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VALVES AND THEIR APPLICATIONS 
By M. G. SCROGGIE, B.Sc., M.l.E.E. (Eng.) 

No. 2: Mullard TWIN TRIODE ECC32 

, 
·THERE are quite a number of spedal circuits, such 

as multivibrators and push-pull drivers, t hat use a 

· pair of similar triodes; for these purposes twin 

triodes usually save cost and space. 

Each triode in the ECC32 is a normal type with a 

I' of 32 and r,. of 14,0000. Used with a 0.1 Mo coup­

ling, the voltage gain is nearly 30, and varies little with 

the supply voltage, which chiefly affects the signal output 

obtainable. for low distortion (2-3 % ) the output at 

200 vo!ts is 45 V peak, and at 400 V is 115 V peak. 

The ECC32 is not restricted to designs with common 

cathodes; and the capacitance between anodes is less than 

1 pf. In a 2-stage amplifier, the grid pin farther from 

the heater pins should b,e used for input. 

For driving push-pull amplifiers or providing sym­

metrical c.r.t. deflecting voltages, there are several well­

known phase-inverter circuits. The gain obtainable from 

most of them, using a pair of similar valves, is approxi­

mately egual to that of one ordinary stage. In the 

cathode-coupled or Schmitt circuit it is only about half 

as much, and a negative voltage has to be provided ; but 

it is a very versatile sort of circuit, and especially suitable 

for c.r.t. deflection. 

Ideally, the signal anode currents would be equal and 

oppos ite, so would cancel out in Ro. In practice they 

must be sufficiently unequal for their di fference to give 

enough voltage drop in Ro to drive V2 oppositely to Vl. 

To minimize this inequality, R, should be large- of the 

same order as R., and R.2-and the voltage gain per 

stage also large. With the ECC32, for example, the 

difference in outputs need be only about 5 % ; and this, 

if not negligible, can be corrected by making R.1 < R.,. 

A feature of this circuit is that if one wants to mix 

another signal in the balanced output, witho:.it coupling 

the two signal sources, the grid of V2 is available for 

doing so. 

Cover ii . 

It is obvious, too, that by coupling the anode of V2 

to the grid of Vl it can be made to generate sustained 

oscillations, of a type depending on the couplings. If a 

2-phase output is not needed , R,,, can be short-circuited. 

A very stable constant-frequency oscillator, using an un­

tapped inductor, may be based on this arrangement, which 

is easily seen to be an earthed-grid triode driven by a 

cathode follower. Used as an amplifier; it is capable of 

covering a very wide frequency band. 

The fo ll ow in g are a few 
references to details of th e 
f oregoing schemes : 

" Cathod e-Coupled P ush-Pull 
Amplifi ers," 0. S . P uckle; 
Electronic Engi11 ecring 1 July, 
1943. 

0?2 

" Th e Ca thod e-Co u p led 
Double-T ri ode S tage," E mrys 
' Villiams ; E lcctrowc E11ui 11 cc r­
ing, M ay, 1944. 

" Cathode - Coupl ed Oscilla­
t ~ rs, " F. B utler ; W ireless Bn­
gm eer, 1944. 

"Cathode-Coupled Wide-lland 
Ampli fiers," G. C. Szikl ai and 
A. C. Shroeder, Proc. I.R .E., 
Oct ., 1945. 

"Self-Il alancin g Phase In-
vert ers ," 1\1. S. \ Vheel e r, 
Proc. I. R.E., F eb., 1946. BASIC CATHOD E·COUPUD CIRCU IT 
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Two-Way Radio 
Considerable interest has been created by the recent announcement 

· from the Postmaster General's Department to the effect that licenses would 
be issued permitting the installation of two-way mobile commu_nication 
systems. . 

A two-way radio system is generally understood to refer to--"radio 
telephone voice communications between stationary or moving radio sta­
tions, or a combination of both." A typical example is the system at 
present being used by the Police Department, which enabl.es cruising patrol 
cars to receive or reply to messages transmitted by the main fixed trans­
mitter, thereby increasing their efficiency. 

Probably one of the first public utilities to take advantage of this new 
proposal will be the taxi cab services and, it is understood, that even at 
this early date several companies are contemplating such two-way installa­
tions. By providing instant communication between a central booking 
office and individual cabs, the necessity of aimless cruising around the 
streets will be eliminated. Instead, after discharging a passenger the 
driv.er will simply call up for further instructions, and if necessary, can 
then be sent to the next nearest caller with a minimum waste of time to 
the ultimate benefit of all concerned. 

By the same token, trucks, delivery vehicles ·and even passenger cars 
.can be contacted whilst in motion and thereby report any change of route 
or other occurrence. 

Generally, pre-war systems used A.M. equipment but it is now 
highly probable that this will be supplanted by the more modern F.M. 
equipment. Apart from requiring decreased operating power this latter 
system will provide users with the added advantages of improved signal to 
noise ratio, freedom from interference and maximum receiver sensitivity. 

Whilst the thoughts of applications to tf:iis form of radio communica­
tion are not new, the actual application is and, consequently, in the initial 
stages of any installation there will be many local problems to overcome. 

Although war-time experience in developing two-way systems should 
provide valuable data and assistance, it will be generally found that each 
installation will have to be considered as a separate entity and not merely 
installed according to a book of rules. 

This may well be the commencement of a new communications "era" 
in this country in which the general public, as well as many public utilities, 
may be permitted to transmit and receive radio signals. 

9n CC9his 9ssue 
In view of the interest in two-way radio systems, 'the first of a series 

of authoritative articles dealing with such equipment Is presented in this 
issue. Written by a practical engineer who has had wide experience in 
this particular field, these articles will be found most· timely and informative. 

On the constructional side, there is the T.R.F. Tuner, a unit which 
should appeal to all readers requiring a high fidelity reception. Incor­
porating an infinite impedance detector and an amplified A.VIC. system, 
the unit is capable of really excellent results and well worth adding to 
your favourite amplifier. · 
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Sensational Scoop! 
Brand new test equipment-made by one of Australia's leading manufac­
turers-now offered at practicaly HALF PRICE. 
MEASURING BRIDGE 
For quick, accurate checking of condensers, resistors, and inductances­
capacity range from 1 micro- Micro farad to IO MFD-read direct on scale 
-resistanc~ range from .1 ohm to lOmeg., also read direct on scale-Per­
centage scale also incorporated-for comparative and rapid Check between 
resistors-condensers , etc.-instrument can also be used on .. open bridge" 
position-operates 220/ 260v AC, 50 cycles-finished in beautiful black bro­
cade steel case, with cover-handle, etc.-llin. x 71hin. x 6in.-weighs 12Ib. 
(Write for details,) (Freight extra.) £ 10/5/4 
Originally priced £20. "Hurry." "OUR PRICE" 
CATHODE RAY OSCILLOSCOPE 
A high-class instrument-designed for laboratory-production work­
radio servicing, etc.- inhuilt amplifiers with continuous variable gain control 
on both horizontal and Yertical plates-linear time base, hav.ing frequency 
range, from 35 to ;;10,000 cps-adjustable in nine steps-with switching for 
coarse control-and a continuous variable control for fine acljustment­
operates on 220/260v. AC 50 /60 cycles-uses (1) 902, (2) 6.J7, (2) 5Y3, (1) 
884-finished in black-crackle finish steel case-with carrying handle­
metal hood and graduated scale for C.R. tube included-12in. x 9%. in. x 
?.~~RR;~'..:_~.sufi~b.P~Ibg~~.ally priced £37/10/-. Pius <ax. £l9 / 6/S 
Brand new. Not ex-Disposals. Fully guaranteed . (Pamphlets forwarded on 
request. (Freight extra.) 

"MINIVOX" 3-VALVE MIDGET 
AC KIT 

Uses "Special" Midget Reinartz coil, 
P / trans, choke and gang-6SJ7, 6V6, 
6X5-complete kit with cabinet, 

£9/12/6 
(Freigt extra) 

"MINIMINOR" 4-VALVE MIDGET 
AO KIT 

A hi-gain super-het, uses all midget 
parts - EK32 - EBF35-6V6-6X5-
"Special" Midget 30MA P /trans, etc. 
-Kit includes beautiful cabinet. 

£13/12/6 
(Freight extra) 

"MINIMINOR" 4-VALVE PERSONAL 
PORTABLE KIT 

A real winner - kit includes CAD­
plated chassis-Midget IF's-3" Rola 
-Batteries-and a beautiful shoulder 
strap carrying case. £12/17/6 

(Freight extra,) 

* "SPECIAL" * 
Large purchase of manufacturers' 
discontinued Jines allows the ·following 
sensational offers: A 5-valve nortable 
foundation kit-uses (2) 1T4, (1) 
1R5, (I) 1S5, (I) 1Q5-3in. Rola­
kit comes assembled-ready to l"'ire­
Spccial dial and assembled IF's, etc.­
circuit and blue prints included-less 
valves, case and batteries-originally 
sold at £24/17 /6, 
OUR PRICE £7/2/6 
5-valve B/cast Vibrator Chassis-
complete-wired ready for use-com .. 
plete valves, spkr. and case- ideal for 
conntry nse. Usual Price, £29/1 5/6. 
OUR PRICE . . . . ...... ............ £22/10/-* (Freight extra * 

"HI-FIDELITY 
AMPLIFIER" KIT 

Wireless Wor]d, Radiotronics, Radio 
and Hobbies. 
807 push-pull kit incudes \ highest 
quality components-Redline Trans­
form ers-Chokes, etc.-All Resistors­
Condcnsers-High wattage and volt­
age-has pre-amplifier stage-cmplte 
kit-less speaker ...... £26/1 4/ 7 

(Freight extra) 

"MIDGET" 30MA POWER 
TRANSFORMERS" 

(Freight extra) 
The smalle"st pow-transformer ever 
olfered-6.3v at 3 amp-150/l50v 
30MA. Made especially for "Mini­
vox," "Miniminor," 20/7. (Post 9d.) 

"MIDGET REINARTZ COIL" 
As used in the "Minivox" and "Tom 
Thumb" ............ 6/6 

(Post 3d) 

"MIDGET TUNING 
Single Gang, 12/6 
Two Gang, 19/3 
Three ,Gang, 28/6 

CONDENSERS" 
Post 3d. 
Post 3d. 
Post Gd. 

"CHASSIS" DRILLED AND 
ASSEMBLED 

Minivox, 3-valve AC ...... 6/6 
Miniminor, 4-valve AC ...... ...... 11/6 
Minirninor, 4-valve Port. .... 19/6 

"CABINETS" COLOURED 
LEATHERETTE FINISH 

Minivox, 3-valve AC ...... ...... .. .... 24/6 
Miniminor, 4-valve AC ...... 25/6 
Miniminor, 4-valve Port, ...... .. .... 28/10 

Aer. 
Osc, 
IF's 

"MIDGET COILS" 
~F "Q r,Ius" ...... 

Q plu~ . ...... ···;·; .......... . 
Trans. Q plus .... .. 

"JULY SPECIALS" * * 

6/11 ea. 
4/9 ea. 

13/9 ca. 

Type 27 valves ...... ...... ...... ...... ...... 7/-
Type 1E7 valves ...... ...... ...... 7/· 
Type 1G4 valves ...... ...... ...... 8/-
Type 9004-9006 valves ...... ...... 5/· * (Post extra) * 
"ACOS" X'TAL PICK-UPS GPlO 
Output 1. 7 volts. Pressure 35 gram. 
complete with cart, ...... ...... . 48/6 

(Post evtra) 

"JUMBO SURPRISE PARCEL" 
Sib. of assorted radio and electronic 
1Parts-.includes ha rdware-cOndensers 
-resistors coils-chokes-sockets, 
etc. 

(Rail freight on only) 
TO CLEAR ...... . . ...... ...... ...... 15/ ea. 

TUBES. 

If not Listed 
Here, Write Us. 
We can supply 
all types. 

1A7 22/10 
1G6 20/9 
1J6 18/10 
1H5 19/10 
1N5 22/4 
1P5 22/4 
1Q5 22/10 
1R5 20/6 
1S4 20/6 
1S5 20/6 
1T4 20/6 

2X2 12/9 
3A5 22/10 
3Q5 22/10 
3S4 20/6 
3V4 20/6 

5k4 21/6 
5U4 19/3 
5V4 19/10 
5Y3 14/7 

6A7 19/ 4 
6AB7 21/6 
6AC7 21/-
6AG5 26/-
6B6 18/4 
6B8 19/10 
6C4 26/-
6C5 19/3 
6F6 17/10 
6G6 20/9 
6H6 19/3 
6J6 28/-
6J7 18/4 
6K6 18/9 
6K7 20/4 
6K8 19/lv 
6L6 21/-
6L7 21/6 
6N7 21/6 
6Q7 19/ 9 
6SA7 19/4 
6SC7 20/-
6SJ7 18/4 
6SK7 18/ 4 
6SL.7 21/6 
6SN7 23/6 
6SQ7 18/4 
6SS7 18/9 
6U5 13/8 
6V6 18/10 
6X5 20/10 

12A6 19/9 
l ?.l7 17/-
12Q7 19/-
J?Rl\.7 21/-
12SQ7 18/4 
12SR7 20/9 

25L6 21/6 

80 l4/7 
30 17 /10 
807 16/6 
813 115/-
~~2A 150/-
833A £27 
866A 29/6 

1625 25/-
1629 20/-
9001 21/-

* 
-PLEASE 

ADD POSTAGE 
ON ALL 
ORDERS 

BUILD YOUR OWN 
11SIGNAL-TRACER11 

Comparative intensity of the signal is 
read directly on the meter--quality of 
the signal is heard in the· speaker. 
Simple to operate-on]y one connecti;ng 
cable-no tuning controls. 
Highly sensitive-Uses an improved 
vacuum-tube voltmeter circuit. 
Tube - resistor - capacity · - net­
work-built into shielded metal de­
tector probe. 
Built in • hi-gain amp1ifier-AJnico V 
speaker-completely portable 9in. x 
61/:.in. "' 5Y"in.-8lbs. . 
Kit includes all parts-ready to wire-
plus easy to follow £lO/l7/6 
instructions ......... , .. 

(Freight extra) 
The above kit-also availab]e, as a 
cu.stom-built unit-fully £ l l / l 7/,e, 
wired-tested, etc., for g 

(Freight extra) 

The above kit is now available in an 
AC kit, uses 6X5 midget P / trans, 
choke, etc., and midget 6.3v AC valves 
-240v kit complete ...... .... £12/17/6 
Or custom~buil t-wired and 
tested ... £ 13/l 7 /6 ' 

(Freight extra) 

"INSTRUMENT CASES" 
New grey, crackle finish, steel, welded 
cases-9 in . x 61/2in x 51/2in.-ideal for 
oscillators-S/Tracers-
VTVM's, etc. ...... ...... ...... ...... 22/6 

(freight extra) 

"INSTRUMENT PROBES" 
Highly polished metal probes-poly tip 
and base-for VHF-UHF-takes 9001 
-1 T4 series valves-idea] · for 
VTVM'S-S/Tracers, etc. ...... ...... 8/6 

(Post 6d) 

28-volt "GENE-MOTORS" 
American manufacture - beautifully 
made-silent-ball bearing-Output-
225v at 60 MA, 100/-. Output 590v at 
150MA, 155/-. (Rail freight on) 

"TOOLS" 
Box Socket Wrenches, 1/8 to '/"in. 

Six in set, with handle . . 5/9 set 
4in. Crescent Shifting Spanners 

7 /10 each 
5in. Combination Pliers ...... 4/6 pr. 
lOin. CAD-plated Multigrips, 10/4 pr. 
7in. Diagonal Pliers, S/Cutters 

17/- ea . 
lOin. Tin Snips 10/6 ea. 

(Post extra) 
71/:.in. Multigrips .... 8/4 
Sin. "Turner" Ratchet S/Drivers 5/5 
English Wire Gauges ...... l " 12/6 

F. N~ ,Radio & Electronic Co. 265 MILITARY RD., 

CREMORNE, N.S.W. 

1 Phone: 

XM7063 
SAME DAY MAIL ORDER SERVICE 

''F.N. RADIO hos the stocks" 
CALL, WRITE or PHONE ALL ENQUIRIES ANSWERED PROMPTLY. 

''F.N. RADIO con help you" ''F.N. RADIO knows how" 
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Engineering Sales Dept., Amalgamated Wireless (A/sia.) Ltd. 

A brief review of the past and present developments in 
this field of telecommunications is given in two parts, with 
emphasis on the present application of frequency modulation. 

In order to obtain the correct perspec­
tive in this view of radiotelephony as it 
applies to communication with road 
vehicles, it is well to first consider what 
has been achieved up to the present time 
by systems using ampliLude modulation 
on medium and high frequencies. 

Such services have been relatively few 
in number in Australia, and have mainly 
been operated by the police departments 
of the States, by ambulance organisations, , 
State Forestry Departments, and by pub­
lic utilities . In the latter group the elec­
tricity supply authorities have always 
been in the lead, apparently clue to 
features of their activities which are par­
ticularly aided by radio communication , 
and clue in some measure to electrical 
engineers being generally aware of the 
possibilities of such communication. 

Fixed Tuning 

For these services the usual practice has 
been to adapt standard car broadcast re­
ceivers by fixing the tuning and improving 
the efficiency of the coupling between 
aerial and first grid. The first-named 
modification, generally achieved by crystal 

.~~~THEAUTHQR~~~. 
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control of the converter oscillator, re­
moves the clanger of the mobile receiver 
drifting out of tune and at the same time 
prevents the operators from listening to 
adjacent broadcasting channels. 

This fixed-frequency operation permits 
the second-named modification whereby 
overall receiver performance can be. some­
what improved. Conventional circuit de­
sign is used in thii mobile transmitters, 
whose output carrier powers range from 
5 to 10 watts. Crystal-controlled oscilla­
tors ensure stability of the carrier fre­
quency. 

Since the termination of war in 1945, 
the application of A.M. low-power appara­
tus in the medium-high frequencies has 
been encouraged by the large quantity of 
available ex-Service materials, and some 
commendable ingenuity has been dis­
played in adapting Service designs to 
civilian uses. However, the indifferent re­
sults obtained in some cases serve· to 
underline the difference in technique be­
tween peace and war; the latter's specific­
ally-trained operating personnel and 
wastefu l maintenance practices <Cannot be 
called upon in peacetime. 

Characteristics of the A.M. Syste~s. 
Although it is intended to deal mainly 

with the new and rapidly-expanding 
application of frequency-modulation to 
mobile services, it is worth while, for the 
purpose of later comparison, to briefly re­
view the more important characteristics of 
the A.M. systems. 

Firstly, the central station transmitter 
and radiating systems have been generally 
similar to their counterparts in broad­
casting, since the objective is the same: 
good coverage over as great an area as 

Fig. 1.-Vehicle aerials used on an A.M. H.F. 
radio installation; the horizontal "luggage 
rail" aerial is for transmission and the small 

vertical whip for reception. 

possible with the use of the ground wave. 
For this reason, carrier frequencies in the 
regio_n 1500 kc to 2000 kc have been the 
usual choice, with T or vertical radiators. 
For transmission from the mobile 
stations back to the central station it has 
been common practice to employ fre­
quencies as high as 30 Mc, duplex opera­
tion generally being achieved, meaning 
that simultaneous transmission and recep­
tion is possible. 

In consequence of the use of these 
frequencies it has been found , as is to be 
expected, that the ionosphere is respon­
sible at times for interference from other 
stations. During the winter season par­
ticularly it has been found that trans­
mitters located hundreds of miles away, 
and operating on frequencies up to 10 
kc removed, can cause annoying or serious 
jamming. At 31 Mc, police services have 
experienced consistent reception of sig- . 
nals emanating from North and South 
America; however, the relative weakness of 
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these signals has enabled the local car 
transmission to over-ride them. 

Owing to the short distances involved, 
fading has not been noted. It is unfor­
tunate for electric supply authorities that 
atmospherics caused .by thunderstorms in 
the summer months occur at times when 
reliable radio communication is especially 
desired. Noise arising in electrical plant 
and appliances is a far more serious and 
consistent hindrance to reception at the 
medium frequencies . Notoriously bad in 
this respect are electric arc welders, rotat­
ing machines with comm utators, and 
tramways. 

The ignition system of petrol-engine 
vehicles is a further source of severe noise 
interference of a somewhat different type; 
it is interesting that whereas it was once 
thought that ignition noise decreased at 
frequencies higher than abou t 30 Mc, it 
has been confirmed that substantial noise 
signals are produced by the average 
modern vehicle throughout the frequency 
spectrum and as high as 500 Mc. 1, 2 , 3 . 

Aerial Design Problems 

A major difficulty with medium/ high 
frequency apparatus, when installed in 
road vehicles, is encountered when the 
aerial circuit is considered. For a prac­
tical design it is obvious that the aerial 
can only be a small fraction of ·a wave· 
length, and can only have a very low 
eff.ective height. The loading coil or cir­
cuit employed to effectively couple the 
aerial to the transmitter must accordingly 
be devised from components of high Q 
value; i.e., losses must be kept a t a low 
value. Even in good designs, the efficiency 
of power transfer from transmitter .out­
put to aerial is quite low in practice and 
there appears to be little scope for im­
provement.4. 

A particular design is illustrated in Fig. 
1, wherein a "luggage rail" type of trans­
mitting aerial is shown for transmission 
on a frequency of 3190 kc. T he support 
insulators which carry the horizontal 
tubular aerial are made of a semi-hard 
rubber moulded to shape. The vertical 
aerial is used for reception on 2130 kc, 
and it is interesting to note that duplex 
working is possible; i.e., transmission may 
take place during reception. 

The design of effective mu ting circuits 
for the receivers of A.M. systems, to 
operate reliably at low threshold values 
of signal, has long been a problem con­
fronting the design engineer. In the ab­
sence of this desirable refinement either 
the operators ·have been subjected to the 

In use for the last ten years, the central control panel of the Sydney County Council'.• AM 
mobile radio system is shown above. The operator has control of the remotely situated 

main transmitter and ef a number of pickup receivers. The system uses duplex operation. 

extremely trying noise output of the re­
ceivers, or the system operates with the 
central station transmitting a carr ier sig· 
nal continuously. The latter practice has 
been commonly adopted , although waste­
ful as regards power consumption and 
.valve life. 

However, it has the advantage that the 
vehicle operatqr is always aware when he 
is in an area of good signal strength 
since, under such condition, the receiver 
gain is automatically reduced so that 
background noises are suppressed. It is 
clear that this protection fails when the 
veh icle is moving th rough an area of poor 
reception. 

In conclusion, it is worth enumerating 
three ;iclvantages of A.M. systems: F irstly, 
by using carrier powers of 200 to 500 
watts at the central transmitter, reason­
ably effective coverage may be achieved 
over quite large areas; for example, ranges 
up to 30 miles are possible. Secondly, 
the topography of the service area is of 
secondary importance; and, thirdly, the 
transmitters and receivers employ rela­
tively simple, non-critical circuits. 

V.H.F. Transmission 
Characteristics. 

In passing now to consideration of t.he 
new F.M. mobile communication installa­
tions, it is necessary that the transmission 

characteristics of the high frequencies 
used for these services should first be re· 
viewed. 

The fact that, both in ·the United States 
of America and in this couµtry, the appli­
cation of frequency modulation has pro­
ceeded in step with the employment of 
V.H.F. technique, seems to have caused 
considerable confusion in the minds of 
tele-comm uni cations engineers and others; 
some of the claims made on behalf of fre­
quency modulation may, in fact, be attri­
buted to the properties of V.H.F. trans­
m1ss1on. In the future it may be found 
unfortunate that A.M. systems operated in 
the V.H .F. bands have never been ex­
ploited in this country, due to the war 
of 1939-19,15. Development in this direc­
tion has taken place in the United King­
dom and is referred to again later. 

Fig. 2.-Typical profile of terrain. Station B. would be in continuous reliable communication with 
A, but transmission from the latter to Station C WQuld be variable and dependent upon meteo­

rological conditions. 

The propagation characteristics of 
transmission in the frequency range 30 
to 300 megacycles . (and higher) are now 
reasonably well cl<;!finecl for the purposes 
of communication engineers, and there 
are many references in the literature 5-14 

which may be consul tee\. It may be stated 
immediately that the condition that clear 
line-of-sight should exist between the 
transmitting and rece1vmg aerials for 
effective communication is definitely not 
a strict requirement. In the general case 
such a path produces a high degree of con­
stancy of received signal field slrength, ·the 
variation in meteorological conditions in 
the lower atmosphere having no practical 
significance at t~e frequencies now being 
employed for mobile services; i.e., 70-80 
megacycles and 150-160 megacycles. 

Such a case may be illustrated by the 
transmission from Station A to Station B 
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Fig. 3.-Profile of terrain used for prediction of transmission, Ashfield to Kingswood, Sydney~ 

in Fig. 2, in which a typical profile of 
terrain is portrayed. In this diagram the 
effect of the earth's curvature is allowed 
for in the usual manner. 15, 16. 

Beyond the range of clear line-of-sight, 
and for much further distances, useful 
receiver signal strengths may be obtained, 
but it has been well estab'!ished that con­
siderable variations in reception occur, 
governed by refraction of the radio wave 
in the lower atmosphere. The thickness· 
of the latter has been assessed as approxi­
mately 20 kilometres, as regards the 
effects on V.H.F. propagation. As the 
main factors controlling refraction are 
temperature variation vertically, and varia­
tion of water vapour content, there is a 
correlation between the beyond-horizon 
transmission and weather conditions pre­
vailing along the transmission path. The 
concept of a standard refraction has 
been found useful as a reference in the 
analysis of long-distance V.H.F. propaga­
tion. 

In Fig. 2 transmission from Station A 

to Station C would be dependent upon 
lower atmosphere refraction for the crea­
tion of downward curving of the wave 
path. Using this hypothesis it is natural 
to assume that the variations of received • 
signal strength will ·increase as the .range 
beyond the horizon increases, and this 
has repeatedly been found true in prac­
tice . For ranges greater than about twice 
the horizon distance, the very high fre­
quencies become of little use for continu­
ous commercial services. 

Where V.H.F. communication is with a 
vehicle, the effective height of the aerial 
on the latter is low enough to justify 
taking t.he horizon distance as a first-order 
approximation of the reliable range, and 
height of the fixed station aerial relative 
to the surrounding country becomes the 
important factor. Accurate correlation of 
practical results with idealised propagation 
theory is difficult, and the anomalous re­
sults encountered, the interference pat­
terns commonly found in built-up or 
wooded areas, and at distances beyond 
the horizon, all indicate the complexity of 

the wave pattern as it arrives at the re­
ceiving aerial. 

Freedom from atmospherics which 
greatly trouble the low, medium and high 
frequencies, is an advantage of the very 
high frequencies which becomes more 
marked as the frequency is raised; at the 
present time it is not clear to what extent 
this fact has led to false claims on be­
half of the F .M. technique. There is a 
relative decrease in the intensity of noises 
from electrical sources as the frequency is 
raised, although recent papersa show that 
vehicle ignition interference is a partial 
exception. 

Such interference has been shown to 
exist at substantial level at frequencies as 
high as 500 megacycles, with wide varia­
tions between types of vehicle. A marked 
advantage of the very high frequencies is 
that the aerial dimensions reduce to the 
stage where it is entirely practicable to 
fit quarter-wave or half-wave resonant 
aerials to . vehicles, and to devisP. very 
effective coupling circuits between these 
aerials and the equipment. 

4.-Fixed Station Site Selection. 

From the discussion in the preceding 
section, it is seen that the selection of 
the site for a fixed station which is to 
operate with mobile 
requirmg careful 
tion. The general. 
service area must 

stations, is a matter 
engineering atten­
topography of the 
be considered in 
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relation to the requirements which 
the communication system aims to 
achieve, and in particular the disposition 
of roads (or water-ways, if a marine in­
stallation is being p lanned) and the dis­
tribution· of population must be noted. 

Height of the fixed or base station aerial 
above the average terrain altitude is the 
prime factor in obtaining reliable com­
munication over a long range. The dis­
tance to the optical horizon is given by-

e! = 1.23 V h miles, 
where the height of the observer h is 
known in feet. For example, an aerial 
focatecl 64 feet above an ideal plane earth 
would see the horizon at about 10 miles 
distance, whereas increasing its altitude to 
144 feet, would p lace its horizon ar 15 
miles. As a first order approximation, 
the radio range would appear to be in­
creased in the same ratio, but other fac­
tors have an important influence. 

That the aerial height and not the 
radiated power from a base transmitter is 
the factor of more importance in deter­
mining range, may be seen from the ex­
pression for received field given by Peter-
son 15:- · 

e = (.01052 VW h a F) / d2 microvolts 
per meter. 

where W watts radiated by trans: 
mitting half-wave dipole; 

h & a altitudes above reflecting 
surface, in feet. 

F frequency, in megacycles; 
cl distance, in miles. 

For a given height of aerial, frequency, 
and distance, it is seen that the field can 
only be doubled by quadrupling the 
power, whereas doubling the height of 
the transmitting aerial will produce the 
same result. 

There is now sufficient information 
available 13, 14 to enable the transmission 
losses over a specified point-to-point path 
to be assessed with reasonable accuracy. 
Briefly, the procedure is to mark off the 
path on a contour map• and to note the 
heights at suitable intervals, generally at 
each quarter mile. The readings are then 
marked down on a profile .chart and the 
calculation proceeds, using the method of 
Bullington 14. 

The chart usually incorporates the fac­
tor of earth curvature shown with suf-

With the installation of the many proposed 
mobile services, the scene depicted in this 

photograph will become commonplace. 
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ficient accuracy by scaling down the 
earth's radius and exaggerating the height 
scale by the correct ratio. It may be pre­
sented in two ways, either by drawing a 
curved base line and a straight ray path, 
or alternatively by using a straight base 
line and drawing in the ray path with 
the correctly-chosen radius, concave up­
ward. Fig. 3 is a typical example of the 
first method. Between the points Ashfield 
and Kingswood, satisfactory communica­
tion has been obtained, using F.M. trans­
mitters and receivers of a high standard 
of performance. 

Profile Chart 

While the prediction of a few point-to­
point transmission paths may be readily . 
undertaken, it can rapidly become a 
laborious and tedious matter to forecast 
the service area which will be obtained 
by the central station of a mobile system; 
in the latter case the possible movements 
of the vehicles demand a consideration of 
the terrain along radials, possibly spaced 
5 or 10 degrees apart. Furthermore, in 
hilly couotry it is common experience 
that rather anomalous results can be ob­
tained, presumably arising from fortuitous 
reflections. Where complicated terrain is 
encountered, it is frequently more prac­
ticable to carry out an actual field survey 
to determine the effective cov~rage. 

A typical case is illustrated by consicl~r­
ing communication in the area north of 
West Maitland, N.S.W. From the best 
adjacent site available, the terrain for the 
first 5 to 9 miles is only slightly undulat- . 
ing. Beyond this the country suddenly 
becomes very hilly, with peaks rising to 
1,000 feet and over, and Fig. 4 is a profile 
from which it would be deduced that 
transmission from West Maitland to East 
Gresforcl was not attainable. In actual 
fact, however, locations were found in this 
vicinity, where good two-way operation 
was obtained with a vehicle fitted with 
radio. Just beyond East Gresford are two 
peaks of 1,345 feet and 745 feet, respec­
tively. 

There a~e other empirical factors which 
influence the site of the base station. It 
is important that the aerial should sur­
mount all local obstructions, even of a 
seemingly minor nature 17, 18, and that it 
should be well surrounded (for a radial 
distance of a few miles) by reasonably flat 

terrain of lower altitude. Sites fulfilling 
such requirements are not always easy to 
find , and since, in the majority of cases, 
the desirable site does not coincide with 
the location of the station control centre, 
it is inevitable that some system of re­
mote control of the radio· equipment must 
be provided. However, this is no real 
disadvantage, as it is easy to provide full 
control facilities together with speech 
transmission on one land line pair be­
tween the two locations. 

(To be continued.) 

The author is indebted to Amalgamated 
Wireless (Australasia), Limited, for permis­
sion to publish this paper. 
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RADAR AIDS TO NAVIGATION 

MULTIPLE T RACK ·RAD AR RANGE 
By JOHN G. DOWNES, B.Sc., A.M.l.E.E. 

In the preceding articles the principles of hyperbolic naviga­
tion and ground station operation were discussed in some 
detail. In conclusion, the author now deals with the require­
ments of the air-borne equipment used in the M.T.R. system. 

The function of the M.T.R. airborne 
equipment is to search for and receive 
the pulses radiated from the selected 
ground stations (master and slave), to 
measure automatically and continuously 
the difference in time of arrival of each 
two corresponding pulses, and to display 
the result in the form of a track 'number 
which, in conjunction with a prepared 
map, indicate to the pilot his bearing 
relative to the stations. 

The equipment must also fulfil all 
the usual requirements for airborne use 
in civil aircraft, namely : lightness, com­
pactness, reliability and ease of servicing. 

Circuits and Mode of Operati01;i. 
A block schematic diagram of the 

M.T.R. airborne equipment af}pears in 
Figure 1. 
Receiver: 

The receiver is a superheterodyne with 
one R .F. stage and four stages of I.F. 
amplification. , The frequency of the 
Teceived signals (pulses) is in the vicinity 
of 200 me. The converter valve is of 
the twin-triode type, one section acting 
as local oscillator and the other as mixer. 

The bandwidth of the receiver is about 
3 me; it is made intentionally wide to 
allow for drift of both the transmitter 
and local- oscillator frequencies as well 
as to preserve the pulse shape . . The in­
termediate freqency is 30 me. 

A diode detector is · used, followed by 
a stage of video-frequency amplification, 
which in turn is coupled to a cathode­
follower stage, providing a low-impedance 
output which is convenient for transfer­
ence of the signal to the next section of 
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Block schematic of MTR Airborne 
Equipment. 

the equipment, known as the ranging 
unit. 

The 1·eceiver is illustrated in Figure 2. 
It is built as a separate unit to facilitate 
rapid servicing by replacement of the en­
tire receiver should a fault develop there­
in. Also, because of the high gain and 
relatively high intermediate frequency 
used, careful assembly and wiring of the 
I.F. stages is necessary; this is a some­
what specialised job, and for this reason 
it is advantageous to construct the re­
ceiver as a separate unit. 

The tuning of the I.F. inductances is 
by means of eddy-current slugs. The 
valves used are all of the miniature type, 
principally the 6AK5 . 

Ranging Unit. 

The manner in which the time dif­
ference between corresponding pulses is 
automatically measun:"d is somewhat com­
plicated. The master pulse always arrives 
first at the aircraft, followed by the slave 
pulse (special provision to ensure this 
is made in the ground stations). The 
pulses are feel to a multivibrator circuit 
and if the natural frequency of the latter 
is just below the rate at which the mas­
ter pulses are received, the multivibrator 
becomes synchronised to the incoming 
pulses. Pulses are sent from the master 
station at twice the rate of the slave 
station; this enables the multivibrator to 
be synchronised to the master rather 
than the slave. 

The purpose · of this multivibrator 
stage is to discriminate between M.T.R. 
transmissions of different repetition fre­
quencies; it can be seen that by chang­
ing the natural frequency of the multi­
vibrator (by a switch on a control panel) 
and by allocating different repetition 
frequencies to the various M.T.R. sys­
tems in a given area, it is possible to 
select any desired system. 

The output of the multivibrator, now 
assumed to be synchronised with the 
master pulses, is coupled to a delay­
generating stage known as a phantastron. 
The action of this stage is such that on 
receipt of an impulse it goes through 

Receiver used in the MTR Airborne equip­
ment. 

a cycle of operations ar the end of which 
a new impulse is generated; that is to 
say, the stage produces a delayed pulse. 
The duration of the phantastron cycle, 
i.e., the delay, can be controlled by vary­
ing the voltage on the anode of the 
phantastron valve, so that we have a 
satisfactory way of producing a smoothly­
variabte• delay. 

The delayed pulse from the phantas­
tron, after suitable shaping and ampli­
fication, is applied to the screen grid of 
a multi-element valve. 

This valve is known as a gated ampli ­
fier and the applied pulse called a gate 
pulse; the reason for this term will ap­
pear shortly. 

(Reference should be made to Figure 
3, where the relevant waveforms are de­
picted). 

To the signal grid of the gated ampli­
fier is applied the output from the re­
ceiver, namely, the incoming master and 
slave pulses. It will be seen that if the 
delay of the phantastron is equal to the 
difference in arrival time of master and 
slave pulses, the pulses ·ori the screen 
grid of the gated amplifier will coincide 
in time with the slave pulses so that con­
duction through the valve will occur, 
and output pulses be obtained. The 
slave pulses are said to pass through the 
gate, or be gated, under such circum­
stances. 

Now, immediately on switching on the 
equipment, a saw-tooth sweep voltage 
produced in a normal resistance-capacit­
ance circuit, is applied to the phant­
astron valve as a control voltage, and 
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this has the effect of causing the gene­
rated delay to increase in value, commenc­
ing from practically zero delay, up to 
a certain maximum value. It will be 
seen that, under this searching condition, 
assuming slave pulses are being received, 
there will come an instant when the 
gate pulses coincide with the slave pulses. 

The gated amplifier then conducts, 
and i ts output, after recLification, is ap­
plied to a control valve having a relay 
in its anode circuit; this relay accordingly 
becomes energized. The relay is so ar­
ranged as to disconnect the sweeping con­
trol voltage from the phantastron, and 
the delay of the latter consequently stays 
fixed at the value which produces pulse 
coincidence in the gated amplifier; this 
coincidence, and the resultant relay ac­
tion, is qescribed as lock-on to the slave 
pulses. 

"Lock On" Action 
When lock-on has occurred, the value 

of control voltage on the phantastron is 
indicated on a meter. Since the control 
voltage is proportional to the generated 
delay, which in turn has been made equal 
by the action of the circuits to the time 
separation between master and slave 
pulses, the meter reading is a measure 
of the latter. 

Now, it was explained in an earlier 
part of this article how by allocating 
definite values to the difference in arrival 
time of the master and slave pulses, a 
number of. tracks were defined, and these 
could be drawn superimposed on a map 
of the area covered by the system. The 
tracks are usually numbered I, 2, 3, .. . 
and represent increasing values in time­
difference between pulses. It can be 
seen, therefore, that our meter, which 
indicates the time-difference between the • 
pulses being received, can be calibrated 
in terms of track number, and this is in 
fact what is clone. The pilot, by ob­
serving the indicated track numbrr and 
making reference to his chart, can im­
mediately establish his bearing from the 
stations. 

It will by now probably have occur­
red to the reader that although the fac­
ility of locking-on to pulses has been 
described, no mention has been made of 
the method adopted to ensure that the 

0UTI>UT FROM 6.t.TED AMPL1~1£~"a 

The various waveforms used in MTR system. 
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Various units of the MTR airborne equip­
ment. 

equipment stays lo~ked-on during the 
flight of the aircrafi., which may involve 
the crossing of tracks. To allow for this, 
further circuits are necessary. Instead of 
a single gate pulse being generated, two 
such pulses, one closely following the 
other are produced; these are known as 
the early and late gate pulses. (The 
mention of a second pulse was omitted 
from the preceding description for simp­
lification, this pulse not being essential 
for the lock-on action .) Those are ap­
plied respectively to the screen grids of 
two separate gated amplifiers, called the 
early and lated gated amplifiers. The 
output of the receiver is connected in 
parallel to the signal grids of the two 
gated amplifiers. • 

General Operation 
Now, assume that the circuits have 

gone through the searching process and 
have locked-on to the slave pulses in the 
manner previously described. . The two 
gate pulses will then be cqincident with 
the slavt pulse. Suppose now that the 
aircraft flies a course such that it moves 
towards a track of a lower number. The 
time difference between the received pul­
ses will be decreasing; i.e., the slave pulse 
can be regarded as moving towards the 
master pulse. The slave pulse will thus 
tend to- coincide more completely with 
the early gate pulse, and will move out 
of coincidence with the late gate pulse. 

As a consequence, conduction through 
the early gated amplifier will predomin­
ate. The output of this amplifier con­
trols a diode circuit in such a way as to 
reduce the value of the control voltage 
on the phantastron; the delay of the 
•latter is accordingly reduced, and con­
sequently the gate pulses are moved until 
they coincide once again with the slave 
pulse. 

Similarly, should the aircraft be mov­
ing towards a track of higher number, 
the slave pulse will tend to coincide only 
with the late gate pulse: Conduction 

through t the late gated amplifier will 
then predominate, and this amplifier 
controls a diode in such a way as to 
increase th e phantastron control voltage. 
As a result the gate pulse will be moved 
until they both coincide with the slave 
pulse. 

By the simultaneous action of the two 
gated amplifiers the gate pulses are made 
to straddle the slave pulse continuously, 
following it as it moves relative to the 
master pulse. At the same time; the 
phantastron control voltage is read con­
tinuously, appearing as an indication of 
track number on the pilot's meter. 

Track Indication 
It is often the case that the pilot 

requires to fly the aircraft along a par­
ticular track. To allow this to be done 
easily and accurately an additional meter 
indication is provided . It takes the form 
of a centre-zero meter movement, so ar­
ranged that when the pilot adjusts a 
track selector switch for a particular 
track, the meter needle is central when 
the aircraft is on that track, but deviates 
to left or right as the aircraft departs 
from the track. 

Navigation along a particular track is 
thus made quite simple, and the ar­
rangement allows of considerable sensi­
tivity; for example, a departure of 1 
degree from the selected bearing can be 
readily observed. 

The circuit i.1sed for the centre-zero 
indication is a form of bridge; the con­
trol voltage on the phantastron corres­
ponding to the particular track selected 
is balanced by an equal voltage obtained 
from a potentiometer, 'Ind the centre­
zero meter is connected between the two 
potential points. Consequently, no cur­
rent flows through the meter when the 
aircraft is on the selected track, but i\ny 
departure from the track causes a change 
in phantastron control voltage in the 
manner described previously, and cur­
ren t will flow in one direction or the 
other through the meter. 

Both types of meter indication are 
combined in a single instrument, which 
can be seen in Figure 4. The horizontal 
needle indicated on the scale on the 
right-and side on which track the air­
craft is located, while the vertical needle 
indicates departure to , left or right of 
a selected track. 
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Typical equipment layout in an aircraft. 
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The output from the gated amplifiers, 
in addition to feed ing the lock-on cir­
cuit in the way previously described, is 
applied after rectification to a control 
vaFve having a small glow-tube in its 
anode circuit. 

When the equipment has locked-on to 
a pair of M.T .R. stations the stream of 
gated pulses causes this lamp to glow. 
Now it was described in an earlier part 
of this article how at the slave station 
the stream of transmitted pulses is in­
terrupted periodically by a coding unit 
in such a way as to form a Morse code 
group characteristic of the particular 
station . The glow-lamp in the aircraft 
responds in accordance with this periodic 
interruption of the stream pulses, so 
that by observing the lamp one can iden­
tify the particular system to which the 
equipment has locked-on. .This provides 
a check on the proper functioning of the 
station selector control. 

Although the time-constants in the 
glow-lamp circuit must be sufficiently 
small · to allow the lamp to respond to 
the coding, it is not desirable that the 
lock-on relay circuit shoul.d be affected 
by these periodic interruptions of the 
pulse stream. Accordingly, a relatively 
long time-constant is introduced into the 
relay circuit. This ensures that the 
equipment will remain locked-on during 
the coding periods and any other brief 
interruptions to the· signal. 

Equipment Details 
The various units of the M.T.R. air­

borne equipment are shown in the photo­
graph of Figure 4, and Figure 5 is a 
block schematic diagram of the arrange­
ment of the units in the aircraft. 

Two cases, identical in size, house re­
spectively, ,the power supply and the re­
.ceiver and tracking unit. The power 
supply is cons~ructed .separately both for 
ease of assembly and maintenance, and 
also to avoid excessive heating of the 
components in the receiver and ranging 
unit, particularly those which determine 
the accuracy and stability of the equip­
ment. The power supply unit contains 
a H.T. dynamotor and associated voltage­
regulator valves and potential dividers; 
the clynamotor is fed from the main L.T. 
supply of the aircraft, to which all the 
valve heaters of the equipment, in a 
series-parallel arrangement, are also dir­
ectly connected. 

The second 1:ase, in addition to hous­
ing the receiver already described, con­
tains the tracking unit, which uses minia­
ture valves and, so .far as they are avail­
able or desirable, miniature components 
throughout. 

A small and compact control unit 
houses an on-off switch, the sta tion selec­
tor control, the track selector switch, and 
the code glow-lamp. It also contains a 

10 

· Measuring the electric impulses 
of the brain, and making actual 
recordings as low as " V, the electro-encepholo­
groph amplifier is the most recent invention to 
come to the aid of human distress. 
Used primarily to rehabilitate returned men with 
head wounds, it records every impulse, visual 
or mental. By its readings the medical profession 
con judge the physical capabilities of patients 
and advise them as to their future. More than 
I 00 fixed and variable Resistors are included in 
th is sensitive instrument, 
Serving the electrical industry for more than 25 
years IRC technicians have evolved Resistors 
to meet and develop every electrical require­
ment. When new and unusual types ore required, 
the laboratory is at your service to discuss and 
produce specified types of any size or roting. 
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oense switch, which it is necessary to set 
in accordance with the general direction 
in which the aircraft is flying through 
the track system; when this is done the 
centre-zone indicator always indicates to 
the pilot the correct direction to fly in 
order to reach any given track. 

The doub.Ie-movement track indicator 
is mounted on the pi lot's instrument 
panel in a posi tion where it may be 
clearly seen. The control unit is located 
in the cockpit in a position convenient 
for operation "ther by the pilot or the 
co-pilot. The · receiver and tracking unit · 
and the power supply are mounted to­
getlier in any convenient position in the 
aircraft. 

The receiving aerial · is a simple spike, 
one quarter-wavelength long, projecting 
usually from the underside of the air­
craft, and conne1=ted to the receiver by 
coaxial cable. 

The installed weight of the entire 
equipment, including cables, is about 35 
lb. 

Test Equipment. 
In addition to the routine test instru­

ments, certain specialised pieces of equip­
ment have been built to assist in the 
testing aand maintenance of the M.T.R. 
airborne equipment. 

One important test is that of the 
ability of the equipment to lock-on to 
signals . transmitted at any given repeti­
tion rate, and to reject signals of which 
the repetition rate d iffers appreciably 
from the given figure. · 

To make this test pulses are fed into 
the .equipmen.t from a pulse generator of 
which the frequency is determined by 
a stable resistance-capacitance oscillator; 
the frequency range over which lock-on 
occurs can be rapidly and accurately de­
termined by this means. 

The cal ibration of the R-C oscillator 
can be checked when desired against a 
specially-designed crystal calibrator unit. 

The Canadian trials were carried in an 
RCAF Dakota. 
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Tlo views of the crystal cal.ibrator- an important unit of the MTR test equipment. 

In this unit the frequency of a 100 Kc 
crystal is successively divided down to 
audio frequencies, so that direct com­
parison with the R-C oscillator can be 
made. The crystal calibrator unit is il­
lustrated in Figure 6. 

Another important test on the M.T.R. 
airborne equipment is that of the accur· 
acy of the track calibration. To car ry 
this out pairs of pulses (simulating the 
master and slave pulses) having a closely­
controlled time separation, corresponding 
to that for a particular track, are fed 
into the equipment and the track-number 
indicatJ.on is observed. If necessary, a 
re-calibration can be made using this in­
strument. The method of obtaining pairs 
of pulses spaced by an accurately known 
time interval is in~eresting; the basis is 
once again the crystal calibrator unit. 
Outputs from this unit at 5 Kc and 40 
Kc; these outputs are in the form of 
pulses, which will, therefore, recur at 
intervals of 200 and 25 microseconds re­
spectively. By picking out particular 
pulses from each output a large range 
of stable pulse separations can be ob­
tained. 

Operational Trials of 
the Equipment. 

In order to check the performance 
under airline condi tions of engineered 
models of the M.T .R . equipment and 
also to determine the suitability of the 
design from the navigational point of · 
view, installations of the equipment were 
made in civil aircraft in daily use and 
tests made under airline conditions over 
the Sydney-Melbourne air route for a 
period of about five months. A large 
number of flights were made. Particular 
attention was paid to studying the re­
liability of the equipment under these 
conditions, and to determining the aver­
age coverage area of M.T.R. ground in­
stallations. The reliability was found to 
be of a high order, the only troubles 
encountered being one or two componen t 
failures. 

Under airline conditions it was found 
difficult to make Satisfactory checks of 
the accuracy of track indication. Ac­
cordingly1 some special fligh ts were made 
for this purpose, and these were delib-

erately carried out over mountainous 
country, where reflected signals could be 
expected to be present; the flights, there­
fore, represented a reasonably severe test 
of the accuracy of the system. Under 
these circumstances, and within the nar­
·ow limits of experimental error, no dis­
crepancy was observed between the tr~cks 
as delineated by the aircraft equipment 
and the theoretical tracks as drawn on 
maps. 

Overseas Tests of the 
M.T.R. System. 

In additon to the airline trials, M.T.R. 
equipments were sent to Canada in 1946 
and very successfully demonstrated to a 
large number of delegates of the Inter· 
national Civil Aviation Organisation. 
Figure 7 shows the equipment set up for 
demons tration purposes in a Dakota air­
craft of the Royal Canadian Air Force. 

Subsequently, certain of this equipment 
was taken to England and used by• the 
R.A .F. as part of an intensive develop­
ment programme to study methods for 
the' rapid landing of aircraft under in­
strument conditions. Again the equip­
ment performed extremely well and play­
ed an important part in the rapid-landing 
procedures. 

Present and Future 
Status of M.T.R. 

It has been described in this series of 
articles on the M.T.R. system how in its 
present form it represents a thoroughly­
tested equipment, accurate and free from 
siting difficulties. 

Disadvantages in the M.T.R. system in 
its present form are the gaps in coverage 
where no track guidance is provided, and · 
the necessity for two stations, some miles 
apart. The present trend in develop­
ment aims at reducing or removing the 
gaps in coverage and at lessening the 
station separation considerably, so that 
both may be located within the airport 
boundaries, or at least in close proximity 
thereto. 

When this development has been car­
ried through the ·M.T.R. system will pro­
vide a very promising answer to the 
problem of providing reliable omni­
directional track guidance. 
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Millionth-of ~-Second-

By DR. CHARLES M. SLACK L. F. EHRKE C. T. ZAVALES 
Westinghouse Electric Corporation 

The new ultra-high speed X-ray machine freezes for direct 
and leisurely examination all sorts of ultra-rapid 
machines, of impacts, and perhaps even of 

action of 
chemical 

reactions. It open.s a wide doar to an entirely new "world" 

X-ray pictures of a golf ball as it is 
struck, a football and the foot that kicks 
it, a glass bulb as it is shattered by a 
missile, are spectacular, interesting, but 
perhaps not too important. They are in­
dicative, however, of the capabilities of 
a new type of high-speed X-ray machine, 
which offers a prospect of major import­
ance to every engineer concerned with 
machines in motion, impacts, vibrations, 
or other occurrences that are too fast for 
observation or are obscured from view of 
eyes or camera. 

Furthermore, taking of such hirh-speed 
X-ray pictures does not necessitate highly 
specialised laboratory technique or com­
plex, ·cumbersome laboratory apparatus. 
The new high-speed X-ray machine is a 
compact unit on wheels, with simple con­
trols. It · is actually simpler in its prin-

. ciple· of operation than the con\(entional 
X-ray machine. It is a practical industrial 
tool. It. is self-contained, requires no 
special source of power, and is suitable for 
either special or routine investigations. 

Voltage 
Source 

(a) 

Voltage 
Source 

(b) 
---Voltage----

(c) 

Fig. 1.-These successive steps led to the 
cathode construction tha.t has proved effective 
in the high speed X-ray unit. The point-to­
plane cathode of (a) is inconsistent in per­
formance. That of (b) is mucli better, the 
em1ss1on first occurring at the point to 
plane but quickly breaking down into an 
arc. The series resistance is high enough 
to cause a stable, reliable discharge between 
the two planes. The cathode of (c) carries 
out the idea developed in (b) a:nd provides 
by its cup shape, a means of focussing the 

electrons toward the anode. 
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of time in mechanical phenomena. 

Fig, 2.-The practical form of the cathode 
and anode construction used in the high 
speed 'X-ray tube, The cathode is a sharp­
edged paddle set in a slot in the trough­
shaped auxiliary electrode, ~he shape of whicJl 

provides a focussing cup. 

Special Equipment 
The high-speed X-ray is not an ordinary 

industrial X-ray machine "souped-up" for 
ultra-fast operation. That is impossj,j,;>le. 
The high-speed X-ray machine emp~ys 
a tube using a new type of electron emit­
ter, and is supplied with power from a 
stored-energy source, instead of drawing it 
froni a power line as used. 

In taking a radiograph, the time of ex­
posure at any given voltage is determined 
by the intensity ·of the X-ray beam, which 
in turn i~ dependent on the magnitude 
of the current through the tube. For nor­
mal exposures, which range from a few 
seconds to perhaps minutes, in duration, 
the tube current is several milliamperes. 
To make a suitable exposure at one mil­
lionth of a second, a current a million 
times greater than the usual current, i.e., 
some thousands of amperes, must be 
passed through the tube. Currents of this 
magnitude cannot be obtained from a 

heated tungsten filament. Some other 
source of electrons is required. 

The search for a new method of supply­
ing such an inordinately large current led, 
curiously, . to utilisation and encourage­
ment of a phenomenon previously con­
sidered a weakness or defect in high­
vacuum electronic tubes, and conse­
quently was studiously avoided-that of 
random discharge. This emission abnor­
mality had been previously thought w 
result from an increase in the gas pres­
sure in the tube. 

In a simple two-electrode tube filled 
with gas at or about atmospheric pres­
sµre, the voltage required to produce a 
discharge is large. As the pressure is 
reduced, the discharge voltage also de­
creases until a certain minimum is 
reached, after which further decrease in 
pressure causes the voltage to rise again. 
This is in accordance with Paschen's Law. 

Gassy Tubes 
As the high-vacuum portion of the curve 

is approached, the slope becomes ex­
tremely steep, leading to the expectation 
that the voltage should reach infinity at 
extremely low pressures. Furthermore, 
X-ray tubes were known to operate at 
higher and higher voltages as the vacuum 
improved. Reasoning along these lines, it 
has generally been concluded that when 

Fig. 3.- In this tube controlled bursts of 
extremely high emission currents produce 
X-ray radiation of such great intensity that 
exposures of one millionth of a second are 

possible. 
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Fig. 4.-In this schematic circuit the physical 
components are arranged as in th& actual set. 

Fig 5.-The complete wiring circuit of the 
surge generator, control and X-ray tube. 

is because the vacuum has become im· 
a tube fails to withstand high voltage, it 
paired. The tube is said to be gasry. 

Physicists now recognise that irregulari­
ties in operation often occur in tubes 
having the highest of vacuums, and that 
gas is not responsible for the pheno· 
menon. Illustrative of this, a deep 
therapy X-ray tube was provided with an 
ionization gauge and sealed off with a 
neon pressure of three microns. The tube 
operated satisfactorily for some hundreds 
of hours. When arc-overs, usually attri­
buted to gas, did develop, the actual pres­
sure as indicated by the ionisation gauge, 
instead of increasing, declined to 0.01 
micron. 

The erratic behaviour of tubes, referred 
to as gassy, is apparently not caused by 
the gas content of the tube, but by the 
emission of electrons under the influence· 
of high electric fields that exist at points 
other than the heated catholle. Sharp 
corners and points on the tube parts tend 
to accentuate the voltage gradients; im­
purities or occluded gas tend to lower the 
work function of the surface and make 
it easier for the electrons to escape. Such 
bursts of electrons by cold emission occur 
at voltages t ar less than those calculated 
to be necessary for their productfon from 
pure metals. This phenomenon is not 
limited to X-ray tubes, but applies to all 
high-vacuum electronic tubes and is the 
cause of a large part of the irregularities 
in such tubes, particularly where the volt­
age rating is exceeded. 

The magnitude of these bursts of elec­
trons was surprisingly large, of the order 
of several amperes. Inasmuch as the 
effect was so large in tu bes designed 
especially to avoid them, the possibility 
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presented itself of increasing them by de­
liberate design to the point where some 
useful purpose might be served by the 
sudden flow of large amounts of current. 

Early Trials 
The first trial was made with a single­

point tungsten cathode placed approxi­
mately one millimetre from a flat anode, 
Fig. I (a). With this arrangement several 
thousand .amperes could be drawn from 
a condenser charged to 50,000 volts. Some 
X-rays were produced, but, in general, the 
behaviour was erratic. If the point was 
too close to the anode, an arc was formed 
that allowed such large currents to pass, 
that most of the energy was dissipated in 
the circuit rather than in the tu be. As 
the wire was moved farther back, the 
peak current diminished and the produc­
tion of X-rays increased, but the initiation 
of the discharge became uncontrollable, 
the tube often refusing to fire. Many 
shapes and types of material were tried, 
but the results were much the same in 
each case. 

This difficulty was overcome by the 
introduction of a third electrode, Fig. I 
(b), spaced close to the cathode and con­
nected to the anode through a high re­
sistance. This electrode served to concen­
trate a high field at the cathode and 
initiate the discharge that is then forced 
by the voltage drop across the high · resist­
ance to transfer to the anode. As soon 
as this auxiliary electrode has performed 
its job of starting the discharge, it 
assumes a potential close to that of the 
cathode, and consequently, if shaped cor­
rectly, as in Fig. I (c), focusses the elec­
trons on the desired region of the anode. 
By this arrangement currents ·of several 
thousand amperes essential to the produc­
tion of intense X-ray outputs required for 
extremely fast radiography, are regularly 
obtained. 

Valve Structure 
The tube structure used is illustrated 

in Fig. 2. The tungsten point is replaced 
by a small rectangular piece of molyb­
denum, which acts as the cathode. The 
auxiliary cathode consists of the through­
shaped block, which provides a focussing 
cup. The sharpened edges of the molyb­
denum cathodes are located close to the 
edge of the slot in the auxiliary electrode, 

Fig. 7. - While a 
high speed ]ight­
camera shows what 
the outside of a 
golf ball and club 
look like during im­
pact, the high­
s peed X~ray picture 
shows the interior 

of ball and club. 

Fig. 6.-Thc behaviour of components in 
the interior of rapidly moving machinery 
can be studied as indicated by this high 
speed shadowgraph of a vacuum cleilner and 

dirt particles. 

so that the high potential gradient thus 
obtained is sufficient to initiate a cold­
emission discharge. The auxiliary elec­
tr<,de also acts to focus the electron beam 
so that an approximately rectangular focal 
spot is produced on the anode. 

T he target consists of a rectangular slab 
of tungsten I by It x t inches thick. · 
Tungsten is desirable because of its rela­
tively high efficiency of X-ray production, 
as well as its high melting point and 
good heat conductivity. Although the ex­
posure time is only one microsecond, a 
large amount of energy is put into the 
focal spot during this time. Theoretical 
considerations show that beat conduction 
plays the major role in dissipating the 
energy delivered to the focal spot area. 
Because the amount of heat conducted 
from this area depends on time and the _ 
d ifference in temperature, the heat-dissi-

. pating ability of a focal spot decreases 
as the exposure time decreases. Thus heat 
conduction would seem to be quite small 
for exposure times of one microsecond, 
such as are considered here. Fortunately, 
the heat dissipated varies with the square 
root of the exposure time. 

Even calculated on this basis, focal 
spots far larger than those in use would 
be necessary to dissipate the energy with­
out vaporisation of the target. However, 
in practice, while some vaporisation does 
occur within the small focal areas, several 
thousand. e'xposures can be made before 
the deposit of metal on the glass becomes 
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heavy enough LO interfere with the opera­
tion of Lhe tube. 

These conditions indicate that the focal 
spot (hence the obtainable definition) can­
not be made as fine in a tube operating 
at these extremely short exposure time~ 

as in tubes operating in the conventional 
manner. However, adequate definition for 
most purposes is easily obtained and 
rather fine definition can be secured in 
one direction ·by taking the X-rays off 
the target at or near grazing incidence. 

Development of these high currents in 
Lhe X-ray tube, shown in Fig. 3, requires 
a large but brief rate of power flow. 
During the period of peak operation, the 
amount of power flowing to the tube is 
of the order of 600,000 killowalts. Its 
total duration, of course, need be but a 
few microseconds. Clearly, then, stored 
energy is demanded. This requirement is 
fulfilled by a surge generator, such as is 
cnmmonly used for simulated lightning 
studies. 

Fig. 8.-From high speed X-ray pictures 
like these ballistics experts learn many 
things about projectiles and armour plate. 

Circuit Details 
The sm'ge generator, built to operate 

the high-speed X-ray tube, is shown in 
Fig. 5. Six 0.04 uf condensers are 
arranged in a Marx circuit substantially 
as illustrated in Figs. 4 and 5. The ex­
ceedingly rapid breakdown of the X-ray 
tube has permitted closer spacing of the 
condensers than is normally the case, so 
that a relatively compact design has been 
achieved. The condensers have been 
separated into two groups or levels of 
three each. Each of the condensers can 
be charged to a potential of 50 kv, thereby 
resulting in an output potential of 300 
kv across the tube. A stabilising resistor 
is added across the X-ray tube to facili­
tate consistent firing. Without this re­
sistor, the surge generator would be feed-
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ing inLO an unknown resistance because 
of the varying characteristics of the 
vacuum space within the tube, which is 
part of Lhe circuit. The condensers are 
arranged to be charged in parallel through 
resistance high enough (10,000 ohms), that 
when Lhey disch arge in series through the 
sphere gaps, no appreciable Joss of energy 
occurs in the resistors. 

The first condenser is connected directly 
Lo the anode of the X-ray tube. C6 is 
connected to the cathode of th e X-ray 
tube througl1 a sphere gap. Condenser 
C3 is grounded and the cans of condensers 
C2 and Cl are connected to each other 
through series resistors. The metal cases 
of C4, C5 and C6 are connected together 
through resistors and connect to the posi­
tive input potential from the high-tension 
transformer. The three upper gaps are 
linked together and are adjustable by 
means of a special micrometer, operable 
from the front panel of the generator. 

The lower two gaps are connected in 
like fashion , and can be adjusted by a 
similar micrometer mechanism. The gap 
on the condenser C3 is made non-adjust­
able and serves as the triggering gap for 
the surge generator; that is, the output 
of the trigger potential transformer is 
connected between this gap and ground. 
The high-tension cable is connected to 
the upper lead of condenser C3 and to 
the case of condenser C4. The connec­
tions between the input potential and the 
case of C4, and the insulated lead of C3, 
are made through 100,000 ohm resistors. 

'!\Then the condensers have been fully 
charged and the unit is ready to fire, an 
impulse is sent from the timing unit 
through the primary of the triggering 
transformer. This pulse is supplied by 
condenser C in the timing unit, which, at 
the appropriate instant, is caused to dis­
charge by removing the negative bias on 
the grid of thyratron. This is done by 
closing the switch that connects battery 
B to the grid of the thyraton. 

Triggering Methods 
Several means have been used to 

accomplish this break, such as a bullet 
cutting .a wire and setting off the machine 
to radiograph itself, or a golf club break­
ing a swinging contact. Jn the timing 
unit furnished with the surge generator, 
the triggering . can be done by either 
breaking or making a contact and the 
unit is provided with several resistances 
and capacities, so that the time interval 
between ac uating the contact and firing 
the X-ray tube can be chosen to catch the 
desired phase of the action cycle. 

The pulse delivered to the circuit by 
the secondary of the triggering trans­
former causes the gap between ground and 
condenser C3 to break clown. When this 
gap breaks down, the voltage between the 
gap of condenser C4 and ground rises 
until the gap on condenser C4 breaks 
down. This results in immediate dis-

Fig. 9.-A light picture and a high-speed 
radiograph taken simultaneou'sly of the 
nozzle blast and the projectile in the gun 
barrel gives engineers information not here-

tofore obtainable. 

charge of all condensers. The voltag·e 
applied across the X-ray tube is then 
equal to six times the charging voltage 
on the condensers. 

This high voltage is applied directly 
across the closely-spaced cathode and 
auxiliary electrode. Electrons are drawn 
from the cathode, and this initial dis­
charge evolves into a metallic arc between 
the cathode and auxiliary electrodes that 
spreads out into the focussing cup and 
becomes a virtual cathode of apparently 
unlim itecl current-carrying capacity. Due 
to the action of resistance R-M, the dis­
charge transfers to the anode with con­
sequent production of X-rays. 

Application of High-Speed 
Radiography. 

The usefulness of the high-speed X-ray 
in ballistic studies is conspicuous. The 
engineers at the Frankford Arsenal 
Laboratory were quick to so use it. The 
equipment has been used by them to 
study what happens to a bullet when it 
strikes a piece of armour, and also what 
happens to the armour during penetra­
tion. Ordinary photographic methods, 
including high-speed photography, are 
handicapped because the actual penetra­
tion is obscured by luminous fragments 
thrown back at the time of impact. This 
cliffi.culty is, of course, avoided in radio­
graphy. 

(Continued on page 46.) 

' Fig. 10.-To take this light picture of a 
bullet in flight the X-ray tube was removed 
and the surge generator discharged across 
a g ap to give an intense but extremely brief 

light. 
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A Technical Survey of Latest Overseas Developments 
11INTER-CARRIE'R" TELEVISION SYSTEM . 

A recent development in the television 
field may be the means of making such 
entertainment . available to many more 
homes in the future. The new system is 
known as the Inter-carrier system, and 
may point to the production of a less 
expensive type of television receiver. 

A comparison between the conventional 
and " inter-carrier" systems is shown in 
Figure 1. The conventional receiver 
splits the IF into sound and video sec­
tions right at the mixer circuit. The IF 
carriers are then detected and amplified 
separately. In the case of the inter­
carrier system, illustrated in the bottom 
diagram of Figure l , the action is as 
follows:-

A receiver employing the new system. 

(1) The incoming television signal is 
heterodyned as usual, producing sound 
and video IF carriers. 

•(2) The combination of sound and 
video IF carriers is amplified as ·a unit 
in the IF amplifier. 

(3) The video signal is then detected 
and amplified as usual. It is then fed 
to th e CR tube. 

(4) The video IF carrier and the sound 
IF carrier mix at the second detector 
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Fig. 2.-0peration of the "lntercarrier" 
television system. 

( 

and produce 4.5 me beat carrier. This 
beat carrier has the 25 kc FM deviation 
of the sound signal. 

(5) This 4.5 me FM beat is amplified 
in the video ampl ifier. It is then de­
tected in a discriminator and passed 
through the Al' amplifier to the speaker. 
These operations are illustrated in f igure 
2. The system thus eliminates the need 
for a sound IF channel and, in addition, 
the receiver is less affected by oscillator 
drift, since the sound frequencies wi ll not 
normally move out of the wide video 
band pass. ' 

As a result the system makes possible 
lower cost te levision receivers at only a 
slight sacrifice of resolution and adjacent 
channel rejection. It may therefore 
eventually be adopted for all cheaper tele­
vision sets. 

However, before this system can be fully 
employed commercially, it will be neces­
sary to amend the present standards for 
television transmission to insure that the 
video carrier does not fall below a mini­
mum value during transmission. 

-Courtesy, "Radio Maintenance." 

Fig. 1.-These two block schematic diagrams indicate the difference between the c~nventional and 
"Inter-carrier television system. 
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NEW FM DETECTOR TUBE 

A new type of FM detector tube which 
affords instantaneous limiting and the 
use of a single circuit discriminator has 
been developed. Known as the gated­
beam limiter tube, it has an additional 
grid which is tuned to th..e signal fre­
quency and driven by space-charge coup­
.Jing with audio output produced on the 
final anode. 

In use an i-f signal, between one and 
perhaps 50 volts is applied to the limiter 
grid; for one half of each cycle, the elec­
tron beam is passed and projected upon 
the quadrature grid. The periodic varia­
tion of the space charge in front of this 
grid produces about 5 volts across the 
resonant circuit connected to it. 

The Adler FM Detector Tube. 

The quadrature grid clips the leading 
portion from each half-cycle pulse and 
passes on to th e anode periodic pulses of 
about one-quarter cycle length. Modu­
lation of the signal frequency afiects the 
phase displacement between the half- · 
cycle electron stream and the voltage pro­
duced on the quadrature grid; corres­
pondingly, the length of the anode cur­
rent pulses varies. Across the plate load 
resistor, a voltage drop appears which is 
proportional to this pulse length, and 
therefore a function of the original modu­
lation. 

The audio output so produced is about 
equivalent to the output from a Seeley­
Foster discriminator. The required i-f 
input is similar to that needed for a 
grid-bias li1niter . -Courtesy 0 Service." 
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According to recently published figures, 
there were, at the end of last year, 356 
FM stations in operation in the U.S. 
The production of F.M. receivers last year 
accounted for seven per cent. of the in­
dustry's output. The figures were; AM 
sets, 16,324,002; FM, 1,175,104 and tele­
vision, l 78,571. 

-<:? * * Shortwave heating and blasts of dry 
air are now being used to kill the larva 
inside silkworm cocoons. This new 
method, it is claimed, produces a silk as 
tough and durable as synthetic fibres, as 
it avoids the intense heat usual with the 
older method. 

* * * The FCC announces that at .the end 
of 1947 there were 17 television stations 
operating in the United States. Permis­
sion has been granted for a further 55 
to be constructed, and applications for 
another 84 were pending. The industry 
produced 178,571 television receivers, 
which was about one per cent. of its total 
output of sets. 

* * * The world's longest phototelegraph cir-
cuit between London and Well ington was 
recently opened. All pictures are relayed 
via Colombo. 

* * * Conventional tubes such as 6V6's were 
recently found capable of generating sub­
stantial powers on microwaves. The ex­
cessive transit time and grid conductance 
problems appear to have been overcome 
by a unique waveguide-tube system with 
tbe transit time between cathode and 
plate made to correspond to some mul­
ti pie of 360 deg. phase shift. 

* * * According to figures issued by the In-
ternational Broadcasting Organisation 
there were 344 medium and long wave 
broadcasting stations operating in Europe 
at the end of last year. 

* * * A radar system designed for the com-
plete control of a port was recently in­
stalled at Douglas, Ise of Man. During 
summer months when there is normally 
heavy holiday traffic the port is subject 
to sudden fog, and the radar system will 
enable shipping to be worked safely in 
and out of the port under the most un­
favourable weather conditions. The 
equipment operates on a wave-length of 
3 cm., pulse width is 0.2 used with a 
peak power of 22-30 kW, and the re­
currence frequency is 200 c/ s. Three 
ranges are provided, the maximum being 
about 3 miles and the others 1.2 and 0.8 
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miles. On the shorter ranges the ship 
can be brought right into the harbour. 

* * * Four new broadcasting stations have 
been opened in India during the past 
few months bringing the number of 
medium-wave stations operated by All­
India Radio to nine. T he new stations 
are: - Jullunder (l ,333 kc), Cuttack (l ,355 
kc), Patna (1,131 kc) and Amritsar (l ,305 
kc). 

* * * A radar proof container for air ship-
ment of photoftash bulbs has been re­
cently developed. This new container is 
intended to protect the bulbs from acci­
dental ignition by radar, whiCh can hap­
pen under certain conditions. The new 
canister resembles containers used to hold 
perishable food. 

-.:: * * Snowstorm-a type of television inter-
ference that produces streaking on the 
television screen and commonly produced 
by ignition interference h as been found 
to be caused by the sun. Engineers of 
the BBC suspected the sun while they 
were tracing the cause of a brief but par­
ticularly violent snowstorm. A check with 
records of solar noises confirmed their 
suspicions. 

* -.:: * Two radar mirrors, about 25 feet in 
diameter are being used by the NBS to 
study cosmic and solar noise. Recent ad­
vances in design for very-high and ultra­
high receivers, which practically eliminate 
internal set noise indicate that limiting 
factors will be those arising from natural 
phenomena.. Atmospheric radio noise­
like that from a lightning discharge ceases 
to ' be a major problem about 15 me., but 
it is at this frequency that cosmic noise 
becomes noticeable as a low steady hiss. 
Even FM suffers from this interference. 
The giant reflectors will assist in the 
observation by inten:epting and recording 
solar noise reaching the earth. Autqmatic­
ally controlled m irrors will be directed at 
the sun constantly throughout the day 
and will be used initially for the 480-500 
megacycle band. 

* * * One of the most ambitious projects yet 
suggested for extending the range of tele­
vision has been announced in the U.S.A . 
It is proposed to erect a tower; 2,650 feet , 
over half a mile- high in the vicinity of 
New York, and to install at the top of a 
number of transmitters. The estimated 
coverage would extend over the whole 
of Long Island, most of New Jersey, and 
parts of Connecticut and Pennsylvania. 

BARGAINS! 
BARGAINS! 

RADIO- E'LECTRICAL 
*REMOTE CONTROL UNITS--

SPECIAL OFFER. Complete 
with panel microphones and ear­
phones. Two of these sets can 
be used to make ideal communi­
cation from house to house or 
house to shed, over distances up 
to ten miles. Simple to instal. 
Price . . . . . . . . . . . . . . . . 27/6 
Batteries . . . . . . . . . . . . . . 5 I· 

*TWIN TELEPHONE CABLE 
17 /6 per 1 OOyd. reel. Suit­

able for use with Remote Control 
Unit. 
*VALVES VALVES 

KEEN PRICES 
6V6 .... . . . ..... . .. .. 12/6 
1852/6AC7 . . , . . . . . . . 17/6 
EF50 . . . . . . . . . . . . . . . 12/6 
EA50 . . . . . . . . . . . . . . . 6/-
1C7 . . . . . . . . . . . . . . . . . 12/6 
1K7 . . . . .. .. . . . ...... 12/6 
IL5 . . . . . . . . . . . . . . . . . 10/-
807 ... .... ... . ..... . 12/6 
*AERIAL TOWERS. USEFUL 

TO EXPERIMENTERS. Sft. 
Tubular Steel complete with drive 
motor and gear box, for 360 
degrees rotation, with connections, 
for two separate circuits. 
Price . . . . . . . . . . . . . . £20-0-0 
*AERIAL COUPLING UNITS. 

Contains an 0-300 Ml A R.F. 
Meter 3 Gang .0005 mfd. vari­
able condenser, variometers and 
resistors. · Price . . . . . . . . 29/6 
*METERS METERS 

METERS 
0-500 Micro Amp. . . . . . . 30/ • 
0-1.5 Amp. R.F. 2" Weston 25/ -
0-2 Amp. R.F. · 2" Weston 25/-
0-350 M/A R.F . ....... 25/· 
0-50 M/A . . .. . ....... 20/-

WALTHAM TRADING CO. 
393 Flinders Street 

Melbourne. MB2701 
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! * Separate A.V.C. amplifier sec- i 
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A front view of the compJeted tuner. The t h ree controls arc volume, tuning and switch. 

This broadcast tuning 11.1nit should intere!it those who intend 

to construct, or already possess better than average equip­

ment designed for ptckup work and require a tuning unit cap­

able of delivering a signal in keeping with their equipment. 

As little mention is made of T .R.F. 
Receivers in th ese days of supcrhclero­
dynes, the reader may well wonder the 
reason for describing such a tuner unit. 
Whilst at this stage it is not possible to 
deal with the fJros and cons of such a 
question, the following brief remarks may 
be useful. 

The average superhet. receiver now in 
general use has good sensitivity and sel­
ectivity. To achieve this at a low cost, 
usually a single stage of high gain I.F. 
amplification is used , and this necessitates 
the J.F . transformers being well desig·ned 
and possessing ~ high "Q" (or magni­
fication)' factor. 

Such a circuit, when propcrely aligned, 
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has a sharp response curve, covering onl y 
a narrow frequ ency band. This resul s 
in the attenuation of those sid e bands 
carrying the high modul ation (rcqu cncies 
with consequ ent lack of brilliance in the 
o utput signal. 

On lhe other hand, the tuned circuits 
of T.R.F . type receivers have a much 
broader response, resulting. in more of the 
modulation frequencies being pas ied 
without allcnuation. In other words, the 
" frequency distortion " is less than the 
average supcrh clrodync. 

It shou ld be mentioned that whilst it 
is possible to arrange for a supcrhetro­
dync to have a wide band pass, this usu-

ally calls (or special l.F. transformers, 
and a lignment proced ures, all of which 
add to the cost of the finished receiver. 
r\s a consequence the arrangement has 
not been used to a ny grea . cxlent in 
this country. 

To gain this wide response in th e 
T.R .F. receiver, it is necessary lo sacrifice 
both gain and ' selectivity . Whilst both 
Lh ese factors have been ovcrcom c to some 
extent by lhe two tuned R.F. sta ges , and 
the use of modern iron core coils, th e 
results will not be comparable Lo a super­
het. receiver. However, in most loca Ii tics 
yo u should be able Lo receive the main 
local stations and perhaps a (cw of the 
major interstate s.ations. 
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The circuit is quite straightforward and should present no difficulty. The main feature ef the circuit is the 6SN7-GT used as the combined infinite 
impedance detector a nd A VC control. 

The Circuit 
The circuit uses the latest GT series 

of single-ended valves-two 6SK7-GT for 
the r-f amplifi ers, a 6SN7-GT as com­
bined detector and AVC control, a 6V6-
GT outp ut valve, and a 5Y3-GT rectifier. 
The r-f amplifiers, being variable-mu 
type valves, are AVC-con trolled and, in 
the interests of stabili ty, each is provided 
with a separa te cathode bias ,system. A 
common screen voltage d ivider n etwork 
is provid ed by means of the O.DI 5 and 0.05 
meg resistor network. 

A 6SN7-GT is a twin triode type, and 
in this case one section h as been used 
as an infinite impedance detector and the 
second half as a biased triode A VC am­
p li fier. As this valve is actually the fea­
ture of this circuit, it will be discussed 
in some detail furth er on in this article. 
The 6V6-GT and 5Y3-GT are both used 
in a standard man ner and consequently 
call for little comment. 

Output Valve Optional 

At the outset is was decided lo provide 
the tuner with a self-contained power 
supply, thus obviating any additional 
drain on the amplifier to which it w_as 
connected. With this view in mind it 
was considered desirable to slightly in­
crease the cost and make the unit more 
versatile by adding an output valve. T hi s 
arrangement, which is opt ional , works out 
very nicely, as it allows the main ampli ­
fier to be switched off when local pro­
grammes are only required at low 
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volume, and consequently the listener is 
then provided with a complete low cost, 
but effi cient TRF receiver. 

For this change a two-pole, two-circuit 
switch is used and connected so that in 
one position th e a-f output from th e 
detector is fed to the output jack and 
thence to wha tever amplifier unit is being 
used . Simultaneously the heater circui t 
for the 6V6-GT is opened, making this 
va lve inoperative. In the position 2, the 
tuner output is taken direct to the grid 
of the 6V6-GT, and at the same lime the 

heater circuit for this va lve is completed 
and lhe unit functions as a normal T R F 
receiver. 

In cases where it may be desirable to 
use this arrangement as a complete r e­
ceiver, the output jack can be dispensed 
with and a 2-pole 2-circuit switch re­
placed with a 50,000-ohm potentiometer 
connected in series with a 0.05 mfd con­
denser to provide a tone control. T his 
series combination is connected between 

--the plate and screen of the 6V6-GT in 
place of the present 0.01 mfd condenser. 

PARTS LIST 
Chassis 
3 gang tuning condenser 
Power Transfo rmer 60 mo., 
285V HT, 6.3v @ 3 amps, 
5v @ 2 amps 
Aerial Coil, 2 R. F. Coils (iron 
core ) 
Filter Choke (6/60) 
Tuning dial 

RESISTORS 
3 2 meg -} watt 
l l meg -} watt 
2 .5 meg -} watt 
2 . l meg ·} wott 
l .05 meg l watt 
l .03 meg -} watt 
l .01 5 meg 2 watt 
2 5000 ohm -1- watt 
l 5000 ohm l watt · 
l 750 ohm -1- watt 
3 250 ohm -1- wa tt 
l .5 meg potentiometer 

CONDENSERS 
2 16 mfd Electrolytic 525v 
l 8 mfd Electrolytic 52 5v 
l 25 mfd Electrolytic 
l .25 mfd tubular condenser 
7 . l mfd tubular condensers 
3 .05 mfd tubular condensers 
l .0 l mfd tubular condensers 
l .0005 mfd mica condensers 
l .0002 mfd mica 
2 .0001 mfd mica 

VALVES 
2 65K7-GT, l 65N7-GT, 

l 6V6-GT, l 5Y3 -GT 

SUNDRIES 
6 octal sockets, l 2 pole 2 

pos ition sw itch, l phone jock, 
3 banana plugs and sockets, 
3 knobs, anchor strips, nuts 
and bolts, solder lugs, grom­
met, hookup wire, etc. 
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Detector Circuit. 
The problems of detection are many 

and complicated, and it is beyond th e 
scope of th is article to discuss them in 
any deta il. At the present time, prob­
ab ly the most wide ly-used form of de­
tection is the diode detector. H igh 
effi ciency is possible with this circuit, pro­
vid ing there is a large input voltage, and 
if the RC circuit of the d iode is not 
shunted to any appreciable extent, then 
large o utput with low distortion can be 
obtained. 

Whi le the necessary bigh input vol tage 
is usua ll y obtainab le under normal con­
ditions, the elimination of the 1' C shunt­
ing on the d iode load is not so readily 
overcome. T his means that distortion is 
frequently introduced , especially with 
h igh percentages of modulat ion. Further­
more, considerable clamping occurs on the 
tuned circuit supplying the d iode, with 
consequent reduction in sensitivity and 
selectiity. 

One means of elimi nating· these faults 
is by the use of a system commonly re­
ferred to as an infinite impedance de­
tector-and which has been incorporated 
in this particular circuit. Possibly the 
only disadvantage with this form of de­
tector is that there is no means for obtain­
ing· a negative AVC vol tage, and despite 
the advantages to be gained by its use, 
this is possibly a factor which has pre, 
vented to its more widespread use. 

However, by using a twin triode , such 
as the 6SN7-GT, ECC-32, 6F8 ape! sim ilar 
type, it is possible to use one triode sec­
tion as the detector and the second half 
as <Jn amplified AVC control , without the 
necessity of additional- valves. This ar­
rangement constitutes the circuit pre­
sented and has resulted in a tuner (or 
receiver) possessing excellent characteris­
tics. 

Mode of Operation. 
The infinite impedance detector is al­

most perfectly linear and may be regarded 
as a plate or anode bend type of detector 

B+ 

C3 our 
_____ · _.~T 

C ·0002.S 
-·OOOSµf 

The basic infinite impedance detector circuit. 
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This photograph clearly shows the chassis layout. 

with negative feed-back. For clarity, this 
section of the circuit is sl1own in Figure 
J, and its mode of operation is briefly 
as follows:--

The valve is self-biased to practically 
cut-off by the resistor R. This resistor 
is, in turn, shunted by the condenser C, 
whose value is such that it presents a 
very small impedance to the carrier and 
side-band frequencies, but a large im­
pedance to the act ual modulation fre ­
quencies. 

When the r-f signal is applied to th e 
grid, plate current increases on the posi­
tive half-cycles of the carrier and rectifi ­
cation results, as in the plate detector. 
Because ©f the high impedance offered 
by C to the modulation frequencies, the 
condenser C becomes charged to a value 
only sl ightly less than the amplitude of 
the modulation envelope. The effective 
bias on the valve is therefore varying in 
accordance with the instamaneous ampli ­
tude of the carrier, and increases as the 
carrier amplitude increases. This is, in 
effect, a type of negative feed-back which 
tends to straighten the characteristic curve 
of the va lve , thus considerably reducing 
distortion. 

Ior the distortion to be reduced to a 
minimum, a fairly large carrier voltage is 
desirab le (about lOv) as in the case with 
conventional receivers . Altb otigh no gain 
is available from a valve being used as 
an infinite impeda nce detector-this be­
ing sacrificed to obtain low distortion- it 
will be found that the output is more 

than enough to load the 6V6-GT, and 
should be suffi cient in most cases for driv­
ing any amplifier. 

Since the circuit draws no power from 
the grid circui t , it presents an almost 
infinite input impedance to the tuned cir­
cuit feeding the grid. This fact is most 
desirable, as it enables the maximum sen­
sitivity and selectivity to be maintained 
in this stage- a very important point in 
the case of TRI receivers . 

Automatic Volume Control. 
To maintain the input signal to the 

detector at an optimum value, and yet 
prevent the signal from reaching such a 
magnitude that overloading occurs, it is 
both desirable and necessary to incorpor­
ate AVC in the circ~1it. 

As previously pointed out, the infinite 
impedance detector has no provision for 
providing a negative voltage suitable for 
AVC application, and for this reason the 
twin triode 6SN7-GT has been used. In 
this circu it the problem is to obtain a 
vol tage from the output of the AVC triode 
which is negative with respect to the grids 
of the controlled r-f stages. The most 
logical method of doing this is by a sys­
tem of back-biasing, as shown in the 
schematic. 

Varying A.V.C. 
The voltage across the 750-ohm resistor 

is the bias on the A VC triode, and as 
such represents the delay voltage. With 
the values chosen, the outpu t of the unit 
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·Here are the valve socket connections. In 
each case the socket is viewed from the 

bottom. 

can be maintained constant on all local 
stations. If desired, the two resistors-
5,000 ohms and 750 ohms, can be replaced 
with a wire wound potentiometer of 
about 5,000 ohms, connecting the cathode 
return line from the 6SN7 AVC amplifier 
to the moving arm. This arrangement 
will then allow a great variation to be 
made in the AVC characteristics. 

Due to the large voltages developed with 
powerful signals, it is desirable to apply 
only portion of the total available AVC 
voltage to the first RF stage. This is 
done by connecting the two 1-meg resis­
tors in the form of a voltage divider net­
work, as shown . ·with this arrangement, 
approximately half the AVC voltage is 
applied to this valve. 

Output Valve and Power Supply 
As the power amplifier valve is in n0 

way dependent on the RF section, except 
for driving vo.J tage, this stage can be 
consid ered as being independent of the 
rest of the circuit. Normal cathode bias 
is used, this g-iving approximately ·12-volt 
bias for a plate and screen voltage of 250 
volts. 

The power supply is a conventional 
arrangement, using a 60 ma 285 v high­
tension power transformer. Due to the 
back bias arrangement used , the actual 
voltag·e available on t:he RF plates is 
approximately 170 volts . However, it will 

be found that this lower plate voltage 
is no disadvantage, as ample gain is still 
available. In the case of using a dynamic 
speaker with a 2,500-ohm field coil, the 
field can replace the filter choke shown, 
and then it will be necessary to replace 
the transformer with one having a 385V 
secondary. 

Layout and Construction. 
To reduce the possibiliW of instability, 

the layout shown should be followed as 
closely as possible. This has been worked 
out to keep the plate and grid lead as 
short as possible. I n this regard it is 
necessary to ensure the orientation of the 
coil lugs is correct, so as to enable these 
short leads to be accomplished. The 
aerial lead should be run along the edge 
of the chassis to prevent any pick-up from 
the second RF stage. The grid leads to 
the tuning gang should be kept direct 
and lie flat along the chassis. 

To prevent any coupling between stages 
by common r-f earth leads, all appropri­
ate r-f by-pass condensers should be re­
turned to a common earth point. This 
includes the by-pass condensers in the 
d1coupling network in the high-tension 
leads to the RF transformers. In some 
cases it may be found that the two 5,000-
ohm decoupling resistors and associate 
condensers can be dispensed with , but this 
can only be reliably ascertained by ex­
periment. 

BllDIO DEll:t.EBS and 
BOME JISSEMB:t.EBS 

We have the finest range of Table1 Console and Radiogram Cabinets in Sydney 

Be Prepa,red r.M. 
10.7 me. l.F. Transformers available. 

88 to 108 me. Tuning Units available. 

Watch for Constructional Details in this magazine shortly 

SL-ADE'S PTY. LTD. 
'PHONE: U'J5381 1 UJ5382 LANG STREET1 CROYDON 1 N.S.W. 

Established over thirty years 

Please Mention RADIO SCIENCE when Replying to Advertisements. 
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The constructio11 is q ui te straightfor­
ward and shou ld present -little difficulty . 
Most o( the details can be easily fo ll owed 
by referring to the photographs and , in 
addition, th e complete -chass is la yout is 
given for those who ma y wish LO dupli ­
cate to origina l unit. . 

Alignment. 

T he alignment of this tuner should 
present no difficulty, and is carried out 
by ad justing the small trimmer conden­
sers connected across the ma in gang sec­
tions. 

Unscrew all trimmers to approximately 
a half-way position and tune iri a station 
at the low frequency end of the band . 
Set the d ial pointer to the correct sta­
tion position on the dial and peak each 
stage by adjusting the iron cores in the 
coi ls. 

Next tune a station on the high fre­
quency encl of the band , check the dia l 
ca librations and peak each trimmer con­
denser for maximum output. T he sta­
tions sho uld now fall in their correct 
position on the d ial, providing the dial 

Use this underneath photograph as a guide to the component layout when wiring up. 

* 
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This diagram gives the complete chassis details. 
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has been ca librated for the particular 
tuning condenser being used. 

In conclusion, this tuner will be fo und 
to be an excell ent ad junct to a ny ampli­
fier system, as it possesses ampl e ga in, 
selectivity and output on all local 
stations. 

DID YOU MISS THESE 
ARTICLES? 

FEBRUARY, 1948. 
Build the Miniminor Portable . 
Can you Read Circuit Diagrams? 
Low Cost Amplifier. 
The ABC of Frequency Modu­

lation . 
Speaker Network Design Data . 

MARCH, 1948. 
The Mi niminor AC Mantel. 
UHF Techniques. 
Convert the AR-30 l to FM. 
A Two-Valve T uner Un it . 
An Abee for Designing Resis ­

tors. 

APRIL, 1948. 
High Frequency Heating . 
Dual Purpose Amplifier . 
F.M. Antennas. 
A Versat ile Signal Tracer. 

Copies of the above issues are still 
available, and can be obtained by 
wri t ing direct to the Subscription 
Department, Box 5047, G.P.O ., 
Sydney. The price in each case 
is l I -, post free . 
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It is now a widely accepted axiom 

that "a good radio deserves 

Philips Valves-and a so-so set 

really needs them." Philips Valves 

are designed and made to give 

better listening for a longer time­

and every buyer of radio or 

radio parts knows how completely 

this objective has been achieved. 

No matter what type of receiver 

yours is, you'll find that Philips Valves 

put it right on top of its form. 

PHILIPS 
YA l YB S 

PH IL IP S ELECTRICAL INDUSTRIES 0 F AUSTRAL I A PT Y. LTD. 

SYDNEY • MELBOURNE • ADELAIDE PERTH • BRISBANE 

V8A - 47 
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ILLEGAL TRANSMITTERS 
By ROTH JONES, VK3BG 

In this special article, our Melbourne correspondent, who is 

an active amateur, discusses the problems as well as possible 

dangers arising from the indiscriminate sales of ex-service 

Recently in Melbourne an unlicensed 
radio station transmitted political propa­
ganda on the broadcast band. As to be 
expected , it caused quite a consternation; 
newspapers splashed the story on front 
pages and the Postmaster-General's De­
partment set a trap for the jJirate. 

From the quality of the transmitter 
signal, there seemed littl e doubt that a 
former Service transmitter, purchased 
through the Disposals Comm iss ion, was 
being used. Although the Postmaster­
General (Senator Cameron) was th e first 
to cn t1c1se the pirate, his Governmen t 
should never have allowed former Service 
transm itters to reach the hands of un­
licensed people. 

W.l.A. Protests 

Despite strong protests from the 
Federal Executive of the ' Vireless Institute 
of Australia-supreme governing body of 
amateur radio in Austra lia-the Common­
wealth Governmen t allowed the sale of 
these transmitters to any person possess­
ing the finance. No questions are asked 
when a purchase is made, and th e name 
of the buyer is never taken. Once the 
transmitter leaves the Disposals Store, it 
has been "lost" from official record . 

From the Government's point of view 
it was a quick cash turnover and a ready 
means of disposing of surplus equipment. 
T his easy profit, however, might not be 
considered so easy should this country be 
aga in involved in war. 

Throughout Austra lia's capital cities 
and many larger country towns, former 
Army and R.A .A.F. transmitter& can be 
purchased from prices. vary ing from 
£5 to £50. In some .cases many have 
never been used, whilst others have seen 
little service-with the add it ion of a bat­
tery and an aeria I, they are on the air. 

One particular Army transmitter-at 
present selling for £12- needs only a 12 
or 24-volt battery and an aerial, and it 
is on the air with 25 watts of C.W. or 
12 watts of phone-suffi cient power to be 
heard in any part of the world under 
favourable conditions. It can be carried 
like a suit case, and only weighs 30-lb. 
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transmitting equipment. 

A typical high power transmitter now being 
sold through Government disposal sources. 

With little modification, it could be 
placed on the broadcast band and jam 
commercial and national stations. 
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I WARNING! ! I 
! (In the Melbourne District Court f 
!, ~:de:~e-r2o:d,Ric~:~:h:.l.ac~::n, fi::~ i 
, £30 with £5/5/- costs and a £140 I 
! transmitter confiscated for jammilJ.g i 
! Melbourne commercial stations on May i 
' 2. ) , , I 
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What better set could there be for 
operation by an underground station 
during war-time? It could be stored 
quickly, yet would always be available for 
communication within the minimum of 
time. 

Many of the sets also have a small 
five-valve superhetroclyne enclosed in the 
case. It operates from the same battery 
voltage and has excellent sensitivity and 
selectivity. T his, too, is even more suited 
for under-ground work with the whole 
outfit self-contained in less than one cubic 
foot. Yours for £12 and no questions 
asked. 

Others for sale-alth ough only in a 
minority-are high-powered quarter-kilo­
watt transmitters previously used by the 
R .A.A.F. for point-to-point duty. These, 
too, could be a clanger to the community 
in time of an emergency, were they in 
the wrong hands. 

Many Purchases Legitimate 
Although many of the equ ipment pur­

chasers have been licensed radio amateurs 
who bought the gear through the Wire­
less Instit-ute of Australia , a large man­
ber were yo ung men, keen on radio , yet 
with no desire of ever sitting for the 
special examination necessary to ga in the 
amateur radio licence. Some arc known 
to be using equipment for communica­
tion amongst themselves on frequencies 
not always in the amateur bands. This 
in itself is illegal, offenders being liable 
for a £500 fine or five years' imprison­
ment. 

Now that the equipment is privatcly­
ownecl, the Government has no power to 
recall it, except possibly in an emer­
gency. But even then it would not know 
where it was! There are many ways of 
facing the problem. Probably the most 
logical step would be for the Government 
to bring clown legislation making it neces­
sary for all owners of transmitting equip­
ment to register their names with the 
P .M.G. Department. 

This same legislation could also make 
it law for disposals and other radio stores 
to obtain the name and address of all 
purchases of transmitting equipment. On 
routine visits radio inspectors COll,ld check 
this equipment to ensure it was not being 
used illegally. In time of a national 
emergency, it could easily be recalled, such 
as the P.M.G. did with all amateur radio 
gear in 1939-40. 

IN THE AUGUST ISSUE. 

Another exclusive amateur 

radio achievement from Roth 

Jones:-Amateur Radio' s Bid for 

World Peace-K2UN's Challenge 

to the World. 
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(A) A partially formed "foot" glows uwhite hot" 
between two gas jets during its journey around the 

machine. IR) Bencl i n..,~ 

(M) Two of the many laboratory tests. (a) checking the charac­
terisUcs of the valves and (b) testing security of th~ base cement. 

(L) A typical testing line where many production checks are 
carried out. 

the mounting wires to the correct 
shape. 

( C) A grid bar emerging from the "head" of the 
grid making machine. .. 

A MODERN MIRACLE 
The manufacture of a valve involves such a complex series of 

operotions that the basic processes of making and preparing 
bulbs, grids, anodes, mica discs, "feet" , etc., are carried out 
concurrently. Some of these major operation are depicted in 
this series of photographs. 

" Foot-making" is actually the fundamental step, as it is on 
this finished " foot " or valve flange, that the various electrodes 
are mounted prior to the ultimate "sealing-in" process. The 
" feet " a re assembled mechanically from glass flanges, pieces of 
glass tubing and lengths of wi re. (A) . 

After the wires have been sealed into the glass "feet" they are 
then bent to the correct angles to accommodate the various 
electrodes (B) . 

Simultaneously other components are being manufactured­
one of the most interesting being that of grid construction. This 
is carried out by automatic machines (( ) which form the grid 
spi ral s by continuously coiling wires of hairlike fineness around 
several heavier wi re supports . After the grid bars have been 
removed from the machine they are subjected to various finish­
ing processes for thorough cleansing, and are then cut to their 
correct length ( D) . Before be ing ready for mounting on the 
" feet' ', the grids undergo a formation process which forms the 
correct shape and then are tested for the slightest inaccuracy (E). 

When the various elements have been fo rmed they a re then 
mounted in the correct order on the preformed "foot"- being 
held in position by spot we lding (Fl . 

The next stage is the " sealing-in" process. Like that of 
"foot-making " this is carried out by means of o rota ry machine 

(D) Cutting the grid bars to the correct lenjl'th. 
(E) Checking the circumference of 

grid in a standard gauge, 

which welds the bulb to the valve flange by means of gas jets 
(G & H). Each valve passes around the machine on its own 
revolving carrier so that t he heat is evenly applied . At the last 
set of jets the superf luous glass is cut off and the flange and 
bulb are securely welded together. 

The va lve then passes on to the air-exhausting machine (I). 
This operates on the mercury pump principle and exhausts the 
air from the bu lb through the tubular glass stem incorporated in 
the " foot-making" process. At the same time the machine 
corries out degassing of the metal parts of the valve by means 
of eddy currents and activation of the catfiode . All residues of 
gas are thus expelled from the various ' electrodes-the heat 
eventually explodes the "getter" and this removes all traces of 
the gas from inside the valve. · 

Following the "sea ling-in" process the next procedure is that 
of attaching the bases to the otherwise completed valves. A 
ring of cement is placed around the inside of the base, the 
various leads are inserted in their correct· . base pins, and then 
the cement is baked- to ensure the base adheres firmly to the 
bulb-by passing the val ve through a series of thin gas jets 
incorporated in the rotary machine (K) . 

On completion the valves are then placed on an ageing rack 
for a fixed time to reduce gas and improve emiss ion. After 
leaving the ageing rack the valves are complete in every respect 
as far as actual manufacture is concerned. They now undergo 
a series of tests up to 35-to ensure their characteristics and 
octuol receiver performance are up to standard . In the typical 
testing line shown (L) tests for noise, emission, sa turation, short 
circu its and insulation checks are car ri ed out. 

Photographs and technical data made available through courtesy Phillips 
Electrical Industries Ltd., Sydney. 

elements 

a 

RADIO SCIENCE, July, 1948 (J) The mechanical hand which lifts the 
valves off the machine in (I) and places 

them on the conveyor belt. 

RADIO SCIENCE, July, 1948 (G) The "sealing-in" machine. 

(K) The ca pping mill where the base is baked onto the glass 
h'1 lb. 

(I) The "sealed-in" valves passing around the exhausting machine. 
(H) A close-up of the "sealing-in" machine 
showing the valves passing through the gas jets. 
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! This month's quiz is of o i 
I simp ler nature than those pre- -i viously set, and is mainly intended I 
, to test the "Beginners'" general j 
I rad io knowledge. To obtain your ,, 
j score toke ten points for each , 
-,- question correctly answered and I 
_ only five poi nts if half right. i 
! As a guide to your ob i I ity use ,, 
I the fo llowing ta ble:- , 
i 90% or ove r Exce ll ent ! 
, 75% or over Very Good I 
~ 60% or over Average 0 

i 50% or under Poor ! 
.~ll~Cl-11-Cl-Cl.-,.ll-ll-41-ll-l)-ll-Cl_, 

Q.1.-ln these days of power blaclwuts, 
our first question is in somewhat of a 
topical vein. The term . "foot-candles" is 
the name given to-

(a) Torches carried by the famed 
Olympic ru nners. 

(b) Units for expressing the brightness 
of illumination. 

(c) Marked candles burned in olden 
clays to measure the passing of 
time. 

Q.2.-Whilst on the subject of light­
ing, no doubt most readers have seen the 
photoflood type of lamps used in photo­
gra/Jhic studios, etc. These lamps have a 
very high light outjJut rating which is due 
to-

(a) Mercury vapour in the bu lb. 
(b) An exceedingly high vacuum pro­

duced by mercury pump. 
(c) Over load ing the filam ent. 

Q.3 .-Horseshoe magnets bring bach 
memories of school days, w hen they were 
used to attract any nearby metal objects. 
However, did you hnow the " lihe" poles 
of a magnet will-

(a) Attract each other. 
(b) R epel each other. 
(c) Neither will attract or repel. 

Q.4.-A galvanometer can be converted 
into a useful ammeter by the simple ex­
pedient of adding a-

(a) l.5v battery. 
(b) Condenser. 
(c) Shunt. 
(d) Buzzer. 

Q.5 .-Vndoubtedly you must have 
heard of the terms "positive" and "nega-
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live" in connection with electricity. 
Another name for the negatively charged 
terminal is the:-

(a) Anode. 
(b) Pentacle. >>. 
(c) Cathode. 
(cl ) Nema tode. 

Q.6.-lf you have been a recent reader 
of this magazine, you should have little 
trouble with the next question. A "geiger­
counter" is-

(a) The special refrigerated type coun­
ter seen in delicatessen stores. 

(b) Indi cates the number of revolutions 
per minute of a rotating shaft. 

(c) Measures radiations such as those 
emit:ed by radium. 

(d) Is a photo-electric cell used to 
cou nt the number of visitors to 
ex hi bi tions. 

Q.7 .- This question rnay set a few 
readers thinking allhough we don't think 
it will fool very many. A "commutator" 
is-

( a) A form of electronic accelera '.or 
which converts base metals into 
gold. 

(b) A person who signs the reprieve 
for a condemned cr imina l. 

(c) Transmits e lectr ic current between 
moving and stationary parts of a 
dynamo and motor. 

(d) A person making daily trips be­
tween the city and suburbs. 

Q.8.-Now for sorne easy ones to help 
you gain thase few ex tra points. There 
are many forms of electricity and the type 
which reverses its direction rnany times 
j1er second is usually called-

(a) Sta tic electricity. 
(b) Alternati ng current. 
(c) Direct current. 

Q.9 .- l ncreasing the diameter of an 
electric wire will-

(a) Jncrease the resistance in the cir­
cuit. 

(b) Decrease the resistance in the cir­
cuit. 

(c) Have no effect on the resistance. 

Q.10.-When making soldered connec­
tions it is generally advisable to use some 
form of flux. This flux is necessary be­
cause it-

(a) Protects the parts from oxidation. 
(b) Lowers the melting point of the 

solder. 
(c) Provides a material that will con­

clt1ct electricit,y , acr_os_s the finishe~l 
joint. 

Q.11.-0ften a technical article refers 
to I.he "grid leak" in a certain jJiece of 
equijJ1nent. The grid leak is-

(a) Caused by a short circuit which 
shou ld be located and eliminated. 

(b) Used to mainta in the grid voltage 
at the desired average value. 

(c) Due to faulty valve .construction 
which allows the electrons to flow 
in the grid circuit. ' 

Q.12.-0hm's Law is probably among 
the mo.st widely used laws these days. 
This law-

(a) Refers to housing ballots. 
(b) Shows th e effect of pressure upon 

th e volume of g·as. 
(c) Sums up in a simple formula the 

relationship between electric volt­
age, curren t and resistance in a 
circuit. 

(cl) Refers to the emission factor in 
valves. 

Q.13.- CojJfJer is generally used for 
electric wires because it is one of the 
best-

( a) Insulators. 
(b) Dielectric. 
(c) Con du ctors. 
(cl) Shock absorbers. 

Q.14.- Passing an electric current 
through the ground is one of the modern 
methods ernj1loyed in-

(a) Makin~ i t rain . 
(b) Prospecting for minerals. 

(c) Guarding citrus orchards from the 
effects of frost. 

Q.15.-No doubt most readers have at 
som';; time or another cha_nged or re-wired 
a " blown" fuse in a house installation. 
Household fuses are usually rated accord­
ing to-

(a) Their useful life. 
(b) Cand le power. 
(c) Curren t rating. 
(cl) Heat of fusion. 

(For answers see page 48.) 
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TELEVISION STUDIO LIGHTING 
Although broadcast television has not yet become established 
in Australia, the information in this article is an indication 
of the over.seas activity in this comparatively new phase of 
electronics. It is felt that the details wi!I be of consider­
able interest to those with an eye to the future in this field. 

The q uality of a television recording 
in the studio depends to a high degree 
upon the lighting in the studio, or r~ther 
upon the illumination of the scene to 
be recorded. 

The nature and composition of the 
light in the television studio is thus of 
paramount importance. It must be de­
termined, therefore, what colours (or 
wave-lengths) of the whole of the l ight 
spectrum have to be considered particu­
larl y for television purposes. The im­
portant thing to bear in mind is that 
the scene in the stud io is not recorded 
by the human eye, but by the eye of 
the camera. 

Eye versus Camera 
The television camera contains an 

iconosq1pe and the sensitivity of the 
camera is very d ifferent from the sen­
sitivity of the eye. i1Vh ile the human eye 
has a maximum sensi tivity for the record­
ing of ra ys from the yell ow-green range 
of the spectrum, and is very much less 
sens itive to other colours, the inconoscope 
prefers a completely different part o[ L11e 
light spectrum. Not what the human 

eye requires, but what the iconoscope re- . 
quires with regard to the spectra l com­
position is the important thing for tele­
vision work. 

Before we gu deeper into the subject 
of the partirnl<H spectral composition re­
quired by the iconoscope, we wi ll say 
something in general about the illumin a­
tion of the television st udio . It is known 
that the light and da rk patches of the 
image recorded are converted into elec­
trical impulses, which are further intensi­
fied and dea l t with in the transm itting 
apparatus. The greater the amount o[ 
light falling on the mosaic screen of the 
iconoscope, the less the signal has to be 
intensified. A part from a good optical 
system, the first requirement is a large 
quantity of light com ing from the scene. 
To produ ce a very bright image on the 
mosaic screen of the icono~cope, the il lu­
mination level of tl1e scene sho uld be a t 
least 500ft. cand les and can be up to 
1,000-ft. cand les, or even more, for the 
sake of the reflection cond i tions of the 
colours of the sk in , dresses and scenery. 

The second factor is that this large 

A typical studio scene, showing the applicat:on of the mercury lamps~ 
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A battery of water cooled super-high press­
ure mercury lamps used for illuminating the 

television studio whilst recording. 
I 

quantity of light impinging on th e icono­
scope must a lso be of a special spectral 
composition . 

It has been found that for best results 
illumination for television .recording 
sho uld consist mostly of light from the 
blue end of the spectrnm and radiations 
from the _long-wavi:! part of the ultra-violet 
range. It does not really ,matter that the 
scene thus illumin ated gives the human 
eye the impression of unnatural colours, 
for-as we have observed a lready-it is 
not the human eye which is important 
here, it is the light sensiti vity of the tele­
vision camera . 

Thus it can easily be understood th at 
it is wrong to use incandescent light for 
the illumination of the television studio. 
If we look at the composition of incades­
cent ligbt in connection with the sensi­
tivity of the iconoscope, we find that it 
docs not fulfil requirements, because it 
contains a good deal of reel , but very little 
blue. 

(Continued on page 46.) 
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A-F AMPLIFIER SERVICING 
Sound systems have found such wide application in recent 
years that the maintenance and repair of this equipment 

has become a distinct occupation. 

Modern amplifiers approximate radio 
receivers in the number of their circuits 
and the increasing difficulty with which 
faulty operation is diagnosed and localised 
in them. Since_, in order to be profitable, 
an amplifier test must be performed as 
quickly and completely as possible, and 
the diagnosis must be precise. The test 
must be made according lo a well­
organised, time-saving plan. 

Th is article will describe a procedure 
for the routine inspection of audio ampli­
fiers in maintenance and trouble shooting. 
Some of the methods included have been 
borrowed from laboratory practice, o ~hers 

<J. re common to radio servicing. The steps 
given below have been selected to disclose 
most amplifier troubles. The arrangement 
of tests and their sequence are believed 
logical for complete diagnosis of ampli­
fier performance, whether trouble is 
present or not. 

Recommended Tests 

By sufficient rehearsal of the operation, 
the sound serviceman should acquire con­
siderable dexterity in the speedy analysis 
of amplifier operation. The data he col­
lects from the series of tests should en­
able him to recondition an amplifier com­
pletel y or appraise its performance. The 
following are the recommended tests in 
the order in which they should be 
made:--

1. Tube Check. 
2. A.F. Signal Tracing. 
3. Static Voltage and Current Measure-

ments. 
4. Gain Measurement. 
5. Frequency Response Check. 
6. Distortion Check. 
7. Check for Feed-back. 
8. Impedance Measurement. 
9. Power Output Measurement. 

IO. Hum and Noise Level Checks. 

The tube check (1) is preferably one 
which gives an indication of some dynamic 
characteristic (such as trans-conductance 
or amplification factor), rather than emis­
sion. A.F. Signal tracing (2) consists of 
following the progress of an audio signal 
through the various amplifier stages, not­
ing amplification, reduction, or distortion 
of the signal in the stages. The static 
voltages and currents (3) are measured at 
appropriate circuit points, generally 
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directly at the tube socket terminals . A 
rectifier-type a.c. voltmeter is satisfactory 
for indicating the heater voltages, but 
an electronic d.c. voltmeter or potentio­
meter-type indicator is mandatory for 
plate and screen voltages. Most of the 
high-resistance non-electronic meters are 
totally useless for measurements in re­
sistance-coupled amplifier circuits. The 
operations numbered from 4 to 10 in 
the list will now be discussed in detail. 
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Gain measurements reveal the actual 
amplification obtained in the entire amp­
lifier or in any of its s ~ ages . Both volt­
age gain and power gain are measurable 
and are of importance to sound engineers. 
However, voltage gain is of commonest 
concern and is generally implied by use 
of the single word, gain. 

Both voltage and power gain are de­
termined by the increase in output signal 
over input signal. In. procedure, the ratio . 
of output voltage or power to input volt­
age or power is discovered by measure­
ment. There is no name unit for gain, 
this characteristic being expressed simply 
as the quotient indicated by the voltage 
or power ratio. For example, a gain of 
JO (or 10 times) corresponds to the ratio 
JO: l , and indicates the amount of amp­
lification in any case where the output 
voltage or power is ten times the input 
value. Since this is regardless of the 
actual magnitudes of the input and out­
put signals, gain is seen to be a relative 
characteristic. 

Determining Voltage Gain 

To determine the overall voltage gain 
of an amplifier, an a.f. voltage is ap-

plied to the input terminals of the amp­
lifier and successive readings taken of 
the voltage impressed across !he input 
circuit and the output voltage developed 
across the terminating resistance or im­
pedance. Voltage measurements are 
made with a vacuum-tube voltmeter in 
a circuit similar to those of Figures 1 
and 2. The ratio of the two voltages 
is the overall gain. However, most amp­
lifier manufacturers state overall gain as 
the number of decibels corresponding to 
this ratio. 

It is adv isable to make overall gain 
measurements with all volume controls 
set at maximum volume and to adjust 
the voltage of the input signal to de­
liver an output voltage corresponding to 
the rated amplifier output power. The 
proper output voltage may be determin­
ed from the equation: 

E = yPR .- .. (I) 

where E is i·equired e .m.f. (volts) 
P the rated undistorted output power 

(watts) 

R the ]oad resistance or impedance 
(ohms) 

An alternative method of measuring 
overall gain is shown in Figure 2. The 
source of audio-frequency test voltage is 
properly terminated and th en connected 
to the amplifier input through a standard 
gain set. The amplifier is suitably ter­
minated by a non-inductive load resistor 
of appropriate wattage, and a vacuum­
tube voltmeter is arranged to give suc­
cessive indications of input and output 
voltages. 

The tap on the load resistor enables 
the operator to select for output indi­
cation an a.f. voltage within l he full­
scale range of the vacuum-tube voltmeter, 
while full power output is supplied to 
the load. This is an advantage since 
the amplifier will be operated at full 
output during the m easurements wLhout 
slamn:iing the:' meter. 

With the voltmeter in the input posi­
tion, the a.f. voltage is adjusted to a 
value necessary to give full power out­
put by means of the gain control in the 
oscillator. T he meter is then switched 
to the output circuit and the gain sec 
ad justed to restore the meter reading to 
this reference level. The gain may then 
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be read directly from the dials of the 
gain set. 

Frequency Response Checking. 

The frequency response of the entire 
amplifier, of any one or combination of 
its stages, or of its transformers is studied 
by observing the output voltage magni­
tude as the frequency of a constant- level 
input signal voltage is varied. Values of 
a.£. output voltage are plotted against 
frequency to give a responsive curve. In 
frequency response checks, the input sig­
nal voltage must be delivered by a good 
variable-frequency oscillator with low­
distortion output, and a vacuum-tube 
voltmeter or ca librated oscilloscope em­
ployee! as the indicator. 

It is customary to make response tests 
at as many points in the range, 30 to 
10,000 cycles · per second, as practicable. 
The frequency response of good PA amp­
lifiers is such that the output voltage-
(or output db) input frequency curve 

does not deviate from a straight line by 
more than plus or minus 2 db between 
30 and 10,000 cycles per second. Ampli­
fiers for broadcast, laboratory, and high­
ficlelity applications show even better 
response. 

When checking the overall frequency 
response of an amplifier, it is rP.com­
mended that the input signal voltage 
be maintained at the proper level re­
quired to produce maximum undistorted 
power output, and that gain controls be 
set for maximum volume. The tone 
control must be set at the mid-range 
or "mellow" position. 

Single stages or any combination of 
stages may be checked for frequency re­
sponse in the same manner, except that 
the cons tant voltage-variable frequency 
input signal is fed into the input circuit 
of the particular stage under investiga­
tion and the indicating instrument ·con­
nected to its output circuit. Single-stage 
frequency response r uns are invaluable 
in tracing the cause of overall response 
deficiencies. 

Distortion Checks. 

The entire amplifier or each stage may 
be checked at various· settings of gain 
controls and at various input-voltage fre-
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quencies for the presence of distortion. 
This test logically should follow the re­
sponse run. 

An input signal of very low harmonic 
content is supplied to the amplifier or 
stage under test by a high-grade oscil­
lator, and distortion checked by observ­
ing the steady tube currents for fluctua­
tions, or by an inspection of the output 
signal waveform. 

·when the simple qualitative check is 
employed, the cathode current in a single 
stage is the most satisfactory to examine. 
The d.c. component of cathode current 
in a class-A amplifier stage should, under 
normal operating concli'.ions, show no 
fluctuation when the input signal is ap­
plied. Distortion is betrayed by a change 
in the value of current indicated by a 
cl.c. milliammeter upon introduction of 
the input signal. 

Each amplifier stage may thus be 
examined for distortion, the test advanc­
ing from input to output sections of the 
amplifier and distortion localized within 
one stage circuit. 

Class "A" Only 

The foregoing simple distortion test 
is useful only in class-A voltage ampli­
fiers and others in which the cathode 
current does normally change with the 
input signal. It is obvious that this 
method would be of no value in class­
B and class-AB systems in which the 
total cathode current swings widely 
under dynamic conditions. 

The output waveform is inspected for 
excessive harmonic content (distortion) by 
means of a distortion meter or wave 
analyzer, a low-distortion a .f. signal or 
normal voltage being applied to the amp­
lifier or stage input. These instruments 
will indicate directly the actual percent­
age of each harmonic present in the out­
put signal from each stage, values which 
may be compared with the tube charts 
or amplifier manufacturer's guarantee. 

Tests For Feed-back. 

Regenerative feedback is often quite 
perplexing to the amplifier serviceman, 
since it may not cause the amplifier to 
oscillate at an audible frequency, but 
nevertheless is present in sufficient quan­
tity to cause serious distortion. 

When regeneration is suspected, each 
stage should be examined for its pres­
ence by means of grid current or cathode 
voltage measuremen:s. The presence of 
grid current in any class of amplifier re­
ceiving no input signal is a certain in­
dication of feedback. 

Each stage should be examined separ­
ately, progressing from input to output 
circuits of the amplifier. The presence 
of feed back over several stages, rather 
than in a single one, may be verified by 

opening the connection between a stage 
in which abnormal no-excitation d.c. volt­
ages or currents have been discovered and 
the stages immediately preceding and fol­
lowing. Currents or voltages should fall 
to normal values when the contributing 
stages are thus uncoupled. Likewise, ab­
normal currents and voltages will not be 
found in the isolated stages. 

Audible feedback in a previously effi­
cient amplifier generally arises in one 
stage. In developmental units, it is most 
often due to unwise layout. In the first 
case, the a.£. voltage generated is passed 
along to each succeeding s·.age and into 
the loudspeaker. The offending stage is 
readily located if, in the absence of an 
input signal the output of each stage­
from input to output ends of the ampli­
fier-is inspected with a vacuum-tube 
voltmeter or sensitive headphones. The 
first stage delivering a howl to the head­
phones or deflecting the meter is the one 
in which the audible feedback originates. 

Determination of Impedance. 

An investigation of the impedance of 
transformer windings logically wi ll fol­
low the discovery of distortion, although 
the impedance of an output transformer 
will be under surveillance when the loud­
speaker signal is low. It may also be 
desirable to check an unknown trans­
former for secondary impedance when 
matching speakers to a strange amplifier. 

Figure 3 shows a simple method of 
measuring the impedance of a transformer 
winding. The unused winding is con­
nected to its usual circuit points or to an 
equivalent resistor, RI. The winding 
under test is connected in series with a 
variable resistor, Rt, and a source of 400-
cycle controllable a.£. voltage. Rt is a 
wire-wound rheostat or a laboratory de­
cade box. A vacuum-tube voltmeter is 
arranged with a s.p.d.t. switch to measure 
successively the a.f. voltage drops across 
the resistor and winding. 

In making the test, Rt is adjusted until 
its voltage drop is identical with that of 
the transformer winding. Its resistance 
at this setting then equals the impedance 
of the winding. The input voltage level 

TO 400-CYCLE VOLTAGE 

FIG.3 
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is adjusted for a good, readable deflec­
Lion of the meter. 

The value of Rt at "balance" may 
be determined by means of a good ohm­
meter or, for more accurate p urposes, by 
means of a resistance bridge. 

Bridge Measurement 

T he impedance of a transformer wind­
ing (with the other winding appropri­
a:ely loaded) might be found also by 
measuring its inductance upon a suit­
a ble bridge for the purpose, measuring 
its resistance, and calculating from the 
equation: 

Z = yR"+ (27rfLJ 2 • , •• (2) 

where Z is requ ired impedance (ohms) 
R the resistance (ohms) 
f the frequency of the bridge voltage 

(c.p.s.) 
L the measured inductance (henries) 

If th e turns raLio of a transformer 
has been determined previously, Lhe im­
pedance ratio or the separate impedances 
may be found with the aid of the fol­
lowing formulae: 

yZs ' Zs = Ns• 'Zs= ZPNs
2 

' . 

Ze ZP NP2 NP2 

Ns 

Ne 
ZsNP2 

and Ze=---
Ns2 

whe_re NP }s the number of primary turns 
N s the number of secondary turns 
ZP the pr imary impedance, and· 
Zs the secondary impedance 

or impedance of the load . 

The turns ratio may be determined by 
applying a known al terna ting voltage 
across one winding an.cl measuring the 
induced voltage across the other. The 
ratio of the· two voltages will then cor­
respond to· the turns ratio . 

Tube manufacturers slate in their 
tables the values of load impedance (or 
load resistance) recommended for ma;d­
mum undistorted power output. · This 
load va lue is rti'a.tched to the power-tu be 
plate impedance by means of a trans­
former of -proper turns ratio, as indi-
cated above. . 

Rapid Method 

A rapid method for determining the 
impedance of · .an output transformer 
secondary f. a·n amplifier in operation 
consists in ad justing a standard output 
power meter for maximum deflection and 
reading the impedance from the meter 
dials. T he power meter is connect.eel 
simply to the output transformer ter­
minals, a 400-cycle signal voltage intro­
duced into the input circuit of the 
operating amplifier. The meter-range 
switch is set to accommodate the maxi­
mum amplifier power output, and the 
meter input impedance is adjusted for 
maximum deflection of the indicating in-
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strument. The reading of the 1mped­
ance dial . at rhis setting is the imped­
ance of the output transformer second­
ary. 

Power Output Measurements. 

T he audio output watts may be 
measured with the audio-frequency out­
put power meter or determined frorn 
voltage or current readings taken in a 
properly terminated output circuit. 

Several models of non -electronic out­
put power meters are now commercially 
availabl e for a .f. m easurements. The 
following ranges are provided by three 
of the currently advertised models: (A) 
2.5 to 20,000 ohms input impedance in 
forty steps of a si ngle rotary switch ; in­
d icating instrument r eads full -scale 
ranges from 0.5 milliwatt to 5 watts in 
four ranges with a midscale accuracy of 
5 per cent. (B) 2.5 to 20,000 ohms in­
put impedance in forty steps of a single 
rotary switch; indicating instrument reads 
full-scale values of 0.1 milliwatt to 50 
watts in tw<mty ranges with a midscale 
accuracy of 2 per cent. (C) 2.5 to 20,000 
ohms input impedance in forty steps 
divided between a 10-position ohms selec­
tor switch and a 4-position ohms multi­
p lier switch; indicating instrument reads 
full-scale values from 0.1 milliwatt to 5 
watts in four ranges with an accuracy 
stated by th e manufacturer as variable 
with frequency. 

Since the outpu t power meter pre­
sents Lo the amplifier under test a load 
impedance of widely adjustable value, 
this instrument may be connected directly 
to the amplifier output terminals with­
out in troducing any furth er load or 
matching device, provided the input im­
pedance of Lh e meter is set to the value 
of amplifier outpu t impedance. If the 
latter is not known, the meter impedance 
may be adjusted for maximum deflection 
of the indica ting instrument with the 
amplifier passing a 400-cycle signal , 
whereupon the output impedance may 
be read from the dials. 

Direct Readings 

Advantages of the output power meter 
are that its wattage readings are direct, 
requiring no calcu lations or convers ions, 
and its input circu it may be closely mat­
ched to the amp lifier ou tput circuit. 

By the voltmeter or amme:er method, 
output power levels are calcu la ted from 
voltage or current va lues measured in a 
terminating circuit of proper resistance 
or impedance. Th is method is illustrat­
ed in Figure 4. Circuit A is that for 
the indication of a.f. power output in 
terms of voltage; Cfrcuit B for power 
indications in terms of current readings. 
In both examples, the load r esistor, R , 
terminates th~ amplifier outp ut. Its re-
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sistance must accordingly be egua·1 to the 
rated output impedance of Lhe amplifier 
and its wanage must be suffi cient LO with­
stand the maximum power output. 

T he a .c. voltmeter used in rigure 4-A 
mu st ha ve good accuracy at the test fre­
quency. It is strongl y recommended tha t 
a vacuum-tube voltmeter be used in this 
position. 

T he amplifier power outp ut is deter­
mined, in the voltmeter method, by 
means of th e equation : 

E• 
P = - ...... (3) 

R 
where P is t he audio output (watts) 

E t he meter reading (volts) 
R the load resistance (ohms) 

Aternativcly, the value of the a .f. cur­
rent flowin g through the load resistor 
ma y be measured , as in Figure 4-B, and 
this value employed in a ca lculation of 
the a.f. power : 

P = PR ...... { 4) 
where P is t he audio output (watts) 

I the meter reading (am peres) 
R the load resistance (ohms ) 

For best results, the .current instru­
ment should be a thermocouple type am 
meter or milliammeter. As a substitute 
for this type of current meter, a vacuum­
Lube voltmeter may be employed in con­
nection with a su itable sh un t for r ead­
ing the current in terms of the voltage 
drop across Lhe shunt. 

Hum and Noise Level. 

Inherent hum and noise level of an 
amplifier or isolated stage may be quan­
titatively analysed by means of a vacuum­
tube voltmeter of sufficient sensitivity or 
a standard output power meter. 

Any output voltage present when the 
signal voltage is removed , and not due 
Lo feedback , may be attributed to hum 
and noise co mponents. If th e one is 
known to be present in the absence of 
the other, it may be iden tified by a 
simple headphone and speaker listening 
tes t. 

'the simpie vacuum-tube voitm eter or 
output m eter wi ll indica te the total mag­
niLUd e of hum and noise compon ents and 
will not differenti a te between the two nor 
separately evaluate them. To determ ine 
the ampl itude of each component, it is 
n ecessary to se lect that component from 
th e total. T his operat ion is best per­
formed by a wave analyzer, which is in 
principle a highly selective vacuum-tube 
vol tmeter which may be tuned successive­
ly to the fundam ental hum frequency and 
each of its harmonics. It will generally 
be necessary to measure only the funda­
mental, second, third, and fourth har­
monic amplitudes with th e wave analyzer. 

Sou nd equipment manufacturers usu­
a ll y express Lhe hum or noise level as 
a number of decibels below maximum 
output, and th e ex perimenter may, if he 
desires, convert his measured va lues into 
these units. 

After the hum level has been accounted 
for, the remainder of the no-signal out­
put voltage may be attributed to noise. 
A certain amount of this arises from 
thermal agitation in the input stage. 
However, coupling capacitors in resist­
ance-coupled stages should be inspected 
for low d ielectric resistance, with a good 
megger, when the noise level appears 
excessive. A good coupling capacitor 
should show a dielectric resistance equal 
to 500 times the value of the grid re­
sistor used in the succeeding stage. 
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FOR THE EXPERIMENTER 
By AG. NICHOLLS (VK2NI) 

Calibrator for Sweep Generator 
and A.F. Oscillator. 

A sim ple circui t using a " mag-ic eye" 
and very small power suppl y, and whi ch 
is suitable (or ca libra ting sweep genera­
tors and a- f oscillators, is shown in th e 
accompanying d iagram. T he magic eye 
ind ica tor va lve actually does the work 
of a cathode ray tllbc, bu t docs no t 
require the h igh vol tage Lo operate it. 

T he oscill ato r to be calib ra ted is f:cd 
into the grid of the tuning ind ica tor . 
whilst the a-c vo ltage is app lied to the 
ta rge t. T he nuorescent screen is illumin­
ated on ly (or th e positi ve ha lf-cycl es, and 
thu s an accurate time base is established 
for calibra ti on. At fundam cnLa l or even 
harmonics of the oscilla tion, th e shadow 
on the screen stands still. At frequencies 
oth er than h armonics th e shadow flu t­
ters. 

Th is unit is useful up lo I 0 kc. if ca re 
is taken with the construction and lay­
ou t. 

OS 

o--f(-.. fUTI 
4 

-""I'.~~ ...... r .!. 

tj~~Ov 

~ 

H igh Voltage Warning Blinker. 

In th e interests of safety some fo rm of 
warning fo r the high voltage supply 
should be fined to every transmitter. 
While indi ca tor lights are useful , th e 
steady light can be easily overlooked , and 
in this r espect a blinker lamp is much 
more e!Iecti ve of indicating that the high 
vo ltage supply is on. 

A simple form of Neon bl inker can be 
wired up as shown, .using a t-watt Neon 
lamp . T he value of resiscor shown is 
abo ut righ t [or a 1,200-vo lL sup ply, and 
will p rodu ce a blinking r ate of: one nash 
per second . If: you have difficulty in 
obta ining t.his high resistance, th en three 
I 0-meg units can be wired in series. 

T he va lue of the resistance can be ad ­
justed according to th e voltage of the 
power supply and the desired flash rate. 
]( th e Neon glows steadil y, the r esistance 
is too low, and this should be a guide 
as lo the correct va lue. 
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Carbon Microphone Input. 

A sim ple hum -free meth od of: connect­
ing a carbon mi cophone to a pre-amplifier 
is shown in the accompanying d iagram . 
T his system utili ses the curren t flow 
through the va lve [or its excita tion. 

Due Lo th e ex tremely low grid im­
pedance, the h um pick- up is negligible. 
T he gain, of course, from the stage is 
less than unity, bu t the arrangement will 
still be found quite suitabl e f:or most 
speech amp lifiers. 

Increasing Audio Output 

from SCR-522. 

Mos t users of the very effi cient "522" on 
144 me. have changed the 12J5 output 
va lve to a 12A6, or simil ar type, to in­
crease the audio outp ut. Another change 
for the better may be ob tained by con­
necting a .01 mfd 600-volt condenser from 
the cen tre arm of the gain control poten ­
tiometer , after d isconnecting the lead 
already soldered to it. 

T he other side of th e condenser is 
connected strai gh t Lo the grid cap of th e 
12C8 and earth ed with a .5 meg !-watt 
r esistor. T his by- pass ing the first audio 
microphone transformer, and it will al so 
be fou nd that the hum level has de­
creased considerably. 
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U_JJ.:J. .:JechniiueJ 
By 

HARRY N. EDWARDES, B.Sc., B.E. 

Transmission lines or ·"feeders" perform the same function 
at U.H.F. as they do in low frequency power distribution 
systems-that is the transfer of power from one unit of o 

Various forms of transmission lines are 
used in practice. The configuration and 
size of line for any application depends 
upon the frequency employed and the 
power to be transferred. The simple open 
wire feeder is satisfactory for ~he lower 
quencies of the U.H.F. spectrum whilst 
co-axial lines are adopted for higher fre­
quencies. ''\Taveguides are ideal for 
microwaves and their use is essential at 
very short wavelengths. If wavelengths 
are reduced bey.ond their present limit 
some new form of feeder will probably 
be needed. 

Although transmission lines vary in 
form, the fundamental concepts and 
theory are applicable to all lines. From 
this fundamental theory, the properties 
which render transmission lines suitable 
for the above applications are derived. 

For many transmission line problems 
the field concept is used; that is, instead 
of referring to voltages and currents, the 
electric and magnetic fie lds between con­
ductors are examined. Maxwell's field 
equations are then employed. However, 
much of the theory can be built up from 
the ideas of conventional transmission 
lines.• 

• 
e 
A e c 

0 
E 

Fig. 1.-Cross sections of various types of 
transmission lines 

(a), Two wire line 
(b) Shielded pair line 
(c) Co-axial line 
(d) Waveguide (Rectangular) 
(e) Waveguide (Circular) 

* An introduction to the concepts involved 
in transmission line theory was given in an 
article on 11 F.M. Transmission Lines," in "Radio 
Science"-( May, 1948, page 30). 
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system to another. 

Fig. 2.-Co~axial line components. Couplings, 
insulators, stub supports, and elbows. 

A transmission line may be defined as 
one or more lengths of conducting ma­
terial, the configuration of the cross sec­
tion of which may take various forms . 
The different cross sections employed are 
shown in figure 1. In practice the ma­
terial has a high conductivity in order to 
reduce losses unless attenuation is pur­
posely· required. Copper or silver plated 
brass are ideal materials. 

All transmission lines except wave­
guides require an insulating support be­
tween the conductors. At U.H.F. this is 
made of low loss material. 

Transmission Line Quantities . 

A transmission line is specified electric­
ally in terms of its characteristic imped­
ance, propagation constant and power 
handling capacity. 

PART 5 

TRANSMISSION LINES 

The characteristic impedance, usually 
denoted by the symbol Zo is equal to 

\IR + jwL/ G + jwC where R , L, G and 
C are the resistance, inductance, conduct­
ance and capitance per unit length re-

spectively. Zo = v L/ C for a loss free line. 

Two Wire Lines. 
The two wire open line (figure la) 

consists of two parallel conductors, usu­
ally of circular cross section, separated by 
insulators. The spacing of the conductors 
is between 5 and 20 times the diameter 
of the wires, whilst the insulating ma­
terial may be in the form of intennit­
tent spacers of low loss material such as 
polystyrene or trolitul or continuous flex­
ible polythene. 

Open wire lines are not employed at 
frequencies above approximately 200 Mc/ s 
as radiation losses then become excessive. 
In order to reduce radiation the spacing 
of the wires must be as small as possible. 

The characteristic impedance of a two-
2D 

wire line is 276 log 10 --. 
d 

where D equals spacing of conductor cen­
tres, and 

d equals d iameter of conductors. 
Thus a line consisting of two wires t in. 

in diameter spaced 2in. apart has a char­
acteristic impedance of 330 ohms. 

Two-wire lines· have the advantage of 
being balanced for r-f with respect to 
earth and therefore may be connected to 
an aerial in a simple manner. 

The shielded pair line (figure lb) does 
not radiate and maintains the balanced 
feature although the characteristic im­
pedance is lower than the open wire 
line. However, connections with shielded 
pair lines are complicated and this type 

Fig. 3.-Typical polythene U.H.F. cables 
with connectors. 
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INSUL. 

Fig. 4.-Various types of insulators are used 
in U.H.F. Jines. 

of feeder is not used extensivdy in prac· 
tice. 

Co-axial Lines. 
The co-axial transmission line (figure 

le) is the most convenient form of shield­
ed feeder at U.H.F. It consists of two 
concentric cylinders separated by a die­
lectric of either solid material or air with 
occasional solid spacers. The outer con­
ductor is earthed for r-f and acts as a 
shield, preventing radiation . However, in 
a co-axial line the voltages on the two 
conductors are unbalanced with respect 
to earth. When a co-axial line is con­
nected to elements constituting a balanced 
system such as a dipole or a two wire-line 

it is necessary to employ a balance to 
unbalance transformer to prevent radia­
tion from the outside of the feeder. 

Connections to units contained in metal 
cases can be made easily with co-axial 
lines. In making such connections it is 
essential that the outer conductor be well 
bonded to the case. If there is a high 
resistance or merely a capacity connection 
a voltage could develop between the outer 
conductor and the case. 

Joints between different sections of a 
co-axial line must be well made to pre­
vent loss and radiation. In high power 
applications, sparking will occur unless 
good contact exists between sections. In 
practice, extensive use is made of spring 
contacts and suitable flanged joints using 
standardised parts are employed in co­
axial line installations. 

Flanged couplings of one type used in 
1%in. and !~in. air spaced co-axial lines 
are illustrated in figure 2. These coup­
lings _ are made weatherproof by means of 
a neoprene gasket in a groove surround­
ing the metallic contact of the outer con­
ductor. The ends of the inner conduc­
tors are fitted with split bullet contacts 
whith couple into a plain tube and on 
the mating piece. The characteristic im­
pedance of a co-axial line is Zo 138 

b b 
log 10 - where - is the ratio of the 

a a 
outer to inner diameter. 

Fig. 5.-A standing wave indicator suitable 
for use at 1200 Mc/s. 

For minimum losses the ratio of dia­
meters should be about 3.6 with a corres­
ponding of 77 ohms. 

The co-axial construction is particularly 
adaptable to flexible cables. Several types 
of cable are illustrated in Fig. ~ - Poly­
thene forms a suitable flexible dielectric . 
The inner conductor may consist of either 
a single or stranded copper wire whilst 
copper braid is an ideal outer conductor. 
A wide range of such cables is produced 
commercially today overseas. Character­
istic impedances range from 47 ohms to 
over 100 ohms. Variations in size corres­
pond to different power handling · capa­
cities. 

Losses. 

Losses in polythene cables are naturally 
greater than those in air dielectric lines 
and are greater at ·higher frequencies. 
For example at 3,000 Mc/ s a typicalfigure 
for loss is I db per yard. 
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Special connectors have been developed 
for the various types of cable. A few of 
these are illustrated in Fig. 3 with the 
corresponding chassis ·type of ·mating· 
con'ilector suitable for use on shielded 
units. Impedance and power handling 
capacity as well as mechanical stability 
are important considerations in connec-

v 
NIN. 

VOL.TAGE 016TRIBUTION IN 
l.OSSY UNE. EQUIVALENT 

TO IMPEDANCE 

1--~-1 
++---- ~ ----

......r.tl +--l 

1 l';.~~ITT ST.lNOING WAVE INOIC Zo _ ...-... 
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IMP&.O.ANCli. •Zo TAN h("(•JJJ)t 

-
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Fig. 6.-The standing wave pattern for any 
imped.ance which may be considered equiva­

lent to a short circuited lossy line. 

tors. The simple Amphenol type con­
nectors have excellent impedance proper­
ties even at 3,000 Mc/s and are ideal for 
laboratory use but are unsatisfactory for 
permanent installations particularly in 
outdoor appiications. 

In air-spaced co-axial lines when die­
lectric spacers are used they are made 
either in the form of spiders or let into the 
inner and/or outer conductors as indi­
cated in Fig. 4 in order to reduce reflec­
tion effects. Fig. 4 contains examples of 
these two types of insulators. · The under­
cutting compensates for the presence of 
the dielectric and· is aimed at maintain­
ing a constant characteristic impedance. 

Metal Insulators. 

At high power the use of dielectric in­
sulators becomes impracticable because of 
the high stress which would be developed 
in the dielectric. This would result in 
sparking and destruction of the insulators. 
The solution to this problem lies in the 
use of metal insulators. These are quar­
ter wave length short circuited stub lines 
shunted across the main line at appro­
priate intervals as illustrated in Fig. 4. 
Because the input impedance of a short 
circuited quarter wave line is very hig·h 
these stubs have negligible shunting effect 
on the transmission line. 

Impedance and Matching. 

In both transmission line theory and 
practice the concept of impedance is one 
of the fundamentals. In ·the development 
of r-f components impedance calculations 
and measurements are extremely impor­
tant. 
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The input impedance of a transmission 
line depends upon the terminating or 
load impedance, the characteristic imped­
ance, line length, and wave length. For 
the maximum transfet of power from the 
transmission line to load tb e latter should 
ba.ve an impedance of the feeder. In this 
condition the load is said· to be matched 
to the line. 

If the load is not matched energy is 
considered to be reflected from the load. 
This reflection may be overcome by an 
impedance transformer which provides re­
flections in the opposite phase and of 
appropriate amplitude to cancel out the 
original reflection. This impedance trans­
former is analogous to the ·transformer 
between the loudspeaker and output 
valve of an audio power amplifier. 

The mathematical expression for the 
input impedance of a line is :-

. Zotanhol+ZL 
Zin= Zo Zo + ZL tan ho I 
where Zin equals input impedance 

ZL equals load impedance 
o equals propagation constant 
I equals length of line 

Returning to the question of reflection 
anrl impedance matching, let us consider 
impedance measurements. Reflection or 
mismatch is characterised by the presence 
of standing waves in the transmission 
line. The magnitude and position . of 
these standing waves are related directly 
to the load impedance. Measurements of 
these quantities constitute impedance 
measurements at U.H.F. 

1 
Having calcu­

lated the load impedance · from this data 
suitable matching transformers may be 
designed. 

Standing Waves. 

Standing waves may be measured in 
the transmission line itself or in an ac­
curately made line connected to the load . 
This special line which should be at least 
one wavelength Jong is known as a stand­
ing wave detector or indicator. It is pro­
vided with a sliding probe to measure 
the relative voltage distribution along its 
length. In the co-axial line type a slot 
is provided in the outer conductor to al ­
low a small probe mounted on a sliding 
carriage to project a short distance into 
the electric field inside the line. (See 
Fig. 5.) 

For standing wave measurements the 
system is usually fed from a C.W. source 
and the signal from the probe is led to a 
suitable detector such as a U.H.F. crystal 
and micro-ammeter or a field strength 
receiver. Crystal detectors are simple and 
non frequency selective but are not suit­
able for high standing wave ratios. 

The impedance is determined from the 
standing wave ratio (denoted by S = 
maximum voltage divided by minimum 
voltage) and the distance of the standing 
wave minimum from the reference point. 

~-1-~.-' 
I 

MATCMING Pl-IA"-ING I __ _J 
SEC.TION SECTION 

0 

Fig. 8.- Quarter wave matching transformer 
with corresponding circle diagram. 

A mathematical transformation performed 
with the aid of an impedance chan or 
circle diagram is used for this purpose. 

Theory of Standing Waves. 

The theory of this process may be ex­
plained by considering the impedance be­
ing measured as equivalent to a short 
circuited lossy transmission line. This is 

Consider the equivalent line system fed 
from a suitable source (see Fig. 8) . The 
effect produced can be pictured a~ a for­
ward wave, travelling towards the short 
circuited encl being reflected _ and produc­
ing a backward wave." The combination 
of these two waves results in a standing 
wave system, i.e., a series of maximum 
and minimum voltage points . along the 
line. These are analogous fO the nodes 
and antinodes of standing wave systems 
in organ pipes. The minima occur at 
points half a wave length apart starting 
from the short circuited end. However, 
since the section of line which is equi­
valent to the impedance is lossy (i .e., has 
attenuation) the amplitude of the wave 
is reel uced as it travels along this line 
and back. The result is that the ampli­
tude of the standing wave pattern dimi ­
nishes from a short circuit to the oppo­
site end in the manner of a damped 
oscillation as indicated~ in Fig.• 6. 

Fig. 7.-Circle diagram or impedance chart 
used for converting standing wave measure­

ments to impedances. 
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Circle Diagram. 

In order to evaluate the impedance 
from tan h (o + jB)L a circle diagram 
such as Fig. 7 is used. This has been 
derived from the Kennelly chart. 

The chart consists of a rectangular 
co-ordinate system representing Resistance 
horizontally and Reactance vertically, to­
gether with two sets of circles from which 
corresponding values of tan h (o + jB)L 
may b~ read . The smaller circles corres­
pond to constant values of oL and there­
fore constant values of "S" as marked, 
whilst points corresponding to constant 
values of Bl lie on the larger circles. 

The values of R and X can be read 
off the axes for the values of "S" and 
"L" determined from standing wave mea­
surements. On the chart impedances are 
normalised in terms of the characteristic 
impedance, i.e., 1.0 represents Zo ohms. 

Alternatively the standing wave ratio 
and length of equivalent line can be de­
termined for any impedance. This re-

Fig. 9.-Stub matching. (a) Diagram of stub. 
(b) Equivalent circle diagram. 

The New Midget Three 
Gang Variable Conden· 
ser suitable for 88-108 

Mc. FM Band. 

Fig_ 11.-Diagram of a rotating joint for co­
axial line. 

verse procedure is employed in the prob­
lem of matching transformer design. 

Matching Transformers. 
Matching transformers for low radio 

frequencies consist of lumped reactances 
in the form of inductances and con­
densers. For U .H.F. transmission lines, 
aerials and other components, low loss 
line type elements are used as matching 
transformers. Sections of transmission 
lines form reactances which may be used 
as either series or shunt elements. Varia· 
tions in the magnitude of the reactance 
and the position of insertion in the trans­
mission line are available for matching 
adjustment. 

The operation of transmission line type 
matching transformers may be understood 
by reference to the circle diagram of Fig. 
7. The problem resolves itself into doing 
things which will move the point on 
the chart representing the load impedance 
(OR admittance) to , the point represent­

ing Zo the characteristic impedance of the 
feeder. This is achieved by moving 
around circles of constant "S" and up 
or down vertical lines. The former is 
equivalent to moving back along the 

feeder whilst the latter represents the 
addition of shunt reactances. 

Quarter Wave Transformer. 
A form of matching employing a series 

element is the quarter wave transformer. 
This comprises a section of transmission . 
line a quarter of a wave length long of a 
different characteristic impedance as de­
picted in Fig. Sa. In Fig. Sb the 
mechanism of this device is illustrated. 
The length of the phasing section is repre­
sented by the path Z-R while the semi­
circle R-Zo corresponds to the quarter 
wave section of characteristic impedance 
Zo. The magnitude of Zo' is V Zo R . 

If R is less than Zo, Zo' will be less 
than Zo and the inner conductor wottld 
be enlarged as in Fig. Sa if a co-axial 
line were used. If R is greater than o 
an undercut section is necessary. The 
choice of R depends upon the particular 
application. 

Stub Matching. 
Matching can be achieved by stubs., 

i.e ., short lines shunted across the main 
line as indicated in Fig. 9. Since they 
are shunt elements it is more convenient 
to plot admittances on the diagram. The 
resultant of two parallel admittances is 
obtained by simple addition, whereas 
with impedances the process is more com­
plicated. · The change to admittances is 
very simple on the chart; · it consists of 

(Continued on page 48.) 

• 
Fig, 10.-Dielectric Slug matching transformer. 

ROBLAN COMPONENTS 
Now availab le to YOU everywhere are 
ROBLAN midget two and tpree gang 
variable condensers, which are of 
higher quality and lower price than 
any other manufactured in Australia. 

* 9-21 mfd within 2%. 
* High Q-odmirobly suited for V.H.F. equipment. 

* Boll bearings ensure long service life. 
* Insulation of highest grade imported Britis_h bokelite. 

* Completely silver plated for low loss and maximum efficiency 

* Lowest priced 3 gang on the market. 

Manufactured by ROBERTSON & LANSLEY PTY. LTD. 
. LEICHHARDT, N.S.W. 
Trade Enquiries to ELECTRONIC INDUSTRIES 

Please Me;.tion RADIO SCIENCE when Replying to Advertisements. 
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SERVl:CE 
! 

, . 
HOT POINT BANDMASTER MODEL G64-MEX 

For oll alignment operations, connect the "low" side of the signal generator to 

the receiver chassis, and keep the generator output as low as possible to avoid AVC 

action. Keep the volume control i~ the maximum clockwise position. The two RF 

alignment points, 600 kc. and 1500 kc. are marked on the right and left hand edges 

of the gloss dial scale. 

ALIGNMENT TABLE. 

Order Conned " high" side Tune generator Tune .receiver Adjust for maximum peak 
of generator to: to : to: output 

II bASG• 455 Keis 540 Kc/s LB Core 
2 bAaG• 455, Keis 540 Kc/s l7 Cqre 
l bASG' 455 Kc/s 540 Keis Lb Core 
4 I bASG• 455 Kc/s 540 Keis LS Co1e 

Repeat the oboYe adjustments un til the maA1mum outpyt is obtained. 

5 

I 
Aerial lead 600 K~/s 

I 
600 Kc/s 

I 
L.F. Osc. Core ~dJ. jl4J I 

6 Ae1ial lead 

i J 500 Kc/s r 500 Keis H.F. Osc . Adj .. IC5j 
) Aerial tead I 500 Kc/s I 500 Kc/s H.F. A". Adj, (C2) 

Repeat adjustments S, b and 7 

l - ~~for~ 't I a~ignment _15 poss ible, 0 capacity. _lead connect.ad to the p late of the 6GSG must be tw isted until it' lies alongsida 

1 
6 t Fee - '~hytic capEl.citor C_l. _Llp on comi:>let.o_n of l.F. al ignment, m~ve the capoc ity . Jea·d bod• m for as poss ible towards the 

st · · wit out causing oscillation. At -this point, flO . further adj ustment -0f the l.F.'s must be mode . · 

•With grid clip connected. An 0.001 uF capacitor sho uld be connected in ser ies with the high .side of the test instrument. 

f Rod the tuning control bod. and forth through the signal. 

... 
'" ·-'" .. _ 

0 .; ·= " :l .... 
'" 

.... 
]~ ='" ... - .. = .. .,..= '8 :l ..... $ ..,t.J .. t.J ":: '" .. 
.. 0 

.. = .. = = .. .. 
"0 <0 <t.J i:Q = t.J .... Ul .... 

Valves. Volts. Volts. Volts. mA. Volts. Volts·. 

9A8G Converter .....• ...... ...... ····-, .,,,_ 0 100 210 3.5 -3 6·.11 
210 5.0 

6G8G 1.F.Amp., Detector, A.V.C. 0 100 100 4.0 -3 6.3 
6V 6GT Output ...... ...... .. .... ...... ··- .. .... 0 100 200 14.0 -5 6.3 
5Y3GT Rectifier ...... ...... ...... ...... ...... -···· 210 190A,C. 5.0 
'l'otal H.T. Current-35 mA. 
Measured at 240 ·volts A.C. supply. No signal input. Volume control maximum clock­
wise. Voltmeter 1000 ohms per volt; measurements taken on highest scale giving ac­
curate readable deflection. 

o~ I. C3 

c3, 

VI 
6A8G 

R.?.100 
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vz 
6G8G 

R."31.0 

RS 

'200 -BO 

V3 
bV6GT 

10.000 
RB 

V4 
5Y3GT 

ELECTRICAL SPECIFICATIONS. 

Frequency Range: 540-1600 kc. 

Intermediate Frequency: 455 kc. 

Power Supply: 4.0 volt Accumulator 

Synchronous Vibrator 

Valve Compl ement: 

l RS-Converter 

l T4-l.F. Amplifier 

l 55-Detector, AVC and 

AF amplifier 

3V4-Power Amplifier 

D.C. 

Winding • 

Aerial Coil-

Resistance 
in Ohms. 

Primary 

Secondary 

Oscillator Coil-

Primary 

Secondary 

I.F. Transformer Windings 

Loudspeaker Input Trans­

former (Tl) 

30 

4 

1.5 

6 . 0 

8 

Primary 

Secondary 

...... 525 or 430 

Power ·Transfol'Yner (T2) 

Primary ...... 60 

Secondary ...... 350 

The above readings were taken on a 

standard chassis, but substitution of 

materials during manufacture may 

cause variations and it should not be 

assumed that a component is faulty if 

a slighty different reading is obtained. 

*Less than" 1 ohm. 
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,SH1EE'T .. 
HOTPOINT BANDMASTER MODEL G64-MVX 

ELECTRICAL SPECIFICATIONS: 
Frequency Range: 540-1600 kc. 
Intermediate Frequency: 455 kc. 
Power Supply: 200-260 volts 
Loudspeaker: 5", VC impedance 3 ohms 

Valve Complement: 
6A8G--Converter 
6G8G-IF Amplifier, 2nd Detector 

and A.V.C. 
6V6-GT-Power Amplifier 
5Y3-GT-Rectifier 

For all alignment operations, connect the " low" _ side of the signal generator 
to the receiver chassis, and keep the generator output as low as possible to avoid 
A.V.C. action. Also, keep the volume control in the maximum clockwise position. 
The two R.F. alignment points, 600 kc. and 1500 kc. are marked on the right and left 
hand edges of the glass dial scale. 

Order. 

1 
2 
3 
4 

ALIGNMENT TABLE 
Connect "high" side Tune Generator 

of Genera tor to: to: 
1R5 Grid* 455 Kc. 
1R5 Grid* 455 Kc. 
1R5 Grid* 455 Kc . 
1R5 Grid* 455 Kc. 

Tune Receiver 
Dial to: 

Below 550 Kc.t 
Below 550 Kc.t 
Below 550 Kc. t 
Below 550 Kc. t 

Adjust for Maximum 
Peak Output. 
Core L9 
Core LS 
Core L7 
Core L6 

5 
6 
7 . 

Repeat the above adjustments until the 
Aerial Terminal 600 Kc. 

maximum output is 
.6 Mc . Mark 

obtained. 
LF Osc .Adj. (L5Core)~ 
HF Osc.Adj. (C7) Aerial Terminal 1500 Kc. 1.5 Mc. Mark 

Aerial Terminal 1500 Kc . 1,5 Mc . Mark HF Aer.Adj. (C4) 
Repeat adjustments 5, 6 and 7. 

*With grid clip connected . A .001 uF capacitor should be connected in series with the "high 
side of the test instrument. 

tGanged tuning capacitor fully closed. 
tRock the Tuning Control back and forth through the signal and reset the dial pointer to the 

.6 Mc mark, if necessary, by turning it in the required direction whilst holding the tuning 
control knob. · 

SOCKET VOLTAGES. 

Bias 
Volts 

1R5 Converter ...... ...... ...... ...... ...... ...... 0 
l T4 I.F. Amplifier ...... ...... ...... ...... ...... 0 
1S5 Det., A.V.C., A.F. Amplifier o 
~V 4 Output ................................................ *-6.5 

Total battery current-0.8 Amp. 

Screen Grid 
to Chassis 

Volts 
45 
45 
25* 
85 

Anode to 
Chassis 
Volts 

45 
85 
20• 
90 

mA 
Current 
Anode 

0.5 
2.7 
0.07 
8.5 

Heater 
Volts 
1.3-1.4 
1.3-1.4 
1.3-1-4 
1.3-1.4 

Measured with no signal input. Volume Control Battery Switch maximum clockwise. 
*These readings may vary depending on the resistance of the voltmeter used. 

· Valve. 

Vr 
IRS 

15 
50 

Vl ... 

10000 
RS 

:Zoo C •b 

Resetting the Dial Pointer. 

Should the pointer become displaced 
it can be reset as follows: 

( 1) First turn the tuning control 
knob clockwise until the pointer 
stops turning. 

(2) Then, whi lst holding the tuning 
control firmly, turn the pointer 
with the other hand to bring it 
to o horizontal pos it ion. 

( 3) Next tune a known local station. 
and note any inaccuracy of the 

po inter in relat ion to the station. 

(4) Finally, again holding the tun ­
ing control firmly, · turn the· 
pointer suffic iently to correct 
the error. 

•• 
JV4 

I \ 
c21 ·'°'f$ 

I .,,. 

"" 
1000 

rz 

I~ 

f-0 RIO 

Vl . VO .,. 
RIS 

l:J. 
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A page of radio servicing hints and notes of prac­

licol value to the radio serviceman and technician. 

"Rejuvenating" Valves 
Frequently it will be found that ap­

parently worn out valves often show new 
signs of life after having been relegated 
to the spare-parts shelf for a period of 
time. . This self healing process can also 
be speeded up by subjecting the valves 
to the effect of heat. 

The simplest method of reactivating 
such valves, whose only defect is low 
electron emission, is w place them in a 
tray or shallow pan and bake them for 
four to five hours in an oven that is 
kept between 350 to 400 degrees F . Then 
allow the valves to slowly cool in the 
-0ven to prevent any glass cracks and re­
test when cold. It may be found that 
some valves will not show any noticeable 
improvement until they have been in 
-operation for, a few hours. 

This process is only applicable to the 
-0xide coated type of cathode and can be 
applied successfully only once to any 
valve. 

Straightening Records 

Warped phonograph records in your 
collection can be often straightened by 
the even heat of an irifra red lamp. Place 
the disc on the turntable or a felt cov­
ered level surface and let the beam play 
-0ver it for about five minutes. '\!\Then 
warm the record will usually level out 
by itself, but in some cases gentle pres­
sure may be required. Ensure that the 
heating is not excessive, otherwise the 
record may be damag·ed. 

Prevent Burnt Fingers 

Burned fingers are sometimes the re­
sult when tubes that have become un­
comfortably hot are removed or switched 
around. This applies generally to all 
rectifiers, power amplifiers as well as most 

.metal valves which dissipate enough watts 
to be painful to touch. A pair of rub-
ber finger tips generally available from 
many stationery stores will protect the 
fingers against this heat as well as pro­
vide a sure grip 'on the valve. 
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Miniature Vise. 
Frequently when soldering leads and 

small components, it is difficult to hold 
them in position and stilI manipulate the 
iron. A handy vise which will solve this 
problem can be made by stretching a• 
strong rubber band across the handles of 
a pair of pliers. The pliers may be laid 
on the bench, with the leads, etc. , being 
soldered placed in their jaws. They will 
then be held there securely by the pres­
sure of the rubber band. 

Test Lead Holder. 
A metal clip binder of the type illus­

trated and taken from a worn out note­
book may be used as a convenient ·test 
lead holder. T he clips can be sprung 
open to insert or remove the wires. When 
in a closed position leads are prevented 
from slipping over other wires and fall­
ing to the floor as frequently happens 
with other holders. 

High Hum Level. 
When a set has a high hum level even 

though the power supply filter condensers 
are satisfactory, examine the co'upling 
condenser to the grid of the first a-£ 
valve. An open or very low capacitance 
here will result in hum even though 
there is a signal getting through. 

Distortion and noisy output usually 
indicates a bad plate coupling condenser. 
A ' i:1ick t~H for a positive voltage read­
ing on th<! grid side of the capacitor 
will usually be sufficient to verify this 
fact. 

Removing Insulation. 

An easy method of removing the in­
sulation from Litz and other fine wires 
such as are frequently found on pickup 
heads and headphones, is by-passing the 
end of the wire slowly through a match, 
flame . This will char the insulation suffi­
ciently to permit it to be pulled off, but 
care should be taken otherwise the fine 
wires may char or melt. In the case of 
ordinary hook-up wire, a handy _insula­
tion stripper can be made up from a 
metal photograph clip. Simply place the 
wire between the jaws of the clip, press 
them tightly together and pull the wire 
out fully stripped. 

Speaker Connections 

Screw lug connections to loud-speakers 
usually have to be disconnected when the 
set is removed from the cabinet for ser­
vicing. To make sure that the wires are 
replaced properly, tie loose knots in the 
cord ends. The wire with one knot con­
nects to first terminal, that with the two 
knots to the second terminal and so on 
for all the wires. 

Heat Aids Soldering 
When soldering the seams of a chassis 

using a small soldering iron that cannot 
supply enough heat, preheating the chas­
sis may help solve the problem. Clean 
and clamp the joints, apply a good flux 
and place the unit in an oven or over 
a burner. The warm metal requires less 
heat from a soldering iron than if left 
in the cold state. 

Frayed Loop Ends 
In some portable receivers it will be 

found that the "lead in" wire from the 
loop aerial has only a thin layer of cot­
ton insulation, which after a period of 
time often becomes frayed or unravelled, 
from the wire. This results in the bare 
wire .fouling other parts whenever the 
set is moved with a usual noticeable noise 
or decrease in signal strength. This fault 
can be easily remedied by slipping a piece 
of insulated tubing of the correct size 
over the wire. 
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PORTABLE' GEIGER-MULLER COUNTER 
From the Electrotechnic Engineering 

Company comes details of a portable 
Geiger-Muller counter now being pro­

' duced by that company. 

The design of the instrument is such 
that it is quite suitable for Alpha, Beta , 
Cosmic, Gamma and X radiation detec· 
tion and classification. Provision is made 
to operate either of two Geiger-Muller 

tubes - one fitted internally and the 
other externally in a small cylinder. This 
latter tube can be fitted to a handle en­
abling it to be carried just above the 
ground under which conditions even a 
very small specimen of radio-active · sub­
stance may be detected. The output of 
the amplifier is registered on a meter 
mounted on the front panel, or by means 
of a pair of headphones. 

The instrument is of rugged construc­
tion and contained in an aluminium case 
measuring HA- x 7t x 8~ finished in grey 
with white inlaid lettering. Complete 
with batteries the unit weighs some 23~ 
pounds. 

Further information on this equipment 
can be obtained by writing to the manu­
facturers - Electrotechnic Engineering, 
Edgerton St., Lidcombe, N.S.W. 

NEW MULLARD RECEIVER 
Details of the first of the new Mullard 

"Thousand" series of receivers incorporat' 
ing the exclusive "Eye-line" tuning were 
recently released. This is the model MAS 
1000, a compact A.C. broadcast mantel 
receiver. 

obtainable at 10/ 6 extra. These prices 
are slightly higher in Northern Queens­
land. Further particulars can be ob­
tained from any Mullard Distributor or 
by writing direct to Mullard-Australia 
Pty Ltd., Box 2118, G.P.0., Sydney. 

"PHILIPHONE" l.C. UNIT 

"Philiphone" Desk Control Unit, 

Of interest to all business executives, 
factory owners, etc., is the recently intro­
duced Philiphone Intercommunication 
Unit. Attractively finished in brown 
crackle, this small · and unobtrusive unit 
will provide, at the flick of a switch, in­
stant contact with the most remote de­
partment. 

The standard Philiphone has provision 
for 13 stations, which is generally ade­
quate for most needs. However, in cases 
where more lines are necessary, then an 
additional panel of 12 stations can, be 
readily added when required. For con­
fidential use a special ear-piece is pro­
vided, and this automatically cuts out the 

Housed in an attractively designed bak­
alite cabinet, this new receiver uses an 
ECH35 converter, EBF35 combined IF 
amplifier and detector, 6V6GT power out­
put and a '5Y3GT rectifier. The circuit 
incorporates screen grid regeneration and 
an inbuilt power switch, which features, 
in conjunction with high quality per­
formance, should make this a very popu­
lar receiver. 

--------------------. speaker when it is lifted off the hook. 

The list price is £18 / 18/ - in walnut 
.colour cabinet, whilst other colours are 

Mullard Mantel Receiver Model MAS 1000. 
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ROLA 
REPLACEMENT GU'I DE 

The Rola Loudspeaker Replacement 
Guide, recently published by the Rola 
Company (Australia) Pty. Ltd., has been 
produced with the object of helping the 
radio dealer, the serviceman and the gen­
eral public select the modern loudspeaker 
types suitable to replace non-repairable 
obsolete models which may have broken 
down. 

Not only does this booklet list the com­
plete range of Electro and Permagnet 
types made by the Rola Company, but it 
also indicates whether the obsolete types 

·can be economically repaired. When this 
is impracticable the modern type loud­
speaker which can be used as a replace· 
ment is listed. 

This attractively produced booklet can 

be obtained from the Rola distributors 

in all States or direct from the Rola Com­

pany (Aust.) Pty. Ltd., The Boulevarde, 

Richmond, Victoria. 

The complete desk unit measures 12! x 
6 x 6-!, operates from the 240 volt mains, 
and is fitted with a volume adjustment. 
Full particulars can be obtained from a 
Philips distributor, or by writing direct 
to the manufacturers-Philips Electrical 
Industries Pty. Ltd., Clarence St., Sydney. 

Roi A 
LOUDSPEAKER 

REPAIR GUIDE , 
~. .. 
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T·RAN S-T ASMAN 
By J. R. FOX DIARY 

RECEPTION CONDITIONS 
With the approach of winter, short­

wave reception in New Zealand is showing 
·signs of producing some excellent catches 
·during daylight hours . Over the past 
month. there has been a general improve­
ment in conditions. The powerful South 
Americans are to be heard most of the 
·day, while the lower power stations can 
be heard in the latter part of the after­
noon. 

Broadcast band conditions have been 
far from good. The North American sta­
·tions have been very weak, Australians are 
building up in strength ; while the Asians 
.are on the improve. On the other hand, 
late Europeans have been reported to as 
late as 7.30 a.m . However, by the time 
t hat this issue is printed, these stations 
will have disappeared until the September 
-equinox. 

Within the next few weeks signals will 
peak and DX-ers should maintain a care­

. ful watch for new stations. 

KZCA Salzburg. 
In a verification to Mr. John Stenhouse, 

the American Armed Forces Radio Ser­
vice Station at Salzburg, Austria, advised 
'him that they have changed their call 
sign from KOFA to KZCA . This altera­
tion took place on July 1, 1947. KZCA . 
is a member of th e Blue Danube Network 
•Of the A.F.R.S., and operates on 1104 Kilo­
oeycles, 1000 watts, while a short-wave out­
let is heard on 7220 kilocycles with a 

power of 350 watts. Other stations of 
the Blue Danube Network ar e WOFA, at 
Vienna, on 1068 kilocycles, 1000 watts, and 
KOFA, at Linz, 629 kilocycles, 1000 watts. · 

HOXA Verifies. 
It was indeed a surprise to receive a 

long-awaited reply frorri HOXA. It will 
be remembered that this station began 
operation in October, 1946, and at that 
time heard very well in this country. To 
my knowledge, this is the first verification 
from Radio Centro Americana received by 
a New Zealand DX-er. My verification 
arrived after a follow-up report had ,been 
sent by registered mail. The letter was 
signed by Jose Adolfo Hazera, General 
Manager of Radio Centro Americana, 
Apartado Postal 1335, Panama, Republic 
of Panama. 

Canada Relays U .N. Radio . . 
The United Nations Radio at Lake 

Success is now being relayed through 
stations of the International Service of 
the Canadian Broadcasting Corporation . 
On the air at 3 p .m. daily, except Mon­
days, the programme is directed to A us­
tralia, New Zealand and the South Pacific 
over stations CKNC, 17820 kilocycles, 
16.84 metres; and CKCS 15320 kilocycles, 
19.58 metres. 

The new United Nations amateur 
station at Lake Success .was officially 
opened on May 17. The call sign is 
K2UN and has been heard on 20 metres. 

WAVELENGTH CONFERENCE 
According to a cablegram report from 

<Canberra, the Australian Government has 
set up a sub-committee of Cabinet to de­
vise methods of overcoming possible inter­
ference to· Australian broadcast stations 
when the new New Zealand transmitters 
<take the air with increasing power. One 
"Suggestion has been that Commonwealth 
stations should also be permitted to in- I 
•Crease their power. 

Such a move has its di.sadvantages, since 
for years, some high-powered Aus­
tralians have caused interference to our 
:stations. Listeners residing out of the 
<listrict where a local station is situated, 
and desiring to hear a programme from 
vther stations, sometimes face severe 
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heterodyning from these stations across 
the Tasman. 

It is hoped . that as a result of the Con­
ference between representatives of the 
Australian and New Zealand Govern­
ments held on March 10, at Melbourne, 
that a satisfactor y allocation of frequencies 
has been arranged. In a statement to 

"Radio Science," the New Zealand Minis­
ter-in-Charge of Broadcasting (the Hon. F. 
Jones) , stated that the results were still 
confidential and a statement would be 

. issued simultaneously by both Govern­
ments. 

UNLESS OTHERWISE STATED ALL 
TIMES ARE NEW ZEALAND STAN­
DARD TIME. 12 HOURS AHEAD OF 
G.M.T. 2 HOURS AHEAD OF E.A.S.T. 

Free Radios. 
A ·new radio programme which has 

been heard over the ZB network during 
recent weeks was "Posers, Penalties and 
Profits." Compered by Selwyn Toogood, 
the programme was similar to the famous 
American show, "Truth . and Conse­
quences ." For giving the correct answer 
or paying the penalty, a competitor would 
receive anything from a travelling bag to 
a £130 radio gramophone. 

This was the first programme of its 
kind to be held in New Zealand, and 
whilst not quite up to the standard of 
"Truth and Consequences," it was an en­
joyable break from the usual type of 
entertainment broadcast in the Dominion. 

New Zealand readers ore in­
vited to contribute any items con­
cerning radio, broadcasting, DX­
ing ond amateur radio activities 
for inclusion in this section. All 
letters should be forwarded direct 
to: Mr. J. F. FOX, 4 ,1 Bird Street, 
St. Kilda, Dunedin, S.2. N.Z. 

N.Z. Short-wave Service. 
No date can yet be given by the New 

Zealand Broadcasting Service for the open­
ing of the new short-wave transmission. 

According to advice received from Pro­
fessor James Shelley, Director of N .Z.B.S., 
Stations ZL2, 9540 Kilocycles; ZL3, 11780 
kilocycles, are to be used. It is possible 
that further test transmissions will take 
place. These will, however, be restricted 
to very short periods. DX-ers will be 
interested to know that special verification 
.cards are in the course of preparation . 
It is hoped that they will be of a brighter 
and better design than the plain pink 
cards at present being used by the Broad­
casting Service. 

New Aeradio ·Station. 
A new aeradio station will soon be 

opened for regular service to aiTCraft. The 
location is on the peninsula at Kaikoura, 
South Island. Communication facilities, 
navigational aid and a homing beacon will 
provide aircraft with a more reliable ser­
.vice between the North and South Islands. 

, A land line link will be established with 
Flying Control Centre in Wellington and 
Harewood air station. A l 80ft. steel lat­
tice antenna tower will be used for the 
transmitting aerials and homing beacon. 

41 

• 



ON THE BROADCAST BAND 
TEST CRICKET AND DX-ING 

The presence of numerous Australian 
stations on the air with extended 
schedules will no doubt give Test cricket 
enthusiasts the opportunity to try a little 
DX during pauses in play, or the tea 
adjournment. 

The A.B.C. (interstate network and all 
regionals) will be on the air till stumps 
are drawn at 3.30 a .m. during each Test, 
whilst several commercial stations have 
arranged to remain on the air much later 
than their normal closing time, with de­
scriptions and score services. As these 
notes are written, the first Test has not 

· commenced, thus we are unable to speak 
from experience, but would suggest look­
ing for such overseas stations as: KCMB 
Honolulu, Hawaii, 590kc, with its Jap-

1 anese programme around 1.30 a .m.; 
KZBU, Ceub, P.1., 1250kc, may also be 
heard at many locations fnee from inter­
ference from stations taking the Test pro­
grammes. 

Try also at tea adjournment (1.30 a.m.) 
for Singapore, 570kc (further details be­
low), which should also be on a clear 
channel, and one may be able to catch a 
few minutes programme from VUD, 
Delhi, India 886kc, after stumps, as it 
is possible that some Indian stations ma)' 
broadcast short periods of main matches: 

Then, shortly after 3.30 a.m., several 
New Zealand stations begin testing prior 
to commencing· their morning session at 
1 o'clock. Try IZB Auckland, 1070kc; 
4ZB Dunedi!"J, 1310kc; !YA Auckland, 650-
kc; 3YA Christchurch, 720kc, and listen 
for others. Although unconfirmed as yet, 
it is likely that WLKS, 1470kc, the BCOF 
station in Kure, Japan, may also take Test 
broadcasts, and this should provide DX-ers 
with a good opportunity to log this. 

By 
ROY HALLETT 

nRADIO MALAYA11 BROADCASTING SERVIC~S 
The following items of information gathered 

from the . columns of a recent issue of the 
magazine "Radio Malaya News" make interest­
ing reading, as they provide a clear picture 
of the service provided by "Radio Malaya" for 
local listeners. As most of these transmitters 
rl\ay be logged in this country during coming 
weeks, we take pleasure in passing this infor­
mation on to our readers of this; page. 

Singapore, operating on 570kc. is on the air 
daily till signing off after a five~minute news 
summary at 1.35 a .m. A .E.S.T. except Sunday 
(Saturday night of course in Malaya) when jt 
leaves the air at 2.5 a.m. This outlet has been 
heard in South Australia as early as 10.45 
p .m. EST (10.15 p .m. in that State). This 
channel is not occupied at present by an Aus~ 
tralian station, and is clear aft'lr 2YA Wel­
lington N.Z. closes down at 9.30 p.m. 

Singapo:re is also heard in this country on 
1333kc. although we have no information 
concerning this from our Ma layan source. 
This outlet is possibly used for programmes 
in Asiatic languages, as most programmes 
on 570kc . are in English. 

Penang, 1280kc. leaves the air daily except 
Sunday at 1.30 a.m. and their Saturday 
night programme continues till 11.30 p.m: 
Malaya t ime, 2 a.m. here, Sundays. 

Malacca, 1073kc. ·not heard a great deal 
I think in 'this country, closes down daily at 
1.35 a.m. after news. 

Seremban, 1023kc. relays Singapore from 
12-b/n till closing 1.30 a.m. 

1 
week-days, 2 f 

a.m. Sundays. 

, Kuala Lumpur, 1013kc. 
till the end of the short 
beginning at 1.30 a .m . 
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operates daily 
news summary 

except Sundays, 

when it continues for an additional thirty­
minutes. 

All of the above stations take the news 
from, Singapore 'at 12-m/n. 

Recorded music (classical. dance, etc.) 
and BBC transcriptions are among the 
main features presented by "Radio Malaya" 
stations . When reporting reception of any 
of the above address your envelopes to 
"Radio Malaya," c/o the City in which the 
station you heard · is located, e.g., "The 
Director, Radio Malaya, Kuala Lumpur, 
Malaya." 

We offer our many thanks to Margaret 
Ballingall, Singapore, for her valued co­
operation re the above information. 

STATION CHANGES 
An airmail letter from Art Cushen, In­

vercargill, N .Z., reached us just before going 
to press in.forming us that from September 
lst, all N .z. stations except five, will operate 
on new frequencies. At the same time five 
new transmitters are scheduled to commence 
Operation . Full details of the new freque11:­
cies will either appear in these columns or 
those contributed by Mr. J. Fox before the 
change takes place. 

As the result of this big change across 
the Tasman, many Australian stations will 
also a lter fre11uencies on the same day. We 
have to thank Mr. Gaven Kelly for supply­
ing the following informatio.n he was able 
to obtain from A .F.C.B .S. during his holiday 
in Melbourne . 

Commercial stations scheduled to change 
frequencies on September 1st are as follows. 
Their new frequency is shown, while present 
channel is listed in brackets:-

4BH 1390kc. (1380kc.); 4KQ 690kc. 
(650kc.) ; 5DN 970kc. (960kc.); 5RM 830kc. 
2GN and 4MK 1380kc. (1390kc.); 2DU and 
(810kc.); 2BH 650kc. (790kc.); 3HA IOO~kc. 

I READE'RS1 REPORTS 
Mr. Rex Gillett reports in his DX 

column in the South Australian publica­
tion, "Radio Call," his hearing• the call 
"Radio Pakistan" on 1167kc. the frequency 
on which we have been accustomed to hear­
ing All India Radio's outlet at Dacca. It 
is uncertain whether or not this is a new 
transmitter, or merely the former A.I.R. gear­
operating on behalf of the Pakistan Govern­
ment. A news bulletin in English is broad­
cast from this station at 1.30 a.m. 

In a letter to this page, Mr. Gillett refers 
to four new outlets brought into _use by All 
India Radio. A 5kw. transmitter has been 
installed at Patna, on 1131kc, at Cuttack, a 
lkw. unit is operating on 1355kc. while 
two lower powered units are at Amartisar, 
1305kc. 

With a power of only 50 watts, and 
Jullundur, with only 250 watts on 1333kc. 
It is unlikely that the last mentioned units 
will be heard in Australia, particularly as 
the latter operates on the same channel as 
S ingapore, mentioned elsewhere on thjs page. 

Fair signals from VUD Delhi, 886kc. 
VUT Trichinopoly, 758kc. VUW Lucknow,. 
1022kc. VUL Lahore, 1086kc. VUP Pasha­
war, 629kc. VUB Bombay, 1231kc. perhaps 
VUM Madras, 1420kc. VUC Calcutta, 
810kc., around 1 to 3 a.m. during the next 
few months. These stations present gener­
ally Indian native-type programmes~ with 

occasional English language features. 
Mr. Art Cushen writes suggesting the iden­

tity of the station operating on the l500-
1600kc. bam1 heard by our Victorian friend, 
Mr. Norm_an Harper, may be the powerful 
XERF, oper.-ting with lOOkw. on 1570kc. 
from a ttflnsmitter at Piedras Negras, 
Mexico, while requestin g listeners to address 
mail to them at Del Rio, Texas, U.S.A. 
XERF is hea1 .-t by our two friends/ around 
8.30 p.m . wit\1 Hillbilly programmes, while 
Mr. Cushen he:flt'S the station open with a 
Mexican progra1n.me at 8 p .m. and in Eng­
lish at 8.30 p.m. 

Thi• reporter a1'o informs us that XEMC 
Mexico City, broadcasting Mexican language 
programmes on lb90kc. is now on an a11-
night schedule, and advises also good re­
ception from such stations as-WCKY Cin­
cinatti, Ohio, 1530kc. also an all-nigJJter 
(this one must not be confused with KFBK, 
Sacramento Calif. also 1530kc. likel'y to be 
heard around 9 p.m.) WKBW, 1_520kc. 
Buffalo, N.Y. another all-nighter, WLAC, 
1510kc. Nashville, Tenn. heard opening 8 
p.m. KOMA 15·2okc. Oklahoma City, Okla . 
opens 9 p.m. 

7BU 1250kc. (660kc.); 3BO and 4AY 960kc. 
(1010kc.); 7EX 4MB 4CA 1010kc. (lOOOkc.); 
(970kc.). 

National Stations will change as follows:-
4QL .540kc. (690kc.); 3GI 560kc. (830kc.) :. 

4QR 590kc. (940kc.); 2NA 1510 kc. (820kc.); 
4QB 910kc. (660kc.); 4RK 940kc. (910kc.); 
7ZR 940kc. (1160kc.); 42G 790kc. (800kc.); 
6WN 800kc. (790kc.). 
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Conducted . by Ted Whiting 

s·.s.c. SPORTS BROADCASTS 
It is a well-known fact that the B.B.C. 

has made a speciality of outside broad­
casts. This year will be an exceptional 
one in this branch of broadcasting, as 
it is proposed to give a full coverage to 
the series of cricket Tests at present in 
progress, as well as to the Olympic Games, 
which will commence shortly. The im­
mensity of this task is immediately evi­
dent from the following extracts, taken 
from "London Calling":-

"The B.B.C. is equipp~ng a radio centre 
at Wembley, consisting of eigh t studios, 
20 recording channels, and a control room 
capable of passing 32 simultaneous broad­
casts to the European trunk line exchange 
of the Post Office or to the B.B.C's own 
transmitters. In addition the television 
headquarters will also be located at 
Wembley. 

"To provide good broadcasting facili­
ties for the great radio organisations of 
the W<'lrld is a large undertaking. The 
installation of land lines is a major opera­
tion, for high quality circuits are needed 
all the way from the commentators micro­
phone to the transmitter, and each com­
mentator must have a return circuit for 
taking his cue. 

Electrical equipment is also needed for 
each microphone to amplify the commen­
tators voice, to mix it appropriately with 
the various crowd effects that the listener 
wants to hear. These facilities are being 
installed at some 30 places in and around 
London, with positions for commentators. 

"In Wembley Stadium, where the ath­
letics will take place, there will be 32 
commentators positions." 

Many languages will be used to give the 
maximum coverage to the 50 countries 
which will be represented at the Games. 
No doubt a schedule of transmitters will 
come to hand in the near future, but we 
think little alteration will be made to the 
schedules now in force. 

As regards the cricket Tests, commen­
taries on these games will be heard on 
GSV, 17810kc; GSH, 21470kc; and GSJ, 
21530kc, with SEAC also taking the broad­
casts which are to be made from 8.15 p.m.-
9 p.m.; 9.30 p.m.-10 p .m.; 10.15 p .m.-J0.30 
p .m.; 2.30 a.m .-3 a.m.; 3.15 a .m.- 3.30 a.m. 
Other transmitters will probably be put 
into service, dependent on conditions pre­
vailing at the time; complete announce­
ments will be made on any such changes. 

READE'RS' REPORTS 
An outstanding list of loggings has been 

received from that well-known DX enthu­
s iast, Mr. R. Gillett, Prospect, S.A. Know­
ing that the list will be r of interest to read­
ers we publish it in its entirety. 

SYRIA: Beruit has an English transmis­
sion from I a.m., but reception is marred 
by severe interference. The Beru-it frequency 
is 8036kc. 

BRAZIL: ZYB8, Sao Paulo on 6095kc. has 
been he!'l'd strongly at 7.15 a.m: with a 
variety programme in Portuguese. 

SOUTH AFRICA: Pietermaritzburg has 
been noticed on its channel of 4855kc. re~ 
cently, closing at 7.45 a.m. This was heard 
on a: Sunday, but normal close down is at 
7.5 a.m. The nex-t day this station was back 
on 4878kc., where it has been operating for 
some considerable time. 

ITALY: Radio Itaiiana broadcasts a spe­
cial service in English for listeners in South 
Africa from 7.10 a .m.-7.20 a.m. after which 
both transmitters, on 6085kc. and 11810kc., 
cl ose down. 

FRANCE : Paris is logged on separate oc­
casions on 6220kc. and 6170kc. until sign off 
at 8 a.m. Transmissions do not appear to be 
regular, the latter frequency producing a 
very fine s ign al. At a later hour the 10230kc. 
channel was also heard. 

CELEBES: Macassar has been heard open­
ing on 9550kc. at 8 a.m . with fine signals. 

SUMATRA: "Here is Radio Sumatra, Me-
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dan" was announced in Dutch on 7210kc. 
at 11 p.m., following a programme of re­
corded music, the pre-war call was YDX. 

JAVA: An Indonesian station on about 
3260kc. heard at 11 .20 p.m. is possibly Soura­
baya. Bandoeng on 3015kc. is also heard 
at the same tin:.ie. 

GREECE: Athens leaves the air at 7.30 
a.m., following a foreign language feature 
on 7295kc. 

MOZAMBIQUE: Lourenco Marques an-
nounces that from May 1st they are oper­
ating from 7 p .m.-1 a .m. on 31 metres, 
p~esumably 965 0kc., and from 1 a.m.-7 a.m. 
on 60 and 85 metres, 4925kc. and 3490kc. 

U.S .S.R.: At 7.30 a.m. the following Mos­
cow channels have been heard on the 30 
metre band, 8910kc. with music, 9760kc., 
9720kc. and 9710kc. in German language 
transmiss ion and 9750kc. with music . 

NEWFOUNDLAND: A station was heard 
a t 8 a .m. which is thought to he VONH. 
The time, frequency of 5970kc. and Cana­
dian type of speech check, but local noise 
prevented . positive identification. This station 
gave a n ews bulletin at 8.15 a.m . lasting 15 
minutes, male and female announcers being 
used. 

NEW CALEDONIA: 
heard at 8 .30 p.m. on 
a good strength signal 
t o be n1 ushy. 

Noumea has been 
6000kc., but despite 

the quality appeared 

VA TI CAN CITY: HVJ on 5970kc. heard 
at , 7.30 a.m. on Saturday in a French broad­
cast, from 8 a.m. the transmission is carried 
out in Ita1ian. 

SWITZERLAND: Berne on 15305kc. con­
cludes an English broadcast to South Africa 
at 6.45 a .m., the level is very good. 

PRAGUE is now using 9550kc. again for 
its broadcast, concluding at 8 a.m., English 
being used during the last 15 minutes. 

* * *. 
Loggings received from Mr. A. T. Cushen, 

Invercargill, N.Z., are also of interest. many 
of the stations mentioned being received here 
in Australia. 

SOUTH AFRICA: Johannesburg on 4800kc. 
is operating from 6.45 p.m.-8.30 p.m. and 
6.20 a .m.-11.5 a.m., heard here at 5 a.m. 
only fair strength. 

GOLD COAST: ZOY, Accra is fair in news 
on 4900kc. at 7.45 a.m., close at 8 a .m. 

CHINA: XHSR, 5948kc., Honan-Shantung 
Broadcasting St:ation relays XNCR until 2 
a.m., local programme follows to sign off at 
3.30 a.m . 

HAITI: HH2S, Port au Prince opens at 
1.30 a.m. but interference is bad, opening 
announcements are in French and Spanish. 

p ALES TINE: Forces Broadcasting Station 
was operating on 6075kc. from Jerusalem, 
2 .30 p .m .-4 .30 p,m. and 6 p.m.-7 a.m. 

GERMANY: A.F.R.S . stations have closed 
down, now broadcasting as Radio Munich 
on 6080kc. from 3 p.m .-2 a.m., 8 a.m.-9 a.m., 
and Voice of America relays at 2 a.m.-8 a.m. 

PORTUGAL: CS2WD, Lisbon opens at 
5 .30 a .m. but reception i§ poor owing to 
interference from Berne on 6165kc. 

GUATEMALA : Radio Marimba, 6220kc. 
and Radio Libre, 6385kc . both have g?od 
s ignals on Sunday to 4 p.m. A new station 
opening at 9.58 p.m. on 6380.kc., . thought 
to be located in Guatemala City .1s badly 
interfered with. 

HONDURAS: HRQ, San Pedro Sula, is a 
new one operating on 6125kc. at .noon , b~t 
not likely to be heard in Austraha at this 
time. Other Latin Americans heard in N.Z. 
are YSHQ, San Salvador, 6150kc., 11 a.m;: 
2 p.m.; HC4FS, "La Voz de Esmareldes, 
Cuidad Esmareldes, Ecuador on 4560kc. 11 
a.m .-2 p.m. ; YSOP, San Salvador, 5200kc. 11 
a.m .-noon; YVlRG, Cabimas, Venezuela, • 
6150kc. 10 a .m.-noon; YV6RK, El Tigre, Ve­
nezuela, 3330kc. 9 a.m .-12.30 p.m.; YV9RA, 
San Fernaudo de Apure, Venezuela, 4820kc., 
10 a .m .-12.30 p .m.; HCQRX, Quito, moved 
r ecently frc m flOOUkc. to 4925ks. 

AFGHANISTAN: The new Afghan Radio 
is on the air daily until 3.30 a .m. on 
6760kc . 

CUBA: COCX, "La Emisora de! P~eblo," 
Mil Die7., Reina 314, Havana, Cuba: is one 
of the best Cubans, closes 3 p.m. da1ly, calls 
mentioned on closing are CMX, COCX, 
CMKM, CMJF, CMKX. 

MEXICO : ZETT, Mexico City, is re­
ceived on 9550kc. at fair level 3- p.m .-4 p .m. 
ZEBrr, frorri the same location carries a news 
broadcast in English at 1.45 p.m. on 9625kc. 
Good signal. 

CHINA: S chedules to hand for XGOY, 
Chunr:king are, 7.55 p.m.-9.30 p .m. on 
15170kc. to Australia and New Zealand; 9.35 
p.m.-11.35 p.m. on 6140kc. and 7153kc. ~ 
East Asia and the South Seas; 11.45 p.m.-
2 a.m . on 6140kc. and 7153kc. to North 
America and Europe; 2 a.m.- 3a.m. on 
6HOkc. and 7153kc. to Europe, North Ame-

l"ica and the South Sea. 
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LISTEN FOR THESE STATIONS 
Athens is still being heard at quite good 

level in the early morning, the station an­
nounces, "This is the Athens Broadcasting 
Station" and is heard at the commencement 
of its transmission at 2 a.m. on 7295kc., 
when news is read in English until 2.15 
a.m. This is followed by a broadcast in 
French . 

1:r 1:r 1:r 
Radio Algeria, Algeria is heard in French 

on 9570kc ., having moved there recently 
from 11835kc. This station is heard at good 
level . from 5.30 a.m.-8.30 a.m. 

1:r 1:r 1:r 
Listeners on the 13 metre band have no 

doubt heard the transmissions from PCJ, 
"The Happy Station," Hilversum, Holland. 
With E!ddie Startz at the helm this is al­
ways an interesting station to listen to, and 
the signals are really good. This transmission 
is heard at 8.45 a .m.-10.45 p.m. on 21480kc. 
The station is anxious .to receive reports 
which should be addressed to Radio Nether­
lands, P.O. Box 137, Hilversum, Holland. 

1:r 1:r 1:r 
Radio · Monte-Carlo advises that the sta-

tion has been operating on 6035kc. since 
5/3/48, using a power of 25 Kw. Present 
transmissions are made at 4.30 p .m.-~ p.m., 
9.0 p.m.-11.0 p.m., 4.0 a.m.-8.15 a.m. An­
other similar transmitter is on order and 
will be operated on the 25 or 31 metre bands. 
Reports on the transmissions are welcomed 
and should be addressed to Administration­
Direction, 16 Boulevarde Prine, Charlotte, 
Monte Carlo, Monaco. 

1:r 1:r 1:r 
TIPG is heard on 9620kc. despite the in-

terference from KZFM at about 10 p.m. This 
is quite the most consistent of all Latin 
Americans on the bands . The location is San 
Jose. Costa Rica. 

1:r 1:r 1:r 
COCX, Havana, on 9270kc. is another 

consistent station heard nightly at 10 p.m. 
at very good strength and carrying the cus­
tomary type of programme. Another one 
from Cuba is COKG, Santiago de Cuba, on 
8955kc. heard at slightly less strength at 
the same time. Further transmitters o:Perating 
from· Cuba are CORI 6465kc., COCQ 8850kc., 
COCO 8700kc·., and .COCM 9830kc. 

1:r 1:r 1:r 
ZYB8, Sao Paulo, Brazil, is heard regu-

larly in the mornings at 7 a.m. on 11765kc., 
quite a .good signal when conditions are 
favourable. 

1:r 1:r 1:r 
An interesting station was heard at this 

locatio~, in F08AA, Papeete, Tahiti. At the 
time of reception traffic was in progress at 
1.38 p.m. and the signal was quite fair de-. 
spite interference from other stations and 
from Jocal sources. We believe this station 
has a regular schedule on this frequency ' on 
Saturdays but it is rarely heard here. Look 
for F08AA on 6,980kc. 

1:r 1:r 1:r 
LRY, Radio Belgrano, Buenos Aires is 

heard opening at 7.58 p.m. at very goOd 
level. The announcement made makes men­
tion of LR3, the broadcast band call and 
a lso LRl which 'is also in relay. Good recep-
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tion can be had from LRY till 8.50 p .m., 
when a Russian s~ation blankets LRY out. 

1:r 1:r 1:r 
YV5RY 4275kc. and YV5RM 4970ks ., Cara-

cas, Venezuela, are heard through the in .. 
terference on that band at 9.15 p.m. soon 
after opening . No doubt I reports on any 
stations on this band will be well received 
as the stations are intended for purely local 
reception, the nature of the country in 
which they are located dictating this choice 
of frequency . While the two stations men­
tioned are the outstanding ones there are 
many others to be heard . Any readers · reports 
on these bands will be welcome. 

1:r 1:r 1:r 
The schedule for Munich on 7250kc. is 

2.15 a.m.-3.15 a.m. and 5.15 a.m.-8 a .m., 
signail fair but a little harsh about this fre­
quency. 

1:r 1:r 1:r 
TAP, Ankara, Turkey, has an English 

transmission from 3.45 a.m. daily which in­
cludes a news cast. On Monday at 7.30 a.m. 
the familiar "Post Bag" session is heard in 
which calls are made to those who have re­
ported the station. On Tuesday and Friday 
at the same time a special broadcast is 
made to England while · on alternate Wednes­
days at 7 .30 a .m. there is a transmission to 
USA. TAP operates on 9465kc. and is a good 
reliable signal here. 

1:r 1:r 1:r 
YHN, J okjakarta is another good one at 

9 p.m. on the new frequency of 10840kc., 
news, etc ., being the main items. 

1:r 1:r 1:r 
VP03, Bridgetown, Barbadoes Is. is heard 

on 10605kc. carrying a broadcast of a race 
meeting, on closing at 7.45 a :m. the a nnounce­
ment is made that further transmissions 
would be made on Saturdays at 12.45 p.m. 

1:r 1:r 1:r 
SEAC, Ceylon, is still operating the same 

frequencies as formerly, , 15120kc., 9520kc., 
6070kc. and 3397kc., which may be heard 
daily. A further frequency of 17730ks. is 
a lso used carrying a separate programme, 
this one will possibly be used in the relay 
of the BBC programmes in the near future. 
A 9915kc. transmission has been reported, 
but as yet has not been 

1 

heard. 
SEAC, 21620kc. is heard regularly at 10 

p.m. on this newer frequency. Reports are 
welcomed by the station. 

1:r 1:r 1:r 
XGOY, Chungking, 15170kc., is a good 

one on this frequency at 8.30 p .m. in trans­
mission to Australia. 

OQ2AA, Leopoldville, Belgian Congo, can 
be heard on 15175kc. at 6.30 p.m.-8.45 p.m. 
with a fair signal. Reports from all States 
on this station. 

1:r 1:r 1:r 
On 11850kc. the Norwegian station LLD 

is heard at 11 a.m.-12 noon, but . has been 
hit badly by interference and poor conditions 
of late . 

1:r 1:r 1:r 
XEEP, Mexico City, Mexico, "Radio Edu-

cation" can be located OR 6155kc. at Mid­
night, only fair signal at this location. 

A new stati~n located in Afgranistan is 
heard at 3.30 a.m. on 7960kc., reported to 
us originally from W.A. 

1:r 1:r 1:r 
From British Honduras, ZIK2 on 10598kc.,. 

located at Belize is on the air from 4.30 
a.m. -4.38 a .m. This one w ill be a good catch 
as the station only operates at low power. 

All India Rl!dio is heard in six English, 
transmissions daily and are heard at good 
level throughout. The schedule is as fol­
lows:-

1.30 p.m.: 21510kc ., 17830kc., 15290kc.,. 
15190, 1?160, 11870kc. 

3.30 p .m. : 21510kc., 17830kc., 15190kc.,. 
15160kc., 11870kc. 

4.30 p.m . : 21510kc., · 17830kc., 15290kc., 
15190kc., 15160kc., 11870kc. 

8 p.m.: 21510kc., 15290kc., 15160kc.,. 
11870kc. 

9.30 p.m.: 21510kc., 17830kc., 15190kc.,. 
11870kc. 

12.30 a.m.: 15160kc., 11870kc., · 9590kc., 

6068kc. 
1:r 11 1:r 

VP08, Barbardoes, 19055kc. is heard' 
handling traffic at 7 a.m., but we doubt· 
that a report will be received on this one. 
This transmitter may be used at odd times· 
carrying programme material. 

The Damascus station operating on 12000kc. 
was being heard at 3 p .m .-4 p.m., but of . re-· 
cent weeks has not been heard on a regular· 
schedule owing to current events in that 
part of the world . 

1:r 1:r 1:r 
CBRX, 6160kc., located at Vancouver is· 

heard again at 2.15 a.m., good card from this-. 
station . 

An interesting point, although not con ... " 
cerning a short wave station, is that the 
United Nations are soon to operate a trans­
mitter from Geneva, Switzerland, which is 
intended to provide a coverage of the whole­
of Europe. This is to be assigned to 1200 
metres and will use a power of 1000 Kw. 
Use may be made of frequencies on the 
Short Wave bands in the future, these wilJ 
be well worth looking for. 

KZFM, Manilla, now on 11840kc. is the· 
usual good signal heard from the Philippine· 
stations at night. From 8 p.m. t)le usual 
good programmes are heard and prove quite· 
interesting at times. 

Canadian Summer schedules are as fol­
lows: To Europe: 11 p.m.-8 a.m. CKNC 
1782kc.; 11 p.m.-1.45 a.m. CKCK 15190kc. ~ 
1.45 a .m.-8 a.m. CKCS 15320kc. To the Carri­
bean Area in English: 9.20 a.m.-10.30 a.m. 
CKNG 17820kc. and CKCX 15190kc. To 
Latin America: 10.30 a.m.-11 a .m. in­
Portuguese on Tuesday, in Spanish from 11 
a .m.-12 p.m. CKNC 17830kc. and CKCK 
15190kc. To Canadian Arctic in English on 
Sunday only from 2.10 p.m.-3 p.m. on CKLO 
9630kc . and CKOB 6090kc . To ' Australia and' 
New Zealand: 6.45 p.m. -8.30 p.m . on Sun­
day on CHOL 11720kc. and CHLS 9610kc. 
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Club Notes 
ST. GEORGE RADIO CLUB 

la Market St., 
Rockdale, N.s.w. 
President: E. Brown (A.M.I.R.E.). 
Secretary: D. Boyd. 

The St. George Radio Club, originally 
but an idea in the minds of a few local 
hams, has grown rapidly and now .em­
braces such act1vit1es as weekly code 
classes, exam quiz's, corrections and ad­
vice plus equipment demonstrations. The 
club is also fortunate in having the ser­
vices of a large panel of lecturers who 
deliver numerous talks on radio and elec­
tronic subjects. 

An attractive adjunct to the frequent 
field days is the follow-up picture night, 
when participants are afforded the oppor­
tunity of seeing themselves and the high­
lights of the day in colour movies. This 
and the extensive film library are made 
available by the courtesy of Mr. E. Jones. 
the Vice-President. 

A steadily increasing membership attests 
to the success of this club, and all interes­
ted parties are invited to attend at the 
above address any Tuesday or Friday 
evenings at approximately 8 p.m. Further 
information may be secured from the 
Hon. Secretary, LX3403 or LX2012. 

HURSTVILLE DISTRICT 
AMATEUR RADIO CLUB 

C.W.A. Rooms, 
378 Forest Road, 

H urstville. 
President: F. Tregurtha. 
Secretary: C. Coyle. 

In May, a Lecture on The Practical 
Construction of a Practical C.R.O. was 
given by VK2A WW, with particular re­
gard to Ham application. This Lecture 
will be elaborated upon , it is hoped, in 
August. Circuit Diagrams on which the 
Lecture will be based, for a useful and 
inexpensive instrument, will be issued to 
all attending. 

The programme for the Club's activi­
ties for the month of July is as follows:­
Tuesday, 6th July.-General Meeting. 
Tuesday, 13th July.-Morse Pra~tice , 

Transmitter Construction. 
Tuesday, 20th July.-Morse Practice, In-

structional Night. Basic Principles 
Serial No. I. 

Tuesday, 27th July.-Morse Practice, Quiz 
Night on Radio Definitions. 
On the Sunday, 18th July, the Club will 

hold a Field Day at Carr's Park, and will 
be transmitting on 40 and 6-metre bands, 
using the Club's call sign, VK2MZ, and 
would be pleased to hear from Hams who 
hear us on the air. 

We invite any person interested to 
attend at the Club Rooms on any night 
that the Club meets. 
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and New·s 
GLADESVI LLE 
EXPERIMENTAL 

AND DISTRICT 
RADIO CLUB 

Rear ll 7 Victoria Road, 
Gladesville. 

Operating on 144 Mc., the club held a 
very successful field day on 13th June, 
1948. It has been the object of this club 
to use UHF to its full advantage, as 
nearly all its members are operating on 
these bands. On this occasion it was 
arranged for six parties to proceed to 
high points around Sydney and outlying 
parts and from there endeavour to com­
municate with the other parties and local 
stations. 

Stations were sent to Beacon Hill , 
Brookvale, Pretty Point, Prospect, Water­
fall, Engadine and Bringelly. T hese were 
operating by 11 a.m., and 100 per cent. 
communications then ensued. 

A broken feeder at Brookvale put this 
station off the air for quite some time, 
but r~pairs were effected and in the 
afternoon they were on again. All sta­
tions that were operating were contacted 
by the Prospect station, led by W.l.A. 
UHF Officer Charles Fryar, VK2NP. 
Other leading UHF amateurs were in 
charge of the other parties: Brookvale, 
George (Mick) Bamford, VK2AGB; 
Waterfall, Wal. Webster, VK2EW; Brin­
gelly, Horrie Lapthorne, VK2HL. 
Weather conditions were far from favour­
able and extreme conditions were re­
ported from all points, particularly Pros­
pect, who were operating from an ex­
posed hillside and were continually 

showered with rain, sunshine and high 
winds. The gear was supplied by the 
club members and all operated from car 
storage batteries, Beam antennae and di­
poles were used. To create interest a 
form of point score was arranged and 
some quite good scores were returnee\ . . 

At dusk all parties QR T and returned 
to Sydney. 

It has been the policy of this club to 
run field days, which have proved a 
great success in keeping interest alive 
within the club. In addition, le tures on 
radio and allied subjects are given by 
club members each month and also any 
club business is dealt with on one meet­
ing night each month, thereby giving 
more time for instruction, lectures, etc. 

All members are now looking forward 
to our next field clay, which will be held 
late in August, and it is hoped to use 
288 Mes. as the working band. 

EXPERIMENT AL RADIO 
SOCIETY OF N.S.W. 

Melody Hall, 
George St., Burwood. 

Following the successful reunio1~ . a 
meeting was held, at which the election 
of officers for the ensuing year took place. 

R. A. Blades, VK2VP, was re-elected 
President; B. Taylor, Secretary; 0. R. 
Pearce, VK21V, Vice-President; C. E. 
Whiting, Publicity Officer; W. Jennings, 
QSL Officer; H. Ackling, Treasurer; A. I. 
K. Clarke, Librarian. 

Intending members are assured of a 
warm welcome at the meetings of the 
Society held in Melody Hall on alternate 
Thursdays at 8 p.m., the meetings for 
July being on the 1st, 15th and 29th of 
the month . 

NEWS OF THE AMATEUR BANDS 
Recent · modifications having been made to 

the Amateur Frequencies, we feel that the 
complete list of these frequencies may be 
of interest to those who listen to these bands. 

As at 20 / 5/ 48 these allocations are:-
3500kc.-3800kc. 80 Metre band. 
7000kc.-7200kc. 40 Metre band. 
14,000kc.-14,400kc. 20 Metre band. 
26,960kc.-27 ,230kc. 11 Metre band, 
28,00kc.-30,000kc. 10 Metre band. 
50Mjc-54 M/ c. 6 Metre band. 
144 M/c-148 M/c. 
288 M/c-296 M/c, 
576 M/c-585 M/c. 
5650 M/c-5850 M / c. 
1345 M/c-1425 M/c. 
2300 M/c-2450 M/c. 
10,000 M/c-10,500 M/c, 
21,000 M/c-22,000 M/c. 
30,080 M/c and all frequencies upwards. 

The extension of the 11 metre band will 
be very welcome and no doubt good con­
tacts will be made on these frequencies. Much 
speculation is being made on the potentiali­
ties of the 21,000kc.-21,450kc. allocation 
which is to be ratified next year. Undoubt­
edly the open in g of this band to Amateur 
Communication will to some extent relieve the 
congestion on the 14000kc. allocation. The 
bands from 50 M/ c offer experimental work 
of great interest, both 50 M / c and 144 M/c 
are now receiving the attention of many 
amateurs, and good work is being done in 
the form of local contacts, with in the case 
of the 50 M/c band an occasional opening of 
the band to VK3, 4 and 5 and more infre­
quency to ZL. ' In the U.S.A. there appears to 

be a large amount of activity on the VHF 
bands , the lates t issue of "QST" listing the 
record contacts for their various frequencies, 
which in some cases are different to those 
allocations made in Australia. 

The figures for 144 M/c are 660 miles; 
235 M / c, 210 miles; 420 M/s, 186 miles; 
1215 M / c, 12% m iles; 2300 M/ c, 66 moles; 
3300 M / c, 150 miles; 5250 M / c, 31 miles ; 
10,000 M/ c, 7.65 miles; and 21,000 M / c, 800 
feet. 

It will be interesting indeed to learn how 
the achievemen ts of the Australian amateurs 
compares with those over the Pacific. General 
conditions over the past month have been 
rather poor , on 7 M/c in particular con­
dit ions have been very variable. At night, 
th is band has at times faded right out for 
contacts up to 300 miles or so, the inter­
s tate boys at this time being receiVed at ex· 
ceJlen t level. 

Much DX is being worked on both 14 and 
28 M / c with conditions much as related in 
these columns last month, the usual coun­
tries being evident in most logs. Conditions 
on 3.5 M/c arf.! very g ood and many signals 
are to be heard on the band at night, con­
sisting of interstate and ZL signals; Ameri· 
c~n CW is also reported at around 10 p .m. 

A very interesting contact was heard re­
cently from VK2ARC/ Mobile while in flight 
between Sydney and Melbourne. The signals 
were nearly perfe..:t on 'phone throughout the 
trip. The 136 foot aerial with an effective 
height of some 7000 feet doing a fine job. 
VK2ARC/ Mobile was using a Type 3 Mk2, 
a ]ow power rig which has given him some 
very fine results. 
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X-RAY SNAPSHOTS 
(Continued from page 14.) 

High-speed X-ray pictures have been 
taken of armour-piercing bullets during 
the actual penetration. Two mutually 
perpendicular high-speed X-ray pictures, 
taken in sequence of a .30 calibre armour­
piercing bullet penetrating a small two­
by-two-inch piece of !-inch thick armour, 
are shown in Fig 8. 

The first of the high-speed X-ray pic­
tures was taken when the core of the 
bullet had penetrated i in. into the yield­
ing armour plate. The jacket, which 
cannot penetrate the armour, has tele­
scoped forward on itself and exposed the 
base to the core. The second high-speed 
X-ray picture was taken of the same 
bullet approximately 20 microseconds 
after the first picture. The core of the 
bullet has penetrated the armour, and its 
'tip is projecting through the back. Part 
of the armour pushed out by the pene­
tration can be seen. The jacket of the 
bullet has continued to telescope on itself 
and even more of the base of the core is 
in •evidence. 

Other high-speed X-ray pictures taken 
during this study showed the flow of the 
jacket material and the breaking up of 
the core as tl1e bullets penetrated the 
armour. 

Ballistic Studies 
The high-speed X-ray equipment is pre­

eminently fitted to study the bullet motion 
and behaviour inside a gun barrel. No 
other means is available for taking 
a picture of a bullet as it passes clown the · 
bore of the gun. When a bullet is fired 
in a gun barrel, the blast that accom­
panies each shot reaches the muzzle be­
fore the bullet does . A spark shadow­
graph of the blast which precedes the 
bullet exit is shown in Fig. 9. (This 
spark shaclowgraph was taken at the in­
stant the silvered glass rod placed at the 
muzzle of tbe gun was broken. The loca­
tion of the bullet, still several inches from 
the muzzle, was determined by means of 
a simultaneous high-speed X-ray picture 
shown. Previous methods of determining 
the location of the bullet at any instant 
in the gun barrel, such as by strain 
gauges, have proved to be inaccurate. 

The high-speed X-ray equipment has 
been used to observe the realignment of 
component parts inside the bullet when 
it is fired . A stationary X-ray picture was 
taken of the bullet in question. The 
bullet is then fired and a high-speed X-ray 
picture is taken of this same bulle,t in 
fliglit. A comparison of the two X-ray 
pictures reveals any shift of the com­
ponent parts that has taken place. This 
procedure can be used, for example, to 
study the motion of the component parts 
of valves during their operation . 

A series of high-speed X-ray pictures has · 
been taken of a 20 mm, high-explosive 
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shell passing through steel plate. It was 
necessary to place a steel plate t in. thick 
over the X-ray film-holder in order to pro­
tect it from the force of the explosion and 
the flying fragments. A new protection 
plate was required after every shot. De­
spite the fact that all the pictures were 
taken through t in . of steel , the details of 
the explosion are clearly evident. One of 
the amazing things revealed by this study 
is the immense swelling of the shell to 
almost twice normal diameter before it 
finally bursts open. 

The high-speed X-ray equipment has 
one use for which it was designed. It 
can be readily adapted to serve as the 
light source for high-speed flash photo­
graphy. A wire spark gap is. substituted 
for the X-ray tube on the surge generator . 
The short duration, high intensity spark 
resulting from the discharge of the surge 
generator can be used to take a millionth 
of a second photograph of any moving 
object. A picture of a .50 calibre bullet 
in free flight taken· in a millionth of a 
second is shown in Fig. 10. The light from 
the spark discharge of the surge generator 
was used as illumination. 

Future Uses 
The applications of this equipment 

have primarily been confi,ned to the field 
of ballistics, simply because of the tre­
mendous interest in this subject during 
the war, and the high-speed is so well 
adapted to this purpose. Many applica­
tions exist in other mechanical-engineer­
ing fields. The requirements for a suit­
able applicatfon are: (1) A desire to study 
parts in m9tion; (2) a condition where 
high-speed light photography is not ade­
quate, either because the parts to be 
studied are not visible, or because of the 
of the danger of mechanical damage to 
an unprotected camera. 

Considet the severe problem of the 
blades in both steam and gas turbines. 
Under the stresses imposed by the high­
speed and thrust of the expanding 
vapours, the condition under rotation may 
be very different from that existing at 
rest. Further, the blades are pecessarily 
enclosed in a heavy metal case. The 
operation of turbine blading becomes a 
problem susceptible to study by the high­
speed X-ray unit. 

Valve action for reciprocating engines, 
compressors, and similar machines can be 
observed in normal operation by this 
X-ray unit. Deformation in butterfly 
valves in one case caused a shift in the 
timing of ·one machine that impaired the 
operation. Just bow the valves were 
acting could be determined by the X-ray. 

Extension of the applications of this 
unit must come in the post-war period 
when more of these units become avail­
able. This extension will be in those 

TELEVISION STUDIO 
LIGHTING 

(Continued from page 27.) 

The require1nents ' of illumination for 
the iconoscope can be m et by tbe use 
of a super high-pressure Mercury Dis­
charge lamp. The emission from the mer­
CL1ry lamp is blui sh and contains an 
appreciable percentage of near-ultra­
violet radiations. It corresponds, there­
fore, with the sensitivity of the iconoscope. 

Another point of utmost importance for 
the application of mercury lamps in tele­
vision studios is that they radiate very 
little heat. With stage lighting, heat 
radiations can cause considerable difficulty 
due to their effect on the actors. When 
the lighting system consists of incandes­
cent or carbon arc lamps, the illumina­
tion level is limited by the heat which 
the actors can stand. Some relief can be 
afforded by good ventilation, but the heat 
rays remain annoying, as all those who 
have ever acted in front of a film or 
television camera will bear out. Mercury 
lamps may be water-cooled, and thus the 
heating effect is, to a considerable extent, 
eliminated. 

Ultra Violet Rays 
As mercury light contains ultra-violet 

rays, to wh ich the iconoscope is very sen­
sitive, it has also the advantage that the 
actors are less troubled by the light. Yet 
another advantage is that mercury lamps 
need less energy than incandescent lamps, 
with the result that their use means less 
current consumption. 

The most suitable type of mercury lamp 
is that with the highest possible luminous 
efficiency. Thus the Philora water-cooled 
Mercury lamp, with an efficiency of 60 
lumens per watt , provides the ideal 
answer to the choice of a light source for 
the television stage. As a means of com­
parison, the luminous efficiency of the 
incandescent lamp does not exceed 15 
l.umens per watt and, of course, the emis­
sion from it is not at all suitable for the 
task involved. 

The main lighting system of the Philips 
television studio consists of 42 lamps, type 
SP500, with a total load of 42 x 500 watt 
= 21 Kw. The lamps are mounted in 14 
gro~1ps of three lamps each. The addi­
tional lighting consists of 5 lamps, type 
SP , 1,000 d.c. The total illumination level 
at the back of the television studio is 
about 700ft. candles, a value closely 
approaching · sunli ght cc~nditions. 
Data courtesy Philips Electrical Industries Ltd. 

applications that satisfy the two funda­
mental requirements. 

The new uses will be in those fields of 
engineering wh en parts are moving rapidly 
and cannot be "seen" by the conventional 
camera using a light source. 

RADIO SCIENCE, July, 1948 



A.D. (Fi:ve Dock, N.S.W.) enjoys read­
ing each issue of RADIO SCIENCE and would 
like to see the description of a five valve 
dual wave mantel receiver. 

A.-Thanks for the suggestion, and no 
doubt a receiver of this type will be featured 
in some future issue of the 'magazine. How­
ever. at the moment we cannot say just 
when this will be. There have been so few 
requests for the underne'!-th wiring diagrams, 
that it has been decided space normally neces­
sary for these can be put to better use in 
some other manner. 

A.L. (Semaphore; S.A.) was interested in 
the photographs of Bunnerong Power House 
and mentions that it is very similar to the 
Osborne Power House in Adelaide. 

A.-Your letter was quite interesting, 
A.L., especially the remarks about the simi­
larity of the two power houses . The sugges­
tion in your earlie1· letter re the Short Wave 
Station List will be forwarded along to the 
SW correspondent, Mr. Whiting, for com­
ment. If the idea is feasible it may be pos­
sible then to . include the list in one issue. 

K.J.McL. (Heyfield, Viet.) sends in a two 
year subscriotion and suggests that we de­
scribe the construction of an inexpensive am­
plifier suitable for operation from either the 
AC mains or a vibrator. 

A .-Thanks for the subscription and sug­
gestion. An amplifier of the type you men­
tion was fully detailed in the April, 1948, 
issue of RADIO SCIENCE. As this issue was 
included among those requested no doubt by 
now you will have seen the circuit, and pro­
bably have it under construction. The short 
wave coils for a one valve receiver can be 
readily wound. If you could let us have 
further details of the circuit you have in 
mind, we will endeavour to assist you through 
these columns. 

M.A.G. (E. Brunswick, Viet.) forwards a 
subscription and is particularly interested in 
reading about FM activitites and wire re­
corders. 

A.-Thanks for the subscription, M.A.G. 
This has been attended to by the department 
concerned. The February issue of RADIO 
SCIENCE contained a· general article deal­
ing with FM theory and no doubt this will 
interest you. To date nothing has been pub­
Jished in any issue dealing with Wire Re­
corders, mainly because of lack of suitable 
equipment and materials in this country. 
However, it might be possible to include some 
data on overseas trends in this field, at a 
later date. 

C.G. (Balladoran) writes in an interesting 
letter and suggests among other things that 
we include some articles on basic radio 
theory that would be of value to the be­
ginner. 
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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 au t in a logical order, as space is 
rather limited. 

All technical enquiries .,;,,ill be dealt 
with in strict rotation and the replies 
will be published in the first available 
issue of the magazine . Address all 
letters to RADIO SCIENCE, Box 5047, 
G.P.0. SYDNEY, and mark the ' enve­
lope "Mailbag". 

A.-Yes, C.G., we realise the importance of 
catering for the needs of our many younger 
readers and agree that the inclusion of 
articles as you suggest would be welcomed 
by many. Several other readers have for­
warded similar suggestions and from all 
these letters wel hope to be able to draw up 
a series that will have some practical as 
well as theoretical value to the reader. Al~ 

though there is a certain amount of .. heat 
dissipated by valves, we have found this is 
not particularly excessive in the case of the 
Miniminor Mantel and unlikely to cause any 
speaker troubles. The issue requested.._ has 
been forwarded along and we hope that future 
copies will be received satisfactorily from 
your newsagent. 
I 

R.H.G. (Burwood, N.S.W.) suggests we 
publish details of a five valve AC operated 
superhet, incorporating an RF stage. 

A.-There are no immediate plans for 
describing such a set as you .mention~ We 
might add that the May, 1948, issue of RADIO 
SCIENCE contained full constructional de­
tails of a Seven Valve receiVer and this in­
corporated an RF stage. Possibly this cir­
cuit may interest you or if necessary it could 
be amended to suit your requirements. We re­
gret the error in the Ohm's Law card, and 
tihs matter has been brought to our notice 
by many other readers. 

B.J.G. (East Oakleigh, Viet.) is interested 
in short wave reception and would like to 
know the meaning of the abbreviated terms 
used by amateurs. 

A .-In this limited space it is not pos­
sible to list all these abbreviations and sug~ 

gest yeu refer to either the Radio Handbook 
or the ARRL handbook for the various mean­
ings . If you have not a copy of these pub­
lications, you should be' able to see one at 
the Melbourne Public Library. We have no 
idea if there is a DX club in your vicinity . 

Possibly some other reader may be able 
to help. If so, write in, giving particulars 
and we will pass on the details. 

/ 

W.P. (Woollahra) forwards some sugges­
tions for consideration and possible incJu .. 
sioit in future issues of RADIO SCIENCE. 

A.-Thanks for the letter and suggestions, 
W .P. The idea of including a series of articles 
describing the Sydney broadcast stations is 
quite feasible, although we wonder whether 
it would be as popular as you mention. Ac .. 
tually our Broadcast Band DX correspondent, 
Mr. Hallett, has mentioned this matter pre­
viously, but to date nothing has been done 
mainly because of space commitments. Ef­
forts have been made to try and induce 
amateurs to send in photographs of their 
stations, together with equipment, details, 
etc.. but apparently the majority are sim- -­
ply not interested in the idea. 

H.A.O. (Hawthorn, Viet.) suggests that 
we describe in a future issue of RADIO 
SCIENCE the construction of · a large radio­
gram. 

A.- Many thanks for the letter and sug­
gestion. This will be kept in mind, and when 
suitable gramophone motors as well as 
cabinets are readily obtainable we will en­
deavour · to run ' something along the ' lJnes 
you suggest. The copy of the first issue has 
been forwarded and no doubt by now you 
will have received it. 

B.C. (Adelaide, S.A.) writes in an appre­
ciative letter and asks for an early issue of 
RADIO SCIENCE. 

A.-The issue requested has been forward­
ed along. We appreciate your remarks about 
the magazine and are pleased to know you 
find much to interest you. 

L.F.D. (West End, Brisbane) requests 
some of the ear1ier issues and says: "In 
passing I should like to congratulate you on 
an excellent publication. You seem to have 
gathered an impressive array of talent to 
contribute articles and I sincerely hope the 
present quality will be sustained." 

A .-Your letter is appreciated and tne is-
. sues required have been forwarded along to 

you. You may rest assured that the future 
copies of RADIO SCIENCE will maintain or 
even better the present standard . Your sug­
gestion re the defining of radio terms is quite 
interesting and as soon as space permits will 
endeavour to include this as a feature. Un­
doubtedly many other readers will also find 
it as a means of brushing up their know­
ledge. 

A.K. (Strathfield) would like to see some 
articles published dealing with Test Instru­
ments and Laboratory measurements. 
A .-Thanks for the letter, A.K. The issues 
requested have been forwarded along. Due 
to lack . of space it is impossible to include 
all the articles we would like, but no doubt 
we will even~ually get around to the ones 
you mention. Possibly the "A-F Amplifier 
Servicing" article in this issue will interest 
you. 
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moving half way around one of the con­
stant "S'.' circles (i.e., through one quad­
rant). This is because the admittance 
is the same as the impedance quarter­
wave further down the line. Thus Y is 
the admittance correspondii:ii to the im­
pedance Z in Fig. 9b. 

Stub matches have the advantage over 
quarter wave transformers of being more 
easi ly adjustable. A stub of variable 
length can be made with the aid of a 
spring contact p lunger. 

For experimental work universal match· 
ing ti-ansformers capable of a wide range 
-Of adjustment are desirable. Two stub 
transformers with two variable stubs 
spaced an eighth wave-length apart are 
used for this purpose. 

A simple type of matching transformer 
consists of two quarter-wave 1 dielectric 
slugs, as indicated in .Figure 10. The di· 
electric has the effect of increasing the 
characteristic impedance because of the · 
increased capacity, so that the sluvs act 
as quarter-wave transformers. By ad just· 
ing the position of the slugs in the line 
and the distance between them, imped­
ances with standing wave ratios less than 
k2 may be matched. The dielectric must 
. be of low loss. At 10 centimetres wave­
length, polystyrene with a dielectric con­
stant of 24 is satisfactory. The length of 
the slugs is shorter than quarter-wave in 
air because of the dielectric. 

Where axial rotation of one section of 
transmission line relative to another is 
required, a rotating joint is employed. An 
example of this is in the connection of 
a feeder to a continuously rotating aerial 
as in a radar. 

In two-wire lines slip rings are satis­
factory, but with co-axial lines some form 
of non -contacting joint is desirable to 
eliminate wear and consequent losses 
which would occur in a spring contact 
joint. Figure 11 illustrates the principle 
employed in a rotating joint. The sec­
tions of line forming the joint overlap . 
to form quarter-wave lines open-circuited 
at one end. The impedances between 
the gaps in the conductors of the line 
are thus very low and practically equival­
ent to short circuits. To prevent radia­
tion which might occur at high powers, 
a double choke is usually employed on 
the outer conductor. Mechanised support 
is usually provided by ball bearings. 

The techniques described above are 
just a few of the many employed in trans­
mission lines ar U .H.F. In a following 
article wave guides will be dealt with, 
together with some of the applications 
of transmission lines in U.H.F. measuring 
techniques. 
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= A.1.-(b) One "foot candle" is the ! 0 degree of illumination received from I 
l
e a source of one candle at a distanec c 
_ of one foot. The illumination in I 
•
- foot canol]es may be found by divid- =, 
_ ing the candle power of the source 

•
- by the square of the distance in -,-
~ feet from the source. 

',= A.2.-(b). i 
A.3.-(b). • 

I= A.4.- (c) The term "shunt" is us•ally = 

•

= applied to one of the current paths I __ 
in a parallel circuit. 

•
= A.5.-(c). ! 

A.6.-(c) Such units are now being I 
•
= widely used in the detection and Io- = 

•

::: cation of radioactive substances for ! 
use in atomic research. 

i A.6.7.-(c) . ! 
I
= A.8.(b). ! 

A.9.-(b) The. resistance of a conduc- I 

'

::: tor varies inversely with its cros9 c 

•
= sectional area. That is to say if the _I 

area of a conductor is doubled the 
resistance will be halved. I 

i A.10.-(a) The action of the ftux is i 
•
= to clean the oxide from the work : 

and leave the surfaces clean enough I 
I= for the hot solder to adhere ""cure- = 
= ly to the metal. I 
I A.11.- (b) Usqally a high resistance ,- , 

•
" unit connected between the grid = 

terminal and some part of the 6.Ja- I 
I
= ment circuit. = 

•
= A.12.- (c) The basic relationship i•: ! 

Current equals Voltage divided Re- I 
•
::: sistance. If any two factors are ::: 

known the third or unknown can I i be readily calculated. = 

I
= A.13.-(c). ! 
~u~~1 I i A.15.-(c). : 

- . 
, ' .-.()-()-1)-()-(1-()-()-()_()_ll--()-()-• . 
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LINE 

MATCHED l(ITS · 
for THE NE'GATIVE FEEDBACK AMPLIFIE'R * 

*as originally designed by 
Mr. D. T. N. Williamson in "Wireless World," 
April and May, 1947. 

* C'ONDENSER INPUT POWER SUPPLY 

Type No. 
P/Trans . . . . . . . . . 20453 . .. .. . £3 
Choke .. .. . . ... . 201515 . .. .. . £1 
Choke . . . .. .. . . . 50825 . .... . £1 

CHOKE INPUT POWER SUPPLY 
(RADIOTRONICS CIRCUIT A515) 

_P/Trans. . . . . . . . . 25563 . . . . . . £4 
Choke . . . . . . . . / -·,102512 ..... . £1 
Choke . . . . . . ... .. . 201515 . ..... £1 , 
Choke . . . . · .• -· . .. • . . 50825 . ..... £1 

*OUTPUT TRANSFORME'RS 
AF8 . . . . . . . . . . . . . . 8 ohm 
AFl 5 .. ~ . ... .. :·: : . . : · 15 ·ohm 
AF10 . . . . . . . . . . . . . . 500 ohm 

or as specified. 

PRICE: £5/15/2 

Price 
16 
11 10 
7 7 

18 8 
16 
11 10 
7 7 

V/Coil 
V/Coil 
Line 

OUTPUT TRANSFORMER 
*Secondary Impedance as required . (See left). 

Primary Impedance 10,000 Ohms 807 (T) P.P. 
Frequency Re~panse: Linear within 0.2 db, 

20 cps. to 30,000 cps. 
Primary Inductance (at low ac flux) not less I hon 

125 Henries. 
Leakage Inductance: 17 Millihenries. 
Insertion Lo~s : 0.4 Decibels. 
This transformer may be used to obtain a gain 
reduction of up ta 25db across 4 Stages in a suit­
able negative !e.edback circuit. * 

RED LINE EQUIPM~NT LTD. 
lncQrporating SWALES & ·SWANN 

r 
Technical Service, Wholesale and ' 

Manufacturers 
A. T. SW ALES, Cen. 4773 
2 Coates Lane, Melbourne. 

A GUARANTEE 

RADIO SCIENCE, July, 1948 

Trade Sales: ALLEN SWANN 
MU6895 (3 lines) 

157 Elizabeth Street, Melbourne . 
DEPENDABILITY 

Cover ii i. 



Caver iv. 

AMPLITUDE 
MODULATION 
MDNrTDR 
TYPE A51926 

This new instrument, the latest in our already 

extensive range, hos been designed to provide oil 

the facilities necessary to monitor the output of 

omplititude modulated transmitters. 

Simple ond quick in operation, 

Rack Mounting 
19" x 81" 

Descriptive literature available upon request . 

AMALGAMATED WIRELESS (A'SIA) LTD. 
47 YORK STREET, SYDNEY 167 QUEEN STREET, MELBOURNE 
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