





Inaugural Yssue . . . . .

It is with justifiable pride that we present this first issue of your latest
technical  journal—""RADIO SCIENCE.”

The introduztion of a journal which is intended to embrace all branches
of the Radio, Electronic and allied fields should, we sincerely believe, close a
long-felt gap in this country and meet with the general approval of every tech-
nically-minded reader.

Herbert Spencer’s statement in Educalion—"'science is organized know-
ledge’’—may well typify the name and spirit of this Magazine, since its prime
purpose is the collation and presentation, and consequently the advancement
of, radio and electronic knowledge. In this country, for instance, a vast
amount of radio research and development is constantly taking place, but
unfortunately, due to mental apathy in many quarters, this work receives very
little publicity.

In many cases these particular techniques are far in advance of overseas
developments, and in view of this, such items will claim a high priority in
""RADIO SCIENCE". At the same time, however, to maintain a balanced out-
look, news of overseas techniques and developments will be a regular feature,
thus making "RADIO SCIENCE" your complete radio magazine.

The Policy of the magazine—the outcome of many ideas formulated
whilst in the Services—is to provide a complete technical service to all readers.
Whatever your interest in the radio and electronic field may be, and irrespective
of whether you are an engineer, technician, amateur, radio” serviceman or
radio enthusiast, then “"RADIO SCIENCE” will feature the articles you wish
to read.

To enable us to fully implement such a broad policy, we earnestly seek
the co-operation of all readers. Only by receiving your letters and your con-
structive criticism can we ever hope to make each issue just what you require.
So then, after reading this issue, will you write and let us know your opinions,
and what features and improvements you would like to see included.

As far as possible, a nucleus of most regular features has been included
in this issue, and around these we will expand and improve the magazine. To
present a wide coverage of subjects, contributions dealing with any technical
aspect of the radio and electronic field will be considered, and if accepted,
paid for at our current rates.

In addition to the theoretical side being catered for by contribution from
well-known writers, the practical aspect of the subject has not been overlc sked.
Each month, constructional articles of some practical value will be det..iled,
and these will form a regular section of the magazine.

Although no small amount of hard work has gone into the production of
this first issue, we know that there is always room for improvement, and this
will be carried out in accordance with the reader’s wishes.

So, now then readers—this is YOUR magazine; write in and let us know
just what YOU want included.
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Figure 2-—To provide a ready identification of the transmitted signals a system of staggered
pulsing is used.

even though the two signals look alike,
and it is measured to the accuracy of one
microsecond.

Using the measured value of time difter-
ence, the navigator consults a Loran chart
and finds on it a line (or interpolates be-
tween lines where necessary) associated
with station pair A1 Bl marked with the
corresponding value of time difference. The
ship or aircraft is located on this line.

So, by an exactly similar procedure, the
navigator then mecasures the time differ-

cnce between the two pairs
originating in stations Al and
this value of time difference,
gator consults the same chart

(or interpolates) another line,

of pulses,
B2. Using
the navi-
and finds
associated

about 110 feet high set upon a good
ground system. With such an arrange-
ment there is little tendency to instabil-
ity and successive pulses are not only
similar in shape, but start always in the
same radio frequency phase.

Timer

The timer (Figure 5) can well be con-
sidered the very heart of the Loran sys-
tem, since this initiates the transmitter
triggering pulses. If these pulses do not
recur accuriately and constantly, the final
signals are meaningless.

The pulse frequency is held sufliciently
constant by means of low {requency quartz
crystal, maintained at 60° C (within

—+1°).  This cnables synchronism with
another similarly operated station to be
held within one microsecond for at lecast
three minutes at a time without any ad-
justment—this means a watch having the
same precision would need to be no more
than onc sccond wrong after six years’
continuous operation!!

Probably the most important section is
the oscillator unit. This is equipped with
a phase shifter, permitting the manual ad-
dition or subtraction of whole numbers or
fractions of cycles from the oscillator out-
put. Manipulation of this phase shifter
cffectively advances or retards the position
in time of the transmitted pulses relative
to that of the reccived pulses.

If there is a gradual drift away from the
desired position it is then the duty of the
slave station to correct its crystal fre-
quency, so that it exactly coincides with
the master station and within certain op-
crating limits this correction will be auto-
matically applied.

If at any time during operation the
master and slave stations should fall out
of synchronisni it is necessary for the slave
station operator, who ordinarily is the
first to become awarce of the fault, to warn
all users within range that the station pair
is temporarily unserviceable.

The warning is conveyed by interrupt-
ing the transmission of the slave station
at regular one second intervals—the inter-
ruption being referred to as Dlinking. At
present two forms of blinking are in com-
mon use, both of which have exactly the
same significance and give a very positive
indication.

with the station pair A1 B2. The inter-
section of this line with the line found
previously is the position of the aircralt
or ship. Thus, by two measurcments of
time difference on synchronized pulses
arriving from two pairs of stations, the
navigator finds his position. Sce figure 3.

Transmitter

The transmitter, figure 4, consists of a
sell  excited oscillator, cathode keyed,
which can be adjusted to operate at any
frequency between 1700 & 2000 Kc/s. The
timer supplies a trigger pip to the input
transformer which steps up the voltage,
and delivers it to the grid of a pulsc form-
ing gas tube. The gas tube circuits
produce a keying pulse which is ampli-
fied and passed onto a mixer.

The modulator actuated by this signal
keys the oscillator circuit and the radio
frequency pulses pass through a coaxial
transmission line to the transmitting an-
tenna. Transmission lines and antenna
coupling network are standard—the an-
tenna itself being of a quarter wave-
Iength and usually consisting of an in-
verted “L” vertical wire or a guyed tower
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Figure 3—The method of obtaining a Loran fix using two pairs of stations.

P and R gives the line 2L6-2500, whilst the

Using stations

fine 2L5-3000 is obtained from stations P and

Q. The intersection of these two lines provides the Loran fix, and indicates the position of
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Figure 8—Both sky and ground waves may be

ionospheric reflection is present.

received from the ONE transmitted pulse when

Owing to the greater distance travelled by the sky wave

this latter signal will arrive aofter the ground wave.

all of these pulses ever appear at the same
time,

The ground waves are strongest ncar
the transmitter and may be received for
a distance of about 700 nautical miles by
day over the sea. At night this may de-
crease to about 450 nautical miles, but
will vary with noise conditions. The day
time range over land is scldom more than
250 miles, even for high flying aircraft,
and barely 100 miles at the surface of the
carth.

At night when the ground wave range
over sea water is reduced due to the
increase in atmnospheric noise, the sky
waves which were almost completely ab-
sorbed by day become eflective, increasing
the reliable range to about 1400 miles.
Sky waves vary greatly with the time of
day, seasonal, and gcographical conditions,
but generally spcaking, the best range is
from 300 to 1200 miles fromn the station.

For night operation a correction factor
is added to the microsecond readings. This
is to compensate for the additional dist-
ance travelled Dby the skywave which is
reflected from the ionosphere, and which
accordingly takes slightly longer to
arrive than a ground wave.

The one hop E sky waves become weak
beyond 1200 miles and only multiple hop
E waves and I layer waves are received
beyond 1400 miles. Various waves may
be reccived at distances of 2-3000 miles,
but since their path length and times of
travel are too uncertain they are rarely,
if ever, used.

Loran positions are now regarded to
be accurate within 19, of the distance of
the transmitling station. This figure is
calculated by resolution of the longest
diagonal of a quadrangle, sides of which
are arcs of the hyperbolas one micro-

Firat

Set receiver channel switeh, indicator
B n relector and pulse rate IPRR)
switches 1o station to be d. Adjust
focus and brilliance for elarity. Sweep
speed switch is set at Position 1 and
pip on npper trace is superimposed on
left-hand pedestal by leftright switeh.
Botton pedestal is now aligned with pip
ou lewer trace by use of the coarse de
fav control.  This results in  pattero
illustrated bere

Second

Sweep speed switch is advanced 1o
Position 2 and the two pips are mutched
in size and shape by manipulating gain.
amplitude halance and crystal phasing
contrule, The two pips sre aligned ver.
tically by the fine delay control

Third

Sweep peed switch is placed in Posic
tion 3, and the same controls are used
again to arrive at the vertieal alignmeni
illusirated by this scope paitern.

Fourth

When the sweep speed switch is maved
1o Position 4, the lwo traces are tuper
impesed.  After matehing in size, their
leading edges are aligned 1o appear as
a simple pip. Pauern illusirated sbows
tvo pipe still slightly oul of elignment.
Adjustment completed, navigator notes
exacl time.

OIOICIG

Fifth

With the awcep speed swich
in Position 5. 1he frst xet of eali g
No other controls

appear on the ~cope
are used in this step. exeept to sharpen
foras and brilliance.  On this scale. a3
an example 30 microcecands i~ read.
Niaen

The wweep speed ~witch 15 moved 10
Pasition 6 and the seale appeacs cal-
ibrated in 50 microsecond units.  Read
ing here may be 230 microseconds ples,
the plns value hemnp of course. the 30
mirroaseconds of *he preceding reading.

Serenth

At Position 1. the sweep speed swivh
displays the seale in units of 2,500 micro-
seconds and in this case ix read 3> 5000
microseconds plus. The numerical val
wee of the three different scales are now
added to give the whele reading —30 plus
250 plus 5000 microseconds equal 5280
microseconds at the moment noted by
the navigater in the fourth step.  Entire
operation s now repeated for a second
<ation and with the two v x plotted
on Loran charls the fix s m

Figure 9—This chart illustrates the complete operational procedure in determining a Loran

position line. The whole procedure can be

completed in a very short space of time by a

skilled operator.
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second plus or minus on all sides of the
plotted position.

At the extreme range of about 1400
miles this diagonal is about 14 miles or
one per cent as the aircraft approaches the
station error is reduced to less than one
per cent because of the improved cut
of the Loran lines.

As a matter of interest it can be men-
tioned that skywave Synchronized Loran
—the most accurate form—was used by the
RAF for blind bombing and achieved an
accuracy of hits within 100 yards!!

Reliability

Since the velocity of radio waves is the
most reliable single characteristic of prop-
agation, Loran mnay be said for this reason
to surpass all other systems for reliability
of functioning.

It is susceptible only to cxireme pre-
cipitation static, which blots out or makes
impossible discrimination of the trans-
mitter pulses. Considerable study is be-
ing made of devices to overcome this
precipitation static, and if devcloped,
should help to eliminate the trouble.
However, in actual practice it is worth-
while noting that complete loss of the
Loran signals is a rarity.

The Future

From the foregoing you inay consider
this is, at last, the answer to scientific
navigation, but actually in its present
stage of development it is only another
valuable aid subject to well defined limit-
ations.

The equipment is complicated and
consequently subject to mechanical fail-
ure, whilst {requent adjustment is neces-
sary to maintain the close tolerances. Un-
less this is done by skilled and properly
trained personnel, the entire systemx be-
comes worthless and perhaps worst of all,
entirely unreliable. However, at the
moment large stage developments are tak-
ing place with this type of equipment,
and it appears most certain that' the
future holds great possibilitics for the
system.

SUBSCRIBE NOW!

Mcke sure you receive every
copy of “RAPIC SCIENCE” by
placing a definite order with your
newsagent.

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

Subscription Rates are 12/-
per year or 21/- for two years,
post free to any address in the
Commonwealth.
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Figure 3—Automatic register control diagram showing general focation of parts.

Etched copper

Indicating ‘eye gear or to the compensating rolls. It is

Impulse comparator usually preferable to apply it to the dif-
Mixing panel ferential gear, since this leaves the com-
pensating rolls completely frce for manual
operation, if desired. Gear motors arc
used to obtain the desired rates of cor-
rection. This is found to be between 1
in. and 1% in. per min. Greater speeds
"’/"‘Ot"wb@ than this may cause the paper to be torn.

Interlocks are provided so that the cor-
Disc s n
scanning Tecting motors can ot be oper?ted unless
head the press is turning over. This prevents
16 slits in the possibility of backing the cylinder into
scanning disc ‘ the “doctor-blade” at a standstill and thus

damaging the cylinder.
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elevision, Facsimile, Fre-
quency Modulation.

Specially presented for Radio Technicians, stu- Amateurs and operate a transmitting

g?”;so.”.‘d b_usir%es]anep, thE new C°”,\C/\i:§ufgt‘.‘gse station of your own, this is the course
raining in Television, Frequency ion . . .

Facsimile, prepares you for new developments: Wh'Ch_ will train you to the necessary

in Radio. This course of training is a ‘‘must’ technical standard.

for every person connected with Radio.

AUSTRALIAN RADIO COLLEGE PTY. LTD.

A.R.C. Training offers You
3 Complete Radio Courses

I RADIO SERVICE
ENGINEERING.

Carefully planned to give you a thoroughly comprehen-
sive training in the fundamentals of Radio Service
Engineering, the course will completely equip you for a
good pay Radio job or business of your own. No previous
_knowledge of Radio is necessary, as the course is written
to teach you from the ground up.

Amateur  Operator’s
Certificate of Profi-
ciency.

If you wish to join the band of

To the Principal, Australion Radio College Pty. Ltd.
Broadway, Sydney.
Dear Sir,
I am interested in ( ) Service Engineering.
” “ s+ () Television F.M. Facsimile,
P . » () Amoteur Operating.
Please send me full details of A.R.C. training cover-
ing the course | have indicated.

10

Send for the free book “‘Careers in Radio & Tele-
vision.”” Every man should read this book packed
with photographs of Radio and Television and of
Engineers at work. It shows you positive steps
you can take to gain a better job—how you can
succeed in life. For a few pence each day you
can prepare yourself for a prosperous future. You
can make money while you learn. Many A.R.C.
students eorn up to £6.0.0 @ week at spare time
work. Take a first step NOW and post the coupon
to the Australian Radio College.
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Y A STAR PERFORMER

for Endless Enjoyment

Here is a “really’ personal portable receiver which can be easily duplicated
by the home set builder.

Using a loop aerial, high gain iron core intermediates and four miniature
valves it is capable of excellent results.

Measuring approx. 8% x 5} x 3ins. it is comparable in size to most types
now around the city, and will provide hours of entertainment where a

larger receiver would be out of place.

FULL CONSTRUCTIONAL DETAILS OVERLEAF
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cut out the two valve sockets—using a %
inch drill and round file. Cut out the
flange as indicated—bend the centre sec-
tion back and then cut out the speaker
section. Next mark off 3” from each end
and bend back along these lines.

Part C—battery cover—measures 4.7/16
X 4L and after removing the sections in-
dicated—make the various bends in the
order marked—checking the final meas-
urements are correct.

Part D—IF bracket—first mark out the
position of the two valve sockets and
intermediates and cut out these holes.
Next mark off two 1" flanges, cut out one
corner and bend the two flanges back in
the same direction.

Part E—this is the front control plate
and consists of drilling out the three
control holes and then bending the "
flange.

Assembly

With all the sections completed the next
step is to assemble them, This is quite
easy if taken in the following logical
order. Place the base plate on a flat
surface and slide part B into position.
Drill the mounting holes and rivet to-
gether.

Next the battery support is riveted to
the centre screen, using two rivets along
each of the flanges. On top of this
place part D with the flange level with
the edge of part C and rivet into pos-
ition. Next position the front plate and
fasten by two screws. Reference to the
completed drawing will show just how
these sections fit together.

It will be noticed that in assembling the
sections, rivets have been used instead of
the usual nuts and bolts. This permits a
lighter and neater type of construction
and the small rivets used are now avail-
able from most radio shops.

As regards the chassis dimensions it
should be pointed out that these are quite
critical and care must be taken to ensure
they are strictly adhered to. Owing to the
limited space, “near enough” is not good
enough, and unless this point is watched
then you may have trouble in fitting the
chassis into the cabinet.

The A battery clips should be made
from springy brass or dural, but not alu-
minium. These can be easily bent up
and fitted in the position shown in the
photograph using two small nuts and
bolts. The connections are riveted to the
bottom using a small piece of fibre as an
insulator between the positive and nega-
tive connectors.

WIRING UP

The mounting of the components is
quite straightforward and their general
location can be readily seen from the
various photographs. Mount the valve
sockets and IF transformers in the posi-

tion shown ensuring they are positioned
to keep the plate and grid leads as direct
as possible. This is particularly import-
ant and should minimise the possibility
of any feedback troubles. Note that the
output transformer is mounted immedi-
ately behind the tuning condenser.

The wiring is commenced by connect-
ing up the filament circuits earthing the A
minus leads to some convenient point.
Also earth the centre shield of the valve
sockets, otherwise instability will result.
In connecting up the filaments take par-
ticular care with the output valve as this
has provision for either series or parallel
operations, using a centre tapped filament.
As the parallel connection is required in
this set, pins I and 7 are connected to-
gether to form the A plus lead whilst pin
5 is the A minus Iead.

The A plus lead from the battery is
taken via the switch and this completes
the filament circuit.

Now wire up each stage in turn plac-
ing the relevant resistors and condensors
as close as possible to the valve socket
The oscillator coil used was already
mounted on the oscillator grid resistor,
and as one end of this is earthed it forms
a convenient support for the coil. The

volume control leads are shielded and
taken to their respective connections by
the shortest path.

Actually there is no crowding of com-
ponents in any section, and providing
small parts are used then you should have
no difficulty in fitting them in. The loop
is mounted on the rear cabinet lid and
leave the leads approximately six inches
long so that this can be removed easily
when A battery changes are required.

Since only a numerical scale is used
for this set the actual dial calibrations
are not important and for this reason a
fixed padder is used. A small trimmer
should be connected across the oscillator
and aerial section of the gang for lining
up purposes.

The standard Efco dial plate has been
used on the finished model and in our par-
ticular case this was cut in halves so that
the switch could be placed between the
two controls to give a balanced appear-
ance. Those who do not wish to cut the
plate can easily move the switch immed-
iately below it making sure that the front
plate is drilled to suit this change.

(Continued on page 27.)
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Figure 5—Here are the complete chassis details for those who may wish to make their
own chassis.
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With quiz sessions fast becom-
ing the Nation’s No. 1 pastime,
here is such a feature to test
your general radio knowledge.
The rules are simple:—Take 10
points for each question answer-
ed correctly and 5 points if only
half right, and then total up
your score,

As a guide to your 1.Q. aver-
age, scores are:—Beginner, 50%
and under, Experimenters and
servicemen, 50 to 759%, Experts,
75 to 95%, and over 95% Genius.

Which are you?

Q. 1. Just to start you thinking along the
right lines write down the correct
nominal voltage rating of each of
these cells:

(a) Standard torch cell.
(b) Edison alkaline cell.
(c) Clark cell.

(d) Lead-acid storage cell.

. Being a technical man you should
know that Lenz's Law deals with:
(a) magnetic circuits.

(b) optical lens systems.

(c) capacity effects.

(d) has nothing at all to do with
radio.

Q. 3. From your technical studies you
must have learned that a space
charge is:

(a) the magnetic field set wup
around a coil by an alternating
current,

(b) your radio shop rental.

(c) the effect in a radio valve due
to free electrons not being at-
tracted to the plate.

(d) the effect on radio waves trav-
elling from the transmitting
station to the receiving aerial.

Q. 4. The term “cone of silence” as ap-

plied to radio refers to:

(a) a broken loud speaker.

(b) a “no signal” area above a
vertical radiator.

(c) a position near the speaker
where the bass notes are poorly
heard.

(d) the poor pickup area of'a uni-
directional microphone.
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Q. 5. Technical articles often make ref-
erence to a wobbulator. If you had
to get a wobbulator, you would
bring back:

(a) a dial complete with ‘“back-
lash.”

{b) a unit used for transmitting fre-
quency variations to ensure
secrecy of communication.

(c) a slightly inebriated gentleman.

(d) a device included in a cathode
ray oscilloscope to vary fre-
quency in synchronism with the
horizontal sweep.

Q. 6. Conversion factors are easy, or then
again are they? Anyhow, convers-
ion from metres into kilocycles may
be effected by:

(a) Multiplying the metres by

186,000.

(b) dividing the metres into
300,000.

(c) dividing the metres into
186,000.

Q. 7. A buffer stage is:
(2) an RF amplifier.
(b) a go-between between the whole-
saler and retailer.
(c) a prop used in certain broad-
casting studios.

Q. 8. When we speak of “skin effect” we
usually refer to:

(a) the tingling sensation received
on touching the antenna of a
low powered transmitter.

(b) RF current travelling along the
outside surface of a conductor.

(c) that fine set of goose pimples
often seen on a cold morning.

(d) the shock received on touching
those apparently “dead” filter
condensers after the transmit-
ter has been switched off.

Q. 9. According to the electron theory
how does the electric current flow:

(a) from positive to negative.

(b) from negative to positive.

(c) from the centre of the conduc-
tor and flowing in both direc-
tions.

Q. 10. Radio waves are least absorbed
when travelling over:

(a) rocky mountains.
(b) lake water.

(c) sandy soil.

(d) rich soil.

(e) sea water.

Q.11. Although not introduced into Aus-
tralia at the moment, you probably
know that the picture on a fome
television receiver appears in or on:

(a) motion picture screen.
(b) Iconoscope.

(c) kinescope.

(d) a ground glass screen.

Q.12. Whilst on the subject of television,
a “ghost” in T-V parlance is:

(a) an unemployed actor.

(b) star performer’s stand in.

(c) a spurious image in the tele-
vision picture.

(d) a nightwatchman who guards
television equipment.

Q.13. If you are superstitious, this one
may be unlucky for you, since “M”
is also the 13th letter of the alpha-
bet. However, try and tell what the
“m” stands for in the following
abbreviations:

(b) mf

(fy mh.

(a) mc (¢) ma (d) mmf

() m

Q.14. If you heard a technician remark
that a lot of* wows” came over
station XYZ last night you would.
know that he meant:

(a) super programmes.

(b) latest recordings.

(c) very funny jokes.

(d) records reproduced at an im-
perfectly controlled speed.

Q.15 If, on reading through a technical
journal, you noticed that new ap-
paratus was going to be fitted with
P-BT, you would know that it
meant:

(a) pre-band transmission.
(b) push button tuning.
(c) pentodes or beam tetrodes.

FOR ANSWERS SEE PAGE 48.
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we_ SFREQUENCY MODULATION

AP

With the possibility of an early decision being given regard-

ing the future of FM transmissions in this country, now is

the time to learn about this form of broadcasting. Although

of an clementary nature, this discussion will serve as an
introduction for subsequent more technical articles.

The basic principles of FM have been
known for many years, but it is only
recently that they have been utilised to
any serious extent. Far from being a
revolutionary new invention, records show
the first patent covering the basic method
of FM for transmission and reception was
issued in 1905! The method proposed
under this patent was to shift the carrier
frequency by means of a voice actuated
condenser and then use an off-tuned cir-
cuit in the receiver for converting the
FM modulated waves into waves of vary-
ing amplitude. With refinements, this is
basically similar to the methods in use
nowadays.

Although the system was used in long
wave transmitters up to the 1914 war,
it gradually fell into disuse after the in-
(troduction of the triode valve, as this
solved many of the AM problems. In
the early ’20s a mathematical treatise
on FM further handicapped research,
since it proved (erroneously) that an FM
system required an even wider percentage
of band width than the conventional AM

b4

system, and because of this finding the
system was more or less forgotten.

A.M. Static Problem

The effect of static, man made inter-
ference, etc., has always been a major
problem associated with AM transmissions,
and many attempts have been made to
find a solution to this problem. How-
ever, since all these forms of interference
cover the same frequency spectrum, as
well as having the same polarisation as
an AM wave, it soon became apparent
that the only method of completely elim-
inating this trouble was by the use of
some new form of transmission.

Consequently, in 1925, Major E. H.
Armstrong considered that the FM type
of circuit might hold possibilities. By
using a wide band frequency transmission
he found there was greater discrimination
against static, and in fact, the wider the
band width, the greater the useful signal
strength, with a considerable increase in

SAPLITUDE - MODULATED WaVL

CURRENY AuetsTubE

AUDIO MODULATING VOLTAGE

30FT Low ToNT

o

L0UD LOW TONE

A AN

aver-
MooULATION

EXCESSIVELY LOUD TONE
LOUDER HiGH TOWE

VOL TAGE AMFLITUDE

FREQUENCY -MODULATED WAVE

CURRENT AMPUITUDE

ZARVAVARRVEY

Figure 1—This diagram illustrates the basic difference between the amplitude and frequency
method of modulating the carrier wave of the transmitter.
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the signal to noise ratio. Also he proved
that instead of an infinite band width be-
ing required for such a system, that the
significant band width was in fact less
than that at broadcast frequencies.
Further tests and experiments were
carried out over a period of years, culmin-
ating in the erection of the now famous
FM transmitter at Alpine, N.J. This did
much to demonstrate the possibilities of
this type of transmission and the results
are now well known to all technicians.

F.M. Versus A.M.

The two terms amplitude modulation
and frequency modulation are largely
self explanatory. The type of transmis-
sion used in this country is known as the
amplitude-modulated (AM) system, and
in this the waveform of the current in
the transmitting aerial—and also the re-
ceiving aerial—is similar to that shown
in figure 1.

The unmodulated wave is known as the
carrier, and as can be seen, the amplitude
of which varies in accordance with the
audio frequency signal being broadcast.
The effect of modulating the carrier in
this way produces sidebands which ex-
tend up to 5 kes above and below the
carrier frequency. This means that the
transmitter only occupies a band 10 kcs
wide in the ether spectrum—this limit-
ation being necessary to allow the maxi-
mum number of stations to operate at
the one time.

On the other hand, the carrier ampli-
tude in the FM system is kept constant
but its frequency is varied by the modu-
lation above and below an average value
—the number of swings made per second
corresponding with the audio frequency
signal.

Similar to the AM (ransmission, this
system also generates sidebands in consid-
erable number, and they can occupy a
total band width of about 150 kcs. Be-
cause of this, use of FM has been restric-
ted to the ultra short wave lengths where
the roomier spectrum enables such wide
band widths to be utilised. For this reason
it is found that the operating frequencies
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are between 40 and 50 mcs and more re-
cently the 88-108 mcs band has been
opened up for the ¥M system in this
country.

F.M. Receiver

The actual FM receiver may be either
TRF or superheterodyne, providing it
meets the basic requirements of being able
to tune to the high frequencies used, as
well as accepting the wide bandwidth. In
addition the receiver must also include a
suitablc detector to convert frequency fluc-
tuations into voltage fluctuations so that
a normal AF amplifier can be used. Such
detectors are known as discriminators, and
incidentally, are to be found in the better
class of high fidelity AM receiver for
automatic frequency control.

To illustrate how an FM receciver dif-
fers from the normal AM receiver, a
block diagram is shown in figure 2. It
will be seen that up to the IF amplifier
the circuits are identical. Then, whereas
with the AM receiver this IF amplifier
would be followed by a detector and the
audio amplifier stage, you will notice that
the FM receiver requires two additional
stages—namely, the limiter and discrimin:
ator. The operation of these two units
will be discussed further on in this
article.

Since the RF and mixer stages of the
FM receiver are more or less standard
except from perhaps the point of view
that much higher frequencies are being
dealt with, the remainder of this dis-
cussion will be confined to the IF, limiter
and discriminator stages.

IF Stage

Under present standards the frequency
swing of the FM carrier for 1009, modu-
lation is 75 kc. either side of the centre
frequency, and consequently, in order to
receive signals faithfully, the receiver

crennce,,
b
o
o’
L
.,

Response ————em

Semacsceas

Frequency ——— — g

Figure 3—A typical IF response curve. Close

coupling of the coils groduces the double

hump (dotted line) and this is flattened

(solid line) by the use of loading resistors
as explained in the text.
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Figure 2—-The FM receiver differs from the AM
cireuit.

system must be capable of passing a band
of frequencies up to 150 kc wide. This is
done by using a wide band type of LF.
transformer. -

On the 88-108 mc FM band the tuned
windings of the IF transformer are usu-
ally 10.7 mc, and have an effective band
width applicable to the system. This can
be obtaingd by employing close coupling
between the primary and secondary wind-
ings as well as resistance loading across
the tuned winding.

The close coupling results in widely
separated peaks in the bandpass response
whilst the resistances damp the response
giving a substantially flat characteristic.
See figure 3.

The effect of this loading which is ac-
complished by placing resistors of the
correct value across one or both of the
transformer windings is to effectively lower
the Q of the coils. At the same time
the amplification of the circuit is materi-
ally reduced, and so it is usual to find at
least two IF stages being used in the re-
ceiver.

Limiter

In the block diagram for an FM re-
ceiver a limiter stage may be seen. This
consists essentially of an IF valve arranged
so as to deliver constant signal output
despite wide variations in signal input.
Whilst not an essential part of the re-
ceiver, the inclusion does ensure the quiet
background which is an attractive feature
of FM reception.

The limiter valve is usually a pentode
having sharp cut off characteristics and
operated at low plate and screen voltages
(about 50 volts). This means the plate
current cut off occurs with relatively
small grid bias or signal input.

The opcration is quitc simple: with an
input signal the grid voltage will swing
considerably above and below the linear
portion of the valve’s characteristic curve.
Any positive peaks beyond the range of

type by wusing a limiter and discriminator

the limiter valve will be clipped by grid
bias limiting whereas the negative signal
peaks will be clipped due to plate current
cut off.

In this manner any signal voltage vari-
ations which are greater than the operat-
ing limits of the valve are clipped and
have no effect upon plate current.

Since any static interference or valve
noise is primarily of AM cliaracter, this
clipping action removes the AM effects,
but leaves the FM signal unaltered. How-
ever, in order to accomplish this noise
free operation it is essential that the in-
put signal is sufficiently great to saturate
the valve, otherwise the noise interference
will pass through.

LIMITER I

Y1
LA

o

T

Figure 4—A widely used type of discrimina-
tor circuit.

Discriminator

The final point of difference between
the AM and FM rcceiver lies in the type
of second detcctor being used. In the
TM receiver it is usually referred to as
the “discriminator” stage and a typical
circuit arrangement is shown in figure 4.

The detector transformer is connected
to the push pull diode detector and in
addition to the usual magnetic coupling
hetween coils, also has capacitive coup-
ling between top of primary and centre
tap of secondary. This results in two
voltages bcing developed between the
plate of each diode and centre tap of the
transformers.

(Continued on page 48.)
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kept very compact, but at the same time
there has becen no overcrowding of com-
ponents with resultant wiring difficulties.
The chassis measures 84x33x23 and is fit-
ted with a bottom plate, allowing the
unit to be moved around whilst in opera-
tion without any fear of shocks.

Assuming you have a ready cut chassis,
the first step is to mount the components.
The power transformer can cither be
fitted as shown or mounted with the
laminations above the chassis. The form-
er method was used simply for compact-
ness, as during operation the power trans-
former is only moderately warm and
consequently presents no heat problem.

The two 6V6's are mounted along the
back of the chassis with the 5Y3-GT
imxﬁediately next to the power trans-
former. The 6SN7-GT is mounted on
the front right hand side of the chassis,
whilst the output transformer is placed
alongside. Next the tone and volume
controls are fitted, making sure the indi-
cator plates are not forgotten before
screwing into position.

Wiring Up

The wiring up should present no diffi-
culties—wire in the rectifier filaments and
high tension leads as well as the 6.3 fila-
ment leads to the 6V6's and 6SN7. As

can be seen from the underneath photo-
graph, most of the load resistors, coupling
condensers and grid resistors are moun-
ted on a resistor panel. Wire this panel
separately as shown, making sure that the
various leads are colour coded to obviate
any misconnections. These leads can be
cut to the respective length and soldered
into position as soon as the panel is
bolted down.

The voice coil leads are connected to
a telephone jack mounted at the rear of
the chassis, and make sure that one lead
is earthed. With the wiring completed,
the next step is to check all connections
against the circuit diagram before switch-
ing on. Having assured yourself that
everything is corrcct, plug in the 6SN7
and 6VG’s, not forgetting the speaker con-
nection and switch on. The filament
should light up in a second or two, so
then place the 5Y3-GT in its socket,
watching for any flashes or heating of
the plates, which could indicate trouble
in the high tension section. If no mis-
takes have been made in the wiring, the
usual throbbing noise should be heard in
the loud speaker as the volume control is
advanced and the pickup terminals are
touched. Final test of course is to play
your favourite recording, and frankly, you
should be more than pleased with the
results.

For maximum output it is essential

Panel Wiring

8SNT-GT WG—GT&?B
CONNECTIONS CONNMECTIONS
L]

ALl

BMFD AND :O3MFD CONDENSERS
MOUNTED UNDERNEZATH PANZL,

The resistor panel should be wired up as
shown in this diagram. Make sure the leads
are feft fong enough to connect into the set.

that a crystal pickup be used with this
amplifier, although the magnetic type can
be used. In this case it should be re-
membered that the output will be much
less.

P.A. EQUIPMENT.
AMPLIFIERS.

7" PERMAG SPEAKERS.

formers.

12" PERMAG SPEAKERS.

Complete with 600 ohm Line Trans-

Telegrams: FOXRADIO.

FOX & MacGILLYCUDDY LTI

WHOLESALE DISTRIBUTORS OF ALL RADIO & ELECTRICAL LINES.
METROPOLITAN DISTRIBUTORS OF

MULLARD.
*

SPECIAL LINES AVAILABLE FOR IMMEDIATE DELIVERY.

e A/C — D/C RECEIVERS.

5 Valve and 6 Valve Dual
Wave Universal Voltage 110/220/240 V.

will operate from either alternating or
direct current.

57 YORK STREET, SYDNEY

— G.P.O. BOX 2144 —

""Peerless’’

RADICLA — H.M.V.

— AIRZONE —

Telephone: BX2816
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The ability to read and wire direct from schematic diagrams is

the ""epen sesame’ to a wider radio knowledge.

This article

presents a brief outline of the method of reading such diagrams
and should prove interesting to the radio newcomer.

By definition it will be found. a schem-
atic circuit diagram is a graphical repre-
sentation, with the use of equivalent
symbols, of the electrical connections
comprising radio and electronic appara-
tus.

These schematic drawing can be re-
garded as the radio technician’s “short-
hand,” and whilst not providing data on
physical appearance or actual component
placing, do show the correct electrical
relationship of the various components.

As most readers are readily aware the
radio circuit (or “hookup,” to quote a
common term), may be illustrated either
by a pictorial wiring diagram or by the
use of appropriate symbols representing
the essential parts of that circuit.

Typical Example

An example of both of these methods is
clearly illustrated in the following dia-
gram. The pictorial wiring diagram,
figure 1 (a), is simply a representation of
the necessary parts in location and shown
properly connected by wires called
“leads.” In the example shown the dry
cell is the source of power, the switch
is the control unit, whilst the bulb sig-
nifies the source or device to be operated.
This is the type of drawing generally
used by a layman and as can be seen,
simply shows the apparatus as seen by the
eye.

CELL

Wiwrermpy/1’,

7

SWITCH

Fig. 1(a)—The pictorial type of wiring dia-
gram shows the physical form of the com-
ponents being used.

In the case of complex circuits it will be
readily apparent that this method of rep-
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resentation would be very cumbersome to
handle, and consequently a simplified
form by utilising graphic symbols is fre-
quently resorted to. In figure ] (b) the
same example previously mentioned is
shown using “schematic” symbols, and
this is the way a radio techhician would
indicate the same hookup.

e

T

Fig. 1(b)—By using “schematic” symbols,
the circuit in fig. 1 is considerably simplified,

L AMP)|

SWITCH

The resulting simplification is quite
obvious. Besides clearly showing the basic
operation of the circuit, it is consideraby
easier to draw. Although the symbol rep-
resenting some particular component does
not indicate its physical form, but merely
its function as a part of the circuit, this
point is relatively unimportant to the per-
son merely interested in critical analysis.

The value of being able to appraise cir-
cuit performance from studying a schem-
atic diagram cannot be over estimated,
and the only royal road to this end, is to
firstly memorise the symbols given in the
accompanying chart. Whilst the majority
of these symbols are self explanatory, the
following additional notes may be of
some assistance to the younger reader. In
many cases it will be noticed that more
than one symbol is used to designate a
single component—this is due to a lack
of standdrdisation in the past—and as a
result many manufacturers, etc., have
their own particular method of indicating
a specific component. However, if the
forms illustrated here are known and
understood, you should have no diffi-
culty in interpreting most circuits likely
to be encountered.

ANTENNA—both single AM types are
frequently used to designate the aerial
system of a receiver or transmitter. The

doublet form is merely a double repre-
sentation of the single form—whilst the
FM and television forms merely indicate
that a dipole system is used. The loop type
aerial is frequently shown with an ad-
ditional winding to indicate that it can
be used with an outdoor aerial system,
the loop then merely actihg as an aerial
coil.

CAPACITORS—nowadays in radio, all
capacitor symbols are made with one
curved electrode, and this represents the:
side connected to earth. This is identical
with the outside foil of a capacitor and
marked “connect to ground,” and the
negative electrode of the electrolytic type
capacitors. In some cases the alternative
symbol is shown as two parallel straight
lines.

In the case of variable condensers, such
as main tuning condensers, trimmers, ete.,.
the curved section is fitted with an arrow
head as shown. If a trimmer, then the
letter T appears alongside to show the
difference.

CHOKE AND COILS—these are of two:
fundamental types—those having an air
core and those using a powdered iron core,
or wound on an iron core or laminations.
Representative forms of core materials.
are shown and these are used in con-
junction with the appropriate coil symbol
to indicate a particular coil function.

LEADS—all connections are indicated
by an easily seen dot at the junction of
the wires, whilst a small semi-circle is
frequently used for a cross over. In some
cases the blob or dot is used to indicate
the connection, and the cross over merely
being indicated by the lack of this dot.

Binding posts and terminals are usually
shown by a small circle at the termination
of the lead, with the appropriate label
attached.

RESISTORS—the conventional symbol
for a fixed resistor is a series of short
zig-zags. Where this is a variable quantity,
such as in the case of a volume control an
arrowhead is used as shown.

TRANSFORMERS-—-most of the forms
are self explanatory and a little thought
will soon indicate the application.
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Turning the volume control in a clock-
wise direction should produce a faint
click or pop and then a rushing noise in
the phones.

is oscillating.

Tune

any

control
and providing

are

difficulty in hearing the local stations.

Should the valve refuse to oscillate,
check up on the reaction winding connec-

tions.

set.

If these are reversed it will almost
certainly prevent the operation of the ToPme
When listening on the short waves o PIN O <

This will indicate the valve

the  band,
necessary adjustment to
the set
all your
should

across making

reaction
to  keep oscillating,
connections

have no

correct  you

REACTION wINDING

don’t forget to use a good aerial system
at least 50 feet long and as high as pos-

sible, together with an earth. Remember
these stations are not on at all hours of

the day, so check up with the Short Wave

notes as to the best listening times.
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Figure 5—Follow these diog

SHORT WAYVE COIL

when windi your coils. Ensure the
adhered to otherwise inefficient operation will result.
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How “Go PBecome
A Radio

(prerimenter

For Beginners

radio hobbyists,
thrill of logging near and distant radio stations on a

Radio students and experience the
radio set built entirely by yaurself. Build your very
first set from the Electronic Parts 1-valve kit-set de-
signed specially for those starting experimental work.
It is battery operated and designed for both Broadcast
and Short-wave reception. Full details of coil winding,
how to mount the parts, method of wiring, etc., given
with every kit. Furthermore, this set uses a standard
4-valve chassis, 2 gang condenser, and modern dial
which can be used in bigger circuits if you wish to
build them later on. It comes to you complete with
valve, all material necessary to build the set and wire
the coils, headphones, batteries, and everything right
down to the last nut and bolt, for the exceedingly

low price of .£6/18/-. Postage extra.

Write for price list of afl types of kit-sets.
Free to you from:

ELECTRONIC PARTS PTY. LTD.,
E.S. & A. Bank Building,
BROADWAY, N.S.W.

‘PHONE: MA 1661.
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nection and the plate connection are
pyramided on each other and graduated
in size to form a structure which is par-
ticularly adapted for the attachment of
concentric lines or other cavity resonator
circuits of the grid separation type. The
disc seals are made with a special glass
specifically developed for these tubes,
which has a low loss in the microwave
range.

special Cathode

The cathode construction is particularly
unique—the flat surface permitting very
close spacing. This type of construction
maintains the concentric parallel plane
feature throughout the electrode struc-
ture.

Figure 4—Cross section drawing of a typicat

“lighthouse” tube showing relative position
of elements.

The grid is a woven mesh of .002” tung-
sten wire on .010” centres and this is
brazed to a cup. The fabricated grid is
telescoped into a cathode evaporation
shield and welded in place.

The plate is a single steel part mach-
ined from solid stock and silver plated.
This one piece includes the current col-
Jecting surface, the flange for making the
glass seal and the external anode con-
nection.

All external parts are silver plated to
provide minimum r-f loss, good circuit
contacts and excellent protection from
corrosion. The base is a standard octal,
six pin base which permits all d-c con-
nections through a standard octal socket.
The r-f connections are most conveniently
provided by spring fingers or split fer-
rules which are in turn attached rigidly
to the external circuit.

TECHNICAL DATA
2c40

The 2C40 is intended for use as an r-f amplifier, converter, or local

oscillator in a receiver.

Class A Radio-frequency Amplifier
Grid Separation Circuit
D-c Plate Voltage
Cathode Bias Resistor
D-c Plate Current
Plate Dissipation
Power Gain (small signals)
Frequency

TYPICAL OPERATING CONDITIONS

Typical Maximum

Operation Rating
...... 250 500 Volts
..... 200 Ohms
...... 17 25 Milliamperes
...... 6.5 Watts
...... 15 Decibel
...... 700 1200 Megacycles

Intended primarily as a local oscillator in the frequency range of 100-3370

megacycles.
CW Oscillator

D-c Plate Voltage
D-c Plate Current
Plate Dissipation
Plate Power Output
Frequency

... 230 500 Volts

e 20 25 Milliamperes
R 6.5 Watts

.... 0075 Watt

.... 3370 3370 Megacycles

2C43
The 2C43 is a triode similar to the 2C40 except with larger cathode area

and a higher average current rating.

It is used in transmitter and signal-

generator applications where relatively large signal levels are required.

CW Oscillator
D-c Plate Voltage ............
D-c Plate Current
Plate Dissipation ...
Cathode Current
Frequency ...................
Approximate Power Qutput

Power Oscillator—Plate-pulsed
Peak Anode Voltage

D-c Plate Current, average .........

Peak Plates Current

Average Cathode Current During Pulse

Plate Dissipation, average
Peak Power Output
Duty Cycle

Pulse Width . ...................

Frequency
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TYPICAL OPERATING CONDITIONS
Typical Operation

Maximum Ratings

Tubes Per Tube
470 500 Volts
38 40 Milliamperes
8.9 12 Watts
55 Milliamperes
350 1500 Megacycles
47 9 Watts
3000 3500 Volts
2.4 Milligmperes
t2.5 Amperes
4 Amperes
6.0 12.0 Watts
1300 Watts
0.001 0.006
1 10 Microsecond
2600 3370 Megacycles
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Four circuit applications suitable for use with an FM receiver.

tuning pattern disappears from

tal, or, in some cases, at a few volts nega-
tive with respect to the cathode.

The deflection electrodes effectively con-
trol the position of the electron beam on
the target due to the low electron velocity
in the region between the cathode and the
space charge grid. By increasing the nega-
tive voltage on the grid with respect to the
cathode the electrons are slowed down still
more and at the same time the sensitivity
of the deflection electrodes is further in-
creased.

Without this space charge grid the elec-
trons in the vicinity of the deflection elec-
trodes would move towards the target at
relatively high velocity with the result the
deflection sensitivity would be reduced.

By controlling the bias of the space
charge grid the target current and pattern
brightness can be effected. Six volts nega-
tive grid bias is sufficient to black out com-
pletely the pattern if the target voltage is
315 volts d-c or less.

The actual voltage used on the target
may be any value between 200 and 400
volts d-¢ and is usually in the region be-
tween 240 and 300 volts d-c. The higher
the target voltage, the brighter the pattern
will be, but on the other hand the deflec-
tion electrode sensitivity is decreased as
the target voltage is increased. For this
reason the target voltage should be kept as
low as is commensurate with adequate
pattern brightness.
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Figure 3 is widely used since
the screen when set is off tune.

Circuit Application

The sequence of patterns obtained as
the receiver is tuned through a signal is
shown in figure 6. Three different FM
tuning presentations are given in addition
to the AM tuning pattern. The following
description gives the circuit arrangements

suggested  to  obtain  such pattern
sequences.
Figure 1 shows the circuit for one

arrangement of the elements for FM tun-
ing. Here the grid and deflection elcc-
trodes I and 3 are tied to ground.” De-
flection electrode No. 2 is used as the in-
dicator for the discriminator voltage and
deflection electrode No. 1 is used as the
reference clement. The .05 capacitor in
conjunction with the 1.0 meg resistor pro-
vides a filter which keeps the audio volt-

-~ +B
rL 250 vOLTS d ¢
—
en-
| ~
N
ey o ave
VOLTAGE
A
3300 OHMS
FIG. 5 - AM TUNING CIRCUIT

recommended connections for an AM
tuning indicator.

The

age from appearing at deflection electrode
No. 2. The cathode resistor is necessary
to maintain adequate cathode bias and so
prevent current from flowing in the No.
2 deflection electrode circuit.

The circuit in figure 2 is similar to
figure 1 with the exception of the grid
connection. Here the grid connection is
returned directly to the cathode rather
than to the ground. When the grid is
returned to ground there is approxi-
mately 1.7 volts difference in potential he-
tween grid and cathode and somewhat im-
proved deflection electrode sensitiviiy.

wse st Syuelch Voltage

Perhaps the most desirable circuit for
FM tuning is shown in figure 3. 1In this
case all fluorescence disappears from the
screen while the recciver is being tuned
between stations. As the stations begin to
come into tune, normal fluorescence
appears and the patterns move in response
to the d-c voltage from the discriminator
output.

The target current is cut off by the
application of squelch voltage to the space
charge grid, about 6 volts negative d-c for
Off-Channel and zero for On-Tune.
The electrons in the vicinity of the
deflection electrodes between the grid and
cathode have lower velocity when the grid
is biassed near visual cut-off. Consequent-
ly the sensitivity of the discriminator
voltage presentation is greater than nor-
mal at the point where the screen just be-
gins to fluoresce as the signal is tuned in.

A circuit arrangement suitable for in-
dicating the difference between pattern
presentation On-Tune and Off-Channel,
where the squelch voltage is not available
in an FM receiver is shown in figure 4. In
this case deflection electrode No. 3 may be
connected to a tap on the grid resistor
of the first limiter tube to provide a maxi-
mum of about minus 20 volts d-c.

Figue 5 shows the connection recom-
mended for the AM system. Here all
three deflection electrodes are tied to-=
gether and connected to an AVC voltage.
Thus the pattern will become narrower as.
an AVC voltage increases or as correct
tuning of the AM signal is approached.
The tube is designed so that an AVC volt-
age of minus 20 volts d-c (corresponding,
to an exceptionally strong signal) will not
cause visual cut off of the pattern.
Technical information in this article has
been based on bulletins GE-ETBI{ and
ET-T207A4, supplied by courtesy of the

General Electric Co., US.A.
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