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L A 4 - 2 5 0  T R A V ELL IN G  W A V E  A M PLIFIER

This new  am plifier, for the 3 .6 - 4 .2  kM c/s 
com m unications, band, has a gain of 25  dB and 
w ill d e live r, under saturation, 2 0 0  mW  of p ow er. 
The am plifier m ay be used as the d rive r for the 
2 W att tube (LB4-2 ), and is suitable as a frequency 
changer or modulator. Focusing is obtained by the 
use of period ic permanent magnets.
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Phone- BX 2 0 0 6  
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Associated with 

MULLARD LTD., LONDON 
MltLLARD EQUIPMENT LTD.
MULLARD OVERSEAS LTD.

S T E R E O P H O N I C  SOUND

RETAILERS —  The radiogram  m arket is far from  saturated, stereo has 

started the whole cycle of sales once again and you are now being offered 

more and more well designed stereophonic radiogram s backed with good 

publicity and sales promotion. The ultimate in sound reproduction is no 

longer the sole domain of the enthusiast —  it is for your customers. A r­

range dem onstrations —  sensible dem onstrations —  don’t overdo the 

gimmick discs, develop your sales story with the absolute minimum of 

technical content —  say it in basic English and claim your share of the 

stereo sales.

ENGINEERS AND ENTHUSIASTS —  The technique of stereophonic 

sound storage and high quality reproduction at m oderate cost has prom p­

ted a reappraisal of valve and semiconductor audio frequency circuit 

application.

We emphasize once m ore high quality and low cost, the theme that 

established the popular M ullard 3-3, 5-10 and 5-20 single channel am ­

plifiers. Few enthusiasts have escaped the fascination and simplicity of 

the 5-10 in particular, and all three have been the engineering basis of a 

vast quantity of professional amplifiers and radio-gram ophones m anu­

factured in many countries in all continents.

The impressions of position and spaciousness offered by this new 

technique are outstanding with valve and semiconductor amplifiers of 

quality, and this issue of the O U TLO O K  describes the M ullard 2 Stereo 2 

dual channel amplifier for stereophonic reproduction.

W ith all modesty we trust that stereo amplifiers constructed to 

M ullard circuit data will provide as much pleasure and enjoyment as 

their widely accepted single channel predecessors.

MULLARD DISTRIBUTORS:—
N EW  SO U TH  W A L E S  Q U E EN S LA N D  T A S M A N IA

M artin de Launay Pty. Ltd . B. Martin Pty. Lim ited, Medhursts W holesale Ltd .,
287 C larence  Street, 35 Charlotte  Street, 163 Collins Street,
Sydney. Telephone BX 5834 Brisbane. Telephone B 1744 H obart. Telephone B 2 9 11.
C n r. King & Darby Streets, 136 W ellington Street,
Newcastle. ‘ Phone BM 474I Launceston. Phone B 2091.

V IC T O R IA  SO U TH  A U S T R A L IA  W ESTER N  A U S T R A L IA
Howard t le c tr ic a l & Radio A gents: W oollard & Crabbe Harris, Scarfe  & Sandovers

Com pany, Lim ited, Lim ited,
Vere Street, 180 W rig ht Street W est, 691 H ay Street,
Richmond. 'Phone J B 4 7 I6  A de la ide . Telephone L A 4 7 I3  Perth. Telephone B F 0 I3 I  

and all leading wholesalers throughout the Commonwealth
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E S S B E 1V
VIEWPOINT WITH MULLARD

MULLARD VALVE AND ELECTRON MULLARD FILM 
TUBE SALES AND SERVICE CENTRE STRIP LIBRARY
Now 297-299 Trafalgar Street, Petersham, N.S.W. Sales, LM 9213— Service, LM 9284 The Film Strips listed below are 

complete with Lecture Notes and 
may be borrowed subject to the usual 
requirements. A small projector is 
available for limited periods.

CONDITIONS OF LOAN
(1) M ullard will arrange to  forward 

the film-strips to you so that they 
will be available for screening at 
the required time.

(2) After screening, the films are to 
be replaced in their original con­
tainers, and details of any damage 
noticed whilst screening should be 
indicated.

(3) The borrower should forward the 
Film  Strips to this office at his 
own expense, so that they will be 
received by the due date. W here 
Film Strips are on loan in country 
districts or interstate, it is requested 
that the fastest transport service 
available be employed.

FILM STRIP TITLES
El An In troduction  to  E lectronics.
E2 E lectronic Devices I (E lectronic 

Tubes).
E3 E lectronic Devices II (Sem icon­

ductors).
E4A Basic Valve Circuits.
E4B Basic V alve C ircuits.
E6 Principles o f the C .R .T .
E7 Valve C haracteristics.
E15 T he M anufacture  o f T herm ionic 

Valves.
E17 T he M anufacture  of C .R .T .’s.
E21 M agnets and M agnetic M aterials.
E22 Secondary Cells.
E23 D .C . M achines.
E24 A rm atu re  W indings.
E25 A rm atu re  R eaction.
E26 C om m utation .
E27 D.C. M otors.
E28 T he T herm ionic  Valve.
E29 T h e  C athode R ay Oscilloscope.
E30 Filam ent Lam ps.
E 3 1 D ischarge Lam ps.
E32 Photom etry.
E33 Indicating Instrum ents.
E34 Energy M eters.
E35 A.C. and the A lternator.
E36 Vectors.
E37 T ransform ers.
E38 Rectification.
E39 Pow er D istribution.
E40 U nderground  Pow er Cables.
E50 T he H istory o f Radio.
U 39 E lectronics— T h e  R adio  Valve, Parts
U40 Electronics— T he R adio Valve, Part 3
U41 E lectronics— T he R adio Valve, P a rt 4
U 42 E lectronics— T he R adio  Valve, P a rt 5
U43 E lectronics— T he R adio  Valve, P a rt 6

7 Television— P a rt 1.
8 Television— P art 2.

14 T he Story o f Television.

The prim ary function of 
this departm ent is to 
check valves, tubes and 
semiconductors returned 
as faulty and to replace 
those that actually are 
faulty, provided of course 
that they are still within the guarantee 
period.

A secondary function is the testing 
of television picture tubes and issuing 
of reports for service organisations 
wishing to  claim on insurance policies 
taken out by television receiver pur­
chasers.

The test equipment is most com pre- , 
hensive and enables accurate m easure­
ments to be carried out on returned | 
valves and tubes. For this reason all j 
valves returned should be labelled with 
the suspected fault and should also 
be free from  external damage such as 
bent pins, etc. Broken valves are not 
normally replaceable under guarantee.

Television picture tubes returned 
for exam ination should be accom ­
panied by the prescribed form (in 
duplicate for insurance claims) which 
will gladly be supplied on request.

Picture tubes received for checking 
are first physically examined then 
electrically tested for electrode shorts.

MULLARD AT THE 
I.R.E. CONVENTION

M ELBOURNE, 25th to 30th M AY, 1959 

Stand 17-19, WILSON HALL

During the Convention, M ullard will 
display a wide range of valves, electron 
tubes, semiconductor devices, ferrite 
com ponents and equipm ent for indus­
trial, communications and research 
applications. Ultrasonic drilling and 
cleaning equipment, stereo amplifiers, 
television line selector and devices 
showing applications of silicon power 
diodes, transistors and photoconductive 
cells will be demonstrated.

VIEWPOINT MEETING
Enfield Boulevarde Hotel

14 Coronation Pde., Enfield, N.S.W. 
W ednesday, 6th M ay, 1959, at 8 p.m.

The premises at Petersham , for­
merly known as 221 Trafalgar Street, 
have been acquired for the express 
purpose of offering our many custo­
mers a more efficient valve and elec­
tron tube sales and m aintenance ser­
vice.

SERVICE CENTRE

gas current, emission and so on fol­
lowed by further tests under actual 
operating conditions. From  time to 
time picture tubes returned are 100% 
serviceable and, in such cases, of 
course, the claim for replacement 
under guarantee is rejected. It is im­
portant that all tubes being returned 
are adequately packed so that face 
plates, etc., are not damaged during 
transit; indeed, tubes being returned 
should always be treated as though 
they were brand new and fully 
serviceable.
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SOUND REPRODUCTION WITH THE MULLARD 2 STEREO 2

A QUALITY STEREOPHONIC AMPLIFIER FOR THE HOME CONSTRUCTOR
INTRODUCTION

In recent years rem arkable improve­
ments have been m ade in the field of 
sound reproduction, in that progress 
in the design of pickups, amplifiers and 
loud speakers, together with the intro­
duction of high quality disc and tape 
recordings and V H F sound broadcast­
ing has set new standards for the dis­
crim inating listener. However, all too 
frequently insufficient attention is paid 
to the acoustic side of sound repro­
duction as a means of furthering the 
illusion of three-dimensional sound.

The results of engineers’ endeavours 
to recreate sound contours so that the 
sound source is apparently defined in 
space rather than the listener experi­
encing a fixed point source of sound is 
the achievement of binaural and stereo­
phonic recording and reproducing tech­
niques. True binaural reproduction re­
quires the listener to wear head-phones

and this method of “captivating” an 
audience is likely to find favour with 
few music lovers. On the other hand, 
stereophonic reproduction requires two 
speaker systems spaced some six to 
ten feet apart —  the preferred listening 
area being centred on the apex of an 
equilateral triangle of which the loud 
speaker systems define the bass line. 
Whilst stereophonically recorded pro­
gramme m aterial is currently available 
both on tape and disc the simpler 
handling of the gram ophone record has 
in this field again brought it to the 
fore as domestic entertainment.

ft is as well at this stage to be aware 
that the equipm ent necessary for 
stereophonic reproduction comprises 
two entirely separate channels and al­
though these can be obtained in the 
one power amplifier by hybrid con­
nections at both input and output, the 
more obvious approach which places

no additional lim itations on quality is 
to  provide two separate power ampli­
fiers. Since with the hybrid technique 
it is difficult to obtain a wide fre­
quency response and low levels of dis­
tortion, the two-amplifier approach is 
recommended for the home constructor 
and discriminating listener.

A num ber of possibilities are im­
mediately apparent and in order of 
decreasing power these are:—

(a) Two 5-20 Amplifiers
(b) Two 5-10 Amplifiers
(c) Two 3-3 Amplifiers
A suitable pre-amplifier to  cope 

with stereo magnetic cartridges, tape 
input, etc., will be detailed in the near 
future. A t the moment, however, stereo 
crystal cartridges appear to  be more 
readily available than their magnetic 
counterparts and for this reason a 
design based on two 3-3’s for a stereo 
crystal pick-up input has been investi-

V oice-Coil
Im pedances

2.00
2.7n
3.750
8 .on

12.00
15.00

Feedback
Resistors

1.8 ko  
2.2 ko
2.7 k o
3.9 ko
4.7 k o  
5.6 k o

Feedback 
C apacitors 

270 pF  
250 pF  
200 pF  
150 p F  
120 p F  
100 pF

- (A ) 50 Kn  Log

Heater winding a-a 
may be centre 
tapped or have one 

)o  s '^e earthed as
desired.

3
Stereo
Monaural
Reverse
Bass Control Ganged  
Treble Control Ganged

l y m W w P T j

R e fe r " H .Q .S .R ."  page 36 
fo r an ti - sp a tte r resistor 

va lu es .

(A) 50Kxi Log

16
Fig. 1



G n n srn

1 Stereo 5.6 K r i

gated. Detailed examination shows, 
however, that a more compact and 
efficient amplifier is obtained with a 
design featuring two 6B M 8/E C L 82 
valves.

THE 2 STEREO 2 AMPLIFIER
This design is presented in two 

forms —  (a) with volume control and 
separate bass boost and treble cut 
controls, and (b) with loudness control. 
The circuit has been designed by M ul­
lard engineers for those constructors 
who wish to assemble a low cost 
quality stereo amplifier. It is suited to 
most types of stereo crystal pickups 
and has a rated output of 2W per 
channel at less than 2%  total harm onic 
distortion.

CIRCUIT DESCRIPTION
The amplifier, which is operated 

from the A.C. mains, uses three M ul­
lard valves, a 6B M 8/E C L 82 as triode 
voltage amplifier and pentode output 
stage in each channel and a 6 V 4 /
EZ80 as the rectifier. Figures 1 and 
1A show the schematic with alterna­
tive control arrangem ents whilst the 
com paratively high sensitivity of 
200m V  for 2W output in each channel 
coupled with an input impedance of

17

1 megohm accommodates most stereo 
crystal pickups and allows if required 
input equalising networks.

In this design the triode section of 
the 6B M 8/E C L 82  is used as a voltage 
amplifier to feed the output pentode 
section. As the overall gain of this 
configuration is such that the am ount 
of negative feedback which can be 
employed is limited to  about 9dB if an 
input sensitivity of 200m V  is to be 
m aintained, careful selection of the 
operating conditions of the pentode

section is necessary to ensure low 
distortion. A dditional to this is the 
problem  of ensuring a low hum and 
noise level w ithout bulky and costly 
filtering components in the high ten­
sion supply and these two require­
ments are met by the adoption of a 
set of operating conditions for the 
pentode section of the 6B M 8/E C L 82 
where the screen grid voltage is 
lower than the anode voltage. With 
9.5dB of feedback a nominal amplifier 
delivers 2W to the loud speaker at

Fig. 2



FREQUENCY (C/S) 
Fig. 3

FREQUENCY (C/S) 
Fig. 3A

1.5% total harm onic distortion and 
3.2W  before the onset of clipping as 
shown in figure 2. Figures 3 and 3A 
illustrate the frequency response of 
each channel at the lOOmW and 2W 
output levels respectively. The range 
of the tone controls is illustrated in 
figure 4.

There may be some home construc­
tors who feel that 2 watts per channel 
at one and one half per cent, distortion 
is inadequate for realistic reproduction 
but with a high efficiency speaker 
system such as the one described over 
leaf the 2 stereo 2 has been used in 
rooms of 1200 cu. ft. to  reproduce the 
dynamic range of an orchestra and 
effects such as trains, aircraft flying

overhead, m otor racing, etc., without 
the need being felt for a m ore pow er­
ful amplifier. In larger rooms and halls 
m ore power will be required and dis­
crim inating enthusiasts will demand 
lower distortion but for a serious intro­
duction to stereo the low cost 2 stereo 
2 amplifier represents a forthright 
approach.

ACOUSTICS
Although it is generally conceded 

by most authorities that listeners are 
unable to appreciate the direction of 
sound waves below 300 c /s  and there­
fore this band of frequencies cannot

assist the stereo effect, it has been 
noted by other acoustic researchers 
that double bass and drum  passages 
can be defined in space when re­
produced stereophonically. The view 
that frequencies below 300 c /s  do not 
contribute to the illusion has led to  
the technique that the bass of both 
channels is fed to a common “woofer” 
or low frequency speaker system with 
separate mid and high frequency 
speakers for each channel located for 
optim um  stereo effect. Indeed, as a 
result of this premise we find some 
m anufacturers suggesting a separate 
amplifier and speaker unit covering 
the audible range above 300 c /s  as 
an “add on unit for stereo.”

The perform ance of these two ar­
rangements seldom appoaches that of 
two identical loud speaker units and 
this latter approach is recommended 
for the home constructor and pro­
fessional alike.

ENCLOSURES
The duplication of any suitable loud 

speaker enclosure will be satisfactory 
for a stereo reproducing system, but 
two norm al sized enclosures may tend 
to crowd the smaller living room  and 
lead to protests from the distaff side. 
For this reason constructional details 
are included of a small vented en­
closure housing two 8 "  speakers 
capable of providing full well-damped 
bass to  35 c /s . As two of these en­
closures (one for each stereo channel) 
occupies less space than many conven­
tional m onaural enclosures and the 
double 8 "  speaker vented enclosure 
can be readily adapted for side m ount­
ing by ensuring that the cotton wool 
curtains hang in the vertical plane.

Small Swedish style legs enable the 
unit to be used as a contem porary 
coffee table, thus simplifying the prob­
lem of introducing stereo to  the home.

ENCLOSURE CONSTRUCTION
Figure 5 details the front and sec­

tional elevation of the enclosure. It 
will be noted that to ensure rigidity 
and freedom from panel resonances 
i "  7-ply has been specified for the 
construction. Carpet underfelt thick 
is affixed to the upper side of the shelf 
forming the tunnel and the interior of 
the top panel and together with the 
two double thickness cotton wool cur­
tains results in a close approxim ation 
to critical dam ping with quality 8" 
loud speakers. Suggested units for this 
enclosure are the Philips 9710M , the 
M agnavox 8W R and the Rola 8MX 
although any wide range 8 "  speaker 
with a free air cone resonance of ap­
proximately 45 c /s  should be suitable. 
Slight modification to  the thickness of

m  -10

< - 1 5

100 1000
FREQUENCY (C/S)

F ig . 4

10,000 100,000



LIST OF MATERIALS
(For two enclosures)

1 only sheet 6 ' x 3 ' 7 ply
1 only sheet 7 ' x 3 ' 7 ply
2 only 12" wide 16 oz. rolls cotton 

wool
4 ' of f "  dowel stick
5 ' under carpet felt i "  thick, 12" 

wide
Beading for front of enclosure 
2 ' of speaker silk 3 6" wide.

Impedance variation two 
9710M speakers in 
critically damped vented 
enclosure (5000 cu. ins)

1000 1000c100
Frequency (c/s) 

Fig. 6
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the cotton wool curtains may be neces­
sary to  critically dam p the enclosure 
and figure 6 illustrates the impedance 
curve of two 9710M  speaker units in 
this critically dam ped enclosure. The 
cabinet may be polished to  match other 
furnishings and a suitable open weave 
non-fluffy m aterial or expanded alu­
minium attached to  the front with a 
suitable trim, tf  expanded metal is 
used, care must be taken in the m ount­
ing to ensure that rattles do not de­
velop. ft is likewise im portant in the 
construction of the enclosure to ensure 
that the removable back provides an 
air tight seal when finally assembled.

FACTORY CONSTRUCTED 
ENCLOSURE

For those who prefer to purchase a 
factory constructed enclosure, samples 
have been submitted for our approval 
by A lbert W right of 793-795 New 
C anterbury R oad, Hurlstone Park, 
N.S.W. The enclosure is also avail­
able in kit set form from Cabinet Kits, 
160 High Street, St. Kilda, Vic.

PICKUPS
No m atter how excellent the ampli­

fier the final quality of any music 
system can never be better than the 
quality of the program m e source. R e­
cently crystal pickups have become

b. Cartridge crosstalk

available which perm it excellent repro­
duction from stereo records. The Acos 
G P71-3, Philips A G 3063 and the 
Ronette BF40 have been used suc­
cessfully with this amplifier w ithout 
the need for equalisation. A  construc­
tional view and perform ance curves of 
a typical stereo cartridge are shown 
on this page.

Consistent with the high quality 
m oderate cost theme, the perform ­
ance of the A G 2002 record player, 
and AG 1014 (A G 1003T) changer- 
player, fitted with the A G 3063 stereo 
head, is com parable with m uch more 
expensive units.

TECHNICAL SERVICE
Because of the engineering effort in 

the design of this amplifier no trouble 
should be experienced by the home 
constructor music lover if approved 
output transform ers are used and con­
struction details followed. Should, how­
ever, the perform ance not be to your 
expectations do not hesitate to contact 
the M ullard Technical Service D epart­
ment, 35-43 Clarence Street, Sydney; 
or 592 Bourke Street, M elbourne.

TECHNICAL DATA
A G

O utput voltage 
per system

Load resistance

Load resistance 
(velocity loading)
Channel

separation

Compliance

Capacity

Recommended 
vertical needle 
force

Needle tip radius

3 0 6 3
f2 0 m V /cm  per­
p e n d ic u la r  to  
groove wall at 400 
c /s

>  0.5 MO 

= 100 k n

-2 0  dB at 1000 c /s

lateral 3 x  10~6 
cm /dyne 
vertical 2 x  10~6 
cm /dyne
1500 pF

4 - 6  grams
A G  3060 diamond 
tip 18 |x
AG 3063 sapphire 
tip 18 [i

Simplified view  of 
the s t e r e o- he a d  
t y p e  A G  3 0 6 3

A , B  — c l a m p i n g  b lo c k s
C  =  b e a r in g
K  =  c o u p l i n g  b o d y
X ,  =  l e f t h a n d  c r y s t a l  e le m e nt
X R =  r ig h t h a n d  c r y s t a l  e le m e nt
H  — l e v e r  w i t h  n e e d le  t ip  N.
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t ’ folfrrei

LIST OF COMPONENTS
H ARDW ARE

2.

A udio Inpu t Sockets 
K nobs
M ains Switch 230V, 2A 
M iniature Speaker Socket 
3 pole, 3 position Switch 
Valve H olders B9A

RESISTORS
220

56
15
1.5
5.6
4.7 
2.2 

820 
47

i5on
2000

kO
ko
ko

m q
ko
ko
ko

o
o

3W
W /W  Pot.

* 1 1 MU /1  MO Log, Ganged Potentiometer
tMQ /  4 MQ Lin, Ganged Potentiometer

*1 5 0 k 0 /5 0 k 0  Log, Ganged Potentiometer
All resistors i watt 10% unless otherwise specified.

CONDENSERS

TRANSFORM ERS
M ains— T ransfo rm er 
Sec: 250-0-250 V, 80 mA,

6.3 V, 1.5 A and 6.3 V, 0.6 A 
O utpu t— T ransform ers 
Prim . 10 .0000. Sec: as required.

CHASSIS 
—̂ Fold on dotted

OUTLINES
lines

*2 300 pF M ica o r C eram ic 10%
2 100 pF M ica o r C eram ic 10%

*2 .1 mF Paper 350 VW
2 .01 mF Paper 600 VW
2 25 mF 12.5 VW Electrolytics
2 50 mF 25 VW Electrolytics
1 50 mF /  50 ^F 300 VW  D ual

E lectrolytic
1 16 /*F 300 VW  E lectrolytic

*D eleted if loudness contro l is used.

•JD DIMENSIONS

> ^ r ~ — 5i — -
L ___

t  *■- ♦ 
i* i l 1 -  !■ 

t--------------------
U - -  $

CORNER BRACKET (4off)

Note ; Unless otherwise specified 
holes are g clearance.

M ateria l: I8BG Steel Sheet.

5 Holes g c lear  

FRONT PANEL (loff) 21



SILICON DIODE 0A210 NEW VOLTAGE REFERENCE DEVICES
W hilst silicon power rectifiers have 

been used in industrial equipment now 
for some years, it is mainly the in­
creased high tension power require­
ments of 110° television receivers 
which have stimulated the develop­
ment of these devices to the stage 
where they have become an econom i­
cal alternative to the thermionic valve 
rectifier. The saving in heater power, 
whilst significant, is only one contri­
butor to the economic use of these 
devices— a more im portant factor in 
general being the greater utilisation 
of both the rectifiers and the copper 
in the secondary of the power trans­
form er by adoption of a full wave 
voltage doubling technique. Perfor­
mance of the O A 210 under these con­
ditions from a 127V secondary wind­
ing is shown on the accompanying 
graph and practical experience indi­
cates that in television receiver power 
supplies up to 400m A  of high tension 
current can be drawn without the need 
for a heat sink.

max 7-3 d.

Washer 

Lock washer. 

d D  Nut M4 

Dimensions in mm.

83A1: 83-VOLT REFERENCE TUBE
W hile the M ullard  85A2 is being used 

extensively as a reference tube in all types 
of electronic equipm ent, a requirem ent has 
arisen fo r a  tube having even better all­
round  perform ance, particu larly  fo r use in 
high quality  pow er supplies, laboratory  test 
gear, and the like.

T o  cover this requirem ent, M ullard  have 
devoted considerable effort to  the develop­
m ent o f a new m inia ture  tube, the 83A1, 
which gives a  considerable im provem ent in 
tolerances, stability, jum ps, linearity  of 
tem perature  coefficient, and perform ance at 
high tem perature.

The 83A 1 should be operated  at the 
p referred  cu rren t o f 4.5m A , w here the tube- 
to-tube spread in m aintaining voltage is 1.5V 
and the m axim um  jum p level is lm V .

Inform ation  on long life perform ance is 
being accum ulated  and will be quoted  as 
it becom es available. However, tubes m ain­
tained a t an envelope tem perature  above 
100°C have shown a m axim um  voltage 
change of 0.6V during  the first 2000 hours 
o f life. Previous experience indicates that 
stability at room  tem pera ture  will therefore 
be extrem ely good.

The tem pera ture  coefficient o f the tube 
is relatively linear, decreasing gradually  
from  approxim ately  — 2.4 V /°C  at 50°C to 
—  1.9V /°C  at 90°C.

F o r reference tube applications which 
do not involve e rro r signal am plification, a 
low increm ental resistance, even at the 
expense of h igher jum ps, is required . The 
possibility o f recom m ending a low er p re ­
ferred  curren t fo r this duty is now being 
investigated.

T he 83A1, w hose design is an extension 
of the pure  m etal cathode and sputtered 
envelope technique, should offer extrem ely 
long life and high reliability. Its m echanical 
strength is good.

It should be em phasised that this tube 
is not a  direct plug-in replacem ent fo r the 
85A2, though in m any equipm ents the pin 
w iring and operating  voltages m ay allow 
interchangeability .

Brief da ta  on the 83A 1 is given below. 
The tube is now  available in sam ple 
quantities.

Tentative Information

Min. voltage necessary for
ignition (light o r  dark) 125 V

O perating curren t range 3 to 6 mA
Preferred  operating  curren t 4.5 mA 
M aintaining voltage a t 4.5mA

82.6 to 84.1 V
Max. jum p within curren t range 1 mV

M ax. increm ental resistance
at 4.5m A 350 o

Tem p, coefficient at 50°C — 2.4 V /°C
Base B7G

1 2 3 4 5 6 7
a k IC  IC  IC  IC IC

LOW-VOLTAGE 
ZENER REFERENCE DIODES

In addition  to  the cold cathode reference 
tube, operating  in the region of 80 volts, 
reference /stab ilise r devices can be m ade 
which have output voltages o f about 4 to
8 volts. These devices a re  silicon zener 
reference diodes.

W hen a specially produced low-voltage 
silicon diode is operated  in its reverse d irec­
tion w ith a defined curren t, so th a t it is 
on the verge o f reverse breakdow n, a 
constant voltage across the diode is p ro ­
duced. T hese specially m ade diodes have 
a sharply defined reverse breakdow n effect, 
and they exhibit a very high im pedance up 
to  this point. I f  the cu rren t is fu rth er in­
creased. the in ternal im pedance rapidly falls 
to  a few ohms.

Z ener reference diodes m ay be used in 
sim ilar ways to  cold cathode tubes, either 
as voltage references associated with a 
power regu lato r, o r  as direct stabilisers.

M ullard  zener reference diodes are 
m arked w ith two coloured  dots which 
indicate the nom inal zener voltage, in 
accordance with the standard  resistor colour 
code. The first dot is the one nearest to 
the leads.

1st Dot 2nd Dot N om inal' Voltage Range
OA Z200 Yellow V iolet 4.7 4.4 to 5.0 V
OAZ201 G reen Brown 5.1 4.8 to 5.4 V
OA Z202 G reen Blue 5.6 5.3 to 6.0 V
OAZ203 Blue Red 6.2 5.8 to  6.6 V
OA Z204 Blue G rey 6.8 6.4 to  7.2 V
OAZ205 Violet G reen 7.5 7.1 to 7.9 V
OA Z206 Grey Red 8.2 7.7 to  8.7 V
QA Z207 W hite Brown 9.1 8.6 to 9.6 V

Z ener voltage at 1 m A  and at 25°C.
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PHOTO - SENSI TIVE DEVICES
Description Base

Sensitivity(a)
MA/Lm

20CG

20CV

53CG

53CV

58CG

58CV

Gas-filled Photocell with Caesium /O xidised 
Silver Cathode .................................................... B8G

Vacuum Photocell with Caesium /O xidised 
Silver Cathode .................................................... B8G

Gas-filled Photocell with C aesium /O xidised 
Silver Cathode, for end-on incidence of illu­
mination .............................................................. B3A

Vacuum Photocell with Caesium /O xidised 
Silver Cathode, for end-on incidence of illu­
mination .............................................................. B3A

Gas-filled Photocell with Caesium /O xidised 
Silver Cathode, for end-on incidence of illu- Flying 
m ination ............................................................  Leads

Vacuum Photocell with Caesium /Oxidised 
Silver Cathode, for end-on incidence of illu- Flying

25

(V . =  100 V)

100
(V„ =  85V)

20
(V . =  50V)

100
(V„ =  85V)

20
mination. Leads (Va - 5 0  V)

90AG Gas-filled Photocell with Caesium /A ntim ony 
Cathode .............................................................. B7G (V,,

130
=  85V)

90AV Vacuum Photocell with Caesium /A ntim ony 
Cathode B7G 45

90CG Gas-filled Photocell with Caesium /Oxidised 
Silver Cathode ................................................... B7G 125

90CV Vacuum Photocell with Caesium /Oxidised 
Silver Cathode .................................................... B7G (V.

20
=  50V)

61RV Uncooled Lead Selenide Cell having a 
sensitive area of 0.06 sq. cm ............................ B2B 60

61SV Uncooled Lead Sulphide Cell having a 
sensitive area of 0.36 sq. cm. B2B 150

63TV Cooled Lead Telluride Cell having a 
sensitive area of 0.1 sq. cm .............................

Flying
Leads 250

ORPIO Uncooled indium antim onide photo-conduc­
tive cell for high speed infra-red spectro­
scopy .......................................................................

Flying
Leads

Min. detectable 
power: Less than 
4 m illi-m icrow atts 
at 6 m icrons

ORP1 I Uncooled cadmium sulphide cell with high 
sensitivity in the yellow, red and near infra­
red regions B3A

O R P90 Uncooled cadmium sulphide cell with high 
sensitivity in the red /in fra-red  region. Sensi­
tive area 1.8 sq. cm ............................................... B7G

O C P7f General purpose phototransistor of the p-n-p Flying 
type .......................................................................  Leads

wave-length and 
and b an d w id th  

of 1 /cs.

1.2
m A ./ft. candles 

(at 5ft. candles 
and 20V)

m a/ft. candles 
(at 5ft. candles 

and 20V)

1.5 to 4.0(b)

(a) Sensitivity measured at max. anode supply voltage w ith the whole cathode area illum inated by a 
lamp of colour temperature 2700 °K and w ith  a series resistor 1 Megohm.
NOTE: C aesium /A ntim ony Cathode is particularly sensitive to daylight and bluish light. C aesium / 

Oxidised Silver Cathode is particularly sensitive to incandescent light and near infra-red 
radiation.

(b) Vc — — 2V,  uniform  illum ination =  75ft. candles w ith  a lam p of colour tem perature of 2700°K.

rw iw ri
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DH 13-97  
OSCILLOSCOPE TUBE

T he m ost interesting featu re  o f this five- 
inch tube is its use o f graded post-deflection 
acceleration. Tw o successive bands (a4 & 
a5) are  used giving a h igh ra tio  betw een the 
voltage on the  final gun anode and the 
final acceleration  voltage.

T h e  large voltage difference enables a 
high w riting speed to  be  obtained while 
preserving a high deflection sensitivity. This 
system  of two-stage post-deflection accelera­
tion  is equivalent in  operation  to the widely- 
know n spiral band system. T he deflector 
plates are  b rough t ou t to  side connections 
on  the  neck o f the  tube, to  reduce the 
deflector p late capacitance to  a m inim um .

Abridged Data
Vh 6.3 V
Ih 550 m A
v „ 1500 V max
V a2 750 V
v a3 2000 V  m ax
V,4 5.5 kV
V a5 6-12 kV
V g -2 0 0  to - 1 V
Vn-k(pk) max 250 V
S, 33.5 V /c m
Sv 12.5 V /c m
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EN32 THYRATRON
Due to a shortage o f the  2050 thyratron , 

equipm ent designers have been forced to 
consider m ore readily  available a lternative 
types. T he E N 32 m ay be interchanged 
w ith the  2050 in m ost applications, by 
bridging socket pins 1 and 2.

A  300 m A  tetrode thy ratron  w ith an 
inert gas filling, th e  EN 32 is suitable for 
use in relay circuits, regulated power sup­
plies, servo-m otor con tro ls and general in ­
dustrial applications. T he sm all control-grid  
curren t allow s a high value grid resistor to 
be used, so th a t the  valve can be contro lled  
from  a high im pedance signal source such 
as a  photocell.

HC_____9i n c _ _ 9 i

/ o o  \  „ / o o \
O  ^  0 \ 9 2
lo\/ oih r 

P

o 
o o o 
o

\ o  o y " \  o o /
h k NC ^
EN 32 2050

Octal Base Octal Base

A com parison of the EN 32 and 2050 
characteristics is given below:—

ELECTRICAL

H eater voltage
H eater curren t ..........................................
C ontro l ra tio  

gi to k  and Rgi =  O n  
gi to k  and Rg= =  O n  ....................

A node voltage drop

LIM ITING VALUES

M ax. peak anode voltage
Inverse ................................  .............
F o rw ard  ....................................................

M ax. C athode  C u rren t
Peak .............................................................
A verage ....................................................
Surge .............................................................

Max. negative contro l grid voltage
Before conduction ................................
D uring  conduction ................................

Max. average contro l-grid  curren t

M ax. average positive shield-grid 
cu rren t ....................................................

M ax. negative shield grid voltage 
B efore conduction 
D uring  conduction

Peak H eater— C athode V oltage
H eater positive ........................................
H eater n e g a t iv e .......................................

M in. heating t i m e .......................................

A m bient tem p, range .............................

AM ATEUR  
EXPERIMENTERS 

COLUMN
6-VOLT PREAMPLIFIER

The preamplifier illustrated is suit­
able for a low impedance source, such 
as a microphone, feeding into a valve 
amplifier.

The quiescent current is 400uA  for 
a nom inal transistor and the collector 
to emitter voltage is therefore about 
3V at room  tem perature. A t an input 
voltage of 16mV r.m .s, the output 
voltage is 1.0V r.m.s, and the voltage 
gain 62.

EN32 2050

6.3 6.3 V
0.95 0.60 A

275 800
370 250

10 8 V

1.3 1.3kV
650 650 V

2.0 1.0 A
300 100 mA
10 10 A

250 250 V
10 10 V

20 10 m A

20 10 m A

100 100 V
10 10 V

25 25 V
100 100 V

15 10 secs.

— 75 to  + 9 0 — 75 to  +
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