of four mutually ir.dependent parameters is. · 
generally required. The h, y, and z parameters are three such 
sets . . The sets are interre-lated by exact algebraic expression~. 

The equivalent-T network also has four independent par.a.._. : 
meters, r b·, r., r c and r:t. (or {3), which are completely com..:. 

LETTERS TO THE EDITOR 

The Editor does not necessarily endorse opinions expressed by his corresponcfents 

Television Distribution by Wire 
IT is perhaps unfortunate that Mr. Kinross, in his con- 
tribution "Television Distribution by Wire," has deviated 
from a truly technical exposition into the realms of relay 
politics. For a start, one would expect from the title that a 
full discussion of all types of relay systems was to follow, but 
instead we are presented with a somewhat summary dismissal 
of v.h.f. systems and a lengthy, though interesting, song of 
praise for the h.f. distribution system. In view of this, would 
it not seem that the title to the article is a trifle misleading, 
particularly to those who know little about the television relay 
business? 

H.f. relay networks were born out of necessity in the post- 
war revival of the television service, the days of double- 
sideband on Channel 1. Many of the old audio-only networks 
were faced with financial ruin unless video could be also 
distributed, and h.f. was chosen in preference to re-wiring a 
whole network! 

V.h.f. systems were bom out of a desire to improve upon 
the old distribution methods and have reached a highly 
advanced stage of development. They were also introduced 
to break the monopoly then existing wherever h.f. distribution 
systems were operating with their special " relay-only " sets. 
I would suggest that the competition from v.h.f. systems has 
forced the h-f. relay company to gradually make concessions to 
the television retailers over the receiver side of their business. 

Would somebody please tell Mr. Kinross and the rest of 
the world about the large systems using British-made v.h.f. 
relay equipment that exist in Europe and North America? 
Let us not forget that Britain is not the only country where 
wired distribution systems serve a good proportion of the 
viewing community. 

Lastly, a word about the special receivers. It is all very well 
to state that the purchase price of a 19in wired receiver is £21 
less than that of an average cheap aerial receiver, but what 
happens to the purchaser of one of these sets when he or she 
decides to move house? People have been known to move! 
Furthermore, a breakdown on the relay network would leave 
subscribers with blank screens, whereas the subscriber with 
the standard receiver could get some sort of picture until the 
fault is rectified. 

Brentwood, Essex. G. M. YOUNG 

Resistances and Reactances in Parallel 
I CAN hardly believe that the following simple construction 
for the impedance of a resistance and a reactance in parallel is 
not common knowledge, and yet in all my reading I have not 
come across it. 

Fig. 1 shows a resistance R and a reactance jX plotted on an 
impedance diagram. 

The impedance Zs obtained by connecting R and jX in 
series is got by " completing the parallelogram " (in this case 
a rectangle), and is shown on the diagram. 

The impedance Zv obtained by connecting R and jX in 
parallel is found by dropping a perpendicular from the. origin 
to the line joining the points R and jX, and is likewise shown 
on the diagram. 

The proof is quite simple. If r and x are the resistive and 
reactive components of Z,,, we have to show that: 

r - X-R;(R- -1- X2) and x - XR2/(R2 -f X2), 
that is, that: 

x/r —'R/X   (i) 
and that: 

r2 + x2 ^ (X4R2 X2RJ) (R2 f X2)2 

= X2R2/,(R2 + X2j   (ii). 
These relations follow from the fact that a resistance R in 

parallel with a reactance jX form an impedance 
R iX , which when rationalized becomes 
R -r )X 

X2R/(R2 + X2) + iR 'X (R-' + X2), 
Thus 

r = X2R/(R2 X2) and x - R X R' + X2). 
The triangles OR(jX) and OAZ,, are similar, therefore 

AZp/OA = 0R;0(jX). This proves relation (i). 
The triangles ORZ,, and OR(jX) are also similar, therefore 

OR/OZp = R(jX)/0(jX), thus 
R/(r2 X2)= = (R2 T X2)-/X, 

therefore: 
r2 -r x2 = X2R2/(R2 + X2), which is relation (ii). 

A similar construction holds for a conductance and a 
susceptance in scries. Fig. 2 shows howto obtain the conductive 

and susceptive components, g and b, of a conductance G 
connected in series with a susceptance jB. The diagram is an 
admittance diagram, and Ys is the admittance of G and jB in 
series. 

The proof of this case follows similar lines as in the one 
given above. 

In each of these cases, if the values of R and X, or of G 
and B, are at all awkward, the method described here using a 
sheet of graph paper and a set square is very much quicker 
and easier than the calculation. 

Manchester G. HOFFMANN DE VISME 

Practical Transistor Circuit Design 
MR. HOBBS (p. 619, Dec. 1964 issue) appears to have missed 
the point of my criticism in my last letter, so I would like to 
explain the reasoning behind my arguments. 

To describe the performance of a three-terminal active 
network, a set of four mutually independent parameters is 
generally required. The h, y, and z parameters are three such 
sets. The sets are interrelated by exact algebraic expressions. 

The equivalent-T network also has four independent para- 
meters, rr„ r c and a (or P), which are completely com- 
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patible with the h parameters, and represent the three-terminal 
"black box" just as adequately. In addition, the T configura­
tion provides a guide to the internal workings of the tra~sistor. 

Examination of the hydrid-1r network as used by Mr. Hobbs 
shows that, by neglecting r b b', there are only three independent 
parameters. It therefo~e does not give an adequate <;iescrip- . 
tion of the three-termmal network, let alone the mternal 
transistor mechanism. A look at the input resistance of the 
grounded-emitter stage-with the collector short circuit and 
open circuit illustrates this point: 

. hl2h21 
In h parametres, Rin<RL=o> = hu, Rin(RL=Cx))=hu - -h--

. n 
In T parameters, Riu (RL=o) ~ r b + flr e Rin (RL=CXI) ~ r b + r e 

r b' e 
Inhybrid-rr parameters, Rin(H.L = O)~rb · e• Rin(RL=CXI)~ --z-

. The significant point is that in the hybrid-1r case, both 
values of input resistance use only the parameter r b' e· An 
independent parameter must be discarded from the other two 
systems to make them compatible with the 1r system, in 
which the lack of generality is inherent. I can see no justifica- . 
tion for discarding a parameter, r:s . such a practice is not an 
approximation, but an omission! It is worth looking at an 
actual transistor to show this. The transistor type 2N3114 
has typical h parameters quoted at lc = LOrnA and VeE: = 
5.0V, which are: 

h11 = 1,500Q 
hi2 . = 1.5 ~ 10-4 

h21 = 50 
hz2 = 5.3 X 10-6 mho 

From these figures it is easily shown that 
Rin<RL=o> = hu == 1500Q. 

R - h _h1zhg_~ _ 1500 1.5x10-4 x50 85 Q 
m(RL=CXI) - ll hzz - 5.3 X 10- 6 . 

The ratios of these two values is almost 18, somewhat different 
to the value of 2 predicted by Mr. Hobbs! 

The factual criticisms in my previous .letter were based · on 
the above arguments, and still, I think, hold good. I was 
unable to follow Mr. Hobbs' line of reasoning in his reply. 

Camberley, Surrey M. TILEY 

The author replies:-
! am grateful for Mr. Tiley's numerical example and agree 

that I am using simplified equations for the hybrid-rr equivalent 
circuit. In the hybrid-rr circuit there are, in fact, five para­
meters: r c _, r hi r' r b'., r b b' and {1, and whilst four parameters 
are required to describe a three terminal active network, the 
equivalent circuit used as a guide in design can, if it helps, 
have more th-an four elements. I drew attention in the 
September issue to the difference betw:een the component 
elements of an equivalent circuit and the h:-parameters (or 
y or z parameters) which describe the "black box" externally. 

Of course, one can always work out exact algebraic relations 
between these two, and the input resistance can. be expressed 
in terms of either. As Mr. Tiley says, Rin for RL=c:Xl is h11 

hlz hzi F;~st . . the . R - - h
22 

• ....... rewntmg expressiOn as in= 

hue ~~1h~2~) and substituting the typical values for the 

2N3114 we do get Rin := l.5kQ(1-0.943) = 85 ohms. Now 
. ' h h 

my approach effectively adopts a value of 0.5 for hJ2 h21 
11 22 

(for reasons whic4 I explained in my previous letter). It is 
my assumption as regards r c e which leads to the difference in 
our results and. not my neglect of r b b ' (this can always be 
added in when significant). In the equivalent •T network 
r b b' fonns part of r b· · · · · 

I am concerned about the figure 0.943 and suspicious of 
substituting a set of typical values into the expression when 
obviously a small change in any one of the parameters will 
make a wide · difference to the. calculated magnitude of Rin· 
Are the typical values a result of taking a mean for each para­
meter over a large ntimber of samples or are they in fact . a 
consistent set in themselves? 

To satisfy the figures as a set, the components of the hybrid-
7T circuit need to take the values: .{1=50, r b' e= l.5kQ, rb' c= 
42 

9.5MQ and r c , needs to be very large depending on the 
value taken for r b b·-about 11MQ when r b b' is 30 ohms, for 
instance. The maximum voltage gain is apparently very high---: 
111,000-and, examined m terms of the hybrid-1r circuit 
it is Miller feedback which makes the input resistance turn 
out so 1ow for RL =co. If these figures are to be believed, the 
output resistance should also vary over a rangeof 18 to 1 for 
Rs going from zero to infinity. It is not too .difficult to measure 
a variation of putput ·resistance and in my experience (for say 
the ASY29 or 2N708) the factor is never more than two 
or three to one so that my simplified equations give a good 
representation of a practical device. j 

G. P. HOBBS 

Cone Surrounds 
WHILST searching for the cause of a variable low level 
distortion and loss o~ ba.ss in my gramophone system I was 
finally and reluctantly forced to examine the loudspeaker 
whiCh, since it carries a renowned name, I had hitherto 
regarded rather like Caesar's wife as beyond suspicion . . To my 
amazement I found the foamed plastic Sl,lrround was completely 
perished. Knowing that tnis material will last much longer 
than the seven years that the speaker had been in use, I 
looked for some unlikely cause. A clue was given by a 
colleague who suggested that the foamed material acted as . a 
leaky valve and that the smoke from my cheroots had been 
pumped through and caused the disintegration. Ac.cepting 
part of his suggestion it seemed more likely that something 
had been pumped from inside the wooden structure. There 
seemed to be two .possibilities: some vapour had been given 
off either by the block board itself, or by the glue I had used 
to hold it together. The latter was an epoxy resin and 
sure enough the hardener when poured on some of the 
remaining suspension went through it in a truly proverbial 
manner. 

This letter is not, of course, intended as an indictment of 
the makers of either the glue or the loudspeaker, both 
of which products are beyond reproach, but as a warning 
to future wooden horn builders to be on their guard, since 

- other cone suspensions and synthetic glue vapours may 
react similarly~ 

Gidea Park. FRANK ROADS 

Equalizing in Audio Pre-amplifiers 
A CIRCUIT which is frequently found in the first stage of 
an audio pre-amplifier is that shown in the diagram below. 

Here, a number of different inputs: radio, tape, microphone, 
gramophone pickup, etc., can 'be catered for by a simple 
switching arrangement; and the desired equalizing, input 
impedance, and sensitivity can be obtained by switching in 
suitable different values of R1 and Z for each case. In this 
way the signal level at B is made roughly the same whatever 
input is being used, thus easing design problems in the rest of 
the pre-amplifier. 

The desirability of carrying out the equalizing in this Wl'l:Y 
in cases where the sensitivity needs to be high (as when 
handling the output of a tape replay head or a ribbon micro­
phone) has been questioned by seekers after the ultimate, 
because the S/N ratio obtained is necessarily worse than that 
in the alternative arrangement where the input is connected 

directly to the valve 
grid, and the equal-

+ H.T. izing is done in a 
later stage. 

Thewriterrecent-
B ly had occasion to 

t----o~~ compare the two 
· circuits theoretically 
·and made the dis­
covery that the noise 
level of the · feed­
back type of circuit 
need not be as high 
as it often is. 

Point A in the 
circuit . is a virtual 
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patible with the h parameters, and represent the three-terminal 
" black box " just as adequately. In addition, the T configura- 
tion provides a guide to the internal workings of the transistor. 

Examination of the hydrid-rr network as used by Mr. Hobbs 
shows that, by neglecting Tbb,, there are only three independent 
parameters. It therefore does not give an adequate descrip- 
tion of the three-terminal network, let alone the internal 
transistor mechanism. A look at the input resistance of the 
grounded-emitter stage—with the collector short circuit and 
open circuit illustrates this point: 

In h parametres, RmiKL-oi^hn, RtaiBL-coj^hn , "l 

ns 2 
In T parameters, Ri0(KL-o)^:!ri> + iSre^witL-oo)^r j + r, 
Inhybrid-r-parameterSjRiniKL-ol^ts e- Rm(EL=cc)«3 y- 
The significant point is that in the hybrid-?!- case, both 

values of "input resistance use only the parameter r6'e. An 
independent parameter must be discarded from the other two 
systems to make them compatible with the tt system, in 
which the lack of generality is inherent. I can see no justifica- 
tion for discarding a parameter, ^s. such a practice is not an 
approximation, but an omission! It is worth looking at an 
actual transistor to show this. The transistor type 2N3114 
has typical h parameters quoted at Ic= 1.0mA and Vce = 
5.0V, which are: 

hn = 1,50013 
h12 = 1.5 x 10-4 
h21 = 50 
h22 ^ 5.3 x lO'6 mho 

From these figures it is easily shown that 
Rin(RL„0) = hn = 150013. 

P b htslkn .._nn 1.5 X10 1 X 50 Rin(el-co) "hn - 1500 . . 10 „ 8m 

The ratios of these two values is almost 18, somewhat different 
to the value of 2 predicted by Mr. Hobbs! 

The factual criticisms in my previous letter were based on 
the above arguments, and still, I think, hold good. I was 
unable to follow Mr. Hobbs' line of reasoning in his reply, 

Camberley, Surrey M. TILEY 

The author replies:— 
I am grateful for Mr. Tiley's numerical example and agree 

that I am using simplified equations for the hybrid-jt equivalent 
circuit. In the hybrid-u circuit there are, in fact, five para- 
meters: r ,,,,, r „ r „ r „ j' and (3, and whilst four parameters 
are required to describe a three terminal active network, the 
equivalent circuit used as a guide in design can, if it helps, 
have more than four elements. I drew attention in the 
September issue to the difference between the component 
elements of an equivalent circuit and the h-parameters (or 
y or z parameters) which describe the " black box " externally. 

Of course, one can always work out exact algebraic relations 
between these two, and the input resistance can be expressed 
in terms of either. As Mr. Tiley says, Rm for RL=oo is hi, 

—--1. First rewriting the expression as Rm = hL-j 

and substituting the typical values for the 
\ hu ho2 / 

2N3114 we do get Ri,. 1.5k VQ- 0.943) 85 ohms. Now 

my approach effectively adopts a value of 0.5 for ^"-1 

hn h22 
(for reasons which I explained in my previous letter). It is 
my assumption as regards r which leads to the difference in 
our results and not my neglect of r,,,,' (this can always be 
added in when significant). In the equivalent -T network 
r;,,,' forms part of r h. 

I am concerned about the figure 0.943 and suspicious of 
substituting a set of typical values into the expression when 
obviously a small change in any one of the parameters will 
make a wide difference to the calculated magnitude of R,.,. 
Are the typical values a result of taking a mean for each para- 
meter over a large number of samples or are they in fact a 
consistent set in themselves? 

To satisfy the figures as a set, the components of the hybrid- 
tt circuit need to take the values: /3=50, r s'„= 1.5kf3, ib' e— 

9.5M13 and r, needs to be very large depending on the 
value taken for r b,,—about IIM-Q when iht,i is 30 ohms, for 
instance. The maximum voltage gain is apparently very high—• 
111,000—and, examined in terms of the hybrid-n- circuit 
it is Miller feedback which makes the input resistance turn 
out so tow for Rl=--oo. If these figures are to be believed, the 
output resistance should also vary over a range of 18 to 1 for 
Rs going from zero to infinity. It is not too difficult to measure 
a variation of putput resistance and in my experience (for say 
the ASY29 or 2N708) the factor is never more than two 
or three to one so that my simplified equations give a good 
representation of a practical device. j 

G. P. HOBBS 

Cone Surrounds 
WHILST searching for the cause of a variable low level 
distortion and loss of bass in my gramophone system I was 
finally and reluctantly forced to examine the loudspeaker 
which, since it carries a renowned name, I had hitherto 
regarded rather like Caesar's wife as beyond suspicion. To my 
amazement I found the foamed plastic surround was completely 
perished. Knowing that mis material will last much longer 
than the seven years that the speaker had been in use, I 
looked for some unlikely cause. A clue was given by a 
colleague who suggested that the foamed material acted as. a 
leaky valve and that the smoke from my cheroots had been 
pumped through and caused the disintegration. Accepting 
part of his suggestion it seemed more likely that something 
had been pumped from inside the wooden structure. There 
seemed to be two possibilities; some vapour had been given 
off either by the block board itself, or by the glue I had used 
to hold it together. The latter was an epoxy resin and 
sure enough the hardener when poured on some of the 
remaining suspension went through it in a truly proverbial 
manner. 

This letter is not, of course, intended as an indictment of 
the makers of either the glue or the loudspeaker, both 
of which products are beyond reproach, but as a warning 
to future wooden horn builders to be on their guard, since 
other cone suspensions and synthetic glue vapours may 
react similarly. 

Gidea Park. FRANK ROADS 

Equalizing in Audio Pre-amplifiers 
A CIRCUIT which is frequently found in the first stage of 
an audio pre-amplifier is that shown in the diagram below. 

Here, a number of different inputs: radio, tape, microphone, 
gramophone pickup, etc., can be catered for by a simple 
switching arrangement, and the desired equalizing, input 
impedance, and sensitivity can be obtained by switching in 
suitable different values of Rj and Z for each case. In this 
way the signal level at B is made roughly the same whatever 
input is being used, thus easing design problems in the rest of 
the pre-amplifier. 

The desirability of carrying out the equalizing in this way 
in cases where the sensitivity needs to be high (as when 
handling the output of a tape replay head or a ribbon micro- 
phone) has been questioned by seekers after the ultimate, 
because the S/N ratio obtained is necessarily worse than that 
in the alternative arrangement where the input is connected 

directly to the valve 
grid, and the equal- 

+ H.T.I izing is done in a 
< later stage. 
< The writer recent- 

B ly had occasion to 
|—~ | ^ compare the two 
I I circuits theoretically 

R , "V and made the dis- 1 1 | -1— I covery that the noise vvwv—•—-—♦ f-~l level of the feed- 
> 1/ vj back type of circuit 

RgS V need not be as high 
< as it often is. 
I Point A in the 

circuit is a virtual 
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earth (low impedance point) as far as the input is concerned, 
and therefore it might be thought quite in order to make the 
value of the grid leak Rg relatively small. If this is done, it 
certainly has no effect on the performance of the circuit as far 
as the input signal or any unwanted signals picked up by the 
input circuitry are concerned. However, if one considers the 
effect of the feedback on the shot noise generated £nside the 
valve (which is the prime cause of the noise background of the 
ultimate output), it is easily shown that Rg affects the noise level 
at B, since the more noise fed back, the less there will be at 
the output. It therefore pays to make Rg as high as possible. 

In a circuit used by the writer for tape replay, the valve 
is an EF 86, R 1 = 56 k 0, and Z consists of 330 pF in series 
'ff.ith 390k0. The original design value of Rg was 100k0. In 
this case a slight noise background was noticeable. Rg has 
been increased to 2.2 MO, and the noise background is now 
negligible. . The theoretically expected improvement in this 
case was 4 dB. 

In a similar published circuit intended for a microphone 
input, R 1 = 1 MO, and Zconsistsof0.1JLFin series with.10MO. 
The writer does not at present use this particular circuit, but 
here the theoretical improvement in S/N due to changing Rg 
from 100 kO to 2.2 MO is 17 dB. 

Bourneinouth F. B . . JOHNSON 

W.W. Transistor FM Tuner 
I HAVE found that the following modification to this circuit 
gives improved reception in areas o~ low signal strength 
(10 to 15JL V /m), by substantially reducing the background 
noise. · 

When the input to th~ Schmitt trigger is around the limit-

2•7k ..:.4oV 

POWER 
oV SUPPLY 

ing value of 300mV, the h.f. ripple on the standard 130kc;'s 
signal is of sufficient magnitude to cause intermittent operation 
of the trigger circuit, producing a harsh crackling background. 
This h.f. may be reduced by connecting a small capacitor 
directly across R 10 (6.8 k.Q) at the input to the i.f. amplifier. 
The optimum value may vary with individual conditions but 
1000 to 2000pF has been found to give ·good results. It is 
easy to incorporate this capacitor whether pin or printed­
circuit construction is used. 

Incidentally, this tuner is ideal for use with the transis­
torized high-quality amplifier (both the old, and ·:he n.;:.w 
version described in this issue), since the sensitivity and 
input impedance of the radio input are about 100mV and 
100 k.Q ·respectively. The power supply may be taken directly 
from the -40 volt amplifier supply via a 2.7 k.Q dropping 
resistor (my tuner reqaires ll.8 milliamps) and decoupled 
by 100JLF. However, it 1s important to take the earth :teturn 
(including the capacitor) to the signal earth line at the input 
terminal (as shown) and not to the power supply. This will 
ensure that the very low hum and distortion levels of both 
circuits are maintained. 

Farnborough, Rants, J .. DINSDALE 

Colour Correspo-ndence Course 
WHEN colour television eventually arrives in Britain many 
of us will have to supplement our knowledge of general prin­
ciples with a great deal of hard, factual information on the 
operation of equipment, particularly colour receivers. Those 
in greatest need, of course, will be the service technicians. 
Anybody who wishes to prepare himself in advance of the 
actual event can now do so by taking advantage of a home 
study course in colour television made available in the U.K. 

·· through RCA Great Britain Ltd. · 
The great advantage of the course is that it is based on 

11 years' experience of broadcasting and receiving colour 
television in the U.S.A. Its main limitation is that the more 
specific information provided is tied to the N.T.S.C. system, 
as operated on American standards, and to American 
receivers and test equipment. This limitation is perhaps not 
as serious as it sounds, however, since two out of three of 
the contending systems in Britain (N.T.S.C. and PAL) are 
very similar to American N.T.S.C., and many of the circuit 
techniques now being used in American receivers would 
certainly be adapted to British requirements (the set makers 
having already seen to this) if one of these two systems were 
too be adopted. 

The course, which costs £20, is contained in eight lessons: 
principles; colour tubes; receiver functions; setting up and 
adjustment; circuitry; alignment; fault tracing; and test 
equipment. These are presented in four books, with a binder 
for holding them together. The explanatory material is well 
written and the diagrams are clear and informative (though 
sotrie of the receiver circuits are a trifle cramped). Each 
lesson is followed. by an examination paper of 20 questions, 
couched iQ. the following typical form : 

~. The inst~ntaneous output of one of the chrominance demodulators 
is zero when the phase difference between .the chrominance signal input 
and the cw: signal input is (a) 0 °; (b) 90 °; (c) 180 °; (d) 57 °?, 

Completed examination pages have to be sent to RCA 
Great Britain for marking, after which they are returned. 

A companion RCA publication on colour, intended speci­
fically for the service technician, is a 153-page, hard-cover 
book ·entitled "Colour TV Trqubleshooting Pict-o-Guide." 

\VIRELESS WORLD, .JANUARY 1965 

Designed as a compact and easy-to-use handbook~ on the 
principle that "pictures :tell the story best," it contains over 
130 colour photographs taken from tube screens, illustrating 
the effect on the picture of various. receiver conditions and 
faults. The price is £2 lOs including postage. 

The home study course booklets in their binder, with, in front, the 
" Pict-o-Guide " for fault finding. 
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earth (low impedance point) as far as the input is concerned, 
and therefore it might be thought quite in order to make the 
value of the grid leak Rg relatively small. If this is done, it 
certainly has no effect on the performance of the circuit as far 
as the input signal or any unwanted signals picked up by the 
input circuitry are concerned. However, if one considers the 
effect of the feedback on the shot noise generated inside the 
valve (which is the prime cause of the noise background of the 
ultimate output), it is easily shown that Rg affects the noise level 
at B, since the more noise fed back, the less there will be at 
the output. It therefore pays to make Rg as high as possible. 

In a circuit used by the writer for tape replay, the valve 
is an EF 86, Ri = 56kO, and Z consists of 330pF in series 
with 390 kD. The original design value of Rg was 100 kfl. In 
this case a slight noise background was noticeable. Rg has 
been increased to 2.2Mfl, and the noise background is now 
negligible. The tneoretically expected improvement in this 
case was 4dB. 

In a similar published circuit intended for a microphone 
input, Rj = 1 Mfi, and Z consists of 0.1 pF in series with 10 Mil. 
The writer does not at present use this particular circuit, but 
here the theoretical improvement in S/N due to changing Rg 
from 100 kO to 2.2 MO is 17 dB. 

Bournemouth F. B. JOHNSON 

W.W. Transistor FM Tuner 

I HAVE found that the following modification to this circuit 
gives improved reception in areas of low signal strength 
(10 to 15/xV/m), by substantially reducing the background 
noise. 

When the input to the Schmitt trigger is around the limit- 

POWER 
qV supply 

ing value of 300 raV, the h.f. ripple on the standard 130kc/s 
signal is of sufficient magnitude to cause intermittent operation 
of the trigger circuit, producing a harsh crackling background. 
This h.f. may be reduced by connecting a small capacitor 
directly across R10 (6.8 k.Q) at the input to the i.f. amplifier. 
The optimum value may vary with individual conditions but 
1000 to 2000pF has been found to give good results. It is 
easy to incorporate this capacitor whether pin or printcd- 
circuit construction is used. 

Incidentally, this tuner is ideal for use with the transis- 
torized high-quality amplifier (both the old, and the new 
version described in this issue), since the sensitivity and 
input impedance of the radio input are about 100 mV and 
100 k 13 respectively. The power supply may be taken directly 
from the —40 volt amplifier supply via a 2.7 kf? dropping 
resistor (my tuner requires 11.8 milliamps) and decoupled 
by lOOfiF. However, it is important to take the earth return 
(including the capacitor) to the signal earth line at the input 
terminal (as shown) and not to the power supply. This will 
ensure that the very low hum and distortion levels of both 
circuits are maintained. 

Farnborough, Hants, J. DINSDALE 

Colour Correspondence Course 

WHEN colour television eventually arrives in Britain many 
of us will have to supplement our knowledge of general prin- 
ciples with a great deal of hard, factual information on the 
operation of equipment, particularly colour receivers. Those 
in greatest need, of course, will be the service technicians. 
Anybody who wishes to prepare himself in advance of the 
actual event can now do so by taking advantage of a home 
study course in colour television made available in the U.K. 
through RCA Great Britain Ltd. 

The great advantage of the course is that it is based on 
11 years' experience of broadcasting and receiving colour 
television in the U.S.A. Its main limitation is that the more 
specific information provided is tied to the N..T.S.C. system, 
as operated on American standards, and to American 
receivers and test equipment. This limitation is perhaps not 
as serious as it sounds, however, since two out of three of 
the contending systems in Britain (N.T.S.C. and PAL) are 
very similar to American N.T.S.C., and many of the circuit 
techniques now being used in American receivers would 
certainly be adapted to British requirements (the set makers 
having already seen to this) if one of these two systems were 
to be adopted. 

The course, which costs £20, is contained in eight lessons: 
principles; colour tubes; receiver functions; setting up and 
adjustment; circuitry; alignment; fault tracing; and test 
equipment. These are presented in four books, with a binder 
for holding them together. The explanatory material is well 
written and the diagrams are clear and informative (though 
some of the receiver circuits are a trifle cramped). Each 
lesson is followed by an examination paper of 20 questions, 
couched in the following typical form: 

" The instantaneous output of one of the chrominance demodulators 
is zero when the phase difference between the chrominance signal input 
and the CW signal input is (a) 0(b) 90°; (c) 180°; (d) 57°?" 

Completed examination pages have to be sent to RCA 
Great Britain for marking, after which they are returned. 

A companion RCA publication on colour, intended speci- 
fically for the service technician, is a 153-page, hard-cover 
book entitled "Colour TV Troubleshooting Pict-o-Guide." 

Designed as a compact and easy-to-use handbook, on the 
principle that " pictures tell the story best," it contains over 
130 colour photographs taken from tube screens, illustrating 
the effect on the picture of various receiver conditions and 
faults. The price is £2 10s including postage. 

The home study course booklets in their binder, with, In front, the 
" Pict-o-Guide " for fault finding. 
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LOGIC WITHOUT TEARS 

AN INTRODUCTION TO SWITCHING ALGEBRA 

Bv H. R. HENLEY, A.M.I.E.R.E. 

IN 1854 George Boole published his paper: " An 
Investigation . into the Laws of Thought ", in which 
he developed his algebra of Logic or as it is now 

widely known, in his honour, Boolean algebra. Little 
did he realize at that time that his work, intended to 
facilitate the processes of mathematical research, would 

be used so extensively for such "impure" mathematical 
applications as digital computing and control engineering. 

Development of a switching algebra from Boolean 
algebra usually involves fairly rigid mathematical methods 
of reasoning. This is very well for an elaborate treatise 
on the subject, but is considered unnecessary for this 

article in which it is intended only to provide an .intro­
duction to the subject. For this purpose an almost 
Lewistic approach will be used to develop the few rules 
necessary to carry out analysis ·and synthesis of simple 

switching systems. 
Switching systems may take many forms, e.g. an auto­

matic tdephone system using thousands of relays, etc., 
or a digital computer using semi-conductors; both to 
perform switching operations on a logical basis. In either 

of these _examples, and in the general case we are con­
cerned with statements about the system which, at any 
instant, may be two-valued, i.e. true or false, for example, 
whether a given potential is present or absent · from a 

wire, whether a given path is conducting or non-con­

ducting, and so on. 
Suppose a wire A may have either 10 volts or zero 

volts on it. Then the statement" Wire A is at 10 volts" 
may be either true or false, depending on whether 10 
volts is present or not. A convenient symbolism may be 
used; we can assign the value 1 to the statement if it is 

true and say A= 1, and the value 0, i.e. A=O, if the state­

ment is false. 
In forming statements to ·describe the operation of a 

system we inevitably use (or imply the use of) the con­
nectives AND, OR and NOT. By suitable choice of 
language any ·statement can be rephrased in these terms 

and for this reason the algebra to be described is based 
on them. For instance in a system we might have the 
condition that ''an output voltage level of 10 volts is 
obtained on wire F only if wires A and Bare at a potential 

of 10V but not wire C, or if wires A and C and D are at 
zero volts." Clearly this form of specification becomes 

' unwieldy and a symbolic method is desirable if only to 

enable one to see the" wood as well as the trees." 
To do this we postulate three operations AND, OR 

and NOT, borrowing the symbols x and + from ordinary 
algebra for the first two and putting a bar ....:-.over a symbol 
to indicate negation, e.g.: · 

A + B reads A or B. 
AB or A.B or AxB reads A and B 
A reads NOT A and is also c,alled the complement of A. 

It follows that 1 · = 0, i.e. Not tnie· = false and vice 
versa. 

Since we are using (some) algebraic symbols and writing 
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algebraic-looking equations it is only reasonable to see 

whether any of the rules of ordinary algebra will be of any 
use in this algebra. To decide this, for simplicity, we · 

shall use simple logic circuits made up of relay contacts 
[the relay coils will not be shown] and denote by S the 
statement " The circuit through the switching network 
is continuous." When this is true, S = I. 

First consider the parallel net of contacts A, B and C 
(Fig. 1). 

The network is continuous if A, or B or C is operated. 
Therefore F = ·A+B+C 
Clearly F = A+C+B or C+A+B etc., i.e. the order 

in which the contacts are considered (or wired) does not 
alter the truth of the statement. 

Similarly for the series net (Fig. 2). 
The network is continuous only if A and B and C 

are operated simultaneously. 
Then F = A.B.C 

and again the order is unimportant. 
This is a ·· convenient point at which to introduce 

a useful device called a truth table. This is simply a 
table showing the possible values of the variables A, B, 
etc. and the resultant values of F. For example, con­
sider the second function above, F = A.B.C; the truth . 
table is shown in Fig. 3. . . 

This shows that F = 1 only when A = B = C = 1. 
It is desirable to adopt a systematic method of writing 

down the possible values of the variables. This is most 
simply done by the method used above. In the first 
column write alternate 1's and O's. In the second write 
alternate pairs of 1's and O's. In the third write alternate 
quadruples of l's and O's. In the n'th column (for n 

fig.·-EB-
A B c F 

0 0 0 0 
I 0 0 0 

Fig. 3 
0 I 0 0 
I I 0 0 
0 o· I - · o 
I 0 I 0 
0 I I 0 
I I I I 
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LOGIC WITHOUT TEARS 

AN INTRODUCTION TO SWITCHING ALGEBRA 

Bv H. R. HENLEY, a.m.i.e r e. 

IN 1834 George Boole published his paper: "An 
Investigation into the Laws of Thought s it^ which 
he developed his algebra of Logic or as it is now 

widely known, in his honour. Boolean algebra. Little 
did he realize at that time that his work, intended to 
facilitate the processes of mathematical research, would 
be used so extensively for such " impure " mathematical 
applications as digital computing and control engineering. 

Development of a switching algebra from Boolean 
algebra usually involves fairly rigid mathematical methods 
of reasoning. This is very well for an elaborate treatise 
on the subject, but is considered unnecessary for this 
article in which it is intended only to provide an intro- 
duction to the subject. For this purpose an almost 
Lewistic approach will be used to develop the few rules 
necessary to carry out analysis and synthesis of simple 
switching systems. 

Switching systems may take many forms, e.g. an auto- 
matic telephone system using thousands of relays, etc., 
or a digital computer using semi-conductors; both to 
perform switching operations on a logical basis. In either 
of these examples, and in the general case we are con- 
cerned with statements about the system which, at any 
instant, may be two-valued, i.e. true or false, for example, 
whether a given potential is present or absent from a 
wire, whether a given path is conducting or non-con- 
ducting, and so on. , 

Suppose a wire A may have either 10 volts or zero 
volts on it. Then the statement " Wire A is at 10 volts ' 
may be either true or false, depending on whether 10 
volts is present or not. A convenient symbolism may be 
used; we can assign the value 1 to the statement if it is 
true and say A I, and the value 0, i.e. A 0. if the state- 
ment is false. . 

In forming statements to describe the operation ot a 
system we inevitably use (or imply the use of) the con- 
nectives AND, OR and NOT. By suitable choice of 
language any statement can be rephrased in these terms 
and for this reason the algebra to be described is based 
on them. For instance in a system we might have the 
condition that " an output voltage level of 10 volts is 
obtained on wire F only if wires A and B are at a potential 
of 10V but not wire C, or if wires A and C and D are at 
zero volts." Clearly this form of specification becomes 
unwieldy and a symbolic method is desirable if^ only to 
enable one to see the " wood as well as the trees. 

To do this we postulate three operations AND, OR 
and NOT, borrowing the symbols x and + from ordinary 
algebra for the first two and putting a bar — over a symbol 
to indicate negation, e.g.: 

A + B reads A or B. 
AB or A.B or A x B reads A and B 
A reads NOT A and is also called the complement of A. 

It follows that 1=0, i.e. Not true = false and vice 
versa. , , j • • 

Since we are using (some) algebraic symbols and writing 

algebraic-looking equations it is only reasonable to see 
whether any of the rules of ordinary algebra will be of any 
use in this algebra. To decide this, for simplicity, we 
shall use simple logic circuits made up of relay contacts 
[the relay coils will not be shown] and denote by S the 
statement " The circuit through the switching network 
is continuous." When this is true, S = 1. 

First consider the parallel net of contacts A, B and C 
(Fig. 1). 

The network is continuous if A, or B or C is operated. 
Therefore F = A + B + C 
Clearly F = A i C | B or C+A+B etc., i.e. the order 

in which the contacts are considered (or wired) does not 
alter the truth of the statement. 

Similarly for the series net (Fig. 2). 
The network is continuous only if A and B and C 

are operated simultaneously. 
Then F = A.B.C 

and again the order is unimportant. 
This is a convenient point at which to introduce 

a useful device called a truth table. This is simply a 
table showing the possible values of the variables A, B, 
etc. and the resultant values of F. For example, con- 
sider the second function above, F = A.B.C; the truth 
table is shown in Fig. 3. 

This shows that F = 1 only when A = B = C = 1. 
It is desirable to adopt a systematic method of writing 

down the possible values of the variables. This is most 
simply done by the method used above. In the first 
column write alternate I's and 0's. In the second write 
alternate pairs of i's and 0's. In the third write alternate 
quadruples of I's and 0's. In the n'th column (for n 

A B c F 
0 0 0 0 
1 0 0 0 
0 1 0 0 

1 1 0 0 
0 0 1 0 

1 0 1 0 
0 1 1 0 
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variables) write 2n·l l's fo11owed by 2 n·l O's. Only 2n 
rows are necessary. 

The significance of the NOT or complement function 
should perhaps be clarified in the case of relay contact 
networks. If we have a circuit in which S = A, then A is 
clearly a "make" (or normally made) contac!_, and 
S = 1 when A = l (i.e. when A is operated). If S == A then 
S = A = 1 when A = O, i.e. when the contact is operated 
it must present an open circuit. This requirement is 
satisfied by a " break" (or normally closed contact). 
The convention is used in which contacts are shown in the 
normal (unoperated) state [in accordance with B.S. 5~0] . 

The truth table for A and its complement A is 
simply : 

0JJ 
IT±±] 

Two other rules are · the distributive laws of OR and 
AND, they are:- · 

A (B+C) = AB +AC .. (1) 
A + BC = (A + B) (A + C) (2) 

Rule (1) is similar to ordinary algebra, but (2) has no 
equivalent in ordinary algebra. 

Also from the definitions of AND and OR, 1 and 0, 
it follows that:-

1+1 1 A.A A 
1+0 1 A + A A 
1 X 1 1 A + 1 1 
1 x O 0 A.1 A 

All of the above may be verified using the truth table. 
Attention is drawn to the fact that operations similar to 

division and subtraction do not exist, and cannot be used 
in simplifying equations. e.g. it is not possible to conclude 
that if A + BC = A+D, say, then BC=D by subtracting 
A on each side as in ordinary algebra. Such operations 
are undefined and therefore have no logical meaning. 

One very important property of the algebra is its 
duality. The dual of 1 is 0; the dual of A is A; the dual 
of AND is OR; and vice versa. This is exemplified in 
rules 1 and 2 above; 

A (B + C) ·= AB+AC ... . ............ .... .... (a) 
A + BC = (A + B) (A + C) .................. (b) 

in which + and x are interchanged in (a) to give (b) 
and vice versa. This is stated generally in the Duality 
Law: " If a theorem is valid, so too is its dual." 

In general the dual of an equation is found by inter­
changing + and x , and 0 and I. 

TP.e above rules are used to prove other relationships 
and to simplify expressions describing complex switching 
circuits. Before dealing with examples of these we must 
first consider a more general way of depicting logical 
operations diagrammatically. This is desirable since the 
use of relay contacts, as hitherto, would be unnecessarily 
restrictive. In most of the applications of switching 
algebra, electronic · devices rather than relays are used and 
the translation of a relay diagram, into its equivalent 
using, say, transistors may be long and tedious. In many 
applications a standard transistor circuit may be used to 
perform each oftQ.e three functions (or combinations, e.g. 
NOT -AND) rendering realization of the final circuit a 
simple matter, if a system of symbols is used to represent 
logical operations. . . 

The system used here is that recommended by B.S.530. 
J'he . AND and OR functions are both represented by 

circles with a number of input wires and one output 
wire. The number within the circle indicates the number 
of inputs which must be simultaneously at I for the out-

. . . . -
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put to be 1. Clearly for the AND function this number · 
will be equal to the number of inputs, whereas for the 
OR function it will always be 1 (Fig. 4). 

These are called, ·generally, gates rather than the 
term "circuit " used hitherto. Thus the AND gate is 
said to be open when all inputs are 1, and closed if . 
one or more are at 0. 

NOT is represented by a short bar drawn across a 
signal lead (Fig. 5). 

When it is desired to show that a physical logic element · 
is performing the NOT function, the following symbol 
is used:-

We shall now consider a few examples which are 
useful in reducing equations to simpler forms-this is 
referred to as " minimization " 

F A + AB 
A.I + AB 
A (B +B) + AB 
AB + AB + AB using the distributive rule for 

.AND 
AB + AB since AB + AB = AB 
A (B + B) = A.1 = A 

This is a startling result since this suggests that the 
original circuit can be replaced by a direct connection, 
i.e. all circuit elements are redundant and input B does 
not affect the final output. The truth of this result 
may be verified by means of a truth table (Fig. 6). 

A 8 A8 A+ A8 
I I I '' I 

Fig. 6 0 I 0 0 
I 0 0 I 
0 0 0 0 

The first ·and last columns of the table are identiCal, 
verifying th~t the circuit may indeed be replaced by a 
direct connection. -

In terms of the logic diagram this means that in Fig. 7: · · 
(a) can be replaced by (b) . · 

The dual of this is A (A + B) = A which may be proved 
in the same way. ·. ;:: · · · 

Another pair of dual theorems which are useful in 
minimization · are:-

A (A + B) = AB 
A + AB == A+ B 

variables) write 2'1"1 1's followed by 2""1 O's. Only 2" 
rows are necessary. 

The significance of the NOT or complement function 
should perhaps be clarified in the case of relay contact 
networks. If we have a circuit in which S =A, then A is 
clearly a " make " (or normally made) contact, and 
S= 1 when A = 1 (i.e. when A is operated). If S = A then 
S A 1 when A = 0, i.e. when the contact is operated 
it must present an open circuit. This requirement is 
satisfied by a " break" (or normally closed contact). 
The convention is used in which contacts are shown in the 
normal (unoperated) state [in accordance with B.S. 530]. 

The truth table for A and its complement A is 
simply; . 

F=A+B^C 

AND GATE SYMBOL OR GATE SYMBOL 

NOT SYMBOLS 

N A B 
& I > AB 

Two other rules are the distributive laws of OR and 
AND, they are:— 

A (B + C) - AB + AC . .(1) 
A+ BC = (A+B) (A+C) (2) 

Rule (1) is similar to ordinary algebra, but (2) has no 
equivalent in ordinary algebra. 

Also from the definitions of AND and OR, 1 and 0, 
it follows that:— 

1 + 1 = 1 A.A = A 
1+0 = 1 A+A = A 
1x1 = 1 A+1=1 
1 xO = 0 A.l = A 

All of the above may be verified using the truth table. 
Attention is drawn to the fact that operations similar to 

division and subtraction do not exist, and cannot be used 
in simplifying equations, e.g. it is not possible to conclude 
that if A+BC = A+D, say, then BC=D by subtracting 
A on each side as in ordinary algebra. Such operations 
are undefined and therefore have no logical meaning. 

One very important property of the algebra is its 
duality. The dual of 1 is 0; the dual of A is A; the dual 
of AND is OR; and vice versa. This is exemplified in 
rules 1 and 2 above; 

A (B + C) = AB+AC  (a) 
A+BC = (A+B) (A+C)   (b) 

in which + and x are interchanged in (a) to give (b) 
and vice versa. This is stated generally in the Duality 
Law: " If a theorem is valid, so too is its dual." 

In general the dual of an equation is found by inter- 
changing + and x , and 0 and 1. 

The above rules are used to prove other relationships 
and to simplify expressions describing complex switching 
circuits. Before dealing with examples of these we must 
first consider a more general way of depicting logical 
operations diagrammatically. This is desirable since the 
use of relay contacts, as hitherto, would be unnecessarily 
restrictive. In most of the applications of switching 
algebra, electronic devices rather than relays are used and 
the translation of a relay diagram, into its equivalent 
using, say, transistors may be long and tedious. In many 
applications a standard transistor circuit may be used to 
perform each of the three functions (or combinations, e.g. 
NOT-AND) rendering realization of the final circuit a 
simple matter, if a system of symbols is used to represent 
logical operations. 

The system used here is that recommended by B.S,530. 
The AND and OR functions are both represented by 

circles with a number of input wires and one output 
wire. The number within the circle indicates the number 
of inputs which must be simultaneously at 1 for the out- 

put to be 1. Clearly for the AND function this number 
will be equal to the number of inputs, whereas for the 
OR function it will always be 1 (Fig. 4). 

These are called, generally, gates rather than the 
term " circuit " used hitherto. Thus the AND gate is 
said to be open when all inputs are 1, and closed if 
one or more are at 0. 

NOT is represented by a short bar drawn across a 
signal lead (Fig. 5). 

When it is desired to show that a physical logic element 
is performing the NOT function, the following symbol 
is used:— 

We shall now consider a few examples which are 
useful in reducing equations to simpler forms—this is 
referred to as " minimization " 

F = A + AB 
= A.l + AB 
= A (B +_B) 4- AB 
= AB4AB+AB using the distributive rule for 

AND 
= AB + AB since AB — AB = AB 
= A (B + B) = A.l = A 

This is a startling result since this suggests that the 
original circuit can be replaced by a direct connection, 
i.e. all circuit elements are redundant and input B does 
not affect the final output. The truth of this result 
may be verified by means of a truth table (Fig. 6). 

PA I B I AB IA+ABI 

The first and last columns of the table are identical, 
verifying that the circuit may indeed be replaced by a 
direct connection. 

In terms of the logic diagram this means that in Fig. 7 
(a) can be replaced by (b). 

The dual of this is A (A+B) = A which may be proved 
in the same way. 

Another pair of dual theorems which are useful in 
minimization are;— 

A (A+B) = AB 
A+AB = A+B 
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A 

B 

F=A+AB 

A F 

(b) 

Fig. 7 

(b) 

Fig. 8 

In the second equation of the pair, · 
A+ AB = ·(A+A) (A+B) (using · the Distributive 
law for OR) 

== 1. (A+B) 
= A+B 

They may both be verified by means of a truth table. 
In terms of logic Circuits, the" simplification is . shown in 
Fig. 8, where (a) can be replaced by .(b). · 

This results in a saving of one AND gate and a device 
for producing A, which, as we shall see · represents a 
considerable economy in a large installation where the 
above circuit may be used in quantity. 

De Morgan's Theorem :-This is an important 
theorem both in analysis and synthesis of logic circuits 
particularly in the · realization of circuits using NAND 
and NOR (NOT -AND and NOT -OR) logic. The 
theorem states:-

AB = A+B 

and by duality · A+B = A B 
These statements are fundamental to Boolean algebra; 

we shall verify the first by means of the truth table 
(see Fig. 9). 

Th; last two columns are identical, verifying the 

A B A 
I I 0 
0 I I 
I 0 0 
0 0 I 

A B F 

I 1 0 
0 I I . 
I 0 I 
0 0 0 
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B - - -
AB A+B 

0 0 0 
0 I I 
I I I 

· I . I I 

Fig. 10 

v' .Fig. II 

..; 

Fig. 9 

A B 
I I 
I 0 
0 I 
I 0 

c 
I 
I 
0 
0 

F 

1 
0 
I 
0 

v' F=ABC 

I F=ABC 

theorem. It is left to the . reader to repeat ~this for the 
dual form. · . . · · . 

From this the following may be derived .. 

AB+CD = CA+B) CC+D) 
and (A+B) (C+D) = AB+CD . 
It is seen that De Morgan's theorem is a more general 

expression. of the Duality Rule which we dealt with earlier. 

Synthesis:-We are now in command of sufficient 
knowledge to ta~kle the subject which is probably of 
most interest, that of synthesis of control circuits. 

The problem in general is to design a logic event 
which will control · a device or devices in a certain pres-

. cribed fashion when its inputs are in certain allowed 
states. For example, a passenger lift control system, 
which must determine whether or not the gates are closed; 
which floor is calling, or has been selected by a passenger; 
whether it is operator or passenger controlled etc. In 
general such systems fall into two broad classes-com­
binational and sequential. The first class will be dealt 
with here and concerns those circuits in which the outputs 
correspond to certain input combinations. The second 
class of circuit involves another element-time. The cir­
cuit outputs are functions of the inputs and the previous 
state of the circuit. This subject is beyond the scope of 
the present article. 

The requirements of .a combinational logic system 
are usually stated, as in the above case, in words. This 
has to be translated into a truth table which relates the 
input and output devices. From this table we derive 
equations relating the inputs and outputs. The process 
employed is derived from the theory for expansion of 
equations into their canonical forms and is simply this : 

Mark each row of the truth table for which the output 
is true (i.e. 1). Now write down the product of the input 
functions for each of these rows, writing the function 
when its truth value is " 1 '' and its complement when it is 
"0 ". Now add the separate products and equate to the 
output function. · 

For example, ifthe truth table for a system is required 
to be as shown in Fig. 10 we select rows (1) and (3) since 
F has the truth value 1, and from the sum of products: 

F =ABC+ ABC 

As a simple example let us consider the exclusive OR 
circuit. This differs from the simple inclusive OR dealt 
with earlier in that it excludes the condition A and B 
simultaneously 1 ~ The required operation is that the 
output is 1 if A = 1 orB= 1 but NOT A and B= 1. The 
truth table is shown in Fig. 11 

Now the output F = 1 in rows 2 and 3, and the re-
quired equation is therefore:- · 

AB+AB =F. 

In general the equation obtained from the truth table 
will be more complex than in this example and it is first 
necessary to apply one or more of the rules in order to 
reduce it to its simplest form. Having reached this stage, 

. all that remains is to translate the algebraic expression 
· into a logic diagram. . . 

To do this it must first be realized, from reference to 
the above work . on gates, that each + sign implies an 
. input to an OR gate, and each · " product, requires 
inputs to an AND gate, e.g. the sum AB+C requires an 
AND gate with 2 inputs and an OR gate with 2 inputs, 
one of which will be the output· of the · AND gate. Re­
turning to the above example where the circuit equation 
is · F = AB + AB. There are two products, therefore 
two, two-input AND ·gates are · requifed. There is one 
OR gate which has two inputs which are the outputS of 
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In the second equation of the pair, 
A+AB = (A+A) (A+B) (using the Distributive 
law for OR) 

= 1. (A+B) 
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They may both be verified by means of a truth table. 
In terms of logic circuits, the simplification is shown in 
Fig. 8, where (a) can be replaced by (b). 

This results in a saving of one AND gate and a device 
for producing A, which, as we shall see represents a 
considerable economy in a large installation where the 
above circuit may be used in quantity. 

De Morgan's Theorem:—This is an important 
theorem both in analysis and synthesis of logic circuits 
particularly in the realization of circuits using NAND 
and NOR (NOT-AND and NOT-OR) logic. The 
theorem states:— 

AB = A + B 

and by duality A+B = A B 
These statements are fundamental to Boolean algebra; 

we shall verify the first by means of the truth table 
(see Fig. 9). 

Th; last two columns are identical, verifying the 

AB A + B 
"T'' 0 
_J l_ 

I i 

Fig. 10 

B C F 

0 10 _ _ 
1 "0+ ( +. F = ABC 
0 NTl 0 

110 r- . i "o—i—1 y -F's- 
i b i ■/ 
0 0~ 0 . 

theorem. It is left to the reader to repeat this for the 
dual form. 

From this the following may be derived. 
AB CD = (A+B) (C+D) 

and (A+B) (C + D) = AB + CD 
It is seen that De Morgan's theorem is a more general 

expression of the Duality Rule which we dealt with earlier. 

Synthesis:—We are now in command of sufficient 
knowledge to tackle the subject which is probably of 
most interest, that of synthesis of control circuits. 

The problem in general is to design a logic event 
which will control a device or devices in a certain pres- 
cribed fashion when its inputs are in certain allowed 
states. For example, a passenger lift control system, 
which must determine whether or not the gates are closed; 
which floor is calling, or has been selected by a passenger; 
whether it is operator or passenger controlled etc. In 
general such systems fall into two broad classes—com- 
binational and sequential. The first class will be dealt 
with here and concerns those circuits in which the outputs 
correspond to certain input combinations. The second 
class of circuit involves another element—-time. The cir- 
cuit outputs are functions of the inputs and the previous 
state of the circuit. This subject is beyond the scope of 
the present article. 

The requirements of a combinational logic system 
are usually stated, as in the above case, in words. This 
has to be translated into a truth table which relates the 
input and output devices. From this table we derive 
equations relating the inputs and outputs. The process 
employed is derived from the theory for expansion of 
equations into their canonical forms and is simply this: 

Mark each row of the truth table for which the output 
is true (i.e. 1). Now write down the product of the input 
functions for each of these rows, writing the function 
when its truth value is " 1 " and its complement when it is 
" 0 ". Now add the separate products and equate to the 
output function. 

For example, if the truth table for a system is required 
to be as shown in Fig. 10 we select rows (1) and (3) since 
F has the truth value 1, and from the sum of products; 

F = ABC + ABC 
As a simple example let us consider the exclusive OR 

circuit. This differs from the simple inclusive OR dealt 
with earlier in that it excludes the condition A and B 
simultaneously 1. The required operation is that the 
output is 1 if A 1 or B=1 but NOT A and B=I. The 
truth table is shown in Fig. 11 

Now the output F 1 in rows 2 and 3, and the re- 
quired equation is therefore:— 

AB+AB = F. 
In general the equation obtained from the truth table 

will be more complex than in this example and it is first 
necessary to apply one or more of the rules in order to 
reduce it to its simplest form. Having reached this stage, 
all that remains is to translate the algebraic expression 
into a logic diagram. 

To do this it must first be realized, from reference to 
the above work on gates, that each + sign implies an 
input to an OR gate, and each "product" requires 
inputs to an AND gate, e.g. the sum AB + C requires an 
AND gate with 2 inputs and an OR gate with 2 inputs, 
one of which will be the output of the AND gate. Re- 
turning to the above example where the circuit equation 
is F - AB+AB. There are two products, therefore 
two, two-input AND gates are requifed. There is one 
OR gate which has two inputs which are the outputs of 
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F=AB+AB 

Fig. 12 

F=AC+ABC+ABC+AC+A+B 

Fig. 13 

the AND gates. In addition two NOT circuits are re­
quired for A and B (see Fig. 12). 

In practice we shall encounter more complex expres-
sions such as F = AC+ABC + ABC + AC; the diagram 
for this may be drawn directly, as in Fig. 13. 

Although two inverters for C are shown, one would 
serve to drive both inputs. 

This is a good example to which we can apply some of 
the rules which were stated above. The first step is to 
factorize the equation where possible, i.e. 

· perform these operations, of these, the simplest and 
cheapest is diode logic, examples of whkh are shown in 
Figs. 14 and 15. 

Both gates, as shown, are for use with logic voltage 
levels of -E volts = n1" and 0 volts .= "0." Clearly 
in the case of the AND circuit~ if either of the inputs 
A, B, or C are at 0 volts the output will be 0 volts, since 
one of the diodes D 1 -3 will be forward biassed. (The 
output will actually differ from zero by the forward 
volt-drop of the diode, typically 0.3 volts.) 

If A, B and C are simultaneously at - E volts then the 
.output will be - E volts. If the inputs are all at different, 
(but negative) voltages, the output will not be greater 
than the lowest input voltage. 

In the case of the OR gate, with all the inputs at 0 volts. 
the output will be approx. 0 volts. If A or B or C or any 
combination are at - E volts the output will be - E volts. 

It is worth noting here that if the alternative convention 
of - Ev = "0" and Ov = " 1 " is ' used it is simply 
necessary to interchange Figs. 14 and 15 to obtain the 
OR and AND functions respectively. 

With this system the input sources must be able to 
supply current of ~he same order as the load current, 
and the output level is dependent upon the input con­
ditions (i.e. no. of inputs in use and voltage levels). 
Signal levels deteriorate over a few stages and it is neces­
sary . to restore them by means of an amplifier stage 

. (e.g._ an emitter follower). 
The common-emitter amplifier is used to perform the 

NOT function, Fig. 16. 
When the input is at 0 volts (" 0 ")the base ofVt1 is held 

·positive by the potential divider R 1 and R 2, cutting off 
Vtl. The output voltage is therefore - E volts [neglect­
ing volt-drop in R 3 due to transistor leakage current and 
assuming the circuit is unloaded]. The output is thus 
logic "1 ". 

If the input changes to the " 1 " level, i.e., - E volts, 

INPUTS { ~ 
D, OUTPUT 

Fig. 14 
Dz 

D3 

DIODE AND GATE 

( 

+E 

Rz 

F = A (C+C) + AB (C + C)+A+B { D, 
:. = A + AB+A+B = A + AB+B since A+A=A A Dz 

:. = A+B since A+AB = A C+C= 1 INPUTS Be 

Thus the rather complex circuit above may be replaced · o----M--03'--_. 

by one OR gate:-

._-~OUTPUT 

Fig. IS 

A . . Jrf=A+B 
B • I 

ElectroniC Circuits.· for Realization of Logica,l 
Operations 

The next consideration -is the realization of the logical 
functions AND and OR as electronic circuits. There are 
various types of electronic circuits which can be used to 
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output will actually differ from zero by the forward 
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If A, B and C are simultaneously at — E volts then the 
output will be — E volts. If the inputs are all at different, 
(but negative) voltages, the output will not be greater 
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In the case of the OR gate, with all the inputs at 0 volts, 
the output will be approx. 0 volts. If A or B or C or any 
combination are at — E volts the output will be — E volts. 

It is worth noting here that if the alternative convention 
of — Ev = "0" and Ov = " 1 " is used it is simply 
necessary to interchange Figs. 14 and 15 to obtain the 
OR and AND functions respectively. 

With this system the input sources must be able to 
supply current of the same order as the load current, 
and the output level is dependent upon the input con- 
ditions (i.e. no. of inputs in use and voltage levels). 
Signal levels deteriorate over a few stages and it is neces- 
sary to restore them by means of an amplifier stage 
(e.g. an emitter follower). 

The common-emitter amplifier is used to perform the 
NOT function. Fig. 16. 

When the input is at 0 volts (" 0 ") the base ofVtl is held 
positive by the potential divider R, and R2, cutting off 
Vtl. The output voltage is therefore - E volts [neglect- 
ing volt-drop in R3 due to transistor leakage current and 
assuming the circuit is unloaded]. The output is thus 
logic "1". 

If the input changes to the " 1 " level, i.e., — E volts, 
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(BY DE MORGAN 's THEOREM) 

Fig. 17. 

the base of Vtl goes negative and Vtl saturates. The 
volt-drop across R 3 is then approx. - E v:olts and the 
output is 0 volts (logic " 0."). . 

The above circuits lend very well to the design of 
standard circuits (or " logic building bricks ") ·for logic 
systems. Rules can be evolved from which the allowable 
electrical interconnections: may be determined. This 
reduces the design problem to one of forniulating the 
equations, determining the best (irredundant) form, 
drawing the logic diagram and implementing a few rules. 
Such systems are commercially ava!lable. 

Another system, which is also commercially available, 
and is gaining popularity, is the NAND/NOR system 
(otherwise referred to as Sheffer stroke Logic-Ref. 3). 
In this system the functions of NOT and AND are 
combined to give the NAND operation; similarly the 
NOT and OR to give NOR. 

The basic circuit for NAND, using logic levels of 
1 = 0 volts and 0 = - E volts, is illustrated in Fig. 17. 

The base resistors RD R 2, R 3 are so chosen that with 
all inputs at 0 volts (1) Vtl is cut off, and the output is 
approx. - E (0). If one or more inputs are at - E volts (0), 
Vtl saturates and the output is 0 volts (1). The opera~ 
tion is the same as the inverter previously described but 
with an AND function at its input. Thus the equivalent 
circuit is: 

A convenient symbol is:-

Clearly in the above circuit if the logic levels are 
interchanged, i.e., · 1 = - EV and 0 = 0 volts, the 
transistor will conduct if either of its inputs are at "1 '' level 
and will be cut-off only when all its inputs are at the 
"0" level. This is then a NOR circuit, see Fig. 18. · 
Since the circuits are duals it follows that one type may 
be used to perform all logical functions. 

These circuits may also be designed as a " building 
brick " and have the advantage that amplification . is 
availab~e at each gate. This means that any one gate 

A~· .. · 

.. 

A.BC=ABC · . 
B . I . or 

c 

A~~ · . 
BJ_J-A+B+C 

c 
Fig. 18. 

4S . 

can drive a larger nuinber of other gates than would be 
possible with. a simple diode gate. · An additional. advan­
tage is that the logic levels are restored to their correct 
values at each gate output, which can facilitate in fault-
finding. · · · ' · · 

There are two approaches to the implementation of 
NAND logic. The first is simply to derive · the logic 
diagram using Boolean algebra and then replace each 
element with its equivalent in NAND logic, e.g., for the 
simple AND gate shown:-

A~· . 
B . . & F=ABC 

C . F=ABC 

-ABC 

the equivalent NAND circuit is :-

A 

B ='ABC 

c 
In this case we make use of the fact that A = A. We 

know that a single NAND gate produces complementa­
tion, so a second NAND stage is necessary. 

Similarly for the OR function:-

:~ - F~A+B+C 
c~ 

here we make use of De Morgan's theorem:- . 
F = A + B + C 

ABC = A+B+C = A+B+C 
The extreme right-hand side is the required output, and 
the left-hand s:d! may be interpreted as a three-input 
NAND gate whose inputs are ·A, B. and C, see Fig. 19. 

From the above it is evident that to implement any one 
isolated function requites more elements than are used \. 

A 

B 

c 

8---.--r-------~ 

c --..--r-r-------' 

. ABC=A+B+C = AtB+C 
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(otherwise referred to as Sheffer stroke Logic—Ref. 3). 
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approx. — E (0). If one or more inputs are at — E volts (0), 
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tion is the same as the inverter previously described but 
with an AND function at its input. Thus the equivalent 
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can drive a larger number of other gates than would be 
possible with a simple diode gate. An additional advan- 
tage is that the logic levels are restored to their correct 
values at each gate output, which can facilitate in fault- 
finding. 

There are two approaches to the implementation of 
NAND logic. The first is simply to derive the logic 
diagram using Boolean algebra and then replace each 
element with its equivalent in NAND logic, e.g., for the 
simple AND gate shown:—• 

the equivalent NAND circuit is :- 

A convenient symbol is:- 

Clearly in the above circuit if the logic levels are 
interchanged, i.e., 1 = — EV and 0 = 0 volts, the 
transistor will conduct if either of its inputs are at "1" level 
and will be cut-off only when all its inputs are at the 
" 0 " level. This is then a NOR circuit, see Fig. 18. 
Since the circuits are duals it follows that one type may 
be used to perform all logical functions. 

These circuits may also be designed as a " building 
brick" and have the advantage that amplification is 
available at each gate. This means that any one gate 
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In this case we make use of the fact that A = A. We 
know that a single NAND gate produces complementa- 
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Similarly for the OR function:—• 
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The extreme right-hand side is the required output, and 
the left-hand s:d; may be interpreted as a three-input 
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Fig. 21, 

c--~-------------J 

Fig. 22. 

CA(A+B) +CB(A+B) 

= (CA+CB) (A+B) 

= ABC+ABC 

with the pure logic described earlier. However, in a 
larger system involving a combination of AND, OR and 
NOT functions, many elements may become redund!lnt. 

·This is shown in the following example. 
Consider the function A. B C + A If C. In pure logic 

this involves two AND gates (for the two products), two 
NOT elements and one OR gate, as shown in Fig. 20. 

Fig. 21 shows the circuit using the NAND equivalents 
derived above. 

Clearly the four gates which are crossed tnrough are 
redund'lnt since they merely perform a NOT operation 
twice on the same function. · · 

The alternative approach to the design of this circuit is 
to rearrange the Boolean expression into a form which 
represents directly the outputs of NAND (NOR) elements. 
In the above case we can write:--

, ABC + ABC = -ABC + ABC, i.e., simply com­
plementing each term twice. 
Then by De Morgan's theorem 

= A + B-+ C + A + B + ' C 
Each term and the entire expression now represents th ... 

output of a NAND element. Note that A must be 
complemented in the first term and B in the second term. 

The resulting circuit is seen to be identical to that 
obtained above by the " equivalent circuit " method. 
This is not, however, the most economical solution. This 
may be found by applying the theorems developed 
above, e.g., 

ABC + .A:B·c = C[AB + AB]. By the Distributive 
AND rule. 

=,C[AB + A][AB + B] By the Dis­
tributiv..: OR rule. 

= = C[(A + B)(A +A)( A + B)(B +B)] 
By th~ above rule, 

=C[(A + B)( A+ B)] 
=~ CA(A + B) + CB(A ±B) 

In the last step we have a common factor A + B, i.e.} a 
single NAND elem:!nt with inputs A and B. The 
complete circuit is shown in Fig. 22. 

The above example serves to illustrate how NAND 
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(NOR) logic may be implemented using the methods of 
Boolean algebra. The final circuit uses four elements, 
i.e., four transistors, compared with the original Circuit 
using AND /OR logic which required 3 gates and 2 
inverters, a total of 8 diodes and 2 transistors. Since the 
cost of .diodes and transistors are of the same order and 
the NAND circuit has greater driving power, the advan­
tages of using this latter type of logic is obvious. 

It is not proposed to pursue these topics further or to 
consider sequential . switching circuits which are beyond 
the scope of the present article. It is hoped that the 
origina1 aim to provide an introduction to " the algebra 
of switching circuits " has been served. A more detailed 
treatment of the subject may be obtained from Refs. 
2 and 3 below. 

Finally, I would like to acknowledge the help and 
encouragement of my colleagues in the preparation of this 
article and the permission of the Engineer-in-Chief 
G.P.O., for permission to publish. 
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U.K. Stereo Broadcasting 

IN its annual report the B.B.C. states that it "believes 
that stereophony can produce a worthwhile improvement in 
reproduction, especially of music, and that there is a public 
demand for ·it, which though a minority demand is never­
theless substantial." It adds that stereo broadcasting .WO;J.ld 
encourage v.h.f. listening, provide a new market for receivers 
and probably assist the radio industry in its export drive. 
However, no definite plans ·can be made to int•roduce a ser­
vice until •a decision is reached on the system to be used. 

Until the adoption of a common system for use in Europe 
has been agre·ed upon all European countries introducing 
experimental stereo transmissions have been asked to use 
the pilot-tone or Zenith-GE, system. , · 
. The B.B.C's dual-transmitter stereo experiments on alter­
nate Saturday mornings have been brought to an end. How­
ever, the experimental stereo transmissions from the Londun 
v.h.f. station at Wrotham on 91.3 Me/'s using the pilot-tone 
system will be comined. These are · now being radiated 
on Tuesdays, Wednesdays and Thmsdays· from 2.30-3.00 
(test tone) and 3.15-3.45 (programme material). 

The recently licensed commercial radio station in Douglas, 
Isle of Man, now transmit$ a regular stereo programme. It 
uses two frequencies in the v.h.f. band as well as m.w. 
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Fig. 22. 

(ABC+ABC 

CA(A^B) 

CA(A+B) + CB(A+B) 
= (CA+CB) (A+B) 
= ABC+ABC 

CB(A+B) 

with the pure logic described earlier. However, in a 
larger system involving a combination of AND, OR and 
NOT functions, many elements may become redundant. 
This is shown in the following example. 

Consider the function ABC + ABC. In pure logic 
this involves two AND gates (for the two products), two 
NOT elements and one OR gate, as shown in Fig. 20. 

Fig. 21 shows the circuit using the NAND equivalents 
derived above. 

Clearly the four gates which are crossed through are 
redundant since they merely perform a NOT operation 
twice on the same function. 

The alternative approach to the design of this circuit is 
to rearrange the Boolean expression into a form which 
represents directly the outputs of NAND (NOR) elements. 
In the above case we can write:— 

ABC + ABC = ABC + ABC, i.e., simply com- 
plementing each term twice. 
Then by De Morgan's theorem 

= A + B + C + A + B +' C 
Each term and the entire expression now represents thv 

output of a NAND element. Note that A must be 
complemented in the first term and B in the second term. 

The resulting circuit is seen to be identical to that 
obtained above by the " equivalent circuit " method. 
This is not, however, the most economical solution. This 
may be found by applying the theorems developed 
above, e.g., 

ABC + ABC = C[AB + AB]. By the Distributive 
AND rule. 

= C[AB + A][AB + 1] By the Dis- 
tributive OR rule. 

- C[(A-(-B)(A+A)(A + B) B B)] 
By the above rule, 

-Ct(A -b B)( A+ B)] 
C.VA B) CB A + B) 

In the last step we have a common factor A + E, i.e., a 
single NAND element with inputs A and B. The 
complete circuit is shown in Fig. 22. 

The above example serves to illustrate how NAND 

(NOR) logic may be implemented using the methods of 
Boolean algebra. The final circuit uses four elements, 
i.e., four transistors, compared with the original circuit 
using AND/OR logic which required 3 gates and 2 
inverters, a total of 8 diodes and 2 transistors. Since the 
cost of diodes and transistors are of the same order and 
the NAND circuit has greater driving power, the advan- 
tages of using this latter type of logic is obvious. 

It is not proposed to pursue these topics further or to 
consider sequential switching circuits which are beyond 
the scope of the present article. It is hoped that the 
original aim to provide an introduction to " the algebra 
of switching circuits " has been served. A more detailed 
treatment of the subject may be obtained from Refs. 
2 and 3 below. 

Finally, I would like to acknowledge the help and 
encouragement of my colleagues in the preparation of this 
article and the permission of the Engineer-in-Chief 
G.P.O., for permission to publish. 
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U.K. Stereo Broadcasting 

IN its annual report the B.B.C. states that it " believes 
that stereophony can produce a worthwhile improvement in 
reproduction, especially of music, and that there is a public 
demand for it, which though a minority demand is never- 
theless substantial." It adds that stereo broadcasting would 
encourage v.h.f. listening, provide a new market for receivers 
and probably assist the radio industry in its export drive. 
However, no definite plans can be made to introuuee a ser- 
vice until a decision is reached on the system to be used. 

Until the adoption of a common system for use in Europe 
has been agreed upon all European countries introducing 
experimental stereo transmissions have been asked to use 
the pilot-tone or Zenith-GE, system. 

The B.B.C s dual-transmitter stereo experiments on alter- 
nate Saturday mornings have been brought to an end. How- 
ever, the experimental stereo transmissions from the London 
v.h.f. station at Wrotham on 91.3 Mc/s using the pilot-tone 
system will be contined. These are now being radiated 
on Tuesdays, Wednesdays and Thursdays from 2.30-3.00 
(test tone) and 3.15-3.45 (programme material). 

The recently licensed commercial radio station in Douglas, 
Isle of Man, now transmits a regular stereo programme. It 
uses two frequencies in the v.h.f. band as well as m.w. 

Wireless World, January 1965 49 

www.americanradiohistory.com

www.americanradiohistory.com


COMMERCIAL .LITERATURE' 

The November 1964 ediltion of the Mullard Semiconductor 
Designers Guide is now aVJailable. from the technical office 
of the Industrial Markets Division of Mullard Ltd., Mullard 
House, Torrington Place, London, W.C.l. This 25-page pub­
lication begins with " Quick find transistor charts" that list 
the devices under the main headings of collector voltage, total 
dissipation and cut-off frequency, and is followed by a 
"Quick alphabetical/numerical guide" that describes the 
devices from type numbers. A Mullard C.V. list precedes 
.the ma•in body of the pub1ication, which deals more fully 
wirh the technical details of :their semiconductors. Inter­
national outlines, to which th_ese devices comply are included 
in this booklet. 
16WW 326 for further details 

STC Semiconductor Devices Data Summary is the title of 
a new publication (No. M/ 106) available from the ·Com­
ponents Marketing Division of Standard Telephones and 
Cables Ltd., which is based at Footscray, Sidcup, Kent. 
This publication lists t'he S.T.C. semiconductors currently 
in production (except thermistors-summarized in publica­
tion ·MK/140-and selenium rectifiers) and gives their 
essential ratings and characteristics. Outline drawings of 
the units are included and appear with a crosj5-reference to 
international standards to which they conform. Integrated 
circuits and other multiple devices are also fe•atured in this 
46-page booklet. 
16WW 327 tor further details 

The 1964 edition of the Kelvin Hughes miniature general 
catalogue ( 48-pages) is now available from the publicity 
department, New North Road, Hainault, liford, Essex. This 
publication, the text of which is presented in English, French, 
German, Norwegian and Spanish, covers their rada·f, navi­
gational instruments and fishing aids. 
16WW 328 for further details 

Variations of Muirhead's range of prectston wire-wound 
resistors are given in a. new 23-page publication entitled 
" Precision Resistors," available from Muirhead & Co., of 
Beckenham, Kent. A considerable amount of space is 
devoted to the selection of the resistors included, Whose 
accuracies range from 1% to 0.02%, :power ratings from 0.5 
to 2 watts, and .temperature coefficients down to 10 parts 
in 106 per degree Centigrade. 
16WW 329 for further details 

Home Radio (Mitcham) Ltd., of 187 London Road, Mitcham, 
Surrey, announce the publication of their latest catalogue. 
Within its 200 pages., many hundreds of components, for 
which they act as stockists, are listed. These range from 
aerial sockets and b.f.o. coils to wire cutters and zener diodes. 
A comprehensiv·e selection of audio equipment, communi­
cations receivers and measuring instruments is also included 
in the catalogue, for which a charge of 5s is made; recover­
able through orders at a rate of Is in the pound. 

The M.E.L. Equipment Company has recently launched 
a house organ called M.E.L. Review. It gives brief details 
of new items from the development and production side of 
M.E.L. and its overseas associates. Further issues will be 
published at three to four month intervals. Applications 

. for inclusion on the mailing list should be sent to the M.E.L. 
Equipment Co., 207 Kings Cross Road, London, W.C.l. 
16WW 330 for further details 

An . abridged catalogue describing new microwave instru­
ments has been forwarded to. us by the .Radar and Communi-

, cation Instruments Division of Elliott Brothers (London) 
Ltd., of Elstr~e Way, Bareham Wood, Herts. In addition to 
instruments, it gives details of a number of accessories in­
cluding X- and Q-hand crystal detector mounts, at.tenuators, 
matched terminations and couplers, and an X-band wave­
guide to coaxial · transformer. 
16WW 331 for further details 

so 

Coaxial cables manufactur·ed by British Insulated 
Callender's Cables Ltd. and associated connectors and termi­
nations made by B.I.C.C.-Burndy Ltd. are featured in a 

· 32-page publication entitled Radio Frequency Cables. 
Section 1 of the publication (No. M.941B) deals with 
numerous rtypes of coaxial cables and tabulates their elec­
trical and physica'l characteristics. The second section of 
the publicat~ion, which . is 'available from B.I.C.C.'s head 
office at 21 Bloomsbury Street, London, W.C.l, is sub-divided 
to cover r.f. connectors, Uniring and Hvring terminations 
for coaxial cables·, multiway connectors and installation tools. 
16WW 332 for further details 

" The big difference is inside " is the title of a recent leaflet 
from Tektronix U.K. L~d., of Beaverton House, Station 
Approach, Harpenden, Hens. It -describes the Mark B 
version of the Model 545 d.c. to 30 Mcj s oscilloscope, which 
has a similar electrical specification to rhe "A," but incor­
porates a number of circuit changes. 
16WW 333 for further details 

Possible applications of the Type 8 closed-circuit television 
camera are listed in a new brochure now available from EMI 
Electronics Ltd., of Hayes, Middx. Details are also given of 
the accessories which enable an elaborate network of cameras 
and receivers to be built. 
16WW 334 for further details 

Reprints from Siemens-Review of an article on "High.;; 
Current Silicon Mesa Switching Transistors" by Giinthet: 
Eberhard are now available froin.R. H. Cole Electronics Ltd., 
of 7-15 Lansdowne Road, Croydon, ~urrey. The article is 
based on · the Types BUY 12 and BUY 13 transistors . 
developed by Siemens & Halske. 
16WW 335 for further details 

Zonal Film (Magnetic Coanings) Ltd., of 23 Roden Street, 
Ilford, Essex, have just published · a 12-page booklet entitled 

. The,Basis of Ev.ery GQO,d Magnetic Recording. It comprises 
two section~, the first of which gives a brief .description of 
the grades of Zonatape available, and how a top qual•1ty 
recording is made and tested. Suggestions from a profes­
.sional recordist appear in •the latter part on how to get the 
best from tape recordings and from tape recorders. 
16WW 336 for further details 

Three technical publications issued during September by 
the Westinghouse Brake and Signal Company3 of 82 York 
Way, King's Cross, London, N.l, deal with silicon power 
transistors. The first of these (36-100) describes the Types 
151 and 152 transistors which have a power dissipation of 
100 watts and are available with collector-to-emitter charac­
teristics of 80 to 200 volts maximum. Technical Publication . 
36-101 deals with Types 153 and 154 whiCh have twice . ·the 
power rating of the 151 and 152 artd versions are available 
with maximum collector-to-emitter voltages from 65 to 225V. 
The other publication (36-104) covers 1the Types 163 and · 
164 which are similar to the 153 and -the 154, but are able 
to pass 20 A. as against 7.5 A. The Types 151 and 152 are 
·rated at ·· 6 A. Copies are available from the Rectifier , 
Division. 
16WW 337 for further details 

A leaflet describing the Elremeco . " Crystal " auto-reset • 
dial timer is now available (List No; 200) from the Electrical · 

_ Remote Control Company of Bush F•air, Harlow, Essex. A . 
mechanical and electrical specification of the timer, which · is 
driven by a non-reversing synchronous motor, is included 
along with mounting instructions. Standard time ranges . are · 
from ·O.:.W !SeOOflds. up to 0-48 l10urs. 
l6WW 338 for further details 

Stereo aecord Care.-Cecil E. Watts, a pioneer of disc 
recording, gives sound advice in a 16-page booklet "A Guide 
to the Better Care of Your .L.P . . and Stereo Records," 
obtainable from hi.m at Darby House, Sunbury-on-Thames, 
Middx., price 6d . by post. 
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cation Instruments Division of Elliott Brothers (London) 
Ltd., of Elstree Way, Boreham Wood, Herts. In addition to 
instruments, it gives details of a number of accessories in- 
cluding X- and Q-band crystal detector mounts, attenuators, 
matched terminations and couplers, and an X-band wave- 
guide to coaxial transformer. 
IfiWW 331 lor further details 

Coaxial cables manufactured by British Insulated 
Callender's Cables Ltd. and associated connectors and termi- 
nations made by B.I.C.C.-Burndy Ltd. are featured in a 
32-page publication entitled Radio Frequency Cables. 
Section 1 of the publication (No. M.941B) deals with 
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and receivers to be built. 
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of 7-15 Lansdowne Road, Croydon, Surrey. The article is 
based on the Types BUY 12 and BUY 13 transistors 
developed by Siemens & Halske. 
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Zonal Film (Magnetic Coatings) Ltd., of 23 Roden Street, 
Ilford, Essex, have just published a 12-page booklet entitled 
The Basis of Every Good Magnetic Recording. It comprises 
two sections, the first of which gives a brief description of 
the grades of Zonatape available, and how a top quality 
recording is made and tested. Suggestions from a profes- 
sional recordist appear in the latter part on how to get the 
best from tape recordings and from tape recorders. 
16WW 336 for further details 

Three technical publications issued during September by 
the Westinghouse Brake and Signal Company, of 82 York 
Way, King's Cross, London, N.l, deal with silicon power 
transistors. The first of these (36-100) describes the Types 
151 and 152 transistors which have a power dissipation of 
100 watts and are available with collector-to-emitter charac- 
teristics of 80 to 200 volts maximum. Technical Publication 
36-101 deals with Types 153 and 154 which have twice the 
power rating of the 151 and 152 and versions are available 
with maximum collector-to-emitter voltages from 65 to 225V. 
The other publication (36-104) covers the Types 163 and 
164 which are similar to the 153 and the 154, but are able 
to pass 20 A. as against 7.5 A. The Types 151 and 152 are 
rated at 6 A. Copies are available from the Rectifier 
Division. 
16WW 337 (or further details 

A leaflet describing the Elremeco " Crystal" auto-reset 
dial timer is now available (List No. 200) from the Electrical 
Remote Control Company of Bush Fair, Harlow, Essex. A 
mechanical and electrical specification of the timer, which is 
driven by a non-reversing synchronous motor, is included 
along with mounting instructions. Standard time ranges are 
from 0-10 seconds up to 0-48 hours. teww 338 for further details 

Stereo Record Care.—Cecil E. Watts, a pioneer of disc 
recording, gives sound advice in a 16-page booklet "A Guide 
to the Better Care of Your L.P. and Stereo Records," 
obtainable from him at Darby House, Sunbury-on-Thames, 
Middx., price 6d by post. 
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"CHORUS" By MICHAEL LORANT 

RESULTS OF RECENT INVESTIGATIONS INTO ONE TYPE OF WHISTLER ATMOSPHERIC 

· oRIGINALLY named "dawn chorus" for its resemb­
lance to so.unds of birds in the English countryside 
at dawn, '~ Chorus," as it is now generally named, 

consists of a multitude of tones rising in frequency from 
1 to 2 kef s and usually lasting 0.1 to 0.5 second. It is 
often accompanied by noises or hiss, covering the same 
frequency as those contained in the chorus. Often it 
will occur in bursts, starting from a background of little 
or no chorus, rapidly building up in intensity and 
repetition rate, and then receding to background noise. 

No adequate theory of the origin of Chorus is accepted, 
although several hypotheses have been proposed by 
researchers. The best known is the travelling-wave 
hypothesis; others include plasma oscillations in the 
exosphere, Cerenkov radiation, and radiation from 
protons spiralling down the field lines with gyromagnetic 
frequency Doppler-shifted by an amount depending on 
the velocity of the particles and the ambient ·electron 
density. This last hypothesis is supported by results 
obtained by Mlircray and Pope. 

Receiving Equipment 

Since Chorus is an e.l.f.jv.l.f. emiSSIOn it can be 
received on equipment for listening to " whistlers," 
another v.Lf. phenomenon. This has made many stations 
readily available for chorus observations. The equip­
ment used consists of an aerial, an amplifier having a 
voltage gain of about 106 and a passband from 500 cjs 
to 15 kc/s, and a tape recorder. The aerial used at the 
College, Alaska station, for example, is a delta-shaped 
loop antenna 30 feet high and 60 feet across the base. 

Chorus activity is sampled at each participating station 
by recording it on magnetic tape for 2 minutes of each 

Fig. I. Data used in the U.S. National Bureau of 
Standards' study of"Chorus" originated from 
the world-wide array of whistler-study stations 
shown in this map. Many of the data were ob­
tained during participation of these stations 
in the IGY programme. Continuous data were 
provided by the College, Alaska station (CO), 
one of the three operated by Geophysical In­
stitute of the University of Alaska. 
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hour, beginning at 35 minutes past the hour. The 
strength of each Chorus sample is evaluated as an 
integer on a 0-5 scale by monitoring technicians, each 
of whom is specially selected on the basis of his audio 
responses. 

Influence of Latitude 

Observations recorded at 29 whistler stations were 
used in the Bureau's study. Three of the stations 
(College, Kotzebue, and Barrow) were . operated by the 
Geophysical Institute of the University of Alaska. The 
rest were scattered over the western hemisphere and 
Europe, from Alaska to Antarctica, and from Sweden 
westward to Australia. Observations were made of 
Chorus at the College, Alaska station from 1956 to the 
present time, and at each of the other stations for several 
years. 

The occurrence of Chorus is greatest in the region 
between 60° and 70° geomagnetic latitude in both 
hemispheres. While experimental scatter prevents more 
accurate determination of this region, the correspondence 
with the auroral zones seems significant. 

Chorus activity shows seasonal variations at all 
stations, but not in the same pattern for all; some stations 
exhibit maxima during winter and others during summer. 
However, Chorus activity does seem to reach its peak 
during summer at stations at low latitudes and in winter 
at high latitudes, although additional evidence is needed 
to render this finding conclusive. 

All stations examined show a definite diurnal varia .. 
tion and, as has been known for some time, a time of 
diurnal maximum related to the latitude of the station. 
Above the zone of auroral maximum, however, this 
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present time, and at each of the other stations for several 
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Fig. 2. The average index of "Chorus" was greatest at stations 
between latitudes 60° and 70°, North and South. Station~ 
reporting indexes above 0·5 are those located at College, Alaska: 
Macquarie Island (near Antarctica); Barrow, Alaska and 
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Fig. 3. Plots of the hourly average index of chorus activity are 
similar in shape for three different Alaskan stations, although 
greatly different in level. 
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dependence breaks down. A pronounced delay in 
diurnal peak with increasing geomagnetic latitude is 
evident. 

Chorus is found to be related to geomagnetism, having 
a positive correlation index in the lower latitudes of 0.5 
to 0.6 with the geomagnetic K-indices (an approximate 
measure of solar-terrestrial particle activity as deter­
mined from magnetograms). J\t the high latitudes, how­
ever, the correlation varies with the season in a complex 
way, being positive near the solstices and negative near 
equinoxes . 

Frequency Patterns 
Chorus varies greatly in its frequency-the tone may 
either ascend or descend, or even consist of simultan­
eously ascending and descending branches. It may 
warble or be relatively steady. Statistical studies of 
Chorus frequencies can be made using the highest fre­
quency, the lowest frequency, the mid-frequency, and . 
the rate of change of frequency. An earlier study at the 
College, Alaska station showed that the mid-frequency 
varies diurnally. The maxiinum frequency was used 
in the studies to avoid the greater influence of harmonics 
of powerline noise on measurements of minimum fre­
quency and mid-frequency. 

Plots of variation of maximum frequency against 
season and hour of day at the Barrow, College, and 
Kotzebue Alaskan stations show a marked similarity. 
Not only are maximum frequency patterns similar for 
the three stations for the measured years, but the plots 
of average maximum frequency during a day were 
similar for the three Alaskan stations, each approaching 
a marked diurnal peak in the evening hours before mid­
night. Further analysis of the rate of Chorus frequency 
changes observed at the three stations showed a sur­
prising similarity, both among stations and for different 
years. 
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JANUARY MEETINGS 
Tickets are required for some meetings : readers are advised, therefore, to 

communicate with the secretary of the society concerned 

LONDON 
4th. I.E.E.-" The present state of gal­

lium arsenide technology" by J. R. Knight 
and K. Hambleton at 5.30 at Savoy Place, 
W.C.2. 

11th. I.E.E.-" Speech compression" 
by Dr. J. Swaffield at 5.30 at Savoy Place, 
W.C.2. 

13th. I.E.E. & I.E.R.E.-" Potential 
levels in the central nervous system­
their detection and significance " by Prof. 
Sir Bryan Matthews at 5.30 at Savoy Place, · 
W.C.2. 

14th. S.E.R.T.-" Transistorized hi-fi" 
by D. M. Chave at 7.15 at the London 
School of Hygiene and Tropical Medicine, 
Keppel Street, W.C.l. 

20th. I.E.R.E.-" Acoustic communica­
tion underwater" by Dr. B. K. Gazey and 
Dr. J. C. Morris at 6.0 at London School 
of Hygiene and Tropical Medicine, Gower 
St., W.C.l. 

20th. Soc. of Environmental Engrs.­
" A central recording station for a climatic 
laboratory" by R. T. Lovelock at 6.0 at 
the Mechanical Engineering Dept., Imperial 
College, Exhibition Rd., S.W.7. 

21st. I.Mech.E.-Discussion on " Infor­
mation retrieval" at 4.0 at 1 Birdcage 
Walk, S.W.l. 

22nd. I.E.E. & l.E.R.E.-Discussion on 
"The direct recording of biological sig­
nals" at 2.30 at Savoy Place, W.C.2. 

22nd. I.E.E.-Colloquium on " Network 
analysis" at 2.30 at Savoy Place, W.C.2. 

22nd. Instn. of Electronics.-" The high­
quality reproduction of sound" by K. F . 
Russell at 6.45 at Senate Hall, University 
of London, Maddox St., W.C.2. 

25th.-I.E.E. & I.E.R.E.-Colloquium on 
"Logic circuits " at 10.30 a.m. at Savoy 
Place, W.C.2. · 

26th. I.E.E.-Colloquium on" Analogue 
to digital conversion " at 3.0 at Savoy Place, 
W.C.2. 

26th. Royal Society of Arts.-" The 
British contribution to educational televi­
sion in the Commonwealth" by L. J. Law­
ler at 5.15 at John Adam Street, W.C.2. 

27th. I.E.R.E.-Symosium of short 
papers on " EnhancemJnt and absorption 
of radar radiation " at 6.0· at London School 
of Hygiene and Tropical Medicine, Gower 
Street, W.C.l. 

28th. In st. of Phys. & · Phys. Soc.­
" Listening and acoustical measurements 
in recent concert halls" by Dr. Leo L. 
Beranek and " Some experiences with re­
cently opened concert halls in Germany," 
by Dr. H. Kuttruff at 3.0 in the Physics 
Dept., Imperial College, Prince Consort 
Rd., S.W.7. 

ABERDEEN 
13th. I.E.E.-" The planning of com­

munication satellite systems" by F . J. D. 
Taylor and J. K. S. Jowett at 7.30 at 
Robert Gordon's Technical College. 

BIRMINGHAM 
4th. I.E.E.-Discussion on "The 

changing pattern of technological education 
and training" at 6.15 at the College of 
Advanced Technology, Gosta Green. 
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19th. I.E.E.-Faraday Lecture on 
" Colour television " by F. C. McLean at 
7.0 at the Town Hall. 

ZOth. Television Soc.-" Television 
facilities- I: Live, tape or film? " by I. 
Atkins at 7.0 at the College of Advanced 
Technology, Gosta Green. 

BRIGHTON 
19th. I.E.R.E.-" Design and applica-

tions of a fast . industrial static switching 
system" by G. W. Pontin at 6.30 at the 
College of Technology. 

BRISTOL 
20th. I.E.R.E. & I.E.E.-" Some 

aspects of radio-active particle detection 
techniques and associated circuit design " by 
J. R. Brown at 7.0 at the University Engi­
neering Laboratories. 

CARDIFF 
13th. I.E.R.E. & I.E.E.-" Parametric 

amplifiers " by Dr. T . Buckley at 6.30 at 
Welsh College of Advanced Technology. 

CHELTENHAM 
29th. I.E.R.E.-" Digital storage" by 

W. Renwick at 7.0 at North Gloucester­
shire Technical College. 

DONCASTER 
19th. I.E.E.-" Motor control using 

silicon controlled rectifiers" by N . J. 
Duncan at 6.30 at the Technical College, 
Waterdale. 

DUNDEE 
14th. I.E.E.-" The planning of com­

munication satellite systems" by F. J. D . 
Taylor and J. K. S. Jowett at 7.0 at the 
Electrical Engineering Dept., Queen's 
College. 

EDINBURGH 
12th. I.E.E.-" Digital techniques for 

multiplying frequency " by A. Russell at 
6.0 at the Carlton Hotel, North Bridge. 

13th. I.E.R.E.-" Quality and reli-
ability" by F. Baxter at 7.0 at The Uni­
versity, Drummond Street. 

FARNBOROUGH 
14th. I.E.R.E. & I.E.E.-" Attitude 

control of the Skylark sounding rocket " by 
J. F. M. Walker at 7.0 at the Technical 
College. 

GLASGOW 
11th. I.E.E.-" Digital techniques for 

multiplying frequency " by A. Russell at 
6.0 at the University of Strathclyde, George 
Street. 

14th. I.E.R.E.-" Quality and reli-
ability" by F. Baxter at 7.0 at Institution 
of Engineers and Shipbuilders, 39 Elmbank 
Crescent. 

LEEDS 
26th. I.E.E.-Discussion on " The new 

H .N .C. in electrical and electronic engin­
eering" opened by A. D. Collop at 6.30 
at Leeds College of Technology. 

LEICESTER . 
19th. Television .:soc;-" Medium screen 

colour projection" by P. Lowry at 7.1S 
at the Vaughan College, St. Nicholas Street. 

21st. I.E.E.-Faraday Lecture on 
" Colour television " by F. C. McLean at 
7.15 at the De Montfort Hall. 

LIVERPOOL 
20th. I .E.R.E.-" Radio astronomy" by 

Dr. R. C. Jennison at 7.30 at Walker Art 
Gallery. 

25th. I .E.E.-Discussion on "Solid 
state concepts in teaching engineers " 
opened by J. H. Leek at 6.30 at the Royal 
Institution, Colquitt Street. 

LOUGHBOROUGH 
28th. I.E.R.E. & I.E.E.-" Nuclear 

instrumentation" by R. B. Quarmby at 
6.30 at the College of Advanced Tech­
nology. 

MALVERN 
18th. I.E.E.-" Pulse compression 

radar " by H. H . Boy en val at 7.30 at the 
Winter Gardens. 

MANCHESTER 
7th. S.E.R.T.-" Solid state dielectrics" 

by R. I. Walker at 7.30 at the Engineers' 
Club, Albert Square. 

12th. I.E.E.-" Inertial navigation" by 
R. Whalley at 6.15 at the Manchester Col­
lege of Science and Technology. 

18th. Inst. Eng' g. Inspection.-" Non­
destructive testing by electronic instru­
ments" at 7.45 at Manchester Liter~ 
and Philosophical Society, 36 George 
Street. 

26th. I.E.E.-Faraday Lecture on 
" Colour television " by F . C. McLean at 
2.15 and repeated at 7.30 at the Free Trade 
HalL 

NEWCASTLE UPON TYNE 
13th. I.E.R.E.-" Field effect transis-

tors and their applications " by C. S. den 
Brinker at 3.0 at Institute of Mining and 
Mechanical Engineers, Westgate Road. 

OXFORD 
13th. I.E.E.-" Modern telephone 

developments with particular reference to 
electronic techniques" by L. R. F. Harris 
at 7.0 in the Demonstration Room, S.KB., 
37 George Street. 

PORTSMOUTH 
20th. I.E.E.- " Small signal measpre­

ments in nuclear electronics" by G. D. 
Smith at 6.30 at the College of Techno­
logy, Anglesea Road. 

READING 
25th. I.E.E.-" Planning for the new 

TV services" by R. A. Dilworth at 7.30 
at the Great Western Hotel. 

SOUTHAMPTON 
12th. I.E.E.-Discussion on "Field 

effect devices" opened by Dr. R. E. Hayes 
at 6.30 at the University. 

23rd. Instn. of Electronics.-" The high­
quality reproduction of sound" by K. F. 
Russell at 2.0 at Nuffield Theatre, University 
of Southampton, Highfield. 

WOLVERHAMPTON 
20th. I.E.R.E.-" Microelectronics " by 

Dr. J. W. Granville at 7.15 at Wolverhamp­
ton College of Technology. 
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NEWS 
FROM 

INDUSTRY 
Domestic Manufacturers' Despatches. 

-According to estimates issued by the 
British Radio Equipment Manufacturers' 
Association, the number of television 
sets despatched to the home market in 
the first nine months of last year totalled 
1,280,000. This represents an increase 
of 205,000 on the same period of 1963 
and 424,000 . more than in the same 
period of 1962. Sound receiver des­
patches (including car radio) for the first 
nine months of 1964 totalled 1,710,000; 
14% down on the corresponding period 
of 1963 and 11% less than the 1962 
figure. Radiogram despatches to Sep­
tember totalled 184,000; exceeding the 
1963 figure by 13% and the 1962 figure 
by 59%. Incidentally, these figures in­
clude sets sent to rental and relay com­
panies. 

The gross profit, before providing for 
depreciation of rental assets and for 
taxation, of Robinson Rentals (Holdings) 
Ltd. for the year ended 30th September, 
1964, amounted to £2,315,906 compared 
with £1,909,841 for the previous finan­
cial year. Provision for depreciation of 
rental assets took £1,554,090 
(£1,234,306) and taxation £208,261 
(£250,615), leaving a net profit of 
£553,555 (£424,920). 

Mazda and Brimar Application for 
R.P.M.-Thorn-AEI Radio Valves 
Tubes Ltd. have made application under 
the Resale Prices Act of 1964 for exemp­
tion from price decontrol for all of their 
valves, tubes and semiconductors mar­
keted under the brand names Mazda 
and Brimar. The company also 
announces that their Scottish service 
depot, which handles dealers' claims on 
cathode ray tubes, has moved from 151 
North Street to 517 Lawmoor Street, 
Glasgow, C.5. (Tel.: Glasgow SOUth 
5151.) 

Orders worth nearly £1,000,000 have 
been placed by the Ministry of Defence 
for Marconi self-tuning transmitting 
equipment. This equipment is to be 
used by the Admiralty to modernize and 
expand parts of its world-wide h.f. com­
munications network. Twenty-five 30 
kW transmitters, special frequency 
generating equipment and a large num­
ber of drive channels incorporating tran­
sistor frequency synthesizers are to be 
supplied under these orders. 
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Owing to the increased demand for 
Mullard transistors, which are manu­
factured by the jointly owned Mullard­
G.E.C. company Associated Semicon­
ductor Manufacturers Ltd. (whose main 
plant is at Southampton), a semiconduc­
tor production line is to be set up at the 
Blackburn plant of Mullard Ltd. This 
will in no way affect the production of 
valves at the Blackburn plant, which is 
still at a high level and is expected to 
remain so for some years. Other recent 
extensions of the My.llard organization 
include expansion at the valve factory 
at Haydock in Lancashire, to allow the 
present staff of 300 to . be increased to 
400 in the next few months. This fac­
tory is one of six " feeders " carrying out 
assembly work on radio and television 
valves for the parent plant at Blackburn. 
The extension involves 26,500 sq ft. 

The Marconi Company announces 
that a Microelectronics Division has 
been formed at Baddow, Essex, to ex­
ploit the techniques that have resulted 
from the company's research investment 
in this field. Mr. I. G. Cressell, former 
chief of the company's semiconductor 
physics group at Baddow, is the divi­
sion's new manager. 

A new division, known as the Trans­
mission Supplies Division, has been 
established at Standard Telephones and 
Cables' new factory at East Kilbride 
in Scotland. This division will be res- · 
ponsible for making the mechanical 
parts for long-distance telephone, tele­
vision and teleprinter transmission 
equipment. A substantial part of the 
division's job will be the manufacture of 
waveguide components. 

Short-term leasing of scientific instru­
ments and · equipment is the primary 
function of the newly formed company 
Scientific Rentals Ltd., of 84 Lower 
Mortlake Road, Richmond, Surrey. 
(TeL: RIChmond 5656.) The company's 
directors are P. Goudime and K. B. 
Hogg. 

Osmor Radio Products Ltd. have 
moved from their Crunden Road works 
in Croydon to new premises at 540 Pur­
ley Way, Croydon, Surrey. Their tele­
phone number Croydon 5148 remains 
unchanged. The new factory covers an 
area of 65,000 sq ft and incorporates a 
new impregnation plant. 

From overseas 
Australia 

Qantas, one of Australia's largest 
airlines, have decided to fit Marconi 
Doppler navigation equipment in their 
fleet of Boeing 707 aircraft operating the 
trans-Pacific route. 

A number of v.h.f. transistor radio-
. telephones made by the Automatic Tele­
phone and Electric Company are being 
used to link remote out-stations into 
Australia's telephone network. With 
these battery-operated units, subscribers 

use conventional telephone installations, 
that allow them to dial directly into the 
system. 

Belgium 
The capacity of an eXlstmg under­

water telephone cable, linking the 
United Kingdom with Belgium, and its 
associated terminal _ equipment has 
recently been increased from 216 to 420 
telephone circuits. This was carried 
out by Submarine Cables Ltd. and in­
volved cutting the cable in two places, 
to insert transistor repeaters, and replac­
ing the valve terminal · equipment with 
transistor apparatus. 

Canada 
Through its Canadian subsidiary, the· 

English Electric Valve Company have 
received an order from Lenkurt Elec­
tric, of North America, for a number of 
travelling-wave tubes and associated 
mounts.. Lenkurt Electric have an 
order from Alberta Government Tele­
phones to -build a radiotelephone system, 
containing 21 intermediate stations, 
between Lethbridge and Peace River. 

The Canadian Westinghouse Com­
pany are to supply an accurate aerial 
position sensor and error generator for 
the dosed-loop servo systems of an 85-ft 
dish aerial being ·built at the experi­
mental communications ground station 
in Nova Scotia by the Department of 
Transport ·The RCA Victor Company 
are main contractors for this project. 

Germany 
The first aircraft-noise monitor to be 

used in Western Germany is now in 
operation at Frankfurt Airport. This 
equipment, which was developed by 
Rohde and Schwarz, automatically 
records the engine noise, heard in the 
surrounding residential areas, of aircraft 
landing and taking off. The installa­
tion comprises six fixed check points, 
a monitoring centre and a test van, and 
supplies the airport administration with 
a record of excess noise levels and their 
duration. 

High performance weather surveil­
lance radar from Decca has been in­
stalled in the University of Berlin by 
Telefunken A G and is now fullv opera­
tional. Its coverage extends to· Scandi­
navia and the Baltic in the north and to 
Austria in the south. 

Hungary 
An order, through Elektroimpex 

Budapest, has been placed by the 
Hungarian civil airline Malev for a 
Decca Type AR-1 multi-purpose air 
surveillance radar. It is the first of its 
kind to be exported to eastern Europe 
and is to be installed at the Budapest 
international airport, Ferihegy. 

The Austrian company Wiener 
Siemens W erke, who Sl;Jpplied the 
equipment for linking the programme 
studios, recording ·studios and a num­
ber of other facilities for Radio Buda­
pest, have just completed a switching 
centre that will enable Radio Budapest 
to transmit up to six programmes simul­
taneously. 
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Domestic Manufacturers' Despatches. 
—-According to estimates issued by the 
British Radio Equipment Manufacturers' 
Association, the number of television 
sets despatched to the home market in 
the first nine months of last year totalled 
1,280,000. This represents an increase 
of 205,000 on the same period of 1963 
and 424,000 more than in the same 
period of 1962. Sound receiver des- 
patches (including car radio) for the first 
nine months of 1964 totalled 1,710,000; 
14% down on the corresponding period 
of 1963 and_ 11% less than the 1962 
figure. Radiogram despatches to Sep- 
tember totalled 184,000; exceeding the 
1963 figure by 13 % and the 1962 figure 
by 59%, Incidentally, these figures in- 
clude sets sent to rental and relay com- 
panies. 

The gross profit, before providing for 
depreciation of rental assets and for 
taxation, of Robinson Rentals (Holdings) 
Ltd. for the year ended 30th September, 
1964, amounted to £2,315,906 compared 
with £1,909,841 for the previous finan- 
cial year. Provision for depreciation of 
rental assets took £1,554,090 
(£1,234,306) and taxation £208,261 
(£250,615), leaving a net profit of 
£553,555 (£424,920). 

Mazda and Brimar Application for 
R.P.M.—Thorn-AEI Radio Valves 
Tubes Ltd. have made application under 
the Resale Prices Act of 1964 for exemp- 
tion from price decontrol for all of their 
valves, tubes and semiconductors mar- 
keted under the brand names Mazda 
and Brimar. The company also 
announces that their Scottish service 
depot, which handles dealers' claims on 
cathode ray tubes, has moved from 151 
North Street to 517 Lawmoor Street, 
Glasgow, C.5. (Tel.: Glasgow SOUth 
5151.) 

Orders worth nearly £1,000,000 have 
been placed by the Ministry of Defence 
for ^ Marconi self-tuning transmitting 
equipment. This equipment is to be 
used by the Admiralty to modernize and 
expand parts of its world-wide h.f. com- 
munications network. Twenty-five 30 
k V transmitters, special frequency 
generating equipment and a large num- 
ber of drive channels incorporating tran- 
sistor_ frequency synthesizers arc to be 
supplied under these orders. 

Owing to the increased demand for 
Mullard transistors, which are manu- 
factured by the jointly owned Mullard- 
G.E.C. company Associated Semicon- 
ductor Manufacturers Ltd. (whose main 
plant is at Southampton), a semiconduc- 
tor production line is to be set up at the 
Blackburn plant of Mullard Ltd. This 
will in no way affect the production of 
valves at the Blackburn plant, which is 
still at a high level and is expected to 
remain so for some years. Other recent 
extensions of the Myllard organization 
include expansion at the valve factory 
at Haydock in Lancashire, to allow the 
present staff of 300 to be increased to 
400 in the next few months. This fac- 
tory is one of six " feeders " carrying out 
assembly work on radio and television 
valves for the parent plant at Blackburn. 
The extension involves 26,500 sq ft. 

The Marconi Company announces 
that a Microelectronics Division has 
been formed at Baddow, Essex, to ex- 
ploit the techniques that have resulted 
from the company's research investment 
in this field. Mr. I. G. Cressell, former 
chief of the company's semiconductor 
physics group at Baddow, is the divi- 
sion's new manager. 

A new division, known as the Trans- 
mission Supplies Division, has been 
established at Standard Telephones and 
Cables' new factory at East Kilbride 
in Scotland. This division will be res- 
ponsible for making the mechanical 
parts for long-distance telephone, tele- 
vision and teleprinter transmission 
equipment. A substantial part of the 
division's job will be the manufacture of 
waveguide components. 

Short-term leasing of scientific instru- 
ments and equipment is the primary 
function of the newly formed company 
Scientific Rentals Ltd., of 84 Lower 
Mortlake Road, Richmond, Surrey. 
(Tel.: Richmond 5656.) The company's 
directors are P. Goudime and K. B. 
Hogg. 

Osmor Radio Products Ltd. have 
moved from their Crunden Road works 
in Croydon to new premises at 540 Pur- 
ley Way, Croydon, Surrey. Their tele- 
phone number Croydon 5148 remains 
unchanged. The new factory covers an 
area of 65,000 sq ft and incorporates a 
new impregnation plant. 

From overseas 
Australia 

Qantas, one of Australia's largest 
airlines, have decided to fit Marconi 
Doppler navigation equipment in their 
fleet of Boeing 707 aircraft operating the 
trans-Pacific route. 

A number of v.h.f. transistor radio- 
telephones made by the Automatic Tele- 
phone and Electric Company are being 
used to link remote out-stations into 
Australia's telephone network. With 
these battery-operated units, subscribers 

use conventional telephone installations, 
that allow them to dial directly into the 
system. 

Belgium 
The capacity of an existing under- 

water telephone cable, linking the 
United Kingdom with Belgium, and its 
associated terminal equipment has 
recently been increased from 216 to 420 
telephone circuits. This was carried 
out by Submarine Cables Ltd. and in- 
volved cutting the cable in two places, 
to insert transistor repeaters, and replac- 
ing the valve terminal equipment with 
transistor apparatus. 

Canada 
Through its Canadian subsidiary, the 

English Electric Valve Company have 
received an order from Lenkurt Elec- 
tric, of North America, for a number of 
travelling-wave tubes and associated 
mounts. Lenkurt Electric have an 
order from Alberta Government Tele- 
phones to build a radiotelephone system, 
containing 21 intermediate stations, 
between Lethbridge and Peace River. 

The Canadian Westinghouse Com- 
pany are to supply an accurate aerial 
position sensor and error generator for 
the closed-loop servo systems of an 85-ft 
dish aerial being built at the experi- 
mental communications ground station 
in Nova Scotia by the Department of 
Transport. The RCA Victor Company 
are main contractors for this project. 

Germany 
The first aircraft-noise monitor to be 

used in Western Germany is now in 
operation at Frankfurt Airport. This 
equipment, which was developed by 
Rohde and Schwarz, automatically 
records the engine noise, heard in the 
surrounding residential areas, of aircraft 
landing and taking off. The installa- 
tion comprises six fixed check points, 
a monitoring centre and a test van, and 
supplies the airport administration with 
a record of excess noise levels and their 
duration. 

High performance weather surveil- 
lance radar from Decca has been in- 
stalled in the University of Berlin by 
Telefunken A G and is now fully opera- 
tional. Its coverage extends to Scandi- 
navia and the Baltic in the north and to 
Austria in the south. 

Hungary 
An order, through Elektroimpex 

Budapest, has been placed by the 
Hungarian civil airline Malev for a 
Decca Type AR-1 multi-purpose air 
surveillance radar. It is the first of its 
kind to be exported to eastern Europe 
and is to be installed at the Budapest 
international airport, Ferihegy. 

The Austrian company Wiener 
Siemens Werke, who supplied the 
equipment for linking the programme 
studios, recording studios and a num- 
ber of other facilities for Radio Buda- 
pest, have just completed a switching 
centre that will enable Radio Budapest 
to transmit up to six programmes simul- 
taneously. 
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Norway 
The Norwegian Government is plan­

ning to set up five chains of Decca 
Navigator stations to cover the whole 
of the west coast of Norway, principally 
to help their fishing industry. The cost, 
including construction work, is esti­
mated to be £2,500,000. Decca, of 
London, are to supply the electronic 
equipment for the transmitting stations 
and the marine Decca Navigator re­
ceivers are to be manufactured in 
Norway under licence. 

U.S.A. 
Radiation . Incorporated, of Mel­

bourne, Florida, announce that the aerial 
system they have developed for the U.S. 
Air Force is now installed on the Air 
Force tracking ship " Twin Falls 
Victory." This apparatus is being used 
to track· arid receive telemetry data from 
the Mariner C spacecraft, which is on 
its way . to Mars. Sensitive converter/ 
receivers are used in the front end of 
the aerial system to convert the received 
S-band data from the spacecraft to 300-
400 Mc/s. Nine of these were supplied 
under the $1M contract. 

Two contracts for teleme'try trans­
mitters have beeri awarded to Eitel­
McCullough InCorporated by · the Los 
Angeles Navy Purchasing Office. One 
calls for a 2-watt unit for operation at 
2.2 to 2.3 Gc/s and the other for a 2.5-
watt unit at 1.435 to 1.535 Gc/s. 

U.S.S.R. 
Digital Measurements Ltd. have 

received an order for 27 digital volt­
meters and associated spares from the 
Soviet Union. The value of this order 
is £20,400. 

Agencies and agreements 
Superior Electric Nederland N.V., a 

wholly owned subsidiary of the Ameri­
can Superior Electric Company, have 
appointed Spectrum Electronics Ltd., 
of Deneway House) Darkes Lane, Pot­
ters Bar, M1ddx., as U.K. distributors. 

Livingston Laboratories Ltd., of 31 
Camden Road, London, N.W.l, have 
been appointed sole British representa­
tives for the industrial products of the 
X-Ray Department of the American 
General Electric Company. 

Painton & Company, of Northamp­
ton, announce the formation of a 
German subsidiary company, Painton 
G.m.b.H. It will operate from Wupper­
tal-Elberfeld. 

Existing Ferranti representation in 
France by Compagnie d'Equipments de 
Regulation Automatique et de Mesure, 
of Paris, is to be extended to include 
process control equipment. 

Ketay Ltd., of Eastern Avenue West, 
Chadwell Heath, Romford, Essex, have 
reached an agreement with Harowe 
Servo Controls Incorporated, of Penn­
sylvania, whereby they become the sole 
distributors for the Harowe range of 
servo products in this country, Europe 
and the Commonwealth.· 
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ning to set up five chains of Decca 
Navigator stations to cover the whole 
of the west coast of Norway, principally 
to help their fishing industry. The cost, 
including construction work, is esti- 
mated to be £2,500,000. Decca, of 
London, are to supply the electronic 
equipment for the transmitting stations 
and the marine Decca Navigator re- 
ceivers are to be manufactured in 
Norway under licence. 

U.S.A. 
Radiation Incorporated, of Mel- 

bourne, Florida, announce that the aerial 
system they have developed for the U.S. 
Air Force is now installed on the Air 
Force tracking ship " Twin Falls 
Victory." This apparatus is being used 
to track and receive telemetry data from 
the Mariner C spacecraft, which is on 
its way to Mars. Sensitive converter/ 
receivers are used in the front end of 
the aerial system to convert the received 
S-band data from the spacecraft to 300- 
400 Mc/s. Nine of these were supplied 
under the $1M contract. 

Two contracts for telemetry trans- 
mitters have been awarded to Eitel- 
McCullough Incorporated by the Los 
Angeles Navy Purchasing Office. One 
calls for a 2-watt unit for operation at 
2.2 to 2.3 Gc/s and the other for a 2.5- 
watt unit at 1.435 to 1.535 Gc/s. 

U.S.S.R. 
Digital Measurements Ltd. have 

received an order for 27 digital volt- 
meters and associated spares from the 
Soviet Union. The value of this order 
is £20,400. 

Agencies and agreements 
Superior Electric Nederland N.V., a 

wholly owned subsidiary of the Ameri- 
can Superior Electric Company, have 
appointed Spectrum Electronics Ltd., 
of Deneway House, Darkes Lane, Pot- 
ters Bar, Middx., as U.K. distributors. 

Livingston Laboratories Ltd., of 31 
Camden Road, London, N.W.I, have 
been appointed sole British representa- 
tives for the industrial products of the 
X-Ray Department of the American 
General Electric Company. 

Painton & Company, of Northamp- 
ton, announce the formation of a 
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G.m.b.H. It will operate from Wupper- 
tal-Elberfeld. 

Existing Ferranti representation in 
France by Compagnie d'Equipments de 
Regulation Automatique et de Me sure, 
of Paris, is to be extended to include 
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Ketay Ltd., of Eastern Avenue West, 
Chadwell Heath, Romford, Essex, have 
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Servo Controls Incorporated, of Penn- 
sylvania, whereby they become the sole 
distributors for the Harowe range of 
servo products in this country, Europe 
and the Commonwealth. 
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The Great Electronics 

IN the December issue the Editor, no doubt inspired by a 
Scroogian spirit of anti-Christmas, put a particularly belli­
cose cat among some peculiarly inoffensive pigeons . by 

calling for a fully embracing definition of the term " elec- . 
tronics." 

At first thought the requirement hardly seems to exist. 
Everybody knows what electronics is. It's-er-well-it's 
anything .to do with radio transmitters or receivers or tele­
vision cameras or studio equipment . in general, or record 
players or aerials or computers or hearing aids or-and so 
on through a very lengthy list. It is not until one searches 
for some sort of common denominator that the Editor's 
Machiavellian purpose begins to show. 

You will have noticed that while he has drawn our atten­
tion to various definitions of electronics, he has been careful 
not to add one of his own. This, of course; is not because 
he has not got one, but because editors as a race run contrary 
to the precepts of King Solomon, digging pits into which 
they fall not and · rolling stones which return not upon them. 
It is a ·gambit which is technically known as "stirring up the 
correspondep.ce columns." · And as this particular pit, stone 
or topic is one which is guaranteed to estrange brother from 
brother, husband from wife and Group Leader from Section 

. Leader, I have no doubt that the P.M.G. is at this moment 
reaping a rich harvest of postal dues. Not until the spate 
of letters falls to a trickle will the Editor spring his own 
contribution and thereby put us mere electronics wage slaves 
to shame by its wisdom.* 

But to the task. A definition. My dictionary tells me that 
electronics is " a branch of physics dealing with electrons 
and other elementary particles (protons, neutrons, etc.) that 
constitute matter." There is no mention of industry here, 
and just as well, too, for matter being what it is, every 
industry under the sun would qualify for an electronics label. 

So let us turn to the British Standard definition, to wit:­
" Electronics. That branch of science and technology which 
deals with a study of the phenomena of conduction of elec- • 
tricity in a vacuum, in a gas and in semiconductors, and with 
the utilization of devices based on these phenomena." 

This on the face of it seems to answer all requirements out 
of hand. But does it, on sober reflection? For a start, its 
"conduction in a gas " clause seems to bring MHD genera­
tion into the field of electronics, so we are liable to find our­
selves working for the C.E.G.B. any moment now. -

Other Components 
Again, it seems to me to be based on the dubious assump­
tion that the valve or transistor is the all-important com­
ponent in any given circuit. Certainly, no equipment would 
function without it, but then, neither would it if any of the 
other components were removed. Would you accept it as 
logical if the ·motor industry called itself the carburettor 
industry on the grounds that this was the key device in a 
petrol engine? 

On a quick check over the circuit diagram of a typical 
domestic television receiver I find that it uses 156 resistors, 
128 capacitors, 76 inductors, 17 miscellaneous d~vices, 18 

*The one I like best is " Electronics. Anything electrical which I don't 
understand "-Ed. 
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valves and 7 semiconductor diodes. If my arithmetic is 
correct, this gives a total of 402 components, of which 377 
are electrical and only 25 qualify as truly electronic. Add to 
the former the great number of point-to-point connections 
involved, and our so-called electronic equipment turns out 
to be a vast ocean of ·electrical engineeriQ.g in which are 
disposed a few islets of electronics. Government by minority 
indeed! 

An impartial, unconditioned observer would surely record 
that only the valve and semiconductor boys comprise the true 
electronics industry, and the rest of us are outsiders with, 
at best, our noses over the fence. If this is the case, then 
there is no point in arguing over definitions until we are 
sure of what we are defining; after all, ours is allegedly a 
science and as such it should employ exact terminology. 

Presumptive Parentage 
I humbly submit that " electronics " as a title has no hem 
to its garment and is the unlawful father of such anachronisms 
as "Radio and Electronic Manufacturers," " Radar and Elec­
tronics" and so on, with which our lives are bestrewn. So, 
please, let us throw the impostor overboard with a large 
lump of semiconductor tied to his valency bond and try 
again with something we can honestly live with. 

Perhaps the rather unpleasant truth is that because of our 
growth we have given ourselves over-many airs. At :my 
rate, we seem curiously reluctant to admit that, when it comes 
down to brass tacks, we are electrical engineers and that all 
the multifarious activities which we have classified as " elec­
tronics" are only off-shoots from the main stem. 

A parallel case exists in medicine, where specialists abound. 
But have the neurologists and gynaecologists and all the other 
-ologists made any attempt to find a definitive umbrella 
under which to shelter? No; they are content to regard 
themselves as members of the medical profession, and have 
thereby kept sane. Why, then, should we find it any more 
essential to set ourselves apart than they? We, too, have 
our specialist labels for ready identification as occasion de­
mands, and these should surely suffice. 

In the event, if we are realistic about the matter, we 
seem to have no option but to accept the fact that it is 
virtually impossible to devise a definition which covers each 
and every one of our activities, much less a single descriptive 
word. And, as the Editor has pointed out by quoting Pro­
fessor Everitt, even if the perfect solution were found today 
it would be outdated by tomorrow. So why bother, except 
to set our house in order by relegating the expression " elec­
tronics " to its rightful place as the specialist label for the 
valve and semiconductor people, so that for the first time 
such terms as "Radio and Electronics " make scientific sense. 

But if the worst comes to the worst and we still remain 
too stiff-necked to accept ourselves as specialist electrical 
.engineers, perhaps we might take the opportunity to pay a 
tribute to one or other of the early researchers who set in 
motion the chain of events which placed us on our purgatorial 
path? How, for instance, would you like to be described as 
a Hertzian engineer? I t certainly would evade the " descrip­
tive word" issue but resurrects the definition bogy again. 

No, on balance I don't think it's worth it. 
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The Great Electronics Myth 

IN the December issue the Editor, no doubt inspired by a 
Scroogian spirit of anti-Christmas, put a particularly belli- 
cose cat among some peculiarly inoffensive pigeons by 

calling for a fully embracing definition of the term " elec- 
tronics." 

At first thought the requirement hardly seems to exist. 
Everybody knows what electronics is. It's—-er—well—it's 
anything to do with radio transmitters or receivers or tele- 
vision cameras or studio equipment in general, or record 
players or aerials or computers or hearing aids or-—and so 
on through a very lengthy list. It is not until one searches 
for some sort of common denominator that the Editor's 
Machiavellian purpose begins to show. 

You will have noticed that while he has drawn our atten- 
tion to various definitions of electronics, he has been careful 
not to add one of his own. This, of course, is not because 
he has not got one, but because editors as a race run contrary 
to the precepts of King Solomon, digging pits into which 
they fall not and rolling stones which return not upon them. 
It is a gambit which is technically known as " stirring up the 
correspondence columns." And as this particular pit, stone 
or topic is one which is guaranteed to estrange brother from 
brother, husband from wife and Group Leader from Section 
Leader, I have no doubt that the P.M.G. is at this moment 
reaping a rich harvest of postal dues. Not until the spate 
of letters falls to a trickle will the Editor spring his own 
contribution and thereby put us mere electronics wage slaves 
to shame by its wisdom.* 

But to the task. A definition. My dictionary tells me that 
electronics is " a branch of physics dealing with electrons 
and other elementary particles (protons, neutrons, etc.) that 
constitute matter." There is no mention of industry here, 
and just as well, too, for matter being what it is, every 
industry under the sun would qualify for an electronics label. 

So let us turn to the British Standard definition, to wit:— 
" Electronics. That branch of science and technology which 
deals with a study of the phenomena of conduction of elec- - 
tricity in a vacuum, in a gas and in semiconductors, and with 
the utilization of devices based on these phenomena." 

This on the face of it seems to answer all requirements out 
of hand. But does it, on sober reflection? For a start, its 
" conduction in a gas " clause seems to bring MHD genera- 
tion into the field of electronics, so we are liable to find our- 
selves working for the C.E.G.B, any moment now.' 

Other Components 
Again, it seems to me to be based on the dubious assump- 
tion that the valve or transistor is the all-important com- 
ponent in any given circuit. Certainly, no equipment would 
function without it, but then, neither would it if any of the 
other components were removed. Would you accept it as 
logical if the motor industry called itself the carburettor 
industry on the grounds that this was the key device in a 
petrol engine? 

On a quick check over the circuit diagram of a typical 
domestic television receiver I find that it uses 156 resistors, 
128 capacitors, 76 inductors, 17 miscellaneous devices, 18 

*The one I like best is "Electronics. Anything electrical which I don't 
underst and''—E d. 

valves and 7 semiconductor diodes. If my arithmetic is 
correct, this gives a total of 402 components, of which 377 
are electrical and only 25 qualify as truly electronic. Add to 
the former the great number of point-to-point connections 
involved, and our so-called electronic equipment turns out 
to be a vast ocean of electrical engineering in which are 
disposed a few islets of electronics. Government by minority 
indeed! 

An impartial, unconditioned observer would surely record 
that only the valve and semiconductor boys comprise the true 
electronics industry, and the rest of us are outsiders with, 
at best, our noses over the fence. If this is the case, then 
there is no point in arguing over definitions until we are 
sure of what we are defining; after all, ours is allegedly a 
science and as such it should employ exact terminology. 

Presumptive Parentage 
I humbly submit that " electronics" as a title has no hem 
to its garment and is the unlawful father of such anachronisms 
as " Radio and Electronic Manufacturers," " Radar and Elec- 
tronics" and so on, with which our lives are bestrewn. So, 
please, let us throw the impostor overboard with a large 
lump of semiconductor tied to his valency bond and try 
again with something we can honestly live with. 

Perhaps the rather unpleasant truth is that because of our 
growth we have given ourselves over-many airs. At any 
rate, we seem curiously reluctant to admit that, when it conies 
down to brass tacks, we are electrical engineers and that all 
the multifarious activities which we have classified as " elec- 
tronics " are only off-shoots from the main stem. 

A parallel case exists in medicine, where specialists abound. 
But have the neurologists and gynaecologists and all the other 
-ologists made any attempt to find a definitive umbrella 
under which to shelter? No; they are content to regard 
themselves as members of the medical profession, and have 
thereby kept sane. Why, then, should we find it any more 
essential to set ourselves apart than they? We, too, have 
our specialist labels for ready identification as occasion de- 
mands, and these should surely suffice. 

In the event, if we are realistic about the matter, we 
seem to have no option but to accept the fact that it is 
virtually impossible to devise a definition which covers each 
and every one of our activities, much less a single descriptive 
word. And, as the Editor has pointed out by quoting Pro- 
fessor Everitt, even if the perfect solution were found today 
it would be outdated by tomorrow. So why bother, except 
to set our house in order by relegating the expression " elec- 
tronics " to its rightful place as the specialist label for the 
valve and semiconductor people, so that for the first time 
such terms as " Radio and Electronics " make scientific sense. 

But if the worst comes to the worst and we still remain 
too stiff-necked to accept ourselves as specialist electrical 
engineers, perhaps we might take the opportunity to pay a 
tribute to one or other of the early researchers who set in 
motion the chain of events which placed us on our purgatorial 
path? How, for instance, would you like to be described as 
a Hertzian engineer? It certainly would evade the " descrip- 
tive word " issue but resurrects the definition bogy again. 

No, on balance I don't think it's worth it. 
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for a
permanent

print

Proudly
Announce

-BEATTIE-COLEMAN

OSCILLOSCOPE CAMERAS
. . . A range of instruments covering the entire field of Oscilloscope photo-
graphy. Polaroid processing backs are standard on most models and these
give you finished prints literally within ten seconds. No other equipment
and no experience are ne, d d.

Camera Model MI! 565, for recording ultra -high-speed nanosecond traces.
Has 1 : 1 object image ratio and an 86 mm. f/1.2 Navitar lens which is exclusive
to A -B -C. When used with the fastest Polaroid film, this remarkable lens gives
recording speeds never before obtained with standard equipment.

35 mm. film is used in Mothi KD5 for rapid sequence recording or for con-
tinuous " streak " recording. There is also a dual-purpose model with a 35 mm.
magazine for high-speed " streak " recording and a Polaroid unit for transient
and repetitive phenomena.

Ask ATM for full details or a demonstration..

IN.A, 0 Lau)

Model KS (illustrated) is surprisingly inexpensive although
it has a fast (71.9 lens, a multi -speed shutter, and is suitable for
both repetitive and single shot transient waveforms. An additional
"Lensette" converts the KS for photographing diagrams, circuit
breadboards and other laboratory subjects. Interchangeable
backs provide for Polaroid roll or flat pack film, or for 4in. x Sin.
cut film. Engineers throughout the world specify KS because of its
low cost, ease of use and superior performance.

Check these KS Features:-

* Adjustable ratio I :0.9, 1 :0.7.
* Multiple expo , up to 13 on one frame.
* Parallax -free view of C.R.T. during set-up.
* Records written data on film (optional).
* Swing -away, lift-off mounting (optional).
* Lensette attachment for off -'scope pictures.
* 10 -second developing with Polaroid film.
* Film speeds up to ASA 10,000.
* Choice of lenses, f/I.9 or 1/4.5.
* Complete cameras from f 139.

A.B.C. cameras are joint products of Avo Ltd. and
Beattie -Coleman Incorporated of California. They
are fully guaranteed and backed by Avo Service.

AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, LONDON, S.W.1 Victoria 3404 (12 lines)

IN NORTH AMERICA: BEATTIE-COLEMAN INC ANAHEIM, CALIFORNIA.

ABC/2 1W W-006 FOR FURTHER DETAILS.
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(21RT/AAD)

100 volt signal to line?
25 ohm output ?

bridging monitor for
600 ohm line? 230
volt signal output?
.... variable correc-
tion unit? .... 1 ohm
output? 30'64
ohm output ?
special input sockets?
.... rack and panel
mounting? ....
50 volt line? . . . . or
simply to enjoy good
quality reproduction of
music in your own
home to the same
professional
standards ?

* these are some of the
variations of the versatile
QUAD supplied to
professional users throughout
the world.

for the closest approach to the original sound

Send postcard for illustrated literature to:-

THE ACOUSTICAL MANUFACTURING CO. LTD., HUNTINGDON. Tel 361.

1W W -007 FOR FURTHER DETAILS.
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ANOTHER

Write for fully descriptive .'ecflet

LTD AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, LONDON, S.W.1. Victoria 3404 (12 lines) tit,

FOR WA RD
along the international highway

The clearly marked scale has
uniformly divided graduations to
match 100 and 30 scale markings

fin?h

Intern atiocal symbols are ced on
panel and scale -plate for the
convenience of those unfamiliar
v4ith English language and symbols.

OTHER NEW FEATURES:
Fused ohms circuit prov.des increased Improved temperature ,oefficient over whole
protection against inadvertent overload. range. Now measures up to 400 amps d.c.

with the aid of a range of d.c. shunts.

1W W-008 FOR FURTHER DETAIkS.



WIRELESS WORLD JANUARY, 1965

and Now-
a Fully Transistorised
WalkieirTalkie!

theqpBantamTWO -WAY RADIOTELEPHONE

Once again in
the tradition of

the outstanding
Cambridge and

Vanguard Radio-
telephones, Pye

have produced the
Bantam, a brilliant

fully transistorised

111 Fully transistorised Transmitter and Receiver
 Long endurance with Rechargeable or Dry Batteries  Crystal Filter selectivity

Reliability and accessibility of components  Very high performance Receiver
 Lightweight 4 lbs. (1.82 kg.)  Frequency Band 25-174 Mc/s. $ Weatherproof
 Approved by G.P.O. to s9ec. W6345

Tel: TEVERSHAM 3131

PYE TELECOMMUNICATIONS 1.111 CAMBRIDGE;ENGIAN D  Telex No. 81166
1WW -009 FOR FURTHER DETAILS.
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The world's most competitive Single

Sideband Radiotelephone - the SSB
125 is suitable for fixed or mobile
operation and is the most economic
equipment for long distance corn-
munication available today.

Features
 125 watts p.e.p. output
 4 switched channels
 Transistor DC or AC power pack
111 Crystal filter selection of side -

bands

PYE TELECOMMUNICATIONS LTD.
4/CAMBRIDGE  ENGLAND.

Telephone Teversham 3131
iww-olo FOR FURTHER DETAILS.
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New range of

MODULAR
STATIC INVERTERS

1 kVA-60 kVA. Full output at mains
frequency in less than 200 milliseconds
Mains failure can be expensive -
even dangerous -if essential supplies to
vital instrumentation and services are
disrupted. The surest protection against
this failure is provided by a new range of
modular static sinewave and squarewave
inverters by G.E.C. Electronics.

MODULAR CONSTRUCTION of
these inverters keeps costs low -enables
systems to be provided quickly for any
output up to 60 kVA.

G.E.C. STATIC INVERTERS store little
energy -give faster response than rotary
devices.

TYPICAL APPLICATIONS

Essential instrumentation
Conversion of d.c. mains to a.c.
Communications equipment
Computers
Standby Fluorescent lighting
Under -crane lighting

These new static inverters give full
output at mains frequency in less
than 200 milliseconds with output
voltage within 5% of steady value.

ELECTRONICS

AC

BAT';,,RY INVERTER_

Used for standby supplies, G.E.C. Electronics' inverters are norm-
ally isolated from the output lines by a static contactor, drawing
no input current. Provision is made for output voltage adjust-
ment on load to the extent of 2% of nominal. They are fully
protected against abnormal load and input voltage conditions.

SEND COUPON FOR DETAILS

To G.E.C. (Electronics) Ltd, Power Electronics Dept, Industrial Division,
East Lane, Wembley, Middx. Telephone: ARNold 4353

I am interested in using Inverters for

Please send technical information on G.E.C. Electronics' Inverters.

NAME

POSITION

COMPANY.

ADDRESS..

I W 9

1WW-011 FOR FURTHER DETAILS.
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RELIABLE RELAYS

10 days delivery

KEYSWITCH
Precision relays fully electrically and
mechanically tested to exact specific-
ation. You can trust them for many
purposes, industrial and electronic, and
for all kinds of conditions. B.P.O. types
by Keyswitch and miniatures byOmron,
from milliamps to 30 amps per con-
tact. Operating coils from less than 1v
to 200v d.c. and 6v to 440v a.c.
For full details of KEYSWITCH and
KEYSWITCH OMRON GOLD relays contact!

KEYSWITCH RELAYS LTD

1. KEYSWITCH (P-33) Plug-in 3000 type relay. C.E.G.B.
approved. Many variations available.

2. KEYSWITCH OMRON GOLD MM2. Power relay 110v and
230v AC/DC. Up to 4 pole c/o at 15 amps. Switch box
mounting.

3. KEYSWITCH K700 type relay. 15-30 amps for high
current/high voltage applications.

4. KEYSWITCH OMRON GOLD MK2P. Midget power relay
up to 230v AC/DC. Plug-in octal base.

5. KEYSWITCH OMRON GOLD MK2. Midget power relay-
smallest of the power series. Up to 3 pole c/o 7.5 amps.

6. KEYSWITCH B.P.O. 600 type minor relay. Small size
coupled with higher switching speeds.

Cricklewood Lane, London, N.W.2. Tel: GLAdstone 1152

1WW-012 FOR FURTHER DETAILS.
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The Quality Kit -Sets
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Anyone can build

= =

INSTRUMENTS FOR LABORATORY, TEST, SERVICE AND HOME WORKSHOP
-.,---. :-.-

5in. Flat -face
GENERAL PURPOSE OSCILLOSCOPE

Model I0 -12U
An outstanding new 'scope

"Y" sensitivity 10 mV. r.m.s. per cm. at I kc/s.
bandwidth 3 c/s.-4.5 Mc/s. Frequency compensated
input attenuator XI, X10, X100. T/B. 10 cls.-500 kc/s.
in 5 steps. Two extra switch selected pre-set sweep
frequencies in T/B. range. T/B. output approx.
10 v. peak to peak. Built-in IV calibrator. Facility
for " Z " axis modulation. Electronically stabilised
power supply. Power req. 200-250 v. A.C., 40-60 c/s.,
80 watts. Fused. Front panel silver and charcoal
grey. Cabinet, charcoal grey, size 8) x 14 x I7in.

deep. Net weight 231b. 56 -page construction and operation manual.
Kit £32.12.6 Assembled L41.10.0

TV ALIGNMENT GENERATOR
Model HFW-1 Designed to offer the
maximum in performance, flexibility and
utility at the lowest possible cost. Frequency
coverage 3.6 Mc/s. to 220 Mc/s. on fundamentals.
Unique non -mechanical sweep oscillator system.
High level output on all ranges. Sweep devia-
tions up to 42 Mc/s. Built-in fixed and variable
marker generators. (5 Mc/s. crystal supplied.)
Power requirements: 110/200-250 v. A.C., 50 watts. Size 13 x 83 x 7in.

Kit L34.18.0 Assembled L44.10.0
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De Luxe
6in. VALVE VOLTMETER

Model IM -13U
Modern styling. Extra features. The ideal
VVM for the Electronic Engineer. 6in. Ernest
Turner 200µA. meter with multi -coloured
scales. Unique gimbal bracket allows bench,
shelf or wall mounting. Measures A.C. (r.m.s.),
D.C. volts 0-1.5, 5, 15, 50, 500, 1,500. Resistance
range 0.1 to 1,000Mill. with int. battery. Vernier -action zero and ohms adjustment.
Roller -tinned printed circuit. High input resistance (11 Mil). Comprehensive
assembly and operation manual. Size 5 x 12q x 4fin. Complete with test prod
and leads.

Kit £18.18.0 Assembled L26.18.0
H.T. and R.F. Probes available as optional extras.

R.F. SIGNAL GENERATOR
Model RF-IU Provides extended fre-
quency coverage in six bands from 100 kc/s. to
100 Mc/s. on fundamentals and up to 200 Mc/s.
on calibrated harmonics. Six large dial scales
allow precise frequency settings. Modulated
or unmodulated R.F. output of at least 100
millivolts. 400 cycle audio signal with 5 volt
output. Pre -aligned coil and band switch
assembly for ease of construction.

Kit £13.8.0 Assembled £19.18.0

-_--4

F-...

OUTSTANDING EQUIPMENT FOR THE " AMATEUR " & SHORT WAVE LISTENER
=

AMATEUR BANDS RECEIVER
Model RA -IGENERAL COVERAGE RECEIVER

Model RG-1
An inexpensive communications type receiver
designed for the discriminating short wave
listener. Frequency coverage 32 Mc/s. to
1.7 Mc/s. in 5 ranges, plus the MW band of
1,500 kc/s. to 600 kc/s. Modern design techniques and special frame grid valves
secure a high standard of performance. Image rejection and signal-to-noise
ratio are exceptionally good. Each of the six bands is separately calibrated on a
large slide -rule dial. The Coil Pack and IFTs are pre -assembled and aligned
ready for use. Special features include: Half -lattice crystal filter; Variable- noise
limiter; Voltage stabilised oscillators.

Kit E39.16.0 Assembled L53.0.0
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This receiver is designed as an ideal economi-
cally priced fixed station, portable or mobile
receiver covering the amateur bands from
160-10 m., each band separately calibrated on a
large illuminated slide -rule dial. Approx. Sin.
bandspread on each band. Features: Signal Strength (tuning) " S " meter,
front panel dial calibration control, provision for a 100 kc/s. calibrator, tuned
R.F. amplifier stage, half -lattice filter, adjustable noise limiter. Excellent electrical
and mechanical stability. Frequency coverage: 160, 80, 40, 20, 15, 10 metre
bands. I.F. 1620 kc/s. Sensitivity: 2p.V for 10 da S/N, image rej. 40 dB. Power
requirements: 110-240 v. A.C. 40-60 c/s. (Provision for external P.S. for mobile
use.) Size 13fin. wide x 61in. high x 101in, deep.

Kit £39.6.6 Assembled £52.10.0

P. P_

A WORLD OF ENTERTAINMENT FOR THE FAMILY -...
=

N g

A WELL DESIGNED
F.M. TUNER Model FM -4U

Tuning range 88-108 Mc/s. Flywheel tuning.
Attractive Plastic Front Panel in two-tone grey
with golden trim surround and motif. Thermo-
meter type visual tuning indicator. Pre -
aligned. I.F. transformers. Three I.F. stages,
Wide -band low distortion Ratio Detector. R.F. Unit, wired, tested and pre -
aligned. Printed circuit for I.F. Amplifiers and Ratio Detector. Built-in power
supply. Output sockets for stereophonic adaptor (for stereo transmission when
available).
TUNER UNIT Model FMT-4U with 10.7 Mc/s. I.F. output,C2.15.0 (inc. P.T.).
I.F. AMPLIFIER and power supply Model FMA-4U complete with case
and valves, E13.3.0. Sold separately.

Kit Total L15.18.0
Assembly can be arranged on your behalf.
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"OXFORD" LUXURY
TRANSISTOR PORTABLE

Model UXR-2
This superb transistor radio is the ideal
domestic or personal portable Medium and
Long Wave receiver. Solid leather case and
handle. Easy -to -read tuning scale. Extra
large loudspeaker. Push button L, MW and
tone. 10 semi -conductors (7 transistors plus
3 diodes). Sockets for personal earphone,
tape recorder, car aerial. Internal 9 -volt
battery (not supplied), lasts for months.
Latest printed circuit techniques.
Comprehensive, easy -to -follow, fully illustrated Instruction Manual.

Kit E14.18.0 incl. P. Tax
Assembly can be arranged on your behalf.

DAYSTROM LTD. -4- 4 -4- -4- 4,- -4- -4- 4-4- -4- -4- -4-

DEPT. W.W.I, GLOUCESTER, ENGLAND

MANUFACTURERS OF KIT -SETS FOR EVERY INTEREST-HOME, SERVICE, WORKSHOP, LABORATORY, ETC.

4- 4- 4- 4- -4- -4- -4- -4- -4- -4- 44- 4- 4- 4- -4 4- -4- 4- 4- ..... -4.- 4- -4- -4 -4- -4- -4- -4- -4- -4- -4- 4- -4-
W 013 FOR FURTHER DETAILS.
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So easy to build
4. 4-4. 4-  4- 4- 4- -4-4 -4 4.- 

So easyeasy to use.........
ic----------- AMERICAN HEATHKIT SINGLE SIDE -BAND EQUIPMENT ----------4
i I

i
i

SB-400E

Full details of the SSB models gladly sent on request
80-10M RECEIVER Model SB-300E

This de luxe receiver offers unsurpassed value to the radio amateur. Of advanced
design, employing up-to-date construction techniques, its specification ensures
unparalleled performance. Size 141 x 61 x I31in. Full details on request.

Kit (less speaker) 1133.14.0*
A fitting companion to this receiver is the Model

6 W STEREO AMPLIFIER KIT
Model S-33

A versatile high -quality self-
contained STEREO/MON-
AURAL Amplifier with ade-

quate output for a living room. Can be used to
convert a favourite (monaural) radiogram into a
stereo -radiogram. 3 watts per channel: 0.3% I
distortion at 2.5 w/channel; 20 dB N.F.B., inputs
for Radio (or Tape) and Gram, Stereo or Monaur-
al: Ganged controls. Sensitivity 200 mV.
Kit 113.7.6 Assembled /18.18,0 i
6 W HI -F1 STEREO AMPLIFIER
KIT Model S -33H An inexpensive

stereo -mono am-
plifier with the high sensitivity necessary for
lightweight miniature ceramic pick-ups (e.g.,
Decca Deram). De luxe version of the S-33 with
attractive two-tone grey Perspex panel.

Kit E15.17.6 Assembled 121.7.6

5 W HI-FI MONO AMPLIFIER
KIT Model MA -5

A low-priced general purpose
Hi -Fidelity amplifier based on
the popular 533 for those who
do not require a stereophonic

system. Separate bass and treble controls.
Gram and Radio inputs. Suitable for most crystal
pick-ups. A printed circuit simplifies construction.
Kit E10.19.6 Assembled L15.10.0

HI -F1 MONO POWER AMPLIFIER
KIT Model MA -12

A compact high fidelity power
amplifier (including auxiliary
power supply). 12 watts
output. Wide frequency
range and low distortion. A
variable sensitivity control is

fitted enabling it to be used
with an existing amplifier in a

stereophonic system. Other applications include
sound reinforcement systems, transmitter mod-
ulators, for use with tape recorders, also as a
general purpose laboratory amplifier.
Kit El 1.18.0 Assembled 115.18.0

STEREO -HEAD BOOSTER KIT
Model USP-I

Hi-Fi Stereo Pre -amplifier for low -output Hi-Fi
P.U.s input 2 mV. to 20 mV. Output adjust-
able from 20 mV. to 2 V. 40-20,000 c/s. Also
suitable as low -noise R.C.-coupled amplifier.
Kit 17.7.6 Assembled £I0.9.6

STEREO CONTROL UNIT KIT
Model USC-I

Incorporates all worthwhile
features for high fidelity stereo
and mono. Push-button selec-

tion, accurately matched ganged controls to
± I dB. Negative feedback rumble and variable
low-pass filters. Printed circuit boards. Accepts
inputs from most tape -heads and any stereo or
mono pick-up.

SB-400E TRANSMITTER
Kit /165.4.0* MONO CONTROL UNIT KIT

3in. MONITOR 'SCOPE Model j Model UMC-I
HO -10E

A must for the SSB enthusiast. Gives at -a -glance
visual indication of your transmitted signal and
incoming signal displaying envelope patterns. Built-in E

two-tone generator ensures a clear output signal.

SB-300E

Power req. 115-230 v. A.C.

Kit 134.10.0*
"An additional importation levy is now chargeable
on American models.

PUBLIC ADDRESS
AMPLIFIER KIT Model PA -I
This is a multi -purpose, high output,
compact unit suitable for vocal and
instrumental groups, guitars, electronic
organs, etc. 4 inputs for guitars, mics..
record players. Has many features found

only in expensive equipment, i.e., 50 watt R.M.S. output,
two heavy duty speakers. " Magic Eye " vol. indicator,
variable tremolo, elegant cabinet.
Kit 154.15.0 Assembled 174.0.0 (Legs 17/6 extra)

"MALVERN " HI -F1 EQUIPMENT
CABINET KIT
AN ATTRACTIVE CABINET in modern
style designed to house all your Hi-Fi
equipment (including tape deck and full-
sized transcription record player). The
cabinet parts are veneered and pre -
drilled, with edging in Panoplex plastic
strip for ease of finishing. Complete
with everything you need for assembly,

including screws, hinges and even a padsaw! Left " in the
white " for finishing to choice. Size 39k x 32 x 211in.
Kit 118.1.0 (inc. P.T.) Assembled 423.6.0

"GLOUCESTER" HI-FI CABINET KIT
Will accommodate: Tape Deck and/or
Record Player. F.M. Tuner and Stereo
Amplifier. For those with limited floor
space a speaker system can be housed
at one end. For this purpose a loud -

OPEN speaker kit comprising one 4in. plus
8in. speaker systems, balance unit, speaker grille, cutting
template, padsaw and mounting details is also available.
Neutral hardwoods have been carefully selected so that the
finished product can be stained and polished to individual
choice. There is storage space for records, etc., also for
power amplifiers. Dimensions: length 46kin., height 30in.,
depth 2lin.

Mk. I for Tape Deck or Record Player

Mk. for both T/D and RipAssembled

122.8.6Kit E17.3.6 (inc. P.T.)

Kit /18.10.0 (inc. P.T.) Assembled £23.15.0

INTERNATIONAL MAIL ORDER SCHEME
Covering the American Heathkit range

of 250 models
Direct from U.S.A. to your U.K. address. Illus-
trated American catalogue and full details can be
obtained from us for 1/- post paid.

Kit 119.10.0 Assembled /26.10.0 Deferred Terms available on orders above 510

Ideal for use with MA -I2
or similar amplifier. Out-
put 0.25 v. Send for full
details.
Kit 18.12.6 Assembled El 3.12.6

HI-FI STEREO AMPLIFIER KIT
Model S-99
Gives 18 w. output (9 per izzillaiik'"1
channel with 0.2 per cent.
distortion at 9 w. per chan-
nel). It has ganged controls. STEREO/MON-
AURAL gram., radio and tape recorder inputs
and push-button selection as well as many other
first-class features well above its price range.
In grey metal cabinet with a golden surround
and Perspex panel. Also ultra -linear push-pull
output. Printed circuit construction.
Kit 127.19.6 Assembled /37.19.6

HI-FI SPEAKER SYSTEM KIT
Model SSU-I
Ducted -port bass reflex cab-
inet " in the white." Fre-
quency response is 40-16,000
c/s. Power rating 25 watts.
Matched speaker units 8in.
high flux (12,000 lines) with
hyperbolic cone and 4in.
wide angle dispersion type
for higher frequencies.
Kit (with legs) El 1.12.0 (Less legs) /10.17.6

(inc. P.T.)
"COTSWOLD" SPEAKER

SYSTEM KIT
This acoustically designed en-
closure measures 26 x 23 x
14kin., and houses a special I2in.
bass speaker with 2in. speech
coil, elliptical middle speaker
together with a pressure unit to
cover the full frequency range
of 30-2,000c/s. Its polar distribution makes it ideal
for really Hi-Fi Stereo. Delivered complete, with
speakers, cross -over unit, level control, grille
cloth, etc. Left " in the white " for finish to
personal taste, all parts are pre-cut and drilled
for ease of assembly.
Kit /23.4.0 Assembled 130.15.0

"COTSWOLD M.F.S."
SPEAKER SYSTEM

KIT
This model, based on the stand-
ard Cotswold, measures only
36in. high, 161in. wide by I4in.
deep. Particularly recommended
to those who require the best
results in small rooms.
Kit 123.4.0 Assembled /30.15.0

TELEPHONE AMPLIFIER KIT
Model TTA-I for home, office or shop.

Kit 17.9.6 411.15.0Assembled

D A Y S T H 0 M L T D -4- -4- -4- -4- -4-

DEPT. W.W.I, GLOUCESTER, ENGLAND
A subsidiary of the
Weston Instruments Group. MANUFACTURERS OF THE WORLD'S LARGEST -SELLING ELECTRONIC KIT -SETS
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MULTIMETER KIT Model MM-IU
Provides wide voltage, current, resistance
and dB ranges to cover hundreds of
applications. Sensitivity 20,000 ohms/volt
D.C. and 5,000 ohms/volt A.C. Ranges:
0-1.5 v. to 1,500 v. A.C. and D.C.;
0-1504A. to 15 A. D.C. Measures resis-
tance from 0.20 to 20M(2. 4i in. 50jiA
meter. A polarity reversing switch
eliminates transferring test leads when
alternately measuring -!- and - voltages.
Uses standard comme-cial batteries.
Kit £I2.18.0 Assembled £18.11.6

ELECTRONIC SWITCH KIT Model
(Oscilloscope Trace Doubler) 5-3U

This device will extend the use
of your single -beam oscilloscope
and at a nominal cost, will give
you the advantages of a double
(or other multiple) beam 'scope,
while retaining all the advantages
of your present single beam in-
strument.

Hitherto an electronic switch of this nature, permit-
ting the simultaneous observation of two signals on the
screen of a single -beam C.R.T. oscilloscope, has cost
nearly as much as the 'scope itself.

Kit 612.18.0 Assembled L18.10.0

DECADE RESISTANCE BOX KIT
Model DR -I U. Range 1-99,99952 in152 steps. Ceramic
switches throughout. Current rating from 500 mA.
to 5 mA. according to decades in circuit. Polished
wooden cabinet supplied complete.

Kit LI0.8.0 Assembled E14.8.0

RESISTANCE -CAPACITANCE
BRIDGE KIT Model C -3U

Measures capacitance lOpf. to
1,000µF. Power factor and resistance
1000 to 5M ohms. Test voltages
5-450 v. Safety switch provided.
Kit £10.10.0 Assembled 6I6

AUDIO SIGNAL GENERATOR KIT
Model AG -9U

10 c/s. to 100 kcis., switch selected.
Distortion less than 0.1%. 10 v.
sine wave output metered in
volts and dB's.

Kit 622.10.0 'Assembled L30.10.0

AUDIO VALVE MILLIVOLTMETER
KIT Model AV -3U

A very sensitive meter with high stability. I my.
to 300 v. A.C. The frequency response is virtually
flat up to 100 v. f.s.d. within :'1 dB from 10 c/s.
to 400 kc/s. 4in. 200iiA. moving coil meter.
Kit £16.10.0 Assembled L22.18.0

AUDIO WATTMETER KIT
Model AW-IU

This popular meter is used in many
recording studios and broadcasting
stations as a monitor as well as for
servicing purposes. Dissipation
rating up to 25 w. continuous.
50 w. intermittent.

Kit E17.5.0 Assembled 623.18.0

1
DAYSTROM

A.M./F.M. TUNER KIT
Tuning range 88-108 Mc/s. (FM)
16-50, 200-550, 900-2,000 m.
Flywheel tuning. Attractive
Perspex front panel in two-
tone grey with golden trim. Thermometer type
tuning indicator, pre -aligned I.F. transformers.
Switched wide and narrow A.M. bandwidths.
TUNING HEART Model AFM-1-1 64/13/6 (inc.
P.T.) I.F. AMPLIFIER and Power Unit Model
AFM-AI. Complete with metal cabinet and valves
421/16/6. Sold separately.

Kit Total 626.10.0

DUAL -WAVE TRANSISTOR PORT-
ABLE RADIO KIT Model UXR-I

Presented in elegant real hide
case with tasteful gold relief.
Can be assembled in 4 to 6
hours and you have a set in the
top flight of transistor portables.
Pre -aligned I.F. transformers,
printed circuit and a 7in. x 4in.
high flux speaker.
Covers both Long and Medium waves.

x x 3iin.
Kit 6I2.11.0

Dimensions

(inc. P.T.)

4 -wave TRANSISTORISED PORTABLE
RADIO KIT Model RSW-I

Using 7 latest type transistors and
three diodes this highly sensitive
set is specially designed for Short
and Medium wavebands (200-
550, 90-200, 20-40 and 11-16 m.).
An internal ferrite aerial is
provided for medium wave and a
car aerial socket is also fitted.
Housed in an elegant leather case
with retractable whip aerial
this set will receive broadcasts from all over the world.

Kit £19.17.6 (inc. P.T.).

JUNIOR TRANSISTOR RADIO KIT
Model UJR-I

A dual -wave headphone receiver
for use with external aerial and
earth. Specially designed as a
practical introduction to radio
and electronics and is particu-
larly suitable for absolute begin-
ners. Kit £2.7.6 (inc. P.T.)
Additional Amplifier Stage UJR-IS, 16/6.

ELECTRONIC WORKSHOP
KIT Model EW-1

20 exciting experiments can be made with this one kit.
Transistor Radios, Intercom. Sets. Burglar Alarm etc.
A 72 page illustrated manual is included. Ideal for the
junior experimenter. Kit £7.13.6 (inc. P.T.)
TAPE DECKS are available as " packaged deals "
with other equipment. Details on request.

Money -back Guarantee ^-,--
Daystrom Limited unconditionally
guarantee that each Heathkit model
assembled in accordance with our easy -to -
understand instruction manual must
meet our published specifications for
performance or the purchase price will
be cheerfully refunded.

 Deferred Terms available on all orders above 610.

DAYSTH0M
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411n. VALVE VOLTMETER KIT
Model V -7A

The world's most popular valve volt-
meter, with printed circuit and I per cent.
precision resistors to ensure consistent
laboratory performance. It has 7 voltage
ranges measuring respectively D.C. volts
to 1,500 and A.C. to 1,500 r.m.s. and
4,000 peak to peak. Resistance measure-
ments from 0.1 ohm to 1,000 megohms
with internal battery. D.C. input resistance is II
megohms and dB measurement has a centre -zero
scale. Complete with test prod, leads and standard-
ising battery. Power requirements, 200-250 v. 40-60
c/s. A.C., 10 watts.
Kit £13.18.6 Assembled 619.18.6

HIGH VOLTAGE PROBE KIT
Model HV-336

Extends measurement up to 30,000 v. D.C. with neg-
ligible circuit loading. A special High Stability 1,090
megohm resistor gives a multiplication factor of 100X
when used with a valve voltmeter of 11 megohms
input resistance such as the V -7A.

Kit 62.19.6

R.F. PROBE KIT Model 309 -CU
This complete probe kit will extend the frequency
range of the V -7A Valve Voltmeter to 100 Mc/s. and
will enable useful voltage indication to be obtained
up to 300 Mc/s.
Kit £l.13.6 Assembled 6/2.0

POWER SUPPLY UNIT KIT
Model MGP-1

Compact, general purpose unit
suitable for F.M. Tuners, Tape
Recording Amplifier, and general
laboratory use. Input 100/120 v.,
200/250 v., 40-60 c/s. Output
6.3 v., 2.5 A. A.C.; 200, 250, 270
v., 120 rnA. max. D.C.
Kit £5.2.6. Assembled £6.12.6

DECADE CAPACITOR KIT
Model DC -I

Capacity values 100/1AF to 0.111µF. in 10012µF. steps
Precision silver -mica capacitors and minimum loss
ceramic wafer switches ensure high accuracy.

Kit 67.5.0 Assembled £10.8.0

nirt. SERVICE OSCILLOSCOPE
KIT Model OS -I

Light, compact, portable for service
engineers. Printed circuit board for
easy construction. Time base 15 c/s.
to 150 kc/s. in four ranges and 50 cis.
sine wave sweep. Flyback suppres-
sion on all ranges. Internal, external 4,
and 50 c/s sync. Size 5 x 8 x 14Zin. long. Weight 1011b.

Kit L22.18.0 Assembled £30.8.0

CAPACITANCE METER KIT
Model CM-IU

This Direct -Reading Capacitance Meter is a very low
priced, time -saving instrument which is so useful
that it should be part of the general
equipment of every electronic laboratory
and production line. Easily built in a

few hours. 0-100(41F., 0-1,000µ11F.,
C -0.01µF., 0-0.111F. The meter has 4fin.
stale and can be used by an unskilled
operator after a few minutes' instruction.

Kit £15.15.0 Assembled 621.14.0

LTD. 4,- -4,- -4- -4,- -4-- -4- -0- -4- -4-- -4-

DEPT. W.W.I,W.W.I, GLOUCESTER, ENGLAND

A SUBSIDIARY OF THE WESTON INSTRUMENTS GROUP, MANUFACTURERS OF
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AMATEUR TRANSMITTER KIT
Model DX -40U

Covers all amateur bands from
80 to 10 metres, crystal controlled.
Power input 75 watts C.W. 60 watts
peak controlled carrier phone. Out-

put 40 watts to aerial. Provision for VFO. Filters minimise
T.V. interference. Modulator and power supplies are
built-in. Single knob band switching is combined with a
pi -network output circuit for complete operating con-
venience. A high-grade moving -coil meter indicates the
final grid or anode current. Provision is made for the use
of 3 crystals with access through a trap-door in the back
of the cabinet. A 4 -position switch selects the appropriate
crystal or a jack for external VFO which can be used instead
of the crystal(s).

Kit ... £33.19.0 Assembled ... £45.8.0

SINGLE SIDEBAND ADAPTER KIT
Model SB-IOU
May be used with most A.M. trans-
mitters with certain provisions. Allows
full use of existing equipment for SSB
facilities. Band coverage: 80, 40, 20,
15, 10 m. Unwanted sideband suppres-
sion; better than 30 dB. Carrier sup-
pression: better than 40 dB. Power
requirements: 300 v. D.C. 85 mA.
(average) 30 mA. (standby), 14) mA

(transmit). 6.3 v. A.C., 3.5 A. Meter: 2fin. Scale edge
reading, 200pA movement, indicates carrier null and
relative power output. Cabinet 11 in. high x 8in. wide x
141in. deep.

Kit ... £39.5.0 Assembled ... £54.I8.0

AUDIO SINE -SQUARE WAVE
GENERATOR KIT. Model AO-IU
Covers 20 c/s. to 150 kc/s. in four ranges with choice
of sine or square waves. The latter up to 10 kc/s. Output
10 v. max. and distortion less than 1%. Ideal for audio
testing. Size 91 x x 5in.
Kit £14.15.0 Assembled ... L21.5.0

GRID -DIP METER KIT
Model GD-IU

Functions as oscillator or absorption
wavemeter. With plug-in coils for
continuous frequency coverage from
I.8Mc/s. to 230 Mc/s.

Kit ... £10.19.6 Assembled ... £13.19.6
Additional Plug-in Coils Model 341-U extend coverage
down to 350 kc/s. With dial correlation curves, 17/6.

TRANSISTOR INTERCOM KITS
Models XI-IU and XIR-IU

Ideal for home or business use. Up to five remote stations
can be operated with each Master. The Master unit can
call any one, any combination, or all five Remote stations
an i any Remote station can call the Master. A private
call to any Remote station cannot be interrupted or over-
heard by any other while a conversation is in progress.
Any Remote station can talk to any one or all others
provided the Master is manned. These kits have been
de igned for easy construction and high performance.
Thu mahogany veneered wooden cabinets are supplied
completely assembled and finished. The Master unit
ha: a 4 -transistor amplifier and is operated by an internal
9 v. battery as are the Remote units. Batteries are not
included with the Kits.

Model XI-IU (Master)
Kit ... £10.19.6 Assembled ... £16.19.6

Model XIR-IU (Remote)
Kit ... £4.7.6. Assembled ... £5.16.0

A I
DAYSTROM

a_

" MOHICAN "
GENERAL COVERAGE

RECEIVER KIT
Model GC-IU

This fully transistor-
ised receiver which in-
cludes 4 piezo-electric
transfilters, is in the
forefront of receiver
design. It is an excel-
lent portable or fixed station receiver. The
R.F. front-end " is supplied as a pre -
assembled and pre -aligned unit. Its many
features include a 10 -transistor circuit,
printed circuit board, telescopic whip antenna,
tuning meter, and a large slide -rule dial giving
a total length of approximately 70 inches.
Housed in a steel cabinet and powered by
two 6 volt dry batteries (not supplied),
mounted internally, it gives frequency
coverage from 580 kc/s. to 30 Mc/s. in five
bands; thus enabling world-wide reception.
Electrical bandspread covers the amateur
bands from 80 to 10 metres-each band
having a scale length of approximately 8
inches. BFO tuning and Zener diode
stabiliser. Size 6i x I2in. x 10in.
Please write for specification leaflet.

Kit ... £37.17.6 Asmbld. L45.17.6

STABILISED POWER PACK
Models MSP-IM and MSP-IW

Specially recommended for
industrial and laboratory
use, meeting the need for
a reliable and verstile
stabilised power pack cap-
able of a very high per-
formance. Input 200-250 v.
40-60 c/s., A.C., fully fused. Outputs: H.T.
200-410 v. D.C. at 20-225 mA. in 3 switched
ranges. Unstabilised A.C., 6.3 v. at 4.5 A.
centre -tapped. Two 3in. " easy -to -read "
meters for reading voltage and current
simultaneously. Separate L.T. and H.T.
supply transformers. All output circuits are
isolated. Size 13in. x 81 in. x 9iin.

MSP-IM (with meters)
Kit ... £36.12.6 Asmbld. £43.12.6

MSP-IW (less meter)
Kit ... L29.17.6 Asmbld. £36.17.6

BALUN COIL UNIT KIT
Model B -I U. Will match unbalanced
co -axial lines to balanced lines of either
75 or 3000 impedance. Frequency range
10-80 m., input up to 200 watts.
Kit ... L4.15.6 Asmbld. £5.8.6

TAPE AMPLIFIER KITS
Models TA -1M and TA -IS

This Combined Tape -
Record Replay Amplifier
is available in both
monophonic and stereo-
phonic models. Model TA -IM can be modified
to the stereo version with modification kit
TA -IC.

TA -IM Kit L19.8.0. Asmbld. £28.18.0
TA -IS Kit £25.10.0 Asmbld. £35.18.0

TA -IC Kit ... £6.15.0

All prices include free delivery in the U.K.

Deferred Terms
are available on all orders above L101

-4-4- -4,- -4.- -4.- -4.- ..DAYSTROM
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AMATEUR TRANSMITTER KIT
Model DX -100U

The World's most popular
Amateur TX Kit

 Completely self-contained compact Amateur Trans-
mitter, 150 w. D.C. input.

 Built-in highly stable VFO and all Power Supplies.
 TVI: Careful design has reduced TVI to a minimum

by use of effectively screened frequency generating
stages and pi -tuned circuits at the input and output
of the PA stage and by I I chokes and pi -network
filters to all outlets from the cabinet. No fewer
than 35 disc -ceramic by-pass capacitors help to achieve
the exceptional stability and high-performance for
which this Transmitter is noted.

 The KT88 high-level anode and screen modulator
stage gives over 100 watts of audio from less than
1.5 mV. input.

 Adjustable drive and clamp control ensures that
valves are only driven sufficiently to maintain the
required output.

 Keying on CW is via the VFO and buffer amplifier
cathodes; the other RF valves are biased beyond
cut-off. When zero -beating the TX with incoming
signals, the exciter stages only may be run without
the final amplifier being switched on.

 Provision has been made for remote control operation.
 VFO slow-motion drive is very smooth and backlash

free.
 VFO or Crystal control.
 Covers all Amateur bands up to 30 Mt/s. 'phone or

CW.
Kit ... 179.10.0 Assembled...L104.15.0

VARIABLE FREQUENCY
OSCILLATOR KIT. Model VF-IU

Specially designed to meet the
demand for the maximum possible
flexibility from an amateur Trans-
mitter which would otherwise be
subject to certain limitations imposed
by crystal control. Calibrated for all
Amateur bands 160-10 metres,
fundamentals on 160 and 40 m. Ideal for Heathkit DX -40U
and similar transmitters.
Kit ... £10.17.6 Assembled ... £15.19.6

Q MULTIPLIER KIT. Model QPM-I
A reasonably priced Q Amplifier
for the amateur and short-wave
enthusiast. This self -powered unit
(200-250 v. 50/60 c/s.) may be used
with communications receivers to
provide both additional selectivity
and signal rejection.
Model QPM-1 for 470 kc/s. IF.
Model QPM-I6 for 1.6 Mc/s. IF.

Kit, either model £8.10.0
Assembled £12.14.0

A WIDE RANGE OF BOOKS ON
ELECTRONICS AND RADIO AVAILABLE.

Send for Lists and Prices.

By arrangement with RECORD HOUSING
we can now supply you with any one of their large
range of fully finished Equipment Cabinets.
May we send you details?

release send me FREE CATALOGUE (Yes/No)

Full details of Model(s)

L__

LTD
DEPT. W.W.I, GLOUCESTER, ENGLAND

THE WORLD'S LARGEST -SELLING ELECTRONIC KIT -SETS

1W W-016 FOR FURTHER DETAILS.

NAME
(Block Capitals)

ADDRESS
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meters mode to measure
There are many famous users of the Anders service-a
service designed to give the speediest possible delivery of
even the most unusual meter requirement. The Anders
Instrument Centre has unique facilities for supplying non-
standard meters of all types, from II" miniatures to the
largest switchboard meters, specially calibrated and tested..
For immediate delivery, Anders carry huge stocks of stan-

QG3

dud meters of all well-known makes and types. New ranges
are constantly being added-Anders are now sole UK
agents for the famous Frahm vibrating reed frequency
meters' and tachometers. 2" miniature hermetically -sealed
instruments to large panel -mounting meters with accu-
racies of c).r %.
For full details of the Anders service, please write or 'phone

ELECTRONICS LIMITED
103 HAMPSTEAD ROAD, LONDON N.W.r. TELEPHONE: EUSTON 1639
Contractors to GPO and Government Departments. Ministry of Aviation approved.
METERS, ELECTRONIC AND TEST EQUIPMENT TO INDIVIDUAL SPECIFICATIONS
1WW-017 FOR FURTHER DETAILS.
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in control?
. . FEEDBACK APPLIED TO MOST SITUATIONS

GIVES STABLE SATISFACTION
Those who know a good tfizng when they see it choose FEEDBACK systems and
components wherever " control " is taught or applied. Up to the minute designs
which are versatile, robust and reliable. Please apply for further details.

EQUIPMENT FOR TESTING CONTROL SYSTEMS

These instruments provide the essential forcing functions needed for measurements,
including transient and frequency response testing on practically all types of automatic
control system. Novel facilities reduce the nec d for external auxiliary equipment to a
minimum. When used with suitable oscilloscope or recorder display, accurate gain, phase
and transient measurements provide probably the easiest, quicie3t and cheapest system
analysis on the market.

Frequency range -1 cycle in 20 minutes to 1200 c.p.s.
Functions include-Square, ramp, triangle, sine (single, variable and multi -phase).
Ancillary equipment includes-Modulator/demodulators (50 c.p.s.-3000 c.p.s.) and output
amplifiers.

INDUSTRIAL SERVO SYSTEMS AND COMPONENTS

These electronic units and mechanical components are the essential parts of precise low -
power position and speed control systems. The mechanical components include 64 D.P.
gears and mounts for synchros sizes 11 to 23. A.C. servo amplifiers are suitable for 50-
3000 c.p.s. and can deliver up to 25 watts for motor drive. Transistorised 400 c.p.s. power
units. D.C. servo drive package includes all supplies and an operational amplifier. Complete
motor speed control systems.

ANALOGUE COMPUTERS AND SIMULATORS

Range of building blocks for teaching computer techniques. Als ) available as complete
instruments for teaching process control and system analysis.

LOGIC TEACHING AND EXPERIMENTAL SYSTEMS

Novel approach to logic teaching and circuit evaluation. Multi -purr o3e logic elements
plug into board-layout conforming to the theoretical diagram. Rapid interconnection
without soldering and easy checking of binary states with buffered indicator lamps. Com-
plete with theoretical and practical coursework.

INSTRUCTIONAL SERVO SYSTEMS

Suitable for demonstration and analysis of both a.c. and d.c. systems. Coursework ranges
from investigations on simple closed mop position control to higher order systems operating
under non-linear conditions. The' are already- in use througnout the world.
Our continually expanding activities include-multi-pnase generators operating at up to
100 KO and a range of dual voltage stabilised d.c. power supolies.

APPLY FOR SHORT FORM CATALOGUE AND PRICE LIST

CROWBOROUGH SUSSEX
CROWBOROUGH 3566

1WW-018 FOR FURTHER DETAILS.



14 WIRELESS WORLD JANUARY, 1965

Bradley helium -neon Gas LASERS have a continuous
high flux output of extreme spectral purity, readily
appreciated by research groups, for applications such
as Interferometry (Metrology and fine Measurement).
Gas LASERS are rapidly replacing conventional light
sources in schools and technical colleges, where their
spectral purity and high flux greatly simplify the
demonstration and explanation of optical principles
and phenomena,

Write or 'phone for demonstration and data sheet.

GAS T:

LASER
Continuous Monochromatic

Light Source

complete with

drive unit

G & E BRADLEY LIMITED
Eiectral House, Neasden Lane, London, H.W.10 Telephone: Dollis Hill 7811. Telegrams: Bradelec London N.W.10 Telex: 25583

1ww-019 FOR FURTHER DETAILS.
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AVAILABLE

FROM

Special arrangements with Rank Electronic Tubes make it possible for us to give a
rapid delivery from stock. This service is backed by the technical resources of a
company with over thirty years' experience in the manufacture of standard and
special photosensitive devices.

OUR LIST CONTAINS EQUIVALENTS TO OVER 150
SPECIFIC TYPES COMMONLY USED IN INDUSTRY

PINNACLE ELECTRONICS LIMITED
ACHILLES STREET, NEW CROSS, LONDON, S.E.14. Tel: TIDeway 7285

1W W-020 FOR FURTHER DETAILS.
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DCOL
11,100UCTS LIMITED
(lted Tred Mork)

INDIVIDUALLY

PRODUCED

FOR FULL INFORMATION

Apply Direct to

ADCOLA PRODUCTS LTD.
ADCOLA HOUSE
GAUDEN ROAD
LONDON S.W.4

WIRELESS WORLD

SOLDERING
EQUIPMENT

Telephones
MACaulay 4272 & 3101

Telegrams
SOLJOINT LONDON S.W.4

C
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ARK
SOME APPLICATIONS

Radio Aerials
Meteorological Instruments
Microphones
T.V. Cameras
Floodlighting
Aircraft Landing Beam checks and
calibration

BRIEF INFORMATION
Extended heights: 16-100 feet
Lifting Capacity: 1-200 lb.
Material: High Tensile Light Alloy

Full range of attachments for mount-
ing masts on vehicles or in open
country
Air supply taken from hand -pump,
air compressor or air bottle through
special control valves

EACH MAST BACKED BY
THE EXPERIENCE WHICH
HAS MADE CLARK THE FIRST
CHOICE

Write for Pocket Catalogue today.

A. N. CLARK (ENGINEERS) LIMITED
Binstead, Ryde, Isle of Wight

Motor, London. S.W.19;

Telephone: RYDE 3691 Telegrams: TELEMAST RYDE

1W W-021 FOR FURTHER DETAILS.



JANUARY, 1965 WIRELESS WORLD
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INFORMATION SERVICE FOR

PROFESSIONAL READERS

To obta'n further details of any of the coded items men-
tioned in the Editorial or Advertisement pages of this
issue, please complete one or more of the attached cards
entering the reference number(s). Your enquiries will be
passed on to the manufacturers concerned and you can
expect to hear from them direct in due course. Cards
posted from abroad require a stamp.

PLEASE USE CAPITAL LETTERS

Pour obtenir tout autre renseignement sur tout article
mentionne dans ('Editorial ou dans les pages pub-
licitaires de ce numero nous vous prions de remplir une ou
plusieurs des cartes ci-jointes en inscrivant le numero ou les
numeros de reference. Vos demandes de renseignement
seront transmises aux fabricants interesses qui, entemps
voulu, vous feront parvenir une reponse. II est necessaire
d'affranchir les cartes postees de l'etranger.

PRIERE D'UTILISER DES CARACTERES D'IMPRIMERIE

Weitere Einzelheiten Ober irgendwelche Artikel, die
auf redaktionellen oder Anzeigenseiten erscheinena er-
halten Sie, indem Sie eine oder mehrere der beigeffigten
Karten ausfullen und die Kennummer(n) angeben. Ihre
Anfrage wird an den Hersteller weiter geleitet, und Sie
werden dann direkt von ihm horen. Karten, die im Ausland
aufgegeben werden, miissen frankiert werden.

BITTE IN BLOCKSCHRIFT AUSFULLEN

Per ulteriori particolari in merito agli articoli menzionati
nel testo o nelle pagine pubblicitarie di questo numero,
Vi preghiamo di completare una o pit delle schede allegate
citando it numero o i numeri di riferimento. La Vostra
richiesta sara inoltrata ai fabbricanti interessati the Vi
risponderanno direttamente. Le schede dall'estero devono
essere regolarmente affrancate.

SI PREGA DI COMPILARE LE SCHEDE A
STAMPATELLO

Con objeto de obtener mas detalles de caulquiera de
los articulos mencionados en las paginas editoriales o de
annuncios de este numero sirvase rellenar una o mas de las
unidas tarjetas citando el numero o numeros de referencia.
Sus consultas seran transmitidas a los fabricantes interesados
de quiene stendran noticias directamente a su debido tiempo.
Las tarjetas enviadas desde el extranjero requieren fran-
queo.

SIRVASE EV.-.RIBIR CON LETRAS MAYUSCULAS

17

10-12 Watts - 5 kVA

DRAKE TRANSFORMERS
Mains Transformers

Chokes
Audio Output Transformers

Audio Input Transformers
Saturable Reactors

Coils
Current Transformers

Transistor Transformers
Inverter Transformers

Screened Microphone
Transformers

Wide Band R.F. Transformers

DRAKE TRANSFORMERS LTD., BILLERICAY, ESSEX
Billericay 1155

1WW-004 FOR FURTHER DETAILS.
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MAJOR TECHNICAL BREAKTHROUGH BY

'ENGLISH ELECTRICPII)E(TWE
NTAR GTEUT8 IEVI EAITFEER I AL

Resulting from a programme of intensive research and
development English Electric Valve Company announce
a Major Breakthrough with an entirely new target
material for its Image Orthicons giving an operational
life expectancy of at least 3 TIMES that experienced
with normal tubes.
THE ELCON* TARGET ACHIEVES:
 Guaranteed life of 750 hours  Complete lack of
image retention -no sticking pictures  Stability
of contrast reproduction -no matching problems
 Sensitivity fall -off greatly reduced- sensitivity
remains constant for life as Immediate switch -on -
no warm-up delay.
Reports on pre -production samples of the new ELCON*
Image Orthicons, from North America, show consist

ently that operational lives of between 3,000 and 5,000
hours are possible.
Another important EEV development incorporated in
the ELCON* tube is that of complete absence of image
induced microphony. This together with the Major
Breakthrough development makes News.
The complete EEV range of 3" Image Orthicons features
the ELCON* target and these are now in current
production.
Sample quantities of EEV 4t' tubes, incorporating this
outstanding development, will be available shortly and
full-scale production will commence early in 1965.

* ELCON is derived front the properties of the new EEV
target-namely ELectronic CONducting as opposed to
the familiar ionic conductors normally used.

Write or telephone immediately for full information

ENGLISH ELECTRIC VALVE COMPANY LTD Chelmsford England AGENTS THROUGHOUT THE WORLD
TELEPHONE: CHELMSFORD 3491 EXTENSION 262 TELEX 1913

1W W -005 FOR FURTHER DETAILS.
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PAINTON RELIABILITY

mit tNiihtilitirEtCeieORS

35 WAY 47 WAY *55 WAY 59 WAY 71 WAY

These new additions to the Painton 159 Series Connectors
embody the space -saving configuration and high standards of
reliability already well established for this range of components,
and are offered at sensible prices. Send for leaflet P.S.12

* This toe specially
developed for the
G.P.O. & approved by
them as P0203.

Painton
& CO LIMITED

KINGSTHORPE NORTHAMPTON
Tel:34251 (10 lines)  Grams: 'Tail' Northampton Telex 31516

Overseas Associated Companies Australia Painton Australia Pty. Ltd.  Benelux Painton S.A.  Germany Painton G.m.b.H.
Italy Painton Italiana  Sweden Svenska Painton A.B.  U.S.A. Painton Inc.

1WW-022 FOR FURTHER DETAILS.
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STOP
WIRELESS WORLD JANUARY, 1965

HEAR AMPLIFIER WITH GOOD CERAMIC PICK-UP STOP
TUNERS TWO WILL DELIGHT YOU STOP
PERFORMANCE AT PRICE UNBEATABLE STOP
FURTHER DETAILS IMPOSSIBLE HERE STOP

HEAR
COUPON

STOCKISTS WILL ST STOP
START NOW

222 INTEGRATED STEREO AMPLIFIER i27-10-0
On display at the Design Centre

223 AM -FM TUNER (illustrated) E28-15-0
224 FM TUNER C22-10-0
ALL MODELS optional case as shown C3-10-0 extra

ARMSTRONG AUDIO LTD WARLTERS ROAD  HOLLOWAY  LONDON  N7
1WW-023 FOR FURTHER DETAILS.

name

address

WW 1  65
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telephone: NORTH 3213
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MOBILE RADIOTELEPHONE

NOW -A high powered Portable!
At last --a compact, transistorised V.H.F. radio-
telephone with all the power and performance of
vehicle mobiles. The rechargeable battery gives up
to 60 hours duration on receive and about 36 hours
with 1 : 50 ratio of transmitter to receive time. The
whole unit is completely weatherproofed, and is
available for A.tvi. or F.M. systems. There is also a
marine version. The answers to your questions are
waiting at the address below.

II Frequency range 25 to 174 Mc/s.
 Fully transistorised receiver.
 Standby battery drain-200mA.
 Sealed I.F. block filters.
 Electronic Squelch.
 25 or 50 Kc/s channelling by change of

filter.
 1 to 6 channels as required.
MI Designed to meet British, American

and European specifications.
 A.M./F.M. versions available.

PYE TELECOMMUNICATIONS LTD.
CAMBRIDGE  ENGLAND  TELEPHONE: TEVERSHAM (CAMBRIDGE) 3131  TELEX 81166.

1WW -024 FOR FURTHER DETAILS.
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At NEW!

2 -WAY CB RADIOS
SOLID-STATE TRANSCEIVERS
& ACCESSORIES FOR RELIABLE,
LOW COST COMMUNICATIONS

10.,11111111ilillii,---- c (),- )

CADRE 5 -Watt CB Radios
5 Watt, 5 Crystal -Controlled Channel
All Transistorized Transceiver

Model 510-A - 23 channel crystal -correlated tuner -
12 VDC/110-220 VAC

Model 515-A - For AC/DC operation (same as Model
510-A less 23 channel manual tuner)

Model 520-A - DC operation mobile or field
Model 525-A - The 520-A in special portable pack

CADRE Hand Held CB Radios
2 Crystal -Controlled Channels
Rechargeable battery or penlite cell power

supply

All Transistor-Built-in telescoping antenna
Model C-75 -1.5 Watt
Model C-60 -100 Miliwatts

CADRE Consort FM
Wireless Microphone
A complete, portable wireless PA system
when used with any FM radio. A wireless
short range FM transmitter effective
up to 200 feet from FM radio. Infinite uses.

CADRE 524 Selective Call
Solid -State Encoder -Decoder
Three tones with switching provide 24 tone combinations.
Designed to work with Cadre transceivers and other
12 VDC transceivers on the market.

Write for complete Catalog Specifications and Prices.

Empc,purii\TC col:R.pc_DR.A.-'7,1C.D1N-
458 Broadway. New York 13, U.S.A.,Cable Address: Morhanex

1WW-025 FOR FURTHER DETAILS.

FANE
TRIMLINE
SPEAKER
KIT

Comprising:

Special low resonance I2in
Bass speaker type 122/10L

Fane Mid -range 8in. x 5in
speaker type 151

Purchase Tax

Price if
purchased

separately.

E5 10 0

E3 0 0

9 10

Fane H.F. Unit type 301 E3 15 0

Complete set of cross -over
components 15 0

Circuit wiring diagram 2 6

Suggested Cabinet drawing 2 6

PRICE OF

COMPLETE KIT GUINEAS
AS ABOVE

This loud speaker assembly of specially

matched units is suitable for building into
any good high fidelity enclosure but with an

overall depth of only 4+in. is very suitable

for slim line cabinets.

It is suitable for working with Amplifiers
of up to 20 watts output and is particularly
good for stereo working.

The normal input impedance of the

assembly is 15 ohms although kits for

3 to 5 ohms can be supplied to order at the

same price.

Manufactured by

PANE
acoustics

LIMITED

HICK
LANE,
BATLEY,
YORK-
SHIRE

Sole distributors to the wholesale and retail trade:-
LINEAR PRODUCTS LIMITED,
ELECTRON WORKS, ARMLEY, LEEDS 12.

1WW-026 FOR FURTHER DETAILS.
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Photograph by courtesy of ELLIOTT AUTOMATION LIMITED,

CHOOSE &MVP' Bz * PRECISION
SOLDERING IRONS

...used by experts everywhere !
ANTEX IS PURPOSE -DESIGNED
for speed and efficiency in soldering Printed
Circuits, Transistors, Micro -Miniature Assem-
blies, Deaf -Aid Equipment and similar products.
ANTEX INCREASES PRODUCTION
ANTEX Irons weigh only 2-3 ounces. Stream-
lined to give absolute finger-tip control and
ensure increased production of 5% to 10%
compared with ordinary soldering irons.
ANTEX CUTS PRODUCTION COSTS
So easy to use - ANTEX reduces operational
fatigue, with resulting drop in reject output.
ANTEX, having the lowest leakage current of any
miniature iron, virtually eliminates all risk of
damage to transistors.
ANTEX FOR RELIABILITY
Guaranteed for 1000 hours' continuous production
-on fine work giving a potential of well over a
quarter of a million, trouble -free soldering points.
ANTEX BITS are really INTERCHANGEABLE
ANTEX patent design gives instant interchange-
ability of bits-as often as you like-without
damaging the iron!

* Latest in the ANTEX Range is Model C240N-a giant
in power performance-a midget in compact construction!
FITTED WITH LONG -LIFE " FERRACLAD"
BITS.
For more details in and post this coupon TODAY!

I
I

I

I
I
I

I
I

I
I

ANTEX
LIMITED

SPECIALISTS in
Soldering Appliances

GROSVENOR HOUSE, CROYDON, SURREY
Tel: MUNICIPAL 2774

Please send details and prices of the ANTEX
Range of Precision Soldering Irons.

NAME

ADDRESS

STATUS

L._

I

WW
MI= 111111M16

1WW-027 FOR FURTHER DETAILS.
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TRANSISTOR

A.C. VOLTMETER

TYPE TM2B

LEVELL
PORTABLE INSTRUMENTS

WIRELESS WORLD JANUARY, 1965

Measures From
5001 to 500V
on 12 Ranges and
can be used as
an Amplifier

SPECIFICATION
VOLTMETER RANGES
1.5mV, 5mV, 15mV....500V f.s.d.

ACCURACY
2% of reading ±1% of f.s.d. at 1 kc/s.

dB RANGES
-800B to +56dB relative to ImW into 6000.

FREQUENCY RESPONSE
th3dB from 6 c/s to 250 kc/s.

0.7dB from 10 c/s to 100 kc/s.
0.2dB from 20 c/s to 50 kc/s.

:±0.1dB from 30 c/s to 30 kc/s.

INPUT IMPEDANCE
1.8M0 and 10pF on 1.5V to
500 V.
>0.8M0 and <60pF on 5mV
to 500mV.
>0.5M0 and <65pF on 1.5mV.

INPUT NOISE LEVEL
<15AV for zero source resistance.
<300V for 100k0 source resis-
tance.

AMPLIFIER RANGES
10dB steps up to 60dB with
frequency response and input
impedance as above; 80dB gain
from 10 c/s to 30 kc/s with
input impedance <50k0.
Output 1.5V to 10ka

MICROVOLT INDICATOR RANGE
<150AV f.s.d. <104V readable
from 30 c/s to 30 kc/s.

MAXIMUM INPUT VOLTAGES
75V A.C. and 350VD.C. on"mV".
750V A.C. peak plus D.C. on"V".

SUPPLY
Self-contained PP9 batteries; typ-
ical life 1,000 hours or A.C.
Mains when power unit is fitted.

SIZE AND WEIGHT
10in. high x 6in. wide X 4in.
deep; 6 pounds.

Price complete with batteries £4 5
and low capacity lead

Mains Power Supply Unit £9.0.0 extra
Leather Carrying Case £3,10.0 extra

Fully detailed leaflets available on our full range of portable instruments.

LEVELL ELECTRONICS LTD
PARK ROAD, HIGH BARNET, HERTS
Telephone: BARnet 5028

1W W-028 FOR FURTHER DETAILS.
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Price
£11.10.0d

Specification
Overall Frequency Response
Power Handling Capacity
Fundamental Resonance Frequency
Crossover Frequency
Impedance
Ceramic Magnet

Flux Density
Total Flux

'TYPICAL RESPONSE CURVE OF THE CX 1512
10

dBO

10

30-15,000 c/s
15 Watts

35 c/s
4 kc/s

15/16 ohms

13,000 gauss
88,000 Maxwells

50 100 200 11: 10

Enclosures
To obtain the best performance from your
CX 1512 it is necessary to use a suitable
enclosure. Design Furniture Limited have
designed the C15.20
enclosure to the
rigid specification
laid down by
Celestion Ltd.

11111REAKE

in Rs class
the Celestion Studio

Series

CX 1512 CO -AXIAL

READ

THIS

Compare this Celestion loudspeaker
with any other 12' unit rated at 15 Watts
or less. No better value for money
exists. Check the six features shown
below, no other loudspeaker gives you
these at a similar price.

Features

(1)
PLASTAFLEX

ON

SURROUND

(2)
COM PRESSI
TREBLE UNIT

(3)
TWO VOICE
COILS
(4)
HIGH FLUX
CERAMIC MAGNETS

PURE ELECTRICAL
CROSSOVER

(6)
RIGID DIE-CAST
CHASSIS

Celestion Studio
Series

CELESTION LTD
Ferry Works, Thames Ditton, Surrey
Telephone: EMBerbrook 3402/6

1WW-029 FOR FURTIiER DETAILS.

rimmm =mem vim= mog mmm mmm mem Immmmt mmoma mmIt.

Celestion Ltd., Ferry Works, Thames Ditton, Surrey I
Please send me details of the 'Studio' Series
Loudspeakers and suitable enclosures.

Name

Address
A7 . .
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No wonder they're talking-Taylor's new Model 45D
is the world's most advanced mutual conductance
valve tester. Caters for every known type of
electronic valve with up to 12 pins at maximum
power dissipation of 25w (covering most receiving
and medium power transmitting valves). Switches
any valve pins to any electrode function indepen-
dently. T.V. Tube Adaptor also available for testing
emission, filament continuity, cathode leakage
without removing tube from receiver.

WIRELESS WORLD

"You'll never guess
who has just
developed the most
exciting valve tester!"

* Even SIMPLER in operation

* Even FASTER in mutual
conductance measurement

* Even BETTER to work with

But, really, there are so many improvements
that you'd better ask us to send you full details.
So why not write or telephone . . .?

JANUARY, 1965

6AtiOLOWft.
Taylor Electrical Instruments Limited

Montrose Avenue, Slough,
England

Phone: Slough 21381
Grams: Taylins, Slough

TAYLOR 45D

1W W-036 FOR FURTHER DETAILS.



JANUARY, 1965 WIRELESS WORLD 27

home study course
into YOUR plan for a successful

If you have had two years In practical electronics, or the equivalent in technical education,
and are planning to make electronics your career, you cannot do better than cake up a
selected C.R.E.I. Home Study Course as an important part of your study plan. The
courses cover every application of electronic engineering and are arranged so that
appropriate studies are available for each grade of student.

On enrolment each C.R.E.I. student is allotted a highly qualified tutor-a selected specialist for each field-
who maintains a personal interest in his student throughout the entire course.

In addition special programmes for the City and Guilds of London Institute Telecommunication Technicians'
Syllabuses Nos. 49 and 300 have been prepared by C.R.E.I. (LONDON) who are members of the City and
Guilds of London Institute.

C.R.E.I. (London) (Dept. WW50), WALPOLE HOUSE, 173/176 SLOANE STREET, LONDON, S.W.1

C.R.E.I. Courses
are available in:-
 Electronic Engineering Tech-

nology

 Mathematics for Electronic
Engineers

 Telecommunications
 Automation
 Radar
 Servo Systems
 Space Electronics
 Nuclear Engineering Tech-

nology

 City and Guilds of London
Institute Telecommunication
Technicians' Syllabuses

r-- -1 r- 1
, Please send me (for my information and entirely Please send me (for my information and entirely
1 without obligation) full details of the City & Guilds without obligation) full details of the Educational

Programme. (C. & G. SUBJECT 49) Programmes offered by your Institute.

1

Fjist yr. El2nd yr. n3rd yr. 04th yr.
Supplementary Studies (Subject 300)

I NAME

ADDRESS

IEducational and Technical Background

I C.R.E.I. (London) (Dept. WW50)
Walpole House, 173/176 Sloane Street, S.W.I.

1ww-031 FOR FURTHER DETAILS.

NAME

ADDRESS

ELECTRONICS EXPERIENCE

C.R.E.I. (London) (Dept. WW50)
Walpole House, 173/176 Sloane Street, S.W.I.
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22 new DESIGNS IN

Marconi Instruments Limited announced the first models in the
new '2000 Series' in December 1962. In two years, twenty-two
new instruments have been introduced-a compatible range
of high quality electronic measuring equipment which will
set the standards in the industry for years ahead.

1W W-032 POR FURTHER DETAILS.

AND
THERE ARE

MORE
TO COME
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TWO Y

A GOOD NAME FOR GOOD MEASURE

MARCONI
INSTRUMENTS

MARCONI INSTRUMENTS LIMITED,
ST. ALBANS, HERTFORDSHIRE, ENGLAND. TEL: ST. ALBANS 59292

**** PLEASE
READ

THIS LIST
CAREFULLY

If you have not received full particulars of these new instru-
ments, please mark those in which you are interested and
return the list to Marconi Instruments Limited.

OSCILLATORS
A.F. Oscillator Type TF 2100
M.F. Oscillator Type TF 2101 MI
ATTENUATORS
A.F. Monitored Attenuator Type TF 2160
M.F. Monitored Attenuator Type TF 2161 11111

M.F. Attenuator Type TF 2162

SIGNAL SOURCES
A.F. Signal Source Type TF 2000
M.F. Signal Source Type TF 2001
M.F./H.F. A.M. Signal Generator Type TF 2002

VOLTMETERS
Sensitive Valve Voltmeter Type TF 2600 MI
OSCILLOSCOPES
Laboratory Measuring Oscilloscope Type TF 2200 11.1

Single Trace Plug-in Unit
Dual Trace Plug-in Unit
TV -Differential Plug-in Unit

Double Beam Oscilloscope Type TF 2202

RESPONSE ANALYSERS
Wave Analyser Type IF 2330
Tunable Rejection Filter Type TF 2334
Distortion Factor Meter Type TF 2331
A.F. Transmission Measuring Set Type TF 2332
M.F. Transmission Measuring Set Type TF 2333
TV Transmitter Sideband Analyser Type TF 2360
White Noise Test Set Type OA 2090

COUNTERS & FREQUENCY METERS
Counter Type TF 2401 IIIII

Counter/Timer Plug-in Unit IIIII
Integrating Digital Voltmeter Plug-in Unit In
Phase Angle Meter Plug-in Unit II.
600 Mc/s Converter Plug-in Unit 1.1

Counter/Frequency Meter Type TF 1417/2 IIII
10-510 Mc/s Converter Type TF 2400/1 MI
IMPEDANCE BRIDGES
Universal Bridge Type TF 2700
In Situ Universal Bridge Type TF 2701

To: Marconi Instruments Limited, St. Albans, Hertfordshire, England.
Please send full particulars of the instruments i have indicated to:

Name

Position, Department or Section

Company

Address

W.W.

Dm as On Imo asis moo ma sou ..... am sum
TC 218

1W W-033 FOR FURTHER DETAILS.
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boutssoso new

TALK- BACI

"Talk -Back", the smallest, lightest V.H.P. Pocket Radio
Transmitter, weighs only 2-} ounces and is entirely self-
contained. It enables Keymen to speak to base from wherever
they happen to be. The Multitone "Talk -Back" system
'operates effectively both inside and outside buildings. It can
be integrated with any Paging System. Type approved by
the British General Post Office.
Two-way speech communication and acknowledging calls
is now possible, when used with Multitone Pocket Paging
or any other speech system including loudspeakers.
No establishment is too large or too small for this system
and it has been specially designed for use where intrinsic
safety regulations apply.
If you would like further particulars and details of Multitone's
"Talk -Back" fill in the coupon for your free "Instant Com-
munication" brochure.

INSTANT COMMUNICATION BY

MUlt itone
Please send me the brochure"Instant Communication" together
with other details of Multitone's "Talk -Back" system.

NAME

ADDRESS
w W.......

MULTITONE ELECTRIC COMPANY LTD.,
12 UNDERWOOD STREET, LONDON, N.1.

1W W-034 FOR FURTHER DETAILS.
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the 1.2mcis UNIVERSAL
COUNTER/TIM ER
giving the facilities
you need...
* ILLUMINATED 6 DIGIT DISPLAY
* TIME, PERIOD AND FREQUENCY MEASUREMENT
* 100mV SENSITIVITY
* PRINTOUT FACILITIES
* CRYSTAL OSCILLATOR ACCURACY ± 1 PART IN 106
* OPERATING TEMPERATURE 0 - 45°C

PACKED AND DELIVERED IN UNITED KINGDOM

For full information write today for Leaflet 231Di

DIGITAL INSTRUMENTATI ON RACAL INSTRUMENTS LIMITED, WESTERN ROAD
BRACKNELL, BERKS. TELEPHONE: BRACKNELL 941. TELEX

1WW-035 FOR FURTHER DETAILS.
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LATEST HIGH QUALITY COMPONENTS FROM THE MAXI -Q RANGE

TESTED AND TRIED OVER 5 FREQUENCY RANGES

Full technical details in
Technical Bulletin
DTB.4-1, 6d.

NSISTOR TUNING
COILS

* Coils for transistor superhets or converters, with or without an R.F. stage and
using 465 Kc/s or 1.6 Mc/s. I.F.

* Noval B9A Based for Plug-in application-Screw threaded for Chassis application.
* Formers moulded in low -loss polystyrene for best results.
* Each coil is packed in an aluminium container which may be used as a screening

can.
* Brass threaded adjustable iron -dust cores.

The following colour code identifies the coils:
BLUE -Aerial coil with base input winding. PRICE
YELLOW -Interstage R.F. coil with couplings. 4/9d. each.
RED -Oscillator coil for 465 Kc/s. I.F.
WHITE -Oscillator coil for 1.6 Mc/s. I.F.

Stop Press 3 Pole 3 Way 3 Bank Switch. 7s. 6d. each. 1 Pole 8 Way 4s. 3d.
Coverages: Range 1T-.15/.4 Mc/s; 2T-.515/1.545 Mc/s; 3T-1.67/5.3 Mc/s;

4T-5/15 Mc/s; 5T-10.5/31.5 Mc/s.
IFT.13 Miniature 465 Kc/s. 1.F. Transformer
IFT.14 Miniature 465 Kc/s. Last I.F. Transformer
IFT.16 Miniature 1.6 Mc/s. I.F. Transformer
IFT.17 Miniature 1.6 Mc/s. Last I.F. Transformer

7/6d. each
7/6d. each
6/6d. each
6/6d. each

GENERAL CATALOGUE covering full range
of components, send 1/6d. in stamps. PLEASE
SEND S.A.E. WITH ALL OTHER EN-
QUIRIES.

DEN CO (CLACTON) LTD., (DEPT. W.W.), 357/9 Old Road, Clacton -on -Sea, Essex

I PHASE
AND

3 PHASE

0.5 KVA
TO

250 KVA

TRANSFORMERS

RECTIFIER SETS
100 W 150 kW
FIXED OR
VARIABLE OUTPUT
I PHASE & 3 PHASE
Electro-Plating, Plasma, Arc
Welding, Electro-Magnets,
Carbon Arc, Battery Charg-
ing and other uses.
Plasma Arc Sets and other
specialized equipment for
gas, vacuum and powder
techniques. Power Control
by saturable reactors and
other methods.

Variable Output
D.C. Sources

Low Voltage High Current Rectifier Sets.

HIGH CURRENT

TRANSFORMERS

I Phase and 3 Phase

Output currents of
hundreds or thousands
of amperes for Fur-
naces, Rectifier Sets,
Heat Runs, Short Cir-
cuit Testing and other
uses.

Examples: 5V300A,
IOVI,000A,
20V3,000A,
5V6,000A.

OLTMOBILE
64STEP ON LOAD

SWITCH ING
AUTO -

TRANSFORMERS
Output 1.6% to 100%
or 125% of input volts
in 64 steps or 80 steps.
A control device for
many loads-resis-
tance furnaces, rec-
tifier sets, battery
charging, anodising,
heating and other uses.
I Phase and 3 Phase.
18 Models.
Output currents from
20 A to 200 A.

HARMSWORTH, TOWNLEY & CO.
2 Harehill, Todmorden, Lancs.

Telephone: Todmorden 602
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glass -tin -oxide resistors are
so good

Optical quality glass base
Glass has near -perfect qualities as the
substrate of an oxide film resistor. It is
impervious to moisture and can be closely
matched in terms of expansion coefficients
to its metal oxide coating, making for
resistor stability.

Continuous process
All Electrosil resistors are manufactured by
fusing tin oxide to the surface of freshly
drawn glass in a continuous process while
the glass is at red heat. A continuous
process is inherently more reliable because
the wide variations of batch processing
cannot occur.

Automated production
Manufacturing is carried out on continuous
fully automated production lines. Resistors
are subject to full testing without being
removed from the line. Grading and sorting
is automatic.

Advanced quality assurance
procedures
In addition to routine production testing,
great attention is paid to quality assurance
at all stages, with particular reference to
noise testing and temperature -coefficients.
In this way the reliable trouble -free per-
formance of Electrosil resistors is assured.

Full qualification approval
Electrosil metal oxide film resistors have
been accepted under the following desig-
nations-proof of their performance under
the most rigorous conditions.
Qualification Approval to DEF 5114A,
Pattern R01 -A, R01 -B, R02 -B, R02 -C,
R03 -D, R03 -E.
Post Office Approval to D.2228A.

Triple Rating
The exclusive feature of Electrosil resistors
whereby one resistor can be used for
semi -precision, high stability or general
purpose applications.

get glass -tin -oxide reliability with

ES/A4I

Electrosil
LIMITED

Write today for full details

ELECTROSIL LIMITED
PALLION, SUNDERLAND, CO. DURHAM

Tel: Sunderland 71557. Telex 53273

tWW -036 FOR FURTHER DETAILS.



34 WIRELESS WORLD JANUARY, 1965

225 Mc - 8,5 KMc
100 W - 150 KW CV/
(10 MW PK)

o!tage
Tu nab'e
Magnetron

N

2 - 35 KMc
50mW -10W

25 W - 80 KW
220 Mc

2 -12 KMc
1 W - 2 KW

10 W - 250W
3000 Mc

60 KV 125W
31 75 Mc

30C - 3000 Mc 65 W - 280 Kw
30 mW - 50W CW 220 Mc

- 1KW
1300 Mc

TRANSMITTING AND MICRO -
WAVE TUBES
Stocked in Geneva and sold in bd
countries.
30 years experience in manuf,,
turing standard and custom-b,i It
quality tubes.
Cali on our application engineer-
ing service for assistance wah
your design problems.
Write for new short form catalog.

EIMAC
Eitel-McCu. ough SA i5 rue du Jeu- .a-
l'Arc, Ger eva, Sw;tzerlano, Tel 35&s 30

ENGLAND Walmore Electronics, 11-15
Betterton Street, Drury Lane, London
W. C. 2 Tel. Tem le Bar 0201-5

1W W--037 FOR FURTHER DETAILS.

From Europe's most
modern capacitor plant-
Subminiature aluminium
Foil capacitors in 42
standard ratings

The most modern and efficient capacitors
obtainable today.

For 8 years SPS International has been producing
in the U.S.A. a range of miniature lightweight
capacitors designed to cope with every extreme
of temperature. Now the whole benefit of
this experience has been brought to the new
SPS factory at Shannon, Ireland, making the
same high -quality capacitors available at short
notice to any part of Britain. SPS capacitors
guarantee complete reliability and long life
thanks to the techniques of total encapsulation
perfected over a long period in the U.S.A.

Ideal for transistorized communications equip-
ment, portable radios, hearing aids, electronic
instruments, audio cross -over networks, hi-fi
tuners and amplifiers, recorders, test equipment
and other low voltage circuits.

CAPACITANCE -20%-F 100% of rated cap-
acity.

DISSIPATION FACTOR: Less than 8%
at 50 WVDC.

D.C. Leakage: Less than 6/LA after I min.
applied WVDC.

OPERATING TEMPERATURE: 65°C at
rated WVDC.

Available in 42 standard ratings, with inter-
mediate values at no extra cost. For complete
technical information and assistance write or
telephone SPS International Ltd., European
manufacturing arm of a leading U.S. supplier of
quality capacitors.

Spit
SPS INTERNATIONAL LIMITED
SHANNON AIRPORT, IRELAND. Tel.: Shannon 245

1W W-038 FOR FURTHER DETAILS.
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Thorn Television

Monitoring Equipment

O.B. MONITORING TELEVISION
RECEIVER TYPE WJ.11
This portable weatherproof receiver provides
standard level video and audio outputs
suitable for feeding video monitors and
associated audio equipment. No picture
tube is incorporated, but a built-in
loudspeaker enables the television sound
channel to be monitored. The receiver is
designed to accept signals in Bands I and
III on the 405 line system and in Bands IV
and Von the 625 line system.
Features include black level AGC and the
provision of automatic frequency control
on the UHF bands.
A rack mounting version, type WJ.12 is
'also available.

*MOtraaPasiot:'

TELEVISION PICTURE MONITORS
19"-Type VM606 23"-Type VM608
These Thorn monitors are intended for
general purpose studio applications. They
incorporate a 110° picture tube with
bonded face plate thus ensuring minimal
physical size and avoiding the need for a
separate implosion guard.
Automatic or manual 405/525/625 line
standard selection is provided, together
with remote control of brightness and
contrast. Remote selection of two alternative
video inputs is also available.
The monitors feature high picture
brightness with stabilised E.H.T. and 8 Mc/s
video bandwidth. Picture centering
controls are on the front panel. Single
standard and non -automatic 3 -standard
models are also available.

THORN ELECTRONICS LIMITED Wellington Crescent, New Malden, Surrey. (MALden 8701).

A MEMBER OF THE THORN ELECTRICAL INDUSTRIES GROUP OF COMPANIES

1WW-039 FOR FURTHER DETAILS.
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THE LINEAR SUPER 30 HIGH FIDELITY
P.A, AMPLIFIER

TECHNICAL DETAILS:
SENSITIVITY FOR 30 WATTS
Gram. -50 millivolts.
Mic. I. 5 millivolts.
Mic. 2. 150 Microvolts.

FREQUENCY RESPONSE
2 d.b. 30 c.p.s.-20,000 c.p.s.

BASS CONTROL
-1- 15 d.b. to -10 d.b. at 50 c.p.s.

TREBLE CONTROL
+15 d.b. to -10 d.b. at 10 Kcs.
HUM AND NOISE
-60 d.b.

HARMONIC DISTORTION
0.5% for 30 watts.

VALVES
Mullard ECC83, ECC83, ECC83,
EL34, EL34, GZ34.

NEGATIVE FEEDBACK
20 d.b.

DAMPING FACTOR
12

RETAIL 191 ot
PRICE 3.7 Gns.

Send S.A.E. for leaflet.
For operation on standard 200-250 v. 50 c.p.s. A.C.
mains. 110/120 v. models available for export.

Trade and export enquiries invited.

LINEAR PRODUCTS LTD.
ELECTRON WORKS, ARMLEY, LEEDS.

A HIGHLY
EFFICIENT 30 WATT
GENERAL PURPOSE

PUBLIC ADDRESS
UNIT

With input mixing facilities and
outputs for 3-71-15 and 330
ohms (100y line).

A special feature of the
SUPER 30 is its high
degree of stability, ensuring
that the longest output leads
can be used without fear
of the usual troubles associa-
ted with instability.

Three high sensitivity standard Jack
inputs with provision for high and
low impedance microphones.

1WW-040 FOR FURTHER DETAILS.

WEYRAD
COILS AND I.F. TRANSFORMERS IN

LARGE-SCALE PRODUCTION
FOR RECEIVER MANUFACTURERS

P.9 SERIES 10 mm. x 10 mm. x 14 mm. Ferrite cores 6 mm. 472 kc/s operation.
Single -tuned I.F.s and Oscillator Coils.

P.55 SERIES 12 mm. x 12 mm. x 20 mm. Ferrite cores 4 mm. 472 kc/s operation.
Single -tuned I.F.s and Oscillator Coils.

T.41 SERIES 25 mm. x 12 mm. x 20 mm. Ferrite cores 4 mm. 472 kc/s operation.
Double -tuned 1st and 2nd I.F.s and Single -tuned 3rd I.F. complete with
diode and by-pass capacitor.

These ranges are available to manufacturers in versions suitable for most of the popular
types of Transistors. The Oscillator coils can be modified to enable specific tuning capacitors
to be used provided that bulk quantities are required.

OUR WINDING CAPACITY NOW EXCEEDS
50,000 ITEMS PER WEEK

On the most up-to-date and efficient machines backed by a skilled assembly labour force
for all types of coils and assemblies.

Weymouth Radio Manufacturing Co., Ltd., School Street, Weymouth, Dorset

1WW- 041 FOR FURTHER DETAILS.
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Museum Telephone Exchange and Radio Tower designed by the Chief Architect's Division of the Ministry of Public Bu'lding and Works Main Contractors Peter Lind & Co. Ltd.

The higher up the building goes, the more difficult becomes top-level contact
with the ground. Wherever problems of communication are involved-such as
are encountered in building the new GPO radio tower in London-the BCC 40
portable radiotelephone is the perfect answer.
Fully transistorised, compact and robust, with a proved consistently high
performance, the BCC 40 is the natural choice for such undertakings. Designed
for the particular needs of armed forces, police and fire services, it is ideal for
use in industry where conditions are often equally arduous. The BCC 40
ensures reliable two-way speech communication and provides up to 6 channels
in any of the VHF bands. There is also a choice of either P.M. or A.M. operation.
The BCC 40 inherits the longstanding reputation of BCC equipments for high
performance, reliability and endurance.

4t1)-BRITISH COMMUNICATIONS CORPORATION LTD.

(NEMER Of EXHIBITION GROUNDS, WEMBLEY, MIDDLESEX
THECOMSAND Telephone: Wembley 1212 Telegrams: BEECEECEE WEMBLEY

COMMUNICATIONS -

GROUP

BCC40

37

tWW-042 FOR FURTHER DETAILS.



38 WIRELESS WORLD

Measurement of

Harmonic Distortion
One of the most essential measurements necessary

in a high quality audio system is that of simple harmonic
distortion. It is impossible to do serious development
work on anything in high quality audio without mea-
surement of this fundamental parameter.

RADFORD make the most advanced audio equip-
ment in the world, and in order to do this it was
found necessary to develop measuring instruments
of a superior performance than those existing. The
Low Distortion Oscillator and Distortion Measuring
Set were designed by audio engineers knowing the
requirements of such apparatus in audio engineering.

The Low Distortion Oscillator generates sine waves
of extreme purity from 5 cis to 250 Kc/s. The instru-
ment also contains a valve millivoltmeter, a squareing
circuit which will produce a clean 250 KO square
wave, and a switched ' T ' 110 dB 600 ohm attenuator
with facilities for continuous interpolation. The dis-
tortion of the oscillator is less than 0.005% at mid -
band frequencies from its 600 ohm output attenuator.
It is also capable of a very low distortion output of
about 0.001% or below from the 10K ohm output
position at mid -band frequencies.

The Distortion Measuring Set is a complementary
equipment, and is capable of measuring extremely low
distortion content. The most sensitive range on the
instrument is 0.01% f.s.d. On this range it is possible
to get an accurate measurement of 0.002Q,", distortion
and an indication of the order of 0.001% distortion.

The design of these instruments is described in
leaflets which are available upon request.

Prices: Low Distortion Oscillator. £95.
Distortion Measuring Set. L75.

RADFORD ELECTRONICS LTD.
Ashton Vale Estate, Bristol, 3. Tel. 662301/2

JANUARY, W65

Magnoval/Novar

McMurdo make valveholders
for Magnoval based valves with
0.04" diam. pins and Novar
based valves with 0.05" pins;
both types on same pitch circle.
Available for printed circuit or
chassis mounting. The Novar
valveholders are moulded in red
to avoid confusion.

Contact Assembly
Vibrating drum
guides contacts
into feed line
to the automatic
press

Eff©N Pclo
McMurdo Instrument Co. Ltd.

Rodney Rd., Portsmouth, Hants.
Tel. Portsmouth 35555. Telex 8612.

Contact our Sales Office for details of our full range

1WW-044 FOR FURTHER DETAILS.
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VACWELL ENGINEERING CO. LTD.
SHERMAN ROAD
BROMLEY NORTHKENT
Telephone RAVENSBOURNE 9933
Telegrams EMCO  BROMLEY
Telex 28566

MAIN FEATURES ARE:

* A DUAL IMAGE MICROSCOPE -

EXCLUSIVE TO THIS EQUIPMENT

* THE MASK AND SLICE ARE HELD

UNDER VACUUM

* THERE IS A COLLIMATED ULTRA-

VIOLET EXPOSURE LIGHT -WITH TIMER

VACWEIL
MASK

ALIGNMENT

UNIT
MODEL NO.P11811

This PR 60 equipment is primarily intended
for laboratory use but a three -position
production model is also available

IW W-0415 FOR FURTHER DETAILS.
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this set
is
unique;
Designed by C & N (Electrical) Limited as a compact,
robust, reliable equipment, this sophisticated set stands
alone in its field. Whatever the environment, this
Receiver will remain operational - powered by standard
U2 torch batteries, vehicle batteries, field generator or
mains supplies. Tough assignments require dependable
equipment.

1020 III COMMUNICATIONS RECEIVER

FULLY TRANSISTORISED - FREQUENCY RANGE OF 0.5 to 32 Mc/s.
Any portable Receiver offering the detector outputs which this set hal avail- Brief Technical Summary - Crystal calibration at 100 Kc/s intervals. Fre-
ebie, capable of operating under the most adverse environmental con- quency selection: 11 x 3 Mc/s Bands. Power Supply: Between 12 and 50 V
ditions, and designed particularly with hard usage in mind, has so far been DC at 100 mA (peak). Signal Modes: AM, PM, SSB, FSK, & CW. Co -axial
cumbersome, unwieldy and unsuitable for prolonged manhandling. This or Wire Aerial connections. Total Weight: 20 lbs. The Receiver is housed
set marks a major step forward in British communication equipment and in a standard R.A.E. aluminium alloy Equipment Case and has been
has been selected for use by the 1964/65 British Combined Services Expedi- accepted by the British Ministry of Defence.
Lion to South Georgia, Antarctica.

C & N (ELECTRICAL) LTD,THE GREEN, GOSPORT, HANTS.
Telephone : Gosport 80221/8. Telex : 8621

1W W 046 FOR FURTHER DETAIL'S.

For maximum readability . . .

SIFAM

The Clarity range is produced
in four sizes, Type 22 (scale
length 2.2 in.), Type 23 (2.4in.
square, scale length 1.96in.),
Type 32 (scale length 2.75in.)
and Type 42 (scale length
3.75in.). The lower portions
can be supplied in colours to
tone with equipment. A
Sifam Technical representative
will be glad to show you the
complete range, or write to us
for Data Sheets 106/C and
106/C1.

All SIFAM Instruments are made to
the highest standards of quality and
workmanship and comply with the
relevant British Standard Specifi-
cations.

IN VISUAL PRE

ION. 511

FAM LEA

I LEADS

PRESEN

S IN VIS
ITION. SI

AM LEADS

SIFAM LEADS VISUAL etely

transparent front

P.RESENTATION.A11

ADS IN

TATIONSI

ADS IN VI

FAM LEAD:

VISUAL I

DS IN VI:

ESENTA1

IrAM LEA

voLTs (R Ks)

TION sSIFAfinttlaSlifrilPRESENTATION .1
Sifam Electrical Instrument Co., Ltd., Woodland Road, Torquay, Devon.

Te'ephane: Torquay 63822/314/5

1W W- 047 Fvii FURTHER DETAILS.
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CHOOSE

THE CHOOSE
BEST,GOODMANS

THE BEST 8" High Fidelity Loudspeaker

AXIETTE 8
Frequency range 40-15,000 c's
For amplifiers up to 6 watts

(12 watts U.S.A.)
Fundamental resonance _65 c/s
Flux density_ 13,500 gauss
Impedance 15/16 ohms
Overall depth_ 3f,"

Reflex enclosure volume 3,000 cu. ins.
PRICE £4. 11. O. (+ 14/7d P.T.)

THE BEST 10" High Fidelity Loudspeaker

AXIOM 10
Frequency 5,000 c/s
For amplifiers up to _10 watts

(20 watts U.S.A.)
Fundamental resonance _45 c/s
Flux density 13,500 gauss
Impedance ..15/16 ohms
Overall depth
Reflex enclosure volume ____5,000 cu. ins.
PRICE £5. 8. 6. (+ 17/5d P.T.)

High Fidelity listening is one of the pleasures of
modern living. And you can enjoy the best High
Fidelity by choosing Goodmans full range High
Fidelity loudspeakers.

Goodmans AXIETTE 8 and AXIOM 10 have
unique design features, provide outstanding
performance and can be correctly housed unob-
trusively and compactly.

The Axiette 3 is for use with amplifiers up to 6
watts of power rating; the Axiom 10 handles up to
10 watts-a choice that is more than adequate for
most domestic installations. And they take up so
little space. The enclosures for both the Axiette 8
and the Axiom 10 are of modest dimensions-
full details of enclosures designs are given in
Goodmans High Fidelity Manual, send the coupon
below for your free copy.

TREBAX 5K/20XL For really outstanding low
distortion, High Fidelity performance use ..this
pressure driven, horn -loaded High Frequency unit

with an Axiom 10 to form a twin speaker system. Supplied
complete with built-in crossover network (crossover frequency:
5,000 c/s). and L -pad attenuator. PRICE £7. 7. 0.

BEST HEAR these loudspeakers for yourself - at your Goodmans dealer.

GOODMAN
GOODMANS INDUSTRIES LIMITED I
Axiom Works  Wembley  Middlesex England

Lim
I

Tel: WEMbley 1200 A Member of the Rentaset Group

.
rPlease send me a free copy of the Goodmans High

Fidelity Manual.

Name

Address__

1W W -048 FOR FURTHER DETAILS.
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NO COMPROMISE
...for the best

in Audio

Every link in the
chain is as vital as the
next when it comes
to getting the best in
High Fidelity and the
tape recorder is no
exception.
The Brenell range of
three basic machines,
which covers
practically every
requirement, has an
enviable reputation
for quality of
performance, ease of
operation, versatility
and solid

Model STB I

Mark 5
Type M

dependability. Mark 5
Series 2

BASIC SPECIFICATION
(applicable to all 3 models)

4 speeds 17,, 7-} and 15 i.p.s. 3 independent motors
(capstan drive -hysteresis synchronous) interlocked
controls pause control superimpose control
8 -kin. reels - fast rewind (1200ft. in 45 seconds).

Write for full details to the sole manufacturer:

BRENELL ENGINEERING CO. LTD.
231/5 LIVERPOOL ROAD, LONDON, N.I

Telephone: NORth 8271 (5 lines)
GD679

1WW-049 FOR FURTHER DETAILS.

JANUARY, 1965

YOUR TAPES ON

PHILIPS
PRO 50

RECORDER
These are some of the features that make
this new series of recorders particularly
suitable for editing-although they are of
course completely versatile:

1. Models for 15 i. p.s. or 15/30 i.p.s.
2. One or two tracks on lin. tape, 3 or 4 tracks

on -On. tape.
3. CCIR or NARBT tape feed and equalisation.
4. Ferrite head; for long life, maintained quality,

precise alignment of multiple gaps, and easy
maintenance.

5. Electronic tape tension control.
6. Press -button operation.
7. Finger gaps in headblock for ease of tape

handling.
8. Tape lifted during rewind from all heads or

in contact with play -back head only if required.
9. Push-button cutting or marking of tape on

replay head.
10. Photo -electric tape stop, operating at end of

tape or on transparent insert.

The PRO 50 is one of a new range of Philips Tape
Recorders which covers every requirement of
high grade professional sound recording: the
PRO 20 transportable; the PRO 25 for highest
quality studio recording; the PRO 50, particularly
suitable for heavy duty operation; and the PRO 70
for multi -channel recording and for dubbing,
post -synchronising and transfer.

PETO SCOTT ELECTRICAL

INSTRUMENTS LIMITED
SOUND & VISION SYSTEMS

Addlestone Road, Weybridge, Surrey
Telephone Weybridge 45511 Telex 262319

Philips Professional TV and Sound Systems.

1WW-050 FOR FURTHER DETAILS.
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E DM 15

ioov

00
E DM 20

Illustrations
actual size

ERIE
STYLE

E DM15 E DM20 E DM30

Volts
Wkg
d.c.

Capacitance-pF

300 10-820 20-12000 510-30000

500 10-470 20- 8200 510-16000

WIRELESS WORLD 43

0

The dip -coated silver -mica construction of the Erie
EDM Series Capacitors provides outstanding stabil-
ity, reliability and close tolerance characteristics
coupled with versatility.
Operating temperature range:

-55°C to +125°C
Capacitance tolerances:

±10% and ±5%
Q factor:

1000 minimum*

Temperature Coefficient:
Generally -0 to +70 ppm/°C t

*except for very low values
t except for low values

Write for EDM literature

ELECTRONIC COMPONENTS

ERIE RESISTOR LIMITED GREAT YARMOUTH NORFOLK Telephone 4 911 Telex 1720

1W W-051 FOR FURTHER DETAILS.
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HOW TO

PL
TUE THE

I

UG OUT
OF T.V.

TV sets as portable as transistor radios and running on
.dry batteries are now possible. The working prototype
sets seen by the public for the first time on the Ever
Ready stand at the Radio Show, evoked tremendous
interest. Their circuits, developed by Ever Ready in con-
junction with Thorn Electronics Ltd., are available to any
manufacturer interested. Their battery, the Ever Ready TV1
is ready now. Production is geared to meet all market
requirements. If you have not yet seen these remarkable
sets and batteries Ever Ready's Central Laboratories
will be pleased to demonstrate the receivers and
supply sample batteries which have many other new
applications. Telephone or write for an appointment
now to Mr. B. H. Williams, Technical Sales Manager.

EVER READY

momonsomonillown

Butteries
for longer life!

THE EVER READY CO. (GB) LTD  HERCULES PLACE  HOLLOWAY N7  ARCHWAY 3030

1WW-052 FOR FURTHER DETAILS.
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EDDYSTONE COMMUNICATION RECEIVERS
for the professional or Amateur user who likes the Best.

840C

£62

Communication receiver at a moderate price. MANUFACTURING
STANDARDS OF THE HIGHEST ORDER, 8 B8A valves Superhetero-
dyne circuit. FREQUENCY RANGES

Range I... 12.4-30 MO. Range 4... 1.12-2.58 Mc/s.
Range 2... 5 2-12.9 Mc/s. Range 5... 480-1150 kcis.
Range 3... 2 5-6.1 Mc/s.

Ranges 4 and 5 include the International Distress Frequencies.
Sensitivity better than 10 microvolts. Selectivity 30 db down at
10 kcls. off resonance. AODC. Internal speaker.

HIRE PURCHASE TERMS
Model No. Cash Price Deposit 12 Mthly. 24 Mthly.

Payments Payments
370A C34 g 9 E5 0 E2 12 6 -
840C E62 0 0 £12 0 0 E4 8 3 a 6 6
940 E125 0 C 025 0 0 £8 16 6 £4 14 6
ECIO L43 0 0 Transistorised Receiver.

CONFIDENTIAL TERMS. YOU DEAL SOLELY WITH H.P. RADIO.
Cat  iage paid per passenger train. SATISFACTION GUARANTEED

Telephone: AINTREE V 4!

The Eddystone
Specialists

SERVICES LTD.

4951 COUNTY RD.,
LIVERPOOL, 4

ESTA8. 1935

1 W W 053 FOR FURTHER DETAILS.

M. K. SUPPLIES, Ltd.
(Established 1085)

Universally recognised as sopplico of P -TO -DATE MATERIAL, which does the
Job properly. Instant delivery. Satisfaction assured. Prices nett.
AIR BLOWERS. Highly efficient units lilted induction totally enclosed motor, 230/
260 v. 50 0. 1 ph. Model 81).26, 80 ('FM (free air) to 11.5 CFM at .15 WO, size approx.
6 x 7 x Tin. Outlet Yiln. square 221101- (des. 51-). Model SD27, 120 CFM (free air)
to 40 CFM at 1.2 WU, 8 x 7 x gin. outlet 21in. sq. 211/15/6 (des. 5/.). Model SD28.
260 CFM (free air) to 127 (TM at 1.5 IVO, 11 x 8 x 91n. outlet 31n. sq. 213/17/6
(dm. U.K, 7/6).
COMPLETE SEWING MACHINE MOTOR OUTFITS. No better job obtainable
any price. 200/250 v. A.C./1).C. Fitted latest radio/T.V. suppressors. Comprising
motor with nxiog brackets, foot control and switch. needle light with switch, belt, etc.
and instructions for easy fixing to ANY machine. The complete outfit 26/18/8
(des. 3/6).
SYNCHRONOUS TIME SWITCHES (Our very populist speciality). All for 200/250v
50 c. for accurate pre-set switching operations. Saugamo 8.254, providing up to
:t on -off operations per 24 hours at any chosen time, with day -omitting device (use
optional). Capacity 20 -amps. Compactly housed 4in. din. glin. deep. With full
instructions. 25/18/8 Ides. 3/.). Also same make, same duty, Domestic Model
fitted with 13 -amp plug for easy installation. same price. Also Paragon, 220/220,'.
50c. with 7.day dial providing for operations on four separate circuits (2 maked 2
breaks) at any required time during each day, capacity 20 amps each circuit, In metal
housing list. x 4in. x llin. wall mount, Ell (des. 1/-). Also very limited offer
tiangamo 214/101- units, brand new-, 200/250v. 50c. with 24 -hour spring reserve.
Up to 3 on -off operations per 24 hours. 20 -amp switching, 27/10/- (den. 3:.).

MINIATURE RUNNING TIME METERS (Sangamo) 200/250v. 50c. synchronous.
Counting up to 9,999 hours with 1/10th indicator. Only liin. square with cyclometer
dial. depth 2in. Ideal for use with modern equipment. Immediate delivery MN-.

SMALL GEARED MOTORS. In addition to our wit -known range (List GM/361)
we offer smaller open type S.F. unite, 200/250 v. A.C.,e 1, 6, 12, 20 or 60 r.p.m. Sloe
approx. 4lln. x 21in. x 2in. with 1 in. shaft prof. Suitable for display work and
many Industrial uses. Only 69/6 (des. 2i6).

SYNCHRONOUS ELECTRIC CLOCK MOVEMENTS (as mentioned and recommended
in many national Journals), 200/250 v. 50 c. Fitted with spindle for hours, minutes
and central sweep seconds hands. Self-starting, central one -hole fixing. Dia. 241n.
Depth behind dial only lin. With back dust cover 20/8 (dm. 1/6). Set of three
hands, brass, in good plain style. For 5/7in. dial 2/6. For 8/loin. dial 3/6 set.

EXTRACTOR FANS., Final offer of this very popular and efficient model complete
with outside cowling and indoor shutter. Circular motor housing only 401n. dia.
}Laity mounted in small window pane. Silent induction motor. 200/250 v. A.C.
(n(' interference), 3,500 c.ft./hr. Instructions with each. Only 69/6 each (despatch
3/6). We also supply our 81n. model at 25/5/- and 1010. model at £5/153/61despatch
3/61. These models are not supplied with outside cowling. Details on request.
SYNCHRONOUS TIMER MOTORS (Sangamo) 200/250 v. 50 chi. Self starting 2in.
ilia. x ljin. deep. Choice of following speeds 1 r.p.m.. 12 r.p.h., 1 r.p.h., 1 rev.
12 hrs., 1 rev. per day. Any one 39/6 (des. 1/6). Also high -torque model (G.E.C.)

x Sits. x Ijin., 6 r.p.m. 57/6 (des. 1/6).

IMMEDIATE DELIVERY of Stuart Centrifugal Pumps, including stainless steel
(most models). Philips Variable Transformers (all models).

M. R. SUPPLIES, Ltd., 68. New Oxford Street, London, W.C.I
(Telephone: MUSeum 2958)

1WW-054 FOR FURTHER DETAILS.
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tot 85 Mc/s

TEKTRONIX 5851
NEW MEASUREMENT CONVENIENCE FOR

HIGH-SENSMVITY,

WIDE -BAND, DUAL -TRACE APPLICATIONS
DUAL -TRACE OPERATION with 4 operating modes and independent controls for each
channel-for individual attenuation, positioning, inversion, and ac or dc coupling as desired.

PASSBAND typically DC -TO -85 Mc/s (3-db down) at 100 mv/cm (12-db down at 150 Mc/s),
and typically DC -TO -80 Mc/s (3-db down) at 10 mv/cm.

CALIBRATED SENSITIVITY in 9 steps from 100 mv/cm to 50 v/cm, and in 10X Amplifier
Mode, from 10 mv/cm to 5 v/cm, variable between steps.

INTERNAL AND EXTERNAL TRIGGERING to 150 Mc/s.

SWEEP RANGE from 10 nsec/cm to 2 sec/cm.

SINGLE SWEEP PHOTOGRAPHY at 10 nsec/cm.

BRIGHT, HIGH -RESOLUTION DISPLAY with small spot size.

CONVENTIONAL PASSIVE PROBES for convenience.

PLUS
COMPATIBILITY WITH 17 LETTER -SERIES PLUG -INS to permit differential,
multi -trace, sampling, other laboratory applications-when used with Type 81 adaptor.
AVAILABLE BENCH MOUNTING 585A-£729 or RACK MOUNTING RM585A--£773
TYPE 82 DUAL -TRACE PLUG-IN UNIT -4270

Full details and prices from

For overseas enquiries:-
TEKTRONIX Ltd, Albany House, St. Peter Port, Guernsey, C.I.  TEKTRONIX CANADA Ltd, Montreal, Quebec & Toronto (Willowdale), Ontario
TEKTRONIX AUSTRALIA PTY. Ltd, P.O. Box 488, Sydney, New South Wales
TEKTRONIY INTERNATIONAL A.G., P.O. Box 57, Zug, Switzerland TEKTRONIX INC, P.O. Box 500, Beaverton, Oregon, USA

1W W -055 FOR FURTHER DETAILS.

Tektronix U.K. Ltd. Beaverton House Station Approach  Harpenden Herts
Telephone: Harpenden 61251 Telex: 25559

45
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TERRIFIC SAVING ON

ELECTRIC
BLANKETS

from Europe's largest electric blanket mill with an available output
in excess of 2,500 electric blankets a day. Not a job lot or from a
lock -up shop. These blankets are factory fresh.
Make no mistake about it these are the finest electric blankets you can buy
at anywhere near this price. Study these features

* Top quality Yorkshire woven
blanket cloth. B.S.I. passed for
strength and inflammability with
element in specially woven than-
nels of our own make.

* Satin bound all round and fitted
with eyelets complying with
latest B.S.I. ruling for fastening
to bed.

* This blanket is fit-
ted with a Crater
Double Pole switch
for complete elec-
trical isolation from
mains. (The switch
retails at el-)

* Non kink B.S.I. lead.
* Entire blanket cir-

cuit (excl. switch)
completely water
proof and flame..
proof.

* Beautiful pastel shades c
pink, lemon, salmon, lilac,
blue, green.

* Every blanket tested three
times to ensure completely
up to standard.

Remember only blankets with

*tb,

Eyelets
for fastening
to bed

Satin hound al/ round

Top 4,614
Wool

Aire -kink
lead

switch.
forcomplete

mains
isolation

these feat IA ES tic completely safe.

These blankets are made in same high quality wool cloth as woven
and supplied by us to manufacturers charging double our price for
blankets sold under their own names.

F R ICES

All Wool Minimum Size

Four Fostel-
54in. x 26in. 45/-

54in. x 48in. 70i -

MIXTURE CLOTH
The lowest priced electric blanket
available today, with all the above
features, comes to you in beautiful
fleecy blanket material in a galaxy
of colours delighting the eye and
selling the product.
48in. x 24in. 37/6 48in. x 40in. 48/ -
switch 31- extra.

Carriage and P.T. paid on two or more blankets. Carriage and packing
3/- on individual orders.

Special prices for quantity and callers at the mill. All in magnificent sales
boxes that spell quality. Cash with order. Millions of beds have no
electric blanket. At our prices NONE should be without.
* EVERY BLANKET UNCONDITIONALLY GUARANTEED FOR THREE
YEARS *
Also quality Bri-Nylon fireside rugs and Terylene quilted eiderdowns made
by Associated Mills. Please send for lists (for example, 48in. x 26in. Bri-
Nylon fireside rug-S0!- tax paid). Quilts from 25/-. SAMPLE TODAY-
EARN TOMORROW.

We are suppliers to the largest commercial houses in the
country. BLANKETS MADE ON COMMISSION-YOURS

OR OUR NAME.

ELECIRO WOOL PRODUCTS LTD
CODDY MILLS, BRADFORD ROAD, BATLEY, YORKS.

Tel.: Batley 1808

1WW-056 FOR FURTHER DETAILS.
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SPECIALIST SWITCHES LTD

the fastest switch

service in the world
ROTARY AND LEVER TO SPECIFICATION
New customers are generally very surprised when we
tell them their order will be despatched today or tomorrow -
latest. They are even more surprised when they receive
the switches on time. They eventually get used to all
their following orders also turning up within 24 hours-
and they keep coming back.

Where's the catch?
There is no catch. There are one or two limitations
of course-all switches have 2in. long spindles, with
no locating lugs, but this is a small price to pay for
the fastest service in the world.

The Secret
We only make small quantities of switches to specification
-We do nothing else. We are small and flexible-We
need the minimum of internal paperwork-We are
SPECIALIST SWITCHES.

Quantities: 1 to a dozen or so -24 hours. Around, say,
250-7 to 10 days. If you nyint more-come to us for your
earliest requirements and go to the big three' for the rest.

Ask for details and prices:

SPECIALIST SWITCHES LIMITED
79a DUKE RD  LONDON W.4  Paddington 8866-7

1W W 057 FOR FURTHER DETAILS.

ORCHARD & IND LIMITED
LOOSE LEAF BINDER DIVISION

Prestige Covers for all purposes, including:

Lightweight binders for-
Brochures
Specifications
Estimates
Bulletins
Catalogues

Many new types and styles of fittings

Heavy Duty Binders for Workshop
Manuals, Parts Catalogues, etc.

Write for new Catalogue

Enquiries to:

head Office,

Northgale, GLOUCESTER
Telephone: (OGL2) 22111 (5 lines)

1W W--058 FOR FURTHER DETAILS.
ID 1,
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TODAY'S SOUND IS

stentorian
MODEL H.F.I012 SPEAKER

10 in. die-cast unit, incorporating
12,000 gauss magnet. Fitted with
cambric cone and universal impedance

speech coil providing instantaneous
matching at 3, 7.5 and 15 ohms. Hand-
ling capacity 10 watts. Frequency
response 30 c.p.s. to 14,000 c.p.s.
Bass resonance 35 c.p.s.

T.359 CONE TWEETER
Provides a very high standard of
reproduction when used in conjunc-
tion with 'Stentorian' 10 in. or 12 in.
units. Incorporates High Sensitivity
9,000 gauss magnet, special cone and
lightweight coil.
Frequency response: 3,000-15,000 c.p.s.
Overall size : 3 in. dia. x 2 in. deep.
Voice coil impedance: 15 ohms or
5 ohms. Power handling capacity:
15 watts when used with a 3,000 c.p.s.
crossover.

SPEAKERS
Type Flux Density Price

10in. H.F.I016
'Major' 16,000 gauss L9 8 6

10in. H.F.I016 16,000 gauss a 7 0

10in. H.F.I012 12,000 gauss E4 12 0

8in. H.F.8I6 16,000 gauss E6 6 0

8in. H.F.812 12,000 gauss L3 16 6

8in. H.F.810 10,000 gauss 12 17 0

TWEETERS
Type Flux Density Price

T359 tweeter 9,000 gauss LI 12 3

T8I6 16,000 gauss E5 19 3

T12 tweeter 16,000 gauss L13 17 9

TI0 tweeter 14,000 gauss E4 12 9

= =

Type Height Width Depth (Mahogany)Price (Walnut)

Bass Reflex Console Cabinet 3lin. 191in. I8in. 1I2 17 6 E13 5 0

Hi Fi Equipment Console 31 in. 191in. I8in. LIS 0 0 LIS 10 0

Bass Reflex Corner Console 3lin. 191in. I7in. III 17 6 E12 2 6

Slim -Line Cabinet 31in. 20in. 9 -in. LIO 5 0 £10 10 0

THORESBY.SLIM-LINE CABINETS
This enclosure has been designed to accommodate any of the Stentorian range of 8 in. or 10 in.
units. Provision is made for the addition of either pressure or cone type tweeter and a
crossover may be used.

WHITELEY ELECTRICAL RADIO CO. LTD
MANSFIELD NOTTS
Telephone: Mansfield 1762/5

1WW-059 FOR FURTHER DETAILS. W0173
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FIVE
ACES!

Brochure W5 post free on request.

WIRELESS WORLD

13mA~ nto,...

J \;r7A RN, 1965

This is a hand that can't be beaten. Five
models from our tremendous range of soldering
instruments. Superb performance. Amazingly
compact. Developed to simplify YOUR soldering.
Copper bits for greatest speed.
Permatip bits for long life. May we deal you in ?

LIGHT SOLDERING DEVELOPMENTS LTD., 28, Sydenham Road, Croydon, Surrey.
Telephone: CROydon 8589

1WW-060 FOR FURTHER DETAILS.

The CLexorj " DIS - BOARD "

for INSTANT MAINS
HIGHLY VERSATILE
PORTABLE POWER
DISTRIBUTION
BOARDS

OVER 300
COMBINATIONS

AVAILABLE FROM STOCK
Full literature and price lists from:

LEXOR DIS-BOARDS LIMITED
ALLESLEY OLD ROAD COVENTRY

1W W -061 FOR FURTHER DETAILS.

IMPEX ELECTRICAL LIMITED
I GOWER ST., LONDON, W.C.I MUSeum 9777

IMPEX SEMICONDUCTORS

Supplies arc available of fully tested semiconductors with slightly
relaxed specifications. Continuity of supply is always assured. Availa-
bility list upon request.
S31T p -n -p audio frequency transistor similar to 0031 VCE max. =

---9V; VBE max. (1c 1.5mA) -200mV; VBEmax. (IC '= 300mA)

= -75°mV, 1CBO (VCB = 9V) - 25,sA; hFE> 100.
S9IT silicon junction transistor similar to 0C204VcB max. = VCEmax.

14V; lEmax. 450mA; 18 max. 90mA; !co (VCE 6V)
---0.3j1A; II (VCE - 6V, lc 1mA) 1.5 MO.; hFE >14.

S3R germanium general purpose point contact diode. P.I.V. 22V.

TRADE ONLY

1W W-062 FOR FURTHER DETAILS.

The only al[ -in TV. festal
THE AIRMEC TELEVET TYPE 259 is the ONLY complete Television Tester-
it has every facility for thoroughly checking, repairing, overhauling and aligning TV
sets. It covers Bands 1 and 111, crystal calibration. Can be used with AC/DC type
sets. Completely portable. Incorporates: Wobbulator  AM or CW Signal Generator 
Pattern Generator  Audio Oscillator  AC and DC (including EHT) voltage measur-
ing facilities  Line transformer test.

WRITE NOW for full details! Immediate delivery
Airmec also make the RADIVET TYPE 211, for AM and FM Receivers.

Ai rmec Ltd HIGH WYCOMBE BUCKS 'ref: High Wycombe 21201 10

1WW-063 FOR FURTHER DETAILS.
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SWITCH TO

and forget fluctuating voltage

CONSTANT VOLTAGE TRANSFORMERS
There are VOLSTAT Constant Voltage Transformers from 15W to 10kW
rating (and others to special design) to keep your equipment operating in
the factory or in the field no matter how the voltage supply is fluctuating.
Stabilisation to ± 1% is continuous and automatic from no load to full
load, for supply variations of ± 15%. VOLSTATS are used throughout
the world in a variety of equipments such as :
Measuring Instruments, Hospital Equipment, Control and Computing
Installations, Photographic and Photometric Devices.
VOLSTAT types CVN and CVS have all the advantages of the CVT range
with, in addition, reduced harmonic distortion limited to less than 5%.
If fluctuating voltage affects your production or your products a VOLSTAT
is the answer. For further technical details please write to

ADVANCE ELECTRONICS LIMITED
ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. TELEPHONE: HAINAULT 4444

1WW-064 FOR FURTHER DETAILS.
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THE VARIAC* variable transformer is the most useful and versatile
device ever developed for the control of a.c. voltage, or of current,
power, heat, light, speed. It provides smooth continuous adjustment
of output voltage from zero to line voltage and above, either hand -
operated or motor -driven.
Only Variac has Duratrak*- a patented track surface giving longer
life, increased overload and surge capacity and maximum economy
in maintenance.
There are over 600 Variac models and assemblies to suit virtually
every possible requirement, ranging from small units for laboratory
or instrument use to large ganged assemblies for high power
3 -phase operation. The range includes low -voltage, high -frequency,
dual -output and narrow -range types, open, covered, portable,
metalclad and oil -immersed constructions, plus many special
models. This is the largest range of variable transformers available
today.
The technical superiority and dependability of Variac are the result
of over 30 years of development and refinement since the introduc-
tion of the first Variac models -the original variable transformers.
"'Vedas' and 'Daratrak' are registered trade marks

Write for comprehensive catalogue to Publicity Department, Hoddesdon

CLAUDE LYONS LTD

JANUARY, 1965

riac
the original and best
variable transformers

Variacs are made in England by The Zenith Electric Co. Ltd. London,
and exclusively distributed in the U.K. Eire and British Colonies by
Claude Lyons Ltd.

Valley Works, Hoddesdon, Herts Hoddesdon 4541 Telex 22724
76 Old Hall Street, Liverpool 3 MARitime 1761 Telex 62181

1W W-065 FOR FURTHER DETAILS.
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for the
modernstudio

-where every piece of equipment
must measure up to professional
standards of performance and
dependability
-there the LEEVERS-RICH STUDIO
RECORDER takes pride of place.
Ask the man who uses one!
Series E console (illustrated above)
with FULL remote control, single
track from £640.
There is a complete range of portable,
console and rack mounted recorders
for single or multi -track use, and a
fully automatic version with photo
electric programming system.
Special facilities can be provided
to order.
Write for full information:
LEEVERS-RICH EQUIPMENT LTD,
319b Trinity Road, London, 51018
VANdyke 9054

LEEVERS-RICH

1W W-066 FOR FURTHER DETAILS.

sub -miniature
connectors
with die-cast shell

30/2

Small, light, and exceptionally reliaoie, these connectors
are available in 9, 15, 25, 37 and 50 ways. rhey have a
current rating of 5 amps per contact, a working voltage
of 75V D.C., a contact resistance of 1.9 milliohms (max),
and an insulation resistance greater Than 5,000 M..
For certain applications floating mounting bushes can be
supplied and for cable terminating applications a range
of aluminium alloy die-cast shells is available. These
have an angled cable entry with semi -permanent cable
locking bar and a vibration -proof spring clip which locks
the assembly together to avoid accidental disengagement
of the mating parts.

CARRa 1azabT2 go aND
the firm with the best connections
Stapleford, Nottingham  Tel: Sandiacre 2661
York House, Empire Way, Wembley, Middlesex. Diligence 1255/9
Crossford Court, Dane Rd, Sale, Cheshire. Telephone Sale 4213/4

1ww-067 FOR FURTHER DETAILS.
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Wide -range Transistorised
SIGNAL GENERATOR-Model 27.
Range 150 Kc/s. to 350 Mc s.
* Accuracy better than
* Directly calibrated.
* Battery operated.
* Compact and light.

£9.12.3
with test lead and battery. Post and

packing 3/6 extra.

NOMBREX INSTRUMENTATION

EXPORT

We invite applications for
appointment as distributors or
agents in overseas territories, by
companies or other organisations
with adequate facilities for sales
promotion and distribution in

the radio and electronics In-

dustry.

We can quote keen c.i.f. export
prices on our range of instru-
ments, with reliable deliveries.
Write to-

Export Sales Dept.,
Instruments Division,

4'
Transistor Regulated
POWER UNIT-Model 61.
Regulated Output 1-15 Volts.
* Indispensable for equipment test-

ing.
* Automatic overload protection.
* Mains operated-negligible con-

sumption.
* Eliminates expense of batteries.

£6.10.0
Post and packing 3/6 extra.

Trade and Export Enquiries Invited S.A.E. For Full Technical Leaflets

NOMBREX LTD.
INSTRUMENTS ESTUARY HOUSE, CAMPERDOWN TERRACE,

EXMOUTH, DEVON. PHONE 3515.

1W W-068 FOR FURTHER DETAILS.

WHY PAY ££££'s MORE
FOR SUPER REGULATION
YOU MAY NEVER NEED?
FIXED or VARIABLE High Current outputs of
12-24v. up to 24A. standard (other units available
to order).
Ripple content negligible. Impedance and regu-
lation equivalent to accumulator performance.
Output impedance .4 ohm at 100 c/s. Effective
resistance .1 ohm. Inadvertent " short " protec-
tion. Long life. Silicon rectifiers, fully smoothed,
sustained performance low impedance.
STANDARD APPLICATIONS OPERATING
AND SERVICING TRANSISTORISED EQUIP-
MENT. MOBILE V.H.F. R/TEL., D.C. MOTORS,
RELAYS, INDUSTRIAL POWER, etc., etc. DIRECT
FROM A.C. WITHOUT THE USE OF ACCUMU-
LATORS.

PRICES: E14/161- to tI31'5'-.
Please write to department
C.3b for DC power supply
leaflet.

LIMITED
2501RO/30/20

Browells Lane, Feltham, Middx. Tel.: Feltham 4242
Valradio and Stereosonoscope are the registered trade marks of

Valradio Ltd.

1W W-069 FOR FURTHER DETAILS.

PAPST-FANS

Miniature Axial Fans for high reliability
applications. Compact design-great air
delivery. Minimum maintenance-maximum
reliability. Quiet PAPST-MOTOR (external

rotor system).

PAPST-MOTOREN KG. 7742 St. Georgen, W -Germany
1W W--070 FOR FURTHER DETAILS.



JANUARY, 1965 WIRELESS WORLD 53

Is
THE

WORD

Reslo Pencil Dynamic microphones

give dynamic performance...

dynamic sound quality

'This entirely new Reslo microphone incorporates a miniature
dynamic insert and the lightweight cylindrical shell is so
designed that its smooth and excellent transient response
extends well into the bass region.
These and many other features or the Reslo PD microphone
make it eminently suitable for high quality recording and
relay purposes. It can confidently be used for high-level
realistic close speaking or singing purposes -- without
additional acoustic filters.

RESLOSOUND LIMITED
24 UPPER BROOK STREET LONDON W.1
TELEPHONE HYDE PARK 2291

1W W-071 FOR FURTHER DETAILS.
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NOW re -designed

and fully

weather protected

JANUARY, 1965

The

MINIMITTER
BIRDCAGE

F.M. AERIAL
Mk. 2

 Suitable for 88-108 Mc/s.
 High Gain ( +9.5dB) with high Front to Back ( -35dB) and

Front to Side ( -30dB) ratios.
 Full wavelength elements reduce interference.
 Elimination of vertically polarised signals gives freedom

from aeroplane " flutter."
 Tuning facility incorporated to enable the cable to be

accurately matched to the aerial.
 Suitable for loft or outside erection.

Retail price £5 (4-- 4/6 post & packing)
TRADE ENQUIRIES INVITED

Order direct from

MINIMITTER (1964) LTD. Albion Mews, Kilburn
High Road, London, N.W.6 (MAIda Vale 5588)

Manufacturers of Specialist Aerials and Aerial Equipment
for the Entertainment and Communication Industries.

IW W-073 FOR FURTHER DETAILS.

cconiceette-Toffee
Iceaed et

HOWELL S
RADIO

MINISTRY OF AVIATION APPROVED INSPECTION.

TRANSFORMERS
STANDARD RANGE OR TO YOUR DESIGN
TOROIDAL-' C' CORE - PULSE - MATRIX

CHASSIS -CABINETS & PRECISION METALWORK
ELECTRONIC ASSEMBLY

HOWELLS RADIO LTD.
MULBERRY STREET, MANCHESTER, 15

MOSS SIDE 2000-2434

1W W-074 FOR FURTHER DETAILS.
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Insulators have a list of satisfied customers
as long as your arm ...

TR114 Transistor Radio Case
in H.I. Polystyrene for
Rank Bush Murphy Ltd.

And what can Insulators mould for you?
With first-class design engineering facilities and three factories special-
ising in injection, compression and fibreglass mouldings respectively,
Insulators are unusually well equipped to tackle any size or shape
of problem in plastics. Ask any of the companies listed on this page.

COMPRESSION INJECTION FIBREGLASS MOULDINGS

Insulators Limited
Leopold Road, Angel Road, Edmonton, London N.18. (EDMonton 1195-8)
Grams: Mermould Southtot London.

r
Send for FREE 16 -page
booklet which shows exactly
why so many of Britain's
leading manufacturers come

I to Insulators for their
plastic mouldings.

NAME

COMPANY

ADDRESS

W.VV J.

1W W-075 FOR FURTHER un AILS.

1

I

A.E.I. Hotpoint Ltd.

Associated Automation Ltd.

Belling & Co. Ltd.

Belling & Lee Ltd.

Champion Sparking
Plug Co. Ltd.

E. K. Cole Ltd.

Electrolux Ltd.

Hoover Ltd.

Magnavox Electronics
Co. Ltd.

M. K. Electric Ltd.

Murphy -Richards
(Astral) Ltd.

Philips Electrical Ltd.

P. O. Contracts Dept.

Satchwell Controls Ltd.

Simplex Electric Co. Ltd.

Smith Meters Ltd_
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You'll like the sound

of the NEW 668
it's built for booms
New from Electro-Voice, USA: dynamic cardioid
model 668, one of the first microphones designed
specially for boom use. Not an improvisation; a
specific.
It has a moving coil element, Acoustalloy dia-
phragm; a versatile filter unit, built direct into the
slender body; wide range 'flat' position; variable
treble and bass response; instantly adjustable and
foolproof; wind shield and shock isolating mount
are standard equipment.

Sensitivity at
250 cps, -51 dB
250 ohm tap. Ref.
1mw/10 dyneicm2
Impedances;

50, 150 or 2508
Weight: 1lb I1oz

FULL DETAILS ARE AVAILABLE FROM KEF
KEF ELECTRONICS LTD  TOVIL  MAIDSTONE  KENT  ENGLAND

TELEPHONE: MAIDSTONE 55761. GRAMS: KEF MAIDSTONE
Sole distributors of Electro-Voice equipment in the U.K.

gLeroYiec

1WW 07G FOR FURTHER DETAILS.

THE HIGH - FIDELITY
MAIL ORDER SPECIALISTS

GOODS DESPATCHED BY RETURN
Carriage,Packing&Insurance(U.K.)FREE!!
AMPLIFIERS . TUNERS . SPEAKERS . MOTORS . PICKUPS . MICROPHONES

CABINETS
'

TAPE RECORDERS
ACOS A.D.C., ARMSTRONG, B snel 0, BRENELL, CELESTION. CHAPMAN.
CONNOISSEUR, DECCA, DULCI, FERROGRAPH, Fl-CORD GARRARD, GOOD -
MANS, JASON, LEX., LEAK, LOWTHER, LENCO, LUSTRAPHONE, PHILIPS,
PYE, QUAD, RADFORD, RECORD HOUSING, ROGERS, ROSETTE, S.M.E.,
TANNOY, THORENS, TRUVOX, T.S.L., YORTEKION, W.B., WEARITE,
WHARFEDALE, ETC.
Hire Purchase terms available ' Comparator " Demonstrations

WORLD WIDE EXPORTERS* OVERSEAS ORDERS SENT FREE OF PURCHASE TAX *
AND SHIPPED PROMPTLY AT MINIMUM COST
C. C. GOODWIN (SALES) LTD.

(Dept. W60) 7 THE BROADWAY, WOOD GREEN
LONDON, N.22. Tel: BOWes Park 0077,3

SEMIKRON Trade only

HIGH, MEDIUM & LOW POWER AVALANCHE
HIGH TENSION MINIATURE ENCAPSULATED

SILICON RECTIFIERS
MINIATURE & STACK

SELENIUM RECTIFIERS
Send for full details co sole representative in U.K.

HCD Research Ltd., t,,,130°jr<astories and

77, Gloucester Road, Croydon, Surrey
Telephone : THOrnton Heath 7485

1WW-077 FOR FURTHER DETAILS.

AUDIO AMPLIFIER.
12 Volt with 15 W. Output

Designed specially to give pleasing results on music and speech

Common emitter, class B output stages, with maximum efficiency choke
coupling to 15 ohm speaker lines; temperature stabilised and direct coupled
pre -amplifier stages with liberal feedback.

All output and input terminations are fully floating, thus enabling layman
or skilled engineer to be equally Confident in the simple matter of coupling
up for use.

FULL DETAILS OF THIS AND OTHER EQUIPMENT BY RETURN OF POST

E K. ELECTRONICS, (I.A.) LTD: Brotherton, Knottingley, Yorks.
1WW-078 FOR FURTHER DETAILS.,
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HUNTING FOR COMPONENTS? . .

ASK PALMER'S FIRST!
PALMER DATA REFERENCE SHEET FOR

Eno11

CAPACITORS

A range of paper and plastic film and
electrolytic capacitors. Conforming to
JAN -MIL & I.E.C. specifications.

EROFOL II Type HX
Polyester Capacitors

Tolerance I from 5% to 10%

Range of Values from 33pF to 0.47 1LF

Voltage Range from 100V to 1000V

EROMAK I (Type Hf)
Polycarbonate Capacitors

Range of Values 100pF to 1.0 µF

Tolerance from 1% to 20%

Voltage Range from 63V to 400V

Paper Capacitors
Tubular & Rectangular Can Styles

Range of Values from 47pF to 10µF

Tolerance 20%

I I Voltage Range from 250V to 16kV

Multiple types also available

ROE
Electrolytic Capacitors
Subminiature, miniature & standard types

Range of Values I from 0.1µF to 25000µF

Voltage Range I from 3V to 450V

Multiple types and special
mountings available

111!
miummiimanimmi

For furtherfurther details concerning ranges and specifications of ERO capacitors write to:

G. A. STANLEY PALMER LTD
Island Farm Avenue, West Molesey Trading Estate,
East Molesey, Surrey.

1W W--0i9 FOR FOu7HcR DETAILS.
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THE

WHARFEDALE
Super fiance

Each loudspeaker in this range is fitted with roll surround
for low resonance and double diaphragm assembly for
extended HF response.

SUPER 8/RS/DD

Impedance 10/15 ohms
CERAMIC MAGNET
Flux density 14,500 oersteds
Total flux 60,000 maxwells
Aluminium voice coil.
Max. input 6 watts rms or 12 watts peak
Frequency range 40-20,000 cis.
Bass resonance 50/60 c/s.
Price 134/2 inc. P.T.

SUPER IO/RS/DD

Impedance 10/15 ohms
Flux density 16,000 oersteds
Max. input 10 watts rm.. or 20

watts peak
Frequency range 30-20_000 c/s.
Aluminium voice coil
Bass resonance 38/43 c/s.
Price 218/8 inc. P.T.

SUPER 12/11S/DD

Impedance 12/15 ohms
Flux density 17,000 oersteds
Total flux 190,000 maxwells
Aluminium voice coil
Max. input 20 watts rms

or 40 watts peak
Frequency range 25-20,000 cis.
Bass resonance 26/32 c/s.
Price 350,- (no tax)

rite for informative and fully
illustrated 12 page booklet.

Wharfedale Wireless Works Ltd., Idle, Bradford, Yorks.
Telephone: Idle 1235 6 Telegrams: 'Wharfdel' Bradford.

1W W-080 FOR FURTHER DETAILS.
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MANUFACTURERS OF MACHINES FOR

AUTOMATIC & HAND
COIL WINDING,

LAYER, WAVE AND
CONTINUOUS STRIP

WINDING
REEL CARRIERS (Light & Heavy)

Machines supplied to customers'
requirements.

Your enquiries are invited

ETA TOOL CO.
(LEICESTER) LTD.

29A WELFORD ROAD, LEICESTER
Phone 56386

1 W W-081 FOR FURTHER DETAILS.

TRANSVERTE RS
(TRANSISTORISED D.C. CONVERTERS)

2 KW. Peak Starting. 650 W. Continuous.
50-60-400 c/s. or D.C. from 12-24-50 v. Battery.
Up to 93% Efficiency. Polarity Reversal Pro-
tection. Square or Sinewave. Up to 300%
Instant Overload Capacity. Manually Controlled
Frequency. Reed Type Indicator. Remote
Control Facilities.
Applications: Static " No -Break " Standby
Power Supplies: For Vital System(s) Protec-
tion, e.g. V.H.F. Transmitters: Industrial
Processes; Control -Alarm -Warning Systems:
Mobile Use of Counters; Sig./Gen. Recorders-
U/V Sound. Oscilloscopes and Lab. Gear in
Marine and Aircraft (K114).

Range of models available
with prices from E11490.
Please write to department C. 0
for transverter leaflet.

Vakmdio LIMITED

the D.C. conversion specialists since 1935

BROWELLS LANE . FELTHAM . MIDDLESEX
Telephone: FELTHAM 4837

Valradio and Stereosonoscope are the registered trade
marks of Valradio Ltd.

1WW-082 FOR FURTHER DETAILS.
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produced

by progressive
tooling and
multiform
methods.

Accurate

components at

competitive

prices

JOHN SMITH L 1L D.
209 SPON LANE  WEST BROMWICH  STAFFS. TELEPHONE WES 2516

"MITRE MILLS" RICHARD STREET  BIRMINGHAM 7
TELEPHONE ASTon Cross 2218 (4 lines)
IWW -083 FOR FURTHER DETAILS.

NUMBER ONE IN ELECTRICAL CONNECTORS...

UHF-COAXIA L I TWINAXIAL
General Purpose Coax/Twinax. Six basic
shell styles. Up to 500V Peak.

CANNON ELECTRIC
(GREAT BRITAIN) LTD.
25-27 Bickerton Road,
Upper Holloway, London, N.19.
Telephone: ARChway 3088

1WW 084 FOR

C
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FURTHER DETAILS.

AIREDALE
FREE STANDING

SPEAKER
ASSEMBLY

SPECIFICATION :
SIZE: 39 x 281. 14in.

WEIGHT: 91 lb. complete.
IMPEDANCE: 12-15 ohms only.
MAX. INPUT: 20 watts.
Individual controls for middle
and :treble response are located
in the rear panel.
£65.0.0 full finished with a choice
of polished walnut or mahogany
veneers or oiled teak.
Oak finish available to special
order.
£64.0.0 unpolished.
Fully descriptive literature free on
request.

In the Airedale
L.F. output is produced by a
15" unit, type W15/R.S. fitted
with heavy cone and impreg-
nated cloth roll surround for
minimum distortion.

the finest
mobile speaker

ever

to be produced

by WHARFEDALE

For many years the Wharfe-
dale omni-directional 3 -

speaker Corner System has
been recognised as a superbly
natural reproducer, and has
frequently stood the diffi-
cult test of comparison with
live musical performances.
The AIREDALE is a free-
standing version, suitable
for corner or along the wall
location. Cabinet resonance
is avoided by sand filling
the front panel and fitting
ceramic tiles to rear side
panels. Some idea of the
solid construction is given
by the fact that the total
weight exceeds cwt. Fitted
with castors for ease of
movement.

(733w/A
fraffAXA

WHARFFDALE WIRELESS WORKS LTD. Idle, Bradford, Yorks.
Telephone: Idle 1235/6 Telegrams 'Wharfdel' Bradford

1W W-085 FOR FURTHER DETAILS.
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FRI;E TO AMBITIOUS ENGINEERS. - THE LATEST EDITION OF ENGINEERING OPPORTUNITIES

Have you sent for your copy?
ENGINEERING OPPORTUNITIES
is a highly informative 156 -page guide to
the best paid engineering posts. It tells
you how you can quickly prepare at home
for a recognised engineering qualification
and outlines a wonderful range of modern
Home Study Courses in all branches of
Engineering. This unique book also gives
full details of the Practical Radio & Elec-
tronics Courses, administered by our
Specialist Electronics Training Division-
the B.I.E. T. School of Electronics, explains
the benefits of our Employment Dept. and
shows you how -to qualify for five years
promotion in one year.

We definitely Guarantee
" NO PASS NO FEE"
Whatever your age or experience, you cannot afford
to miss reading this famous book. If you are
earning less than £25. a week, send for your
copy of "ENGINEERING OPPORTUNITIES"
today-FREE.

WHICH IS YOUR
PET SUBJECT ?

Mechanical Eng.,
Electrical Eng.,

Civil Engineering,
Radio Engineering,
Automobile Eng.,

Aeronautical Eel.,
Production Eng.,

Building, Plastics,
Draughtsmanship,

Television, etc.

GET SOME
LETTERS AFTER

YOUR NAME!
A.M

A.M.I.C.E.
A.M.I.Frod.E.

A.M.I.M.I.

B.Sc.

City & Guilds
Gen. Cert. of Education

Etc., etc.

PRACTICAL
EQUIPMEINII
Basic Practical and Theore-
tic Courses for beginners in
Radio, T.V., Electronics, Etc.,

...R.E City & Guilds
Radio Amateurs' Exam.

R.T.E.B. Certificate
P.M.G. Certificate
Practical Radio

Radio &Television Servicing
Practical Electronics

Electronics Engineering
Automation

INCLUDING
TOOLS!
Ander-setKatt

The specialist Elec-
tronics Division of
B.I.E. T. NOW
offers you a real lab-
oratory training at
home with practical
equipment.
Ask for details.

B.I.E.T.
SCHOOL OF
ELECTRONICS

POST COUPON. NOW
I
I
U

BRITISH INSTITUTE
OF ENGINEERING TECHNOLOGY

(Dept. SE/ 21 ), 29 Wright's Lane, London, W.8

Please send me your FREE 156 -page
"ENGINEERING OPPORTUNITIES"

(Write if you prefer not to cut page)

NAME

ADDRESS

SUBJECT OR EXAM
THAT INTERESTS ME

THE B.I.E.T. IS THE LEADING ORGANISATION OF ITS KIND IN THE WORLD
1W W -08G FOR FURTHER DETAILS.

TELEPRINTERSTERFORATORS

REPERFORATORMAPEREADERS
Codes: No.2; FerraotiiPegesus, Elliott 803 eta.

2 AND 5 WIRE,
F.S.K. TERMINALS,

A POWER SAMAS,
FLEXO WRITER
AND BURROUGHS

EQUIPMENT
TELEGRAPH AUTOMATION AND COMPUTER ACCESSORIES

Picture Telegraph Equipment, Desk -Fax,
Morse Equipment, Cold Cathode Matrics,
Stroboscope and Electronic Forks, Pen Re-
corders, Switchboards, Rectifiers, Tape Pullers
and Rewinders, Governed, Synchronous and
Phonic Motors, Suppressors, Teleprinter and
Teletype Tables, Silence Covers, Terminals,
V.F. and F.M. Equipment, Telephone Carriers

and Repeaters,
Multiplex Trans-
mitters, Triple
Stabilised Power
Units, Send/Re-
ceive Low and High
Pass Filters, Tele-
printer and Relay
Testers, Oscillo-
scopes, Valve

Testers, Electric Meters, Teleprinter and
Teledeltos Paper, Plugs, Sockets, Key, Push,
Miniature and other Switches, Cord Wires
and Cables, Relays and Relay Bases, Uni-
selectors, Telephone, Decimal and other
Counters, Telegraph and Mains Transformers,
Racks and Consoles, Miscellaneous Accessories.

BATEY & COMPANY
Gaiety Works, Akeman Street, Tring, Herts.

Tel.: Tring 3476 (3 Lines) Cables: RAHNO TRING

1W W-087 FOR FURTHER DETAILS.;

DON'T MISS THIS NEW MAGAZINE

isf fit PLAT
r ter s L ,IALX40-:.

A bi-monthly publication for the professional, amateur
and enthusiast in radio systems

Annual subscription 18/6 post free
Order now direct from:-

R.C.S. ELECTRONICS
NATIONAL WORKS, BATH ROAD, HOUNSLOW, MIDDX

1W W-088 FOR FURTHER DETAILS.
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YD5 SINGLE CHANNEL RECORDERS

WIRELESS WORLD

Model Tape Speeds Voltage Frequency

YD5A 74-, 3i- and 1i i.p.s. 100/250V 50 c.p.s.*
YD5AH 15 and 71 i.p.s. 100/250V 50 c.p.s.*
YD5B 71, 3f and 11,1 i.p.s. 100/250V 50 c.p.s.*

YD5BH 15 and 7; i.p.s. 100/250V 50 c.p.s.*

*60 c.p.s. to order

Y500 DOUBLE CHANNEL RECORDERS

Model Tape Speeds Voltage Frequency

Y532U 7f, 3i and if i.p.s. 200/250V 50 c.p.s.

Y532A if, 31 and 1i i.p.s. 117V 60 c.p.s.

Y532E 71, 3; and 1i i.p.s. 110V 50 c.p.s.

Y522UH 15 and 71 i.p.s. 200/250V 50 c.p.s.

Y522HA 15 and 71 i.p.s. 117V 60 c.p.s.

Y522HE 15 and 71 i.p.s. 110V 50 c.p.s.

Send for details to:

THE FERROGRAPH COMPANY LTD
84 BLACKFRIARS ROAD, LONDON, S.E.I
Telephone: WATerloo 1981

SERIES V

RECORDERS

Series "Y" instruments are housed in strong

metal cases and, in some instances, can be rack -

mounted. They are intended for those engaged

in scientific research and industrial pursuits.

IWW-089 FOR Y'1I-RE R DEI AILS.
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A brilliant new range

of small speakers by R & A

3Iin. round

6 x 4in. and 8 x 5in. elliptical

5in. pincushion.

And a new range of

8-l2in. units giving

higher fidelity at little

more than standard prices,

LOUD SPEAKER MANUFACTURERS TO THE RADIO INDUSTRY SINCE 1930

REPRODUCERS AND AMPLIFIERS LTD.
WOLVERHAMPTON. ENGLAND.

IWW-000 FOR FURTHER DETAILS.
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NEW DIGITEC!
a full performance Digital Voltmeter

for under £150
Accuracy; 0.1% or 0.2%
Ranges: 1, 10, 100, 1,000V d.c.
Input Impedance: 2.2 megohms
Size: 51" x 8" x 7"

Please send me further details of Digitec

NAME

ADDRESS

WAYNE KERR The Wayne Kerr Laboratories Limited,
Coombe Road, New Malden, Surrey. MALden 2202.

1W W-091 FOR FURTHER DETAILS. VVKD54a

11
TRANSFORMERS
COILS LARGE OR SMALL QUANTITIES

CHOKES TRADE ENQUIRIES WELCOMED
SPECIALISTS IN

FINE WIRE WINDINGS
MINIATURE TRANSFORMERS

RELAY AND INSTRUMENT COILS, ETC.
VACUUM IMPREGNATION TO APPROVED STANDARDS

ELECTRO-WINDS LTD
CONTRACTORS TO G.P.O., A.W.R.E., L.E.B., B.B.C., ETC.

123-5-7 PARCHMORE ROAD, THORNTON HEATH, SURREY
LIVINGSTONE 2261 EST. 1933

1W W-092 FOR FURTHER DETAILS.

A.C. SOLENOID type SAKI'
Now fitted with stainless
steel guides-six times the
life.
Continuous 14 oz. at sin.
Instantaneous to 51lb.
Larger and smaller sizes
available.
Also Transformers to 7
kVA 3 phase.

R. A. WEBBER LTD.
KNAPPS LANE, CLAY HILL, BRISTOL 5. Phone: 65-7228/9

1W W-093 FOR FURTHER DETAILS.
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BRIMAR

WIRELESS WORLD

Igi<5x10-12A

INPUT

R1

R1 * 1010n
Vint 5V MAX

 AAA
68k

4.7M .56k

6BS7

4.7M

10k
LI N.

SET ZERO

.05

39k 56k 47k 10k

HT -1-

0150V
2mA

B r 0
6.0 -6.3V

B 4-4f 0
504 10
135mA

ELECTROMETER CIRCUIT USING 6BS7 AN D 13D3

OHT -

electrometer pentode

The BRIMAR 6BS7 screened pentode is ideal for electro-
meter use, or for other special applications, including very
high gain audio input circuits, where its characteristics of
low noise, microphony and hum are necessary. Shown
above is a typical electrometer circuit using types 6BS7
and 13D3. Please ask for Data Sheets

Thorn -AEI Radio Valves & Tubes Ltd.
155 CHARING CROSS ROAD  LONDON WC2  GERrard 9797

W W-094 FOR FURTHER DETAILS.

II Low microphony
II Low noise
II Low hum
III Top cap control grid
III Grid sensitivity 10µy
 Grid current <5µµA

63
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THERMETTE
9 -Pin Miniature

THERMAL TIME DELAY RELAY
The Thermette Time Ce'ay Felay by G -V is especi5lly designed for
commercial and industrial applications requiring reliable operation
and long life at MINIMUM COST. 1 he compensated bi-metal relay
mechanism, completely enclosed in a shatterproof dust -tight metal
shell, provides a degree of dependability and long life previously
unavailable in the lower price range. This relay offers true economy
through its low initial cost and dependability over a long service life.
The Thermette may to used interchangeably with all other standard
9 -pin single -pole single -throw thermal time delay relays.

CONTACTS: SPS1 normally open or normally closed.
Rated at 2 amps. 115 volts AC or I amp.
28 volts DC resistive

HEATER POWER: 21 watts nominal
TIME DELAYS: From 5 to 90 seconds
TIME DELAY
TOLERANCE: +20%
WEIGHT: Less than ounce

The Thermette may be energized continuously at rated voltage in
ambient temperatures up to 80 C.

TELEPHONE
COVENTRY

72055
COVENTRY CONTROLS

A.I.D. AND A.R.B. APPROVED

LIMITED
GODIVA HOUSE, ALLESLEY OLD ROAD, COVENTRY

1W W-095 FOR FURTHER DETAILS.

LEARN ELECTRONICS

BUILD
including:

AS YOU

25
CIRCUITS

EXPERIMENTS
TEST GEAR

o, MINIATURE CATHODE RAY OSCILLOSCOPE
 VALVE EXPERIMENTS  TRANSISTOR EXPERIMENTS
 BASIC AMPLIFIER BASIC OSCILLATOR
 BASIC RECTIFIER  ELECTRONIC SWITCH
 PHOTO ELECTRIC CIRCUIT  SIGNAL TRACER
 TIME DELAY CIRCUIT  BASIC COMPUTER CIRCUIT
 SQUARE WAVE  BASIC RADIO RECEIVER

GENERATOR  MORSE CODE OSCILLATOR,
 SIMPLE TRANSMITTER ETC., ETC.

This complete practical course will teach you all the basic
facts of electronics by making experiments and building
apparatus. You learn how to recognise and handle all types
of components-their symbols and how to read a circuit
diagram. You see how circuits are built and how they work
BY USING THE OSCILLOSCOPE PROVIDED. Applications
of all the main electronic circuits are demonstrated-radio
reception and transmission; photo-electrics; computer
basics; timers; control circuits; etc., including servicing
techniques. NO MATHS USED OR NEEDED. NO THEORY
NEEDED. NO PREVIOUS KNOWLEDGE OR EXPERI-
ENCE NEEDED. Tutor service available. No extras needed
-tools provided. Send, now, for FREE DETAILS without
obligation, to address below.

To: RADIOSTRUCTOR, Dept. K1, Reading, Berks.
Please send free details of your 25 circuit kit course-

NAME

ADDRESS

1WW-096 FOR FURTHER DETAILS.

LARGE REDUCTIONS IN PRICES

Of COMPONENTS

FOR OLDER MODELS

from
direct V

. . VAST SELECTION OF
TV REPLACEMENT
COMPONENTS
FOR ALL MODELS !

ALWAYS OBTAINABLE FROM
STOCK: Time Base Components,
405/625 & 625 line Line Output Trans-
formers, Chemicals for Servicing,
Capacitors, Resistors, Rectifiers, Test
Equipment, etc., etc. Retail enquiries
S.A.E., Trade enquiries on headed
paper.

Order on
SAME DAM SERVICE

LTD.
Dept. WW, 126 Hamilton Rd., West Norwood, London, S.E.27.

Telephone: GlPsy Hill 6166 (PBX)

1W W-091 FOR FURTHER DETAILS.
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IS TELEVISION YOUR BUSINESS P

offer you a unique chance to learn about
colour television
Colour television is just around the corner. Over
the next decade or so it will come to represent the
main source of income to all in the television
business. For those engineers and technicians who
can work with colour equipment this decade is
going to be an opportunity paralleled only by the
coming of monochrome television. Do you yet
know enough about colour television to take this
great opportunity when it comes?

Here is a unique chance to learn about colour
television. From RCA, who have more experience
of colour television than any other company in the
world, comes a concise, comprehensive, four vol-
ume home study course. The first such course
available in Britain. Direct from the RCA In-
stitute in New York, this course covers every
aspect of colour television, both theory and
practice

If youyou would like to know more about RCA's home -
study courses in colour television please complete
this coupon and post it to the address below.
NAME

ADDRESS.

RCA GREAT BRITAIN LIMITED
A subsidiary of Radio Corporation of America

I RCA VICTOR DIVISION, LINCOLN WAY, WINDMILL ROAD,
L. SUNBURY-ON-THAMES, MIDDX. SUNBURY-ON-THAMES 5511

1W W-098 FOR FURTHER DETAILS.
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Through this ICS
3 -way Training Method:
MASTER THE THEORETICAL SIDE
From basic principles to advanced applications,
you'll learn the theory of electronic engineering,
quickly and easily through ICS. That's because
each course is set out in easy -to -understand terms.

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

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

Wide range of courses available including :
RadiofT.V. Engineering and Servicing, Colour Television,
Electronics, Electronic Maintenance, Instrumentation and
Servomechanisms, Telemetry, Computers, etc.
NEW! Programmed Course on Electronic Fundamentals.

EXPERT COACHING FOR.
INSTITUTION OF ELECTRONIC & RADIO ENGINEERS
CITY & GUILDS TELECOMMUNICATION TECHNICIANS
CITY & GUILDS SUPPLEMENTARY STUDIES
R.T.E.S. RADIO,T.V. SERVICING CERTIFICATE
RADIO AMATEURS' EXAMINATION
P.M.G. CERTIFICATES IN RADIOTELEGRAPHY

And there are practical "learn as you build" radio
courses as well.

Member of the Association of British Correspondence Colleges.

FOR FREE HANDBOOK POST THIS COUPON TODAY

I.C.S., Dept. 227, I NTERTEXT HOUSE,
PARKGATE ROAD, LONDON, S.W.I I

NAME

ADDRESS

OCCUPATION AGE I 65

INTERNATIONAL CORRESPONDENCE SCHOOLS
1W W-099 FOR FURTHER DETAILS.

NEWPORT INSTRUMENTS
wind YOUR noires faster-
at less cost!
Save yourself time and money: let Newport

Instruments take the job of ferrite -winding off your

hands. Our large, modern factory is geared for fast,

efficient winding of every type of core-to your

own design or ours-large quantity or small. Let us

give you a quotation. We think you'll be impressed.

NEWPORT
INSTRUMENTS

.NEWPORT INSTRUMENTS (Scientific & Mobile) Ltd

NEWPORT PAGNELL, BUCKS. Tel: 401/2

1W W-100 FOR FURTHER DETAILS.

a Whole World
of users
can't be
wrong!

#4

One of the really outstanding microphones in the medium -price
range, the DP/4 is enjoying unparalleled success. Small wonder,
for the DP/4 is wonderfully reliable and sensitive to an extremely
wide range of sounds. Uniform frequency response from 50 c/s
to 15 Kc.'s.
It is in world-wide use for high -quality broadcasting, recording
and public address both by the amateur and professional.
The Parabolic Reflector, its natural partner, focuses a distant
sound -source onto the microphone head, greatly amplifying it
without loss of realism and without unwanted side -noises.
Low impedance microphone, complete with connector and 18ft.
screened lead £8. Medium and high impedance models £9. Para-
bolic Reflector 2ft. dia. complete with microphone holder E8/5/-.

Further details from your dealer or from:-

GRAMPIAN REPRODUCERS LTD.,
Hanworth Trading Estate,

Feltham, Middx. FELtham 2557

rampian
Sound Equipment-
Integrity that you hear

I W W-101 FOR FURTHER OC,-TA I LS.
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Again we take the

opportunity of thanking our

world-wide clientele for their

support in 1964, which again

proved to be another year of

record sales and we hope first

class service which we intend

to continue in 1965.

WIRELESS WORLD

Your specific enquiries for special types to CV. JAN and MIL

specifications are invited.

Our organisation is Ministry of Aviation approved Air Registration Board approved

HALL ELECTRIC LTD
HALTRON HOUSE, ANGLERS LANE, LONDON N.W.5.
Tel.: Gulliver 8531 (10 lines) Telex 2-2573 Cables: "Hallectric London"

1W W-102 FOR FURTHER DETAILS.
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io)
le) tillers CERAMICS

for the ELECTRONIC INDUSTRY
(and Electrical Appliance Manufacture)

Frequelex-fcr high -frequency insulation.

Refractories for high -temperature insulation.

Bullers porcelain for general insulation purposes.

Meticulous care in manufacture, high quality mate-
rial, with particular attention applied to dimensional
precision and accuracy, explain the efficiency and
ease of assembly when using Bullers die pressed
products. Write today for detailed particulars.

BULLERS LIMITED
Milton, Stoke-on-Trent, Staffs.

Phone: Scoke on -Trent 54321 (5 lines)
Telegrams & Cables: Bullers, Stoke-on-Trent

London Office: 6 Laurence Pountney Hill, E.C.4
Phone: MANsion House 9971

WIRELESS WORLD

1W W-103 FOR FURTHER DETAILS.

FREE!

with every

JANUARY, 1965

A FEELING OF
SATISFACTION

a/611:09e}
HI I Fl

TRANSFORMER
For over 30 years Partridge Transformers
have made available to enthusiasts and to
equipment manufacturers) a range of High
Fidelity Transformers designed and built to
exceptional standards of performance. Get
the best out of your equipment with Partridge

the finest transformers money can buy.
Write for full information and data sheets
on the High Fidelity Range.

PARTRIDGE TRANSFORMERS LTD.
ROEBUCK ROAD, CH ESSI NGTON, SURREY
Telephone: LOWer Hook 4353 4 5

1W W -104 FOR FURTHER DETAILS.

TECHNICAL TRAINING by

II CS IN RADIO, TELEVISION AND

ELECTRONIC ENGINEERING
First-class opportunities in Radio and Electronics await the I C S
trained man. Let ICS train YOU for a well -paid post in this
expanding field.
I C S courses offer the keen, ambitious man the opportunity to
acquire, quickly and easily, the specialized training so essential
to success. Diploma courses in Radio/TV Engineering and Ser-
vicing, Electronics, Computers, etc. Expert coaching for:
 INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS.
 C. & C. TELECOMMUNICATION TECHNICIANS' CERTS.

C. & G. SUPPLEMENTARY STUDIES.
R.T.E.B. RADIO AND TV SERVICING CERTIFICATE.

 RADIO AMATEURS' EXAMINATION.
. P.M.G. CERTIFICATES IN RADIOTELEGRAPHY.

Examination Students Coached until Successful.
NEW SELF -BUILD RADIO COURSES.
Build your own 5 -valve receiver, transistor portable, signal gener-
ator and multi -test meter-all under expert tuition.
POST THIS COUPON TODAY and find out how I C S can help
YOU it your career. Full details of I C S courses in Radio, Tele-
vision and Electronics will be sent to you by return mail.
MEMBER OF THE ASSOCIATION
OF BRITISH CORRESPONDENCE COLLEGES.

International Correspondence Schools1
(Dept. 222), Intertext House, Parkgate

Road, London, S.VV.11.
INTERNATIONAL

CORRESPONDENCE

SCHOOLS

NAME

ADDRESS
Block Capitals Please

A WHOLE WORLD I
OF KNOWLEDGE
AWAITS YOU ! L_ 1-65

1W W-105 FOR FURTHER DETAILS.
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NEW

The smallest variable transformer
made in the World for 0-250v service
Nearly 30 years experience lies behind this single
layer toroid capable of direct connection to a
250v A.C. supply to give reliability for industrial
service.

Only 3" in diameter and 2" deep this Regavolt
can control loads of up to 1 amp when heat sink
mounted.

 RATED UP TO 1 AMP TROUBLE -FREE

BRUSH GEAR OTHER MODELS FOR 120 AND

230V INPUTS AVAILABLE NOW IN FULL

PRODUCTION Please write for listM1-6250 for full details

The British Electric Resistance Co. Ltd.

1W W-106 FOR FURTHER DETAILS.

Queensway Enfield
Middlesex Tel: HOW 2411
Grams: Vitrohm Enfield

148

CHASSIS and CASES
bY 6-E

RE4COAD

ELECTRONIC COMPONENT
DISTRIBUTORS

287/289 EDGWARE ROAD, LONDON, W.2.
Tel: PADdington 5891/7595

We shall be pleased to quote for all your component requirements

BLANK CHASSIS
SAME DAY SERVICE

Of over 20 different forms made up to YOUR SIZE. Order
EXACT SIZE you require to nearest

(Maximum length 35in., depth 4in.)
Specials dealt with promptly.

SEND FOR ILLUSTRATED LEAFLETS
or order straight away, working out total area of material
required and referring to table below which is for four-sided
chassis in 18 s.w.g. (for 16 s.w.g. add slith).
48 sq. in. 4/- 176 sq. in. 0/- 304 sq. in. 12/-
80 sq. in. 5/- 208 sq. in. 9/- 336 sq. in. 13/-

112 sq. in. 6/- 240 sq. in. I0/- 368 sq. in. 14/-
144 sq. in. 7/- 272 (q. in. I1/- and pro rata.
P. &. P. 2/6 P. & P. 2/9 P. & P. 3/ -

Discounts for quantities. Finishes arranged for quantities of
25 or over.

FLANGES (tin., 6d. per bend.
STRENGTHENED CORNERS I/- each corner.
PANELS: Any size up to aft. at 4/6 sq. ft. 18 s.w.g.; (16 s.w.g.
5/3). Plus post and packing (over £2 free).

CASES
ALUMINIUM SILVER HAMMERED FINISH

Type Size Price Type Size Price
U 4 x 4 x 4* 9/6 Y 8 x 6 x 6* 25/-
U 51 x 41 x 44 14/6 Y 12 x 7 x 7 39/-
U 8 x 6 x 6 20/- Y 13 x 7 x 9 44/-
U 15 x 9 x 9 42/6 Y 15 x 9 x 7 46/-
W 8 x 6 x 6 19/6 Z 17x 10 x 9 63/-
W 12 x 7 x 7 32/6 Z 19x 10 x 81 67/6
W 15 x 9 x 8 42/- *Height.
Plus post and packing (over £2 free).
Type U has removable bottom or back. Type W removable front, Type Y
all -screwed construction, Type Z removable back and front.
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GET A GOOD LOOK AT WORLD ELECTRONICS IN 1965

at the INTERNATIONAL EXHIBITION OF

ELECTRONIC
COMPONENTS
and at the INTERNATIONAL EXHIBITION OF

AUDIO EQUIPMENT
PARIS Porte de Versailles
8th -13th April 1965
the world's biggest display in the
field of electronics
All components, tubes, semi -con-
ductors, measurement and control
instruments, electroacoustics
For all information apply to:
S.D.S.A. 16, rue de Presies
Paris 15e ---Telephone 273.24.70

Under the patronage of the F.N.I.E.

INTERNATIONAL SYMPOSIUM

ON TECHNIQUES

OF MEMORIES
organised by the Societe Francaise
des Electronicienset Radioelectriciens

MAISON DE L'UNESCO, PARIS
125, avenue de Suffren
5th -10th April 1965

1W W-108 FOR FURTHER DETAILS,

OVER 2,000 COMBINATIONS
" LAB -AIDS" TEST LEADS.

Heavy duty P.V.C. cables - eleven distin-
guishing colours.
Solderless crimped terminals.
Nickel -plated crocodile clips with axial
riveted jaws.
Lead lengths 3, 6, 12, 18, 24 and 36 inches.
Alternative clips, plugs and spades.
Individually tested and sealed in plastic
bags.
Comprehensive kits include support

- racks.
Special leads produced to order.
"LAB -AIDS" DIVISION,

AVON COMMUNICATIONS & ELECTRONICS LIMITED,
14-16a, HIGH ST., CHRISTCHURCH : 2469 ' HAMPSHIRE

1W W--109 FOR FURTHER DETAILS.

YOUR CAREER IN RADIO?
Big opportunities and big money await the qualified man in every
field of Electronics today-both in the U.K. and throughout the
world. We offer the finest home study training for all subjects in
radio, television, etc., especially for the CITY & GUILDS EXAMS.
(Technicians' Certificates); the Grad. Brit. I.R.E. Exam.; the Radio
Amateur's Licence; P.M.G. Certificates; the R.T.E.B. Servicing
Certificates, etc. Also courses in Television; Transistors; Radar;
Computers; Servomechanisms; Mathematics and Practical Transistor
Radio course with equipment. We have OVER 20 YEARS' ex-
perience in teaching radio subjects and an unbroken record of exam.
successes. We are the only privately run British home study Institute
specialising in electronic subjects only. Fullest details will be gladly
sent without any obligation.

SEND FOR FREE BROCHURE TO

BRITISH NATIONAL RADIO SCHOOL
DEPT 1 - RADIO HOUSE  RUSSELL ST  READING  BERKSHIRE

1W W 110 FOR FURTHER DETAILS.

MOST VERSATILE
RECORDER

11WITNE 99 CHART
SPEEDSMOTOR

MINIATURE

From d" to 450.
V. any oh., per hour on alldrive motor analog fgalvano-
cliff e rent Chart meter)recorders
speeds nre avail-
able by imans bi
rapidly, inter-
changeable gear -

BELOW SEA
LEVEL

TO 100,000'
Performance
unaffected bychanges Inatmospheric
pressure.

RANGES
Models available
to record A.C.
and D.C. current
and voltage and
temperature.

A.C. or D.C.
DRIVE

Chart drive
powered by syn-
chronous motors
of any standardvoltage and
frequencyorD.C.
motors which
consume onlymilllwatts of
power.

INSIDE,
OUTSIDE
The recorder
may be easily
weatherproofed.and may be
safely used in all
weather con-
ditions Including
high humidity.

NO INK
Smooth highresolution
traces are pro-
duced without
the need for ink.
heated stylus or
voltage sensitive
paper.

LARGE
CHART

CAPACITY
At 1^ per hour a
standard chart
roll lasts a full
month.

EXPERT
ADVICE
Our represent-atives willreadily adviseYOU on any
application.

BELOW ZERO
TO 160°F

2' F.S.D. accu-
racy maintained
over a wide range
of ambient
temperatures.

ROUGH
USAGE
This precisioninstrument ishoused in a
rugged die cast
aluminium case.
Tough. depend-
able It will give
years of faithful
service under themost adverse
conditions.

LOW
COST

PRICES
FROM
£53

in
PORTABLE

UNITS or for
PANEL MOUNT

write or phone for
CATALOGUE

RE -ROLL or TEAR OFF
The chart is rewo nd Inside the unit
or In the tear off ype at feeds out of
the recorder and may be turn off as
required.

rusFrait
WEST Instrument Ltd

A Division of
GIILTON INDUSTRIES (BRITAIN) LTD.
The Hyde, BRIGHTON, 7, Sussex, England
Tel: Brighton 66271 Telex 87172
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20 DRAWERS

132 Compartments

£3.10.0

It's easy to find small components

in an original raaco cabinet
 You can see at a glance what you want
 6 drawer sizes with movable dividers
 Stout steel frame will carry heavy loads
 Hang them up, or stack them in units
 Range of 25 different space -saving cabinets

FOR MODERN AND EFFICIENT STORAGE OF SMALL ITEMS

Write today for free illustrated leaflet
L-rn Bath House, 57/58 Holborn Viaduct

I LF London, E.C.1. Tel: City 3410raaco
1WW-11I FOR FURTHER DETAILS.

VITALITY BULBS
FROM 1V to 50V 1/1 SIZES FROM 4.5mm to 18mm DIAMETER

Tested and proven

Miniature and

Sub Miniature

Indicator Bulbs

Catalogue:
Vitality Bulbs Ltd.

Neville Place,
Wood Green, N.22.

Bowes Park 0016
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MANUFACTURED
BY SHINOHARA

ELECTRICAL

INSTRUMENTS
LTD, IAPAN

THE QUALITY
FAMOUS

ALL

OVER THE WORLD
FOR

, DE-

PENDABILITY
AND ACCURACY

OF THEIR

-The comprehensive
range

below is
available ex-stock.

INSTRUMENTS.

Other
ranges to

special order.
Special quotations

for

quantities.

CLEAR PLASTIC METERS

Type MR.521*. 20n. square trouts.
ollµA

47/6 IA D.C. 32/6
57/6 100mA 32/6

700µA
500
60.0 3 300V D.C.- 32/6
100-0-100µA 47/6

0.1A .

50pA
7/6

57/6 Nov AC. .. 32/6
32/6 " 8 " Meter

10mA 32/6 1mA ... 39/6
Type 5112.859. 45in. x 45tn fronts.
5100µ01,AA 5699//66,510000m2A. 4455/..

200µA 55/- la amp. D.C. 45/-
500µA 49/613 amp. D.C... 45/-
50-0-00pA 69/6 15A D.C. .. 45/-
100-0100gA 59/6 30A D.C. 45/-
500-0-5009A 49/8 50V D.C... 45/-
1-01mA 45/- 160V A.C...45/-
1mA 45/- 300V D.C. .. 45/-
turRA 45/- 15V A.C. 45/-
50mA 45/. 300V A.C. 45/ -

Type 1 21/321n. square fronts.
60pA 32/6 760mA. .... 22/6
100µA 29/6 lA D.C..... 22/6
300rtA 27/6 5A D.C. 22/6
000gA 25/- 3V D.C. .... 22/6
50-05-µA 29/6 10V D.C. . 22/6
100-0.100µA 27/6 20V D.C. .. 22/6
500-0.500µA 22/6 50V D.C. ....22/6

22/6 100V D.C. 22/6
lmA

. 22/6 160V D.C. 22/6
2mA

2216 500V D.C. 22/86MA
10mA 22/6 700V D.C. 22/6

100mA 22/6 soy A.C. 22/6
160mA 22/6 150V A.C. 22/6
200roA 22/6 300V A.C. 22/6
300mA 22/6 500V A.C. 22/6
600mA 22/6 '9' Meter lmA 29/6
Type Z2.659. 30 x 6tins. tronts.

50-0-50 µA . - 59/6 50A D.C. 42/8
100.0-100µA 49/6 10V D.C... . 35/-
y1.1 meter 59/6 601, D.C. .. 35/-'
1 A 35/. 150V D.C. .. 35/.
bmA 36/- 300V D.C... 35/-
l0mx 35/- 16V A.C. .. 35/-
60mA 35/- 50V A.C. 35/.
goommAA 3355//: 0100 3365//:

IA D.C. 35/- 600V A.C. ..

BAKELITE PANEL
Type MR.65. Ibin. square fronts.
251.A 85/- 30A D.C. .. 29/6
50/.4A 42/6 50A D.C. 29/8
loop.A 39/6 .1A A.C. . 29/6
000p..A 35/- *DA A.C. .. 29/6
50.0.50µA 42/6 *109 LC. 29/6
loo-o-loolth 39/8 30A A.C... 29/6
1-04 mA 29/6 OOA A.C. .. 29/6
50mv. 32/6 10V D.C. .. 2616
loom, . 39/6 60V D.C. .. 29/6
lmA. 29/6 160V D.C. 29/6
5MA. 29/6 300v D.C. .. 29/6. 29/6 .30V A.C. .. 29/6
60mA 29/6 .60V A.C. 29/8
100m.A. 29/6 *1.60V LC... 29/8500mA 29/6 .300V A.C. .. 29/6IA D.C. 29/6,
IA 29/6 300V A.C. . 35/-
15A D.C. 29/6 vu Meter .. 49/6
*Moving iron, all others moving coil.

PLEASE
ADD POSTAGE

LEAFLETS
AND FURTHER

ILLUSTRATED
DETAILS

AVAILABLE
FROM THE

SOLE U.K. DISTRIBUTORS

GW1911 8204
1111

STREET,
LO NDON&CO,lradioll1-11

3-34 LISLE
W.C.2. Telephone

GERrard

METERS
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New 5" double beam
portable oscilloscope
for less than £100

UPPER TRACE Yt LOWER TRACE Y2

,OLTS /CH

A new 5" flat -faced PDA tube gives a double beam trace of maximum clarity
and visibility, on a compact portable instrument versatile and accurate enough
for laboratory applications, yet simple and robust enough for general, industrial
and teaching purposes. Advanced features include transistor stage high sensi-
tivity amplifiers on both channels; 6 Mcis bandwidth, new faster starting time
base of improved linearity, and printed circuit construction to ensure depend-
able performance under most arduous working conditions. Note the simplicity
of controls characteristic of all Serviscopes.

£99 A descriptive: leaflet Nv i II be sent on request.

TELEQUIPMENT <O>
1W W FOR FURTHER DETAILS.

D52
SERVISCOPE*
Max. sensitivity so mV/cm
Calibrated input attenuator-
so mV/cm to 5o V/cm
18 preset sweep speeds plus variable
control
Automatic sync. Trigger with level
control.
Squarewave voltage calibration
source
DC coupled flyback blanking
Folding tilting feet fitted

*Serviscope is a registered tade mark of

Telequipment Limited, 313 Chase Road,
Southgate, London, N.14.
Fox Lane 1166.
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TV' SERVICING'S
NEW' You can forget about old-style servicing. The indepen-

dently mounted 'Panorama' direct vision tube can be
fixed or unfixed in minutes. It's as simple as four nuts.

MARCHING ORDERS
One for each of the Panorama's four conveniently
positioned mounting lugs. Left, right, left, right. Servicing
was never easier. For the first time ever you can forget
about dust seals and mounting accessories. And remem-
ber, ' Panorama' direct vision introduces: * sharper,
brighter pictures with no dust or multiple reflections.
* truer picture realism thanks to elimination of protective
screen. * new freedom in TV styling.

Mallard PANORAMA PICTURE TUBES
IW W--116 FOR FURTHER DETAILS.
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Marconi Self -Tuning H.F System
-the first in the world to he station
planned from input to output

saves 85%
floor space
Transmitters can be mounted side by
side and back to back or against a
wall; built-in cooling fan; no external
air -ducts. These features lead to
smaller, simpler, cheaper buildings
or more services in existing buildings.

simplicity
R.F circuits have only three tuning
controls and two range switches.
Final valve can be replaced in 30
seconds. Miniature circuit breakers
(used instead of fuses throughout)
can be reset instantly. All sub-
assemblies are easily tested because
They are electrically complete units.

breakthrough
MST 7; kW transmitter
H1100 series
An h.f linear amplifier transmitter for high-grade telecommunications.
Frequency range: H1100 and H1101, 4-27.5 Mc/s

H1102 and H1103, 2-27.5 Mc/s
Output power: 7-8 kW p.e.p, 5-6 kW c.w.
The H1100 series meets all CCIR Recommendations.

rugged
reliability
Stainless steel shafts in ball -bearings
in rigid machined castings; stainless
steel spur gears meshing with silicon
bronze; heavy r.f coil contacts with
high contact pressure-some exam-
ples of design features giving long
term endurance and operational
reliability. Specified performance
achieved with ample margins.

self -tuning
Types H1101 and H1103, used with
MST drive equipment, give one-man
control of an entire transmitting
station and continuous automatic
aerial loading.

MANUAL TUNING
Manually tuned versions, types H1100
and H1102, are available which, when
fitted with built-in drive units, become
entirely self-contained transmitters for
four spot frequencies and all types of
modulation.
Manual tuning takes less than 60
seconds.

Marconi telecommunications systems
The Marconi Company Limited, Communications Division, Chelmsford, Essex, England

1W W -117 FOR FURTHER DETAILS.
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If your H.F. radiotelephone circuits are pushed to the limit or if you find new planning difficult-you

need Rediplex for maximum utilisation and lower operating costs. Now for the first time, at low capital

cost, Redifon introduce a compact ISB multi -channel system for short and medium distance
communication. Four speech channels simultaneously using one carrier. The cost of the transmitting

and receiving terminals, including the channelling, is far less than you would pay for regular
channelling and displacement equipment-a quickly installed packaged deal. It will pay you to find

out more about Rediplex. Write now for full specifications.

The Rediplex system gives you
Four simultaneous speech channels, or any combination of
speech, teleprinter, facsimile or tone intelligence signals.

Four crystal controlled spot frequencies, 2 to 16 Mc/s.
100 watts p.e.p output, continuous rating (or 750 watts with
the G.A.406 amplifier).
Compatible with Standard International ISB systems.
Completely transistorised receiving terminal and transmitter
drive unit.

Modular construction and printed circuits.
Alternative power supply units for a.c. mains or 24 volts
battery supplies.

edition
REDIFON LIMITED Communications Sales Division
Broomhill Rd., London, S.W.18. Tel: VANdyke 7281
A Manufacturing Company in the Rediffusion Group.

Rx2
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JANUARY, 1965 WIRELESS WORLD 77

The PM 512 0 and PM 5121 are high -quality generators
with low distortion and high stability over

a frequency range extending from sub -audio frequencies
to the medium wave radio -frequencies.

Both generators have a constant output impedance
and a highly stable output level,

which can be obtained either balanced or unbalanced
with respect to earth. As LF Generators

are such basic tools for industry and research
applications range from electronics to mechanics,

from chemistry to ultrasonics, from medicine to geophysics.

PHILIPS PHILIPS

the new

PHILIPS

LF Generators

PM 5120 and

PM 5121

Frequency range PM 5120
5 c/s - 600 kc/s (-± 0.5 dB)
in 5 ranges
Error: < ± 2%
Distortion: < 0.5 % above 10 c/s

Frequency range PM 5121
1 c/s - 100 kc/s (t. 0.5 dB)
in 5 ranges
Error: < ± 2 % ± 0.05 c/s
Distortion: < 0.5 % above 5 c/s

Output
Circuit: balanced or unbalanced
Amplitude: Max. 10 V into 6000
(balanced) or 20 V open circuit
Attenuation: 4 x 20 dB steps and
continuously
Impedance: 600 Q ± 2 %
Hum and noise: < 60 dB

Dimensions and weight
hxwxd: 29 x 22 x 32 cm
(12 x 9 x 13 in)
Weight: 12 kg (26 Ib)

electronic measuring instruments
Sales and Service all over the world

For the U.K.:
The M.E.L. Equipment Company Ltd.,.

207 Kings Cross Road. London WCI

TWW-11S FOR FURTHER DETAILS.
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PRECISION
OSCILLATORS
As designers and as users of
oscillators. Marconi set an
exceptionally high standard in
accurate frequency control.
Years of experience give
Marconi authority in the
production of crystals, crystals
with ovens, and complete
oscillators.
The new Marconi range of
packaged, transistorized, highly
stable, pre -tested, quartz crystal
oscillators, using conservatively
rated silicon transistors, is
available within the frequency
range 1 kc/s to 75 Mc/s.

Marconi specialized components
are designed and manufactured
only when the precision and high
performance required is
otherwise unobtainable.
The Specialized Components
catalogue lists the full range.

Marconi specialized components
The Marconi Company Limited, Specialized Components Division, Chelmsford, Essex, England

1WW 120 FOR. FURTHER DETAILS
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Vortexion 120/200 WATT AMPLIFIER

quality equipment

The 120/200 watt Amplifier can deliver its full audio power at any
frequency in the range of 30 to 20,000 c.p.s. for which the response
is accurate within I db with less than 0.2% distortion at 1,000 c.p.s.
Noise level -90 db. It can be used to drive mechanical devices,
i.e., synchronous capstan or projector motors, etc., for which the
power is over 140 watts on continuous sine wave. A floating series
parallel output is provided for 100-120v. or 200-250 v., and additional
matching transformers for other impedances are available. The
input is for I mW. 600 ohms.

30/50 WATT AMPLIFIER
The Vortexion 30/50 watt Amplifier can deliver 50 watts of speech
and music or over 30
watts of continuous sine w P

wave and the main
amplifier has a re-
sponse of 30 to 20,000
cps within I db at
0.1% distortion and

outputs for 4, 7.5,
15 ohm and 100 volt
line. Models are avail-
able with two, three or
four mixed inputs which
may be low impedance balanced line microphones, P.U. or Guitar
inputs.

The 12 -way electronic mixer has facilities for mixing
12 balanced line microphones. Each of the 12 lines
has its own potted mumetal shielded microphone
transformer and input valve, each control is

hermetically sealed. Muting switches are normally
fitted on each channel and the unit is fed from its
own mumetal shielded mains transformer and
metal rectifier.

Also 3 -way mixers and Peak Programme Meters.
Price E60.

4 -way Mixers from E40/8/6.
2 5 -way stereo mixers with outputs for echo
chambers, etc., available.

ELECTRONIC MIXER AMPLIFIER
This high fidelity 10/15 watt Ultra Linear Amplifier
has a built-in mixer and Baxandall tone controls.
The standard model has 4 inputs, two for balanced
30 ohm microphones, one for pick-up C.C.I.R.
compensated and one for tape or radio input.
Alternative or additional inputs are available to
special order. A feed direct out from the mixer is
standard and output impedance of 4-8-16 ohms or
100 volt line are to choice. All inputs and outputs
are at the rear and it has been designed for cool
continuous operation either on 19 < 7in. rack panel
form or in standard ventilated steel case.

Size 18 71 9+ i n. deep.

Price of standard model E49.

12 -WAY ELECTRONIC MIXER

Price of standard model E98.

Full details and prices of the above on request

VORTEXION LIMITED, 257-263 The Broadway, Wimbledon, London, S.W.19
Telephone: LIBerty 2814 and 6242-3 Telegrams: "Vortexion London S.W.19"
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New Mazda Rimguard is the shape of
tubes to come-no protective screen is
required. The result? Service engineers
are relieved of the household chore of
cleaning the screen and their job made
easier and safer; customers get
outstanding picture quality free from
reflections. New Mazda Rimguard tubes,
made by the exclusive "Gold Star"
process which ensures superior
brightness and focus, are now being
fitted by progressive set manufacturers.
Put your trust in new Mazda Rimguard
for better picture quality, an improved
safety factor and low maintenance costs
through freedom from dust.

GUARD
23" Rimguard CME 2305 immediately available.
19" Rimguard CME 1905 shortly available.

PICTURE TUBES

Thorn -AEI Radio Valves and Tubes Ltd
Head Office: 155 Charing Cross Road  London. W.C.2  Tel: GERrard 9797

W W -122 FOR FURTHER DETAILS.
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NOW II

another milestone
in audio
engineering
BY

LEAK

reefrait;e0t4rei INTEGRATED AMPLIFIER
Dimensions: I3ins. x x 9ins. deep. Weight: 14Ibs. Price L49 lOs Od.

. . . superb styling, faultless performance and a breakthrough
in price and reliability by LEAK . . . the First Name in High Fidelity

Reprinted from " WIRELESS WORLD " Editorial May 1963 "... Last autumn, during his presidential
address to the British Sound Recording Association, H. J. Leak demonstrated a prototype high -quality
transistor amplifier which gave results indistinguishable from those of his valve amplifiers . . ."
" People sometimes ask why there is any necessity to change to transistors. The elimination of the
output transformer is, in our view, sufficient reason now that solutions of the problem of linearity in
the response of the rest of the transistor circuit have been found. As additional bonuses we get smaller
size, cooler running and the prospect of longer life."

ak Compared with its equivalent valve amplifier the "Stereo 30" gives results which
w are indistinguishable and it offers these important advantages:

 It is 48% of the weight.  It has greater reliability (estimated to be 500% better)
 It is 43% of the size. because the heat rise within the case is negligible (I2°F)
 It is 89°A of the price. and because the maximum voltage is less than 50.

How can the valve possibly survive in view of the above comparisons?
Write now for fully illustrated brochure.

LEAK H. J. LEAK & CO., LTD.
BRUNEL ROAD, WESTWAY FACTORY ESTATE, LONDON, W.3.
Telephone: SHEpherds Bush 1173 Telegrams: Sinusoidal Ealux, London

SI'
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TRANSISTOR DESIGNS BY SINCLAIR°

SINCLAIR X-10
INTEGRATED 10 -WATT

AMPLIFIER & PRE -AMP

* II Transistors and no heat sink
* Unique output stage
* Add your own choice of tone control circuit
* Input sensitivity I my into kit
* Can be used with all types of inputs including

low -output pick-ups and microphones

*Total harmonic distortion 0.I",,

* Frequency response 5-20,000 c,s 0.5dB

* Speaker Impedance 151:I

* Damping factor-greater than 100
* Supply voltage 12 volts from batteries or

mains supply unit

* Size 6in. x 3in.

SINCLAIR X-10 MANUAL
Explains how the amplifier functions and how you
can add the correct tone and volume control system
to suit your precise requirements. A variety of
systems is shown, none of which will add more than

few shillings to the original cost of your Sinclair X-10,
be it for MONO or STEREO.

Available

complete or for

building yourself

 WITH PULSE - WIDTH MODULATION
 WITH 10 W. OUTPUT & NO HEAT SINK

 WITH SPECIAL NEW OUTPUT STAGE

 TO GIVE HI-FI POWER & PERFORMANCE
FROM A COMPLETE UNIT ONLY 6"x3'1

The principle of P.W.M., used in this remarkable
amplifier as described by Dr. D. R. Birt, in " Wire-
less World " Feb. 1963, and which is complete
with its own pre -amp stage and unique output
stage, is briefly as follows: A square wave of constant
voltage amplitude and with a frequency well
above the highest audio -frequency to be repro-
duced, is applied to the terminals of the load. As
the load has a high impedance at this frequency,
negligible current flows through the voice coil of the
speaker.

When an input signal is applied, the mark -space

FL11_ AA

SQUARE WAVE

GENERATOR

INPUT

r\J

FEED BACK

INTEGRATOR

TWO STAGE
PRE AMP

All parts including 1 I tran-
sistors X-10 Manual come to

CURRENT
ADDER

ratio changes with the result that there is a net
current flowing through the voice coil which
deflects the cone. When the input signal is at any
frequency up to 20 kc/s the net current is an exact
replica of the input signal and in independent of the
transfer characteristics of the output transistors,
making the distortion figures incredibly low.
The output transistors act as switches and so
dissipate negligible power. This enables us to use
5 Mcls transistors for this with great savings in
space, current consumption and costs. No heat
sink is required.

SCHMIDT

TRIGGER

NPN/PNP
amplementery

pair

NON/PNP
complementary

Pei,

BLOCK DIAGRAM shows in simplified form the stages of this
r remarkable amplifier. Such design with its very much better
standards of performance is made possible by use of the very
latest in transistors and high quality components.

£5.19.6 Ready built and tested
with X -l0 Manual

X -I 0 Power Supply Unit (ready built) for A.C. Mains
.014£2.200-240V. Will power up to two X-I0s

£6.19.6

SINCLAIR RADIONICS LTD., COMBERTON, CAMBRIDGE
Telephone: COMBERTON 682

1W W-125 FOR FURTHER DETAILS.
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TRANSISTOR DESIGNS BY SINCLAIR()

SINCLAIR MICRO -6
The smallest set on earth
Has fantastic range and power

 British Design

 Tunes over medium wave
band

 Bandspread for easy re-
ception of Luxembourg

 Can be built in an evening

NOW MORE THAN EVER IS THE TIME TO BUILD YOUR MICRO -6. With
long hours of darkness, the performance from this amazing 6 -stage radio is proving
sensational. Stations simply pour in from the Continent with oustanding quality
and again and again the Micro -6 is reported to be giving excellent results where
other sets cannot be used at all, such as in buses, trains, modern steel frame
buildings and such like. As the illustration shows, the set is appreciably smaller
than a matchbox, yet everything including batteries and ferrite rod aerial is
contained in the ..iny elegant white, black and gold case. The Micro -6 has vernier -
type tuning and is switched on by inserting the Micro -plug of the earpiece into the
socket at the side. This remarkable British receiver cannot be too highly recom-
mended both as an intriguing design to build (it can easily be built in an evening)
and a most practical radio to use. It's a set you will be delighted to build and use.
IT PLAYS ANYWHERE.

SINCLAIR TR750 POWER AMPLIFIER
With built-in
volume
control
and
switch

SIZE
2" x 2" All parts with

instructions
come to 39/6

This amplifier makes a powerful
car, portable or domestic radio used
with the Micro -6 receiver described
above and a plug is supplied for
connecting to that set. With its
own built in volume control and
on -off switch, the TR 750 has a full
750 milliwatt transformerless output

for 10 mV. into 10 K. ohms
and a frequency response
from 30 to 20,000 c/s ±ildB.
It will also make an efficient
hi-fi record reproducer used
singly or paired for stereo and
there are many other uses
for the TR 750 which is
available for building or
ready built.

Ready built and
tested with

instructions

1st R.F.
Amp.

A.G.C.

2nd R.F.
Amp. Detector

1st A.F.
Amp.

2nd A.F.
Amp.

3rd A.F.
Amp.

The Micro 6 uses three speci I Mitro.Alloy tr nsistors in an original
and oustandingly efficient circuit designed to measurements never
before made available to constructors in th's class of equipment.
Two stages of R.F. amplification are followed by an efficient double diode
detector which drives a high -gain 3 -stage A.F. amplifier. Powerful
A.G.C. applied to the first R.F. stage ensures fade -free reception from
the most distant stations tuned in and building is very easy. When
built, the set will be found robust and dependable.

" Transrista " nylon strap
All parts required so for wearing the Micro -6
build the Micro -6 in-

59/6
like a wrist watch. 7/6

cluding lightweight ear- Mallory Mercury Cell
piece, case and instruc- Type ZM 312 (2 required)
tions come to each 1/11. Pack of 6, 10/6.

SINCLAIR MICRO -AMPLIFIER
 Makes an F.M. Transmitter

 Makes an Audio or Broad
Band R.F. Amplifier.

Smaller than a 3d. piece! Frequency response 30 co
to 50,000 c/s. ± 1dB. Power gain 60dB. (1,000,000
times). Instructions show you how to make a broad-
band R.F. amplifier, F.M. transmitter or a sub -minia-
ture hi-fi amplifier with an output suitable for any
earpiece or even loudspeaker. A fascinating design for
experimenters, modellers, etc. Parts and instruc-
tions come to 2816

Guarantee
If you are not completely satis-
fied with your purchase (we are
confident you will be delighted)
the amount you have paid will
be refunded in full instantly and
without question.

FULL SERVICE FACILITIES

ALWAYS AVAILABLE TO

ALL SINCLAIR CUSTOMERS

TO SINCLAIR RADIONICS LTD., COMBERTON, CAMBRIDGE -I
Phone: COMBERTON 682

IPlease send items detailed below: L s. d. NAME

I

TOTAL

For which I enclose cash/cheque/money order.

ADDRESS

BLOCK LETTERS

I
I
I
I

I

I

1W W-126 FOB FURTHER DETAILS
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MIDGET
Printed Circuit Relay

Supplied as standard or latching type, single or double
winding. Size tin. cube, weight 0.8 oz.
Contact Rating 24 v. D.C. 3 pole double throw.
Voltage: 6, 12, 24, v. D.C. Power: 500 mW. Speed
10mS.
Temperature: 70"C max.

3000 TYPE
PLUG-IN

Size 4in. x 2iin. x
Specification

as 3000 type 6 change
overs mami mum,
light duty.

1500 MINIATURES
A.C. or D.C. operat-
ing. Coil up to 10,000
ohms. Single or
double winding.
Contact material -
Silver, Platinum,
Spring Set - 6
change overs. Light
duty maximum.
Size : 2 I I/16in. x

x Sin.

We are manufacturers of ful ranges of 3,000 type,
600 type, and plug in relays, also 12 way mounting
rack I9in. x 31in. Further details available on request
to Mr. Clemens.

FULLY APPROVED HOUSE
7 DAY PROTOTYPE SERVICE

A. D. S. RELAYS Ltd.
89-97, ST. JOHN STREET, LONDON, E.C.I.

Telephone: CLErkenwell 3393

1WW-127 FOR FURTHER DETAILS.

STOCKISTS

MODEL l ME Ill

Suppliers of Elliott,

JANUARY, 1965

SULTIMINOI ME. IV

REPAIR SERVICE
7-14 DAYS

We specialise in repair,

calibration and conver-

sion of all types of instru-
ments, industrial and pre-
cision grade to BSS.89.

Release notes and certifi-
cates of accuracy on request.

Cambridge and Pye instruments.

LEDON INSTRUMENTS LTD
76-78 DEPTFORD HIGH STREET, LONDON, S.E.8.

TEL.: TIDeway 2689
E.I.D. & G.P.O. APPROVED CONTRACTOR TO H.M. GOVT.

IV/ W-128 FOR FURTHER DETAILS.

FROM PRE -AMP TO 20w
HI -Fl STEREO ASSEMBLY

BY

BUILDING

WITH

RTI 11
Ct.A.Axiicyfz.a.s

This unique system enables the constructor to
start with a basic assembly of his own choice and
to go on adding Audiokit Units, until ultimately
he has a 20 -watt hi-fi stereo assembly with tone
controls, 5 stage selector, etc. Further designs SUPERB QUALITY
will make Martin hi-fi even more versatile whilst
retaining equipment built so far. ANYONE
CAN ASSEMBLE AUDIOKITS WITH ASSURED
SUCCESS. Leaflet shows how they save money,
too.

FULLY
TRANSISTORISED

SAVE Ms

GUARANTEED

SEND COUPON FOR LEAFLET SHOWING COMPLETE RANGE

MARTIN ELECTRONICS LTD., ISS, HIGH ST., BRENTFORD,
MIDDLESEX Phone: ISL 1161/2

Details of all Martin Audiokits, please.
NAME
ADDRESS

WWI

1W W-129 FOR FURTHER DETAILS.
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Radiozpares Ltd.
FOR ELECTRONIC COMPONENTS -BY RETURN

1WW-130 FOR FURTHER DETAILS.

TRADE
ONLY

NEW STANDARD CASES FROM OLSON

Quotations gladly given for customers' own specifications and special requirement.
OLSON ELECTRONIC LIMITED, 54, Myddleton Street,WRITE FOR FURTHER DETAILS TO:- LONDON, E.C.I.Telephone: TERminus 8081

1W W-131 FOR FURTHER DETAILS.

Contro

KINETROL FINE WIRE FEEDER
Cuts Reject Rate on
Fine Wire Windings
Minimise wastage and speed up production with
Kinetrol Feeders, proved in service by leading firms.
The wire is unwound from the stationary reel by a lightweight
rotating arm, and is then looped under a jockey pulley on the
brake arm. The slightest increase in tension above the preset
value releases the pad acting on the brake drum and reduces
the torque on the rotating arm, thus keeping the wire
tension substantially constant, whatever the speed of pull -off.
The large inertia forces of the usual rotating reel, which
cause snatching, are eliminated. Coils can be wound at well
over half the breaking tension of the wire.

DE -REEL Fine Wire from 40-52 s.w.g. copper
-alloys even finer.

TENSION Fine Wire to provide a compact
and even coil.

CONTROL Fine Wire to eliminate breakage and
increase production.

Illustration shows a section of the winding shop at PAINTON &
COMPANY, Kingsthorpe, Northampton, where for the past 3
years fine wires have been de -reeled by Kinetrol Wire Feeders.

KINETROL
Engineers TRADING ESTATE, FARNHAM, SURREY

1 W W -132 FOR FURTHER DETAILS.
Tel. Farnham 5070
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SOUND

COVERAGE

LTD

can now offer from stock a
complete range of P.A. equip-
ment including line source
loudspeakers (indoor and out-
door), wedge loudspeakers,
column units, transistorised
amplifiers and mixers, a
special purpose tape deck,
and background music
machines, and music services.
Our special products division
can quote you for your special
requirements.
Catalogue gladly sent on re-
quest.

Please note change of address !
SOUND COVERAGE LIMITED,
DECIBEL HOUSE, WELLINGTON TOWN ROAD,
EAST GRINSTEAD, SUSSEX.
Telephone No.: East Grinstead 21332/3.

1W W-250 FOR FURTHER DETAILS.

j FOR EAGLE PRODUCTS AT NEW PRICES
Emlio Jack £1 7 A1113 Test Lead Kit 10 3

TD79 Tape Head Demagnetizer £1 12 Record Player and Tape Deck Unite:
MM4 Microphone Mixer £2 13 11511 Monarch 0514 £6 6 0
P530 3.5 mm. I'lug and Socket 2 MR Monarch UAld £6 19 6
I'525 2.3 mm. Plug and Socket 2 The new BSR Monarch UAIOSS fitted with Cl
131 Standard Jack Plug 2 ceramic stereo cartridge £10 18 11
SP31 Standard Shielded Jack Plug .... 3 TD'2 Tape Deck, halt track £8 18 0
0034 Standard Socket 2 TD10 Tape Deck, halt track £10 5 0
555271 Sub -Min. Slide Switch DPDT 2 ME Monarch 1012 £3 10 0
55219 MM. Slide Switch DPDT 2 11811 Monarch (107 £3 17 6

Earphone, low res. 3 Garrard Autoslim £7 15 0

564°c37RR1

Earphone with ear hanger
Earphone, crystal

4
4

Garrard ATG £11 5 0
Garrard S11110 £6 0 11

T501
T502
T503
TC801
K4/16
PVC105
LT44/700
TP100
01020
11M3OR

Vernier Dial
Vernier Dial
Vender Dial
Turnover Cartridge
Volume Control
Variable Condenser
Transistor Transformers, pair 
Telephone Pick-up Coll
High Resistance Headphone ....
Lapel Microphone Magnetic ....

13
15
17
11

3
3

- 8
10
13

9

All the above are also available with stereo cartridges at
slight extra cost.
Sinclair Kits:
Sinclair Micro 6 £2 19
T11750 Power Amplifier £1 19
Sinclair Micro Injector £1 7
Sinclair Micro Amplifier £1 8
Sinclair X10 Kit £5 19
Sinclair X10 Ready Built £6 19
Maine Unit for above £2 14

MCI Microphone Crystal Cartridge .... 4 Trade Enquiries Invited.
TP26(1 2/in. Speaker 9
CM] 6 Guitar Piek-up 13 CATALOGUE
0M35 Guitar Microphone £3 4 Our latest 1964/65 Catalogue is now available. Copies
EP5OK 50,000 O.P.V. Multimeter £10 16 have been sent to many of our regular customers. If you
EP30K 30,000 O.P.V. Multimeter £7 11 have not received your eopy please drop us a card. Please
EP2OK. 20,000 O.P.V. Multimeter £5 7 send 11- in stamps. Wholesale terms to Schools, Universities
EP1OK
1K2115

10,000 O.P.V. Multimeter
1,000 a P.V. Multimeter

£4 6
£2 13

and Business Houses. Trade Catalogue now available. Please
apply on business letter heading.

L20 Leather Case for EPSOK £1 1
TERMS: Cash with Order or C.O.D. Postage and11112P 50 microamp Panel Meter £2 3

111121 500 inieroamp Panel Meter £1 12 Packing Charges extra. Single valves 9d., Minimum
71112P 1 mA. Panel Meter £1 12 Parcel Post charges 2/-. Please include sufficient
MR2P b inA. Panel Meter £1 12 postage .with your order. Minimum C.O.D. tees and
MR2P 300 -volt Panel Meter El 12 postage 3/6. These Postal Rates apply to U.K. only.
5II21 " 5 " Panel Meter £1 18 For full terms of business see inside cover of catalogue,
MR3P 1 mA. Panel Meter £2 13 Personal shoppers 9 a.m. to 5 p.m. Mon. to Friday.
LT1/1 Signal Injector £1 18 Saturday 10 a.m. to 1 p.m.
11E40 Yield Indicator £3 15

The following are available:-
1:1'00TMPia...5

11.703 Transistor
Tape Recor-
der £1.8 7

T1200 Transistor
Intercom. £4 6

6

I 0
TAM Telephone

Amplifier £3 4 6
730 Zephyr 7 Transistor Radio 0
SABO 8 -watt Stereo Amplifier £10 5 6
1000 Microphone £1 15 3
D14175 Microphone £2 2 10
MC70 Microphone £2 17 0
DM1711L Microphone £4 9 5
DM16111. Microphone £4 17 0
DS2 Microphone Desk Stand £1 12 0
F53 Microph.oe, Ploor Stand £3 2 4

TRANSISTORS
AA.120 ... 4/6 0042 .... 6/6 SETS OF
AC107  14/6 0043 5/6 TRANSISTORS
AC113 ... 8/- 0044 5/9 Set 1.
AC114 ... 8/- 00441I .. 8/9 Comprising 0044
AC154 ... 8/- 0045 .... 5/9 2 x 0045 mat-
AC155 ... 6/6 00451I .. 8/- ched pair and
AC156 ... 8/- 0070 . . 6/6 Driver 0081
AC157
AC165

 .10/6
. . 10/-

0071 .... 4/3
0072 .... 6/-

set .  20/-
AC166
AC167

..10/-
...12/.

2-0072 ..16/-
0074 .... 6/6

Set 2...
Comprising 01.81

A0168 . . 16/- 0075 .... 8/- Driver, matched
AC169. .. 16/6 0078 .... 8f. paw 0081
AD140 ...26/- 0081 .... 5/9 aet 12/6
AF102

.  27/6 0081111 .. 8/- DIODES
5.10114
AF115
AFI1G
AF117
AF118
5.10124
AF126
AF126
AF127
BA116
BY100
BY106
11Y114

- .11/-
. .10/6

. .  10/-

. 9/6-20/.

...10/-
 .10/6

...1.0/-

... 9/6
... 9/-
... 7/6
...13/.
... 7/6

0082  10/-
0083 . 4/6
00130 .. 9/-
00169 , 6/6
00170 .. 9/6
00171 ....10/6
XA103 .. 3/6
XA104 .. 3/6
AEI, BTH,
GT40 3/6
Yellow Spot 1/6
Green Spot 1/6
White Spot 2/-

AA129 .. 4/6
B YI00 .  11/6
0A70 .. 3/-
0A79 . 3/-
0A81 .. 2/3
0A90 .. 3/-
0A91 .. 3/-
0A95 . 3/6
0A210
GEX3

.... 9/9
4 4/-

GEX35 4/-oEx36  10/-
0016W . Red Spot .. 2/- ZENIE DIODE
0019 . -25/. Package Set 1 OAZ207 .. 8/-
0026 .. 25/- XBSO3D and IX Transistor
0(35 15/6 XCIO1T .. 8/6 Holders . 1/6

ALPHA RADIO SUPPLY CO., 103 Leeds Terrace, Winton St., LEEDS 7
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CARRIER FREQUENCY SHIFT
ADAPTOR. This modern equip-
ment of recent manufacture is in
excellent condition and suitable for
operation with most Service Re-
ceivers. IF frequency adjustable
internally 445-475 kc/s. The adaptor
will operate two independent Tele-
printers. Power supplies A.C. mains
230 v. or 24 v. D.C. Price £12/10/-,
Carr. 25/-.

POWER SUPPLY UNIT PN-12B. Ex BC 640, 230 volts A.C.
input, fits 19in. rack, 800 volts D.C. @ 350 ma., 395 volts, 300 ma.,
4 x 5U4G valves, 2 chokes 9 H., 300 ma., 2 x 10 mfd. oil filled caps,
£6/10/- each, carr. £1.
RELAY UNIT. G.P.O. 600 types 5 relays 150 ohm 1 set C/O.,
and 5 relays 400 ohm 2 M., 1 set C/O, in metal box 8 x 6 x 5 inches,
£2, post 5/-.
ARS$ SPARES. 14 valves, headphones and 3 pilot lamps, new
original cartons, £3/10/- each, post 2/6.
FACSIMILE KEYER UNIT KY 75 SRT, 115/230 volts, £25 ea.
MODULATOR MD 168/UX (for the above keyer), £12/10/-.
SIGNAL GENERATOR 1-196A. Freq. range 100-156 mc/s.
Poweit requirements 115 v. A.C. or batteries. £3 each. Carr. 15/,
AR88 PORTABLE KITS. Fine, well -made box for the receiver
and spares with original speaker. Vibrator unit 6 volt D.C., 14
valves, lamps, headset, shock mounts, cables, brand new, £7/12/6,
carr. 25/-.
METERS. 0-60 amps, centre zero 6in. scale, proj. m.c. 17/6 each,
5/- post. 0-150 amps., centre zero 6in. scale, pro;. m.c. (requires
external shunt), 17/6 each, 5/- post. 0-100 amps., 6in. scale, A.C./
D.C., 30/- each, 6/6 post. 90-180 v., A.C./D.C., 4in. scale, £1 each,
5/- post.
BC -221 or LM 13. Freq. meter complete with original charts in
good working order. Range 125 kc/s.-20 Mc/s., £161101-, carr. 15/-.

SIGNAL GENERATORS
TS.13AP. 115 v. A.C. freq. 9305-
9445 mc/s. complete with valves
723/AB and waveguide, tuning, etc.
£7/10/-, 25/- carr.
TF.144G. 230 v. A.C. 85 kc/s.-25
mc/s. In excellent condition £16/10/ -
ea , 25/- carr.

TS.12AP. Standing Wave Indicator Equipment. Complete with
Amplifier and waveguide plumbing equipment, £12/101- each,
15/- carr.
TS.36AP Power Meter, with accessories, used for checking radar
outputs, £5 each, 10/- can.
804 Signal Generator. Freq. 7.5-330 mc/s. in 5 bands. Power supplies
115-230 v. A.C. In excellent condition, £25, carr. £1.
TF.338/B. Variable Attenuator. Variable 0-25 db. switched 20, 40,
60, 80 db, 600 ohms input and output, £3 each, post 6/-.
AR88 SPEAKER. New, £31101-, carr 5/-. AR88 VIBRATOR
UNIT, new, 17/6, carr. 6/6.

FOR EXPORT ONLY
TRANS./REC. WIRELESS SET No. 31. Complete sets with

aerials, headphones &
mikes in working
order. Freq. 30/40
Mc/s. 4 channel xtal
controlled, £8/10/- ea.
WIRELESS SET
No. 88. 4 channel,
xtal controlled, com-
plete with all valves
a id xtals and attach-
ments, £10 each

WIRELESS SET No. C52. 12 v. D.C. 1.7-16 Mc/s. on three
bands, 110 watts output. CW, MCW, etc. Can be used as
Vehicle Tat, or Base station (as new complete set £52).

TS -34 PORTABLE SINGLE BEAM OSCILLOSCOPE
Viewable Waveforms. 30 c/s. to 1 mc/s.
Cathode Ray Tube. 2in. screen magnified to

approx. 4in.
Input Voltage, Low Impedance 0.1 to 1 volt.

High Impedance, Ddb. 0.1 to 1 volt.
20db. 1 to 10 volts.
40db. 10 to 100 volts.

Input Impedance. low -62 ohms.
high -430 ohms/30pF.

Time base, single stroke 5-50-250 microseconds.
continuous. 10 to 50,000 c/s.

Internal Calibrating Pulses. 1 microsecond intervals.
A.C. Main Voltage. 115 v.
Dimensions: 6in x 8in. x 15in. oscilloscope alone, Weight: 261bs.

29in. x 91in. x 10in. carrying case, Weight: 161bs.
In excellent condition, price £15, repairable condition £9, carr. 15/-.

WHEATSTONE BRIDGE in a beautiful oak case, centre zero
galvanometer 2.5 mA., 4 stud switches, 0-10, 0-100 ohms, 0-inf.,
size 16 x 7} X 6in., 45/- each, 5/- post.
DE-ICER, Controller Mk. 3. Contains 10 relays D.P. change-
over heavy duty contacts, 1 relay 4P, C/O (235 ohms coil) Stud
switch 30 -way relay operated, one five -way ditto, D.C. timing motor
with Chronometric governor 20-30 volts 12 RPM, geared to two
30-way stud switches and two Ledex solenoids, 1 delay relay, etc.,
sealed in steel case, size 4 x 5 x 7in., £3 each, post 5/-.
BC640 MODULATOR UNIT. 2 x 811's, mod. transformer and
fii, trans. complete mod. unit fits 19in. rack 50 watts, £5/10/-.
carr. £1.
TRANSFORMERS (Isolation). 230 to 115 volts 300 va., £3 each,
5/- post. 230-115 volt auto. 750 watts £4, carr. 10/-. 230 v., pri.
1850-0-1850 at 500 ma., £5 each, carr. 15/6. 230/115 v. auto. 300
va. £2, post 6/6.

MARCONI V. LVE
VOLTMETERS TF428-

13/1 Ranges: 0 to 1.5, 5, 15,
50 and 150 volts. Fitted
with probe unit for RF
measurements. 230 yr,

mains input Brand new,
£12/101- each, carr. 10/-.

TCS MODULATION TRANSFORMER 20 w. Pri., 6,000 ohm.
C.T. Sec., 6,000 ohm. 25/- each, post 3/6. MICROPHONE
TRANSFORMER Pri., 75 ohm. Sec., 125,000 ohm. 10/- each,
post 2/6. OUTPUT TRANSFORMER. Pri., 7,500 ohm. Sec.,
500 ohm. CT., 2.5 w. 12/6 each, post 3/-.
POWER SUPPLY unit for SENDER No. 36 110-240 v. A.G. input .

contains Speech amplifier. Modulator and External power supplies,
3xFW4/500 rectifiers provide H.T. for F.R. unit Speech amplifier
6C5G, Modulator 2x6C5G and 2 x 807 output. Size 24 x 16 x 14
inches Housed in a fine oak case with circuit. Wt. 110 lbs. As
new £6/12/6 carr. 30/-.
CONVERTERS. Type 8 a., 24 v. D.C., 115 v. A.C. at 1.8 amps.
400 cycles, 3 -phase. £5 each, can. 7/6.
CONDENSERS. 1 mfd., 20 kv., £6/12/6 each, post 12/6 each.
0.25 mfd., 32,500 volts Wkg. £5 each, post 12/6 each. 150 mfd.,
290 volts A.C. £5 each, post 12/6. 50 mfd. 330 volts A.C. 40/-,
post 4/-. 10 mfd., 1,000 v. 12/6 post 2/6. 8 mfd., 1,500 volts 17/6,
post 2/-. 8 mfd., 1,200 volts 12/6 post 3/-. 8 mfd. 600 volts, 8/6,
post 2/6. 0.25 mfd. 2 kv. 4/-, post 1/6. Vacuum condenser 50 pf.
32 kv. 30/, post 1/6. 6 pf. 20 kv. 22/6, post 1/6. All the above are
new in cartons.

POWER & SMOOTHING
UNITS. 100-250 v., A.C.
input 24 v., D.C. at 3 amps.
or 12 v. twice at 3 amps.,
continuous rating, switched
fused, etc. In metal case
19 x 7 X 7in. Smoothing
two large chokes and 0-1
ma. meter scaled 0-50 volts.
£7110/- (pr.), I5/- carr.

POWER FACTOR CONDENSERS. 160 mfd., 290 v. A.C. working.
£5/10/- each, carr. 10/-.
4 mfd., 12,500 v. D.C. working, £7/10/- each, carr. 15/-.
POWERSTAT VARIAC. Type 1126. Pri. 115 v., 50-60 cys.
Output 0-135 v. @ 15 amps. £8/10/- each, can. 15/-.
HEADPHONES. DLR 5, 12/6 pr., No. 10 Headset, with micro-
phone, 15/- pr. Post 2/6.
BLOWER MOTORS. 24 v. D.C. (small U.S.A.), 12/6, post 2/-.
TELEPRINTERS, Type 7B, used, good condition. 24v D.C.
£12/10/-. each, carr. £1.
FSK UNIT, Type 2 (ATE Ltd.). £12/10/- each, carr. £1.
OSCILLOSCOPES, Cossor 1035 and 1049, used condition £30
each. Hartley type 13A £25 each. Solartron Type CT316 £20 each.
SPECIAL RECEIVERS. ARN.21 or 9171 (Tacan equipment).
(Please write further details.)
ROTARY TRANSFORMERS, 24v D.C. input 175v at 40 ma., 25/ -
each 2/- post. EICOR 12v D.C. input 400v at, 180ma. output, 30/ -
each 4/- post.
TX DRIVER UNIT 100-156 mc/s. Ideal for two meters, Valves
3C24, in excellent condition, fits 19in. rack, £5 each. carr. 20/-.
CONTROL UNIT. 230 v. A.C. output 24 v. 2 amps., 230 v. A.C.
solenoid switch, 15 amps., plus relays and switches, etc., £2/10/-,
carr. 12/6.
RECEIVERS. HRO. Used condition, less coils, £10 each, carr. £1.
S.36, used condition, freq. 30-143 mc/s. £25, carr. £2. S.27/U, used
freq. 143-210 mc/s., £25, £2 carr. C.52, used, freq. 1.75-16 mc/s.,
£5, carr. £1. H.63 (similar to 1392), 100-156 mc/s., £5, carr. £1.

MARINE RADAR EQUIPMENT. Complete installation for
110/220 v., 3 cmm., made by B.T.H. Ltd. The equipment is
mounted in a weatherproof steel van 6 x 6 x 6ft., with the scanner
on top to rotate 360 deg. The units are available with service
manuals and some spares. £500 each. F.O.B.

UNISELECTORS. 6 bank? 25 way, 20 ohm, coil, £2 each, post 2/6
5 bank, 25 way, 20 ohm. coil, 35/- each, post 2/6. (Ex -new equip-
ment.)
AERIAL MAST. 25ft. self supporting with ceramic base, £5 each,
carr. 30/-.

Complete installations can be
quoted for. Please write further details
List available 6d. S.A.E. for all enquiries. W. MILLS 3-B TRULOCK ROAD, TOTTENHAM, N.17

Phone: Tottenham 9213 & 9330
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BIRMINGHAM
32 High Street Gt.

New
Western
spacious

Arcade.
premises

(Hall day Thurs.) logy. Smote H
(No halt day(

BRISTOL

SHEFFIELD

R.S.C.
nn A sClieSt

HULL
13 Exchange Street 51

,Castle Market Buildings) Savile St.

(Half day closing Thursday).

Post Terms. C.W.O. or C.O.D. No C.O.D. under £1.
Postage 2/9 extra on orders under £2- 16 extra under
£5 unless carr. stated.

M'CHESTER LIVERPOOL

60a-606 Oldham St.

New large store.

73 Dale Street
8 mina. from Lime
Si. Sin. (No halt day).

LEEDS
5-7 County (Mecca)
Arcade,1. Briggate,
Leeds,

(No hall day)

JANUARY, 1965

R.S.C.
MANCHESIFFI L TD.

BRADFORD
58 Morley Street
(Half day Wed.)

Opening early Feb
larger premises at
10 North Parade.

NOW
OPEN

19, LOWER CASTLE STREET. (Half -day Wednesday)

HI-FI 10 WATT AMPLIFIERS
BRAND NEW

Ex Guitar Amplifiers. £7 . 19 6
Carr. 4/6

A REMARKABLE OPPORTUNITY. Push-pull output.
Latest high cilleiency valves. Dual separately controlled inputs
for mike and gram. Separate bass and treble controls. High
sensitivity. Output for 3 ohm or 15 ohm loudspeaker. Guaran-
teed tested and in perfect working order. For 200-250 A.C.

LINEAR TAPE PEE -AMPLIFIERS Type LP/1. Switched
negative feedback equalleation. Positionii for. Record 1 }in.,
311n., 71in. and Playback. EM84 Recording Level indicator.
Designed primarily as the link between Collaro Tape Transcrip-
tor and high fidelity amplifier but suitable almost any Tape
Deck. 9/ GNS. Send B.A.E. tor leaflet.

LINEAR L45 MINIATURE 4/5 W. QUALITY AMPLIFIER.
Suitable for use with any record paying unit and most micro-
phones. Negative feedback 12 D.B. Bass and treble controls.
For A.C. mains input of 200.250 v:50 c.p.a. Output for 213
ohms speaker. Three miniature Mallard Valve. Size only
6 s 5 x 54in. Chassis fully isolated from mains. Guaranteed
12 monthe. OR Deposit 23/6 and

Only b liSmonthly payments of 2$/6.
Bend S.A.E. for leaflet.

R.S.C. POWER PACKS 200-250 v. A.C. Completely
enclosed in louvred enamelled case, 8 x 5) x 21in. Output
fully smoothed 250 v. 60 mA. and 6.3 v. 2 a. 39/9.

SUPERHET RADIO FEEDER UNIT
Design of a high quality Radio Tuner (specially suitable for
use with any of our Amplifiers). Triode Heptrode, F changer is
used. Pentode I.E. and double Diode Second Detector. Delayed
A.V.C. W. Ch. Sec. incorporates Gram. position. Controls are
Tuning, W. Ch. and Vol. Simple alignment Instructions. Only
250 v. 15 mA. H.T. and L.T. or 6.3 v. 1 amp. required from
amplifier. Size of unit approx. 9-6-7in. high. Send S.A.E. for
illustrated leaflet. Total building cost of 5 GU. Point-to-point
wiring diagrams and !Detractions 2/6.

FAKE EXTRA HEAVY DUTY LOUDSPEAKERS
Total Flux 375,000 lines. Extremely high sensitivity. Excep-
tionally robust 31n. diameter Voice Coil assemblies. Impedance
15 ohms. Type 153 151n. 40 watts 18 G101 or Deposit 37/9
and 12 monthly payments 31/6. Type 183 60 watts 18in.
24 015. Or Deposit 51/- and 12 monthly payments 42/9.
Send S.A.E. for leaflet.

STOCKISTS OF ARMSTRONG
CHASSIS, GOODMANS, W.B., and
FANE SPEAKERS, LINEAR, LEAK,
VRDIK, ROGERS, DULCI AMPLIFIERS,
Git-RRARD and GOLDRING TURN-
TABLES CASH or H.P.

THE SKYFOUR T.R.F. RECEIVER
A desigD of a 3 -valve 200-250 v. A.C. mains L and M. wave
T.E.F. receiver with selenium rectifier. It employe valves
6K7, SP61,.6V6 and is specially designed for simplicity in wiring,
Sensitivity and quality are well up to standard. Point to Point
-wiring diagram, instructions and parts list 1/9. This receiver
can be built for a maximum. of 24/19/6 Including veneered
walnut cabinet.
ACOS GP67-20 111-51 Crystal
Cartridges with sapphire
stylus. Standard replacement
for Garrard. B.S.R. and
Collar. Only 16/9. Acne
Stereo/Monaural 35/9.
Rosette. Stereo/Monaural
39/9.

TRANSISTOR SALE
Mallard 0071 3/9. 0046
4/11. 0044 4/11. 0072
3111. 0081 3/11. 0C171 8/9.
Edtswan XA101, XA112,
X11113, XB104, XC101A,
3/9 ea. Postage 8d. for up to
3 Transistors.
JASON F.M. TUNERS
Type FMT1. All parts in-
cluding Dial. Escutcheon,
Punched Chassis and Valve..
Power supply required 180 v.
25 mA. and 6.3 v. 1.5 a.
Type FMT1 56/19/6
Type FMT2 28/19/9

Only 3 pairs of soldered
joints plus mains. AUDIOTRINE HI-FI TAPE RECORDER KIT

Build a high quality recorder In the f70 class for only

Send S.A.E. for

OR DEPOSIT £2.13.9GNS. Can be assembled2 i ,,,t,,,;.: in 1 hour
and 12 monthly payments el 44/6

leaflet. Cash price if settled in 3 months.
INCORPORATING THE LATEST COLLARO STUDIO TAPE TRANSCRWTOR THE
AUDIOTRINE HIGH QUALITY TAPE AMPLIFIER. A HIGH FLUX 7 x 4in. LOUDSPEAKER
Reel of Best Quality TAPE, Spare Tape Spool, a Portable Cabinet, size approx. 141 x 15 : Silo.
finished in complementary shades of rector and Vynair. Connection diagram for wiring amplifier
to tranecriptor provided.

FEATURES INCLUDE:
,

* 3 -SPEEDS * FREQUENCY RESPONSE 50-11.000 c.p.s. * SWITCHED NEGATIVE
FEEDBACK EQUALIZING FOR EACH SPEED * OUTPUT 4 WATTS * MAGIC EYE
RECORDING LEVEL INDICATOR * 3 MOTORS * Fast rewind * TAPE MEASURING
AND CALIBRATING DEVICE * TAKES FULL Tin. DIAMETER REELS OF TAPE *
NEGLIGIBLE HUM * ENTIRELY EFFECTIVE AUTOMATIC ERASURE.

R.S.C. BATTERY TO MAINS CONVERSION UNITS
Type BMI. An all -dry battery eliminator. Size 1.1 x 4) x 2in. approx. Completely replaces
batteries supply 1.4 a. and 90 v. where A.C. mains 200.250 v. 50 c/s. is available. Suitable for
all battery neirtable receivers requiring 1.4 v. and 90 v. Complete kit with diagram 39/9, or
ready for use 46/9. Type 13512. Size 8 x 51 x 21in. Supplies 120 v. 90 v. and 60 v. 40 mA.
and 2 v. 0.4 a. to 1 amp., fully smoothed THEREBY COMPLETELY REPLACING BOTH H.T.
BATTERIES AND L.T. B v. ACCUMULATORS when connected to A.C. mains supply 200-250 v.
50 cis. SUITABLE FOR ALL BATTERY RECEIVERS normally using 2 v. accumulator.
Complete kit with diagrams and instructions. 49/9 or ready for use 59/6.

H E-40 DE -LUXE 4 BAND COMMUNICATION RECEIVERS
v.

A.C. maim operation. Frequencies
covered 550 Re/s. to 50 Me/s. con-
tinuous. Incorporates 5in. speaker.
Slide rule timing dial. " S " meter.
Internal ferrite aerial for medium wave.
Telescopic whip aerial 5910. 10 section
for short waves. Fitted sockets for
optional outdoor aerial. Headphones,
external speaker socket. Other
features arc eleetriimi bandspread
tuning, 0.100 logging scale. Noise
limiter. A.V.C. B.F.O. stand by
switch. Size approx. 14 x 81 e 51in
Handsome grey crackle tiuished metal cabinet with chromium
fittings. Brand new with tall Instructions manual. Racal
guarantee.

Only 19 Gfis. Carriage 7/6.

R.S.C. STEREO/TEN HIGH
QUALITY AMPLIFIER KIT

Valves E Z81, ECC83.
ECC83, EL84, EL84.
Separate bass and treble
controls giving " cut "
and " boost " Senvi-
tivity 50 my. 5 watts
high quality output es
each channel. Can be
used as straight 10
watt amplifier. Controls:

Stereo/Monaural switch, ganged volume, ganged treble, ganged
base and balance. Output for 3 ohms speaker.
Point -to -Point wiring diagrams and instructions.

list 1/9 Or supplied assembled and tested
Illustration full wiring details and priced parts GNS.

59/8 extra. Carr. 7/D.

R.S.C. BATTERY CHARGERS & KITS
HEAVY DUTY KIT

6/12 v. variable charge rate
up to 6 amps. Consisting of
Mains Trans. F.W. (Bridge),
Selenium Rectifier, 0-7 amp.
meter. Variable Charge
Selector. Fuses, fuse -holders,
panels, plugs and circuit.
Only 59/9. Poet 4/6.

TRANSFORMERS
200-230-250 v. 50 c/a
0-9-15 v. 11 a. 12/9
0.9-15 v. 2} a. 14/9
0-9-16 v. Sa. 16/9
0-9-16 v. 5 a. 1919
0-9-16 v. 6 a. 23/9
0.9.15 v. 8 a. 28/9

EX -GOVT. SELENIUM RECTIFIERS 19/9
12 V. 15 amps. F.W. (Bridge). Only

EX. GOVT. SMOOTHING CHOKES
60 mA. 10 h. 400 ohms 3/11. 100 mA. 10 h. 100 ohms. 6/9.
150 mA. 10 h. 100 ohms 10/11. 120 mA. 12 h. 100 ohms 9/9.
200 mA. 5-10 h. 100 ohms 11/9. 250 mA. 5 h. 50 ohms 10/9.
TANNOY 8 WATT RE-ENTRANT LOUDSPEAKERS.

ohms for workshop, factory or outdoor use 25/9 ea.

BATTERY CHARGER KITS
Consisting of Mains Transformer, F.W.
Bridge, Metal Rectifier. well ventilated
steel ease. Fuses, fuse -holders, gram -
meta, panels, clips and circuit. Carr.
3/9 extra.
6 v. or 12 v. I amp 22/9
As above with ammeter 28/9
8 v. 2 amps. 19/9
6 v. Of 12 v. 8 amps. 25/9
6 v. or 12 v. 2 amps. 35/9

(inclusive of ammeter).
8 v. or 12 v. 4 amps. with
variable charge rate selector
and ammeter 52/9

exceptional value 0.r.

HE -30 4 BAND
Continuous coverage 550KN. to 30 Me/s. Illuminated elide

rule dial. Edgewise " S " meter.
0-100 logging scale. Built in " Q "
multiplier aerial trimmer, electrical
bandspread, noise limiter, controls
are: Function switch, audio gain,
selectivity, frequency (B.F.0.). Rand
selector, I.F. gain, trimmer, A.V.C./
M.V.C. Switch. ANL switch, main
tuning, bandspread tuning. Output
for h/phones or standard speaker.
Provides 1.5 watts output. Size
15 x 10 x 71in. For 220/240 v. 50/60
A highly efficient receiver representing

Only £35-0-0 Carriage I0/-
R.S.C. 3 WATT GRAM AMPLIFIER KIT

All parts to build a compact, highly sensitive amplifier suitable
for any single or autochange player. Size 12 x 21 x 211n.
Double wound Mains transformer. For 200-250 v. A.C. mains.
Output for 2-3 ohm speaker. Volume and tone 39/9control with switch.

SELENIUM RECTIFIERS
L.T. Types B.T. Types H.W.
2/6 v. I a. H.W. . 1/9 120 v. 40 mA. 3/96/12 v. i a. H.W... 2/9 130 v. 50 mA. .... 3/11
Following F.W. (Bridge) 250 v. 60 mA. .... 4/31
6/12 v. 1 a. 3/11 250 V. 80 mA. 6/110418 v. 2 a. 6/11 250 v. 260 mA. .. 11/96/12 v. 3 a. 9/9 Types Below Contact cooled
5/12 v. 4 a. 12/3 260 v. 60 mA. H.W. 5/11
ii/12 v. 5 0. 14/6 250 v. 70 mA. H.W. 7/11
11/12 v. 6 a. 15/6 P.W. (Bridge) Types
1;/1.2 ,. lo a. 25/9 250 v. 50 mA. ..  - 8/11

11 10 s I., a. 35/9 250 v. 120 mA... 10/11

for 200-230-250 v. 50 c's. A.C. Mains
ASSEMBLED

CHARGERS
6-12v.la. less meter 27/9
6-12 v. B amp. Fitted
Ammeter and selector
plug for 6 v. or 12 v.
Louvred metal case.
finished attractive ham-
mer blue. Ready for
use with mains and
output leads. Fused.

Only 39/9 C3/9`

Guaranteed 12 mths.
ASSEMBLED

6v. or 12 v. 4 amps.
Fitted Ammeter and variable
charge selector. .Also selector
plug for 6 v. or 12 v. charging,
fused.
Well ventilated steel ease
with Grey hammer finish.

Ready for use with main., 411,i output leads. 59/9 Corr. 4/6.
Or

Deposit 12/- and 5 monthly payments of 12/-. As above but
for 6 amp. charging 4 ORS. Carr. 5/-. or Deposit 16/- and 5
monthly payments of 16/-.

SPECIAL OFFER I HEAVY DUTY 12 v. 10 AMP. KIT
Consists of Maine Transformer. F.W. (Bridged) fiel-12 v. 2 amp. F.W. (Bridged) enium Rectifier, Ammeter, Fuses, Variable Resistor, E4 19 _9

METAL RECTIFIERS 3 for 7/9 and Circuit. For 200-250 v. A.C. main. Only-
cart. 10/-.

VALVES KF.VrI=ICAZREGTEERRs "9"-P07:- "-u-13/9

SENSATIONAL STEREO OFFER
Complete kit of parts to construct a 3 + 3 watt good quality
stereo amplifier providing realistic reproduction. Suitable
all stereo pick-up leads. Ganged vol. and
tone controls. Pre-set balance. For 200-250v. O.
A.C. mains only. Fully isolated chassis. Carr. 4/6.
Or Including Stereo Head 19/9 extra.

R.S.C. BABY ALARM or INTERCOM UNIT KIT
For 200-250 v. A.C. mains. Includes all parts, diagrams
and instructions. High sensitivity. Completely safe.

Controllable at
both ends.
Homed in twocabinets of
pleasing design
8916. Carr. 5/-.
Or assembled and
tested 6 GNS.
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DERBY BRISTOL LONDON EDINBURGH :GLASGOW/ MIDDLESBROUGH
28 Osmaston Rd., The Spot

(Half day Thaws.)
14. Lower Ca/ale St.

(Half day Wed.)
238 Edgware Rd., W.I.

(Half day 7 hum)
133 Leith St.

(II all dog Vol.)
326 Argyle St.

(Half dop Tees.)
108 Newport Rd.,

(Half day Wed.)

R.S.C. A10 30 WATT AMPLIFIER
HIGH FIDELITY
ULTRA LINEAR

PUSH-PULL OUTPUT
SIX VALVES EF86, EF86, ECC83, 807, 807,
0234. Tone Control Pre -Amp. Magee are
Incorporated. Sensitivity is extremely high.
Only 12 millivolt minimum Input Is required
for full output. THIS ENSURES THE SUIT-
ABILITY OF ANY TYPE OR MAKE OF
MICROPHONE OR PICK-UP. Separate Bass
and Treble controls give both ' lift " and
" cut " with ample toes correction for long
playing records. An extra input with associate
vol. control to provided so that two separate
Inputs such as " mike " and gram. etc., can be
simultaneously applied for mixing purposes. AN OUTPUT SOCKET WITH PLUG IS INCLUDED
FOR SUPPLY OF 300 v. 5OaA. and 8.3 v. 1.5 A. FOR A RADIO FEEDER UNIT. Price in kit
form with easy to follow wiring diagram.
ONLY Or factory built using latest EL34 'output valve. and with 12
Carr. 11 Gns months' guarantee. 14 GNS. TERMS ON ASSEMBLED UNITS..

DEPOSIT 33/9 and 9 monthly payments of 33/9.
Protective Cover 1919. Type 807 output valves are used with High Quality Sectionally Wound
output transformer specially designed for Ultra Linear operation. Negative feedback of 20 D.B.
In main loop. CERTIFIED PERFORMANCE FIGURES ARE EQUAL TO MOST EXPENSIVE
UNITS AVAILABLE. Frequency response 3.D.B. 30-20,000 c/s. Tone Controls ± 13 D.B.
at.50 c/s. + 12 D.R. to - 6 D.B. at 12,000 vie., hum and noise 70 D.B. down. Good quality
reliable components used. Chassis finish gold hammer. Overall size 12 x 9 x 9in. approx. Power
consumption 150 watts. For A.C. mains 200-250 v. 50 c/a. Output for 3 and 15 ohms speakers.
EQUALLY SUITABLE FOR THE CONNOISSEUR OR FOR LARGE HALLS, CLUBS OR OUTSIDE
FUNCTIONS. IDEAL FOR USE WITH MUSICAL INSTRUMENTS, SUCH AS STRING BASS,
ELECTRONIC ORGAN, GUITAR, etc. FOR DANCE BANDS, GARRISON THEATRES, etc., etc.
We can supply Microphone, Speakers, etc., at keen cash prices or on terms with amplifiers. EXPORT
ENQUIRIES INVITED.

MANCHESTER New large retail premises now open at
60a -60b Oldham Street.

POWER
PACK KITS
Fully smoothed out-
put 250 v. 60 mA.
H.T. and L.T. 6.3 v.
1.5 amps. Consists
of chassis, mains
Trans. 200-250 V.
Double wound,
Rectifier, Choke,
Rlectrolyties and
circuit. 19111.

FANE HIGH FIDELITY SPEAKERS
All with exceptionally robust Sin. diameter voice coil assemblies.

12in. 15 ohms. Cast chassis: HEAVY DUTY.
122/10 20 watts .... 5 gas. 122/10A 20 watts .. 6 fns.
122/12 20 watts .... 7 gra. 122/12A 20 watts .. 8 gns.
122/14 22 watts .... 9 gra. 122/14A 22 watts .. 10 gni.
132/17 25 watts .... £11 17 6 122/17A 26 watts £12 17 6
151n.15 ohms. Cast chardis: HEAVY DUTY.
152/12 20 w 12 gas. 152/12A 20w.152/14 27w.152/14A 27w 15 a.
152/17 35w. 16 gm.

14 ens.
152/17A 36 w. .... 1173 ang7..

" A " indicates dual cone type30-17,000 c.p.a. Send S.A.E. for
lesdets. Terms available.

R.S.C. A5 4-5 Watt HIGH GAIN QUALITY AMPLIFIER
A highly sensitive 4 -valve quaiity amplifier for the home, small club, etc. Only 50 milli -volts
Input is required for full output so that it is suitable for use with the latest high fidelity pick-up
heads in addition to all other types of pick-ups and practically all makes. Separate Baas and
Treble controls are provided. These give full long playing
record equalisation. Hum -level le negligible being 71 D.B
down. 16 D.B. negative feedback is used. H.T. of 300 v.
26 mA. and L.T. of 6.9 v. 1.5 a. Is available for the supply of a
Radio Feeder Unit or Tape Deck pre -amplifier. For A.C.
mains input of 200-350 v. 50 c/s. Output for 2-3 ohms speaker.
Chassis is not alive. Kit ie complete in every detail and
Includes fully punched chassis (with baseplate) with the blue
hammer finish and point-to-point wiring diagrams and in-
etructions. Exceptional value at only f4/15/. or assembled
ready for use 25/- extra, plus 3/8 carriage. Or deposit 22/ -
and five monthly payment. of 22/- for assembled unit.

DARLINGTON
13 Peat House, Wind.

(Half day Wed.)
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R.S.C.

R.S.C. All 12-14 WATT AMPLIFIER
HIGH FIDELITY PUSH-PULL

ULTRA LINEAR OUTPUT
"BUILT-IN" PRE -AMP STAGES

Two Input sockets with associated controls ado,.
mixing of " mike" and gram. ae in A.10 High
sensitivity. Includes 8 valves ECC83, ECC83,
EL84, EL84, EZ81. High Quality sectionally
wound output' transformer specially designed
for Ultra Linear operation. Reliable small
condensers of current manufacture. INDIVI-
DUAL CONTROLS -FOR BASS AND TREBLE
" Lift " and"' Cut." Frequency response ± 3 D.B. 30-30,000 cis. Six negative feedback loops.
Hum -level 60.D.B. down. ONLY 23 millivolt INPUT required for FULL OUTPUT. Suitable
for use with all Makes and types of pick-ups and microphones. Comparable with the very beet

FtigXilifDARD or LONG PLAYING RECORDS. For MUSICAL INSTRUMENTS such as STRING
BASS, GUITARS, ate. OUTPUT SOCKET with plug provides 300 v. 30 mA. and 6.3 v. 1.5 a.
For supply of a RADIO FEEDER UNIT. Size approx. 12 x 9 x Tin. For A.C. mains 200-250 v.
50 c/s. Output for 9 and IA ohms speaker.. Kit Is complete to last rint.-Chaesis hi fully punched.
Full instructions and point-to-point wiring diagrams supplied (or factory sk Gns. Carr
built $1/8 extra). ONLY '9'10/-.
It required louvred metal covers with 2 carrying handles can be supplied for 18/9. TERMS ON
ASSEMBLED UNITS. DEPOSIT 24/94 and 9 monthly payments of 24/9. Send S.A.E. for illus-
trated leaflet of Cabinets, Speakers, Mikes " etc. Cash or Terms.

R.S.C. BASS -MAJOR 30 WATT AMPLIFIER
A Multi -Purpose High Fidelity, High Output Unit for Vocal and instrumentalist Groups. Incor-
porating two 12in. heavy duty 25 -watt high flux (17,000 lines) loudspeakers with tin. diameter
pole pieces (total fin: 220,000 lines). Designed for efficiently handling more than full output of
amplifier at frequencies down to 25 c.v.& One speaker has an aluminium speech coil and dual
cons to eztend freeftency no to 17,000 op.s.
Heavily made cabinet of convenient size 28 x 15 x 13in. has an exceptionally attractive covering
in two contrasting tones of Vynair. For 200-250 v. 50 c.o.s. A.C. mains operation. EMINENTLY
SUITABLE FOR BASS, LEAD or RHYTHM GUITAR AND ALL OTHER MUSICAL INSTRU-
MENTS. Four jack socket inputs and two independent vol. controls for simultaneous connection
of up to four 'net:On:tient pick-ups or microphones.
Separate bass and treble controls providing more than adequate " Boost " or " Cut " Level Ire-
quency response throughout the audible range.

Ash39+ Gns. Carr. 17/8. DEPOSIT E4-3-0
n tip?, mmeoLtsholyt

Superior to units at twice the cost. Send S.A.E. for illustrated leaflet.

G.5 AMPLIFIER FOR GUITAR
MIKE or GRAM etc.

6 -watt high quality output. Incorporating
high flux 12in. 10 watt, 12,000 line loud-
speaker. Sensitivity 30 m.v. High imped-
ance (ark input. Handsome strongly made
cabinet (size 14 x 14 x lies approx.) finished
in contrasting ahades of Rexine and Vynair.
200-250 A.C. maim operation.

£9/19/6 ;767.
Bend S.A.E.

for leaflet.
Or DEPOSIT 22(3 and nine monthly pay-
ments of 22/3.

MICROPHONES Full range
from 12/9. Also Desk & Floor Stands.

R.S.C. BASS -20 AMPLIFIER.
With 15in. 30 watt heavy duty speaker.
Robust Rexine covered cabinet.
Bend S.A.E. for leaflet. 291 Gns.2
LINEAR TREMOLO/PRE-AMP. UNIT
Designed for introducing the Tremolo
effect to any amplifier fitted with a reserve
power supply point for smoothed H.T. and
6.3 v. A.C. This applies to practically all
amplifiers of our manufacture and to those
of several other manufacturers. The unit
plugs Into power supply point and any
input socket or amplifier. Controls are
Speed (frequency of interruptions). Depth
(for heavy or light effect). Volume, and
Switch Three sockets are for 2 Inputs and
Foot Switch. Only 4 Gus.

R.S.C. 615 15 WATT AMPLIFIER FOR LEAD OR
RHYTHM GUITAR, MIKE GRAM or RADIO

High-fidelity push-pull output Separate bass and treble "cut" and "boost"
controls. Twin separately controlled inputs so that two instruments or
"mike" and pick-up can be used at the same time. A heavy duty 20 watt
high flux 12in. loudspeaker with case chassis is used. Cabinet is well made
and finished as Gb. Model.
Size approx. 18 x 18 x Bin. IRS or DEPOSIT 39/11 and 12
Send B.A.E. for leaflet. UGno monthly payments 33(4.Gns Caw. 10/--

R.S.C. TRANSFORMERS Fully Guaranteed.
MAINS TRANSFORMERS. Primaries 200-250 v. 50 c/s.
FULLY SHROUDED. UPRIGHT MOUNTING,
250-0-250 v. 60 mA., 6.3 v. 2 a. 0.5-6.3 v. 2 a. 21-3-310. 17/11.
250-0-250 v. 100 mA., 6.3 v. 4 a., 0.5-6.3 v. 3 a. .. 28/9
800-0-300 v. 100 mA., 6.3 v. 4 a., 0.5-6.3 v. 3 a. .. 28/9
800-0-300 v. 130 mA., 6.3 v. 4 a. 0.1., 6.3 v. 1 a. For

Mallard 510 Amplifier 3519
850-0-350 v. 100 mA., 6.3 v. 4 a., 0.5-6.3 v. 3 a 29/9
550-0-350 v. 150 mA., 8.3 v. 4 a., 0.5.6.3 v. S a. .. 8719
425-0-426 V. 200 mA., 6.3 v. 4 a., c.t., 5 v. 3 a 57/9
425-0-425 v. 200 mA., 6.3 v. 4 a., 6.3 v. 4 a., 5 v. 3 a 59/9
450.0-480 v. 280 mA., 6.3 v. 4 a. c.t. 5 v. 3 a. 69/9
TOP SHROUDED DROP -THROUGH TYPE
250-0-250 v. 70 mA., 0.3 T. 2 a., 0-5-6.3 v. 2 a. 17/9
250-0950 v. 100 mA., 6.3 v. 3.5 a. 19/9
250-0-250 v. 100 mA., 0.3 v. 2 a., 6.3 v. 1 a. 21/9
850-0-350 v. 80 mA., 8.3 v. 2 a. 0.5-6.3 v. 2 a. 19/9
250-0-250 v. 100 mA., 6.9 v. 4 a., 0.5-6.3 v., 3 a. 27 9
800-0-300 v. 100 mA., 6.3 v. 4 a., 0.5-6.3 v. 3 a. 27 9
300-0-300 v. 130 mA., 6.3 v. 4 a., 0.5-6.3 v. 1 a.,

suitable for ?dullard Si. Amplifier 33/9
350-0-350 v. 100 inA., 6.3 v. 4 a., 0.5-6.3 v. 3 a. .. 27/9
250-0-350 v. 150 mil., 6.3 v. 4 a., 0.5-6.3 v. 3 a. 35/9
MIDGET CLAMPED TYPE, Primaries 200-250 V.
260-0-250 v. 60 mA., 6.3 v. 2 a., 2 x 2 x 21in. 12/9
950 v. 60 mA., 6.3 v. 2 a. Size 2 x 2 x SI in. 11/9
FILAMENT TRANSFORMERS 12 v. 1 a. 7/9
8.3 v. 1.5 a. 5,9 6.3 v. 3 a. 8111
6.3 v. 2 a. 7/6 6.3 v. 6 a. 17/9

12 v. 3 a. or 24 v. 1.5 a. 17/9
AUTO (Step UP/Step DOWN) TRANSFORMERS
50-80 watts 110-120 v./230-250 v. 1319
150 watts 110-120 v./200-350 v. 27/9
250 watts 110.120 v./200-250 v. 48/9
OUTPUT TRANSFORMERS
Midget Battery Pentode 68.1 for 884, etc. 4/6
Small Pentode 5,0000 to 30 4/6
Standard Pentode 5,0090 to 30 5/9
Standard Pentode 7,0010 to 30 5/9

Interleaved and Impregnated
Push pull 8 watts EL84 to 30 or 150
Push pull 10-12 watts 6V6 to 311 or 1511
Push pull 10-12 watts to match 6 V6 to 3-5-8 or 150
Push pull EL84 to 3 or tso 10-12 watts
Push pull Ultra Linear for Mallard 510, etc.
Punk pull 15-18 watts, sectionally wound 6L6, KT66,

etc., for 3 or 150
Push pull 20 watt high -quality sectionally wound,

EL34, 6L6, KT66, etc., to 3 or 150 fully shrouded
MICROPHONE TRANSFORMERS
120-1 High quality, clamped
SMOOTHING CHOKES
250 mA., 5 H., 1000 11/9
150 mA., 7-1011,26011 11/9
100 mA., 10 H., 2000 8/9

80 mA., 10 H., 35011
60 mA., 10 If., 4000
1 amp. 0.50 L.T. t3 pe

8/9
18/9
19/9
18/9
29(6

29/9

49/9

8/9

5/6
4/11
6 6

AUDIOTRINE HIGH FIDELITYSPEAKER SYSTEMS

Designed to provide a
smooth frequency response
from 40-20,000 c.o.s. con-
sisting of 12in. 12,000 line
15 ohm speaker. Crossover
Unit and Tweeter. Highly
recommended for use with
any High Fidelity Ampli-
fier. 10 Watt Unit
24/19/6 or Deposit 11/3
and nine monthly pay-
ments of 11/3. 20 Watt
Unit 26/19/9 or Deposit
15/9 and nine monthly
payments of 15/9.

GLIM MINIATURE 8 -WATT GRAM, AMPLIFIERS. For
200-250 v. 60 c.o.s. A.C. mains. Overall elm only 111 x
21 x 21In. Fitted Vol. and Tone Control with maim switch.
Designed for use with any kind of single player or record
changer unit. Output for 2-3 ohm speaker. Only 59/6.

LOUDSPEAKERS IN CABINETS. 121n.
10 WATT. Walnut Veneered Cabinet
size 15 x 15 x Bin. approx. High
quality 12in. 10 watt 12,000 line speaker,
3 ohms or 16 ohms £411916. Carr.
5/.. Or Deposit 11/3 and nine monthly
payments 11/3. 12in. 20 WATT. High
Qiimity 15,000 line 1/speaker lb ohms

n Cabinet finished ads above. Size
10 x 18 x 8In. 27(19/6. Corr. 7/9
or Deposit 17/9 and 9 mont hly pay-
ments of 17/9.

15in. 30 WATT. Heavy
Duty High Flux Speaker. Suitable
for BASS GUITAR. Cabinet 24 x
21 x 15in. Heavy construction
covered in attractive Rexine and
Vynair in two contrasting tones of
grey. Only 190 GNS. Or Deposit
43/- and 12 month.y payments 341-,
Full range of cabinets stocked.

R.S.C. COLUMN SPEAKERS
Cabinet finish polished walnut veneer,
or two tone Rexine Vynair. Idea. units
for vocalists and public addrese sys-
tems. Type C58 20 watts 15 ohms.
Fitted five Bin. high flux P.M. Speaker..

12 Gns.
Size approx. 42in. X 10in. x 5M. Or
Deposit 34/5 and 9 monthly payments
al 34/5.
Type C57 as above model but 15 watts
rating and incorporating five elliptical
speakers with an overall size of approx.
26in. x 9in. x 9 Gns. Carr.

7/6.
Or Deposit 21/- and 9 monthly pay.
meats 20/11.
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INTRODUCING THE R.S.C. STERE0120 HIGH FIDELITY AMPLIFIER
Providing 10/14 WATTS ULTRA LINEAR PUSH-PULL OUTPUT ON EACH CHANNEL

Features im.leilet
* Three -position tone compensation switch.
* StereoiMono switch so that peak monaural output of

28 watts can be obtained.
* Separate Bass "lift"and " cut " and Send

treble " lift " and " cut " controls. S.A.E. for
* Neon panel indicator. Illustrated
* Handsome Perspex Frontplate. leaflet.

12 gns. Complete set of parts with point
to point wiring diagrams anti

instructions, or Factory assembled, tested and supplied with
tine usual 12 months' guarantee for 18 gas, or DEPOSIT 37/9
and nine monthly payments of 37/6. Protective wooden
cabinet covered in pleasing shade of leathereloth and fitted
tarrying hand.es and plastic feet 59/9 extra or DEPOSIT
6/9 and nine monthly payments of 6/9.

SUITABLE for "MIKE," CRAM., RADIO OR TAPE.
INTENDED FOR THE HOME OR STUDIO BUT SUIT-
ABLE FOR LARGE HALLS OR CLUBS.
Based on a Surreal Mallard design and employing valves
ECC83, ECC83, ECL86, ECL86, ECL86, ECL86, EZ81.
Output transformers are high quality sectionally wound to
required specification. Output matchings for 3 and 15 ohm
speakers on each channel.
FREQUENCY RESPONSE ± 241B. 30-20,000 c.p.s.
HUM LEVEL 66dB down.
SENSITIVITY: 16 millivolts maximum.
HARMONIC DISTORTION (each channel) 0.1%.
For operation on 200/260 v. A.C. Mains.

R.S.C. STANDARD BASS REFLEX CABINET. For 121n.
Imuispeakers, acoustically lined and ported. Slue 20In. x
14in. x 131n. Beautiful walnut veneer finish. Especially
recommended for use with Audio -
trine Speaker System. E5/19/6. Set
of four legs can be supplied with
braseferrul. for 19/6.
AUDIOTRINE CORNER CONSOLE
CABINETS. Strongly made.
Beautiful polished walnut veneered
finish. Pleasing design.
JUNIOR MODEL. To take up to
Min. speaker. Size approx. 301n. x
I lin. x gin. Only am
STANDARD MODEL. To take
up to 10in. speaker. Size 27in. x
18 M. x 18in. £4111/9.
SENIOR MOMS. To take up to
12in. speaker and with. Tweeter
eat -mot. Size approx. 30in. x 15in.
Ills. (Recommended for use with
Audit:Arnic speaker system). 7 Gas. or terms.
W.B. "STENTORIAN" HIGH FIDELITY P.M. SPEAKERS
11E1012. 10 watts rating. Where a really good quality
speaker at a low price is required. we highly recommend this
unit with an amazing performance. E4/121-. Please state
whether 3 ohm or 15 ohm required.

R.S.C. JUNIOR BASS REFLEX CABINET.
Designed for above speaker, but suitable for any good quality
81n. or 10in. speaker. Acoustically lined and ported. Polished
walnut veneer finish. Size 181n. x 121n. x 10in. Strongly made.
Handsome appearance. Ensures superb reproduction toe
only 93119,8. Deposit 9 monthly payments of 916.

R.S.C.

THE AUDIOTRINE 3D/1
 complete three diaphragm high
fidelity loudspeaker unit designed
to occupy .a minimum of space.
Depth Is only approx. 61n. Height
24ln. Width 15in. This has been
made possible by the latest
developments in loudspeaker de-
sign. The I2in. cast chassis.
Bass emit has a resonant frequency
which is extraordinarily low. It
has a second diaphragm which
extends the' frequency range to
17.000 e.p.s. A further speaker
operates only on the middle
frequeneies and ensures a smooth
responsk from 40-17,000 e.p.s.
Rating 20 watts. Imp. 15 ohms.
Cabinet finish is either polished
walnut veneer, eir Ituthercloth to
match stereo/20 cabinet. Highly recommended tor any
Stereo  if Mono amplifier. 11 gas.Sandy the best value ever at .

'Or Deposit 25/9 and nine monthly payments of 25/9.

LOUDSPEAKERS. "tin. to 18in. at keen pekes. Lin.
0.8 watt 3 ohms 29/11. I2in. 10 watt 12,000 lines 3 ohms
or 10 ohms. 59/9. TWEETERS. 41u. B.A. 3 ohms mg.
R.A. 15 ohms 25/9. W.B. I5 .clans, 32/3. cane 15 ohms.
Pressure type 13115/-. Eagle CT 10 15 shoes 27.6.

AUDIOTRINE EQUIP-
MENT CABINETS
Sire 36 x 15 x lain.
Beautiful walnut veneered
finish. Elegant contem-
porary design. Robust
construction, Uncut re-
movable baseboard. Depth
above baseboard 51In.
Only 12 gus. Carr. 151-.
Terms: Dep.' 29/9 and
9 mthly pynits. 29/9.
Full range of equipment
cabinets available from all branches.
R.S.C. JUNIOR HI-FI REPRODUCER.
The very latest Goodman Axiette 8 High Fidelity Ibudspeaker
(retailing at 15/5/7) fitted in a specially designed Base Reflex
cabinet size I2in. x 18in. x 10in. Acoustically lined and
ported and finished in polished walnut veneer. Matching
impedance 15 ohms. Frequency range 40-15,000 reps. Power
handling 6 watts nominal. Ideal for Stereo.
Ca. 4/6. Deposit si and £8_19-6
9 monthly payments of 11.

TRANSISTORISED SOUND MIXER
Enables mixing of up to
4 Inputs. i.e. role, tape,
gram., tuner, etc., into
single output. Compact
and conipletely self-con-
tained, uses standard 9 v
battery. Four standard
limb inputs.

It Ft IC 83 49/6

BRADFORD, BRISTOL, BIRMINGHAM, DERBY, DARLINGTON, EDINBURGH, GLASGOW, HULL,
LEICESTER, LEEDS, LIVERPOOL, LONDON, MANCHESTER, MIDDLESBROUGH, SHEFFIELD

,11,11,01..11111141,M111

PAGES 88 & 89
FOR ADDRESSES

NO EXCUSES! NO DELAYS! FROM STOCK!

VARIABLE VOLTAGE TRANSFORMERS
PORTABLE

Input 230 v. A.G. Out-
pu variable 0-260 v.
A.C. at 2.5 a. Fitted in
beautifully finished steel
case. Complete with
volt meter, pilot lamp,
fuse, switch, carrying
handle, L9/17/6. P.&C.5/-.

I AMP. OPEN TYPE.
(Type IA)
Compact
well con-
structed
unit de-
signed for
buildinginto

equipment. Panel or
rack mounting, extend-
ing shaft. Complete
with engraved voltage
panel and control knob.
Input 230 v. A.C. Out-
put variable 0-260 v.
Ideally suited for Manu-
facturers of variable vol-
tage equipment. Price
C4/17/6 post paid.

50AMPS.

I AMP.

INPUT 230 v. A.C. 50/60 -
BRAND NEW. Carriage Paid. Buy d-rect
from the importer, keenest prices in the
country. All Types (and Spares) from I to SO
amp. available from stock.
*0-260 v. at I amp E2 18 6
*0-260 v. at I amp. £4 10 0
*0-260 v. at 2.5 amps. £5 17
*2.5 amps., Portable £9 17
*0-260 v. at 4 amps. £8 7
*0-260 v. at 5 amps. £9 0
*0-260 v. at 8 amps. £13 10
*0-260 v. at 10 amps. £17 0
*0-260 v. at 12 amps. £19 10
*0-260 v. at 20 amps. £32 10
*0-260 v. at 37.5 amps. £65 0
*0-260 v. at 50 amps. £85 0 0

°These instruments are fully shrouded.

6
6
6
0
0
0
0
0
0

VARIABLE OUTPUT UNIT
7 amps. A.C./D.C.
Input 230 v. A.G.
Output continuously
VARIABLE from 0 to
260 v. A.C. OR 0 to
230 v. D.C. at 7 a.
Robustly construc-
ted in metal case,
complete with safety
fuse, neon indicator

and voltmeter. Size 17 x 12 x 7in. Weight 361b.
Price £34 '10/, Carriage 201-.

INSULATED TERMINALS
available in black, red,
white, yellow, blue and
green. New, 115/.. per doz.
P. & P. 1/-.

NEW ' AMP. 1 100 WATT POWERFULL RANGE
VARIABLE VOLTAGE RHEOSTATS

TRANSFORMER
Input 230 v.
A.G. Output
continuously
variable from
0 to 260 v.
at f amp. Size:
dia. 3in., depth
3fin. includ-

ing shaft, single hole fixing.
Easily built into equipment.
Ideal for manufacturers or
Lab. use. 58/6.

SLIDER RESISTANCES

I ohm., 12 amp., 17/6; 1.2

ohm, 14 amp. 27/6; 75 ohm, 2
amp. 37/6;200 ohm, 1.25 amp.
37/6; 36 ohm, 6.5 to 2.8 amp.,
tapered winding, geared drive
(less knob), 37/6. P. & P. 3/6.

50 ohm. 1.4 a., 100 ohm. I a.,
1,000 ohm. 280 mA., 1,500
ohm. 230 mA. Dia. 3Sin.
Shaft length Sin., dia. Ilin.
27/6. P. & P. 1/6.

INSULATION
TESTERS

(NEW)

Test to I.E.E. Spec. Rugged metal
construction, suitable for bench
or field work, constant speed
clutch. Size: L. Bin., W. 4in., H.
6in. Weight 61b. 500 volt, 500
megohms. Price £22, carriage
paid. 1,000 Volts, 1,000 meg-
ohms, £28, carriage paid.

SERVICE TRADING COMPANY --am.
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SERVICE TRADING CO
ULTRA VIOLET BULBS
Easy to use source of U.V. for dozens of practical
and experimental uses.
12 volt 36 watt A.C./13.C. SBC 6/6. P. & P. 1/-,
12 volt 60 watt A.C./D.C. SBC 8/6. P. & P. I/-.
Transformer to suit the above. Input 200-240 v.
A.C., 12 volt 36 watts, 16/6; P. & P. 2/6. Input
200-240 v. A.C. 12 volt 60 watt, 22/6. P, & P. 3/6.
Set of 4 Colours FLUORESCENT PAINT.
Red, yellow, green and cerise. In 5 oz. tins.
Ideal for use with the above Ultra Violet Bulbs.
9/6, plus 1/6 P. & P. -
SIEMENS SEALED HIGH

SPEED RELAYS
H96A, 2.2 ohm + 2.2 ohm, new 12/6.
H96B, 50 ohm 50 ohm, new 12/6.
H96C, 145 ohm + 145 ohm, new 12/6.
H96D, 500 ohm + 500 ohm, new 12/6.
H96F, 1,000 + _1,000 ohm, new 12/6.
H96E, 1,700 ohm + 1,700 ohm, ex.
equip., 16/6. P. & P. If- on each Relay.
mita am NNE, mmom mom= emoom 1

CARPENTER'S POLARISED RELAY
Type 5A13 (2), 2 x 7,600 turns at 1,000 ohms.
New, 22/6. P. & P. 1/-.
Type 5A57, 65 ohm coil will operate on less than
.5 of a volt. 22/6. P. & P. II-.
Bases for Carpenter Relay, New, 3/6 eadS.

P.O. RELAYS, Type 3,000
200 ohm, 6 c/o. 6,500 ohm, 1 c/o. 1 break.
500 ohm, 6 c/o. 16,000 ohm, 2 make 2 break.
500 ohm, 4 Heavy Duty Make.
2,000 ohm, 4 make 4 break.
All at 12/6 each, plus 1/- P. & P.

G.E.C. SEALED RELAYS
M1069 5,000' ohm, 2 c/o. M1084 180 ohm, 4 di..
HI092 670 ohm, 4 c/o. M1095 670 ohm: 2 m. 2 b.
M1100 670 ohm, 2 c/o. Ex new eqinpment.

All at 12/6 each plus If- P, & P.
7,000 OHM SEALED RELAY. High Speed
single c/o. Platinum contacts. Super -sensitive,
ideal for Transistor circuitry. Will operate
on I milliamp. 25/, P. & P. 1/-.

SPECIAL REVERSING 24 -VOLT D.C. MOTOR
2 -AMPERE

Quadrant moves 90 degrees with limit switches.
Ideal for opening doors, etc. Price 32/6. P. & P. 3/-.

SOLENOID. Overall length 34in., stroke fin.
to /in. Maximum push 8 oz. 12-24 v. D.C.
operation. D.C. resistance 35 ohm. Price 8/6.
P. & P. 1/6.
EVERSHED AND VIGNOLES BRIDGE
MEGGER. 500 v. Constant Pressure Series 2 with
decade and varley loop facilities, perfect condition,
440 including leather case and carriage.
SOLENOID OPERATED MAGNETIC RELAY.
Type Scf3944, 4 Pole c/o., 10 amp. Contacts,
24 volt D.C. operation. 12/6 each. P. & P. 1/6.
EVERSHED AND VIGNOLES MEGGER
CIRCUIT TESTER. (Low reading ohm meter.)
2 ranges, 0-3, 0-30 ohms. Complete with test
leads, battery and leather carrying case, 46/61-.
Post paid.

VENNER 14 DAY
CLOCKWORK TIME
SWITCHES
5 amp. 230 v. contacts. 24
hr. phase, f hr. divisions
allows setting for I make,
I break, every 24 hrs.
Complete with key and
mounting block. Used but
guaranteed. 35/6. P. & P. 2/6,

RESETTABLE HIGH SPEED COUNTER.
3 figure, 1,500 ohm coil, 40-50 v. D.C. operation.
Brand new, 50/. each, plus 1/6 P. & P.
EX P.O. MAGNETIC COUNTER (old type),
either 500 ohms for 24 volt operation or 3 ohms
for 6 volt D.C. operation. 4 figures to 9,999. Price,
either type, 8/6. P. & P. 1/6.
LATEST HIGH SPEED MAGNETIC COUN-
TERS. 4 figure, 10 impulses per second. Type
100D, 4.1 ohm coil, 3-6 v. D.C. operation. Type
100A, 500 ohm coil, 18-24 v. D.C. operation.
Type 100B, 2,300 ohm coil, 36-48 v. D.C. operation.
Any type 12/6 each, plus 1/6 P. & P.
DIALS FOR AUTOMATIC TELEPHONES,
used Ms good condition, 12/6 ea., plus 2/6 P. & P.

Postage and Carriage shown
below are inland only. For
overseas please ask for
quotation. We do not
issue a catalogue or list.

CROMPTON PARKINSON BRAND
NEW 5 h.p. MOTORS. 230/250 VOLT
A.C. 1,400 R.P.M. Fitted with 24 x fin. SPIN-
DLE. Price t3/15/.. Carriage 8/6.

HIGH SPEgb BLOWrIk UNIT
200/250 volt A.C. Powerful 2 -speed motor, 11,000
and 13,000 R.P.M. 17/6, plus P. & P. 2/6
AUTO TRANSFORMERS. Step up, step
down. 110-200-220-240 v. Fully shrouded, New.
300 watt type 12/6/6 each. P. & P. 2/6. 500 watt
type 63/7/6 each. P. & P. 3/9. 1,000 watt type
WIN- each. P. & P. 6/6.- - 

TYPE 34R SILICON SOLAR CELL

Four .5 volt units
series connected in
high impact poly-
styrene case, flying

//1 lead connections.
Specially designed

diffusing lens system to ensure maximum light
pickup. Output -up to 2 v., in bright sunlight.
Wider spectral response, and thirty times the
efficiency of selenium cells. As used to power earth
satellites! 37/6, and 1/- P. & P.

230 v. A.C. RELAY. 10,000 ohm coil, 3
changeover, 5 amp. non inductive load. Price
18/6, plus 1/6 P. & P.

230 VOLT A.G. GEARED MOTORS
Type DI6G 5 r.p.m. 1.71b. inch £2/9/6. P.& P. 2/6.
Type DI6G 13 r.p.m. 1.451b. inch 62/12/6. P. &
P. 2/6.

230 Volt AC5-figure Veeder-Root
cisCounter (not resettable).

New. Boxed. 19/6, plus 2/6 P. & P.

MINIATURE
U NISELECTOR

SWITCH
3 banks of II positions, plus
homing bank. 40 ohm coil.

24-36 v. operation. Ex equip. Individually tested.
22/6, plus 2/6 P. & P.
20 -way STRIP containing standard Post Office
telephone Jack, Sockets, overall size 11 x 34 x /in.
New. Price 15/- each. P. & P. 1/6.

LIGHT SENSITIVE SWITCH
Kit and parts including ORP.I 2 Cadmium
Sulphide Photocell, Relay, Transistor and
Circuit. Now supplied with new Siemens
High Speed Relay for 6 or 12 volt operation.
Price 25/-, plus 2/6 P. & P.
ORP.I2 and Circuit 10/6, post paid.

SEMI -AUTOMATIC " BUG " SUPER SPEED
MORSE KEY. 7 adjustments, precision tooled,
speed adjustable,
10 w.p.m. to as
high as desired.
Weight 25 lb.
Price L4/121 6,
post paid.
KEYINGLEVER.
Especially designed for use with all types of electronic
keyers. Fully adjustable micro -switch action, no con-
tact bounce, precision made, finely polished parts,
screw down base. Price E4141-, post paid.
TRANSISTORISED FULLY AUTOMATIC
ELECTRONIC KEYER. 230 v. A.G. for Battery
operated. Incorporates built-in monitor Oscillator,
Speaker, and Keying
Lever. Adjustable
speeds. Keying either
auto., semi -auto, or
hold. 4 diodes. 7
transistors. Price
616/10/ -,plus 4/6 P. & P.
TRANSISTORISED MORSE OSCILLATOR
Fitted 24 -in. Moving Coil Speaker. Uses type PP3
or equiv. 9 v. battery. Complete with latest design
Morse Key, 22/6, plus 1/6 P. & P.
BOMBSIGHT COMPUTER, Type T.I,A.
Contains hundreds or precision gears plus infinitely
variable resolving gears, worm drives, 5° repeater
motor, 4 areonid barometers, D.C. motors, gyro.
unit, rev. counters, etc. As new, L3/12/6 plus
7/6 carriage (rail).

ALL MAIL ORDERS. ALSO CALLERS AT:
47-49 HIGH STREET, KINGSTON -ON -THAMES.

Telephone: KINgston 9450.
Closed Saturdays.

1st grade TRANSISTORS Brand new
0C29 18/- 0C203

Get 104
14/-

0C41 7/- 6/-
0C45 5/- Get 105 I0/-
0071. 5/- Get 573 12/6

0CC77

2
3"

7/- 2N706A 17/60 6/- 2N458 20/-
0075 7/- 2S019 30/_
OC76 6/- 513345 7/6
0081. 8/- TK2OB 4/_
OCE14* 10/6 AC 017 4/6
0C139
OCI40

12/-
AC

19/- AAFFII65 10I0/--
0C171 10/6 AFII7 9//6
0C201 2I/- BCZ II 10/_

"Available in Matched Pairs.

S°XA798 Z11

3/-
DIODES

ISS IIVB
4/-

4/- 3/-
ZENERS 5%

All 5 watt 5',' at 10/- each, 4.3 v., 4.7 v., 5. I v.,
5.6 v., 6.2 v., 6.8 v., 7.5 v. 8.2 v., 9.1 v., 10 v., 12 v.,
15 v., 16 v. 22 v.

HEAVY DUTY L.T. TRANSFORMER
Very conservatively rated for continuous duty.
Input 110-260 volts, multi tapped, 50 cycles, single
phase. Output 28, 29, 30, 31 volts at 21 amp.
Price L6/15/-. Carr. 10/-.

L.T. TRANSFORMER.
Type I. Pri. 200-240 sec. tapped 30, 32, 34, 36

volt at 5 amp., 57/6. P. & P. 4/-.
Type 2. Pri. 240, sec. tapped 30, 40 and 50 volt

at 5 amp., [4115/.. P. & P. 4/-.
Type 3. Pri. 200-240, sec. tapped 10, 17 and 18

volt at 10 amp., 57/6. P. & P. 4/-.
Type 4. Pri. 240, sec. tapped 6 and 12 volt at 20 amp.,

72/6. P. & P. 5/-.
A.C. AMMETERS

0-I, 0-5, 0-10, 0-15, 0-20 amp. F.R. 2/in. dia.
All at 21/- each.

A.G. VOLTMETERS
0-15 v. A.C. M.I. F.L 12/6
0-200 v. A.C. Rect. M -Coil 35in. Type W23 45/-
0-300 v. A.C. M.I. 25in. F.L 22/6
0-300 v. KC. Rect. M -Coil 25in 29/-
0-300 v. A.C. Rect. M -Coil 35in. Type W23 55/-

D.C. AMMETERS
0-15 amp. D.C. M -Coil 2in. Rnd 12/6
0-5 amp. D.C. M.I. 25in. Rnd 11/6
0-500 Microamp. sub -min. Ifin. dia, Scaled

0-I milliamp. 21/-
Postage extra.

OIL -FILLED CONDENSER. 240 mfd. for
230 v. A.C. or 600 v. D.C. Overall size I 4in. x 9in. x
55in. plus feet. Weight 46 lb. Brand new. Guar-
anteed perfect. Manufacturer's packing. Price
ETIO/.. Carriage 10:-.

VAN DE GRAAFF ELECTRO-
STATIC GENERATOR, fitted
with motor drive for 230 v. A.C.
giving a potential of approx. 50,000
volts. Supplied absolutely complete,
including accessories for carrying

out a number of interesting
experiments, and full instructions.
This instrument is completely
safe, and ideally suited for School
demonstrations. Price L6/6/- plus
4/- P. & P. Leaflet on request.

4 DIAL DECADE RESISTANCE BOX
Range 0-11, 110
ohm. XI Wire
Wound, Max.
current 300 mA.X 10 Wire
Wound, Max.
current 150 mA.
X100, X 1,000.

High Stability Resistors, rated I watt. Accuracy i. 1%.
Switches, make before break type, fitted with low
resistance silver plated contacts, polished wood case,
new, price L10/10/-, plus 6/6 P. & P.
BUILD AN EFFICIENT STROBE UNIT FOR

ONLY " 37/6 "
The ideal instrument for workship, lab. or factory.
This wonderful device enables you to " freeze '

motion and examine moving -parts as if stationary.
We supply a simple cirucit diagram and all electrical
parts, including the NSP2 Strobe tube which will
enable you to easily and quickly construct a unit
for infinite variety of speeds, from I flash in several
seconds to several thousands per minute. New,
modified circuits bring price down tlo 37/6, plus
3/- P. & P.
NSP2 CV2296 STROBOTRON FLASH TUBE
made by Ferranti, brand new, I.O. base. Price
15/-. P. & P. If-.

PERSONAL CALLERS ONLY: 9 LITTLE NEWPORT
STREET, LONDON, W.C.2. Tel.: GER. 0576.

(OFF LEICESTER SQUARE)
Open till I p.m. Thursday and all day Saturday.
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FIRST AND

ALL TRANSISTOR PROVED AND TESTED DESIGNS
BRITISH MADE -QUALITY COMPONENTS & UNITS

AFTER -SALES SERVICE AND GUARANTEE FOR ALL MODELS 

TRANSISTOR HIGH FIDELITY EQUIPMENT
FOR MAINS OR BATTERY OPERATION

CALL IN FOR DEMONSTRATION

 MONO FULL FUNCTION PREAMPLIFIER/
CONTROL UNIT

PRICE ES -10-0 P43' 2/'
(or KIT 99/6, p.p. 2/-).

* Dark brown and gold front
panel plate 8/6.

-nmEs=434s-um

For use with transistor power amplifiers as below or valve amplifiers-hum-
free-high sensitivity -8 inputs between 1.5 mV. and 300 mV., with full equal-
isation. For all pickups-microphones, tuners, tape replay. Separate treble
and bass with cut and boost -4 position low pass filter. Volume control, etc.
Response within 3dB, 30 cis to 20 kc/s. Output 250 mV. Overall size 9 x 24 x
2in. Battery operated (21 mA.) or from power supply. Signal to noise ratio
70 db at 10 watts with power amplifier. Supplied built and ready to use or as a
Kit. Attractive appearance and high performance. Can be used to feed one or
two Power Amplifiers.

 INTEGRATED STEREO PREAMPLIFIER

PRICE

BEST

Two channel version of above
with addition of balance and
mono/stereo controls. Over-
all size 9 x 34 x Ilin. deep. De-
signed to feed two 10 watt power
amplifiers as below. Supplied
built and ready to use. Battery -
operated (5 mA) or from power
supply.

* Dark brown and gold
front panel plate 6/6.

 10 WATT POWER
AMPLIFIERS

(Peak output 20 watts.)
* 15 ohm 10 watt

40 volt supply.

£5-19-6 po. 2/6
(or Kit E5/10/0 p.p. 2/6).

* 3 ohm 10 watt
24 volt supply

£5-10-0 ,, 2/6
(or Kit 99/6, p.p. 2/6).

Direct coupled transformerless design. Sensitivity 100 mV. from 10 K ohm
(or less) for tO watts output. Response ± I db. 40 c/s. to 20 c/s. 0.25% total
distortion at 10 watts. Push-pull class B output. 60 db. feedback. Available for
3/4 ohm and 15/16 ohm output. 20 watts peak music power output per channel.
Battery or mains supply operation. For use with mono or stereo preamplifiers
as above. Supplied built and ready to use. Or in Kit form.

 MAINS POWER PACKS
For Single amplifiers, 59/6.

For Two amplifiers, 69/6.

GUARANTEED HIGH PERFORMANCE
LOW NOISE-QUALITY DESIGNS

* CALL FOR DEMONSTRATION *

Lio..1 94 * Dark brown and gold front
panel plate 12/6.

 MULTI -INPUT PREAMPLIFIER
For use with any of the transistor power ampli-
fiers or as a general purpose preamp. A
simplified version of the full function preamp.
8 inputs from 1.5 mV. to 300 mV. Input
selector, tone and volume controls. Size
5 x x 2in. Ideal for public address systems
for microphones and pickups. Suitable to
feed one or two Amplifiers.

PRICE 65/- p.p. 1/6.

We can supply from stock most
of the components and items
specified on circuits published
in this and other magazines.
Quality parts at realistic prices.
Let us quote for your circuit.

DETAILS WITH
CIRCUITS OF

ABOVE UNITS
ON REQUEST

30n TRANSISTOR TYPES,
v DIODES, RECTIFIERS

800 VALVES AND TUBES

500 QUARTZ CRYSTALS
ALL FROM STOCK

 ALL TRANSISTOR CAR RADIO 
I HOUR TO BUILD

WITH PRE -ASSEMBLED
CHASSIS AND PANELS

6 -Transistor 3 -diode med. and long
wave superhet design. Features double
tuned IFTS, AVC, permeability tuning
with geared drive. Push-pull car filling
volume. Full tuning on both wavebands.
A high sensitivity printed circuit profes-
sional design to fit any type of vehicle.
Case size 7 x 4 x 2in. For 12 volt positive
earth or dry battery. All parts available
separately. After sales service and
guarantee.

THE " ROADSTER "
 TOTAL COST TO BUILD

£8.19.6 P.P. 3/6
 7 x 4in. Hi -Flux speaker with

baffle and car fixing kit 20/-.

* CIRCUIT AND DETAILS ON
REQUEST.

 VHF FM TRANSISTOR TUNER 
High stability-Low noise-High
sensitivity-New Low Price.
* 5 Mullard Transistors

and 4 Diodes.
* 87 to 105 mcfs full coverage.
 1 Volt output.
Printed circuit design of high sensitivity
and quality. Output for valve or tran-
sistor amplifiers. Geared tuning. Size
34 x 24 x 4in. Simplified building instruc-
tions. Operates from 9 volts 9/10 mA.
All parts sold separately. Complete with
dark brown and gold panel plate.

TOTAL £6-19-6 3/6..

(Cabinet assembly 20/- extra).
Circuit Book on Request.

" CONVAIR " TRANSISTOR PUSH-BUTTON
PORTABLE CAR RADIO

 The easiest to build, the most
sensitive, clearest output, high
selectivity. Guaranteed the best
available.

 New printed circuit 6 -transistor
superhet design. Over 700 mW
push-pull output.

 Push-button selection of MW
and LW with full tuning on both
wavebands.

 Features Mullard Transistors,
Double tuned IFTs, Geared
Tuning, Hi -Flux Speaker, etc.

 New attractively designed port-
able cabinet with horizontal
tuning and all stations marked.

Total cost of ALL Parts
p.p.
3/6.

(Batteries 61- extra).

ALL PARTS SOLD SEPARATELY. SIZE 10 x

£7- 19-6

7 x 31in.

 TRANSISTOR PACKAGED AMPLIFIERS 
 6 -Transistor printed circuit designs. Push-pull output
for 3 to 5 ohm speakers. Can be battery operated. 6mV.
into I K ohm sensitivity. Response 40 cis to 15 kc/s.
Can be used with above preamplifiers for mono or stereo
in any application requiring a low distortion low cost
amplifier.
OVERALL SIZES 24 x 2 x If inches.
 4 watt version operates PRICE BUILT 70/A P.P.

from 12 to 18 volts. /1" 1/6
 11 watt version operates ci P.P

from 9 to 12 volts. PRICE BUILT 6-,/- 1/6'
* CIRCUITS AND DETAILS ON REQUEST *

NEW ! " REGENT -6
MEDIUM AND LONG WAVE POCKET SUPERHET RADIO
A new 6 -transistor printed circuit design with fully geared tuning on both
wavebands. Push-pull " Clear -tone " output. Two tone moulded cabinet size
Sin. x Sin. x I lin. Easy to build. All parts sold separately. (Available mid -Jan.)

Total cost to build 85/ P.P. 2/..
CIRCUIT AND DETAILS ON REQUEST (Battery 2/6 extra.)

99

NEW CATALOGUE
90 PAGES, 10 a 7fin.

Fully detailed and illustrated.
Price 2/6 post paid.

FIFTH EDITION NOW READY
More Bargains. Price Reductions.

HENRY'S RADIO LTD.
303 EDGWARE RD., LONDON W2

PADdington 1008/9

Open Mon. to Sat. 9-6. Thurs. I p.m.
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VALVES AND COMPONENTS
ret...7natixogue

;v0e:argiceesfubrl

 THE LARGEST RANGE OF COMPONENTS IN THE COUNTRY Trade and Export enquiries invited.

PORTABLE GEIGER COUNTERS
FOR MEASUREMENT OF RADIO -ACTIVITY

offered at a fraction of cost  Supplied
with G5H Tube, for testing Gamma
radiation. Supplied complete with
instructions, haversack, cables and probe.

£7.10.0 P.P. 19/-.
(Batteries 50/- extra)

BRAND NEW
M2H Tube for Beta
Radiation measure-
ment for liquids 22/6
extra.

 BUILD A QUALITY TAPE RECORDER
Available in 2 or 4 track versions.

* Pm -Built Equipment -6 Valves-Collaro
Studio Decks-Portable Cabinets with Speakers.
* TWO TRACK
PACKAGED DEAL £26 P.P. 8/6.

OR Deck 10 gns. P.P. 5/-; Amplifier II gns.
P.P. 3/6. Cabinet with Speaker 5 gns. P.P. 3/6.
* FOUR TRACK

PACKAGE £30
OR Deck £13/19/6. P.P. 5/-;
Amplifier 12 gns. P.P. 5/6.
And Cabinet with Speaker 5 gns.
P.P. 3/6.

p.p. 8/6.

All complete in every detail.
Illustrated leaflets on request.
Ideal for portable or domestic
equipment.

 SINCLAIR X10 AMPLIFIERS
Kit or built in stock. MICRO -6, TR750, MICROAMP, SLIMLINE, INJECTOR
available from stock.

FM VHF TUNING HEART
Printed circuit construction. RF stage and osc./
mixer stage, fully tunable 85 to 105 Mc/s. Completely
screened. Requires UCC85 (8/6). Brand new in
maker's cartons 15/-. P.P. 1/-.

SUPPLIED WITH CIRCUIT

M ULTIMETERS
Multi -range test meters
featuring easy to read scales
and provided with full
operating instructions, lead

and batteries. Suitable for
amateurs, designers, repair
shops, all domestic uses.

Full details and specification
in our catalogue.

* PT34, !KIN el 19 6
* MI, 2k02/V 12 9 6

* THL33, 21(12/V (illus.) E3 15 0

* EPIOK, 10k0/V* E3 19 6

* ITI-2, 20k52/V E4 9 6

* TP5S, 20k0/V* £5 19 6

* EP3OK, 301c521V. E6 10 0

* 500, 30k51/V* £8 19 6

* EP5OK, 50kO/V* E9 10 0

* EPIOOK, 1001c0/V £10 19 6

(*Leather Cases Available)

GARRARD TWO TRACK BATTERY
TAPE DECK

Two speed two track 9 volt
operated. Brand new complete
with rec./play head, and com-
bined erase/osc. coil. Supplied
with cassette and full manual.

110/10/, P.P. 3/6. NEW LOW PRICE

MICROPHONES
(See Catalogue for details)

Acos 60 Stick Microphone 19/6
Acos 39-I Stick Microphone 32/6
Acos 40 Desk Microphone I5/-
Acos 45 Hand Microphone 19/6
Lapel/Hand Microphone 12/6
Acos Stick Microphone I5/ -
100C Stick with Stand 32/6
BM3 Stick with Stand 49/6
Lapel/Hand Magnetic 8/6
MM7I 2k Mag. Mic. 12/6

A SELECTION FROM OUR STOCKS
See Catalogue for full details.
RECORD/REPLAY/ERASE

TAPE HEADS

Marriot Type R/RP/3 I track record -replay head
and Mullard type TS erase head with mounting post.
Impedance 700 ohms at IKc/s. Ideal for transistor
circuits. Bargain Offer. 15/- Pair.

Sinclair Micro -6 (to build)
Sinclair TR750 Amplifier (to build)
Sinclair Micro Injector (to build)
Sinclair 10 watt 9 trans, Amp. Kit
Sinclair 10 watt 9 trans. Amp. Kit, built
Tape Jack Tuner (Full Med. Wave)
10 -Watt Horn Tweeter CTIO
20 -Watt Super Tweeter CT20
Two -channel Mixer for Mics/Pu's
1 to 200 Mcla Field/str. Meter
5 -hole Chassis Punch Kit
Headphones 2k11 1243: Uhl
Stereo Stethoscope. Headset 8+8 arm
Resistor Substitution Box
Crystal Mono Stethoscope Headset
Magnetic Mono Stethoscope Headset
Transistor Signal Injector
4 -channel Transistor Mixer
Fully Disappearing Car Aerial
Test. Lead Kit with Pouch
Capacitor Substitution Box
De Luxe Stereo Headsets with Mild ien hos
l'P3 9V Batt. Eliminator
Transistor Telephone Amplifier

ri Stereo Headphones
VTVM Valve Voltmeter
190 Me/s. RF Probe for above
Crystal Contact Microphone
21c0 I track Tape Head
21i0 lin. diem. Hag. Mica. insert
MCI Crystal Mic. insert
Earphones, Crystal or Magnetic
Complete with Jack and Socket
Telephone Recording Attachment
50-0-50gA Edgwise Meter
6/12V Min. 2p2w 675 ohm Relay 12/6
Transistor Coil Set with Tuner, Ferrite Aerial and Circuit 20/-
30W Pocket Mains Solder Iron
Sin. 11i-Fi 15/16 ohm Speaker
100 Kcat Quarts Crystal
Twin Crystal 1 Me/s. and 100 kcis
3 Transistor InW Superhet Tuner

59(6
39/6
27/6

£5-19-6
86-19-6

29/8
27/6
69/8
15/-
59/6
49/8
14/6
25/-.
32/8
10/6
12/6
35)-
49/6
35/-

22'8

18/6
59/6
62/6

£13-19-6
82-2-0

12/6
15/-
15/-
5/-
5/-

9/6
25/-

14/6
89/6
15/-
22/6
72/6

WIRELESS WORLD 10 -TRANSISTOR CRYS-
TAL CONTROLLED FM TUNER All parts
in stock. Total cost f8/19/6. P.P. 2/-. Complete
with printed circuit and layout diagram. (Set of
3 crystals 80/. extra).
All parts sold separately-List on request.

ZEN ER REFERENCE
DIODES

* 1N430 8 to 8.8 volt, 0.2%
stability from -55°C to
+ 100°C 45/- each.

* IN249 5.9 to 6.4 volt, I%
stability from -55°C to

100°C 15/- each.

 GSIOCS Dektron Display
Tubes 25/-. Base 2/-.
GS12C Tube 25/-.

 93IA Photomultipliers,
60/-, with base.

ID 89D (CV2I93) Double
Beam 'Scope Tube 59/6.

 09D (CV 1596) 59/6.
Large range of special purpose

types in stock.

CATHODEON
MINIATURE

CRYSTAL OVEN

6 or 12 volt A.C./
D.C. 80°C. for
HC6U or 2M crystals.
Brand new.
22/6.

MAINS AND
BATTERY

RECORD PLAYER
DECKS

Complete with arm and
cartridge. Brand new,
fully guaranteed.
* BSR UAI4 4 -speed Auto.
* BSR UAIS 4 -speed Auto.
* Garrard Autoslim, unplugable head,

Auto. E6 19 6
or Stereo Version, Auto. E7 19 6

* SRPIO 4 -speed or BSRGU7 ES 0 0
* Garrard Deccadeck with Deram 15 Gns.
* Garrard AT6 with Stereo Cartridge,

4 -speed Auto. £10 19 6
* AT6 with EV26 or Sonotone head fl 1 19 6
* AT6 with Mono head, Auto. E10 10 0

P. & P. 3/6 any type above
* 9 volt Star, 45 r.p.m. El 19 6
* 45 and 33 r.p.m. Star, 9V E4 12 6
* 45 r.p.m. Garrard 6V El IS 0
* SRPIO 4 -speed 9 volt E6 5 0
* 4 -speed B.S.R. GU7, 9V f5 5 0
* Autoslim 6/9 volt Autochanger E8 19 6

P. & P. 2/6 any of above.

Brand new,
guaranteed.
* TWO

I
n

TRACK Gns.

1.11FA2KUR £13.19.6

COLLAR°.
STUDIO

TRANSCRIPTOR
TAPE DECKS

fully

ES 19
E6 19

6
6

Post and packing
5:- either type

QUALITY MICROPHONES
Large range of magnetic and crystal microphones in
stock from 8/6.
(See Catalogue for full range)
100c Crystal stick with Stand El 2 6
BM3 Crystal stick with Stand E2 9 6
MC70 Crystal Studio E2 2 0
DM I6HL Dual impedance E4 9 6
DM I7HL Dual impedance stick ....... E4 2 6
Adjustable Table Stand (P.P. 2/-) 9 6
FS3 Telescopic Floor Stand (P.P. 3/6) £2/17/6

Cintel All Transistor Counter up to I Mc/s.
PRICE f125

QUARTZ CRYSTALS
100 Kc/s. 3 Pin I5/- 10 Mc/s. 2 Pin 15/-
500 Kc/s. 2 Pin ... 15/- 27.25 McIs. Radio

Control 15/-455 Kc/s. (AR88) 12/6 1 Mc's Crystal 25'-
HRO 456 Kc/s.... 15/- Twin Crystal
5,000 Kc/s. 2 Pin 10/- 100 kc/s. & I mcis 22/6
Over 600 frequencies in stock. Latest crystal lists
free on request.

Henry's Radio Ltd.
303 EDGWARE ROAD, LONDON, W.2.

PADdington 1008/9
Open Monday to Sat. 9-6. Thurs. I o'clock
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and MAIL ORDER SERVICE
52 Tottenham Court Road, London, W.1.  Open 9-6, including Sots., Thurs. 9-1  LANgham 0141

CAPACITANCE SUBSTITUTION BOX
Compact unit providing a directly switched accurate selection of
9 capacitors: 0.0001, .0.0022, 0.0047, 0.01, 0.022, 0.047, 0.1 and
0.22. Capacitance rating 800 v.w. case site 4}in. x 21/n. x

llin. Fitted with 36in. red and black 'test leads with shrouded
alligator cdps.

25/- Post d Packing 2/6..

RESISTANCE SUBSTITUTION BOX
Two switched ranges proViding instant selection 'of any of 24
accurately chosen- registers. Low range 18 ohms to 10 kilohms
(1 watt rating). High 15 kilotons to 10 megohms (1 -watt rating).
36in. red and black test trade with alligator clips. In totally.
enclosed attractively finished case size 411n. x 2111n. x 111n.

32/6 Post de Packing 2/6

SEMI -CONDUCTOR MODULES
Ice cube size encapsulated circuits
Solid state semi -conductor modulei-fully transistorized and completely
wired and tested circuit. that only require a 8 -volt battery and connection
to input and output to provide a compact ready-made unit. Encapsulated types are shock-
proof and almost indestructible. Supplied with instructions.
PUBLIC ADDRESS AMPLIFIER -needs only carbon microphone and any speaker. Fre-
quency response designed to provide maximum intelligibility. With 151n. speaker sound covers
hundreds of yards. Fully encapsulated. Size only Wm x Olin. x fin. 22/6. P. & P. 1/,
METRONOME-requIres only 2 megohm potentiometer and any P.M. speaker to produce
accurate repetitive beats at adjustable rates from 40 to more than 208 beats per minute. Low
battery drain: simple connections. 22/6. P. & P.1/-.
2 -WATT GRAM. AMPLIFIER -just connect to any crystal pick-up and an 8 ohm speaker
for above average output with excellent tonal quality. 1-megohm potentiometer recommended
for volume control. Extremely compact, high quality unit. 30/-. P. & P. 1d-.
CODE PRACTICE OSCILLATOR -Simply connect with merge key, any P.M. speaker and any
11-6 v. battery. Fully transistorized and assembled on rigid board, size 2 x Olin.

1216. P. de P.1/-.

MAINS OPERATED WATER COCK
Provides instant, remote flow control

Superbly engineered, solenoid actuated flow control valve for standard
200/250 volts, 50 cycles A.C. operation. Solenoid is contained in
insulated cylindrical housing and completely Isolated from valve
mechanism by rubber diaphragm. Valve base is heavy cast brass,
having plain tube outlet and fitted with debris filter and rotatable,
angled Inlet pipe. Unit makes an excellent, ready-made device to
use as a basis for automatic watering and humidity controls, flow
measurement, dispensing and automatic washing machines, remote
operated tape, etc. Size overall 411n. x lf in. x Olin. high. Fitted
tin. O.D. inlet and outlet. 1 / Post
Brand new. Fully guaranteed. Pkg. 2/8

ETCH YOUR OWN PRINTED CIRCUIT KITS 21/- P"'free
Each contains over 60 sq. In. of laminated board and sufficient chemicals to make dozens of
printed circuits, plus comprehensive Instruction book giving advice and examples on translating
theoretical circuit. into layouts ready for etching. High quality materials -completely isafe
to handle -carefully prepared to ensure fine definition and uniform results without laboratory
control.

FULL 1-H.P. MAINS MOTORS
Continuously rated, silent running

Famous make Newman motors -with fantastic starting
torque and giving full i-h.p. output. Can be readily
installed for vertical or horizontal operation, and will
make an excellent drive unit for bench saws, compressors,
potters wheels, lathes, planes, lawn mowers, and other
light machinery. Heavy welded steel construction with
robust diecaet end frames and conforming to 13.8.170.
Smooth, silent operation with output speed of 1,425
r.p.m. automatically regulated by centrifugal switch.
Size overall Sin. diem. x 8fin. long plus fin. diam. x

ljin. long plain driving apindle with threaded end. Flange mounting is to 3 equally spaced
lugs with mounting holes pitched on Olin. diem. circle. For 230/250 volts, 50 cycles, A.C.
maine. Consumption 21 amps. Exeellent, never used condition. 66,_ Carriage
Fully guaranteed. Offered at a fraction of cost. I 7/6.

STANDARD Specially made, high grade Solenoids in
tour basic frame sizes and for 12 v. D.C.

SOLENOIDS is,,fat:4,0.1:61.C,;,..pull or push operation.

TYPICAL UNITS TYPE 1. Max. pull 9 oz. Stroke lin. to lin.
Size tin. long. Bolt dia. kin. 12/6 Zkzdv.
TYPE B. Max. pull 18 oz. Stroke 110. to Sin. Size 2kin. Send for
list. 14/6 `;,1k7,7:1/.

TYPE 8. Max. pull 26 oz. Stroke /In. to lin. Sine: 2/1 -in. long (bolt in) x 1 kin. wide
x 'fain. high. Bolt dia. lin. 27/6 P. z P.

TYPE 4. Max. pull 26 cm. Stroke lie. to Ilia. Mae: S in. long (bolt In) x 1 kin. wide x
1 *in. high. Bolt dia. lie. 32/6 P. k P. va.

D.C. GYRO AND SERVO MOTOR -C1
Beautifully engineered Minneapolis -Honeywell pre-
cision gyro, totally enclosed in sealed light -alloy hous-
ing about Olin. cube. Automatic erection and pre-
cession correction. Large diameter Desynin type trans-
mitting potentiometers provide signals corresponding
to the magnitude of the deviation of gimbal arms.
Powerful D.C. servo motor coupled through a differ-
ential reduction gear to a 4in. spur driving gear integral
with a gin. diam. spiral groove cable driving drum.
Two magnetic solenoid clutches and corresponding brakes hold drum rigidly in position or set
free f or " neutral." Nominally for 26 -volt operation, but operate at 12 volts. Size 10in. x

Sin C 81.n £10 each unit or B17/10/0 pair C70412"
..

DRY REED SWITCHES Basically a pair of gold diffused reed contacts
hermetically sealed Ina glass tube tilled with
inert gas. Contacts can be actuated by per-_ manent, or electromagnets and so form ideal

devices for a wonderful range of inexpensive devices such as burglar alarms, limit switches,
position indicators, r.p.m. counters, night light controls, door bell switching, level controls,
etc., etc. Reed switches have tremendous reliability factors and a workbag life at about 100
times that re micro -switches, and the Imes to which they can be put is limited only by imagination.
Nash switch is supplied complete with specification, instructions and ideas information.
Suitable magnets 11- extra. 7/- each, post free.

MINIATURE TYPE 8/6 post free.
Only 0.82 inches long by 0.15 inches thick. Maximum current for long life, 100 milllamps.

REED SWITCH COILS 4/ -
Specially manufactured to provide electro-magnetic operation
of Dry Reed Switch.. Coil is simply pushed over mass tube
envelope of switch and located round switch contacts. Size overall: fin. diam. x Bn. long.
Two types are available: Type 1 --operates from any D.C. voltage from 11 to 6 volts; Type 2
-operates from any D.C. voltage from 6 to 12 volts. Please state type required when ordering.

TYPE 201 INVERTOR
Input 28-28 v. D.C., output 115 v. 1600 c/s. A.C.
at 1,750 VA. Speed 8,000 r.p.m. P.F.1. Complete
with integral frequency and voltage control.
Unit size overall 15in. x 8in. x 12in. high. In
excellent guaranteed condition.

£15 Carr. 10/,

SOLAR ENGINE 12/6 Pecking 1/6
Actually a Crooke'. Radiometer which demonstrates solar power In a fascinating
way. Consists of a partially evacuated glass envelope, similar In appearance
to an electric lamp, but containing a rotor assembly of 4 diamond shaped vanes
coloured black and white on alternate sides. Engine LS driven from invisible
infra -red rays from the sun, domestic fires or lamps, even a cigarette end; and
will rotate at about 8,000 r.p.m. in strong sunlight. Not a toy but an enter-
taining teaching aid and conversation piece. Size Sin. high x Sin. dia.

MINIATURE MICRO SWITCH
Single pole, two-way, extremely sensitive micro -switch by Retain. Size overall only xlie. x kin. Rated 1 amp. at 250 volts A.C. Fixing holes located at corners of switch.

2 for 5/- lift

CADMIUM SULPHIDE PHOTO -CELLS
New, inexpensive photo -conductive cells which act
as light-sensitive resistors that Increase conductivity
with increased light. Theme are 1,000 times more
sensitive than selenium cells, with greater reliability,
and can easily be built into a wide range of simple
circuits. Typical used include automatic light con-
trols for home and car, flashing barricade or break-
down lights, exposure meters, brightness controls,
relay operation, and many other devices. Require TYPE 1 TYPE 2
only simple low power source from battery or mains transformer. Two types available.
TYPE 1. -Mae. voltage 200 v. Output 0.5 W. 1 0/. puss fro.
TYPE 2. -Max. voltage 150 v. Output 0.16 W. 8/6
Both typos have a resistance range of 5 megohms at sero to 500 ohms at 1 000 lax. Sensitive
range is 400-800 mu. Supplied with specification, instructione and typical circuits.
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FOR - IMMEDIATE - DESPATCH - PHONE - US - TODAY
BUILD YOUR RECORD PLAYER
4 Speed Autochange 2 -tone
Cabinets 17 x 15 x 13 in.
High flux loudspeaker and
3 watt valve amplifier
ready built. Quality
output. Volume and Tone
controls. All items fit
together perfectly. Special
instructions enable assem-
bly in 30 minutes, only
5 wires to join. 12 months'
written guarantee.

AUTOCHANGE KITS

Complete as above.

B.S.R. Monarch
Garrard Autoslim
OR SEPARATELY
Cabinet with board 14 13in £3'9/8 P.P. 3;6

Amplifier with speaker £317;6. P.P. 3.6
AUTOCHANGERS (Stereo Mono 15 - extra)

B.S.R. UA25 SuPerslim 15/19.6. P.P. 36
Garrard Autoslim Mono £6,10;-,P.P. 3.6

SINGLE PLAYERS
Garrard SPR 10 auto. stop, start 28,8!.. P.P. 3'6

210 19 6. P.P. 5 -
211.19 6. P.P. 5 -

QMAX CHASSIS CUTTER
Complete: a die, a punch, an Allen screw and key.
tin. 14/6 1 -"in. 18/-
8in. 14/6 18in. 18/-
lin. 15/6 11in. 18/6
8in. 15/9 Ilin. 20/ -
fin. 18/- I fin. 20/6

l*in. 22/6
2in. 34/3
2,1 in. 37/9
28in. 44/9
lin. sq. 31/6

CRYSTAL MIKE INSERTS. High output.
Miniature size, Ifin. dia. x lin 6/6
ACOS MIKE INSERT 11 x 8in
ACOS STICK MIKE 39-1
T.S.L. DE LUXE STICK MIKE
TELEPHONE CONTACT MIKE
GUITAR XTAL MIKE

8/6
35/-
25/-
10/6
15/6

PROFESSIONAL MAGNETIC GUITAR
MIKE with Vol. and Tone Controls 59/6
Moving Coil Mike 90/-, Floor Stand 57/ -
TAN NOY CARBON MIKE 5/6

FULL WAVE BRIDGE SELENIUM RECTIFIER:
2, 6 or 12 v.. amp., 819; 2 a. 11/3; 4 a., 17/6.
CHARGER TRANSFORMERS. Tapped input 200/250 v. for
charging at 2. 8 or 12 v., 11 amps., 15/6; 2 amps., 17,6; 4 amps.,
22/6. Circuit included.
4 AMP. CAR BATTERY CHARGER with ammeter. Leads,
Fuse, Case, etc., for 8 v. or 12 v.. 5908.

MINIATURE PANEL METERS
Size 18in. sq. Precision jewelled bearings,
2':;, accuracy, silvered dials, fine pointers,
0.1 mA. 27/6; D-5 mA. 27/6; 0-300 v. 27/6;
0-50 0A. 39/6; 0-500 1./A. 32(6. "S" meter 35/-.

MOVING COIL MULTIMETER TK20A. 0-1,000 v, A.C./D.C.
ohms. 0 to 100 K., etc., 0-150 mA. Pocket size Pin. scale. WO.
VALVE HOLDERS. EA50 6d. B12A, CRT 1'3.
MOULDED Int, Oct. or Mazda Oct. 6d.; B7G, BOA. BOG, BOA,
9d.; B7G with can 1.6. BOA with can 1/9. Ceramic EF50, B7G,
BOA, Int. Oct. 1/-. B7G, BOA cans, 1/- each. Valve base plugs
B7G. BOA, Int. Oct.. 2/3.

1965 RADIOGRAM CHASSIS

Three Wavebands Five Valves: ECH81,
Long., Med.. Short. EF89, EBC81, EL84, EZ80.
12 -month guarantee. A.C. 200-250 v. Ferrite Aerial. A.V.C.
Negative Feedback. 5 watts 3 ohm. Chassis 13;!in. x 7in.
high x 5in. deep. Glass dial size 13in. x 4in. horizontal
wording. Two Pilot Lamps. Four Knobs. Aligned
calibrated. Chassis isolated !torn mains.

BRAND NEW £9.15.6 Carr. 4/6.
Matched Speakers Bin. 17/6; 10in. 25/-: 12in. 30/-.

RETURN OF POST DESPATCH

NEW ELECTROLYTICS FAMOUS MAKES
TUBULAR TUBULAR CAN TYPES

1/350 v. 21- 100/25 v. 2/-8/800 v. 91-
2/350 v. 2/3 250/25 T. 2/6 16/600 v. 12/-
4/350 v... 2/3 500/12 v. 3/- 16+18/600 v. .. 7/6
8/450 v. 2/3'1,000/12 v. 3/- 82 +32/350 0. 5/-
16/450 v. 3/- +8/450 v. 3/8 82+32/450 v 61-
32/450 v. 3/9 8+16/450 e. 3/9 50 -) 50/350 v. 7/-
25/25 v. 1/9 16+16/450 v.4/3 64+120/350 v. 11/8
50/50 v. 2/- 32+32/350v. 4/6 100, 200/275 V. 12/8

CONDENSERS. 0.001zuld.. 7 kV., 6/6: 20 kV. 10/6; °Amid'
7 kV., 2,6; Tubular 500 v. 0.001 to 0.05, 9d.; 0.1 1/-:
0.25 1/6; 0.1,350 v. 9d.; 0.5/350 v. 119; 0.01/2,000 v. 1/9;
0.1/2,000 v. 3,6. CERAMIC. 500 v, 1 pF. to 0.01 mtd.,
9d. Pulse 100 pF.. etc., 12 kV., 2/6. SILVER MICA. Close
tolerance (plus or minus 1 pr.), 2.2 to 47 pF., 1/-; ditto
1', 50 to 815 pF. 1/-; 1.000 to 5,000 pF., 1/9.
TWIN GANG. "0-0" 208 pF , 178 pF., 10/6; 385 pF.
miniature 10'-; 500 pF. standard with trimmers. 9/-.
midget, 7/6; midget with trimmers, 9/-; 500 pF. slow motion,
standard 9/-; small 3 -gang 500 pF. 17/6. Single " 0 "
385 pF. 7/6. SHORT WAVE. Single 10 pr., 25 pF., 50 5F.,
75 pF., 100 pF., 180 pr., 5/6 each. Can be ganged together
Couplers 9d. each. TUNING AND REACTION. 100 pF.,
300 pF., 500 pF., 3/6 each, solid dielectric. TRIMMERS.
Compression ceramic 30, 50, 70 pF., 9d.; 100 pF., 150 PF.,
113; 205 PF., 1/6; 800 PF., 750 p0'., 1/9.

MAINS TRANSFORMERS P"t2i, each
STANDARD 250-0-250. 80 mA. 8.3 v. 3.5 a tapped
4 v. 9 a. Rectifier 8.3 v. 1 a. tapped 5 v. or 4 v. 2 a 2216
Ditto 350-0-850 29/8
MINIATURE 200 v. 20 mA., 6.8 v. 1 a 10/6
MIDGET 220 v. 45 mA.. 8.3 v. 2 a 15/6
SMALL, 250-0-200 v. 45 mA., 6.3 v. 2 a. 17/8
STANDARD 250-0-250 85 mA., 8.3 v. 3.5 a 17/6
HEATER TRANS. 8.3 v. 1), a 7/6
Ditto tapped sec. 1.4 v., 2, 3, 4, 5, 8.3 v. 11 amp 8/6
HEATER TRANS. 6.3 v. 4 a 10/8
GENERAL PURPOSE LOW VOLTAGE. Outputs 3. 4, 5,
8, 8, 9, 10, 12, 15, 18, 29 and 30 v. at 2 a 22/8
AUTO TRANS. 150 w., 0, 115 v. 200. 230, 250 v. 22/6
AUTO TRANS. 500 w., 0. 115. 200. 230, 250 v. 8216
MULLARD " 510 " MAINS TRANS. TO SPEC.
100-0-30 110 mA., 8.1 v. CT 4 a. 0, 5. 8.3 v. 2 a.... 33/6

MAINS POWER PACKS. Ready built with
Mains Transformers, Rectifiers and Condensers, etc.,
providing H.T. and L.T. 200 v. 20 mA. D.C. I -wave
6.3 v. I a. A.G., 25/6; 220 v. 50 mA. D.C. 4 -wave
6.3 v. 2 a. A.C., 35/6; 250 v. 80 mA. D.C. full -wave
6.3 v. 4 a. A.C., 45/6.

"THE POWER MITE " 45( -
PM) Mains Unit 9 volt for Transistor Radios. Same size
as P.P.B. 800-250 v.1 also miniature PP3 model.... 19/6

4 TRANSISTOR PUSH-PULL AMPLIFIER
Ready built. Size 3: 1; with transformers, 3 and 8
ohms output. Ideal for use with record players,
intercoms., BABY ALARMS. Complete with instructions

Price 47/6 and circuit, 9 v. Batt. 2/3.
2 lin. Speaker. 15/-,

NEW MULLARD TRANSISTORS
0071 6,-; 0072 7,6; OCSID 7;6; 0081 7,6; AF115 10/6;
AF114 111-; 0C44 8/-; 0C45 8/-; 0C171 00170 8/6;
AF117 9/6. 0C28 12,6; Transistor Holders 1/3. Sub
Miniature Condensers. 0.1 mr.1., 30 v. 1 '3; 1, 2, 4. 5. 8,
18, 25, 30, 50, 100 mFd., 15 volt 2:6. Diode OA81 3

Volume Controls 80 CABLEOhm Coax
Long spindles. Midget Size Semi -air spaced 6d. yd.,
5 K. ohms to 2 meg. LOG or 40 yd. 17/6, 60 yd. 25.-.
LIN. L/S 3/-. D.P. 4'6. LOw .losspr 1001t.
Stereo L;S. 10/6. D.P. 19 6. at 500 mes.
Linear or Log Tracks Ideal 625 lines 1,6 yd.

CAR AERIAL PLUGS 116. Sockets 1/3. COAXIAL PLUG 1/-
PANEL SOCKETS 1/-. COAX. OUTLET BOXES. SURFACE
OR FLUSH 4/... BALANCED TWIN FEEDERS 6d. yd.. 80 or
300 ohms. TWIN SCREENED FEEDER 1/- yd. 80 ohms. TELE-
SCOPIC CHROME AERIALS. 12in. extends to 33in. 8/6 each.

THE "INSTANT"
BULK TAPE

ERASER AND
RECORDING

HEAD
DEMAGNETIZER

Leaflet S.A.E.
200/250 v. A.C.

'N0011111111111111111111111111111111111

'4111111111111111111111111111111111111 35/-
B.T.H. TAPE MOTORS 115 v. A.C. 28 w.
12/6 pair, for 200/250 v. (in series).

EXPERTS ANSWER ALL ENQUIRIES

RADIO COMPONENT SPECIALISTS
Written guarantee with every purchase. Buses 133, 68 pass door. S.R. Stn. Selhurst.

(Export welcome. Send remittance and extra postage, no C.O.D.)

1211 GUITAR HEAVY DUTY 25w.

with LIFETIME GUARANTEE, 5gns.

BAKERS
' Selhurst '

15 OHM VOICE COIL
20-10,000 cps
BASS RESONANCE

80 cps
GENUINE MUSICAL

INSTRUMENT
LOUDSPEAKER

FOR
BASS, LEAD AND RHYTHM GUITARS
12in. STANDARD HEAVY DUTY 20 w. gns.More powerful magnet 14,000 lines, special
suspension. 40-14,500 c.p.s. Recommended wherever a
high standard of reproduction is desired.
15in. AUDITORIUM MODEL 35 w.
Improved magnet alcomax with heavy plated 18 gns.
assembly, 17,000 lines, 20-12,000 c.o.s. Heat proofed Coil
Former. Ideal for Electric Guitars. Older uplatoi
Recuned, ru-euergised

BLANK ALUMINIUM CHASSIS. 18 s.w.g. 4 sides, riveted
corner., lattice fixing holes, 2,/in. sides, 7 'Sin., 5/6; 9 x
7in., 6/6; 11 3M. 6/6; 11 . 7in. 71; 13 . gin. 9 6; 14x
llin. 1216; 15, 15,'-. ALUMINIUM PANELS 18
s.w.g 12 . 12in. 516; 14 , 9in. 4,6; 12 3,6; 10 x 7in.
2/9; e x 8in. 2,-; e x 9in. 1.6.

WAVE -CHANGE SWITCHES
2 p. 2 -way, or 2 p. 8 -way, long spindle 3,8
3 p. 4 -way, or 1 p. 12 -way, long spindle
4 p. 2 -way, or 4-p. 3 -way, long spindle 3,6

p. 4 -way, 2 wafer, long spindle 6,13
Wavechange " MAKITS," Waters available; 1 p. 12 -way.: P.
8 -way, 3 p. 4 -way, 4 p. 3 -way, 8 p. 2 -way. Prices include click
spindles, adjustable stops, 1 water, 8,6; 2 water, 12;6; 3 wafer,
16/-. Extra wafers up to 12, 3/6 each
TOGGLE SWITCHES, cp., 2;-; d.p. 3.1; (I.P.d.t., 41,

BOOKS (List S.A.E.)
" W.W." Radio Valve Data 7/6
High Fidelity Speaker Enclosures 5/ -
Valves Transistors, CRT Equivalents 9/6
At a Glance Valves, CRT Equivalents 3/6
TV Fault Finding 5/-
Mullard Audio Amplifier Manual 8/6
Radio Valve Guide, Books I, 2, 3, or 4 ea 5/ -
Practical Radio Inside Out 3/6
Master Colour Code 1/6
Coil Design and Construction Manual 5/ -
International Radio Stations List 2/6
Boys' Book of Crystal Sets 2/6
Stroboscopic Disc 33, 45, 78 r.p.m 1/ -
How to Receive Foreign T.V 5/ -

JACKS. Standard open -circuit 2,6, closed-circuit 4 6. Grundig
type 3 -pin 1,1; Grundig Lead Type 3/8. phon. plug, 1/...
Socket 1/-. Banana Plugs 1/-. Sockets 1;-.
JACK PLUGS STANDARD. Screened 3/-. Grundie 3 -pin 36.
BULGIN NON -REV PLUGS and SOCKETS. P74 2 -pin 4,3: P73
3 -pin 4/6; P194 6 -pin 6;6; P486 6 -pin 12!6: P360 3 -pin
RESISTORS. Preferred values, 10 ohms to 10 meg.

w., 1 w., 1 w.. 20% 4d; 10% 6d.; lb en. 8d.: 2 w.
HIGH STABILITY. '.. w. 1."., 2,-. Preferred values, 10 ohms to
10 meg. Ditto 5", 10 ohms to 22 meg.. 9d.

10 watt 1. WIRE -WOUND RESISTORS 1/
1/3

6
5 watt

15 watt 10 ohms 10,000 ohms 2/-
12.5 K. to 25 K. 10 w. 3/ -
MAINS DROPPERS. Midget. With sliders. 0.3 a. 1 K., 0,2 a.,
1.2 K., 0.15 a., 1.5 K., 0.1 a. 2 K., each. Line Cord 100 ohms
it. 3 -way 1/ -
WIRE -WOUND Pots. 3 WATT WIRE -WOUND 4 -WATT
Pre-set MM. TN. Type. STANDARD SIZE POTS.
All values 10 ohms to 25 K., LONG SPINDLE VALUES
3,- ea.; 30 K. 4,-; Carbon 60 OHMS to 50 K., 61;
30 K. to 2 meg., 3/, 100 K. 7,6.
SPEAKER -FRET. Tygan vex ous colours. 52in. wide
10/- it.; 26in. wide from 5/.. It, Samples, large, S.A.E.
EXPANDED METAL, Gold 12 x 12in. 6/-.
ARDENTE TRANSISTOR TRANSFORMERS
D3035. 7.3 CT : 1 Push Pull to 3 ohms for 0072, 0081
133034, 1.75 1 CT. Push Pull Driver for 0072. 0081
D3058, 11.5 : 1 Output to 3 ohms for 0072, 0081
D239. 4.5 :1 Driver; D240. 8.5 :1 Driver ea.
ARDENTE TRANSISTOR VOLUME CONTROLS, 5 K. with

irom

111-
11/-
11,-
11;6

5/3
LOUDSPEAKERS. P.M. 3 OHM FAMOUS MAKES. 3M.,
4iu., 5in., 7in, ), 4in., 15/6 each; 8in. 17/6; &Iv. 16,6; 10in.
301-; 12in. 30/-; (15 ohms 35/-); 10in. x bin. 22,6; Sin. x 5in.
-21/-; 9in. x Bin. 211-.

NO ORDER TOO SMALL
337 WHITEHORSE ROAD,

Telephone
WEST CROYDON THO 1665

P.P. Charge 11-, Full List 1/-, C.O.D. 2"- extra
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SONA STREAMLINE MICROPHONE ill )1
x( SUPERHET RADIO CHASSIS

Omni -directional response 60-
10,000 c/s. Output level 62 dB.

1 ll..1, These well made chassis were made
for the Government for Forces enters

Built-in on/off switch. Provision X ,,,,,,,,,,, X tainment with 6E8, 6%7, 6Q7, 6V6.
for conversion to hand-held, cord suspended yr MR. DENAIR SOUND MIXER u, Choke smoothing /Sow -motion tuning,
on stand mike. Attractive satin chrome NT( Thin splendid unit enables the mixing of up to 4 inputs, 1.e. ,./,-'"".

NprEinwte:looscamlpel.e2te00,0.6t5h0 mvaletvrese....BdR6A,70Dlt

finish. ii, .x.mii,,,irepde,ut,ri:gm,atrtz,dae:,ci.
battery. Four

ando comddetely
ard

jszlif, Mr.ss Power Pack. Cabinet with Stu. speaker
Microphone 39/6 r. a r. 2/6. X inputs. Well finished handsome cabinet. Ideal for use with )111 to fit.

'eup"itlin 83.19.11 P.411'

xXXXXXXXXXXXXXXXXXXXXXXXXXXXKX XXXXXXXXXXXXXXXXXXXXXXXX
)1()Isk R.A.F. SHORT WAVE RECEIVERXXxXXXXxxxxxxxxxxXxXxXXX - 19 SET TRANS/REC. ACCESSORIES

MATCHED MULLARD TRANSISTORS X 35 to 40 Mc/e. Power supplies 12 volts and 250 volte D.C. 121P2176 P. is P. 2/6.
)/One OC81D Driver. X In excellent condition with exceptionally fine slow-motion

Two 0081 Output stage matched 10.9/11 the set. PAP. 1/, X ties and clean component layout. XXXXXXXXXXXXXXXXXXXXXXXXX

WIRELESS WORLD JANUARY, 1965

Deck Stand 10/ P. & P. 2/6. valve or translator amplifiers. Prim 45/- P. & P. 2/6.
Floor Stands Available.

Price 2211". P. 4
P.

X HEADPHONES AND MICROPHONE*XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXI: In good condition, mostly new. 17/6. P. & P. 3/6.
TRANSFORMERS t HIGH QUALITY PAXOLIN PANELS i(XXXXXXXXXXXXXXXXXXXXXXXXX
Type 1 Filament Transformer. 200/250v. primary. 50 c/s. iii Sim Olin. x 104in. x 1/10th In. Price 1/3 each. P. & P. 7d. )( WHIP AERIALS
Secondary 6.3v. at 2 amps. Price 5/1 1 P. & P. 2/, X Six for 7/6 'pod tree. 12 for 15/- post free. 81t. 61n. 7/6. P. & P. 2/6. 5ft. 4/6 P. & P. 2/6.
Type 3 Primary 200/260. 50 c/s. Secondary tapped as IJXXXXXXXXXXXXXXXXXXXX)
follows:- 5v., 11v., 17v. All at 4 amps. Price 29/6 P. & P. 3/6. at
Type 4 Primary 200/296. 50 c/s. Secondary tapped as X LEAD ACID
follows.- 3v., 4v., 15v., 6v., Sr., 9v., 10v., 12v., 15v., 18v., I ACCUMULATORS
20v., 24v., and 30v. All at 4 amps. Price 39/6 P. & P. 3/6. X (Ifni/pitiable)

Type 6 A really excellent well made robust transformer, X 2 volt. A.E..Erand tteni Size

fully shrouded and upright. Primary 200/250, 50 c/s. Sewn- XiX.x 4/1 1
each.p50 P. M. per cell.dart' 450-0-450 v at 250 m/a. 6 3v at 4 amps.5v at 3 for 12/6.

(XXXXXXXXXXXXXXXXXXXXXXXXX_XXXXXXXXXXXXXXXXXXXXXXXxX
No. 19 SET INSTRUCTION HANDBOOK 1:( WALKIE TALKIE No. 46

3/6 each. P. & P. 64.
XXXXXXXXXXXXXXXXXXXXXXXXx$

Compactly built to be carried by one
man. This has a range of approx.

Xio miles, sad being crystal controlled.
1155 INSTRUCTION HANDBOOK ii tuning is avoided, and operation ie as

3/6 each P. & P. eel. x accurate ea it telephone. Frequency
XXXXXXXXXXXXXXXXXXXXXXXX 3.6-9.1 Mc/a. Complete stations

H.R.O. INSTRUCTION HANDBOOK x comprising receiver transmitter,

3/6 each P. & P. la. X rod aerial. One set of head-

phones
and mike, in canvas

xxxxxxxxxxxxxxxxxxxxxxxxxxLEcarrying b Crystal coil packs
FREQUENCY METER B.C.221 p. a P. es. ; available Price 35/. per set. Poet

3/6 each K free. Brand new in maker's sealed
XXXXXXXXXXXXXXXXXXXXXXXXXXX cartons. Price per station 24/10/-.
46 WALKIE TALKIE SET HANDBOOK X E. & E. 10/' each. Two stations

3/6 each p. & P. ea. for £11/101- post free.

XXXXXXXXXXXXXXXXXXXXXXWA
X TX/RX. NO. 19 POWER UNITS
C.; 12v. D.C. input. Output 279v. at 110 ms -and 500v. at
A 50 MA. This equipment is of American or Canadian manufac-

y.Z;Z(111XCZXaEXXXe15/-*XXXXX)(XXXXX.4
K MORSE KEYS
K Morse key assembly. KO

Prim 65/- P. & P. 5/, XXXXX XXXXXXXXXXXXXXXX) X with base, cover and ter -
.4,mingle. Complete with

XXXXXXXXXXXXXXXXXXXXXXXX4 AMERICAN V.H.F. SIGNAL GENERATOR rii, lead. 6`/11 p. . 2/..
R.F. FIELD INDICATOR X TYPE 1-130-A X Two for 12/6 Post free -
A fine:instrument that can be used for checking radiation from X A very well made instrument with a built-in crystal master XXXXXXXXXXXXXXX1000XXXXXXXX
a transmitting aerial. The sensitivity can be controlled by X

l Ste peel t tans d t bl lit d
oscillator. Exceptionally One slow motion tuning, with

RESISTOR COLOUR'CODE INDICATORof panel control or by adjustments of aerial length e p oupuan ajusae ampue.
Enables you to determine the value of a resistor at a glance
A must for the constructor. Pries 1/6. P. & P. 3d.

xXXXXXXXXXXXXXXXXXXXXXXXXJ
TWO-WAY SOUND POWERED TELE-

adjustmentsca
or alternatively increasing distance from the radiating aerial. X ;dear rfeor two ;metres and V.H.F. calibration. Prim 55/-
A must for the radio ham. Frequency range:- 1-250 Mice. X P & P 7/Gels
200 nob& Complete with instruction book, extendable aerial X XXXXXXXXXXXXXXXXXXXXXXXXX
and audio earpiece. Prim 59/6 P. & P. 2/6. TANK AERIALS
XXXXXXXXXXXXXXXXXXXXXXXXXXx Fully interlocking copper sections one foot in length. Will

DOUBLE THROAT MIKES K make ideal dipoles, car or woofer aerials. Price, six sections
As used by the armed forces. These sound powered earpieces

These can be adapted for use with musical instrument& X complete with canvas carrying cane 3/6 P. & P. 1/6. will work up to a distance of 1 mile without the use of bat -
5/11 PAdditional sections 611 each. Please include sufficient postage. term.. Beautifully made, ideal for use in the home officeP 1

or garden. Complete with connecting cable 17/8. P. & P. 2/6,
KXXXXXXXX)01XXJKXXXXXXXXXxxx
WALKIE TALKIE NO. 46 and NO. 38

SET H.T. POWER PACKS
This valuable unit provides a stabilised H.T. voltage straight
from the mains. Robustly and compactly built. Pries 39/6.
P. & P. 5/-.

mi.,,,,XXXXXXXXXXXMXXXXXXXXXXX)00)X TYPE 19 SHORT WAVE RECEIVING
X SET

Works straight off the mains.1r An excellent short wave
receiver, requires only phones

;it..?
for immediate operation.
Prim 25/19/6 P. & P. 10/,
Suitable phones 16/- per pair.

P. & P. 2/6. During an evening'. testing of this excellent
receiver, we obtained dear reception from scores of stations,
many of them thousands of miles distant, including ship
stations, Government transmission, maritime broadcasts and

jr also the short wave radio Luxembourg broadcasts.
XXXXXXXXXXXXXXXXXXXXXXXXXJXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)00000x

0

THE "'THIRTY" HI-FI AMPLIFIER
A high quality 30 -watt amplifier developed for use in large halls and clubs, etc. Ideal for bass, lead or
rhythm guitars, schools, dance halls, theatres and public address. Suitable for any type of mike or
pick-up. Valve line-up: two EF86; one ECM; one GZ34; two EL34. Four separate Inputs are pro-
vided with two volume controls. -Bass and Treble controls are incorporated. Amplifier operates on
standard 50 cis. mains. 3 ohm and 15 ohm speakers may be used.
Perforated cover with carrying handles can be provided if required, price 21/-.

0 Customers are invited to see and hear this amplifier
at our shop premises in Lambert's Arcade. Send
S.A.E. for Illustrated leaflet.
or deposit of £11161- and twelve monthly payments
of g1/9/2. Carriage 15/- to be sent with deposit.

TWICE THE QUALITY - HALF THE PRICE
X3000001XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)0(X)000CXX

POSTAGE RATES APPLY U.K. ONLY. S.A.E. WITH ALL ENQUIRIES
NEW WALK ROUND STORE OPEN IN LAMBERT'S ARCADE. LOWER BRIGGATE, LEEDS 1. NEXT TO HALFORDS

CYCLE SHOP. OPEN ALL DAY SATURDAY. 48 HOUR DESPATCH SERVICE.
ALL MAIL ORDERS TO OUR BRIGGATE HOUSE ADDRESS

TERMS:
CASH WITH ORDER

51- EXTRA ON C.O.D.
ORDERS

No C.O.D. under 30/-.
-rthmlak.

SEND 1/- FOR LISTS.
TRADE SUPPLIED
ORDERS FROM

ABROAD WELCOMED
Telephone: 34703:

SONA ELECTRONIC CO LTD. (Dept. W.W.8). BRIGGATE HSE., 13 ALBION PL., LEEDS
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SOUTH SUPPLIES
(ELECTRICAL) LTD.

POST ORDERS TO OLD KENT RD. ADDRESS

95, OLD KENT RD. S.E.1 BER 5810
72, BOROUGH HIGH ST. S.E.1 HOP 2125
90, HIGH ST., EDGWARE EDG 6751
17, WOODFORD AVE., ILFORD CRE 4815

291, HIGH RD., CHISWICK, W.4
EECO MODEL

Push button. 20,000 O.P.V.
Test Meter. D.C.
Volt.: 0-1-10-50.250
-500-1,000.
A.C. Volts: 0-
10  60 - 250 -
600 - 1,000
D.C.
Current: 0-50
mA., 10 mA.'
60 mA.
Resistance: 0-5
k0-500 k0.5 MO.
Inductance: 50 H.-6,000 H.
Capacitance: 150 pF. 0.02 µP.
D.B.: -200 +22 D.B., 200 36 D.B.
THE SIMPLEST AND MOST EFFICIENT METER
ON THE MARKET AT Iggs BELOW ITS
TRUE VALUE.

S.E.37B

25.15.0
P. & P. 2/6.

EECO MODEL S.E.550
100,000 O.P.V. PRO-
FESSIONAL TEST
METER.
Highest Mummy: 3%
on D.C.V.--amps. -
ohms. 4% on A.C.V.
D.C. Volts: 0-0.5-2.5-
10-50-250 at 100,000
O.P.V. 0-500-1.000 at
35,000 O.P.V.
A.C. Volts: 0-2.11-10-
60.260-1,000 at 12,000
O.P.V.
D.C. Amps.: 0-10 pa.

0-250 ;sa.-2.5 mA: 250 mA.-10 att 500 mV.
150 mA.
Resistance: 0.20 m.-2 m.-200 k.-20 k. 160 k.-
113 k.1600. Centre scale.
Decibels: -20 to 02 (0 lb - 0.776 v.).
67.19.0 P. . 8/-.

MULTI METER BARGAIN
EECO MODEL 220S

4,000 O.P.V. on Both A.C. and D.C.
D.C. Volts 0-5-25.-126-600-2,500.
A.C. Volt. 0-10-60-260-1,000.
D.C. Current 0-250p.A-0-260 mA.
Resistance 0-10 KO -0--1 Mega.
Decibel. -20 to +22 db.
Meter size 4Sin. x 35In. x 111n.
Complete with test prods and battery.
Wonderful Value at 63/- + 3/- P & P.

AMERICAN RECORDING
TAPES

Sin. Standard 600ft. 9/6
Sin. L.P. 900ft. 12/-
5in. D.P. 1,200ft 15/-
51in. L.P. 1,200ft. 15/-
7in. Standard 1,200ft 16/-
71n. L.P. 1,800ft 17/6
7m. D.P. 2,400ft 25/6
The Quality American Recording Tape with
100% Guarantee. Try It yourself.

w.lv., ELAC SPEAKER OFFER
Sin. Speaker 8/6
tin. Speaker 11/ -
Sin. Speaker 11/-
71n. x 4in. Speaker 10/-
4in. Rola Celeation 9/6
P. & P. 3/-.

EXTENSION SPEAKERS
IN CABINETS

6in., 251-; 71n. x 41n., 2 -tone modem design
with vol. control, 35/-; Sim, with vol. control,
35/-. P. & P. 4/6.

TRANSISTOR RADIO EXT.
Speaker in handsome wood finish cabinet. Com-
plete with ext. lead, 2.5 mm. and 8.5 mm. plug
to lit any type radio, 22/6. P. & P. 1/6.

TRANSISTORIZED MEGOHM
METER

The finest one hand operation Megga. on the
market. Full scale reading 0.5MP at 500 volts.
517/17/- plus 7/6 P. & P. Complete with fully
enclosed carry case and leads.

RONETTE BINOFLUID B.F.40
STEREO CARTRIDGE

Freq. Res. 1012,000 c/s. Sensitivity 180 ray./
om./sec. Load 1 MD 100 pF. Complete with
Sapphire Stylus.
Our Pete. 1216 ea. P. & F. 11-.

RONETTE STEREO O.V.S.
TURNOVER CARTRIDGE

With 2 Sapphire Stylus.
Our Price 19/8 ea. P. & P. 1/..

Acos 45
Dlecast, hand shaped body. Special (der.
15/6 Plus P. & P. 2/6.

TELEPHONE PICK UP
For use with any type tape recorder, wonderful
value, 5/9. Post paid.

TECH. MODEL PV -58 VACUUM TUBE

VOLTMETER
Fine4 design for stable and accurate measurement
1% tolerance on all resistors. Large design 4in. 200 a
meter for accurate readings 11 megohm input.

Ranges:
-D.C.V. 0-1.5-5-15-50-150-600-1,600 v.
+ D.C.V. 0-1.5545-50-150-500-1,500 v.

A.C.V. 0-1.5.5-15-50.150-500-1,500 v. R.M.S.
0-1.4-4-14-40.140-400-1,400-4000 P.P.

Resistants: 2 ohms to 1,000 megohm.
Decibels: -10 4b. to 4 65 sib.
Operation: 220/240 v. A.C. Size 7in. x 4;in. x 4in.
Each teeter is supplied brand new and fully guaranteed complete with probe and operating
instructions,.

The finest value In teeter available :it only 912/19/6 Complete. P. ,t P. 9/6 ex.

EECO MODEL S.E.100 TRANSISTORIZED
VARIABLE D.C. POWER SUPPLY

METER RANGES Voltage Range
Volt. 0-20 V.D.C. 0-20 colts.
Current 0-20 inA. Continuously variable.

0-200 inA.

Maximum Current Cap.: 0-10 v. 200 IsA. Intermittent. 0-20 v. 150 mA. continuously.
Impedance Source: Current position. 3.3 ohms. Voltage position 0.2 ohms.
Power Input: 220/240 v. Size bin. x 31in. x 21in.
Fuse: 0.5 amp., 1110W blow, in D.C. circuit.
The extremely wide variable voltage range, low A.C. ripple and source Impedance of
the S.E.100 makes it a most satisfactory power supply to operate transistor radios, hearing
aide, pre -amplifiers, instruments and other electronic devices under repair. The 8.E.100
can be used in television and radio servicing, as all A.V.C. or A.G.C. voltage source as a
D.C. filament supply, operate relays, recharge small batteries and light electro plating
as in dentistry.

66/10/0 P. & P. 4/6. Fully guaranteed and complete with test lead, trot. clips
and operating instructions.

EECO MODEL S.E.200 MINI -LAB TESTER
This remarkable meter has seven test Instruments packed
into one pocket size case which can be taken and used any-
where. Resistance lubstlitution. 1000, 1K0, 10K f/ , 100K0
natl. Capacitatme Sulisits/iiint. .002 mfd..005 mid.,
.02 mid.; 1 mid. and 10 mite. R.F. Signs/ Generator. Fre-
quency fixed at 445 Ee/s. (adjustable to 700 Kele.), output
35 my. approx. Audio Generator. Frequency 400 c/e.
Output 35 mV. approx. D.C. and A.C. Volts. 4 ranges.
0-15-50-150-500 volts at 4,000 0.P. V R.F. Field Strength
Indicator. Frequency range 1 to 140 Mc/s. Antenna 6 sections

length 10;in. Size gin. x 21in. x 31in. The Mini Lab. is completely battery operated
and suitable for quick checks in the service shop and Home Service calla 82/19/8 each.
Complete with Teat Prods and Battery, fully guaranteed.

EECO MODEL MS4
FLOORSTAN D

Height fully open 551in. Fully
closed 33in. Three sections,
fully telescopic. ;in. or fin.
mic. adaptor.

39/6 ea. P. & P. 5/-.
Heavy cast iron base. Won-
derful value.

MC 110
CRYSTAL

MIC.
With on/off
switch and hol-
der. Satin
chrome finish.

26/6 P2/0.

NEW ! ! ! NEW ! ! !

CM61-High Impedance Crystal Mic. with
built-in on/of Switch. Complete with
Table Stand, Plug-in Mic. lead and neck
Holder all in a wonderful Satin Chrome

*VALUE AT 33/6 + 1/9 P. & P.

MD 175
DYNAMIC

MIC.
Impedance 50 KC.
Sensitivity: 55 db
at 1,000, non -direc-
tional, latent Amer.
man design.

to 45/-
P. & P. 2/.

EECO MODEL UD801
U NI -DIRECTIONAL

DYNAMIC MICROPHONE
DUAL IMPEDANCE (6000, 50 hi))

Frequency Characteristics. 100[1 14,000 c/s., 16 db.
Sensitivity. -75db ± 31b at 60011. -55 db 4, 3db at 50 k0 Odb
1 v./p. bar.

Directionality. Uni-directional (5011 7,000 cle. over 15 db at 180°). This is a new and
high claws dynamic uni-directional microphone very high in sensitivity and excellent
in frequency characteristics, maintains high; stability even against poor ambient con-
ditions. fay19/10/0 & P. 5/6. Complete with 12ft. twin screened mic. cable,

guaranteed.

SUN ACE 4 4 transistor new push button.

Super de -luxe Tape Recorder. Circuit -4 transistors.
Recording D.C. bias 4 -track, built-in 21in. p.m. speaker.
Recording time 17 mine. approx. on 200ft. tape.
Batteries 1U 2-1 PP3. Complete with crystal micro-
phone -personal earphone. 200ft. Tape and reel.
Spare spool. Carrying strap and Batteries. Wonderful
value at only 54/151- plus 4/9 P. & P. (Fully guaran-
teed).

I11111111111111111111111111111111111111111111111111

-
7%401.010-4

EECO 4 -Channel Transistorized
MICROPHONE MIXER

PRICE

49/6 rA.
Give all your recordings that professional
touch. The Beet, mixer allows you to mix 4
signals such as Mic., tape, records and tuner
into a single output. Wonderful for gmlIPS,
amateur recorders, etc.
Guaranteed to give hours of pleasure.

FAMOUS MAKE
AMPS AND PRE -AMPS
at Vastly Reduced Prices

3-4 watts, 54/15/-; 4-6 watts, 55/7/6: 5/5
Stereo, 511/51-; 10 watts, with separate pre -
amp.. 514/316: 30 watts, 215/216; 50 watts.
520/14/3: Tremolo unit, 83/15/6; tape pry-

g8/10/-.

Miniature Push -Pull Audio
AMPLIFIER

4transistor, output 200 m.w., low and high
gain, input. to operate 3CI speaker. Wonderful
value, 31/6. P. & p.2/.. Complete with operating
instructions.

A GENUINE 4 -AMP.
BATTERY CHARGER

for only 45/- P. & P. 4/6.

VIII

Made in England to our own specification and
fully guaranteed.
High-Low-Med. Change Rate. 6 v. or 12 v.
Selector Plug. 200(50 v. Mains Selector Plug.
4 amp. cartridge fuse protection, complete with
mains lead, charging lead and eroc. clips.

Personal Callers Only
The Very latest Super Slim Line Autochanger
Record Player. Built and ready to go. Incorpora-
ting the New B.S.R. UA26 Super Slim Deck in
the latest design cabinet. 24 watt output with
tone and Volume Controls.
Fully Guaranteed 11 Gni.

VANTONE MAINS RADIOS

5 -vales ouperhet
with built-in Fee -
rite tuning bar.

£3/15/ -
Plus P. & P. 3/0.
Fully guaranteed.

This wonderfu little radio will receive all
stations on med./wave loud and clear inc. LUMe111-
bourg. Ideal for bedrooms, kitchens, or as a
second main. radio.

EHRECORDER
4 Translator Tape
Recorder. Easy
to operate single
lever function
control. 200 mW.
output complete
with microphone
-31n. Tape -
Spare Spool -
Personal earpiece
and batteries.
Wonderful Value
54/19/6 Plus 5/.
P. & P.

The Silver Ribbon 625
INDOOR AERIAL

Also for 405, ITV
-BBC and F.M.
Complete with
co -ax. plug. 19/6
F. & P. 1/-.
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FIRST QUALITY TAPEFACTORY FRESH nr L 
Sin. Std., 600ft.... 8/6
7in. Std. 1,2001t.... 11/6
Sin. L.P. 900ft.... 10/-
5in. L.P. 900ft.... 12/6
5/in. L.P. 1,200ft.... 12/6
5:in. L.P. 1,200ft.... 15/-
7in. L.P. 1,800ft.... 15/-
7in. L.P. 1,800ft.... 20/-
4in. D.P. 600ft. .. 9/-
5in. D.P. 1,200ft.... 15/-
5:in. D.P. 1,800ft....22/6
7in. D.P. 2,400ft.... 25/ -

HIGH QUALITY
TENSILISED

TRIPLE PLAY
31in. 600ft. ' 15/-
4in. 900ft.17/6
5in. 1,800ft. 35/-
5f in. 2,400ft. 45/-
7in. 3,600ft. 58/6
Only limited quantities
available at present.

SPECIAL OFFER!
THREE 300ft. 3" Message Tapes FOR ONLY I0/ -

Where not stated, please add P. & P. 21- per order. (Orders over £3 post free.)
Many other types available including " SCOTCH," "EMI," "BASF," "Synchro-

tape," etc. Send S.A.E. for our huge money-saving_literature on Tapes and Accessories

COLLAR.° STUDIO" TAPE TRANSCRIPPORS.
SPECIAL DISCOUNT FOR TAPE QUANTITIES.

Brand new in original cartons. 3 speeds, 10, 3/, " GEE'S " ACCESSORY KIT
71 i.p.s. . " BIB." Splicer, 1 Splicing Tape, 3 Leader Tapes
3 motors, digital counter,-ete. Complete with 7in. (3 colours), 10 Retaining Clips. Packed in plastic
spools, instructions and fixings, A.C. 200/230 V. container. PRICE 32/6. P. & P. 2/6.
operation. SPECIAL PRICE £10 Carr. 7/6.

The "INSTANT " BULK TAPE ERASER
A complete reel of magnetic tape can be effectively
erased of all traces. of recorded matter within a few
seconds. 32/6. P.,& P. 2/6.,

OUTSTANDING BUYS IN QUALITY
MULTIMETERS

100,000 o.p.v. Model 370-N. Price 114/I4/-.
30,000 o.p.v. Model 500. Price £8/17/6.
20,000 o.p.v. Model C.T.500. Price 25/5/-.
4,000 o.p.v. Model 11.20. Price 79/6.
All complete with test Leads, battery, instructions
and fully guaranteed.

AVO VALVE TESTER. Consists of two parts -
valve panel with selector switches and meter with
voltage controls, etc. Numerous valve bases includ-
ing B7G, B8A and Bill. This fine instrument
supplied in good condition complete with manual.
£11. Carr. 7/6.

COSSOR 1049 DOUBLE BEAM
OSCILLOSCOPE

A fine instrument in perfect condition and in
good working order. £45. Can. 20/-.

AUTO TRANSFORMERS. Step up, step down,
110/115, 220/230 v. Fully shrouded terminal block
connectors. 150 w. 32/6; 300 w. 47/6; 500 w. 67/6;
750 w. 77/6; 1,000 w. 90/-; 1,500 w. 139/6; 1,750 w.
175/-. Carr. 5/- on each type.

RECORD MEGGERS
500 v., with case, perfect order. 212/10/-.

EVERSHED & VIGNOLES. Wee Megger 500 v.,
with leather carrying case, good working order, £15.
Also 100 v., as above. 26/6/,

EVERSHED & VIG-
NOLES Series 11,
500 v. Megger in
good cond. £18/18/-.
EVERSHED & VIG-

NOLES MEGGER
CIRCUIT TESTER
(low reading ohm
meter). 2 ranges
0-3, 0-30 ohm.
Complete with

leather case and test leads.
As new, P6/6/-. Citto 0-500,

100-5,000 ohms £8.
TRANSISTORISED BULL HORN "Ideal for

Sports meet -

1/1111 Range up to
'20ilft. Simply
press trigger
switch and
talk. Operates
on 6 standard

ings, buildingsites, etc.

lit v. batteries.
Length 111in. Weight only 21 lb.

(341:00 PRICE 24/15/-. Complete with
batteries and instructions.

WANTED FOR CASH!!
Good quality modern P.A. Equipment. Test Equip-
ment, Hi-Fi Equipment, what have you! Single
items or quantities. Offers by return.

ALL TRANSISTOR
K3T

30 WATT

100/250 A.C.
mains opera-
tion. Separate
bass and treble
controls. Output impedance
4-10 ohms transformerless. High and low impedance
inputs for dynamic or crystal microphone and
pick-up. Has 2 separate input channels and 2
separate volume controls enabling input signals to
be mixed or faded from one channel to the other.
Size 61in. x 8 5/bin. x Sin. Complete with circuit
diagram and full instructions. PRICE 226/10/-.
P. & P. 5/-. S.A.E. for leaflet.

JASON TRANSISTOR AMPLIFIER

200/250 V.
A.C. mainsoperation.
Separate bass
and treble
controls, 10
watt power
output, 15
ohms output

impedance. Inputs for Gramophone, Radio, Tape.
Complete with circuit diagram and full instructions.
Brand new with maker's guarantee. Originally £22.
OUR PRICE 214. Few only!

POWER AMPLIFIER

DUAL IMPEDANCE SLIM
DYNAMIC MICROPHONE.
Model PA .46. Beautiful,

professional -looking, with solidly
cast, tapered slim case. Heavy
duty on -off slide switch. Built-in

transformer supplies dual unbalanced
impedances -low 600 ohms, high
50,000 ohms. Omni -directional when

used vertically-cardioid pattern when
tilted. Complete with 5ft. plug-in cables.
PRICE 64/4/.. P. & P. 2/6.

STUDIO CRYSTAL MICROPHONE.
Model PA.17. A fine quality all
directional microphone with a 360°
pick-up and the added power and
sensitivity of two individually shock
mounted and phased crystal cart-
ridges, giving maximum pick-up from
all sides. Overall size 7in. H. X 3in.
W. Complete with 4ft. cable.
PRICE 12/2/, P. & P. 2/6.

" DYNA-SLIM" MICROPHONE
MODEL PA.43. Dynamic 30K high impedance
microphone with on/off switch. Omnidirectional
head. Length 8in., 11in. dia. tapered. Complete
with cable and connector, 69/6. P. & P. 2/6.

CRYSTAL MICROPHONE MODEL BM.3
Three-way mike for hand, desk or floor stand use.
Response 100-8,000 c/s. Sensitivity -62 dB.
Length 7in. Head dia. lfin. Supplied with neck
band, lead and standard jack plug. ONLY 39/6.
P. & P. 2/-. Table stand 12/6 extra.
MICROPHONE FLOOR STAND (Telescopic). HEAVY
Din. dome, chromium base, chromium stand with
screw top. Extends to approx. (If t., 55/-. Can. 5/-.

P.A. EQUIPMENT
RE-ENTRANT
LOUD HAILERS(Ex. Govt.)
Heavy duty 20
watts, all metal,
15 ohms. Dia.
fain., length
15in, (approx.).
Brand new and
boxed, £9. Carr.
10/-. Dito re-
conditioned
16/10/-. Carr.
10/-.

EXPONENTIAL HORNS
BY FAMOUS MAKER

OF P.A. SYSTEMS
20 watt, 15 ohm speech coil, 30in. long, 20in.
square flare. Good condition. FEW ONLY.
27/10/-. Carr. 12/6.

10 inch P.M. HEAVY DUTY SPEAKERS
Complete in all steel blue -grey double grill cabinet,
39/6. Carr. 6/-.

Completesystem
comprising

Control Unit, 4 Tannoy
loud hailers, microphone
and headphones, etc. 12 v.
D.C. operation. Low
battery drain. S watts
power output. The ideal

system for mobile use, outdoor meetings, sports
days, factories, garden fetes, etc. Speakers can
be spaced effectively over hundreds of yards.
Guaranteed Brand New in sealed cartons. Price
210/10/-,_ Carriage 15/-.
L.T. SUPPLY ACCUMULATORS available
as follows:
12 Volt 25 A.H. 50/-; 2 X 6 Volt 20 A.H. 35/-.
Carriage extra.
TANNOY LOUD HAILERS available separately
30/- each. Carr. 5/-. Spare diaphragms 12/6
each.

15 WATT TRANSISTOR POWER AMPLIFIER
A new transistor Audio Frequency Amplifier
of new modern design incorporating a number of
additional practical features. Operates on
12 volts. Power output 15 watts. Output
impedance 25, 15 or 3.75 ohms. Inputs for
mike and gram. Frequency response 100 c/s.
to 10 kc/s. Incorporates on/off switch, volume
control, tone control, pilot lamp. Complete in
pale green hammer finish metal case, size
6 x x 5fin. Weight 41 lb. Made in
England. Brand new and fully guaranteed.
All parts replaceable. ONLY £21.

G.P.O. STANDARD I9in. HEAVY DUTY
EQUIPMENT RACKS

4ft. Sin. Channel Uprights, £4. Can. 15/-.
5ft. Sin. Angle Uprights, 94/10/-. Carr. 15/-.
Eft. Channel Upright, SIM-. Carr. 20/-.
7ft. Channel Upright, £8. Can. 20/-.

All with Heavy Duty Base.

'POWERSTAT '
VARIABLE

TRANSFORMERS
Input 230 volts. 50/
60 cycles. Output
0-260 volts atamps. Fully
shrouded. For bench
or panel mounting.
A robust job of out-
standing quality and
performance. Brand
new and guaranteed.
£15. Can. 7/6.
Made in U.S.A.

GEE BROS. RADIO LTD.
15 LITTLE NEWPORT STREET,
LONDON, W.C.2. GER. 6794/1453

Open 9-6 Mon. to Fri. I p.m. Sat.
Adjoining Leicester Square Tube

1W W-133 FOR FURTHER DETAILS.
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IMMEDIATE
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..

,,.

...,..

Di

Model SBIO 10 amp.

VARIABLE

Rd

ALL ITEMS
DELIVERY

FULLY GUARANTEED

2.5 Amp. £7.10.0

6 AMP. £10.10.0

10 Amp.£19. 5.0

20 Amp. £39.10.0
Ex works.

VOLTAGE TRANSFORMERS
World Famous ILIDUP1

* Rated current consistent at all points along the winding.
Output: 0-260 v. Input: 230 v. A.C. 50/60 -.
Shrouded fully variable transformers for bench or
panel mounting.

shows latest type
gear enabling I volt

to be made.

RIP
111111emeill

1 il brail
1 1

I

I

III,1
Inset
brush
variations

PORTABLE

SUPPLY
OUTPUT:
INPUT:
fuse,
lead.

0-260 v. IT, amps.
230 v. A.C. 50/60-,

voltmeter, neon lamp,
Size 8 > 5 . 5 in. high.

VARIABLE

UNIT
Unit fitted with

on -off switch and

Designed

call fora

A.C. POWER
for Engineers whose requirements
visual indication of volts applied.

PRICE £8.10.0
P. & P. 10/..

CONSTANT VOLTAGE TRANSFORMER (Automatic Mains Stabilizer)
Maintains correct voltage without any seasonal drops. No unstable test gear reading.

* Perfect stabilization. Specification: OUTPUT -240 v. A.C. Size: 10 x 5 x 7 in. high. Weighs
* Instant response. INPUT-I 10 v. and 50 cycles. , 1 .1 "' . only 21 lbs.
* No moving parts-no maintenance 240 v. A.C. -_20',,. CAPACITY -250 VA. WITH SIGNAL LAMP AND
* No voltage drop in winter. 50 cycles SWITCH.

Complete with lead and plus,
ALSO 1,000 watt Model: Input 240 v. A.C. +20%. £29,, 10. 0 Pkg. & carr. 30/,

in silver hammer metal case.
Output 240 v. A.G. +1°0. £11.10.0 Carr. 20/-.

1...-

* 5 m00 v. A.C.
* 100 mV. -I,500 v. D.C.
, II megohms sensitivity.

VALVE VOLTMETER
Latest circuitry provides
and sensitivity.
PROFESSIONALLY ACKNOWLEDGED
* 0.1 ohm -1,000 megohms.
* dB scale -30 dB to
(OdB: 1 mW. in 600 ohms.)

PLUS* I kc. Oscillator Test
* Complete with Test

BUILT-IN A.C./D.C. switch.
This superbly finished instrument
in production depts. and labs.
in an attractive light grey crackle
with satin alloy front.
Size and weight: 5iin. x 3in.
5} lb.

Portable TRANSISTOR TESTER

.-,...,,- , - - * Accu rate.
ill i 0 * 4in. 50:A Meter.

* Screw terminals and spring

-
sockets.

4- * Capable of testing PNP and
NPN Types and Diodes.

Size and Weight 7 5.'.3 in.
211b.

£10.10.0 P. 8` P. 7/6. Model AT -I.
C/W Batteries. Powered by pen cells.

perfect stability

65 dB.

Source.
Probe with

is invaluable
and is presented

steel case
Mains operated.

x 8in. high. Price
-no

.....

1 -
4

e

Model 30413.
ONLY c3500

extras. a.

VARIABLE HIGH -VOLTAGE UNIT
Dielectric Breakdown Tester.

* Infinitely variable up to 3,000 volts,
0.

* C1
amp.

an be accurately set.
* Ideal for continuous testing.
* Built-in automatic safety cut-out.

:1 ti xs-SuperbFor bench use. Robustly built. 41in. x 4in.
1 modern styled meter set at an easy -to -read

angle.
x Complete with input and test leads with

clips.
Input: Mains voltage.
Model T30, 0-3,000 v. A.0 E32 0 0
Model T50, 0-5,000 v. A.0 E40 0 0

Write for illustrated

TRANSISTORIZED

MEGOHMETER
NO WIND:NG. PUSH BUTTON TO READ.
500 v.-I,000 Megohms.
Portable, c/w. batteries, probes and case.

instrument.
ONLY
P. & P. 7/6. £23.10.0
500v -500m0 Mains operated
insulation tester. Designed for
continuous use 125.0.0

brochure.

WW1), 313 Edgware Road, London, W.2. PADdington 2233;4(ELECTRONICS) LTD. (Dept.
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FROM STOCK!
20 amp 24 volt

HEAVY DUTY
SUPPLY UNIT

Made at a cost of approx. E100 by S.T. & C. Ltd.
Essential equipment for Electronic Engineering,
Research Laboratories, Schools. Ideal for battery
charging etc. Guaranteed for 20 amps.
OUTPUT: 24 v. D.C. variable up to 20 amps and
trickle charge. INPUT: A.C. 100/260 v. 45/65
cycles. Input and output fully fused. Size: 16 x
24 x 32 in. high. In heavy gauge steel grey cabinet.

ONLY £27.10.0
Packing & Carr. 40/-.

Latest Miniature 88 Set

WALKIE TALKIE
Manufactured to exacting specifications by E. K.
Cole & Co.

Transmitter/Receiver. Crystal controlled 4 -
frequency set.

Weighs only 5f lbs. (approx.). Measures 31 in. x
Sfin. x 9in.
Operates from standard dry battery-H.T./L.T.
(Vidor L5537). 14 current series B7G valves used.
Complete with valves and crystals.

Details and
prices of all
accessories on
request.

Supplied by

:1

ONLY

£10.0.0

I.M.O. (ELECTRONICS) LTD.
(Dept. WW1), 313 Edgware Road, London, W.2

PADdington 2233/4

WIRELESS WORLD

NEW from PITMAN

AN ELECTRONIC ORGAN

FOR THE

HOME CONSTRUCTOR
Alan Douglas, M.I.E.E.E.

A very popular "how to make it"
book. Shows exactly what is in-
volved in work and materials (a
list of sources of supply is included)
in constructing an inexpensive in-
strument for use in the home.

New 2nd edition 20s net

available from all booksellers
Pitman, Parker Street, London, W.C2.

1WW-134 FOR FURTHER DETAILS.

"SPEARETTE"
PRINTED

THE
WHEN

FULL

Details

SPEAR

CIRCUIT SERVICING RACK

is

...

ELECTRONIC
ASSEMBLING

of this

WARLINGHAM,

ENGINEER'S THIRD HAND
OR SERVICING PRINTED

CIRCUIT PANELS.

ADJUSTMENT IN ALL PLANES

and other aids:

ENGINEERING CO. LTD.
SURREY

Tel.: Upper Warlingham 2774
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HARVERSON AMPLIFIER BARGAINS
Special Offer of Manufacturers Surplus
2 VALVE GRAM AMPLIFIERS
Valves: UYB5 Rectifier and UCL82 Triode/Pentode
giving 3+ watts output. Overall chassis size (inc.
valves) Sin. high x 5fin. wide x 2in. deep. Each amplifier
New and Tested and supplied complete with valves,
3 ohm output transformer and knobs for tone and
volume on/off controls.

ONLY 37/6 P. & P. 3/6.
Can be used with 80 v. motor tap or I.5k mains dropper
2/6 extra if required. Owing to the limited number available
and the extremely high value we regret we cannot enter into
any correspondence.

TWO VALVE GRAM AMPLIFIER ON PRINTED
CIRCUIT BOARD

(UY85, ULB4.) Can be used with 80v. tap off motor. O.P.
trans. Volume and Tone Control. Size 6fin. wide x 2in.
deep x 3fin. high overall. ONLY 39/6. P. & P.2/6. Mains
dropper res. for filaments if required, 2/6

SPECIAL OFFER -
HIGH GRADE TWO -STAGE GRAM

AMPLIFIERS
Made by very well-known manufacturer.
Using a double -wound mains transformer (fully isolated
chassis) with tapped primary, full wave contact cooled
rectifier, and Mullard ECLB2 triode -pentode valve.
3 watt output. Separate tone and volume controls.
Overall size 64 in. wide x Sin. deep x 4fin. high. tath
amplifier Brand New and tested and supplied complete
with valve. 3 ohm output transformer and knobs.
PRICE 49/6. P. & P. 4/-.

BRAND NEW 3 OHM LOUDSPEAKERS
2fin. 12/6; Sin. 12/6; 61 in. l5/-; Bin. 21/-; 10in. 25/-;
I2in. 27/6 (15 ohm 12 inch 30/-).
10in. x 6in 26/ -
Latest type E.M.I. 13f in. x 8in. speaker with high flux
ceramic magnet. 11,000 gauss. Aluminium centre cone.
10 watts, 50 c/s to 10 kc/s 42/-. P. & P. up to 6in. 1/6;
over 6in. 2/6 per speaker.

SPECIAL OFFER!! BRAND NEW HEAVY
DUTY 12 INCH SPEAKERS

Response 45 c/s-I3 kc/s. 'fin. voice coil. Available in
3 or 15 ohm. Guaranteed full 15 watts British rating.
Heavy cast aluminium frame. These are current pro-
duction by world famous maker and as they are offered
well below list price we are not permitted to disclose
the name.
LIMITED NUMBER ONLY.
UNREPEATABLE AT 89/6. P. & P. 5/-.
Also 25w guitar model available at E5.5.0

BARGAIN OFFER CORNER
ROLA-CELESTION approx. 9in. x 6in. 3 ohm
middle register speaker, 10/6. P. & P. 2/6.
MAINS TRANSFORMER. Drop thru' type. Tapped
primary 110 v., 200 v.. 220 v., 240 v., 320-0-320 v.
at 80 mA and 6.3 v. at 3 amps. Generous core. Stack
size 3) x 2-) x I lin. Weight 41b. ONLY I5/-. P. & P. 3/6.
ACOS CRYSTAL MIKES. High imp. For desk
or hand use. High sensitivity, 18/6. P. & P. 1/6.
TSL CRYSTAL STICK MIKE. Listed at 45/-. Our
price 18/6. P. & P. 1/6.
CONTACT COOLED BRIDGE RECTIFIERS.
250 volts at 125 mA. Size I lin. x I lin. x lin. 7/6. P. & P.
If-.
TRANSISTOR DRIVER and 0/P TRANSFOR-
MERS. (Tapped 3 ohms and 15 ohms output), plus
4 suitable Transistors giving approx. I watt output.
2 / . P. & P. 2/6.
T.C.C. SUPPRESSOR CONDENSERS. 250 v. A.C.
.005 + .005 x .1. In tubular can. I/in. long x )in. dia.
2 for 3/-. Post free.
5,000 MFD. 12 V. WKG. CONDENSERS. Size
3 x lin. diam. 2/- each. P. & P. 6d. each.
T.V. OR AMPLIFIER EDGE CONTROL PANELS.
Two 500k. Lin. Pots; one 500k. Log; one D/P mains
switch. Brand new 3/6 per panel. P. & P. 1/-.
Matched pair of 21 watt Transistor Driver and
Output Transformers. Stack size If in. x Ifin. x tin.
Output trans. tapped for 3 ohm and 15 ohm output.
I0/- pair plus 2/- P. & P., worth double.

TWIN TELESCOPIC AERIAL
Comprising two 3 -section heavily chromed rods.
Closed I2in. each extending to 32in. each. Completely
adjustable from vertical to horizontal. Supplied com-
plete with universal mounting bracket, approx 36in.
of coax and standard coax plug. Suitable for F.M. or
T.V. 12/6 plus 2/- P. & P.
MARCONI QUARTZ CRYSTALS Types ZHB.
Still available as previously advertised.

Harverson Surplus Co. Ltd.0-
W -135 FOR FURTHER DETAILS,
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3 -VALVE AUDIO AMPLIFIER
MODEL HA34

Designed for Hi-Fi re-
production of records. A.C.
Mains operation. Ready
built on plated heavy gauge

cI metal chassis, size 7fin. w. x
fit k, d. x 4fin. h. Incorporates

ECC83, EL84, EZ80 valves.
Heavy duty, double wound

mains transformer and output transformer matched
for 3 ohm speaker, separate Bass, Treble and volume.
controls. Negative feedback line. Output 41 watts.
Front panel can be detached and leads extended for
remote mounting of controls.
The HA34 has been specially designed for us and
our quantity order enables us to offer MAO
them complete with knobs, valves,
etc., wired and tested for only P. & P. 51-.

STEREO AMPLIFIER
Incorporating 2 ECL82s and I EZ80, heavy duty,
double wound mains transformer. Output 4 watts
per channel. Full tone and volume controls. Abso-
lutely complete.

BARGAIN
FRICE

ONLY

6 TRANSISTOR AND DIODE SUPERHET
A first-class 2 waveband transistor superhet.
 Printed circuit panel (size 8f x 2f in.).  3 pre -
aligned I.F. transformers.  High -gain Ferrite rod
aerial.  All First -grade transistors.  Car
aerial winding.  Push-pull output.  All parts
supplied with simple instructions.

All parts sold separately.
Set of parts if purchased at £4.5.0 P. & P.
one time ONLY 2/6
Circuit diagram 1/6 (Free with set of parts).

35 OHM SPEAKERS
Suitable for use with above. 2in. Goodmans. Ideal
replacement for most pocket portables 8/6; 31in.
12/6; 5in. 17/6; 7 x 4in. 21/-. P. & P. 1/6 per speaker.

Portable CABINET
Size approx. 9f x 61 x 31in. Suitable for above
using 31in. speaker. 25/-. P. & P. 2/,

COIL AND TRANSFORMER SET FOR
TRANSISTOR SUPERHET

3 I.F. transformers, one oscillator coil, one driver
transformer and wound Ferrite aerial (med., long
and car aerial coupling), 32/6 complete, post 1/-.
6 transistor printed circuit board to match, 8/6,
post 9d. Circuit diagram 1/6 extra.

SPECIAL TRANSISTOR BARGAINS
ALL BRAND NEW

GET 15 (Matched Pair) 15/, V 15/10P 10/-.
0071...5/- 0076...6/- AF I 17...7/6 ORP12...10/6
Set of Mallard 6 transistors, 0C44, 2-0C45, °CBI D
matched pair, 0081 25/-.

EDISWAN MAZDA
PXA I 01_6/6 XA103...6/6

R.F.I Pack: I -PXA102 Mixer: 2-PXAIOI I.F.
Amp.; (Equiv. 0C44 and 0C45) 10/6
R.F.2 Pack: 2-PXA101 I.F., I-PXA102 Osc.; I-PXA102
Mixer 12/6
L.F.6 Pack: Consisting of PXB113 Driver, Matched
pair PXC171, mounted complete with heat sinks
(Equiv. 008 ID and 0081) 12/6

ALL TRANSISTORS POST FREE

TAPE DECKS
B.S.R. MONARDECK (Single speed) 31in.
per sec., simple control, uses 51in. spools, E6/15/-,
plus 5/6 carr. and ins.
COLLARO STUDIO DECK 3 motors, 3 speeds,
push button control. Up to 7in. spools E10/10/..
P. & P. 5/6. (Tapes extra on both.)

QUALITY RECORD PLAYER AMPLIFIER
A top-quality record player amplifier. This amplifier
(which is used in a 29 gn. record player) employs
heavy duty double wound mains transformer,
ECC83, EL84, EZ80 valves. Separate Bass, treble
and volume controls. Complete with output trans-
former matched for 3 ohm speaker. Size 7in. w.
x 2fin. d. x 51in. h. Ready built and tested. PRICE
69/6. P. & P. 3/6.
ALSO AVAILABLE mounted on board with out-
put transformer and 6in. speaker ready to fit
into cabinet below. PRICE 89/6. P. & P. 4/6.

QUALITY PORTABLE R/P. CABINET
Uncut motor board. Will take above amplifier
and B.S.R. or GARRARD Autochanger or Single
Record Player Unit. Size 18 x 14 x 81in.

PRICE E3/9/6. Carr. 5/-.

EMBASSY PORTABLE RECORD PLAYER
CABINET. Will accommodate amplifier, up to
7 x 4in. speaker and B.S.R. or GARRARD auto -
changer or single player unit. Attractive rexine
covered finish. Overall size 17 x 15 x 81in. with un-
cut motor board. PRICE 69,6. Carr. 5/-.

4 -SPEED PLAYER UNIT BARGAINS
All brand new in maker's original packing.

SINGLE PLAYERS
B.S.R. TU)12 £3/10/-. Carr. 3/6.
B.S.R. GU7 with unit mounted pickup arm.

E4/18/8. Carr. 4/-.
AUTO. CHANGERS

B.S.R. UAI4 £511916. B.S.R. UA15/16.., L6 19 6
Latest B.S.R. UA25 Super slim E6 2 6
Latest GARRARD AT5 Mono f8'8 0. Stereo E9/9/0.
GARRARD AT6 Mono E10 10 0
GARRARD Auto -Slim E6 10 0. Carr. 5/- on each.

BRAND NEW CARTRIDGE BARGAINS!
B.S.R. TC8S High output compatible STEREO
CARTRIDGE. Brand new. Complete Stereo/LP/78
sapphire styli and universal mounting bracket.
Original list price 44/11. Our price 22/6. P. & P. 1/-.
RONETTE STEREO 105 CARTRIDGE
Stereo/LP/78 complete with two sapphires. Original
list price 67/9. Our price 24/-. P. & P. 1/-.

COLLARO HI -F1 STEREO CERAMIC
t/o CARTRIDGE Type " C " complete with
universal bracket and styli for StereoLP/78. Original
list price 59/8. Our Price 25/, P. & P. 1/-.

E.M.I. 4 -speed
Player and P.U.

FURTHER HUGE
PURCHASE enables
us to offer these

at 67/6 P. & P. 4/6.
Heavy 81 in. metal turn-
table. Low flutter per-
formance 200/250 v. shaded motor with tap at
45 v. for amplifier valve filament ii required. Turn-
over LP/78 head.
HIGH GAIN 4 TRANSISTOR
PRINTED CIRCUIT
AMPLIFIER KIT
Type TAI Peak
output in
excess of
11 wattS.
 All stan-
dard British
components.
 Built on
printed circuit panel, size 6 x Sin.
 Generous size Driver and Output 'transformers.
 Output transformer tapped for 3 ohm and 15

ohm speakers. 0 Transistors (GET 114 or SI
Mullard OC8ID and matched pair of 0081 o/p). 9 volt operation.  Everything supplied,
wire, battery clips, solder, etc.  Comprehen-
sive easy to follow instructions and circuit diagram
1/6 (Free with Kit). All parts sold separately.
SPECIAL PRICE 45/-. P. & P. 2/6. Also ready
built and tested, 52/6. P. & P. 2/6. A pair of TAIs
are ideal for stereo.

SPECIAL PURCHASE! TURRET TUNERS
by famous maker

Brand new and unused. Complete with PCC84
and PCF80 valves, 34-38 Mc/s. I.F. Biscuits for
Channels I to 5 and 8 and 9. Circuit diagram
supplied. ONLY 25/- each. P. & P. 2/6.

LOOK
OPPOSITE
FOR MORE

I BARGAINS

HARVERSON SURPLUS CO. LTD.
170 HIGH ST., MERTON, S.W.19. CHErrywood 3985

Open all day Saturday Early closing Wed., 1 p.m.
A few minutes from South Wimbledon Tube Station. (Please write clearly)
PLEASE NOTE: P. & P. CHARGES QUOTED APPLY TO U.K. ONLY. P. & P. ON OVERSEAS
ORDERS CHARGED EXTRA. (Please enclose stamped addressed envelope with all enquiries.)

10/14 WATT HI-FI AMPLIFIER KIT
A stylishly fin
ished monaural
amplifier with an
output of 14 watts
from 2 EL84s in
push-pull. Super
reproduction of
both music and
speech, with neg-
ligible hum. Sep-
arate inputs for
mike and gram
allow records and
announcements to follow each other. Fully shrouded
section wound output transformer to match
3-15(2 speaker and 2 independent volume controls,
and separate bass and treble controls are provided
giving good lift and cut. Valve line-up 2 EL84s,
ECC83, EF86, and EZ80 rectifier. Simple
instruction booklet 1/6. (Free with pars.) All
parts sold separately. ONLY E6/19/6. P. & P. 6/6.
Also available ready built and tested complete
with standard input jack sockets, 18/15/, P. & P.
6/6.
BRAND NEW Vynide covered wooden CARRY-
ING CASE for above. Size 131 x 9 x Bin. with slop-
ing front panel. Weight 41 lbs. BARGAIN PRICE
28/6. P. & P. 4/-.

A NEW HARVERSON KIT
FOR THE HOME CONSTRUCTOR

A really excellent, 211

purpose A.C. mains 200/
240 v.
AMPLIFIER KIT.
TYPE HSL ' FOUR' 3

VALVE, 4 WATT USING
ECC83, EL84, EZ80
VALVES.
Special features include:

* Heavy duty double -wound mains transformer
with electrostatic screen. * Separate Bass,
Treble and Volume controls, giving fully variable
boost and cut with minimum insertion loss.
* Heavy negative feedback loop over 2 stages
ensures high output at excellent quality with
very low distortion factor. * Suitable for use
with guitar, microphone or record player
* Provision (or remote mounting of controls or
direct on chassis. * All this builds on to a chassis
size only 71in. wide x 4in. deep. Overall height
4fin. * All components and valves are brand
new. * Very clear and concise instructions enable
even the inexperienced amateur to construct
with 1000;, success. * Supplied complete with
valves, output transformer (3 ohms only), screened
lead, wire, nuts, bolts, solder, etc. (No extras to
buy). PRICE 79/6. P. & P. 5/-.
Comprehensive circuit diagram, practical layout
and parts list 2/6 (free with kit).

HARVERSON'S F.M. TUNER Mk. I
 F.M. tuning
head by fam-
ous maker.
 Guaranteed
non -drift.
Permeability
tuning  Fre-
quency cover-
age. 88-100 Mc/s.
 OAS1 bal-
anced diode output.
 Two I.F. stages and
discriminator.  Attractive maroon and gold dial
(7 x Sin. glass).  Self powered, using a good
quality mains transformer and valve rectifier.
 Valves used ECC85, two EF80s, and EZ80 (rec-
tifier).  Fully drilled chassis. e Size of completed
tuner 8 x 6 x 51in.  All parts sold separately.
Set of parts it purchased at one time f5/19/6, plus
8/6 P.P. and ins. Circuit diagram and instructions
1/6 post free. Mark II Version as above but
complete with magic eye, front panel and brackets,
£6/12/6. P. & P. 8/6.
Mark 111 Version as Mark I but with output stage
(ECL82) and tone control. £7/7/-. P. & P. 8/6.
Handsome Metal Cabinets. Choice of Grey,
Black, or Green. To fit Mark I, 25/-. P. & P. 2/6.
To fit Mark II, 17/6. P. & P. 2/6.

BRAND NEW CYLDON FM. TUNER HEAD
Permeability tuned 88-100 Mc/s. Printed Circuit.
A completely screened unit ready for direct mount-
ing in chassis. 10.7 Mc/s. I.F. 0/P Supplied complete
with ECC85 valve and full circuit diagram. Aerial
input circuit suitable for either 75 ohm unbalanced
or 300 ohm balanced. Size only Sin. w. x 21in. d x
If in. h. (21in. high with valve). Limited number
only at 27/6, P. & P. 1/6. ALSO AVAILABLE 10.7
Mc/s. I.F. trans. and disc. trans. 11/6 pair. P. & P. 1/6.

GoRLER F.M. TUNER HEADS
Tuning range 88-100 Mc/s. 10.7 Mc/s.

151-, plus 1/9 P. & P. (ECC85 valve, 8/6 extra).
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NOT BUILD ONE
OF OUR PORTABLE
TRANSISTOR RADIOS ...

BACK ED EY OUR SUPER AFTER SALES SERVICE

NEW TRANSONA FIVE
* 7 Stages -6 transistors and 2 diodes.

Covers M. and L. Waves and Trawler Bands, a feature
usually found in only the most expensive radios. On
test, Home, Light, 208, and many Continental stations
were received loud and clear. Designed round supersensi-
tive Ferrite Rod Aerial and new type fine tone super
dynamic 21 in. speaker, attractive case in grey plastic
with red grille. Size 64 x 41 x Ilin. approx.
(Uses 1289 battery available anywhere)

Total cost of all parts. NOW ONLY 42/6
Parts prise Hag and sexy baud piano 2/-.

POCKET FIVE
* 7 Stages -8 transistors and 2 diodes. Covers
Medians and Lang'Waves and Trawler Band,
a feature usually found in only the most exPensive
radios. On test, Home, Light, Luxembourg and many
Continental stationa were received loud and clear.
Designed round supersensitive Ferrite Rod Aerial
and tine tone 2f in. moving 'coil speaker, built into
attractive black case with red speaker grille. Size in
34 >4 3Iin. (Uses 1289 battery, available anywhere.)

Total cost of all parts now only
Pails price list and easy build plans 1/6. 42/6

ROAMER SIX NEW ! !
* 8 stages -6 transistors and 2 diode.. * 8 waveband.
* Now with Philco micro -alloy R.F. transistors.
Listen to stations half a world away with this 6 wave-
band portable. Tunable on M and L waves, Trawler Band
and three Short waves. Push-pull output. Sensitive ferrite
rod aerial and telescopic aerial for short waves.
Top grade transistors, 3 -inch speaker, handsome care
with gilt fittings. Size 74 x 14 x If in. * Extra band

Parts for easier tuning of LOX. etc. £3.19.6
build

list and Total cost of all parts now only
easy build plans 2/-. Carrying gimp 1/6 extra. P. & P. 3/6.

ROAMER SEVEN Mk. III
B WAVEBAND PORTABLE OR CAR RADIO
AMAZING PERFORMANCE AND SPECIFICATION
* NOW WITH !WILCO Ji IORO-ALLOY

RANSIS TO RS.
* 9 stages -7 transistors and 2 diodes.
Covers M. and L. Waves, Trawler Band and two Short
Waves to approx. 16 metres. Push-pull output for room -
filling volume from rich toned heavy duty .Celestion' speaker.
Alr spaced ganged tuning condenser. Ferrite rod aerial
for M. A. L. Waves and telescopic aerial for S. Waves.
Real leather look case with gilt trim and shoulder and
hand straps. Size 9 x 7 x Dn. approx. The perfect
portable and the ideal car radio. (Uses PP7 batteryavailable anywhere.)Os price list and.
Total cost of all parts NOW ONLY

L'6.19.6
P. * P. 5/6. easy build plans 3/ -

SUPER SEVEN
* 9 Stages -7 transistors and 2 diodes.
Covers M. and L. Waves and Trawler Banda. The
Ideal radio for home, car or can be fitted with carrying
strap for outdoor use. Completely portable -built-in
ferrite rod aerial for wonderful reception. Special circuit
incorporating 2 RF stages, push-pull output, 3in. speaker
(will drive larger speaker). Size 7) x 5) x 1)1n. (Uses
9v. battery, available anywhere.)
Total cost of all parts now only £3.19.6
Parts price list and cosy build plans 2/-. P. P. 316,

NEW!! TRANSONA SIX
* 8 stages -6 transistors and 2 diodes.

A top performance receiver covering full M, & L. Waves and
Trawler Bands. Push-pull output. High-grade speaker makes
listening a pleasure. Ferrite rod aerial. Many stations listed
In one evening including Luxembourg loud and clear.
Attractive case in grey with red grille. Size 64 x 44 x 1.1in.
(Uses PP4 battery, available anywhere.)

Total cost of all parts 59/6 P. & P. 3/8.
Parts prier list and easy build pions 2/-.

MELODY SIX NEW ! !
* 8 stages -6 transistors and 2 diodes. Our latest corn.
pletely portable transistor radio covering M. and L.
waves. Incorporates pre -tagged circuit board, 3in.
heavy duty speaker, top grade transistors, volume con-
trol, tuning condenser, wave change slide switch, sensi-
tive gin. ferrite rod aerial, Push-pull output. Wonderful
reception of B.B.C. Horne and Light, 208, and many
Continental stations. Handsome leather look pocket
size case, only 61 x 34 x 14 in. approx. with gilt speaker
grille and hand and shoulder straps.

Parts price list and easy build plane 2/-. Total cost of all parts QQ Q... P. & P. 3/..
All comporsente used in our receivers may be purchased separately if desired. Ports price
lists and easy build plane supplied free with sets of parts or available eeparately at priors
elated. OVERSEAS POST 10/ -

RADIO EXCHANGE
61, HIGH ST., BEDFORD. Phone: 2367

Callers side entrance Barratts Shoe Shop. Weekdays 9-5 p.m. Sate. 9-12.30.

CONSTRUCTORS BARGAINS
35/- only. Parcels of fantastic value. Carriage free.
Due to recent bulk purchases of electronic gear,
one and a half thousand items including nuts, bolts,
self tapping screws, condensers, resistances, cable,
car suppressors, circuit board, test bulbs and many
other items.

VARIACS
Carriage Free. Ex Equipment. First Class Order.
2 amp E3; 3 amp E4;2kVA

OSCILLOSCOPES
Airmec 723 £30
Cossor Double Beam 339 £20
Nagar Double Beam E90
Mullard L140/3 £100
Solatron £27

MISCELLANEOUS
Headsets for 209 Receiver 12/6; Spare valve kits
for 209 Mark II El.
Logic Units by Mullard, contains two transistors,
type 0084, ferrite coils, resistances, condensers,
brand new 17/6.

FOR CALLERS ONLY
1,000 Cabinets, all shapes and sizes. Wonderful
collection of latest electronic gear, meters, transistors,
transformers, etc.
Call at Yorkshire's Newest Electronic Centre.

M.A.C. LIMITED
126 NORTH STREET, LEEDS. 'Phone: 26026

1WW- 136 FOR FURTHER DETAILS.

BRAND NEW AM/FM (V.H.F.) RADIOGRAM

CHASSIS AT 113.13.0 (CARRIAGE PAID)

A.C. ONLY. Chassis size 15 x 61 trax nin. high. New manufacture. elk
Dial 144 x 41n. in 2 col-
ours, predominantly gold 40,,, /,A
Pick-up, Ex- ,,,-- -. _...ailit,-.. lijii
tension Spea _
ker, Ae., E. ,

and Dipole Soo- 4 , ...,. .',7,--,...-Z,-.14.:4,.........__, ,..- .....
kets, Five ...... -- - " i'7,L-L=77:17_ "---113An

piano" push ) -, ..,. ,,.., ...wetesamk.rri..k - (P --1i
buttons - OFF ' IIIe,Swasnara7a1- ZIO1 V"L -W., M.W., F.M.
and Gram. Alig-
ned and tested ....: 4rm.:1.w
With all valves and
O.P. Transformer. Tone Control fitted. Covers 1,000-1,900 M; 200-600 51; 88-98 Me/s
Valves EZ80 rect., EC1181, EF89, EABC80, EL84, ECC85.
10 x bin. ELLIPTICAL SPEAKER 25/- to purchasers of this chassis.
TERMS: £311.01- down and 5 monthly payments of £214/-.
ALTERNATIVE DESIGN. LW 1,000-2,000M; SW 9-16 Mc/s; MW 190-475M
VHF 87.100 me/s; gram position. Dial dark brown and gold. Otherwise shallar
to above chassis, Price £15/15/- (earn paid), terms an.o/- down and 0 monthly
payments of 22l41-.

PUSH-PULL OUTPUT MONO -AURAL AMPLIFIER
Output Transformer for 2.3 ohm speaker. Controls are bass, treble and volume.
Output 8 watts. Input 200-250 v. A.C. Valves EZ80; ECC83 and 2-EL84. Overall
size 12' a 34' (chassis) plus knobs a 5' over valves. The front control panel is
normally screwed to the chassis but may be removed and used as a 'flying panel'
Price £5151-. (Post 61-.)

BATTERY ELIMINATOR
For 4 low consumption valves (96 range) 90 v. 15 mA, and 1.4 v. 125 mA., 45/-
(4/- poet), 200-250 v. A.C. Also for 250 mA. 1.4 v. and 90 v. 15 mA. at same price.
Two units to replace existing batteries.

TAPE RECORDER AMPLIFIER
Fully built. Front panel 1.24- x 3'. Chassis size 104' x V x 4'. Valves EF86,
ECC83 and 2EL84. Controls (I) MIC. Vol. (2) Tuner/P.U. Vol. (3) Play back or
monitor. (4) Tone. 2 jack sockets for Tuner/P.U. and MIC-switch tar superimpose.
Separate Rowel pack containing transformer and rectifier.
For Collaro studio deck only. Price £8/14/-. (6/- P. & P.)

Send 6d. for 20 -page illustrated catalogue. All New Goods. Delivered by return
(C.O.D. 21- extra).

ALL ITEMS GUARANTEED 12 MONTHS. VALVES 2 MONTHE
We regret we cannot execute overseas orders.

GLADSTONE RADIO
RI ELMS ROAD, ALDERSHOT, HANTS. Aldershot 22240. (1 min. from station and

buses.) Closed Wednesdays,
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NEW LIST OF BARGAINS
Transistor ferrite rod aerial with medium and long
wave coils with circuit, 7/6.

Oscillator Coil and set of 3 I.F. transformers for
transistor set with circuit, 12/6.
Tuning Condenser to suit, air -spaced, with trimmers,
91-.
Ditto, but sub. min. 7 mm. 10/- the set, two -gang
condensers to suit 9/6 (request sub. miss. circuit).

Midget Sin. P.M. Loudspeaker, 3 ohm. 12/6, 80 ohm,
131.
Midget 208 pF 176 pP two -gang Tuning Conden-
ser with trimmers for transistor set. Price 9/-.
Push -Pull Transformer. Sub -miniature, 8/6.

.0005 mid. Move Timing Condenser. redid dielectric
spindle for transistor of Crystal met, Ivith

spindle tapped 6 BA., 2/6.

48 Seta (Receiver/Transmitter pack set). Unused
sets complete except for crystals. 19/6. Post 3/-.

Battery Charger Kit. Comprises 6 amp. transformer,
5 amp. rectifier, metal case and meter to choice
6 or 12 volt batteries up to 5 amps. With varlet)]e
charge rate, 3916 each. 3/6 post & insurance.

Mains Transformer. 250-0-250 at 80 mA. 6.3 voile
5 a. 10,0011 mains input), 12/6 each. Carr. 2/6.

Output Transformer. Standard pentode snatching
type, 4/6 each; 481- per doz.

Slide Switch. Sub -miniature but dpdte. 2/-; 18/-
doz.

T.C.C. or Dobilier Tubular Condensers.
.5 mt. 600, 10/- doe.
.25 ml. 600v. 7/6 doz.
.25 ml. 360v.
.05 mf. 600v.

.0001 mt. 1000v.

.001 1000v.

.002 1000v.

.005 1000v.
.02 750v.
.01 1000v.

6/- doz.
5/- doz.
5/- doz.
6/- doz.
7/6 doz.
9/- doz.
2/ado..

10/- doz.
Battery Charger Rectifier. Selenium 12-15 v. 5
amp. 9/6.
Metal Chassis. Punched for Mallard 510 Amplifier,
complete with inner screening sections and stove
enamelled. 12/6 set.
Unbreakable Mains Lead. Type of lead fitted to
electric razors makes fine lead for test meters and
any other devices where subject to continuous
bending. Twin figure eight construction. soft cream
P.V.C. covered. Normally costs 21- per yard.
Three Eft. leads for 2/,
Filament Transformers, 6.1 v., 11 amp. 6/6.

Neon Lamp -midget wire ended, ideal mains
tester, etc. 2/-. Ex -Govt. 1/6.

Philips Trimmers. 0.30 pF. 11- each; 9/- doz.

Heavy Duty Test Prods -red and black with plug-in
lead attachments, 6/8,
Low Resistance Headphones. Ideal crystal sets,
etc. 7/8, plus 2/6.

Cold Cathode Valve CV 418. Voltage regulator or
trigger switch -unused but ex -equipment, 2/- each.

Tag Panels. Ideal for construction, experimental
circuits, etc., 3 of each of 12 different types, 8/,
Post 1/6.

glydlock Panel Mounting Fuses, with carrier, 6 amps.
2/-: each; 15 amp. 2/6 each.
.1 mId. 850 v. Small tubular metal -cased condenser
made by Dubilicr, 216 doz.

Ozone Outfit -for removing smells and generally
improving any oppressive atmosphere. Kit con-
sists of Philips ozone lamps and mains unit, only
needs box. 19/6. Plus 3/6 postage and insurance
Black Light Unit. 125 watt intensity, comprises
quartz lamp, adjustable lamp holder and 125
watt choke. Only 29/8 plus 6/6 carriage and in-
surance.

Packard Bell Pre -Amp. Contains a relay, push-pull
input and output transformers and many useful
spares. Less valves 6/6 each plus 2/6 post and
insurance.

Fridge Handles. With Yale type locking mechanism,
two keys, and striking plate, 3/9, plus 2/- post, 8
for 30/-. Post free.

0-1mA. Meter, made by the American Westing-
house Co., 3in. diameter, flush mounting scale
calibrated in volts, 25/-. Plus 2/- post and in-
surance.

Ferranti Fire Bar. 500 watt 10in. 3/6 each, plus 1/6
post. Three or more post free.

B70 Valve Holder. Best make (Amphenol) 3/ -
dozen, post 1/6. 3 doz. post free.

Preeiaion Wheatstone Bridge -opportunity occurs
to build 100k. wire wound 15 watt potentimeter,
price Sf- plus 1/- postage.

Clydon Turret Tuner. 35 mo/s. -with band 1 and band
3 coils. Brand new, 9/8 each, post 2/6.

GOOD COMPANION
Mark III B

The 6 -transistor set with the 8 -transistor
performance.

Incorporating all the lateet refinements.
Anyone who can solder can make it.

Many thousands already in use all over the
country.

Full coverage of Long and 'Medium was. -
bands.

Fine- looking cabinet, size 11 SI::Sin.
Q.P.P. output approx. 760 MW. Es,. )lent.
reception of difficult stations like 208.

- Variable feedback gives excellent tone.

F-,

ONLY £5.19.6
pma 4;- peat

and htsumnee.

OUR BARGAIN OF THE YEAR
A Complete kit of parts to build this 6 -transistor
2 wave superhet receiver at only 3918, Plus 3,6
post and insurance.

" CORONET Mk. IV "
It hilly covers the medlom-wave band and that
part of the long -was e band to bring in BAIA..
light. The iressi a highly efficient

slab aerial and 21in. P.M. apeaker. Overall vier :tpproxim:11, I, x 11in. Sup-
plied complete with carrying

INFRA -RED. HEATERS
Stake up one of these latest type beaters. Ideal
for bathroom, etc. They are simple to snake nom our
easy -to -follow inetruetions,- uses silica 01,10,11 el manta
designed for the correct infra -red Ni lenet h t3 ',wrens). Price
for 750 watt element, all parts, met , sing ac Ine.tra to.) 1916.
plus 2/6 post and insurance.

THIS MONTH'S SNIP
Superhet Heart, comprising a three wae..les1111 coil pack, 3 465 ke. I.F. Trans-
formers, valves types SIKS frequency ,ba 11K7 !FT :cod 4147
and 3 octal valve -holders with circuit diaginin showing host to make ,,opernet
receiver or tuner unit, to drive amplifier, tape recorder, ..te . tc.
value over £4, this month's snip offer, all is 19/6 plus and in-
surance.

CABINET BARGAIN
Cabinet as illustrated, less knobs, ideal If yon
are making small radio, office intercom,
amplifier, etc. Has the modem look; orighially
sold at 29/6.,,LimIted :quantity available at
9/6 plus 2/6 postage.

LAST OF
THESE t

CABINETS & PICK-UPS
Made for a famous ...amino* iiitending to make a
bat fert Ileconl Player but changing their minds.
This is ao extremely tine looking cabinet, must have
cost least C210 make. It ire complete with handle
and fasteners as illustrated. Also included in the
parcel it a Cosill0Cor41 pick-up with crystal cartridge
and -amain in, Both item, new and perfect.

ONLY19/6
ri us 4

in sue arICe
6 post and

POWER PACK FOR TRANSISTORS
Designed to operate transistor sets awl amplifiers. Adjustable output 6 v.-0 to 12
volts for up to 500 mA. (class B working). Takes the place of any of the following bat-
teries. PP1, PP3, PP4, P1'6, PP!), and others. Hit comprises! mains transformer.
rectifier, smoothing and load resistor, 3,000 and 600 mid. condensers, weer diode and
instructions. Real snip at only 14/6 plus 2/6 post.

FLUORESCENT
LIGHTING BARGAINS
Complete 40 watt Blimline white enamelled fitting, ready for use with choke control
gear, radio suppressed starter and tube. Originally intended to sell at t3/15/-, offered
at only 39/6 plus 5/- carriage and insurance; two or more carriage tree. Ditto Dft. 80
watt 49/6 plus 7/6 carriage alai insurance, two or more carriage free.

400 watt FLUORESCENT LIGHTING OUTFIT
Bulb type 400 watt lamp to bang from ES lampholder. intended for street.lighting.
Ideal large open space, yard, etc. Complete with choke 40/- plus 7/6 carriage,and
insurance.
Type "B " 15 amp. This le a 17in. long rod type made by the famous Sunvie Co.
Spindle adjusts this from 60-550°F. Internal Screw alters the setting F01110, scald be
adjustable over 30° to 1000°F. Suitable for controlling furnace, oven, kiln, immersion
heater or to snake flame-stat or Ore alarm. 8/6 plus 2/6 post and insurance.

MAKING
AN F.M.
TUNER
Available, at
present, is a
very nice cad-
mium -plated
F.M. Tuner chaesis
with holes punched for
aoils and other components,
lso a Melly printed perspez

front, calibrated usual F.M.
freipiemies. Beal bargain 6/6 plus 2/- or with two.
gang tuning condenser 10/- plus 2/. pottage.

SPEAKER BARGAIN
12in. High lid.41ty
loudspeaker, High
flux permanent
magnet type with
either 3 or 15 ohm
speech 001. Will
1101011, up 10
,,alts. Brand new,
by blooms maker. -
Prix 27.6, Pius 3,6 post and Insurance.

Waterproof Heater Wire
16 yd. length. 70 watts. Belt legislating I eloper:1ton
control, 10/- post free.

TRANSISTOR
SET CASE

Very ',extern cream eab
islet, size 55 x 3 x
I; in. with chrome
handle, taming knob and
seal, Price 4.8, plus
1 /6 postage.

Building a Scope ?

ON, 0,1 or,' °be. American made type No
3FP7, Ise 6.3 v. 1 amp. heater electrostatic deflec-
tion. Is and new and guaranteed, with eirenit
diagram of scope, 181- each plus 916 post and
insurato P.

F uorescent Light Kits
For pelmet lighting, etc. Kit consists of: Super
silent choke; 2 chrome clips to hold tube; 2 bi-pie
holders for tube and starter with a starter holder.
Kit A for 80 watt tube at 27/6. Kit B for 40 watt
tube at 19/6. Kit C for 2x 21t. 20 sr. lamp
Kit D for I x 2ft. 20 w. lamp 18/6. Post mot In-
mranee 216 per ICH,

Timer Kit
Special offer at all components except metal
box to snake mains operated interval timer for
photography, etc., 12/6 plus 2/6 post.

Si m m erstat Heater
Regulator

Suitable to control elements, heater., soldering
irons and boiling Amp; up to 2,500 watts. Complete
adjustable, normal price 55/- each. Special snip
price 12/6. plus 1/6 postage and insurance.

THERMOSTATS
Type " A " 15 amp. for controlling room heater.
greenhouse, airing cupboard. Has spindle for pointer
knob, quickly adjustable from 30-80°F., 9/6 plus
1/- post. Suitable boa for wall mounting, 8/,
P. & P. 1/-.

Type " C " is a small porcelain thermostat as fitted
to electric blankets, etc. 15 amp. setting adjustable
by screw through side. 3/6, P. & P. 6.1.
Type " D " We call this the Ice -state as it ruts in and
out at :wound freezing point 2/3 amps. Has many
uses, ono of which would be to keep the loft pipes
Irons freezing. If a length of our blanket wire
(16 yds. la', is wound around the pipes, 7/8, P.&

Type " E." This is a standard refrigerator thermo-
stat. Spindle adjustments over normal refrigerator
temperatures, 7/8. plus 1/- post.

ELECTRONICS (CROYDON) LIMITED
266 LONDON ROAD, WEST CROYDON, SURREY

Post orders to: 43 SILVERDALE ROAD, EASTBOURNE, SUSSEX
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TEST METERS

30,000 OHMS PER VOLT
MODEL 500. Reads voltages
up to 1,000 D.C. at 30,000 ohms
per volt and A.C. at 15,000
o.p.v.; D.C. current to 12 amps.
Resistance to 60 Mega.; Decibels
from -20 to +56; Incorporates
internal buzzer for audible
warning of direct shorts arid
flocking condenser for A.F.
output measurements. Size
3 x65x 2101. f..811916.

2,000 OHMS PER VOLT
MODEL TP-10. Reads A.C.
and D.C. volts up to 1,000;
D.C. current to 500mA; Res-
sistance to 1 Meg.; Capaci-
tance to 1,uF; Decibels from
-20 to +36; Output Jack
for Audio measurements.
Size: 31 x 5 x 11in. 23/19/6.

20,000 OHMS PER VOLT
MODEL TP-5S. Reads vol-
tages up to 1,000 D.C. at
20,000 ohms per volt and
A.C. at 10,000 o.p.v.; D.C.
current to 500mA; Resistance
to 10 Mega; Capacitance to
0.1uF; Decibels from -20 to
+36. Size: 35 x 51 x Ilin.
25/19/6.

MOVING COIL OMNI-DIRECTIONAL
50K IMPEDANCE MIKE. Chrome
plated with diecast frame. ONLY
99/6. Most 2/5.)

MOVING COIL 50K IMPEDANCE
STICK MIKE. A superb lob. 75/-.
(Post 216.)

MOVING COIL STICK MIKE, com-
plete with heavy desk stand, and
screened lead. ONLY 59/6. (Post 2/6.)R.C.A. TYPE AR.88D. RECEIVERS. BRAND NEW

in makers cartons with spares. £85. Carr. 30/

TRANSISTORISED
INSULATION TESTER

One handed operation, no
cranking of generator 3 test-
ing Voltages 100, 250 and 500,
to measure up to 500 Megohnas.
Complete with leather carry-
ing case and teat leads.
ONLY 217/10/, 111. -
Gated details on request.

HIGH FREQUENCY A.C.
VOLTMETER. A First Grade
Moving Iron Instrument with
bin. Mirror Scale, reading up
to 160 v. A.C. at 400 and
1,200-2,400 cycles. In sub-
stantial Oak cam with
removable lid, overall size
81 x 81 x 61 in. Made for
the Air Ministry by Everett
Edgcumb, and In perfect
order. Brand New and Un-
used. ONLY £5. Can also be
supplied for 50 cycles, use
either 0-150 or 0-300 volts.

VALVE VOLTMETER
D.C. Input Impedance 11 Megohms.
7 Voltage ranges, D.C. to 1,500,
A.C. to 1,500 R.M.S., 4,200 Peak
to Peak. Resistance .2 ohm to 1,000
Megohms. Centre zero setting for
receiver alignment. Complete with
A.C./D.C. probe and leads. Full
Illustrated details on request. ONLY
213/19/8 (Post 3/6d.).

ACOS STICK MIKE with
screened lead and table stand.
ONLY 32/6. (Post 1/6.)

CRYSTAL DESK MIKE with
screened lead and built -fn
stand. ONLY 151-. (Poet
116.)

ADJUSTABLE MIKE
STANDS with heavy bases,
and plated stems. Table
type 29/6. Floor type 59/6.

15 OHMS P.M. SPEAKERS.
Special Heavy Duty 12in,,
25/51,
Wharfedale WILED
foe Lend Guitars, 210/101,
Wharfedale W16E0 15in.
for Bass Guitars, 217/10/-.
12in. wedge type speaker
cabinet, £2/17/6. (Please
add 5/- car, all items.)

NOMBREX INSTRUMENTS
TRANSISTORISED AUDIO GENERA-
TOR. 10.100,000 c/s. Sine or square
wave. Poet paid with battery £16/151 -

TRANSISTORISED SIGNAL GENERA-
TOR. 150 kc/s.-350 Me/s. Better than
2%. Post paid with battery 29/10/,
TRANSISTORISED RESISTANCE CA-
PACITY BRIDGE. 1 fl -100meg. f1 , 1 pf.-
100µ1 Leakage test and visual null
indicator. Post paid with batt. 28/5/,
MAINS OPERATED TRANSISTOR
POWER SUPPLY UNIT. RegMated
output 1.15 v. up to 100 mA. Overload
protection. Post paid, WM-.
TRANSISTORISED INDUCTION
BRIDGE. 11.1H to 100H, £18.

S.A.E. for full details.

STANDARD TRANSFORMERS
Vacuum Impregnated, Interleaved, E.B.
screen, universal mounting. Size 4 x
31 x 21in. ALL BRAND NEW. 18/6
each. Poet 2/6.

Type 1. 250-0-250 v. 80 mA, 6.3 v 3 a.
tapped at 4 v. 4 a. 6.3 v. 1 a. tapped at
4 v. and fi v. 2 a.

Type 2. As above but 350.0-300 v.
80 mA.

Type 8. 30 v. 2 a., tapped at 12, 16, 20
and 24 v. to give 34.5-6.8-9-10 v., etc.

LINEAR AMPLIFIERS
,I,G34, 4 watts, size 81 x 45 x 21in. high. 25/5/-. 1.45A 5 watts, size 7 x 7 x Sin- high,
125/19/6. Protective cover, 12/9. 1.15/66 5 watts stereophonic, size 101 8 0 bin. high,
212/12/, cover with carrying handles 25/, " Diatonic ' 10 watts R -F Ultra Linear
Push -Pull, size 9 x 7 x 61in. high. 212/12/-. Cover with carrying handles, 19/6. LI/10
10 watts Hi-Fi Ultra Linear, size 9 x 7 x Sin. high. £13/13/-. Cover with carrying handles,
19/6. "Conchord 30 watts Hi-Fi Ultra Linear, size 121 x 9 x 71in. high. 218/18/-. Cover
with carrying handles, 25/-. L00 50 watts Hi-Fi Ultra Linear, size 14 x 10 x 8in. high. 223/2/-.
Cover with carrying handles 32/6. All amplifiers for normal A.C. mains, and ex stock. Details
on request.

HETERODYNE FREQUENCY METERS TYPE LM14
Frequency range 125.20,000 kcis. In 2 bands. This is the United Staten Navy Model
of the well-known BC221 Frequency Meter, but has many additional features which
increase its usefulness. Voltage stabilisation circuits and Crystal control ensure extreme
accuracy and in addition it is fitted with an Internal Modulation switch to allow use as a
Signal Generator, Size only B1in, x Bin. x 81 in. Brand New. £25.

"TRIPLETONE" P.M. TUNER, sire 11 x 8 x 31n. high. Coverage 86-104 me/s. £13/19/6
(unno ered), or 215/14/8 (self powered). Details on request.

"TRIPLETONE" CONVERTIBLE
AMPLIFIER
Size 10 x 3 x 4 in. high. 4 watts output matched
for 2-3 ohms, OR '2 amplifiers can be coupled
together for STEREO, 26.19/6 each.

HARRIS ELECTRONICS (LONDON) LTD.
138 GRAY'S INN ROAD, LONDON, W.C.I Telephone TERminus 7937

Please include carriage costs on ALL items. Open until I p.m. Saturdays.
We are 2 mins. from High Holborn (Chancery Lane Station) and 5 mins. by bus from King's Cross.

RADIO CLEARANCE LTD.
TRADE ENQUIRIES

INVITED
27 TOTTENHAM COURT RD., LONDON, W.I

The oldest Component Specialists in the Trade
Telephone: MUSEUM 9188

EST. 35 YEARS

BARGAINS STILL AVAILABLE IN LOUDSPEAKERS
Enormous purchases of Brand New and guaranteed Plessey loudspeakers enable us to offer these units at THE LOWEST PRICES EVER.
Don't miss this golden opportunity to obtain a first -grade permanent magnet LOUDSPEAKER off the production line at LESS THAN MANUFACTURER'S COST.
Read carefully the prepared list below and choose just the right speaker for the lob -COMPARE THE PRICES ANYWHERE.

SCHEDULE OF LOUDSPEAKERS AVAILABLE
Diameter Gauss Impedance Pelee Diameter Gauss Impedance Price Diameter Gauss Impedance Price
in lushes In Lines in Ohms in inches in Lines in Ohms in inches in Lines in Ohms

2
25

7,000
7,000

80
36

8/-
8/6

31
4 Tweeter

9.600
10,000

60
3

10/8
11/8 5 7,500 3 91-

25 7,000 50 8/6 4 9 500 15 12/- 5 8,600 5 9/6
25 7,000 Bo 8/- 4 7,000 25 11/6 5 9,600 5 10/6
3 8,500 3 10/- 4 6.000 35 10/6 5 9.600 5 1016
3 6,000 5 8/6 4 7.000 35 11/- 5 9,600 15 12/6
3
3

7,000
7,000

5
86

9/-
9/-

4
5

9,600
6,000

36
3

11/6
8/- 5 8,500 26 10/6

30 9,500 3 10/6 5 6,000 5 8/- 5 9,500 36 11/8
31 9,600 8 10/6 5 7,000 3 8/6 65 7.000 3 11/-
31 7,000 35 8/8 6 7,000 5 8/6 61 7,000 5 11/ -

Elliptical Gnus Impedance Price Elliptical Gauss Impedance Price Elliptical Gauss Impedance Price
Size in ins.

5 x 3
in Lines

6,000
in Ohms

3 7/6
Size in Ma Linesin8in Ohms Size in ins.

x 21
in Lines

6,000
in Ohms

3 8/6
5 x 3 7,000 3 8/- 6 x 4 9,600 36 121- 8 x 21 7,000 5 9/-
5 x 3 9,000 3 8/6 7031 7,000 3 9/8 8 x 25 8,000 9/6
5 x 3
6 x 3
503
604

9,600
9,000
9.500
8,500

3
4

36
3

9/-
8/6

11/-
9/6

7x31
7 x 4
7 x 4

9,500
9,500
9,500

3
3

30

10/6
11/-
12/8

8 x 21
8 x 20
805

9,500
9.600
8,500

3

4
3

10/-
10/-
11/-

604 9,800 3 10/- 7 x 4 9.500 35 12/8 8 x 5 10,000 3 13/ -
ALLOW 2/- each speaker for P. & P. handling charges, and please specify the exact requirements -the nearest available will be sent.

SELECTED BARGAINS
Beautifully geared AM/FM 2 -Gang Condensers 4/8; AM/FM /FT's 468 Irc/e. and 10.7 Mc/s. 4/6 pair; Magnavox Crystal Tape Recorder Mikea 12/6; 3 watt Stereo Amplifiers complete
ready to switch on, 19/6; Senteroell rectifiers R3/2D; D3 -2-1Y, 2/8 each. DIODES -0A70. 0A79. 0A90, CC4011, 0010 2/- each. TRANSISTORS: 0C45 4/6; PXA 101 3/9; AFI16
4/6. SUAKIN GERMANIUM DIODES 1/3. M.I. DIODES 8d. each. Silicon Diodes, 200 PIV-200 m A 1 eqoh: 400 PIV 330 inA. gig each.
Please send STAMPED AND ADDRESSED envelope with any enquiry. We regret no catalogues -our stocks move too quickly I Kindly make provision
for sufficient postage and packing charges to avoid delay. TERMS: Cash with order or C.O.J. on orders over 10/..

CABINETS  CASES
CHASSIS

Anything in metal. "ONE OFFS " a pleasure.
Send your drawings far quote

Stove enamelled in any professional finish

MOSS, WATSON
40 MOUNT PLEASANT STREET, OLDHAM,
LANCS. MAIN 9400

SOUND SYSTEMS
AUDIO EQUIPMENT

MANUFACTURES

STANSTED, ESSEX.
Phone: STANSTED 313 2

FANS
We manufacture a small efficient electric fan primarily
intended for Extraction and/or circulation of air in
Electronic Equipment. Our Fan is mounted on a
bracket which may be removed if not required.

Abridged Specification
Fan Blade 0/D..6in., Rating ..10 watts, Voltage at 50
cis...200/250 v., Rotation ..2,800
Air displacement exceeds 100 cu. ft./min.
Price 29/- ea. Carriage paid.

RENDRE, HOLT & CO. LTD.,
BOYN VALLEY ROAD, MAIDENHEAD, BERKS.

Tel.: 25225. Quote ref.: AWA/W.WD.

1W W-137 FOR FURTHER DETAILS. 1WW-138 FOR FURTHER DETAILS. 1W W-139 FOR FURTHER DETAILS.
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Wilkinsons FOR RELAYS
P.O. TYPE 3000 AND 600

BUILT TO YOUR REQUIREMENTS - QUICK DELIVERY
COMPETITIVE PRICES -VARIOUS CONTACTS

DUST COVERS QUOTATIONS BY RETURN
MINIATURE SEALED RELAYS

OVER 120 TYPES IN STOCK. SEND FOR LIST.
SIEMENS 1 C.O. S.T.C.

2.20+2.252 H96A 18,6 450 1mHD 4186EB 1916
5012+5011 H96B 19/6 1700 1mHD 4186EC 19:6

1450+1450 H96C 19/6 7000 2COMD 4190HD 19 6
1,7000 + 1,7000 H96E 22/6 2,5000 2C0 4184GE 19 6
G.E.C. 2,5000 1mHD 4190EE 19 6
2,5000 4C0 M1008 19/6 ERICSSON
2,5000 1CO M1022 15/- 7,0000 1CO N 22242A 10 25
5,0000 2C0 M1052 17/6 2600 1CO N22372AC1 15

670(1 2m2bHD. M1095 17/6 5,00011 1CO N22372AE 1. 15
2,5000 2C2K M1417 19/6 7,5000 2C0 N22365AZ1 17 6
5,0000 2C0 M1452 17/6 1.10 4C0 N22304AA1 19;6

252 2mHD M1454 15/- 1.10 2CO2K N22366AA I 19 6
2,5000 2mHD M1458 15/- 1,5000 2CO2K N22366AE1 19 6
2,5000 lmlbHD M1462 15/- 2.40 2M N22371AA1 15'-

4051 2CO21C M1482 19)6 180(1 2M N22371AC1 15,-
1800 1C0 M1486 15/- 2,00012 2M N22371AE1 15;--
1800 2m2bHD M1487 1716 2.40 lin lb N22370AA1 15/-

1800 2C2K M1490 19/6 520 Imlb N22370AB1 15/-
6700 2C2K 511493 19/6 1,5000 2m2b N22369AE 1 17/6
67011 4K M1567 19/6 7,5000 2m2b N22369AZ1 1716

CARPENTER Polarized Relays. 5A7 55+551-1 also 5HM19A 28+2852 45/ -
MINIATURE UNISELECTORS. Plug-in type. Occupies no more space than
a P.O. 3000 Relay. Siemens No. 2200A, 3 level, 12 outlets, 50 volts, 1 bridging
and 2 non -bridging wipers. Supplied complete with jack.

EACH
KEYKEY SWITCHES position).

/...Other types available including REVERSIBLE.

P.O. 212. 2 Changeover each
side, 6/6.
P.O. 198. 4 Changeover each
side, 13/6.
Other types available.
Knobs, 6d. Plates 1/-.

RELAYS MAGNETIC SOLENOID OPERATED
24 volts D.C. 4 make and 4 break 10 amp. contacts. 5C/3944. Brand new,
with dust cover, 12/6 each, post 2/-. Suitable for Automatic Machines.
CABLE COUPLINGS. Watertight 5 amp 4 pole Brass Plugs and Sockets, 10/ -
per pair Post 2/-.
LOUDSPEAKER BARGAINS. AXIOM 150 dual cone 12in., 15 watts 15 ohms.
Fully dustproof, 57/19/6, post 6/6. [LAO Sin. round, 3 ohms, 11/6, post 2/-.
PYE LOUDSPEAKERS. Made for the PCR2 receiver, 10in. Portable. 1 ohms.
Built into wooden carrying case and complete with 45ft. waterproof flex and
jack plug, 50/-, carr. 7/6.
GEARED CAPACITOR MOTORS. 220/240 v., 50 cy., 30 watts, 300 r.p.m., also
spindle for 1,425 r.p.m. Very powerful, 75/-, post 5/-.
MAINS MOTORS. Capacitor 230 v. A.C. 1/40th h.p., 1,400 r.p.m. 55/-, post 4/6.
SYNCHRONOUS MOTOR. 200/250 volts A.C. 50 cycles with gear train driv-
ing 5 dials 1/10th hr. -10,000 hrs., 22/6, post 3/-.
SYNCHRONOUS MOTOR. 200/250 volts A.C. 60 r.p.m., Synclock, 25/-. post 2/-.
SATCHWELL THERMOSTATS adjustable between 70°-190° Fahrenheit.
0-440 v. A.C., 20 amp., llin. stem. Fitted cover 19)6, post 2/6.
ROOM THERMOSTAT. Adjustable between 45 and 75 deg. Fahr., 250 v. 10
amp. A.C. Ideal for greenhouses etc., 35/-, post 2/6.
CONTACT COOLED RECTIFIERS. Half wave, 250 volts, 85 milliamps, 8/ -
each. 250 volt, 120MA, STC type No. C3D, 7/6 each. Post 6d.
SILICON RECTIFIERS. BEST GRADE 800 PIV, 500 milliamps., 6/6 ea. 600
PIV 700 milliamps., STC RS27AF, 15/- each. 200 PIV up to 70 volts EMS,
6 amps., 10/- each. 100 volts 200 milliamps., 2/6 each; 50 for 100/-.
POTENTIOMETERS, WIREWOUND AND CARBON including Sub -miniature,
Sealed and Precision types-comprehensive list now ready.
PRECISION SILVER MICA CAPACITORS, 0.1 mfd. f%, 6/- ea.; 1% 5/- ea.
BLOWER MOTORS. 200/250 volt Capacitor Type 2,800 r.p.m. Cylindrical
casing 7in. x 7in. x 7in. with open flange each end 512/10/-.
DOUBLE HEADPHONES. High resistance 4,0000, 14/6. Post 2/6.
DOUBLE HEADPHONES, sound powered. Type DHR, 17/6. Post 2/6.

ONE HOLE FIXING SWITCHES
12/- per dozen 75/- per 100
SINGLE -POLE Double Throw, 3 amp. 250 A.C.
Can be used as ON/OFF or CHANGE -OVER SWITCH.

NTERCOM TELEPHONE SET. Ringing and speaking both ways. Supplied
with buzzers, pushes, battery etc. 75/-. Post 4/-. 4 Core Cable 8d. yard.
SELENIUM METAL RECTIFIERS. FULL WAVE BRIDGE
12 Volts 1 Amp. 7/6 each 24 Volts 1 Amp. 12/6 each
12 Volts 2 Amps 12/6 each 24 Volts 3 Amps 27/6 each
12 Volts 4 Amps 17/6 each 24 Volts 5 Amps 35/- each
12 Volts 6 Amps 20/- each 24 Volts 8 Amps 40/- each

MODEL 7 AVOMETER POWER FACTOR AND WATTAGE UNIT 47
Post 5/-.

AVO TEST BRIDGES. 220/240 volt A.C. Measure capacities from 6 pf. to 50
mfd. and resistances from 5 ohms to 50 megohms. Valve voltmeter range
0.1 to 15 volts and condenser leakage test. Full working instructions supplied
with instrument. 19/19/6. Post 5/-.

Microammeters, Milliammeters, Voltmeters
BEST MAKES * DELIVERY OFF THE SHELF * SEND FOR LISTS

2.93. Moving Coil Flush Round
10-0-10 Milliamp, 35/-; 50 Milliamp, 35/-; 100 Milli -
amp, 25 -. Proj. Round 50 Microamps. Special scale,
45;-. All D.C.: 100 Microamps,
3!in. MC Flush Round 100-0-100 Microamp, 70;-;
10 amp. 45,-.
Postage on all meters 2,'-.
2in. Moving Coil Flush Round
0/1 Milliamp.; 0,5 Milliamp.; 0/10 Milliamp.; 0/20
volts; 0'10 volts; 0/40 volts; 3/5 amp. all at 27/6 each.

CATHODE RAY TUBE. 139A. 21in., 25/, Post 2/-.
FREQUENCY METERS. 45-55 cycles per second, 230 volt, fin. dia. Flush
Round. Brand new in maker's box. 31010h, post 5/-.
UNI-PIVOT GALVANOMETER, by Cambridge Instruments, 50-0-50 micro -
amps., dia. 4in. Knife pointer, mirror scale, $10, post 1/-.
PORTABLE AMMETER. 0-3 amp. A.C. 'D.C., Mn. scale, 35/-, post 2/6.
AMMETER, reading 50-0-50 atop., fin. Flush Square, 17/6 each, post 2/-.
VOLTMETER. A.C. 0/100 2,1in. Flush Round, 25/-, post 2/-.
MILLIAMMETER. 0/100 D.C. 910. PR. .A meter you can read 'lily, 150/-.
CELL -TESTING VOLTMETERS. 3-0-3 volts D.C. In leather case with prods.
Just the job for the car. 25/- ca., post 2/6.
JACK PLUGS. Cylindrical Bakelite screw -on cover,
2 contact, 2/6, post Gcl. Large quantities available.
Also P.0.201 on headphone cord 10H/117 3/- .,a. Post 1/-.
MINIATURE JACK PLUG AND SOCKET. Bulgin P519/ 110 3/6, post 6d.
AUTO TRANSFORMERS by S.T.C. Totally enclosed C ccre type, 110-250
volts, 8 tapping, 50 cycles, size 01, >. 5! 500 watts. New latest type 94.
MAINS TRANSFORMER. Input 200;250 volts. Output 7.P0-0-300 volts, 250
teA., 6.3 volts, 9 amps. 25/-. Post 1/9.
FERROXCUBE ASSEMBLIES TYPE 25 LA1 10/- each, post ivl.
CHOKES 9 Henries 100 in/A. Panneko 7/6 each, post :;/-.
PRESSURE TRANSDUCERS SE152A 20 P.S.I. with Transformer !:15.
LINEAR TRANSDUCERS 1T-1-41, 5.3.

G.E.C. SINGLE PHASE AC MOTORS
BRAND NEW powerful motors rated
at 1/6 h.p., with body size same as

h.p. and for most uses just as effective.
230/250 v. 1,440 r.p.m. Sleeve bearings,
very silent. Fitted with thermal
device giving complete protection
against overheating. Resilient mounting.

h.p. available with standard 67/6
foot mounting. Ball hearings, Ar
107/6. Carriage 6/6. Cge. 6 6.
LEDEX SOLENOID -DRIVEN WAFER SWITCHES. Size 5S. Approx. 24 v.
with standard size wafers. Available in 4 -bank. 14 -bank, 24 -bank, all 1 -pole,
11 -way. Also 4 -bank, 1 -pole, 12 -way, from SO!,

MINIATURE SILVER ZINC ACCUMULATOR. 1.5 volt, 1.5 ampere.
Size 2in. x 1.13in. x 0.63in. Weight 1,1 oz. Ideal for model work.
1216 ea. 120/- doz. post 9d.
STROBOSCOPE FORK. 125 cycles. P.O. No. 5, 30/- ea. post 21-
RATIO ARM UNITS. Sullivan 6000+6000, 50/-, post 1/-.
MIRROR GALVANOMETERS BB 3000. N.E.P. Focal length
20 cm., £18.

MICRO SWITCH. Burgess NIK4BR, robust die cast casing, 3/6 ea., post 9d.
SUBMINIATURE MICRO SWITCHES HONEYWELL 1ISM1-TN11. S.P.D.T.
Sir,' .781in. x .250in. x .356in. 6/6 each. Full details on request.
MINIATURE BUZZERS. 12 v. with adjustable tone. 7/6.
BUZZERS. 230V. Ironclad Gents P367AC 50/-. Post 3/6,
HIGH NOTE BUZZERS. 24Vt. AC/DC. with tone adjuster
Vin. dia. bakelite case, 10/6. Post 1/6.
BELL SETS. No. 25 AC bell, induction coil, condenser. For
telephones 17/6. Post 3/-.
RINGING GENERATORS for above 10/6. Post 2/6.
SINGLE FLEX ]4t0048. Screened and PVC sheathed overall 50/- 100 yd. coil.
TWIN MICROPHONE FLEX 71004 Screened, PVC overall 150/- 250 yd. coil.
RESISTORS WIREWOUND AND HIGH STABILITY CARBON inc. Erie 109,
108 and 100, ex stock in quantity. Write or phone your requirements.

L. WILKINSON (CROYDON) LTD.
LONGLEY HOUSE LONGLEY RD. CROYDON SURREY

Phone: THO 0236 Grams: WILCO CROYDON
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7 VALVE AMIFM RADIOGRAM CHASSIS
Valve line-up ECUS,
ECH81, EF89, EABC80,
EL84, EM81, EZ80.
Three Waveband and Switched
Gram poaitions. Mcd. 200.-
560 in. Long 1,000-2,000 in.
VHF/FM 88.06 510. Philips
permeability tuning insert on
FM and combined AM/Fir[
IF transformers. Latest
circuitry including AVC and
Neg. Feedback. Three watt
output. Sensitivity and re-
production of a very high
standard. Chassis size 13} x 64in.
Height 74in. Edge illuminated glass
dial 111 x 3}in. Vertical pointer. Horizontal
station names. Gold on brown background. A.C.
200/250 v. operation. Magic -eye tuning. Circuit diagram now available.

Aligned and tested ready for use £13 . 10 . 0 Corr. & Ins. 7/6
Complete with 4 Knobs -walnut or ivory to choice.Indoor FM aerial 3/6 extra.
3 ohm P.M. Speaker only required, Recomlnended Quality Speakers 10in. Rola 27/6.
121n. R.A. 30/-. 12in. R.A. with Tweeter, 42/6. E.M.I. 134 x din., 3716. Carr. 2/6.

CO -AX 80 ohm CABLE
High grade low loss Cellular Air Speed
Polythene --kin. Main. Stranded Cond.

Now only 6d. yard
BARGAIN PRICES -SPECIAL LENGTHS
20 yds. 9/-. P. & P. 1/6. Coax. Plugs 1+.
40 yds. 17/6. P. & P. 2/-. Sockets 1/-.
60 yds. 25/-. P. & P. 3/-. Couplers 1/3.

BOXED VALVES ALL
GUARANTEED

1T4 3/6 F,F86 9/6 PCL83 10/6
1115, 186 6/- EL33 12/6 PCL84 10/-
384, 3V4 7/. EL34 12/6 PCL85 11/6
ECC81 EL84 7/- PL36 10/6
EC082 7/- EY51 9/. PL81 9/6
ECC83 111111 EY86 9/- PL83 9/-
ECL80 E 281 7/- PY33 10/6
ECL82 10/- G Z32 9/6 P Y82 7/-
ECL86 10/6 POC884 8/- U25 10/6
EF80 7/6 1'CF80 8/- liL84 9/.
TRIMMERS. Ceramic (Compression Type) -
30 pF., 60 pF., 70 pF. 94.; 100 pF., 150 pF.,
1/3: 260 PE., 1/6; 600 pF. 1/9.
PHILIPS Bee Hive Type (conc. air spaced) -
2 -8 p2. 1/-; 30 pF. 1/-.
METAL RECTIFIERS-STC. Types-RMI

EMSEMS 6/6: RM3 7/6: RM4 16/-:
EMS 21/-;11,bi.th17/6; B Y100 10/6.
JACK PLUGS-24in. Igraine type 2/6;
Screened ditto, 3/3; llin. Screened 2/3;
Transistor type Min. & 1/3.
JACK SOCKETS -Moulded Igraine type,
open 3/6, ditto, closed 4/-. Pax, type open
2/6, ditto, dosed 3/-. Transistor type
closed, Min. & Sub -min. 1/6.

PHONO 20:1009d. Phono Sockets (open).
9d. Ditto (closed), j/.. Twin Phono
Sockets (open). 1/3.
ORUNDIG CONTINENTAL. 3 p. or 5 p.
plug, 3/6. Sockets, 1/6.
WAVECHANGE SWITCHES. 1 p. 12 -way,
2 p.2 -way, S p. 6 -way, 3 p. 4 -way, 4 p. 2 -way,
4 p. 3 -way, long spindle, 3/6 ea.
STYLUS REPLACEMENTS. Diamond Styli
for L.P. or Stereo, for all pop. types, BSR,
Collar°, Garrard. etc.. 11/3 ea. Gtd.
12 laths. SAPPHIRE ditto, 5/3 ea. Comp.
range in stock.

TRANSISTOR COMPONENTS
Midget 1.F.'s-465 Kc/s. Ain.

diam. 5/6
Osc. Coil M/W Ain. dia 5/3
Osc. Coil M. & L.W. 5/9
Midget Driver Trans. 3.5 : I 6/9
Midget Output Trans. Push

Pull -3 ohms 6/9
Elec. Condensers -Midget Type
I mfd., 50 mfd. ea. 1/9, 100 mid.
2/-. 12 v. wkg.
Condensers 150 v. working:
.01 mfd., .02 mfd., .03 mfd.,
.04 mfd. 9d., .05 mid., .1 mid, 1/-.
.25 m d. 1/3; .5 mfd. 1/6, etc.
Midget Tuning Condensers
J.B. " 00 " 208 pf. and 176 pf.
8/6; ditto with trimmers 9/6.
113 220 pf. and 105 pf. conc. slow
motion 10/6. 363 pf. single 7/6.
Sub. Min. tin. Dilemin 100 pf.,
300 pf., 500 pf. 7/- each.
FERRITE AERIALS. M. &
L.W. car aerial coil 9/3.
Midget Vol. Control with edge
control knob. 4 K/ohms, with
switch, 4/9. Ditto less switch 3/9.
Speakers: P.M.: 2in. Plessey
75 ohms 15/6. 2fin. Continental
8 ohms 13/6. 7 x 4in. Plessey
35 ohms 23/6. 2fin. Continental
8 ohms 13/6.

SOLDERING IRONS. Mains 200/220v.
or 230/250v. Solon 25 watt Inst., 22/6.
Spare Elements, 4/6. Bits, 1/-. 65 watt,
27/6, etc.
ALUMIN. CHASSIS. 18g. Plain Undrillek
folded 4 sides, 2in. deep, 6in. x 4in., 4/6.
8in. x 61n., 5/9, 10in. x 7in. 6/9, 12in. x
6in., 716, 12in. x 8in., 8/-, etc.
ALUMIN. SHEET, log. 61n. x 61n.. 1/-,
Sin. x gin.. 1/6, din. x 12111., 12in. x
12in. 4/6, etc.

6 VALVE AM -FM TUNER UNIT
Med. and VHF 190 m.-550 m., 85 Mc/s-103 Mc/s, 6 valves and metal rectifier.
Self-contained power unit, A.C. 200/250 v. operation. Magic -eye indicator,
3 push-button controls. on/off, Med., VHF. Diode and high output sockets
with gain control. Illuminated 2 -col. perspex dial 114 x 4in. Chassis
size 114 x 4 x 5tin. A recommended Fidelity Unit for use with Mallard
" 3-3 " or " 5-10 " Amplifiers. Available only at present as built-up
units, aligned and tested ready for use. Bargain Price E12/10/-. Carr. 5/-.
We hope to produce this popular unit in kit form very shortly.

MULLARD "3-3" HI-FI
AMPLIFIER. 3 VALVES 3 WATT

3 ohm and IS ohm Output.
Hi-Fi quality at reasonable coat. Bass
Boost and Treble controls, quality
sectional output transformer, 40 0/.-
26 ho/s t 1 dB. 100 mV, for SW., less
than 1% distortion. Bronze escutcheon
panel. Power take -off available.
Complete Kit only 86/19/6. Cary. 3/-.
Wired and tested 8 gns.

MILLARD " 5-10 " AMPLIFIER.
b valves 10W. 3 and 15 ohms output.
Mallard's famous circuit with heavy duty ultra -linear
quality output transformer. Basic amplifier kit price
89/19/6. Carr. & Ins. 7/6. Ready Built 111 Gni.

CONTROL PANEL KIT
Baas, Treble and Volume control with 4-podtion selector switch for radio, tape and pas.
and 11m. x 4in. escutcheon panel.
Amplifier Kit and Control Panel Kit 211119/6. Ditto ready wired £14/19/6.
2 -VALVE PRE -AMP. UNIT
Based on Mullard's famous 2 -valve (2 x EF86)-eircuit with full equalisation, with volume
bass, treble, and 5 -position selector Mitch. Size gin. x Sin. x
Complete Kit 25/1916. Carr. 3/6. Ready built 27/19/6.
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ANOTHER TAPE RECORDER BARGAIN
Manufacturers end of production Surplus Offer

A 24 gn. Tape Recorder offered at the bargain
price of only 15 gas. plus 10/- care. Supplied in
3 Units already wired and tested. A modern
Circuit for quality recording from Mike, Gram
or Radio, using latest B.S.R. Twin Track Monar-
deck Type TD2.
Valve line-up-EF86, ECL82, EM84, EZ80 and
Selenium Diode. Send for detailed list -3d. stamp.

Complete Kit comprising Heins below.

BARGAIN PRICE 15 +10-

2 -tone Cabinet and Elin. x 5In. Speaker. Size 14in. x 10in.
x 74in. 23 10 0 + 5)- Carr.

Wired Amplifier complete with 4 Valves, front Panel
Knobs, etc. £5 12 6 + 3/6 Carr.

B.S.R. Monardeck Type TD2 £7 7 0 + 4/6 Carr.
Accessories: Mike, Tape, empty Reel, screened Lead and

Plugs, Instructions, etc. £1 0 0 + 2/. Cam

We manufacture all types Radio
Mains, Transf. chokes, Quality
0/P Trans., etc. Enquiries invi-
ted for specials, prototypes for
small production runs. Quota-
tion by return.

RECORDING TAPE
Famous American Columbia (CBS)
Premier quality tape at NEW RE-
DUCED PRICES. A genuine recom-
mended Quality Tape -TRY IT Brand
new, boxed and fully guaranteed.
Fitted with leader and stop foils.

Standard Double nay
6in. 600ft. 13/- 1,200ft. 31/6
Slim 9110ft. 16/. 1,800ft. 37/6
7in. 1,200ft. 21/- 2,400ft. 47/6

Long Play Post & Pack per
Sin. 900ft. 17/6 reel, 1/. plus 6d.
51in. 1,200ft. 19/6 ea. for additional
7in. 1,800ft. 28/6 reels.
SPECIAL OFFER. 3M. Message tape
150ft. 3/9: 3in. L.P. 2251t. 4/9; 3M.
D.P. 300ft. 6/6: P. & P. per reel 6d.
TAPE REELS. Mnfrs.' surplus 7in.
2/3; SIM. 2/-; Sin. 2/-; aim 1/3:
Plastic spool containers, SIn. 119:
5Do. 2/-: 7in. 2/3.

SPEAKERS P.M. 3 ohms. 2¢in. EMI,
15/6. 3in. Goodmans 16/6. 6in. Rola
15/6. 6in. Elac 16/6. 7 x 4in. Good -
mans 15/6. 8in. Rola 19/6. 10in. Elac
26/-. 10 x 6in. Goodmaas 22/6. 21in,
E.M.I. Tweeter. 22/6. x 8in.
E.M.I. (Ceramic Magnet) 37/6.
ENAMELLED COPPER WIRE -11b. reels
14g -20g 2/6; 22g -28g, 3/-; 30g -34g, 330
30g -38g, 4/3; 33g -40g, 4/8, etc.
TINNED COPPER WIRE 16-22g., 2/6 }lb.
VALVE HOLDERS-Int. Oct. 6d. Nylon
or Ceramic, B7G. BOA unskirted, 9d. 137G
BOA skirted 1/- each: B7G with Can 1/6;
BOA with Can, 119, et.
KNOBS -Modern Continental types: -
Brown or Ivory with Cold Ring. lin. dia.
9d, each, 11in. 1/- each, Brown or Ivory
lwith Gold Centre lin. dia., Ad. each;
ltin. 1/3 each.
LARGE SELECTION AVAILABLE.

TYGAN FRET (Contem. pat.) 12 x
21-; 12 x 18in. 3/-; 13 x 24in. 4/-, etc.
BONDACOUST Speaker Cabinet Acoustic)
Wadding, approx. lin. thick. 12in. wide,
any length cut 1/6 ft. 4J- yd. EXPANDED
ANODIZED METAL. Attractive gilt

plus daze.

x tin. diamond mesh 4/6 sq. ft.
Multiples of Oin. cut Max. aize 41t. X 3
47/6 PIs d".

F.M. TUNER UNITS
Designer -approved kits available.

PETS. £7. 1 valves 35/-.
JPVTI M. er5eurgugy:04 gnv'is.vea32v0ali-v.es 22)6
JTV2, 613/19/6. 4 valves 28/6
NEW JASON P.M. HANDBOOK 2/6
48 hr. Alignment Services, 7/6 plus 2/6.

CO ver Mica. All v ues
2 pi. to 1,000 pL, 6d. each. Ditto ceramics
9d. Tub. 450 v. T.C.C., etc. .001 mid .01
and .1/350 v. 9d. .02-1/500 v., 1/... .25
HuHunts 1/6. T.C.C./190%5etc., etc.CLOSEp1.500 pL
9d. 600-5,000 pf. 1/-. 1% 2 p1.-100 p1.94,

RESISTORS -Modern

0

S1-7ddem
lid.

O570eaptin1-gs1,0:11 range
10 10 ohms to 10 megohms. 20% 1-0
3d. ea., ditto 1 w. ed. ea., 2 w. 9d ea.,
10% 04 w. 6% Hi -stab, /-4 w.
6d. ea. (below 100 ohms and over
1 meg. 9(1. ea.). 1% Hi -stab, t w.
1/6 ea., (below 100 ohms 2/- ea.l.
WIREWOUND. 25 ohms to 10K.

w. 1/3. 10 w. 1/6. 15 w. 2/-.
PEES

31 60 K.2
/ 26 ohms -60

Meg, (Carbon)

Electrolytics All Types New Stock
TUBULAR CAN TYPES

25/25v. 50/12v, 1/9 8+8/450 v. 4/6
50/50v, 100/25v.2/- 32+32/275v. 4/6
8/450v. 4/350v. 2/3 50+50/350v. 6/6
18/80/450 v. 5/6 60+250/275v. 17/6
32/32/450 v. 6/6 100+300/275v 12/6
Transistor Midge types -all values 1 mid.
to 50 mid, 1/9 ea., 100 mid. 2/-, 12 v.

VOLUME CONTROLS -SE -2 Meg.
ohms 3in. SPINDLES, MORGAN1TE
MIDGET TYPE. ltin. dia. Guar.
1 year. LOG or LIN, ratios, lees Ow.

Twin Stereo less
issv. 6/6. Some values with DP Sw. 8)6.

DE -LUXE RECORD PLAYER KIT
Incorporating 4 Sp. Garrard Auto -Slim
unit and Mullard latest 3 watt printed
circuit amplifier (ECL86 and EZ80), vol.,
bass and treble controls, with 8 x Sin.
10,00C 557,c 5maker. Contemporary styled
two-tone cabinet, charcoal grey
and off-white with matching blue
relief. Size I74in. x I6in. x Bin.
A stylish unit capable of quality
reproduction. Circuit and const.
details 2/6 (free with kit).

COMPLETE KIT
Carr. and iris. 10/-. £13.19.6

Illuminated Perspex control panel
escutcheon 7/6 extra. Ready
wired 30/- extra. 4 contempor-
ary mounting legs (6 or I3in.),
12/6 per set.

Only a few
items are
listed from
our com-
prehensive
stock.
Write now
for full
bargain
lists, 3d.

Terms: C.W.O. or C.O.D. post and packing +lb. 9d., Ilb.
1/3, 316. 2/3, 51b. 2/9, 1016. 3/9, etc.

RADIO COMPONENT
SPECIALISTS Established

70 BRIGSTOCK RD., THORNTON HEATH, SURREY
Tel.: THO 2188: Hours 9 a.m.-6 p.m. I p.m. Wednesday.
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MARCONI TF987/I NOISE GENE-
RATORS. DETERMINE NOISE FACTOR
of A.M. & F.M. receivers. A.C. mains
operation. Stabilised. H.T. AS NEW.
Tested, 415, carr. 7/6. SLIGHTLY USED
(but tested), £11/1916, carr. 7/6.

E.M.I. MEASURING OSCILLOSCOPE
TYPE WM 2

An accurate modern 5in. mains operated
'scope for the examination of waveforms
up to 12 Mc/s. Includes such features as
" X " expansion, continuous 6 : I, flat
aluminised screen, etc. Scarcely used
condition complete with instruction manual.
Fully guaranteed. 450.

1

AR -88 SPARES
R.C.A. Headphones 12/6
Escutcheons (Windows) 8/6
Knobs. Medium size. Set of 8. 10/-.
Block Condenser (3 x 4 mfd.). 7/6.

CONSTANT VOLTAGE TRANS-
FORMERS. Input 190 to 260 volts
50 c.p.s. Output 115 volts at 2 kVA. A
pair of these will give a constant output of
230 volts at 4 kVA. Price 415 each, plus £1
carriage. Two for E30. Carriage paid.

GENERAL RADIO LR2
HETERODYNE FREQUENCY &

CALIBRATOR EQUIPMENT.
BRAND NEW. 475.

Instruction manuals for LM -14 Wave -
meter. Original. New 32/6.
Quotations for other Instruction
Manuals on receipt of S.A.E.

MICROAMMETERS
R.C.A. 0-500 microamps. 2+in. circular
flush panel mounting. Dials are engraved
0-15, 0-600 volts. As used in the Ameri-
can version of the No. 19 set. 15/-.

INDUSTRIAL METER. Iron clad. 0 to
300 v. A.C. 50 cycles. Moving iron, 6in.
scale Fl. mtg. BRAND NEW. 59/6. P. 4/-.
KILOWATT METER 0-I6KVA. 3 phase
6in. scale. Boxed. New. 45. P. & P.

6/6.

A.C. VOLTMETER. 0-300 volts Moving
Iron. Flush panel mounting. Barrel dia
meter. 2f in. 22/6.

MARCONI SIGNAL GENERATOR
TF-517. Three ranges. 18 to 58 Mc/s in
2 individually calibrated ranges and 160 to
300 Mc/s. by DIRECTLY calibrated
dial. A.C. mains operation. AS NEW
CONDITION in original transit cases
with instruction book. E7/10/-. Carr. £1.

STANDARD TRANSFORMERS
Vacuum impregnated. interleaved, E.S.
screen, universal mounting. Size 4 x 3# x
nin. ALL BRAND NEW. 18/6 each.
Post 2/6.
Type I. 250-0-250 v. 80 rnia., 6.3 v. 3 a.
tapped at 4 v. 4 a. 6.3 v. I a. tapped at
4 v. and 5 v. 2 a.
Type 2. As above but 350-0-350 v.
80 m/a.
Type 3. 30 v. 2 a., tapped at 12, 15,
20 and 24 v. to give 3 4 5-6 8 9 10 v., etc.
Type 5. 0-6-9-15 v. 4 a. Ideal for
chargers.

MOVING COIL PHONES. Finest
quality Canadian with chamois ear -muffs
and leather -covered headband. With
lead and jack plug. Noise excluding and
supremely comfortable. 22/6. Post 1/6.
As above but complete with moving coil
microphone. 25/-. Post 2/6. DLR-5 Low
impedance headphones with attached
throat microphone. 12/6. Post 1/6. All
these items BRAND NEW.

WIRELESS WORLD

SPECTRUM ANALYSER
TYPE TSX-4SE. (3 centimetre)
Made by M.I.T. Radiation Laboratories. Combined receiver
and indicator for the visual display of the spectra of pulsed
oscillators in the frequency range 8,630 to 9,550 Mc/s. Self-
contained reaction type cavity wavemeter. Receiver band-
width 50 Kc/s. Can be used for tuning receiver local oscil-
lators, adjusting defective R.F. components, measuring large
standing wave ratios and the " Q " of resonant cavities.
Supplied in first class guaranteed condition. 475.

TS-I48/UP. AMERICAN SPECTRUM ANALYSER.
Checks frequency of TR and TB cells, signal generators, local
oscillators and magnetrons. Measures pulse width, RF spectrum
width and " Q " of resonant cavities. Frequency range 8,500
to 9,600 Mc/s. Internal power supply for 1 IS volts 50 c/s.
In first-class condition. 490.

AR -88 SPARE VALVES. Complete set of BRAND NEW
individually boxed original valves (14). E2/10/-. P. & P. 2/6.
AR -88 VIBRATOR PACKS. For 6 v. operation. Com-
plete with vibrator and OZ4 rectifier. BRAND NEW
in original cartons. 15/-. P. & P. 5/-.

ABSORPTION WAVEMETERS
MARCONI TF-643B. Covers from 20 to 300 Mc/s. in four
plug-in coil ranges. Complete with individual calibration
charts. Accuracy 1%. Indication is on a 5011A 21in. panel
meter. In original transit cases. Condition as new E5/19/6.
Carr, 7/6.

AVO WIDE RANGE SIGNAL GENERATORS
Six turret operated ranges covering 50 kc/s to 80 Mc/s
For use on standard A.C. mains. Packed in original transit
cases with accessories. Post-war type in new condition.
E16. Carriage 10/-.

L, C & R BRIDGES
AVO, capacity 5 pfd. to mfd. Resistance 5 ohms to 50 Meg -
ohms. Inductance can be measured against external standard.
Balance is indicated on a meter which can be used as a valve
voltmeter from 0.1 to 15 v. Leakage test and Power Factor
scale. A.G. mains operation. Tested and guaranteed and in
superlative condition. 69/10/- plus 5/- P. & P.
MAGNETIC COUNTERS (Ex-G.P.O.). 4 figures to 9.999
Coils 5000 for 24 v. operation. Tested. (No reset). 5/- each.

P. & P. 1/6. SPECIAL OFFER. 10 for 30/-. P. & P. 5/-.

RELAYS G.E.C. MINIATURE SEALED
M-1095. 6700 2M 2B HID Wire Ends
M-1099. 6700 2M HID Wire Ends
M-1052. 5,0000 2/CO. Plat. Wire Ends
M-1092 6700 4/CO. Plat. Wire Ends
ALL BRAND NEW AND BOXED. Please add postage.

7/6
7/6

I0/-
12/6

OSCILLOSCOPE OS-57/USM 38
A modern American instrument with printed circuit,
miniature valves (30) and Sin. CRT (3WP1). Rugged con-
struction, handsome appearance, 9in. x I 3in. x 141in.
Controls are protected by a detachable lid which neatly
houses test leads, cathode follower probe, circuit diagram
and instructions. Time base I, 10, 100, IK and 101(0S/inch.
Markers I, 10 and 100pS. Features include "X" expansion.
Astigmatism, trigger rate 40 to 5,000 c.p.s., Sweep Stability,
variable calibration voltage. " Z " modulation, etc. Marker
and Trigger pulses can be used externally. Operates from
115 volts 50 to 400 c.p.s. Tested and in BRAND NEW
condition. 629/10/, Carr. 10/-.

STANDARD SIGNAL GENERATOR £I6/10/-
MARCONI TF-I44G/4 Carr. 30/ -
Complete and in apparently very good condition but sold as
received from the Air Ministry, i.e., untested and less leads.
Technical manual and circuit supplied. We assure potential
customers that " untested " does NOT mean " beyond
economical repair " but are willing to supply GUARANTEED
WORKING instruments complete for £25.

HEATHKIT & JASON AGENTS

CHARLES BRITAIN (Radio) LTD
II UPPER SAINT MARTIN'S LANE
LONDON, W.C.2. TEMPLE Bar 0545
Near Leicester Sq. Station. (Opposite Thorn House)
Shop hours: 9-6 p.m. (9-I p.m. Thursdays). Open all day Saturday
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PORTABLE RECEIVER TESTER
MARCONI INSTRUMENTS TF-888/3
This instrument combines the functions
of a wide range signal generator and
output meter. Continuous frequency
coverage of 70 kc/s. to 70 me/s. in 8
wavebands by means of a rotating coil
turret. Output impedances 80 or 52
ohms or high level (500 mV.) 400. Int.
Mod. at 1000 cis. Two crystal checks at
500 kc/s. and 5 me/s. Panel meter moni-
tors carrier and also functions as output
meter, full scale 10 mV., 100 mV. and
1 w. Input impedances 3, 33, 150 and
6000. Handsome grey case size 151 x
7+ x 11+ high. Wt. 17} lbs. Operates
from A.C. mains 100 to 250 volts. As
new, tested and guaranteed, 439/10/-.
Carr. 10/-.

R -I949 V.H.F. RECEIVER
Aircraft version of Hallicrafter S-27.
Covers 27 to 143 me/s. in 3 ranges. Full
spec. " S " meter, B.F.O., noise lim. etc.
F.M. or A.M. Requires external power
supply of 250 v. and 6.3 v. Fully tested
and guaranteed. i17/10/... Carr. 10/,

PHASE MONITOR ME -63/U
(ANJURM-67)

Designed to measure directly the phase
angle between two applied audio frequency
signals of from 20 to 20,000 c.p.s. ±1°
Direct indication on a panel meter. Input
can be sinusoidal or non -sinusoidal from 2
to 30 volts peak. Of recent manufacture
(1957) by Control Electronics Inc. and ex-
U.S.A. Air Force. In first class condition
with handbook. A complex instrument
with 19 valves. 440. Carriage 30/-.

AERIALS VERTICAL 32FT.
Consists of 10 heavy duty screw together
rods (3ft. long, /in. dia.) together with a
separate 14ft. whip aerial (wired through).
Complete with base mounting, all guy
ropes, insulators, spikes and even a
hammer. All contained in a sturdy
canvas carrying bag similar to a gold bag.
Full contents list available. BRAND
NEW. 59/6. Carr. 10/6.

HEWLETT PACKARD 205 AG. An
American audio signal generator of the
finest quality. Ranges 20 to 200, 200 to
2,000 and 2,000 to 20,000 c.p.s. Output
is 5 watts. Fully variable attenuator 0 to
110 dB in I dB steps. Output imped-
ances 50, 200, 500 and 5,000 ohms CT
ungrounded. Input and output monitor
meters. Operation from 110 volts A.C.
mains. Electrically perfect but wooden
cases may be slightly damaged. 430.
Carr. 30/-.

RADIATION METERS
Portable dose rate meter containing
modern type rectangular 50 micro -amp
meter CVX 494, electrometer valves, etc.
BRAND NEW. In canvas carrying case
63/19/6. Post 41..

SIGNAL GENERATOR CT -53
A precision instrument covering 8.9 to
15.5 Me/s. and 20 to 300 Mc/s. in six ran-
ges. Variable actentuator from 10/ to 100
millivolts. A.C. mains operation. Good
condition, tested and complete with cali-
bration chart. 616/10/, Carr. 10/-.

HEAVY DUTY TRANSFORMER.
Input 220 volts to 250 volts at 50 cycles
tapped every 5 volts. Secondary, 50 volts
at 15 amps. Very conservatively rated.
Size 7+ x x 7in. Wt. 281b. Brand new.
E5/19/6. Carr. 7/6.

TS -175 HETERODYNE FREQUENCY
METER

A high frequency version of the well-known
BC -221. Accuracy 0.05%. Frequency range
80 to 1,000 Mc/s. As new condition with
original calibration book. Tested and
guaranteed. CS.

BC221 FREQUENCY METER
125 kc s. to 20 Mc

This crystal controlled heterodyne fre-
quency meter is too well-known to need
further description. Those we offer are
complete with correct individual calibra-
tion book and are carefully tested and
guaranteed. Used condition.

Carr. 10/-. £16
Laboratory Standard £25
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13
14
15
t6
17
18
19
20
21
23
24
25
26
27
28
29
30

, iwS (ELECTRONICS
HEAVY DUTY L.T. TRANSFORMERS

All primaries 220-240 volts. Terminal block
connections.
No. Sec. Taps Price Carr.

I 25, 30, 35 v., 40 a E11 9 6 10/-
46 9 6 7/6
E4 5 0 5/-
LI 7 6 3/6
f2 7 6 4/-
E7 5 0 7/6
E6 5 0 7/6
E6 9 6 7/6
E4 5 0 5/-
£4 9 6 5/-
E4 9 6 5/-
£3 2 6 5/6
£4 5 0 7/6

30, 32, 34, 36 v., 5 a. E2 7 6 4/-
6, 12 v., 10 a. E2 2 6 4/-
12 v., 5 a. El 9 6 3/-
24 v., 10 a. E3 5 0 4/-
24 v., 5 a. El 19 6 3/6
48, 56, 60 v., I a. El 9 6 3/6
12, 24, 30, 48 v., 2 a E2 5 0 3/6
6.3 v., 15 a El 17 6 3/6
12, 24 v., I a. 15 0 2/6
9, 15 v., 2 a. 17 6 2/6
6, 9, 15 v., 4 a. LI 5 0 3/6
12, 18 v., 10 a. f2 12 7 4/-
12, 18 v., 20 a. E3 19 6 5/-
10, 18, 20 v., 9 a. E3 9 6 5/-
15 v. ct., 5 a. LI 5 0 3/6
10, II, 12 v., If a 10 6 2/-

2 25, 30, 35 v., 20 a
3 25, 30, 35 v., 10 a
4 25, 30, 35 v., 2 a.
5 10, 17, 18 v., 10 a
6 24 volts, 30 amps.
7 20 volts, 30 amps.
8 50 volts, 15 amps.
9 30, 40, 50 v., 5 a.

25, 36, 48 v., 8 a.
17, 18, 20 v., 20 a
6, 12 v., 20 a.
20 v., 20 a.

Multi -Tapped TRANSFORMERS
Pri. 200, 230, 250 volts. Sec. T. 3, 4, 5, 6, 8, 9,
10, 12, 15, 18, 20, 24, 30 volts. 5 amps., 45/-. P.P.
4/-. 4 amps., 39/6. P.P. 3/-. 2 amp., 25/-. P.P. 3/-.

AUTO. TRANSFORMERS
240v. -I 10v. Completely Shrouded fitted with
2 Two -Pin American Sockets or Terminal Blocks.
Please state which type required. 1,000 watts,
£4/15/-, carr. 5/-. 500 watts, L3/10/-, carr. 4/-.
300 watts, 47/6. P.P. 3/6. 150 watts, 37/6, P.P. 3/-.
60 watts, 29/6, P.P. 2/6. 2,000 Watts. Completely
enclosed in metal case. Size: 10 x 8 x 6ins. Fitted
with 2 American Sockets or Terminal Blocks,
19 15 0, carr. 7/6.

PARMEKO DOUBLE WOUND
TRANSFORMERS

Pri. T. 200, 210, 220, 230, 240, 250 v. Sec.
T.90, 100, 110, 120 v. Totally enclosed tabletop
connections. Size 7f x 7f x 8f in. Brand new,
fraction of maker's price. El 1/19/6, carr. 10/-.

IBM DOUBLE WOUND TRANS.
Pri. Tapped 200, 220, 240 v. Sec. Tapped, 110-
100 v., 200 V.A. 47/6, Carr. 5/-.

L.T. TRANSFORMER UNIT
Type AP6I 774. A.G. input 220-240 v. comprises
of Parmeko " C " core, enclosed type trans-
former 24 volts 2 amps. Built into metal case,
size 8f x 5 x 4in., with fitted neon indicators.
Fuses. Input and output terminals. Supplied
brand new at a fraction of maker's price.
19/6. Carr. 5/-.

HEAVY CURRENT TRANSFORMERS
LIMITED NUMBER ONLY

Pri. 230 v. Sec. T 4-6-11 v. 200 a. L10/19/6. Carr.
I0/-. Pri. T 200-260 v. and 100-130 v. Sec. T 2
28, 29, 30, 31 v. 25 a. conservatively rated £6/15/-,
Carr. 10/-. Pri. T 210-250 v. and 105-115 v. Sec.
27 v. 60 a. Totally enclosed new in maker's cases.
L12/1131-. Carr. 10/-. Pri. T 210-240 v. Sec. 17,18,30,
32 v. 8 a. £4/2/6. Carr. 7/6. Pri. 200, 225, 240 v.
Sec. T 12, 18, 20, 24, 30, 36 v. 10 a. £5/5/.. Carr.
7/6. Pri. T 200-220, 240 v. Sec. T 50, 70, 73 v. 15 a.
£6/19/6. Carr. 10/, Pri. 200, 220, 240 v. Sec. T
100, 150, 155 v. 22 a. £9/19/6. Carr. 10/-. Pri. 240 v.
Sec. T 53.5, 55.2 v. 6 a. C core 43/17/6. Carr. 6/-.

T.C.C.
U.S.A.
T.C.C.
T.C.C.
G.E.C.
T.C.C.
Dubilier
Dubilier
U.S.A.
U.S.A.
T.C.C.
T.C.C.
T.C.C.
BI
Dubilier
Dubilier
T.C.C.
T.C.C.
T.C.C.
T.C.C.
T.C.C.
T.C.C.
Dubilier
T.C.C.
Dubilier
Dubilier
Dubilier
Dubilier
T.C.C.
B.I.C.

T.C.C.
T.C.C.
Dom in it
Dominic
Dominic
BI
BI

LONDON'S LARGEST SUPPLIERS OF
ELECTRONIC EQUIPMENT

98L10 CHAPEL STREET,
LONDON, N.W.1

Tel. PAD 7851 AMB 5125

BLOCK CAPACITORS -Guaranteed
AMERICAN

HIGH VOLTAGE CAPACITORS
I mfd. 20 kV. wkg.

Trbpically rated. Size H. I lin. plus insulated ter-
minals, Sin., W. I3in. D. 4in. Supplied new in
maker's packing cases at a fraction of original
price, L6/1916. Carr. 7/6.
Maker Mfd.

1

1

.5

0.5
0.5
0.5
0.25
0.25
0.25
0.1

68
25
22
16
4

13.5
10

DCV wkg. Temp. Price Carr.
1,500 70°C 15/- 3/-
1,500 I00°C I5/- 3/-
1,500 60°C 17/6 2/6
1,000 60'C 10/6 2/-

600 60°C 7/6 2/-
250 70°C 3/6 1/6

1,000 60°C 9/6 2/-
750 60°C 8/6 2/-
600 100°C 6/6 1/6
220 100°C 3/6 1/6

2,000 60°C 17/6 2/6
1,000 60°C 7/6 1/6

400 70°C 3/6 1/-
800 70°C 5/6 1/6

5,000 70°C 35/- 3/6
2,500 70°C 17/6 2/6
1,000 60°C 5/- 1/-

500 60°C 3/6 1/-
4,000 60°C 12/6 2/6
7,500 70°C 50/- 5/-
2,500 60°C 17/6 3/6

600 70°C 2/6 1/-
5,000 70°C 30/- 3/-

500 60°C 2/- 1/-
5,000 70°C 17/6 2/6
2,500 70°C 8/6 2/-
5,000 70°C 12/6 3/-
7,500 70°C 17/6 3/-
5,000 60°C 12/6 3/-
5,000 60°C 10/6 3/-

V.A.C.
440
440
650
650
650
750
650

R.M.S.
45/-
25/-
27/6
17/6
10/6
22/6
17/6

4/-
3/-
3/-
2/-
2/-
3-
2//6

Send 6d. stamp for latest catalogue. Monthly
account orders accepted from industrial
companies, hospitals, colleges and schools, etc.

SPECIAL OFFER OF PARMEKO NEP-
TU NES SERIES" C "CORE H.T. TRANS-
FORMERS AND CHOKES.
Brand new, offered at a fraction of maker's
price.
All primaries 10-0-200, 220, 240 v. 50 c/s.
500-0-500 v. 250 mA., 0-4-5 v. 3.5 a., 0-4-6.3 v.
4 a., 0-4-6.3 v. 4 a., 0-4-5-6.3 v. 3.5 a. 57/6. Carr.
6/-. 500-0-500 v. 120 mA., 0-4-5 v. 3 a., 0-4-6.3 v.
3 a., 0-4-6.3 v. 5 a. 42/6. Carr. 5/-. 450-400-0-
400-450 v. 250 mA., 0-4-5 v. 3 a., 0-4-6.3 v.
4 a., 0-4-6.3 v. 3 a., 0-4-6.3 v. 3 a. 55/-. Carr.6/-.
250-0-250 v. 100 mA., 0-4-5 v. 3 a., 0-4-6.3 v. 3 a ,
0-4-6.3 v. 3 a. 30/-. Carr. 4/-. 0-4-5-6.3 v. 2 a.
I0/-. P.P. 21-. 0-4-6.3 v. 2 a., 0-4.6.3 v. 2 a.,
6kV. wkg. 17/6. P.P. 2/6. Chokes, oilfilled, " C "
core. 15 H. 250 mA., 1250 17/6. P.P. 5/-. 5 H.
250 mA. 100 15/-. P.P. 5/-. 20H. 180 mA.
2300 17/6. P.P. 5/-. 15H. 180 mA. 2000 15/-.
P.P. 4/-. 20H. 120 mA. 2400 15/-. P.P. 4/-
101-1. 120 mA. 2500 10/-. P.P. 3/-. 50H. 50 mA.
13000. 12/6. P.P. 3/6. 50H. 25 mA., I2000
10/-. P.P. 3/-. 10H. 75 mA. 280 mA. 7/6. P.P.
2/6. 5H. 60 mA. 3000 5/-. P.P. 2/-. Open type
20H. 250 mA. 500 17/6. Carr. 5/-. 20H. 300
mA. 2000 22/6. P.P. 5/-.
GARDNERS 560-0-560 v.400 mA. D.C. 5v. 6 A.
6 v. 0.4 a. 52/6. Carr. 5/-. 350-0-350 v. 75 mA.
6.3 v. C.T. 3 a. 6.3 v., 3 a. 6.3 v. I a. 32/6. Carr.
4/-. Sec. T. 1430-0-1430 v. 140 mA. 4 v. C.T
7 a., 8 v. 4 a., £411716. 450-0-450 v. 135 mA.
R.M.S. 5 v. 3 a., 6.3 v. 4.5 a., 6.3 v. 2 a., 6.3v
1.4 a., 6.3 v. 1.4 a., 12.6 v. 1.2 a. 45/-. 500-400-0
400-500 v. 250 mA. 4-5 v. 3.5 a., 4-6.3 v. 3 a.,
4-6.3 v. 3 a. Unshrouded, 35/-. Carr. on all trans.
5/-.
GRESHAM FILAMENT TRANS. 4-6.3 v.
2 a. 4-6.3 v. 2 a , l5'-, 6.3 v. 3 a. 6.3 v. 3 a.,
6.3 v. C.T. 5 a., 22/6, 6.3 v. 5 a., 6.3 v. 0.8 a
and 130 v. 85 mA. 17/6. P.P. 3/-.

1% RESISTANCE BOXES FOUR
DECADES

I. 10-1000. 2. 100-1,00012. 3. 1K -I OK0
4. 10K -100k0.
Technical description: High Stability Re-
sistors arranged as a potentiometer, rated at

1 watt at 70 deg. C. and If watts at 42 deg. C.
Tolerance plus or minus 1%. Specially designed
for use in technical colleges and schools where a
high -precision instrument is required at low
cost. Supplied brand new and guaranteed.
£9/19/6. P.P. 3/6.

L.T. SUPPLY UNIT TYPE S.E.I

A.C. input 200-
240 v. D.C. Out-
put tapped to
give 12 or 24
volts 8 amps.
continuous rat-
ing. Fitted with
panel fuse. Mains

on/off switch and D.C. output socket. Built in
strong metal case. Size 15 x 6 x 6in. An ideal
general purpose L.T. supply unit for operating relays.
Contactors, battery charging, etc. E9/19/6, cur. 7/6.

L.T. SUPPLY UNIT TYPE S.E.2.
A.G. input 200-240 v. D.C. output 50 volts
5 amps. Built in metal case size 15 x 6 x 6in.
Fitted with on/off switch, panel fuse, and
output socket, £9/19/6, carr. 7/6.
Tapped 110-220-230 v. D.C. output 24 volts
1.5 amps. 2.25 amps. with case cover removed.
Choke and condenser smoothed. Fitted on/off
switch and fuses. Built in metal case. Size:
15 x 9 x 9 inches. Supplied new and guaranteed,
L3/17/6, carr. 7/6.

SPECIAL OFFER OF BRAND NEW ERNEST
TURNER 2fin. ROUND FLUSH PANEL
D.C. INSTRUMENTS.
50-0-50 microamps 50/-. 0-50 microamps 45/-.
0-200 microamps 30/-. 0-500 microamps 25/-.
0-50 milliamps 19/6. 0-10 v. I5/-. 0-20 v. 15/-.
0-200 17/6. 0-500 v. 22/6. Ediswan Sin. square instru-
ments flush D.C. 0-50 mA. 19/6. 0-250 v. 22/6.
Rectified A.C. 0-8 amps. 19/6. 21 in. round, dual
purpose 200 mA. and 75 mA. or 100 mA. 75 v. with
res, box 22/6. Please add 2/6 P.P. on all meters.

HEAVY DUTY SLIDER RESISTORS
Zenith Double Tube Geared Drive Log Wound.
1.30 15 amps. Continuing to 550 2 amps.
Overall size: 22 x 9f x 7fin. E3/19/6, carr. 7/6.
40 8 amps. Single Tube enclosed, 32/6. P.P.
4/-. 300 1.25 amps. S Tube Gear Drive, 25/-.
P.P. 3/-. III 12 amps. 12/6. P.P. 2/6 Ganged
Twin Rheostats. 6in. dia. 2000 1.2 amps. each.
Complete with Fixing Frame and Control
Knob, 75/-, carr.

G.P.O. HIGH SPEED COUNTERS
Latest Design Type 1000 4.10 3-6 v. D.C. Type
100 a. 5000 18.24 v. D.C. either type 15/-. P.P. 1/6.

MAGNETIC DEVICES MINIATURE
RELAYS

20000 2 CO. contacts size lxixfin. 10/6. P.P.

MAGNETIC DEVICES SOLENOIDS
180 v. D.C. Type 42661. Overall size If x If x
If in. Approx. fin. pull. 5/-. P.P. 1/6.48/ -
per doz. P.P. 4/-. Other types available.

LOW RESISTANCE CHOKES to Smooth
40 amps. f ohm. Size 7 x 7 x 5fin. 65/-, Carr.
7/6. Other types available. Let ue know your
requirements.

EHT TRANSFORMERS
Gardners " C " core. Sealed. Oil filled.
Pri. tapped 200-250 v. Sec. 4,000 v. 10 mA.,
4 v. 1.5 amp., 4 kV. wkg., 2-4 v. 2 amp., 4 kV.
wkg., E3/15/-. Carr. 6/-. Pearce. Pri. tapped
200-250 v. Sec. 3,000 v. C.T 20 mA., 35/-.
P.P. 4/-. Air Ministry. Pri. 240 v. Sec. 1000-0-
3000 v. 20 mA. Sec. 1000 v. 100 mA.,4 v.2 amp.,
35/-. P.P. 5/-.



TWIN 40 CHOKE instant start with 4
bi-pin 200/250 v. holders.
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CYLDON A.M./F.M. PERME-
ABILITY TUNER FOR ALL
TRANSISTOR OPERATION
Size 2fin. x 2*in. approx. By famous manu-
facturer. A.M.-I.F. 470 Kc/s. F.M.-1.F. 10.7
Mc/s. A.M. coverage from 1,620 Kc/s-525 Kc/s.
P.M. coverage 108 Mc/s.-88 Mc/s. Circuit

diagram 2/6. FREE with Tuner. 1st, 2nd, 3rd A.M.-1.F.'s 1st, 2nd,
3rd and 4th F.M.-1.F.'s V.H.F. Osc. choke A.M.-F. trap. A.F. 114 and
A.F. 115. All the above are the R.F. end of an AM/FM receiver car
radio etc. The above six items. 12 . 10 . 0

BSR MONARCH UA14 With FUL-FI HEAD
4 -speed, plays 10 records. I2in. 10in. or 7in. at 16, 33, 45 or 78 r.p.m.
Intermixes 7in., 10in. and I2in. records of the same speed. Has manual
play position: colour, brown. Dimensions: 12} x 10lin. Space required
above baseboard 4Iin., below baseboard 21in. Fitted with Ful-Fi
turnover crystal head, L5/19/6. P. & P. 6/6.
B.S.R. UAI6, similar to the above, L6/12/6. P. & P. 6/6.
B.S.R. GU7, 4 -speed, single player, complete with pick-up on uni-
plate with automatic switch. L3/19/6. P. & P. 5/6.

FLUORESCENT LIGHT KIT
TWIN 20 CHOKE instant start com-
plete with 4 bi-pin 200/250 v. holders

1116 & P. 4/-

1 716' &P.4/-

TRANSISTOR INVERTOR

SO v. D.C. Input. Output 240 v.
A.G. 40 Watts incorporating
transformers, choke, condensers
and 2 Get 573. In solid 16 gauge
Aluminium Case size I 5in.
x 6in. x lain. by lain plus 6/-
famous manufac- ',filo P. & P.
curer.

AC MAINS MOTOR
Can be used
for a variety
of purposes,
silent run-
ning, satis-
factory in
every way,
233/250 v.
A.C.

9/6 P427:

FLUORESCENT
LIGHT FITTING

Twin 40 watt 200 ma P.&P,
250 v. less tubes. 6/-

RINGO BURLGAR ALARM
A.C. Mains 200/240 volt. Fire salv-
age slightly tarnished.
List price 7 gns. Our price
complete with double gong bell
five micro
switches
and full
instruc-
tions.

49/6
P.&P. 4/ -

SILICON RECTIFIERS 250 v. P.I.V. 750 milli -amps. Six for 7/6d.
post paid.

6 VALVE 15 WATT PUSH PULL AMPLIFIER
15 x 7 x 4 A.G. mains 200-250 volts. 4 inputs with controls for same
and bass and treble lift controls. Tapped for 3 and 15 ohm speakers.
Extra H.T. and L.T. for F.M. Tuner supplies etc., built and tested. 7 gns.
plus 12/6 P. & P.

SIGNAL GENERATOR
Covering 100 Kc/s.-100 Mc/s. on
fundamental and 100 Mc/s. to 200
Mc/s. on harmonics. Metal case
10in. x 61in. x 5fin., grey hammer
finish. Incorporating three minia-
ture valves and metal rectifier.
A.C. mains 200/250 v. Internal
modulation of 400 c.p.s. to a depth of
30%. Modulated or unmodulated
R.F. output continuously variable,
100 millivolts C.W. and mod. switch,

variable A.F. output. Incorporating magic -eye as output indicator.
Accuracy plus or minus 2%. t7/5/0 Post and packing 6/6 extra.

3 to 4 WATT AMPLIFIER KIT comprising chassis 8jin. x 2fin. x 1 in.
Double wound mains transformer, output transformer, volume and
tone controls, resistors, condensors etc. 6V6 ECC8I and metal rectifier
circuit 1/6 free with kit. 29/6 plus 4/- P. & P.

MAINS TRANSFORMERS
ALL WITH TAPPED PRIMARIES 200/250 VOLTS

2.50-0-250 v. 60 mA., 6.3 v. 1.5 amp., 6.3 v. I amp. 1116
250-0-250 v. 80 mA., 6.3 v. 1.5 amp., 6.3 v. I amp. 15/-
250-0-250 v. 50 mA., 6.3 v. 2 amp. 9/6
250-0-250 v. 250 mA., 6.3 v. 5 amp. 19/6
Heater Transformer 6.3 v. c.t.2 amp. 7/6
Postage and packing on all the above transformers 4/-.
Primary 230-240 v., Secondary 330-0.330 v. 200 mA., 6.3 v. c.t. 6 amp.,
5 v. 4 amp. 2I/-. P. & P. 6/-.

POCKET MULTI -METER. Sizes
3i x x I fin. Meter size 2} x
Iiin. Sensitivity 1,000 OPV on
both A.C. and D.C. A.C. and D.C.
volts 0-15, 0-150, 0-1,000. D.C.
current 0-150 mA. Resistance
0-100KSI. Complete with test
prods, battery and full instructions.
35/-. Plus 1/6 P. & P.

50 MICRO -
AMP. METER
Movement by
world-famous
manufacturer.
Size Sin. x 2tin.

25/- plus 1/6.
P. & P.

THE MOTORIST'S REV. COUNTER
Kit of parts comprising 270 degree 3in. moving coil
movement. Manufacturer's present price of this move-
ment would be at feast E7. Complete with full in-
structions and circuit diagram. Scale calibrated up
to 8,000 r.p.m. Can be used 49/6

Plus 3/6with any 4 or 6 cylinder car. P..& P.

FIXED FREQUENCY
SIGNAL GENERATOR

Crystal control in metal case, size 10in.
x 6in. x 6in. Incorporating 2 FCI3 valves,
mains transformer, metal rectifier, choke,
indicator lamp, crystal and numerous
components. Modulated and unmodu-
lated output sockets. Originally used for
I.T.V. frequencies. Brand new. 39/6

6/- P. & P. A.C. Mains 200/250 volts. IN

SPECIAL OFFER - Power Supply Kit
To purchasers of "Elegant Seven" parts, Incorporating mains trans-
former etc. AC mains 200/250v output 9v 100 mA 7/6.

THE "Elegant Seven"
Combined Portable and Car Radio The Radio with the "Star" Features
* 7 -transistor superhet. Output

350 mW.
* Two-tone grey wooden cabinet,

fitted handle with silver -coloured
fittings, size 121in. x x

* Horizontal tuning scale,
11 tin. x 21in. in silver with
black lettering.

* All stations clearly marked.

* IF 460 kc s.
* Operated from PP9 battery.
* Fully comprehensive instructions

and point-to-point wiring diagram.
* Printed circuit board, back -printed

with all component values.
* Fully tunable over medium and

long waveband.
* Car aerial socket.

* Ferrite -rod internal aerial. * Full after -sales service.
4in. SPEAKER. Parts list and circuit diagram 2/6. FREE with parts.

RADIO AND T.V. COMPONENTS (ACTON) LTD.
2IA, HIGH ST., ACTON, LONDON, W.3.

Goods not despatched outside U.K. All enquiries S.A.E. Terms C.W.O.
SHOP HOURS 9 a.m.-6 p.m. EARLY CLOSING WEDNESDAY

size

ONLY

£4 . 19 . 6
PLUS 5,6 POST & PACKING
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NOW -THE
SKYROVER Mk. II

With new redesigned cabinet, edgewise con-
trols, new colour tuning scale and cabinet in

Sierra Tan.
Controls Waveband Selector, Volume
Control with on/off switch. Tuning Control
with easy to read Dial Scale. In attractive
plastic cabinet, size 10 x 61 x 3lin., with
metal trim and carrying handle.
MAY NOW BE BUILT FOR eg.19.6
All parts sold separately.
H.P. Terms: 20/- dep. & 11 mouths at 16/6.

THE SKYROVER & SKYROVER De Luxe
GENERAL SPECIFICATION FOR BOTH MODELS
7 -transistor and 2 -diode superhet-6 waveband portable receiver, covering the
full Medium Waveband (180-576 M.) and Short Waveband (32-94 M.) and in
addition 4 separate switched Band Spread Ranges on 1351, 16114, 19M and 2534
Bands -with Manual Band Spread Tunmg for accurate Station selection.
L.F. frequency 470 Re/s. Output 500 M.W. bin. Ceramic Magnet P.M. Speaker.
Telescopic and internal Ferrite Rod Aerial. All Mullard Transistors and
Diodes. The coil pack and tuning heart is completely factory assembled,
wired and tested. The remaining assembly 'can be completed in under three
hours from our detailed and easy to follow instructions. Operates on four 1.6 v.
torch batteries (U2 or equivalent).
THE SKYROVER DE LUXE. Tone Control Circuit is incorporated with separate
Tone Control in addition to Volume and Tuning Controls and Waveband
Selector. In sturdy wood cabinet, size In x 60 x lln., covered in washable
material with plastic trim and carrying handle. Also Car Aerial socket.

All p
MAY NOWsold

separatel
BE BUILTy. FOR 110.19.6 H.P. Terms: 25/- deposit

and 11 months at 20/-.arts

A simple additional circuit provides coverage of the 1,100/1950 M. band (in-
cluding 1,500 M. Light programme). This is in addition to all existing Medium
and Short wavebands. All necessary Only 10/- extra post Free.components with construction data.
This conversion is suitable for both models that have alreadylbeen constructed

Circuit diagram and data for each set 2/6 extra, free if all parts bought. Four
:2 batteries 3/4 extra. Add 5/- P. & P. on each parcel.

THE 4 REALISTIC 7'
The famous 7 -transistor
home co.truction receiver
-still available. Full
medium and long waveband Atha
coverage 4in. speaker, etc..
MITRE 25.19.6

P. & P. 4/6.
Battery 3/9. .13P2

De luxe version with wood
cabinet full vision dial only
21 extra. All parts avail:( de separately. Pat. and
instructions 2/6, refunded it 011 purchase parcel.

IMPORTED SPEAKER

THE HARROW 12A11
12in Thin line, two-way speaker.
15 ohms imp. Power Handling 15-20
watts. Rigid die -east frame. Roll
surround. Bulk purchase before im-
port increase enables us to offer this
quality speaker at this incredibly
low price.
WIRECOMP'S
PRICE £4.19.6

P. & P. 3/li.

THE TRANSISTOGRAM
A portable battery operated fully transistorised Record
Player -made by famous British manufacturer, fully
guaranteed. Size only 64 x 12 x 101in. Weight 10 lbs.
Operates 'on 6 U2 torch batteries. 4 speeds -161,
83i. 45 and 78 r.p.m. Goldring Cygnet player with
CM.60 cartridge. Sin. loudspeaker fitted into lid. Cabinet
constructed of wood, covered in two tone (pale blue/
grey) leather cloth. High quality amplifier with tone
and vol. controls gives excellent reproduction. Plays
7in., 10in. and Ilin. records. Today's value 72 gns.
WIRECOMP'S 16.19 6 6-U2 batte. 4/- extra (leak
PRICE proof 5/-) Carr. ,t Ins. 710.

INTERNATIONAL TAPE
Finest Quality American brand -fully guaranteed

51n. Double play, 1,200ft. Mylar base 15/-
5in. Long play 000 ft. Acetate base 10/-
6in. Standard play, 600ft. P.V.C. base 8/6
5/in. Long play, 1,200ft. Mylar base 15/-
5/in. Double play, 1,800ft. Mylar base 2216
Of in. Long play, 1,200ft. Acetate base 12/6
64Im Standard play, 350ft. P.V.C. base 11/6
7in. Standard play, 1,200ft. Mylar base 12/6
7in. Long play, 1,800ft. Mylar base 19/6
71n. Double play, 2,400ft. Mylar base 25/-
71n. Long play, 1,800ft. Acetate base 15/-
3in. Message tape, 150ft. 8/6
3in. Message tape, 225ft. 4/11
Sin. Message tape, 300ft. 7/6

12/6
22/6
42/6
55/-

7in. Triple play, 3,600ft. Mylar base 751-
P. & P. 1/- extra per reel; 4 reels and over Poet Free.

Sin. Triple play, 450ft. Mylar base
5in. Triple play, 900ft. Mylar base
3in. Triple play, 1,800ft. Mylar base
bliss. Triple play, 2,40040e Mylar base

ENTHUSIASTS LOOK!
NEW LONDON BRANCHES NOW OPEN
Personal callers invited to our new Branch -128 Edgware Rd.,W.2.

Full range of the latest 111 -Ft equipment, components, etc.

WIRECOMP'S BARGAIN STORE
18 Tottenham Court Road, London, W.1. Thousands of

bargains -SW:, roo,taittl y chnoeg in7-rork, bottom PTieeR .

SUPER TAPE RECORDER
OFFER

SIEMENS
STEREO

TAPE

RECORDERS

High precision machines
offering a maximum ot
facilities for the en-
thusiast and connoisseur. Exceptionally fine performance standards
ensuring superb reproduction. All models have the following general
specification. * Completely self contained -record, replay and audio
amplifiers built-in. * All transistorised -no warming up period
required. * Three heads (separate record -replay -erase) also provides
sound -on -sound recording. * Three speeds -78, 32, 2} i.p.s. * 4
tracks. * Takes 7in. reels. * Record level indicators on both channels.
* Remote control facilities. Other facilities on these exceptional
machines include: -push button controls; tape end stop; separate
switched bass boost and treble cut; sep. inputs for 2 mikes, 2 pick-ups
and 2 radios with provision for mixing 3 Inputs. Outputs provided are
two at 4 ohms; 2 sots headphones and 2 external amplifiers. Power
output 21 watts per channel. New, boxed and fully guaranteed.
MODEL 12 (Illustrated). Self-contained portable with 2 built-in
speakers. List price 94 Gns.
WIRECOMP'S PRICE 59 GNS. Carr. & Ins. 15/,
MODEL 14. Befit on a contemporary styled wood plinth with one
built-in List price 87 Lea.
WIRECOMP'S PRICE 49 GNS. car, &

THE NEW KUBA ' IMPORTED
AM FM STEREO RADIOGRAM CHASSIS

Long, medium and short
waveband coverage, plus
V.H.F./F.M. Piano key
wavechange. Separate
flywheel tuning on A.M.
and F.M. Bass, treble
and balance controls.
Magic -eye tuning indi-
cator. Ferrite rod aerial.
The very latest printed

circuitry. Provision for multiflex. 5 valves: line-up: ECC85, ECH801,
ECC83, ELL80, EAF801. Full vision tuning scale size 21 x gin. Overall
dimensions 21 x 61 x 8in. Made to the very highest standards. 30
output. 5 watts per channeL

WIRECOMP'S PRICE 291 GNS. Carnate.mgra-

COMMUNICATION RECEIVERS

MODEL

HE30
Coversro range040

Kc/s to 30
Mc/s. Ham
Band is pro-
vided with
a scale for

direct reading, and can also be band spread. Facilities:
A.N.L., A.V.C. and M.V.C. Q Multiplier also serves as
B.F.O. H.F. stage and two I.F. stages ensure high
sensitivity and selectivity. Valve line up: 3 x 611.46,
2 x 6BE6, 2 x 6AV6, 1 x 895 and 5Y3. 2 Aerial Sockets.
Standby position for use with a transmitter, S meter
fitted. 200-250 v. A.C. mains. Brand new and unused.
Boxed with full instruction manual, in attractive steel
cabinet, grey crackle finish. Cabinet size 15 x 8 x 10in.
Dial 12 x 4in.

WIRECOMP'S PRICE 33 GNS.
ALSO AVAILABLE AS A KIT 25 ORS. C. & P. FREE.
H.P. Terms (Ready Built): £6,131- deposit and 11
monthly payments of £21161-.

MODELHE40 Covers medium wave
band and 1.6-4.4 Me/s.,

4.5-11.0 Me/s. 11.0.30.0 Mc/s. in separate switched band
spread ranges. Controls include B.F.O. Sensitivity,
A.N.L., Receiver -Stand-by Switch, Tone Switch,
8 -Meter. For 200/250 v. A.C./D.C. Internal loop and
telescopic antennae fitted. Valve line-up: 12BE6,
12I3A6, 12AV0, 5005, and metal rectifier. Size 130x
a81,axil5linle.. Instruction manual included. No Kits

WIRECOMP'S PRICE 19 Gns. C. & P. 10/
H.P. Terms £4 dep. and 11 months at 21/12/-.

MODEL H E80 14 -valve super sensitive corn-
munication receiver. Freq.

range 540 lic/s.-30 Me/s. and 144-146 Mc/s. Dual
conversion on 2 metres, with extra R.F. stage. Single
R.F. stage, two I.F. stages on all other bands. B.F.O.
and Q -multiplier circuits. Improved A.N.L. and voltage
regulated power -pack. " 5 meter, band spread on
amateur bands, large illuminated dial with logging
scale. All controls fitted. Outputs for speaker and
phones. Valve line-up: 4 x 8AQ8, 3 x 6BA6, 2 x 6BE6,
1 x 6BL8, 6AL5, 6AQ5, 6CA4 and 0A2. Steel case
17 x 71 x 10in. For 200/250 v. A.C. mains. Brand new
with full instruction manual. No Kits available.
WIRECOMP'S PRICE 59 Gns. C. & P. FREE
H.P. Terms f12,19 - dep. and 11 monthly payments of

£4/18/-.

GUITAR/PA AMPLIFIERS
THE VIKING "TRANSISTOR 50"

50 watts
output.
Superb
amplifier
for all
music and
P.A. work- ideal

for
guitars,
groups,
etc. Fully
transis-
torised for maximum efficiency. 4 inputs with mixing
facilities plus reverberation/echo chamber, bass and treble
controls. Fully built and guaranteed. In strong wood
cabinet covered in washable material, size approx.
22 0 10 X 6in. Output imp. 15 ohms. For operation on
200/250 v. A.C. ,mina.
WIRECOMP'S PRICE 45 Gns. c. & P. 10/ -

VIKING "SOUND 30" High q""tYvalve model
guitar and P.A. amplifier. A.C. Mains operated -30 watt
output. 8 inputs, fitted with 4 separate volume controls
for 'Males also Bass and Treble controls. 15 ohms out.
British made -highest quality components used through-
out-ftuly guaranteed. In strong portable case, size
approx. 20 x9 x 6in.
WIRECOMPS PRICE 35 Gus. Car. & Pack. 7/6 extra.

TRANSISTOR POCKET RADIOS
BOYS 2 Transistor. Ready built complete with personal
earpiece, battery and carrying ease! Wonderful value
and performance -full medium waveband coverage -
built -in 2iin. speaker. Works on single PP9 9 v. butt.
In plastic case -sue only 4 x 2/ x lin. POST

WIRECOMP'S PRICE 42/- FREE
8 Transistor Model. Fully built-in plastic case. 4in. x
21in. x tin.. with 24in. speaker. Complete with personal
earpiece, butt. and leather case. Tunable over full
medium waveband.

WIRECOMP'S PRICE 69/6 POET FREE.

378 HARROW ROAD, LONDON, W.9. TEL.: CUNNINGHAM 9 5 3 0
Hours of 13usiness 9 a.m. to 6 p.m. Open all day Saturday. Opposite Paddington General Hospital. Buses 18B and 310 pass the dom.

IW W-140 FOR FURTHER DETAILS.
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VALVES
AC/11.1. 416
ACP4 (V-
AC6PEN 5/-
AL60 5/-
.A.118 .. 5/ -
ARP .. 3/6
ARP3 3/-
ARP12 2/6
ARP21 7/-
ARP24 8/6
ARP34 41-
ARTP1 6/-
ATP4 2/8
ATP7 5/6
A1)7 55/-
BL63 10/-
1384 8-/
1385 20/-
33884 47/6
B2134 16/-
BT19 25/-
BT35 25/-
BT45 150/-
BT83 85/-
0031 2/-
CL33 9/-
CV71 8/-
CV77 6/-
CV102 1/-
CV103 4/-
CV4014 7/-
CV4016 5/-
CV4025 10/-
CV4046 40/-
CY31 5/6
Dl .. 1/6
D41 .. 3/3
D61 .. 6/-
D77 . 5/3
DA30 12/6
DA60 75/-
DAF96 6/-
DD41 4/-
DET5 8/-
DET20 2/-
DET25 15/-
DF73 5/-
11F91 8/-
DF92 3/-
DF96 6/-
DK92 6/6
18K96 5/8
DL92 5/-
DL93

Brand new, indi-
vidually packed
and guaranteed

DL94 5/9 EF74 4/- HL23 61- F1(84 3 56//-60196 5/6 EF80 5/- HL23DD
DL810 8/- EF86 .. 4/8 5/- PENA 5/-
D12/319 15/- EF86 6/- 11141 4/- PT16 10/-
E8OF 23/- EF89 .. 3/9 ILVR2 9/- PT25H 716
111148 2/6 EF91 .. 2/9 K3A -30/- PT2651 7/6
1112611 60/- EF92 2/- KT80 22/- PX4 14/-
111416 50/- EF95 5/- KT32 8/- PX26 9/-
81524 12/6 13.1183 8/- KT33C 6/- PY32 9/6
EA50 1/- 11F184 8/- KT44 5/9 PY33 8/8
EA.73 7/- EHT1 300/- KT63 4/- PY80 6/6
EABC80 5/- EL32 3/9 KT66 12/9 PY81 5/6
EAC91 3/6 EL34 ..10/- KT67 15/- PY82 5/-
EAP42 8/- EL35 5/- KT76 8/6 PY83 6/-
E1134 1/6 EL38 -17/6 KT88 18/- PY800 5/6
E891 EL41 71- KTW61 4/8 PZ1-35 9/-
EBC33 11142 8/- KTW63 2/- PZ1-75 12/-
EBC41 71- EL50 8/- KTZ41 6/- QF21.. 6/-
EBC81 5/- EL81 8/- KT7.63 5/- QF25 5/-EBF80 5/- EL83 6/8 LP2 ..10/- QP230 5/-
EBF83 7/6 EL84 5/- L63 .. 5/- Q8150-15
118E89 6/9 EL85 8/- M8100 9/- 10/-
E052 4/- EL91 4/8 118142 12/- Q896/10 5/6
ECM 12/6 EL96 5/- 5(8190 5/- Q81003 8/-8076 4/- E1180 8/- 31114 5/- QV04/7 8/-
EC90 2/- 113181 7/6 MIILD610/- R3 8/-w91 8/- EM84 6/3 1104/1250
130081 4/- 113185 9/- N108 8/-
E0082 5/- EN31 10/- NE17 7/-
ECC83 6/- 1180208 6/- NOT2 10/-
ECC84 6/6 EY51 5/6 0113 7/-
E0085 6/6 EY86 6/- 0C3 8t-
ECC91 4/- EY91 3/- OD3 5/-
ECF82 7/- EZ40 6/- OZ4
EC1142 8/- EZ41 8/6 OZ4A 5/-
E01181 6/- EZ80 .. 5/6 PC084 5/-
ECE(83 7/6 EZ81 333 P0085 7/-
ECL80 5/6 F/6057 5/- PCC89 10/-
ECL82 7/6 F/6061 5/- PCF80 5/-
ECL83 10/- F/6063 4/- PCF82 6/8
110186 10/- FW4/5006/6 PCF84 5/-
EF34 .. 2/6 FW4/8008/6 PCL81 9/-
81,36 .. 3/6 01/2360 9/- PCL82 6/-
EF37 7/- GI/371% PCL83 8/3
RE39 5/- 19/- PCL84 7/-
EF40 8/- 050/213 5/- PCL86 9/-
EF41 8/- 13232 101- PENIS 4/6
EF60 . 2/6 0234 10/- PEN46 3/-
11E52 8/- 1163 7/- PEN220A
EF55 . 8/- 11%54 22/8 3/-

PL36 7/6EF71 7/6 111L1331/12 PL38 -16/-
EP/2 6/- 10/- PL81 7/-
EF63 4/8 11L2K 2/6 PL82 5/-

60-
RK72 6//-
8130P 15/-
8130 -15/6
113P2 .. 8/6
81.41 .. 1/6
81.61 .. 1/8
81.210 8/6
13T1/280/40

12/6
8TV70/80

8112150A81-
10/-

T4I 616
TP22 5/-
TP26 ..15/-
TT11 5/-
TT15 ..35/-
TT1131 45/-
TZ0620 41-
TZ20 -16/-
TZ40 30/-

U182/14 8/-
U17 .. 5/-
1318 6/-

1775 ..11/-
1327 .. 8/-
U32 .. 5/-
1YABC80 9/6
013041 6/-
UBF80 5/8
1113F89 8/6
UBL21 111-
170085 6/6
1101142 6/6
ITCH81 6/-
171182 13/-
12CL83 10/-
0E41 7/-
0L41 6/-
11184 5/6
11115 7/-
009 . 8/6
UY21 7/6
UY41 4/-
111/85 5/-
V1120 4/-
V1307 5/-
V1924 20/-
V2023 13/6
VMP4G 12/-
VP23 . 3/-
VP133 9/-
VR99 8/-
VR105/30

v8150/20
5/-

VT4C 20//-
VU33A 4/-
VU39 6/-
VX3256 4/-
W21 .. 5/-
W118 8/-
W119 8/-
X66 .. 7/6
X118 8/-
X145 8/-
YF . 1/-
Y63 .. 5/-
Y65 -. 9/-
Y66 .. 8/-
Z21 .. 6/-
Z8001T 20/-
Z80111 10/-
1A3 3/-
1A5GT 5/-
11322 . 30/-
1050T 6/-
1080T 6/-
11170 7/8
112 .. 3/-

6-
1L41060T.. 2/6
1LA6 6/-
1106 7/-

1L/14 4/-
1E2113 5/-
1E43 4/-
1N70 4/-
1114 .. 6/-
1116 .. 3/8

5-
185 .. 4/8
1T4 2/-
2A3 5/-
2E15 .. 6/-
21126 8/-
2026 7/-
2026A, 3/-
2034 .. 2/6
2C43 42/6
2045 22/6
2046 -30/-
2051 -12/-
21321 .. 5/-
2X2 .. 3/-
3/14 .. 4/-
3A/108A

20/-
3111463 35/-
3/1167/M

25/-
3126 .. 4/-
3B7 . 6/-
31324 .. 61-
3B28 -15/-
3E29 -50/-
3C/50T 7/6
384 ..
3V4 .. 5/9
4027 35/-
4111 4/-
5/117301 5/-
51117413 5/-
011403' 9/-
9T4 .. 71-
61.140 9/6
51340 8/-
6X4G 8/6
51'30 4/-
5Y3GT 5/-
5Y3WGTB

9/-
5Z40 6/6
6AB7 4/-
6A07 2/-
6AG5 2/6
6AG7 6/-
6AH6 10/-
6A.15 8/6
6AJ7 3/ -
OAKS 5/-
6AK6 6/-
6AK7 6/-
6AL5 3/-
6AL5W 7/-

610115 2/6
6AM6 4/-
6AQ5 71-
6A(15W 9/-
6A80 41-
62186W 9/-
flAT6 .. 8/6
6A06 7/-
6AX4 8/-
6B40 8/-
687 .. 6/-
6138G 2/6
6BA6 4/-
613E17 5/-
613E6 .. 4/8
611J7 71-
613R7 9/-
61313,6 9/-
604 2/-
6C20 2/8
6C5GT 6/-
606 _ 4/-
6060 .. 8/-
0080.. 8/-
60116 .. 4/6
6021 8(9-
6D6 3/-
6E5 .. 6/-
6E50 5/3
6F5GT 5/9
6F60.. 9/-
607 .. 6/-
6F813 .. 6/8
6F12 .. 4/8
6FI3 5/-
6132 4/-
6F33 3/-
2060 2/6
6111 .. 6/-
611631 1/6
6J4 9/-
6J4WA 10-
635 .. 3//6
6.150 .. 2/-
6J6 .. 3/6
6J6W 6/-
6370 5/-
63711 8/-
6K6GT 5/6
6117(4 2/-
6K 7GT 4/9
6E80 3/-
6K8GT 8/8
011811 8/8
6K25 12/-
6150 6/-
6L6 9/-
6L60 6/-
6L6GA 7/6
6170 4/-
61,34 .. 4/8

61020 5/9
8N7 6/-
6N71.1.. 5/9
4Q70 . 6/-
6117 . 5/6
68A7 71-
68A7GT 8/6
6807 .. 71-
68C7GT 5/-
6897 5/-
68950T 5/6
68H7 .. 8/-
6837 . 51-
68J7CT 6/6
138.07Y 8/8
68E7 .. 9/6
68L7GT 5/8
68N7 .. 3/6
68Q7 .. 6/-
6887 .. 2/-
61940T 9/8
6V013 . 5/-
6v60T 5/8
6V1331 8/-
61/4 .. 8/6
6X5(3 6/-
6X 50T 5/3
6Y60 6/-
6-3012 10/-
6Z4 .. 5/-
7137 .. 7/6
705 .. 10/-
706 .. 7/-
7C7 .. 6/-
7117 .. 7/3
7Q7 71-

7Z4 4/8
5/-

8132 .. 2/6
9132 8/-
9116 .. 8/6
11E3 87/6
12116 .. 2/6
12/1117 5/ -
12A118 11/-
12AT7 41-
12AU7 5/-
12AX7 6/-
12A Y7 10/-
12BA6 5/8
1213E6 7/-
12BH7 7/-
1208 8/-
13116 2/-
12350T 2/6
12370T 6/6
12K7OT 21-
12.K8M 10/-
12Q7GT 3/3
138A7 7/-
12807 /IF

128137 8/-
128137 3/-
12E17 5/9
128K7GT

128N7GT
8/-

5/9
128117 5/-
12Y4 2/-
14L7 7/-
121)2 .. 0/-
19E2 16/-
1903 . 10/-
19(46 .. 9/-
1907 . 5/-
19111 .. 6/-
19M1 5/-
20P4 13/-
21136 9/-
26L6GT 5/6
293'5 6/-
25240 6/6
25Z5 .. 7/6
26Z6GT 8/6
28D7 6/-30 .... 5/-
30016 9/6
30E6 8/8
30FL1 10/6
30P19 12/-
30PL1 8/-
35L6GT 71-
35T 17/6
35W4 5/-
3523 .. 8/-
3524GT 6/-
36260T 6/-
37 .... 4/-
38 .... 4/-
41MP 4/-
44A/160N

30/-
21580 6/-
5016(4T 8/-
53A .. 7/6
57 .. 6/-
58 , 6/-
19 .... 6/-
75 .... 5/8
76 .... 5/-
77 6/6
78 .... 5/-
80 5/6
81 .... 9/-
82 .... 8/-
84 .... 8/-
85A2 8/-
210VPT

7 -pin 2/6
220PA 7/ -
220TH 4/-

225DD 9/-
307A .. 5/6
313C -25/-
307A -70/-
368A .. 5/-
393A -15/-
446A .. 8/-
703.A -80/-
705A -10/-
71513 -60/-
717E1 .. 19-
72411 -151-
801 .. 6/-
803 ..22/6
806 ..80/-
807 .. 81--
808 .. 8/-
813 -.63/-
815 ..85/-
829A -30/-
829B -50/-
83013 .. 4/-
832A ..45/-
832 -15/-
837 .. 9/-
843 .. 6/-
860 -10/-
866A ..14/-
884 ..10/-
954 .. 4/8
955 .. 2/6
956 .. 2/-
957 .. 5/-
958... 9/-
1612 .. 5/-
1616 .. 8/-
1619 .. 5/-
1622 -12/-
1625 .. 6/-
1626 .. 8/-
1628 .. 4/8
2051 .. 5/-
40430 13/6
4063 . 8/-
43130 30/-
5704 . 9/-
5726 .. 6/-
6064 .. 7/-
6065 .. 6/-
0080 -32/-
7193 .. 1/9
7475 .. 2/-
8013A 25/-
8020 .. 8/-
9001 .. 8/-
9002 .. 4/8
9003 .. 6/-
9004 .. 2/6
9006 .. 2/6

Owing to 15% surcharge a few of these valves will be increased by 10%
MANY OTHERS IN STOCK including Cathode Ray Tube and Special Valves.

All U.K. orders below £1 P. & P. I/-: over £1 2/-: orders over E3 P. & P. free: C.O.D. 3/6 extra. Overseas Postage Extra at Cost.

C.R. Tubes
0V1196

(09J) 55/-
E4504/2/16

28/-
VCR97 28/-
VCE138

30/-
VCR138A

40/-
VCR139A

85/-
VC11617B

40/-
VCR517C

40/-
3FP7 45/-
50P1 80/-
6FP7A 12/ -

Photo
Tubes

CMG8 8/-
0816 12/8
931A 61-
60970 850/ -

Special
Valves
ACT6 £8
ACT9 212
K301 £4
KRN2A

28/10/-
1B24 26/-
2322 22/10/-
2J54 28
417A 30/-
3J/92/E

637/10/-
714AY 14
723A/B 50/-
725A 30/-
726A 19/-

Ttanststore
0C44 6/-
0045 6/-
0072 7/-
0081 7/-
0082 101-

MARCONI COMMUNICATION RECEIVER
CRI50/2
Frequency coverage 1.5-22 Mc/s. in 4 bands. Two
I.F.s 1st 1,600 kc/s. 2nd 465 kc/s. Image signal
protecting over 40 dB up to 30 Mc/s and 20-40 dB
from 30-60 Mc/s. Self -checking calibration (built-in
calibrator). Stabilisation of supply and temperature
compensation. Electrical and mechanical band -
spread. Metering and visual tuning indicator.
Band pass from 100 c/s. to 10 kc/s. in 5 stages.
Acoustic filter associated with 100 c/s. Bandpass
position for CW reception. Facilities for diversity
reception. Excellent checked condition, f35.
Mains P.S.U. by P.C.A. Radio, 14/10/0, carriage 30/,

SEALED HIGH SPEED SIEMENS RELAYS.
1700+1700 ohm, 15/, P. & P. 1/6.

DUMONT MODEL 241 OSCILLOSCOPE
in fully working condition E22/10/.. P. & P. 30/-.

"CONNECT AND FORGET, CANNOT
OVERCHARGE " ESSTRON " MARK I
AUTOMATIC BATTERY CHARGER.
Initial charging rate 6-7 amps. The charging rate
automatically adjusts itself to the charge in the
battery. Automatic current and voltage control.
Patented application of magnetic amplification
to battery charging. Indicator lights show battery
fully charged, receiving charge incorrectly connec-
ted or faulty cells. Mains voltage 200/250 v. Built
for 6 or 12 v. batteries. Measurements 7 x 5 x
Weight 841b. Price £7/1916. P.P. 3/6.

SIGNAL GENERATOR MARCONI TF 995A -I.
Range 1.5-220 Mc/s. in 5 bands. Output voltage
variable in I dB steps from 1µV to 100 mV. Carrier
may be unmodulated, frequency modulated, ampli-
tude' modulated, or simultaneously frequency and
amplitude modulated. Frequency deviation is
variable from 25-600 kc/s, for FM and modulation
(internal or external) up to 50% for AM. Crystal
calibrator for checking frequencies incorporated.
Incremental frequency control. Fully checked
and guaranteed. Price £83/15/-. Carriage in U.K.
30/-.

WELL PROVEN RELIABLE COMMUNICA-
TION RECEIVER P.C.R.2.

(Made by Pye.) 120 kc.-350 kc. 525 kc.-I,600 kc.
6 Mc. -22 Mc. Overall sensitivity 1-2µV. S/noise
ratio 10 dB at 6µV. Circuit incorporates an R.F.
stage, two I.F. stages, tone control, A.V.C. antenna
trimmer, 6V6 output. Set in fully working condition
together with headphones and speaker plug.
f7/1216, carriage 15/-. Ditto but with built-in power
supply for 210/250 v. A.G. L9/19/6. Carriage 15/-.
AR88D RECEIVERS. Fully reconditioned, E55,
rebuilt models £85. Brand new 495. Carriage paid
U.K.
CARBON INSET MICROPHONE. G.P.O.
types 2/6. P. & P. 1/6.

RELAYS. Large selection of new relays type
600 and 3,000.
TELEPHONE HANDSET. Standard G.P.O.
type, new 12/-. P. & P. 2/-.
Large selection of mains and Heavy Duty L.F.
TRANSFORMERS.

P. C. RADIO LTD.
170, GOLDHAWK RD., W.12

SHEpherd's Bush 4946

Open 9-5.30 p.m. except Thursday 9-1 p.m.

32/34FT. AERIALS each consisting of ten 3ft.
tin. dia tubular screw -in sections, 14ft. (7 section).
whip aerial with adaptor to fit the tin. rod, insulated
base, stay plate and stay assemblies, pegs, reamer
hammer, etc. Absolutely brand new and complete,
ready to erect, in canvas bag. £21/9/6. P. & P. 10/6.
CONNECTORS FOR TCS RECEIVER
TRANSMITTER AND REMOTE CON-
TROL with original plugs on both ends. New,
f1/17/6 each. P. & P. 2/6.
PANEL METERS (round)
0-50 mleroamps 24in. D.C... 40/-
0-100 mieroamps 241n. D.C. 35/-
0-100 microamps 21 -in. A.C. 30/-
0-100 mieroamps 21in, D.C. 35/-
0-500 miernamps 24in. D.C. 30/-
0-500 mIcroanms 35in. D.C. 37/6
0-1mA. tin. D.C. 19/6
0-1mA. 31in. D.C. 35/-
0.5mA. 3 / in. D.C. 45/-
0-100mA, 34in. A.C. 22/6
150.0.1,500mA. 31in. D.C. 29/-
0-100mV. 31in. D.C. 32/6
0-5 v. 311n. A.C. 22/6
0-15 v. 21 in. A.C. 17/6
0-50 v. 2fin. D.C. 28/-
0-150 v. 21m. A.C. 24/-
0.500 v. (shunt) 2/ in. D.C. 20/-
0-10 kV. 21in. D.C. 83/ -
'Weston as usually used also in H.11.0. as " 8 " meter.
11Projeetion type.
POWER SUPPLY & L.F. AMPLIFIER UNIT
NO. 3. Input 12 v. 3 amp. Output 145 v. 50 mA.
Synchronised vibrator and extremely efficient
smoothing. Stabilized heaters supply. Valves,
IL4 and 3A4. Many practical possibilities. i.e., car
radio, etc. Diagram supplied. Brand new, 37/6.
P. & P. 8/-.
VARIOMETER for No. 19 set, 17/6 each. P. & P.
3/-.
Large Selection of SPARE PARTS for 53
TRANSMITTERS.
NEW CHR. HIGH -RESISTANCE HEAD-
PHONES. 14/.. P. & P. 1/6.

EVERSHED I°iEGGER CIRCUIT TESTER
2 ranges. 0-1,000 ohms. 100-200,000 ohms. with
test lead,. leather carrying case. Tested £4/19/6.
P. & P. 3/6.

PERSONAL CALLERS yfkLCOME
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London's Largest Stocks of All4

THE HOME OF HI-FIDELI
COMPLETE MONO/STEREO SYSTEMS TO YOUR SPEC-
IFICATION AT LASKY'S SUPER PRIVILEGE PARCEL PRICES.

DEMONSTRATION. STUDIOS
Hear and compare the very latest

HI-FI EQUIPMENT
Visit our spacious showrooms at 33 Tottenham Court Road, 207 Edgware
Road or 152-3 Fleet Street, whichever is most convenient, In our Demonstration
Stduios you can see, examine, hear and compare the very latest products in the
realm of high-fidelity reproduction.
 TAPE RECORDERS  TAPE DECKS  MICROPHONES 
AMPLIFIERS  CONTROL UNITS  AM/FM TUNERS 
RECORD PLAYERS  AUTOCHANGERS  TRANSCRIPTION
TURNTABLES  PICK-UPS  LOUDSPEAKERS  SPEAKER
SYSTEMS  CABINETS AND ENCLOSURES  TRANSISTOR
RADIOS.
by all the well-known makes including; -
ARMSTRONG G.E.C. LORENZ

GOLDRING LOWTHER
GOODMANS LUSTRAPHONE
GRUNDIG ORTOFON
HARTING PAMPHONIC
H.M.V. PHILIPS
JASON QUAD
KORTING RESLO
LEAK ROGERS
LENCO SIMON
LINEAR SOUND

BRENELL
CHAPMAN
COLLARO
CONNOISSEUR
COSSOR
DULCI
E.A.R.
ELIZABETHAN
FERROGRAPH
FI-CHORD
GARRARD

STELLA
STUZZI
TANDBERG
T ANNOY
TELEFUNKEN
THORENS
TRUVOX
VORTEXION
W.B.
WEARITE
WHARFEDALE

If you cannot pay us a visit please send us details of your choice of equipment and we shall be
pleased to quote. See Complete Systems.

COMPLETE SYSTEMS
A Lasky's " Privilege Parcel " allows you to purchase the Audio System at your choice at a
worth -while cash saving. We shall be pleased to quote our " Privilege Parcel " Prices for any
selection of equipment of pour own choice. Send us details of your requirements. H.P. Terms
can be arranged on Privilege Parcels.

RECORD PLAYERS
4 -SPEED AUTO -CHANGERS

7 SCOOP

COLLARO Studio C60. Wired for
stereo with monaural cartridge

£6 19 6
MAGNAVOX-COLLARO lat-
est model. 4 -speed Stereo
Autochanger. Fitted diamond
stylus and record dust cleaning
attachment Stereo £7 19 6

LASKY'S CAN NOW OFFER
B.S.R. AUTOCHANGERS AT

LOWEST EVER PRICES!
All brand new and fully guaranteed -complete with
cartridge and stylus.
17A16 4 -speed mains model £4 19 6
UA14 4 -speed 9 v. battery operated £5 19 6
I, A20 4 -speed £5 19 6A.I.1 1,, P..0 P. ou each.
GARRARD
Auto -Slim Mono £6 10 0
Auto -slim Stereo £7 10 0
Auto -Slim Mono Plug-in head 27 7 0
Auto -Slim De Luxe Mono AT6 211 9 0
Auto -Slim De Luxe Stereo A Til £12 5 0
ATSP, Mono 210 8 2
AT5P, Stereo £11 5 11
3000LM with stereo cartridge 211 11 11
Postage on all above 5/-.

TRANSCRIPTION MOTORS
GARRARD 411F, ster or mon £15 19
GARRARD 401 £3210
GARRARD Lab. 80, Mom £28 17
GARRARD Lab. 80, Stereo £29 15
GARRARD 301 (Strobe) £21 0
GARRARD A with GCS
GARRARD with EV26A.. : :

£19 14
£20 10

PHILIPS AG/1016 £12 12
BRAUN PC4L Stereo £12 9
CONNOISSEUR.

Craftsman II £17 21
Craftsman III
Model B

22£252 149

LENCO GL58 £17 1
LENCO 088 £18 18
LENCO (3L70 £27 9

THORENS 135 £35 8 4
THORENS TD124 £38 7 4
SINGLE PLAYERS
Auto start and stop. With pick-up and
crystal cartridge.
GARRARD T.A. Mk. II Mono £7 17 3GARRARD SRPIO latest model single
player with G.C.S. £5 9 11
E.M.I. 4 -speed STEREO £3 19
COLLARO JUNIOR 4 -speed motor and
pic k-u 69/6
6 voltbattery version, 4 -speed with pick-up

69/6
All other current models available

Postage on all above 5/- extra.

OUTSTANDING SINGLE PLAYER OFFER
EMI 4 -SPEED RECORD PLAYER
New, unnamed and individually hoxed fitted with light-
weight pick-up with ACOS G.P. 73/2 stereo cartridge.
Cabinet space required 131 x 121 x 41in. gin. metal
turntable is fitted with Auto -stop. For use on 200/250
volt A.C. Maim. The stereo cartridge will Play all types of
Mono Records. 788, L.P., etc., but if desired a G.P. 67
LP/78 Mono cartridge will be supplie.l in lieu of the GP73
at no difference in cost.

LASKY'S PRICE 79/6 P. & P. 3/6.

AMPLIFIERS
VIKING-LASKY "TRANSISTOR 50

50 watts output. Superb amplifier for all
music and P.A. work -ideal for guitars, groups,
etc. Fully transistorised for maximum efficiency

'-4 inputs with mixing facilities plus reverbera-
tion/echo chamber. Fully built and guaranteed.
In strong wood cabinet covered in washable
material, size approx. 22 X 10 x 61n. Output
imp. 15 ohms. For operation on 200/250 v.
A.C. mains.

LASKY'S PRICE 45 GNS.p.../..

VIKING "SOUND 30
High quality cal ve model. Guitar and P.A. co uplifter. A.C. Mains operated -30 watt output.
8 inputs, fitted with 4 separate volume controls for mixing also Ham and Treble controls. 15
ohms out. Brit ish made, highest quality components used throughout, fully guaranteed. In
stoup: portable vas, sic, appro., 20 's fin.

LASKY'S PRICE 35 GNS.

ARMSTRONG
EQUIPMENT
We stock all the latest models by
this famous manufacturer.
Illustrated: Model 227M-AM/FM
Tuner Amplifier.
AF 208 ,

Model 227M £36/15' -
Model 223 £22/151 -
Stereo 55 229/181 -
Model 227 £52/15/ -
Model 226 2612 -/-
Model 222 Amp. £27/10' -Model 224 222/10'-
T.4.c £17119 -
T.4.b. £2018 -
127M £26,10 -
127 £37/10 -

S.T.3. Mk. IT
A.20 Stereo Amp.
P.C.U. 25 Stereo Pre -amp :221'1' -1:6-
Optional cases £3 10 -

H.P. Terms available.

MICROPHONES
AIWA DM -31. -- Dynamic Stick Microphone with Base.
Available with 60 K11, 6000, or 660 illd,da111.1.. Frequency 60-15,000 eJs. Sensitivity: 75dB
16000 and 35D I- 55 .16150K 0 S. N nu dir,t lanai. Beautifully finished in satin chrome and matt
black. Complete with removable table stand :oh! lead.
LASKY'S PRICE £6/19/6. P. & P. 2/5.
LAFAYETTE PA -900 - Uni-Directional Dynamic Microphone.
Superbly made amt finished. Dual inipetlaillec 60,10: 50K G. Frequency range 50-15,000 c/s.
Diecast body with adjustable elbow. Satin chronic and matt black finish. Complete with lead.
LASKY'S PRICE 11 gas. & P. 2/6.
EM -S. High Impedance crystal stick microphone with removable base and muting switch.
Finished in black enamel and chemise. Complete with lead, neck harness and stand adaptor.
LASKY'S PRICE 39/6. P. & P. 2/li. Heavy matching table base, 12/6. P. & P. 2/6.
DM -304. Dual impedance dynamic with ACOS CRYSTAL STICK MIC. Type MIC.on/off switch. Satin chrome finish. Conipbts 39/1. complete with cable. List 25/5/-.with lead. LASKY'S PRICE 32/6. Post free.LASKY'S PRICE 89/6. P. & P. 2/6.

DF-1. Miniature dynamic stick. SizeDX -20. High imp. Dynamic nue. Is, only 31in. long x Two-tone enameleast metal pencil body. Complete with finish. Complete with lead and clip onstand and lead. stand.
LASKY'S PRICE 394- P. & P. 2/6. LASKY'S PRICE 52/6. P. & P. 2/6.
DX -62. High impedance dynamic with DM -13. High impedance dynamic. Direc-on/off switch. Chrome/enamel finish tional. With on/off switch. Satin chromeComplete with lead. finish. Complete with lead.
LASKY'S PRICE 89'6. P. & P. 2/6. LASKY'S PRICE £5/5/-. P. & P. 2;6.

FILM INDUSTRIES TYPE M3 RIBBON MICROPHONE. New and unused.
Low hop. Complete with 12ft. twin screen cable and 4in, stay -put flexible tube.
Listed at 28/15/- LASKY'S PRICE 1.611916 P. & P. 2/6.
Heavy metal table base for above 10/- extra.

SPECIAL INTEREST ITEMS!
THE HARROW POWER PACK
Battery eliminator for portable radios, etc. Converts your battery radio to A.C. mains. Replaces
41 v. 6 v. and 9 v., batts. Size only 3in. xtlin. x 21in.
State Voltage required when ordering. LASKY'S PRICE 29/6
THE PETIT FU LM ITER Designed to replace PP3 9 v. battery.

18/6 P'16.1'Operates direct from 200-250 A.C. Same size as PP3.

GUITAR PICK-UPS
GCM5 Crystal -high imp. Size only 1;in. x Dn. x )in. Clips to finger board -no screws.
Complete with cable. LASKY'S PRICE 15/11. P. & P. 1/-.
COM35. Magnetic -high imp. Fully adjustable pick-up position carrier. Simply Sxed. Separate
tone and volume control. Heavy chrome finish. Pick-up. size 31in. 0 1110., control size 21in. x

complete with long lead and screened jack plug.
LASKY'S PRICE 39/6. P. & P. 1/6.

LASKY'S FOR ALL TEST GEAR & TECHNICAL ADVICE
1W W-141 FOR FURTHER DETAILS.
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Equipment and Components
AND TAPE RECORDERS
THE FINEST RANGE OF MONO/STEREO
MAINS AND TRANSISTORISED PORTABLES

TAPE RECORDERS
SPECIAL NEW YEAR OFFER
SIEMENS STEREOTAPE RECORDERS
High precision machines offering a maximum
of facilities for the enthusiast and connoisseur.
Exceptionall5 tine performance standard,
ensuring superb reproduction. All models
have the following general specification:
* Completely self -contained -record, replay

and audio amplifiers built-in.
* All transistorised -no warming up period

required.
* Three heads (separate record -replay -

erase) also provide sound -on -sound
recording.

* Three speeds -7}, 3f, 111.p.s. *4 tracks * Takes 7in. reels. * Record level indica-
tore on both channels. * Remote control facilities. Other facilities on these exceptional
machines include:- Push button controls; Tape end stop; Separate switched bass boost and
treble cut; Sep. inputs for 2 mikes, 2 pick-ups and 2 radios with provision for mixing 3 inputs.
Outputs provided are two at 4 ohms; 2 sets headphones and 2 external amplifiers. Power output
21 watts per channel. New, boxed and fully guaranteed.
MODEL 12 (illustrated). Self-contained portable with

LASKY'S PRICE 59 GNS.2 built-in speakers. List Price 94 Gus.
MODEL 14. Built on a -contemporarily styled wood

LASKY'S PRICE 49 GNS.plinth with one built-in speaker. List Price 87 Gne.
Carriage and Insurance 15/- extra on each.

HIGH QUALITY TAPE RECORDERS
Supplied complete with crystal microphone, reel of tape and empty spool, also screened lead for
recording from radio, pink -up, etc. The following specifications are common to all three models:
Tone Control, Visual Recording Indicator. Inputs: Microphone, Radio, Record -Player. Radio-
gram, Telephone Adaptor, Fully Automatic Erase. Facilities: Fast spooling, forward and
reverse. Valves: Latest Mallard Miniature types. Rectifier: S.T.C. or Westinghouse Metal
Rectifier. Loudspeaker: Standard 3 ohm with extension speaker socket. Microphone: new
super sensitive crystal in the new easy to hold microphone ease. Carrying Case: Portable
case with detachable lid, harmonising gold trim and automatic safety locks. Storage cubby
for microphone and accessories. Covered in new type washable scratch resistant Vinyl.
Size for Model's A and B: 141 x 14 x 61in. Size for Models C & D: 14 x 121 x 64 in.

MODEL A Studio Deck. Four Track. Speeds 11, 31 and 71 Lim. Spool capacity:
7in. Wow and flutter: Less than 0.15% total. Playing Times: up to

18 hours. Frequency Response: 12,000 c.p.s. at 71 i.p.a. Mains Voltage 200-250 v. 50 c/e, A.C.
Output a watts.

LASKY'S PRICE 27 GNS. Carriage mad Insurance 151- extra.

MODEL B Studio Deck, Two Track. Specification as for Four Track model above,
except that this is fitted with Two Track Studio Tape Deck. Maximum

Planing Time: up to 0 hours from one reel of tape.

LASKY'S PRICE Carriage and Insurance 15/- extra.25 GNS. '

MODEL C Fitted with B.S.R. Deck, two -track version. Specification: Single
speed. 31 i.p.s. Freq. response 10,000 c.p.s. at 31 i.p.s. Spool capacity:

51in Mains voltage 200-200 v. 50/60 c/s. A.C. Wow and flutter: Less than 0.2% total. Output:
3 watts. Playing time up to 3 hours.

LASKY'S PRICE 18 GNS. Carriage and Insurance 15/- extra.

MODEL D Fitted with B.S.R. Four Track Deck -otherwise same specification
as the Model C -but maximum playing time Increased up to 6 hrs.

LASKY'S PRICE 21 GNS. Carriage and Insurance 15/- extra.
H.P. Terms are available on the above models.

SPEAKERS
SPECIAL BARGAIN OFFERS
PANE 12" TYPE 122/17 (Illustrated right)
Power handling 25 watts --15 ohms imp. Flux density 17,000 gauss.
Special Anisotropie magnet. Listed at 211/17/8. Limited stock.

LASKY'S PRICE £5/19/6 P P o/.

WHARFEDALE WNA. 12 12in. 15E2 imp. Flux density
14,000 seeds. Maximum input 15 watts RMS, 30 watts peak. Fre-
quency range 25-4,000 c.p.a. Cone fitted with roll surround.
WHARFEDALE SUPER 5 Sin. mid range and high frequency
speaker. 1512 imp. Frequency range 300-17.000 c.p.s. Aluminium voice coil.
These two speakers provide an ideal matched pair for a full range Hi-Fi speaker system. Both
brand new, utilised and individually boxed.

LASKY'S PRICE £12/19/6 THE PAIR (1-"Adalutt tcr PP.ifiRongl 10/,

VARIABLE CROSSOVER
Strong metal construction. Size 4in. x
21in. x 11in. Screw tag connections.

THE HARROW CV 1. Gives variable
volume control of Woofer and Tweeter.

LASKY'S PRICE 22/6 P. &p.i/6

HI-FI FURNITURE
by LE____EIZEI'CORD
The full range of Record Housing equipment
-cabinets, speaker enclosures. etc., stocked.
Delivered anywhere. Catalogue FREE on
request.
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LASKY'S
RADIO

CONSTRUCTORS BARGAINS
THE NEW " KUBA " IMPORTED AM/FM

STEREOlaSawasan

RADIOGRAM
CHASSIS
Long, medium and short
waveband coverage, plusMOM A VILF./F.M. Piano keywe. Separate fly-
wheel tuning on A.M. and

F.M. Baas, treble and liaLuicc controls. Magic -eye tatting indicator. Ferrite rod aerial.
The very latest printed circuitry. Provision for inanities. 6 valves: line-up: ECC85, ECH801,
ECC83, ELLS°, EAF801. Full vision tuning scale size 21 x bin. Overall dimensions 21 X
61 x 81n. Made to the very highest standards. 311 output. b watts per channel.

LASKY'S PRICE 29..4 GNS.a Carriage and insurance 12/6 extra.

JASON
High quality home construction units
for the discerning Hi-Fi enthusiast. We
stock the complete range of component
parts.
FM & AM/FM TUNERS
FDIT1. Can be built for
FMT2. Can be built for
FMT3. Can be built for
Mercury II. Can be built for
JTV2. Can be built for
JTL Stereo tape link -comp. kit
TEST EQUIPMENT
AG 10 Audio Gen. Can be built complete for
OG 10 Scope Kit price exc. tube
W 11 Wobbulator Can be built complete for
EM 10 Valve voltmeter Can be built complete for

£6 15
£10 12
£12 5
£10 12
215
£22

10
1

£15 19
£17 19
214
£23

19
0

0. P. & P. 2/6 extra.
0. P. & P. 4/- extra.
0. F. & P' 4/- extra.
8. P. & P. 2,6 extra.
0. F. & P. 4/- extra.
0. P. & P. 4/- extra.

0. P. & P. 4/- extra,
B. P. & P. 4/- extra.
0. P. & P. 4/- extra.
0. P. & P. 4/- extra.

BUILD A RAH QUALITY TAPE RECORDER
Using the famous Collaro "STUDIO" deck and MARTIN

pre -assembled amplifiers 2- or 4 -track models.
COLLARO STUDIO TAPE DECK.
Latest model 3 speed, 3 motors. Takes 7in. reels. Fitted with halt -track heada.
LASKY'S PRICE 210/10/-. New and Unmed. Carr. & Pack. 7/6.
COLLARO STUDIO TAPE DECK. As above but fitted with the latest
quarter.track heads. LASKY'S PRICE £13/19/6. Carr. & Pack. 7/6.
MARTIN TAPE RECORDER AMPS. Designed for use with Came Studio
Tape Deck. In cab -assemblies for immediate installation. 6 -valve circuit. Comprehensive
instructions make final assembly as simple as possible. Everything supplied including valves,
etc. Monitoring facilities. 3 ohm output, speed equalising, etc. For 200-250 v. A.C. mains.
PRICES f track Model 211/11/, 1 -track Model £12/12/-. P. & P. 2/6 -
Portable carrying case designed to take the Collars Studio Tape Deck and the Martin Tape
Amplifier. Fitted with 9 x 5 in. speaker. Price complete with speaker g5/5/-. P. & P. 5/,

THE BH-14 HI-FI MONO AMPLIFIER KIT
High quality 14 watt power amplifier. with Ben:trite volume controls on each input, also bass
and treble controls. InpUts: 1-5 m/v., 2-40 in/v. Output impedance 3 or 15 ohms. 5 valves -
line -up, 2 x EL84, 1 x EF86, ECC83 and EZ81. Frequency response 15 e/s.-20 Kc/s. ideal
for the discerning Hi -Fie nthusiast or as guitar amp. Gold hammer finish with distinctive
Perspex front panel. Complete kit of parts with detailed construction data.
MAY BE 9 GNS. Carr. & Pack. 7/6 extra. AVAILABLE READY BUILT AND

IBUILT FOR  Ins. book available cep. 1/6. TESTED. 11 GNS. P. & P. 7/6,

FROM PRE -AMP TO 20 WATT HI-FI STEREO
ASSEMBLY BYES BUF WI

ROM ST OC
LDING TH MARTIN AUDIOKITS-AVAIL-

K.
Using specially developed circuits, the very latest transistors and printed circuits -these
kits are all fully checked and tested before leaving the factory. Although the kits are basically
designed for use together the we -amplifier and mixer stages may be used to great advantage
with existing valve or transistor equipment.
KIT 1. 5 -stage Matching Input Selector Unit LASKY'S PRICE 47/6.
KIT 2. Pre -amplifier with volume control LASKY'S PRICE 37/6.
KIT 3. 3 -Channel Mixer, with plug-in adaptors for individually

matching each circuit. Adaptors 8/6 each

PRICE
KIT 4. Pre -amplifier with tone/volume control stages
KIT 5. 10 and 3 watt Main Amplifier

LASKY'S PRICE 52/6.
LASKY'S PRICE 26/12/6

KIT 6. Power supply Converter Unit
KIT 7. 15 ohm version of Kit b
KIT 8. Power supply for Kit 7 LASKY'S PRICE £2115/-.

TAPE DECK MOTORS Motors for the Collars Studio
Deck -new and unused. 200-250

v. A.C. Take-up and rewind. Listed at 22/5/- each.

LASKY'S PRICE 14/11 each P. & P. 2/6.
State motor required when ordering.

high que:ity tape deck capstan motor made
by E.M.I. Holland. Bi-directional. Sire LASKY'S PRICE 18/11 P' 3/6.4tn. ilia. x 2in. high, lin. x tin. spindle.

SEND FOR OUR LATEST BARGAIN BULLETIN. 20 foolscap pages. Hundreds of 1

Bargains for the " ham " and service man. PRICE 6,1. l'IIOT FREE. '

LASKY'S FOR D.I.V. CONSTRUCTION BARGAINS
1W W-142 FOR FURTHER DETAILS.

P.I.O. FOR
MORE NEWS
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For The Finest Value and
TRANSISTOR RECEIVERS
THE WIDEST RANGE AVAILABLE TODAY FOR HOME CON-
STRUCTION OR READY BUILT TO HIGHEST STANDARDS

We consider our Construction Parcels to be the finest value available on the home construction market. If on receipt you feel
not competent to build the set, you may return it as received within 7 days, when the sum paid will be refunded less postage.

TRANSISTOR PORTABLES
THE SKYROVER AND SKYROVER DE LUXE

GENERAL SPECIFICATION
7 transistor plus 2 diode superhet, 6 waveband
portable receiver.
The SKYROVER and SKYROVER DE LUTE
cover the full Medium Waveband and Short
Waveband 31-945L, and also 4 separate switched
hoard -spread ranges, 13M., 16M., 19M., and 25M.,
with Band Spread Tuning for accurate Station
Selection. The coil pack and tuning heart is
completely factory assembled, wired and tested.
The remaining assembly can be completed In
under three hours from our easy to follow.
stage by stage instructions. Superhet, 470 Eels.
All Mallard Transistors and Diode. Uses 4 1'2
batteries. Ma. Ceramic Magnet P.M. Speak,.
Easy to real Dial Scale, 500 MW Output. Tele-
scopic Aerial and Ferrite Roil Aerial.

NEW ! SKYROVER MK. II 011mtrate). Now supplied with
redesigned cabinet, edgewise con-

trols, new colour kuning scale and cabinet In Mem Tan. Controls: Waveband Selector, Volume
Control with on/off switch. Tuning Control. In plastic cabinet, size 10 x 6.y x :31(tt. with metal
trim and carrying handle.

beembulltnioorw £8.19.6 .p/- eaxtrisa..

H.P. Terms : St deposit and
11 monthly payments of 16/6.

The SKYROVER De Luxe Tone Circuit is incorporated, with separate
Tone Control in addition to Volume Control.

Tuning Control and Waveband Selector. In a wood cabinet, size 111 X 6) x 3in. covered
with a washable material, with plastic trim and carrying handle. Also ear aerial socket fitted.

H.P. Terms: 25'- deposit and
11 monthly payments of 20,-.

Data for each receiver: 2,6 extra. Refunded if you purchase the pace'. Foul t 2 hammier
/4 extra. All components available MIN trattly.

* LONG WAVEBAND COVERAGE IS NOW AVAILABLE FOR THE SKYROYER
& SKYROYER DE LUXE A simple additional circuit provides covet age of the 1100/1950 M.

band (including 1500 M. Light programme). This is in addition to all existing Medium and
Short wavebands. All necemary components with construction
data. Only 10 i" extra Post Free.
This conversion Is suitable toe Skyrover and fikyrover Do Luxe receivers that have already been
constructed.

bebuiltnolowr El 0.19.6 1:i.

REALISTIC SEVEN
Fully tunable over long and medium wavebands. Uses
7 Mullard Transistors; plus Diode 0A70.
STAR features:
 7 Transistor Superhet.  350 Milliwatt outpat 4in. high.
Sox speaker.  All components mounted on a .ingle printed
circuit boats', size 5 Slin. ill one complete asseiribiy.
 Plastic cabinet, with carrying handle, size 7in. x loin x 3 in.,
In blue grey.  Easy to read dial.  External socket for car
aerial.  I.F.-frequency 470 Kas.  Ferrite rod Internal can be built Suaerial.  Operates from PP9 or similar battery.  Full com-
prehensive data supplied with each receiver.  AU coils
and I.F.e, etc., fully wound ready for Immediate amembly.
An outstanding Receiver. 1'. & 4/0.

REALISTIC SEVEN De Luxe 7 tirtir=t: 11:1"trie, 742
now available. With the same electrical specification as standard model -PLUS A SUPERIOR
WOOD CABINET IN CONTEMPORARY STYLING covered in attractive washable material,
with super -chrome trim and carrying handle. Also a full vision circular dial, externally mounted
to further enhance the pleasant styling. ONLY 61 EXTRA
Both models Battery 3/9 extra. (All components available separately). Data and instruction
separately 2/6, refunded if you purchase parcel.

£5 .19 . 6

SINCLAIR SUPER MINIATURES
THE SINCLAIR MICRO -6 SOU -contained pocket radio size only

It' x 14" x 5". A marvel of modern minia-
turisation -truly amazing performance. Without a doubt the most advanced transistor
circuit ever offered to home constructors -yet may be built in au evening. Complete with
earphone and detailed construction data. Mercury .111/1.1. extra (2 required). All parts CO /6
sold separately. CAN RE BUILT FOR ../
THE SINCLAIR SLIMLINE The 2 ne inw

.

2-trsi
x

stanor pocket radio size
only x lgin.

Micro alloy transistorised and printed circuit. Easy to assemble.
CAN BE BUILT FOR 49/6All components available separately.

THE NEW SINCLAIR X10 10 watt power amplifier fitted with inte-
grated pre -amplifier. Requires only 1 mV.

for an output of 10 watts undistorted. Frequency response hi' flat A dB from 5 cis. to 20 ke/e.
Size only 6 X 3 x in. Weight 5 oz. Built on printed circuit. Operates from 12y. D.C. at
76 mA. quiescent. Circuit use. 7 M.A.T.s and 4 RF power transistors.

KIT PRICE £5.19.6 POST FREE

AVAILABLE READY BUILT, TESTED AND GUARANTEED, E6/19/13 POST FREE.
3 pots. for vol., Bass and Treble, 7/8 the 3 extra. Mains power pack, if required, 54/..

MINIATURE EARPIECES for Transistor Radios. Transparent ear
Inserts with Nt. cord, sub -min. Jack and socket. Fully guaranteed. Post free.
CR.6. Crystal high imp. 5 0
MR.4. Magnetic low imp. 6 6

READY BUILT BARGAINS
THE "TRANSISTOGRAM" IDEAL GIFTS

portable battery operated fatly transistorised Record Player -Made
hy famous British manufacturer, fully guaranteed. Size fif x 12 x
Weight 101b. Operates on 6 us batts. 4 speeds -161, 331, 43 and 78 r.p.m.
(:oldring Cygnet player unit with lightweight pick-up fitted with CM -60
turn over ceramic cartridge. Output 500 mW into Mn. ceramic magnet
speaker fitted Into lid for maximum sound distribution. Cabinet
,onstructed of wood, covered in two tone (pale blue/grey) leather
cleth. High quality amplifier with tone and vol. controls gives
ixcellent reproduction. Plays fin., 10in. and 12in. records.
Today's value 12 gee.

LASKY'S PRICE £6.19.6 ,geZ'2 anteg:Tit:cta. (Leakproof 1;!). 716.

. "0- TRANSISTOR POCKET RADIOS
Ideal Gifts -all supplied complete with personal earpiece, battery and
, :uryiug ease. Fully guaranteed -ready to use. POST FREE.

BOY'S 2 TRANSISTOR
in attractive plastic case. Size only din. x 2}in. X lin. Fitted with 211n,
loudspeaker. Socket for personal earpiece. Uses PP3 battery. Tunable

LASKY'S PRICE 421-
BOY'S 1 TRANSISTOR

over full meditun waveband.

mini -radio -fully built in strong plastic ease, size x 2) x fin. Complete with tele.
, 011 aerial, earphone and PP3
type bait. (No mat) LASKY'S PRICE 25'-

6 TRANSISTOR MODEL
Fully built In plastic case, 41n. x 2lin. x lie.. with 2/in. speaker. Dees single PP3 type battery
Tunable over full medium LASKY'S PRICE 69'6waveband.
2 Waveband (Long awl Redium) Model
size 5 0 If In. Cream/black plastic LASKY'S PRICE £5.9.6Real leather carrying Cale.

TRANSISTORISED TAPE RECORDERS
A few only still available. High quality models. Prices from 13 Ons. to 20 fins. See our advertise-
ment " W.W." Sept., 1964, for details.

BABY ALARM/INTERCOM
Fully transistorised miniature intercom that has all
the features of sets many times its elm. Battery
consumption is exceptionally low and makes this
system partieularly suitable for see as a Baby Alarm.
Specification: 2 transistor; Sensitivity: more than
55 dB. Power: one 9 v. PP9 or equiv. (approx. life
50 hours). Size of unite 4 x 21 x limn. The sturdy
plastic cabinets are finished in ivory and silver with
chrome stands. LASKY'S PRICE 69/6 P. a P.2/6.

CONSTRUCTORS BARGAINS
TRANSISTORS AND GUARANTEED

NEW
AND GUARANTEED

CET SI, GET 85, GET SO 2/6; 837A, 874P 316; 0045, 0071, 009113 4/6: 0044,0070,0076.
0081 (match pair 10/6) 5/61 AF117, 0072, 00170, 00200 6/61 0C42, 0043, 0073, 00820
7/6; 00201, 00204 15/-: OC205, 00206 19113i 0028 NM

TRANSFI LTERS By BRUSH CRYSTAL CO, Available from stock.
TO -01B 465kc/a. ± 2 kc/a. TO -02D 470 kc/a. A 1 kc/s.

6/6 EACHTO -01D 470 We. ± 2 kola I TF-01B 465 kc/s. ± 2 kola.
TO -02B 465 kola. ± 1 kc/s. TF-01D 470 koM, A 2 kg'. P. & P. 6d.

STAAR KINDER RECORD PLAYER
45 r.p.m. 6 v. Batt. operated. Complete with pick-up fitted

ystal cartridge. Size only 71 x elm Fitted auto. stop and
'tart. New and perfect. Imitable for use with both the below
listed amplifiers.

LASKY'S PRICE 49/6 P. & P. 2/6.

NOW IN STOCK -2 speed model
for 33i and 46 r.p.m. (As illustrated) 59/6 P. A P. 2/6.

NPN-PNP Transformer's*, Transistor Amplifier. Smallest ever, size lin. >4 lin. x lin. Output
122 MW from 9 v. batt. Uses 3 transistors. Single -ended push-pull output. Fully assembled.
LASKY'S PRICE 29/8. Post 2/6.
400 MW Output version of above amp.. 5293. Poet 2/8.

HI-FI TAPE RECORDER HEADS High Imp. Record/
Play. Low imp. eas.

tipper or lower track. LASKY'S PRICE 29/8. Post free per pair. State track required.
MARRIOTT "X" Type }-track heads. LASKY'S PRICE 4 ONS. pair.
MICHIGAN s Ceoon0Play and &rase .. LASKY'S PRICE 59/6 pair.

t -track heads LASKY'S PRICE 5 ONS. Pair.
BOGEN }-track heads LASKY'S PRICK 7 GEL pair.

PANEL METER Pulls leecorddellec4" L1" na. Scaled 1 141nd " R Leve
I lush mounting -plastic construction. Easy to read. Slum 21in. eq. x Ilin
deep- LASKY'S PRICE 19/6. P. & P. 1/6.

711111 P.T.O. FOR
MORE NEWS LASKY'S FOR SPEEDY MAIL ORDER SERVICE

1 W W -143 FOR FURTHER DETAILS.
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ervice in Great Britain
ONSTRUCTORS BARGAINS

HUGE STOCKS OF COMPONENTS, TEST GEAR, ETC.
SPEEDY MAIL ORDER SERVICE

COMMUNICATION RECEIVERS
A HUGE PURCHASE BEFORE IMPORT DUTY INCREASE ENABLES U
TO OFFER THESE RECEIVERS AT EVEN LOWER PRICES!

MODEL HE30
Covers range from 540 Kc/s. to SO Mc/s.
Hain Band is provided with a scale for
direct reading, and can also be band
spread. Facilities: A.N.L., A.V.C. and
M.V.C. Q Multiplier also serves as B.F.O.
H.F. stage and two I.F. stages ensure
high sensitivity and selectivity. Valve
line up: 3 x 6BA6, 2 x 6BE6, 2 x 6AV6,
1 x 6Q5 and 5Y3. 2 Aerial Sockets. Stand-
by position for use with a transmitter.
S meter fitted. 200-250 v. A.C. mains.

Brand new and unused. Boxed with full Instruction manual, in attractive steel cabinet,
grey crackle finish. Cabinet size 16 x 8 X 10in. Dial 12 x 4in.

LASKY'S PRICE 33 GNS. KIT PRICE 25 GNS. LLIP
H.P. Terms (Ready Built): £6113/- deposit and 11 monthly Payments of 22/16/,

MODEL HE40 Covers
medium

wave band and 1.6-4.4 Mc/it, 4.5-11.0
Mc/s. 11.0-30.0 Mcia in separate switched
band spread ranges. Controls include B.F.O.
Sensitivity, A.N.L., Receiver -Stand-by
Switch, Tone Switch, S -Meter. For 200/250 v.
A.C./D.C. Internal loop and telescopic
antennae fitted. Valve line-up: 12BE6,
12BA6, 12AV6, 5005, and metal rectifier.
Size 131 x 84 x 54in. Instruction manual
included. No Kits available.

LASKY'S PRICE 19 GNS.
M.P. Termsdit;edez.ran2 !Jim joth-e at 51/1E1,

MODEL HE80 4-1 "Per'"omse

munication receiver. Freq. range 540
Itc/s.-30 Mc/s. and 144-146 Mc/s. Dual
conversion on 2 metres, with extra R.F.
stage. Single R.F. stage, two I.F. stages on
all other bands. B.F.O. and fa -multiplier
circuits. Improved A.N.L. and voltage
regulated powerpack. " 5 " meter, band
spread on amateur bands, large illuminated
dial with logging scale. All controls fitted.
Outputs for speaker and phones. Valve

line-up: 4 x 6AQ8, 3 x 6BA6, 2 x 611E6, 1 x OBL8. BALI, 6AQ5, 6CA4 and 0A2. Steel case
17 x 7t x 10in. For 2001260 v. A.C. males. Brand new with full instruction manual. No Kits
available.

H.P. Terms 212/19/- dep. and 11 monthly Pay -
m ntirof at 24/18/- !!!

Carriage & Packing FREE.LASKY'S PRICE 59 GNS.
INTERNATIONAL TAPE

Famous American Brand -Folly Guaranteed at record low
pities. In sealed eartons.
sin. Double play, 1,2001t. Mylar base 15/ -
sin. Long play, 900ft. Acetate base 10/ -
sin. Standard play, 600ft. P.V.C. base 8/6
15}in. Long play, 1,200ft. Mylar base 15/-
551n. Double play. 1.800ft. Mylar base 22/6efin. Long pl, 1,0ft. Acetate baae 12/6
45i,.. Standard play,20 850ft. P.V.C. base 11/6
Thu Standard play. 1,200ft. Mylar base 12/6
7in. Long play, 1.800ft. Mylar base 19/6
7ln. Double play, 2,400ft. Mylar base 25/-
Iin. Long play, 1,800ft. Acetate base 15/ -
Sin. Message tape, 150ft. 3/6
Sin. Message tape, 225ft. 4/11
Sin. Message tape, 300ft. 7/8
Ilin. Triple play, 450ft. Mylar base 12/8
41n. Triple play, 900ft. Mylar base 22/6
sin. Triple play, LIMO& Mylar base 42/6
elin. Triple play, 2,400ft. Mylar base 55/-
71n. Triple play, 3,600ft. Eyler base 75/-
P. & P. 1/- extra per reel; 4 reels and over Post Free.

RECORDING TAPE SPLICER
By famous manufacturer, all metal nickel plated construction.
With separate razor blade, securely clamps tape while splicing.
Listed at 18/6.

LASKY'S PRICE 14/6 PostP-

(F E Tv.I)etTD. 152/3 FLEET STREET, E.C.4.

207 EDGWARE ROAD, W.2.

33 TOTTENHAM COURT ROAD, W.I. Open all
OdxafyorsdatuSTaeyt. tasreestl
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TEST EQUIPMENT
The "Sixteen" Multirange
METER KIT
This outstanding meter was featured by Practical Wireless In
the Jan. '64 issue. Lasky's are now able to offer the complete kit
of parts as specified by the designer.
RANGE SPECIFICATION
D.C. volts: 0-2.5-25-50-250-500 at 20,0000/V.
A.C. volts: 0-25-50-250-500 at 1,00011 /V.
D.C. current: 0-50mA, 0-2.5-50-250 mA.
Resistance: 0-200011, 0-200k0, 0-20E0.
Basic movement: 40µA Lad. moving coil. With universal shunt
full scale deflection current is 50n.A.
Size/finish: Black plastic cam -3I x 51 x 11in.
Controls: 12 position range switch: separate slide switch for A.C.
volts-D.C. ohms; ohms zero adjustment pot. meter; meter zero.
External connections: Two 4 mm. sockets for test lead plugs.
Power requirements: One 15 v. and one 1.5 v. batts. Complete
with all parte and full construction details.

LASKY'S PRICE £5.19.6
READY BUILT TEST METERS

H.P. Terms: 21/ -
deposit and 5 monthly
payments of 21/-.
Data and circuit avail-
able separately, 2/6;
refunded if all parts
bought. Pair of bat-
teries 2/5 extra.

AD brand new -complete with test leads and baits.
HAIKI 20,000 0 P V LASKY'S PRICE £5 19
TE-13 1,000 O.P.V. LASKY'S PRICE £1 19
THE -500 30,000 O.P.V. LASKY'S PRICE - £8 17
20041 20,000 O.P.V. LASKY'S PRICE £5 5
P-1 2,000 O.P.V. LASKY'S PRICE £2 12
P -I 4,000 O.P.V. LASKY'S PRICE £4 2
MT -559 50,000 O.P.V. LASKY'S PRICE £10 19
Al. complete range at Ave and Taylor Meters and Test Equip-
ment in stook.

NOMBREX TEST EQUIPMENT
MODEL 27 TRANSISTORISED SIGNAL
GENERATOR (illustrated)
Wide range -150 Ws. to 350 Mc/s. Accuracy better
than 2%. Direct calibration. AF, RF and MOD. Battery
operated. Light weight and strongly made. Complete
with test leads and butt.
LASKY'S PRICE £9.11.3 Post Free.
OTHER NOMBRE% MODELS AVAILABLE ALL

TRANSISTORISED.
MODEL 63. Wide range AUDIO GENERATOR.

10-100 Ke/s. 216/15/0.
MODEL 66. wide range INDUCTANCE BRIDGE.

1µ.11 to 10011 in 4 ranges. Measures Q. g18/010.
POWER SUPPLY UNIT
1 to 15 v. D.C. up to 0.1 amp. 230/250 v. A.C. mains.

NO INCREASE IN OUR
PRICES !

It has always been our policy to keep prices
as low as possible and our huge purchasing
power and sales potential even enables us to
reduce our prices when others are forced to
increase theirs.
THERE WILL BE NO PRICE INCREASE
ON OUR IMPORTED GOODS WHILE OUR

PRESENT EXTENSIVE STOCKS LAST!

36.10.0 P. & P. 2/6.

EXPORT MODEL -SUPER TV OFFER
625 line T.V. chassis (Export Model). For 200-250 v. A.C./
D.C. mains. Fitted with Band 1 -III turret tuner. Fully
loaded with 12 sets of coils for all CC1R channels in these bands.
F/M sound. Made by famous British manufacturer. 15 Mullard

valves. Electrostatic focus and deflection. Will take 17in.,
191n., 211n. or 23in. CRT. All controls fitted. Supplied new
and unused with all valves. 71n. x 41n. speaker and 171n.
CRT (less cabinet).

LASKY'S PRICE £25 l'eking FREEto any part of the World.
(Tube sent at buyer's risk). An allowance of £3 will be made
if the CRT Is not required. Circuit data included FREE.

CRYSTAL PICK-UP CARTRIDGES
LOWEST PRICES EVER!

All Complete with Styli L.P. and Standard (and Stereo where
shown), fully guaranteed. Standard Fitting will fit most P.U.
Arms and Heads. Postage 1/- extra each.
Garrard Mantic T.O.M.2 15/ -
Acts; G.P.5.9 14/-
Acos G.P.65/3 15/ -
Aces G.P.65/1 17/-
Acos G.P.67/1 14/ -ammo Acostereo 73/1, with 2 sapphires 55/-
Acostereo 73/2, with diamond LP/Stereo and sapphire

Std. 29/6
Ronette Stereo O.V. Turnover, with 2 sapphires 135/-
Ronette Stereo type 105 and 106 with 2 sapphires 25/-
Ronette Stereo type 105 and 106 with diamond

LP/Stereo and sapphire Std 35/ -
AND EVEN LOWER PRICES

Save money! Some of these cartridges are cheaper than styli
Mono, 2 sapphires 4/11

Collaro Type C. 2 sapphire.. stereo
Collei SC1 Diamond LP, stereo 17/6
Sonotene 8T, stereo 19/10
Sonotone 2TA. mono. 15/ -
Postage 1/- extra each.

TAPE POSITION INDICATOR
Open type -as used by most makers. With re -set knob.
3 DIGIT 7/6. 4 DIGIT 10/6. P. & P. lid. on each.

Near " Daily Express " Building. FLEet St. 2833.
Open all day Thursday. Close I p.m. Saturday.

Few yards from Praed Street. PADdington 3271/2
Open all day Saturday. Close I p.m. Thursday.

Station, Goodge Street. MUSeum 2605
p.m. Thursday.

PLEASE ADDRESS ALL MAIL ORDERS TO OUR HEAD OFFICE: -207 EDGWARE ROAD, W.2

LASKY'S RADIO FOR FINEST VALUE and COURTEOUS SERVICE
IW W-144 FOR FURTHER DETAILS.
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LOUDSPE\tgE=ply
acomplete range THE"TRAVLER" Mk. II

of Goodmans,
Wharfedale,
Stentorian,
TSL Speaker
Units and com-
plete systems.
A comprehen-
sive leaflet is
available on
request, this
covers specifica-
tions and prices

of nearly 50 types including:-
Celestion Model CX2012 (as
illustrated) £16 10 0
Stentorian HF812 5 watts

£3 16 0
Stentorian HF1012 10 watts

£4 12 0
Goodmans Axiette 8 6 watts

£5 5 7
Goodmans Axiom 10 10 watts

£6 5 11
Goodmans Axiom 201 15 watts

£10 17 4
Wharfedale Super 8/RS/12/DD
6 watts £6 14 2
Wharfedale Golden RS/DD 8
watts £7 17 5
Wharfedale RS/12/DD 15 watts

£11 10 0
Guitar Speakers include: -
Wharfedale W12EG 15 watts

£10 10 0
Goodmans Audiom 51B 15 watts

£9 2 8
Carriage and Insurance extra.

CAR RADIO
Our new ready built transis-
torised car radio for only

92 Gns. P. & P. .51-.

including 7 x 4in. speaker fit-
ted to baffle, fixing brackets,
filter unit, all nuts and bolts with fitting instructions.

STAR FEATURES:
* Handsomely Styled * Mullard Valves and Transistors
* Push Buttons * 1 watts Output * Long and Medium
Wavebands * Quality Speaker (E.M.I.) * Easily fitted
* Radio Luxembourg (and many other foreign stations)
* 12 -volt Positive Earth only (applies to 99.8% of cars
on the road) * Dimensions: 7 x 2 x 7in. depth. Optional
extras: 3 -section chromium plated weatherproof telescopic
aerials type 1, I7in./44in. 19/6. Type 2, 2in./43in. 29/6,
both plus p. & p. 2/6 if purchased separately.

THE "HIGHWAYMAN"
CAR RADIO

TO BUILD YOURSELF
Similar in appearance to above but with on/off push button
switch. Complete set of parts only Emu P. & P.

5/-.

MICROPHONES
Acos Crystal MIC45/1 19 6
Acos " Stick " Microphone,
Crystal MIC39-1 £1 12 6
DM.303 Dynamic High Im-
pedance Desk Microphone com-
plete with Stand. Metallic green
finish 5 gns.
B.M.3 Quality Crystal Micro-
phone with muting switch. Com-
plete with lead, neck harness and
removable stand adaptor £1 19 6
(matching table stand 12/6 extra).
DX.29 Dynamic High Impedance.
Black crackle finish with Desk
Stand £2 19 6
DM.301 Dynamic High Im-
pedance with on/off switch.
Omni -directional. Chrome plated
diecast frame £4 19 6
DM.304 Dynamic Dual High
or Low with on/off switch. Satin
chrome finish £4 9 6

P. & P. 2/6 extra on all above.

TRANSISTORISED
SOUND MIXER

Mixing 4 channels from high
impedance source giving profes-
sional results, inputs for high
impedance Microphone, Tuner,
Gram and/or Tape Recorder,
9 v. battery operation. Compact
and beautifully styled, size 6 x
2f x 21in. Standard jack socket
inputs. Price 55/-, P. & P. 2/6.
Complete with PP3 9 v. battery,
circuit diagram and instructions.
STEREO VERSION available.
Price 72/6. P. & P. 2/6.

EiTE Ft NI
GREAT BRITAIN'S GREATEST

STERN-CLYNE HI-FI EQUIPMENT
Complete

parts

Ready
ilt

of and
parts tested

Stern Mono -Gram Amplifier, 3 watts £4 10 0 £6 0
Mullard 2 -valve Audio Pre -amplifier £6 6 0 £9 10
Mullard 3 -valve Audio Pre -amplifier £10 0 0 £13 13
Mullard " 3-3 " Amplifier with Passive Con-

trol Unit Model 33/RC. 3 watts £8 8 0 £11 10
Mullard " 5-10 " Main Amplifier, Model

510/M. 10 watts £10 0 0 £13 10
Mullard " 5-10 " Amplifier with Passive

Control Unit. 10 watts £12 0 0 £16 0
Stern JLIO Double Feature Pre -amplifier for

Audio and Tape £13 13 0 £19 19
Stern JL10 Main Amplifier Mono. 10 watts £10 0 0 £13 13
The above two items purchased together £23 13 0 £32 10
Stern Twin Three Stereo Amplifier. 3 watts

per channel - £9 0
Stern Twin Three Stereo Amplifier in Portable

Case with Two Speakers and Leads - £16 10 0 10/-
Mullard " 10 + 10 " Stereo Amplifier. 10 watts

per channel £16 0 0 £20 0 0 8/6 3/-
Mullard " 10 +10 " Stereo Amplifier with -

Passive Control Unit. 10 watts per channel £20 0 0 £24 0 0 10/- 3/-
Mullard 4 -channel Electronic Mixer Unit

Model 2H for 2 Mics, Radio and Gram £8 8 0 - 51- 2/6
Mullard 4 -channel Electronic Mixer Unit

Model 1L £10 5 0 -
HF/TR3 Tape Amplifier with Power Unit £13 13 0 £19 0
Type' C ' Tape Pre -amplifier with Power Unit £14 0 0 £19 10
STP-1 Tape Pre -amplifier with Power Unit

Mono and Stereo £22 0 0 £28 0 0 8/6 5/-
CR3/S Tape Recorder with Studio Deck £33 8 0 - 15/- 3/ -
INDIVIDUAL DESCRIPTIVE LEAFLETS GIVING TECHNICAL SPECIFICATIONS,
DIMENSIONS, PRICES, TERMS, ETC., FREE ON REQUEST.

Ready built or Kits of Parts

Carr.
and
Ins.

Instruction
book

available
separately

O 3/6 2/6
O 5/- 2/-
O 5/- 3/6

O 6/6 2/-

O 6/6 2/-

O 7/6 2/-

O 8/6 3//-
O 10/-

O 5/-

5/-
O 7/6
O 7/6

2/6
3/-
3/6

TAPE EQUIPMENT
AND ACCESSORIES

AMERICAN ACETATE TAPE
5in. 600ft. Standard .... 8/6
5in. 900ft. Long Play .. 10/-
5in. 1,200ft. Long Play .. 12/6
AMERICAN MYLAR TAPE
3bin. 600ft. Double Play 11/6
7in. 1,200ft. Standard Play 12/6
5in. 1,200ft. Double Play 15/-
7in. 1,800ft. Long Play .. 20/-
51in. 1,800ft. Double Play 22/6
7in. 2,400ft. Double Play 25/-

BEL-CLEER
ACETATE TAPE

5in. 600ft. Standard .. 12/6
5in. 900ft. Long Play.. 15/-
5fin. 1,200ft. Long Play.. 18/6
7in. 1,200ft. Standard .. 18/6
7in. 1,800ft. Long Play.. 25/ -
Postage & Packing 1/- per Reel
extra, 4 or more Reels POST FREE

Fully Automatic Tape Splicer
14/6. P. & P. 1/6.
Plastic Tape Spools, 21in.
3in. 1/3; 4in. 2/-: 5in. 2/-; 5km.
2/3; 7in. 2/6.
Plastic Spool Containers, for
spool sizes 5in. 1/6; 51in. 2/-:
7in. 2/3.
Any single item plus 6d. P. & P.
Orders over £1 POST FREE,
WE CARRY FULLY COMPRE-
HENSIVE STOCKS OF TAPE
RECORDERS, DECKS AND
ACCESSORIES AT ALL
BRANCHES OR ORDER WITH
CONFIDENCE BY MAIL.
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RECORD PLAYERS

Garrard SRP10 Single Player
£5 9 1

BSR UA14 Changer £5 19 6
BSR UAI5 Changer £5 19 6
Garrard Autoslim Autochanger

£6 10 0
B.S.R. Super Slim Changer

£9 19 6
Garrard AT6 Changer £10 19 6
Garrard AT5 LM Autochanger
(3000LM) £11 11 0
Philips AG1016 Stereo/Mono
Record Player £12 12 0
Garrard 4HF Single Player

£16 17 6
Goldring Lenco Model 88 Trans-
cription Turntable £18 18 5
Garrard Laboratory Type "A"
Autochanger £19 15 0
Garrard Model 301 Transcrip-
tion Turntable £20 12 0

Carr. and Ins. 5/- on above.

Descriptive Leaflet including prices
with alternative cartridges, dimen-
sions, terms, etc., free on request.

NEW LOW PRICE
COMMUNICATION

RECEIVERS
MODEL HE -40. Fre-
quency range 550 Kc/s.-
30 Mc's. in 4 bands.
PRICE £19/19/-. Carr.
10;-.

MODEL HE -30. Fre-
quency range 550 Kc/s.-
30 Mc/s. in 4 bands.
PRICE £34/13/-. Carr.
Paid.

MODEL KT -320. Specification as HE -30 but offered as
complete kit of parts. PRICE £26/5/-. Carr. Paid.

MODEL HE -80. Frequency range 540 Kc/s.-30 Me/s.
and 142-148 Mc/s. in 5 bands. PRICE £61/19/-. Carr.
Paid.

MODEL HA -63. Frequency range 550 Kc/s.-31 Mc/s.
in 4 bands. PRICE £25/4/-. Carr. Paid.

STARFLITE 90 WATT TRANSMITTER
Band coverage 80-40-20-15 and 10 Metres. PRICE £30/9/-.
Carr. 15/-.

H.P. Terms available.

Send S.A.E. for fully descriptive brochure.

TUNER UNITS

Stern Fidelity Mk. II VHF/FM
Kit of parts £10 10 0
Built and tested £14 5 0

Carr. & Ins 5/-.
ARMSTRONG
Mono Tuner Amp

127M £26 10 0
Stereo Tuner Amp

127 £37 10 0
AM/FM Tuner 223 £28 15 0
FM Tuner 224 £22 10 0
Carriage and Insurance 7/6.
JASON
FMT1 FM Tuner. Kit of parts

£6 15 0
FMT2 FM Tuner. Kit of Parts

£10 12 6
FMT3 FM Tuner for fringe
Areas:

Kit of parts £12 5 0
FMT4 Tuner £20 0 4
JTV2/FM/TV Sound. Kit of

parts £15 15 0
Built and tested £21 0 0

TRIPLETONE FM TUNER
Unpowered £13 19 6
Self -powered £15 14 6
Carriage and Insurance 5/- each.
Descriptive Leaflets free on request.
Please state model reauired.

ELECTRONIC HOBBIES ORGANISATION

THE PEAK 60
60 WATT AMPLIFIER

BASS AND TREBLE CONTROLS.
MASTER VOLUME CONTROL.
FULL MIXING FACILITIES.
BUILT-IN PRE -AMPLIFIER AND
CONTROL UNIT.
60 WATT UNDISTORTED OUTPUT.
SWITCHED OUTPUT for 3 or 15
ohms loudspeakers.

 TWO INPUTS High gain and low gain
with individual volume controls.

Silver hammer finish. Black perspex front
pa tel. Overall size 14in. v 9in. x 7 ;in. high
including cover (plus lain, high handles).
COMPLETE KIT OF PARTS £18/18/-.
C. & I. 5/-.
ASSEMBLED AND TESTED £25,4/-.
C. & I. 5/-.
(Ventilated Cover with chrome plated handles
as illustrated 35/- extra.)

VISIT YOUR NEAREST

STERN-CLYNE
ELECTRONICS CENTRE

LONDON
18, Tottenham Ct. Rd., W.1. MUSeum 5929/0095. Half Day Sat.
23, Tottenham Ct. Rd., W.1. MUSeum 3451/2. Half Day Thurs.
309, Edgware Rd., W.2. PADdington 6963. Half Day Thurs.
109, Fleet St., E.C.4. FLEet St. 5812/3. Half Day Sat.
162, Holloway Rd., N.7. NORth 7941. Half Day Thurs.
0, Camberwell Church St., S.E.5. RODney 2875. Half Day Thurs.

CROYDON
12, Suffolk House, George St. MUNicipal 3250. Half day Wed.

BRISTOL
26, Merchant Street, Bristol 1. Bristol 20261. Open 6 Days a week

LIVERPOOL
52, Lord Street. Royal 7450. Open 6 days a week

MANCHESTER
20/22 Withy Grove, Manchester 4. BLAckfriars 5379/5246. Open

6 days a week

SHEFFIELD
125, The Moor, .heffeld. Sheffield 29993

MAIL ORDERS AND ENQUIRIES TO:
Dept.W.W. 3-5, Eden Grove, Holloway, London, N.7. NORth 8161/5
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SPECIAL OFFERS
NO INTEREST ON 12 MONTHLY

PAYMENTS

THE FULL ARMSTRONG RANGE

ARMSTRONG Cash
127 Mono £26 10
127 Stereo £37 10
227 Mono £36 15
227 Stereo £52 15
GARRARD
4HF/EV26A £18 1
301 Strobe £22 0
AT6 de Luxe £13 15
Lab. Ai EV26A £20 15
LEAK
Stereo SO/Vari £57 10
TL12 Plos/Vari. £35 15
Troughline 8 £31 14
Sandwich £39 18
GOLDRING LENCO
GL58 £17 1
GL70 £27 9
GoIdring 88 £18 18
CM £4 17
GOODMANS
Axiette 8 £5 5
Axiom 10 £6 5
Axiom 201 £10 17
Elegem& II
Maxim £17 10
WHARFEDALE
Super 8 RS/DD £6 14
Gold 10 RS/DD £7 17
RS/12/DD £11 10
Slimline 2 £22 10
W3 £39 10
QUAD
Amplifier £22 10
22 Control £25 0
FM Tuner £24 18
AM Tuner £28 10
ROGERS
Cadet Stereo £26 15
11088 Mk. II £40 0
Var. Mk. II Tun .. £24 11
Switched TUH £18 10
MISCELLANEOUS
Celeston CX1512 £11 10
CX 2012 £16 10
Deccadec £15 15
Dulei HMS £30 17
Jordan Watt 12 £22 0
K.E.F. Celeste £24 19
Lowther PM6 £18 18
SME8012,11 £28 13
Teletunken M55 £45 3
Truvox R9S ££7 9
W81016 7
WB1012 £4 12

MONTHLY
Dep. 12 pts. 18 Ms.

0 531- 3919 28/6
0 75/- 56/3 40/4
0 741- 55/1 39/6
0 106/- 79/1 5619

4 36/4 27/1 19/5
11 44/11 33!- 23/11

5 26/5 20/9 14;11
2 45/2 30/10 22/1

0 115/- 86/3 61/9
0 72/- 53/7 38/5
6 63/6 47/7 34,1
0 80/- 59/10 43i-

9 35/9 25/6 18/4
4 55/4 41/2 29/6
5 38/5 28/4 2014
8 9/8 7/4 5/4

7 10/7 7/11 5/8
11 12/11 9/5 89

4 21/4 16/4 11/9
0 55/- 41/3 29/7
6 35/6 26/3 18/10

2 14/2 101- 713
5 15/5 11/10 8/6
0 23/- 17/3 12/6
0 45/- 33/9 2414
0 80/- 59/2 42/5

0 451- 33/9 24/4
0 50'- 37/6 27/2
9 49/9 37/5 26/10
0 57/- 42/9 30/8

0 55/- 40/-
0 80/- 60/-
8 49/8 36/10
0 371- 27/9

1

28/8
431-
28/5
19/8

23/- 17/3 12/5
32/6 24/10 17/10
32/- 23/7 16/11
61/11 48/4 33/3
44/- 33/- 23/8
50/- 37'5 26/10
38/- 28/4 20/4
53/9 40/- 28/6
91/- 67/8 40/7

1451- 108/8 77/10
111- 10/11 7110

9/- 6/11 5! -
MANY OTHER UNITS SUPPLIED ON THE SAME TERMS

" THE CELESTION " fitted
with the new CX1512 Celestion
speaker. £28/6/-, 57;- dep.
and 12 pta. of 42/5 or 18 pta.
of 30/5.

" THE SLIMLINE "
fitted with the Axiette.
£15:15,-. 31 - dep. and
12 pts. of 23/8 or 18 pts.
of 1811. Also fitted with
the Axiom 10. £17i17/-.
35- dep. and 12 pta. of
28/9 or 18 pts. of 1912.

These Enclosures are built to the specification of the speaker
manufacturers. Supplied in Oak, Walnut or Mahogany. In teak
20- extra. Carriage 20/-.
Showroom hours: Monday -Saturday 10 a.m. to 5 pan. Directions:
No. 6 bus from Liverpool St. Station to Odeon Hackney Road,
walk back two turnings.

A. L. STAMFORD LTD. EPT. K4
phone: SHO 5003

98 Weymouth Terrace, London, E2.

1WW-145 FOR FURTHER DETAILS.

WIRELESS WORLb

DALY
Electrolytic
Capacitors
* Electronic Flash
* Energy Storage
* Motor Starters
DALY (Condensers) LTD
Ealing Green  Ealing  London  W5
EAL3127Cables: DalyconLondon

DALY
1 W W -146 FOR FURTHER DETAILS.

BLREIS

THE HOME FIN
THE BEST &- NEWEST"
IN HI-FI, TAPE &

ELECTRONIC EQUIPMENT',
25, HIGH HOLBORN,LONDON WC1, , ,
1W W -147 FOR FURTHER DETAILS.

Quartz Crystal Units

For

ACCURACY .-74RELIABILITY -/Of
PRICE ECONOMY
you can
DEPEND
on

THE QUARTZ CRYSTAL CO. LTD.

Write for
illustrated
Brochure &
Price List.

Q.C.C. Works, Wellington Crescent,
New Malden, Surrey (MALden 0334 & 2988)

1W W-148 FOR FURTHER DETAILS.

JANUARY, 1955

NEW!
PRINTED CIRCUIT &

TRANSISTOR SOLDER

Designed specifically
for Printed Circuits
and High Temperature
Sensitive Compon-
ents. Plastic re -usable
reel contains 212feet of
60/40 High Tin Quality
22 s.w.g. ERSIN
MULTICORE SOLDER
with 5 -cores of non-
corrosive flux. Ask for
Size 10.

15/- each (Subject)

* For small users, the same specification is
available on a 2 6d. reel (subject).

Bib THE PROFESSIONAL

TAPE SPLICER

All metal-beautifully plated-compact in
size. Easily and permanently attached to a
tape recorder. Clamps hold the magnetic or
leader tapes in the precision cut channel-
no damage to the edges. Right angle and
oblique cutting slots.
Complete with Razor Cutter 18/6

Bib

,4\

NI%\*

WIRE STRIPPER

AND CUTTER
This efficient tool strips insu-
lation, cuts wires cleanly and
splits plastic twin flex. It is
adjustable to most wire thick-
nesses.

3/6 each (Subject)

If you have any difficulty in obtaining these
items they will be sent post free. (U.K. only;

MULTICORE SOLDERS LTD.
HEMEL HEMPSTEAD, HERTS.

TEL: BOXMOOR 363605.

(See also advertisement on back cover)
1W W 149 FOR FURTHER DETAILS.
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'45 got°
LAFAYETTE HE -40

COMMUNICATION RECEIVER
4 Bands 650 kcie.-30 me/s. ' S ' Meter-
BFO-ANL-Bandepread Tuning -Built-in
speaker. 200/250 v. LC. Brand New
19 ONS., carr. 10/..

LAFYETTE HE -30 RECEIVERS
9 valves. 550 kc/e -30 Mc/s. Semi kit form
24 ONS. Carr. paid.

LAFAYETTE HA -63
COMMUNICATION RECEIVER
7 valves + Rectifier. 4 Band. 550 kc/s.
31 me/s. ' Meter. BFO-AN L-Bandspread
Tuning 200/250 v. A.C. Brand New

PART
EXCHANGE

WELCOME

25 GU. Carr. paid.

MODEL DA -I AUTOMATIC
ELECTRONIC KEYER

Fully transistorised. 230 v. A.C. or 6 or 12 volt D.C.
operation. £161101-, care 4/6. Semi -Automatic Bug keys
-maw, P. P. 2/6.

RCA ARMS RECEIVERS
LF. Model 75-560 ke/e. and 1.5-30.0 me/e.
Guaranteed perfect order £35, care. 30/-.
D. Model 550 kc/s.-32 me/s. Guaranteed
As New Condition '-265. care. 30/-.

LAFAYETTE TE-20A
R.F. SIGNAL

GENERATOR
120 kc/s.-390 me/s on 6 ranges.
Variable R.F. and A.F. outputs.
Large clear scale. Size 741n. x 101in.
x 4 220/250 v. A.C. operation.
Brand New £12/19/6. carr. 5/.

VOLTAGE STABILIZER TRANSFORMERS
input 80-120 v. and 160-240 v. Constant output 110 v. or
240 v. 260 watts. Brand new guaranteed 210/10/-. Carr.
7/6.

ALL NOMBREX EQUIP-
MENT IN STOCK

MILLARD 0C131
Two for 5+.

ERSKINE TYPE 13 DOUBLE
BEAM OSCILLOSCOPES

Timebase 2 c/e.-750 kc/s. Separate Y1 and Y2 amplifiers.
lip to 8.5 me/s calib. at 100 kc/s. and 1 inc/s. 110/230 v.
A.C. Guaranteed perfect £27/10/-, cam 20/-.

MARCONI TF I44G/4
STANDARD SIGNAL

GENERATORS
85 ke../.-25 me/a. ± 1%. Output variable
from 1 uV to 1 volt. Internal sine wave
modulation 400 c/s. up to 75% depth.
Operation 200/250 volt A.C. Offered in
really excellent condition, like new, fully
tested and guaranteed £25, cart. 30/-.

COLLARO STUDIO TAPE TRANSCRIPTORS
2 TRACK £10 10'- 4 TRACK £13/10/- POST PAID

TE-22 SINE SQUARE WAVE
AUDIO GENERATORS.
Sine: 20 c.p.s. to 200 Kc/.
Square: 20 c.p.s, to 25 Kc/s.
200/240 v. A.C. Brand new. Guaranteed.
£15. Carr. 5/,

LAFAYETTE ' PRECON ' AMATEUR
PRESELECTOR/CONVERTOR

Convertor -20-15-10 metres. Preselector-80-40-20-
15-10 metres. Crystal controlled 2 RP' stages.
200/250 v. A.C. operation. Brand New 19 GNS.,
cam 7/6.

LONDON AGENTS FOR CODAR EQUIPMENT I

LAFAYETTE TE-I8 GRID DIP METER
Covers 360 ke/s.-220 me/s. True one hand operation. All coils
supplied, operates from 200/250 v. A.C. Brand New Guaranteed
£12/10/- cart. 5/-.

112 v. D.C. D P AERIAL C11 RELAYS -CERAMIC INS.I
10 6 P.P. 1/3

RKI40 STEREO TAPE
DECKS with BUILT-IN
PREAMPLIFIER

4 Transistors -4 valves. Will record or playback t Track
Stereo or Mono at 74 or 31 i.p.s.-7 in. spool size. Twin
meter level indicators -4 inputs -Output 500 MW.

40-18,000 CPS. response. Size 15in. x 10in. x 6fin.
200/250 volt A.C. operation. Brand New 42 Gus. P.P.15/-.

VARIABLE VOLTAGE
TRANSFORMERS

Brand New Guaranteed -Fully Shrouded
Input 230 v. 50/60 c/e. Output 0-260 v.

10 amp. 216/10/- 2.5 amp. portable,
2.5 amp.. £5/17/6

amP 29/10/-
8 wan. 24/10/-

12 amp. 218/15/-
meted case

w,it2

20 amp. gnaw- 29/17/6.

ARMY FIELD TELEPHONES TYPE F
Generator Bell Ringing -2 line connection with wood
carrying case. Fitted batteries. Supplied fully tested.
24/19/6 Pair. care. 5f-

LAFAYETTE HI-FI
STEREO HEADPHONES
160-20-10,000 cycles. Air
ioned headband with cables and
overload Junction Box. Brand
New Guaranteed, 82/6. P.P. 2E6.

LAFAYETTE TE-46 RESISTANCE CAPACITY
ANALYSER

2 PF-2,000 MFD. 2 ohms -200 megolns. Also, checks impedance.
turns ratio, insulation 200/250 v. AC. Brand New £15. carr. 51 -

TS -76 20,000 O.P.V.
PUSH BUTTON
MULTI -TESTER

Large clear plastic scale, simple
operation, D.C. volts up to 1,000 v.
A.C. volts up to 1,000 v. Resist-

toce up to 10 megohro. Current up.L

260 mA Decibels -20 to+ 36dB.
Size bin. x 4hin. x 24in. Complete
with leads, batteries and Instruc-

tn. Os £5/5/, P. P

V.H.F. RECEIVERS
R.1949

Aircraft vers,on of 5.27. 3

bands covering 27-143 Mc s.
FM or AM fitted ' S' meter
BFO, ANL etc. Power require-
ments 250 v. H.T. and 6.3 v.
L.T. Supplied fully tested and
checked 1.17/10)-. Carr. 10/-.

RECORDING HEADS.
Reuter. 1 track, set of 2 19/6
Miniflux: track. set of 3 29/6
Bradmatic: t track, set of 2 99/6

POST EXTRA

HEADSETS. DLR5 low imp. -10/8.
RCA low imp. -15/6. Chamois padded
moving col with jack plug -22/6. Ditto
with mic.--2.5/-. All new -Post extra

MODEL TE-12 20,000
O.Y.V. 0/.06/6/30/120/600/
1,200/3,000/6,000 v. D.C.
0/6/30/110/600/1,200 v.
A.C. 0/600A/6/60/600 MA.
0/6K/600K/6 Meg./60 Meg.
O. P.F.-.2 MFD. 25/1916.
P. & P. 2/6.
MODEL AR -620 20,000
O.P.V. 0/10/60/260/500/
1,000 v. A.C. and D.C.
0/500pA/10/250 mA. 0/10K
/100K/1 Meg. O. 250 PF-
.02 MFD. 0-600 Henrys
92/6. F. at P. 2/6.

%Er

MULTI -METERS
Brand New -Fully Guaranteed -Lowest ever prim.

Supplied with leads, batteries, instructions
MODEL PT -34. 1,000 O.P.V. 061.0/50/250/500/1,000 v.
A.C. and D.C. 0/1/100/500 MA. D.C. 0/100 ku. 39/6.
P. h P. 1/6.
MODEL 500. 30,000 o.p.v. 0/.5/1/2.5/10(25/100/260/500/
1,000 v. D.C.
0/2.5/10/25)100/250/500/1,000 v A.C.
0/60mA/6/50/500mA. 12 amp. D.C.
0/60K/6 Meg./60. Meg 29/17/6 Poet paid.

MODEL NH -201 30.000
O.P.V. 0/.25/1/10/50/250/
500/1,000 v. D.C. 0/10/50/
250/600 v. A.C. 0/50µA/
10/250 MA. 0/5K/500K/
5 Meg.o. 89/6.P. S P. 2/6.

MODEL ITI-2. 20,000
O.P.V. 0/5/25/2450/600/
2,500 v. D.C. 0/10/50/500/
1,000 v. A.C. 0/500A/25/
260 mA. D.C. 0/60K/6
Meg. 0. .01-3 DIED.
82/6. P. h P. 2/6.

s

MODEL NH -400 10,000
0 P V 0/.3/3/30/120/300/
600/1,200 v. D.C. 0/12/60/
120/300/1,200 v. A.C. 0/120

µA/30/300 MA. D.C.
0/2 /200K/2 Meg. O. 100
PP. --.o- MFD. 79/6.
P. & P. 2/6.
MODEL 2501. 2,000 O.P.V.
0/10/60/500/.2,500 v. D.C.
0/10/50/500/2,000 v. A.C.
0/2 Meg. D.
0/250 mA.
-20 to -I-36 dB.
49/6. P.P. 2/6.

SILICON RECTIFIERS
250 P.J.V. 750 MA 3i-
400 v. P.I.V. 3 amp. '7/6
200 v. P.I.V. 6 amp. 5/6
1.000 v. P.I.V. 650 ma 7/6
800 V. P.I.V. 500mA 5/6
400 v. P.I.V. 500mA. 3/6
200 V. P.I.V. 200 mA. 3/-
95 v. P.I.V. 3 amp. 6/670 v. P.I.V. 1 amp. 3/6
150 v. P.I.V. 165mA. 1/ -
Discounts for quantities. Post
extra.

MINE DETECTOR No. 4A
Will detect ail t7 pes of metals. Fully
portable. Complete with instructions
39/6 each. Carr. 10/.. Battery 8/6
extra.

BEST BUY !
Send 11- P.O. Ear full Catalogue and Lists,
Open 9 a.m. to 6 p.m. every day Monday
to Saturday. Trade suppled.

v_ (RADIO) LIMITED
Phone. GERRARD 8204/9155
Cables: SMITHEX LESQUARE---.-

3-34 LISLE STREET, LONDON, W.C.2



120 WIRELESS WORLD

THE SOTONIAN TRADING CO.
CONDENSERS
TCC " Metalpack " tubular, .1 add., 350 v. D.C. working 9d.
TCC " Metalpack " tubular, .05 mfd., 350 v. D.C. working 9d.
TCC " Metalpack " tubular, 1 mfd., 350 v. D.C. working 1/9
TCC " Metalpack " tubular .25 mfd., 350 v. D.C. working 1/6
Sprague tubular .1 mfd., 500 v. D.C. working 9d.
B.I. Cables moulded tubular, .01 mfd., 5,000 v. D.C. working 2/6
TCC tubular condensers, 75 p.f., 5,000 v. D.C. working 1/9
TCC base mounting condensers, .02 mfd., 11,000 v. D.C. work-

ing 25/-
TCC base mounting condensers, 2 mfd., 10,000 v. D.C

working £12
TCC base mounting condensers, .1 mfd., 11,000 D.C. working £2
Hunts moulded mica condensers, .002 mfd. 9d,
Laboratory type variable condensers, dimensions approx

9 x 5 x 5in., and suitable for use on transmitters, etc. £3
Jackson Bros. single variable condenser, 132 p.f. 6/-
TCC base mounting electrolytic condensers, 2,000 mfd., 25 v

D.C. working 12/6
Westinghouse 12 v., 3 amp. metal rectifiers 12/6
Switchboard moving iron projecting type meters, A.C./D.C,

4in. dia. approx., 0-150 v., and 10 amps each £1
POTENTIOMETERS
Miniature potentiometers, carbon track, w., semi -log, 1 meg... 2/ -
Reliance 400 ohm wire wound potentiometers, 1,' -in. diameter,

with knob 4/3
Colvem 2 ohm wire wound potentiometers 2/9
Colvem wire wound potentiometers, 20,000 ohm., pre-set type 3/ -
Circular rubber covered twin leads, suitable for battery chargers,

etc., 30ft. long 8/6
TRANSFORMERS
Heavy duty unit in sealed container. Nominal input voltages,

117/234 v. Outputs 330-0-330 v., 200 m.a., 5 v., 2 amps.
6.4 v., 4 amps. Price 35/ -

Heavy duty unit, input 230 v. Outputs 4.5 v. C.T. at 6 amps.,
4.5 v. C.T. at 6 amps., 4.5 v. at 20 amps., C.T. Price £3/10

Telephone transformers, type 34 5/ -
CHOKES
Small L.F. smoothing chokes, 50 m.a 6/ -
Small L.F. smoothing chokes, 60 m.a 8/ -
Miniature H.F. chokes 9d.
INDUCTANCES
Transmitter inductance units by Redifon, with 10 turns approx.

5in. diameter, and sliding clip. Very suitable for laboratory use £3
Postage or carriage extra. Prompt despatch.

Sotonian Trading Co.,
53, The Avenue, Southampton. Tel. 56537.

1W W-150 FOR FURTHER DETAILS.
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AERIAL MATCHING TUNING UNITS
LATEST AMERICAN RELEASE BULK PURCHASE OF 3,000

These well -made tuning units made for the American I9TX-RX are housed in
a metal case, colour green or brown, using a large precision calibrated scale,
are an essential piece M equipment for the serious T.X. or R.X. operator.
This unit will match an untuned wire or whip aerial to almost any short
wave receiver or transmitter, exceptionally good for mobile top band use.
This American version being well rated as far superior to any other. GUAR-
ANTEED BRAND NEW, only 20/, post 7/6. Instructions supplied.
U.H.F. RADIO RECEIVER RIO. Fx4840 Mc/s.-4475 Mc/s. (6.2-6.7 cms.).
These recently made sets are supplied in two units.
I. Receiver. This is manual or Auto -tuned by an internal motor, using a
total of 18 valves, osc. mixer CV90, IF 45 Mc/s. Aerial input via ordinary Pye
coaxial plug (supplied).
2. Power unit and output stage, contains 300 V.H.T. and -50V. Bias sup-
plies, also receiver Auto -tune supply. Both units housed in matching metal
cases size I7iin. x 8in. x 10in. Supplied in first class order complete with
circuit and connecting cable from power unit to set. Mains 230 volt input.
Offered at a fraction of cost E4/10/- per unit. Carr. 10/-.
I9in. Racks. 5ft. and 6ft. high 50/. each, carr. 10/,

J. T. SUPPLY, 38 MEADOW LANE, LEEDS 11

1WW-151 FOR FURTHER DETAILS.

AEON
DELAY CABLE,
CALIBRATION AND
TERMINATION
SERVICE

Using Hackethal FLEXIBLE Delax Cable

AEON Laboratories, Beech Hill, Ridgemead Road, Englefield
Green, Egham, Surrey. Egham 3961/4

1W W-152 FOR FURTHER DETAILS.

A

ALL BRAND NEW!
COSMICAR' I" F/I.9

TELEVISION LENSES
Superb example of
Japanese Optics!

"Click " stop aperture f/1.9 to f/22. C mount
fitting. Full focusing adjustment from infinity
to 24in. Fully bloomed. Suitable also for 16 mm.
Movie Cameras. Stainless steel and pn
black enamel finish. Complete with XV. I UM
lens cap. (USUALLY 823) Now Only p. & ins. 5/6.

1" ' DALLMEYER ' F'1.9 LENSES
Ideal for C.C.T.V. work and suitable for 16 mm.
Gine Cameras. Fully bloomed, four -element
construction, focusing from infinity to 24in.
Standard C mount thread.
USUALLY 818/1216.
GENUINE BARGAIN -ONLY 10 GNS.

For all C.C.T.V.
Vidicon Cameras
and ideal for 'NEV' Icon,
as advertised.

C.C.T.V. SYSTEMS, RADIO
MIKES, etc. Available for
Hire.

E.M.I.I INCH VIDICON TUBES
M. GRADE
Excellent for all Industrial, Commercial,
Entertainment, Research ri

PU.19.6and Experimental uses. L
USUALLY £15. (P. & ins. 16 -.)

AN UNREPEATABLE OPPORTUNITY FOR THE ENTHUSIAST

CLOSED-CIRCUIT T.V.

CAMERAS I

Post
& ins.
28/-.

/// /I I

These are essentially
405 -line 'VIDEO'
Cameras, but are com-
plete with a small
external plug-in R.F. Modu-
lation, to enable use with
standard domestic type T.V.
sets. Tunable channels 1-5.
Band I. 2101250v. A.G. 50/60
cycles. 16 mm. Gine Lens
mount.

HORNTONS ELECTRONICS
(Next to Pan American Airways)

LOMBARD HOUSE, GT. CHARLES ST., BIRMINGHAM 3
Tel. MID 0972 & CEN 6283

Further consignment of a
Manufacturers Line I
BRAND NE AND
READY ASSEBLED

(But NOT tested)

Vidicon Tubes
and 1" Lances
optional extra
-(as Blustrs-
led OPPOsite).

THE MIDLANDS' LEADING
VISUAL AND AUDIO COM-
MUNICATIONS SPECIALISTS
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mail orders

Light
but

Strong

y1515.o
Carr. Paid

Important:
please state ceiling height

Standard length 8ft Si,,. Alumin-
ium alloy with plastic -covered steel
rungs. Minimum opening needed
13in. x 18in. head room 13in.
* Folds into loft out of sight.
* Fitted by a handyman to

any traphateh in an hoar.
* No structural alterations.

LOUIS G. FORD LTD.,
Dept. W.P., Eastbourne, Sussex.

EXPRESS MAIL ORDER
AUDIO-ART LTD.

* OFFER SAME DAY SERVICE ON ALL
MAKES OF HIGH FIDELITY EQUIP-
MENT.

* GRAMOPHONE RECORDS, GUAR-
ANTEED UNPLAYED, FACTORY
FRESH IN SEALED PLASTIC COVERS.
POST & PACKING FREE, PRE -PAID
OR C.O.D. ON RECORDS.
1-3 SEDLEY PLACE, OXFORD

STREET, W.I.
TEL. MAYFAIR 0419

The HAYDON CABINET
Size 16r x 15" x 7-}". Covered in

Rexine and Vynair. Attractive modern
colours. Fitted with 12" R.A. Speaker
3 or 15 ohms. Only £4 plus 7/6 post
and packing.

PYE Remote T.V. Control Units.
Contain 5 yards 5 way cable with octal
plug, 2 silver knobs, 2 vol. controls,
plastic case, small metal chassis assorted
screws etc. Brand new and boxed -
6/6d post free.

BROADWAY ELECTRONICS
92 MITCHAM RD., TOOTING, S.W.I7

BALham 3984

Nicotine
Free

'farmer's
HONEYBLEND
SMOKING MIXTURE

The
Honey
Smoke

A unique blend of traditional smoking herbs with
added HONEY and FRUIT JUICES. A fine smoke,
Cool and Full Flavoured.

Regular smokers who know
a good mix when they fill
their pipe or roll a cigar-
ette will send for a
packet NOW.

TRY IT
ONLY

3/8d. - 20z.
7/-. - .11b.
POST FREE

Order now from:
THE FARM PRODUCE COMPANY,

73 Vant Road, London, 8.W.17

BARGAIN CORNER
0C44-45-81 and SID 4/- each. 0C26 7/6 each. AF 117
5/- each. 0A81 2/- each. ECC82 5/6 each. ECC83 5/6
each. PL84 5/6 each. PY33 10/9 each. PY8I 5/6 each.
PCC89 11/9 each. PCF80 10/6 each. U25 9,6 each. U26
10/6 each. 30PL13 11/9 each. 30FL1 10/6 each. 100 -I-
300 +100+16 Mfd condensers 10/- each. 16Mfd

condensers 1/6 each. 7/0076 co -ax cable 6d yard.
C17AF tubes new E5/10. All prices post paid. C.W.O.
Send for full lists of valves, condensers, accessories
etc. to:
S. F. KAYE & CO. 47 CHURCHILL AVE.,

KENTON, MIDDLESEX
Mail Orders Only

Instant
tin.

tin.
tin.

tin.

2

tO
vie raNai

goo /tad;
HOLE PUNCHES

Type
diameter ... ... ... ... 6/10 ea.

Screw -up Type
15/32in. diameter Toggle switch ... 8/6 ea.
fin. ... 8/6 ea.

"
B7G .. . ... 9/- ea.

, B8A, B9A. :.: ... 9/6 Cu.
fin. . ... ... ... ... 10/2 ea.

.. 10/8 ea.
in. ... 11/8 ea.
fin. Int. Octal ... ... 13/4 ea.
fin. ... ... ... ... 16/2 ea.
tin.
fin. 13.9G ... ... ... ea.
tin. .

A in. Meter .' . .. ... 33/2 ea.
Complete Set 6/3/6.

No extra charge for postage and packing

in the U.K.

Oliver & Randall Ltd
Dept. 17

9 KELSEY PARK ROAD
BECKENHAM, KENT

Tel.: Beckenham 8262

SELL
Your products through this feature

APPLY FOR DETAILS:
MAIL ORDER, WIRELESS WORLD,

DORSET HOUSE, STAMFORD STREET,
LONDON, S.E.1.

Tel.:-WATerloo 3333 Ext. 210

DRY REED SWITCHES
Miniature type, rated at 10 Watts (% Amp. Max.),
4/- each. Small bar magnets to operate switches,

2/- each. Post and parking 6d.
Descriptive leaflet available on request.

Cockrobin Controls,
36 Villiers Avenue, Surbiton, Surrey.

With

49/6

a SELCON Automatic
PHOTO ELECTRIC SWITCH
Safety-Security-Convenience

Light automatically on at sundown-off
at dawn. Selcon gives SOLAR -control
for garage and porch lights, in shop
windows, etc. 200/250 v. A.G.
Comparable controls cost double.

C.W.O. or details from:
PHOTRONIC CONTROLS LTD.,

PP.2/6 Randalls Rd., Leatherhead, Surrey

GOLD ANODISED
TV or LEGS TABLE
Quality Products

Fully Low Loss Screened
OUTLET
SOCKET

625 BOXES UHF
Details from

EAST LANCASHIRE AUTOMATICS LTD.
ACE WORKS, GISBURN ROAD,

BARROWFORD, NELSON, LANCS.
Telephone: NELSON 66370

KITS
Top Band Receiver (also Medium wave BC)

£10 Os. Od.

Top Band Transmitter (8 watts)
E14 Os. Od. ready soon

NOMAD Car Radio (I watt output) 66 I9s. 6d.
Also transistors (AF from 3/6; RF from 6/-)

components SAE list
Transistor power supplies from 35/ -

Enquiries welcome about all types of kits, write in to:

NORCOL LTD., 147 London Road
Yorktown, Camberley, Surrey

Tel.: Camberley 3743

Components! Components!

NEW CATALOGUE
Our new Catalogue, price 5/, is bigger and
better than ever! On page one are 5
coupons, each worth 1/-. For each com-
plete £1 of your order enclose a coupon
and deduct 1/- from the money you send.
If you buy £5 worth of components-
even though spread over several years-
your catalogue will have cost you nothing!
Send P.O. for 6/- (5/- plus 1/- postage)

right away to

HOME RADIO LTD
Dept. WW, 187 London Rd., Mitcham, Surrey
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Z. & I. AERO SERVICES LTD.
Head Office: 44a Westbourne Grove, London, W.2

Tel.: PARk 5641;2!3 Cables: ZAERO, LONDON
A.R.B. Approved for inspection and release of electronic valves, tubes, klystrons, etc.

RETAIL BRANCH (personal callers only): 85 TOTTENHAM COURT ROAD, W.2. Tel.: LANgham 8403
Please send all enquiries, correspondence, and Mail orders to Head Office

VARIABLE A.C. POWER SUPPLY UNIT

Portable Power l'nit fitted with 1.5 amps. Variable. Trans-
former, switched and fused, with A.C. Voltmeter and panel
Indicator lamp. c7/15/., p.p. 5/6.

CONSTANT VOLTAGE TRANSFORMER

Input 110v. and 230v. A.C. Output 240v. AC., stable within
1.6%. Max current 1 amp. Complete with signal lamp
and on -off switch. 211/11/-. P.p. 12/6.

TRANSISTOR TESTER MODEL AT -I

For P -N -P and N -P -N Transistors.
Measures Ieo and diode reverse current up to 50AA for low
power transistors and up to lmA for power transistors, fl from
2 to 500 at 1mA for low power and 6mA for power transistors.
Powered by dry cells. 29/17/6. P17. 5/6.

TRANSISTOR CIRCUIT COMPONENTS
Set of three 450 kc/s. I.F. Coils 10/6
Variable Twin Gang Miniature Tuning Capacitor,

two section, 4-165pF and 3-65pF, with 1-8pF trimmer,
complete with Broadcast Band Oscillator Coil 6/6

Driver Transformer, impedance ratio 2:1 3/6
Output Transformer for push-pull output, 250mW 3/6
50000 Edgewise volume control with switch 4/9
Packing and carriage 1/6 per item.

POWER UNITS TYPE 234
191n. rack mounted fully smoothed and fused power supply
unit for 230v. A.C. input. H.T. output variable from 180v.
to 270v. at 80mA by means of primary taps accessible from
the front panel. L.T. output 11.3v. A.C. at 4 amps. Second
hand, tested, In good condition. 23/10/-, PP. 15/,

E.H.T. POWER SUPPLY UNIT TYPE 4S
Input: 200-250 v.A.C. through primary taps. Output: 1200v.
D.C. at 200mA, fully smoothed. Rectification by full wave
metal rectifiers. Onoff relays. Dimensions: 17in. x 9lin. x
191in. Weight 1121b. PRICE, tested and guaranteed, £18.
p.p. £1/10/...

THOMSON VARLEY
POTENTIAL DIVIDERS

Iron -Inductive 4 -decade potential divider with total
resistance of 70,0000. Maximum input voltage 300 v. Built-in
galvonometer 1µA. F.S.D. £45.

VARIABLE AUTO -TRANSFORMERS
Input Voltage 230v. AC.; output variable from 0 to 260Y. Type :113462a0m--i4.
Type B2, 2.5 amps. 25/19/6. p.p. 7/6. amps. £32/10/-, LW,

TYPE 8B10 -illustrated above, 10 amps, with protecting
Mae. 218/5/, P.P. 12/8.

CT53 SIGNAL GENERATORS
Frequency range 8.9-300 me/s. Indirect calibration. Accuracy
+1%. Output lAV to 100mV. Internal squarewave and sine -
wave modulation. Power supplies 115v. and 230v. A.C.
We have a small quantity of these available in good working
order, checked with calibration charts, at a special price of
£20, PP. 17/6.

MULLARD PRECISION MEASURING
OSCILLOSCOPE TYPE LI40/3

Sensitivity 4.5 mV. to 45 mV./cm. in ten steps. Rise Time
.06Aa to .06µs; Frequency response D.C. to 10 m.c. max.
Sweep duration 5As. to 150 m/sec. Time measurement
for 0--6 As to 0-150 m/sec. with an accuracy of 3%.
Large illuminated scales for Voltage and Time measure-
ments. Switchable delay of .6A/sec. 6 -in. flat face
C.R.T. with P.D.A. Power supplies and oscilloscope section
are housed in two separate units, thus ensuring more flexible
combination and easier handling. Power supplies required
20/250V. A.C. PRICE, brand new and guaranteed, £125.
Packing and carriage 63.

POST OFFICE TYPE
ELECTRO-MAGNETIC COUNTERS

4 -digit non -cancelling type Standard, 1I x 11 x
5in., 2,3000 coil, secondhand 5/ -

Miniature 1 x 1 x nin., available in 5000 and
2,8000 coils. Secondhand 6/6Miniature 1 x 1 x 30n., 4.10 coil. 6. v. opera-
tion, new 8/6

MULLARD TYPE LI41 PRECISION
PULSE GENERATORS

Precision double pulse generator providing ' A' pulse with a
fixed delay of lAs on triggering pulse; ' B ' pulse with a delay
on' A' pulse variable from 0 to 100 millisec, with amplitude
of both pulses variable from 300AV to 100V in 11 ranges;
' C pulse for triggering and synchronizing of an amplitude
of 10V and 2µV duration, and 6V triggering pulse with 2As
width. Duration of ' A' and ' B' pulses is .5-1-2.5-10-20-50-
100µV and rise time varies from .08mi to .5As depending on
amplitude. Pulse repetition rate is variable from 1 c/s. to
100 kc/s.
PRICE, new and guaranteed £225. packing, carriage Z211.01%

MARCONI TF4SSD/I WAVE ANALYSER
Mains operated Instrument for direct measurements of com-
ponents of complex waveforms in the frequency range of
20-16,000 c/s. and in the voltage range 100AV. to 100 v.
Frequency measurements accuracy f2%. Distortion
measurements within ±15% to f 10% accuracy. When lower
accuracy and introduction of slight distortion are permissible,
voltage range can be extended to 30AV. to 300 v. The instru-
ment will also measure distortion in the A.F. modulating
component of Low and Medium frequency carriers. Price,
fully overhauled and guaranteed £150. Post and packing £2.

VARIABLE A.F. ATTENUATORS
Unbalanced " pi " type 6000 Attenuator switches consisting
of 21 -step stud switch and wire wound resistances. Switch
provides 5 time Impedance steps of 4dB and intermediate
1 dB steps, giving the overall range of 0 to 20 dB at 1 dB
steps. Panel mounting, fully screened. Iln. spindle. Barrel
dimensions 2iin. dia. x 31n. long. 10/- p.p. 2/-.

ECHO BOX TYPE 100
The Echo Box (Resonator)
consists of a high " Q "
resonant cavity adjustable
over a frequency range of
9170 to 9445 me/s, directly
calibrated in me/s, and a
calibrated piston attenua.
tor coupled direct to the
cavity. A crystal detector
coupled to the cavity
detects the resonance and
the crystal current deflects
the tuning meter. For
connecting to the direc-
tional coupler, a 10Ssy
coaxial cable is provided,
having a socket at one
end and a waveguide-to-
coaxial transformer at the
other.

PRICE, unused, and fully guaranteed £32 0 0
Packing and oarrisSa £0 15 0

3 -CENTIMETER

HETERODYNE CRYSTAL
CONTROLLED V.H.F. FREQUENCY

METER TYPE 183
Frequency range 20 to 300 me/s with accuracy of ±.02%
and 5.0 to 6.25 me/s. 10 to 12.5 me/e, and 15-18.75 me/a
Internal crystal 100 ke/a ± .005%. Beat indication by
magic eye or headphones. Long linear scales directly
calibrated to me/s. Range can be extended to 1000 me/s.
by using harmonic, with accuracy reduced to ± .3%.
PRICE, new and guaranteed £85 0 0

R.F.T. TYPE FZI-2
FREQUENCY INDICATOR

Portable Mains operated Frequency Indicator for direct
measurements of frequencies from 10 c/s. to 100 kc/s. The
range is covered in 8 bands, the lowest being 30 c/s. F.S.D.
Measurement accuracy ± 3% F.B.D. Input Impedance
100 kn. The Instrument is provided with internal source of
highly stable frequency for checking and recalibration of the
Scale. PRICE, new E20/0/0. Packing and carriage 15/,

TYPE MR6S 'JENNEN'
MOVING COIL METERS

Square flange 3Iin., flush mounted, 2.6in. dia. body. Accuracy
2.6 %
Available in the following calibration: 1, 5, 10mA and 100v.
D.C. PRICE 32/6 ea., p.p. 4/-.

MARCONI TF338B
VARIABLE ATTENUATOR

Characteristic impedance 60011. Internal/external termi-
nation. Range 0 to 105 dB obtainable by means of slidewire
attemiator 0-25 dB and 4 steps of 20 dB each. Frequency
response 0 to 105 dB within .2 dB. Maximum input 2 watts.
220.

R.P.M. INDICATOR KIT
Radio -Altimeter indicators with moving coil movement
of 5 mA. F.S.D. easily convertible to accurate engine R.P.M.
indicators. Supplied complete with parts required for con-
version, and detailed instructions. Suitable for 4 -cylinder
engines with 12 v. electrical installation. 35/-. P.P. 5/-.

CATHODE RAY TUBES
3DP1A 15/- 88D 40/- DP13/2 . 120/.
SFP7 12/- 89.7 60/- VCR97 40/-3JP2 .... 100/- 408A 60/- VCR138.. 501-oPP7 1216 ACR13 80/-
6CP1 30/- 09D . 80/- VCR139A 25/-
5UP7 80/. DG13/2 80i- Veinins 40/.
7BP7 20/- DG13/34 220/- VCR522 50/-

1W W-153 FOR FURTHER DETAILS.
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WULLARD

0C26.... £/-
0028.... 17/6
0035 15/-
OC.42 8/-
0C44 ... 6/-
0045 .... 8/.
0070 ... 5/ -

TRANSISTORS

0071 .... 5/-
0072 .... 8/-
0075.... 8/-00768/.
0078D .. 7/-
00139 12/-

00170 .. 8/-
00171 .. 9/-
00204 10/6
AF114 9/-
48116 .. 8/-
4E117 .. 7/6
AF118 201 -

Set of two matched 0081 and one 0081D
G.E.C.
GET115 7/-; GET116 7/-; OET573 20/- each; 351- Pali,
R.C.A.
28410 (0040 3/6: 23412 (0044) 3/8; Set of two 2N410
and one 218412 8/-.

12/6

2.25 W. ZENNER DIODES
4.25 v. (VR425); 4.75 v. (VR475); 5.25 v. (VR 525); 3.73 v.
(VI1575); 7.06/6. V. (VR7B); 9.0 V. (VR 9B).
All at

LOW POWER ZENNER DIODES
0A2202 (06 i.. 5%. 260 inW)
OAZ203 (6.2 .4. . 5%, 260 nIW)
04.2204 (0.8 t .. 5%, 260 r611')
1164413 (12.0 .. 10%, 3033 mW)

61-
6/-
6/6
6/-

SILICON JUNCTION RECTIFIERS
1W100, 700 p.i.v., 450 mA. U.C.
04.210, 400 ON., 500 mA. D.C.
0A211, 800 p.i.v., 400 mA.
D1)058. 800 p.l.v., 500 mA. 1).C., sub -miniature
BYZIO, 800 p.i.v., 6 amps. D.C., stud mounted

7/-
6/6
7/6

12/6/6
7

SEMICONDUCTOR DIODES
CS3A 10/-
CG10E 1/6
GEX23 .. 1/8
0A79 . 2/3

0481 .. 2/- 81041 .. 3/-
0.485 .. 31- v.X6r2 . 3/6
0A86 .. 316 ' 645 15/-
04302 .. 5/- s - 4/6

MAGNETRONS
5)26 .... £5 CV1495 .. £8
7254 .. £3 EV1496 ..
2506 £60 1'01497 .. £8
6510 .... £25 001498 .. £8
04 160 .. 28 CV1499 .. £8
CV370 £12/10 1-V1500 £8
CVI494 £8 CV5I17 .. £10

119-70 £12/1C
JP9-50 . £15
JP9-250..
JP79-01 £60
315024 .. £35
QE33+ .. £60

KLYSTRO NS
2E-25.... £4 5050 ....

£15 £50
£9 (3116 £30

21(33.... £45 6470 . £75
9E41 . £20 £5

£7 11 36 . . £6
417A . £2 15
7072 .. £3 I V129 . £4
7234/B .. £3 £5
726 . £4 3 o 111 £10

0V2242 .. £40
(V6002.. £40
16302 .... £12
N308 £12/10
1` 3,2 £10K329 .... 1200
1:335 .... 110
V 4220 E £36
V.4247t/lE

£20

0A2 81-
0A40 17/6
OB2 8/.
OB3 8/-
003 8/.
OM 8/-
024 6/-
IA3 3/-
1450T 8/-
1470 1 8/-
1A114 7/.
1113GT 7/-
1E24 30/-
16244 80/-

I11150P 8/-
106 8/-
1060T 7/-
1H4G 6/-
111501 7/.
114 2/6
116 17/-
115501 8/.
1.14501 8/-
1114 8/-
1112 5/-
184 6/-
185 4/6
114 3/-
1T5GT 8/-
1U4 8/-
115 8/ -
iv 5/-
ix2A 7/-
1X2B 7/.
3A3 6/-
2A40 30/-
2026 3/-
2034 4/-
2010 70/-
2012 35/-
2046 30/-
2(711 12/-
2052 12/-
2C114 12/-
21)21 8/-
2E24 40/-
2E26 30/-
2021 12/-
21.2 3/-
344 4/-
345 7/-
3117 5/-
31322 30/.
3624 8/.
3B24W 18/-
3045 30/-
3CX100A5

100/-
3136 4/-
3E29 80/-
301 6/6
3Q5GT 8/6
394 5/-
304 6/8
40125011

0/-
4131 204/-
486604

240/-
4THA 10/-
5022 120/-
5114GY 9/-
5114WG4

5T4
15/-
8/-

11740 8/.
504013 8/8
5V4G 8/-
1Y3GT 5/.

5Z3
57.40T 8/.
6/3012 10/-

8/-611.3
646 4/-
6A7 10/-
6A8 8/-
6A64 08
6AB7 4/-
61/C7 3/-
6484 11/-
6405 2/6
64060 12/6
6A07
33A116 10/-
64J5 9/ -
OAKS 8/8
6AKIW 8/.
6A/16 7/.
6AK7 8/.
6AL5 /..

6A -H5 23/6
61046 4/.
6A145 10/-
6AQ5 8/.
8AN5 10/-
6AQ6 6/-
6406 8/-
6AR3 6/-
6466 8/.
6AR8 17/6
6.406 8/-
6487G 22/6
6AT6 4/-
81,11(1 8/.

8/.
OAX5GT

12/6
6B06/.

5/.
61380 2/6
6BA6 4/9
61104 17/8
613E6 5/-
6B1'6 8/.
613116 7/-
6BJ6 9/.
M17 7/-
66E4 20/-
613E74 8/-
6131,7GT 9/.
6886 7/.
61307A 8/-
06E7 11/6
66118 5/-
6687 16/.
6BW6 9/.
6BW7
6C4 2/6
6C5GT 8/-
6C6 4/-
6080 7/-
6021 100/-
6031 12/-
6C136 6/.
60060A

00116
17/-8/.

BC1.6 9/.
60W4 12/-
6D3 7/6
61)4 18/.
6D6 3/.
61)116 8/-
8E84 15/-
6E5 7/-
GEV5 12/-
6F6 8/-
6860 5/ -

FULLY
GUARANTEED

687 5/-
6880 5/-
6F11 6/-
6813 6/6
6F17 6/-
6823 9/6
6824 11/-
6827 10/-
6832 3/-
6F33 8/-
6060 2/6
6H1 7/.
0116 1/6
6346)409/4/-
636 3/6
636W
637 9/.
6370 6/.
&MGT 7/6
6K7
61170
6117GT 6/-
6E8 8/-
61)80 4/-
611801 8/.
6L6GA 7/6

6LI6L7 8 8/-
6/.

637 8/.
/081 161..

6Q7C4 /-
0117 6/-
8E87 8/-
6807 6/-
6807 3/-
8837 8/.
6131C7 8/.
68L701 8/.
68N 7GT 4/8
68117 8/-
8887 3/.
6040110/6
605 8/-
6070 7/.
6118 7/8
61,6 9/-
61,60 8/-
616111 7/6
6X4 4/.
33X5C4T 5/6
6060 8/-
33Z3 4/-
33Z4 8/-

11/786 .
767 8/-
788 8/-
706
707 5/.
7D3
71)35 8/-
71138 7/-
7E5 6/-
7E6 4/-
7E7 118.
7F8 8/8
7H7 8/-
737 14/-
7Q7 9/-
7117 12/-
787 16/-
714 7/-
7Z4 5/-
8119 8/8

OBW6 7/-
9117 7/-
1001 10/-
1002 12/-
10D1 7/-
1081 14/-
10E3 8/-
1069 9/-
10818 10/-
10L1 7/8
1011)1110/-
10813 12/6
10P14 13/-

18/10Y -
11D3 7/.
1105 7/-
11E2 15/-
12A5 10/-
1246 3/.
12A8GT 8/-
12406 8/-
12A/37GT

5/-
12.4118
124115 7/-
12.4111 5/.
12AT7 4/-
12417114

-
12A176 8/

6/-

108E7 6/.
124Y6 8/.
12AV7 8/.
I2AX7 6/.
12Ar7 10/-
12B4A 9/.
12BA8 6/-
128E6 6/.
12BY7 10/-
1208 C-
1221 20/.
12E5GT 8/-
12H6 8/.
12J5GT 8/.
12.115WGT

6/-
12J7331 7/8
12K7GT 7/-
12E8 10/-
12Q7GT 6/-
196.47 7/-
19807 4/-
128113GT

-
12807

9/
4/-

1211H7 4/-
12817 4/-
128E7 5/.
128L7GT

1281871117 /6

128(17
7/6

10/-
128117 5/-
128E7 8/-
121(4 2/8
131)1 6/-
1303 6/-
13E1 190/-
14E6 6/-
14Q7 10/-
15E 8/.
19AQ5 5/-

1913060 7/-
19E2 20/-
19(13 25/-
1906 18/-
30A7 20/-
20114 9/-

5005 6/8
500060

25
501661 8/6/-
53KU 9/-
75E1 5/6

77
76 5/-

5/-

81

78 5/-

10/-

667
80 6/. 5672

0

5670
83V 7/8 5684
84 5/- 6687
85A1 26/.. 5691
854.2 8/8 5693
854.3 5/6 5696
9000 20/- 5718
90091 17/8 5725
150132 12/- 5726
150133 8/- 5727
211 30/- 5750
225DU 10/- 5751
262B 30/- 5763 10/-
313C 30/- 5783W115/6
416B 200/- 5787 10/-
417A 65/- 58144 10/-
583 40/- 5840 10/-
705A 10/- 5642 65/ -

BRAND

715A 30/- 5045 30/-
20E2 15/. 715B 60/- 5852 20/-

2081 14/- 772117AB 254!/-- 51889841 1.1007//6-
20131 14/-

2083 12/- 801A 6/- 5949 400/-
2064 14/- 803 30/- 5963 10/-
2015 12/- 804 70/- 5805 5/-
25.460 8/- 805 30/- 5993 12/-
25L601 8/- 807, ,.0/- 9998 15/-
252411 7/. 800 40/- 6085 7/6
25Z5 7/6 811 201- 6021 12/-
25260T 8/8 8124 45.'-

2807W 15/. 81583 40/-7n1 ryog1 12/-
93.877171

80/-7/-

814 2.67: 1610°1201 1 67,':--

29C1 20/- 832 20/- 6004 8/-
30 4/. 832A 45/- 11073 7/6
30019 10/- 830 12/- 666625,-
30017 12/- 888 10/s 6094 25/-
30018 10/6 866.4 14/- 1;098 12/-
30F5 9/. 884 15/- 0166

330300;11L291 A 6
301,17 13/. 954 51-

,,, 0130 30/-

3061,1 10/6' 967 6136 at -
32 6/- 958 t: 6140 30/-
31A5 11/- 95) 67%. 6146 27/63505 8/6 991
35L6GT 7/. 1622 17/-35T 40/- 1625
35W4 6/. 1026

12/-61- 66:8199 I3532Ect

10/-/
21065520 12/6

0622:52 108,/'--2051 6/-356401 81-
351.501 6/- 4033A 15/- 6622431 740c6.

38 5/. 4043C 25/-

4421 65//.. 44602427A 13°7//6- :ILI 2004//--

50.45 12/-
6442 NW -5514 50i-

50135 7/- 5517 8/- 65" 301-

55462169 5°/120/-- 76606416431 10071//1

9366437

10/-

5651 8/-
5054 8/-
5603 7/-
5665 200/-

10/-
7/-

10.'-
80/-
8/-

10/-
7/-

10/-
11/-
11/-

A(.16/PEN
6/-

ACT6 170/.
41:19 200/-
ACT25

500/.
AH211A

-
A108

2 40/
8/.

ARP3 3/.
A6812 3/6
ATP4 8/.
4W6 6/.

4212 9
9,/-

4E41 8/6
BOH 18/.
1105 4/8
BD78 45/-
81.63
1184A 30/-
1/8104 400/-
1115 50/-
BTAA 60/-
BT19 30/-
6'145 200/-
BT79 30/-
6163 60/.
We 8/-
C1H 40/-
C3JA 80/-
CBLI 1g/-
01.33 9/-
0131 6/8
01
DA30 10/.
DA41 40/-
D4250500/-
DAC32 7/-
D AF70
D4E91 4/8
DANN 6/.
DAF96 8/-

7551
30/. D070 8/-

7586 22/8 D0060 7/-
7885 22/6 DET5 10/-
80134 25/. DETI2 40/-
8020 12/6 DETI8 40/-

0ET23 60/-
06124 70/-
DET25 15/-
DF33 8/-
11866 6/.
DF73 7/-
DE91 3/-
DE92 2/6
DF96 6/-
131163 0-
D1C32 8/-

8/- DB40 11/-
AO/T11110/- 01)91 5/.
4C/P4 4/- 01193 9/-
AC4/PEN 01196 7/6

7/6 0168 12/-
A01/PEN D1.68 10/-

12/6 MAW 12/6
A06/PEN DL70 7/.
DD 8/. DL73 12/-

9002 5/6
9003 9/-
9004 2/6
900(1 2/6
A239 12/6
A1834 22/6
.43134 8/-
42226 18/-
42293 15/6
AC/EIL/DD

FIRST QUALITY
VALVES

EEEE BBEB

Ll

1678064//1968. N29:3;3:412:12 ;',18809 107 //:

E2c5BL22112111/6-

EBC33 7/- (:1."21

EBC41 7/-

1.94

66081 6/6 1:s1;1 5/- '00 12/-

E182CC

EABC80 7/- EL66 7 6
EAC91 31/- E1,90 1(00 121-
E4E42 8/6 EL91 2 6 Pt 918 12!-
E1341 5/- E1.3., 22 - 6017 1L-

29111 12/- E1,38 17 6 NI4P2 22/-
E92C0 7/. E1.41 8 - GEP71 24/.-
E1800C 8/- E1,42 9- OR P12 12/-

EU` 68/-
E88CC 14/- EL36 9 - N086 12/6
E9000 12/- EL37 17 6 N9P1 25/-

21808 15/- 876. 10,49I1,69 180//--

01'80 7/- EF P60 10/- NiT57 80/-
0Y86 8/- EL32 3/- Al l'12/14
D187 9/- 61.34 10/-

01.019 15/- 10F98 10/- Mil LD6

DY30 7/- EF184 8/. 911,11 6/-

0196 6/6 .
D1,1310 12/6 81,95 5/6 91114 5/.
01.95 6/6 E 093 4.9 3101403

:EB !8308! 10-981/;--:

- 463 7/-

6/-

PtIF82 7/6

7678 15/-

40/-

7'-

8/-

2E788 83° 1118 7-
E090 2/6

EY51 7/- PC1,002

EC91 5/-
EC92 6/6
E0C31 8/-
ECC32 4/.
ECC40 8/.
ECC81 4/-
20012 8/.
ECC83 8/-
ECC84 6/6
E0085 6/6
600,88 10/-
ECF80 7/6
ECF82 7/6
ECF86 10/-
EDI/MI 10/-
ECH35 13I-
ECH42 8/-
1E01181 0,-
ECH83 7/6
ECL80 6/6
ECL82 7/6
110183 9/-
ECL86 8/6
3836 4/6
EF374. 8/-
6E39 5/.
EF40 8/-
6F41 7/6
EF42 6/.
EF54 8/.
EF55 8/-
E880 5/c
EF83 10/-

EY70 12/6
El 81 8/.
E083 9/6
EV84 7/6
EV86 8/8
E135 5/6
EZ40 8/.
EZ41 6/6
10.109 54;
EDO. 4/6
1'4 15 120'-
F8 137 15/.
F11'4 X00

8/61,./d 4 Ii

20
10-

;;(50 35 -
0130 8 6
0332 10 -
(1134 10 -
(1137 9 -
HL2 3 -
HL2K 3 -
01,23 6/-
11023011

6/ -
II R2 15/-
1167 15/-
K180 20/-
KT41 7/6
KT44
KM 12/8
KT63 6/.
1(168 18/.

10 -
PE 8805

10 6
14'10806

13 -
PC1,81 -

PC1.82 7-
PC1.83 8/3
PCL84 8/-
101.4.3 9/-
('31.80 9/.
PE 14 4 7/6
PEN 45 7/-
1'1:\45 DI)

12i-
('1.2046
PEN220A

7/-
PEN: 83

12'-
PEN:184

1.181 - 6
093 9- 1,41 8-

P181 3- 1,,; 6 6
P182 6- 'Ml 10 -

7:31 3248' '801): )1888006 -666; 1 9^877.

Q P25 5 - f;

5 6

1:74. 15 -

Q.V01-7 10-
111X 4 352-- v (,19,1 7

R10 15--
'('I;

5

RIS 6 \ 97,

8RRR pL11m:711110A 1:0487 ;2;8006'

T,d '; -

1:111;4.121:1'0 -
10-

'1/1123/i1212:

1 67 : 5 61/ 6-
5 - 711 20/-

TTPP226220 756- 06'31 128/6.
113215i 3325: zx6C6' 11 112/6-

7777509'0 E24',--

T1T12R2:31 6303--

114/500 780017 20,-
280 - z8o111 30 -

T7,90 40- 1Y58 30-
12/14 8 - CV82

'22 6 - 00264 5/8
22321

1111

CU1-' 2795'7' 136-

(7 5 - ('1132 6:-

30 5- 1 V2,., 40_

(91 11 - -

''2'8;121 172434 700-
'301 12- ' l J,.930,-
!403 7 - 17303
'61 18 -
`40020 7 6 ::844(3007 8I°01''-78.,_

6

-

4.01:1'.2" 8 -- :*148:40010 4

;I: 4 7;
-

0.8131 ::7 7:118 7/6'I 7

111,00 8 6 '0403p6 516
91,89 - 84043 12,-
81.21 11 - c04044 7/6

74 9- v4045 10/-

P EN i53DD (1,0 g 6 40.711 8/6
10/6 1'01121 8 6 7.040:,112 -1.1,86
7/6 ('('(142 8 - I ] -

PL36 10/- UCH331 7 - 0405, 10 -
PL30 16/- 1'cI.42 8 - 040371 7,6
1'1,81 7/. 1cL63 10 - 7'14002
11.82 6/- U1'41 7, 6 17/68193 6/6 U F42 8, 3 V4063 10'-
PL84 8/8 11E43 8 - -
82.500 15/- E. F80 4063 10/-

8,484 10/- 0885 7,- CV 4069 6 _

P115 10/- 0686 10/- I V 1,71 15 -

When ordering by mall, please add 2/6 In I to cover handling and postage. MINIMUM CHARGE 1/6. WRITE FOR NEW VALVE CATALOGUE

WE WISH TO BUY VALVES. KLYSTRONS, MAGNETRONS, etc. Please offer us your surplus stock.

Z. & I. ARIE0 SERVICES LTD.
RETAIL BRANCH: 85 TOTTENHAM COURT ROAD, W.2. Tel: LANgham 8403

Please send all correspondence and Mail Orders to ADDRESS OF HEAD OFFICE AT
44a WESTBOURNE GROVE, LONDON, W.2. Tel: PARk 5641/2/3

(No personal callers are served at 44a Wes.bourne Grove except ,enuine trade orders.)

1W W 154 FOR FURTHER DETAILS.
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INCREASE YOUR INCOME
WIDEN YOUR KNOWLEDGE

MAKE NEW FRIENDS
JOIN THE

ARMY EMERGENCY RESERVE
R.E.M.E.

WIRELESS AND TELECOMMUNICATIONS MECHANICS

with or without previous military service are required as volunteers to train
for 15 days in the summer on modern equipments. Generous pay and bounties.

For details write:

HQ AER, REME, BROXHEAD HOUSE, Bordon, Hants.

COME INTO COMPUTERS
FOR A GOOD NEW YEAR

vacancies exist in our

FIELD ENGINEERING SERVICES

SITE COMPUTER ENGINEERS are needed to maintain
computers on sites in the London area and in other parts of the
country. No travelling is involved and a special allowance is
paid to those who work in or near London.
COMPUTER COMMISSIONING ENGINEERS are needed
for the final testing and installation of computers. The work
would be based on Kidsgrove in North Staffordshire but periods
away from base would be necessary. Generous allowances
would be paid. Kidsgrove is well placed on the border between
Cheshire and Staffordshire; housing in the area is inexpensive
and easy to find.
COMMISSIONING ENGINEERS for Industrial Data
Processing Equipment are needed. The work would be partly
at the factory at Kidsgrove and partly installation at sites.
Varied and interesting work.
MAINTENANCE DEVELOPMENT ENGINEERS are
needed at Kidsgrove and in N.W. London for development

work in the maintenance and modification of computers. A
TECHNICAL WRITER is also needed for this work.
These posts offer good training, attractive allowances, excellent
prospects, staff status and voluntary participation in a good
pension scheme. Essential qualifications are keenness, willing-
ness to take responsibility, electrical or electronic experience and
general intelligence. Experience with transistors and pulse
circuitry would be an advantage. The suggested age range is
25 to 35 but others would be considered.
Interviews will be held in London, Bristol, Kidsgrove and at
other places by arrangement. Please write giving brief details
of age, qualifications, experience and location preferences to:-

The Technical Staff Officer,
Dept. W.W./L.36,
English Electric -Leo -Marconi Computers Ltd.,
Kidsgrove, Stoke-on-Trent.

ENGLISH ELECTRIC LEO MARCONI
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CLASSIFIED ADVERTISEMENTS
DISPLAYED: £5 per single col. inch.
LINE advertisements (run-on): 5/6 per line (approx. 7 words), minimum two lines.
Where an advertisement includes a box number (count as 2 words) there is an additional charge of 1/-.
SERIES DISCOUNT: 15% is allowed on orders for twelve monthly insertions provided a contract
is placed in advance.
BOX NUMBERS: Replies should be addressed to the Box number in the advertisement, c/o
Wireless World, Dorset House, Stamford Street, London, S.E.1.
No responsibility accepted for errors.

I

z

Advertisements accepted up
to 15th JANUARY for
the FEBRUARY issue.

NM"

SITUATIONS VACANT
RADIO SPECIALISTS.
REQUIRED by the GOVERNMENT OF THE REPUB-
LIC OF ZAMBIA for service as Chief Inspectors and
Senior Inspectors of Police on contract for one tour of
36 months in first instance. Salary according to age
and experience in scales ranging from £1,540 to £1,780
a year. Gratuity at rate of 25% of total emoluments.
Liberal leave on full salary. Accommodation, with
heavy furniture, provided at reasonable rental. Educa-
tional Allowances. Plain clothes allowance.
CANDIDATES must have had experience in the in-
stallation and maintenance of modern low and medium
power H.F. equipment, single and independent side
band equipment and of V.H.F. equipment including
multiplex ;inks.
A knowledge of the maintenance of teleprinters and
diesel and petrol generators up to 10 KVA would be
desirable.
APPLY to Crown Agents. M. Dept., 4 Milbank, Lon-
don, S.W.1, for application form and further particu-
lars, stating age, name, brief details of qualifications
and experience, and quoting reference 3,1'2E/62257/WE.

[1086

ELECTRICAL TESTER.
EXPERIENCED man required for calibrating measuring
instruments and testing Audio Equipment.
PLEASE write to:-
R. A. HARNETT, Personnel Officer. Rank Audio Visual
Division, Woodger Road, Shepherds Bush, W.12.

[1082
ELECTRONICS TECHNICIAN.

IMPERIAL College, London.

SENIOR Technician/Technician wanted for interesting
and varied duties in construction and maintenance of
electronics equipment. Wide range of practical ex-
perience desirable. Salary scales: Senior Technician
£810-£1,010; Technician £580-£815, with London
Weighting up to £45 according to age, plus specific
qualifications award of £30-£50.
Applications in writing with full details to Professor
G. R. Hall, Department of Chemical Engineering and
Chemical Technology, Imperial College, London, S.W.7.

[1094
UNIVERSITY OF SOUTHAMPTON

APPLICATIONS are invited for several posts of
technicians in the electronics department; the

work involves the manufacture (mainly of a one-off
nature) and servicing of electronic equipment; posses-
sion of other laboratory skills would be an asset;
generous holidays, pleasant working conditions; salary
£580 to £815 p.a. depending on experience, with
supplementation for suitable qualifications; applicants
should give details of experience, present occupation.
age and the names and addresses of two persons to
whom references may be made. [1056

CIVILIAN INSTRUCTORS GRADE III.
NINE pasts for men fully experienced in the main-

tenance of radio and/or terminal channelling equip-
ment (including ancillary equipment such es DC Tele-
graph Machines and Telephone Exchanges) to teach
Royal Signals technicians and trainees. Possession of
appropriate 0.N.C., C. & G. Certificate or equivalent
qualifications desirable. Selection by written examina-
tion and interview.
STARTING salary £785 (at age 21)-£1,096 (at age 30
or over) rising to £1,181.
PROSPECTS of pensionable appointment and promo-
tion.
OPPORTUNITIES exist for further technical study and
Day Release will be granted where possible.
ACCOMMODATION can be provided for single and for
unaccompanied married men on a temporary basis.
WRITE for application form to C.E.P.O., Peronne Lines,
Catterick Camp, Yorkshire. Closing date, 31st Decem-
ber, 1964. [1060
EXECUTIVE ENGINEERS, POST OFICE.
TWELVE pensionable posts in London and Provinces
for mechanical, electrical and electronic engineers to
develop and design communications systems and postal
service equipment.
QUALIFICATIONS: Degree or Dip. Tech. in engineer-
ing or physics or, exceptionally, very high professional
attainment. Final year students may apply.
SALARY (Inner London): £850-£1,748. Promotion
prospects.
AGE: At least 21 and normally under 35 on 31st
December of the year in which application is made.
Some extensions for service in H.M. Forces or Over-
seas Civil Service.-Write (preferably by postcard) to
Civil Service Commission, Savile Row, London,
quoting S/322(15). [1085

11

MECHANI

ELECTRI

ELECTRONIC
INSPECTORS/EXAMINUIS

MINISTRY of AVIATION

Skilled men required as Inspectors and Examiners of a wide range of
equipment for the Armed Forces. There are vacancies (1) at Contractors'
works in: LONDON and THE HOME COUNTIES and many other
provincial locations in ENGLAND and WALES. (2) In laboratories at:
BROMLEY (KENT) and HAREFIELD (MIDDX.) and WOOLWICH.

ELECTRICAL
INSPECTION
DIRECTORATE

AERONAUTICAL
INSPECTION
DIRECTORATE

Is responsible for the inspection of
RADIO, RADAR, NAVIGATIONAL
and similar ELECTRONIC/ELEC-
TRICAL equipment and components.

Is responsible for the inspection of
AI R C RA FT, ENG IN ES,G Ul D ED WEA-
PONS and associated equipment.

QUALIFICATIONS To have served a recognised apprenticeship or
have equivalent experience or training.
PAY (London Area) £16.0.0 rising by annual increments of 10/- to
£17.10.0.
(Provincial) £1 5.10.0 to £17.0.0 for a 42 -hour (5 day) week.
HOLIDAYS Two weeks (84 hrs.) rising to three weeks (126 hrs.) after
five years' service in the grade -8% days public holidays in addition.
PROSPECTS Excellent prospects for promotion to the Technical Class
within a salary scale £913-£1,244 for suitable candidates who possess
or obtain the necessary qualifications.
OTHER INFORMATION After serving a qualifying period there is a
paid sick leave scheme in operation.
APPLICATION To be made in writing giving :-
(a) Brief details of apprenticeship and/or experience.
(b) Whether E.I.D. or A.I.D. is preferred and for what type of work.
(c) Location (s) preferred, stating alternatives, if possible.

MINISTRY OF AVIATION, E.I.D. (A.D./P.2)
"AQUILA", GOLF ROAD, BROMLEY, KENT.
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629
TELECOMMUNICATIONS

G.E.C. (Telecommunications) Ltd. manufacture a wide range of equipment
from audio line repeaters to complete micro -wave transmission systems.
We require the following staff:-

TEST DEPARTMENT
Vacancies exist in the Test Department for work on the above systems and
associated test equipment. Men are required with some years experience of
electronic equipment preferably combined with a formal qualification. Recent
experience gained in the Services is valuable. Starting salaries are from £15
though some vacancies exist at a lower level

CONTRACT ENGINEERS
These vacancies would be particularly attractive to menwho have had wide
experience of the installation and commissioning of telecommunications
systems and who are now seeking static employment. Starting salary not less
than £1,100.

ELECTRONIC DESIGN ENGINEERS
The job involves the production of manufacturing drawings from laboratory
schematic sketches. A formal qualification together with a mechanical as well
as an electronic bent and draughtmg experience are required. Starting salaries
are in the bracket of £15-£18 for those with an appropriate City and Guilds
final or O.N.C. and higher for those with H.N.C. or similar uualifications or
experience.

SYSTEMS PLANNING ENGINEERS
We require qualified engineers who have had experience of planning large
scale transmission systems preferably with overseas telephone Companies.
Specialised knowledge of line and/or radio systems is essential.

INSTALLATION ENGINEERS
We would like to see men with several years experience of electronic or com-
munications equipment who are prepared to travel extensively in the U.K.
the activities of the Installation Department are world-wide and opportunities
for overseas travel will arise. Applications from artificers, technicians and
fitters completing regular engagements with the Services are most welcome
Salaries are in the range £18- £21 a week and higher for experienced engineers

APPLY:
With concise details to:-

The Staff Officer,

G.E.C. (TELECOMMUNICATIONS) LTD.
Coventry

AN OVERSEAS CAREER WITH
INTERNATIONAL AERADIO LIMITED
TO meet the requirements of constant growth and ex-

, pension we Invite applications from technicians and
engineers for an overseas career in North, West and
East Africa, the Mediterranean area, the Caribbean,
the Arabian Gulf and the Far East. If you have
recently completed service in a trade such as Ground
Wireless Fitter in the R.A.F. or Radio Electrical Artifi-
cer in the Royal Navy or have other experience in the
maintenance of HF and VHF communications, RTT and
navigational aids, we should be interested to hear from

, you. Successful candidates won:4 normally spend six
!weeks at our Radio Training Schoo., Southall, Middlesex
before proceeding overseas, but in some cases staff with
suitable qua:ffications and experience may be offered
immediate posting. Overseas stall receive a tax-free
salary with married and child allowances if appro-
priate sod accommoation, bache:or or married, is
provided free; other bmeisLs include generous 17.K. leave
and membership of an excellent pension and life
assurance scheme.
WRITTEN applications, please, to Personnel Officer, 40,
Park St.. W.i. [0084

TV slyiwceeetifingTidraequned, good pay, 5 -day week,
with pay.-Singer s Radio.Ltd., 261, Harrow Rd., yLondon, W.2. Cunningham

0707. 10271

RADIO Engineer, preferably A.M.I.E.R.E., requiredfor specialised research into miniature P.M. re-ceivers.-Detai_s of qualifications and experience toBox WW 1057. Wireless World.

AIRCRAFT Radio Technicians and Electrical Mech-
anics with workshop experience required to -over-haul aircraft radio electronics and electrical equip-ment; good rates of pay, superannuation, free insur-

ance, generous sick pay and holidays.-Apply: Skyways
Engineering, Limited, Stansted Airport, Stansted.
Essex. (1072
'TELEVISION development engineer, E. K. Cole

Limited, Southend-on-Sea. have a vacancy in their
television development laboratories for a young man
who has had practical training and has reached H.E.C.
or Final City & Guilds in radio and television ser-
vicing.-Write stating age and experience to Personnel
Manager. [1093

MINISTRY OF DEFENCE
(Air Force Department)

have vacancies for

Civilian Radio Technicians

at R.A.F. Sealand, Cheshire; R.A.F.
Cosford, Staffordshire; and other R.A.F.
stations throughout the United King-
dom for the servicing, repair, modifica-
tion, and testing of air and ground
radio and radar equipment. Com-
mencing salary according to age is
£722 to £929 p.a., max. salary £1,067
p.a. Houses may be available for rent-
ing at West Kirby some 15 miles from
Sealand.

Apply to Ministry of Defence
(CE3h (Air)), Sentinel House,
Southampton Row, W.C.1, or
to any Employment Exchange.

COLLEGE TECHNICIAN
required for

EAST BERKS COLLEGE
For work in the Electrical Laboratories
and Workshops: some knowledge of
domestic radio and T.V. equipment
necessary. Salary within the scale
£590- £805 depending upon experience
and qualifications. Apply to the
Principal, East Berks College, Boyn
Hill Avenue, Maidenhead.

100% TRANSISTORS
0C44/45, 81, 81D. 2/9 each

BY100 5/- each
AFI 17 3/6 each 0C26 7/6 each

J. ROBINSON RADIO TV.
4 HIGHCLIFFE ROAD

BLACKLEY MANCHESTER 9

Ministry of Defence
(Air Force Department)

have vacancies for

CIVILIAN RADIO TECHNICIANS
at R.A.F. Sealand, Cheshire; R.A.F. Cosford,
Staffordshire; and other R.A.F. stations
throughout the United Kingdom for the ser-
vicing, repair, modification, and testing of air
and ground radio and radar equipment. Com-
mencing salary according to age is £722 to £929
p.a., max. salary £1,067 p.a. Houses may be
available for renting at West Kirby some 15
miles from Sealand. Apply to Ministry of
Defence (CE3h (Air)), Sentinel House,
Southampton Row, W.C.1, or to any
Employment Exchange.
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BRITISH AIRCRAFT
CORPORATION

require at Stevenage, Herts, a

TECHNICAL INSTRUCTOR
for

SERVICE DEPARTMENT TRAINING

SCHOOL

PACEMAKERS
IN
AVIATION
PROGRESS

Applications are invited for the above post
which entails the planning, preparation,
lecturing and demonstration of the opera-
tion, performance and maintenance aspects
of complex equipment. The techniques
involved range over radar, computing,
servo -mechanisms and electro-mechanical,
digital, and analogue systems.

Candidates will require academic know-
ledge to at least H.N.C. standard and
obviously must either have previous
experience in instructing or the ability
to express themselves confidently,
together with the desire to teach and
appreciate the needs of students.

Experience with the Technical Branches
of the Service or in the design, develop-
ment or testing in some of the above
techniques is necessary.

The Service Department Training School
is responsible for customer training for
both military and civil customers and
provides the opportunity for service both
at home and abroad.

Assistance may be available with the cost
of relocation.

Please apply in writing giving full details
of age, experience and quoting reference
PDS/WW to:-

Senior Personnel Officer,

British Aircraft Corporation,

Stevenage, Herts.

4

I
BRITISH AIRCRAFT

CORPORATION
I

I

SINCLAIR
RADIONICS
LTD.

have an
unusual opening
for an
electronics
engineer

IN THEIR NEW CENTRAL

LONDON LABORATORY

The man we require will be highly
creative, preferably with experience in

television and certainly with consider-
able knowledge of semi -conductor cir-
cuitry. He will lead the laboratory team
and work in close co-operation with the
Company's managing director. The
successful applicant will have had at least
five years' experience in the field and
will be a man to whom the prospect of
working with a young, virile team wi I

prove stimulating. A very good sala, y
with generous profit-sharing scheme is
offered.

Details in confidence please to the Managing
Director at the address below,

minclairm-
SINCLAIR RADIONICS LIMITED
22 DUNCAN TERRACE, LONDON, N.I
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DIGITAL
COMPUTERS

The Decca Navigator Co. Ltd. require the services of Senior Electronic
Engineers for development work in their Omni -Track Computer Laboratory.
Experience of Digital Circuits essential, qualifications to degree or H.N.C.
standard would be an advantage. These positions carry attractive salaries
and conditions of employment, and offer scope for advancement with an
expanding Company famous throughout the world.
Please apply either in writing, in person or 'phone for application form to the
Personnel Officer,

The Decca Navigator Co. Ltd.,
247 Burlington Road,
New Malden, Surrey,
MALden 2271.
Quote Ref. SEE /M.

TEST ENGINEERS
With a view to Company expansion, applications are invited from Test Engineers who wish
to be engaged in testing a wide range of valve and semi -conductor industrial control equip-
ment, including digital systems. A working knowledge of electrical/electronic circuitry is
essential.
These are interesting permanent staff situations with a well established Organisation in the
industrial electronics field.
The salary paid will be commensurate with ability and experience.
Apply in confidence, in writing or by appointment, to:

Manager,
LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LTD.,

RUGELEY, Staffs. Telephone No: Rugeley 371
(A Member of the Metal Industries Group of Companies)

PYE TELECOMMUNICATIONS LTD

Have vacancies in

CAMBRIDGE

VHF ENGINEERS
Experience of V.H.F. Transmitters and Receivers essen-
tial. Men who have had training in the Services would
be suitable. Good rates of pay and promotion. Appli-
cants who wish to seek a career with Europe's leading
Radiotelephone manufacturers should apply to:-

Personnel Manager
Pye Telecommunications Limited,
Newmarket Road,
Cambridge.

Tel: Teversham 3131

TELEVISION SERVICE

ENGINEERS
Scottish Area.
* Good basic wage plus
* Merit pay
* Paid overtime
* Sickness Benefit and Super-

annuation
* Good prospects
Vacancies exist in Stirling (bench work
only), Kilmarnock, Edinburgh, Perth,
Glasgow, East Kilbride, Falkirk. Clean
driving licence essential. All interviews
arranged locally. Ex -Service Radar
Fitters particularly invited to reply.

RENTASET LIMITED
Apply: Area Engineer, Rentaset
Limited, Spring Kerse, Kerse Road,
Stirling. Tel.: Stirling 289314.

MINISTRY OF DEFENCE (Air Force Department)
requires Examiners (Technical Class Grade III)

in the Radio division of the Aeronautical Inspection
Service.
DUTIES.-At Henlow the calibration of a wide range
of electronic equipment and the compilation of calibra-
tion manuals. At other units, the technical super-
vision of staff, the inspection and testing of equipment
and submission of inspection schedules.
LOCATION.-Vacancies exist mainly at Henlow, West-
ern and Northern England, S. Wales and N. Ireland.
QUALIFICATIONS.-Applicants must be British sub-
jects. A full five-year apprenticeship or equivalent
training. Experience in the development. manufacture,
inspection, maintenance or testing of wireless or radar
equipment. O.N.C. (Elect.) or City and Guilds Inter-
mediate Certificate plus Radio II or an equivalent
qualification. Applicants must be prepared to serve a
tour or tours of 2 or 3 years' duration overseas.
APPOINTMENTS will be unestablished. Establish-
ment is by open competitions which are held periodic-
ally.
SALARY.-National Scale £798-£1.091. Age 28 and
over start at £975. Prospects of promotion to higher
grades with a maximum of £1,767. Applications and
further details from Ministry of Defence C.E.3f (Air),
Sentinel House, Southampton Row, W.C.1. (1087

SERVICE Engineers required for an exciting new
range of electronic instruments about to go on

the market. Applicants should have had experienceof electronic instruments and of repair or servicing.
Good salary and pension are offered.-Write to Sales
Director, flickers Instruments Ltd., Haxby Road, York,
stating age and details of previous experience. [39

OF

,CAMBRIDGE

We require trained men for pro-
duction testing, fault finding and
inspection of Modern equipment.

*SINGLE sideband equipment
*VHF radiotelephone equipment
*HI-FI reproduction equipment

We have limited vacancies for more
senior and experienced technicians
with drive, who can lead small teams.

There are also vacancies for men
with less experience who can be
trained for such work.

Apply to: The Personnel Manager,
Cambridge Works Limited,
Haig Road, Cambridge.
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RankCintel

Rank Cintel require a Mechanical Engineer to work on the
mechanical development of the following: -

35 mm. and 16 mm. Telecine Equipment,
Video Tape Recorders.
Tape Transport Mechanisms,
Slide Change Mechanisms.

Salary up to £2,200 p.a.

The Engineer appointed should have several years' experience in the conception and design of small precision mechan-
isms. Preference will be given to anyone with experience of film or tape traction, and a background knowledge of
optics and/or servo controls would be advantageous.

We want first-rate people, and will offer first-rate salaries, pension, non-contributory Life and Accident cover and
comprehensive fringe benefits.

If you are interested in joining a lively organisation in attractive surroundings, and would welcome the opportunity
of rapid promotion as your Department expands, please write, quoting reference below, giving full details of age,
qualifications and present salary to:-

THE GENERAL PERSONNEL MANAGER (Ref. ME/WW)
RANK -BUSH MURPHY LIMITED,
BESSEMER ROAD, WELWYN GARDEN CITY, HERTFORDSHIRE,

THE RANK ORGANISATION LIMITED

HAMMER FINISH PAINT
The modern finish for electronics.

Can be brushed or sprayed. Blue or S.Iver
2÷ or. tins 3s. 6d, pint 7s. 6d., I pint 15,

Post 6d. on any order. Trade supplied.
FINNIGAN SPECIALITY PAINTS, (W),
Mickley Square, Stocksfield, Northumberland

1WW-155 FOR FURTHER DETAILS.

QUEEN MARY COLLEGE (University of London),
42£ Mile End Road, E.1.
NUCLEAR ENGINEERING LABORATORY.
CHIEF TECHNICIAN.-A Chief Technician is required
to help in developing equipment and to supervise the
laboratory staff of about 12. Administrative experience
in a laboratory, adaptability and enthusiasm are more
important than paper qualifications or specialized ex-
perience. Experience in electronics would be an ad-
vantage. The work of the department includes elec-
tronics, reactor technology and precision mechanical
engineering. A well equipped electronics workshop
and machine shop are available. Pension scheme;
five-day week; four/five weeks annual leave. Appoint-
ment according to ability. etc., on scale E1,085X35
to £1,255 and in special cases to £1,445 p.a. Letters
only to the Registrar (NOT) stating age and giving
full details of experience and present work.

[1084

PROFESSIONAL ENGINEERS
AND TECHNICIANS

with at least too years' experionce in British
Industry are invited to avail themselves of our
Confidential and Free Service.

E.A.L. offers the most efficient and satisfactory
way of obtaining alternative employment in the
Electron'. Industry.

E.A.L. is in contact with all firms in S.E.
England and undertakes a complete and thorough
survey of any area for suitable vacancies for
every engineer registered with no.

For further Information please phone or write
IOC

Electronics
Appointments Lid.,
22 Gloucester Mns.,
Cambridge Circus,

London, W.C.2

Phone: TEMple Bar
5557,8

TEST engineers.-Applications are invited from test
engineers with previous industrial experience of

testing radio communications, receivers and trans-
mitters; successful applicants will be offered positions
on the company's permanent staff; starting salaries
commensurate with qualifications and experience.-
Apply in writing, giving full details, to Personnel
Officer, Redifon, Ltd.. Bromhill Rd., S.W.18. [0252

DINSDALE AMPLIFIER
PRINTED CIRCUITS and parts available for Mono and Stereo
units. Al,,, Prints and all parts for " W.W." P.M. TUNER
including B.F. Assembly. An alternative variable tuned version
is now available at a total building cost of en including ready -
wound coils for easy assembly.
Please send for Lists.

HART ELECTRONICS
193 Hart Road, Manchester, 14.

1W W-156 FOR FURTHER DETAILS.

UNIVERSITY COLLEGE OF WALES, ABERYST-
WYTH.

APPLICATIONS are invited for the following posts on
a research project in the Department of Physics.
(i) SENIOR TeN,IINICIAN. The work on Upper
Atmosphere Research calls for sound practical know-
ledge of electronics and involves in the main the build-
ing and testing of H.F. pulse and C.W. transmitters
and receivers.
(ii) JUNIOR TECHNICIAN. Who could well be a
recent school-leaver with " A " or " 0 " level Physics
and two other " 0 " level passes required to assist the
Senior Technician.
SALARIES. Senior Technician, £810-£1,010. Junior
Technician. £2£0-£500.
APPLICATIONS, with the names of two referees,
should be sent to the Registrar as soon as possible.

[1088
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SENIOR

ENGINEERS

ENGINEERS

Continued expansion has created a number of vacancies in our Marine
Systems Division for able and creative engineers to join teams currently
designing and developing complex electronic and electro-mechanical
equipment for oceanographic and similar applications. These offer
excellent opportunities to engineers who:

* Would like a career where ability is recognised and rapid promotion
is encourage d.

* Like to blend theory with practice.
* Can offer novel solutions to unusual problems.
* Are prepared to accept responsibility.
* Like to partake in the trials associated with the equipment they

have developed.
If you are interested in these opportunities and would like to join us
in developing equipment required to utilise the vast resources of the
oceans, apply: The Employment Manager, Plessey -UK
Limited, Ilford,

PlesseyUK                   
ELECTRONIC TESTERS.
SEVERAL vacancies exist for Testers familiar with
Television circuitry for work on Industrial Television
Cameras, TV Monitors, etc., good salary, station trans
port.-Apply Personnel Officer, Peto Scott Electrica
Instruments Ltd., Addlestone Rd., Weybrid ge. Tel
Wey. 45511. [108

RADIO & Television Testers.

FOR City Factory; good rates up to 7/6 per hour:
five-day week.
APPLY to Personnel Manager:-
ALBA (RADIO & TELEVISION), Ltd., Tabernacle St.,
London, E.C.2. [105

TECHNICAL TRADING CO.
11/12 NORTH RD., BRIGHTON

TEL. 67999

VALVES

All
ad

items as
_advertised in

the May issue still available.
Other Retail Shops:- 72 East Street,

Southampton & 350 Fratton Road, Portsmouth

240 -it ELECTRIC POWER ANYWHERE

Nalrafrom 12"n CAR BATTERY

"""of AMERICAN DYNAMOTOR UNIT
Inpu112v.output 200/250v. at 150 to220 wa tes.

Perfect for TEENISION. ROM TOOLS and all

universal AC/OC ELECTRICAL E QUIPMENT, gives

wonderful results. Price 011118 ie. carriage.

lend stamped envelope for lull illustrated details
BeFIDSCIENTIFIC PRODUCTS. CLIVELOS,1310.

1WW-157 FOR FURTHER DETAILS

VACANCIES IN THE
COMPOSITE SIGNALS

ORGANISATION
A number of vacancies offering good
career prospects, exist for

RADIO OPERATORS(Male)
Candidates should have a minimum of

two years' practical Radio Operating
experience.

Write, giving details of Education and
Qualifications to:-
Recruitment Officer (CS0/3),
Government Communications Head-
quarters, A Block,
Priors Road, Cheltenham, Glos.

ONDON UNIVERSITY, INSTITUTE OF PSY- CHIATRY,
DENMARK Hill, London, S.E.5, Specialist Technician
(Senior Grade) in electronics required to assist in the
design, construction and maintenance of research
apparatus in the Department of Psychology under the
direction of the Professor. Work involves the instru-
mentation of most forms of behavioural investigation
and therapy, and the ability to translate ideas into
" hardware is called for. Salary scale is that of
Whitley Council, Senior Technicians' Grade 1, i.e.,
£884 to £1,147 per annum (including London Weight-
ing) application forms from the Secretary, Institute of
Psychiatry, The Maudsley Hospital, Denmark Hill,
London, S.E.5. (Ref. P.) [1089
DYE CAMBRIDGE WORKS, Ltd.. Haig Rd.. Cam-

bridge.
* SINGLE sideband equipment.
* VHF radiotelephone equipment.
 HI-FI reproduction equipment.
WE require trained personnel for production testing
and fault finding of modern equipment.
WE have limited vacancies for more senior and ex-
perienced men with drive, who can lead small teams
engaged on this work.
WE have also limited vacancies for persons of less
experience who can be trained for such work.
APPLY to: The Personnel Manager.

[0340

BOOKS, INSTRUCTIONS, ETC.
WEBB'S log books for recording signals heard and

worked, 112 pages, 954 X 8in, approved format,
semi -stiff covers, excellent value 7/6 post free, or
callers 6/5.-Webb's Radio, 14, Soho St., London. W.1.

[103

TRAIN TODAY
FOR TOMORROW

Start training TODAY for one of the many
first-class posts open to technically qualified
men in the Radio and Electronics industry.
ICS provide specialized training courses in
all branches of Radio, Television and Elec-
tronics-one of these courses will help YOU
to get a higher paid job. Why not fill in the
coupon below and find out how?

Courses include:
 RADIO/TV ENG. & SERVICING
 AUDIO FREQUENCY
 COLOUR TELEVISION
 ELECTRONICS-many new courses
 ELECTRONIC MAINTENANCE
 INSTRUMENTATION AND

SERVOMECHANISMS
 COMPUTERS
 PRACTICAL RADIO (with kits)
 NEW PROGRAMMED COURSE ON

ELECTRONIC FUNDAMENTALS

Guaranteed Coaching for:
 Inst. Electronic & Radio Engs.
 C. & G. Telecom. Techns' Certs.
 C. & G. Supplementary Studies
 R.T.E.B. Radio/T.V. Servicing Cert.
 Radio Amateurs' Examination
 P.M.G. Certs. in Radiotelegraphy

Start today - The ICS Way
INTERNATIONAL

CORRESPONDENCE SCHOOLS
Dept. 230, Parkgate Rd., London &WM.

Please send FREE book on

Name

Address

1.65

Member of Association of British Correspondence Colleges
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CHALLENGING OPPORTUNITIES IN

CANADA

EARN $7.500 IN ELECTRONICS
RADIO AND ELECTRONICS TECHNICIANS with a desire to see more of the world can find rich
rewards with the CANADIAN MARCONI COMPANY. The company, CANADA'S LARGEST ELEC-
TRONICS SPECIALISTS, is engaged on important defence projects in remote areas of Canada.
Successful applicants will enjoy a remarkably low cost of living (food and accommodation for the
employee only costs $1.50 a day, heavy duty clothing is supplied free) and will have a chance of a
lifetime to accrue substantial savings. There are also first class prospects for promotion to super-
visory grades with salary ranges up to $10,500.
Can you QUALIFY? If you have three or more years' experience in installation or maintenance of
communications type equipment with special emphasis on radio relay, carrier and data transmission
systems (City and Guilds or Higher National is also desirable) the
answer is YES. Or if you have extensive practical experience then the
answer, again, may be YES.
Please write with full details, quoting reference WW2990E, to:
TECHNICAL STAFF OFFICER, GROUP PERSONNEL SERVICES
ENGLISH ELECTRIC HOUSE, STRAND, LONDON W.C.2 CANADIAN MARCONI

MANUALS, circuits of all British ex-W.D. 1939-
45 wireless equipment and instruments, from

original R.E.M.E. instructions; s.a.e. for list, over 70
types.-W. H. Bailey, 167a, Moffat Rd., Thornton
Heath, Surrey. 11095

ARTICLES FOR SALE
CLEARING STOCK

VLECTRICAL, electronic. radio, tools, television. radar,
office. test and miscellaneous equipment. compo-

nents and appliances; s.a.e. 6d list; everything must go.
consider offers/exchanges, w.h.y.?-Albatross Engineer-
ing Co., Dept. WV, 6412, 78-80. High St., Gosberton.
Spalding. Lincs. 144

FOR ALL YOUR PANEL WORK
WRITE FOR ILLUSTRATED
BROCHURE OF PARALEX
& LUFBRA ADJUSTABLE

HOLECUTTERS

WITH MORSE
TAPER

SHANK
UP TO NO. 4

OR STRAIGHT
SHANK s DIA.

TO .1 DIA.

HOLES ACCURATELY BORED
FROM lin. DIA. TO 12' -Tin. DIA.

AKURATE ENGINEERING Co. Ltd.

CROSS LANE, LONDON, N.8
TEL. FITZROY 2670

1W W 158 FOR FURTHER DETAILS.

IDERSPE'X and p.v.c. sheet, all types supplied and
moulded to customers' instructions.-Joyce Electrics,

36, Bathford Hill, Bath. [1090

BRAUN portable wireless, battery operated; £2.-
I.' Apply S.A.V., 33, Gayshan Ave., Gantshill, rd.
Essex. Il [fo1000

CEE page 124 for valves, loft ladders, hi -fl equip-
ment,)," etc. If you want to take advantage of the

mail order feature ring Wat, 3337, Ext. 210, now!
WIRELESS WORLD bound 1933-1937, unbound

June, 1948 to June, 1962, will deliver in London
area; offers.-Box W.W. 1083. Wireless World.
AVO valve characteristic meter with miniature

adaptors and manuals, in perfect working order,
£20. o.n.o.-Robertson, 200, High St., Beckenham 9294.

[1080
AVO electronic testmeter, £30; Taylor multimeter

100A, £20; Airmee, Televet 877, £30; and Radio -
vet 211, £35 or £60 for both; Advance signal gen.
Type E, E10; ex -Govt. signal gen., £1/10; Wee
Megger. 50011 boxed, £10; all good condition.-Box
WW1097, Wireless World.
E.M.I. Closed Circuit TV Mk. 6, 625 lines, comprising

14in monitor, 2 minicameras 3in dia.. 500 feet
?;,in dia. 25 -way cable for remote control of one camera.
Vidicon tube, Taylor Hobson Vidital lens, 12mm T.1.5.
camera control unit. pre -amp., all necessary cables: can
be seen working: total cost £1.200: best offer over E685.
-Box WW 1092, Wireless World.
TMPORTED privately from U.S.A. 1962. condition as

.11 new, National HRO 60 Communications Receiver
general coverage 1.7 to 30 megacycles, bandspread all
amateur bands and 50 to 54 m/cs on HRO standard
plug in coil units. Six position selectivity crystal filter,
ten bands and bandspread accurately calibrated, built
in power unit 200-230v 50 cps, complete with handbook
and L.S monitor if required. Best offer above E250
secures.-Box W.W. 1091, Wireless World.

ARTICLES WANTED

WANTED: Radio -Frequency Impedance Bridge.
general radio type 1606-A or similar.-Write

Cooper, 68, Chapel St., Marlow, Bucks. [43
.c10 reward for information leading to purchase of

5 to 10 KW transmitter, " medium wave."-Box
WW 45, Wireless World.
WANTED, rotary converters, 28 volt I/P, 540 volt

at 45mA 0/P. or similar. 17p to 100 off re-
quired.-Box WW 40, Wireless World.

REQUIRED,
4 only Redifon HP radio telephones as

new condition, type GR 400, 60 watt S.S.B. power
supply AC 200-250 volts, 50/60 cycles with alternative
DC power unit, 12 volt positive/floating earth, operate
frequencies of 1590 Kc/s and 3870 Kc/s.-Reply: Tenant
Trading Limited. 9, Harp Lane, Gt. Tower St., E.C.3.

[1096

TAPE RECORDING ETC.
SAVE on cost of hi -fl. See Audio Supply notice (ad-

vert. No. 0132). [0142
SAVE on cost of M-11. See Audio Supply notice (advert.

No. 111). [109
VERROGRAPH 5/AN, very little use; £65.-Box WW

110, Wireless World, London.
-UERROGRAPH 5/AN, almost new. E70; (London

demonstration).-Box WW 5318, Wireless World.

" SLEEP learning," the book essential for all go-
ahead people.-Send 6/6 to York House, Hud-

dersfield. [133

RESISTANCE WIRES
EUREKA-CONSTANTAN

Most Gauges Available

NICKEL -CHROME MANGANIN
NICKEL -SILVER

COPPER WIRE
ENAMELLED, TINNED, LITZ,

COTTON AND SILK COVERED
SMALL ORDERS PROMPLY DESPATCHED

B.A. SCREWS, NUTS, WASHERS
soldering tags, eyelets, and rivets
EBONITE and BAKELITE PANELS.

TURNOL ROD, PAXOLIN TYPE COIL
FORMERS AND TUBES, ALL DIAMETERS.
SEND STAMP FOR LIST. TRADE SUPPLIED.

POST RADIO SUPPLIES
33 Bourne Gardens, London, E.4

Phone: Clisso.d ^,688

1W W 159 FOR FURTHER DETAILS.
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MULLARD LIMITED
Central Application Laboratory

MITCHAM
We invite applications from suitably qualified and experienced men for the
following vacancies:-

ENGINEERS FOR TELEVISION (Ref: ET)
To join a Group engaged on semi -conductor design for both colour and black
and white television. Applicants should also be of H.N.C. level or have had
extensive experience in this type of work. An interest in television receiver
circuitry is essential.

ENGINEERS FOR DEFLECTION AND

DISPLAY (Ref: ED)
To join a Group which specifies and investigates the application of new display
developments for television and other display devices. Semi conductor design
experience, an interest in associated circuitry is desirable. Applicants should
be of at least O.N.C. level.

ENGINEERS FOR TELECOMMUNICATIONS
To join a Group working on the application of valves and semi conductors to
telecommunication equipment, experience of H.F. design together with at least
an H.N.C. in Electrical Engineering is essential. For one of these vacancies a
knowledge of varactor diodes is essential. (Ref: TEL.)

ENGINEERS FOR EQUIPMENT GROUP
a) A Project Leader is required to be responsible to the Leader of a group

whose work includes the design and construction of test equipment, calibration
and maintenance, prototype wiring and electrical and accoustical measurements.
For this vacancy applicants' must have H.N.C. together with of
electrical design and construction. (Ref: EE/PL.)

b) A Junior Electrical Engineer is required to assist with the design, con-
struction and calibration of test equipment, and to carry out electrical and
accoustical measurements. For this particular vacancy practical experience
may be of more value than formal technical qualifications. (Ref: EE/JE.)
Applicants please write quoting appropriate reference to:

The Personnel Officer

THE MULLARD RADIO VALVE CO.
Mullard Ltd.

New Road, Mitcham Junction, Surrey

ELEFUNKEN M24, professional. 209gns new, willT take 165gns; Ampex 971 stereo. 226gns new, will
take 135gns; Reflectograph " A." 105gns new, will take
75gns.-Hamilton Electronics, 35, London Rd., South-
ampton. Tel. 26622. [1076

A UNIQUE Buy! Recording tape, top brand, 7111..1-1. 2,400ft D.P.; 25/-: 5;y4in 1,200ft. 19/6; p. & p.1/6 per spool; bargains in all sizes; s.a.e. for list;we repair, buy and sell recorders.-E. C. Kingsley &
Co.. Ltd.. 132, Tottenham Court Rd., London, W.I.Euston 6500. [113

TECHNICAL PUBLICATIONS

A circuit draughtsman/illustrator
is required to assist with the preparation of
instruction handbooks for Medical X-ray
Equipment. His duties will include the lay-
out of schematic cil cult diagrams to BSS 108
and 530, the production of simple line and tone
drawings and assistance with author research.
Experience of photo -retouching would be
useful but is not essential.

Applicants should write giving fullest per-
sonal particulars including experience and
existing salary, age, etc., to
Personnel Manager,
G.E.C. (ELECTi<ONICS) LTD.,
East Lane, Wembley, Middx.

Electronics Service Engineer
required for London Office of well known
Company manufacturing electronic desk
calculating machines. This is a Senior
appointment for a Service Engineer with a
sound knowledge of basic electronics and
experience in Electronics, Radar, Radio
and Television or similar field. The
position is permanent and pensionable.
Comprehensive training; on full pay, will
be given to successfui applicant. Please
send resume of technical training and

experience to:
G.S.M., Surnlock Comptometer Ltd.,

The Island, Uxbridge, Middlesex.

FANTASTIC TAPE OFFER (G'nteed)
STD. L.P. D.P. Empty Spools

Sin, 176ft. 2/6 226ft. 3/6 300ft. 4/6 1/ -
bin. 600ft. el. 900ft. 819 1,200ft. 13/3 21-
6lM. 900ft. 6/9 1,200ft. 10/9 1,80055. 18/- 2/3
Tin. 1,200ft. 8/6 1,800ft. 14/- 2,400ft. 23/- 2/6

POST FREE
S.A.E. for lists of 1,/P and DiP tapes.

A. MARSHALL & SON
28 Cricklewood Bdy., London, B.W.E.

Telephone: OLA 0161/2

MEASURE HIGH VOLTAGES  3 to
with EASE, ACCURACY and SAFETY
with the

Size VO LTER kVPocket

Ideal for checking TV, Radar, Car Igni-
tion, etc. Only 97/6d. Trade discount 1.5%.
Or ask for leaflet. WAVEFORMS LTD.
72 Vauxhall Bridge Road, London, S.W.I.

Phone: VICtoria 3404-9

TAPE/DISC/TAPE transfer editing; duplicating; if
quality and durability matter (especially with LPs

from your precious tapes) consult Britain's oldest
transfer service.-Fund raising records published for
schools, musical societies (tax free).-Sound News Pro-
ductions. 10. Clifford St., London. W.1. Reg. 2745f108

TEST EQUIPMENT - SURPLUS
AND SECONDHAND

XBAND signal generators. TS-45/APM3, brand new,
£10, carriage 10/-; Marconi valve voltmeters,

25/10; s.a.e. for list of microwave and test equipment.
-Worthing Radio, 245, South Farm Rd., Worthing,
Sussex. [41

NEW GRAM AND SOUND
EQUIPMENT

GLASGOW.-Recorders
bought, sold, exchanged;

cameras, etc., exchanged for recorders or vice -versa.
-Victor Morris, 343, Argyle St., Glasgow, C.2. [120
JOIN Audio Supply Service and save on cost of hi -fl,

7/6 p.a., 60 -page photographically illustrated (non
advert.) hi -fl catalogue, 4/6, export enquiries welcome.
-10. Clifford St., London, W.I. [0132

RETURN of post service; record changers, players
and tape decks, some at special prices; speakers.

Martin type kits, Mullard amplifier kits, Jason tuners,
test meters, all in stock, H.P. available; send for free
i.lustrated lists, postal only.-Watts Radio, Ltd., 54,
Church St., eybridge, Surrey. Tel. 47556. [114

THE MINISTRY OF
DEFENCE

(ARMY DEPARTMENT)
invites applications for interest-
ing Grade V Engineering
appointments in the BRITISH
FORCES BROADCASTING
SERVICE overseas in Aden,
Benghazi, Tobruk, Tripoli and
Cyprus.

DUTIES AND
QUALIFICATIONS

Operation and maintenance of
MF, HF, VHF Transmitters,
Studio Equipment and generat-
ing equipment. Appropriate
ONC, City and Guilds, or
equivalent qualifications are nec-
essary.
SALARY SCALE (under re-
view) for Grade V staff is £739
to £1,039 p.a. In addition
generous non-taxable Foreign
Service Allowances are paid
according to location. Candi-
dates must be at least 21 years
of age.
For further details and Applica-
tion Form please write to:
The Director (EW),
British Forces Broadcasting

Service,
Kings Buildings,
Dean Stanley Street,
London, S.W.1.
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You are interested
in Radio and

T.V.-Why not-
PUT SOME LETTERS
AFTER YOUR NAME

You can rapidly qualify in your spare
time by means of an absorbingly in-
teresting Chambers Postal Course.
We offer expert and highly personal
training backed by a SATISFAC-
TION - OR - MONEY - BACK "
Guarantee. Over 75 years' experience
. . . thousands of successes.

FREE 100 -PAGE GUIDE
Choose from hundreds of
Courses - Practical Radio
(apparatus supplied), Radio
& T.V. Servicing, Applied
Electronics, P.M.G. Cert.,
City & Guilds, R.T.E.B.,
A.M.I.E.R.E., Radio Ama-
teurs Exam etc. Send today
for the informative 100 -
Page Chambers Guide To Suc-
cess - FREE. (Please state
Career, exam or subject of
interest).

Chambers
College

(Dept. 11) 148 Holborn, London, E.C.1.
1WW-162 FOR FURTHER DETAILS.

TAPE recorders and decks by Ferrograph, Brenell,
Truvox, Vortexion, Telefunken.

TUNERS and amplifiers by Quad, Leak, Rogers, Chap-
man.
MICROPHONES and stands by AKG, Reslo, STC. etc.
THE fabulous Microkit condenser mic., highest pro-
fessional performance, kit 2Ogns; complete ready to
use, 25gns.
ALL tapes and accessories.
RAPID postal service anywhere In world; good quality
part exchanges welcome; h.p. facilities; specialist audio
service dept., records, all labels-Parastat service.
LAMBDA RECORD Co., 95. Liverpool Rd., Liverpool.
23. Tel. Great Crosby 4012. 12868
JOIN Audio Supply Service and save on cost of hi-fi,

7/6 p.a., 60 -page photographically illustrated (non
advert.) hi -fl catalogues, 4/6, export enquiries wel-
come. -10, Clifford St., London, W.1. [111

NEW COMPONENTS
LINE O.P. transformers and scan coils for most makes,

exact replacements, from 25/- used and 50/- new,
send s.a.e. for inun. quote, add 3/6 for p. & p.; tele-
phone orders sent same day c.o.d.; example: new
LOPT's; Ekco T231/221, 65/-; Pye VT4/7, 59/6; Murphy
V250/280, 65/-; Cossor 938. etc.. 62/6: Ferguson 992-8.
69/6; Masteradio, 65/-; H.M.V. 1840-8, 65/-; Alba
T321-4, etc., 52/6 used and 14/17 T/V's, callers only,
£1 each.-T.C.S., Ltd., 112, Camberwell Rd.. S.E.5.
Tel. Rodney 7917. Open all day Saturday. [0334

ZONAL FILM (MAGNETIC COATINGS)
LIMITED

(NOW A SUBSI RDDIARYLIM COMPANYED) OFILFOIT
HOLMETHORPE AVENUE, REDHILL,

SURREY
HAVE THE PLEASURE OF OFFERING
THE FOLLOWING VACANCY-

V.T.R. MAINTENANCE ENGINEER
Requires a man with at least 3 years experience
with radio and television servicing or V.T.R.
maintenance. Preferably with theoretical
television servicing, although not essential if the
practical experience of television is fairly
extensive. Permanent position for successful
applicant. Canteen facilities. Pension Scheme
available.
Apply at once to the Personnel Manager.
Wnte or telephone. TEL. Redhill 4706.

B.B.C.2, TV, RADIO, TAPE REC., SPARES.
ID.B.c.2/625. Complete conversion kits, or tunersIA and IF panels separately; send for free lists. TV
Signal Booster Units, Labgear B1/3, or UHF 75/-,
masthead 105/-, Perdio UHF 70/-. post free; L.O.P.Ts.,
Philips, Stella 1768, 8617, etc. 98/-. Ekco/Ferranti U25
types 48/6, Ekco/Ferranti 026 and Perspex types 62/6,
Ferguson 306, 308 48/6, 406, etc. 65/6, Sobell, TS17
48/6, 171, etc. 67/6, Pye V4 to V700, etc. 62/6, post
3/-; also Alba. Cossor, Decca, G.E.C.. K.B., Invicta,
Pam, Phileo, McMichael, R.G.D., Dynatron, Emerson,
Regentone, Ultra. H.M.V.. Marconi, etc.; Scan coils,frame 0/P, Frame osc., Line osc. mains, sound 0/P
transformers, width/lin coils, mains droppers, dual
controls. etc.; Tuner Units, Fireball, incremental, tur-
rets, channel coils; CRTS. Mullerd, Mazda, Brimar
Emiscope 14in and 17in 85/-, 21in 120/-, etc., carriage
10/-; Tape Recorders, belts, heads motors, etc.; sal-
vaged components-large selection clean, servicable tur-
rets, transformers, etc.; enquiries invited, C.O.D. 2/6.MANOR Supplies, 64, Golders Manor Drive, London.
N.W.11. Callers, 589b, High Rd. (near Granville Rd.),N. Finchley, N.12. Hil. 9118 (day). Spe. 4032 (evg.)'open all week incl. Sat. DO/
" WIRELESS WORLD " alternative EHT unit;

s.a.e. for itemised price list, list available for
all previous articles including P.M. tuner, Mullard
amplifiers and capacitance meter.-Ajax Electronics.
18a, Rumbold Rd., Fulham, London. S.W.6. 1.47

VALVES
VALVE cartons by return at keen prices; send 1/-

for all samples and list. J. & A., Boxmakers, 75a
Godwin St., Bradford, 1. [1161

STUCK for a valve? Try Mazel Valve Depot, Man-
chester (English, American and Continental types)'

please note EBL31 and CBL31 out of stock; if any
dealers or manufacturers can help please contact:
Mazel Valve Depot. 122-138, London Rd., Manchester,
1. Tel. Ardwick 3505. [42

VALVES WANTED
WE buy valves for cash, large or small quantities,

old types or the latest; send details, quotations
by return.-Waltons Wireless Stores, 15, Church St.,
Wolverhampton. [134
ALL types of valves British or American, trans-

mitting and receiving; keenest cash prices paid.
What have you got to offer?-Write or call Lowe Bros.,
95-97, Redchurch St.. London, E.2. Tel. Shoreditch
4415-i. [2882

EXCHANGES
WE purchase for spot cash, modern used hi -fl equip-

ment, quality tape recorders, communication
RXS, stereo gear. etc., etc.; call, write or telephone,
best prices given.-Miller's Radio, 38a, Newport Court,
few yards from Leicester Square Underground station.
Ger. 4638. Est. 20 years. Buyer can collect within
100 miles radius. [0237

TELEVISION

SERVICE ENGINEERS
If your job doesn't fully satisfy yon, if yon
can face up to the challenge of technical
changes in the future, then we can offer you

* SECURITY-we are expanding and are
one of the largest service organizations in
the country.
* 5 -DAY 40 -HOUR WEEK-our staff have
excellent working conditions which are under
constant review.

* EXTRA HOLIDAY BASED ON SERVICE.

* SICKNESS BENEFIT AND SUPER-
ANNUATION SCHEME IN OPERATION.

* EXCELLENT WAGES PLUS

* MERIT PAY, SERVICE PAY AND PAID
OVERTIME.

* OPPORTUNITY FOR TECHNICAL AD-
VANCEMENT.

We have vacancies in MAIDSTONE, CHAT-
HAM, BASILDON, HARLOW, NORTH-
AMPTON, KETTERING, various parts of
LONDON AND KENT.

All interviews arranged locally. Clean driving
licence essential. Apply in writing to:-

RENTASET LIMITED
Regional Engineer, 27, Clarendon Road,
Harrow, Middlesex.

NEW BOOKS
INDUSTRIAL ELECTRONICS MEASURE-
MENT, by A. Schure. 15/-. Postage 9d.

INTRODUCTION TO SEMICONDUCTOR
DEVICES, by M. J. Morant. 18/-. Postage 1/-.

INTRODUCTION TO NUMERICAL CON-
TROL MACHINE TOOLS, by 0. S. Puckle and
J. R. Arrowsmith. 45/.. Postage 1/-.

COLD CATHODE TUBE CIRCUIT DE-
SIGN, by D. M. Neale. 45/-. Postage 1/-.

SIMPLIFIED MODERN FILTER DESIGN, by
P. R. Geffe. 50/-. Postage 1/-.

DESIGN OF LOW -NOISE TRANSISTOR
INPUT CIRCUITS, by W. A. Rheinfelder. 301,
Postage 1/-.

ELECTRICAL INTERFERENCE, by R. F.
Fucchi. 50/-. Postage 1/-.

INTRODUCTION TO COUNTING TECH-
NIQUES AND TRANSISTOR CIRCUIT
LOGIC, by K. J. Dean. 25/, Postage I!,
ELECTRONIC PRECISION MEASUREMENT
TECHNIQUES AND EXPERIMENTS. Corn.
piled by Staff of Philco. 78/, Postage 2/-.

AMATEUR RADIO CIRCUITS BOOK. Aa
RSGB Pub. 7/6. Postage 9d.

COMPLETE CATALOGUE lb.

THE MODERN BOOR CO.
BRITAIN'S LARGEST STOCKISTS

ef British and American Technical Books

19-21 PRAED STREET
LONDON, W.2.
Phone: PADdington 4185.
Open 6 days. 9-6 p.m.

1WW-163 FOR FURTHER DETAILS.

WELSH COLLEGE OF ADVANCED TECHNOLOGY

CARDIFF

DEPARTMENT OF APPLIED PHYSICS

POST -GRADUATE DIPLOMA IN ELECTRONICS

Applications are invited for places in the full-time
one year College Diploma Course in Electronics,
commencing October, 1965. The course will be of
particular interest to graduates, or equivalent, in
science or technology wishing to consolidate their
studies with a specialist year devoted to Electronics.

Further details can be obtained from the College
Secretary, Welsh College of Advanced Technology,
Cathays Park, Cardiff. Application forms should be
completed and returned to the College as soon as
possible.

ENGINEERS
required for Design and

Instrumentation of Test Instruments.
Qualifications H.M.C., if possible, or
experienced engineers. Salary to be
discussed at interview.
Please apply in writing to the:-

Personnel Office,
Radio and Television,

Ingate Place,
Queenstown Road, S.W.8
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TEST ENGINEERS
AND

CALIBRATION ENGINEERS
Resulting from expanding Research and Development Programmes

E.M.I. Electronics Ltd. have a requirement for Test Engineers (together with
Assistant grades) and Calibration Engineers for their establishments at Hayes
and Feltham, Middlesex.

Successful applicants will be engaged on interesting and challenging work
related to a range of sophisticated electronic equipment involving the latest
pulse and semi -conductor techniques.

Applicants should have a sound basic knowledge and experience of elec-
tronics and should preferably be of H.N.C. or City and Guilds standard.
A knowledge of transistors is desirable.

These posts could be of interest to technicians who have worked on Radio
or TN. Servicing or in the technical branches of H.M. Forces who wish to
broaden their experience.

Staff conditions apply and a Contributory Pension Fund with free Life
Assurance is in operation. Starting salaries will be dependent upon age,
qualifications and experience.

Please write, giving brief details and quoting ref. WWE/9/13, to:

Group Personnel Department, 04213/S,
E.M.I. Limited, Hayes, Middlesex.

"WIRELESS WORLD" TEST INSTRUMENTS

Complete sets of Metalwork, machine engraved
Front Panels, Special Tag Boards and all

specified 1st grade components.
For professional appearance and performance.

Send 6d. in stumps for lists.
MALVYN ENGINEERING WORKS

Engineers to Me Radio and Electronic Industries
7 CURRIE STREET, HERTFORD, HERTS.

TELEPHONE: HERTFORD 2264
1WW-164 FOR FURTHER DETAILS.

ELECTRONIC TESTERS and
SERVICE ENGINEERS

REQUIRED
for interesting work on Radio Trans-
mitters, Receivers, Amplifiers, Test
Instruments and General Electronic
Apparatus.

If you have a monotonous job and
want to better yourself, apply for a post
with us which offers:-

Secure Employment.
Scope for Advancement.
Five Day Week.
Staff Status.
Holiday and Sick Pay allowance.
Congenial Working Conditions.

Apply to Personnel Department.
LABGEAR LTD.,

CROMWELL ROAD,
CAMBRIDGE.

SERVICE &. REPAIRS
PRINTED circuit service; small quantity runs quickly

and economical.-Quotations and information from
Teleradio Co., Ltd., 18, Turnpike Lane, N.8. [2888
SPEAKER repairs, cones fitted, guaranteed satisfac-

tion.-L.S. Repair Services, Pluckiey, Ashford,
Kent. [0223
SPEEDY and expert tape recorder and hi -fl repairs

by England's leading hi -fl specialists.-Telesonic,
Ltd., 92, Tottenham Ct. Rd.. London, W.I. Mus.
8177. [0025
CATHODE ray tubes, direct from factory offer, your

tune rebuilt to brand new with latest type superior
American gun, quick service with full year guarantee,
example: 17in, £41716.-Write for full .details now to
Electronic Services, Ltd., 44, Putman St., Hull. [26
ALL makes and types of communications, receivers,

transmitters overhau'ed, to original specifications.
AR88D-LF, etc., trade facilities available, your home
and export enquiries invited.-Dept. " P," Highgate
Radio Services, 219, Moseley Rd., Birmingham, 12. Cal.
1039. [1049

NYLON P.T.F.E.
ROD, BAR, SHEET, TUBE, STRIP, WIRE
No quantity too small. List on application.

BRASS . COPPER . BRONZE
ALUMINIUM . LIGHT ALLOYS

STAINLESS STEEL
H. ROLLET & Co. Ltd.

Howie Street, S.W.I I. BATtersea 7872
ALSO AT LIVERPOOL, BIRMINGHAM,

MANCHESTER, LEEDS, GLASGOW

1W W-165 FOR FURTHER DETAILS._

\+\ TANNOYW

For sound sense
WEST NORWOOD LONDON SE27

GIPSY HILL 1131

1WW-166 FOR FURTHER DETAILS.

RADIO TECHNICIAN
A number of suitably qualified candidates
will be required for training, leading to
permanent and pensionable employment.
(Normally at Cheltenham but with oppor-
tunities for service abroad or appointment
to other U.K. stations.)
Applicants must be 19 or over and be
familiar with the use of Test Gear and have
had Radio/Electronic workshop experience.
They must offer at least " 0 " level G.C.E.
passes in English Language, Maths. and/or
Physics, or hold the City and Guilds
Telecommunications Technician Inter-
mediate Certificate or equivalent technical
qualifications.
Pay according to age, e.g., at 19, £722; at
25, £929 (highest pay on entry) rising by
four increments to £1,067.
Prospects of promotion to grades in salary
range £997-£1,634.
Annual leave allowance of 3 weeks, 3 days,
rising to 4 weeks 2 days.
Normal Civil Service sick leave regulations.
Apply:

Recruitment Officer (RT/3),
Government Communication
Headquarters,
Oakley, Priors Road, Cheltenham.

CAPACITY AVAILABLE
RECTIFIERS, Selenium and Silicon units supplied

for all applications, keen prices, good deliveries.
J. R. SERVICES & DEVELOPMENTS. 231, Rivermill,
Harlow, Essex. Tel, Harlow 26481. [112
AIRTRONICS, Ltd., for coil winding, assembly and

wiring of electronic equipment, transistorised sub-
units, sheet metal work. -4, Ashmead Rd., London,
S.E.8. Tel. Tideway 2249. [107

MISCELLANEOUS
IF you want to advertise in the MAIL ORDER section
for

ofdetailsFebruaryNOW. Wireless World ring Wat. 3333, ext. 210.
[10C11

RADIO remote control, 25/30inc/s systems, transmit-
ters, receivers and servos, designs and complete

equipment available.-Teleradio Electronics, 18, Turn-
pike Lane, N.8. [2929
METALWORK, all types cabinets, chassis, racks,

etc., to your own specification, capacity available
for smal milling and capstan work up to lin bar.
PHILPOTT'S METAL WORKS, Ltd., Chapman St.,
Loughborough. [123
RADIO engineer, with technical skill, organising

ability and capital, former works manager, desires
partnership in small expanding electronic/radio firm,
West of London.-.Box WW 46, Wireless World.
SELL!

Sell! Sell! Your products through the mail
order page on 121.-Apply for details now for

February. Mail Order, " Wireless World," Dorset
House, Stamford St., S.E.1. Tel. Wat. 3333, Ext. 210.

TESTERS
required for interesting work
on L.F. and H.F. Transmitters.
Previous fault-finding experi-

ence essential.
The positions available would be of
special interest to persons employed
in the fault-finding and repair of
television who are keen to establish
themselves in a position that offers:

* Satisfactory employment
* Five-day week
* Good prospects of advance-

ment
* Staff status
* Sick pay
* Generous salary

Apply: Personnel Manager

Multitone Electric Co. Ltd.
12-20 Underwood St., London, N.1
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SOUTHERN RADIO
SUPPLY LTD.

11, LITTLE NEWPORT STREET,
LONDON, W.C.2. GERrard 6653

GOODS AS PREVIOUSLY
ADVERTISED STILL AVAILABLE

Bombsight Computers; Frequency
Crystals; Test Meters No. 1;

Accessories for Type "38" and
"18" Transreceivers, etc., etc.

WORLD RADIO & T.V.

HANDBOOK 1965 ED. 26/ -
By JOHANSEN. Postage 1/-.

Amateur Radio Circuits Book, new ed. by
R.S.G.B. 7/6. P. & P. If-.
Five Speakers, How to Make Them by Miles
Henslow. 5!-. P. & P. 9d.
Amateur Radio Call Book 1965 ed. by R.S.G.B.
51, P. & P. 6d.
Aerial Handbook by Briggs. 8/6. P. & P. 1/-.
Transistor Amplifiers for Audio Frequencies
by Roddam. 45/-. P. & P. 1/6.
ABCs of Short Wave Listening by Buck-
walter. 16/.. P. & P. 1/-.
The Amateur Radio Handbook by R.S.G.B.
341, P. & P. 213.
British Transistor Directory by Bradley.
8/6. P. & P. 6d.

UNIVERSAL BOOK CO.
12 LITTLE NEWPORT STREET,

LONDON, W.C.2.
(adjoining Lisle Street)

1W W 167 FOR FURTHER DETAILS,

BENSON'S better bargains, send s.a.e. for free cata-
logue of Government and manufacturers' electronic

surplus, to-Superadio (W.), Ltd., 116, Whltechapel,
Liverpool, 1. [100
TRANSISTORS, unmarked, untested, 40 for 10/-, p.P.

1/-; 4-% sits. % post free relays, thousands of
types special catalogue free; general catalogue of
mechanical and electrical gear, tools, etc., 5,000 items,
free.-K. R. Whiston (Dept. WRW), New Mills, Stock-
port. [2729

' TUITION
THE Incorporated Practitioners in Radio 85 Elec-

tronics (I.P.R.E.). Ltd., Membership Conditions
booklet, 1/-; sample copy of I.P.R.E. Official Journal,2/- post free.-Secretary, Dept. A, 32, Kidmore Rd..
Caversham Rd., Caversham, Reading, Berks. [104

R & R RADIO & TV SERVICE
Dept. W.W.,

MARKET STREET, 8ACUP, LANCS.
Telephone 465

SALVAGE VALVES Tested before dispatch
6F13 4/6 10P14 5/- PL82 8/6 20P4 6/8
SUS 4/6 20P5 6/6 11801. 7/6 30P16 5/-
EF80 1/8 30P4 7/- 10F1 1/6 PCC,84 4/-
ECC82 3/ - 6E15 5/- 20552 5/6 PCL83 5/-
EOM° 8/6 EB91 1/- 3055L1 9/- PY81 8/6
30F5 11/- EF85 PY32 11/- U301 6/-
P1.38
PCF80

6/-
4/-

6/3014
20P3

4-
6//.

61..i4
6F1 2/6GT

51- 10P13
20D1

5/6
21-

P1,81 5/- 30PL1 4/- ECC81 8/- 30P12
PZ30 5/- PL36 6/- EY86 4/- PY82 5/-
1,7329 5/- PCL82 5/-
Speakers, Ex -TV. lin. round. 6 c 4in., 8/6; Rin. round 6/-; post 2/..
Line Output Transformers available. State set Model No.
Turret Tuners, 8/, post 2/...
Sean Coils, Me. Quote set Model No. with all enquiries and
S.A.E. for prompt reply. All goods subject to satisfaction
or money refunded.
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AUTO TEST EQUIPMENT
TELEPHONE CABLES LIMITED

of
DAGENHAM, ESSEX.

invites applications from men aged 18 or over who have O.N.C.
or studying electrical engineering. Preferably with experience in
electrical measurements and practical wiring from circuit diagrams.

REQUIRED FOR DEVELOPMENT AND BUILDING
OF TELEPHONE CABLE TESTING INSTRUMENTS

Pension Scheme  Canteen Sports etc.
Please write to Employment Officer

EXPERIENCED DEVELOPMENT ENGINEER
required by expanding company.

Must be fully experienced in the field of audio
work and transistor techniques, as applied to high
powered musical instrument amplification. Must
be capable of developing projects on own initiative
and being fully responsible for quality control
throughout. Salary commensurate with experience
and ability, Box 5330, Wireless World.

FFULL-TIME courses for P.M.G. certificates and the
radar maintenance certificate, also in electrical

and electronic engineering.-Information from College
of Technology, Kingston upon Hull. [122

BECOME " Technically Qualified " in your spare
time, guaranteed diploma and exam. home -study

courses in radio, TV, servicing and maintenance,
R.T.E.B., City and Guilds, etc.; highly informative
120 -page Guide-free!-Chambers College (Dept. 433),
148, Holborn, London, E.C.1. [121

RADIO officers, see the world; sea -going and shore
appointments; our many recent successes provide

additional trainee vacancies during 1964/1965; day
and boarding students; grants and scholarships avail-
able; stamp for prospectus.-Wireless College, Colwyn
Bay. [0031

T.E.R.E., City & Guilds and R.T.E.B. exams.; sped-
." Wised I.C.S. home -study course will ensure success.
-For details of wide range of exam. and diploma
courses in radio, TV and electronics, also new practical
courses with kits, write to I.C.S. (Dept. 522), Parkgate
Rd., London, S.W.11, [119

.E.R.E.. City & Guilds and R.T.E.B. exams; special -I iced I.C.S. home -study course will ensure success.-
Far details of wide range of exam. and diploma courses
in radio, T.V. and electronics, also new practical
courses with kits write to I.C.S. (Dept. 522), Parkgate
Rd., London. S.W.11. [102

STUDY radio, television and electronics with the
world's largest home study organisation, I.E.R.E..

City & Guilds, R.T.E.B.. etc.; also practical courses
with equipment; all books supplied-Write for free
prospectus, stating subject, to I.C.S. (Dept. 422), In-
tertext House. Parkgate Rd., London, S.W.11. 1117

TECHNICAL TRAINING
RADIO and TV exams. and courses by Britain's

finest home study school; coaching for I.E.R.E.,
City & Guilds, Amateurs Licence, R.T.E.B., P.M.G.
Cert., etc.; free brochure from-British National Radio
School, Russell St., Reading. [136

M.G. Certificates, City & Guilds Examinations,P I.E.R.E., also many non -examination courses in
radio, TV and electronics; study at home with world
famous I.C.S.-Write for free prospectus, stating sub-
ject, to International Correspondence Schools (Dept.
443), Intertext House, Parkgate Rd., London, S.W.11.

[118

BOOKS
" 'TELEVISION Engineering Principles and Practice,

1 VOL III. Waveform Generation," by S. W. Ames,
B.SC.(Hons.), A.M.I.E.E.,and D. C. Birkinshaw,
M.B.E., M.I.E.E. The third volume of a com-
prehensive work on the fundamentals of television
theory and practice, written primarily for the instruc-
tion of BBC engineering staff This volume gives the
application in television and sinusoidal, rectangular.
sawtooth and parabolic waves and shows the mathe-
matical relationship between them. The main body
of the text is devoted to the fundamental principles
of the circuits commonly used to generate such signals,
the treatment being largely descriptive in nature and
therefore less mathematical than that of the previous
volume. The work is intended to provide a compre-
hensive survey of modern television principles and
practice, 30/- net from all booksellers. By post 31/ -
from Iliffe Books Ltd., Dorset House, Stamford St.,
London, S.E.I.

_

RCA MIND. HEMP= (Brand KW
Freq. 640 ke./s.
32 Me*, 6 wa.ve

Vigata-0-9'
17,

.0.
t5A-0 0 dr -6

band. mechanical
;.:411.Ispread with
I. Ong stale, auto.
idol mannal vol.
control, ditto Noise
Limiter, Bl.'O, Pitch
and Var. HF Tone
controls. RI and

AF (lain, Var. selectivity with Co stal Filter. Com-
plete sit h instructions/Sere ce manual, quire valves.
hand, I. in dal, etc. £75. ('arr.

WHEATSTONE BRIDGE
Cintre Zero Cal-

i' vanianeter Scaled
20 - -0-- 20 2Dii.
movement. 2.5 mit.
full scale deflection.
3 stud twitch con-
trols 0-10, 0-100
chins. e.lef. Com-
plete hr esrevieg

with Mani,
thins, 45/-. Post
3,-. Spare meters

for abuse 16,-. P. 1/6.
TELESCOPIC AERIAL MASTS. Tubular steel cop -
liaised, spray finish, ring cam looking on each section
provides for full or any height required. Suitable all
fixings and base locations. Bottom section llin.
diameter. 2011. (4 section) Closed Mt. Weight

55/-. Carr. 3411. (6 section) Closed lift. Sin.,
Weight 20 lbs. 75/-. Cam. 5/-.
Further height by adding 3-4ft. Whipo.ctions, 13/6.

1(6 Special price for quantities).
CREED TELEPRINTERS. 711 used condition,
812/10/-. Corn 30/...
844 Mk. II St III. Dipole and rod aerials 30/- per set.

A I'. 2/-; Microphone with connecting plug 15/6.
& W.; battery input and phone plugs 5/- each.

1'. & 1

POWER UNIT. 110/230 v. A.C. input. 'C' type drop
through Parmeko Transformer. 350 -11 - 315 v.. 6.3 v.
Output. Double choke and paper type smoothing.
Combined 4 valve including 5Z4 rectifier, o.p. A.F.
Ampliiier. Self contained rack or table mounting.
Fully fused. Indicator light. Mains switch. Brand
new in makers cartons. 59/6. Carr. 5/, (Quantity
enquries invited).
TRANSMITTER. 1.75-16 Me/s., 3 Tiveband tuneable,
grid modulation using 813. Used complete with all
valves, circuit. 67/10/-. Carriage 10,-.
MOVING COIL HEADPHONES. BRAND NEW.
chamois padded, complete with lack plug, 51/6.
Post 2/-.
ALL NO. 19 SET PARTS AVAILABLE.
Many other bargains. S.A.E. all enquiries

A. J. THOMPSON
" Eiling Lodge," Codieote, Hitehin, Herts.

Phone: Codicote 242.
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" INTRODUCTION to Valves." By R. W. Hallows,
2- M.A.Cantab., M.I.E.E., and H. K. Milward,

B.Sc.Lcnd., A.M.I.E.E. Describes the principles. con-
struction, characteristics and uses of most types of
radio valves. The approach is simple and, as far
as r.ossible, non -mathematical, but the book provides
the student with a thorough understanding of valves
and how they work. 8/6 net from all booksellers. By
post 9/4 from Iliffe (Books Ltd., Dorset House, Stam-
ford St., London, S.E.1. _ -

" D ADIO Designer's Handbook." Editor, F. Lang- '

AIL ford -Smith, B.Sc., B.E., Senior Member I.R.E.
(U.S.A.), A.11T.I.E. (Aust.), a comprehensive reference
book,' the work of 10 authors and 23 collaborating en-
gineers, containing a vast amount of data in a readily
accessible form; the book is intended especially for
those interested in the design and application of radio
receivers or audio amplifiers. Television, radio trans-
mission and industrial electronics have been excluded
in order to limit the work to a reasonable size. 65/ -
net from all booksellers. By post 67/9 from Iliffe
Books Ltd.. Dorset House, Stamford St., London, S.E.1.
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LAWSON BRAND NEW
TELEVISION TUBES

6ouble Guarantee. 7 day
Money Back Guarantee plus
12 months full Replacement
Guarantee.

Today's Orders dispatched
Today, and full fitting instruc-
tions are supplied with every
tube.

Terms: C.O. D. or C.W.O.
Carriage and insurance 8/6.

TWELVE MONTHS

FULL REPLACEMENT

GUARANTEE

The continually increasing demand for tubes of the very highest
performance and reliability is now being met by the new Lawson
" Century 99" range of C.R. T.'s.
" Century 99" are absolutely brand new tubes throughout,
manufactured by Britain's largest CRT manufacturers. They
are guaranteed to give absolutely superb performance, needle
sharp definition, screens of the very latest types giving maximum
Contrast and Light output; together with high reliability and
very long life.
" Century 99" are a complete range of tubes, in all sizes
for all British sets manufactured 1947-1964.
Our stocks are very large and we can supply the EXACT tube
you require by return.

12" -L4:10 :0 LAWSON
14" - £5 :10:0 TUBES
17" - : 19 :0 PEACHFIELD

MALVERN, WORCS.CLOSE,

19"-21" - f7 : 15 :0 Tel. 2100

1WW-170 FOR FURTHER DETAILS.

TESTED TRANSISTORS
0A202, 1/- each. 0C44, 0C45, 0031,
0081D, 3/- each. AF 114/5/7, SX658,
0C170/ I , 4/ -each. 25013, 0C26/28/35,
GET57I, I 0/- each. XA 101/2, X13103/4,
XAI I I/2, 2/- each. RED OR WHITE
SPOTS, If- each. 0C139, BY 100,
GETS, 5/- each. ZENERS a watt, 3/6
each. 1.5 watt, 5/ -each. 7 watt, 6/- each.

S.A.E. LIST AND COMP. EQ. CHART
FREE.

B. W. CURSONS
78 BROAD STREET, CANTERBURY
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THE COTELLA RANGE
OF LOUDSPEAKERS & CABINETS

4. PICCOLO
S. COLUMN 5. CELLO 6. OBOE

The Cotella range of loudspeakers is a break -away from the orthodox
polished wooden cabinet. The main structure of the body ie of steel
with a contemporary covering of perforated P.V.C. leather cloth.

For full details write to: J. G. COATES LTD.,
Trafalgar Street, Burnley. Tel: 4376

" A 'BADS of Nomograms." By A. Giet. Translated
`. from the French by H. D. Phippen and J. W.

Head. Most engineers have made use of nomgrams at
some time in their careers, and are fully alive to the
tact that they are a very convenient tool when the
same formula has to be solved repeatedly for several
sets of variables. It is fair to say, however, that
only a small proportion of even those who habitually
employ nomograms know how to construct them for
their own use. Most of the comparatively small litera-
ture on the subject is written for mathematicians and
is extremely difficult for the practical engineer to
comprehend. This book is essentially practical, and
not only demonstrates the many and varied applica-
tions of the abac of nomogram. but shows how even
those without highly specialized mathematical know-
ledge may construct their own charts. 35/- net from
all booksellers. By post 36/- from Iliffe Books Ltd.,
Dorset House, Stamford St., London, S.E.1.

ODDIE FASTENERS

THE FASTENER WITH ENDLESS
APPLICATIONS - SIMPLE - POSITIVE
SELF - LOCKING. MADE IN A
VARIETY OF TYPES AND SIZES.
SPECIAL FASTENERS TO SUIT
CUSTOMERS' REQUIREMENTS.
WIDELY USED IN THE RADIO
INDUSTRY.

Illustrated brochure and other information
will be gladly sent on request.

ROSS, COURTNEY & COMPANY, LTD.
(ODDIE FASTENERS DIVISION)

Terminal House, Elthorne Road,
London, N.19. TEL.: ARChway 0551

CABLES: "HOMONYMS, HOLWAY," LONDON

&ON DON CENT-RA1
RADIO STORES ,

WIRELESS SET NO. 38 A.P.V. Freq. range 7.3 to 9.0 Mc/s.\
Working range f to 2 miles. Sire 10fin. x 4in. x Spit. Weight
fifths. Includes power supply 8 lbs -and epare valves and vib-
rator, also tank aerial with base. £6 per pair or £3 single. Callers
only.

EX EQUIPMENT COLLARD. 3 speed auto changers complete
with arm and p.,.. Hi -Fidelity Model RC54 also Model
RC531. A.C. mains. Approx. size 13in. x Min. Height
71n. Eg. P. & P. 10/..

90 -WAY PRESS -BUTTON INTER -CON. TELEPHONES In
Bakelite cage with junction box. Thoroughly overhauled.
Guaranteed. 27/15/- per Unit. Complete Installation £135,
10 -WAY PRESS -BUTTON INTER -CON. TELEPHONES in
Bakelite case with junction box. Thoroughly overhauled.
Guaranteed. 66/151- per Unit. Complete Installation £60.
Wiring Diagrams for 10 and 20 ways on application.
10 -WAY PUSH-BUTTON KEY TYPE STRIP. Size approx.10fin. x Silo. 10/-.
P.M. MOVING COIL SPEAKERS. wv
5in. 9/2. 8in. 3 ohm. 1016. Elliptical 7 X din. 3 ohm 10/6.
SUPERIOR TYPE DESK PHONES. Black Bakelite cases. Com-
plete with Hand Set, Dial 0.9 and internal bell. £3/716.
G.P.O. TELEPHONE TYPE CARBON HANDSETS 10/8.
ELECTRICITY SLOT METERS (1/- in slot) for A.C. mains. Fixed
tariff to your requirements. Suitable for hotels, etc. 200/260 v.
10 A. 84/.; 15 A. 4441-; 20 A. 104J-; other amperages available.
Reconditioned as new. 2 years' guarantee.
QUARTERLY ELECTRIC CHECK METERS. Reconditioned as
new. 200/260 v. 10 A. 42/6; 15 A. 52/6; 20 A. 57/6. Other
amperages available, 2 years' guarantee,
8 -BANK UNISELECTOR SWITCHES. 25 contacts, alternate
wiping £2/15/-. 8 bank half wipe £21151-. 6 banks, half wipe,
20 contacts. 47/6.
ALL GAUGES INSTRUMENT WIRE. Tin copper enamelled
cotton silk resistance wires from 16 B.W.G. to 50 B.W.G. Listtient on request. Send S.A.E.
HIGH-SPEED ELECTRO-MAGNETIC COUNTERS. Ex -Govt.
0-9,999, 25/50 v. D.C. Size 4 x 1 x lin. Single coil 2,3000.
Single coil 5000 15/-.

All prices include carriage in United Kingdom except
where otherwise stated.

23 LISLE ST. (GER. 2969) LONDON, W.C.2
Closed Thursday 1 p.m. Open all day Saturday
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AMERICAN
Test & Communications

Equipment
ANNPM-11A (TS -738) General purpose

3 C/M Radar range Cal. Max.
range 35,000 yds. Acc. 5/15 yds.

AN/UPM-63 Airborne Radar testing, pulse
Gens.

AN/UPM-66 Airborne Radar test sets.
TS -90/U Radar Dummy Loads.
TS-140/PCM Wide range AR Oscillator and

separate DBM meter.
TS -297/U Precision built Multimeters.
TS -402A Precision AF/RF Attenuators.

Imp 600 Ohms Range 0/81 DB
in 1 DB steps.

TS -414/U Universal Dynamotor Testers.
Analyses all functions of 14V.
and 28V. Dynamotors under
full load conditions.

1-181 Weston Electric Relay, Testers.
304 Dumont Oscillographs. Equiv.

to MIL. Type OS -46.
AN/FP/4-13 Radar Equipments.
AN/FRC-27 & Transceivers freq. 152/174
AN/TRC-34 Mc/s. Output 50W. 115/230V.

Mains op.
AN/VRC-19 & Mobile F.M. Transceivers
AN/VRC-19X freq as above, output 20/25W.

Supply/V. 24 and 12 respectively
AN/ARC-3 Airborne V.H.F. Trans-

ceivers freq. 100/156 Mc/s.
in 8 channels.

AN/ARC-36 16 channel conversion of above.
BC -640/B 50W. V.H.F. Transmitters freq.

100/156 Mc/s. 115/250V. mains

'reCU-168/FRR olliris Antenna couplers, for
operating up to 5 comm.
receivers from a single aerial.
Freq. range 2/32 Mc/s.

CF -2 Telegraph Carrier Terminals.
TT -52 Teletype transmitter distri-

butors.
TG -7B Teletype page printers.

SUTTON ELECTRONICS
Salthouse, Nr. Holt, Norolk. Cloy 288
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CABINETS AT SENSIBLE

PRICES FROM

£5 . 17 . 6d!
You can be sure of meeting the exact cabinet you
require when you examine the most extensive range
in the country at Lewis Radio, here are just two
examples:

THE BRAHMS
Price 27 gns.

This new elegant Brahms
cabinet is available in
medium walnut and medium
mahogany with 9in. legs
and will take any tape deck,
turntable, tuner and pre-
amplifier, the largest stereo
amplifier plus record and
tape Storage.

THE LOWBOY
Price 27 gns.

This rigidly constructed Hi-Fi
cabinet will accommodate
even the largest Hi-Fi units-
available in teak, walnut or stripey
sapele mahogany-size
53in. long by I8in. deep by
26in. high including
12in. legs.

.0 THE NEW LEWIS CATALOGUE

Designed to assist your choice of cabinet.
THE new Lewis Radio Cabinet Catalogue-the most
comprehensive ever prepared. Sent absolutely
Free.

Please send your free 24 -page colour cabinet
catalogue.

NAME

ADDRESS

CAPITALS PLEASE
(Dept. W 1163)

100 CHASE SIDE, SOUTHGATE LONDON, N.14
Telephone: Pelmets Green 373319666

1W W-176 FOR FURTHER DETAILS.

" D ADIO Interference Suppression as Applied to
1 Radio and Television Reception." By G. L.

Stephens, A.M.I.E.E. 2nd Ed. An up-to-date guide
to the various methods of suppressing electrical inter-
ference with radio and television reception. Many
practical applications are given, particular attenion
being paid to the problem of interference at television
frequencies. Other chapters deal with the design and
choice of suppressor components, methods of locating
the source of interference, and suppression of the
receiver itself. 10/6 net from all booksellers. By post
11/2 from Iliffe Books Ltd., Dorset House, Stamford
St., London, S.E.1.
" ULTRASONIC Delay Lines." C. F. Brockelsby,

B.Sc., A.R.C.S. A.M.I.E.E., J. R. Falfreeman,
R. W. Gibson, B.Sc.(Eng.), Grad.I.Mech.E. The
authors are members of a team which has been work-
ing on ultrasonic delay lines, since the early days,
at the Mullard Research Laboratories. This is the
first book to be written specifically on the subject.
which has important applications in radar, radio and
television, electronic computers, pulse -forming net-
works, correlation techniques and multi -channel com-
munication systems. The early chapters discuss basic
principles and the various types of delay lines are
then covered. The chapter on electronics for delay
lines deals fully with the design of broad -band ampli-
fiers, oscillators, etc.. either with transistors or valves.
The last two chapters are devoted to the delay line
measurements and the many applications of delay
lines. Among the five appendices there is one con-
taining nearly 60 curves which give the characteristics
of many delay line materials. The final appendix
discusses one of the latest developments, ceramic
transducers. 65/- net, 66/3 by post.
" BASK Mathematics for Radio and Electronics."

1.1 By F. M. Colebrook, B.Sc.. D.I.C.A.C.G.I. Re-
vised and enlarged by J. M. Head, MA. (Cantab.).
presents in readable form a complete course in basic
mathematics from engineering students of all kinds
and leads on to the more advanced branches of
mathematics of increased importance to radio en-
gineers. In this edition the chapter covering the
application of mathematics to radio has been revised
and enlarged, while new subjects covered include
Stability, Liner Differential Equations, Elementary
Statistics, Short Cuts to Numerical Calculations and an
Introduction to Matrices. Will be invaluable to those
without previous knowledge of the subject. 17/6 net
from all booksellers. By post 18/6 from Iliffe Books,
Ltd., Dorset House, Stamford St., London, S.E.1.
" WIRELESS Servicing Manual." W. T. Cocking.

This is the tenth edition of a book
which since 1936 has been known to radio servicemen
everywhere as a reliable. thorough and comprehensive
guide to solving most of the problems that arise in the
repair, maintenance and adjustment of the modern
radio receiver. In the present edition a major addi-
tion is a chapter devoted to transistors and transistor
sets. The author of " Wireless Servicing Manual "
is well known to a wide circle of readers as former
editor of " Electronic Technology " and now of " In-
dustrial Electronics." His crisp lucid style makes this
handbook of utmost value to the service man and
amateur alike. 25/- ret. 26/- by post from Iliffe
Books Ltd., Dorset House, Stamford St., London,
S.E.1.

SELL
Your products

through the new
feature on page

121

APPLY FOR DETAILS:

MAIL ORDER,
WIRELESS WORLD,

DORSET HOUSE,
STAMFORD STREET,

LONDON, S.E.I.

Tel.: WATerloo 3333

Ext. 210

137

EXCLUSIVE
OFFERS

AMERICAN AVIONIC EQUIPMENT
* AN, ARC-3 * ANIARC-27
* AN/ARC-5 * AN,ARC-33
* AN, ARC -34 * AN, ARC -52
* AN/ ARN-6 * AN'ARN-7
* ASP * AN ARN-21
* AN/GRC-27 * AN/ GRC-32
* AN/FRC-27 * ANIVRC-19

AMERICAN MICROWAVE TEST
EQUIPMENT

* AN/UPM-33 (TS-148/UP) Radar general purpose
Test Sets fi.470/9,3ti0 me/s.

* WATERMAN NB portable general purpose Sin. Om:Moe
scopes.

* TS -197 G.P. Oscilloscopes
* R.C.A. 2'9 mats. 100 w. Dummy loads DA -72,U.
* HOLTZER CABOT general purpose 500 v. Megohmeters

AN, USE -2A.

* BERKELEY CORPORATION Model 559 high speed
electronic Counters (digital display). FR -67/U

* TS -352/17 Multimeter Test Sets. (ME -911).

* TS -882C Audio Oscillators 20/20,000 aye.
* TS-666'AP Potentiometers.
* T-281/ARC-21 Test Sets.
* AN PDR-39 Radiac.
* AN, UPT11-11 Range Calibrators (114-738A).

* AM-URM-313 Signal Generators 7,s05/10,750 roe '4.

1 40 -page List of over 1.000 items in stock available
keep one by you.

* POLARAD URM-36 Signal Generators.7,830110,7amcni.

* MUBSTON 268D Crystal Rectifier Test Sets.
* TS -147D, U Aircraft Beacon Test Sets, measure frequency

spectrum and fluctuation. 8,470/9,3E0 me/s.

* HICKOK TV -7/U Mutual Conduotance Valve Testers
* .1:11ES6 WIRELESS portable Gniniinum

* SPERRY T101002 Amplifier Analyser Test Equip-
ments.

* LAVOIE 239A High Speed Oscilloscopes. AN,IISM-50

* AN UPM-1 Test Sets 150-550 ince.
* MD -83A, ARE V.O.R. modulators.

* 06-13 Oscilloscopes.
* TS-497B/URR Signal Generators 2'440 mc,'s.
* TS -505D/17 V,T.V.M, Multimeters.
* AN/ARM-7 R.F. Wattmeters.
* AN/URM-64 Sig. Generators 900,2.000 mc's.
* TS -297,11 Multimeters.
* AN/UPM-6B Test Equipments.
* 863A Airport control tower Monitors.
* 497G Airport control tower Amplifying equipment.

AMERICAN TELETYPE EQUIPMENT
* TT -5 ro page printers.
* TT -18 TO reperforators.
* TD -30 tape readers.
* Teletype Coder -Decoder Privacy Equipments.

Carriage extra on all above.

We have a large quantity of "bits and pieces " we
cannot list --please send us your requirements as

we can probably help- all enquiries answered.

P. HARRIS
ORGANFORD-DORSET

WESTBOURNE 65051
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Record
Cleaning &
Maintenance
Equipment

Send stamps value 9d. for post free copy
of 16 page booklet " A Guide to the better
care of your L.P. and Stereo Records."

CECIL E. WATTS LTD.
Consultant & Sound Engineer

Darby House Sunbury -on -Thames, Middx
IWW-178 FOR FURTHER DETAILS.

WIRELESS WORLD

DECADE BOXES

CAPACITY 15pf to 111µF
RESISTANCE O.1() to 1001(0
VOLTAGE DIVIDERS and
WHEATSTONE BRIDGES

LIONMOUNT & CO. LTD.
24 LYNTON ROAD, LONDON, N.8

Tel: Fitzroy 4178

IW W-179 FOR FURTHER DETAILS.
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DAMAGED METER?
Have it repaired by Glaser

Reduce overheads by having your damaged
Electrical Measuring Instruments repaired
by L. Glaser & Co. LW.

We specialise in the
repair of all types and
makes of Voltmeters.
Ammeters, Microam-
meters, Multirange Teat
Meters, Electrical Ther-
mometers, Recording
Instruments, etc.
As contractors to various

Government Departments, we are the leading
Electrical Instrument Repairers in the Indaatry.
For prompt estimate and speedy delivery send
detective instrument by registered post, or write to
Dept. W.W.:-

L. GLASER & CO. LTD.

1-3 Berry: CSiterrekeetilwVindal-r.l.

INSTRUMENT

REPAIRS
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THE

The Eddystone "840c" is an inexpensive, soundly engineered communications
receiver giving full coverage from 480 kcis to 30 Mc/s. It possesses a good perfor-
mance and is built to give years of reliable service. The precision slow motion
drive-an outstanding feature of all Eddystone receivers-renders tuning easy
right up to the highest frequency, and the long horizontal scales aid frequency
resolution. Modern styling and a pleasing two cone grey finish lead to a most
attractive receiver.
List 044.

The Eddystone "940" is a larger and more elaborate communications receiver, with
a correspondingly better performance. It has two fully tuned radio frequency stages
and two intermediate frequency stages; variable selectivity with a crystal filter; built-in
carrier level meter and push-pull output stage. Sensitivity is very high and outstanding
results can be expected. Workmanship, construction and finish are all to the usual
high Eddystone standards. Styling is modern, with two-tone grey finish.
List price E 125. Os. Od.

THERE'S AN

EDDYSTAE
COMMUNICATIONS

RECEIVER
FOR ANY FREQUENCY

BETWEEN

10 kc/s and
1,000 M/cs

iii

Please write for full Technical Specifications to the Manufacturers

STRATTON & CO. LTD., BIRMINGHAM, 31
1W W 002 FOR FURTHER DETAILS.
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ERSIN

Ersin Multicore Solder is made in
Europe's largest cored solder factory,
and contains only the purest tin and
lead plus five cores of extra -active
non -corrosive Ersin flux. It is un-
doubtedly the world's finest and most
reliable cored solder. THERE IS AN
ERSIN MULTICORE SOLDER FOR
YOUR PURPOSE . . whether it be
the rapid soldering of miniature
components by a production solder-
ing process, or the individual produc-
tion of large units of equipment such
as fully transistorised submersible
repeaters. Alloy, diameter of the
solder, type and percentage of flux in
the solder are all points to be con-
sidered.

For production soldering processes
Ersin Multicore Solder with 362P Ersin
flux in 60 40 and Savbit No. 1 alloys,
and containing an exclusive agent
Pentacol, promote the extra rapid
spread of the lower percentage of flux
in the cores-less fumes are liberated
-less flux residue is left.

Multicore Savbit Alloy, to which a
precise amount of copper is added
prolongs bit life up to ten times,
ensures more consistent soldered
joints, and eliminates maintenance of
soldering iron bits.

Wireless World JANUARY, 1965

UNDER THE SEA

Ersin Multicore Solder is shown being used at the Erith factory of Submarine Cables
Ltd., in the production of a submersible repeater designed to last for a minimum of
20 years under the sea without attention.

The life and reputation of any piece of electronic equipment can rest
entirely on the solder used in assembly, a minute fraction of its cost. That
is why the finest, most dependable cored solder is invariably the most
economical and best. Ersin Multicore is the most widely used cored solder
in the U.K. and is exported to over 50 overseas countries.

THERE IS AN ERSIN MULTICORE SOLDER FOR EVERY
PURPOSE WHERE PRECISION SOLDERING IS REQUIRED

CF1,151,

Engineers and technicians are invited to write on their Company's letter
heading for the completely revised 6th Edition of the 24 -page booklet
"MODERN SOLDERS" containing data on melting points, gatigns, alloys,
etc. Also, reprint of "Industrial Electronics" article "Erosion of Soldering
iron bits", by P. Sharpies.

MULTICORE SOLDERS LIMITED, MULTICORE WORKS,
HEMEL HEMPSTEAD, HERTS. (BOXMOOR 3636)
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