


MORE POWER AT LESS COST WITH THE NEW 

MULLARD J/t/C.JI.. TECHNIQUE 

A marked saving per life-hour is 
among the major achievements of 
the new Mullard Silica technique. 
Unremitting attention to the develop­
ment and improvement of this range 
of power triodes has already estab­
li shed them with designers of indus­
trial electronic apparatus. Here are 
some of their other important 
features: 

NO COSTLY COOLING SYSTEMS. 
either water or forced air. The pure fused 
quartz envelope, with its unique resistance 
to thermal shock, is radiation-cooled. 

UNIFORM CHARACTERISTICS 
between all valves of a given type are 
ensured by meticulous inspection and effec­
tive control of grid emission by special 
processing. 

NO DETERIORATION OF VACUUM. 
The valve envelope has a softening tern· 
perature of approximately l 780°C., whicli 
permits pumping and degas3ing at ex­
tremely high temperatures. The zirconium­
coated molybdenum anode is a further 
assurance against deterioration of vacuum . 

POWER TRIODE 
Fi lamen t Voltag e 
Filament Current 
Anode Voltage 
Output Power 

HIGHLY EFFICIENT EMITTER. 
Complete evacua tion permits th e use of 
thoriated tungsten , with the assurance of 
constant emis1ion. Its advantages i1i clude 
low consumption in relation to power out­
put ; ample reserve of emission; fixed fil a­
ment voltage operation with switching 
problems minimised : low working anode 
voltages. 

ALL SILICA VALVES ARE REPAIR­
ABJ,E at a cost of approximately 60% of 
their original price. There is no practica 1 
limit to the number of times a valve can 
be repaired, and the useful working life 
in e:ach case is equal to that of a new 
valve. Mullard engineers will be glad to 
advi~e on the applications of silica valves, 
the range of which includes the following 
types:-

Max. Operating Output 
Valve Type Frequency Power 

TYS5 - 2000 See panel below 

TYS2 - 250 75 Me's 400 w 
TYS4 - 500 50 

" 
1500 w 

TYS5 - 3000 30 " 
8000 w 

TXIO - 4000 12 8000 w 
The figures stated for power and frequency 
apply to max. input conditions. 

• TYSS • 2000 
14.5 v 
26.5 A 
5000 V max. 
5000 w 

Max. frequency at full input 30 Me's 

Mallard 
THE MASTER VALVE 

MULLARD-AUSTRALIA PTY. LTD. 
35-43 CLARENCE ST., SYDNEY • DISTRIBUTORS IN ALL STATES 
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e d i t o r i a I. 

&ducation • • • and the Radio Technician 
Recently the Education Department celebrated the Centenary of 

Education in this State. Thus it seems an opportune time to stress the• 
necessity to all radio personnel of the desirability ~of keeping abreast o~ 
modern developments in this particular field . 

Despite the technical educational facilities readily available to all 
interested, it appears strange that many are still loathe to take advantage 
of the opportunities offered whereby they may increase their knowledge. 
Whilst this .statement is directed to all branches of radio, it is more appli­
cable to th~ rad io serviceman in whom is entrusted the maintenance of the 
domestic receiver. 

At the moment, to quote "there is nothing to prevent a person with or 
without experience, with or without equipment and with or without con­
science" from setting himself up as a radio serviceman-usually to thEil 
detriment of the fully qualified technician and to the public. 

With the introduction cif F.M. transmissions o foregone conclusion, 
and with the possible introduction of Television at an early date, the prob­
lems of the radio serviceman will be considerably aggravated. Both these 
types of equipm-ent ore more complex and critical in their adjustment than 
t_he present average receiver and, consequently, cannot be serviced properly 
by tintrained personnel. . In each case, special test equipment and tech­
niques are applicable, and unless these are thoroughly understood by the 
radio serviceman, considerable difficulties will be encountered in adjusting 
this high frequency equipment. 

The question of licensing radio servicemen is once again being seri ­
ously considered in this State as a measure of public protection, but it is 
felt that the real remedy lies in the hands of the radio serviceman himself. 
By serious study and application to the new circuit techniques now being 
developed, he can ensure his individual success in this new "era" in radio 
and electronics. 

9n C0his 9ssue 
Although many may consider the term Radar as being solely connected 

with World War 11, peace-time applications of this war-time technique are 
now becoming more numerous. 
- Two examples of this are detailed in this Issue, namely, one in the 
field of Surveying and the other in providing a new aerial navigational a id. 
This lotter application is a great achievement for Australian Scientists who 
developed t he system, as it is now considered to be far in advance of 
similar research in overseas countries. It appears most likely that, in the 
near future, much will be heard of this M.T.R. system. 

The lack of constructional articles for the beginner in recent issues 
has now been remedied and the Two-Valve Battery Receiver described this 
month should prove very popular with the younger readers. For those whose 
thoughts turn to "bigger and better" equipment, the 7 Valve Dual Wave 
Receiver should provide much food for thought. Of an unorthodox design 
it conta ins several ideas which the active home constructor can apply to 
existing sets with a noticeable improvement in their performance. 

The above is just the forerunner of constructional equipment to be, 
presented in these pages and which, together with other up-to-the-moment 
technical and practical articles should moke RADIO SCI ENCE your com­
plete technical journal. 
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I Build Your Own Signal Tracer & Save I 
. i ! KIT COMES COMPLETELY ASSEMBLED By se lf-construction you become fully conversant with the circuit-<md i 
! Can be wired in 30 minutes you obtain a full working knowledge of the instrument. i 
' . i FEATURES: ! 

'

. £10/17/6 ! 
c *COMPARATIVE INTENSITY OF _THE SIGNAL IS READ DIRECTLY ON f 
' <Freight extra) THE METER-QUALITY OF THE SIGNAL IS HEARD IN THE SPEAKER. a 

cl THE MODEL KIT *SIMPLE TO OPERATE-ONLY ONE CONNECTING CABLE-NO TUNING ! 
_ assembled a n d CONTROLS. I 
lc ready for wiring, VACUUM-TUBE VOLT- .-

1 
*HIGHLY · SENSITIVE-USES AN IMPROVED 

0 c i r c u t diagram 
and detailed op- METER CI RCUIT. • 

! erating data for *TUBE AND RESISTOR-CAPACITY NETWORK ARE BUILT INTO THE i 
I the completed in- DETECTOR PROBE. -,-
., ~~ . 
c *BUILT-IN HIGH GAIN AMPLIFIER-ALNICO V SPEAKER. COMPLETELY • 
' PORTABLE-WEIGHS 8 POUNDS-MEASURES 5}" x 6}" x 9". 0 

I RADIO KITS! MIDGET coiLs May Specials NEW STEEL ·Tubes I 
' Q plus, AE or RF 6/11 ea. INSTRUMENT CASES • 
0 Valve AC Kit, a midget Q plus, Osc. · · · · · · 4/ 9 ea. Type A. Mk. III, 3-9 me. 1L4 23/4 i 
• 

K' 1 RF A O 8/9 Grey crackle finish ; ideal 
mains kit includes all parts, mgs ey · er. sc. ea h T/ceivers, uses all Loctal for oscillators, sig-genera- 1R5 20/6 9" 

i 3in. Rola, valves and attrac- c tubes. Supplied with 240 • tc 9. 1S5 20/6 
0 

tive cabinet . . . . £10-12~6 Midget Reinartz · · G/G ea AC pack, set less 'phones, ~~~~·x 5u~: 5 ' Fr:ig.ht e~~;:. 1G4 12/· i 

' 

(Freight extra) key and X'tal. Few only. 22/6 1G6 21/- o 
_ RADIO ' CABINETS (Freight extra) £14-0-0 ID8G2 29/11 • 

'1 4 Valve Mid«et AC Kit Minivox, 3v. AC . . . . 24/6 395S44 1270//36 ~--
b' Miniminor Port. . . . 28/10 

0 

A Super-het. kit, us ing hi-· Miniminor, 4v. AC .• 25/6 INSTRUMENT PROBES 955 1713 • 
gain valves 3in. Rola, all Condensers I Vibrators 221 

• · I d' b · luf-250v Gd. Oak, 6-pin, Highly polished metal probes sc4 - = 
•
. parts me u mg a eautiful MIDGET TUNING 6J6 28/- I 

ultra-modern cabinet. Iuf-4kva 2/6 6v synchron. with poly tip-takes button I 
I (Freight extra) .. £13-19-6 CONDENSERS --- \ vibrator. valves, for vtvm's, S/ tracers GAG5 

28 
- •• 

= Midget Single Gang .. 12/6 0-lma 4¥.,in. New .. 12/· etc. Post extra . . . . 8/6 6AB7 21
1
1
1
-

• M t 37 /6 I 6AC7 . . . 2 - = 
0 

Midget Two Gang .. 19/3 e ers --+- EF50 .. 17/3 I 
I K~t V~:~u:::rs~~alp~::a~!~. Midget Three Gang · · 28/6 Scales for ! The 

1
abo

1
ve can dbe supplied 9001 17/3 =, 

·, above, 1/- s k comp ete Y wire , assembled 9004-6 . . 10/-
Rola, cad-plated chassis, bat- Speakers I Headphones P<!a er and tested for 37 /6 866 JNR 29 /6 o 
teries, valves and beautiful Rola S1'n. 24/2 Brand new / Trans- . . . . . . 1629 18/ I i case with shoulder strap. . I Brown's Gcnemotors formers SPECIAL SCOOP 2X2 · · · 15/7 < 

= (Freight extra) .. £12-19-6 Kingsley 3m. 2000 obm 28/250v- 5000 · · 10/1 807 · · · lG/G I I 24/J /6 60ma . . 115/-1 7000 . . 10/1 6v-220v Vib-power packs, = 
c , 27 28/525v- I 10000 . 10/4 fully filtered in steel case. 6SJ7 . . . 18/4 I 
• I' t bl P bll Add lo•ma . 155/-115000 . 10/4 6J7 . . . 18/4 o 
= or a ".tm;lifi~r ress MIDGET POWER TRANS- (F~ght. extra) (Post extra) Weight 25lb . Freight extra. 6V6 ... 18/11 I 

' 

85/- 6X5 ... 20/10 = 
_ Overall s ize: 9in. x 6in . x FORMERS JUMBO RADIO PARCEL EK32 .. 21/10 • 
I 5lhin. Weight only lOlbs. 150_150v at 3oma . . . . 21/ 7 EBF35 • 21/- •• . 
1 

Two inputs, mike or pick- Contains approx. 8lbs. of JUST LANDED AVll 12/9 • 
up, 10 watt output,. Com- assorted radio parts: sockets, 6BE6 20/1 i 

• plete kit, wired, assembled Midget Filter Chokes 813 condensers, resistors, coils, Midget deaf aid mikes, 6BA6 20/1 I and tested. Midget 8 mfd conds. . • 3/9 wire, chassis, hardware, brand new. Ideal for lapel GAUS 20/1 =, 

,
0 Excluding speaker £13-10-0 etc. Worth 30/-. We re- mike, TX's. Made by Brush. 5BP1 37/6 

0 

!: 
(F~1·ght extra) quire extra space, hence the Has 2 meg loop built in. I 

·~ CHASSIS-Cad. Plated ridiculous price of . . 15/- 29/- ea. 
Miniminor AC . . . . . . 11/6 (Freight extra). We · I K•1t Miniminor Portable . . 14/6' Crystal pick-ups, Aces GP9. repair, -

'

- Builders! Complete with cart .. 48/6 ~oond:i:uct a ~Id! i. 
Hole Cutters, adjustable 

- We will quote you for any MINIMAX BATTERIES from lin. to 3in. . . 16/7 t Y Pe s of I 
-, k't w 't d f d k't No. 482-45v. · · · · 11/6 ea. 807 P / p Output T /formers. r,adios an d =, 

i 
l . ri e an orwar i e ect r o n i c 

0 required . Should you desire, No. 467-671A,v ... 17/1 ea. 807 P/p Power T/ formers. equipment 
_ we will, for a small addi- Aluminium Sheets; new. Comm. Re- I 
I tional aharge wire and test 15in. x 9'/,in . x 18in. . . 4/3 Now available. ceivers, Pub- • 
• the kit. Spec1°al for May I l i c Address I 

'

- Spaghetti :Hardware • 
0 Bundle of as-I Large pkt. S Y s t e m s, f I RADIO KITS, AMPLIFIERS, 5 valve B / C Vibrator chas- Coax. ,plugs I Bakelite sorted sizes/ of solder Amplifiers etc. = 
o "DUBLIC ADDRESS SYS- sis, complete with tubes, and Sockets. I Plugs and d 1 th Jugs, wash- I 
! ,.. 'b t b t l k Sockets an eng s . · t i 

TF1MS, INTER-COMMUNI- ~~fa c~~e. uldeafs~orsp~~u~= Male ... . 2/3 2 pin 113 pr. Brand new I ":t':;. ~~~t~ American and f CATION, ETC., AV AIL- try clients. Has RF stage. Female · · 2/3 5 pin 2/- pr . stock • . 2/6 f 5/-. Our European Sets =, 

1 
ABLE. (Freight extra). £13-10-0 (Post extra) (Post extra) (Post 3d.) price 2/6, a speciality. i 

IF. N. Radio & Electronic Co. ~::~~~:,R~.:.:: ~:;;~ I 
! SAME DAY MAIL ORDER SERVICE CALL, WRITE or PHONE ALL ENQUIRIES ANSWERED PROMPTLY. t 
I "F.N. RADIO has the stocks" - "F.N. RADIO can help you" - "F.N. RADIO knows how" i 

l~~~o...,o.-1)...,()._~._<1.-.<i.-.o .... c1.-.,,~~>~1~1.-c1._,,._o.-.c..-.t>..-.c>.-.c,._.o._.c1.-o~._.,~.-.c1.-.o_.J1~. 
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SURVEYING BY 

By J. WARNER, B.Sc., B.E. 

Shoran Ground Station Equipment. The transmitter unit is at the left and the monitor and 
'receiver at the right. 

One of the latest but less publicised 
uses of radar is its application to aerial 
and geodetic surveying. Whilst a con­
siderable amount of experimental work 
has been done in both England and 
America during the past two or three 
years, it is only recently that work along 
these lines has commenced in Australia 
and Canada. 

In Australia, large inland areas still re· 
main to be mapped, and it is probable 

. ~~~THE AUTHOR~~~, 

4 

J . Warner, B.Sc., B.E. gradu­
ated in Science in 1938 and in 
Electrical Engineering in 1940 at 
Sydney University. In 1940 he 
joined the staff of C.S. l.R. Radio­
physics Laboratory and under­
took radar research with special 
emphasis on transmitter and 
modulator design. In 1944 he 
was transferred to the Australian 
Scientific Liaison Office in Lon­
don for a year where he investi­
gated British developments in 
radar, especially in the fields of 
navigational aids and survey 
applications. Before returning to 
Australia in 1946 he spent three 
months in U.S.A. investigating 
American research in these fields. 
Since l 946 he has been engaged 
in research for C.S. I .R. into the 
applications of radar to surveying. 

that radar will be eventually used a·s an 
aid in speeding up and reducing the cost 
of this work. 

Aerial Surveying 

Before discussing the method in which 
radar is used it would be desirable to 
describe briefly how an ordinary aerial 
photographic survey is carried out 
and how maps are produced from the 
photographs. 

The survey aircraft, carrying a precision 
camera, is flown at a fixed height along 
a series of parallel straight tracks in the 
manner indicated in the figure, and photo­
graphs are taken at equal time intervals 
at points shown by the crosses. The time 
interval is chosen so that on the average 
the overlap between successive pictures 
amounts to about two-thirds of the width 
of the photograph, and the spacing be­
tween aircraft tracks so that up to one­
third lateral overlap results. Thus when 
the finished photographs . are assembled 
into a mosaic as the first stage in pro­
ducing a map we could have a state of 
affairs such as that indicated by the over­
lapping squares in Figure 1. 

As can be seen any point on the 
ground will appear on at least two photo· 
graphs. This is desirable so that small 
scale differences between the pictures due 
to tilt of the air camera, or to varying 

/ aircraft height, can be corrected, and is 

essential if ground contours are to be 
obtained from a stereoscopic examination 
of adjacent air photographs. 

In what has been said above, it has 
been assumed that the aircraft can be 
flown accurately along a series of equally 
spaced parallel tracks and that no pic· 
tures are missed. The former is difficult 
when the pilot has few landmarks to 
define his course, as the aircraft will drift 
due tO varying winds. As a result, upon 
occasions the tracks are not parallel and 
gaps occur in the photo-mosaic that have 
to be filled by a subsequent flight. If 
the country being mapped has no promi­
nent landmarks it may be difficult to find 
the area required and many more than 
the necessary number of photographs may 
be taken. 

Another common cause of gaps is due 
to clouds obscuring areas of the picture, 
and again in this case, it is necessary to 
locate the area and take more pictures. 
It is obvious that some form of radio 
navigational aid would be very useful in 
reducing aircraft flying time and expendi­
ture on film. 

Reduces Cost 

Such an aid can, in addition, be used 
to define the aircraft tracks and thus 
allow the degree of overlap between suc­
cessive pictures to be reduced to the mini­
mum required for stereoscopic work. This 
results in a worthwhile saving of film 
and labour. If, of course, gaps should 
occur due to the presence of 'cloud, the 
aircraft can readily return to the desired 
spot and no time or film is wasted. 

In preparing a map from the air photo­
graphs, scale and tilt corrections must be 
made as indicated before, and it is usually 
necessary to have on the photographs a 
number of easily recognisable points 
whose position on the ground is accur­
ately known. This is essential so that 
progressive errors do not occur when the 
photographs are extended for any dista11ce 
by fitting corresponding points together . 

If new country is being mapped, these 
points on the ground, or ground control 
points as they are called, must be sur­
veyed by a ground party before the final 
map is produced. This ground control is 
essential for nearly all the maps that are 
produced from aerial photographs and can 
only be avoided if the area being mapped 

PAD.I Fl OWN B!il_ 
-5.lJRYEY A!QCRAET 

Illustrating the path flown by an aircraft 
carrying out an aerial survey. At the right 
is the method of overlapping successive photo-

graphs to form the required mosaic. 
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> 
Block schematic of Secondary Radar equipment. 

is very small or the map is to be drawn 
to a small scale - one inch to equal ten 
or more miles for instance. As can be 
imagined the survey work -necessary to 
obtain this ground control is both slow 
and expensive. 

The same radar that is used for navi­
gating the aircraft can also be used either 
partially or wholly to supplant ground 
control. The method in which this is 
done is simple and basically consists of 
fixing the position of the aircraft, and 
hence the camera, at the instant each 
photograph is taken. Thus the position 
of the point on each photograph that is 
vertically below the aircraft is known. 

Unfortunately, if the axis of the camera 
is tilted, even by a small amount, the 
point vertically below the aircraft, or the 
pluinb point, is no longer at the centre 
of the photograph, and unless the degree 
of tilt is known precisely, the necessary 
corrections for the distortion caused by 
tilt cannot be made. However, for a large 
amount of the mapping required in this 
country the errors introduced by the 
amount of tilt commonly experienced can 
either be neglected cir corrected by fairly 
simple procedures. 

For larger scale maps the removal of tilt 
errors without any ground control is ex· 
ceedingly difficult, and even with ground 
control is a laborious process. ' With the 
centre point of each photograph known 
from a radar determined position further 
control is unnecessary, or at least. can be 
reduced very considerably. In effect, this 
means that it is possible to produce ac­
curate maps of an area without any 
ground survey. 

Radar For Aerial Survey 
Radar equipment measures the distance 

and direction to any desired object by 
sending out a narrow beam of radio 
energy in short pulses and measuring the 
time interval between transmission of any 
one pulse and its reception after reflec­
tion from the distant object. The azi­
muth is, of course, obtained from the use 
of a narrow beam pointed in the appro­
priate direction or by the use of special 
aerial polar diagrams suitably orientated. 
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Another form of radar, sometimes re­
ferred to as secondary radar, depends upon 
the co-operation of the distant object in 
receiving, amplifying and re-transmitting 
on a different frequency the original sig­
nals from the primary radar set. In this 
way the primary radar, whose receiver is 
tuned to the frequency of the distant bea­
con transmitter and not to that of its own 
transmitter, will not pick up echoes from 
surrounding hills and other reflecting ob­
jects, but only the wanted beacon signal. 
This principle of "secondary radar" was 
used extensively during the war in various 
navigational aids and is now being used 
both here and abroad in navigational aids 
for Civil Aviation. It is this form of 
radar that is most useful for surveying. 

Method of Operation 
The method of using this type of equip­

ment can best be explained by referring to 
the accompanying figures. The equipment 
in the aircraft sends out pulses of radio 
energy at fixed time intervals. These are 
received at both ground stations A and 
B, amplified and re-transmitted on a dif­
ferent frequency, and then picked up by 
the airborne equipment at P. This mea­
sures the time delay between sending and 
receiving pulses, and by combining this 
information with the velocity of propa­
gation of radio waves, determines the dis­
tances PA and PB. 

Two types of radar equipment develop­
ed during the war as a navigational aid, 
primarily for blind bombing, have been 
applied in the way just described for 
surveying. These are the British G-H 
equipment and the American Sharan 
equipment. Both these sets are highly 
accurate, being capable of giving the posi­
tion of the aircraft to within a few hun­
dred feet when it is at distances of up to 
two or three hundred miles from the 
ground stations. G-H operates in the 20 
Mc/s.-80 Mc/s. region and Sharan between 
200 Mc/s. and 300 Mc/s., the highest 
frequency and later development of the 
latter giving it a somewhat greater in­
herent accuracy than the former. 

As an example of the method of opera­
tion of this type of radar, a brief descri p· 
tion will be given of Sharan. The G-H 
equipment differs in detail but not in 
principle from Sharan, the main dif­
ference being in the method of measuring 
and displaying the measured distances in 
the airborne set. 

Airbor_ne Equipment 

The Sharan airborne set consists of two 
main units, the first comprising transmit­
ter, modulator and power supplies, and 
the second, receiver, timing and measur­
ing circuits, and cathode ray tube dis­
play. All timing is related to a quartz 
crystal oscillator operating at a frequency 
of 93.109 Kc/s. This frequency is chosen 
since one · period is equal to the time 

required for a radio wave to travel out 
and back a distance of one mile. 

The accompanying simplified block 
schematic shows the main features of the 
airborne equipment. The crystal oscil­
lator is used to provide a circular time 
base for the cathode ray tube by apply­
ing quadrature sine wave signals to the 
pairs of deflecting plates. By selection 
from the frequency division circuits it is 
possible to apply either 93 Kc/s., 9.3 Kc's., 
or 930 c/s. sine wave signals, and hence 
have time bases corresponding to one mile, 
10 miles or 100 miles respectively round 
the circle. In addition, a pulse is formed 
and applied to the radial deflecting elec­
trode of the cathode ray tube to produce 
a marker pulse which appears in a fixed 
position on the sweep. 

The sine wave signals from the oscil­
lator and frequency division circuits are 
also passed through a calibrated precision 
phase shifting network and used to form 
a second pulse at a repetition frequency 
of 930 c/s. which triggers the transmitter. 

The transmitted pulse, after being re­
ceived and re-transmitted by the ground 
station, is pulsed up at the aircraft, am· 
plified in the receiver, and applied to the 
radial deflecting electrode to form the 
second pulse indicated in the block 
schematic. 

Phase Shift Network 
The phase shifting network is used to 

advance the phase of the transmitted pulse 
relative to the marker pulse so that the 
total delay time in the aircraft to ground 
station link just allows the received pulse 
to coincide with the marker pulse. When 
this is done the phase shift of the 930 
c/s. signal is a measure of the distance 
from the aircraft to the ground station, 
and, in fact, the phase shifter dial can 
fie calibrated directly in miles. Since the 
maximum time base length is 100 miles, 
it is possible for some ambiguity to exist 
as the same indication would be given 
when the aircraft was at, say, either 40 
miles, 140 miles or 240 miles from the 
ground station. However, in practice the 
aircraft position is almost certainly to be 

This view of the Shoran Airborne Receiver 
Indicator gives some idea of the layout and 

complexity of the equipment. 
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known better than 100 miles so that no 
difficulty arises. 

In order that the same equipment can 
be used simultaneously to measure the 
distance to a pair of ground stations and 
thus fix the position of the aircraft, the 
following procedure is adopted. The 
transmitter radio frequency signal can be 
switched alternately at 10 c/s. to either 
of two pre-selected values and to which 
the two ground station receivers are re­
spectively tuned. Simultaneously with the 
switching one or other of a pair of inde­
pendently variable calibrated phase shift­
ers is used to ad just the phase of the trans­
mitter pulses relative to the marker pulse, 
and the receiver output is switched so 
as to apply either a positive or negative 
signal to the radial deflecting electrode 
on the cathode ray tube. For simplicity 
this switching arrangement has been omit­
ted from the block schematic. One phase 
shifter controls the position of the received 
pulse from one ground station and the 
second phase shifter controls that from 
the second ground ~station. Their cali­
brated dials, which indicate in hund­
redths of a mile, give the distance to 
each ground station when the signal and 
marker pulses are aligned. 

In addition to the ~quipment already 
mentioned, facilities exist for setting a 
given range to one gro,und station and 
presenting on a meter for the guidance 
of the pilot the departure of the aircraft 
from the chosen range about the beacon. 
This enables the aircraft to be flown on 
circular tracks about either ground bea­
con. In order that straight parallel 
tracks may be flown when taking air 
photographs, additional equipment is 
necessary. This equipment exists only in 
experimental forms. 

Ground Station 

The ground beacon consists of two 
units. The transmitter and modulator, 
with associated power supplies, and the 
monitor unit. The latter contains the 
receiver, an accurate temperature control­
led crystal oscillator with associated fre­
quency division circuits, and facilities for 
observing and keeping constant the time 
delay between the reception of a pulse 
by .the beacon and its re-transmissiorr. 

Block diagram of Airborne equipment. 
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Shoran Receiver Indicator. The mileage dials and vernier counters are driven by handwheela 
through the gears shown, so that the marker and signal pulses are aJigned at the top of the 

C.R. Tube. The dials then indicate distance to responder beacons. 

The method of observing the delay 
through the beacon is apparent from the 
block schematic. A small oscillator is 
pulsed by signals derived from the crystal 
oscillator. This pulse, 'after undergoing 
a standard time delay, is viewed on the 
cathode ray tube. It is also picked up 
by the b eacon receiver, which amplifies 
it and passes it on to the modulator and 
transmitter after going through a vari­
able delay. The transmitted pulse is 
picked up and also displayed on the 
cathode ray tube. The time base for the 
latter is derived from the crystal oscillator 
output and suitable arrangements are 
made for intensifying only those parts 
of the sweep necessary for viewing the 
pulses. By adjustment of the variable 
delay, which consists of a tapped artificial 
transmission line, the pulses can be made 
to coincide. W'hen this is clone the total 
delay through the beacon, consisting of 
receiver delay in passing the pulse, the 
variable delay, and any delay in triggering 
the transmitter, is at a constant value re­
lated to the fixed delay network. 

During the period in which the beacon 
delay is being rneasured the transmitter 
will be sending out pulses at a rate ap­
proximately equal to the repetition rate 
of the airborne transmitter, but accur­
ately locked on its own highly stable 
crystal oscillator. These will be displayed 
in the airborne set along with the pulses 
received in reply to an interrogation. But 
unless the pulse repetition frequency of 

the airborne set is exactly equal to that 
of the ground .station, and hence the cry­
stal frequencies are identical, the ground 
station monitor pulses will drift relative 
to the reply pulses. Provision is made 
for ad justing the airborne crystal oscil­
lator frequency over a small range so that 
any drift can be stopped and its freqtiency 
thus made equal to that of the ground 
station crystal. 

While it would have been possible to 
put a highly accurate crystal oscillator in 
the airborne set in the first place, such 
oscillators require accurate temperature 
control and a warming-up period of about 
an hour before stability is reached. Both 
these requirements are undesirable in air­
borne equipment and consequently the 
procedure outlined above has been 
adopted. (To be continued.) 

Ground control station requirements are ind.i· 
ca ted in this layout. 
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ELECTRONICS IN INDUSTRY 

PRECIPITRON-Electronic 
Dust Trap 

By 
MAURICE M. LUSBY 

B.Sc., B.E. 

' Fig. 1.-The Precipitron power 
/! pack, collector cell and ioniser. 

Details of an electronic air filter having wide application in 
many industries where a dust-free atmosphere is essential. 

In the midst of the gathering clouds 
of soot and dust, created by the increas­
ing tempo of industrialisation it is heart­
ening to preceive a thin but growing and 
swelling line of cleaned and purified­
breathable air; air that has been laun­
dered thoroughly of all the fumes, dust, 
soot, smoke-even germs-which we have 
come to associate automatically with stifl­
ing city air or foggy industrial atmo­
spheres. 

In Australia to-day Precipitron air 
cleaners are silently serving commerce and 
industry as well as Medical Institutions 
in dozens of different ways; keeping germ­
ridden dust out of hospital operating 
theatres, off food processing lines; serving 
super cleaned air to the precision manu­
facturing industries. In stores and in 
movie theatres clean air is saving cash 
losses from merchandise and lavish furn· 
ishings, keeping relay contacts clean in 
telephone exchanges, saving re-takes in 
commercial photography by keeping nega­
tives free from tell-tale spots and so on­
the scope of application is almost bound­
less. 

Lodge-Cottrell System. 
There is nothing really new about the 

fundamentals of electrostatic precipitation, 
the basic principle of the Precipitron. 
The classical names of Sir Oliver Lodge 
and Dr. Cottrell came together forty years 
ago to establish the well known Lodge­
Cottrell dust precipitator which has en· 
joyed immense popularity in heavy in· 
dustrial material recovery processes. The 
same principles have been refined since 
that time and applied to the problem of 
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cleaning the effluent from industrial 
smoke stacks. 

The Lodge-Cottrell system is, however, 
limited to large installations of an in­
dustrial type, where its several charac­
teristics do not run foul of the require­
ments for normal ventilation air. 

In operation the Lodge-Cottrell system 
utilises a phenomenon frequently en­
countered in the handling of very high 
voltages; that of corona discharge. Briefly, 
this occurs when the relationship between 
electrostatic charge of a conductor and 
its area are such that the terrific con· 
centration of electric field causes a break 
down of the molecules of air in the vie· 
inity and consequent ionisation and gas 
discharge through the air. 

High Voltage Required. 
Dust of all sizes tends to avoid areas 

where corona exists. In industrial pre­
cipitators of the Lodge-Cottrell type one 
arrangement consists of a series of elec· 
trically grounded metal tubes having small 
diameter rods or wires running axially 
through them. A voltage of between 
40,000 and 100,000 volts is applied to the 
central rods. At this voltage, corona takes 
place and an "electrostatic wind" blows 
dust to the grounded inner surface of the 
tubes allowing the air or gas to continue 
through and out of the tubes free of 
the dust. (See Figure 2.) 

In applying this system to the cleaning 
of normal ventilation air, certain addi­
tional requirements must be met. These 
are:-

( a) The very high voltage generates 
ozone in toxic concentrations. To 

be suc;cessful the concentration 
should not exceed one part per 
million. 

(b) Tl}.e power of consumption must be 
v~tly reduced ta attain economy of 
operation. 

(c) The space requirements must be 
reduced considerably and the over­
all weight lessened. 

(d) First cost and maintenance must be 
reduced and simplified. 

Basic Improvements By Penney 

The pioneering work in bringing these 
modifications to established forms of elec-
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Fig. 2.-High voltage electrostatic precipitator 
of the Lodge-Cottrell type, 

7 



Fig, 3.-Physical and dingramatic layout of 
Precipitron. 

trostatic precipitators was done during the 
early nineteen thirties by Gaylord W. 
Penney of the Westinghouse Research 
Laboratories, Pittsburgh, U.S.A. Initially 
an important object of the work was to 
develop an efficient means of removing 
pollens and other allergens from ventila· 
tion air in order to provide air which 
would bring relief to sufferers from Hay 
Fever and Bronchial Asthma. Only after 
five years of behind-the-scenes trials arid 
after the basic patent had been secured in 
1938, was the broader destiny of Precipi­
tron recognised-a destiny which carved a 
healthy track through the many precision 
war industries, during the l940's. 

In his Precipitron, Penney adopted a 
technique originally discussed as a pos­
sibility earlier in ' the century. This was 
to establish two distinct processes within 
the precipitator-to charge the dust elec­
trically at one stage and subsequently to 
divert it electrostatically out of the air 
stream in the second stage. This separa­
tion of functions allowed the physicist to 
design each stage for optimum perform­
ance, economy and efficiency. 

As a result of this work Penney achieved 
an electrostatic precipitator with the fol­
lowing improv~ment which made it im­
meditely applicable for use as an efficient 
filter for ordinary ventilation air:-

(a) The operating voltages were reduced 
to below 13,000 volts and power 
consumption to a few hundred 
watts. 

(b) Ozone concentration is about one­
hundredth of one part per million. 

(c) Size and weight are commensurate 
with normal air conditioning and 
ventilation practice. 

(d) Simplicity of construction (there are 
no moving parts) and ease of main­
tenance are good. First cost is well 
within economic limits. 

(e) The efficiency by weight arrestance 
test is 99-9% or by the more rat· 
ional discolouration test, 90% com­
pared with a top efficiency of 25-
30% for mechanical filters. This 
efficiency is held on all dust par­
ticles down to about four millionths 
of an inch in size (tobacco smoke). 

Principles of Operation 

It was mentioned earlier that in the 
Precipitron the functions of charging and 
collecting the dust from the air are per­
formed separately in two stages. The 
simple explanation of operation is that 
in the first stage or ionizing zone dust 
has a positive charge supplied to it, so 
that on entering the collector zone, the 
positive charge serves to pilot the 
dust over to the negative plates;- because 
of the fact that positive charges are at· 
tracted to negatively charged objects. 
Provided that the dust . remains on the 
plates, the air is then free to move on 
clear of dust. 

For a more intimate and detailed ex­
planation of the operation reference may 
be made to Figure 3. In this diagram 

Fig. 5.-Disposition of Precipitron unit in a typical Air Conditioning System. 
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Fig, 4.-Basic diagram of Precipitron power 
supply unit. 

a pictorial disposition of the essential 
parts of the Precipitron is laid down 
along side the diagramatic representation. 
Whilst reference is made to the diagrama· 
tic section of the illustration, the physical 
form of the parts will immediately be 
apparent. 

In the ionizing zone or ionizer, a series 
of cylindrical tubes is disposed side by 
side and electrically grounded. Running 
centrally between each pair of tubes is a 
fine tungsten wire .007 inch in diameter. 
All such wires are connected in parallel 
ane charged to 13,000 volts by the Pre­
cipitron power pack. By virtue of the 
13,000 volts potential difference between 
the. wire and the grounded tube, an 
electrostatic field exists which is shown 
by thin lines on the diagram. 

Electrost~tic Field. 
It will be noticed that the concentra­

tion with which these lines pack into the 
limited area of the wire is much greater 
than the concentration at the ground tube 
surface. Thus a very high electrostatic 
field exists at the surface of the fine wire. 
Actually, conditions are such that a small 
amount of corona normally occurs at the 
wire. In other words, the field is strong 
enough to break down the individual 
molecules into positive and negative ions. 

The negative ions so produced are im­
mediately attract-ed back to the wire 
mostly in the form of electrons which 
find their way back in the form of an 
electrical current to the power pack. The 
free positive ions produced travel towards 
the ground rods, and in doing so they 
must follow the lines of electrostatic force. 
Now a property of solid matter ·is that 
it has a dielectrical constant greater than 
unity. It has the faculty of bending the 
lines of electrostatic force inwards and 
through its own area. In other word5, 
it acts as a sponge for the electrostatic 
field. It can, therefore, be seen that each 
p;trticle of dust contained by the air 
passing through the ionizer sponges up 
its quota of positive charges in so doing. 

There is a limit to the number of 
charges which each particle can collect, 
since a point is reached where the charge 
acquired is such that the particle itself 
repels oncoming charges. In general, the 
larger the particle the greater the charge 
which it acquires. On the finer dust 
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particles, in addition to the charge col· 
lected by the ionizing action, an additional 
charge is acquired due to thermal agita· 
tion of the molecules of air. The result 
is that even on very fine particles quite 
an appreciable charge is acquired. 

Collector Cell. 

The particles of dust thus charged by 
the ionizer are now carried by the air 
movement to the entrance of the collector 
cell. The collector cell consists of a series 
of parallel plates, one set of alternate 
plates being grounded, whilst the in­
between plates are bonded together, in­
sulated and charged to 6,000 volts posi· 
tive by the Precipitron power pack. Thus 
a series of narrow passages is provided 
in which opposite faces are charged to 
opposite polarities. By virtue of the 6,000 
volt potential difference between these 
faces a transverse electrostatic field exists 
which is strong enough to divert the dust, 
carrying its positive charge, over to the 
negatively charged plate. In this way the 
dust particles are side-tracked out of the 
air stream permitting air of an extremely 
low dust content to pass through with 
very 'ittle static resistance. 

A conditfon must now be taken care 
of at the surface of the grounded col­
lector plates, which have QJl them the 
accumulated dust. Dusts vary in their 
electrical conductivity. A highly metallic 
dust with good conductivity, upon reach· 
ing the grounded plate, would immedi­
ately give up its charge and take on the 
same charge as the plate to which it has 
adhered. Under this circumstance, the 
now negatively charged .particle would 
tend to fly off the negative plate by 
electrostatic repulsion. On the other 
hand, a highly insulating dust- could ad­
here to the negative plate without being 
repelled away, as the resistance of the 
dust material itself would prevent the 

Fig. 6.-A 12,000 cfm. Precipitron unit under 
erection at National Standards Laboratory, 

Sydney. 
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leakage of its pos1t1ve charges through to 
the plate. To take care of variations in 
electrical conductivity of the dust, and for 
other reasons, the Precipitron collector cell 
plates are sprayed with a special adhesive 
material. This insures that once particles 
reach the plate, they are gripped firmly, 
irrespective of their electrical conductivity. 

After a period of about three weeks in 
normal city or industrial air the accu· 
mulation of dust reaches a stage where 
the clear passage between plates may be­
come restricted. At this stage the plates 
must receive their periodical clean down. 

Power Supply Unit 

The basic circuit of the Precipitron 
power supply unit, as shown in Figure 4, 
is essentially that of a voltage doubler. 
However, certain extra provisions are in­
corpo~ated to take care of the unusual 
performance requirements of the Precipi· 
tron. 

Briefly the special considerations in­
volved are:-

(a) Ability to withstand repeated short 
circuits . due to occasional heavy 
bursts of dust. 

(b) Facilities for indicating internal 
fault conditions, such as broken 
ionizing wires, etc. 

(c) Provision for indicating short cir­
cuit conditions, both for fault de­
tection purposes and as a reminder 
when cleaning down becomes neces­
sary. 

The combination of a voltage doubler 
circuit, which normally has poor voltage 
regulation and a high leakage transformer 
gives the desired short circuit and load 
voltage characteristics. A tertiary winding 
is wound around the high voltage second­
ary, giving about 65 volts under normal 
circumstances. This voltage follows the 
fluctuations in secondary volts which may 
be occasioned by heavy load or short 
circuit conditions. A neon lamp is con­
nected across the tertiary winding and 
will glow only when the load is inter­
rupted and open circuit conditions exist 
within the Precipitron. 

Short circuit conditions are also indi· 
cated on ·a neon lamp which is introduced 
in the primary circuit through a small 
transformer. In addition a thermal 
switch is provided in the primary circuit 
so that if the unit is not switched off 
under serious fault conditions the thermal 
time delay will isolate the unit after 
several hours. 

Commercial Form of 
Precipitron Equipment 

For convenience in meeting the diverse 
requirements of commerce and industry 

Fig. 7.-A 27,250 cfm. Precipitron complete 
at National Standards Laboratory, Sydney. 

Precipitron equipment is made _up in 
standardised cells which may be stacked 
or otherwise accumulated to a size which 
will accommodate practically any require­
ment of air volume. The basic cell units 
are two in number: 

(a) 24in. x 24in. Precipitron cell, capa· 
city 1,200 cubic feet per minute. 

(b) 36in. x 24in. Precipitron cell, capa­
city 1,800 cubic fee~ per minute. 

Three sizes of power packs are made to 
serve different combinations of cells. The 
smallest unit serves up to two cells and 
the largest unit serves up to 15 cells or 
about 27,000 cubic feet per minute. 

Australian Installations 

Numerous installations of Precipitron 
have already been made or are now in 
process of erection in Australia. They 
range from small installations where only 
400 cubic feet of air is treated per minute 
to large, where up to 167,000 cfm is under 
treatment. Future installations for which 
contracts have been let will take Precipi· 
tron equipment into almost every field 
of air conditioning and ventilation prac­
tice. 

As an example of the advantages to 
be gained by the full exploitation of in· 
dustrial electronics Precipitron equipment 
is unique. It yields air cleaner by many 
times than was hitherto possible with 
conventional mechanical filters; is extreme­
ly simple in employing no moving parts, 
and requires the absolute minimum of 
maintenance. Public acceptance has been 
so good, and the demand so great, that 
several specialised applications are now 
under development to meet the specific 
needs of heavy industry where the bulkier 
high voltage equipment is beyond the 
reach of so. many, and is often inadequate 
for other reasons. 
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WIRELESS MAN IS IN TROUBLE . 

THE solder lugs, eyelets, terminals, and other small 
pressed metal parts used by the radio and electrical 
trades are always on hand at "Eyelets." A wide range 
of stock items (specifications on request) . . . new 
pressing to suit your specific needs. . . . Quantity 
production at low cost •.• extreme accuracy on every 
dimension . . . and early delivery of your order. 
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PTY. LTD. 

GREEN STREET. WINDSOR. MELBOURNE 
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LTD., SYDNEY; F. L. RUNGIE. ADELAIDE; E. D. WELSH, 

BRISBANE; C. R. PALMER, PERTH. 
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A Technical Survey of Latest Overseas Developments 
CENTRAL CONTROL TELEVISION FOR HOTELS 

With the great and growing increase 
in television broadcasting facilities 
throughout the U.S.A., there has come a 
heavy demand for multiple outlet systems 
which will accommodate large numbers of 
viewers. 

Typical System. 

A typical central control system for 
such a purpose is shown in the accom· 
panying photbgraph. This control unit 
contains three separate channels, two 
for video and one for FM. Starting at 
the cop, the rack contains the power 
switching pa,pel, FM receiver, monitor 
viewer, monitor selector and VU panel, 
two television tuners, the monitor speaker 
and distribution amplifier. Each of the 
television tuners can be tuned to any 
television channel. Separate antennas are 
generally used, although in a high signal 
area one antenna with isolating pads 
may be suitable. 

The video signal is monitored for 
picture quality on a 10 inch magnetic 
tube monitor. The video level is checked 
by a switching arrangement which con­
verts the VU meter to a peak reading 
vacuum tube voltmeter to measure the 
synch. amplitude. 

One of the individual "slave" viewing screens 
as used in guest rooms. 
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Tunable traps are used in the antenna 
lines to eliminate any residual radiation 
which might interfere on other picture 
channels. The television tuners have low 
impedance unbalanced systems with re­
sistive input terminations. This ensures 
good performance where the antenna 
lead-in run is long, as may be expected 
in hotel installations. 

The cathode follower output of each 
tuner is coupled to a distribution ampli­
fier located at the bottom of the rack. 
The distribution amplifier provides suffi­
cient cathode follower outputs to take 
care of the required number of lines 
leaving the control unit with signals for 
each unit. 

The monitor selector panel enables 
the operator Lo monitor both the video 
and sound signal from any tuner. The 
sound is monitored for level by means · 
of a standard VU meter, and in addition 
aural monitoring is provided by a high 
quality audio amplifier system. Sound is 
distributed on balanced low level lines, 
although in the case of small installations 
where the advantages of balanced opera­
tion are not necessary, high level un­
balanced lines are used. 

Distribution Network. 
The distribution network for the video 

signals is perhaps the most important 
p art of this system. The use of separate 
coaxial conductor for each channel to­
gether with an audio pair for the ac­
companying sound presents a consider­
able installatfon problem. A custom 
built video cable for use in Lh.e system 
with three television channels and pro­
viding one spare coax. is approx. ~ inch 
diameter.· The accompanying sound cable 
which includes audio pairs for three 
addi tional sound channels together with 
spares and control circuit lines is some­
what smaller in diameter. 

Each viewer location has a special 
cable outlet box and connector to the 
viewer. By careful design of the cable 
and switching system which connects the 
viewer to several lines, a minimum of 

mis match at the receiver location is 
maintained. 

A typical IO inch table model suitable 
for private rooms is shown in the p!:J.oto­
graph, and this has provision for three 
television channels and one FM channel. 
The only operating controls are com­
bination sound volume "off-on" control 
and contrast control, thus ensuring pro­
per operation by even those inexperienced 
in using television sets. 

The main receiver rack which holds the 
1eceiver units and distribution facilities. 
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RADAR AIDS TO NAVIGATION 

MULTIPLE TRACK RADAR RANGE 
By JOHN G. DOWNES, B.Sc., A.M.1.E.E. 

This article deals with a new radar navigational aid which 
has been extensively developed in Australia. The Multiple 
Track Radar Range is a system for guiding aircraft along 
well-defined tracks which may be laid down in a permanent 

It is proposed in this article to deal 
with a new aid to the development of 
aircraft which has been extensively de­
veloped in Australia. The Multiple Track 
Radar Range is a system for guiding air­
craft along well-defined tracks which may 
be laid down along any desired routes 
and which are accurate and permanent in 
their positions. 

Before dealing with this Australian de­
velopment, however, it is necessary to con­
sider in some detail the principles and 
operations of existing systems of track 
guidance, so that the requirements for a 
new system may be properly understood. 
The present part of this article will be 
occupied principally by these considera­
tions. 

Subsequently we propose to discuss the 
idea underlying the Multiple Track 
Range, namely, the principle which has 
now become known as "hyperbolic navi­
gation," and we shall then consider in 
some detail the ground and airborne 
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form along any desired air route. 

equipments of the new range system and 
their method of operation. 

The Need For Track Guidance 
In a previous article dealing with dis­

tance measuring equipment the need for 
a system of reliabll! track guidance was 
mentioned. It i.s an essential requirement 
on civil air routes to-day that aircraft 
should be able to follow a clearly-defined 
track or "highway" through the air, and 
that there should be laid down a net· 
work of such tracks linking up the major 
airports of the country. Unless such 
tracks, fixed in space, are provided there 
is a very real danger that in bad weather 
aircraft may become lost and possibly fly 
into mountainous country where there is 
a serious risk of collision with peaks. 
(It is interesting to notice that the exist· 
ing track system between Sydney and Mel· 
bourne has been intentionally "bent" so 
as to keep aircraft clear of the moun· 
tainous country of the Great Dividing 
Range; this "bending" may be seen in 
Figure 1.) 

A track system, in addition to ensuring 
that aircraft are flying in clear country, 
has an additional function in the vicinity 
of an airport, for it is here used to guide 
aircraft working "procedure approaches" 
under conditions of bad visibility. Such 
"procedure approaches" involve the air­
craft flying a clearly-defined manoeuvre, 
for which track guidance is essential, in 
the vicinity of the airport. They find 
their application in cases where there are 
several. aircraft close to the airport, and 
it is necessary to separate them safely 
while they land in turn; on other occa­
sions the procedure is followed in order 
to give the pilot a clear indication of 
the location of the airship when bad 
weather has made this invisible to him. 

It should be remembered that the im­
portant advantage of a track system over 
a direction-finding procedure (such as that 
provided by the radio compass) is that 
the track system is fixed in space, where­
as the path followed when homing on a 

station with a radio compass is not fixed 
in this way; the latter path is a straight 
line in the absence of wind, but under 
windy conditions the aircraft, although 
it must eventually arrive at the station 
on which it is homing, follows a curved 
and possibly quite roundabout route. 
Consequently, the radio compass, although 
a valuable auxiliary navigational aid, does 
not guide aircraft along fixed tracks. 

Existing Methods of Providing 
Track Guidance 

The principal method of providing 
track guidance to civil aircraft has, until 
quite recently, been by means of the so­
called radio range. Such radio ranges 
have taken various forms in different 

• countries, but they all depend essentially 
on radiation from a transmitter in the 
form of overlapping coverage diagrams. 
Figure 2 illustrates the principle in its 
application to the radio range now used 
on Australian air routes. The overlap of 
the two radiation patterns provides a line 
of intersection along which the intensity 
of the signal due to each pattern is the 
same, and if suitable equipment is pro· 
vided in the aircraft to compare the re­
lative intensities of the two signals and 
indicate when these are equal, such indi· 
cation can be used to fly the aircraft 
along the track provided by the inter· 
secting patterns. 

By suitably- orientating the transmitting 
aerials the track can be located along any 
desired bearing. Usually, because of the 
symmetrical arrangement of the aerials, 
there emanate from the transmitter either 
two tracks, approximately 180° apart, or 
four tracks, 90° apart; these systems are 
known as two-course and four-course 
ranges respectively. 

In America, radio ranges of this kind 
have been operated on the principal air 
routes over a period of many years. The 
frequencies used lie in the m.f band 
(200-400 Kc) and such ranges are still one 
of the main navigational aids for civil 
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aircraft; they are of the four-course type-
In Australia a radio . range system has 

been operating over the major air routes 
since about 1939. This system operates at 
the 33 Mc approximately, and uses two­
course ranges. Figure 1 illustrates the 
track system provided by the radio ranges 
in S.E. Australia. The Australian radio 
range system was adapted from a German 
system, the Lorenz range, which was ori­
ginally developed for the blind landing 
of aircraft. 

Disadvantages of Existing 
Ranges 
It might be wondered why, with these 

various types of radio range available, 
further intensive effort has been directed 
towards the development of new systems. 
The answer is that radio ranges of the 
kinds described, although having a good 
record of performance and being still in 
continuous use, have some fundamental 
disadvantages which tend to become more 
serious as the density of air traffic in­
creases. 

It has been mentioned that the radio 
ranges used in America operate at com­
paratively low carrier frequencies (200-400 
Kc) . Experience with these sys!ems over 
a long period has shown that electrical 
interference, both atmospheric and man­
made, presents a serious obstacle to their 
satisfactory operation. Noise often tends 
to blot out the radio range signais 
in the aircraft on those occasions when 
track guidance is likely to be most needed, 
that is to say in bad weather conditions, 
which are often accompanied by electrical 
storms. 

A further disadvantage in the use of 
low frequencies is that the signals from 
the range are likely to be interfered with 
by signals from distant transmitters, pos­
sibly other range transmitters, which reach 
the aircraft over long paths by means of 
the well-known mechanism of ionospheric 
reflection. Considerable confusion may 
result from such interference. 

Fig. 3.-The aerial system of a 33 Mc. radio 
range as used in Australia. These aerials are 
placed at the top of towers approx. 90 feet 

high. 
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Now it has been quite well established 
by much experiment that the intensity 
of electrical interference decreases with 
wave length; that is to say, the higher 
the frequency used the less will be the 
electrical noise experienced. Furthermore, 
it is known that propagation by means 
of reflection from the ionosphere, the so­
called sky-wave tranmission, is difficult to 
achieve at frequencies above about 30 Mc; 
so that interference from distant stations 
might be expected to be much reduced at 
these higher frequencies. 

It was therefore logical that designers 
of radio range systems should turn to 
mind higher frequencies to improve the 
immunity of their systems to interference 
for both electrical noise and sky-wave 
transmissions, and this trend has already 
been noted in the frequencies chosen for 
the present Australian range system. Also, 
in pursuance of this ti:end, a good deal 
of effort has been expended in the U.S.A. 
in recent years on the development of 
radio ranges of the 2· and 4-course types 
to operate in the V.H.F. Band (i.e., at 
frequencies of 100-150 Mc). The improve­
ment in the reduction of interference in 
these cases has been marked. A useful 
corollary of the change to shorter wave­
lengths was that the aerial systems, both 
ground and airborne, became much 
smaller. 

Traffic Density. 
However, two disadvantages still re­

inain in radio range systems of the 
kind described. Firstly, with increas­
ing air traffic and the opening of 
new routes it has become highly desir­
able to have a large number of tracks 
emanating from ·and leading to each 
major airport; in fact, quite often a full 
360° coverage is required. But no easy 

way of providing more than the usual 
two or four tracks from a radio range 
station has yet proved its worth. Fur­
ther, the tracks which are available from 
a given range station are, as we have 
seen, at angular spacings which can be 
changed only within narrow limits; if 
the radio range is required to provide 
tracks along several air routes the chance 
is therefore low that the available tracks 
coincide with those routes. 

The second disadvantage from which 
radio ranges suffer has, curiously enough, 
been aggravated, by the increase in fre­
quency which has rendered them much 
less susceptible to interference. For with 
the change to much higher frequencies 
a basic characteristic of the propagation 
of radio waves becomes more apparent, 
namely, the ability of the waves to be 
reflected from obstacles such as moun­
tains, cliffs and buildings. The possibil­
ity of wave reflection from obstacles 
means that the intensity of the signal at 
any point in the servi1=e area of the range 
station is no longer solely due to the 
characteristics of the transmitter aerial 
system; the signal at a point may be the 
resultant of both direct and reflected 
waves. 

It will now be realised that unwanted 
reflection can constitute a most serious 
and fundamental disadvantage in radio 
range systems which depend for their 
operation on the proper relation being 
maintained between the intensities of two 
signals. Due to the presence of reflected 
signals, the distribution of intensity of 
either or both radiations may be altered, 
or expressing it another way, either or 
both radiation patterns may become dis­
torted. Since the range systems so far 
described derive their tracks from the lines 
of . intersection of the overlapping pat-
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terns, distortion of the patterns can re­
sult in tracks becoming bent, displaced 
or split (the term used to described the 
appearance of additional spurious tracks). 

Careful Testing Necessary. 
Furthermore, since reflections may occur 

in numerous ways and from a large num­
ber of obstacles, it is very difficult to 
foretell, before a r ange station is installed, 
what defects are likely to appear in the 
tracks. Consequently, after each installa­
tion a series of flight tests usually has 
to be carried out and great care taken 
to determine what peculiarities, if any, 
exist in the track system. Procedures of 
this kind make the installation of such 
ranges lengthy and costly. 

Another possibility which cannot be 
overlooked is that track defects resulting 
from unwanted reflections may change 
their character with time, as for example 
if propagation conditions along the path 
of a reflected wave change, or if the 
reflecting object changes its form. 

As an illustration of the latter possi­
bility it may be• mentioned that in one 
actual case at an airport where a range 
transmitter was installed, the alignment of 
a track was found to alter appreciably 
according as the large door of a nearby 
hangar was open or closed. Peculiarities 
of this kind introduce an element of un­
certainty into the location of the track 
system which cannot be disregarded. 

Reflections Problem. 
The difficulties associated with unwant­

ed reflections are fundamental, and it is 
largely towards overcoming these difficul­
ties by a quite new approach that effort 
has been directed in recent developments, 
which we shall describe in due course. 
It should be remarked that in general, 
our increase in frequency means an in· 
crease in the number and intensity of 
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unwanted reflections, because objects tend 
to reflect more effectively when the wave­
length of the radiation is small compared 
with the dimensions of the object. Diffi­
culties may therefore be expected until 
a frequency so high is used that waves 
can be directed in beams of great sharp­
ness, much as the beam of a searchlight 
is direct-ed. By suitably orientating the 
beam, reflections can then be minimized; 
however, techniques of this kind leave the 
problem of providing our indirectional 
track guidance still unsolved. 

Record of Operation. 
The foregoing paragraphs appear to 

present a gloomy picture of the behaviour 
of radio range systems which depend on 
the relative intensities of transmitted sig­
nals (often known as equi-signal ranges). 
In fairness it must be pointed out, how­
ever, that ranges of this kind, despite 
their disadvantages, have established a re­
markably good and long record of opera­
tional service, and have no doubt con­
tributed a great deal to the safety of air 
navigation. Ranges of this kind are still 
in everyday use in many parts of the 
world. 

It is worth noting as a matter of interest 
that the problem of interference to radio 
range signals has not been entirely solved 
by changing to frequencies higher than llO 
Mc. In the Australian range system 
operating at about 33 Mc, there have 
been a number of occasions on which 
signals from range stations distant some 
hundreds of miles have been picked up. 
These have been propagated by iono­
spheric reflection under somewhat ano­
malous conditions. It would be possible 
under these circumstances for a pilot, un­
less he made a continuous check on the 
identity of the station he was using; to 
be quite misled as to his correct bear­
ing; the effects of such anomalous propa-

Fig. 4.-A typical GEE lattice. The coverage illustrated here is over the S.W. of England. 
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Fig. 5.-A typical M.T.R. track system. 

gation can therefore be serious, and 
must be given consideration. 

Recent Developments 
In Track Systems 

Since the end of the war a good deal 
of effort has been put into the develop­
ment of track systems which will meet · 
the demands of modern civil aviation and 
which will be free from some or all of 
the defects disrnssed in the ear lier part 
of this article. · 

Of these systems, three have been 
brought to such a stage of development 
as to warrant consideration by the Inter­
national Civil Aviation Organisation 
(l.C.A.0.), the world Jiody which lays 
down standards for international aviation. 
At its meetings in the U.S.A. and Canada 
in late 1946, l.C.A.0. considered these 
three systems; they are: 

The British "Gee" system, first devel­
oped during the war for military purposes. 

The American C.W. "Omni" range. 
The Australian Multiple Track Radar 

Range (M.T.R.). 

To provide a picture of current de­
velopments we shall briefly discuss each 
of these systems, and we shall subsequently 
consider the Australian system in detail. 

"Gee" 
The Gee System is one based on the 

use of pulses, and employs on the ground 
a master station and several slave stations, 
suitably located. The stations emit streams 
of pulses, those of the slaves being syn­
chronized with those of the master. The 
basis of the system is quite similar to 
that of Loran, the long-range navigational 
aid which was described in the February 
issue of "Radio Science." Gee is, in fact, 

(Continued on page 46.) 
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New SUB-MINI/I 'rUBE Valves 
OriginalJy designed for use in the new British Hearing Aid, 

these new sub-miniature valves should find wide application 

in many other types of electronic equipment. 

Special subminiature valves recently de­
veloped by the Mullard Wireless Service 
Co. Ltd., in collaboration with the British 
Ministry of Supply and the British G.P.0. 
have contributed largely to the successful 
development of an all British Hearing aid. 
This hearing aid will be made available 
to all persons suffering from defective 
hearing when the National Health Service 
Act comes into operation in England on 
the 7th July. 

These new valves are particularly re­
markable for their low filament current 
rating. In this respect they are con­
sidered superior to the equivalent valves 
of American manufacture, and which up 
to the present time, have been widely used 
in commercial British-made Deaf Aid 
equipment. The development of this ser­
ies represents a marked advance in British 
valve manufacturing technique, and also· 
demonstrates that, even in the face of for­
midable labour and material difficulties, 
Britain is keeping well ahead in valve de­
sign. 

This major development of British 
miniatures will possibly open up vast new 
fields of application where size is a limit­
ing factor. Their use in the hearing aid 
will contribute in no small measure in 
bringing happiness and a renewed interest 
in life to many thousands of people suf-

After the sub-miniature has been pumped, it 
is processed before testing. This breaking-in 

stage is carried out in banks of 60. 
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fering from defective hearing, and who 
will benefit under the National Health 
Scheme. 

Main Features 

The main features which distinguishes 
this new development is the remarkably 
high standard of performance which is ob­
tained in valves of such small size and 
power consumption. The valves are for 
example, only lOmm. (2/5in.) in diameter, 
the voltage amplifying pentode DF70 be­
ing 30nim. (l-l/5in.) long, whilst the out­
put pentode DL71 and DL72 are not more 
than 38mm. (l~in.) long. 

In spite of their extremely small size, 
these valves are of a robust construction -
and can be relied upon to give a high 
order of performance over long periods 
of service. They embody the advantages 
of the all class technique, perfected in 
England by the Mullard Coy., and are 
characterised by short internal connections, 
rigid electrode supports, and marked ab­
sence of microphony. 

They have tinned lead-out wires for 
soldered connections, and their design, size 
and shape are such that it has been pos­
sible to reduce the dimensions of the 
Hearing Aid to the very minimum con­
sistent with reliable performance. The re­
sult is an extremely compact unit weigh­
ing little more than four ounces and hav­
ing the overall dimensions 3tin. long x 
2~in. wide and lin. thick. L.T. and H.T. 
batteries are supplied separately and are 
of such a size and shape that they may 
be readily disposed about the person of 
the wearer. 

Hearing Aid Circuit 

The Hearing Aid circuit consists of a 
three stage resistance-coupled amplifier 
employing two Mullard voltage amplify­
ing pentodes DF70, followed by either a 
DL71 or DL72 output pentode, depending 
on whether the circuit is for use with a 
crystal or magnetic type earpiece. The 
filaments of the DF70 valves are con­
nected in series across the 1.5 volt LT 
battery, whilst the filament of the output 
pentode is connected directly across the 

Inserting the plates into the small glass enve­
lope for the production of the DF70 sub­

miniature valve. 

1.5 volt LT source. The current taken by 
the filaments is remarkably low being no 
more than 0.025 amps for all three valves. 
This means that .the total current taken 
by the filament circuit of the new Hear­
ing Aid is no more than 50 ma. at an 
average of 1.2 volts. The current taken 
by a similar circuit employing equivalent 
valves of American manufacture is 75 ma. 

The use of the new British sub-minia­
tures, therefore, results in a 30 per cent. 
reduction in filament current. It will be 
readily appreciated that this leads to a 
considerable saving in LT battery replace­
ment and running costs, a matter of no 
small importance in equipment such as 
hearing aids in which compactness, light­
weight, wearability and low maintenance 
costs are the generally accepted design 
criteria. 

Taking into consideration the high . per­
formance obtained with these minute 
valves, the anode current is also of an ex­
tremely low order, being 0.15 ma. at 30 
volts for the DF70 and 0.6 ma. and 1.25 
ma. respectively at 45 volts for the DL7I 
and DL72. 

Reduced Power Consumption 

As a result of these extremely low fila­
ment and anode ratings it has been pos-
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Although the prototype circuit used Ameri­
can type valves, they are now being replaced 

by the new British sub-miniatures. 

sible to reduce to a very considerable ex­
tent the total power consumption of the 
new Hearing Aid. The unit for example, 
designed for use with a crystal type ear­
piece, normally consumes only I/10th watt 
whilst the total power consumption of 
the unit intended for use with the mag­
netic type earpiece is not greater than one 
watt. This means that less electrical 
energy is consumed by 450 of either of 
these extremely compact and lightweight 
amplifiers than is consumed by a single 60 
watt electric lamp. 

In spite of this, however, it has been 
possible to retain a reasonably high gain. 
For example, with the voltage amplifying 
pentode DF70 operating at a potential of 
30 volts into a load of l megohm, a value 
of the order of 35 is obtained. · This is 
more than is at present demanded by the 

National Hearing Aid circuit which, 
operating under optimum conditions, is 
capable of showing an overall gain of 250, 
equivalent to 48 dbs. without introducing 
appreciable distortion. 

It will be realised that this i a remark 

able achievement in an amplifier unit of 
such small dimensions. It may be well 
that as a result of this development in 
sub-miniature valves, a new world opens 
not only to the deaf, but also to the elec­
tronics designer. 

*Technical data and photographs in this article were made available through the 
courtesy of Mnllard-Australia Pty. Ltd. 

TENTATIVE OPERA Tl NG DATA FOR 
SUB-MINIATURE VALVES 

FILAMENT. DF70 DL71 DL72 
Voltage: 0.625 1.25 1.25 
Current: 0.025 a. 0.025 a. 0.025 a.. 

CHARACTERISTICS. 
Plate Voltage: 30 45 45 
Screen Voltage: 30 45 45 
Grid Voltage: 0 1.25 4.5 
Plate Current: 0.15 ma 0.6 ma 1.25 ma 
Screen Current: 0.05 ma 0.15 ma 0.4 ma 
Slope: 0.175 ma/v 0.65 ma/v 0.5 ma/v 
Voltage Gain: 35* 
Power Output: 6mW.t 23 mW. 

LIMITING VALUES. 
Plate Voltage: 45 45 45 

(Maximum) 
Screen Voltage : 

(Maximum) 45 46 45 

DIMENSIONS. 
Diameter: 10.1 mm. 10.l mm. 10.1 mm. 

(Maximum) 
Length of Glass: 29.5 mm. 38 mm. 38 mm. 

(Maximum) 
Length of Pins: 32 mm. 32 mm. 32 mm. 

(Minimum) 

* Ra is 1 m'egohm and Rg2 is 3 megohms. 
t Total distortion 10%. 

MULLARD SUB-MINIATURE VALVES 
Mullard's announcement of the develop· 
ment of new Sub-Miniature Valves rep­
resent3 a marked advance in Deaf-Aid 
manufacturing technique. It opens up 
possibilitie3 in all kinds of electronic 
design applications and deaf-aid equip­
ment w11en size is a limiting factor. The 
valves are 10 m.m. (approx. ~ inch) in 
diameter; lengrhs are: type DFW - 30 
m.m. (approx. H inch) and DL71 and 
DL72 output pentodes, 38 m.m. (approx. 
H inch) . Three DF70 · valves will fit 
comfortably in a teaspoon. 

It is interesting to note that l\follard 
Sub-Miniature Valves have contributed 
largely to the successful development of 
an All-British Hearing Aid which will be 
available 'to all afflicted persons under 
the new British National Health Service 
Act. Nearly ~ million Mullard sub-

mmiatures will be supplied as standard 
equipment. 
The electrode structure is built up from 
a flat glass disc in a manner basically 
similar to that employed in the well­
known all-glass technique which has been 
perfected in the Mullard laboratories. 
This method of construction enables a 
high degree of rigidity and consequently 
freedom from microphony. The lead-out 
wires are tinned to facilitate soldered 
connections into the circuit. 
Reference to the data shown reveals 
that the filament current ratings of the 
Mullard Sub-Miniature Valves are ex­
tremely low. This advance will be appar­
ent when it is considered that the normal 
3-stage amplifier in a hearing-aid con­
sumes a total filament current of only 50 
mA, representing a considerable saving 
in battery consumption. 

PRINCIPAL CHARACTERISTICS 
DL71 DL72 DF70 

Filament Voltage 1.25 v. 1.25 v. 0.625 •· 
Filament Current 25 mA 25 mA 25 mA 
Plate Voltage 45 v. 45 v. 30 v. 
Screen Voltage 45 v. 45 v. 30 v. 
Plate Current 0.6 mA 1.25 mA 0.15 mA 
Power Output 6 mW. 23 mW Mullarcl 

Further details available on request. 

Mullard - Australia Pty. Ltd., 35.43 Clarence Street, Sydney 
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A Set for the Connoisseur! 

Wave Seven 

A front view 
completed receiver. 

MAIN FEATURES 

•High performance on both 
broadcast and S/W bands. 

•Special negative feedback 
circuit and bass boost 
control. 

•New type of detector cir­
cuit. 

Here are full constructional details of a new and unusual 
seven valve dual wave receiver. It has been specially 
designed for the reader who wants something really 

The set has been designed around an 
effective dual wave coil unit, and is cap­
able of excellent results on both broad­
cast and short wave bands. In addition 
provision has been made to include a 
gramophone pickup for the record en-
thusiast. · · 

To provide hig-11 q ua!ity _reproduction 
on both radio and gramophone, the audio 
end of the recei v.cr has not been neglected. 
In using a pentacle audio stage where the 
inherent distortion is high, the results re­
quired have been achieved by the use of 
negative feedback, in conjunction with a 
bass boost q:H;itrol. This ensures a high 
quality output with low distortion, and 
is quite comparable to a triode stage. 

Of particular interest is the novel de­
tector circuit, featuring a cathode coupled 
circuit which will handle any likely sig­
nal input without distortion or overload-
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"different" and worthwhile. 

ing. Although not a new circuit, its in­
clusion, together with the feedback circuit 
was suggested by E . Holdaway, B.Sc. 

The Circuit in Detail. 

The valves employed in the circuit are 
all standard types and consequently call 
for little comment. The RF stage uses a 
6SK7-GT, connected up in the conven­
tional manner. It wil be noticed that 
the short wave RF plate lead has been 
decoupled resulting in slightly greater effi ­
ciency and stability on that band. 

The converter valve is an ECH-35, and 
the oscillator section is shunt feel using 
a .0001 mfd coupling condenser and a .04 
meg resistor, in place of the usual series 
feed. In addition the plate circuit has 
been used as the tuned circuit instead of 
the grid circuit. Both these changes are 

not radical, but simply ones recommended 
for the ECH-35 by the valve manufac­
turers. 

The general effect of the plate circuit 
tuning is to decrease any cross modulation 
effects as well as provide increased stability 
on · the short wave band by reducing fre­
quency drift. In wiring up the circuit it 

Cl Cl 
~ ~ ,,. .. .. .... .... .. " u" "0 "0 ""' .. .... 0 .. 0" 

.~1 
""., u .~ u" .,, ·- "" ~ ~ "" "" 0 = ..,ii:: "ii:: "0 :> .... 0 oU .... .... 

Ohms Ohms Ohms Mfd 
1.5 400 20,000 .5 
2.3 500 20,000 .5 
8.4 1000 40,000 .25 

12 1200 40,000 .2 
15 1350 50,000 .2 
40 2250 50,000 .1 
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DIAL LAMP CONNECTIONS 
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Although somewhat unorthodox, this circuit is capable of exce.llent resul:s. Necessary feedback resistor changes for different voice coil impe­
dances are given in the text. 

should be remembered that ti1e oscillator 
coil connections must be reversed-that is 
the terminals marked OG and padder, 
now · become OP and B plus-and vice 
versa. 

A second 6SK7-GT is employed as the 
1.F. amplifier, and this in conjunction 
with the two iron core intermediates will 
provide ample gain for the circuit. The 
RF and IF ampli fier screen are connected 
together and taken to the HT through a 
common resistor network. 

The functions of the second detector 
and AVC rectifier are combined in the 
6SQ7-GT. The AVC control is obtained 
from the 6SK7-GT pla te circuit, via the 
.0001 mfcl feed condenser and th e result­
ing voltage applied to the IF and RF 
stages only. 

In the latter case, shunt feed is em­
ployed to simplify coil connections. Also 
a voltage divider consisting of two 1.0 
meg resistors is used to reduce the control 
voltage applied to this valve. 

Unusual Detector Circuit. 

The detector circuit employed is some­
wha t unusual , and whilst by no means 
new, has not been fea tured to any grea t 
extent in this country. It was originall y 
developed in America , by F . C. Everitt 
during J 942, and featured fairly promi­
nently in technical journals about that 
time. 

As can be seen the circuit differs from 
the more usual diode detector arrange­
ment, in that the diode is now driven 
from an RF cathode follower circuit. The 
main advantages of this circuit is that it 
does not appreciably load the preceding 
tuned circuit because of the high input 
impedance of the cathode follower stage. 

Although the operation of this circuit 
is not difficult to understand , the follow ­
ing brief remarks will interest those meet­
ing this detector circuit for the first time. 
As can be seen the modulated signal in­
put is applied to the grid of the valve 
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instead of to the diode circuit. As the 
gri~ is varied a t the RF rate, the plate 
current will also vary, which means the 
potenti al across the cathode impedance 
must also vary in sympath y with the 
sig·nal fluctuations applied to the grid. 

'"' hen the cathode is negative with re­
spect lo the diode plate, current will flow 
with the result a voltage is developed 
across the diode load r esistor in exactly 
the same mann er as in the conventional 
diode circuit. The only difference in this 
case is that the cathode is being varied 
at the signal frequency instead of the 
diode. 

The net result of this change is that 
the AC shunting effect of the diode load is 
minimised, and in consequence this has 
been reduced to 0.1 megohm. Also the 
shunting effect of following grid resistor 
is negligible. 

It should be realised that there is no 
amplification from this type of detector, 
and therefore it is only suitable for use 
in large receivers where an audio stage 
can be conveniently added. The audio 
output is taken from the diode load in 
the normal manner through a .05 mfcl con­
denser to the .5 meg volume control. 

PARTS LIST 
Chassis 17{ x 12{- x 2-}. 

_3 gang " H" tuning condenser. 
I Tuning dial to match. 
1 B/ C Aerial, RF and Osc. coil 

(H type). 
S/ W Aerial, RF and Osc. coil 
(H type). 
3 bank, 3 x 3 wave change 
switch . 

2 4 55 kc / s. l.F.T.'s. 
1 Power transformer, I 00 ma. 

385v. HT, 5 .0v. @ 2 amps., 
6 .3 v. @ 3 amps. 
Fi lter choke, 1 00 ma . 
RF choke. 

CONDENSERS. 
2 25 mfd e lectr0 lytics. 
2 16 mfd electrolyt ics 525v. or 

600v. 
2 8 mfd e lectro lytics 525v. or 

600v. 
9 . I mfd tubular. 
2 .05 mfd tubular. 
I .004 mfd mica. 
1 .00035 mfd mica. 
4 .0001 mfd mica. 
I .00005 mfd mica . 

RESISTORS. 
1 1.5 meg -} watt . 
4 I .0 meg -1- watt . 
1 .5 meg -} watt . 
I .25 meg -} watt. 

I . 1 meg -} watt. 
2 .05 meg -} watt. 
I .03 meg I watt. 
l .025 meg 1 watt . 
I .04 meg 1 watt . 
2 .02 meg -} watt. 
I .02 meg I watt. 
1 2000 ohm -!,- watt. 
2 I 000 ohm l ·watt. 
l I 000 ohm wire wound 20 wa t 
l 800 ohm -} WC It. 
l 500 ohm -} watt. 
3 300 ohm wire wound 3 watt. 
1 150 ohm wire wound 3 watt . 
1 I 00 ohm ca rl:: :-n . 
I 50 ohm-} W( ' t . 
1 .5 meg poteritiometer. 
l .025 meg pofen tiometer . 
VALVES. 
2-6SK7-GT, 1-'0CH-35, I - -

6SQ7-GT, l-6SJ7-Sl , 1-
EL33, l-5Y3-GT. 

SPEAKER. 
Output transformer, 7000 ohms 

load. 
SUNDRIES. 
7 octa l sockets, 2 phone jacks, 2 

terminals, 6 Philips air trim­
mers, shielded wi re, hook up 
wire, so lder lugs, nuts and bolts, 
4 knobs, 5 dial lamps and 
holders, mounting strips, power 
flex, rubber grommets. 
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The audio amplifier is a 6SJ7-GT con­
nected as a pentode-. \ ,\'ith a .25 meg 
p la te load, l .5 meg screen resistor and an 
800 ohm ca thode bias res istor, the overall 
gain of this stage is more than enough lo 
drive th e EL33A to full output. 

T he screen and plate of this va lve as 
well as the p late of th e 6SQ7 are de­
coupl ed through the .02 meg resistor and 
bypassed with an 8 mfd condenser to r e­
move any residual h um . If n ecessar y the 
6SQ7 p-late circuit can be decoupled 
sep arately using a .05 meg r es is tor and 
8 mfd condenser, bu t it is doubtfu l 
whethei;; this extra precaution will be 
warranted. 

Output Stage. 
The output stage uses an E L33A- a high 

mutual conductance type onl y requiring 
6v. peak input to give th e rated 4.5 wat ts 
outp ut. A ch aracteristic of these h igh 
slope va 1 ves is the tendency Lo produce 
parasitic osci lla tions, and LO avoid this 
series resistors, known as stof1j1ers, h ave 
been connected in the con trol and screen 
grid cirn1its. T he screen stopper is 100 
ohms, wh ilst that in the grid circui t can 
be any va lue from 1,000 ohms up Lo 
approx .. 05 meg. 

This excellent photograph shows t he gen eral layout of t he chassis . 

The inclusion of these resistors is very 
essemial and the manner in which they 
prevent the radiation of these parasitic 
osci ll ations is as folows. In conjunction 
with the internal grid-cathode capacity, 
the gr id stopper fo rms an effec ti ve and 
sim ple low pass filter sys tem. IE by 
chance the wiring layo ut and other in ­
ternal va lve capacities tend to form a 
small tuned circui t, with resu ltant pro­
duction of these spurious oscillations, this 

sim ple filter system will prevent them 
buildi ng up to any degree. 

To be full y effec tive it is necessary to 
solde r them right on the actual valve 
socket pin otherwi se mu ch of th eir effec­
tiveness as a pa rasiti c stopper wi ll be 
nul lified . 

Negative Feedback. 
T he nega tive feedback circuit is appl ied 

from the sernndary o[ the speaker output 
transformer to the ca thode circuit of th e 
6SJ7. T his system of feedback is now 
fa irly well known and the main precau-

A close·up of the coil unit . The various trimmers are mounted as close as possib1 c to their 
respective coils. 
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tion in its use is to ensure the correct 
phasing of connections is made. Unless 
this is done it is possible to obta in posi­
tive instead of n egative feedback. T he 
former is characterised by uncontroll able 
osci ll ation, and th e la tter by a reduction 
in ga in . 

An important factor in the successful 
appli ca tion of this feedba ck circuit is the 
use of tl1e h igh gain EL33A. T his addi­
tional ga in allows a higher degree of feed ­
ba ck to be applied , with th e result th e 
overall frequency response is improved 
and harmonic distortion is reduced to a 
ve1·y low value. 

It should be n oticed that this feedback 
is onl y used on th e Broadcas t and gramo 
switch positions, where the higher fi delity 
is necessary. H owever, for short wave 
li stening wh ere maximum sensitivity is 
llSuall y more important than h igh fidelity, 
thi s feedback circuit is switched out thus 
ena bling the fu ll ga in of th e circuit to 

be uti lised. 

Tone Control Circuit. 

A tone control in the form of Bass 
Boost is provided, and this is connected 
in the feed back circuit. This consists of 
a .1 mfd condenser and ,025 meg poten­
tiometer, and permits an effective bass 
con tro l lo be ach ieved. It is only the 
amount of bass that is the controlled fac­
tor leaving the treble response of the re­
ceiver unaffec ted. 

' '\/hen the moving arm of the coutrol 
is at its maximum value the shu nting 
effe.ct of the condenser is negligible, except 
at lowest frequ encies. Consequently it 
may be regarded as being in series with 
the feed back loop, with the resul t th at 
a t a ll freq uencies where the reacta nce of 
the condenser is comparable with or 
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PHILIPS 

9 

When it comes to valve replace· 

ments or valve selection, the radio owner or the radio 

hobbyist should indeed "Stop, try a Philips, and listen". 

Philips valves at'e designed and made to give better 

listening. Philips valves are precision built hut at the 

same time are ruggedly constructed to assure long life 

under difficult conditions. Philips valves have stamina, 

sensitivity and the traditional Philips quality. It's full 

steam ahead to better listening when you fit 

PHILIPS 
YAll7.ES 

PHILIPS ELECTRICAL IN,DUSTRIES 
OF AUST 'RALIA PTY. LTD. 

Sydney • Melbourne • Brisbane 

Ac/el aide • Perth 
V4·H 

RADIO SCIENCE, May, 1948 



' 7 

higher than 550 ohms there is a reduction 
in negative feedback and an increase in 
ga in. Varyin g the va lues of the condenser 
wi ll 1)rovide different degrees of boost, 
and consequent ly this ca n be experi­
mented with to sui t the reader's own 
tona l taste. 

T he va lues shown in the circu it have 
been worked out for use with the 500 
ohm feedback resistor. Should th is be 
cha nged due to a d ifferent vo ice coil im­
pedance being used , the requisite con­
denser and res istor va lues can be ascer­
tain ed from the accompanying chart. 

Layout and Construction. 

The layout of the completed receiver 
is shown in th e p hotographs and reference 
to the chassis drawing will indicate where 
the vario us components are mounted. The 
only point to wa tch in this respect is the 
orientation of the va lve sockets, coi ls and 
I.F. transformers. These should be posi­
tioned so tha t the critical leads-plate, 

G·?iV FIL. 

FRON~~DIAL LAMPS 
s1<;'b"sc. 0 v~!W Co?:f9t mB/c 

s~:?~ --~GRAM 
O.G. ~Q~Q r·, 2 'NcnON 

~ 0 Y/°\( GSJ7 BIAS 
RESISTOR 

- I\ !:.00.a.l=EE!) 
. • BACK RES, 

Wire up the wavechange switch as shown in 
this diagram . Make sure it is orientated to 
allow the shortest possible leads to each coil. 
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An underneath view of t he completed receiver. 

grid and diode-are kept short and direct. 
The gang used in the original was an 

"H" type, but any type will suit provid­
ing that the coils and dial are all ma tched 
to it. This is most im portant, otherwise 
the tracking of the sta tions will be found 
to be out of position either at the centre 
or one encl of the band. 

Wave Change Switch. 

The wavechange switch is mounted im­
mediately below the gang condenser, and 
the con nections to each switch bank are 
shown in the separate drawing. Although 
a commercial unit coul d have been used, 
it was decided to build up the complete 
unit using separate m ils, and if each coil 
is taken in turn there should be little 
clilficulty wi th this wiring. 

The three spare switch contacts are 
used for dial lights, pickup and the means 
of ea rthing the feedback network on the 
shortwave bands. 

Alignment. 
With the se t completed, the next step 

is ~o aligµ the tuned circuits for maxi­
mum resul ts. Wh il st this should be don:e 
with a modulated oscillat9r, the following 
simplified procedure is generally satisfac­
tory if such equipm~nt is not availabl(;!. 
I. Tune in a weak broadcast signal in the 

vicinity of, say, 1400 kc. Peak 'the aerial 
and RF trimmers for maximum output . 

2. ext tune in a weak sign al a t the LF 
encl of the band anq ad just the aerial 
and RF slugs for m aximum output. 

3. Tu ne in a known station at the LF 
end , and ad just th e d ial pointer to 
its correct posi tion on the dial scale. 

4. Re-tune the set to another known sta­
tion at the high freq uency encl, e.g. 
2SM and then move the station lo its 
correct posi tion by varying the oscil­
lator trimmer. Recheck the aerial and 
RF trimmers 
The procedure on the short wave bands 
is very similar to that outlined above. 

·------7"·~-----4 

17 "4--·------~---
The necessa·ry chassis dimensions are g iven in this working drawing. · 
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Here is the fourth radio quiz to test 
your general radi o I.Q . To obtain your 
rating, take 10 points for each ques­
tion answered correctly and 5 points 
if on ly half right. 

As a guide to your abi li ty, the 
scores are: Beginner, 50o/o and under ; 
Experimenters and Servicemen. 50 to 
75% ; Experts, 75 to 95 % ; a nd Genius, 

over 95 % . 

().I .-Most modern broadcasting stations 
no(vadays employ a vertical type of an­
tenna. An important advantage of this 
type of aerial system is-

(a) Less space is required for its erec­
tion. 

(b) Extends the service area oE the 
station. 

( c) Provides a radio beacon fo r a ir­
craft. 

Q.2 .-Whilst on the subject of broad­
cast transmill ers, here is another prob­
lem. During construction photographs 
frequently indicate the presence of radiat­
ing ground wires surrounding the an­
tenna system, and the purpose of these 
is to-

(a) Keep the tower from sinking too 
Ear in to the ground. 

(b) Improve the radiation from th e 
antenna. 

(c) Ac t as a lightning . arres ter and 
prevent the mast from being struck 
by lightning. 

Q .3.-In broadcasting and general 
sound work the term "VU" is often en-
countered. This is-

(a) A measure of volume level. 
(b) A unit of sound absorption. 
(c) A measure oE fi eld intensity. 
Q.4.-lf a voltage doubler is a valve 

used in a circuit to increase the voltage 
apprimately two-fold, a voltage multi­
jJ/ier-

(a) In creases the circuit voltag·e man y 
times. 

(b) Increases the apparent grid b ias 
voltage. 

(c) Increases th e range of a voltmeter. 
(d) Increases the effective p late cir­

cuit voltage. 
Q.5.-As most readers know, the audio 

transformer is an effective method of 
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cou jJling two stages in a receiver. Under 
actual operating conditions, pulsating 
direct cinrent is f e!il through th e pri­
mary of the transform.er and this results 
in the secondary winding jJroducing-

(a) A h ig·her voltage p ulsating direct 
current. 

(b) A higher voltage alternating cur-
rent. 

(c) A higher voltage non-pulsating 
d irect current. 

(cl) A higher amperage a lteri:ating 
current. 

(e) A higher amperage non-pulsa ting 
direct current. 

Q.6.-Now one for the home recording 
enthusiasts. In ·making recordings on 
acetate blanks the j1roper depth of the 
cut should be-

(a) 0.015 inch . 
(b) 0.025 inch. 
(c) 0.001 5 inch . 
(d) 0.0025 inch . 
(e) 0.0005 inch. 
(f) 0.00i) inch. 

Q.7.-lf you were able to answer the 
previous question, then )' OU should also 
know that the ratio of cut depth to cut 
width should be-

(a) 5: l. 
(b) 2:1. 
(c) 1:2. 
(d) J:l. 
(e) l :5. 

Q .8 .-The final RF stage of A ustralian 
broadcast transmitters uses which of the 
follow ing types of modulation-

(a) Frequency. 
(b) Phase. 
(c) Amplitud e. 
(cl) 110% . 

Q .9.- 0 ne form of coax ial has the space 
between the inner and outer conductor 
filled wilh gas under pressure. "File 
jmrpose of th is gas is to-

(a) Keep the moisture o ut. 
(b) Raise the inductance of the cable. 
(c) Increase th e capaci ty between the 

two cone\ uctors. 
(cl) Provide a ready m eans of detec ting 

any electr ica l leaks in the o uter 
conductor. 

Q.10.-The long dis tance radio com­
munications we now consider common­
jJlace are really made jJossible by the 
reflection of waves from an ionised layer 

surrounding the earth . This layer is 
usually referred to as the-

(a) Heviside layer. 
(b) Kennely-Heavisicle layer. 
(c) Hea,·iside layer. 
(cl) Kennelly-Hevisicle layer. 
(c) Kennea ll y-Heavyside la yer. 
(f) Kenn ell y-Heaviside layer. 
Q. l 1.-Refcrence lo m.anv va:·~·:J d;:;ia 

she;ts show that certain valves are listed 
as "general jJurpose valves." Although 
!his means that such types are suitable 
for more than one jntrjJose, for w hich 
·of the following apjJlications are they 
unsuitable-

(a) R F amplifier. 
(b) Ar ampl ifier . 
(c) Power output. 
(d) Detec tor . 
(e) Rectifier. 
(f) Osei Il a tor. 
Q.12.-The " lank" circuit of a trans­

m itter is-
(a) The watercooling system for th e 

valves. 
(b) Any tuned circui t in the trans­

mitter .. 
(c) The circuit which is coupled to the 

antenna circui t. 
Q.I 3.-R.ecently a great deal of con­

troversy has cen tred around the validity 
of some of l\lfa rconi's early claims, but 
you should know that he was-

(a) The man who invented radio 
'vaves. 

(b) The first person to demonstrate 
radio. 

(c) T he first man to span the Atlantic 
Ocea n by radio. 

Q .14.- T wo of the foll owing, in a dilute 
form, will be found in an "A" storage 
battery . Can you name them? 

(a) CO, · 
(b) Na,OH 
(c) H,S 
(ct) H,so. 
(e) C10H s 
(f) CsH 10 
Q.15.- lt is usual to couj;le the grid 

and jJlate of a triode together when 
the valve is to be used as an-

(a) RF amplifier . 
(b) A beat frequency oscillator. 
(c) A half-wave rectifier. 
(cl) An AM amplifier. 
(e) A modulator. 

(For answers, see page 46.) 
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AMATEUR RADIO IN ANTARCTICA 
By ROTH JON E'S-VK3BG 

Amateur radio is a hobby full of thrills. The deeper one 

gets into it, the more involved it becomes. Perhaps the 

greatest thrill is the establishment of two-way communica-

This year, radio amateurs throughout 
the world will have an op portunity of 
adding two more "co untries" contacted to 
their a lready comprehensive li sts. They 
will be Heard and Macquarie Islands­
remote bases of the 1948 Australian An­
tarctic Expedition. 

Another sta tion will be on H.M.A.S. 
Wyatt Earp, the supply ship. Sponsored 
by the ' .Y ireless Institute of Australia, this 
station will have a very attractive QSL 
card which will be eagerly sought by 
every amateur. However, since it is mob­
ile, it cannot be classed as a new country. 

Four Operators 

Late las t year the l'ostmaster General 's 
Department issued four experimental li e· 
ences to radio operators accompanying the 
expedition. All licensed operators, they 
will be contacted by thousands of amateur 
radio operators during their twelve 
months sojourn in the Polar regions. 

When the 3,000 ton H.M.A.S. LST 
(Landing Ship, Tank) No . 3501 , captained 
by Lieut.-Commander G. Dixon, left Mel­
bourne for Heard Island, via Fremantle, 
it took three of chese operators - Messrs. 
A. Campbell Drury (VK3ACD), G. S. 
Compton (VK3AMG), L. E. Macey 
(VK3@Y) and their radio gear. The 
fourth operator, Mr. Gersham Major 
(VK7AE), left last month on the ship for 
Macquarie Island. 

·---THE AUTHOR---• 
Roth Jones, the author of this 

article is a Melbourne journalist 
who has been active in amateur 
radio in this country for many 
years. His own station VK3BG 
is known throughout the world, 
and his own countries' worked 
list is rapid ly approaching the 
century mark. He was a signals 
officer in the R./\ .A.F . during the 
war years, entering the service as 
a member of the R.A.A.F. Wire­
less Reserve. 
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tion with other countries. 

H.M.A.S. "Wyatt Earp" being used by the Australian Government as the supply ship for the 
Antarctic expedition. The length is 135ft., ~beam 29ft., of wooden construction, and has an 

endurance of 63 days at 8 knots (12,096 n. miles). 

Operating Conditions 

Both islands are uninhabited , except for 
thousands of seals and penguins, and it 
will be the first time amateur radio equip­
ment has been u sed in these remote 
areas. Due to an Austral ian Government 
regulation, none of the operators will be 
able to send private messages to their 
friends. They will , however, enjoy the 
privileges and conditions applying to Aus­
tralian opera tors. 

The Aurora Australis, or " sou thern 
lights," is known to play havoc with radio 
transmission and reception . As the phe­
nomenon occurs regularly in the summer 
months, and almost nightly during the 
winter , all contacts may be seriously in­
terrupted . It will, however, give endless 
scope in transmission and reception experi­
ments . 

The amateur stations will use the AT5-
AR8 tranmitter and receiver combination , 
which was designed for the Royal Aus­
tr alian Air I<orce during th e war. vVith 
an output of approx. 50 watts to a pa ir 
of 807's on CW and half that for grid 
modulated phone work, the stations 

shou ld be easily worked throughout th e 
world. Although the transmitters were 
not originally designed to operate on 10 
metres , it is understood the equipment 
will be modified to include this band. 

All stations are expected to be on the 
air this month. It will then be plenty 
of competition to work them as they will 
only be on for limited times 'each day. 

RADIO SCIENCE-FIRST ISSUE 

Subsc:ribers wishing to c:omplete 

their files of RADIO SCIENCE 

ore odvised that c:opies of Vol. 1 

No. 1 Febr~ory, 1948, ore now 

available. 

As there ore only limited stac:ks 

on hand, it is suggested that 

you make immediate application 

for your c:opy to Box 5047 

G_P.O., Sydney. Pric:e is I/­
post free. 
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The main control rqom, Bunnerong Power House. 
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Another view of the generating equipment. 

A genera l view of the Power House. 

POWER SYDNEY 
The Bunnerong Power Station is controlled by the Sydney County Council on 
behalf of the citizens of Sydney. It is sitU'oted on the eastern shore of 
Botany Boy and commenced operations in 1929. 
The present installed capacity at Bunnerong is 325,000 Kw. which will 
eventually be increased to 375,000 Kw. The installed plant consists of 7 
turbo-alternators, each of 25,000 Kw . and 3 of 50,000 Kw. The installa ­
tion of one more 50,000 Kw . turbo-·o lternotor will complete the Station's 
capacity. 

Bunnerong Power Station is modern in every respect and is one of the 
largest steam generating p!ants in t he Southern Hemisphere. 

The boiler firin g aisle. F urn aces are · ignited by a 10,000 volt sparking device. 

The automatie-e!ectric-pneumat ioally controlled raisin g plant. 
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A section of the 25,000 Kw. Turbo-alternators. 



Specially Designed for the Beginner 

ALL-WAVE BATTERY TWO 

This front view shows the attracthc appearance of the completed receiver. 

As the beginners' in terests- and capital 
for tha t m atter usua lly centres aro und the 
sfua llcr type of r eceiver lh e two va lve all 
wave receive r described here should un­
dou b tedly h ave a definite appea l lo the 
yo unger reader. 

Using· two of lhc la test 1.4· minia ture 
va l vcs, th is set wi II be fo und very econ o m i­
ca l lo o pern tc and a t th e same lime pro­
vide excel len t resu l ts on the bands cov­
ered. So for a sma ll outl ay , here is a set 
th a t will give effi cient world wide cover­
age, and ho urs of enjoyment and pleasure. 

Frequencies Covered. 

T he frequencies covered by this r eceiver 
a re lhc stanclarcl b roadcast band-550 to 
100 K.c/ s and 2.5 to 8.00 Mc. and 6.5 to 

18.00 Mc on the two short wave bands. 
As will be noted th ere is suffi cient over­
lap on th ese two latter coils to provide a 
com plete coverage from 2.5 to 18.00 Mc. 
This will ena ble the li stener lO tune in 
the 20, 40 a nd 80 metre ama te ur ba nds 
as well as the most pop ular short wave 
freq 11 encies. 

Am eri can Armed Forces progra mmes on 
th e shorl wa ves with no thing more tha n 
a bo u t 6 fee t of hookup wire as a n aeri al. 
H o wever, we could r ecommend something 
bellc r than thi s fo r th e consisten t listener 
a nd suggest wh ere possibl e, tha t a good 
o utdoor aeri a l in conjun ction with an ea rth 

Here is a new two valve all 
wave battery receiver which 
should appeal to !he junior con­
structor. Using two of the latest 
minia ture l .4 vo lt valves, it is 
capabl e of ex:el lent results on 
both broadcast and short wave 
bands. 

Of a comp::ict and attracti ve 
des ign, the main features include: 

*Complete coverage on broadcast 
and two short wave bands. 

*Will tune to the 20, 40 and 80 
metre amateur bands. 

. . 
*Bandswitching included, obviat­

ing usual plug in type of coils. 

*Has bandspread tuning. 

*Comple tely self contained power 
suppl y. 

lead be used . T his will ensure max imum 
results- especiall y wh en t rying for those 
e lusive short wave sta tions . 

. For convenience, th e description of this 
receiver has been di vided into two sec­
ti ons. ln this fi rs t . ar ticl e, full construc­
tional deta ils will be given fo r b uilding 

Under actual tests in one of the sub urbs, 
all th e loca l sta ti ons were r eceived at ex­
cellen t strength whil st i t was conststcntly 
possible to hear the BBC as well as The Jocation of the main components can be seen in this top chassis photograph. 
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up Lhe chassis and w1nng in the broad­
cast coil, leaving Lhe winding and wiring 
in of Lhe short wave coils until the fol­
lowing issue. Th is has been done to 
enable Lhe construction and operation to 
be adequately covered in the available 
space. 

Circuit Details. 
As can be seen Lhe circuit used is of 

the conventional design usually found in 
a receiver of this type, and consists of a 
regenerative detector stage using a IT4. 
The output from this sLage is then re­
sistance coupled to the 3S4 output stage. 
Tl1is is a well tried circuit arrangement 
capable of excellent resulLs and one which 
presents a .minimum of difficulLy to the 
novice construcLor. 

The use of the 1.4 V series of va lves 
enabl es Lhe currenL drain to be kept to 
a minimum , resu lting in a less frequent 
renewal of baLLeries. 

AlLhough the operation of such a cir­
cuit is probabl y well known to most 
read ers, it is considered that the follow­
ing deLails will prove of interest to Lh ose 
building up their first valve type re­
ceiver. Starting from the tuning encl of 
the receiver Lhe operaLion of the most 
important sect ions will be d iscussed in 
some detail Lhus giv ing the builder some 
Lheoretical as well as practical details. 

The Lype of coil used in the circuit is 
a standard unshielded F.N . Reinartz, and 
this has three windings-aerial , grid and 
reacLion. Selection of Lhe desired sLaLion 
frequency is carried o ut by roLati ng the 
main tuning condenser, which in conjunc­
tion with the grid winding forms a tuned 
circuit. 

AER. GRID 
WINDING WINDING 

R~ACTION 
CONTROL. 

s 

RFC 
·001 

·5 

ALL WAVE 
BATTERY TWO 

't DPDT .J 1 6 __ _?~---6 
tooo 

~ 

A- A+ B .. (07Y2 B-

The circuit fo]lows standard practice and shouM not present any constructional d~fficulties. 

The r-f signal currents received by the 
aerial flow from the antenna to earth 
Lhrough the aerial coi l winding and in 
so doing· induce a current in Lhe <;ri d 
winding. The current induced in this 
grid winding develops a vo ltage across 
the coil and condenser, which becomes a 
maximum value at resonance- Lha t is 
when a parLicu lar station frequency is 
exactly tuned in . This voltage is then ap­
plied LO the grid of th e IT4 through the 
condenser. 

Grid Leak Detection. 
The form of detection used in th is cir­

cuit is known as grid leak detection, the 
uperauon of which 1miy be brieAy SllfH­

marised as fol lows: " 'hen the positive 

hai[ cycle of th e applied volLage arrives 
at the grid of the IT4 , via the .0001 mfd 
condenser, current will flow between the 
filament and the grid- that is electrons 
will be attracted to the grid by virtue of 
the positive potential. On the negative 
half cycle Lhere is no reversal of this gr id 
current flow which means th at after a 
few successive cycles, the grid will have 
collected so many electrons that it will 
have an clkctive negative grid bias. 

It can now be realised that with the 
valve operating under such conditions as 
those outlined , the plate current will in­
crease more during the posiLi ve half cycles 
than it decreases during the negative half 
cycles. T he net result of this is th at 

PARTS LIST 
I Chassis as detailed. 
l Single gang tuning condenser. 
1 Reinatz type coil (unshielded). 
l 5 plate midget condenser. 
2 Tuning dia l plates. 
I 3 x 3 Rotary wafer switch . 
1 DPDT switch. 
l RF choke. 
RESISTORS. 
1 2 meg } watt. 
I .5 meg } watt. 
l . I meg -} watt . 
l l 000 ohm } watt. 
1 .25 meg potent iometer. 
CONDENSERS. 
l 8 mfd e lectrolytic. 
I . 1 mfd tubular. 
l .00025 mfd mica. 
1 .002 mfd tubular. 
VALVES. 
1T4, 354. 
SUNDRIES. 

This underchassis photograph should assist in the w1rmg up. Note how the two batteries are 
hel<J in position by an aluminium strip rivetted to a sma ll bracket. 

2 miniature sockets, phone jack, 
rubber grommet, aeria I and 
earth terminals, 2 pointer 
knobs, 1-67 .5 volt B battery, 
1- 1 .4 vo lt A battery, ear­
phones, hook up wire, solder 
lugs, etc . 
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rectification of the incomi ng signal has 
been accompl ished , and the output at the 
plate circuit is essentially of an audio 
character. Any traces of the RF com­
ponent is removed by means of the Rl'C 
(Radio Frequency Choke) and .0001 mfd 
mica condenser in the plate circu it. 

'"' ith the va lve operating as described 
some means must be provided for the elec­
trons accumula ting on the grid to leak 
off, otherwise the negative potenti al wo uld 
simply conti nu e to increase on each posi­
tive half cycle resulting in eventual plate 
current cut off and non-opera tion of the 

----SG .m~• SG 
c ----

The socket connections for the two valves. 
The 384 has provision for either series er 
parallel filament connectipns. Since the 
parallel arrangement is used in this circuit, 
pins I and 7 should be conn ected together 
for the A plus lead and pin 5 becomes the 

A minus lead. 

valve. T he 2 meg resistor inserted in the 
grid circuit is generally referred to as the 
grid leak and its prime function is to 
obviate the difficulty mentioned by allow­
ing some of the electrons to flow from 
the grid back lo the filament. Jn this 
way the grid is not allowed to become 
excessively negative. 

Regeneration Used. 

To increase sensitivity and selectivity 
of the tuned circuit, the princi pie of 
regeneration has been employed. The 
signal applied to the aeria l is amplified 
by the valve, and then part of this output 
energy is fed back i!1to the grid circuit 
by means of the reaction winding. 

When the energy fed back in to the grid 
circuit is of the proper p hase, it will _add 
to the incoming signal and consequently, 
increase the output from the detect Jr­
that is, provide a much stronger signal. 

If the feed back and grid coil coupling 
. as well as the gain of the valve is suffi­

cient, then enough voltage may be in­
. duced in the grid circuit to cause the 
detector to oscillate. When the detector 
is oscillating it is actually generating r-f 
power, and consequently, the greatest sen­
si tivity and optimum results can be ob­
tained from this stage when it is on the 
verge of oscillation. 

In this circuit the reaction is obtained 
from the screen circuit of the 1T4 instead 

Here arc the connections to the wave change 
switch . T he unused lugs a re for the SW 

coils to be ~dded later on. 

of the more usual plate circuit connection. 
The reaction is controlled by means 

of the .25 meg. potentiometer connected 
from B plus to earth as shown . One 
encl of the reaction winding is taken to 
the centre moving arm and this is by­
passed to earth by means of .I m.f.d. con­
denser. It will be found in practice that 
this form of control is very smooth and 
effective in operation . 

Probably the only disadvantage with 
this form of control is that in being 
across the high tension supply it causes 
a steady bleed current. Although the 
actual current through this resistor is 
quite small, it is still sufficient to provide 
a steady drain on the n battery at all 
times, and because of this the high ten­
sion lead should be broken when the set 
is not in use. Th is is most conveniently 
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I 
done by using a DPDT type of switch , 
since it allows the filament circuit to be 
open at the same time. 

The output from the 1 T1 is taken 
through an RFC, bypassed on t he plate 
side by means o( a .0001 mica condenser, 
to the 351 grid via the 0.002 m(d coup­
ling condenser and 0.5 meg grid leak. 

It should be noticed that this grid leak 
is connected to the 13 m inus return and 
not directly to earth . This is because a 
back b ias system is used to obtain the 
grid voltage for the 351. 

The 1,000 ohm resistor connected from 
the B minus lead lo earth provide · the 
necessary bias voltage thus obviating the 
need for a separate C battery. 

Receiver Layout. 

The layout of the components on the 
chassis can be seen by referring to the 
photographs and the chassis diagram. The 
main tuning condenser, wave change 
switch and bandspread condenser are 
mounted in the position shown on top 
of the chassis. The coi 1 bracket and 1 T4 

IN THE NEXT ISSUE. 

The concluding part of this 
article dealing with the winding 
and wiring in of the short wave 
coils will be presented in the next 
issue. 

MAK E SURE OF YOUR COPY 
NOW!! 

valve bracket are rivetted near· the rear 
of the chassi , making sure the valve socket 
clears the 15roadcast coil. 

The reaction control, DPDT and phone 
jack are all moun-ted under the chassis 
The phone jack must be insulated from 
the chassis and this is most easily done 
by drilling a 5 / 8in. hole, to take a rubber 
grommet. Then mounting the phone 
jack in this grommet will hold it quite 
firm. 

The various components are wired in 
tak ing care to keep the leads short and 
direct. The switch connections are shown 
in the separate diagram and should cause · 
little trouble. The moving arms connect 
to the aerial lead, grid lead and reaction 
lead respectivel y. Then the first con ­
nection of each swi Leh section is taken to 
the respective lead on the coil socket. 

Operating the Set. 

When the set is completed and all con­
nections have been re-checked, connect up 
the batteries and switch on. Evidence 
of correct funct ioning wil be indicated by 
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Complete detai ls are given in this drawing for those desirous of constructing their own, chassis. 

a squeal as the regeneration control is ad­
vanced. If this noise is not heard then 
it is suggested you immediately re-check 
the coil connections as probably the re­
action winding leads have been reversed. 

As the control is further advanced 
without any stations being tuned in, a 
slight rushing sound will be heard before 
the squeal commences, and it is at this 
point that regeneration begins. Any fur­
ther advance of control is both unneces­
sary and undesirable. 

vVith the aerial and earth connected 
to the set rotate the main tuning con­
denser and it should be possible to hear 
the local stations. If there is a whistle 
in the set as each station is approached 

and passed, this indicates that the re­
ceiver is oscillating slightly. Under these 
circumstances, the amount of regeneration 
should be reduced until the detector is 
on the verge of but not quite oscillating. 
This condition will be found most suit­
able for the reception of any modulated 
carrier such as that of broadcast stations 
or any amateur phone work. 

Although the tuning scale is graduated 
from 0' 100 some readers may prefer to 

·mark the position of the sta tions on the 
aluminium front panel, or to paste on 
a piece of paper with these markings. 
Either method will enable the position 
of each station to be quickly and easily 
located for future use. 
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ANTENNA :;_m TRANSMISSION 

LINES 
An analysis of Two-Wire and Coaxial Lines, with Data on 
Types of Line, Line Impedance, Characteristic Impedance, 
Resonant and Non-Resonant Lines, Standing Waves, Quarter 

The transmission line is a major factor 
in v-h-f antenna systems. Its characteri -
tics determine the manner and effective­
ness in which a signal is cond ucted or 
guided from the antenna to the receiver. 

There are four common types used for 
the transfer of r- f energy, namel y: two­
wire, four-wire and coaxial lines, and wave 
guides. The two-wire and coaxial lines 
are most often employed in home receiver 
install a tions. 

Transmission Line Impedance 

If the length of a transmission line is 
short compared to the wave length of the 
r-f voltage it carries, th en the opposition 
presented to this r-f vol t:;ige is chiefly a t 
the load connected across the receiving ter­
minals. If the line is long compared to a 
wavelength , the line itself may present 
even m ore opposition to the r-f voltage 
than the actual load. T his is because a 
long line (compared to a wavelength) ex­
hibits not only r esista nce but also reac­
tance to the flow of a-c. 

This reactance is in the form of series · 
ind uctance and shunt capacitance uni ­
form ly d istributed over the length of th e 
line, as shown in Fig. 1. Th is can be 
understood i f we think of each conductor 
in a parallel l ine as being a simpl e air-core 
inductor unwound. "\Ve know that every 
current-carrying conductor has both an 
e lectromagnetic and electrostatic fie ld 
about it. It follows that every conductor 

,- "n71""';-,;~-;x-~r~r~f<"~?;"~;c;- ', 
v ~ v ·v v v y v v v v T v v v v ~ 
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Fig. 1-The distributed constants of a trans­
mission line. 
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Wave and Half-Wave Lines. 

carrying an allernating-current must be 
an inductor and therefore, must present 
an inductive reacta nce to th e flow of this 
a-c. 

The distributed capacitan ce can be 
accoun ted for by considering the two con­
ductors of a transmission line as two plates 
of a capacitor upon which an r -f voltage 
is impressed. From a study of Fig. 1 we 
note, th erefore, th at the distributed indu c· 
tance opposes the r-f voltage transfer over 
the line and th e distributed capacitance 
acts as a sh unt across the line, thus short­
circuiting part of the signa l or power from 
the load connected a t the receiving _encl 
of the line. Both of these effects repre­
sents a loss between the sending and re­
ceiving encl of the line and must be care­
fully taken into account when working 
with the tra nsm issio in of r-f energy at 
100 me. 

Characteristic Impedance 

One of the most important properties 
of an r-f tra nsmission line is commonly 
referred to as its characteristic impe­
dance Z

0 
(Impedance is the resultant of 

th e d-c r esistive, inductive and capacitive 
components with an a-c circuit). The 
cha racteri stic impedance of a line is im­
portant because the load value at which 
minimum line losses occur is determined 
by the ra tio of Z

0 
to the load impedance. 

The characteristi"c impedance, Zo, may be 
defined as: the impedance a line of infi­
nite length would present to an electrical 
impulse induced in the line. 

v\Te can obta in a picture of how this 
characteristic impedance is determined by 
studying Fig. 2. Here we have a purely 
resistive network m ade up of the r esis­
tances indicated. If only the fast section, 
r 1 , r 2 , is connected across 100 vo lts, the 
current flowing will be 0.01 ampere and 
th e resistance will be 

E 100 
R 110 ohms 

.91 

Jf three sections are connected across 
JOO volts the curren t will be 2 .06 amperes 
and 

100 
R = -- or 48.4 ohms 

2.06 

Simil arly it can be shown that the re­
sistance of 6 sections is 38.6 ohms. At thi s 
point it will be noted that the r esistai!ce 
has decreased less th an 10 ohms even 
though the number of sec tions in the cir­
cui t have been doubled . T his leads to 
th e assumption that if a sufficient number 
of sections were added a point would be 
reached where an increase in th e number 
of sec tions would not decrease th e total 
res istance of th e circuit b y any noticeable 
amount. It ca n be shown mathematically 
that the total resistance of such a circuit 
composed of an infini te number of sec­
tions is 37 ohms. 

I SECTION 3 SECTIONS GSECTIONS 

10 I 10 10 I 10 10 10 
I ' ' ' ?"I ' ' I INFINITE 

IOOv 100 ': 100 JOO : IOC 100 100 :NOOF .. , I SECTIONS 

' 

Fig. 2-ParalleJ-serics resistance network of 
an infin~te number of sections. 

Although the mathematics for calculat­
ing the characteristic impedance of an r-f 
line is much more involved th an this re­
sistance ne twork exampl e, it should be 
evident th at th e same reasoning appl ies 
to both cases. In other words, an infinitely 
long line must presen t a cel'tain impe­
dance to an applied r-f voltage. 

Resonant and Non-Resonant Lines 

Every transmission line r egardl ess o f 
physical construction may be classed as 
eith er resonant (tuned) or non-resonant 
(untuned). If it is terminated in its 
charac teristic impedance it is non-resonant 
or untunecl . Non-resonant lines are usu-
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lly employed for receiving antennas. Al­
though a perfect match is difficult to ob­
tain in practice, a close approximation is 
possible. It is important to remember 
that the line must be terminated in a 
pure resistance; a reactive component in 
the terminating load wi ll cause reflections 
of voltage and current even though the load 
impedance in ohms equals the characteris­
tic impedance. The reactive component in 
a load can be tuned out in order to ob­
tain a pure resistive effect. 

Standing Waves 

If the load is not resistive and matched 
to the line impedance it reflects signal 
back into the line. The combination oi 
the outgoing and reflected signals produce 
what are commonly referred to as standing 
waves on the line. An r-f voltmeter may 
be used for measuring the voltage waves 
and an r-f ammeter inserted in series with 
one conductor for measuring the current 
wave providing the line is carrying suffi­
cient power when used for receiving pur­
poses; therefore, it is necessary to couple 
an r-f osci llator to measure the standing 
waves. It is important to remember that 
even though the maximum and minimum 
points of the waves are stationery (as Jong· 
as the load does not vary) that the actual 
voltage and current are alternating at the 
r-f frequency. There is no cl-c component 
of either voltage or current. 

The presence of standing waves on a 
transmission line indicate a mismatch be­
tween the line and the load. If the load 
does not match the line the length of the 
line becomes critical. The ratio of mis­
match is approximately equal to the 
standing-wave ratio, providing there is 
little or no reactive component in the 
load impedance. 

Emax 
The standing-wave ratio 

Emin 
where Emax is the voltage at the peak of 
a wave and Emin is the voltage minimum. 
A standing-wave ratio less than 2 to 1 is 
to be desired for a satisfactory non-reson­
ant line. For example, if an r-f voltmeter 
indicated a voltage peak of 12 volts and a 
voltage minimum of 4 volts-

12 
the standing wave-ratio would 

4 
or 3 to I. This indicates that the load 
impedance is either 3 times greater or 
one-third the characteristic impedance of 
the line. 

Line and Load Impedance 

Previously it was stated that the signal 
was reflected back along the- line unless 
the load impedance equaJJecl the line im­
pedance and was purely resistive. Also, 
that the impedance presented to the r-f 
generator by the line, plus the load, equals 
the load impedance only when the two are 
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Fig. 3-Characteristics of line sections. 

matched. This suggests that the line ter­
minated in other than i ts characteristic 
impedance might be used either as an im­
pedance matching transformer, or as re­
active (inductive or capacitive) elements in 
an r-£ Circuit. 

If a line is terminated in a short cir­
cuit, there is no · load resistance in which 
to di ssipate the energy, therefore, it is re­
flected back toward the r-f generator. The 
standing waves of voltage and current 
along the line are 90 deg. out of phase, 
which also indicates that no power is be­
ing dissipated. It will be noted that a 
voltage minimum and a nirrent maxi­
mum occur at the shorted encl. This is 
logical since high current and low voltage 
are to be expected at a short circuit. 

If the line is terminated in an open cir­
cuit, tbe voltage and current loops are re­
versed and a voltage max imum and cur­
rent minimum appears at the open circuit 
encl. Again these are the conditions to 
be expected at an open circuit and indi­
cate that no power is radiated. 

The foregoing discussion dealt with a 
line of specific length. It was emphasised 
that location of the voltage and current 
maximums were determined solely by the 
value of load impedance at the receiving 
encl of the line. If a li ne is shortened by 
one-quarter wavelength the impedance 
seen by the generator will be reversed from 
a high to low impedance, or vice versa , 
as the case may he, Tegarclless of whether 
the line is terminated in a short or open 
circuit. A quarter-wave section of line, 
therefore, presents either a high impe­
dance when shorted or a low impedance 
when open circuited. 

Resonant Circuit Effect 

H is apparent that the characteristics of 
a quarter-wave section of line, are similar 
to a resonant circuit. For example, a 
parallel tun ed circu it presents a high im­
pedance at one frequency; a shorted 
quarter-wave line also presents a hig11 im­
pedance at one frequency. Likewise, a 
series tuned circuit presents a low impe­
dance path for r-f at its resonant fre­
quency and an open quarter-wave is prac­
tically a sh'.)rt circuit t'.l r-f induced at its 
input encl. The characteristics of open 

and shorted sections of line are shown in 
Fig. 3. These characteristics repeat when 
multiples of an electrical half-wave are 
added and are inverted as odd numbers 
of electrical quarter-wave sections are 
added . 

If the input frequency applied to either 
a parallel or series resonant circuit in­
creases, the circuit becomes inductive. If 
the frequency is decreased below the res­
onant frequency, the same circuit becomes 
capacitive. Quarter-wave transmission 
lines behave in exactly the same manner. 
Fig. 3 shows this relationship for both 
quarter and half-wave lines. 

from the foregoing discussion it is evi­
dent that transmission lines may be used 
as: (I) Impedance matching transformers, 
(2) voltage or current transformers, (3) 
parallel or series resonant circuits, and ( 4) 
phase inversion transformers. (A qual"ter­
wave line shifts the phase 90 deg.) . 

Propagation Constant 

Because r -f energy trnvels more slowly 
on a wire than in free space, the wave­
length is shorter on the wire than in 
space. 

This is because the:-
velocity 

wavelength is equal to ---­
frequency. 

The velocity of an r-f wave in free 
space is equal to the velocity of light or 
300,000,000 meters per second. There­
fore, 

300,000,000 
a wavelength in meters = -------

£ 
when f is in cycles per second. The elec­
trical length, previously mentioned, then 
differs slightly from the length in terms 
of the free space wavelength. The capaci­
tance eff~cts between the wires themselves 
and beL'"'een each wire and ground de­
crease the velocity of propagation on the 
line. The insulating material between the 
wires have a dielectric constant greater 
than a ir, which in"creases the effective ca­
pacitance, which also affects the wave 
velocity. The factor by which the velocity 
in a line is reduced from the velocity in 
free space is called the propagation con­
stant. It is al ways less than one. 
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The propagation constant for some com· 
mon lines are:-
Parallel line (open, bare) 
Parallel tubing 
Parallel line (polethylene insulated 

0.975 
0.95 

300 ohm f-m leadin) 0.85. 
Coaxial line (air insulated) 0.85 
Coaxial line (rubber insulated) 0.60 
Twisted pair 0.60 

Most manufacturers give the propaga· 
ti on constant on every spool or roll of 
line intended for r-f transmission. To find 
the wavelength of a certain frequency on 
a pecific line multiply the wavelength in 
free space by the propagation constant. 

. Analysis of Different 
Types of Lines 

The follo,ving types of lines are recom· 
mended for · use as antenna lead ins:­

(1) Parallel polethylene insulated line. 
(2) Coaxial plastic insulated line. 
(3) Shielded pair, rubber covered line. 
(4) Twisted pair. 
The parallel polethylene insulated line 

has become the most popular type trans­
mission lines for f-m antenna lead in in the 
average home. It is economical, easy to 

. install , has low losses (about 1.5 db per 
hundred feet) and is available in a variety 
of impedances (Zo) including 300 ohms, 
which is the R fA suggested standard in­
put for f-m receivers. For relatively short 
lead ins (75 to JOO feet) this line is very 
satisfactory. 

Coaxial Lines 
The chief purpose of coaxial lines is to 

keep down radiation losses. In two-wire 
parallel lines, the electric and magnetic 
fields extend out into space thus causing 
radiation losses and noise pickup from 
other sources. In a coaxial line, how­
ever, no fields extend outside the outer 
cond uctor. All fields exis t in the space 
between the two conductors. The coaxial 
line is, therefore, perfectly shielded. (This 
is not actually true in the flexible coaxial 
line, for there is some leakage through 
the flexible metal braid of the outer con­
ductor). Losses also occur in the rubber 
or plastic insul ation used between the 
inner and outer conductor. 

Shielded Pair 
Shielded pair lines usually consist of 

two parallel conductors separated from 
each o th er and surrounded by an insulat­
ing material, usually plastic, and contained 
in a copper . braid tubing which acts as a 
shield for the conductors. This copper 
braid is usually covered with a protective 
coating of rubber to protect it from mois­
ture and mechanical damage. 

The most important advantage of the 
the shielded pair is the fact that the two 
conductors are balanced to ground; that 
is, the capacity between each conductor 
and ground is uniform along the entire 
length of the line. To appreciate this im­
provement, let us consider the open pair 

· ~2 

or unshielded line. I£ radiation in such a 
line is to be prevented, the current flow 
in each conductor must be equal in am­
plitude to set up equal and opposite mag­
netic fields and thereby cancel out. 

This condition can be obtained if the 
line is well in the clear of all obstructions; 
but suppose that the line runs near some 
ground or conducting surface, and that 
one of the two conductors is nearer that 
obstruction than the other. A certain 
amount of capacity will exist between the 
two conductors and the conducting sur­
face over a length of the line, depending 
upon the size of the obstruction. This 
capacity acts as a parallel conducting path 
for each half (conductor) of the line, 
causing a division of current flow be­
tween each conductor and the interfering, 
or stray capacity. Since one conductor is 
nearer the obstruction than the other, the 
current will be greater on one line than 
on the · other; therefore, incomplete can­
cellation will result and radiation will take 
place. 

Since the spacing between the two con­
ductors of a shielded pair is considerably 
Jess than that of an unshielded pair; the 
characteristic impedance of the line is low­
er. Also the propagation const~!' t of a 
shielded pair is usually lower than that 
for an open line. 

The twisted pair, as the name implies, 
consists of two insulated wires twisted to 
form a flexible line without the use of 
spacers. It generally is used as an un­
tuned line for low r-f (standard broadcast 
band). It is not used at the higher fre­
quencies because of the losses occurring 
in the rubber insulation. Its chief ad­
vantage is that it may be used where more 
efficient types of lines would not be practi· 
cal, due to mechanical problems of instal­
lation and increased cost. 

Summary on Choice of Lines 
(l) An open or unshielded pair is com­

monly used as a lead in for f·m receiving 
antennas if the run is less than 100 feet 
and economy is a factor. 

(2) Coaxial lines are used as an unbal· 
anced line where it is convenient to 
ground one leg of the circuit and where 
radiation losses from an unshielded pair 
might be excessive. A practical applica­
tion of a flexible coaxial line is as a lead­
in for an a-m antenna in which the lead in 
must pass through a high noise area. 

(3) The shielded pair is used where ra­
diation losses from an unshielded pair 
would be excessive, but where it is desir­
able to maintain a balanced line. The 
cost per foot of the shiekled pair is greater 
than either the open pair or the flexible 
coaxial line. 

(4) The twisted pair is used as a lead in 
for centre-fed or balanced a-m antennas 
designed for maximum noise suppression 
at nominal cost. 
*This article ti rst appeared in "Service" and 
is reprinted by special arrangement with the 
publishers. 
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By 

HARRY N. EDWARDESz B.Sc., B.E. 

Microwave radar, more than any other radio application was 
responsible for the development of the magnetron as an 
efficient generator of power at centimetre wavelengths. 

The reSGnant cavity magnetron had 
been the secret weapon of the British 
radar scientists in the earlier years of 
World War II; the boffins had fought 
the military leaders for months to gain 
its release from the sacred precincts of 
the laboratory, so that it could be used 
in the airborne equipment which made 
possible the precision bombing of Ger­
many. 

By the end of the war, magnetrons cap­
able of peak powers ranging from 50 
kilowatts to 3,000 kilowatts · at wave­
lengths from 3 to 50 centimetres had 
been produced in large quantities in Eng­
land, U.S.A., Canada and Australia. 

The magnetron is a diode in which the 
behaviour of electrons is governed by ·a 
magnetic as well as an electric field. 
The cathode and anode take the form 
of co-axial cylinders. In the early modes 

Fig. 1.-Early model of a split anode 
magnetron. 
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the anodes were single continuous cylin­
ders, whilst later types have split or 
multi-segment anodes. The modern mag­
netron is far removed from its pre~war 
forerunner, which resembled a conven­
tional diode and was used in conjunction 
with an external circuit. A typical ex­
ample of an early magnetron is shown in 
Figure l, whilst Figure 2 is a modern 3 
cm. tube. This latter has a multi-seg­
ment anode with self-contained circuits 
in the form of resonant cavities. 

Historical. 

The principle of the magnetron tube 
was discovered in 1921 by Hull of the 
General Electric Co., U.S.A. It resulted 
from the study of electron motion in a 
diode with both electric and magnetic 
fields. · 

Many scientists, in various countries 
have contributed to the development of 
the magnetron. Different types of oscil­
lation or modes, depending upon the 
mechanical construction and operating 
conditions, have been discovered. 

For example, a German, Habann, · in 
1924, first discussed the negative resistance 
or dynatron mode, later work being per­
formed by Magow in England and Kilgore 
in the U.S.A. 

PART 3 

THE MAGNET RON 

In 1924 also, another mode, known as 
the electronic or transit-time oscillation 
became evident to Zacek in Czecho­
slovakia. This was analogous to the oscil­
lations in a positive grid of Barkhausen 
and Kurz oscillator. 

Furtl,er investigations by Yagi and 
Okabe in Japan led to improved .opera-

Fig. 2.-The. Western Electric magnetron 
type 725A. This is capable of 40 kW peak 

at 3.2 cm with 40% efficiency. 

tion in the electronic mode with split 
anode magnetrons. 

The aims of the scientists were to im­
prove the efficiency and power output, as 
well as to increase the frequency of opera­
tion (i.e., to decrease· the wavelength). 
These aims arose from the demands of 
pure science rather than the possibility 
of any practical application. 

In this quest for power, efficiency and 
frequency notable results were obtained 
in the U.S.A. by Linder of R.C.A., who 
produced 2~ watts at 12 per cent. effici­
ency and 10 cm. wavelength in 1936; Clee­
ton a_nd Williams in the same year reach· 
ed the extremely short wavelength of 0.64 
cm. with a split anode magne·~ron. 

Maintaining strict chronological order, 
the next step in the history of the mag­
netron was made by the two Soviet scien­
tists, Alekseev and Malairov, who in the 
years 1936, 1937 developed the resonant 
cavity magnetron-the modern form of 
this tube. This development apparently 
did I)Ot become ·known in England and 
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Fig, 3.-The first magnetron produced lit 
Birmingham. The power output was 400 

watts at 10 cm, 

the U.S.A. until 1944, when a translation 
was published in the Proceedings of the 
Institute of Radio Engineers of America 
( 1) of a paper presented in the Russian 

Journal of Physics in 1940. The Rus­
sians obtained 300 watts at 9 ems. with 
20 per cent. efficiency. A magnetron giving 
2 watts at 2.6 cm. was also prodliced. 

The equivalent milestone was not reach­
ed in England until 1940, when Boot and 
Randall (2), under Professor Oliphant at 
Birmingham, made an experimental mag­
netron capable of 400 watts at 9.8 cm. 
with an efficiency of 10 per cent. Figure 
3 is a photograph of this first English 
cavity magnetron, showing the cavity in 
detail. This was a considerable achieve­
ment for those concerned in view of the 
fact that the. task of developing a high 
power 10 cm. generator had been assigned 
to them only about six months previously. 

After preliminary investigations of the 
Klystron which showed no promise of 
producing high power, effort was soon 
concentrated on the magnetron. How­
ever, some of the Klystron principles were 
recalled and the result was the applica­
tion of cavity resonators to the magnetron. 
Cylindrical resonators were found more 
convenient than rhwnbatrons which were 
used in Klystrons. 

There has been no major change in 
the design of magnetrons since 1940. Less 
5pectacular development has comprised 
the design of magnetrons suitable for 
pulsed operation, strapping for improved 
efficiency, theoretical work by Slater and 
others in the U.S.A. and the production 
of tunable magnetrons. The wavelength 
limit has been forced down to a few 
millimetres. 
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Fig, 4.-Electron trajectories with the cor­
responding plate current v. magnetic field 

characteristic. 
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Magnetron Characteristics. 

A magnetron is operated with a high 
positive potential on the anode; this pro­
vides a radial electric field. The mag­
netic field is applied in the direction of 
the axis of the electrodes. Thus, electrons 
emitted from the cathode tend to move 
outwards under the influence of the radial 
electric field; the magnetic field applies 
a force to the electrons at right angles 
to the radius in the same way as a mag­
netic field through a circular conductor 
causes electrons (i.e., current) to flow in 
the conductor. 

Under the influence of the two fields 
the electrons describe paths in the inter­
electrode space approximating to epicy­
cloids (see Fig. 4). An epicycloid is the 
curve that would be generated by a point 
on the edge of a circular disc rolled round 
on the cylindrical cathode. 

The magnetic flux governs the extent 
of the curving of the electron paths, and 
for any anode voltage there is a certain 
value of flux called the critical or cut-off 
field, beyond which no electrons reach the 
anode. They return to the cathode to be 
either re-absorbed into the latter or at­
tracted again towards the anode. (Fig. 4 
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Fig. 5.-Feedback type of magnetron oscilla­
tor suitable on]y for audio frequencies. 

c and d.) This cut-off characteristic may 
be depicted graphically as shown .in Fig. 
4 beneath the drawings of the electron 
trajectories; plate current is here plotted 
against magnetic field for constant anode 
voltage. The level porrion of the charac­
teristic up to the vicinity of the critical 
field represents the limiting valve of 
cathode emission. 

Thus, in the magnetron, the magnetic 
field plays an analogous role to the grid 
of a triode. 

Feedback Oscillations. 

Of academic interest rather of practical 
value is the magnetron feedback oscillator 
which is somewhat analogous to a triode 
oscillator. 

By arranging for the alternating plate 
current to pass through the field electro­
magnet winding, feedback of energy from 
the plate circuit is possible and audio fre­
quency oscillations may be produced with 
a magnetron. A circuit for an oscillator 
of this type is shown in Fig. 5. 
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Fig. 6.-Static characteristics of a two­
segment magnetron illustrating the negative 

resistance. 

U.H.F. Magnetron Oscillations. 
A complete answer to the question 

"How does a Magnetron Oscillator work" 
would require a lengthy explanation be­
cause of the many different modes of 
operation and the complexity of the pro­
cesses involved. The literature available 
on the subject is copious, so that in this 
article simplified qualitative explanations 
will be given which will serve to illustrate 
the methods of analysis which are em­
ployed. 

Referring to the characteristic curve and 
the diagrams of Fig. 4 it is seen that, be­
yond the cut-off point, flectrons do not 
reach the anode but are able to perform 
complete epicycloids. All U.H.F. mag­
netron oscillators are operated in this re­
gion (i.e., for the quiescent state). Oscil­
lations depend upon the interchange gf 
energy between the electrons and the elec­
tric fields with the magnetic field apply­
ing the appropriate control: Electrons ob­
tain energy as a result of accelerati01;i by 
the D.C. electric field; the magnetic field 
moves most of them into positions where 
they have to deliver their energy to the 
U.H.F. alternating field resulting from the 
voltage applied to the anode by the tuned 
circuit (s) thus maintaining oscillations in 
these circuits. 

If the anode cylinder of a magnetron 

CONDE'~"1 

Fig. 7.-Circuit of a split anode negative 
resistance magnetron oscillator. 
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is split into two halves about a plane 
through its axis the tube exhibits a nega­
tive resistai;ice characteristic for certain 
voltage conditions, when the magnetic 
field was somewhat beyond the cut-off 
valve. This behaviour is illustrated in 
Fig. 6; a nega.tive resistance effectively ex­
ists between the two segments for potential 
differences between them up to 500 volts 
(i.e., Ea-Eb). 
If an external tuned circuit is connected 

between the segments, sustained oscilla­
tions, of the natural resonant frequency 
of the circuit, will result. 

Negative Resistance. 

Fig. 7 depicts the usual circuits of a 
split anode negative resistance magnetron 
oscillator. The tuned circuit may con­
sist of a coil and condenser at low fre­
quencies or a resonant line at higher fre­
quencies. 

To discover the reason for this negative 
resistance behaviour Kilgore (3) of R.C.A. 
analysed the paths of electrons for vari­
ous potential conditions. His theory was 
confirmed by experiments with a special . 
magnetron in which gas ionisation 
enabled a visual study of electron paths 
to be made. Photographs compared fav­
ourably with predicted paths (see. Fig. 8). 
With the field configurations correspond­
ing to the negative resistance region, 
some electrons, starting towards the high 
voltage plate may reach it, but most of 
these electrons spiral round and finally 
reach the low voltage plate (see Fig. SA). 
The result is that if the voltage Ea-Eb 
is increased the current Ia-lb is decreased 
as shown in Fig. 6. 

The negative resistance split-anode mag­
netron will <'lperate with good efficiencies 
up to a frequency of 600 Mc/ s. It has 
been found that electron transit time is 
responsible for the falling off in efficiency 
at high fr~quencies. 

In later developments the oscillatory cir-
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Fig. 9.-Electron paths in magnetrons. (a) 
Energy absorbing electrons; ( b) Energy giv­
ing electrons- single anode magnetrons; (c) 
Energy absorbing electrons; (d) Energy giv-

ing electrons- split anode magnetron. 

RADIO SCIENCE, May, 1948 

.i:4-so .... 
Fig. 8.-Paths of electr"ns in a split anode magnetron with unequal voltages on the two halves. 
On the left is the theoretical path, whilst at the right is a photograph of an electron path in 

Kilgore's experimental magnetron. 

cuit, cons1stmg of a Lecher system of 
heavy cross section copper was placed 
inside the tube envelope. Dissipation of 
about 200 watts was possible with this 
construction whilst with water cooling, 
tubes dissipating 500 watts and delivering 
100 watts 2t 600 Mc/ S with an efficiency 
of 25 per cent. have been made. 

An output of 80 watts at 10 cm. has 
been obtained with a negative resistance 
magnetron by using water cooling and 
continuous evacuation. 

Electronic Magnetron 
Oscillations. 

Whilst the single anode electronic mag­
netron of Zacek was an important step 
in the development of the magnetron, it 
will be of more interest to examine the 
mechanism of the split anode electronic 
magnetron. Much of the theory of this 
tube applies to the modern multi-anode 
type. 

For this mode the magnetic fielq is ap­
preciably above the cut-off value; the 
paths of electrons with equal and constant 
voltages on the two halves of the anode 
would be roughly epicycloids as shown in 
Fig. 4. Consider now the effect of an 
alternating voltage between the two 
halves of the anode, on the motion of 
electrons leaving the cathode. Electrons 
emitted from the cathode surface opposite 
the gaps between anode segments are sub­
ject te a transverse as well as a radial 
field (due to the steady D.C. potential. 
The motion of the electron depends upon 
the direction of the resultant field which 
alternates between the two extremes indi­
cated in the small vector diagrams in Fig. 
9 c and d) . 

The effect of the alternating field is to 
deflect the electron orbits from their D.C. 
configuration in the direction of the dis­
placement of the resultant field from the 
radial field (refer to vector diagrams in 
9 c and d). Electrons of the group which 
are swung into a smaller radius experi-

ence angular acceleration and hence gain 
energy from the alternating field, whilst 
those deflected outwards are regularly de­
celerated and deliver energy to the alter­
cathode after one excursion, the latter 
being able to perform several epicycloids 
before reaching the anode. (Fig. 9d.) 

Since those electrons delivering energy 
remain in the field longer than those ab­
sorbing energy they are able to deliver 
more energy to th~ source than is ex­
traced from it. Thus if a suitable oscil­
latory circuit is connected between the 
anode segments, sustained oscillations 
would be produced once they had been 
started by some slight change of anode 
voltage. The frequency of oscillation is 
determined by electron transit time. 

The electrons returning to the cathode 
cause a bombardment which gives rise to 
heating and secondary emission from the 
cathode. Precautions are necessary to 
overcome ill-effects resulting from this 
phenomenon. 

Anode Tank Circuit. 

A great advance was made when Linder 
(4) in 1939 developed the anode-tank cir­

cuit magnetron which was capable of 20 
watts at 8 ems. with an efficiency of 22 
per cent. The increased power and ef­
ficiency of this tube was due to the incor­
poration of the tuned circuit into the 
anode as indicated in Fig. 10. The anode 
was a quarter wave length long and the 
two halves were short circuited at one 
end to form a resonant line. Connections 
to the load were marl '.! by a two wire 
transmission line from the opposite end 
of the anode as shown in Fig. 10. The 
inter-electrode capacitance thus became 
the distributed capacitance of a transmis­
sion line and no longer limited the fre­
quency. The "Q" of the tank circuit was 
higher due to the lower resistance tuned 
circuit and the anode dissipation was im­
proved as d . result of the larger anode 
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Fig. 10.-Linders' "anode-tank-circuit" incor• 
porating the tuned circuit in the anode. 

radiating surface which was available; the 
short circuiting end of the anode was 
made very large in order to dissipate heat. 

The Multi-Segment 
Anode Magnetron. 

The operation of the multi-segment 
resonant cavity magnetron can be ex­
plained by a concept similar to that em­
ployed in the case of the split anode elec­
tronic magnetron. 

Considering two gaps on opposite sides 
of the ·cathode, assuming that the alter­
nating voltages across them are of the 
same amplitude and are in phase, the 
motion of the electrons would be the same 
as for the split anode case. Fig. 11 illus­
trates this motion; the paths of the two 
classes of electrons, together with the 
"D.C." electron path are drawn. If the 
fields due to the alternating voltages be-

tween alternate segments were of opposite 
polarity as depicted by the curves sur­
rounding the sketch (Fig. II) a rotating 
field system or travelling wave of voltage 
on the segni.ents would result. The effect 
would be for the field to move round in 
synchronism with the electrons so that the 
favourable deceleratiRg electrons would 
deliver energy continuously. 

If tuned circuits in the form of resonant 
cavities are connected between the segments 
they will receive the energy from the elec­
trom. A small amount only of this energy 
would be necessary to provide the neces-

. sary field. The alternate anode segments 
would of necessity be of opposite polarity 
at any instant so that the required rotat­
ing tangential field would be provided at 
the cathode. 

Energy may be led to an external cir­
cuit by means of a coupling loop in one of 
the cavities which are all fairly closely 
coupled together. 

The higher efficiency of the multi-seg­
ment resonant cavity or travelling wave 
magnetron results from the greater over­
all rate of exchange of energy and the 
use of higher Q. circuits in the form of 
resonant cavities. 

Other Modes Possible. 

A phenomenon which occurs in multi­
segment magnetrons, however, is the possi­
bility of other modes, ass_ociated with dif­
ferent numbers of repeats or cycles of the 

alternating field round the anode system. 
For example, 4, 2 and 1 cycles are pos­
sible with the 8-segment anode depicted 
in Fig. II. Those are analogous to har­
monics in a triode oscillator and result in 
oscillations at different frequencies corres­
ponding to slightly differinF: voltage and 
field conditions. The mode considered 
above corresponds to 4 cycles and is called 
the "T" mode because there is 180 deg. 
or 7r radians phase change between seg­
ments. 

Sayers in 1941 discovered that strapping 
of the segments by means of wire bridges 
reduced the tendency to moding. Higher 
modes could occur in strapped magnetrons 
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Fig. 11.-Electron orbits in a multi-anode 
magnetron. (!) DC; (2) Decelerated: (3) 

Accelerated. 

Construct Your First 
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F. M. RECEIVER 
We have a few more R.A.A.F. Radar Receivers Type AR301 suitable for simple 

and inexpensive conversion to a F.M. Receiver as described in the March issue of 

Radio Science. 

Price, with the necessary oscillator and discriminator coils .......... £5/10/0 
(Freight extra) 

l 0.7 mes. l.F.'s available. Tuning units 88 to 180 mes. available shortly. 

Daily demonstrations of F.M. given at our factory from 10 a.m. to 4 p.m. 

SLADE'S RADIO PTY. 
'PHONE: U'J5381, UJ5382 LANG STREET, CROYDON, N.S.W. 

Established over thirty years 
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Fig. 13.-Tunable cavity magnetron type AJ51. 

but only with greatly differing voltages 
between modes. This technique improved 
efficiencies from 25 to 40 per cent. Later 
it was found that strapping provided a 
means of adjusting the frequency of mag­
netrons during assembly; bending of the 
straps slightly alters the circuit constants. 
This adjustment is performed by the cold 
resonance method with C.W. signal, be­
fore the tube is sealed. 

Modern Magnetrons. 

All modern radar magnetrons are con­
structed on the multi-segment resonant 
cavity principle. Magnetrons have been 
produced to cover the range from 50 cm. 
wavelength down to 1.2 cm. Efficiencies 
range from 30 per cent. at moderate 
powers to 60 per cent. at high powers 
(over 200 kw peak). Several types of one 
megawatt (1000 kw) magnetrons have 
been produced in the 10-20 cm. region, 
whilst 3.4 Mw has been obtained by Boot 
at 10 cm. wa.velength. Average powers in 
the region of 250 watts are common but 
CW operation at high powers of these 
magnetrons is not practicable because of 
overheating of the anode and cathode and 
consequent low efficiency. 

A typical 25 cm. radar magnetron is 
shown in Fig. 12 with one of the end 
plates removed, and minus its air cooling 
finds. This is the Australian AV 20 pro­
duced by the Amalgamated Wireless Valve 
Co. The resonant cavities in the AV 20 
are slightly different from those of most 
other magnetrons in that they are made 
by brazing vanes to the inside of a copper 
cylinder. 

The magnetron anode is normally fitted 
with fins for air cooling and is operated 
at ground potential with a high voltage 
negative pulse applied to the cathode. The 
magnetic field is applied in the direction 
of the cathode axis and is invariably sup­
plied by a permanent magnet. The out­
put coupling loop is brought out to a 
suitable connector or, as in the case of 
the AV 20, to a probe which projects into 
a waveguide in the transmitter. 

Some magnetrons have built in per­
manent magnets; these are called packaged 
magnetrons. 

Magnetic flux densities range from 1,000 
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gauss for 50 cm. wavelength to 5,000 gauss 
for 1.2 cm. whilst anode voltages of 12 to 
30 Kv (peak) are employed. 

Tunable Magnetrons. 

Most radar magnetrons have fixed tun­
ing although a more recent tendency has 
been towards tunable types. Bell Labora­
tories in the U.S.A. undertook a pro­
gramme of developing tunable magnetrons 
for the 20-45 cm. range and about four 
types have been pxoduced. The prin­
ciFle employed was variation in the capa­
citance between the resonator system and 
the tuning member which was supported 
on an adjustable diaphragm. A tunable 
magnetron is illustrated in Figure 13. 

The circuit into which a magnetron de­
livers power has a very marked effect on 
the frequency and power output of the 
tube, and the behaviour of any particular 
magnetron under specified output imped­
ance conditions is a big factor in deter­
mining its merit as an oscillator for any 
application. 

C.W. Magnetrons. 

Tunable C.W. tubes have been pro­
duced in England and America in recent 
years. These tubes operate at much lower 
anode voltages and currents than pulsed 
magnetrons and it was necessary to use 
small anode and cathode diameters than 
for pulsed tubes. 

For example, a 10 cm. C.W. magnetron 
had an anode bore of 0.22in. with 16 
radial vanes forming the cavities; 1500 
volts and a field strength of 1800 gauss 
were used. A power output of about 60 
watts was obtained . An untuned 10 cm. 
C.W. magnetron has been produced 
which will deliver 500 watts at 60 per 
cent. efficiency. 

In conclusion, it may be pointed out 
that the development of the magnetron 
has been international, that the pulsed 
magnetron was brought to a high level 
of development during World War II 
and that future work will probably be 
centred on the production of more effi­
cient C.W. magnetrons. 

"Fig, 12.- A 25 cm type A V20 Australian made 
radar magnetron. Note "strapping" of anode 

segments. 
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physics Laboratory. 

(To be continued.) 

SOME REPRESENTATIVE RADAR MAGNETRONS PRODUCED IN ENGLAND, U.S.A. 
AND AUSTRALIA 

Wave Magnetic Peak Peak Peak 
Length Field Anode Voltage Power EfficiencT 

Cm. Gauss Current · volts Kilo- % 
Type Maker amps watts 

725A W.E. 3.2 5500 10 12 40 30-40 
CV355 English 3 5500 23 22 200 50 
HK7 Raytheon 10 2000 40 30 750 60-65 
CV76 S.T.C. 10 2300 40 25 400 50-60 
AV16 A.w.v. Australian equivalent of CV76 
4J51 W.E. 32 1100 20 29 400 35 
(tunable) 
AV20 A.w.v. 25 1100 35 30 600 60 
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"RA D I 0 S C I E N C E" KIT SETS NOW AVAILABLE 

Miniminor Portable Kitset. 

NEW MIDGET TUNING 
CONDENSER 

The recently introduced range of 
ROBLAN tuning condensers has now been 
augmented by the addition of a midget 
three gang condenser. This latest re­
lease should , find a ready application in 
small receivers where the addition of an 
RF stage is warranted. 

The sample received from the manu­
facturers compared very favourably with 
similar imported types, and some idea of 
the relative size can be obtained_ from 
the accompanying photograph. The 
type number is RMG 3, the maximum 
and minimum tuning capacities are 370 
aRd 9 mmf respectively, and it will track 
with "H" gang coils and dials. 

These condensers are manufactured by 
Robertson and Lansley and supplies an: 
now readily available through most radio 
stores, the price being approximately 25 /-. 
T1le local agents for the products are 
Electronic Industries Imports. 

The new Roblan three gang tuning condenser. 
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Advice has been received from the FN 

Radio and Electronic Co. that complete 

kitsets for the Miniminor Portable and 

Miniminor AC Mantel, :recently described 

in this magazine are now available for 

immediate delivery. 

In addition to the full kits, complete 
stocks of the special chassis and cabinets 
are now being held, and if required can 
be purchased separately .Further details 
as to price, etc., can be obtained by cal­
ing or writing to this firm at 265 Military 
Road, Cremorne. 

A.W.A. FM SIGNAL 
GENERATOR 

Latest addition to the A WA range of 
test equipment is an FM, I.F. Signal and 
Sweep Generator. This instrument is de­
signed to provide a calibrated signal of a 
fixed frequency for use in designing and 
testing FM receivers of both the broad­
cast and communication types. 

It combines the functions of a sweep 
generator for visual alignment of the I.F. 
and Detector stages and a low distortion 
signal generator for measurement of over­
all performance of the receiver from the 
converter to the audio output stage. 

Two models are available, type A51920 
with a 10.7 Mc. range with calibrated 
trimmer variation from 9.9 to 11.5 Mc. 
and type 1A51920 with a 2 Mc. range with 
calibrated trimmer variation from 1.96 to 
2.04 Mc. The centre frequency can be 
checked against the internal crystal marker 
and adjusted to an accuracy of + 0.013. 
The calibrated vernier dial is then accu­
rate to ± 0.23 except at the extreme ends 
of the calibration. 

Both models are supplied in a grey 

Miniminor AC Mantel Receiver Kit. 

wrinkle metal case, measuring 16 x IO x 
11 inches and weighs approx. 42 lb. 
Further details of this equipment can be 
obtained by writing to Amalgamated 
Wireless (A/ sia.) Ltd., 47 York Street, 
Sydney. 

* 
CONNISEUR CRYSTAL PICKUP 

The Australian release of the Conniseur 
crystal pickup should be of interest to 
all amplifier and recording enthusiasts. Of 
a new, robust design, as well as pleasing 
appearance, these pickups have been de­
signed to ensure the utmost in fidelity 
consistent low tracking error and mini­
mum record wear. 

The solid cast arm is free from any 
mechanical resonance effects, and this is 
counterbalanced and pivoted from a ball 
bearing support, reducing the tracking 
weight to one ounce at the needle point. 
The virtually unbreakable crystal unit is 
housed in this tone arm, and the crystal 
housing is of a special design to prevent 
damage due to dropping on records as well 
as being hermetically sealed against mois­
ture effects. 

The frequency response is from 20 to 
10,000 cps, with a voltage output of 1.6 
volts. The impedance is 265,000 ohms, 
whilst the distortion is reduced to less 
than one per cent. for the total harmonic 
and inter-modulation distortion. 

Four different models are available, de­
pending upon the particular application 
of the pickup, and details of these are 
contained in the technical bulletin issued 
by manufacturers. Readers requiring this 
information are requested to write direct 
Kelman Industries, Box 40, Hawthorn E.2, 
Melbourne. 
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SERVICE DATA SHEET 
A.W.A. RADIOLA MODELS 609-T, 707-C & 803-G 

ELECTRICAL SPECIFICATIONS VALVES: 
RF Amplifier 6U7G 
Converter 6J8G 
IF Amplifier 6U7G 
Det. AVC and 6G8G/ 
AF Amplifier 6B8G 
Power Amplifier 6V6GT 
Rectifier 5Y3GT 

LOUDSPEAKER: 

FREQUENCY RANGES: 
( 1) 1500-550 k.c. 
(2) 4.0-1.5 Mc. 
(3) 9.7-3.6 Mc. 
(4) 12.0-9.4 Mc. 
(5) 15.0-11.7 Mc. 
(6) 19.0-15.0 Mc. 
(7) 22.3-17.7 Mc. 

INTERMEDIATE FREQUENCY: 455 kc. 

POWER SUPPLY: 

7 inch, 1100 ohm FC. V Coil Impe­
dance 3 ohms, or 

12 inch, 1500 ohm FC V Coil Impe­
dance 12.5 ohms. 

200-260 v AC 50-60 cps. POWER OUTPUT: 4.2 watts. 

SOCKET VOLTAGES AND CURRENTS 
Control Grid Cathode to Screen Grid Plate to Plate 

Valve to Chassis Chassis to Chassis Chassis Current 
Volts. Volts. Volts . Volts. mA. 

6U7G R.F. Amp., M .W. -3.9* 0 95 255 7.0 
s.w. -3.5* 0 95 255 7.0 

6J8G Converter, M.W. -3.9* 0 95 255 0.8 
s.w. -4.5* 0 95 255 0.6-0.8 

Oscillator, M.W. 150 5.0 
s.w. 150 5.0 

6U7G I.F. Amp., M.W. -3.9* 0 95 255 7.0 
s.w. -3 .5* 0 95 255 7.0 

6G8G/ 6B8G Detector -1.5• 0 30• 125* 0.5 
6V6GT/G Output . . . . . . O 12.5 255 245 44.0 
5Y3GT/ G Rectifier ...... 700/ 350 V., 80 mA. Total Current Drain 

Heater 
Volts. 

6.3 

6.3 

6.3 

6.3 
6.3 

Measured with receiver connected to 240 volts A.C. supply. Volume Control at maximum. 

E 

l 

No signal input. *Cannot be measured with ordinary voltmeter. 

VI 
6U7C 

·o5 

V2 
6J8C 

c 
" 10 

I. "' 

/: R4 

::.0 r 

Vl 
6U7G 

.. o 
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ALIGNMENT PROCEDURE 
When using a signal generator or modulated oscillator with the tuning of the 

receiver fixed, two frequencies can be tuned from the test instrument, one 0.92 Meis 
higher in frequency than the other., In all cases the desired frequency is the lower 
of the two. 

Perform the alignment in the proper order as shown in the chart, starting from 
No. I and following oil operations across, then No. 2, etc. 

Keep the volume control set in . the maximum clockwise position and regulate 
the output of the test instrument so that a minimum signal is introduced to the 
receiver to give a standard indication on the output meter. This will avoid AVC 
action and overloading. 

Align­
ment 
Order~ 

10 

,, 
I) 

14 

•5 
lb 

" •R .. 
10 

} • 

n 
ll 

Ted Ins. 
Connect to 

Receiver. 

6J8G Cop.• 
6J8G Cop.• 
6J8G Cap.• 
6J8G Cop.• 

Aerial 
Aerial 

Aerial 

Aeriel 

Aerial 
Aerial 

Aerial 
A£::: rial 

Aerial 
Aeri a l 

Aerial 
Ae nol 

Act'1al 

Ae r1ol 
A.er.al 

Aen~t 

Acnc;1I 

Frequency 
Setting. 

455 kc. 

455 kc. 
455 kc . 

455 k 

I 
600 '" 

1500 kc. 

l45-0 kc. 

1450 kc. 

17.8 Mc. 
17.8 Mc. 

17.8 Mc. 
21.0 Mc.. 

15.2 Mc. . 

lt.8 Mc.. 
11.8 Mc.. 

11.8 Mc.. 
9.5 M c. 

9.0 Mc.. 
9.0 Mc. 

9.0 Mc. 
4.0 Mc. 

1
1.b Mc.. 
J.7 Mc 

ALIGNMENT TABLE. 

Bond 
Setting. 

Broadcost 

Broodc!ls l 

Calibration 
Scale 

Setting. 

O' 
O' 

Broadcllst Q
0 

Broadcast 0°• 
Re-ched I. 2 3. and 4. 

Broadcast 
Broodcast 

19° 
168° 

Broodcost 158° 

Broodcost 158° 
Re-check S. b. 7, ond 8 

22 .3-17.7 Mc 18° 
22.3-17.7 Mc. 
22.3-17.7 Mc. 
22.3 -17.7 Mc 

19.0-15.0 Mc 
15 .0. / l .7 Mc 

IS .0- 11.7 Mc 

IS.0-1 l.7 Mc 

12.0-9.4 Mc. 

9 7-3.b Mc 
9.7-3.b Mc. 

18° 
18° 

l4Q 0 

27 ' 

25° 
is• 
25° 
24° 

156° 
15b 0 

9.7.J.b Mc. ISb D 

9.7-3.b Mc 19° 

Rc -ched 18. 19, 20 & 21 

4.0- 1.5 Mc. 15 ° 
4.0-1.S Mc. 153 ° 

Re-ched 22 and 23 

Circuit to 
Adjust. 

2nd 1.F Trans. 
2nd l.F. Trans. 

Id l.F. Trans. 

1st l.F. Trans. 

Adiustment 
Symbol. 

Core l36 
Co·e L35 
Core l34 
Core L33 

Oscillatort Core LJ l 
Oscillator C 1.4 

Radio Frequency C28 

Aerial CIO 

Oscillotor 1 Core ll9 · 
Rodie Frequencyf C2b 

Aeriol CS 

Oscillator Cl2 
Oscillator Core l21 

Oscillator C ore l23 

· Rad io Frcquencyt C2S 
Ae rical CD 

Osciliafor Coro l25 
Oscillator CIS 

Radio Frequencyt C27 

Aerial CS 
Osc.i!lotor Core l27 

Oscillcifor Core l29 
Osc.illator C 19 

Adjust tr 
Obtain. 

Malt. Pea k 
Ma•. Peak 

Max. Peak 

Ma1t. Peak 

Calibration 

Calibration 
Mo)(, Peak 

Mo ... Peok 

Colibrotion 
Mo)( Peak 

Ma11.. Peak 

Calibrotion 

Cal1Lration 
Calibration 

Max. Peak 
M ox. Pea k 

Calibration 
Calibratio n 
Mox, Peak 

Mox. Peak 

Calibration 

Calibrat ion 

Max. Peak 

f-1nally, re-chcd broeidceis t ba nd. Th is is necessary only if the settin g o' Cl2 h~s been altered 

t Rod the tuning control bad end forth through the signal. 

•With qrid clip connected. A 0.001 uF capacitor should be connected in series with the "high" side of the test instrument 

The colum n headed "Calibration Scola Setting .. refers to the 180° scale on the gangad tuning capacitor drive drum. In 
tabnq readings on this scale, reod from the right -hand edge of the pointer, that is, the edge nearest the rear of the ch4ssis. 
Chcd tho setting of the drum before toking read ings. The zero mark should be opposite the pointer with the tuning capaci­
to r fully dosed 

CHASSIS REMOVAL AND REPLACEMENT 
(1) Turn the Phono-range switch to the 22.8-

17.7 Mc position and then remove the 
three control knobs from the front of 
the cabinet. 

To remove the two knobs at the side of 
the cabinet, proceed as follows: 

Table Model: 
The knobs pull straight off. Do not 
loosen the set screw in the lower knob. 

Console Model: 
The knobs are not removed but the 
spindles to which they are attached are 
parted at the couplings within the cabi­
net. 

(2) Disconnect the dial pointer from the drive 
cord, first unscrewing the thumb nut, and 
disconnect the cable from the loudspeaker. 

(3) Disconnect the Bowden cable which actu­
ates the band indicator on the dial scale. 
The cable is connected to the dial assem-
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bly at two points-the sheath to the top 
left-hand corner of the dial assembly 
(viewed from the rear). and the core to 
the band indicator. Loosen the thumb 
screws at these points and free the cable 
from the assembly. 

( 4) The chassis is held in the cabinet by four 
bolts. Remove these and withdraw the 
chassis from the cabinet. 

(5) Replacing the chassis in the cabinet fa a 
direct revers&.l of the above instructions, 
but care must be taken to connect the 
dial pointer to the drive cord as follows: 

(a) Turn the tuning control to bring the 
ganged capacitor plates into full mesh. 

(b) Connect the dial pointer to the drive 
cord with the pointer in a position 
opposite . the setting mark on the dial 
scale which is approx. 5/16in. to the 
right of the 550 kc. calibration point. 

~~· l!..ILIKRB!J.!!! 

CllA».M8QfAUl.!Um.!kJ:l~tQ~·~WU.l 

PHONO. MOTOR STOP ADJUSTMENT 

The patent stop and switch is fully auto­
matic. If stop fails to operate at finish of 
record, there is probably insufficient friction 
between lever A and lever B. This may be 
rectified by turning the friction screw in an 
anti-clockwise direction. If there is still in­
sufficient friction it may be that oil is pre­
sent on the felt friction pad. If so, remove 
the pad and wash it in petrol to remove the 
oil . 

When the stop operates early, i.e., before 
needle reaches the end of the record, the 
trouble is either due to excessive friction or 
to rubber bush on the trip lever being worn. 
Friction can be reduced by turning the fric­
tion screw clockwise. 

As this adjustment is very sensitive, the 
screw should not be turned more than a 
quarter of a turn at a time. Excessive fric­
tion may cause a knocking sound to be heard 
in the loudspeaker and undue wear on the 
records. 

When the rubber brush is worn this may 
be turned around on its pin to expose a new 
face to the striker. 

SIMPLE SHORT WAVE CALIBRATION 
ADJUSTMENT 

The short wave calibration may be adjusted 
slightly, without removing the chassis from 
the cabinet for full alignment, by adjusting 
four cores, L19, L21, L23 and L25 after a 
station of known frequency is received. 

The correct procedure is as follows : 
(1) Set the dial pointer so that calibration 

is correct on the medium wave band. 

(2) To adjust the calibration of the 22.3-
17. 7 Mc. band, tune in the known sta­
tion, and to shift the pointer position 
to the left turn Ll 9 clockwise or vice­
versa until the station can be tuned in 
at its assigned frequency. 

(3) The adjustments for the 19.0-15.0, 
15.0-11.7 and 12.0-9.4 Mc. bands are 
similar, using L21, L23, and L25 res­
pectively. 
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FOR THE EXPERIMENTER 
Sensitive Relay 

The 6J5 or similar triode valve can be 
connected up to provide a sensitive relay 
control. The plate voltage is not critical 
and should be adjusted to the value which 
gives best operation. 

The relay is actuated by touching the 
control, whilst still standing on the 
ground. This means that the unit can 
be wired to window catches, door knobs, 
etc., to make a sensitive burglar alarm. 

CONTROL 

A 6J5 or similar triolte is suitable for actua­
ting the relay in this circuit. 

Homemade Pilot 
Light Socket 

A handy pilot light socket can be made 
up from the large type of grid clip shown 
in the drawing. A 3/16 inch hole is 
drilled in the top of the clip for the fila­
ment lead. A bakelite washer, t inch in 
diameter, and having a 1/16 inch hole 
is cused to prevent short circuits. The 
filament lead is then threaded through 
this, and soldered to form a "knob," en­
suring positive contact with the base of 
the lamp. 

It will be probably necessary to slightly 
bend the tips inwards to allow a firm 
clamping of the pilot lamp screw bulb. 

1'4 BAKE.LITE. WAS~ER 

~~ 3,fa"l-JOLE IN 

TOP OF CLIP 

SOLDER 
it_ 

0 

1-JE.ATE.RS 

A large grid clip if modified as shown will 
make a useful pilot lamp socket. 
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Here is the method of connectiig a tuning 
indicator valve for use as a combined detector 

and signal indicator. 

Dual Use for Magic Eye 

Many uses have been made of the ver­
satile "magic eye" valves in the past, and 
here is one application which should in­
terest many experimenters. The types 
6E5, 6G5, EMl, etc., can be connected as 
shown in the diagram to make a suitable 
detector and yet still operate as a signal 
indicator. 

The valve can be mounted in the usual 
manner on the fFont panel of the receiver, 
but care should be taken to avoid over­
long leads, especially those from the 
second I.F.T. and to the audio output. 

OIALLAMP Vi TUBE ~OLDER 
,,.,.--------,1 

FLEX 
LEAD 

This diagram gives full details for construct­
ing a handy continuity tester. 

Low Resistance 
Continuity Tester 

A simple continuity tester can be made 
up by fitting a dial lamp holder in an 
! inch piece of tubing. One connection 
is taken direct to metal tip, and the other 
to the heater voltage via the flexible lead 
and clip. 

By clipping this on to the heaters in 
a receiver the continuity of coils, IF's, 
electrolytics, speaker fields, output trans­
formers, etc., can be easily and readily 

checked. 

Ohm's Law Reference Card 

Here is a handy device to keep by 
your side when doing any circuit cal­
culations involving Ohm's Law. Draw out 
a circle on a piece of cardboard approx. 
3" in diameter, and inside this transcribe 
another circle about r smaller. 

Divide the circles into four quadrants 
by d-rawing two lines at right angles 
through the . cen tre point, and then sub­
divide each quadrant into three sections 
as shown. This enables three different for­
mulae to be written in for the I (Amps), 
R (Resistance), E (Volts) and W (Power) 
calculations. 

Ohm's Law calculations can be simplified by 
the use of this card, 

A SIMPLE VYCE 
A makeshift vyce can be fashioned from 

an old hinge about 3 inches long. ThR! 
is mounted on a piece of !-inch wood 
with flat head wood screws. A machine 
screw and wing nut then completes the 
assembly and this handy vyce will be 
found useful for all kinds of small work. 
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NEW 2UW TRANSMITTER 
Technical details of the new aerial mast and transmitter 

recently erected at Homebush Bay by Station 2UW, Sydney. 

The new transmitting station and aerial 
mast situated at Homebush Bay, and re­
cently put into operation by Station 2UW 
should result in improved reception of 
that station in many localities. 

Mast Details. 

The all steel, guyed mast used as a ver­
tical radiator is 472 feet high, which cor­
responds to a wavelength of 0.53, and is 
of a triangular cross section construction. 
The mast base and guy anchorages are 
set on wooden piles driven approximately 
28 feet into the ground and situated in 
the salt water swamp. The associated 
transmitter house is built on high ground 
at a distance of 730 feet from the mast. 

A full half wave ground system occupy­
ing some 15 acres was laid using 120 

A ' view of the 472 feet high all-steel mast, 
now being used on all transmissions by 2UW. 
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radials, each 450 feet long and buried 
to a depth of 8 inches. The area on 
which the ground mat is laid is tidal for 
a large part of the year, with the average 
ground level only slightly above the high 
water level of Homebush Bay. This re­
sults in the area being covered with up 
to 18 inches of water during Spring tides. 

Because of this the aerial is fed via 
a 100 ohm concentric cable run in a duct 
4 feet above ground level as also are the 
mast lighting and telephone circuits to 
the mast. This level is approximately 2 
feet above the highest tide ever recorded 
by the Sydney Harbour Trust, and should 
take care of all like! y contingencies. 

The mast has been designed to with- · 
stand a wind velocity of 80 m.p.h. at 
ground level with an increase of I per 
cent. for each 100 feet rise above the 
ground level. Two sets of guys, 4t inches 
in circumference, are at the 369 feet level, 
and these are anchored 240 feet from the 
base. The lower set of three guys (each 
3 inches in circumference) is at the 185 
feet level and are anchored 160 feet from 
the base of the mast. 

Transmitter Equipment. 

The transmitter used is a 1,000 watt 
Class B modulated type and this equip­
ment is divided into six main sections­
Speech input console, Speech input ampli­
fier rack cabinet, Voltage regulator rack 
cabinet, RF filter unit, Transmission line 
change-over unit, and the main transmit­
ter. 

Speech Input console is on centrally 
situated control table and provides line 
attenuation, volume indicator, aerial cur­
rent meter, etc., giving the technician on 
duty full control of normal equipment; 
together with emergency use of local 
microphone and/or pick-up circuits. 

Speech Input Amplifier rack cabinet 
is 7 feet high and contains line equaliser 
programme amplifiers, limiting amplifier, 
programme failure alarm amplifier, moni­
toring amplifier and rectifiers, together 
with a jack field for isolating any par­
ticular amplifier as required. 

Voltage regulator rack cabinet. This 
matches the speech rack in size and houses 
distributing AC circuits and hand voltage 
regulator, together with switching ar-

rangement to bring automatic . voltage 
regulator int'O circuit. 

The radio frequency filter unit mounts 
at rear of transmitter and serves to re­
move spurious radiations which would 
otherwise be radiated due to cross modu­
lation from nearby transmitters. 

Transmission Line change over unit 
provides interlocked method of switching 
output of either of 2 transmitters to the 
main transmission line. Line arc over 
relay device also installed to shut down 
.transmitter momentarily in event of light­
ning flash, causing arc across line. 

TRANSMITTER PERFORMANCE 
FIGURES 

AUDIO FREQUENCY RESPONSE. 
C.P .S. • 100 % Modulation 

30 1 db 
so o~ 

100 0 
400 0 
600 0 
800 0 

1006 0 
2000 0 
3000 0 
4000 0 
5000 0 
6000 0 
7000 0 
8000 0 
9000 0 

10000 0.5 
11000 -0.5 
12000 -3.7 

The above test was taken with feed­
back of 18 db measured at 1000 c/s. 

AUDIO DISTORTION. PERCENTAGE. 
Frequency 100% Modulation 

50 3.4 
100 l~ 
400 1.5 

1000 2.1 
5000 3.3 
7500 4.0 

CARRIER NOISE. 
Below 108 % Modulation. Frequen­

cies, 250 cycles and lower .equal 63 DB. 
Frequencies above 250 cycles equals 
75 DB. 

SUBSCRIBE NOW. 
Make sure you receive every oopy of 

"RADIO SCIENCE" by placing a defi­
nite order with your newsagent. 

If you prefer, subscriptions may be 
made direct to our office-Box 5047, 
G.P.O., Sy.dney. 

Subscript1on Rates or 12/- per year 
or 21 /- for two years post free to any 
address in the Commonwealth. 
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Conducted by Ted Whiting 

SUN~POTS AFFECT RECE'PTION· CONDITIONS 

Extrem_ely erratic reception has been 
evident on all bands during the past 
weeks, and although many of our favour­
ite stations have suffered the ravages of 
the Sunspot disturbances, many signals 
are heard for brief periods which do not 
normally appear at these times. This 
sporadic reception is a featur_e of such 
disturbances, and the Short Wave listener 
should at all times be on the alert for 
such signals. 

There is no evidence at present that 
this disturbance will end in the imme­
diate future, and no doubt in the com­
ing weeks we will receive many interest­
ing logs from our readers . 

South Americans 

We are now approaching the time of 
the year when signals from the Central 
and South Americas are to be heard at 
ever increasing level, and would suggest 
our readers pay particular attention to 
the frequencies around 9000kc and those 
in fact down to 6000 kc. The former is 
a useful band in the afternoons. On 
Sunday stations from those countries are 
heard until closing at 4 p.m., and in some 
cases until as late at 5 p .m. 

A few suggestions would be COBC 9363 
kc; COCX 9270kc; COBQ 9236kc; COBZ 
9026kc; COKG 8955kc; COCQ 8825kc; 
COJK 8725kc; COCO 8696kc; COCH 9437 
kc; all located in Cuba; HI2G 9223kc in 
Dominican Republic, and that consistent 
XEWW 9500 kc, together with XEFT 
9548kc, XETT 9557kc, XEYU 9606 kc; 
XERQ 9615kc, XEBT 9625kc, XEQQ 9680 
kc, located in Mexico. We would be 
pleased to hear your reports on any of 
these stations, and in addition attractive 
ards are received from many of these 
stations. 

DX Session 
We would again remind readers of the 

weekly DX Session heard from Radio Aus-
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tralia at 3.25 p.m. Sundays, the 25 metre 
band transmission being excellent, and in 
which some fine information is broadcast. 
All times given are GMT. 

We are indebted to Graham Hutchings, 
DX Editor of Radio Australia, for the 
following details. We· are giving the 
times in Australian EST. 

VP03, Barbadoes 10605kc, is heard 
rather infrequently until closing at 7.45 
a.m. with broadcasts of topical sporting 

RE ADER S' 
Radio Australia 

Mr. Rooke, Manly, N.S.W., informs us 
that in a recent announcement over a 
news session, a new Short Wave station is 
being constructed at Perth, the power 
IOKw. This will be used in service to 
Northern Australia as a supplement to the 
present 2Kw outlet. 

OLR2A, Prague, is heard at 6 a.m. on 
6010kc, news in French at 6.15 a.m. and 
news in English at 6.45 a.m. and 8.45 a.m . 
OLR2A fades at about 7 a.m. in these 
parts. 

HCJB, "The Voice of the Andes" heard 
well at Manly operating on I2455kc, 9970-
kc and 15110kc. At the time they were 
participating in a special DX programme 
from 4 p.m. until IO p.m. New verifica­
tion cards are being issued by this station. 

FZI, Brazzaville carries English news 
regularly at 2.45 a.m., 6.45 a.m., 8.15 a.m., 
10 a.m., 2.30 p.m. and 10.15 · p.m., fre­
quencies -in all cases is 11970kc and 9440kc. 

Vatican City, HVJ, heard at the same 
location at Midnight on 15095kc in Eng­
lish. The suggestion it that another fre­
quency of 9660kc is also used in parallel. 

New Zealand Report 
Mr. Fox, Dunedin, reports some good 

ones-reception in N.Z. being the S.W. 
listener's dream. Mr. Fox has logged over 
800 stations and has verification cards 

events such as Cricket and Races. The 
closing announcement states that VP03 
opens at 12.35 a.m. Sunday EST. 

Jerusalem is heard now on 6075kc until 
closing at 7 a .m., the 7220kc frequency 
not now being in service. It is worthy to 
mention that some reorganisation in the 
Forces Broadcasting Service in Palestine 
has taken place, and as far as is rtow 
known the 7220kc frequency is the only 
one heard here at the time of writing. 

REPORTS 
from some 500 of these. Among his log­
gings are CS2ML Portugal, which is now 
operating with 50 kw; Radio Douala, 7950 
kc, heard well at 3 a.m.; LLG, Oslo, Nor­
way, 9610kc, 2.30 p .m.-3.30 p.m., with news 
at 3 p .m. LKQ, 11735kc, is heard in paral­
lel wi th LLG, but suffers from American 
interference at this time. Incidentally, 
these stations are also heard at 9.30 p.m. 

OIX2 9495kc is heard broadcasting a 
church service at 4 p.m. Sunday, and OIX4 
15190kc is good when not under inter­
ference from VLA6 at the same time. The 
location of these stations is, of course, 
Finland. 

HCJB Ecquador has been testing on 
5995kc until 2 p.m., using a power of 500 
watts-no chance of hearing this one in 
Austral ia at this time. 

Radio Tetuan, EA9AH 6067kc, opens at 
3.30 p.m. Mr. Fox reports that signals 
are weak to fair. 

Mr. Penhall of Merrylands sends in a 
list of stations heard on a two valve 
receiver, all on the speaker. These in­
clude HCJB Ecquador, 12455 kc, closing 
at 3.50 p.m. and on 9958kc at 9.50 p.m.; 
CKCS, Sackville, 15320kc, at 7.30 a.m.; 
OCT2, 9740kc, fair signal at 7.30 a.m.; 
Radio Nacional de Espana, 9369kc, 6.30 
a.m .; YVlRX, Venezuela, 4800kc, at mid­
night; YV5RM, 4970kc; FZI, Brazzaville, 
11970 kc, 6.45 a.m.; CR7BV, 4870kc, prior 
to 6 a.m. Very nice work. 
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LISTEN FOR THESE STATIONS 
Belgian Congo 

Radio Congolia, OQ2RC, 6010kc, is now 
on the air from 3 a.m.-4.30 a.m. carry­
ing local programmes. Reports are re­
quested and should be addressed to P.O. 
Box 63, Leopoldville, Belgian Congo. 
OQ2RC, 15,325kc. is apparently in 
parallel with the former mentioned fre­
quency and no doubt reports will be 
appreciated on this outlet also. 

Moscow 
News and comment can be heard from 

Moscow in their English transmission 
opening at 10.45 p.m. daily. This trans­
mission is carried on no fewer than seven 
outlets operating on the announced fre­
quencies of 6160kc, 7200kc, 9540kc, 9570kc, 
11720kc, 15170kc, and 17770kc. All out· 
lets are heard at quite good level, no 
doubt, owing to the higher power in use. 
Many transmissions from Russia are to be 
heard, but owing to the frequent changes 
made by the Russian authorities, we hesi­
tate to mention them in these notes. 

Latin Americans 
From San Paulo, Brazil, ZYB8 is fair 

listening at 8.15 p.m. on their frequency of 
11765kc. This transmission is heard daily, 
and in some locations may suffer from 
interference from Eastern stations. This 
station verifies with an attractive card. 
The address is ZYB8, P.O. Box 252, San 
Paulo, Brazil. 

CE1190, Valpairaiso, Chile, on 11900kc 
is audible at 9.30 p.m. after KWID closes. 
This reception is, however, brief at pre­
sent, as the transmission fades out shortly 
after. Next month this transmission 
should ·be heard at increased level. 

From Mr. Cushen, Invercargill, N.Z., 
comes the news that HI2T, Cuidad, Tru­
jillo, Dominican Republic, is heard on 
9740kc until 3 p·m. daily at good level. 
The frequency of this one has been 
changed from 11900kc. HI2T has also 
been heard opening just prior to 10 p.m. 
at fair level. 

Munich 
The American Short Wave Station at 

Munich has announced the following 
schedules and frequencies, most of which 
are to be heard in this country and which 
will be heard at excellent level in the 
coming winter: 

6170kc . . . . . . . . . . . . 4 a.m.-5 a.m. 
7250kc . . 2.15 a.m.-3.15 a.m., 

9540kc 
11870kc 
15150kc 
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5.15 a.m.-8 a.m. 
.. 9°15 p .m.-8 a.m. 

2.15 a.m.-8 a.m. 
. . 3.30 a.m.-5 a.m. 

Asiaticii 
XURA, Taipeh, Formosa, has reverted 

to the former channel of 7220kc after 
being heard on 6150kc. The schedule is 
7.30 p.m.-12.15 a.m. For those interested 
in the lower frequencies, XURA also 
operates on 670kc, 750kc, 1020kc, and 
1190kc. The 750kc transmission is one of 
lOOKw and operates from 8.30 p.m. un­
til 12.40 a.m. 

Voice of Free Indonesia is heard on 
11855kc at from 9 p.m., carrying a pro· 
gramme consisting of Western-type music 
and news bulletins in Indonesian - very 
good signal at most times. 

The Macassar station so frequently 
heard has changed frequency from 11000 
kc to 10842 kc, operating at the same 
times and the call is YHN. 

Radio S.E.A.C. 

The station of South East Asia Com­
mand, Kandy, Ceylon, is heard with a 
fine signal on opening at 6 a .m. Indian 
Time, 10.30 a.m. our time, the announcer, 
Geoffrey Ellis, stating that transmission is 
taking place on 17730kc, 15120kc, 9520kc, 
6075kc and 3390kc. SEAC closes on Mon­
day at 2.15 a.m. and other days at 3 a.m. 
The two former frequencies are very good 
in the forenoon, 9520kc is fine in the 
afternoon and the latter two at night. 

All India Radio Schedules 

The Summer schedule for All India Ra­
dio, Madras is 7260kc, Monday to Saturday 
11.30 a.m.-1.30 p .m., Sunday 11.30 a.m.-
2 p.m.; 9590kc Monday to Friday 5 p.m.-
7.30 p.m., 8.30 p.m.-9.30 p.m., Saturday 
5.30 p.m.-7.30 p.m., Sunday 5.30 p.m.-9.30 
p.m.; 4920kc Daily 10 p.m.-1 a.m. 

Austrian Heard 

Further loggings from Mr. Cushen and 
the DX Bulletin, to whom we are much 
indebted, states that KOFA, Salzburg, is a 
good one on 7220kc, from 4 p .m. daily. 
This "Blue Danube Network" station, 
operated by the Armed Forces Radio Ser­
vice, is much improved since the Jeru­
salem station on the same frequency 
closed. News is heard at 4.30 p .m. 

Norway 

LLG, Oslo, Norway, is outstanding in 
the new transmission. Using a power of 
lOOkw, LLG is heard with musical pro­
gramme from 4.30 p.m.-5 p.m., followed 
by the time signal, news, and a devo­
tional broadcast, the station closing at 5.30 
p.m. 

Damascus 
One of Mr. Cushen's latest verifications 

is from Damascus which states that the 
station is only a temporary one using 500 
watts. Three powerful transmitters are 
under construction and should be in op­
eration in the near future. No doubt this 
portends an extension of the service which 
in the meantime is 3 p.m.-5 p.m., 10 p.m.-
11 p.m. and 2 a.m.-6 a.m. All programmes 
are conducted in Arabic and the General 
Director, Post Telephones and Telegraphs, 
Damascus, Syria will appreciate reports on 
the emissions. 

Swedish DX Session 

Radiojanst conducts a regular DX 
session from Sweden, which is very in­
teresting. The transmission for Australia 
is heard at 5.45 p.m. Saturday over SBO 
6067kc and SBT 15155kc, for Europe on 
Sunday 1 a.m. on SDB2 10780kc and SBT 
15155kc, and finally for North America on 
SBU 9535kc and SDB2 10780kc. Reports 
on this transmission will be wekomed by 
Radiojanst, Kingsgaten 8, Stockholm, Swe­
den. 

Rhodesia 

ZQP, Lusaka, Northern Rhodesia opera­
ting on 9710kc is on the following schedule 
1 a.m.-3 a.m. daily, with English pro­
grammes on Wednesday and Sunday. The 
Sunday schedule is 7 p.m.-8.30 p.m., 1.30 
a.m.-2.30 a.m. on 7820kc and 3940kc in ad­
dition. 

Antartica 

Another rare station. mentioned in 
Graham Hutchings' bulletin .concerns 
LQX, Guna Is., South Shetlands, no doubt 
the station of the Argentine expedition 
which was recently so much in the news. 
LQX was heard at 3 a.m. on 1233kc in con­
tact with Buenos Aires, and from Decep­
tion Island a further transmitter was in 
use with the call LQX2 on l 4800kc and 
heard at 4 a .m. 

New Danish Stations 

The Danish authorities are establishing 
Short Wave stations which, is is tenta­
tively announced, will be in service on 
April 1st, broadcasts to the East will take 
place on 13 and 30 metres and to South 
Americas on 30 and 40 metres. No times 
or frequencies are yet available. 

Monte Carlo on 6075kc, which has been 
heard in this country, is to increase power 
to 20kw in the near future. 
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NEWS OF THE AMATEUR BANDS 
Of practical interest to those breaking 

into the new 144 Mes band is the letter 
received from VK2VW. An AR301 Dis­
posals VHF receiver has been modified for 
this band, among other alterations being 
the alteration of the IF channel to a fre­
quency of 6 Mes. In addition, VK2VW 
gives details of the beam he has erected 
for the purpose. It is a 4 element array 
consisting of a folded dipole, two direc­
tors and a reflector. The dimensions are 
as follows; Front Director . 35! inches; 
Second Director 34! inches; Folded Dipole 
34! inches; Reflector, 33! inches. Both 
sides of the folded dipole are of the same 
diameter, the spacing in this element be­
ing one inch. This is fed with 75 ohm 
coaxial Cable. 

The spacing between elements; lst and 
2nd Directors 16 inches; Dipole to Reflec­
tor l 3i inches. 

We would be pleased to hear of your 
success with this array, Vaughan. 

14 Mes Activity 

The 14 Mes band has almo.st returned 
to its old form, a few days during the 
past month being the only ones clouded 
over by conditions due to the sun spot ac­
tivity, many countries being heard for the 
most part at good strength. During the 
early morning Europeans have been break­
ing through very nicely, among them 
G81G, G6XR, G8DG, GM8MN, with a 
fair smattering of F's, SM's and I's. Good 
contacts have been heard from time to 
time, one excellent one between VK2AGU, 
VK2NO, VK2AGW, VK2XG, VK2CM and 
G8IG and later with G6XR. On this oc­
casion all signals were at good level, 
VK2NO being especially pleased with the 
new aerial he was testing. 

American signals have been coming in 
through the forenoon, while later in the 
afternoon reception has been more or less 
normal. More Europeans are heard from 
about 5 p .m., but during the Contest 
week-ends, conditions for European sig­
nals were difficult. 

After the usual fade out at 6 p.m. the 
band- comes to life at 10.30 p.m., and 
among the stations logged at this post be­
tween that time and midnight are 
OK4AM, AlYJ, TG9RV, CTIPM, CElAI, 
CTISQ, YV5AY, VR3A, RV2, CE3CE, 
LU9AT, ON4AR, ZDIBD, VR2AP, LA8C, 
LA3Q, VQ8AE, VQ8AD, PK3WG, ET3AF, 
XZ2MM, LU2BL, XE2AM, LU6AJ, VS2-
AL,, VS2AO, ZC6AM, CN8AB, PAONG, 
ZM6AF, and one which does not look so 
good to us, QY2AM, working at C7. 

Ten 

Very little listening has been done on 
28 Mes of late., but on those few occasions 
on which the converter has been warmed 
up it has appeared as tho~gh reception 
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has been normal. Many Americans and 
Canadians have been heard at excellent 
strength and many of the local amateurs 
are taking advantage of the conditions. 
About 5 p.m. a few South Africans have 
been heard but not at good level in our 
case. 

One point comes to mind, in that both 
on Ten and Twenty many local contacts 
are heard in progress often to the detri­
ment of the reception of good DX signals. 
Quite a few amateurs have taken advan­
tage of the allocation of the 50-54 Mes 
band and use this convenient frequency 
for their cross-town contacts. While there 
are still a few operating on this band it 
seems a pity that more do not take advan­
tage of the band and thus to some extent 
relieve the congestiqn on the DX Bands. 
The equipment is quite simple, and with 
an efficient aerial system low power will 
get results. 

Forty 

·Unfortunately the 7 Mes band is not 
sufficiently wide to accommodate all the 
stations which work thereon. Many of the 
chaps who are doing a very good job with 
stabilised VFO's, but as usual there are 
always the few who spoil anything. How­
ever despite the interference which can be 
avoided, there is always some which is 
quite unintentional and many fine con­
tacts are made. Quite a few networks have 
been organised, during which some very 
fine operating is performed. 

Eighty 

Some rumours of DX on 3.5 Mes, none 
heard here as yet, the only stations logged 
being VK2, VK3, VK4, VK5 and many 
ZL signals. Conditions are definitely on 
the improve however, and when the static 
has subsided no doubt some of this elusive 
DX will be heard. 

Few City amateurs use this band owing 
to the prevalence of B.C. interference, but 
the country boys are doing a good job 
there. For cross country work, and even 
interstate contacts, the 3.5 Mes band takes 
some beating in the autumn and winter. 

MARINE RAD I 0 
An interesting letter has been received 

from Mr. R. T . Neal, Wanganui, N .Z., in 
which he recounts some of his interesting 
experiences in receiving and reporting 
Marine Radio stations. For the past two 
years Mr. Neal has been reporting these 
stations, and whilst most of the reception 
is on CW, frequencies are allotted for 
phone transmissions on 2012kc and 2045 
kc. Over 30 stations have been verified 
on the former frequency, the latter being 
use mostly by trawler and base stations. 
Many readers ' have "receivers which will 

CL U .B NEWS 
SHORTWAVE 
LEAGUE OF W.A. 
Secretary, Mr. F. R. Matthews, 

24 Midgley Street, 
Rivervale, W.A. 

The Short Wave League of W.A. is al­
ways interested to hear from enthusiasts 
and regular monthly meetings are held 
at the office of Hale's Reporters, Second 
Floor, South British Chambers, Barrack 
Street, Perth. 

The cost of Life membership is 5/- for 
those outside the metropolitan area of 
Perth and for those residing within its 
limits 6/-, and the official organ of the 
League, "Radio Listening Post" is sup­
plied at a cost of 6/- per annum. 

This is an excellent publication and is 
a must for the ardent DX-er. Interested 
readers may apply direct to the Secretary 
or to Box Pll79, G .P.O., Perth, W .A. 

N.S.W. RADIO D¥ 
LEAGUE 

Meetings of the above club are held 
every Thursday at 520 Woodville Road, 
Guildford at 8 p.m. All interested are re­
quested to contact the organiser, Mr. B. 
Penhall, 2 Brady Street, Merrylands either 
personally or by letter, or at the meetings. 

HURSTVILLE DISTRICT 
AMATEUR RADIO CLUB 

C.W.A. Rooms, 
378 Forest Road, 
Hurstville. 
President: F. Tregurtha. 
Secretary: C. Coyle. 
With the re-issue of the Club's Call Sign 

VK2MZ, all members are busily engaged in 
the constructioa of the new transmitter. 
It is hoped to have this in operation in the 
near future, when all old friends will be 
contacted once again. 

The last Field Day, which was held at 
National Park proved very successful , and 
during the day IO contacts were made. 
Plans are now being made to hold another 
Field Day, and the date of this will be 
announced as soon as finalised. 

The Club meets on the 1st, 3rd and 4th 
Tuesday of each month at the C.W.A. 
Rooms, 378 Forest Road, Hurstville. All 
persons interested in radio are invited to 
attend at the club rooms, and can be 
assured of a warm welcome. Any further 
information can be obtained by contacting 
the Secretary, C. Coyle, 84 Carlton Cres­
cent, Kogarah Bay. 

cover this band, and any queries and re­
ports will be welcomed both by ourselves 
and Mr. Neal. Address your queries to my 
address and I will send them to Mr. Neal 
in bulk. 
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MULTIPLE' TRACK RADAR RANGE 
(Continued from poge 14.) 

the high-frequency counterpart of Loran, 
and uses frequencies in the vicinity of 80 
Mc. Each combination of a slave station 
with the master provides a series of hypor­
bolic tracks, and the use of several slave 
stations results in a lattice of intersecting 
tracks. This lattice extends over a very 
wide area, and provides a "blanket" navi­
gational coverage of that area. A typical 
Ge€ lattice is shown in Figure 4. 

As has been mentioned, Gee was first 
developed as a military navigational aid, 
in connection with the blind bombing of 
Europe. However, because of the exten­
sive coverage of a Gee system, and because 
of its weJl-proven performance, wide fam­
iliarity with its techniques, and the exist­
ence of much Gee equipment, it is under 
serious consideration in Europe as a sys­
tem of track guidance for civil aircraft. 
Gee tracks are in no way dependent on 
the laying clown of overlapping radiation 
diagrams or on any other technique in­
volving the comparison of signal inten­
sities. Gee is a pulse system, and the 
delineation of its tracks depends only on 
the comparison of the time of transmis­
sion of pulses from the master and slave 
stations. 

Pulse System Advantages. 
Now it is easy to distinguish in the 

aircraft between direct pulses and those 
clue to reflection from obstacles (these 
always arrive after the direct pulse). One 
can be sure, therefore, of always using 
the direct pulses, and since we are con­
cerned only with the time of transmission 
of these, variations in their intensity are 
of no importance. Pulse systems of track 
guidance are, therefore, free from those 
serious disadvantages due to reflections 
and variations in signal intensity which, 
as we have seen, are inherent in radio 
ranges. This point cannot be emphasized 
too strongly. 

The disadvantage of Gee for civil avia­
tion is that it does not lend itself readily 
to the provision of tracks radiating omni­
clirectionally from an airport, a character­
istic which we have pointed out to be 
increasingly desirable. The basic Gee pat­
tern is a lattice; to convert this into radial 
track information requires a rather elab­
orate automatic computer in the aircraft. 

. This difficulty may prevent Gee coming 
into general use as a track system for 
civil aviation. 

The "Omni" Ra.nge 
The so-called Omni range, developed 

under the guidance of the U.S.A. Civil 
Aeronautics Authority, follows upon work 
clone in America on 2- and 4-course ranges 
to opeFate in the V.H.F. band (199-150Mc). 
It is a continuous wave system. The prin­
cipal idea underlying the development of 
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the Omni r ange is the provmon of a 
system of tracks radiating omni-direction­
aJly from an airport or other site. 

The Omni range is based on a rather 
ingenious principle in which two aerial 
systems are used at the range station. 
Aerials spaced a small distance apart are 
used in one system to radiate a modulated 
C.W. signal in such a way that the phase 
of the modulation received at a distance 
is proportional to the bearing of the 
receiving point from the station. The 
second aerial also radiates a modulated 
C.W. signal, but the phase of this modu­
lation is the same on all bearings, and 
provides a reference phase. By measuring 
in the aircraft the difference between the 
phases of the modulations of the two 
signals an indication of bearing from the 
station is obtained. This measurement is 
done automaticaJly and the information 
presented to the pilot on a meter. 

The Omni range should, therefore, be 
well capable of meeting the requirement 
for numerous radial tracks. Unfortun­
ately the necessary comparison of modu­
lation phases in the aircraft involves the 
comparison of signal intensities, and 
therefore, as we have already seen, is sub­
ject to all the difficulties arising from 
the existence of reflected waves. Being a 
C.W. and not a pulse system it is im­
possible to distinguish between direct and 
reflected signals. The Omni range con­
sequently tends to sull'er from those dis­
advantages of bent and split tracks which 
we have already discussed in connection 
with equi-signal ranges. Satisfactory sit­
ing of stations may be difficult, and test­
ing of each site lengthy and expensive. 

Australian Multiple Track 
Radar Range (M.T.R.) 

The Australian Multiple Track Range 
(M.T.R.) is a development from the war­
time Gee system. It employs, however, 
a master station and only one slave 
station, and the separation between master 
and slave is much less than in the case 
of Gee. The resultant hyperbolic tracks 
are very nearly straight and radial at 
distances from the station exceeding 10 
miles. M.T.R. operates at a frequency of 
about 200 Mc. 

Being a pulse system, M.T.R. is quite 
free from reflection effects and siting dif­
ficulties for the reasons discussed in con­
nection with Gee, and · it is capable of 
high accuracy. Also, the tracks, as has 
been mentioned, are very nearly radial; 
they can be seen in Figure 5. The dis­
advantages of M.T.R. in its present form 
are that there are two regions about 180° 
apart, where no tracks are obtained; these 
areas can be seen in Figure 5. Also, from 
the administrative viewpoint, it is less con­
venient to operate two stations (usuaJly 

QUIZ ANSWERS 
A.1. (c) If you answered (b) you 

would be partly right. A vertical 
antenna has a "no·signal" area im ... 
mediately above it, and this fact is 
used by pilots to ascertain their 
exact position when horning on 
broadcast stations using the radio 
compass. 

A.2. (b). A.3. (a). 
A.4. (c). This is the term applied to 

the resistors in such circuits. 
A.5. (b). 
A.6. (c) nnd (d). The value (c) is 

the minimum and (d) the maximum 
accepted value. 

A.7. (c). 
A.8. (c) The answer (a) is partly right 

since there are two experimehtal FM 
stations at present operating. 

A.9. (n). A.10. (f). 
A.11. (c) and (e). A.12. (b). 
A.13. (c). This f eat was accomplished 

in 1901 and the signal transmitted 
between Poldhu, Cornwall and St. 
Johns, Newfoundland, a distance of 
2100 miles. 

A.14. (b). Caustic soda is found in 
the Edison alkaline cell, and 
(d) sulphuric acid is found in the 
lead cell. 

A.15. (c), 

IS THIS A RECORD? 
As expected, the recent descrip­

tion of the converted radar receiv­
er to tune in the experimental 
FM station has created no small 
amount of interest. 

One of our readers, Mr. Wild 
of Manly, recently informed Mr. 
C. Slade, of Slade's Radio Pty. 
Ltd. that he made the necessary 
alterations and additions, includ­
ing the insta llation of the aerial 
in SIX hours and is very happy 
with the results. 

We would appreciate hearing 
from any reader who has built 
up this receiver, and not yet writ­
ten in, giving details of results 
obtained with it, etc. 

about 10 miles apart) than one which 
can be situated right at the airport. How­
ever, there are probably no insuperable 
difficulties in overcoming these defects. 

Choice For International Use 
At the 1946 meeting of I.C.A.0., al­

ready mentioned, the Omni range was 
selected for standardisation, for the time 
being, as an international track guidance 
system. The particular category defined 
by I.C.A.O. into which fall those track 
systems we have described (and also the 
system of distance measurement) is known 
as Short Range Aids to Navigation. 

However, I.C.A.0. at th~ same time re­
commended that intensive development to 
improve track guidance systems should be 
proceeded with. These recommendations, 
it should be pointed out, leave each mem­
ber coun:ry free to pursue its own policy 
regarding navigational systems for internal 
use. 

(To be continued.) 
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:Jec~nicaf BOO:K 
UNDERSTANDING 

MICROWAVES. 

By , Victor J. Young. Published by John 
F. Rider, Publishing Inc. Stiff cover. 385 
pages. Price approximately 48/· plus post· 
age. 

The title of this book "Understanding 
Microwaves" is actually synonomous with 
the aims of the Author-that is, to dis­
seminate knowledge of microwave tech­
niques to the reader having a non-mathe­
matical background. 

To enable the book to be widely read, 
the subject has been presented without 
resort to complicated mathematics, yet in 
no way has the accuracy of text been 
sacrificed. Where mathematical explana­
tions are necessary they have, for the most 
part, been relegated to footnotes at the 
end of each chapter thus providing the 
serious student with additional material. 

The book comprises a total of eleven 
chapters and covers in a clear, under­
standable fashion, such topics as Ultra 
High Frequency Concept, Stationary 
Charges and Magnetostatics, Alternating 
Currents and Lumped Constants, Trans­
mission Lines, Wave Guides, Resonant 
Cavities, Microwave Oscillators, Radar 
and Communication, Antennas and Poynt­
ings Vector and Maxwell's Equations. The 
inclusion of this latter chapter in an ele­
mentary text book is rather unique and 
whilst in some respects necessarily incom­
plete, it is extremely important in view of 
most text explanations being based on 
Electrostatic and Electromagnetic fields. 

Of particular interes t are the Micro­
wave terms and theorems presented in 
Section 2. These definitions will un­
doubtedly be of great value to all having 
any interest in this branch of radio de­
velopment. 

Whilst it is not claimed that this book 
will give the reader a complete knowledge 
of Microwaves, it is possible for the en­
gineer and layman alike to obtain from 
it a sound working knowledge of this 
somewhat complex subject. 

REFERENCE DATA FOR 
RADIO ENGINEERS. 

(Second Edition). Published by Federal 
Telephones and Radio Corp. Stiff cover. 
322 pages plus index. Price approximately 
18/- plus postage. · 

Whilst following the general arrange­
ment of the first edition, this new. yub­
lication has been greatly expanded by 
the edition of several new chapters, as 
well as a subject index. 

In all, it contains some 322 pages of 
tabulated information and data, sub­
divided into sixteen main chapters. To 
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REVIEW 
provide the reader with more complete 
information than that available in the 
first edition, the new chapters added are 
those dealing with Transformers and 
Room Acoustics. This latter chapter 
should be of interest to all sound engi­
neers, some of the topics covered being: 
Governing factors of good acoustics, Com­
putation of reverbration time, and Electric 
power levels for public address equipment. 

In addition' to general engineering 
tables, there arc sections on audio and 
radio design, valves and rectifiers, R.F. 
transmission lines, radio propagation and 
noise measurement, wave guides and reso­
nators (including formulas of both rec­
tangular and cylindrical types). A com­
prehensive section on mathematical tables, 
etc., all add to the value and usefulness 
of this book. 

Although the text is quite up to date, 
one point to be noted is that American 
units are used throughout. Since in some 
cases these are not indentical with the 
British counterparts, it will be necessary 
before use to apply correction factors to 
some of the numerical data. 

In conclusion this book contains a wide · 
range of valuable information and is a 
publication which should find a ready 
place on every radio engineer's desk. 

RADIO ENGINEER'S POCKET 
BOOK. 

By F. J. Camm. Published by George 
Newnes Ltd. Stiff cover, 144 pages. Price, 
approx. 5/6d., plus postage. 

This vest pocket book has been pro­
duced to meet the needs of all those en­
gaged in various branches of radio. In 
addition to containing the usual compre­
hensive list of formulae, and general radio 
tables, much other interesting information 
is included. The very complete index is 
fully cross-Feferenced and this will enable 
the user to readily trace any information 
he requires. 

Actuaily, this book may be considered as 
an "In the pocket" reference library for 
the radio technician and as such should 
find ready acceptance by those who re­
quire on the spot availability of such in­
formation. 
*All copies from Angus & Robertson Ltd., 

89 Castlereagh St., Sydney. 

SUBSCRIBE NOW. 
Make sure you receive every copy of 

"RADIO SCIENCE" by placing a defi­
nite order with your newsagent. 

If you prefer, subscriptions may be 
made dired to our office-Box 5047, 
G.P.O., Sydney. 

Subscription Rates ar 12/- per year 
or 21/- for two years post free to any 
address in the Commonwealth. 

THE AUSTRALIAN SHORT WAVE 
HANDBOOK. A Handbook of Short 
Wave technique and Call Signs for 
Australian conditions. 120 pages, 
illustrated. 1947. 2/ - (post 3d.) 
AUSTRALIAN OFFICIAL RADIO 
SERVICE MANUAL. Volume 5: 
Circuit Book of Standard 1946 R eceiv­
ers. 376 pages. 1947. 15/- (post 7d.) 
PHILIPS MANUAL OF RADIO 
PRACTICE FOR SERVICEMEN. 
Compiled by E. G. Beard. A valuable 
book of reference for every service­
man, engineer, experimenter, amateur 
and student. 496 pages, illustrated. 
1947. 22/ 6 (post 10d.) 
RADIO ENGINEER'S POCKET 
BOOK. By F. J. Camm. Produced 
to meet the needs of those engaged 
in the -various branches of radio. 
8th edition. 144 pages. 1946. 

5/6 (post 4d.) 
PRACTICAL WI RE LESS SERVICE 
MANUAL. By F. J. Camm. A com­
plete work on the testing of all types 
of wireless _ receivers and the remedy­
ing of faults in them. 288 pages, 221 
illustrations. 1946. 13/ 9 (post Gd.) 
WIRELESS SERVICING MANUAL. 
By W. T. Cocking. This book deals 
with the location and cure of the 
hundred and one defects which can 
develop in a receiver and its asso-
ciated equipment. 328 pages, 123 
figures. 1945. 17 /9 (post 4d.) 
APPLIED RADIO. 3 Volumes. By 
the Technical Staff of Coyne Electri­
cal and Radio School. A set of com­
plete practical shop tested books for 
home study and field reference. 1008 
pages, fully illustrated. 1947. 

87 /9 (post 1/6) 
DRAKE'S CYCLOPEDIA OF RADIO 
AND ELECTRONICS. A reference 
and instruction book on radio sound 
systems, television, electronic tubes, 
electronics in industry: Illustrated. 
1946. . 42/- (post 1 /3) 
THE CATHODE RAY TUBE HAND­
BOOK. By S. K. Lewer. A simpli­
fied study of how the Cathode Ray 
Tube works. 100 pages, fully illus­
trated. 1945. 9/- (post 3.d) 
THE PRACTICAL RADIO REFER­
ENCE BOOK. Edited by Roy C. 
Norris. Presents concisely and lucidly 
a mass of practical and theoretical 
data for radio men. 288 pages, over 
250 line diagrams. 13/9 (post 8d.) 

ANGUS & ROBERTSON LTD. 
89 CASTLEREAGH ST., SYDNEY , 
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TECHNICAL QUERY SERVICE 
Readers are invited to send in any 

technical problems either dealing with 
our circuits or of a general nature, 
and an earnest endeavour will be made 
to assist you through the medium of 
these columns. For convenience, keep 
all letters to the point, with questions 
set out in a logical order, as space is 
rather limited. 

All technical enquiries will be dealt 
with in strict rotation and the replies 
will be published in th1> first available 
issue of the magazine. Address all 
letters to RADIO SCIENCE, Box 5047, 
G.P.O. SYDNEY, and mark the enve­
lope "Mailbag". 

N.A.E. (Bathurst, N.S.W.) enquires about 
the One Valve Receiver and the Miniminor 
A.C. Mantel described in recent issues of 
RADIO SCIENCE. 

A.-Full constructional details, including 
the parts list, of these two receivers were 
given in the February and March issues res­
pectively. Copies of these are still available 
and can he obtained by forwardi;,g one shil­
ling for each issue required. 

L.B. (R.A.A.F., Toowoomba, Q'ld.) sends 
in ~everal suggestions for the magazine. 

A .-Thanks for the letter, L .B. Although 
paper restrictions hav:e some effect on the 
production, you can rest ass~red that the 
changes you suggest will be made as soon as 
possible. Your offer of the technical data is 
appreciated, and should the occasion arise 
we will certainly take advantage of the offer. 

C.A.R. (East Bankstown) is interested in 
all phases of radio, especially in connection 
with VHF and UHF techniques, and hopes 
the present series of articles on these sub­
jects will be continued. 

A.-Yes, the various Radar and UHF 
articles will continue for some time yet, as 
they are very popular with most readers. It 
is our policy, as far as possible, to publicise 
Australian developments in this particular 
sphere, as we feel sure this will create more 
interest than merely re-hashing some ,over-

• seas report. The chassis drawings will be in .. 
eluded, where practicable with every receiver 
description, so as to enable all interested to 
build their own chassis. Thanks for the 
appreciative remarks and good wishes. 

C.C. (Flemington, Vic.) asks for further 
i,;formation regarding the Fremodyne FM 
circuit described in the March issne of RADIO 
SCIENCE. 

A.-This particular article was based on an 
oVerseas report and is the only information 
we have regarding it. Since it is a Hazeltine 
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patented circuit, no details of the tuning con­
denser s or , coils were included. The dual 
triode used is the 12AT7, a type not obtain­
able in this country. We might mention the 
larger FM receiver detailed in the same issue 
will tune in the Melbourne FM station as it 
operates on approximately the same fre­
quency as the Sydney station. 

J .M.S. (New Plymouth, N.Z.) forwards a 
subscription, and includes a list of the type 
of articles which interest him. 

A.-Thanks for the subscription and sug­
gestions. The present Radar navigation aids 
series should interest you, and this is the 
first time they have appeared in any radio 
journal. The C.R. Oscilloscope articles are 
at present under consideration and it is 
hoped to publish something along the lines 
you suggest in the near future. 

A.A.C. (Hurstville South, N .S.W.) requests 
some additional information regarding the 
Signal Tracer described in the April issnt 

A .-This particular unit was built up using 
the complete kit supplied by the FN Radio 
and Electronic Co., but they will probably be 
able to supply the meter separately. The load 
impedance for the speaker transformer 
should be 5000 ohms. 

E.S. (Sofaia, via Bathurst) agrees with 
T.A.W.'s request in the last issue and sug­
gests that a large vibrator amplifier would 
be popular with many country readers. 

A.-Yes, E.S., we also agree with you on I 
this point. It is hoped to feature such la 
unit in a future issue, but at the moment 
cannot say when this will be. 

G.P. ·(Kurralta Park, S.A.) writes in an 
interesting letter and snggests we devote 
more space to the beginner. 

A.-Thanks for the letter and suggestions. 
Unfortunately, due to space limitations we 
have not been able to include very much for 
the beginner in the recent issues. However, 
we think the small battery receiver described 
in this issue should interest you. This type 
o{ article, together with suitable technical 
articles w'ill be presented for the beginner 
from time to time. The diameter of the 
formers used in the one valve receiver should 
be l i in. diameter. 

E. W . C. (Heidelberg, Victoria) has writ­
ten in strong terms regarding historical inac­
curacies contained in the last UHF Techniques 
arti1cle. Chief among his criticism is a rebuke 
to the remarks concerning Popov and Mar­
coni, that Nicholls and Tear should have men­
t ioned, and then goes on to give further 
evidence of other experimenters in the field. 

A.-Thanks for the letter and criticism, 
E.W.C. Your letter was forwarded to Mr. 

Edwardes for comment and here is his reply: 
In reply to Mr. E .W .C., I would like to point 
out that he has confused the te.nn "wireless" 
with "radio communication" . The article on 
UHF Techniques specifically mentioned the 
latter. Regarding the acceptance by scientists 
of the view that Popov preceded Marconi, I 
would refer him to the results of a scientific 
Investigation on the subject by Professor V. A. 
Bailey and Dr. K. Landecker, presented in the 
Australian Journal of Science, Vol. 9, No. 4, 
February, 1946, page 126. The claim that 
others "invented" radio communication are 
also dealt with in that article. I admit the 
work of Nicholls and Tear should have been 
mentioned in the history of UHF, but Mr. 
E.W.C.'s reference to them as "artists" is 
inexcuseable. 

MINIMINOR PERSONAL PORTABLE 

If you intend building this receiver, 
here are details of an alternative arrange­
ment for the "A" battery. In pla<ie of 
the two standard U2 torch cells a single 
X71 type cell is now used. 

The. size of this cell is such that when 
wrapped with a single layer of corrugated 
cardboard, it will fit securely at the bot­
tom of the cabinet, being held in position 
by the speaker magnet. The screw ter­
minals fitted very effectively solve the bat­
tery clip problem and also enable easy 
replacement of the cell. 

With intermittent us·e, a life of approx. 
12 hours could be expected from this cell, 
and this compares more than favourably 
with the U2 type of cell. 

• A photograph of the Portable with the new 
battery in position. 
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RED f '"?:?-~ LINE 

EQUIPMENT 
for 

THE NEGATIVE FEEDBACK AMPLIFIER * 
• OUTPUT TRANSFORMER 

Primary Impedance 10,000 Ohms 807 (T) P.P . 
Secondary Impedance 1 5 Ohms'~ plus 34 db . 
FREQUENCY RESPONSE: Linear within 0 .2 db. 

20 cps to 30,000 cps. 

PRIMARY INDUCTANCE (at low ac f lux) not 
less than 125 Henries. 

LEAKAGE INDUCTANCE : 17 Mil lihenries. 

INSERTION LOSS: 0.4 Decibels. 

This transfcrmer may be used to obtain a gain 
reduction of up to 25 db across 4 Stages in a 
suitable negative feedback circuit. * 

.,. to 500 Ohm Line 1f 1·eq11frecl. (AFlO ) . 

• POWER TRANSFORMER 
1 Ov, 21 Ov, 230v, 250v, 50 cps. Sec . H.T. 500/500v at 
175 ma. 5v 3a. 6 .3 v.; 2a 6.3 v. 3a Type 17503 .. £3/12/6 

• FILTER CHOKE 
12 Henries 
175 mA Type 201515 £1 /11 /0 

• SMOOTH I NG CHOKE . 
25 Henries 

60 mA Type 50825 £ 1 /7 /0 

* as described by Mr. D. T. N. Williamson in 
"Wfreless World," April and May, 1947. 

TYPE No. AF 15 
Weight 71bs. Price: £6 

A Choke Input Power Supply 
shown in Radiotronics 128 

requires: 
Power Transformer 
Type t'--lo. 25563 £4/10/4 

Choke ( 1) 
Type No. 102512 £1/16/1 

Choke (2) 
Type No. 201515 £1 /11 /­

Choke (3) 
Type No. 50825 £ 1 /7 /-

RED LINE EQUIPMENT PTY. LTD. 
Incorporating SWALES & SWANN 

Technical Service, Wholesale and 
Manufacturers 

A. T. SWALES, Cen. 4773 
2 Coates lane, Melbourne. 

A GUARANTEE' 

RADIO SCIENCE, May, 1948 

OF 

Trade Sales: ALLEN SWANN 
MU6895 (3 lines) 

157 Elizabeth Street, Melbourne 

DR:PENDAIBIL!TY 



AUSTRALIA'S FINEST SPEAKER 

Only. in Rola Speakers will you find all the most 
modern features of speaker construction. 
Illustrated is Rola model SM, a highly efficient 
eight inch speaker with a generous· sized 
magnet of Anisotropic Alnico and an lsocore 
transformer. Retail price £2.6.3 . 

Available through all Rola distributors. 

LOUDSPEAKERS WITH ANISOTROPIC ALNICO 

Rola Co. (Aust.) Pty. Ltd., The Boulevard, Richmond, Victoria 

and at 116 Clarence Street, Sydney, New South Wales 
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