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Facsimile Transmission

Long regarded as the Cinderella of the radio industry, facsimile
transmission has at last come of age following successful demonstra-
tions in the U.S.A. of multiplexing—that is, simultaneous traflsmis-
sion of FM and facsimile signals. The decision to permit a commercial
service in the existing I'M channels has already resulted in several
leading newspaper organisations making rapid progress with their
plans to provide regular facsimile news sheets, thus augmenting the
scope of their ordinary newspapers.

Facsimile, which is now gaining public recognition, is a system
of transmitting pages of printed matter via line or radio waves. The
page of printed text and pictures to be transmitted is placed around
a revolving drum in a scanner. As this drum revolves, a small,
sharply focused lightspot scans the page, line by line, at the rate of
105 lines per inch, and the reflected light ray is picked up by a
photocell. In this manner the varying intensity of the reflected light
converts the graphic material into a fluctuating current. This current
is amplified and then used to modulate an FM carrier.

At the receiving end in the home, this signal is picked up by a
suitable FM receiver, and, after being changed back to an AM current,
is taken to the facsimile recorder. In this unit, a drum mechanism
pulls a roll of paper, sensitised and moistened to conduct current,
between two metal blades. The facsimile current is fed into one of
the blades, and then passed through the cohted paper to the second
blade. This process causes the paper to become blackened in propor-
tion to the amplitude of the current, being black where the current is
maximum, shades of grey where it is weaker, and white where no
current passes through. In this manner, a facsimile of the original
transmitted signal is built up at the receiver unit.

Under the present transmission standards, the fidelity of both
pictures and type reproduced is extremely high, resembling photo-
offset printing, and consequently are much better in quality than
usually seen in the average newspaper. The equipment produces copy
on a continuous strip of paper at the rate of 3.5 inches per minute,
and in a regular fifteeh-minute news broadcast will deliver four 8% x
11 inch pages of news and photographs.

At this stage it is somewhat premature to predict the full com-
mercial possibilities of this system, since one of the major factors for
its success must necessarily be the ready acceptance of the service by
the public. However, now that the initial services have been launched,
there is no doubt their progress will be closely watched by all broad-
casting interests. In view of the phenomenal public reaction to FM
and television, it seems logical to assume this new medium—“pub-
lishing via the airwaves’’-—could easily be the forerunner of another
revolution in radio broadcasting.
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Lightning Strokes Prefer Tall Structures

by E. BECK, (Westinghouse Electric Co.)

The lightning rod, oldest of electrical devices was in use almost a
couple of centuries before its principles were understood. Now not
only its action but also the mechanism of lightning—the birth, growth
and decline of a lightning stroke—can be set for the in the simplest
terms. The requirements of a good lightning shield and the extent
of protection it provides can be rather exactly predicted.

The lightning rod, oldest of
electric devices was in use almost
a couple of centuries before its
principles were understood. Now
not only its action but also the
mechanism of lightning—the birth,
growth, and decline of a lightning
stroke—can be set forth in the
simplest terms. The requirements
of a good lightning shield and the
extent of protection it provides
can be rath4r exactly predicted.

The attraction for lightning
possessed by tall structures that
extend above their surroundings is
well known. In fact it was ob-
served more than two thousand
years ago. That smaller objects
within a certain volume adjacent
to such a structure are unlikely
to be struck is also well known,
The protection of one object by
another has become known as
shielding. What is the explana-
tion of this phenomenon and over
what region will a shielding
structure protect?

Figure 1. A lightning discharge in ‘‘slow mo.tion." in (a) the
charge centres in the cloud are shown. The pilot streamer and
stepped leader start earthward. The outward branching of
streamers lowers the charge into the space beneath the cloud.
In (b) the process begun in (a) is almost completed and the
pilot streamer is about to strike the earth. The heavy return
streamer is indicated in (c), the negatively charged space be-
neath the cloud now being discharged to earth. One charged
cloud centre is fully discharged in (d) and streamers between
charged centres within the cloud start to develop. As the cloud
charge centres neutralise in (e) a dart leader is propagated

General Explanation

The explanation is made mani-
fest by th eaccepted theory of
the formation of a lightning stroke
between cloud and earth®. As a
result of certain processes that
occur during thunderstorms, elec-
tric charges are accumulated in
clouds or parts of clouds. These
charges have their counterparts in
equal and opposite charges in the
earth beneath.

As the charges grow, the poten-
tial between cloud and earth in-

creases. This potential is not
distributed uniformly. In the
formation of trokes to open

country or to moderately high
objects of, say, 60O fegt or less,
the potential gradient is most
intense in the vicinity of the
charged volume in the cloud. When
the gradient, which is expressed
in volts per centimeter or inch
exceeds the dielectric strength of

P

to ground along the original channel. Finally in (f) a return

streamer is created, discharging to earth the negatively charged
space under the cloud, completing the stroke.

4
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the short length of air across
which it appears, the intervening
air breaks down and a streamer
starts from the cloud toward the
earth.

This streamer, or pilot leader as
it is sometimes called, carries a
charge with it. Thus the potential
gradient ahead of its tip is high
and further breakdown of the air
ahead of it occurs. The leader
proceeds towards the earth in
jerks, at the same time charging
the embryo stroke channel.

Streamer Current

The current in the streamer is
not high, probably below a
hundred amperes. Its average
velocity of propagation is rela-
tively slow, about one half a foot
per microsecond, i.e., a hundred
miles per second. (The velocity
of propagation of electricity in a
wire is almost one thousand feet
per microgsecond). From a cloud

tb)
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two thousand feet above the earth
the streamer reaches the earth in
400 microseconds or four thous-
andths of a second, the equivalent
of one-quarter cycle of 60-cycle
current.

When the tip of the leader comes
close to the earth the electric
field becomes intense and even-
tually a short upward streamer
rises from the earth to meet the
descending pilet leader. As they
meet, contact is finally made with
the earth, or some object con-
nected with the earth.

Establishment of this contact is
like closing a switch between the
two opposite charges, one charge
residing partly in the stroke
channel and partly still in the
cloud, and the other charge in the
earth. It is now that the high
currents associated with lightning
flow. A high impulse current first
flows to neutralise the charge in
the stroke channel. This may
then turn into a moderate current
of longer duration than the first
peak tS exhaust whatever charge
remains in the cloud. The pro-
cess of stroke formation is illus-
trated stepwise in Fig. 1 and a
generalised curve of stroke current
in Fig. 3.

As the potential in the charge
centre, from which the stroke
started, falls, other adjacent
charge centres in the same cloud
may discharge into it and down
the same channel, thereby pro-
ducing successivve current peaks.
Such strokes are called muitipie
or repetitive strokes. They occur
frequently, and sometimes the
rapidly repeating flashes can be
seen with the unaided eye.

Safe_Region ,
Consideration of the formation
of lightning strokes makes it ap-
parent why tall projections from
the earth’s surface are struck
more often and why there is,
around such a projection, a region
seldom struck. In Fig. 2 (a) is
shown a pilot leader approaching
the earth at some distance from
a high conducting projection, such

(c) B (@

@

Figure 2. The effect of a mast on a lightning stroke. In (a) the stroke
leader is sufficient distance from the mast to be unaffected by it, whereas in
(b) the leader approaches the top of the mast. A strong field appears
between the mast and leader, causing the top of the leader to be drawn to
the mast, in (¢). In (d) appears the shielded area. Strokes always terminate

either in the mast or outside this area.

as a tower. The leader is not
cognisant of the tower, and con-
tacts the ground. Fig. 2 (b), the
leader’s path is close enough to the
top of the tower that the electric
field between the tower and the
leader’s tip becomes sufficiently
intense to draw a streamer from
the tower toward the leader. Con-
tact is made as in Fig. 2 (¢) and
the stroke current passes through
the tower. In this wise the tall
tower draws to itself leaders that
without the tower would have
gone to earth in its vicinity.

It is now also apparent that
because of the attraction of the
tower for leaders that pass within
its reach, there is a region, Fig 2
(d) surrounding the tower where
strokes are highly improbable.
Either a leader contacts the
ground at some distance from the
tower or approaches sufficiently
close to the tower to contact it.

Strictly speaking, an object is
not protected absolutely from all
strokes unless it is surrounded by
a conducting and grounded shield.
However, the probability of an
object being struck can be reduced
to a small figure by proper ar-
rangement of masts, rods, or
wires. A shield configuration is
considered good if it will allow
only one stroke in a thousand to
reach the protected object.

SN T e + (ﬂ; 2 2 4 s 4 ¢

This is called 0.1 per cent ex-
posure. Roughly speaking, for a
single mast or rod, the exposure
is 0.1 pér cent within a cone whose
apex is at the top of the mast and
whose surface makes an angle of
30 degress with the vertical. As
a rule of thumb the cone of pro-
tection has a base whosé diameter
is equal to the height of the mast,

The exact exposure for a given
configuration depends on several
factors, such as the height of the
cloud above the earth, the height
of the shielding mast or rod, and
probably on the charge at the tip
of the leader., The parameters of
various degrees of protection have
been established by theory, ob-
servation, and laboratory tests on
models.?

Isokeraunic Maps

As a result of measurements and
observations of lightning strokes,
it is possible to make estimates
of the probabilities of objects
being struck, the figures given
later being averages over several
years. Actually they will vary
from year to year. They may be
affected considerably by local con-
ditions. They are based on a storm
frequency or isokeraunic level of
30 thunderstorma days per year.
The isokeraunic level varies
throughout the country.

$ 4 & & 4
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Figure 3. In general lightning-stroke
current rises to a maximum in from
1 to 10 microseconds, declines to a
half value in times between 10 and
700 microseconds, and has a total life
of a few thousand micro-seconds.

Isokeraunic maps have been
published by the U.S. Weather
Bureau. !, * These maps average,
over a consgiderable period of
years, the observed number of
days on which thunder was noted.
Although they do not give direct
information on the number of
severity of strokes that occur,
they are useful in estimating the
probabilities of objects being
struck, because it may be assumed
that these probabilities vary with
the isokeraunic level.

The frequency with which iso-
lated masts or towers are struck
varies directly with their height
above ground or surrounding ob-
jects, up to heights of about 600
feets, Above that height
the probabilities increase faster,
because, in the case of a very high
structure, the field at its tip
becomes so intense as the charge
in the cloud and the earth are
built up that the pilot streamer
starts upward from the structure
instead of downward from the
clond. This promotes strokes to
such high structures even more
actively.

Masts up to about 600 feet in
height, in an isokeraunic level of
30, are likely to be struck once a
year for every 275 feet of height.
Thus, an isolated mast or chimney
150 feet high, located in level
terrain in the region where the
level is 30, is likely to be struck
about once in two years. If located
where the isokeraunic level is
about 80, it would probably be
struck about one and a half times
per year or three times in two
years.

Some estimate, also, can be
made of the probable frequency
with which buildings of known
roof area and elevation may be
struck, assuming they are located
in level terrain and isolated from
structures of comparable or
greater height, although the data
available is not as definite as for
masts. By weighing the data for

6

masts, the statistical data on
strokes to transmission systems or
overhead ground wires, and the
probabilities of Strokes to open
country, it seems reasonable to
conclude that a building 100 feet
square and 30 feet high will be
struck on the average of about
once in 10 or 15 years. With in
certain limits, the chances of being
struck vary with its height but not
in the same ratio as its area.

For example, a tall building is
considered as a mast. Thus a build-
ing 200 by 100 feet and 60 feet
high may be struck four times as
often or once in two and a half to
four years. It should be remem-
bered that nearby structures or
adjacent hills may reduce the
exposure. On the other hand, a
building on a hill top or a hillside
may have an increased exposure.

Protection Requirements

As the familiar lightning rod
amply demonstrates, buildings can
be shielded from lightning. To
protect a Dbuilding effectively,
three requirements must be met.
The shield must be so placed as to
intercept strokes; the shield must
be a good conductor connected to
earth and adequately insulated
from conducting bodies that are
to be protected; and the termina-
tion of the conductor in the earth
must make good contact with the
earth.

Considering these requirements,
not all buildings need additional
protection. Whether or not they
do depends on the construction.
An all-metal building or one with
a well-grounded, substantial metal
roof is not damaged if struck, be-
cause the lightning current has a
good conducting path to ground.

Tall, steelreinforced buildings
are struck frequently without the
occupants being aware of it, except
perhaps for the crash of the
thunder. Such a building or any
substantial metal enclosure, for
example, an automobile, is a safe
refuge during a thunderstorm
when it is separated from ground
by only the distance between the
tire rim and earth.

A wood or masonry building,
however, may be damaged if
struck by lightning, and protection
is necessary if damage is to be
prevented. In the case of a wood
or masonry building with a metal
roof, the owner should avoid the
mistake made by the farmer who
equipped his barn with a copper
roof but failed to ground it. The
outcome of this was unpleasant.

Power-station or substation

with man-made

A demonstration Y
lightning shows that an automobile
is a safe refuge in a storm. Note the
arc from metal tyre rim to ground.

structures, although often of steel,
are .frequently provided with
direct-stroke protection. This is.
not done to protect the structure,
but to avoid risk of severe direct
strokes into the line conductors
adjacent to the apparatus in the
station.

For any particular building, the
probabilities of being struck may
be low, but considering a number
of buildings, such as several sub-
gtations on a power system or a
group of farm buildings, the
chances that some building may
be struck is appreciable. Whether
to shield or not is usually a ques-
tion of economics and sometimes
of sentiment. It may be con-
sidered more economical to run
the risk to human or animal life
may make protection mandatory,
or the sentimental attachment to
such things as old trees or build-
ings may make it desirable.

Methods of Shielding

Buildings can be shielded in
various ways. Suppose, for ex-
ample, a building 100 feet square
and 30 feet high, with a probability

’
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Figure 5. Lightning stroke to a tree
(a) and the equivalent circuit, and a
stroke to a house (b).
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Figure 6. A horizontal conductor, sup-
ported above earth on poles, gives
a zone of protection against lightning.

of receiving a direct stroke once
every 10 years. Based on the data
given in reference No. 2, exposure
of 0.1 per cent for the building
can be obtained with a single mast
in the centre ‘of the roof, project-
ing 55 feet above the roof. The
mast rising 85 feet above ground,
may be struck 0.31 times a year
or once every three years, but the
building itself would be struck
only once in 3200 years. Other
configurations can be used to ob-
tain the same exposure, such as a
greater number of short masts or
rods properly disposed around the
building, or one or more horizontal
overhead grounded wires.,

There 1is evidence that the
shielded area between two masts
or rods is greater than the sum
of the shielded area of each.*
‘Walter concludes that two masts
of equal height may be separated
by a distance equal to five times
the height of one of the masts and
still provide effective shielding in
the band between them. The
Wagner, McCann, and Lear data
indicates that even wider spacings
give effective protection under
certain conditions of heights of
shield and shielded objects. The
increase in shielding afforded by
several masts, or rods, is consider-
able and possibly has not been
realised generally.

The conducting connection of
the shield to the earth must be
good, to prevent secondary
flashes from the struck shield
because of voltage drops produced
by impedance to the lighting cur-
rent. Suppose the tall structure
in question is a poorly conducting
masonry chimney or a tree, as in
Fig 5 (a). The, tree attacks the
pilot leader; it is a good lightning
interceptor but an unreliable
shield.

When the tree is struck, lightn-
ing current flows in a high
resistance, as indicated in the
equivalent circuit. If the lightning
current is large, high voltages
occur. Hence a man standing

RADIO SCIENCE, Sept.-Oct., 1949

under the tree may be the reeipi-
ent of a side flash. For this
reason, trees, particularly isolated
ones, are dangerous things under
which to take shelter during a
thunderstorm .

The same applies to masonry
chimneys not provided with well-
grounded lightning rods. Under a
chimney, one not only runs the
risk of being a spark terminal but
also of being struck by falling
bricks knocked loose by the effects
of the energy produced in accord-
ance with Ohm’s Law. Like most
tall chimneys, valuable trees are
protected by wires run up the
trunks to provide a good conduct-
ing path should the tree be struck.

(Continued on page 37

K=Coupling Factor
V=V -Vy=Vy -K)

iRc iRc

Figure 7. The overhead ground wire
and its equivalent circuit. It indicates
the effect of ground resistance, volt-
age in line wire produced by coupling,
potentlal between line and ground
wires, posslblllties of flashovers, and
means of increasing clearance to avoid
flashovers.
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A TECHNICAL SURVEY OF LATEST OVERSEAS DEVELOPMENTS -
ELECTRONIC CONVYERTER FOR PIANO

to produce the five tones, each an
octave apart.

If a tube or one of its associated
parts should fail, the indication is
a drop in pitch of the note con-
cerned, All the lower octavely re-
lated notes will aiso be out of tune.

As the slave multi-vibrators are
capacitively coupled and driven,
any change in the tuning of the
master oscillator, by movivng the

Novel musical arrangements are now made possible by an electronic
converter that attaches to a piano so that it becomes three instru-
ments; a piano, an organ, or a piano-organ combination.

brator, which in turn drives the
second, and so on, down.the line,

The conversion of the piamno is
accomplished by clamping a key
switch frame across the keyboard

so that the plungers make contact :
to the keys. Operation of the keys swn"cflesH Rt&lgsml_._{ &%Q&H sTor HM
in the normal piano technique then
actuate the switches to close the
appropriate circuits of organ tone
generators connected to an audio
amplifier and loudspeaker system i e L, e TO KEY SWITCHES
in an adjacent cabinet.
"Cascade Generators SR
The sources of all tones are (O ERCGMERVED /
twelve cascade generators. The 265V J=000|R-2 °2°'°°°==0,oo?o'ooago.600 70
circuit of one o_f thesg is shown in 150V _$100000 150 v $100.000 150v3100,000
the accompanying diagram. Each 2oV Y= { ! =l
cascade has five stages of 12AX7 100000 $22000 ' /F 37250 $000000 25003 0008
twin triodes, and supplies the tones - 0005 ) el el LaWek
for the octavely related notes over ov | | 090 . o =
the range of the instrument (for ;2; AL Doo AL M AND 5
example the C cascade supplies all o (>
the C tones and the C# cascade all 3
the Ci tones. There is one output i 128X g Ctl SR4[R8XT| RS R6 [i28X7| R7 R-8 Hi2AX7| RO
from each stage of cascades, thus n
providing a tone coverage of 60 4700
notes extending through C1, 65 i | - A i1 l (—L 4 4
cycles, through B5, 1976 cycles. < R-~1=220,000 FOR CC¥DD*
On each cascade the 12AX7 twin | 2120900 FoR &rane s
triode nearest the tuning coil is 4700 conTROL PANEL 24H | R:2= 330,000 FOR CC#DD*
both the master oscillator and a ABOOO'EE'" . i 2R 2000 FoR Gonate
reactance tube. The master oscil- e 22000120 | 27000 © | suireres RS ES SEOR e e
lator triode is an inductively tuned ol gl 05:), : WB ¥ “TSNES FOR crance
electron-coupled oscillator having | 92933 -—§~ 2i7 132 oQ0 } } R-a-R-1i- 820000 F0R CC70
a sawtooth output waveform. claplapim el en ™ 11 et 32 10.000 FORF = GGMATB
The other triode is a reactance 7150000390000 | weavy uonT Lower weper O I@033 FORGEID L e
tubi across the master oscillator’ PFRINCi:AL :OR‘:\I sFr'nu:{o B SRy RO VAT
tank circuit. Bach master oscillator -
is the highest frequency generator R e v ggg:gggn : g oA\?rD;;%rq,@ o
on its cascade, and its output is &1~ J 220000. | 227000 OIS, 6v6 G +265Vr—
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:

oscillating at one half the frequen-
cy of the one driving it. The master
oscillator drives the first multivi-

8

Circuit of multvibrator tone ge cerators, audio amplifier, control panel and
vibrato oscillator of the electronic piano-to organ converter. The block diagram

shows the sequences of functions.
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tuning coil core, will also tune the
multivibrators directly. The re-
. actance triode grid is driven by the
output of the vibrato oscillator to
frequency modulate the master os-
cillator, to produce vibrato.

Except for slight differemces in
the values of some of the compon-
ents, all twelve cascades are
similar.

Control Panel

The control panel that clamps to
the front of the piano contains the
register, vibrato, and tone quality
gelector switches. It also contains
the tone-control components and
the expression control.

The register selector switches
gelect either the bottom register,
C1 through C, or the upper register
C3 through B5, by connecting col-
lector bars on the key switches to
the tone-quality selector switches.

Following the register selector,
switches, the notes played pass
through the tone selectors, namely
principal, horn, and string. From
the tone selectors the notes played
go to the amplifier input.

The principal tone is obtained by
means of an RC filter comprised of
an 18,000 ohin resistor and a .05
mfd capacitor, which attenuate the
higher-frequency components of the
generated sawtooth waveform.

The horn tcne is obtained by
passing the generated signal
through an LC filter. The filter con-
sists of a 24 henry coil and a .003
mfd capacitor and is peaked at ap-
proximately 600 cycles. The horn
is augmented by borrowing from
some of the principal tone through
a 560,000 and 220,000 ohm resistor.

The string tone is obtained by
passing the signal through a very
small capacitor shunted by a high
registance. The f string is produced

The key switch frame fits across the
plano keyboard and is held in place
by expanding clamps. It contains a
bank of 60 contact switches operated
by plungers that contact the white
and the black keys. (1) Mounted In
front of the keyboard is the control

panel (2) containing selector stops
and knee-operated expression control._
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Tone generators and audio amplifier
of the Organ are connected to the
control elements of the piano by a
multiwire cable.

by using a 50-mmfd capacitor and
1 megohm resistor. the p string
uses a 20-mmfd capacitor and a
2 megohm resistor.

8-watt Amplifier

The 8 watt audio amplifier is
conventional, using a master vol-
ume control after the preamplifier
stage and an expression control
after the cathode follower.

The vibrato switches select
either heavy or light vibrato. The
vibrato oscillator is a 6SL7 twin
triode, one triode of which is a
phase shift oscillator. Its frequen-
¢y is determined by the three
220,000 ohm resistors and the three
0.05mfd capacitors in the grid cir-
cuit. The second triode is a buffer
amplifier between the vibrato os-
cillator triode and the reactance
tubes on the cascade generators.

—Courtesy Electronics.

Scientists "Tag"™ Atoms

Radioactivity is now being used
to trace the movement of atoms in
metals, according to a recent G-E
report. The atoms do a lot of
travelling between the grains that
make up a piece of metal, and
scientists have been “tagging” cer-
tain atoms with radioactivity to
find out how far and fast they
move.

In an experiment just completed
it was found that silver atoms
within a block of silver may move
between the grains as fast as 1/10
of an inch per week at 500 degrees
centigrade. However, atoms pass-
ing through rather than around the
grains take about 10,000 years to
move an inch, according to the
scientists.

Tube Weight Reduced

By adapting an idea used for
lightening warplane engines, radio
engineers have been able to cut
the weight of giant radio broad-
casting tubes by at least 509.

: The success of aluminium cool-
ing fins for aircraft engine cyfin-
ders suggested their tryout in the
radigtors of transmitting tubes. As
a result 25kw tubes using the lab-
oratory built aluminium radiators
only weigh 98 1bs as compared to
the conventional 225 lbs with the
copper radiators.

Aluminium tube radiators were
made feasible by an aluminium-to-
steel molecular bonding process,
developed after previous designs
I}ad failed because the fast oxidis-
ing rate of aluminium rendered 1ts
soldering directly to the copper
anode impractical.

Report on Projection TV.

Projection Television offers pro-
nounced advantages to the viewer
from the standpoint of visual
health, it is reported in the Journal
of the New York State Optometric
Association.

The Journal’s statement followed
a critical study of the Protelgram
projection system, manufactured
by North American Philips Com-
pany, by a group of the Associa-
tion’s  officers.

‘ “After studying images of vary-
ing sizes from several different re-
ceivers tuned to different degrees
of brightness, the optometrists
found the projection system par-
ticularly noteworthy from the
standpoints of ease and comfort
of viewing,” the Journal reported.

“Advantages noted for the larger,
more photographic images yielded
by projection were : Less eye-strain
because there is less need to strain
to see detail in the larger picture;
less need for accommodation for
close viewing, since the larger pie-
ture is naturally viewed and best
seen from a greater distance; and
the visual advantage of watching
a softer, reflected image of photo-
graphic quality upon an optically
correct screen, rather than lpok-
ing directly into the light source,
as is required with the direct view
system.”

-

No attempt was made to evalnate
Protelgram in comparison with
other projection systems, the Jour- .
nal emphasised. Sole purpose of
the optometrists’ study of the
system was to ascertain its effects
on the eyes of the viewers, in com-
parison with direct-view systems.
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DISTORTION —

OLUME EXPANSION

|

The dynamic range of recorded or broadcast music can be
materially increased by the correct use of a well-designed
volume expander. In this article, experimental data and circuit
values are detailed for two effective expander units and which

will introduce very little distortion.

During recent years an ever-increns-
ing interest has been shown in the
high-~quality reproduction of recorded
musie, as well as of radio broadcasts,
and this has led to the design of &
number of high-fidelity amplifiers.
Many and varied circults have been
used to achieve the desired tonal re-
sponse, as well as decrease the total
harmonic distortion, and now to re-
store the full dynamic range of the
recording, interest is being shown once
again in volume expander circuits.

Although many audio enthusiasts
look askance at the use of volume
expanders, usually going to great
lengths fo state their objections, in
practice it will be found that a con-
siderable improvement in the loudness
range can be made by the correct use
of a well-designed volume expander.

AAASAAR

Fig. 1—The basic expander circult with
typical circuit constants.
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In fact, it is now coming to be recog-
nised as a valuable addition to any
audio system for the reproduction of
recorded and broadcast music.

Increases Dynamic Range

The reason for its usefulness is due
to the compression that takes place
in broadcasting or recording, intro-
duced to hold the dynamic range
within the 1lmits determined by
various factors. This compression,
naturally, detracts from the vitality of
musiz, but the full dynamic range can
be restored by the use of an expander.
However, it should be borne in mind
that this does not necessarily mean
that the reproduction will be exactly
the same as the original, for the com-
pression is manual and consequently
does nct follow any mathematical law.
Furthermore, due to the nature of all
expansion systems, sharp transients,
like isolated drum beats, are not ex-
panded. In spite of these disadvan-
tages, comparison of the expanded
and unexpanded reproductions of a
phonograph record will convince al-
most anyone that expansion is indis-
pensable in the modern audio system.

In the past numerous circuits have
been devised to accomplish the desired
effect, but in most cases these have all
had the disadvantage that consider-
able distortivn is introduced into the
amplified signal. In particular, a very
well-known circuit, using 6L7, causes
severe distortion with an input level
of any reasonable magnitude. Many
other arrangements make use of
variable-mu pentodes connected in
various ways and similarly cause ap-
preciable distortion under some cir-
cumstances. Furthermore, there is
practically no published data regard-
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Fig. 2—Variation ef amplification factor

and plate resistance of the 6J5 with plate

current for the circuit of Fig. 1.

ing the gain, performance or circuit-
constant calculations of such expand-
ers, and the designer is forced to
locate IMtle-known tube characteris-
tics charts to estimate these factors
for himself.

In the first section of this article,
the experimental data and circuit
values for an effective volume expan-
der which introduces very little dis-
tortion is detailed, and this is followed
by the description of a simple three-
valve circuit which was described re-
cently iIn an overseas journal. Both of
these units are quite effective in
operation and should present Ilittle
difficulty to the home constructor.
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They can be built up on a small sep-
arate chassis, or, if there is sufficient
room, simply added to the amplifier
chassis where convenient.

Basic Design Data

In the circuit shown in Figure 1,
expansion is accomplished with a
triode by varying the amount of feed-

SUBSCRIBERS NOTE!

Owing to the late arrival of re-
cent issues of this magazine, due fo
circumstances beyond our control,
it has been necessary to date this
issue September-October in order
to regain our normal publishing
date. All subscriptions, therefore,
have been automatically increased
by one month, thus assuring all

ciple, the resistance of the 6SK7 is
made to vary with the signal so that
the gain of the stage varies in the de-
sired manner.

The first step in the design is to
determine the value of the grid bias
resistor for the 6J5 so that there is no
danger of positive grid swing. This is
done more or less by hit or miss; a
value of 1,000 ohms, sgspecified in
Figure 1, is quite conservative and
should serve most purposes. This re-

e ’ subscribers will receive the full sistor is bypassed with a suitable con-
15 A number of copies paid for in denser; the size shown provides for a
= advance. cut-off at 30 cycles per second.
g
z
gio = Plate Current Assumed
a
2 - back. The only consequential disad- .
; jcta vantage to the arrangement is that it We now .alsisume. a series of plate
G, A = attenuates rather than amplifies, and currents which, obviously, flow through
a \ -75 hencé requires an extra stage of am- both the 6J5 and tpe 6SK7 n series.
b plification. The performance of the The actual 6J5 grid biases may be
\‘\"-‘ circuit is easily calculable, however. calculated from the value of the bias
and this is of great assistance to the resistor and these assumed plate cur-
o 100 PLATEZ\?OOLTAGE 300 400 experimenter. 3 rents. With these grid biases. and

Fig. 3—Characteristic curves of the 68K7

with load line drawn as explained in the

text. Numbers on the curves are values

of control grid bias. Screen grid is at
100 volts.

The 6]5 triode has a load consisting
of the .018 meg resistor and the 6SK7
tube in series; the latter portion is
also in the input circuit and, as is well
known, acts degeneratively. In prin-

the plate currents, a szries of operat-
ing points can be located on the 6J5
plate characteristics chart. The plate
resistance and the amplification of
the tube must then be found at each
operating point.
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denote the amplification of the signal fed to the 68K7 grid.

The numbers on the curves

Figure 2 shows the results of these
calculations for the circuit shown in
Figure 1. The plate resistances were
found by sarithmetical differentiation
of the plate characteristics curves and
were rounded to correspond to the ex-
pected accuracy of the curves. The
load resistor was chosen so that its
resistance plus the minimum resis-
tance of the 6SK7 tube, found below,
is approximately as small as possible.
This requires a little more trial-and-
error calculation, but the value shown
in Figure 1 is approximately correct.
The resistance is actually not ex-
tremely critical.

The next step is to calculate the
performance of the 6SK7 tube. Once
the resistance of the 6J5 is known,
this presents no special difficulties.

Again, a series of plate currents—
the same as those above—is assumed,
and the corresponding 6SK7 load re-
sistances are found by adding the
plate resistance of the 6J5 to its load
resistance. Each load resistance rep-
resents a load line on the 6SK7 plate
characteristics chart that is, however,
valid only for the assumed plate cur-
rent. This means that we have a
series of points lying on the actual
load line of the 6SK7, which is itself
curved, as shown in Figure 3.
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We may now assume a series of
control grid biases on the 6SKT7 and
compute the plate resistance of this
tube in the same manner as we did
for the 6J5. The results of these cal-

culations are shown in Table 1. The
performance of the stage can now be
found. The voltage amplification is
given by the equation

vRL

VLA, —
(u + DRp +r1p + RL

where Ry is the triode load resistor,
u is the triode amplification factor,
Rp is the pentode plate resistance,
and rp the triode plate resistance, all
taken at some fixed plate current.

For the circuit of Figure 1, the re-
sults are plotted in Figure 1A as a
function of the bias on the 6SK7. If
it is found desirable to operate be-
tween —4.5 and —1.5 volts bias, there
would be about 34 decibels of expan-
sion available, far more than enough
for almost any purpose. The practical
limitation to the negative grid bias is
the allowable heater-cathode voltage
for the 6J5 which, if the heater supply
is grounded, is equal to the plate volt—
age on the 6SK7. This voltage is 75
when the grid bias is —4.5 volts,
which leaves a 15 volt margin of
safety.

Practical Circuit

A practical . circuit using this ex-
pander is shown in Figure 5. The
signal from the phonograph pickup,
assumed to average about 0.4 volt, is
fed through @ 6C4 with a gain of 12,
and into the grid of the expander 6J5.
The signal is also sent through another
6C4, rectified with a 1N34 rectifier,
and passed through a time-delay net-
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Fig. 5—Typical voltage amplifler circuit incorporating the expander,

13



o

Grid Bias. ... ... 0 -15 | -3.0 | —-45 | -60 | —15
{Plate Current (MA. i 8.80 850 8.10 6.50| 460 3.25
“Plate Voltage, V.. .. ... 22 | 225 38.0 75 115 | 155
L Plate Resistance (Ohms)| 1,000 3,000 44,000 | 200,000 | 400,000 ;3.000.000

Table 1—Plate Resistance of 6SK7 for various values of control grid bias.

work Into the grid of the 6SK7. The
rectifier 1s so connected that positive
Yias is delivered to the 6SK7, which
counteracts the 4.5 volts negative blas
already provided.

With the curve of Figure 4A, an idea
of the performance of the circuit of
Pigure 5 may be gained readily. This
ts done by assuming the expansion
control set so that the blas fed to the
88KT is, say, 0, 1, 3 and 6 times the
average signal level from the pickup.
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struction assured by the inbuilt acoustic
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sealing.

All crystals used in Sintercels are pro-
cessed with the ACOS protective coat-
ing to withstand the effects of humidity.

Price: £2/15/-
Write for all Technical Details
From All Radio Suppliers
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3640 PARRAMATTA ROAD,
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For the sake of simplicity it can also
be assumed that the signal is fed from
the pickup directly into the 6J5 grid,
or that the amplification of the upper
6C4 is 1.

If the results of such calculations
are plotted, the curves of Figure 4B
result. In an 1ideal expander the
curves would be straight lines. Figure
4B shows that the expander described
in this article is not far from ideal.

Use as Compressor

As a matter of interest, the circuit
can be reconnected as & compressor
by making the initial blas of the
6SK7 —~—1.5 volts and reversing the
connections to the 1N34 so that it
supplies negative blas to the 6SK7
grid. The curves in Figure 2C show,
however, that the performance of
such a compressor is likely to be tem-
peramental, and at its maximum set-
ting the loud passages would come
through a great deal softer than the
soft ones! While it might be curious
to hear such reproduction, it certainly
would serve no useful purpose.

In designing an amplifier incorpor-
ating the expander stage shown in
Pigure 1, its gain can be assumed as
0.085, which is the value with zero
expansion. A slight disadvantage of
the circuit is that the plate resistance
of the 6J5, viewed from the next
stage, is increased, as it always is
with constant-current feedback. The
expander should consequently be fol-
lowed by a pentode or low-mu triode
to minimise the harmful influence of
the Miller effect. On the other hand,
the input capacitance of the expander
trlode is reduced, so that it would not
be expected that the expander itself
would have any detrimental effect on
the high frequency demand of the
amplifier.

Three-Valve Circuit

The compressor-expander -circuite
shown in Figure 6, and described in a
recent issue of “Radio and Television
News” (U.S.A.), differ from the con-
ventional types in that the control
signal is applied to the screen grid of
a variable-mu pentode This has the
advantage thaf relatively low filtering
of the signal voltage is needed and the
fact that the expander circuit cannot
be overdriven by the contol voltage.
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Fig. 6—Diagram of three-tube volume expander (A) and a wide-range compressor (B).

The operation of either circuit is
effected by varying the plate resistance
of a low-mu triode, the plate of which
is connecied to the screen grid of the
variable-mu pentode. An appropriate
d-c voltage is applied to the grid of
the triode, changing its effective plate
resistance which, through a voltage
divider action, changes the screen
voltage of the pentode, conscquently
changing the transconductance.

Distortion introduced by this cir-
cuit is desirably low and consists al-
most entirely of second harmonic
distortion that can be eliminated
through using two pentodes in push-
pull if desired. For single-ended
operation, distortion is greatest at

. maximum compression, and measure-

ments showed that eight per cent.
second harmonic distortion could be
expected at a compression ratio of
20:1, with a one-half volt input to the

Index for Volume 1

In response to many requests,
an index of all the material which
appeared in RADIO SCIENCE,
Vol. 1, February to December, 1948,
is now available.

Printed on a good quality paper,
the price of this index is 6d., post
free, and can be obtained by writ-
ing to the Subscription Dept., Box
5047, G.P.O., Sydney. In view of
the limited number of copies
printed, we would suggest you
write off immediately for this copy
and avoid disappointment.
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grid of the 6SK7. Halving either the
compression or the input voltage will
halve the destortion. In practice, the
circuit functions smoothly from in-
audibllity to full power output.

Time Constants Important

The time constants of the com-
pressor expander circuits will generally
represent a compromise of several fac-
tors. If the time constants are small,
the switching action may be unpleas-
antly jerky. If the time constants are
large, a smooth switching results, but
sharp dynamic effects may suffer

In this system, a time delay of about
one-half second is used. On percus—
sive passagss this gives the effect of
two sets of Instruments, with one set
taking the first beat and the other set
finishing the passage. The principal
elements determining the time con-
stants of the circuit are the load re-
sistor and bypass condensor of the
6H6. Increasing the size of these
components will increase the declay
and decreasing the values will decrease
the delay. .

A two-megohm potentiometer might
be substituted for the fixed load re-
sistor to make a convenient means of
adjusting the time delay to various
types of music. It will be noticed that
the cathodss of the 6SK7 and the
6SN7 are fed from “B-}” through a
voltage divider. This is necessary to
provide good grid bias regulation. The
optimum grid bias for the 6SK7 ap-
pears to be about 15 volts, while the
screen grid voltage will vary from

twenty to two hundred volts dspend-
ing on the degree of expansion or
compression.

Method of Operation

In operation of the expander, the
expander voltage control is turned
down and the bias of the 6SK7 ad-
justed until no signal is heard. The
expander voltage control is then ad-
vanced until only the loud passages
come through the amplifier.

The compressor operation is guite
simjlar. With the compression control
off, adjust the bias on the 6SN7 untif
the volume decreases slightly, then ad-
vance the compression control until
the loud passages are redueed to in-
audibility. A certain amount of delay
in either system may be Introduced
by increasing the bias voltage. In both
the compressor and expander, care
should be taken that the input signai
to the grid of the 6SK7 does not ex-
ceed one volt, or disagreeable distor-
tion may result.

ANSWERS TO PROBLEMS ON
PAGE 38

1. (a) 2.000 volts.
(b) 900 ergs Approx.
2. 168 inches.
8. (a) 5 milli-coulombs.
(b) 625 wvolts.
(c) 3120 x 10,
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Whatever the part you want—

Always ask for — V E G A !

I.F. TRANSFORMERS & COILS

When purchasing your Components,
always look for and make sure that
YOUR choice bears this

Rl V[G"{m |

PRODUCTS “VEGA” Coils and I.F. Trans-

formers have been designed by
specialists to give (and maintain) the
highest practical working ‘Q’ for
standard requirements and, therefore,
optimum results. Also, where re-
quired, a ‘Q’ of 200, or more, may be
obtained.

4
Follow the lead gf many Brand Line
Manufacturers and specify “VEGA”
Coils and I.F. Transformers.

IF’s are Litz wire wound, and RANGE 'INCLUDES

proper use of Ferro-Magnetic Iron *
Dust Cores and Pots, specially de-
signed for the purpose, plus Poly=
styrene  insulation, makes each
“VEGA"” product—as the name sug-
gests—a very hright star of the first
magnitude.

ILF. TRANSFORMERS

(Standard and Miniature) All “VEGA” components are com-

pletely “tropic proof”’ and impervious
to climatic changes.

COILS—BROADCAST
(Standard and Miniature)

Therefore, insist on and demand
“VEGA” Radio Products for initial
equipment, home construction and re-
placement purposes.

* % %

Use “VEGA” components, as
recommended by the Technical

COILS—SHORT WAVE
6-18MC and 7-22 MC

COILS—REINARTZ

Try “VEGA” components yourself
and be convinced by results that you
will use “VEGA” Radio Products
1'*mately—so why not now!

* * *

Obtainable from All Distribu-

TUNING UNITS, etc. tors. If your regular supplier

cannot fulfil your requirements,

Editor, for best results.

S S

Cranch Products & Trading Co.
17 BOND STREET, SYDNEY

Phones: BU 3879, BW 7746. Telegrams: Cranlay, Sydney.

Associated with

TELECOMPONENTS PTY. LTD., SYDNEY

drop us a line direct.

MAIL THIS TO-DAY ... ...

Please place my name on your mailing list for
free issues of “Vega” Technical and Data Sheets.

9 /10R/S.
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Basic Electricity « Magnetism

After discussing practical capacitors and their method of construc-
tion, the author introduces the electric current concept.

PRACTICAL -capacitors consist
of two conductors separated by
either a single dielectric or two
or more dielectrics in combina-
tion. It is the material and
dimensions of the dielectric (or
dielectrics) used which deter-
mines the capacitance and suit-
ability of a capacitor for any
given service. Capacitors are
chosen or compared solely in
terms of the dielectric used in
their construction; the material
used for the conducting surfaces
is relatively unimportant.

It is well to recall the basic
capacitance equation,
C —— K’ A (where K/ — K/4r)

t
..... 111

This equation actually yields
the capacitance of a given volume
of dielectric material; capacitance

is the intrinsic property of a
dielectric which permits it to
store electro-static energy. Con-

ducting surfacos have no effect
on capacitance which are only
used to establish an electric field
in the dielectric. The conducting
surfaces may cause losses but
losses are not capacitance.

Capacitors are classified as
either fixed or variable. So called
“fixed” capacitors have a “fixed”
volume of dielectric which cannot
be readily altered by mechanical

NZNZN
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N
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Figure 10-1

Fig. 1. This diagram illustrates the
““sandwich’’ form of construction, such
as is found in small mica type capa-
citors.
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means. Since most dielectrics are
affected by age, by temperature
and by operational conditions it
is extremely difficult to obtain an
unvarying capacitance although
this is what the word “fixed”
seems to imply. In the case of
capacitors the word, *“fixed”
simply means that we cannot or
do not alter the capacitance
deliberately.

Construction of Fixed
Capacitors

Fixed capacitors are either of
the *“sandwich” form shown in
Fig. 11 - 1, or the “rolled” form
depicted in Fig. 11-2. In both
cases the aim is to cram as much
dielectric area into a small a
space as possible. Although re-
ducing the thickness of the di-
electric will increase the capaci-
tance there is a practical limit to
the degree to which the thickness
can be reduced; further, if the
dielectric is made too thin the
potential gradient is too high and
there is a risk of breakdown.

Figure 10-2.

By
A. L. THORRINGTON,
A.S.T.C.

The “rolled” type is cheaper to
make than the “sandwich” type.
On the other hand, losses in the
“sandwich” type are lower and
they are less likely fto fail in
gervice. In addition, the capaci-
tance of the ‘“sandwich” type is
higher per unit volume, and it
can be electrically stressed to a
greater degree than its rolled
prototype.

Wax or oil impregnated paper,
mica, or air are generally used as
the dielectric in fixed capacitors,
although oil dielectrics are used
for high voltage service. Chlorin-
ated diphenyl is used extensively;
it is non-inflammable and has
other desirable properties.

Fig. 2. The ‘“rolied”’ construction as
found in the familiar “Tubular” type
capacitor.

Paper is relatively inexpensive
and, when impregnated, has a
relatively high dielectric constant
and moderate dielectric strength.
Against this, it is a source of loss,
especially at radio frequencies,
and it undergoes an aging process
in service which lowers its di-
electric strength, and breakdown
of paper dielectrics is a factor
that must always be considered.
Paper dielectrics should never be
used in networks wherein a
failure is liable to cause extensive
damage; neither should paper
dielectrics be subjected to high
and/or transient potential differ-
ences.

Mica dielectrics are character-
ized by low loss, long life, and
high dielectric strength. They are
relatively expensive because all
mica has to be examined for flaws
and because assembly costs are
high.

Air dielectric has negligible
loss, never ages, but has a low
dielectric constant and dielectric
strength. Capacitors using an air
dielectric are bulky and are not
suitable for high voltage service.

Electrolytic Capacitors

If two aluminium plates are
immersed in a solution of ammon-
ium borate or sodium phosphate
and a continuous current is estab-
lished between them a thin film
of aluminium oxide forms on the
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positive plate or anode and which
gradually insulates this plate
from the solution. The thickness
of the film depends on the poten-
tial difference between the plates;
high potentials produce thick
films. The small thickness of the
film ensures a relatively high
capacitance between the anode
and the solution, so that very high
values of capacitance are obtain-
able in a fraction of the volume
required by paper dielectric

', capacitors.

L.osses are high in electrolytic
capacitors and they cannot be
nsed across alternating current
circuits because a reversal of
current in the solution breaks
down the insulating film . Their
use is limited to d.c. networks
wherein high losses are of little
consequence.

So called ‘“dry” electrolytic
capacitors contain a paste instead
of a liguid. Such capacitors have
been developed to such a degree
that a capacitance as high as
6000 mfd. is contained in a volume

IN THE NEXT ISSUE . ..

CAN the wave and particle
characteristics of an electron be
correlated? Can the approxi-
mate velocity of electric charges
in motion be calculated? Do
Newton’s laws of Motion invali-
date modern theories of the
electrical transmission of
energy?

These questions are answered
in the next article of this series
which _analyses .the .Physical
Significance. of. an. Electric
Current.

Reserve Your Copy of
Radio Science Today !

the liquid or ‘dry” electrolytic
types is limited because both
types ‘“dry out” in time and must
be replaccd.

Variable Capacitors

Since the introduction of vari-
able capacitors many ingenious
methods have been used to alter

the conducting surfaces but the
only ones in common use today
are .the .rotary . type .shown .in
Figure 11 - 3, and the book or
compression type shown in Figure
11-4. In the rotary type one set
of moving vanes are arranged so

that they inter-leave a set of
stator vanes. Air is the principal
dielectric.  Suitable shaping of

the rotor plates allows the capaci-
tance to be varied at different
rates as the rotor is turned and
this is an advantage in cases
where the capacitor is used for
“tuning” purposes.

Losses in the rotary type are
low but some loss must occur in
the solid dielectric used to jn-
sulate the rotary and fixed vanes.
The better grade capacitors re-
duce these losses to a minimum
by using a dielectric with an in-
herent low loss and by placing it
at zones where the electric field
has a low potential gradient.

The capacitance of a book type
capacitor is varied by turning a
screw. This compression changes

of only 100 cu. in. Life of either the amount of dielectric between the amount of air dielectric in

Specially designed for

SPEECH!

An ideal microphone for public address: office and factory call systems;
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crackle. ¢ Supplied with 9 feet of cord.
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e
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Figure 10-3.

Fig. 3. The rotor type capacitor which
is used for tuning a receiver, compris-
es a set of flxed and moveable plates
with air as the dielectric.

geries with the mica dielectric
thus changing the capacitance.
Losses in the book type are higher
than those in the air type, unless
the former uses air solely as a
dielectric. When air is used solely,
the unit is more bulky for a given
capacitance than one using air
and mica.

Our discussion about practical
capacitors has necessarily been
brief because we have not as yet
. considered those phases of elec-
trical phenomena encountered in
practice. We will often refer to
this fundamental data as we learn
more about dynamic electricity.
Meantime it is both futile and
illogical to discuss losses and
efficiencies until such times as we
have information about the agent
producing the losses.

The list following gives the
dielectric constant, the dielectric
strength and the resistivity of the
common non-conductors used in
practice.

Dynamic Electricity

Electro-static phenomena is pro-
duced by electric charges at
rest; electro-dynamic phenomena
is produced by charges in motion.
In the same way as a body in

motion produces effects entirely
different to those which it pro-
duces when at rest, so moving
electric charges reveal inherent
properties that are not apparent
when they are still.

For instance, we know that all
matter has inertia, but we wouldn’t
know this if it were not possible
to start it moving. Matter in
motion gives us different fprob-
lems to those which exist when it
is at rest. Mathematical treat-
ment of matter in motion differs
from the way we treat it when it is
stationary and involves new con-
cepts as to the nature of matter.
Our overall concept of substance
must be broad enough to include
matter in all states.

Similarly, electric charges in
motion create phenomena which
we can only explain and treat
mathematically by endowing elec-
tric charges with additional pro-
perties. .Some of these properties
are real in the sense that the
inertial property of matter is
real: other properties are either
not real because they have not
been experimentally proven to
exist or they are pure mathe-
matical abstractions used only for
the purpose of expressing the
phenomena of dynamic electricity
mathematically.

The Electric Current Concept

When two, bodies at differing
potentials are electrically con-
nected there is a general move-
ment of charge from the body at
the higher potential to the one at
the lower potential. We refer,
rather loosely we confess, to the
flow of charge between the bodies.

The word, flow, inspired by the
original notion that electricity
was some sort of fluid, has per-
sisted until this day and is never
likely to be discarded. Its use
promotes much error and con-
fusion because “flow” in the elec-
trical sense differs entirely from
the meaning it has when used to

Dielectric Resistivity Dielectric
Material Strength Megohms/ Constant

k.v./m.m. cm. cu.
Asbestos .......... 3.4.5 1.6 x 105 —_
3akelite .......... 20.25 5-6
Cotton ............ 3-4 108 upwards —
Ebonite ............ 10-40 2-—100 x 108 2-3
Glass ....c...... .0 5-12 5 X 108 to inf. 3-8
India Rubber ...... 10-25 2—10 x 108 2.3
Ml B et e 40-150 5« 100 X 108 3-8
Paper .............. 4-10 As cotton 2
Porcelain .......... 9-20 100 x 10¢ 4.7
Shellac  ............ 5-20 9 x 108 3-4
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Figure 10-4.

Fig. 4. The construction of the com-
pression type capacitor is shown in
this drav. o,

describe physical phenomena. The
electrical meaning of flow will be
apparent as we analyse the elec-
tric cuwrrent concept. At this
juncture it would be unwise to
use some other term so we will
use it with the intention of
making its electrical meaning
clear as we progress.

Electric charges in motion in-
spire the idea that, whatever
they are or however they move,
they must be moving at a definite
rate with respect to time:; or,
simply, they have a definite
velocity. The time rate of dis-
placement of the charges, or
“flow” of electricity constitutes
what we call an electric current.

This concept, then, leads to the
definition of an electric current
which can be defined as the rate
of flow of electric charge, the
word “flow” having its electrical
meaning. To a degree we can
regard the idea of an electric
current as analogous to velocity,
but is using this analogy we must
not confuse the idea of a high
current with a high velocity. °

Strictly, the word, current,
measures the time rate displace-
ment of a substance. For water
this is usually expressed in
gallons per minute of flow. The
gallons per minute due to a large
sluggish flowing river is higher
than the gallons per minute of a
swiftly flowing brook. The cur-
rent in the case of the river is
higher than that of the brook,
although the wvelocity of the
water in the brook is greater than
the river velocity. High current
does not necessarily imply a high
velocity.

Does Current Flow?

Since electric current is defined
as the rate of flow of electric
charge, it is clear that by using
the expression, current flow, we
are talking about the flow of a
rate of flow, and the phrase, flow
of a rate of flow, simply doesn’t

{Continued on Page 38)
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A page of radio servicing hints and notes of prac-
tical value to the radio serviceman and technician.

HEATER-CATHODE HUM

Electrical leakage between an
a-c operated heater and cathode of
a vacuum tube can introduce, low
frequency voltage into audio ampli-
fier circuits and cause objection-
able hum when it occurs in a stage
in which there is considerable gain.
High frequency circuits are also
subject to hum, if they allow the
low-frequency voltage to modulate
the signal.

The principal source of this hum
is a minute leakage current which
flows between the heater and cath-
ode. The flow of this current
through the self-biassing resistor
or the parallel combination of the
resistor and by-pass condenser
applies a hum voltage between the
grid and cathode of the tube. It
is the voltage across the heater,
especially between the high voltage
end and ground, that causes this
current to flow.

Thermionic Phenomena

The heater-cathode leakage cur-
rent is essentially a thermionic
emission phenomenon, and conse-
quently the flow of current is due
to the emission of negative charges
(electrons) and positive charges
(positive ions) from the insulation
on the heater to the cathode sleeve.
The capacitance between the
heater and cathode being of the
order of 10 uuf. is too small to con-
stitute a leakage path.

If the heater varies in potential
with respect to the other elec-
trodes, the same phenomenon can
cause hum by emission of charges
to these electrodes. Hum from this
effect occurs most frequently in a-f
amplifiers having a grid bias that
is less than the highest voltage be-
tween heater and ground.

To overcome hum troubles,
heaters should not be operated
above rated voltage, as hum
doubles with only &®six per cent.
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increase in heater voltage. If self-
biassing circuits are used, the 50
cycle impedance should be as low
as possible. This is attained by
the use of low cathode resistance
and high capacity by-pass conden-
gsers, and is particularly important
in the early stages of a high gain
a-f amplifier. TUse of fixed bias
avoids this type of hum.

Valves having a comparatively
small leakage, used as biassed
detectors, frequently hum as the
cathode resistor is necessarily high
and practical conditions require a
small by-pass condenser. The most
satisfactory method of avoiding
this difficulty is to arrange the
circuit so as to ground the cathode
of the detector.

The hum can also be reduced to
a negligible value through the use
of sufficient bias between heater
and cathode to prevent the net
voltage from reversing. This con-
dition occurs in infinite impedance
detectors and certain cathode
loaded circuits. Grounding the
centre of the heater winding is also
effective.

Hum resulting from emission of
charges from the heater to other
electrodes is reduced by decreas-
ing heater temperature, by keep-
ing the impedance of the electrode
circuits low and by keeping the
electrodes constantly biassed with
respect to the heater.

Removing Wire Insulation

Here is an easy method of re-
moving hard or tough insulation.
Pinch the wire with a pair of pilers
at the point up to which it is de-
sired to clean off the insulation,
and then set it on fire. The flame
will then burn up to the pliers and
go out, after which the burnt in-
sulation can be easily pulled off
and the wires cleaned with a knife
or sandpaper.

Cleaning Contact Points

Frequently when cleaning con-
tact points or terminals, it is diffi-
cult to reach many points with the
liquid cleaner if the ordinary
methods of application are used.

This difficulty can be overcome
by using a piece of bare copper
wire to guide the cleaner to the
desired position. The cleaner is
simply placed on the wire with an
eye-dropper or any hollow glass
tube, open at both ends, so that
the quantity of liquid can be
readily. regulated. The cleaning
liguid will then run down the wire
guide to the desired contact point
or terminal to be cleaned.

Soldering Iron Stand

A useful soldering iron stand
be made from a worn-out piston
from a car. The piston should be
placed on a heavy piece of asbestos
to prevent any damage through
heat to the bench, and then filled
to a depth of approx. i to § inch
with solder. In operation, the tip
of the iron during periods of non-
use will rest in this solder, which
quickly becomes molten, thus pre-
venting the “tinning” on the iron
from burning off.

ARE YOU A REGULAR
READER?

Make sure you receive
every copy of “RADIO
SCIENCE"” by placing a de-
finite order with your news-
agents TO-DAY.

If your newsagent is un-
able to supply your copy
each month, subscriptions
may be forwarded direct to
Box 5047, G.P.O., Sydney.

Subscription rates are
12/- per year, or 21/- for
two years, post free, to any
address in the Common-
wealth.
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PRINTED CIRCUIT

Techni

iques —

The methods of applying the resistor paints, together with the means
of controlling their values is detailed in this third article of the series.
In addition, information is given on the practical construction of
capacitors and inductances.

E.—DRYING

After applying silver wiring to
ceramic plates, they are heated to
remove the binder and solvents and
to bond the silver to the plate.
Properly fired silver has the typical
dull metallic silver appearancé and
will adhere to the ceramic surface
with a tensile strength of approxi-
mately 3,000 1b./in.? when the paint
is made of finely divided metallic
silver or silver oxide uniformly
dispersed in a suitable binder.

The degree of bonding or adher-
ance of the fired silver depends on
the surface condition of the
ceramic before the paint is applied.
To obtain the strength quoted, the
surface must be absolutely free of
dust, dirt, grease or other contami-
nants.

As with most techniques, the
successful painting of electronic
circuits depends upon the careful
nbservation of small points. The
manner in which the coating is
dried is important and may be
determined experimentally for the
type of paint used. Instructions
may be obtained from the paint
manufacturer. For example. one
manufacturer specifies a 3-hour
drying at HO° C. for silver paint
which it manufactures for use on
thermoplastics applied by means
of a screen. Other paint and spray

preparations dry satisfactorily in
one hour at 40° C. or overnight at
room temperature?, Longer drying
is to be preferred if time allows.
1f the basic material is thermo-
setting instead of thermoplastic,
the temperature may be raised 10°
or 20° C. and the time reduced.
Infra-red lamps are often used for
drying printed circuits.

Dielectric Heating

Dielectric heating may be em-
ployed to heat the paint after ap-
plication to the surface. By design-
ing a suitable set of electrodes
under which the work is slowly
passed on a conveyor belt, it is
possible to drive the binder and
solvents out of the paint by treat-
ing them as the dielectric in a high
frequency dielectric heating sys-
tem. It is suggested that binder
and solvent materials be selected
which, if possible, have high loss
factors, i.e., a high product of
dielectric constant and power fac-
tor. Thus, acetone is preferred over
alcohol.

This method may be useful in
working with base materials such
as thermoplastics, which will not
stand high baking temperatures. In
dielectric heating, the heat can be
centred in the materials it is de-
gsired to evaporate from the paint.

r >
TABLE 4. Variation in Pilot Production of Printed Resistors.
No. of  Minimum Average Maximum Mean Devi- Outside Outside
Resistors  Resistance Resistance Resistance ation from +109, +209%
Tested Average Tolerance Tolerance
38 4.5 5.9 10.6 +3.1 9.8 0
61 1,500 1,6C0 1,800 +3.0 1.6 0
61 48,000 54,000 59,000 +5.0 8.2 0
61 81,000 93,000 110,000 +4.5 9.5 1.6
376 800,000 1,800,000 2,100,000 +2.8 2.2 0
Ll 3,200,000 3,600,000 4,200,000 +11.7 21.0 13.0
' 35 7,200,000 8,400,000 9,500,000 4.5 11.5 0 o
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Pressure-controlled painted
resistor applicator.

4. APPLICATION OF
RESISTOR PAINTS

A.—Carbon-Film Resistors

Resistors may be painted by
brushing or stencilling the resist-
ance material onto the wiring
surface. In brushing, the same
technique is followed as for the
conductors. In the stencilling
method, stencils are employed with
openings at positions correspond-
ing to blanks in the conductor
wiring stencil. The position of the
openings in one example may be
seen by referring to flgure in
which are shown plates before and
after resistors have been applied.

Excellent results have been ob-
tained using a simple squeege as
is done in painting conductors.
Resistors of better quality are pro-
duced with two applications of
paint though an 80 mesh silk or
120 mesh copper screen, using a
pressure-controlled squeegee.

As might be expected, the pres-
sure and speed of the squeegee bar
moving across the screen play an
important part in the uniformity
of the resistance produced.
Using similar paints, stencils and
base plates, the pressure-controlled
squeegee yields a considerably
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larger percentage of resistors
within fixed tolerance ranges than
the hand wiping method. TUni-
formity suffers in the hand wiping
method hecause of the difficulty of
exerting the same pressure each
time the bar is moved across the
screen. Any paint remaining in
the screen after one operation will
affect the value of the resistors
painted in the subsequent opera-
tion.

As powdered carbon has more
of a tendency to adhere to the
screen than Ssilver, clogging may
occur. This difficulty is relieved by
proper selection of the other paint
ingredients. A screen with larger
mesh openings may also be used.
Typical silk screen mesh sizes
vary from 74 to 200 mesh. The
latter is useful only for painting
high values of resistance for which
carbon of very small particle size
is used.

Varying Resistance

Not only the point formulation
but the width, length, and number
of coats of resistor material may
be varied to increase the range of
resistor values possible. Practice
has shown that closer uniformity
may be had using several coats to
build up the resistor. The paint
should be allowed to dry between
coats. The drying cycle between
coats is determined by practice
and may vary from exposure to
air for 5 minutes at room tem-
perature to a 10-minute exposure
at-=ThHe.

Filing or grinding may be em-
prloyed to increase the resistance
after the resistor has dried. To
decrease the resistance, additional
paint is brushed on, In this manner
individual resistors may be ad-
justed to very close tolerances.

The type of stencil and the accur-
acy with which it is made are im-
portant features influencing the
reproductibility of painted resist-
ors. The ‘stencil must adhere
closely to the base plate. Paper
masks have been used to position
the resistors and determine their
size but although they adhere
closely to the surface, they tend
to leave ridges at the sides of the
resistor.

Adoption of the silk or metal
screen has eliminated, the ridges
and given remarkable improve-
ment in uniformity. It should be
possible to obtain better than 80
per cent. yield of resistors within
15 wer cent. tolerance with pro-
duction line methods. Those few
that ordinarily require closer tol-
erances may be adjusted as des-
cribed abhove.
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The distribution of a limited
number of resistors of values rang-
ing from 5.9 ohms to 8.4 megohms
produced by the silk-screen
method on a small pilot line is
shown in table 4. From 79 to 98
per cent. were within 10 per cent,

of their average value. Greatest
spread was observed with the
smallest (5.9 ohms) resistors.

Those of 1500 ohms and above
were held within limits much
closer than is required in usual
electronic sets manufacture.

Curing Paint
After the resistors have been
air dried, the paint is finally cured

in an oven. Curing is affected at
the proper temperature to convert
the heat polymerizable resin into
an infusible state. For carbon
paint in a bakelite resin binder,
the curing temperature is approxi-
mately 150 deg. C. One practice
is to oven dry the first side of the
plate for 20 minutes at 150 deg. C.
then paint the second side and
oven dry the assembly for 2 hours
at the same temperature.

It would be highly desirable to
be able to print the complete use-
ful resistor range with a single
paint formulation. Although this
is theoretically possible, it may
require printing some resistors in
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uhreasonable sizes or placing un-
attainable tolerances on the phy-
sical dimensions of other resist-
ors.

A practical compromise is to
cover the range from 3 ohms to
200 megohms with from three to
six resistor mixes using one or
more applications of the paint.
Figure 3 shows a coverage of the
range 1,000 ohms to 10 megohms
using four mixes and two appli-
cations of paint.

If the design permits, some ad-
vantage may be gained by placing
the low values of resistance on
one side of the plate and the
higher values on the other. This
reduces the number of repetitions
per face required to produce the
requisite number and range of re-
sistors. High values of resistance
may be painted in a small space
by zig-zagging the lines in any of
the several variations used to de-
note resistors in conventional
wiring diagrams.

If resistors of large power cap-
acity are needed, they may be
painted on the inside of the cabi-
net housing the set. The resist-
ance may also be divided in two
or more parts, each placed on a
separate wall to dissiplate the heat
better and further ‘increase the
power rating.

£0.000

o

‘.\4"\ RANGE COVERED
/ ey

RESISTOR MIXES

WIOTH OF RESISTORS £0.10 in.
THICKNESS OF RESISTORS20.002:n.

060,

RESISTANCE -OMNMS

L
A
Z Y

L

4,000
0t 0z 03 04 05 06 07 08 09 10

LENGTH OF RESISTOR- INCHES

Fig. 3. Tyical range covered by carbon
resistor mixes.
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Fig. 2. A steatite plate before and after the application of the resistors.

Reports show that during the
past war, German plants produced
carbon film resistors in fairly large
quantities. At one point (13), a
colloidal suspension of carbon in
lacquer was used, followed by fir-
ing in an oven at 240 deg. C. Only
single resistors or cylindrical cer-
amic sticks were manufactured
(15). The 0.25 watt size was 0.16
in. in diameter and 0.6 in. long.
Tolerances of 10 per cent. were
met by production methods. The
carbon film type of resistors were
claimed to yield superior perfor-
mance over the moulded type and
particularly to have a lower noise
level.

B. METAL-FILM
RESISTORS

Metal-film resistors are produced
by depositing a thin film of metal
on a suitable base. In one method
(14) this is done by painting a
dilute solution (as low as 1 per
cent.) of palladium resinate in ket-
one on a ceramic base material,
drying in air for 3¢ minutes and
heating to 750 deg. C. for an hour
to an hour-and-a-half. Under the
high temperature, uan extremely
thin layer of palladium is deposited
on the ceramic surface and the
residue burned off.

The noble metals are used in
this process because they remain
substantially stable and nonoxidiz-
able at the high temperature. The
palladium is deposited chemically
as the temperature passes the
range 200 deg. to 400 deg. C. The
temperature is kept in this range
for 15 to 30 minutes, after which
it is raised to 750 deg. C. for an
hour to completely oxidise the ash
or residue and insure thorough
precipitation of palladium.

Resistors up to 1 megohms may
be produced in this way. Higher
values are difficult to produce by
the painting method principally be-
cause of the problem of depositing
a uniformly thin or narrow strip.
However, the resistors have bet-

ter characteristics than wire-
wound resistors, i.e.,, low positive
temperature coeflicient, good sta-
bility, low-noise level, very good
frequency charasteristics ande
good heat dissipation. The adher-
ence to the ceramic base is parti-
cularly strong.

5. CAPACITORS

It was stated that capacitor com-
ponents of printed circuits may be
printed by using a base material
of high dielectric constant and
painting silver disks of the correct
area on opposite sides of the plates.
The capacitance is effectively that
formed by the two silvered areas
and the dielectric between them.
This practice is now used in ap-
plications where the high dielec-
tric constant base material. does
not affected the electrical perfor-
mance adversely or where it may
he advantageously used in design-
ing the circuit.

The principal problem has been
the control of dielectric losses
and performance with temperature.
The capacitance for printed circuit
use is controlled not only by the
chemical formula of the dielectric
but the thickness of the disk and
the area of silvering on the faces.
Dielectric constants ranging from
40 to 10,000 have been used for
capacitors from 6.5 to 10,000 uuf.
They are from 0.020 to 0.040 in.
thick and (.125 to (.5 in. in dia-
meter. Higher dielectric constant
materials are available, but their
electrical losses and extreme vari-
ation with temperature in certain
temperature ranges limit their use.

The capacitors are soldered to
the plate with a low temperature
solder, such as 20 per cent. tin,
4 per cent. bismuth, and 4¢ per
cent. lead, This solder has a
melting point of 110 deg. C. Sol-
dering is accomplished by laying
the capacitors over a silvered area
of the plate, after tinnning the
surface, and simply pressing down
on top with a soldering idon. Pre-
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heating and the low temperature
solder prevent the dielectric from
fracturing during the soldering
operation.

Any type of capacitor may be
soldered to a printed circuit as-
sembly but those described above
have the greatest economy of space
and adapt themselves very well to
the printed circuit technique.

Capacitor Formation

Capacitors may be built on the
base plate by spraying alternate
layer of a conductor, such as silver
paint, and a high dielectric con-
stant lacquer. The base plate may
have a high dielectric contant mat-
erial moulded into it as a filler
so that silvered areas on opposite
sides of the base material will
form a capacitor. By moulding the
space for the dielectric thinner
than the rest of the plate, it is
possible to obtain large capacitors
without weakening the base plate.

Another capacitor particularly
adaptable to printed circuit tech-
niques is the vitreous enamel di-
electric type (17). It consists of
alternate layers of dielectric and
conductive materials built up by
spraying and fired together, pro-
ducing a capacitor which appears
to be a solid plate of vitreous mat-
erial. This capacitor may itself
be used as a base for printed cir-
cuits and may be built up to any
reasonable number of capacitors.
Thus the circuit can be printed
over the capacitors, making a very
compact assembly.

These units may be made with
any capacitance value if enough
volume is provided. The usual
volume allowance is 0.02 wuuf/in.
(3) for working voltage of 500
v. direct current. The power fac-
tor is low enough so that Q's of
3,500 may be had above 250 uuf.
and 1,000 for 10 puf. Temperature
coefficient is approximately 100
ppm. deg. C. up to 125 deg. C.

They are stable and in general
are equivalent to mica capacitors.
They can be produced to tolerance
of 1 per cent. if desired. Average
production batches show over 50
per cent. under 5 per cent. toler-
ance.

One of the important features
of this type of construction is that
it is entirely mechanised so that
it should be possible to turn out
printed circuit assemblies includ-
ing capacitors, wiring and resis-
tors in an entirely automatic pro-
cess. This should make possible
inexpensive mass produced elec-
tronic sets.
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6. INDUCTORS

The printed circuit technique
may be used at high as well as low
frequencies. 'T'he lowest frequency
for which inductors may be printed
is limited by the printing area
available. For a given area. how-
ever, the inductance may be in-
creased by printing the inductor
in multiple layers. Circular or rec-
tangular ‘spiral inductor (18) may
be printed flat on the base plate
in the same manner as the wiring
leads using silver paint. To in-
crease the inductance, a layer of
insulation is painted over the
inductor after which a second
inductor is printed.

The material in this article is
compiled with acknowledgement
from the National Bureau of
Standards Circular, C468—Print-
ed Circuit Techniques. Readers
desirous of obtaining this com-
plete report should write direct
to the Superintendent of Docu-
ments, Washington 25, U.S.A.
The price of the booklet is 35

cents, post free.

Any number of layers may thus
be built up to form inductors of
high inductance. The usefulness
of this method is limited princi-
pally by the distributed capacity
and the Q. required of the inductor.

Multiple layer inductors may also’

be printed on cylindrical tubing.

The multiple layer idea need not
be restricted to inductors. Sev-
eral circuits may be printed on
the same plate, one above the
other, by interposing a layer of
insulation between them either by
painting, spraying, etc. The prox-
imity of the circuits to each other
must be taken into account in
laying out the design so that un.
desirable couplings are avoided.

It is possible to print reasonably
high Q. inductors by first applying
silver paint and then silver plat.
ing. Spiral inductors in the two
meter band have been printed on
a circle 0.625 in. in diameter. A
Q. of 125 is obtained by silver
plating to a thickness of approxi-
mately 0.002 in. Inductors painted
on glass and steatite tubes have
performed very satisfactorily in
oscillator circuits.

Inductors of silver fired on to
cylindrical ceramic forms have
been manufactured for some time
(19). Better adhesion of the sil-
ver to the ceramic is had when
the metal is fired on to the surface
using a suitable flux than when
some other method such as chem-
ical reduction of the metal is used.

Increasing Inductance

The inductance of printed in-
ductors on an insulating surface is
low not only because of the lim-
ited space employed for them but
because they operate in a medium
of low permeability. One side is
principally exposed to air while
the other side has the insulating
base material, also of low permea-
bility, in its field.

A method of increasing the in-
ductance is to eliminate some of
the centre turns and fill the area
with a magnetic paint made as
a colloidal suspension of powdered
magnetic material. A modification
is to print intertwined spirals of
silver and magnetic material or,
if the magnetic paint is made non-
conducting, the whole induector
may be sprayed or painted with
it. .

(Continued on Page 39)

PERMAG

The Multi-Purpose Speaker

Suitable for Consoles, Combinettes,
Multi-Speaker or P.A. Systems, Bat-
tery Portables, Car Radios.

Unique design saves space, but per-
mits 8in. performance and frequency
response. Alico 5 magnet. Trans-
formers 5,000, 7,000, 10,000, 15,000
ohms. Undistorted Output 10 watts.

Price £2/12/6 each
From Radio Suppliers Everywhere.

Amplion (A’asia) Pty. Ltd.

36-40 PARRAMATTA ROAD,
CAMPERDOWN
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T-V MEASUREMENTS

The first of three articles dealing with the problems of voltage mea-

surement in television receivers. Whilst specific reference is made to

TV equipment the principles outlined are equally applicable to mea-
surements made on any electronic equipment.

In the servicing of television re-
ceivers, observation of the picture
and sound will very often yield
sufficient information so that the
defect can be isolated to.a certain
part of the receiver. However, in
order to determine the stage or
circuit in which the defect exists
and then the defective part itself,
it is usually necessary to make
various measurements in the tele-
vision receiver.

Many of these measurements are
the same as those used in servic-
ing radio receivers. These include
d-c and a-c voltage and resistance
measurements. Other measure-
ments such as high-voltage and
waveforms, are peculiar to tele-
vision receivers. By high-voltage
is meant the voltage used on the
anode of the picture tube, which
may be anywhere between 5,000
and 30,000 volts.

The measurement of low d-c volt-
ages in television receivers in-
cludes that of B-plus supply volt-
ages, bias voltages, plate, screen,
and cathode voltages, and the con-
trol voltages used in the afc or
age systems. These voltages vary
from a small fraction of a volt to
perhaps as high as 400 volts. These
will all be referred to as low d-c
voltages to distinguish them from
the high voltages mentioned above.

Wide Measurement Range
The measurement of a-c voltages
in a television receiver may in-
volve power line voltages which
are usually 60 cycles, audio volt-

- _I_c. S 3R

!

Fig. 1. A conventional low-voltage
power supply circuit. The meter re-
sistance is in shunt with the load
resistance.
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ages which may range from 40 to
10,000 cycles, and video voltages
which may be as high as 4 mec. In
addition there are the sync and
sweep voltages, which only go up
to 15,750 cycles in frequency, but
due to their irregular waveform
require some special care in mea-
suring. In some cases it may be
necessary to measure i-f or rf
voltages. In this case the fre-
quencies range from 4.5 mc to as
high as 216 mc.

From this brief description, it
can be seen that the voltages en-
countered in a modern television
receiver have a tremendous variety
with regard to frequency, ampli-
tude, and waveform. Because of
this, it is necessary to know which
instrument should be used to make
any necessary measurement. It is
important for the serviceman to
know how to take full advantage
of the instruments he has at hand,
at the same time realising the limi-
tations of each. In many cases the
serviceman can improvise in order
to obtain measurements that he
ordinarily could not make with his
existing test equipment.

Instrument Accuracy

In general, the accuracy of a
measurement will depend on two
factors:

1. The accuracy of the calibration
of the instrument.

2. The effect of conpnecting the
instrument in the circuit where
the measurement is made.

The calibration accuracy of the
meter is specified by the manufac-
turer as plus or minus a definite
percentage. A fairly good meter
has an accuracy of *2 or 3 per-
cent. on d.c. and from 3 to
+5 per cent. on a.c. For service
work a meter with an accuracy
of *5 per cent. on either a.c or d.c
is sufficient as far as calibration
accuracy is concerned.

It should be remembered that
the voltage and resistance mea-
surements given in the service
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Fig. 2. (A) The piate circuit of a
triode amplifier. The meter reduces
the voitage at the plate of the tube,
the amount of reduction depending on
the resistance of the meter. (B) Equi-
valent d-c circuit.

data for a television receiver are
REPRESENTATIVE of that par-
ticular model and are not the exact
values for every receiver of that
type manufactured. In most of the
circuits in a receiver, the resistor
and capacitors used have a toler-
ance of *10¢. In addition, each
tube of a particular type has some-
what different characteristics due
to manufacturing tolerances.

In the design of a television re-
ceiver, the maximum allowable tol-
erance for any part in the receiver
receives careful consideration. For
the purpose of economy, it is im-
practical to use parts with a lower
tolerance than necessary. For ex-
ample, if a circuit design required
a 1,000-ohm resistor and the circuit
worked equally well with a resis-
tance as high as 1,100 ohms or as-
sister would be used. On the other
hand, if the circuit did not operate
properly when the resistance was
increased above 1,050 ohms or
below 930 ohms, then a 5¢, resis-
tor would have to be used.

These manufacturing tolerances
must be remembered when com-
paring the voltage or resistance
measurements given for'that set
by the manufacturer. A 209, tol-
erance should be allowed in almost
all voltage or resistance measure-
ments. In other words, unless a
voltage or resistance measurement
is more than 209, .off the value
given by the manufacturer, it will
usually not be significant in iso-
lating a defective circuit.
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TABLE 1
1,000 20,000

Scale ohms/v ohms/v VTVM
3v 3K 60 K 11 meg
10v 1K 200K 11 meg
30v 30K 600K 11 meg
100v 100K 2meg 11 meg
300v 300K 6 meg 11 meg

Second Consideration

This far in our discussion of the
accuracy of a measurement, we
have neglected the second determ-
ining factor, which is by far the
more jmportant. The problem 1is
briefly this: While the meter
may be accurately measuring the
voltage at a certain point, 18 this
the same voltage as that existed at
this point before the meter was
connected to it? Very often it is
not.

When using an oscilloscope to
observe the waveform of a signal,
the question arises as to whether
the waveform seen on the Bcope
is the same waveform that existed
before the scope was connected.
This problem is a basic one in tak-
ing any type of measurement and
must always be considered.

There are two solutions to this
problem. The ideal solution, of
course, would be to build test
equipment that has no effect on the
circnit at all or if this is not pos-
sible, only a negligible effect. The
other solution is not really a solu-
tion at all, but rather a way of
getting around this problem. That
is to simulate the conditions under
which the original measurements
on the receiver were made and to
compare these readings with the
reading obtained on the receiver
under test.

For example, if a voltage reading
wag originally taken with a 1,000
ohms-per-volt meter, it should be
possible to obtain the same read-
ing on another receiver with
another 1,000 ohms-per-volt meter.
Even if this reading is not the
actual voltage present before the
meter was inserted in the circuit,
it provides a means of comparison.
This method, however, is not in-
fallible and may still introduce
errors under certain conditions, as
- will be discussed in more detalil.

Measurements
Low D-C Voltage

As previously mentioned, low d-c
voltages include all the d-¢c volt-
ages encountered in the television
receiver with the exception of the
high d-c voltages used in the pic-
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ture tube. Three types of meters
are commonly used to-day to mea-
sure d-¢c voltages.

These are the 1,000 ohms-per-volt
meter, the 20,000 ohms-per-volt
and some with sensitivities even
greater than 20,000 ohms-per-volts,
but these meters are not as com-
mon as the three groups mention-
end previously. For simplicity we
will limit the discussion to these
three types, although most of it
will also apply to any other type
of meter.

Input Resistance

The input resistance of 1,000 and
20,000 ohms-per-volt meters is
equal to the product of the maxi-
mum scale reading and the sensi-
tivity. Let us consider a 1,000
ohms-per-volt meter and a 20,000
ohms-per-volt meter, each with
scales of 3, 10, 100 and 300 volts.
For comparison, we will consider a
vacuum tube voltmeter which has
an input resistance of 11 megohms.
The VI'VM has a constant input
resistance for all scales on the
meter. The input resistance of
thege three meters on their various
scales are shown in Table 1.

From this table we can see the
limitations of the three instru-
ments as far as input resistance
is concerned. Theoretically, each
meter will always have some effect
on the circuit across which the
meter is applied. Practically, it is
possible to make this effect negli-
gible by making the meter resis-
tance high enough. To determine
how much the meter will effect the
circuit, it is necessary to consider
the resistance of the voltage
supply at the point being measur-
ed, the load already across this
point, and the additional load sup-
plied by the resistance of the
meter.

In the ideal case where the volt-
age supply has no internal or series
resistance at all, there would be
no difference in the meter read-
ings. While this ideal condition
never actually exists since all
generators and power Bsupplies
have some resistance, it is possible
to approach it in some cases. For
instance the internal resistance of
a large d-c generator, such as
those used by the power com-
panies, is only a small fraction of
an ohm.

TABLE I
Meter Point A PointB
VTVM —52v —5v
20,000/v —0.2v —08v
1,000/v Ov —01v :
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Fig. 3. A typical automatic galn con.
trol (agc) system used in television
receivers. Only one controlled stage
is shown, usually there are more than
one.

Therefore, any meter could be
used to measure the line voltage
of a d-¢c power line since the resist-
ance of the meter is so great com-
pared to the resistance of the
generator that the effect of the
meter would be negligible. For all
practical purposes the voltage at
the line termimals after the meter
is connected would be the same
as before.

Power Supply Measurement

Fig. 1 illustrates a conventional
power supply such as may be used
in a television receiver to supply
B-plus voltages. The resistance
Rs is equal to the sum of the resist.
ance of the choke, the rectifier
tube, and the transformer winding.
Since these resistances are all in
gseries they can be replaced by
one resistance, Rs. Let us assume
that Rs is 500 ohms. The load on
the power supply has been re-
placed in Fig. 1 by the shunt re-
sistor RL. The value of this re-
sistance is equal to the voltage at
point A divided by the load cur-
rent. For example, if the voltage at
A equals 275 volts and the load
current equals 100 ma, RL would
be equal to 2750 ohms.

If we connect a voltmeter from

- point A to the ground, the resist-

ance of the meter would be in par-
allel with the load resistance RL.
The load RL causes a voltage drop
in resistor Rs. In this case the
voltage drop is equal to 500 times
0.1 or 50 volts. When the meter
is connected the total load resist-
ance decreases and the current
through Rs increases, causing a
greater voltage drop across it.
However the resistance of even
the least sensitive meter, the 1,000
ohms-per-volt meter, is equal to
300,000 chms on the 300-volt scale,
which is the scale that would be
used to measure the voltage at
point A. This 300,000 ohms resist-
ance, represented by Rm, in paral-
lel with the 2,750 ohms of RL
would give a parallel resistance
equal to approximately 27,30 ohms.
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The change in load resistance from
2,750 ohms to 2,730 is very small,
and will have a negligible effect on
the voltage at point A.

The 20,000 ohms-per-volt meter
and the vacuum tube voltmeter will
have even less effect on the volt-
age being measured, For a mea-
surement of this type, therefore,
any one of the three meters would
do equally. well.

Amplifier Plate Circuit

The plate circuit of a triode amp-
lifier is shown in part (A) of Fig.
2. The 275-volt B-plus voltage is
obtained from a power supply as
ghown in Fig. 1. Assuming that the
tube draws 1 ma plate current, the
drop in the plate resistor will be
200 volts and the d-c voltage on
the plate of the tube will be 75
volts.

The equivalent d-¢ circuit 1s
shown in part (B) of Fig. 2. The
plate circuit of the tube is re-
placed by the resistance which {s
equal to the voltage on the plate
divided by the current, or 75,000
ohms. To measure the plate volt-
age, the meter is connected from
point A to greund. As before, the
input resistance of the meter is
represented.by Rm.

Effect of Meter

First, let 'us consider the effect
of using the 1,000 ohm-per-volt
meter, whose resistance on the
100 volt range is equal to 100,000
ohms. This resistance Rm is in
parallel with Rp. The resistance
of the parallel combination is equal
to approximately 42,80 ohms. The
voltage at point A is now

42,800

42,800 + 200,000
= 48.5 volts. The 1,000 ohms-per-
volt meter, therefore, changes the
voltage at the plate from 75 to 48.5
volts.

Similarly, we can determine the
effect of connecting the other two
meters. The 20,000 ohms-per-volt
meter has a resistance of 2 meg-
ohms on the 100-volt scale and will
cause the voltage at the plate to
drop to 73 volts. The VIT'VM has
an input resistance of 11 megohms,
and when connected to the plate
will cause the voltage to drop to
74.6 volts.

In this particular circuit then,
it can be seen that the 1,000 ohms-
per-volt meter would introduce a
large error, the 20,000 ohms-per-
volt meter a small error, and the
VTVM no error at all.

Bias voltage measurements are
another type of voltage measure-
ment often made in television re-
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Eb = 276 X

ceivers. These measurements in-
clude those of grid-leak bias, fixed
bias, cathode bias, and automatic
gain control (agc) voltages. Fig. 3
is an example of an agc system
used in a typical television re-
ceiver. The agc usually controls
more than one stage in the re-
ceiver, but for the purpose of f{l-
lustration we have chosen the
second video i-f stage.

A.G.C. Circuit Voltages

First, let us briefly consider the
operation of this circuit. The i-f
signal from the video detector is
applied through capacitor C1 to the
diode. If the i-f signal exceeds the
delay voltage, this signal will be
rectified and charge capacitor C1
so that a negative voltage appears
at point A to ground.

Resistor R1 enables capacitor C1
to discharge so that the voltage at
A can change in accordance with
the strength of the I-f signal. Fol-
lowing R1 there are three stages
of R-C filters which filter out the
a-f and r-f components and allow
only the d-c control voltage to be
applied to the grid of the second
video i-f stage.

When a voltmeter is connected
from point A to ground, the resist-
ance of the meter is in parallel
with that of R1 whiéh is.2.2 meg-
ohms. The total parallel resistance
from point A to ground will then
be smaller than it was. The time
constant ‘of R1C1 will then be smal-
ler and the charge on capacitor C1
will leak off faster than it normally
should, resulting in a smaller d-c
voltage at point A. It is possible to
calculate the effect of the meter
being - inserted at this point, but
this is rather laborious due to the
rectifier circuit, so instead we will
consider the results of actual mea-
surements made in this circuit.

To make these measurements, all
three meters were set on the 10
volt scale. From Table I, the 1,000
ohms-per-volt meter, /the 20,000
ohms-per-volt meter, and the
VITVM have input resistances on
this scale of 10,000 ohms, 200,000
ohms, and 11 megohms respective-
ly. Table II shows the results of
measurements made on points A
and B in the circuit of Fig. 3 with
three different voltmeters.

An examination of this table
shows that the 1,000 ohms-per-volt
meter is worthless for this type of
measurement and that the 20,000
ohms-per-volt meter is not much
better. The VTVM, therefore, is
the only meter of the three types
investigated which will give a re-
liable reading in this type of cir-
cuit.

(Courtesy ‘“‘Successful Servicing”)
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"TOM THUMB'" BATTERY

RECEIVER

This two-valve midget radio is
the smallest self-contained bat-
tery radio in Australia.
Range: 200-300 miles. Plays any-
where. Weight: 3lb. Measures
42 x 5 x 3 inches. ‘
Using the latest type midget
valves in a special low drain bat-
tery circuit, this receiver comes
ready to operate in a beautiful
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NEW CRYSTAL SPEECH MICROPHONE

Latest release by Amplion (A/sia) Pty. Ltd. is a new light-

weight crystal microphone

designed

specifically for the

reproduction of speech frequencies.

Incorporated in a cast aluminium
case and stand, this microphone,
designated as type “A,” will be found
idea] for use in public address equip-
ment, office and factory call systems,
amateur transmitters and mobile radio
fransmitters. The complete unit
weighs only 1 1b, is 7 inches high and
mounted on a base 4} inches in dia-
meter. It is obtainable in either black
or brown crackle finish.

Because of its high inherent sen-
sitivity, the mass of the moving parts,
including the crystal, has been kept as
small as practicable. The result is a
highly efficient microphone which
electricdlly appears as a constant volt-
age generator in series with a capacity,
nominally .0005mfd at a temperature
of 20 degress C. As is common with
all piezo-electric devices, this capacity
varies somewhat with temperature,
but its effect can be made negligible
by using a high impedance load, pre-
ferably in the order of 10/30 megohms.

The price of this microphone is
£6/17/6, and supplies are now
readily available from all distributors.

Further particulars, including a de-
scriptive leaflet, can be obtained by
calling or writing direct to Amplion
(A/sia) Pty. Ltd., 36-40 Parramatta
Road, Camperdown.

YALVES FOR

To assist television receiver de-
signers in their choice of valve
types, the Amalgamated Wireless
Valve Co. has prepared a tentative
list of suitable valves, all of which
should become generally available
in the near future.

In view of the interest shown in
the proposed television services,
the following guide to valves suit-
able for use in experimental tele-
vision receivers should be of in-
terest to every technician, designer
or experimenter.

In some cases it will be noticed
that alternative types are given for
some applications and consequent-
1y the actual choice will depend on
the designer’s circuit arrangement.

The types and their circuit appli-
cation recommended are as fol-
lows : R.F. Amplifier—6J6 or 6AUSG;
R.F. Oscillator—6J6 or L77 (=
6C4) ; Converter—6J6; Video I.F.
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Stages—Z77 (= 6AM6) Video 2nd
Det.—6AL5 = D77; 1st Video Amp-
lifier—6ATU6* ; 2nd Video Amplifier
—6BV6GT or 6AQ5*; Sound I/F
Stages—6BA6G* ; Sound 2nd Det. &
Audio—6AV6*; Sound Output—
6V6GT or 6AQ5*; Sync. Separator
—8AUB* ; 1st Sync. Ampl.—6BAG*;
2nd Sync. Ampl. & Hor. Dis.—
6SN7-GT* ; Vert. Sweep Osc. & Dis.
—BAU6*; Vert. Sweep Output—
6VBGT or 6AQ5* ; Hor. Sync. Dis.—
6AL5 - D77; Hor. Sweep Osc.
6V6GT*; Hor. Sweep Osc. Cont.—
ZT7 (=6ANMG6); Hor Sweep Output
—6BG6G or 6P28; Hor. Reaction
Scan.—5V4G*; High Volt. Rect.—
1B3GT or TU24; Power Supply.
Rect.—U52/5U4G; Low Volit. Rect.
—5Y3GT*; DC Restorer — 6ALS
(=D77).

Types marked with an asterisk
are Australian Made Types.
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NEW "AEGIS"
PRODUCTS

Advice has been received
from the Aegis Manufactur-
ing Co. of two new releases—
the KC5 Tuning Unit ond a
Communications Cabinet for
the KC4 Tuning Assembly.

The KC5 is an all-wave tuning
unit specially developed for use
in high-grade custom-built console
receivers. The unit is, in effect,
the entire “front end” of a radio
receiver, completely assembled,
wired and pre-aligned, thus en-
abling its use in a variety of cir-
cuits and designs with a minimum
of connections.

The unit covers both the Broad-
cast and popular Short Wave
bands, the frequendy coverage
being : 550-1630 kc., 3.4 to 4.05 mc,
5.8 to 7.5 mc., 9.4 to 123 mc. and
139 to 18.2 me. A multi-coloured,
full vision, illuminated dial is
fitted and this is calibrated for .the
broadecast, 16, 19, 20, 25, 31, 40,
49 and 80 metre bands. The wave
change switch operates an auto-
matic band indicator on the dial
face to show the band in use. The
inclusion of a 29:1 ratio dial drive,
flywheel spin tuning shaft and
electrical band-spreading simplifies
the tuning on the short wave
bands.

Providing an ®f stage on all
bands to ensure maximum per-
formance, this unit should be of
interest to all home set builders,
gince it requires only five connec-
tions to feed it into any 455 kec.
i-f channel.

For those who may have pur-
chased or are contemplating the
purchase of the K(C4 kit, this firm
now advises that a special commu-
nication cabinet, front panel and
chagsis to suit are available for
immediate delivery. The retail
price of this cabinet, etc, is
£6/10/- plus tax.

Further details can be obtained
from any Aegis distributor or by
writing direct to the Aegis Manu-
facturing Co., 208 Little Lonsdale
Street, Melbourne, C.1.
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Modern Amateur

Transmission Techniques

Class C operation is generally used to achieve high efficiency in a
transmitter circuit. This article discusses the basic oepration of the
Class C amplifier, and the methods of obtaining maximum results

Since it is neither practicable
nor desirable to extract any large
amounts of power from a control-
ling oscillator, such as have been
described in the last two issues,
it is necessary to employ a power
amplifying stage to provide the
necessary amplification. Further-
more, since it is often desired to
operate on some harmonic of the
fundamental oscillator frequency,
one or more frequency multiplier
stages are required, depending
upon the degree of multiplication.

-Although at audio frequencies
it is usually necessary to employ
a linear amplifier, operating under
Class A conditions, to ensure a
distortionless output, the situation
at the highest frequencies is quite
different, and it becomes possible
to use the highly efficient Class
C amplifier to achieve the desired
result. In order to understand
the operation of this class of am-
plifier, and employ it to the best
advantage, it is necessary to grasp
the difference between its opera-
tion, and that of the conventional
stage. Since -the same funda-
mental principles govern the oper-
ation of buffer, doubler and final

power amplifiers, the general case -

of the Class C amplifier may now
be considered.
Class “"C" Operation

As is well known, a nermal Clgss
¢ amplifier has a bias applied

(o}t
FIG. o)

Fig. 1(a): The fundamental Class C
Amplifier,
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from it.
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Fig; 1(b): This graph iilustrates the
operiition of a Class C Amplifier. The
operailng angle is between points a-a’.

which is greater than the cut-off
value for the tube employed, and
thus, in the absence of a driving
signal, sufficient to overcome this
cut-off bias, no plate current will
flow. However, if a sufficiently
large RF voltage is applied to the
grid of the tube this bias will be
overcome on the positive peaks,
plate current will then flow for
the time during which the applied
signal is greater than the bias,
obviously over. only a small por-
tion of the cycle,

By -
ALAN WALLACE

This will be seen in Figure la
between points a and al. It will
be observed that both plate and
grid current flow for only a small
fraction of the cycle, and this
fraction, expressed in degrees, is
known as the “operating angle” of
the stage.

Now the curve for ep shown in
Figure la would only be correct
of the amplifier were working into
a non-resonant resistive load. The
usual relationship is shown in
shown in Figure 1b, where the\
anode load is a purely resistive
impedance, as presented by a

tuned circuit at resonance. Under
these conditions, the amplifier
tube may be considered as a form
of “switch” which supplies the
tuned circuit with a pulse of en-
ergy at exactly the correct instant
to maintain a circulating current
of the resonant frequency in the
tank circuit.

If the wave forms relating the
instantaneous plate voltages and
currents are now examined, it will
be obesrved that the plate current
through the tube only flows when
the plate voltage is at a minimum,
and herein lies the “secret” of the
high eftticiency of this form of am-
plifier. It would seem, at first
sight, that the smaller the operat-
ing angle, i.e. the shorter the
period of time for.which plate
current flows, then the higher the
efliciency which will be obtained.
This is in fact so, but we must
remember that, in order to obtain
the same mean power input to the
stage, then the peak anode cur-
rent would need to be increased.
High Efficiency

This becomes a limiting factor,
being limited for any particular
type of tube by the cathode sur-
face and its temperature, and it
is necessary to strike a compro-
mise between maximum efficiency
and maximum power output. It is
normally quite possible to achieve
an efficiency of between 7¢ and
80 per cent. in a well designed
stage, and these efliciencies will

-be obtained ~with an operating

@ I
R’ ‘ ._T,
- G B+
F16.2(; y
e
Fig. 2(a): The use of a grid leak as a

source.
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Fig. 2(b): To safeguard the viuve n mure
eommon arran~ement is to use partial
eathode bins.

angle which is between 120 deg.
and 140 deg.

It will be appreciated that, with
any givem tube, as the applied
anode voltage is Increased, then
the plate efliciency will increase
since, with the minimum plate vol-
tage at the original level, the volt-
age excursions during the cycle
will be much larger, for the same
plate dissipation, resulting in a
larger proportion of the power be-
ing delivered to the tank circuit.
Care must be taken however, to
ensure that ratings of a particular
tube are mot exceeded, as, since
the peak RF voltages developed

Bave twice the amplitude of the
amplified DC voltage, internal
breakdawns in the tube can easily
occur.

Circuit "Q" Important

The Q. of the tank circuit em-
ployed will have a large influence
in determining the correct operation
of the amplifier. It may be shown
that the tank circuit efficliency is
given by the expression eff

Qa — Qb

Qa

the Q of the circuit when loaded,
and Qb is the efficiency of the tank
circuit in the unloaded condition

From this equation, it can be
seen that it is desirable for a high
Q in the tank circuit when not
loaded, in other words, its In-
herent Q, to be as high as pos-
sible, whilst it would appear that
a low Q in the Joaded condition
is desirable, if high efficiency is to
be attained.

However, since an excessively
low Q. results in poor harmonic
discrimination, it is usual to em-
ploy a tank circuit having a Q. of
about 12 when loaded, this having

x 1009, where Qa is

been found to present the best
compromise for amplifiers of the
100 watt and smaller classes.

The grid bias applied to the
amplifier must have such a value
as to permit the desired operat-
ing angle (between 120 deg. and
150 deg.) when the peak voltage
applied to the grid equals the min
mum plate voltage, this relation-
ship giving the optimum ratio be-
tween grid driving power and plate
circuit efficiency. The exact bias
required will vary with different
tubes, but for the typical modern
tetrode, approximately two or
three times cut-off will be found

satisfactory. However, precise
€]
+8
F16-2.(c)
Fig. 2(c): Connectioms for a fixed bias

source.

DISPOSAL BARGAINS

VIBRATOR

Special for Mobile Equipment
NEW 109 UNITS

8 volt input; 440v, 200ma output

£1/-/-

VALVES
NEW METAL TYPES

6K7, 6N7, 6L7, 6F6, 65SK7, 6AB7,

BENDIX HIGH POWER
TRANSMITTERS

CRYSTAL CONTROLLED
NEW 200 WATT UNITS
T.A2J 24, 15mc. to 40 kc.
Complete with Modulator and all Valves.
No Power Supplies.

CIRCUIT AND OPERATING
INSTRUCTIONS

£30/-/-

New 1196 Transceivers

|
|
|
|
|

| 1C7, 1K7, 1MS, 1L5, 6V6, 6]7, 6B6,

AMERICAN

I.F.F. UNITS

MODEL 43 AAY
Including 9 Valves, 24 Genemotor

£2/17/6

NEW VALVES . ...
GLASS

6B8, 6SA7, 6K7, 6SK7

12A6, 12SK7 f
12/6 each SRV AL ! 12/6 each
9 valve 6 to 9 mc.
6J5, 6H6, 6SH7 24 Volt Genemotor. Standard 6.3 Valves 6XS, 6U7, 6Q7
7/6 each £5/15/- 9/6 each
PHONE EXCELAIR RADIOQO oo
LA 1604 LA 1604

136 VICTORIA ROAD, MARRICKVILLE

For the benefit of Country and Interctate Patrons—Phone attended at all hours.
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£16.8(a

Fig. 3(a): A typical frequency multipller
stage.

information for any particular type
of tube is usually contained in the
_valve manuals, and it is"to be re-
commended that the valve manu-
facturer's recommendations for
stated values should be followed
as closely as possible ,unless spe-
cial design considerations warrant
any alterations.

It is particularly necessary to
ensure the correct operating con-
ditions when the stage is being
used as a plate modulated ampli-
fier. In this condition, the
excursions of plate voltage are
doubled, for a given applied
potential, and care must be taken
on modulation peaks, that the
minimum plate potential does not
fall below the peak grid voltage,
thus causing a non-linear modu-
lation characteristic as well a
reduction in tube life.

It is important also that the
impedance presented to the tube
by the tuned circuit when loaded,
should equal the plate impedance,
at the condition of operation.
For practical purposes this may
be taken as being proportional to
the applied voltage and current.
A convenient table, showing the
minimum required value of
tuning condenser, in picrofarads,
for a circuit Q of 12, is shown in
Table 1, for the respective bands
of operation.

It can be borne in mind that
in applications using a split-
stator tuning condenser, the total
capacity used need only be one
quarter of that shown; that is,
each section of the condenser
will be one half of the normal
value. However, since these are
minimum values, the use of a
larger value of condenser than
that stated will result in a
higher Q being obtained pro-
viding a better harmonic filter-
ing.

Grid Bias Source

The grid bias may be supplied

from one of several different
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sources. The most commonly
used in ham transmitters today,
is what is commonly known as
grid leak ©bias, as shown in
Figure 2a.

The flow of grid current, on the
peak of each positive half cycle,
develops the required voltage
across the grid leak, which is of
sufficient size to dissipate the
heat generated by the flow of
grid current. The power dissi-
pated in this resistor is given by
the expression P = i 2R watts,
where i is the grid current in
ma, and R is the grid leak resis-
tance in megohms.

Although this 'system is very
convenient, obviating as it does
the need for a separate bias
power supply, it suffers from. the
disadvantage im that, should the
RF drive to the tube fail for any
reason then the tube is deprived
of its bias, the ensuing excessive
plate and screen dissipation may
result in permanent damage to
the tube. This disadvantage may
be overcome, however, either by
use of partial cathode bias, as in
Figure 2b, or flxed bias, as in
Figure 2c.

In the event of fixed bias belng
used, it is most essential to use
a bias source having a low in-
ternal resistance, and good regu-
lation characteristics, in order
that its output voltage will not
change too appreciably during
the vast changes in grid im-
pedance.

A commonly used source of
bias voltage is the now standard
Minimax 45 or 67% volt '“B” bat-
tery, which, as it is called upon
to supply no power, will last its
full shelf life. However, where
the voltage range required is
suitable, gaseous voltage regula-
tors of the VR series may be
used, , as described last month,
and will be found ito be quite
suitable.

(Continued on Page 39)

8+ J
Fig. 3(b): An efiicient output can be ob-

tained with a quadrupler stage connected
as shown,

AMATEURS

DISPOSALS

EXPERIMENTERS

VIBRATOR UNITS
101 type, 6 volts input, tapped
voltages up to 220 volts output.
50/- F.O.R.

ATI10 type, 12 volts input, 300 volts
at 100ma, output, complete with 2
vibrator cartridges and 2-6X5
rectifiers.
85/- F.O.R.

SPEAKERS
Kingsley 5 inch Per-mag. New, in
original cartons.
16/- (Postage 2/6).
Transformers for above, 6/- each.

TRANSFORMERS
240 volts input, 385/385 and 5 volt
secondary at 80ma. Upright
mounting. |
15/- F.O.R.

TRIPODS
Army type folding Tripods, used
with Lucas lamps_ete. Useful as a
camera stand.

TRANSMITTERS, ETC.

No. 11 Transceivers complete with
all valves as follow: 2-1C7, 2-1MS5,
4-1K7, 1-80717.
£5/10/~ F.O.R.

Crossley Transmitter/Receivers less
valves and crystal.
70/- F.O.R.

INTER-COM. CABINETS
Cabinet and Chassis with sloping
panel, partly built, but unpainted.

15/- F.O.R.

Avallable also at:
No. 5, Royal Arcade, Sydney

PARAGON RADIO
Box 14, P.O., Haberfield,
N.S.W.

31




ON THE BROADCAST BAND

ASIATIC STATIONS

Asiatic stations have provided particularly interesting DX this winter,

several new ones being heard. Most of the old reliables have made

their presence felt in no uncertain manner, thus providing excellent
listening for many of our new readers.

Art Cushen has identified a station
be heard as far back as last August,

© operating on 930 kc. This was believed

to be Singapore, but is now known
to be Colombo, Ceylon, operated by
the British Broadcasting Corporation.
This station is heard carrying Al
India Radio news service from Delhi
at 1.30 a.m. while the B.B.C. news
from London is taken at 2 a.m.

So far we have been unable to dis-
cover location of two Indian stations
Arthur Cushen refers to hearing with
English news at 1.30 a.m. on 990 ke.
and 1490 ke. He also mentions a sta-
tion on 1360 ke. playing English
recordings, and which he has not been
able to identify. It closes at 1.30 a.m.,
and should not be confused with the
AIR station, Cuttack. on 1355 ke.

This reader has now logged all AIR
stations, his latest verifications com-
ing from Baroda, 1,200 kc. 5kw. This
uses a self-radiating mast, 180 ft.
high, and has been assigned the calt
sign of VUB7. It remains on the air
daily until 3 a.m. and carries the 1.30
a.m. news in English. At other times
Gujarati is the principal language
broadcast.

From Vijayawada our friend receiv-
ed an airmail letter verifying his re-
ception of the 1 kw transmitter oper-
ating on 840 kc. signed by the station
Asgsistant-Director. A copy of the sta-
tion schedule enclosed shows sign off
as 2.30 a.m. EST. This one also
carries English news at 1.30 a.m. The
call sign VUV is listed for this sta-
tion, which call has previously been
associated with the station controlled
by the Government of Hyderabad, so
possibly the latter have dropped their
claim for this call sign.

An airmal letter verification- has
also been received from the ‘‘Radio
Pakistan” station at Karachi, 825 kec.
it will be noticed that stations in this
network carry news in English now at
12.46 a.m. daily.

Also from Pakistan a verification
card has urrived at George Francils’
QTH, showing an emblem in green
with black printing on white back-
ground. This came from the station
at Dacca, heard at good strength in
most locations on 1167 ke.

Radio Malaya
"Verification”

From ‘Radio Malaya,” Singapore,
the "attractive wverification card now
being issued by member stations of
this network has arrived at our listen-
ing post in reply to our comments on
the 620 kc outlet of the above studios.
The card shows the geographical re-
lationship of many of the well-known
cities of South Asia to Singapore
Island. The latter is shown in Red
with location of other centres in blue
on a white background. Apparently
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this card must have been prepared
some time ago, as the frequencies
570 ke. and 1333 ke. are still shown on
the printed station list included in the
design.

The address of the Singapore
studios is—‘*Radio Malaya,” Cathay
Building, Singapore.

Stations carrying *“Radio Malaya”
programmes operate at present on the
following medium wave channels with
additional outlets on shortwave opera-
ting from Kuala Lumpur and Singa-
pore.

620 kc. Singapore, 10 kw. Leaves the
air at 12.30 except Sunday mornings
(Saturday nights, of course, in Singa-
pore) when they run an extra half
hour. The last several hours of trans-
migsion are in English, with a news
bulletin at Midnight. Announces as
the “Blue Network.”

740 kc. Singapore 7 kw. Signs off
nightly after a two-hour Chinese pro-
gramme at 12.20 a.an. This is known
as the “Red Network.”

1203 ke¢. Kuala Lumpur, 1.2 kw.

1013 kec. Kuala Lumpur, 250 watts.

1280 kec. Penang, 2 kw.

1101 kc. Penang, 400 watts.

1023 ke. Seremban 50 watts.

1073 kc. Malacca, 50 watts.

It is of course most unlikely that
the two latter transmitters would be
heard over here running such low
power, but under particularly favour-
able conditions some readers may
catch them. No doubt too, Lahore
1022 kc. would interfere with Serem-
ban, whilst it is not very likely that
the 400 watt transmitter on 1110 ke.
would be able to override the signal
from 2UW, Sydney, which is on a 24-
hour schedule. However, the others on
the list should be tried for.

by
ROY HALLETT

-

S.A. "All Night" Schedules

During the strike period Adelaide
stations have been taking turn about
presenting programmes from normal
close down time till 6 a.m. S.A. time
next morning, providing local elec-
tricity supply authorities with a
means of warning industry when to
‘‘ease up’’ on their consumption of
power to avoid overloading generators
at the city power station.

We were a little puzzled at first
when listening for the new 1XH one
morning recently to experience strong
interference from a station on the
same channel. However a word or two
from the interfering station announcer
left us with no doubt that it was 5AD
taking its turn on Adelaide’s emer-
gency all night shift.

Philippine Islands News

Signals from the Philippine Islands
have been quite fair to good over
recent weeks. Art Cushen has re-
ported DZFM heard till signing off at
2 a.m. on 710 kc. George Francis re-
ports DZRH, Manila, 650 ke. as poor,
although this one is generally fair
level at our listening post. DYRC,
Cebu City, 600 kc. is also reported as
poor level.

DYBU, situated in Cebu City, oper-
ating on 1250, is another good one to
tune for. remaining on the air till
2 a.m. when it closes after a short
news bulletin. Listen, of course, also
for the Manila stations DZAB, 760 kc.
and DZMB 860 kc. from around mid-
night till around 2 a.m.,

Although we have had little success
logging this one at our listening post,
ZBW. Hongkong, is apparently get-
ting through at some locations on 845
ke. according to a ‘‘Radio Call’” re-
port. Listen around midnight; English
language is used and European music
is generally featured from this station.

HLKA, 970 kec. provides one of the
best signals from Asia at present.
Long station announcements are
broadcast in English just prior to
closing at 1.30 a.m.

The Manila, P.I., relay station for
t“Yoice of America’” shortwave ser-
vice on 920 kc¢. is quite good most
nights, Tt is easily identified and can
be heard around midnight.

WVTR, the American Armed Forces
Radio Service station in Tokyo is a
good one for newcomers to listen for.
Operating on 870 ke, this station is
usually quite strong from around
11,15 p.m.

N

Are you interested in Broad-
cast DXing? If so., you are in-
vited to send in reports of your
latest logging, equipment being
used, as well as any suggestions
regarding the information you
would like included in this page.
All letters should be posted direct
to Mr. Roy Hallett, 36 Baker St.,
Enfield, N.S.W.

READERS’ REPORTS

Mr. R. Harding, Lakemba, is quite
pleased with the performance of his
receiver on both broadcast and short
wave bands, particularly as he, with
friend Bill Belford, built it up. The
valve line up at present includes,
ECH35, EBF35, 6HS6, 6V6, 5Y3, and
a magic eye tuning indicator.

An Indian station near 750 kec.
(quite probably Tiruchi, 758kc¢) pro-
vides a surprisingly good signal on
this reciever around 12.30 a.m., whilst
on the 1500-1600 kc. band, XERF,
1570kc is quite fair with its hillbilly
programme around 9 p.m. Operating
from over the U.S. border in Mexico,
this station may be addressed *‘‘Del
Rio, Texas, U.S.A.,”” and now appears
to be the strongest signal on this
section of the band at many locations.
Annquncements, when given, are in
English, and consist largely of adver-
tisements.

At our listening post, perhaps the
next strongest signal on this band is
KOMA in Oklahoma City, Oklahoma,

(Continued on page 39
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SHORT7 WAVE
LISTENER

SOME RECENT VERIFICATIONS

Mention was madé of Radio Hue
in a recent issue. Now a verifica-
tion has been received by your
editor, and the text is given for
the interest and help of readers,

Radio Hue,

Post Box 85,

H U E. ANNAM. 21st June 1949.

“The Director, R. Steenbrugge

' writes—

I have this day received your
listening notes on Radio Hue, and
we thank you for the information
that you sent us on our broadcast.
I hope to have the means of
putting on an English broadcast,
and will not fail to advise you of

this. For the moment the general
outline of our broadcasts is as
follows (G.M.T.)

2300 to 2330 — Relay of Radio

Saigon

0930 to 1030 — Voice of Vietnam
(in Vietnamese)

1030 to 1050 — Broadcast to
French troops in Central
Annam.

1050 to 1200 — Variety Program.

1200 to 1215 — News.

1215 to 1230 — Records
closing theme.

AUSTRIA

A letter recently received from
the Radio Service for the United
States Forces in Australia, which
operates under The Blue Danube
Network, may be of interest to
those who- are hearing the trans-
missions. It reads as follows:—
“] wish to thank you for your fine
letter of the 9th May, our Engineer-
ing department was greatly inter-

and

and the broadcast which you heard
came from our Salzburg Station
KZCA, now operating on a short-
wave frequency of 9533 mega-
cycles.”

A current schedule was enclosed
and the writer said that the sta-
tion appreciated the interest and
thoughtfulnss in sending on a

report.
Address is as follows:—Floyd
H. Willey, U.S. Civ. Chief, SSO.

Blue Danube Network, A.P.O. 777,
U.S. Army.
PAKISTAN

A card of Verification together
with a letter was received recently.
The card is rather unique in its
design, groundwork is white, with
a green and black setting for the
Official insigna of Pakistan. The
wording on the foot of card con-
firms the reception report, and
states Radio Pakistan is now
located — Karachi, Peshawar,
Lahore and Dacca, but only Dacca
on Shortwave at present. (Ed.)

NICARAGUA

Yet another Sth.. American
station has news in English, and
this service is dedicated and
beamed to listeners in North
America, YNVP, La Voz de Nicar-
agua, transmitting on a frequency
of 6758 kes., with a power of 0.8
kws. The service is from the capi-
tal, Managua, and the times are 12
am. till 2 am. and 9 am. till
4 p.m. Signal strength is good,
according to an English correspon-

ested in your report of reception, dent. (Eric Good.).

== ——
l NEW STATION LOGGINGS

J Callsign Kes Metres Location Time Head

{ YSR .. 6,272 47.83 San Salvador . 10.00 p.m.
ZYFS .. . 4,955 60.54 Manaos, Brazil 8.00 p.m.
YVMO .. 4,990 60.12 Venezuela .. .. 8.45 p.m.

| VKGR .= .. .. 5,020 59.75 Venezuela .. .. 930 pm.
CKLO .. .. .. .. 98630 31.15 Ganada .. ovist om 715 pim.
2NN L i 9,780 30.67 New Zealand .. 7.00 p.m.
HBE S .. 7,005 42.83 Siam s 9.00 pm. ||
V. of America .. 17,770 16.88 Manila .. .. .. 7.00 p.m.

Philippines
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STATION ADDRESSES

REPUBLIC CF COSTA RICA

TIPGH — Alma Tica, Apartado
800. San Jose.

TIRH — Radio El Mundo, San Jose.

TILS — Radiodifusora Para Ti,
Apartado.3. San Jose.

TIEP — La Veoz del Tropico,
Apartado 257, San Jose.

TIRCC — Radio Emisora Catolica,
San Jose.

TINRH — La Voz del Costa Rica,
Apartado 1064, Heredia.

EL SALVADOR

YSR — La Voz de el Salvador. San
Salvador.

YSF — Radio
Salvador.

YSA — Radio Cultura, Santa Ana,
San Salvador. ’

YSwW — Radio del Pueblo, Santa
Ana, San Salvador.

YSHQ — La Voz del Progreso, San
Salvador.

YS! — Radio Intercontinental, San
Salvador.

HUB — Radiodifusora Nacional.
San Salvador.

YSPD — Voz de la Cuscatlan, San

Vanguardia, San

Salvador.
YUSA — Radio Mil Cincuenta, San
Salvador.
YSN — Voz de la Democracia, San
Salvador.
CHINA
Communist transmitters are

being heard on various short-wave
channels since the Nanking
stations have changed hands. In
addition to the normal channels
used in the various towns in North
China they have been heard on
Nanking channels 5985 and 9730
megacycles. Other channels re-
ported are 14.950, 6.096, 9.040,
10.260 megacycles. Ken Desouza,
of Singapore, reports these stations-
to be of very low power.

In Communist-controlled terri-
tory, call-signs are not used, and it
will be noticed that in some instan-
ces stations are now in the Com-
munist areas and will not use the
call listed by the Nationalist Gov-
ernment. One example of this is
the Peiping transmitters, who an-
nounce as the New China Station.
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LISTEN FOR THESE

ANGOLA

From Radio and Television News,
U.S.A. we have some Interesting news
of these stations. In sending on a
verification card to_Rex Gillett (Aus-
tralia) the station advises that Radio
Clube de Angola, CR6RL on 9470 kcs,
and CR6RN 8090 kcs, operate from
11.30 p.m. to 2 a.m., while CR6RA, on
10.795 kés is on the air from 11 a.m.
until 1 p.r.

CR6RH on 8232 kecs Hilla, has ex-
tended its schedule by a half hour,
and now runs to 1 a.m., Radio Dia-
mang, CR6RG on 8242, at Dundo has
been heard at 12 a.m. to 12.30 a.m.,
with Portuguese National Anthem.

Speech intelligibility low with bad

QRM from stations using both CW
and phone, some days orchestral
mausic is heard at 11.45 p.rr., both man
and woman are announcers, but no
English is noted. (Pearce).
. Radio Clube de Angola, Luanda,
sent a QSL card for the reception of
CR6RN on 7142 kcs, and said that this
replaced the 8090 kcs channel. Also
asked for a check on CR6RL on 31.68
metres, approximately 9470 kcs.

BRAZIL

An American correspondent recently
received a letter from Ceara Radio
Club, Fortaleza, in Brazil, and its
contents will be of interest to those
hearing the transmissions on 15.165
kecs. The station is said to open at
1 a.m. and continue until 2 a.m.,
announcements are made in Spanish,
French, Portuguese and English.

The letter says:—‘Your most wel-
come report recently reached us and
we surely were glad to hear from you,
we would appreciate you telling your
friends about our international pro-
gram, for we don't receive many
letters from: your country, which we
sincerely regret, so give us a hand,
will you? Your co-operation will
be greatly appreciated by us, let us
hear from you again, won't you?

The international program is on the
air, Mondays and Fridays from 11
p.m. until 1 a.m., with announcements

in English, Epanish, French and
Portuguese. (Boice.)
SIAM

Ken. DeSouza of Singapore, reports
by way of Radio Australia an interest-
ing item of news on The Overseas
Station of Siam. giving times and fre-
quencies, as follows:—

10 a.m. till 11 a.m. on 6010, 7105, and
11650 kcs.

7 p.m. until 9.30 p.m. on 600, and
11650 kcs.

10 p.m. till 1.30 o.m. on 6010, 7105
and 11650 kcs.

Another new transmitter has been
logged on 7005 kcs, from: 7 p.m. until
sign off at 10 p.m. The entire pro-
gram is in Thai, with Western, Thai
and@ Chinese music. On Wednesdays
an English/Thai language lesson is
broadecast at 8.30 p.m .till 9 p.m. No
identification in English is given, how-
ever subjects for the lessons are taken
fromr Bangkok daily newspapers .

A time signal of six pips has been

heard, and the callsign appears to -

be HPC. This station does not take
programwrmes of other Bangkok sta-
tions, and is not on the air on Sun-
days.
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PAKISTAN

Radio Pakistan, Dacca, has moved
from 1527 kes. to 15,335 kes. the sche-
dule is as follows: 11.30 a.m. till 1.30
p.m., 3.30 u.m. till 5.30 u.m., 9 p.m. un-
til 2.30 2a.m. News in English is given
at 12 p.m., 4.10 p.m. 10 p.m. and 2.456
a.m. Talk in English on Pakistan will
be given on Sundays at 4.30 p.m.

Radio Pakistan, Lahore, on approx.
11740 kcs. news in English at 12 p.m.,
5.10 p.m. 9 p.r., 1245 am.. and
2.30 a.m. (Ilias.Cochin-India.)

GERMANY

We have details of some trans-
mitters operating from Berlin, Stutt-
gart and Hamburg. RIAS on 6080 kcs
is heard with a strong signal at 9
p.m., and again at 4 a.m. after *“The
Voice of Amrerica” program, and with
RIAS programs until 5 a.m. Radio
Stuttgart on 6030 kcs Is heard with
some difficulty through QRM after 9.30
p.m., it has News in German at 4.46
p.m. and 9. 45 a.m. and fades out
around 12 p.m. This sanve transmitter
has been heard at 8.20 a.m. till 4.30
a.m. at good level, and signed off at
5 a.m.

FRENCH MOROCCO

Radio Maroc, on a freq. of 6005 kcs,
has been heard at 11.30 a.m. to 12.16
p.m., with French News, at 11.45 a.m,
to 12 p.m., then Arabic to Sign off.
Location is Rabat. (Alfred.)

1‘Readers' Repoﬂs

| Readers desirous of submit-
ting Short Wave reporis for in-
|clusion in these notes should
ensure that they reach ounr
| Short Wave Correspondent not
later than the 1st of each month.
| Address all letters to: Miss D.
Sanderson, 23 Elizabeth Street,
Malvern, S.E.4., Victoria.

PORTUGAL

A station announcing as Emissora
Nacional at 9 p.m. is heard with news
in Portuguese and musical items,
seems to sign off at 4 a.m., according
to an American correspondent.

Radio Clube Portuguesa CS2W1 on
12,875 kcs has been heard with Eng-
lish vocal recordings at 3.40 a.m., man
and woman are heard as announcers,
plenty of chimes used as interval
signals, but no English noted. Also
has guitar music with vocal by man
in the Portuguese language.

Lisbon on 11.027 kes is heard at 11
a.m. until 12.45 p.m. when the station
fades out. seems to be off on Sundays.
ZPA1 Radio Del Sstado, Asuncion,
transmits on 6275 kecs. with a power
of 3 kilowatts, daily in Spanish from
8 p.m. till 10 p.m., and 4 a.m. until
8§ a.m.

PARAGUAY

7ZPA5 Radio Encarnacion, now has
a somewhat irregular schedule, seems
to be on at 7.30 p.m. till 10 p.m., and
1 a.m. until 3 a.m. The early sign
off is due to an electricity shortage.
Frequency is 11.945 kes. (Leven.)

LUXEMBOURG

Radio Luxembourg on a frequency
of 15.350 kcs signs on at 5 p.m.
has news in French at that time. The
6090 channel is heard on Sundays
with an English program from 9.30
p.m. until 11 p.m., then a French
program. The station announced
another English session at 3 a.m.
(Pearce.)

MADASCAR

A correspondent in Hawaii reports
that Radio Tananarive on a frequency
of 12.127 kes is heard from: 5.45 p.m.
until 6.10 p.m. on a fair level.

The 9695 outlet is heart at 8.30 a.m.
signing on with ‘“La Marseillaige”
then has a musical program; news in
French at 9 a.m., music again until
9.20 a.m. to 10 a.m. when the station
fades out It is easily recognized by
the call ‘Ici Radio Tananarive.”

LEBANON

Printed schedules received from Ted
Norris of Beirut, give some details of
transmissions being heard from that
country, and they list Radio Leban on
8036 kecs at 10.45 a.m. till 11 a.m,
(Sundays 11.45 a.m, until 12 p.m.,)
4.30 p.m. till 5.30 p.m., 12 a.m. until
1.15 a.m. News in French at 10.45
a.m., (Sundays at 11.45 a.m.) 4.30
p.m. and 12 a.m. I believe that Eng-
lish is used between 8 p.m. and 9 p.m.

BEIRA

From -Mervyn Laubscher our cor-
respondent in South Africa we have
an interesting item of news on Aero
Clube da Beira, which is back on the
air again.

After some absence, it is listed as
being on 7155 kcs but is being heard
on approximately 7200 kes with a good
signal and signs off at 1 am. It is
supposed to have increased its power,
as it is listed as using 300 watts.

SUMATRA

According to a verification received
recently from Radio Palembang this
station is on the air daily on 48556 kcs
from 2.30 p.m:. until 8 p.m. with pro-
grams in Dutch, and Indonesian—QRA
for reports is given as—

..Radio Palembang, Katoorin Studio,
Talang Djawa 7, Palembang, Suma-
tra. (Gillett.)

ECUADOR

HCJB, QUITO, is now issuing
schedules quarterly, free on request,
and the address is HCJB, Casilla 691,
QUITO, ECUADOR, Sth. America.

English periods are scheduled now
Tuesday through Sunday:—4.30 p.m.
till 5. 30p.m. on 12.455, and 9958 kcs,
3 am. till 4 a.m., 7 a.m. until 9 a.m.
on 15.115, 12455, and 9958 kecs, 9 a.m.
until 11.30 a.m. on 15.115, 12,455, 9958,
and 5995 kcs, and to Europe on 17,890
and 15.115 kcs at 1 a.m. until 2 a.m.

Chief engineer Howard Clayton in-
forms Ken Boord of Radio and Tele-
vision News that he is getting a lot
of good reports on the 16 metre trans-
mission and feels very much encour-
aged with the new frequency. (R &
T.N.USA.)
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TRANS-TASMAN

By J. F. FOX

IARY

(Special N.Z. Correspoadent)

MOBILE RADIO SERVICES EXTENDED

Since the introduction of the first mobile radio-telephone station in
Auckland over two Zears ago, users have acclaimed the system and

it is now

eing expanded to take in other areas.

It 1s less than two years since
the first mobile radio -telephone
station was opened by the Post
Office at Auckland, but since then
the service has expanded and users
are acclaiming the system.

The Wellington Co-operative
Taxis Ltd. can claim being the lar-
gest users of the service in the
Dominon, the company has sSome
40 units in operation. The Wel-
lington fixed stations are located
at Tinakori Hills and Mount Craw-
ford. In the Queen City, its units
are working while an additional
eight are to come into use shortly.

At Christchurch, four units are
already working, though a fixed
station is yet to be established on
Cashmere Hills. When this station
is opened 30 taxis will operate on
a separate private utility channel.

Meanwhile, in Dunedin the two
fixed locations at Roslyn and High-
cliff are providing coverage for
the city and Port- Chalmers area
for the Dunedin Metropolitan Fire
Board who are the only users at
present.

In the Hutt Valley district a
station will be erected on the Wes-
tern Hutt hills; however an in.
terim service will commence
with a few week's with a station
located on the roof of the Hutt
Post Office. One public and a pri-
vate utility channel will be avail-
able.

At Napier and Wanganui sur-
veys have been carried out by
Post Office engineers, and a ser-
vice will be established for busi-
ness concerns in the near future.
At Palmerston North, eight units
were expected to be in operation
by the end of June.
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Large Order Placed

One of the largest peace time
orders for specialized radio equip-
ment ever to be placed in New
Zealand has just been given by the
Post Office to a Wellington manu-
facturer. The equipment provides
for fifty mobile radio-telephone
base station units which will be
built to a prototype designed by
Post Office engineers.

A few of the new units will re-
place modified war surplus equip-
ment at present in use in the mo-
bile telephone services at the four
main centres. Some of the units
now in use by the Police Depart-
ment will be replaced, but most of
the new equipment will provide
service for new mobile subscrib-
ers, such as the fire, traffic and
ambulance services, and for taxis,
carrying firms and other private
utility concerns.

Party-Line System

-To provide the simplest and
cheapest way of giving the
advantages of this modern mobile
service, the communications for
public and private utilities will
continue for a time to be on the
party-line system which is already
successfully operating in the four
centres. Later, should users of
the service wish it, the selective
calling of mobile units will be pos-
gible. This will mean that they
will be able to call the one they
want without other units hearing
the call.

A future development envisaged
by the Post Office is the provision
of public telephone service for
mobile. By this service a mobile
unit could be connected to any
number in the telephone system.
This is, of course, some way off
yet, but the work now being done
in establishing remotely-controlled
radio stations will form a valu-
able basis for the eventual mobile-
unit-to-public-telephone system.

The hilly nature, the general
topography, of New Zealand pre-
sents some difficulties in obtain-
ing adequate coverage for mobile

THE YOICE OF

Yet another radio station has
come on the air in New Zeaiand.
This time it is station 1XH, “The
Voice of the Waikato,” which
opened on Saturday, July 2, at 8
p.m.

Like its sister station 3XS Tim-
aru, station 1XH is designed to
serve the Waikato district and
operates along the same lines
with commercial and non-commer-
cial programmes for seven hours
each day.

The station is in two parts of
the City of Hamilton, the studios
are in the basement of the City
Council Chambers in Alma Street
while the clerical advertising and
copywriting section are in Clark’s
Buildings, Ward Street. The sta-

WAIKATO

tion manager, Mr. C. I. B. Wat-
kins, is well known to listeners
of 4ZB, 2ZB, 2ZA, and 2XN.

New Antenna Tower

Station 1XH is the first station
to have the new 175 feet mast,
and this was erected in six days
at the transmitter site at Hillcrest
near the junction of the Morrins-
ville and Rotorua highways. The
unattended transmitter has a
power of two kilowatts and oper-
ates on a frequency of 1310 kilo-
cycles. TUnlike Timaru, no tem-
porary equipment is installed, for
the audio frequency equipment at
3XC was of a temporary nature
pending delivery from Australia
of the proper equipment.
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radio services. The most effective
types of radio waves for this class
of communication are those fall-
ing in the very high-frequency part
of the radio spectrum using wave.
lengths a few feet in length. With
these frequencies radiation is ex-
tremely effective where there is
a line-of-sight path but falls away
rapidly where there is a line-of-
sight path but falls away rapidly
where there are large obstacles,
such as ranges of hills.

The Post Office carried out ex-
tensive investigations, including
field surveys, in Wellington and
Auckland to determine the bhest
system and technical desgigns to be
employed. The results of these
tests, as well as guiding the Post
Office’s own work in providing base
facilities, were incorporated in
mobile apparatus of prospective
subscribers. Local Manufacturers
and importers were told of this
some -eighteen months ago, and so
have been able to furnish suitable
types of equipment for use in the
service.

Diversity System Used

The particular radio system
adopted by the Post Office is a
recent development known as the
multi-carrier or . diversity trans-
mission system, the only system
available at present by which cov-
erage of an area can be extended.
This feature is of the utmost im-
portance in countries. like New
Zealand, where the nature of the
land eftectively limits the useful-
ness of transmission by a single
station.

For example, in the Wellingeon
area the assured coverage obtain-
able from a single station would
be limited to the aréa enclosed by
the hills surrounding the harbour.
By using multi-carrier transmis-
ston this coverage can be extended
to bring in areas such as the Pori-
rua basin and Hutt Valley. The
cost of excessive lengths of con-
trol line usually make it uneco-
nomical to extend the coverage any
further.

The only visible sign of this Post
Oftice service is, a small table
cabinet which forms the control
unit and sits on the table in the
subscriber’s office. It has a loud-
speaker for the reception of in-
coming speech and a hand-micro-
phone for speaking to the cars.
This unit connects through under-
ground telephone cables to the un-
attended radio station where the
transmitters and receivers are
located, together with a special
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type of aerial used both for send-
ing and receiving.

Vehicles taking part in the mo-
bile radio service can be recog-
nised by the short vertical radio
aerial which is usually mounted
on top of the car. This is used
both for transmission and recep-
tion, the controls being placed in
a convenient position for use by
the driver while travelling or
stationery.

Rotorua Is On The Air

The well-known tourist resort of
Rotorua made another step towards
progress recently when the New
Zealand Broadecasting Service com-
menced regular transmissions from
Station 1YZ. '

Rotorua’s station came on the
air on April 27, when the Minister
of Broadcasting declared the
station open at 8 p.m. Designed to
serve the BRay of Plenty area, 1YZ
completed the YZ network of
stations and is the 23rd Govern-
ment station on the air.

The studios are located opposite
the Municipal Buildings in Arawa
Street, and are constructed of
surplus Air Force materials used
during the war. This temporary
establishment consists of a medium
size studio, an announcers’ studio
and a control room. The remainder
of the building contains the neces-
sary offices for the administration
of the station. When building re-
strictions are lifted,
buildings at both Rotorua and
Tauranga will be erected with a
further set of studios.

Since its inauguration, 1YZ has
received hundreds of reports on its
reception. Primarily intended for
Rotorua and the Bay of Plenty
districts, 1YZ has been reported
with excellent signals throughout
the whole of the dominion. From
Kaitaia in the north to Invercargill
in the south listeners are receiving
the Rotorua station with perfect
signals. In Dunedin, where 4YA is
only 20 kilocycles away, 1YA is
heard as good as 3YA.

However, this does not complete
the area so far reported. From
Noumea, in New Caledonia, a
listener has written in saying he is
hearing 1YZ at great strength. The
Melbourne office of A.W.A. state
that reception is good in the Vic-
torian capital. It will not be sur-
prising if "in the near future 1YZ
receives reports from the North
American continent, where its
signals should be heard well.

permanent .

New Antenna System

Paengaroa, on the road to
Tauranga and 25 miles from Roto-
rua, is the location of the trans-
mitter and the now well-familiar
500 ft. radio mast. The aerial sys-
tem is new to this country, for it
consists of a 500 ft. steel mast
radiator, which is sectionalised and
loaded with an inductance coil at
a height of 370 ft. The remaining
130 ft. i8 completely insulated from
the lower portion of the tower,
which gives maximum ground-wave
and minimum sky-wave radiation,
thereby giving maximum primary
coverage.

Using a modern transmitter con-
structed by Amalgamated Wireless
Australasia Ltd.,, 1YZ gives a
radiated power of 10 kilowatts on a
frequency of 800 kilocycles. The
transmitter employs high-level
class “B” modulator and uses air-
cooled valves throughout.

Mr. K. G. Collins is the station
manager, while Mr. H. J. Alexander
is the senior technician, and Mr.
A. BE. Sanft is the chief announcer.

The inaugural programme took
place at 8 p.m. on April 27, when
the Minister of Broadcasting, Hon.
F. Jones, declared the station open.
Other speakers were the local
members of Parliament, and the
mayors of Rotorua and Tauranga,
who were welcomed by the new
Director of Broadcasting, Mr.
William Yates. A programme by
local artists, including Maori en-
tertainers, concluded the opening
programme.

Synchro-Cyclotron

A new atom-smasher which will
provide for an energy output of
over 400 million electron volts has
been planned for the Carnegie In-
stitute of Technology. It is hoped
that this equipment will enable the
bombardment of mesons, particles
found in cosmic rays, and thus
furnish a key to the nature of the
forces that hold atomic nuclei to-
gether.

The coils will carry 20,000 am-
peres and will produce a magnetic
field of 20,000 Gauss. The magnetic
force between the pole faces will
be 1250 tons. Under construction
now ,this cyclotron is expected to
be in operation by 1950.
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Lightning Strokes Prefer
Tall Buildings

Coatinued from page 7

Similar unhappy results may
occur with poorly grounded
lightning rods or masts. Lightning
current flowing in a high contact
resistance between the grounding
electrode and earth creates a
voltage drop, so that the shielding
conductor may be raised many
thousand volts above true earth
potential. In Fig. 5 (b) is shown
a house with a lightning rod. The
resistance of the earth connection
is high.

It the rod is struck, a spark
may jump from the rod to some
nearby grounded object in the
house, such as a water or gas pipe
or to the electric wiring. This
occasionally happens, as mani-
Qefsted by flashes in rooms, the
stripping of shingles from roofs,
or plaster from walls, or similar
occurrences. Poorly grounded
lightning rods may be a hazard
rather than a safeguard.

Correct Grounding Essential

One of the principal reasons
why lightning rods were in dis-
repute for some years is that in
many cases little attention was
given to careful grounding.
Lightning rods can be very effec-
tive if the teachings of Benjaman
Franklin, augmented by the later
experimental data that was denied
him, are observed.

Methods and instruments for
measuring the resistance of the
ground termination are available,
and it is wise to use them because
the resistance of a ground cannot
be termined by
How low should the resistance be?

The lower the better; one ohm is

better than many. In some soils
it is easy to secure low ground
resistance, in others it may be
extremely difficult.’

In the case of long, circuitous
conductors the rapid rate of rise
of lightning current may produce
voltage as a result of inductance.
The inductance of a straight wire
of usual cross section is about 0.4
microhenry per foot. A lightning
current rising at the rate of 10,000
amperes per microsecond—a high
but not improbable value—will
produce 4000 volts per foot of wire
as long as the current is rising at
the aforementioned rate. In a 30-
foot length of wire this amounts
to 200,000 volts, sufficient to bridge
a foot or so of air to an adjacent
grounded - conductor. Lightning
conductors should therefore be as
straight and direct as possible.
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looking at it.

Side flashes and conseguential
damage as a result of bad grounds
or long leads are not inevitable,
because lightning currents vary in
intensity. Many strokes contact
trees or masonary or poorly
grounded lightning rods without
causing damage. However, the
purpose of protection is to insure
against the widest range of prac-
tical possibilities.

The opinion is sometimes ad-
vanced that lightning has a pen-
chant for jumping from conductors
at sharp bends, because of the
“inertia”. This is erroneous. If it
jumps from a sharp bend to some
other object it is probable that the
path from the bend along the
lightning conductor to ground is
long, and therefore has appreci-
able inductance, or there is
resistance somewhere in the path,
so that a high voltage exists
momentarily, sufficient to spark to
something in the vicinity of the
bend. The clearance to other
objects is probably least at the
bend, for that may well be the
reason for making the bend.

Lightning current is an electric
current, and doubtless many of the
reported miraculous occurrgnces
could be explained by the applica-
tion of the laws of electro-physics
if all evidence and facts could be
ascertained. That is usually diffi-
cult to achieve because lightning
damage has much in common with
an automobile accident, as far as
evidence and recollection are con-
cerned.

Overhead Wires

The considerations pertaining to
tall structures and their shielding
influence apply also to overhead
wires. Suppose a horizontal con-
ductor be supported on piles, Fig.
6. The wire, like the mast, will
attract leaders that approach
within its sphere of influence.
Since such a wire may extend for
miles, the probabilities of its
being struck become appreciable.

Statistical data indicates that
transmission systems, meaning the
line conductors or their overhead
ground wires if present, are struck
on the average of once per mile
per pear, if located in isokeraunic
levels of 30. If the wire has no
direct metallic connection to the
earth, the lightning current will
produce very high voltage, and
flashover to ground will probably
occur. If the wire is grounded
at intervals high voltage is pre-
vented. The wire acts like a
continuous lightning rod.

Such a grounded wire also pro-

vides a protected zone paralleling
the conductor. Another wire within
this “tent like” volume is not
likely to be struck directly. This
is the principle of the overhead
ground wire widely used over
transmission lines.* The shielding
angle to assure 0.1 per cent ex-
posure is 30 to 45 degrees, depend-
ing upon the height abdve ground.
The matter of secondary fiflashes
from a struck ground wire system
to the line conductors is an im-
portant consideration.

A simple arrangement on a wood
pole of one line conductor with
an overhead ground wire is sug-
gested in Fig. 7. In (a) the down
lead that connects the ground wire
to earth is attached to the pole.

It is assumed that the ground
resistance is high.

When the ground wire is struck,
currents are as indicated. The
current in the down lead and into
the earth causes a voltage drop in
the ground connection, thereby
raising the potential of the ground-
wire system above true ground.
The line conductor is held at a
potential, which is near ground,
by its capacity to ground. It picks
up voltage from the struck ground
wire by coupling. The coupling
factor may be 3¢ to 40 per cent.
The difference in potential be-
tween the ground wire and the line
conductor may thus become high,
and if the clearance between the
down conductor and the line ig
small, of if the pole is metal and
the insulator is small, a flagshover
occurs from the ground-wire 8ys-
tem to the line conductor.

This is just as bad as a direct
hit on the line conductor with a
flash to ground, because -either
may cause a short circuit. Further-
more, a backflash from the ground
wire to the line injects current
and high voltage into the line,
which may unnecessarily endanger
other insulation.

Ground resistance and clear-
ances are important considerations
in the design and construction of
lines with overhead ground wires.
Sometimes special measures are
necessary to obtain reasonable
ground resistances, and sometimes
it may also be necessary to offset
the down leads so that adequate
clearances are secured, as in the
right hand view of Fig. 7.

The foregoing is an elementary
description of the factors that
enter into the arrangement of a
simple combination of line and
overhead ground wires. The de-
sign of lightning-proof transmis-

(Continued on page 39
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Continued from page 19

make sense. It only makes sense
if we think of current as being a
quantity of something, and since
an. electric current is NOT a
quantity but a description of the
dynamic state of electric charges,
the term, current flow, promotes
{deas that are entirely wrong and
which often inhibit you in com-
prehending many of the complex
phases of electrical phenomena.

Many of the latest text books,
especially those of an advanced
nature, recognise the danger in-
hering to the term, current flow,
and use phrases like, the current
is established, the current exists,
the current is directed. Such
phrases imply the true nature of
current. ;

. M. Strong in his Basic
Analysis of [Electrical Engineer-
ing says, “The use of the term
current, even electrically, custom-
arily takes liberties with the
strict usage . . . It is quite usual
to find expressions as ‘“the cur-
rent flows”, “the flow of current”
and the ‘less objectionable, “cur-
rent flow” when it would seem
preferable to say, “the current is
directed”, the “direction of cur-
rent,” or merely, “the current.”
This seems to arise from a long
period of indefiniteness about the
substance of the current when the
layman, at least, had little con-
cept of electric current beyond its
being “the juice.” He naturally
assigned to “current” a sense of
substance beyond the mere rate
of flow which it strictly connotes.
Because the direction of electron
flow has been found opposite to
that assumed for conventional
current, it 1s still embarrassing
to .explain .just .what_ actually
flows in the direction of the con-
vevntional current.”

Since the current concept is
the notion on which we build all
our concepts about dynamic elec-
tricity it is clearly necessary to
have the right idea about electric
current. and we must discard any
terms likely to promote Wwrong

ideas.

Electrical Conduction
Blectrical conduction is the
transfer of electrical energy from
one place to another. Electrical
energy can be transmitted .with
varying degrees of efficiency
through solids, gases, li uids an.d
space. and its transmission is
usually accompanied by one or
more secondary effects which may
be regarded as.by-products of the
actual transmission, which are
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TRY THESE PROBLEMS

1. A variable air capacitor has a
minimum capacitance of 60 pfd.
and a maximum capicitance of
500 pfd. If the p.d. is 200 volts
across the plates when the cap-
acitance is at maximum—

(a) What is the p.d. across the
plates when the capacitance
is a minimum?

(b) Neglecting friction, what
work is done in rotating the
the plates from the maxi-
mum to their minimum
positions.

2. Two strips of paper 0.003 in.
thick and 1 in. wide are used to
make a fixed capacitor of 0.1
mfd. What is the length of each
piece of paper? Take the di-
electric of paper as 4.

8. A current of 10 amperes exists
in a circuit containing a capa-
citance of 8 mfd. for 500 micro-
seconds. Assuming that the cur-
rent remains uniform—

(a) What is the total charge
given the capacitor?

(b) What is the final p.d. across
the capacitor plates?

(¢) How many electrons are
transferred from one plate
to the other by the charging
of the capacitor?

often undesirable but are accepted
as losses.

Our immediate interest is the
transmission of selectrical energy
through 'solids which, according
to the Electron Theory, is due to
the presence of free electrons
within the solid. Solid substances
which permit the transfer of
electrical energy with 2 minimum
logs are classified as good con-
ductors. Good conductors are
characterized by the extremely
loose bonds which exist between
nuclei of its atoms and the elec-
trons in the outermost orbits of
these atoms. These electrons
drift haphazardly from atom to
atom and are called free elec-
trons. Their degree of freedom
is course insufficient to permit
them to escape entirely from the
confines of the body.

While we have no definite proof
as to the exact number of free
electrons there are per atom in
a conducting solid, it has been
found experimentally that little
error is introduced by assuming
that there is one free electron
per atom, and we will use this
assumption shortly in developing
a mechanical picture of how
charge is transferred along a
solid.

Mathematical Significance of
Current

Accepting the theory that the
transfer of electrical energy is
due to the movement of free
electrons through a solid it be-
comes necessary to express the

idea mathematcially. We have
previously seen that an electron
may be regarded as a particle or
as a wave, but, visualising the
electron in this case as a particle,
then we can accept it as having
mass as well as inertia.

It has Dbeen experimentally
established that an electron has a
charge equivalent to 1.602 x 10-19
of that endowed on a coulomb of
electricity, which, you will re-
member, is the practical unit of
electrical quantity. It follows
that it requires 6.28 x 1018 elec-
trons to promote a charge equal
in intensity as that given by one
coulomb. It is clear that the
charge of the electron is so micro-
scoplc that it would make mathe-
matics dealing with it unweildy
so that, despite the acceptance of
the electron theory we still use
the coulomb as the practical unit
of quantity.

The movement of charge through
a solid is best visualised as think-
ing then of so many coulombs of
electricity passing any selected
point in ' the conductor every
gecond. This picture gives us the
idea of a time rate displacement of
quality; a ratio of quantity to
time. Mathematically,

Current — Quantity
Time
Introducing practical units of
quantity and time we get,
Unit Current —— Coulombs
Seconds
ope 112

Unit current is called the
ampere, and one ampere exists in
an electrical circuit when one
coulomb of electricity passes a
given point in that circuit in one
second.

Finally, introducing symbols, we
get

I —-Q ox 2 o o dalorie
t
where I is the current in amperes,
Q is the total charge in coulombs,
t is the time in seconds.

Eqguation 11.3 is true only when
the current is uniform. Later we
will derive an expression for cases
when the current is not uniform.

. Transposition of Egquation 11.3
0
Ity 22.Q o ke
allows us to express current and
time in terms of gquality, and sub-
stituting this value Q in the
basic capacitance equation, we get
C.—= "It
E S st L LT

We will later be using Equation
11.5 in deriving a number of very
interesting relationships and its
ilﬁlportance will be appreciated

en.
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On The Broadcast Band
Continued from page 32

U.S.A. Operating on 1520 kc., this one
is quite fair with news highlights and
weather notes at approximately 9.4.
This news is generally preceded by a
popular tune, after station announce-
ments, while music is again featured
after the news from about 9.11. Both
KOMA and XERF generally verify
DXers reports.

Mr. George Francis has written us
for the first time from his home near
Daily, Eastern Victoria, mainly to
advise reception of what appears.to
be a new American station operating
on 1520 kc. This reader heard the
station conducting equipment tests
around 7.15 p.m. late June and be-
lieved the call sign announced to
be KPED. A request for information
on this one had me puzzled at first,
although there had been a reference
in “DX Times” to reception by N.Z.
DXers of a station testing on this
channel using the call sign KTED.

Art Cushen however came to the
rescue with advice to the effect that
station KTED, Laguna Beach, C:«}li-
fornia is now in this chanmnel, running
1,000 watts during the daylight hours,
and 250 watts at night. It is believed
that 1,000 watts would have been
the power used for equipment tests.
We think our Victorian friend should
feel proud of his logging and look
forward to hearing of his receipt of
a verification from the station.

While on this band, Art Cushen
has received a veriflcation from VIA
operating from Adelaide, in contact
with ships at sea. This was heard
around 6,30 p.m. and advises 250
watts, having been assigned 15_20 ke,
although for the time being will use
1540 kc. We are not certain
just when the move is to take place,
‘but this is certainly one to watch for,
with 1520 kc being the likeliest
channel.

Evening DX

Mr. Francis is experiencing some in-
teresting early evening DX, which is
something we do not hear a great
deal about from listeners in this
country. Our own location does not
appear to favour us in this regard,
whilst our colleagues in New Zealand,
of course, thrive on their opportu-
nitles of hearing American stations
towards the end of their night trans-
mission.

He believes a station heard on
1500 kc. around 5.156 a.m. to be WTOP
way across the U.S.A. in Washington,
D.C. This is quite good DX indeed,
as this station is rarely reported over
here. In most cases 2BS Bathurst
causes interference to this omne as it
is not heard at very good volume.

From- the American West Coast,
KGA, Spokane, 1510 kc., in the State
of Washington, is fair level around
6 p.m., while under this one ground
5.30 p.m. station KUSN, in San Diego,
California has been identified. Last
heard, this one used only 1 kw.

On 1530 kc this readers hears KFBK,

acramento, California around 6.30
S.m. This is eventually blotted out by
5AL, Alice Springs, around 7.30 p.m,
which in turn suffers from lnte;rfer-
ence from WCKY, Cincinatti, Ohio to-
wards 9 pm. KFBK is also heard
about this
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Transmission Techniques.
Continued from page 31

Frequency Multipliers

Since the pulse of plate current
produced at the peak of each
cycle is far from sinusoidal in
character, many harmonics of the
fundamental frequency will be
produced. Selection of the de-
sired harmonic frequency may
easily be accomplished by tuning
the anode circmit to that fre-
quency. In order that maximum
efficiency may be obtained, in
this class of operation, it is
desirable to use a smaller oper-
ating angle than normal for Class
C operation, and this entails an
increase in the applied grid bias,
often up to five times cut-off.

Whereas the efficiency of the
normal Class C amplifier can
reasonably be expected to be
about 759, the maximum effi-
ciency of a doubler stage is about
50%, and that of a trebler stage
in the region of 85%.

As the effect of the normal
push-pull connection of the
amplifier tubes is to cancel out,
or at least greatly attenuate all
the even harmomic frequencies in
the output circuit, it is not pos-
sible to use a push-pull stage as
a doubler. However it is often
used as a tripler, particularly on
the TUltra. High Frequencies,
where the push-pull connection
minimises the effect of distributed
circuit capacitances, and allows
the use of more efficient balanced
tuned circuits.

The efficiency of the frequency
multiplier stage falls off very
rapidly above the third harmonic
but a satisfactory output can be
obtained as a quadrupler using
the circuit of Figure 3b. Here the
cathode circuit is tuned to the
frequency of the second harmonic,
as shown, and an efficiency of
between 209, and 30% can
usually be realised.

As stated above, the normal
push-pull stage cannot be used as
doubler, due to the cancelling
action of the even harmonics, but
the circuit shown in Figure 3¢ is
often used and is that of the
“pushspush” doubler. This par«
ticular circuit has a somewhat
higher efficiency than the normal
doubler stage, due to the fact that
the driving pulses are delivered
to the tuned circuit at twice the
fundamental frequency.

This may be seen in Figure 3
where the respective anode cur-
rents are 180° out of phase,
occurring at such a time with
respect to each other that they
sustain the harmonic oscillations

. Where there is lightning,

in the load circuit, and tend to
suppress any fundamental signal
which may be present.

It is not normally desirable to
use a doubler as the final ampli-
fier stage in a transmitter, since
it is difficult to ensure that all
traces of the fundamental signal
are removed by the aerial and
final tank circuits. This produces
the familiar “overtone”, as for
instance, explaining the presence
of a strong signal on TMcs, when
one is actually working on 14Mecs,
gmd is particularly likely to oceur,
if an aerial resonant at the over-
tone frequency is used.

(To be C ontinued.)

Lightning Strokes Prefer
Continued from page 37

si.on lines is not ag simple as
dls_,cussed here,” but the basic
principles upon which modern
power-line design rests are thowge
mentioned,

Whether or not a transmission
system has overheaq ground-wire
Protection, it is subjected to lightn-
Ing voltages if located in regions

; If it i
without ground wires, it may b:
struck directly or it may experi-
ence yoltages by induction from
ngarby strokes. If it hag ground
wires, it may still pick up voltage
from the ground wire by coupling,
or from a backflash from the
ground wire. Such voltages will
be impressed on apparatus con-
pected to the system. To safeguard
it against lightning damage it is
necessary to provide some means
of limiting the voltages that can
appear at the apparatus to values
that the apparatus insulation can
withstand. This is the function of
the arrester.
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will be
E

x 10

Hence,

dynes

second will be 6.24 X 1018
and the total force acting on
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e.s.u. of charge.
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TECHNICAL QUERY
SERVICE

!

b

! 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
vou through the medium of these H
columns. For convenience keep

ﬁ all letters to the point with ques-

{ tions set out in a logical order, 4

5) as space is rather limited.

All technical enquiries will 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.O.., SYDNEY, and mark the {
2 envelope ‘‘Mailbag.”

e )

{ <

B

18

-10
10 x 48 x 10 % 6.24 x 10

fe—
300 x'1
9.984 x 107 dynes or 108 dynes
close enough.

vwpaking 446,000 dynes as equivalent to
1 1b. welght, the force in 1bs. is
£ — 108/445 x 103
— 225 1bs. weight.
“It all depends on whether we are
thinking in terms of a single electron or
huge quantitties of them,

INCREASE OF MASS:

*During the evolution of the electron
theory. it was, as you admit, once specu-
lated that the whole of the mass of an
electron was due to electricity. I did
not imply that modern concepts em-
braced this speculation.

SOLAR SYSTEM ANALOGY:

‘‘Here again it was speculated that the
nucleus of an atom contalned both nega-
tive and positive charges. Such a con-
cept existed before Bohr advanced his
theorles.

QUANTAM THEORY:

“While certain parallelism
between certain phases of thermo-
dynamic and electro-dynamic laws of
radfation, 1 agree that I should have
said electro-dymamic in preference to
thermo-dynamic. It is rather pedantic,
don’t you think, to argue on the def-
ference between s6everal years and a
decade,

does exist

EINSTEIN THEORY OF RELATIVITY:

“Einstein‘'s equation, B — hf — p, is
a general equation, in which p represents
a general work function. We should,
perhaps, express the idea more precisely
by writing E — hf — (f) p, indicating
that p has the dimensions of energy,
and is a function (f) of E. Einstein's
equation is modified in specific applica-
tions.

“When developing the idea of each
electron having a space-time configura-
tion of its own, I stressed that ‘the fdea
was s mathematical device and not a
description of physical reality.’ As you
say, it is possible to endow the space
occupied by an atom with metrical pro-

ARG BB Pon

perties which will make the geometry
of atomig space depend on the distribu-
tion of matter within that space. This,
to my knowledge, is the only satisfactory
explanation as to how the electron re-
mains in motion without requiring
energy.

ELECTRON THEORY APPLIED TO
ELECTRICAL PHENOMENA:

“I cannot agree that the electrleal be-
haviour of a capacitor is microscopic at
all. Energy is stored in a capacitor by
virtue of a state of electro-static strain
existing between two charged bodies at
different potentials, and this strain exists
in the space between the bodies, whether
the space is occupied by substance or not.

“Maxwell deals with electro-magnetic
flelds mathematically, and his mathe-
matics can be applied to electro-static
phenomena, but mathematics do not
necessarily describe reality. I personally
cannot conceive of tiny marbles being
hurled into space in the physical sense.”

C. M. McR. (Balgowlah, N.S.W.) re-
cently commenced a radlo eourse and
finds RADIO SCIENCE of fnestimable
assistance, He is interested in building
up the test equipment described in some
earlier issues of the magazine.

A.—The issues containing the clrcuits
requested have been forwarded, and no
doubt received by you. The additlonal
issues were included as the amount you
forwarded was in excess of that required.
We wish you every Success with your
radio studies, and would be pleased to
hear from you again when you have the
portable receiver in operation

J.M. (Herme Bay, N.S.W.) intends
building up the TRF tuner described in
the July, 1948, issue of RADIO SCIENCE,
but queries the values shown for the
resistors in the back biss network.

A.—You are quite right in your reason-
ing, J.M., and this ie brought about by
an error in the published circuit. To
ensure¢ the correct bias for the 6SN7GT
stage. It is necessary to connect the
6VEGT cathode bias resistor direct to
the HT centre tap and NOT to earth, as
shown. If this change is made you
shouid have no trouble in getting the
unit to operate correctly. Many thanks
ﬂ‘)r your remarks concerning the maga-
zine.

H.F.C. (Pt. Augusta, S.A)), in for-
warding a two-year subscription to
RADIO SCIENCE, writes: “. . . Please

accept my congratulations for younr in-
teresting publieation and on the reason-
able price which you have so far
managed to maintain. I am at present
in the fortunate position of “being able
to subscribe to a number of i
and the varlety of subject matter
covered by RADIO SCIENCE, particu-
larly the fairly complete coverage of
various aspects of radio not usually
readily avallable, fully warrants its in-
clusion mmong them,’”

A.—Many thanks for your letter and
subscription, H.F.C. We appreciate your
remarks concerning the topids covered
in the magazine, and have no hesitation
in saying that this magazine will con-
tinue with its policy to print articles not
usually seen by the radio enthusiast in
thig country. Your subscription has been
attended to by the Subscription Depart-
ment, and the issue requested has been

forwarded. and no doubt in your hands
by now.
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HUNDREDS OF TESTS...
TWO INSTRUMENTS!

UNIVERSAL

SPEAKER AND OUTPUT
METER—MODEL USO

OOOLL

VERSATILE!

A much-needed radio service instrument
combining the functions of an accurate,
calibrated output meter with a universal
speaker designed to suit all types of radio
receivers and apparatus—whether AC or

Calibrated in Decibels and watts—ranges
are 0/500 milliwatts, 0/5 watts and 0/50
watts. “University” square rectifier type
meter. Outside measurements—15in. high x
12in. wide x 7in. deep. ~

SUPER TESTER—Mocdel TST

Without a doubt the most efficient and up-
to-date Valve and Circuit Tester in the
Southern Hemisphere. The Model T.S.T. is
a compact instrument combining the multi-
tarious functions of a valve tester, multi-
meter, output meter, paper and mica con-
denser tester and clectrolytic condenser
tester (providing both leakage and imped-
dance tests). Feature is the time-saving
roller chart.

- 1
TEST quiPME

Manufactured by RADIO EQUIPMENT PTY. LTD., 5 NTH. YORK ST., SYDNEY. BU3169 (2 lines)



RED

=—"——= LINE

TRANSFORMERS OF DISTINCTION

LINE TO VOICE MATCHING TRANSFORMERS.

The transformers described in this section are complementary
to those listed in the previous month, and are intended to
match 500 or 250 ohm output lines to any number of speakers
from one to twenty inclusive.

They are high efficiency units with interleaved cores and
low insertion loss. Although in many cases their nominal
specifications appear suitable for direct coupling cf valves to
speaker voice coils, no provision has been made to prevent
saturation due to superimposed direct current, and they should
not be used for this application.

ITEM §5. Type No. LVIO
Primary Z: 1000 ohm tapped 500 ochm-5W

Secondary Z: Speaker B-Coil .......coieiiiiieaiiinn, 2 ohms
Base: 258 x 2% x2" H ... oot i, Wat. 1lb. 8 ozs.
Midg: MHIB ... g ... F "S" is 78"

Base plate fits standard 8" speakers.

No. Speakers matched: 500 ohm—1 or 2.
No. Speakers matched: 250 ohm—2 or 4.
ITEM 66.

Primary Z: 2000 ohms tap 1500 ghm, 5W.
Secondary Z: Speaker V-Coil ..........ccovvviiiinnn.
Base: 2 3-8 x 234" x 21" H ...
Mrly, INEE g o R CHe . b L AS.
Base Plate fits standard ‘8" speakers.
No. Speakers matched: 500 ohm—3 or 4.
No. Speakers matched: 250 ohm-—6 or 8.
ITEM 67.

Primary Z: 300C ohms tap 2500 ohm. 5W.

Type No. LV20

Sedendary Z: ‘SpoakertiV-Coil ... .. S uvvvinga . . . 2 ohms
BASe: 129881 X 123487 X2/ JEmETe S SRR Wagt. llb. 8ozs.
o N T B e . PR S .. . . "8 is 78"

Base Plate fits standard 8 speakers.
No. Speakers matched: 500 ohm-—5 or 6.
No. Speakers matched: 250 ochm—10 or 12.

ITEM 68. Type No. LV40
Primary Z: 4000 ohms tap 3500 ohm. 5W.

Secondary Z: Speaker V-Coil ....o..ovviiiiiiiinnnns. 2 ohms
BaseM@ii5-8 x Z3/4."- U4 AH, . onll B L Wat. 1llb. 8 ozs.
MOt MIETTE 5 o o e o "8 is 7"

Base Plate fits standarc 8’ Speakers.

No. Speakers matched: 250 ohm—14 or 16.
Yo. Speakers matched: 500 ohm—7 or 8.
ITEM 69.

Primary Z: 5000 ohms tap 4500 ohm. 5W.

Secondary Z: Speaker VXCoil ....viivviiiiniiiniin.n. 2 ohms
Base 2 58 x 2% x 214" H .................. Wat. llb. 8 ozs.
Vs "IN UL R T o SR - oo S sl I BIRTR S is 78"

Base Plate fits standard 8" Speakers.
No. Speakers matched: 500 ohm—9 or 10.
No. Speakers matched: 250 ohm—1I18 or 20.

The correct value of primary impedance for parallel arrange-
ment._for equal distribution of the output of an amplifier is
found by multiplying the number of speakers by the line
impedance. Take, for example, a 30 watts amplifier feeding
six speakers from a 500 ohms line . . . The required primary
impedance is equal to the number of speakers in parallel
multiplied by the line impedance, i.e., 6 x 500, which equals
3000. Thus, Type LV30 would be selected, as this unit has a
primary impedance of 3000 ohms, and the six speakers would
be served from the 500 ohms tappings of the output trans-
former, as 3000 divided by 8 equals 500. =

Type LV30, however, will also serve for 12 speakers, if
required, but they would then be placed in parallel across the
250 ohms tappings on the transformer, as 3000 divided by 12

RED LINE EQUIPMENT

LTD.

TRANSFORMER ENGINEERS

2 Coates Lane, Melbourne. CITY OFFICE: MU 6895
WORKSHOP: Cent. 4773 (3 lines), 157 Elizabeth St., Melbourne

Cut out and file for reference

equals 250 ohms, and the reflected load would still be
correct,

In many installations, however, owing to varying noise
levels and other modifying factors, each speaker may be
called upon to deliver different amount of power. In these
circumstances the primary impedance may be determined by
applying the following formula:—w

Xx equals Z
Ws
where Zx equals the primary empedance to be determined.
Z equals the value of line impedance to be used.
W equals the power in watts from the amplifier.
Ws equals the required power for each speaker.
As an example, a 30 watts amplifier using 500 ohm line
output is to have 5 speakers, and each speaker is to have
the following power distribution:—

Speaker Watts Method of Calculation Impedance Zx
No. Each Z X W 4+ Ws Reqd. Type No.
1 10 500 X 30 4 10 1500 Use LV20
% 8 500 X 30 4+ 8 1875 Use LV20
3 8 500 X 30 4+ 3 5000 Use LV30
4 S 500 X 30 4+ S 2000 Use LV40
S 4 500 X 30 4+ 4 3750 Use LVS50

Substituting LV20 (2000 ohms) speaker No. 2 and LV40
(3500 ohms) for speaker No. 5 means that standard units may
be used, with a slight decrease in power to speaker No. 2
and a slight increase in power to speaker No. S.

These five {ransformers when wired in parallel would
present a terminal impedance of 515 ohms approximately, which
is a negligible degree of mismatching.

HIGH FIDELITY LINE TO VOICE COIL
TRANSFORMERS

The following high level line to voice coil or recording head
input transformers ate complementary to the "AF" and "AW"
series shown last month. These transformers are high fidelity
units with an individual insertion loss of not greater than
0.5 db and a frequency range 4 /— 0.5 db 25 cps to 15 Kc/s.

References to their dimensions will indicate the large core
structures adopted to keep iron distortion to negligible pro-
portions by the use of low flux inductions at the maximum
signal voltages incurreds—~

& guarantee of
Dependability

ITEM 70, Type No. VWIS
Primany® Z: SO0 chriSsess .. ... 9% e 34 db. 15 watts
Secondany®Z) .. * . - TIENEIN N SY. L el - e 15 ohms Voice Coil
Base: 2% x 27 x 3% H ...l Wgt. 8lbs.
MntgNVildy« .. L SEEE Sl | S TN S is 14"
ITEM 71. Type No. VWI126
PrimarySZ:3 iS00 oh el P e e 39 db. 45 watts
Secondary Z ... .. ey - - - - e o oihonels 12 chms tapped 6 ohms
Bage: 1414 x 4nex STEEH ..o Ll e Wgt. 8lbs.
Mntg:, VST o S . . L AT LS “S' is» 21"

ITEM 72.

Primary Z: 500 ohms ...............
Seeondaty 2 g R PEEE TR
Base: 414 x 4 x 334" H ............
NI G VIS0, L S SR

ITEM 73.

Primary Z: 500 ohmsan, ..o v

Type No. VW84

......... 39 db. 45 watts
.. 8 ohms tapped 4 ohms
............. Wagt. 8lbs.
......... S is 24"

Type No. VW205

........ 39 db. 45 watts

Secendany /7 s Moend all Bl e« A 2 ohms tapped 0.5 ohms
Baso Al Nacid X SRR S o Wgt. 8lbs.
Mntg: VSIO ..oviivniiiin i, ot o TSRt
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