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THE SILENT G

One of our starry-eyed young animal lovers told us the other day 
that she thought Norbits were a pre-prepared dog food and she had some 
doubts when we started explaining ‘gates’, these being analogous to her 
canine friends jumping over them, barking behind them or preferring them 
to lamposts!

Indeed, a num ber of folk have been puzzled about Norbits, for as 
solid switching devices they are indeed silent, very silent, completely trouble 
free, intriguing to apply and an elegant example of circuit logic. Logic 
of which Boole himself would have been proud. These sophisticated 
circuit elements are yet another example of M ullard developing with 
electronics, in many cases leading.

If you have a switching problem or are anxious to avail yourselves 
of the latest techniques, we are happy to assist and our Viewpoint page 
this issue tells a little of our contribution with publications, lectures, displays 
and for our future engineers and technicians, the M ullard Film and 
Filmstrip Service.

M.A.B.

The new  M ullard  Panoram a Radiant 
Screen L ong  L ife  Picture Tube A 59-11W  
is discussed on pages 60 and 61 o f this 
issue.
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V I E W P O I N T  W I T H  M U L L A R D
----  ----- ---------- -------------------------------------------------------------------------------------------1 Milliard I

MULLARD TECHNICAL SERVICE
"This booklet is issued in o rder to  p ro 

vide a  rap id  guide to  answ er technical 
queries, such as 'w hat M ullard  valve am  I 
to use in the first stage o f an audio 
frequency am plifier and w hat H .T . current 
does it requ ire?’

The above pa rag rap h  appeared in the 
in troductory  page o f one o f the earliest 
M ullard  V alve D a ta  Booklets published in 
A ustralia . W hilst the valves featured  at 
th a t tim e were know n by som e w eird and 
w onderful type num bers by today’s stan
dards, they w ere nevertheless well to the 
fore in design and perform ance and, when 
backed by the w ell-know n M ullard  T ech
nical Service, in application.

In this regard  the  nam e “M ullard” has 
alw ays been synonym ous w ith service, no t 
only in the  U .K ., bu t in  m ost parts of 
the world.
Phone Enquiries and Correspondence

^  W e in A ustra lia  are  p roud  to be p a rt o f 
the M ullard  organisation  and ou r tech
nical people are always w illing to answer 
queries, bo th  on  the telephone and by 
letter. As you m ay well im agine, this is 
no m ean  task  and the m agnitude of these 
queries m ay  vary  from  a sim ple question 
on  the pin connections of a certain  valve 
to  the use o f a M ullard  solid state  device 
in som e sophisticated circuit application. 
M uch o f this load is borne by m em bers 
o f  the Technical Service D epartm ent, who 
are  also responsible fo r the p repara tion  and 
d issem ination of technical literature.

Technical Literature
A  large proportion  of o u r publicity 

budget is expended on the local p roduction  
o f technical leaflets, da ta  sheets and tech
nical booklets (by no  m eans the  least of 
these being the jo u rn a l you are now read 
ing!). Publications such as M ullard  B ulle
tin , M ullard  Technical C om m unications and 
reprin ts, a re  received from  M ullard  L im ited 
L ondon, o u r P a ren t C om pany in the  U .K ., 
and these are allocated  to key engineering 
personnel w ithin the Industry.

Mullard Film  Service
^ This film service is a w ell-established 

and popular division o f the M ullard  T ech
nical Service D epartm ents, and a lready well- 
know n to train ing  establishm ents th rough
o u t A ustralia. T he film lib rary  contains a 
selection of 16mm sound films and 35m m  
film strips w ith lecture  notes. T hey are  avail
able fo r lo an  fo r screening on  specified 
forw ard dates and application  should be 
m ade at least three  weeks p rio r to  the 
intended screenings.

•Films and film strips on new  topics are

being added to  the film lib rary  from  tim e 
to  tim e and announcem ents o f these new 
additions are published in O utlook. At 
p resent, a  revised film catalogue is being 
prin ted , copies o f  w hich m ay be obtained 
on  application.
Technical Handbook Service

The M ullard  T echnical H andbook  is a 
loose-leaf publication  com prising six 
volum es (ten covers) issued on  a  subscrip
tion  basis. I t  contains da ta  sheets on M ul
la rd  valves, tubes, sem iconductor devices 
and electrical and m agnetic  com ponents. The 
in form ation  provided includes standard  
ratings, recom m ended operating  conditions 
and perform ance figures fo r  various applica
tions, lim iting values, characteristic  and 
perform ance curves and outline diagram s.

T he loose-leaf system  has the advantage 
th a t the H andbook  can be  kept up-to-date 
by the issue of supplem entary  o r revised 
sheets, thus providing subscribers with 
early  in form ation  on  new  p roduct types.
Subscription

F ro m  July, 1964, the initial subscription 
to the  M ullard  Technical H andbook  covers 
the  supply o f supplem entary  issues in pe r
petu ity , thus relieving subscribers o f  the 
need to renew  subscriptions annually.

T h e  subscriptions fo r the various volum es 
are as follow s:—

V olum es 1, 3, 4, and 6 .... £4 5 0 each
V olum es 2 and 5 .............  £2 10 0 each
In tending subscribers m ay o rder H an d 

books by contacting the  T echnical Service 
D epartm en ts a t M ullard  Offices.

CONTENTS OF THE MULLARD TECHNICAL HANDBOOK
V O L U M E  1

C u rren t receiving and am plifying valves 
C u rren t television p ictu re  tubes 
Special quality  receiving valves 
E lectrom eter valves

V O L U M E  2
M aintenance-type receiving and am plifying valves and picture tubes

V O L U M E  3
C athode ray  tubes: Oscilloscope, rad ar, m onitor, viewfinder and flying spot

scanner tubes
Gasfilled valves and tubes: V oltage stabiliser and reference tubes

C ounter, selector and ind icato r tubes 
C old-cathode trigger tubes 
T hyratrons and ignitrons 
T herm ionic  pow er rectifiers 

T ransm itting , industrial heating  and 
high pow er audio valves

D isc seal valves, klystrons, m agnetrons, backw ard  wave 
oscillators and forw ard  w ave am plifiers

M icrow ave devices:

• V acuum  devices

V O L U M E  4 .
Sem iconductor devices:

Photoelectric  devices:

V O L U M E  5
Electrical com ponents:

V O L U M E  6
M agnetic  com ponents:

D iodes, rectifiers, contro lled  rectifiers and transistors

Photoconductive and photoem issive cells 
Photodiodes and phototransistors 
Photom ultip lier tubes 
Im age converter and storage tubes

C apacitors, resistors, therm istors
voltage dependent resistors, electro-m echanical
com ponents

Perm anen t m agnets
Ferroxcube yokes, transfo rm er cores
and storage cores
V inkors

AN ELECTRONIC THERMOMETER
Since the publication  of the article  entitled “A n E lectronic T herm om eter” in O utlook. 

V olum e 7 N u m b er 4, m any readers have enquired  regarding a  suitable m eter and switch 
fo r this unit.

The m eter investigated by M ullard  was supplied by M aster Instrum ents Pty. L td., type 
num ber PT35 and is approxim ately  4 i"  wide x 4" deep; it features a m irror-backed 
dial scale. T h e  m eter m ay be obtained from  the  m anufacturers*  w ho advise th a t it m ay 
be ordered  w ith 100 dial divisions m arked  on  the  scale. T hese divisions m ay be used fo r 
the  individual range calib ra tion  and re tu rned  to  the  m anufacturers w ho will then  supply 
a  p rin ted  dial scale w ith the five ranges m arked.

T h e  range sw itch fo r the therm om eter m ay be o f e ither push-button o r w afer type and 
m ay be obtained from  m ost distributors.
* M aster Instrum ents Pty. Ltd., Cnr. Sloane & Saywell Streets, M arrickville. N.S.W .

DIRECT 
MAILING 

SCHEME
In  O utlook, V olum e 7 N um ber 3, we dis

cussed the  M ullard  D irect M ailing Scheme. 
T he response to this article  has been m ost 
gratify ing and we are  a t p resent p rep ar
ing the  portfolios. T h e  readers w ho have 
expressed interest in the  Scheme will be 
contacted  shortly.
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SEMICONDUCTOR RELIABILITY
T he M ullard  sem iconductor life test 

facilities have increased from  500 test 
positions in 1956 to the present num ber of
33.000 positions fo r life tests o f sm all-signal 
transistors and diodes, pow er transistors, 
zener diodes, pow er rectifiers and thyristors.
15.000 of these a re  au tom atic  in operation.

Sam ple quantities are taken  at random  
from  the p roduction  lines after they  have 
passed the extensive series o f facto ry  tests 
to  which every sem iconductor device is 
subjected. Jigs containing 100 devices of 
the sam e type are  loaded into life test 
consoles w hich ru n  them  under accurately- 
contro lled  conditions fo r the life test period 
of 1,000 or 10,000 hours. T he tests are 
perform ed at three  o r m ore different com 
binations o f voltage, curren t and tem pera
ture, a t least one of w hich is the m axim um  
rating  o f the device.

Periodically , during  the life test the jigs 
are rem oved from  the consoles and placed 
in the  m easurem ent cabinets, where all the 
significant characteristics o f  each sem i
conductor device are autom atically  m easured 
and recorded on punched cards. On a 
typical transisto r as m any as ten  charac
teristics will be m easured.

T he punched cards are  subsequently fed 
to a com puter which is p rogram m ed to 
produce in tabu lar form  a com plete history 
of the  behaviour o f each sam ple th roughout 
the period of test. Usually, the charac
teristics are m easured four tim es during a
1.000 hour test and ten tim es during a test 
o f 10,000 hours.

C atastrophic  failures (devices with 
short o r  open circuit) are searched daily 
using a mobile, au tom atic  'G O /N O -G O ’ 
scanner which can be connected quickly to 
any o f the life test consoles. In this way, 
the tim e at w hich a particu lar sem icon
ducto r device fails can be recorded with 
accuracy.

M ulti-M illion Test Capacity
As an indication o f the scale on  w hich 

life testing is achieved, the equipm ent is 
capable o f  carry ing ou t m ore than  five 
m illion sem iconductor-hours of testing a 
week, and in the last twelve m onths the 
com puter has processed m ore than
1,500.000 punched cards.

In  addition  to  the  facilities fo r electrical 
life tests, there  is a great deal o f equipm ent 
designed to  test the endurance of those 
sem iconductor devices likely to experience 
extrem es o f tem perature, hum idity  and 
v ibration  during their w orking life. T here 
are, fo r exam ple, h igh-tem perature  storage 
ovens, low -tem perature cabinets and 
clim atic cycling cabinets w hich can sim u
late dry polar cold or steam y tropica] heat. 
V ibration  tests and shock tests are also 
carried  out.

Progressive Improvements
T he poten tial quality  and reliability  o f a 

sem iconductor device are, o f course, built 
in to it a t the design stage. One of the 
chief tasks is to m ake rigorous assessments 
o f new devices to ensure that only these of 
proven life-perform ances are released.

Once the sem iconductor device goes into 
production, there  is a continual feedback of 
inform ation  to the developm ent and p ro 
duction departm ents. A n essential aspect of 
this process is the detailed analysis o f sem i
conductor devices which fail during  test 
so that the reason  for the failure can be 
discovered and the cause eradicated  from  
future  production.

On exam ination  of this recorded data  
it is found  th a t the po ten tial quality  and 
reliability  o f a sem iconductor are fully 
realised, th a t progressive im provem ents are 
m ade th roughou t the run  and th a t a new 
device benefits from  the outset by the 
experience gained on previous types.

Life  test consoles fo r transistors and diodes. 
The trolley-mounted equipment is an automatic 
scanner used to discover semiconductors which 

fa il catastrophically during the test.

Transistors and diodes undergoing environmental life  testing at low temperatures.

Transistor characteristics being automatically measured during life  testing.
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BLY17 SILICON PLANAR N-P-N RF POWER TRANSISTOR
with Interdigitated Structure

ABR IDG ED DATA

The BLY17 is a triple diffused silicon p lanar transisto r in 
TO-36 encapsulation  intended fo r high-pow er R F  amplifiers and 
fo r ou tpu t stages in transm itters. T he BLY17 is capable o f giving 
40W  carrier pow er ou tpu t a t 30 M c/s w ith an efficiency o f 60% .

Lim iting V alues (absolute m axim um  values)

M ECH ANICAL O UTLINES A N D  DIM ENSIO NS

C ollector V c B m ax 100 V
V cE m ax 80 V
I c m ax 10 A

E m itter V eb m ax 4 V

T em perature T s - 6 5  to 175 °C
Tj m ax 175 "C

Therm al resistance K j- c 1.5 °C /W

Characteristics at T , mn =  25 °C

C ollector to base voltage 
Ic  =  50m A

at
BV cb > > 100 V

C ollector to em itter voltage 
Ic =  50m A; R  =  ICO

at
B V cee > 80 V

E m itte r to base voltage 
I e =  100mA

at
B V ebo > 4 V

Base curren t at
I E _ 10A; V cb =  IV I b < 2.0 A

C ollector sa tu ration  voltage 
Ic =  10A; I B =  2A

at
V CES < 2 V

Base sa tu ration  voltage at 
Ie =  10A; I B =  2A V bes < 3 V

C ollector base leakage curren t at 
V cb =  40V IcBO 10 mA

H igh frequency curren t gain at
~ Ie =  1.5A; V cb =  10V;

f =  lO M c/s hfo > 5

Collector capacitance (grounded 
base) at
V cb =  10V; I e =  0 Cb'e 200 pF
V cb =  40V ; I E — 0 Ch'c 100 pF

O L L l i
A 1 1 0  
B 5 0  
C 5 0
D 29
E 13-5
F 15-5

3 0
7 0

1 7 5
24-5
31

(All dimensions in mm)

' Locating 
pin

The BLY17 is a recent addition to 
the M ullard range of RF power 
transistors. It  is a triple-diffused  
silicon planar transistor and it may 
be used as an RF am plifier in 
transmitters. A  typ ica l circu it is 
shown below.

IN D U C TO R  SPECIFICATIONS FOR THE CIRCUIT BELOW
Li =  14 turns o f  1.2mm cu en wire; inner diam eter 12mm 
L- =  2 turns of 1.2mm cu en wire; inner d iam eter 12mm 

against “cold” side o f Lt 
La =  5 turns o f 1.2mm  cu en wire; inner d iam eter 12mm 
L3 =  R F  choke; 27 turns o f 0.5m m  cu en wire; inner d iam eter 

6mm
L4 =  11 turns o f 1.2mm cu en wire; inner d iam eter 12mm 
L3 =  See Li; tap  a t 2 turns from  “cold” side.

RF performance in circuit (neutralised)
O utput pow er at V cb =  40V

frequency f =  30M c/s 
Pow er gain 
Efficiency

Po > 30 W
PG > 6 dB

> 40 %
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MULLARD A59-11W PANORAMA RADIANT
This new Mullard picture tube, the Panorama Radiant Screen A59-11W, represents a radical new concept in 
picture tube development. No form of implosion guard is required; the face of the tube is completely uncovered.

The A59-11W is a 59cm (23in.) picture tube with a metal backed screen, electrically identical to the AW59-91.

D uring  the last few  years, w ork has been 
proceeding on a new  concept in picture- 
tube design— an im plosion-free p icture tube. 
Intensive study into the  n a tu re  of the causes 
o f im plosion in p icture  tubes has revealed 
th a t re inforcem ent o f  th e  envelope elim i
nates the risk o f im plosion. T he outcom e 
of these investigations is a revolutionary  
developm ent— a picture tube with inherent 
safety, one in w hich violent d isintegration 
of the glass envelope cannot occur.

T he im m ediate consequence o f this 
developm ent is th a t no protective shield is 
requ ired  betw een the  view er and the  face
plate o f the new  tubes. M ullard  P anoram a 
p icture  tubes thus m ake possible com pletely 
safe viewing.

O ther advantages accruing from  the 
inheren t safety o f the  M ullard  im plosion-free 
picture tubes are th a t com plete safety  is 
afforded to the view er and to anyone 
handling the  tubes; also dam age to  a 
receiver in the event o f  tube breakage is 
prevented.

T he benefits to  be gained from  the 
absence o f a p ro tective shield in a receiver 
are fourfold:

1. Problem s of dust accum ulation  on 
the  faceplate and the safety shield are 
elim inated and therefore, the  cost of 
providing an efficient dust seal betw een 
faceplate and shield is also rem oved.

2. T he num ber o f reflecting surfaces 
betw een the view er and the p ictu re  is 
m inim ised. Reflections o f in ternal and 
external light are thus reduced and 
p icture-contrast accordingly im proved.

3. G reater freedom  is allowed fo r cabi
net styling since, in conventional 
receivers, the style is dictated to a 
large extent by the  need to provide the 
safety screen.

4. Sm aller and lighter receivers with 
be tte r physical stability  are possible. 
A bsence o f the safety screen elim inates 
the space betw een the faceplate and 
the screen, and gives a bette r d istri
bution of weight. (U se of th e  ‘sh o rt’ 
e lectron gun also contributes to 
shallow  cabinets.)

One further advantage of the M ullard

P an o ram a pictu re  tubes is th a t m ounting  in 
receiver cabinets is simplified. F o u r m etal 
lugs are a ttached to th e  tubes, and these 
can be bolted directly  to  the cabinet. The 
cost o f a m ounting  strap  is thus rem oved. 
G uidance on  the correct positioning of the 
fixing bolts is provided in the da ta  for 
the tube.

Picture Tube Implosions

Im plosion (the v io len t disin tegration  of 
an  evacuated vessel under atm ospheric 
pressure) can occur in a television picture 
tube when regions o f the tube envelope 
under tensile stress are dam aged. Those 
regions under com pressive stresses a re  less 
vulnerable because o f the ‘keying’ effect of 
the envelope itself, the  effect being analo 
gous w ith th a t o f an arched bridge under 
load.

The early  stages o f an im plosion in a 
conventional tube are  m arked  by a rapidly 
growing netw ork o f cracks propagating  and 
branching from  the original p o in t o f dam age 
before the in te rnal and external a ir p res
sures a re  equalised th rough  the  collapse 
o f the tube. T he envelope shatters into 
fragm ents w hich are  projected  forcibly 
un d er the  influence o f the ex ternal pressure. 
T o pro tect the view er from  glass it has 
h itherto  been essential to in troduce a tran s
paren t p rotective shield betw een the  viewer 
and the p ictu re  tube screen, either separated  
from  the screen or cem ented to  the face
plate. T he new  M ullard  tubes represen t a 
revolutionary  departu re  from  this procedure.

Prevention of Implosion

In  the new  M ullard  tube type A59-11W , 
prevention o f im plosion has taken prece
dence over efforts to  contain the effects of 
an im plosion.

Im plosion can occur in a conventional 
p icture  tube as a  resu lt o f dam age to 
regions o f the tube under tensile stress. 
V ery occasionally, an  im plosion has occur
red spontaneously because som e local w eak
ness has developed in the tube envelope 
in these regions o f tensile stress. In  the 
new M ullard  tubes, m easures have been 
taken  to p ro tect the vulnerable regions o f

the tube and also to  p revent the possible 
spread from  the site o f a blow or local 
weakness o f the  fissures th a t lead  to  an 
implosion.

A  cadm ium -plated m ild-steel shell is 
sealed by m eans o f a resin  to  the periphery 
of the  facep late  o f the  tube— the region 
of greatest tensile stress. In addition to 
p rotecting  the tube from  dam age, this shell 
also opposes deform ation  or expansion of 
the  glass, thus preventing  the w idening and 
spreading of any crack w hich m ay occur. 
U nder norm al conditions, the band is free 
from  stress, exerting force on the envelope 
only if the glass breaks.

V
Investigation of Safety

D uring  the  design stages, M ullard 
im plosion-free picture tubes are tested with 
respect to im plosion safety in various ways: 
by sim ulated spontaneous fracture, by 
ex ternal im pact, and even by fire. T he object 
of the tests is to establish th a t the  om ission 
of a  p rotective screen betw een th e  faceplate 
and the view er is justified under all con
ceivable circum stances, and th a t the  re in 
forcem ent o f the  tubes is also an effective 
safeguard  to the engineer w ho handles tubes 
w ithout the p ro tec tion  afforded by the  cabi
net. N ew ly m anufactu red  tubes and tubes 
w hich have undergone a series o f clim atic 
and life tests are  therefo re  investigated. 
S trict contro ls in the facto ry  and in techni
cal departm ents ensure th a t every tube 
produced will be safe.

Tube Characteristics

E lectrically  the M ullard  A59-11W  
im plosion-free picture tube is identical with 
the  conventional M ullard  AW 59-91 tube. 
T he new  tube uses a  un ipo ten tia l focusing 
lens, and incorporates the short electron 
gun, so th a t the neck of the  tube is only 
110mm.

T he screen transm ission of the  A59-11W  
is 53% .

A leaflet is available on receipt of a stam ped self- 
addressed foolscap envelope, endorsed “Panoram a” 
detailing the im portant characteristics of the 
A59-11W.

60



1

Mullard

SCREEN LONG LIFE PICTURE TUBE
P R E L IM IN A R Y  D A TA

59cm  (23in) direct viewing television tube with m etal backed 
screen and reinforced envelope. A separate safety screen is not 
required. This tube is electrically identical to the AW 59-91.

Deflection
Focusing
Light transm ission 
O verall length

110
E lectrostatic

53
36.7

deg

%
cm

H E A T E R

Suitable fo r series o r  parallel operation

V , 6.3 V
I„ 300 mA

N ote— (applies to series operation  only). T he surge h eater voltage 
m ust no t exceed 9.5 Vr.m.s. when th e  supply is sw itched on. 
W hen used in a series heater chain, a curren t lim iting device m ay 
be necessary in the circuit, to ensure that this voltage is not 
exceeded.

O P E R A T IN G  C O N D IT IO N S

Va2 +  a4 18 18 kV
Va3 (focus electrode control range) 0 to 400 0 to  400 V
Val 400 500 V
Vg for visual extinction of focused raster 40 to  77 50 to  93 V

* Vkfor visual extinction of focused raster 36 to  66 45 to 79 V

* F or cathode m odulation , all voltages are m easured w ith respect
to grid.

SC R E E N
M etal backed
Fluorescen t colour
L ight transm ission (approx.)

W hite
53 %

FO C U S IN G
E lectrostatic

T he range o f focus voltages is show n in the A59-11W  data 
in Vol. 1 o f the M ullard  T echnical H andbook.

D E F L E C T IO N
D ouble m agnetic

T he deflection coils should be designed so th a t their internal 
con tour is in accordance w ith JE D E C  gauge 126, and should 
provide a pull-back of 4 m m  on a nom inal tube.

C A PA C IT A N C E S

Cg—all 6-0 pF
C k—all 4-0 pF
Ca2 + a4 — M 1700 to 2500 pF
Ca2 + a4 — B 350 PF

E X T E R N A L  C O N D U C T IV E  C O A T IN G

This tube has an external conductive coating, M , w hich m ust 
be earthed , and the capacitance o f this to  the final anode is used 
to  provide sm oothing fo r the E H T  supply. T he tube m arking and 
w arning labels a re  on  the side o f the  cone opposite the  final 
anode connector and this side should no t be used fo r m aking 
contact to  the  ex ternal conductive coating.

M axim um  distance o f centre o f centring
field from  reference line 57 mm
A djustm ent of the centring  m agnet should no t be such th a t a 
general reduction  in brightness o f the raster occurs.

M O U N T IN G  PO SIT IO N
T he tube socket should  no t be rigidly m ounted  bu t should 

have flexible leads and be allowed to m ove freely. T he bottom  
circum ference of the base shell will fall w ithin a circle o f 40 m m  
diam eter w hich is centred upon  the perpendicu lar from  the centre 
of the face.

This tube is fitted with a pin p ro tector in o rder to avoid 
dam age to the glass base due to bending of the  base pins w hilst 
handling the tube.

I t  is advisable to keep this pin p ro tec to r on the base until 
it can be replaced by the socket a fte r installation  of the  tube 
in any equipm ent.

D E SIG N  C E N T R E  R A T IN G S

* Va2 -f a4 max. (at Ia2 +  a4 = 0) 

Va2 +  a4 min.

+  Va3 max.

— Va3 max.
sM-_|_ Va3(pk) max.

Val max.

Val min.

* *  — Vg(pk) max.

+ Vg max.

=b Ia3 max. 

i t  l a i  max.

+ Vh -  k
Cathode positive 

DC max. 

pk  max.

C athode negative 

D C  max. 

pk max.

Rh — k max.

Z k  — e max. (f =  50 c/s)

R g  — k max.

Z g  — k max. (f =  50 c/s)

18

13

1-0
500

2-5
550

350

400

150

25

5

250

300

135

180

1-0
100
1-5

500

kV

kV

kV

V 

kV
V

V

V

V 

MA 
/-A

V

V

V

V 

Mil
kQ

MO

k il

R A STE R  C E N T R IN G
C entring  m agnet field intensity 0 to 10

* A dequate  precau tions should be taken  to ensure th a t the 
receiver is p ro tected  from  dam age w hich m ay  be caused by 
a possible high voltage flashover w ithin the cathode ray  tube.

s*M axim um  pulse du ra tion  22%  of a  cycle w ith a m axim um  of 
1.5 ms.

iT h e  D C  value of bias m ust not be such as to allow the grid to 
becom e positive w ith respect to the cathode, except during  the 
period  im m ediately a fte r sw itching the  receiver on  o r off when 
it m ay be allow ed to  rise to  +  2V. To ensure long life o f the 
tube it is advisable to  lim it the positive excursion o f the  video 
signal to +  5V (Pk> max. This m ay be achieved autom atically  by 
the  series connection o f a 10 kO resistor.

t i n  o rd e r to avoid excessive hum  the A C  com ponent o f Vh-k 
should be as low  as possible.
D uring  a w arm ing up period not exceeding 15 secs, vh-t (pkjmu 
(cathode positive) is allow ed to  rise to 410V.
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G.M. OVERSEAS
M r. M. A. BroWn, 
ou r G eneral M an a
ger, left Sydney on 
Septem ber 11th fo r 
overseas. He will 
visit the F a r  E ast, 
U nited  K ingdom , 
the  C ontinent, the 
U nited  States and 
C a n a d a .  M r. 
B rown expects to 
re tu rn  early  D e
cem ber. D uring  his 
absence M r. K. L. 
R obertson is acting 
on his behalf.

MULLARD VALVE 
PRE-AMPLIFIERS 

Input Facilities For Ceramic 
Pick-Up Cartridges

Follow ing the in troduction  of ceram ic 
pick-up cartridges, a pre-am plifier input 
c ircuit is now necessary, having an input 
im pedance o f 2M f! and sensitivity of 
approxim ately  350m V  fo r fu ll output. C o n 
structors wishing to  use such pick-up car
tridges w ith the  pre-am plifier designs des
cribed in the M ullard  publication  “Circuits 
for A udio Am plifiers” and “Stereo Sound 
Systems"* should a lter the circuitry  of 
one o f the input positions to  the a rran g e
m ent show n in the diagram . O nly the 
relevant com ponent values are  show n and 
the sw itching arrangem ents have been sim 
plified fo r clarity.

T h e  values given are  applicable to the 
various pre-am plifier circuits, but it should 
be rem em bered th a t the  a ltera tion  m ust be 
m ade to  th e  sam e sw itch position on bo th  
channels o f the  stereophonic  pre-am plifier.
* These publications are available from M ullard 

Offices and distributors throughout the Com
m onwealth priced as follows:—

A^dio"1 Amplifiers”  12/ 6d Plus J / 5d P °sta«e
“ Stereo Sound Systems” 6 /3d  plus 8d postage

MULLARD SILICON POWER 
RECTIFIER TYPE BYZ14

An Interesting Application
M any operato rs o f  m obile rad io  stations 

using com paratively  high pow er, h igh fre 
quency equipm ent have felt the need for 
p rim ary  pow er supplies having a greater 
capacity th an  available from  the usual 12V 
3 0 A /h  ba tte ry  and 25A D C  generator 
W hilst the availability  o f the a lte rn a to r as 
s tandard  equipm ent in som e vehicles, and 
as an a lternative in others, has in  som e 
m easure alleviated the  position by v irtue 
o f the a lte rn a to r’s ability to  continue 
charging a t idling speeds, this in itself 
does no t provide the answ er to the 
problem  as there  a re  m any occasions when 
it is desirable to operate  two-way radio  
equipm ent w ithout th e  vehicle in m otion  or 
the m oto r in operation .

a silicon power diode having sufficient 
capacity  to cope with charge currents and 
load curren ts under all conditions. The 
h igh pow er radio  equipm ent m ay be con
nected  to the  accessory ba tte ry  w hich will 
discharge w ithout affecting the  norm al 
vehicle battery . T he voltage regu lato r 
reference should be taken  from  the  acces
sory  batte ry  w hich will charge the norm al 
battery , th rough  the silicon pow er diode. 
A  suitable diode fo r this application  is the 
M ullard  BYZ14, w hich m ay  be m ounted  
on a heat sink and fitted to, bu t insulated 
from , the  body of the  vehicle. T he heat 
sink, w hich on  this occasion is a 6" length 
of M ullard  35D (Type 35D 6C o r 35D6CB),

ACCESSORY
BATTERY

►  TO RADIO M ULLARD 
^ , B Y Z 14

- ► T O  NORMAL 
CAR SERVICES

A M M ET ER  
IF REQUIRED 12 V

f
NORMAL
BATTERY

GENERATOR

r

B -
VO LTAG E REG

D &  CUT-OUT

F 1
T he increasing popularity  o f vehicles 

fitted with au tom atic  transm ission, coupled 
w ith the elim ination  o f the starting  handle 
dictates the  need fo r the vehicle batte ry  to 
be m aintained a t a sufficiently h igh charge 
level to ensure trouble  free engine starting. 
W ith a num ber o f m akes o f vehicle having 
au tom atic  transm ission, the engine cannot 
be sta rted  by  tow ing since the  high 
pressure oil pum p in the pow er transfer 
system , usually  driven from  the  engine, m ust 
be  in operation  before pow er can be tran s
ferred  from  the  wheels to the engine and 
vice versa.

A  partia l solution to the problem  is to 
provide two batteries connected in parallel, 
p referab ly  having as large a  capacity  as 
can be contained in the  norm al and acces
sory batte ry  carriers. T he accessory ba tte ry  
m ay be fitted in  th e  engine com partm ent, 
the boot o r in som e o th er suitable location. 
In  the  w riter’s vehicle, sufficient space 
exists on  the right hand  side o f the m otor 
fo r an additional batte ry  carrier and, in this 
case, the  re ta ile r fitted the desired battery  
carrier fo r a  sm all extra  charge. W hilst two 
batteries in paralle l increase the  overall 
capacity  and m ake a w orthw hile co n tri
b u tion  to reliability , bo th  batteries will still 
d ischarge together.

A lthough a g reater initial capacity is 
available, it is nevertheless possible for 
b o th  batteries to  becom e discharged, thus 
resulting  in difficult engine starts. F u rth e r
m ore, should one batte ry  becom e fau lty  
th rough  a short-circuited  cell, one com m on 
cause o f  battery  fa ilu re, then  the  second 
ba tte ry  w ill also be discharged.

A  superior and alm ost foolproof 
approach, is to isolate the  two batteries with

provides adequate  d issipation and a simple 
m etal cover o f e ither expanded steel or 
alum inium  m ay be p laced over the insulated 
h eat sink, thus providing pro tection  against 
accidental short circuits w hen w orking on 
the vehicle. U nder sta rt conditions the 
BYZ14 can be called upon to  supply 
relatively h igh cu rren t fro m  the acces
sory battery ; how ever, exam ination  of 
the data  shows th a t under surge conditions 
the  BY Z14 can w ithstand a curren t flow of 
350A  fo r a period  o f 10 seconds, o r 260A
for a  period  o f 60 seconds, thus providing a __
m ore th an  adequate  safety facto r. C on
sideration could be given to  the  use o f a 
low  pow er silicon diode w hich w ould, no 
doubt, operate  quite well un d er norm al 
conditions, bu t the  reserve safety factor, 
highly desirable fo r reliability , w ould pe r
haps be inadequate  under the m ost adverse 
conditions, such as w here th e  m o to r vehicle 
battery  was in a state o f  discharge due to, 
say, failure o f one cell. W hilst a  system 
such as the  one described is capable of 
an  exceedingly high degree o f  reliability, 
it m ay be considered desirable to provide an 
am m eter to  indicate the charge current 
being supplied by the generator o r  a lter
n a to r since this, in som e m easure, w ill give 
w arning o f any tendency to m alfunction. 
T here  a re  num erous possible refinem ents 
and this system  m ust be considered som e
w hat basic; how ever, the system  as des
cribed h as been operating  quite  satisfactorily  
fo r  som e tim e in th e  w riter’s vehicle and 
is m ain tain ing  bo th  batteries a t the desired 
charge level.

B. P. A . Beresford.
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ISO-Q CURVES
Iso-Q curves are constructed by joining points of equal Q-jactor when plotted on inductance against 
frequency axes. These curves provide a simple and convenient method for the coil designer to check 
how variations of the various design parameters will affect the performance of an inductor, without 
having to carry out measurements on an actual component. Mullard is the first component manufacturer
to make such curves available

In the construction  of passive netw orks, 
com ponents are used which exhibit resis
tive, capacitive, o r inductive characte ris
tics. Resistors and capacitors are obtained 
from  com ponent suppliers ready fo r use. 
In the case o f inductors, how ever, a 
‘skeletal’ com ponent is usually  supplied to 
which a winding m ust be applied before 
the inductor can be installed in the circuit. 
T he choice o f skeletal com ponent and the 
type of w inding applied are decided by the 
coil designer afte r calculation and ex tra 
polation  fro m  the  da ta  supplied by the 
com ponent m anufacturer.

One of the m ain  param eters o f a  coil 
'hich the designer m ust guarantee is the 

■'— Q -factor— that is, the  ra tio  o f reactive im 
pedance to  resistive im pedance. In the 
past, the first stage in the selection and de
sign procedure has been to  consult the 
som ew hat sketchy typical Q -factor curves 
published in the m anufactu rer's  data. 
W ith the publication  o f Iso-Q  curves (also 
known as equi-Q charts or Q -factor ‘m aps’) 
fo r M ullard  V inkor inductive com ponents, 
a  great deal o f the tedium  in selection and 
design has been alleviated.
Construction of Iso-Q Curves

Iso-Q curves are constructed  by joining 
points of equal Q -factor when plotted on 
inductance against frequency axes. They 
are sim ilar to  isobars (lines o f equal p res
sure) o r contours (lines o f equal he igh t). 
Iso-Q curves a re  constructed  from  a mass 
o f data com piled from  m easurem ents m ade

for its inductive components.

on the com ponent and from  a knowledge 
of good coil-design practice. F o r each size 
and perm eability  of com ponent, a different 
set o f Iso-Q curves will result and. in add i
tion, the type of w ire w ith w hich the 
com ponent is w ound will in troduce fu rther 
variations. In  com piling these curves it 
has been assum ed that the best Q -factor 
will result from  the pot-core type of 
inductor when the bobbin is fully wound 
(it is acknow ledged th a t at h igh fre 
quencies and w ith sm all inductance values 
this is no t strictly tru e ) . A s the  frequency 
rises and the inductance value falls, a larger 
gauge of wire can be used to  fill the bobbin 
and at some frequency (usually  above 
2 5 k c /s ) a h igher Q -factor will result from  
using stranded or bunched conductors 
ra th e r than  solid wire.

F ro m  the foregoing, it is apparen t that 
several Iso-Q  curve sets are needed to 
satisfy all conditions. F o r the V inkor 
range of adjustable inductors, Iso-Q  curves 
have been com piled fo r four types o f wire: 
solid wire, and bunched conductors using 
45, 48, and 50 s.w.g. strands. T he three 
m ost suitable sets are provided with the 
da ta  fo r each size and perm eability  of 
V inkor.
Use of Iso-Q Curves

W ith the aid o f Iso-Q curves it is possible, 
fo r  a  p a rticu lar inductance value and fre 
quency, to  com pare the Q -factor resulting 
from  the use o f different sizes o f pot 
core. I t  is also possible fo r the  designer to

explore the perform ance of an inductor 
when slight m odifications are .made to the 
requ ired  inductance value. The coil de
signer can then decide from  both p e rfo r
m ance and econom ic considerations which 
is the  best type of core to  use w ithout 
having to  undertake a series of m easure
m ents on actual coil designs.

The Iso-Q curves published fo r Vin- 
kors are based on typical values of core and 
coil param eters and it may be found that 
because of p roduction  variations, in some 
cases the actual Q -factors shown are  not 
being attained. This is no  way detracts 
from  the usefulness of Iso-Q curves, as 
they  are still valid as a m ethod of com 
parison when modified by the individual 
user’s own safety factors.

T he Iso-Q curves shown below contain 
sufficient inform ation fo r an inductor de
sign. Inductance values are shown on a 
logarithm ic scale along the base o f the 
diagram ; frequency, also on the logarithm ic 
scale, is shown on the  left-hand side. A long 
the top o f the d iagram  are scales showing 
the num ber o f turns and the gauge for 
solid wire.

Iso-Q  curves are contained in the V inkor  
section in V olum e 6 o f  the M ullard  Tech
nical H andbook; com prehensive design data 
and o ther relevant in form ation  are contained  
in the M illiard publication "V inkor M anua l” 
priced at 5 /3 d  plus 8d  postage and avail
able fro m  M illiard offices and distributors 
throughout the C o m m o n w ea lth .

NEW MELBOURNE 
MANAGER

Typica l Iso-Q curves. These curves show typ ica l Q-factors obtainable with windings of 
enamelled copper wire on co il former type DT2179, using Vinkor type LA2334.

Effective as from  
the 1st Septem ber, 
Mr. G raham  G ale 
has been appointed 
M anager o f ou r M el
bourne office and is 
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SIMPLE TRANSISTOR MEASUREMENTS
This article is the first of a series to be produced in Outlook containing suggestions and 
instructions on a number of experiments in which the properties and behaviour of alloy junction 
transistors are examined. They are intended to give the student engineer a better understanding 
of the basic operation of the transistor and to illustrate its practical application.

Junction  transisto r type OC71 is m ade 
from  a th in  p late o f n-type germ anium  and 
two pellets o f indium , one on e ither side 
o f  the germ anium  plate and opposite each 
o ther (Fig. 1).

Manufacture

D uring m anufacture , this assem bly is 
heated , causing the indium  to alloy with 
the  germ anium  and the process is con
tinued until the alloy regions approach 
each o ther (but do no t m eet) in the m iddle 
o f the germ anium  (Fig. 2).

T he assem bly is then  cooled and the 
pellets re-crystallise to form  a continuous 
m ono-crystalline m ass which consists o f 
n-type germ anium  sandw iched betw een two 
regions o f p-type germ anium  —  in o ther 
words a p-n-p type junction  transistor. 
T his type o f transisto r is term ed an alloy 
junction  transistor.

T he three  regions are know n as the 
emitter, the base and the collector.

Operation
Both em itter-base and collector-base 

junctions can be considered separately as 
simple diodes. One way to look a t a 
junction  transis to r is to consider one diode 
(collector) as biased w ith respect to the 
base in the d irection of easy curren t flow.

C onsider first the diode form ed by the 
base and collector. Assum ing the em itter 
to be open-circuited, only the collector 
leakage curren t flows in the collector 
circuit (Fig. 3).

I f  the em itter circuit is now  closed so 
that curren t flows in the fo rw ard  direction 
in the em itter circuit, the leakage current 
in the collector circuit is greatly  increased.

F o r  exam ple, in the circuit o f Fig. 4, a 
forw ard  curren t o f 1mA through  the 
em itter diode (which can be obtained by 
applying a positive po tential o f about 
0 -1V  and thus represents a  pow er input of 
0 - lm W ) can  cause a change of 0 -9m A  in 
the collector reverse current. (In this 
d iagram  the original reverse leakage cur
rent has been neglected.) A t these operat
ing conditions (collector potential —5V) the 
power in the collector circuit has been 
increased to  4-5m W . Thus, the device 
operates as a pow er am plifier w ith an 
in ternal pow er gain o f 45. (N ote the 
conventional circuit sym bol fo r a 
tran s is to r.)
Electrons and H oles

A  physical explanation  o f this action can 
be obtained from  the concept th a t con
duction in germ anium  is e ither by electrons 
o r by ‘holes’ i.e., ‘positive’ electrons. If  
the germ anium  is n-type, conduction  is 
m ainly  by electrons and these electrons are 
known as ‘m ajority  carriers '. Holes, being 
few er in num ber, are then  said to be 
‘m inority  carriers’ in n-type germ anium .

If, on the o ther hand, the  germ anium  is 
p-type, conduction  is m ainly by holes 
which are, therefore, the ‘m ajo rity  carriers’ 
in p-type germ anium  and electrons are the 
m inority  carriers.

W hen, in a p-n-p junction  transistor, the 
collector diode is so biased w ith respect to 
the base th a t the ccllector-to-base repels 
e lectrons approaching from  the base, the 
only collector curren t th a t is able to flow 
corresponds to the few residual holes in 
the n-type germ anium . These no t only 
pass th rough  the b a rrie r but are even 
assisted on their way from  base to 
collector. T his curren t is the collector 
leakage current.

If, now, the em itter diode is biased with 
respect to the base in the d irection  o f easy 
cu rren t flow, the em itte r curren t into the 
base germ anium  consists m ainly o f holes 
(m ajority  carriers in p-type germ anium  bu'

BASE
m inority  carriers in the n-type base 
germ anium ). These holes will diffuse 
across the base region to the base-collector 
diode which, it will be rem em bered, is 
biased in the direction which prevents the 
passage of electrons but a ttracts the holes.

Only a very sm all voltage ( —0 1 V )  
applied across the base-collector junction  is 
requ ired  to collect all the available holes 
from  the base region. Increasing this 
voltage results in only a very sm all increase 
in cu rren t i.e. the ou tpu t im pedance of the 
transisto r is high. On the o ther hand 
since the em itter-base diode is biased in th e* * ^  
d irection of easy curren t flow, the input 
im pedance is, o f course, low.
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