


H fH IM T T

M U LLA RD -A U STRA LIA  PTY. LTD. |Mullard|

VO L. 2 No. 6 NOVEMBER-DECEMBER, 1959

Editorial O ffice :
35-43 Clarence Street, Sydney 

Telephone—BX 2006

Editorial Staff- 
B. P. A . BERESFORD, A .M .I.R .E. (Aust.) 

JOERN BORK
All rights reserved by Mullard-Australia Pty. 
Ltd., Sydney. Information given in this pub
lication does not imply a licence under any 
patent. Original articles or illustrations re
produced in whole or in part must be 
accompanied by full acknowledgment: 

Mullard Outlook, Australian Edition.

C O N T E N T S :
Editorial 62
Viewpoint with Mullard ........................ ........................ 63
Silicon Semiconductors ......................................... .......64
OAP12 Germanium Junction Photodiode 64
New Television Turret Tuner 65
Frame Grids for Television 66
Ultra-Violet to Infra-Red ......................................... .......67
A New High Definition Photomultiplier Tube 69
Silicon Power Rectifiers 70
Simple Valve Measurements 71
First Industrial Maser in operation 72
Transistor Current Gain 72
Amateur Experimenters Column 72

The O A31 Germanium Junction D icde in m etal 
construction w ill supply up to 2 4  volts a t 3 .5  amps 
in a  single phase ha lf-w ave rectifier circuit with  
resistive load . Also shown are the Silicon Power 
Rectifiers O A 2 W , OA211 and  O A 214. A bridged  
d a ta  and  application notes for the O A 2 W  m ay be 

seen on page 70.
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T o all our readers, both in Australia and overseas, we who 
produce the Outlook extend warmest greetings for Christmas 
and best wishes for a prosperous New Year.

The passage of time is one thing which humble mortals have 
so far been unable to accelerate or retard despite the pheno
menal achievements of the past year in space vehicle technology 
and Einstein’s relativistic prophecies dating back over two 
decades.

With these thoughts in mind we consider 1959 in retrospect 
and from your correspondence believe the Outlook is achieving 
our constant objective of keeping you up to date on technical 
and commercial developments in the electronics sphere.

On the international scene future advances in space tech
nology may enable man to hold some control over time—-an 
awe inspiring thought—hut an achievement which may yield a 
better appreciation of our closeness to nature and the realisation 
of mankind's universal desire—
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e b e s i

VIEWPOINT WITH MULLARD
MULLARD FILMS

T his article  is based on a recen t 
M ullard  L td ., L ondon press release 
and  serves to  ind icate the w idespread  
popularity  and acceptance of M ullard  
Film s by E ducational E stab lishm ents.

D uring the year 1956 M ullard  films 
w ere being  view ed by a to ta l annual 
audience of 150,000. In  the th ree  years 
w hich have elapsed since then  th is 
audience has grow n to  a figure exceed
ing 1 ,750 ,000  per annum  excluding 
television audiences.

T he m ajo r film -m aking Industries 
now include M ullard  in the ir ranks and 
tw o m ajor aw ards and  num erous com 
m endations have p laced M ullard  in a 
class com parab le  to  any of these.

M ullard  F ilm  program m es cover a 
wide varie ty  of subjects w ithin the 
industrial range such as—

(a) P urely  E ducational;
(b) E duca tiona l D ocum entary ;
(c) In d u stria l and  Sales p rom otion ; 

and  finally,
(d) Industria l T echnical.

F ilm s ca tering  for A dvanced  Science 
Students a re—

Principles o f Ultrasonics 
T h e  Linear Accelerator 
Discharge through Gases 
Principles o f the Transistor 
V acuum  Practice 
Photo Emission

O n a m ore  general level, th e  H is
tory  of M odern  Science Series offer—

M irror in  the S ky  
C onquest of the A tom

These films have been show n on 
television no t only  in the U nited K ing
dom  but in num erous o ther countries 
including the U nited  States o f A m erica.

O ther M ullard  F ilm s such as—
T h e  Junction  transistor in Radio 

Receivers 
M ade for L ife
M anufacture of Radio Valves  
M odern M agnetic M aterials 
Particles C oun t 
Special Q uality  Valves 
T h e  Transistor—its principles and  

E quivalent C ircuits 
Ultrasonics

have also proved to  be of in terest to  
viewing audiences as m ay be seen 
from  the ir record  of screenings. The 
area  of d istribu tion  of ou r films is now  
quite extensive and  includes—

Schools, T echnical C olleges, U n iver
sities and o ther educational es tab 
lishm ents;

G overnm ent D epartm en ts including 
the  G .P .O .;

E lectric ity  C om m ission;
R adio  and  E lectrical M anufacturers;
M anufactu rers and users of indus

tria l electronic equipm ent;
R adio , E lectrical and  o ther societies;
T he N avy, the A rm y and the A ir 

F orce;
T he A ircraft Industry  and A irlines;
M iscellaneous Industria l C oncerns;
T elevision C om panies;
R adio  and  Television dealers and 

service engineers.

T he latest independen t M ullard  p ro 
duction  is “F ro m  us to  V iew ” , a film 
abou t T V  P icture T ubes fo r w hich 
M ullard  received the  active co -opera- 
tion  of “A ssociated  R ediffusion” . The 
first p a r t of this film shows the  journey  
a television p ic ture takes from  th e  
cam era to  the S tudio D irector m o n ito r
ing the transm ission— to  th e  M aster 
C on tro lle r and  from  thence to  the 
tran sm itte r and the v iew er’s hom e. 
F rom  th is stage the  quality  of the p ic 
tu re  in the  v iew er’s hom e will be 
largely dependen t upon the p erfo r
m ance of his te levision set and  its all- 
im portan t com ponen t— the television 
p ic ture tube. T he second half of the 
film show s som e aspects of the  ex ten
sive research , m anufactu ring  an d  te st
ing facilities th a t con tribu te  to  the high 
p erfo rm ance of M ullard  R ad ian t Screen 
Television P icture Tubes.

Several o ther films are in the p lan 
ning or early  p roduction  stage. Some 
of these will be com pleted  late next 
year, o thers will be in troduced  as sup- 
p lem entaries or alternatives and, as 
new  films arrive in th is coun try  a brief 
synopsis will be published.

MULLARD-AUSTRAUA
PERSONALITIES

With this issue we have plea
sure in introducing Mr. Henry 
King who is in charge of the 
Mullard Valve and Tube Sales 
and Service Centre at Trafalgar 
Street, Petersham.

Mr. King has been with the 
Company for a number of years, 
during which time he has special
ised in the statistical analysis of 
valve and picture tube life. Dur
ing this time he has been vitally 
concerned with the development 
and construction of specialised 
test equipment for this purpose.

A background of four years’ 
war-time service in the R.A.A.F., 
followed by ten years with the 
Postmaster - General’s D e p a r t -  
ment enables him to remain 
abreast of current developments 
so necessary to effectively super
vise this essential service function.

Perhaps you may meet Mr. 
King during one of his visits to 
our interstate Valve and Tube 
Service Centres.
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SILICON SEMICONDUCTORS
T h e design engineer is concerned  

w ith the construction  of transisto rs 
only so far as it affects the  perfo rm ance 
th a t he hopes to  achieve in a circuit. 
T he advent of silicon transisto rs should 
be viewed solely w ith th is in m ind.

G erm anium  alloy techniques have 
becom e standard  fo r all low -frequency 
applications, w hile germ anium  diffu
sion techniques allow  a high frequency 
opera ting  lim it o f tens of M c /s . W ith 
this situation  a lready  established, sili
con devices have to  com pete w ith  ger
m anium  either in perfo rm ance o r in 
price; and  it is, o f course desirab le for 
a new  silicon device to  have p roperties 
which are superio r to  those of ger
m anium  prov ided  its in troduction  is an 
econom ic p roposition . W ith  the econ 
om ics of the s ituation  very m uch in 
m ind, M ullard  have always concen
tra ted  on the silicon techniques w hich 
could  result in m ass-production  thus 
enabling  realistic p rices to  be achieved. 
As the  alloy techn ique was a lready  
well estab lished  in germ anium , M ul
la rd  tu rn ed  to  its co u n terp art in silicon.

Silicon A lloy D evices— T he silicon 
alloy technique has proved  qu ite m an
ageable, and a full range of devices is 
being developed. T he first fou r—  
O C 200 , O C 201 , O C 202 , O C 2 0 3 —  
are  already  in p roduction  and m any 
new  silicon devices will follow  in the 
very n ea r fu ture . W e shall thus es tab 
lish a range of devices com parab le 
w ith the ir germ anium  alloy coun ter
parts.

W hile high frequency  perfo rm ance 
is essential in m any applications, th is 
is no t always so and  there are, in fact, 
m any design engineers w ho w ould p re 
fer a device w hich m eets audio  req u ire 
m ents a t the low est possib le price. T he 
M ullard  alloy range has been developed 
w ith th is in m ind.

N ow  th a t the  developm ent of the 
silicon alloy range has been achieved, 
an d  is going in to  production  in h u n 
d reds of thousands, effort is being co n 
cen tra ted  on diffusion techniques to  
provide higher frequency  ratings and  
increased  pow er. O n the one hand , it 
is necessary  to  p roduce transistors 
capable of driving ferrite  m em ory c ir
cuits a t pu lse repe tition  frequencies of
2 .0  M c /s  and upw ards; on the  o ther

hand , pow er transisto rs, silicon pow er 
rectifiers, an d  con tro lled  rectifiers, 
are  also needed . A  com plete range 
of possible silicon and  germ anium  
devices, consistent w ith m ass p ro d u c
tion , high quality  and  com petitive 
prices will u ltim ately  becom e available 
to designers and  circuit developm ent 
engineers.

associated  w ith it can, therefo re , be 
k ep t very sim ple.

T he O A P 1 2  will shortly  be available 
in sam ple quantities.

8 , 33
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GL A S S  L E N S  DOT

D I M E N S I O N S  IN MM

0AP12

0AP12 GERMANIUM 
JUNCTION PHOTODIODE

T he O A P 1 2  is a germ anium  junction  
pho tod iode of the p-n alloy type. It is, 
in effect, a m in iatu re photocell w ith a 
d iam eter of only 3m m  and  a length 
of 8m m . T he pho tod iode m ay be biased 
to  pass a sa tu ra tion  cu rren t v irtually  
independen t of the app lied  voltage. 
The app lica tion  of lum inous flux causes 
the sa tu ra tio n  cu rren t to  rise in p ro 
portion  to  the am ount of illum ination 
thus enabling  the device to  perform  a 
con tro l function.

F ea tu res  of the O A P 1 2  are s tu rd i
ness, long useful life, very sm all d im en
sions, high sensitivity, low  noise level, 
high in te rnal resistance, excellent re 
sponse in  the n ea r in fra-red  region, 
and  good electrical screening of the 
body of the cell.

By virtue of its high sensitivity, this 
new  junction  pho tod iode is su itab le  for 
a w ide varie ty  of app lica tions w ithout 
the need fo r am plification. T he circuits

ABRIDG ED A D V A N C E  DA TA FOR OAP12

Characteristics
Peak spectrai response ...................................................................................  1.55 “

Spectral response threshold .......................................................................  2.0 u
Cell resistance .................................................................................................... 3.0 <2
Sensitivity ................... .....................................................................................  > 5 mA / 100 lux

Limiting Values

Max ambient temperature ........................................................................ ...............45 °C
Max negative voltage ..................................................................................... ............ 30 V
Max current ......................................................................................................... 3.0 niA
Max dissipation ................................................................................................. ............30 mW

Absolute Maximum Ratings

Inverse voltage .................................................................................................  =  30 V
Inverse current ................................................................................................  — 3 in A
Permissible junction dissipation .............................................................  =  30 mW

Typical Characteristics

Sensitivity measured by means of a tungsten incandescent lamp
(Tc =  2500 °K ) .......................................................................................... ...> 5 uA / 100 lux

Sensitive surface (circular) .................. ...............................................................=  1 m m 2
Dark current (at T„rah 25 °C  and at V =  — 10 V) ................... ........  < 15 “A
Dark current noise (with a bandwidth of 1 c /s  at a frequency of

1 k c /s  and an inverse voltage of — 10 V) ................................  < 3 .1 0 12Anns per c /s
Internal impedance (from V =  — 0.5 V to — 30 V) ............................... > 3 MQ
Maximum spectral response at ....................................................................... ...— 1.55 «
Response threshold at ........................................................................................ ... =  2 «

The cut-off frequency (frequency above which the sensitivity is less than half the reference 
sensitivity) is 50 k c /s . The reference sensitivity is measured at 1 k c /s , V =  — 10 V and 
Tamb =  20 °C .
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NEW TELEVISION TURRET TUNER NT3001
T h e T u rre t type m ulti-channel selec

to r has p roved  superio r in p rac tice  to  
o the r m ethods of channel selection in 
television receivers. I ts  m ain  advan 
tages are , briefly:—

(i) h igher stability;
(ii) reduced  oscilla to r rad ia tion ;

and
(iii) m ore positive channel selec

tion.
Ind iv idual sets o f coils are  used for 

each  channel an d  m ay be ad justed , 
rem oved o r rep laced  w ithout affecting 
o ther channels.

T he T u rre t T uner, type N T 3001 , 
has been designed a round  the  new 
fram e grid valve 6 E S 8 /E C C 1 8 9  and 
the 6 B L 8 /E C F 8 0 . T he new  high- 
gain, S em i-R em ote C ut-O ff D ouble 
T riode 6 E S 8 /E C C 1 8 9  is used as a 
C ascode R F  A m plifier, w hile the 
6 B L 8 /E C F 8 0  functions as local oscil
la to r and  frequency  converter. A cir
cuit d iagram  of the T u n er is shown 
below.

T he inpu t transfo rm er is designed 
to  te rm inate  either a 3 0 0 n  balanced 
transm ission line o r a low  im pedance 
unbalanced  line. In the la tte r case the 
unbalanced  line should be connected  
between e ither end of the prim ary

w inding and  the cen tre  tap . T he 
tuned  secondary  of this transfo rm er is 
connected  to  the grid  of the  input 
tr io d e  of the cascode am plifier and 
also form s p art of the neu tra lising  n e t
w ork. T he anode of the g rounded  
grid  stage is inductively  coup led  to  
the  pen tode section of the 6 B L 8 / 
E C F 8 0  frequency  changer. T he triode 
section of the 6 B L 8 /E C F 8 0  is used 
as an oscilla to r and  negative tem p era
tu re  co-efficient ceram ic capac ito rs 
are em ployed to  reduce frequency  drift 
du ring  w arm -up  tim e. T he O scilla to r 
h.t. supply  is derived from  a separate  
ex ternal source in o rd er th a t it m ay 
be independen t of any variation  in 
voltage w ith A .G .C . o f th e  cascode 
stage.

T he in term ed ia te  frequency  ou tpu t 
is transfe rred  from  the anode circuit 
of the frequency changer via a single 
tuned  coupling  transfo rm er having a 
low o u tp u t im pedance. T he tuned  p ri
m ary of th is transfo rm er form s the first 
section of a band  pass filter, the second 
half of w hich is p laced  ad jacen t to  the 
first I.F . valve. T he low  im pedance 
characteristic  o f the connecting  cable 
betw een tuner and I.F . strip  allows 
the circuit designer a m axim um  of

flexibility toge ther w ith op tim um  p er
form ance. A  4 7 n  resistor in series 
w ith th e  p rim ary  of the I .F . tran s
fo rm er is norm ally  bridged, w ith a  w ire 
loop  and  the tu n e r m ay be opera ted  
w ith th is resistor in o r ou t of the c ir
cuit. W here p rim ary  dam ping  is de
sired , the  w ire loop  shorting  the 47 Q 
resis to r is cut an d  the  ends of the 
w ires separated . R eady  access to  the 
loop is ob ta ined  by rem oval of the 
p lastic  cap  ad jacen t to  the detent 
m echanism .

T he gain of the N T 3 0 0 1 (alm ost tw ice 
th a t of the A T 7580) toge ther w ith its 
im proved  noise figure an d  A .G .C . 
characteristic  p rovides superio r p e rfo r
m ance and at the sam e tim e ensures 
freedom  from  patte rn ing  due to  cross 
m odulation . T he fringe area perfo r
m ance elim inates the  need  for special 
receiver m odification and  con tribu tes 
to  the use of less e labo rate  aerial 
system s.

1 EARTH
2. I.F. OUTPUT
3 A G C
4. HEATER SUPPLY
5. H.T SUPPLY No 2 110V
6. H.T SUPPLY No. I 180V

Note: Primary of the  I . f .  Transform er may he operated w ith a 47Q series damping resistor
h \  removing wire loop (see text).



FRAME GRIDS FOR TELEVISION
T he new  M ullard  valve 6 E S 8 / 

E C C 189  variab le-m u fram e grid 
D ouble T riode C ascode V .H .F . A m p 
lifier, especially  designed for use in 
television tuners, em ploys m anufac
tu ring  techniques th a t have not p re 
viously been used in  valves w hich are 
m ass p roduced  fo r en terta inm en t p u r
poses. [See also M ullard  “O utlook” 
Australian edition, Vol. 1 N o. 6 N o v 
em ber/D ecem ber, 1958, page 58. Ed.]

T he fram e grid is a rigid structu re  
m ade to  ex trem ely  accurate  d im en
sions. T he stiff fram e allows the use 
of very  fine grid  w ires w hich are w ound 
in a  fine m esh, located  literally  one 
h a irb read th  from  the  ca thode surfaces. 
T w enty  of these grid w ires tw isted to 
gether are equal to  the thickness of the 
average hum an hair.

T he grid of a conventional receiving 
valve is essentially  self-supporting , the 
rigidity being dependen t on the stiff
ness of the  w ires used, w hereas in  the 
fram e grid the ind iv idual tu rns of the 
w inding are anchored  into the side 
rods by a no tching and clam ping p ro 
cess. E lectrically , the fram e grid  en 
sures well contro lled  characteristics, 
reduced  risk  of m icrophony, high 
slope, and  a good ra tio  of slope to  
in ter-e lectrode capacitance; this ra tio  
m ay also be re ferred  to  as the “F igure  
of M erit.” In  the new  6 E S 8 /E C C 1 8 9 ,

new  anode and  its location  w ith res
pect to  the cathode. It is fo rm ed  of 
tw o sections, one of w hich is show n 
in F igure 2. T he peculiar shape of 
the anode results in a reduction  of 
anode to  ca thode capac itance varia tion  
(w hen  compared w ith  a valve having  
a conventional anode) w ith deviation

V/V/V/V

F ig .  2.

of the anode structu re  from  its norm al 
parallel position . F rom  F igure  2 it

m ay be seen th a t the m axim um  devia
tio n  of the  actual anode (x '-x )  is m uch 
sm aller th an  the dev iation  (y '-y ) 
occurring  w ith  a rec tangu lar anode.

T h e  m ovem ents betw een cathode 
and  grid— som etim es the reason  for 
m icrophony —  are effectively dam ped 
w ith an  add itiona l m ica spacer.

T h e  in troduction  of fram e grid 
valves fo r television is a significant and 
substan tia l advance, and  the  m ost re 
cen t step  in  the course of continuous 
developm ent w hich h as  m arked  valve 
m anufactu re  and  receiver design from  
the very beginning.

R ead ers  o f “O u tlo o k ” m ight be in 
te rested  to  learn  th a t the  la test te le
vision tu n e r, m anufactu red  by  S tandard  
C oil P roducts Co. Inc. o f th e  U .S .A ., is 
fitted w ith a M ullard  F ram e G rid  
V alve.

TECH N ICAL DATA 
6ES8/ECC189  

SEMI-REMOTE CUT-OFF 
DOUBLE TRIODE CASCO DE V.H.F. AMPLIFIER

HEATER CH ARACTERISTICS
Heater Voltage, 6.3 volts Heater Current, 0.365 amperes

DIRECT INTERELECTRODE CAPACITAN CES

9 i :

Grounded Cathode Section.
Shielded Unshielded

Cag .................................................. 1.9 1.9 pF
Cg (k +  h +  i.s.) ....................... 3.4 3.4 pF
Ca (k +  h +  i.s.) ....................... 2.4 1.7 pF
Cgh
Grounded Grid Section.

max. 0.22 0.22 pF

Ca'g' .................................................... 1.9 1.9 pF
Ca'k' 0.17 0.18 pF
Ck' (g' • h i i.s.) 6.3 6.3 pF
Ca' (g' +  h +  i.s.) ............. 3.9 3.3 pF
Ck'h 3.0 3.0 pF
Grounded Cathode to Grounded Grid Section.
Caa' .................................................... max. 0.015 0.045 pF
Cga' max. 0.004 0.004 pF

MAXIMUM RATINGS (Each Section):
Anode voltage (without current) 550 V
Anode voltage .................................... 130 V
Anode dissipation 1.8 W
Cathode current ............................. 22 mA
Grid N o. 1 v o lta g e .......................... — 50 V

th e  space betw een grid  and  ca thode is 
57u , half th a t of the 6 C W 7 /E C C 8 4 .

T he 6 E S 8 /E C C 1 8 9  anode is o f an 
unusual shape, an d  results in several 
im provem ents over the  conventional 
anode structure . F igu re  1 shows this

External Grid N o. 1 resistance—
Grounded cathode section 
Grounded grid section 

External resistance between cathode and heater 
Voltage between cathode o f grounded cathode sec

tion and heater ....................................................
Voltage between cathode of grounded grid section 

and heater
(Cathode positive) ....................................................
(Maximum D.C. component, 130V.)

TYPICAL CH ARACTERISTICS (Each Section):

1.0 M Q  
0.5 M il

20.000 Q 

50 V

150 V

_22-2mnn

Anode voltage 
Grid N o. 1 voltage 
Anode current 
Amplification factor 
Mutual conductance 
Grid N o. 1 voltage for 0.01 

conductance
of nominal mutual

90 V 
— 1.2 V  

15 mA 
34

12.5 m A /V  

— 9 V
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--------------------------------------------------------------------------------------------------------------------- I Mullard I

U L T R A -V IO L E T  TO INFRA-RED
A convenient starting-point for the con

sideration of photocells is the frequency 
spectrum —  the familiar rainbow of co l
ours and the ‘invisible light’ beyond its 
two ends.

Television bands are in the tens and 
hundreds o f M c/s region (wavelengths of 
lens o f metres down to less than half a 
metre). Radar extends into thousands of  
M c/s (centimetre wavelengths). Beyond this 
region are heat and infra-red, with wave
lengths in millimetres and frequencies o f 
millions o f M c/s. N ext com es the very 
narrow band of visible light, with wave
lengths of about 0.75 to 0.5 o f a micron (a 
micron, represented by the overworked 
symbol m, is 0.001 of a millimetre). The 
frequency is too astronomical to be worth 
quoting. Beyond the blue end of the light 
band are ultra-violet (0 .3 n ), X-rays, gam 
ma rays, and cosm ic rays. These wave
lengths are so short that they are more 
conveniently measured in Angstrom units 
(A), that is 0.0001 of a micron.

The visible band, and its ‘ultra’ and 
infra’ extensions, is shown in the table, 
with the shorter wavelengths at the bot
tom. The broadcast bands are off the top 
o f the page, and X-rays, etc., are well 
below the bottom. The classes o f cell in 
the right-hand colum n have their highest 
sensitivity in the wavebands which are indi
cated, with lower sensitivities in the neigh
bouring bands. The photoconductive cells 
(o f  which there are half a dozen kinds with 
different peaks) cover the near infra-red

ORPIO (Indium Antimonide)

region. The cadmium sulphide cell, and the 
caesium /oxidised silver cells, extend into 
the infra-red region.

For any particular application one chooses

the kind of cell with the most suitable fre
quency range; and, where alternatives exist, 
a further choice is made in terms of the 
absolute sensitivity and the response time 
which are required. In the visible band, the 
caesium /antim ony cell is most sensitive to 
daylight, and the caesium /oxidised silver 
cell to artificial light (filament lam ps). The 
human eye has a peak sensitivity midway 
between these two, and a response which, 
of course, just covers the visible band.

The frequency response 
o f  any cell can be deliber
ately restricted by means o f  
tinted filters, which will 
shield the cell from all fre
quencies outside a narrow 
band. If operation far into 
the ultra-violet region is re
quired, the glass bulb of  
the cell will act as an un
wanted filter, and a quartz 
window may be used as in 
som e photo-multipliers.

In some applications it is 
undesirable to have any 
visible light. Filters are 
then placed in front o f  
the light source so that only  
infra-red ( ‘black light’) 
remains.

Types of Cell
There are three main groups o f photo

cells, each of which operates on a differ
ent principle:—  photovoltaic, photoemis- 
sive, and photoconductive. The photocon
ductive cells can be considered to include 
phototransistors and photodiodes.

Photoemissive Cells
A photoemissive cell consists o f a rod 

(the anode) and a half-cylinder o f metal

5

(the cathode). The cathode surface may be 
caesium /antim ony (blue-sensitive) or cae
sium /oxidised silver (red-sensitive). A suit
able voltage is applied across the cell. When 
light falls on the cathode, electrons are 
emitted and a current is developed in the 
anode circuit in proportion to the applied 
lighting intensity. The bulb containing the 
electrodes may be evacuated or gasfilled, 
according to whether one requires a stable 
and linear response, or maximum sensitivity

for use where incremental light change is a 
factor.

Photomultipliers are elaborate emissive 
cells in which light produces electrons in 
one stage, and these electrons then produce 
a greater number o f electrons from the 
anode by secondary emission. With a chain 
of, say, ten secondary emission stages, a 
large output current is obtainable from  
quite a small light input. Each stage in 
the tube is held at a higher voltage than 
the preceding stage. When these tubes are

WAVELENGTH (MICRONS)

BAND
WAVELENGTH

PHOTOCELLSo
A

Far
infra-red 100 to 10 1,000,000 

to 100,000

Near
infra-red 10 to 0-75 100,000 

to 75000
Photoconductive;
Phototransistor

Red
Orange
Yellow

0-75 to 0-65 
0-65 to 0-59 
0-59 to 0-53

7500 to 6500 
6500 to 5900 
5900 to 5300

Caesium/ 
oxidised silver; 

Cadmium sulphide

Green
Blue
Violet

0-53 to 0-49 
0 • 49 to 0 • 42 
0 • 42 to 0 • 4

5300 to 4900 
4900 to 4200 
4200 to 4000

Caesium/
antimony

Ultra-violet 0-4 to 0• 18 4000 to 1800 Caesium/antimony

l -0mm =  1000/1 =  10,000,000A

Indium Antimonide Photoconductive Cell 
Lead Telluridc Photoconductive Cell 

Lead Selenide Photoconductive Cell 
Lead Sulphide Photoconductive Cell 

Germanium P-N-P Junction 
Photo-emissive Cell (Caeslum/OKidised Silver 

Cadmium Sulphide Photoconductive 
Human Eye

Photo-emissive Cell (Caesium/Antimony Cathode)

SPECTRAL RESPONSE 
OF

MULLARD PHOTOCELLS

T h is  chart is  no rm a
lized at io o %  re
spon se fo r all types. 
In d iv id u a l data sheets 
sh ou ld  be consulted 
fo r d etails o f  sen siti
v ity , freq u e n c y  cu t
o ff, etc.
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used for delecting and measuring gamma 
radiation and the like (which a photo
cathode cannot see) a special input arrange
ment is incorporated in the tube. The 
radiation falls on a fluorescent screen, 
which then produces the required light.

The most elaborate photomultipliers 
have special focusing and accelerating ar
rangements which ensure not only high 
gain but also a very fast response which 
enables the tube to deal with a rapid suc
cession o f input signals without confusing 
them.

sensitive emissive cell and the lead sulphide 
type.

Am ong current developments is a highly

ORP11 and ORP9Q (Cadmium Sulphide!

Photoconductive Cells
Recent years have seen great develop

ments in photoconductive cells. The prin
ciple is that when light (or infra-red) falls 
on som e particular chemical compounds, 
the resistance o f the compound changes. 
Thus, if a voltage is applied, the current 
varies with the light. The compounds in
clude cadmium sulphide, lead sulphide, 
lead selenide, lead telluride, and indium 
antimonide, which have peaks, in that 
order, extending from red almost to the 
far end o f the near infra-red. Other types 
are under development, and no doubt the 
photoconductive coverage will be im 
proved and extended.

A feature o f all these cells is their very 
great sensitivity in comparison to the 
emissive cells. Their output is several mA 
instead o f a few  uA, therefore infra-red 
sources can be detected at distances o f 
many miles; a fact which accounts for the 
original development o f lead sulphide cells 
for aircraft detection in the 1940’s.

Phototransistors and Diodes
It is well known that transistors are 

affected by temperature. Light has similar 
effects, if the transistor is not constructed 
in a can or otherwise protected. A trans
istor in which these effects are made use of 
will, in a very simple circuit, give a col
lector current which varies with the light, 
it  will also provide amplification. Photo
transistors have a peak sensitivity placed 
usefully in the infra-red between the red

63TV (Lead Telluride)
sensitive germanium photodiode which 
may be used in an extremely simple circuit 
without amplification.

Applications
Emissive cells are much used for counting 

objects on moving belts. When a certain 
number of objects have successively inter
rupted the beam, it is easy to arrange for 
them to be diverted into a separate package 
and for counting to start again. Equal 
batches are thus obtained at high speed. 
With suitable cells and filters, sorting by 
colour is possible.

Interruption o f a beam (perhaps of 
‘black light’) can be used to detect objects 
which are in the wrong place: either a 
safe-breaker in a bank vault, or an oper
ator’s hand which is dangerously close to 
the moving parts o f a press. (The circuit 
for this would have to be designed to ‘fail 
safe,’ so that a circuit failure would stop 
the press as certainly as an intruding 
hand.) Intruder systems can be made to 
cover a considerable area if  two or three 
mirrors are used.

Positions o f workpieces (such as the 
paper in a printing m achine) can be 
checked and corrected by a photocell de
vice. The dimensions of, say, a steel rod 
emerging from a m ill can be continuously 
checked by suitably arranged beams of 
light, and the variations can be automati
cally recorded and corrected. ‘Callipers’ of 
this kind are very convenient in awkward 
or hot situations.

Simple measurement of daylight can be 
used to switch street lights off or on. The 
varying light through the sound track of  
films is, o f course, the normal method of  
sound reproduction in the cinema. Colour 
detection has special uses in chemistry, 
where a particular part o f  a process can 
be stopped as soon as a solution has 
changed colour or has become sufficiently 
clear or cloudy.

Infra-red Applications
Applications of infra-red photoconductive 

cells are very varied, hence the great 
range of types. ‘Seeing in the dark’ 
was an early application. Continuous ob
servation o f oil furnaces is widely used; if 
the flame goes out, the oil supply is auto
matically cut off to avoid explosion. Smoke

detection— to comply with legal require
ments, to detect fires, or to ensure good com 
bustion —  is growing in importance. In
truder alarms and aircraft detection have 
already been mentioned. Overheating of 
bearings can be readily detected. There 
are many purely scientific uses in astron
om y, chemical analysis and measurement, 
and so on. An interesting wartime develop
ment o f infra-red was its use for telephony. 
A modulated beam o f infra-red can be 
very accurately beamed, and it gives noth
ing away.

Photocell methods have advantages in 
all sorts o f  applications, and their use will 
no doubt grow. Light is fast and flexible, 
it has ‘no moving parts’, it weighs noth
ing. It can work miles away, and it can 
get into the most inconvenient corners. It 
can even be invisible.

Circuits
Photocell circuits are usually quite 

simple. Many types o f cell can operate a 
relay directly. With others, a simple am 
plifier is used, and a com mon practice is 
to chop the incoming light with a revolv
ing shutter. This gives a convenient a.c. 
output from the cell, and the whole set-up 
responds only to the signal and not to the 
background lighting.

As with any other electronic device, the 
circuit must be designed in accordance 
with the published limiting values for the 
particular cell. The maximum voltage and 
current limits are important; and, especially 
with the conductive types, the proper tem 
perature conditions must be provided.

61SV (Lead Sulphide)
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A NEW HIGH DEFINITION PHOTOMULTIPLIER TUBE

A  recen t add ition  to  the  existing 
range of M ullard  P ho tom ultip lie r 
T ubes, the 56 A V P  has an  exception
ally high definition w hich is specific
ally requ ired  in scin tillation  counting  
and  nuclea r rad ia tion  spectrography .

O ne of th e  m ost im portan t req u ire
m ents of a P ho tom ultip lie r in tended  
to r very h igh  definition w ork is th a t 
differences in the  transit tim es of the 
electrons th ro u g h  the tube  m ust be 
negligible; o therw ise the  tube  will no t 
accurately  resolve extrem ely  short sig
nals received in  qu ick  succession.

In  the 56A V P , tran sit tim e d if
ferences un d er typ ical opera ting  co n 
d itions m ay b e  kep t dow n to  0.3 
m illim icroseconds —  an  im provem ent 
o f abou t 100 tim es over conventional 
tubes. A s a resu lt, the  w id th  of the 
o u tp u t pulse delivered  by the  56A V P  
can  be as little  as 2 m illim icroseconds 
at half height, and  the rise tim e of the 
sam e duration .

Advanced Electron-Optical System
A specially  designed E lec tro n -O p 

tical System , consisting of the P h o to 
cathode, a F ocussing E lectrode, an 
A ccelera tor and  a D eflector P late  
reduces th e  tran s it tim e to  0 .3  m illi
m icroseconds. T h e  P ho toca thode  is 
curved so th a t the p a th  lengths to  the 
first m ultip lier stage are approxim ately  
equal fo r electrons leaving any p art 
of its useful area . T he Focussing 
E lectrode and  the  A ccelera to r act to  
concen tra te  the  electrons into a single, 
narrow  path , and  to  com pensa te for 
inequalities in the ir initial velocities. 
T he D eflector P la te  d irects the elec
trons on to  the  first of the secondary  
cathodes.

T he un iform ity  of tran s it tim es to  
the  first m ultip lier stage is m ain ta ined

th roughou t the tube by careful shaping 
of the secondary  cathodes, and by 
add itiona l focussing electrodes, situ
a ted  betw een each  m ultip lier stage, 
w hich progressively narrow  the elec
tron  beam  from  stage-to-stage despite 
the rap id  grow th in the num ber of 
electrons.

High Gain, High Peak Currents
In  the  in terests of econom y and 

p rac ticab ility  it is desirab le  to  dispense 
w ith an ex ternal am plifier. T he 56A V P  
has therefo re  been designed to  provide 
a peak  anode cu rren t of 1A— sufficient 
for d irec t use. A t values up  to  300m A  
the anode cu rren t has a linear re la 
tionsh ip  w ith the incident light flux so

Photocathode (end-viewing)

M inim um  useful d iam eter 

P eak  spectral response 

A verage sensitivity  ..............

M ultiplier

M axim um  peak  anode curren t 
A verage anode sensitivity  (at 2kV ) 
D ark  cu rren t (at gain of 108) ....
O u tp u t pulse (at 2kV )

rise tim e .......................
w idth at half height

M echanical

M axim um  overall height 
M axim um  seated  height 
M axim um  diam eter 
Base ........................

th a t the tube can  be used for m easu r
ing the energies of inciden t rad ia tion . 
F o r som e purposes bo th  the  initial 
focussing electrode and  the deflector 
p la te  m ay be used to  con tro l the o u t
put cu rren t p roduced  by a particu la r 
input level.

T he high anode peak cu rren ts d e 
livered by the tube  are m ade possible 
by a 14 stage m ultip lier incorporating  
opaque silver m agnesium  secondary  
cathodes, an d  giving, under typical 
opera ting  conditions, a gain of 108 or 
m ore, co rrespond ing  to  an average 
ca thode sensitivity  of 50  m icroam ps 
per lum en and  an average sensitivity 
of 5 ,0 0 0 A  per lum en.

Brief d a ta  for the  tube m ay be 
found  below :—

.... 42m m

.... 4 ,2 0 0 A  (± 3 0 0 A )

... 50  m icro am p s/lu m en

. . . .  108 

.... 1A

.... 5 ,0 0 0 A /lu m e n

.... less than  5 m icroam ps

.2  m illim icroseconds 
. . . . 2  m illim icroseconds

.... 190m m  

.... 175m m  

.... 55m m

.... 20 -p in  (bidecal)

M inim um  gain (at to ta l voltage of 2kV )
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SILICON POWER RECTIFIERS
F o r application  in television rece i

vers the M ullard -p referred  silicon 
junction  diode is the O A 210 .

W ith  an  inverse voltage ra ting  of 
4 0 0 V  m axim um , an average forw ard  
cu rren t of 0 .5 A , and  a peak  forw ard  
cu rren t of 5A  at a m ounting base tem 
p era tu re  of 125°C , this herm etically  
sealed  rectifier offers increased  effi
ciency in th e  pow er supply  section of 
television receivers. O pera tion  at 
am bien t tem peratu res up  to  7 0 °C  w ith 
a  capacitive inpu t filter o f no t g rea ter 
th an  2 0 0 |iF  is perm itted  prov ided  the 
effective inpu t resis tance R t*  is not 
less th an  412. T he a ttached  curves 
dep ic t average fo rw ard  and reverse 
characteristics; opera ting  conditions 
are show n for the  O A 2 1 0  as a half 
w ave rectifier and  fo r a pair as full 
w ave voltage doub ler for the tw o p o s
sible m odes of connection . As one 
of these necessita tes an  insu lated  A .C . 
electro ly tic capac ito r the  a lternative 
connection  is usually m ore a ttractive 
from  the econom ic po in t of view.

I t should  be no ted  th a t a series in 
p u t resistance of only 4 0  is the  m in i
m um  necessary  w ith  voltage doubling 
c ircu its as each  d iode is conducting  
for n o t m ore th an  half th e  cycle a lte r
natively because of the b i-phase co n 
nection . If it is desired  to  use a nega
tive tem p era tu re  co-efficient resisto r 
in add ition  to , o r instead  of the n o r
m al series input resisto r to  ease the 
p eak  voltage ratings necessary  for the 
filter capac ito r, it is essential to  o b 
serve th a t the  to ta l effective inpu t 
resistance in  circu it w hen the supply 
is opera ting  a t m axim um  ou tpu t cu r
ren t is still n o t less th an  the specified 
value of 4 0 . P rac tica l experience to  
date  indicates th a t in  television recei
ver pow er supplies up  to  400m A  of 
h igh  tension  cu rren t can  be supplied  
by the norm al voltage doubling circuit 
w ithou t the need  for h ea t sinks.

Appendix: Series connection  of sili
con diodes such as the  O A 2 1 0  is p e r
m itted  prov ided  m eans are adop ted  to  
tak e  care  of possib le p roduction  
spreads in reverse  resistance. Indeed , 
th is p rob lem  is n o t unlike the  series 
connection  of electro ly tic capac ito rs 
w here inequalities in  leakage v o lta g e / 
cu rren t characteristics result in u n 

equal voltage sharing. W ith silicon 
rectifiers th e  s ituation  is analogous in 
th a t the  diode with the highest reverse 
resis tance (low er leakage cu rren t) will 
assum e a g rea ter th a n  its no rm al share 
of reverse voltage— the ratings can be 
exceeded an d  the  d iode b reaks down. 
F o r these reasons it is recom m ended 
th a t w here tw o O A 2 1 0 ’s are  series 
connected , each  un it be shun ted  with 
a  resisto r of n o t g rea ter th an  3.9 MO.

W hen a tran sfo rm er is p resen t be
tw een the  m ains and  the diode the

Characteristics
10000

FORWARD
CURRENT

M

1000

L

05 I- 5
FORWARD VOLTAGE(v)

Forward— at a mounting base temperature 
o f 125° C.

1000
INVERSE
CURRENT

(UA)

100

100 200 300 400, . 
INVERSE VOLTAGE(V)

Inverse— at a mounting base temperature of 
125° C.

add itiona l resistance R1 is calculated  
as follow s:—

* R t =  R s +  N 2R p - f  R 1 
W here R t =  m in im um  requ ired  

circuit resistance.
Rs =  D C  resistance of 

secondary . (F o r full wave 
circuits R s =  D C  resist
ance of half secondary.)

R p  =  D C  resistance of 
prim ary.

N  =  T urns R a tio  Ns

N p
R1 =  A dditional resistance 

if necessary.

Regulation Curves

400 Iotjf (mA)500

V, =  127V, R, =  4 0 , C l =  C2 =  200/*F

300 400 Ioof(l"A )500

4 0 , C =  200/jF

0 too 200 300 40 0 1out f a  A) 500

V, =  127V, R, =  4 0 , C l +  C2 =  200/^F

70



SIMPLE VALVE MEASUREMENTS
T h is  article is the first of a series to be published in  the "O utlook” dealing w ith  experi

m ents for the examination o f the properties and behaviour o f therm ionic valves. These  
experiments include measurements from  w h ich  the characteristic curves o f various types of 
valves may be plotted.

Assum ing that the  reader already has a w orking knowledge o f the principles o f the 
thermionic valve no exposition of the basic theory has been included, bu t in this first 
article certain explanations are given.

In  v iew  of the lim itations o f these methods o f measurement, coupled w ith  the spread of 
characteristic curves betw een individual valves, close agreement between calculated and 
measured valves cannot be expected, and errors o f up  to 15% or even more, should be accepted.

1 D IO D E

If  a source of d irect voltage is co n 
nected  betw een  the anode and  cathode 
of a diode, the anode being positive, 
electrons em itted  from  the ca thode are 
a ttrac ted  to  the anode. This flow of 
electrons is te rm ed  the anode current.

If the ca thode tem pera tu re  is m ain 
ta ined  constan t, the value of the anode 
cu rren t (In) is governed by the anode 
voltage (V a). (See F ig. 1.) Increase 
of anode voltage resu lts in an increase 
of anode curren t.

I a

B A S IC  C O N N E C T IO N S  
O F  A  D IO D E.

1.1 Ia/ V a Characteristic
If the  anode cu rren t is p lo tted  

against the  anode voltage fo r a cons
ta n t ca thode tem pera tu re , a curve of 
the  form  show n in Fig. 2 is ob tained. 
T he fact th a t the  g raph  is no t a 
straigh t line indicates th a t a diode 
does n o t obey O hm ’s Law .

T he curve can be considered  as co n 
sisting of tw o parts; (1) the p a rt A -B  
w here an increase in anode voltage 
results in a substan tia l increase in 
anode cu rren t, and  (2) the p art B-C 
w here a fu rthe r increase in anode 
voltage p roduces p rac tica lly  no in 
crease in  anode cu rren t.

I t will be seen from  th is curve tha t 
at V a =  0, and  even w hen V a has a 
sm all negative value, som e anode cu r
ren t flows. The exp lanation  is tha t 
the electrons leave the h ea ted  cathode 
w ith  som e initial velocity. If, then, 
the anode is connected  d irectly  to  the 
ca thode so th a t it is a t ca thode po ten 
tial (V a =  0), o r even if the anode is 
given a sm all negative po ten tia l, a 
few  electrons will reach  the  anode.

1.2 The Child-Langmuir 
Three-halves-Power Law

O ver the range A -B  the anode cu r
ren t for a diode having a w ire filam ent 
along the axis of a cy lindrical anode 
is given by the C h ild -L angm uir th ree- 
halves-pow er form ula.

Ia (m A ) = 1 4 * 6 5 x ix io '3x V a3/2

w h ere  I = length of anode
R=internal radius of anode.

1.3 Richardson’s Law
T he flattening of the curve in the 

region B-C  is due to  the  fact th a t the 
anode is collecting p rac tica lly  all the 
electrons w hich the ca thode is able to

F ig .  2 .— /„ /V „ C h a ra cte r is t ic  of  a 
d io d e .  The part  B -C  shows the 

saturation effect .

F ig .  3.— t„/Va C h a ra cte r is t ic  of a 
d io d e  at various ca th o d e  tem p er

atures.

em it at its p revailing  tem peratu re . 
T h e  valve is then  said  to  be saturated.

A t a higher ca thode tem p era tu re  
(h igher filam ent cu rren t) sa tu ra tion  
occurs la ter, as ind icated  by the fam ily 
of curves show n in F ig. 3.

T he sa tu ra tion  cu rren t (to ta l em is
sion) of a diode is given by R ich a rd 
son ’s Law:

Total emission {m A)=aAT2e_" 6M 54/1 
where a is the effective emitting area of the 

cathode
T is the absolute temperature of 

the cathode
and A and <f> are thermionic emission 

constants determined by the 
chemical nature of the cathode

F o r the G R D 7 diode recom m ended  
for these experim ents, R ich a rd so n ’s 
Law  can  be sim plified to:

Total emission current (m A) = 3411TJe~525°“/I

1.4 Internal R esistance of a D iode
T h e d ep a rtu re  from  O h m ’s Law  in 

the  behaviour of a diode indicates tha t 
the in ternal resistance of the  valve is 
no t constan t, bu t varies w ith the anode 
voltage. Since, from  O h m ’s Law , 

E
R  =  -  the in te rnal resistance (ra) o f a

diode at any po in t on its I a/ V a curve 
is:

_  sm a ll ch an ge  in an o de vo ltag e  _  A V a  

a  resu ltin g  ch a n g e  in an o d e cu rren t-  A l a

(T o  be con tinued )

0 20 40 60 80 100 120 U0 160 Va (V
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FIRST INDUSTRIAL MASER 
IN OPERATION

A  M aser (M .A .S .E .R .— m icrow ave 
am plification by stim ulated  e lec tro 
m agnetic rad ia tion ) am plifier, thought 
to  b e  the first w ork ing  assem bly to  be 
bu ilt in  the U n ited  K ingdom  by  an 
industria l labo ra to ry , cam e into o p era 
tion  recen tly  at M u llard  R esearch  
L aborato ries, Salfords, Surrey.

C onstruc tion  of the  M aser and  in 
vestigation of its p roperties an d  p e r
fo rm ance has been ca rried  out in the 
L ab o ra to rie s’ Solid S tate Physics D iv i
sion w here considerab le w ork  on sem i
conduc to r effects a t low  tem peratu res 
is being done by a g roup  of scientists 
led by Dr. J. C . W alling.

M aser am plifiers are a recen t scien
tific developm ent w hich m ake use of 
the na tu ra l oscillations of the p a ra 
m agnetic ions in  certa in  crystalline 
substances— ruby  fo r exam ple. O ne 
of the ir chief uses lies in the ir ability  
to  give useful am plification of very

w eak rad io  signals w ithout p roducing  
unw anted  signals w hich w ould  o th e r
wise sw am p them .

O ne app lica tion  of the device, which 
has a lready  p roved  successful, is in 
rad io  astronom y for the am plification 
of very sm all signals from  d istan t rad io  
stars.

T he M ullard  M aser, w hich was co n 
structed  in co -opera tion  w ith the 
R oyal R a d a r  E stab lishm ent, M alvern , 
operates at a w avelength of 10 cm  in 
the  ‘S’ band  and  at a tem p era tu re  of 
1 .7°K  (approx im ately  -271 degrees 
cen tigrade). Investigations to  a ttain  
higher frequencies and  opera ting  tem 
pera tu res a re  being actively pursued  
at Salfords and  D r. K. H oselitz, head 
of the Solid S tate Physics D ivision, 
M ullard  L im ited , indicates th a t the re  
is a possib ility  o f M aster am plifiers 
opera ting  a t higher frequencies at room  
tem peratu res in the fu ture.

TRANSISTOR
W hen designing am plifier circuits 

using general purpose transisto rs it 
m ay appear th a t th e  selection of a 
tran s is to r having a high oc will n a tu ra l
ly resu lt in the achievem ent of high 
stage gain. This is n o t necessarily  so as 
a com prom ise m ust be reached  betw een 
gain  and  stability. W ith  transis to r types 
hav ing  a low er o rd er of cu rren t gain 
excellent circu it stability  m ay be en 
sured sim ply and  econom ically  w here
as w ith higher oc transisto rs an app rec i
able p ropo rtion  of the m axim um  
theo re tical gain  m ust be sacrificed in 
the  in terest o f stability  and  the  base 
d iv ider cu rren t d ra in  tends to  becom e 
com parab le  w ith  th e  transis to r collector 
cu rren t.

A dditiona lly  th e re  is a varia tion  of 
gain w ith life and  from  the basic 
rela tionsh ip : —
a ' (com m on em itter cu rren t gain) =  
a  (com m on base  cu rren t g a in ) / ( l - a )  
it m ay be read ily  observed  th a t a 
g rea ter varia tion  in a ' for a given 
varia tion  in oc is to  be expected as 
oc tends tow ards unity .

D esigners m ay now  decide for th em 
selves w hether they  will engineer for 
h igh gain, w ith th e  need  for g rea ter 
d .c. stabilisation , and  la rger changes 
of gain  w ith  life; o r  low er gain  p er 
stage w ith g rea ter stability . T he choice

CURRENT GAIN
is fundam ental and a com prom ise 
inevitable.

T he availab ility  o f the O C 75  ensures 
tha t this choice is availab le to  the 
designer at the th ree  useful gain levels 
p rov ided  by the 0 0 7 0 ,  O C 71 and 
O C 75. W here the drive pow er is 
lim ited and  am plifier gain w ith the 
OC71 is m arg inal, the O C 75 will 
p rov ide h igher pow er gain.

Abridged A dvance Data for O C75  
Small Signal Characteristics at

X  r__ icorx junction ---- ****
a ' at low frequencies

m in 60 
average 90 
m ax 130 

fa ' 8 k c /s
fa  at V c =  —6V ,

Ic = l m A  900  k c /s  
Limiting V alues (abso lu te ratings) 
C ollector voltage (grounded base or
grounded  em itter)

Ve(pk) m ax - 3 0 V
V c,av) m ax* - 2 0 V
V c m ax (d.c.) - 2 0 V

C ollector cu rren t
ic(pk) m ax 50 m A
I e m ax* 10 m A

E m itter cu rren t
iefpk} m ax 55 m A
I e m ax* 12 m A

^averaged  over any 20m s

AMATEUR
EXPERIMENTERS

COLUMN
MULTIVIBRATOR

O ne possible use is as a ‘noise 
sou rce’ fo r finding a fau lty  stage when 
servicing rad io  receivers. T he coup
ling capac ito r m ay be m ade variable 
or sw itched accord ing  to  individual 
choice. T he values show n on the c ir
cuit will give frequencies o f approx. 
7 k c /s  an d  lO O c/s respectively.

CIRCULATION
Please circulate this copy of 

O U T L O O K  and sign after reading. 

□  □

□ □

□ □

□ □

□ □
Return co py to office fo r filing.

YOUR ADDRESS
Few copies of the Outlook fail to reach 
their intended readers. W e can maintain 
this state of affairs if you w ill tell us as 
early as possible of any impending change 

of address.
Printed in Australia
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