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Mullard

PIONEERS IN ELECTRONICS

SOME GF THE MULLARD ELECTRONIC PRODUCTS

The science and practice of electronics doubtless commenced with the first
application of the thermionic electron tube—familiarly known as the “valve™.
The name of Mullard was closely associated with the early developments of the
valve and Mullard was one of the first in the world to manufacture valves com-
mercially. During the first World War Mullard Valves were used estensivels
by the Services, particularly the Mullard Silica Transmitting valves supplied
to the Admiralty. Then, as now, Mullard Silica Valves were famous for their
long life and high efficiency.

Early radio experimenters remember affectionately  their first valve—care
fully nursed and wrapped in cotton-wool—which in a majority of cases was
the famous Mullard “ORA”. Those letters represented “Oscillates, Rectifies.
Amplifies”—one valve type for all purposes. Today, the Mullard range of
valves includes a highly-developed specialised type for every conceivable appli-
cation in science, industry, defence and entertainment.

In the television field, too, Mullard was (and remains) right out in front. The
late John L. Baird is recognised as the ‘“‘father” of practical television and
most of the special tubes and valves he required were developed and made by
Mullard. From that beginning Mullard has become England’s leading source
of electronic tubes for television and special defence applications.

There is hardly a field of application for electronies with which the name of

Mullard is not intimately associated. In all modesty, Mullard can truly claim
the title “Pioneers in Electronics”.

In the field of electronics—*Communicate with Mullard”’

Electronic Tubes: Electronic Apparatus:
Radio Receiving Valves. Domestlc Radlo Reeceivers.
Radio Transmitting Valves. Domestic Tglevisioi’: .Rmirers_

3 ; Communlcation Receivers.
Industrial Valves for heating and ceontrol. Fixed and Mobile Radie Tramsmitters
Hearing Ald Valves. Mobile Transceiver Equipment.
Speoial Television Valves. Intercommunication Equipment.
Cathode Ray Oscillograph Tubes. Sound Amplifying Systems
Television Pioture Tubes. Industrial Electronie Egquipment
Photographic and Stroboscople Flash Tubes. Cathode Ray Oscilloscopes.
Photoelectric Celis. Moisture Meters.
Accelerometer Tubes. Potentiometric Titration Apparatms.
Voltage Stabilising Tubes. Measuring and Testing Insirumemts
Voltage Reference Tubes, Scientific Apparatus.

‘““Where there’s a new-electronic device—there’s Mullard”

MULLARD, AUSTRALIA Pty. Ltd.nied

HEAD OFFICE: 33-43 CLARENCE STREET, SYDNEY
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editorial.

F -Z%f — Measts Finer
Musical R eproa’zzci'ion

Much criticism has been levelled at the FM method of broadcasting,
the most recent being a statement in the daily press to the effect that,
with rapid progress now being made in the Television field, FM has been
outmoded and consequently likely to be discarded. 1t is hard to reconcile
such announcements with the true facts, and they are not only erroneous
and misleading, hut simply serve to confuse both the radio trade and the
genera] public.

Excellent and satisfactory results witly the FM system of trans-
mission have been obtained overseas, notably in America, which now
has FM broadcasting stations from coast to coast. In addition, Canada,
England, and certain Scandinavian countries are preparing to introduce
this system. However, in this country, since the opening of the FM
experimental stations, there has been too much criticism and little or no
clarification of the true concepts of this much improved form of broad-
casting, much to the detriment of the listening public.

As history shows, a radical change in any section of an industry has
always met with much opposition both from engineers ahd the mis-
informed public, and because of these “it can’t be improved on” addicts,
benefits have been frequently withheld for many years from the public.
In the case of FM, it appears to be the same story, and the critics of FM
are apparently those who either unwittingly or purposely lack sufhicient
vision to appreciate the advantages which such a change in broadcasting
transmissions could give to the people as a whole.

Many adherents to the AM system of broadcasting frequently quote
the fact: “Why bother about FM when the listening public is not
interested in high fidelity broadcasting?” To support this contention,
they avidly point to the general practice of setting the tone control on
the average receiver in the bass position, thus eliminating the high note
response. Once again such statements simply indicate a lack of appre-
ciation necessitating this reduction of “highs” by the listener.

The main reason for the listener preferring a bass response is, in *
general, due to the limited tonal range of their present AM receiver. A
wide frequency range enables the various overtones of an instrument to
be reproduced, thus making possible the easier recognition and, in effect,
a more realistic appraisal of the instrument being transmitted—providing
no distortion is present.

However, in the case of our present receivers which are limited to
a high frequency response of some 5000 cycles, it is impossible to main-
tain the true tonal quality of the instruments, and in place of a true high
note response all that js normally heard is a-distortion of these higher
frequencies. With such imperfect reproduction, relief from the conse-
quent high note “screech” is most easily achieved by turning the tone
control to the bass position. Although this naturally results in a some-
what “thin” tonal response, it is certainly preferable to enduring the
distressful distortion.

With the true FM receiver and not compromise units likely to be
foisted upon the unsuspecting public, such defects as mentioned above
are not apparent. The FM transmitter is designed to give a frequency
response of 50 to 15,000 cycles per second, and when manufacturers are
in a position to provide receivers and components to handle this frequency
range, then the listening public will have true fidelity.

Such facilities will extend the public’s listening opportunities into
the realms of fine music and should do much to educate those, who have
trained their ears to accept the defective fidelity and inherent distortion
of present-day transmissions, to enjoy more fully the benefits of such
wide range reproduction.
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COMPUTER - Mathematical

Fig. 1,

The Westinghouse ‘“Anacom* clectronic analogue computer.

The rotating synchronous switeh is used to repeat transients, to

build special forcing functions, and for other analytic purposes,

Rivalling the performance of Merlin, King Arthur’s mogician,
the modern computer performs mathemotical miracles in

much less time than the twinkling of an eye.

By doing so.

computers, now in several forms, are providing answers to
hitherto insoluble problems, enlarging the engineer’s and
scientist’s knowledge of power.

This is an age in which century-
old dreamns of mathematiclans are
fapidly materialising. Until but a
few years ago, only the simplest
mathematica] operations could be
performed by mechanical comput-
ing facilities. But recent advances
have iucreased 'man’'s computine
ability far beyond proportion to the
time involved,

The lmpetus for the development
of large computers has come from
-many sources—the government, the
military. and from scientific and in-
dustrial organisations. Bachh ma-
chine is best suited for one particu-
far fleld. Yet, since mathematical
principles remnain unchanged, each
machine is useful in other fields as
well. Consequently, the more re~
cent computers are designed for
general purpose computations, al-
though each is particularly adapted
to certain fiejds.

4

Principles of Computers

A computer is a device that per-
forms oOne or more mathematical
operations. Data is supplied to the
machine; - which - provides the an-
swer. The computer may add, sub-

tract, multiply, divide and take
powers apd. square roots. It may
integrate and differentiate. It may

remember numbers and signs, re-

By
DR. G. D, McCANN
(California Inst. of Technology)

DR. E, L. HARDER
(Westinghouse Electric Corp.)

fer to tables, interpolate and pro-
duce funections of dependent or in-
dependent variables. It may dis-
eriminate relative magnitude of
quantities, whether they are increas-
ing or decreasing, etc.

Types of Computers

Computers can be classified into
two types, the digttal and the con-
tinuous (or analog). Digital com-
puters operate only with whole dis-
crete diglts. Mathematical opera-
tions are performed by counting
pulses on a counting wheel, electri-
cal relays, or electronic tubes.

The basic principles of digital
computers are utilised in the smal-
lest types. The hand is a digital
computer (digit means finger). It
serves as® memory unit and an ad-
ding machine. - It “remembers”
numbers from zero to five, by the
number of fingers raised. If the
thumb is counted as five units and
the other fingers as one each, the
hand can remember numbers from
zero to nine.

The abacus, also a digital com-
puter, is an improvement on the
hand as it remembers as many sig-
nificant figures as there are strings
of beads. On the Chinese abacus

RADIO SCIENCE, March, 1949



each string has two flve’s and five
onhe’s. Addition {s much the same
as with the hand, except that
digits are added in any decimal
place and the process of “cgrry” is
Introduced.

The carry operation consists- of
adding one in the next higher place
to account for ten in the lower.
Multiplication requires adding a
number to itself the required num-
ber of times; division is the reverse,
a repeated process of subtraction,

The first mechanical calculating
machine, a digital unit, was built
by Pascal in the 17th century. Mod-
ern office machines, like their pro-
totype. are digital computers.
They are based on the counting
wheel with ten positions correspond-
ing to the ten digits from zero to
nine. Digits can be added in any
decima] place. When one wheel
passes its tenth position, the wheels
automatically carry by turning the
next higher wheel one notch, as in
the automobile mileage counter.
Large complex digital calculatons
operate in similar fashion,

Analog Computer

The analog or continuous com-
putey, Fig. 1, compares the per-
formance ©f one physical system
with that of another having the
same differential equations, which
is a prerequisite for analogous
systems although certain legitimate
transformations can be made. Mea~
surements are made on One physi-
cal system (known as the analog)
to determine the behaviour of the
other system in which the problem
exists. In general, the systems are
entirely different; for example, the
electrical analog of mechanical
equipment.

Analog computers are of the con-
tinuous type, as distinct from the
digital. As the analog medium is
continuous (rather than separated
into distinet digits) numbers be-
tween digits are represented as
readily as digits themselves.

Analog computers usually indicate
the answers on meters and instru-
ments,

The slide rule, which multiplies or
divides by adding or sybtracting

SR S

Fig. 2. The new Selective Sequence Elec-
tronic Calgulator.
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) Fig. 8. The ENIAC @
is the highest speed
computer. It weighs
over 30 tons and

§ contalns nearly

1 18,000 valves.

R e

analog computer.
In this case, the
nuinbers (or their
logarithms) are
not used as dis-
crete digits, but
are represénted by
analogous dis-
tances. Other
analog compuyters
use shaft
rotations or cur-
rents and voltages
as analogs of
numbers, TN

The analog computer can be used
to solve abstract differential equa-
tions. In such cases, the anhalog
parameters and variables (dis-
tances, rotations, voltages, etc) are
made analogous to corresponding
terms and thus satisfy the equa-
tions.

Remembering and Handling

Data

Remembering and handling data
are functions vital to all types and
sizes of computers, but particularly
to larger machines. Without these
functions computers would be very
limited in calculating ability. Even
the ordinary desk calculator has a
“memory.” The machine is based
onh a process of addition, which is
repeated for multiplication.

In multiplication, the machine
carriage is shifted sp ‘that the mul-
tiplier is added to itself the num-
ber of times called for by the value
of each digit in the multiplier. Each
position shift is equivalent to mul-
tiplication by 10, as in longhand
multivlication. For example, in
multiplying 4783 by 359, the machine
first wnultiplies 4783 by 9, which
equals 43,047. Then it shifts two
places, multiplies by 3 (equivalent

to 300) and again adds the partial *

results.

These operations require a finite
period of time and hence the par-
tial results must be remembered
until added to obtain the final an-
swer of 1717,097. Therefore, the
machine must have an “inner”
memory for partial products of its
own operations. Large business ma-
chines and computers likewise have
an inner memory.

The desk calculator does not usu-
ally print or otherwise record par-
tials, as they serve no purpose to the
yser. However, in many cases the
machine must record the multipli-
cand, multiplier, and product. Some
recording facilities print numbers
on sheets, others punch holes in
cards or tapes. These mechanical
“handling” facilities may be as im-
portant as the purely arithmetic-
function because they save money,
time and labor, Furthermore, me-

2

chanical handling makes it pos~
sible to record data permanently on
cards and tapes (the “outer” mem-
ory).

Such data ean be reused many
times without rereading and re-
setting, thereby reducing the likeli-
hood of error. Business computa-
tions require the storage in the outer
memory of iinmense amounts of in-
formation concerning bills, salary
accounts, taxes, inventories, etc.
Similarly, large-scale computers
store logarithms, simple and com-~
plex functions of angles, and simi=
lar data.

Digital Computers

Business Machines,

The types of digital computers
vary from the simplest mechanical
counting wheel to machines weigh-
ing many tons and containing thou-
sands of vacuum tubes. The most
common forms, however, are busi-
ness machines, which include simple,
hand-operated adding machines as
well as units that approach large-
scale calculators in complexity.

These machines are extensively
used for making large numbers of
business calculations. They have
also been applied to complex prob-
lems of sciende, engineering, and
warfare; for example, the calcula-
tion of missile trajectories. The
solution of such problems requires
a succession of operations, rather
than only a single operation. Re-
petitive, multi-sequence processes
are employed, in which successively
closer approximations are reinsert-
ed by the machine into the formu-
las to obtain the next. This is con-
tinued until a final approximation,
accurate within the desired limits
is obtained.

The necessity of handling data
manually between steps of such cal~
culations limits the ability of desk
computers and even business ma-
chines to solve more complex prob-
lems. This limitation has led to the
development of large-scale com-
puters in which this intermediate
handling is also mechanised.
The machines, directed before-hand
as o what to do with intermediate

3
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Fig. 4. The Integrator is the basic unit
of the differential analyser.

results, proceed automatically until
the final answer is obtained.

This function of mechanised in-
termediate handling has introduced
new problems of planning ahead
and coding into computers. But it
also has improved immeasurably
man's ability to calculate., Se-
.quences of operations that would
have required hundreds of man-
years of desk-calculator or busi-
ness-machine work are now accom-
plished in minutés. The limitation
is no longer in the computing
proper, but in preparing the data
and coding the problem to go into
the machine.

Large-scale Digital
Calculators
While large-scale digital compu-
ters have in common the character-

istic of operating with discrete
digits, they differ as to speed, capa-

city and adaptability to certain
problems. Punched cards or tapes
and electrical connections are com-
monly used for inserting data and
instructions and for extracting an-
swers. These computers are em-
ployed principally on extremely com-
pleX problems requiring high ac-
curacy and which can justify their
high cost; for example, in calculat-
ing firing tables, trajectories of mis-
siles, and astronomical data.

Early large-scale digital calcula-
tors employed the counting wheel
as a basiec unit. Later machines
utilised the relay chain, which
occuples more space but performs
the same function at a much higher
speed. Relay contacts are interlock-
ed so that each new pulse picks up
the next relay in the chain and
drops the preceding one.

The chain is closed (returning
from nine to zero) and the carry
operation consists of advancing the
“ten’” chain one step when the
tenh relay in he “unit” chain op-
erates. This assumes a decimal (or
base ten) mathematical number
system. However, the base can be
less than ten, which requires a
smaller number of relays. A base
of two (binary system) for example
is used in some computers.

The latest and highest speed ¢om-
puters employ electronic fubes in a
manner similar to relays. Each
pair of tubes (called a “flip-flop™)

has two positions, “on” and “off.”
Only one “flip-flop” in a chain is
“on” at one time. An incoming pulse
energises the next “flip-flop,” which
locks in, de-energising the preced-
ing unit.

The arithmetic unit of a digital

calculator, which performs the
mathematical operations, contains
the adders, - multipliers, dividers,

square rooters, etc., in the form of
electronic tubes, relays, or wheels.
The memory is usually divided invo
two parts; g high-speed inner mem-
ory and a slower speed outer. The
high-speed memory, also tubes, re-
lays, or wheels, stores and later
transmits information obtained in
intermediate steps and remembers
instructions for later operatlons.

Memory Unit

In newer computers, the elements
of this memory may consist of mer-
cury delay lines, electrostatic digit-
storing tubes (the Selectron); or
magnetic drums, wires, or tapes.

The slow-speed outer memory
consists of punched cards or tapes,
on reels of magnetic wire or tape.
It stores mathematical tables or
functions or instructions that must
be referred to less frequently during
the calculation., The outer memory
is almost unlimited in extent. How-
ever. the time required by the ma-
chine to look up data depends on
the method used for selecting the
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sroper card or tape and finding the
meeded information.

The first large, general-purpose,
digital calculator was built by In-
teznational Business Machines Cor-
poration, and was presented to Har-
vard University in 1944 for scienti-
Se studies. It is known as the IBM
Automatic ‘Sequence-Controlled Cal-
calator. It had, until recently, the
argest internal memory and most
complete sequencing or program-
ming facilities of any calculator. It
was the fastest, but the electronic
ENIAC, installed in 1946, has set an
entirely new record in speed.

{B.M. Calculator

Recently IBM placed in service at
s headquarters in New York City
the latest Selective Sequence Elec-
wronic Calculator, Fig. 2. This cal~
culator combines extensive memory
and elaborate programming facili-
tes with the high speed attainable
only with electronic arithmetic
units. It can print numerical re-
sults at the enormous rate of 24,000
digits per minute or punch cards at
16,000 digits per minute for use in
subsequent calculations. It has an
inner memory in electron tubes, re-
lays and tapes of . over 4,000,000
digits, in addition to a practically

limitless outer memory in the form -

of punched cards.

This IBM .machine has a basic
adding (or subtracting) time for 19-
digit numbers of one thirty-five
bundredth of a second. It multi-
plies two 14-digit numbers in a fif-
teenth of a second and divides them
in a thirtieth.

Several relay-type "digital com-
puters have been built by the Bell
system, and this machine can op-
erate for long periods without con-
tinuous attendance. All informa-
tion, data and instructions, is coded
on punched tape similar to that
used in teletype machines. The
code is checked for errors by run-
ning two tapes punched independ-
ently by different operators. through
a comparing device. Other self-
checking devices immediately stop
the machine and signal personnel
when an error is made.
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The ENIAC

The ENIAC, Fig, 3, built by the
University of Pennsylvania, the first
large-scale  electronic  computer,
weighs 30 tons and contains nearly
18,000 electronic tubes. It has the
amazingly high speed of 5000 ten-
digit additions or 360 ten-digit mul-
tiplications per second. The high-
speed memory can store 20 ten-
digit numbers, sufficient for the mis-
sile-trajectory problems (the prin-
cipal objective in its design) but in-
sufficient for general-purpose com-
puting.

In addition, it has three tables,
each of which can store up to 104
twelve-digit numbers before com-
putation starts, for setting up ar-
bitrary functions. These numbers
can be referred to in one thou-
sandth of a second. The ENIAC
can calculate the trajectory of a
shell in less time than the shell re-
quires to reach its target. But sev-
eral new digital calculators will be
substantially faster than the
ENIAC.

Analog Computers
The Differential Analyser.

The differential analyser, first
placed in service in 1930, is an ana-
log-type calculator for solving in-
tegro-differential equations. It uses
shaft rotations as analogs of num-
bers and integrates in the manner
of a planimeter. The computer is
an assemblage of integrators, shafts,
gears, plotting tables, and equip-
ment for connections and control,

The differential analyser makes
use of the fact that a differential
equation ean be reduced to an in-
tegral equation. Hence the ma-
chine need only integrate.

The basic unit is the integrator
Fig. 4, which consists of a disc and
wheel. To integrate a WORK
problem, for example, the radius at
which the wheel runs on the disc
is equivalent to force (f), and the
disc rotation to ds (derivative of
distance) Thus wheel rotation
equals the work of fds. The inte-
grator is made practically friction-
less by a polarised-light servomech-
anism linking the wheel to a driven

Solution of a typical mechanical problem by electrical analog.

‘member. Addition or subtraction ot
_rotations by differential gears, is
equivalent to adding or subtracting
integrals and variables.

The differentia] analyser has been
improved considerably in recent
years. Early machines were s=t up
manually by changing plotting
tables, integrators and gears. How-
ever, in 1942, Massachusetts C[nsti-
tute of Technology placed in ser-
vice a completely redesigned and ex-
panded version, in which set-up
time has been greatly reduced Ly
arranging the elements as separate
units connected electrically through
servomechanisms. Differential ana-
lysers have been used on problems
involving ballistics, voltage regu-
lators, servomechanisms, non-linear
electrical and mechanical systems.
and others.

Network Calculators

One of the first large-scale ana-
log computers, the d-c network cal-
culator, was developed about thirty
years ago. Its purpose was to re-
duce the time, labor and engineer-
ing skill required to solve problems
of electric-power networks. With-
out the board, such problems would
be solved “manually.” If a network
contained fifty loops, which is not
uncommon, fifty simultaneous equa-
tions would be solved—by no means
a small task. Using the calculating
board, the problem is set up in
miniature with line ‘resistances,
generators, and loads represented by
analogous components. The answers,
current flow and voltage at differ-
ent points in the network, are read
on bulilt-in instruments.

The d-c board was limited to in-
phase problems or those thdt could
be approximated as such. To cir-
cumvent this limitation, the a-c
board (see front cover) on which
phase angles as well \as magnitudes
are represented, was built in 1929.
The electric power industry now has
about 18 such computers.

Electrical-Analog Computers

In ‘addition to solving network
problems, the a-c¢ network calcula-
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This diagram shows ihe dlfferent equa-
tions and computational operations which
have to he carried out by an eclectronic
caleulator In solving a fypleal complex
scientific problem. This particular illus-
tration represents the calculations neces-
urry to determine a single position of the
meon for astronomical purposes, Il ean
be completed by the IBM machine in
seven minutes.

tor is used in solving mechanical
problems: for example, to determine
resonant frequencies and steady-
state torque amplifications in multi-
mass systems. Also, its circuits are
used in the electrical-transients
analyzer, together with oscillo-
graphic recording equipment for the
computation of electrical transients
and synchronous switching equip-
ment for studying complex pheno-
mena hy a repetitive technigue.

Since the completion of the a-¢
board, the electrical-analog method
has been increasingly applied to the
solution of problemns in many varied
flelds such as hydraulics and ap-
plied ,mechanics. Much heat-flow
work has been done by Columbia
University and others. The mech-
anical-transients analyzer extended
the transient computing technique
to mechanical systems. ' A servo-
analyzer employing amplifiers and
time-delay circuits, is employed to
study regulating systems and ser-
vomechanisms.

"*Angcom’’ Computer

In 1946, Westinghouse and the
Qalifornia Institute of Technology
jointly embarked on the develop-
ment, of two large-scale general-pur-
pose electrical-analog computers of
substantially identical components.
The Westinghouse unit is known as
the Anacom. These computers can
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handle a wide range of problems in
electrical- and mechanical-engineer-
ing and allied fields. An analogous
‘electrical circuit can be devised for
almost any physical system for
which differential equations can be
written. Linear systems (systems
whose differential equations are
linear expressions with constant co-
efficient) are most readily studied
by the computers. However, ele-
ments are provided to extend the
units into the more general field of
non-linear systems. The elements
of the Westinghouse-Cal Tech com-
puters are capable of performing
all the operations involved in dif-
ferential equations.

Variables in Terms of Voltage

and Currents

The computers represent variables
in terms of voltages or currents.
Varjables can be added or sub-
tracted by connecting equivalent
voltages in series, A variable can
be integrated or differentiated by
passing an analogous eurrent
through a capacitance or induct-
ance respectively (singe ec = 1/C
fidt and eL = Ldi/dt). The result
is equivalent to the vpltage across
the corresponding circuit element.
Multiplication or division of vari-
ables is agcomplished by a multi-
plier, an electronic circuit. Arbitrary
functions (functions of any shape)
of dependent and independent vari-
ables are provided by the computers
for simulating complicated vari-
ables. Time scale and power level
can be changed to suit the best
range of operation of the ciroult
elements provided. - Measurements
are related by known multipliers to
corresponding quantities in the ac-
tusl system.

The block-diagram of the com-
puter, Fig. 5 (a), for solving any
problem consists of three elements.
Fivst is the forcing function, which
generates electrical voltages equiv<
alent to the forces applied to the
actual physical systein. Second 1s
the electrical analog of the system
being studied; many analogs of dif-
ferent problems are already known
and methods are developed for sys-
tematically ‘determining new ones.
Last is the measuring equipment
which usually includes oscillographic
apparatus for transient problems.
The exact type of measuring equip-
ment may vary with each individual
analysis.

Application of the electric-analog
computer in solving two typical
mechanical problems of a three-
mass rotating system is illustrated
in Fig. 5 (b), (¢) and (d). One is
a steady-state vibration problem
and the other a transient-torque
problem. The analog of the system
consists of three inductances pro-
portional to the three masses and
two capacitances proportional to the
reciprocals of the shaft spring con-
stants. To obtain the correct over-
all analog, the equation of each ana-
log element is simply made identi-

cal to that of the corresponding
part of the mechanical system. A
single overall differential equation
for the entire system need not be
determined.

Steady-state and Transient

Problems

The steady-state problem re-
quires the determination of natural
frequencies and the ratios of shaft
torques to applied torque as a func-
tion of frequency. The forcing
function is an adjustable frequency
power supply. The voltage ratios,
el2/e and e23/e are equal to the
analogous torque ratios T12/T, and
T23/T, and can be plotted as a func-
tion of frequency. Peaks of cur-
rent and torque come at the natural
frequencies of the systems, which
are identical.

Transient problems, such as in-
dicated in Flg. 5 (d), must be solved
to design turbine-generator shafts
and couplings to withstand the
torques imposed upon them during
short clrcuits. The forcing func-
tion required is complex but it can
be simulated accurately by the elec-
trical components of the computer.
The foreing function contains three
terms generated separately by three
resistance - inductance - capacitance
circuits. These circuits are initially
charged and are discharged simul-
taneously through a slide-wire re-
sistor producing a voltage drop, e,
analogous to the actual torque ap-
plied during a short circuit. When
this voltage is applied to the ana-
log circuit, the oscillograph reads
the applied torque, T, the genera-
tor-shaft torque T12, or the turbine-
shaft torque, T23. The phenomenon
is repeated ten times per second by
means of a synchronous switch; the
time scale is made to suit this fre-
quency. De-energisimg circuits re-
store a condition of rest during the
“off” periods between transients.
The result is a continuous record on
the oscillograph, which is observed
or photographed and then analysed
to determine the effect of short-cire
:,ult torques on the mechanjcal sys-
em,

This problem is simply illustrative.
Others are solved In similar fash-
ion. Different forcing functions,
analog elements, and measuring de-
vices are provided in the computer,
making it sujtable to all types of
problemns,

Main Advantages

The advantages of the electrical-
analog computer lie in its flexibility,
which makes it adaptable to a wide
variety of engineering problems in-
volved in the design of equipment
and systems in many flelds. It is
suitable only where the usual en-
gineering accuracy is sufficient. In
general, the accuracy is limited by
the initial data, rather than by the
computer, and the answers are as
accurate as can be }justified.

The rapid developmient of both
digital and analog computers is no-

(Continued on page 46)
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PRIBLEMS OF MILITARY -
10 COMMUNICAT

QA

JONS

The success of military operations in the future will depend
on o communication system of adequate mobility, troffic

capacity and reliability,

This article discusses a numbey

of limitations of exlsting techniques, as well as anglysing the
factors which prohibit the realisation of such a system at the

present time.

The success of military operations
in the future will depend greatly
upon the availability of a communi-
cation system of adequate mobility.
traffic capacity and reliability. An
analysis of the factors which prohibit
the realisation of such a system at
the present time shows the need for
research in all phases of radio
communication. A number of the
more pressing limitations of exist-
ing techniques are discussed to de-
velop the basic research problems.

An examination of military his-
tory shows that in each new war
there are improvements in offen-
sive tactics which may take either
of two forms, increase in fire power
or increase in mobility, or both.

History also teaches that the ef-
fective use of each new weapon and
defence against it requires coms-
munications improved in speed,
volume, and reliability proportion-
ally greater than the increase in
speed and power of the weapons.

Future Operations

No one can now foresee what mili-
tary operations of the future may
be, except that there will be atomic
power instead of TNT, and rockets in-
stead of aircraft. Defence as well as
attack will depend upon the strategic
deployment of small, fast-moving,
hard-hitting forces transported and
supplied by air for long periods.
These units will require the closest
of co-operation and co-ordination
of all arms and services.

In many respects, future opera-
tions may resemble those of the last
war in the Pacific more than those
in Europe. There will probably
be many small theatres of opera-
' tion each of which must have com-
munication with the others, and
with the staff and supply organisa-
tions of the United States. In addi-
tion to the command and admine
istrative traffic of the past, these
girouits must carry other forms of
electrical signals representing, for
instance, facsimile, map co-ordin-
ates, meteorological conditions, and
others, for, with long-range mis-
siles, one of the principal functions
of these outposts will be defence
of the Zone of the Interior.

RADIO SCIENCE, March, 1949

The military services face the task
of devising a system of communi-
cation capable of carrying all the
types of traffic required by push-
button warfare in volume far
greater than anything previously
experienced with reliability compar-
able to the best commercial tele-
phone and telegraph practice,
and capable of being installed in
any part of the world, inhabited or
not, iIn any climate, in the short-
est possible time. This means, of
course, that the equipment must be
air-transportable with the conse-
quent drastic limitations on size,
weight, and personnel. Regardless
of advances in science, there have
been practically no improvements
in mankind, and so this system
must be usable by troops not very
different in capability from those
who manned the first crossbow in-
fantry.

by
JOHM HESSEL
(S.M., LR.E.)

To provide the required speed and
mobility, it is evident that there
will be much greater reliance on
radio in the future and, therefore,
that the traffic capacity and relia-
bility of radio communication must
be greatly improved. Despite the
advances made in the last war per-
iod, and the wide dispersion of our
forces, wire lines still carried ap-
proximately 95 per cent. of all mes-
sage traffic, Wire lines must still
be used, wherever they are avail-
able in the future, as the backbone
of the communication system, leav-
ing the radio-frequency spectrum
free for those services which wire
lines cannot provide.

Long-Haul Circuits

Radio communieation is used for
three primary functions. First, it
provides communication over long-
haul circuits where no wire facili-

ties exist or are practical. An ex-
ample of this type of circuit is the
Army Command and Administrative
Network which links the Department
of the Army with its outposts over
the world. The introduction of the
carrier-shift radioteletype greatly
increased the traffic capacity of
these circuits during the war years,
and made it possible to route tele-
type on a subscriber~to-subscriber
basis without the immense waste ‘of
time and eflort in message and sig-
nal centres at either end of the
radig circuit.

Some Basic Difficulties

But several basic difficulties re-
main. The usable frequency spect-
rum for Jong-range sky-wave trans-
mission lies between about 3 and
30 Mc and cannot be expanded.
High-frequency assignments are not
private trunk circuits but party
lines, subject not only to interfer-
ence from the enemy, and from
enemy sources beyond control, but
also from natural static and vag-
aries of the ionosphere. There are
not enough usable frequency assign-
ments in this spectrum to meet all
requirements in time of war by pre-
sent methods.

The fundamental problem is Lo
develop the means for making the
best possible use of every cycle of
the spectrum. If it were practical
to use single-sideband.transmissions
exclusively, the possible number of
available voice channels would, be
doubled. But, before this ean ke
done, single-sideband transmitters
must be simplified to the point
where they can be operated hy armeu
forces personnel ~— not engineers.
Present day carrier - shift teletype
circuits require freguency assign-
ments with about 5000 cps separa-
tion. On wire lines the standard
bandwidth of teletype channels is
170 cps. When radio can de as
well, the number of available tele-
type channels will be increased by
a faector of 30.

One method, of course, is to mul-
tiplex the teletype signals on a fre-
quency-division basis, and modulate
the transmitter with the resultant
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on a single-sideband basls. By this
means, it may be possible to get
about sixteen circuits in a 5-kc
transmitter band, an efficiency
compared with wire circuits of about
80 per cenf.

This has not been done yet, but is
conceivable in the not-too-distant
future; however, there are many re-
quirements for single-channel radio-
teletype circuits, and. methods are
required by which 1t is possible to
assign channels for such service with
a separation of only a few hundred
cycles, rather than 5 kc as at pre-
sent. The fundamental fact is that
there is not enough now known
about circuitry, or about the funda-
mental chemical substances of
which circuits are composed.

Still, one must reckon with the
vagaries of the transmission me-
dium, including the ever-varying
ionosphere. Space-diversity recep-
tion can be used at fixed installa-
tions and when installation time is
not critical, but mobile terminals
are also required where space di-
versity is impossible. Frequency
diversity is possible, of course, but
this means that bandwidth is sacri-
ficed. Double-frequency transmis-
sion loses all that has been gained
by single-sidebands transmission.
There is need for the development
of a method of diversity reception
usable on mobile terminals, and
which does not cost bandwith.

Circuits To Maving Terminals

The second primary use of radio
communication in the Army is to
provide circuits to moving terminals
where wire circuits cannot be in-
stalled. Examples of such circuits
are the radio networks in armored
forces and in air forces. Prior to
the war, it was found advantageous
to use frequencies above 20 Mc for
this service. This freed sky-wave
frequencies for use in long-haul cir-
cuits and, conversely,. eliminated
long-range interference with short-
range circuits.

The advent of FM practically
eliminated all other interference,
and permitted the operation of
short-range tactical radio networks
of quality and reliability comparable
to telephone loops. Because of the
limited interferenee range of such
transmissions and capture effect,
frequency assignments can be dup-
licated at rather short range; hence,
thousands of such networks can be
operated within a theatre area. But
the demands for such service again
far exceed the available assignment
within the interference range.

With present techniques using
erystal-controlled oscillators in both
receiver and transmifter, a 3000 cps
voice band is’ transmitted with a 5
to 1 deviation ratio occupying an rf
bandwidth of 30,000 cps. But still it
is necessary to. separate frequency
assignments by 100 kc because of
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instabiliies and inadequate selec-
tvity. Thus, two out of three pos-
sible assignments have been wasted
ot counting those lost due to in-
terference at short range, even with
this separation.

Problem of Crystals

By the use of the most stable
crystal-controlled oscillators and
filters, it is possible that the chan-
nel separation can be cut to 50 ke
a saving of two to one. But the
problem of producing crystals of this
quality in quantities something like
twenty times greater than were pro-
duced in the last war per unit of
troops is formidable. The problem,
then, is to develop oscillators and
circuits of stability as good as mod-
ern quartz crystals, but without the
crystals, and preferably tunable.

In this case, it is interesting to
note the part which quartz plays
in stable design. The best dielec-
tric material for variable capaci-
tors and for coil forms is fused
quartz. To minimise the tempera-
ture effect caused by metals in var-
able capacitors, it is necessary to
make the whole structure of quartz
and to provide conductivity, where
required, by plating. For stability
in the microwave region, quartz is
used for resonant cavities. The
problem 1is to develop materials,
both conducting and dielectric, hav-
ing the stability of quartz without
its manufacturing difficulties and its
fragility. This is a problem: for the
chemists and physicists.

Radio Relay Systems

The third primary use of radio
communlications is for radio relay
systems. This use grew out of the
preceding two, in an attempt to pro-
vide long-distance circuits of good
telephone quality without expend-
ing the precious high - freguency
spectrum or being subject to its in-
terference. The first attempts were
simply forward echelon very-high-
frequency FM sets with the trans-
mitters and receivers back-to-back
at relay points. Later, pulse modu-
lation of centimeter waves was in-
troduced by adaptation of radar
techniques. The frequency-modula~
tion sets handled four voice chan-.
nels, frequency-division multiplexed,
while the centimetre-wave sets
handled eight channels by time-di-
vision multipléex. Basically, radio
relay provides an r-f substitute for
wire and cable long-distance trunk
circuits. The advantage is that it
costs much less shipping tons per
circuit mile, and can be installed
more quickly with less men.

The demand for this type of ser-
vice 1is complete evidence of its
value. But important as this new
achievement now is, a comparison
with telephone circuits indicates its
present faults. The FM radio relay
of World War IT handled four tele-
phone circuits over not more than
flve or six jumps of about thirty
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miles each, with a signal-to-noise
plus crosstalk ratio of something
like 20 db. A standard Bell System
K carrier circuit handled twelve
channels per cable pair over the
same distance, with approximately
50 db signal-to-noise plus crosstalk
ratio.

The centimetre wave equipments
were designed to perform as via
trunks with 50 db signal-to-noise
ratio. But they are limited to eight
single voice channels, one of which
is usually used as an order wire for
maintenance purposes. There is no
provision for transmission of wide-
band signals, such as television or
high-speed facsimile. “On the other
hand, coaxial telephone cables now
handle frequency-stacked groups of
480 voice channels or television
signals out to 4 Mc. It is necessary
to provide very-high frequency FM
radio relay comparable in perform-
ance with commercial carrier tele-
phone service, ghd microwave radio
relay circuits comparable with
coaxial to telephone cable.

Mathematical Analy'sis

Careful mathematical analyses
have been made of all the aspects
of this problem. These show that
the most difficult problem to be
solved is to devise a distortion-free
means of modulating wide-band
signals upon a microwave carrier
and  subsequently demodulating
them. To handle a multiplexed
group of 100 voice channels in &
bandwidth -of 500 kc, and to trans-
mit them over 100 jumps averaging
30 miles and recover each with a
signal-to-noise and crosstalk ratio
of 50 db, requires that the distor-
tion caused in each.link be less than
0.1 per cent.

Antennas

There are, of course, many other
problems of a general nature which
remain -to be solved. One of these
is the insistent demand for more ef-
ficient and more effective antennas.
With the use of wider and wider
frequency coverage, there is insis-
tence upon the development of
broadband antennas which need
not be tuned and for smaller an-
tennas (for {nstance on tanks)
which are not so visible and do
not interfere with the guns. The
infantryman démands an antenna
which does not interference with his
progress in the jungle and make
him the prime target of every sniper
who knows what an antenns
means. It is necessary to plan
for major installations to be in deep
béombproof shelters, and it may be
unsafe even to make tuning adjust-
ments on the surface, to say noth-
ing of repairing bomb damage.

The terms “efficient” and “effec~
tive” used to describe the perform-
ance characteristics, may be differ-
entiated in this way. A transmit-
ting antenna is cflicient if it radi.

ates practically all of the energy
available in the output circuit of a
transmitter. A receiving antenna is
efficient if it delivers substantially
all of the energy which it collects
at the receiver input teminsls.
Generally speaking, both transmit-
ting and receiving antennas may be
made efficient, if they operate near
their reasonant frequencies and are
properly matched to the input and
output circuits. This would seem
to dictate that, for small, incon-
spicuous antennas, an extremely
high {requency must be used. But
the amount of energy which a re-
ceiving antenna collects is & func-
tion of its physical size, other fac-
fors being equal.

Effect of Frequency

Therefore, as frequency is in-
creased and the size of a resonant
antenna decreased, its effectiveness
as a collector goes down, although
its efficiency may be constant. In
cases where a resonan{ antenna
cannot be used, coupling circuits
must be provided which cancel the
reactive component, in addition to
matching impedances. With -these,
good efficiencies can be achieved
if the network is substantially loss-
free. Theoretically, this technique
could be carried to the point of ef-
ficiency radiating energy from an-
tennas which are extremely short
both physically and electrically. But
the technique has yet to be devised
whereby large amount of energy can
be collected with a receiving an-
tenna which -is physically short.
What seems to be needed is an el-
fective wave magnet.

The present understanding of the
behavior of antennas is baged on the
work of Maxwell performed about
cighty years ago. Since that time,
his work has been studied repeated-
ly without discovering phenomena
which cannot be explained by his
equations. They are, therefore, con-
sidered valid and are accepted as a
law of nature. If it is true that
present-day antenna designs repre-
sent nearly the ultimate which can
be achieved by these theories, then
the radical improvements which are
needed can be achieved only after
fundamental discoveries as basic
and as advanced as Maxwell’s have
been made.

Planning Future Research

Planning the research and de-
velopment programine for the solu-
tion of problems such as these is
one of the foremost jobs in which
the service laboratories have been
engaged since the end of hostilities.
The Signal Corps alone is sponsor-
ing research and development to-
talling millions of dollars in scores
of universities and colleges and pri-
vate and commercial laboratories,
{in addition to its own efforts.

(Continued on page 46)
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R-F MASS SPECTROMETER

A recently developed mass spectrometer tube by the
MNational Bureau of Standards provides a means of explor-
ing the little known fundamentals of negative atomic ions
and a simple method for studying positive ions.

Development of  the new tube
was brought about by attempts to
investigate conditions leading to
the formation of negative atomic
jons of the heavier elements. These
neeative ions. consisting of atoms
with extra electrons, have very low
energies of formation; and their
study has been difficult because.of
their rapid dissociation in the very
short distances before they reach a
measuring electrodes.

':‘_'7\1:",_ n |'
‘a‘__s\‘lu‘)'\.o_ 4

Since thejr discovery about 40
years ago, negative ions have been
detected for only a few elements
although theory indicates that
many elements should have such
ions. Previous experiments indi-
cated that negative ions might
exist in many familiar forms of
electronic tubes, but that they
would not be detected if the dis-
charge path within the tube was
longer than an inch,

Dr. W, H.
B ennett,
of the
N a t lonal
Bureau of
Standards,
adjusts
the new
and sim-
plifed flex-
}ble radlo-
¥ equency
mass spee-
trometer,

*
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1t was pecessary therefpre, to de-
vise an experimental methed for
separating and identifying such
ions within distances of only a few
centimetres. This was accomplished
through the new mass spectrometer
tybe.

Advanced Form

In its more advanced form, this
two stage spectrometer may be used
for positive ions as well as nega-
tive ions. Essentially the equipment
consists of a multigrid tube in which
an adjustable radio frequency is ap-
plied to two grids while all other
electrodes are held at proper d-c po-
tentials and the ion current is mea-
sured at the plate.

The more exacting requirements
of negative-ion separation require
the use of a small negative field pro-
duced with coils, but if positive ions
are being separated no magnetic
field is needed. Because large elee-
tromagnets or tubes containing elec-
trodes with elaborate split systems
are not required in this method, the
radio-frequency mass spectrometer
should find wide application where
its resolution is sufficient.

One of the principal limijtations
upon the resplution possible with
the ordinary mass spectrometers
using magnetig deflection of beams
has been spread in energies at the
ion source, The percentage spread
oceasioned by this factor can he re-
duced by increasing the voltage ap-
plied to the ions before they are
magnetically resolved. The extent
to which this can be done is limited,
however, by the magnetic field that
can be obtained in a space suffi-
clent to contain the tube.

Resolution Improved

In the radio-frequency mass spec-
frometer this difficulty is eliminated
and the voltage on the jons can be
easily pushed up at least an addi-
tional order of magnitude to any
value for which insulation can be
provided. The frequeneies are then
increased by an amount equa] to
the square root of the factor by
whigh the voltage is increased. Rais-
ing voltage from 100 to 10,000
volts, for example increases the fre-
quencies tenfold and reduces the
percentage spread of mass line duté
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to velocity spread in the ion sources
by a factor of one-hundredth.

Operation of Spectrometer

The radio frequency mass spec-
trometer tube consists of a cathode
near which positive or negative ions
are formed, several grids and a
plate. If negative ions are to be
studied, a small magnetic fleld is
required to confine the electrons to
the space Inside the first grid to
prevent formation of positive jons
in other parts of the tube.

Ions arising at the cathode are
accelerated through the first grid
into the alternating field of the
second grid, to which the r-f volt-
age is applied. Those ions that
enter this field at the proper phase,
and which have a mass and velo-
city related to the frequency of the
field, pass through the second grid
as the r-f potential changes polar-
ity. Thus these ions are accelerated
while travelling from the first to
the third grid.

A blocking potential, nearly
equal to the maximum energy with
which ions of the proper mass
emerge from the r-f field, is applied
to the fourth grid and the current
to the plate is observed, thus indi-
cating the rate at which ions of a
particular type are being formed.

Cascaded Units

The method can be extended to
two cascaded units to obtain a high

order of mass resolution. In its
more advanced form, the double-
stage spectrometer can be used for
measuring positive or negative ions,
The equipment etonsists essentially
of a multigrid tube in which the
adjustable radio frequency is ap-
plied to two grids, one in each of
the two stages, while all the other
electrodes are held at appropriate
direct potentials. As in the single
stage unit, the ion current is mea-
sured at the plate. The exacting
requirements of negative ion separas
tion require the use of a small
magnetic fleld produced with ex-
ternal coils, but no magnetic fleld
is required if positive jons are be-
ing separated.

Many Pessible Uses

The simplicity and low cost of
the radio-frequen¢y mass spectro-
meter should make it attractive not
only in those applications in which
its special characteristics makes it
superior to any other kind of mass
spectrometer, but also in those
laboratories where the expense of
other equipment 1s prohibitive.
Though ‘the possibilities of thé new
apparatus have nmot yet been ade-
quately explored, preliminary ex-
periments indicate that many spe-
cialised uses for this kind of tube
will come to light as it becomes bet-
ter known.

A view of the new r-f mass spectrometer
be.

A dry battery developed by tpe
National Carbon Co. for use in
hearing aids is claimed to have a
service life three times as long as
a standard céll. Although this new
cell requires oxygen to nheutralise
the hydrogen which would other-
wise collect on its carbon electrode,
it does not use the usual oxygen
liberating manganese dioxide.

Instead it draws its oxygen sup-
ply from the air, and as a result
the large space usually taken up
by this manganese dioxide is now
used to hold a larger supply of
active chemicals. What allows the
battery to draw its oxygen from
the air is its peculiar “inside out”
construction. Most flashlight cells
have a zinc gasing with a carbon
rod up the middle, whereas in this
new design a zinc core is placed
between two plates of porous car-
bon. The carbon plates are placed
against openings in the sides of
the case. In manufacture a strip
of adhesive tape covers the win-
dows, and before use this is peeled
off. The sketch shows these main
details,

~—Courtesy Radio Electronics.
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FM Receiver In Buses

A new FM receiver designed
specifically for installation in
buses will operate up to eight
speakers enabling low level opera-
tion of each one. The set, designed
for fixed tuning, is crystal tuned to
the frequency of any one FM sta-
tion desired.

Employing 10 valves, the receiver
has double limiters for optimum
quieting of man-made static and
other interferences. The crystal em-
ployed in controlling the local oscil-
lator is a new design, operating on
the third mechanical mode and re-
quiring a frequency multiplication of
only three, This enables circult sim-
plification and easy alignment. The
set incorporates a crystal controlled
local oscillator, and a vibrator power
pack which boosts the 12 volts from
the bus battery up to the higher
voltages necessary for operation.

Standard 6% inch speakers are
used, the number required depend-
ing on the size of the bus, and once
installed the volunre of the receiver
cannot be changed by either the
driver or passenger in the bus.
Tests to date have shown reception
to be satisfactory with the bus ope-
rating up to 20 miles from the trans-
mitter.
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New Telephone Recorder

A robot telephone secretary, de-
slgned in Switzerland, and which
can be adapted to any business or
home, is now going into mass pro-
duction in England and the U.S.A.

This robot, known as the Nota-
phon, is a combination telephone
and phonograph for taking mes-
sages during the. subscriber’s ab-
sence, and these are recorded on
a disc similar to a phonograph re-
cord. However, instead of the disc
being cut when a recording is made,
it is merely magnetised.

The Notaphon ean be connected
to any standatrd telephone instru-
ment without altering or interfer-
ing with the latter’s mechanism.
When a call comes through and the
receiver is not removed after three
rings, the Notaphon automatically
goes into action.

It first announces the subscrib-
er's name and address, and then
requests the caller to speak. If he
does not do so within eight sec-
onds, the request is repeated; If he
still does not speak, he hears “Nota-
phon ringing off.”

Ly

P i MO R T R e T L R

A view ot the Notaphon, which can be attached to an ordimary telephome fo record

any incomlng messages during the owner’'s absence.

PUBLIC TV SHOWING MAY BE ILLEGAL

The practice of exhibiting tele-
vision proframmes in taverns,
hotels, " motion picture theatres,
dance halls and other public places
can be legally stopped. according to
an article in the current issue of
the Columbia Law Review. Author
of the article entitled “Unauthor-
ised Uses of Television Broacdcast-
ing” is D. M. Solinger, a New York
attorney, and this is believed to
be the first authoritative analysis of
one of the major problems arising
from the rapid growth of the tele-
vision  industry.

According to the Law Review ar-
ticle, typical of the problems that
have developed in recent weeks are
the following:

“May a tavern pick up a televis-
ion programme for the entertain-
ment of its customers without au-
thorisation from those who origin-
ate the telecast? May a hotel fur-
nish television to its guests in pri-
vate rooms rented, perhaps at a
premium, or in its public halls, with-
out the consent of the telecaster?
Mgy a motion picture theatre en-
tertain its patrons by making tele-
vision programmes available, either
on its regular motion picture screen
or elsewhere in the theatre, with-
out authority? May an unauthor-
ised motion picture be made from &
television performance; and may
such motion picture be exhibited
without the consent of the origina-
tor of the telecast?”

Examining the legal aspect of
television broadcasting rights Mr.
Solinger states that Television is
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protected by statutory and com-
mon law copyrights, as well as by
other common law property rights.

“An owner of a television re-
ceiver,” he writes, “by performing a
programme in a tavern, hotel, res-
taurant, private auditorium, or mo-
tion ' picture theatre, has thereby
infringed on the common law copy-
right of the creator of an orig-
inal literary property In the same
degree as he would have infringed
had he reproduced the material on
his own stage in his own live cast.”

In the case of news events, clear-
cut decisions will have to be made
as to what constitutes news, the
article states, because “there can be
no private property right in news
as such.”” [Even if sports events
are considered news, public exhibi-
tions of televised sports programmes
may be restralned by the courts on
the grounds of unfair competition.

Broadcasters of television pro-
grammes are also protected by
“equitable servitudes,” according to
the article. An example is the
standard announcement opening
and closing programmes, to the ef-
fect that the broadcasts are for
home reception.

The article concludes a summary
of legal devices available to pre-
vent unauthorised use of television
broadcasts and notes that similar
results could be obtained by legis-
lation. Existing legal tools should
be sufficient, however ‘to “resolve
whatever confiicts of interest may

arise.”
—Courtesy Radlo News.

As soon as the caller utters a
sound the recording mechanism
starts to function. A silence of
eight seconds automatically cuts it
out. The whole arrangement Iis
simple and foolproof.

One of the several novel features
of the Notaphon is a vocal secret
code, preset by the subscriber which
enables him alone to playback the
messages recorded on the disc. By
dialling his own. number from any
telephone, waiting for the Nota-
phon’s request to speak and then
pronouncing the vowel sounds form-
ing his secret code, he sets the re-
production mechanism into motion.
Five thousand possible code varia-
t{ions ensure complete secrecy.

On completing the playback, the
robot requests- its master to erase
the recording. This is done by
pronouncing another predetermined
vowel sound. Deletion is verbally
confirmed by the Notaphon, which
now regains its full half-hour ca-
pacity. If deletion is not desired,
the recording of later calls on the
disc starts where previous record-
ing stopped. When the instru-
ment's capacity is exhausted, the
robot voice informs subsequent call-
ers of the fact.

{Courtesy Radio Craft).

Photovision

Photovision is proving increas-
ingly startling as an economical,
versatile and altogether practical
means of transmitting both pic-
tures and sound from one point to
another over light beams in place
of conventional radio waves or con-
ducting cables.

The system operates in light or
in darkness and quite without in-
terference from static or other
causes inherent in radio communi-
cations., It will transmit color pic-
tures as well as black and white.
Photovision not only simplifies the
problem of transmitting television
programmes in short range relays,
such as from football fleld to main
transmitter, but may be used in
place of coaxial cable for inter-city
relays.

Rats with Radio

To measure the effects of elec-
trical brain stimulation rats wired
for radio are now being used. A
small radio receiver consisting of a
miniature crystal rectifier, and wire
electrodes are placed within the
rat’s head by an ingenious apera-
tion.

High frequency pulses generated
in the laboratory are received, rec-
tified and transmitted by an elec-
trode to the proper part of the
brain. The new method gives the
rat freedom of movement for eb-
servation in contrast to an older
method of direct wiring.
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K. B. WARNER

Amateur Radio Pioneer

Kenneth

radio to the world, is dead.

Bryant Warner, the man who gave umateur
More than a quarter million

radio amateurs in over 200 countries are mourning his death.

As managing-secvetary of the
American Radio Relay League,
editor of QST and the Radio Ama-
teur’s Handbook, K.B.W.—as he
was known to the amateur fra-
ternity—devoted his life to the
great hobby and put it on the high
level it stands today.

Although only known personally
to a comparative handful of radio
enthusiasts, he was revered by any
man who ever sent a CQ. They all
knew they owed their pleasure of
radio communication to this pioneer
whose tact, diplomacy, administra-
tion and general personality won
him g world of friends.

For years he fought for amateur
radio. For years he studied the
electronic trends and brought them
within the scope of the radio ama-
teur through QST. For years he
worked for the greatest ideal of the
human race—the hrotherhood of
man. He saw in international ama-
teur one way of achieving this long-
sought goal.

Pacifist by Nature

He was by nature a pacifist but
when he saw the democratic coun-
tries plunged into war "in 1939 he
was to the fore with the Defence
Edition of the Radio Amateurs’
Handbook—a standard text book
used in most signal schools in the
Allled services.

Iis chief ambition was a united
front in amateur radio. He lived to
see this ideal realised—first for
America In the ARR.L. and second
tfor the world in the International
Amateur Radio Union—the world
governing body of amateur radio.
He was as well known abroad as in
his own home town of West Hart-
ford, Connecticut.

For more than two decades he
represented his A.RRL. and the
JARU. at international confer=-
ences. In Havana, Lisbon, Cairo,
Copenhagen and last year in At-
lantic City he carried the banner of
amateur radio, fighting—sometimes
losing but more often than not win-
ning—for the great hobby against
the nations keen on more high fre-
quencies for the broadecasting of
political pripaganda.
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The new 21 megacycle band,
shortly to be used for amateur
radio communication, was gained
largely through K.B.W’'s research
and sane reasoning at the Atlantic
City Tele-communication -confer-
ence last year.

A born administrator and jour-
nalist, his editorials in QST were
read by thousands. His case was
put simply and understood by-
schoolboys, university professors;
business magnates, - workmen and
the thousands interested in ama-
teur radio. .

When Ross Hull, technical editor
of QST, was electrocuted in 1937,
K.B.W. launched the now interna-
tionally-known AR.RL. policy of
“Switch to Safety.”

Operated W1EH

His own station, W1EH, was a
picture of efficiency, neatness and
flexibility. He had many friends
throughout the world and nothing
would give him greater pleasure
than to chat with them when the
teil of the day was over.

By
ROTH JONES
VK3BG

The tale is told that K.B.W., who
was an expert at the automatic
“bug” key, spent months at prac-
tice on the automatic electronic key
before: he would use it to key his
own transmitter—an indication of
the pride he had in his equipment
and its operation.

A keen student of propagation, he
built a rhombic antenna last year
which put his signal amongst the
world’s most consistent DX stations.
But he was balanced. He did not
spend all his time on the air. He
did his share of research on the
ultra high frequencies and was re-
cognised as one of ' America’s au-
thorities on the ultra-highs.

Just prior to his death, KB.W.
wrote a paper for the 1948 National
Convention. It was entitled “The
ARRL—your organisation.” Un-
fortunately re did not live to read

As secretary and manager of the A RR.L..
K, B. Warner was known and revered by
amateurs throughout ihe world.

R (Q.8.T. Photo)

it but it was presented by the vice-
president (Mr. J. McCargan). Trac-
ing the history of the organisation
with Its democratic policies, the
paper i5. recommended to any man
who has ever turned on a radlo
dial. It was published in the Nov-
ember issue of QST. 7

K.B.W.s history started baek in
1915 when he operated 9JT, a 500-
watt fixed spark transmitter with
the then proud boast of a 12-mile
radius, Two years later he was
editor of QST and retained the ap-
pointment until his death. His work
in those three decades has made
the AR.RJI.'s history virtually the
life story of himself. In the early
20's he led the campaign for CW
while many others fought for the
retention of the-spark.

Worked With Early
Experimenters

In 1921 he sponsored the trip to
Scotland by Paul Godley, the first

an to receive American amateur
signals across the Atlantic using
the then “low” frequency of ap-
proximately 2000 kilocycles. The
next year K.B.W. was working with
John I. Reinartz and Fred H.
Schnell, the first men to conduct

" (Continud on page 47)
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AMPLIFIER

Details

of an

interesting amplifier clreuit which was

otiginally designed to determine the metits of cathode fol-

lowers.

Employing a special pick-up and record equaliser

network, this design features a cathode follower driver and
output stage, resulting in a high- quullty performahce unit
which is admirably suited for use in the average home.

e

Much has been written lately on
tthe subject of high fidelity ampli-
vners which in conjunction with
good quality pick-ups and speakers,
are capable of very fine perform-
ance. However, many enthusiasts
who have built reproducers of this
type have frequently found that the
overall performance is decidedly
limited by the quality of the re-
cords available,

An audio system having a uni-
form response of the order 6f =% 1
db to 12 ke. not only reproduces all
the scratch frequencies on the re-
cord, but also any combination
tones formed Letween the scratch
frequencies and the musical har-
monics due to the non-linearity in
the pick-up. It is these combina-
tion tones which cause the objec~

tionable “edge” and “fuzziness” of
musie from average quality records
played on a high fidelity repro-
ducer, using anything but a com-
pletely distortionless pick-up.

Response to 7000 C.P.S.

The amplifying system described
herein makes no pretences of being
in the high fidelity class. It was
constructed about two Yyears ago
and no thought was given to its
use on wide range recordings, for
the simple reason that it will be
years before these are commercially
available in sufficient numbers to
replace existing records which have
very little above 6000 c.p.s. on them.
Even so, the system has a fairly
uniform high-frequency response
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This zrapb shows the dttenuation eharaoteristies of the record equallser.

up to 7000 c¢/s, but as this is now
considered too high for most pur-
poses it is intended to instal a fil-
ter between pick-up and amplifier to
provide a sharp cut-off at 5500 ¢/s.
This will then effectively remove
any needle resonance effects.

In this first article it is proposed
to discuss only the amplifier Sec-
tion, which is rather interesting as
it is of the cathode=follower type,
leaving the speaker system and
method of baffling until the follow-
ing article.

Pick-Up

The pick-up used is a good qual-
ity audak magnetic type, having an
impedance cf 600 ohms. This takes
standard size removable needles and
exerts a weight of approximately
50 grams on the record. The use
of removable needles is an import-
ant feature especially aftetr play-
ing some recent records whose sur-
fage can only be desertbed as
“road metal”

Equaliser

Since magnetie¢ pick-ups are gens
erally deficlent in bass, it is neces-
sary to equalise for the pick-up
characteristics, as well as compen-
sating for the tonstant amplitude
recording characteristic. Thus the
efualiser may be considered as two
parts—the pick-up equaliser and
the record equaliser. In this par-
ticular case, the pick-up equaliser
consists of a single section L. type
network In the 600 ohm line be-
tween pick-up and input trans-
former, as shown in the circuit dia-
gram of figure L

It should be noted, however, that
this particular equaliser does. not
fully compensate for the falling re-
sponse of the pick-up at low fre-
quencies. To do this would require
an extra section in the equaliser,
which in turn would increase its
attenuation to the extent of neces-
sitating higher gain from the am-
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plifier if full power output is to be
maintained. To date, no alterations
have been made in this direction.

It should be mentioned that
whilst listening tests have given
pleasing results, noticeably better
bass is owtained by feeding radio
programmes from a tuner into the
amplifier, Consequently, some
readers may prefer to improve the
low—frequency response of the pick-
up.

Referring again to figure 1, the
record equaliser Is connected be-
tween the secondary of the input
transformer and the grid of the
first valve. This equaliser consists
of a three section resistance—capa-
city network of a high impedance
type originally designed for use with
a crystal pick-up.

Recording Characteristics

It Is well known that to avoid too
large a groove amplitude at low
frequencies on disc recording, it Is
necessary to record on a constant
amplitude characteristic ‘below a
certain pre-determined frequency,
while a constant. velocity character-
istic may be used above that fre-
quency. ‘The choice of cross-over
frequency Is rather arbitrary. Brit-
ish practice is to use 250 or 300 c/s,
while- in America there Is consider-
able variation to the extent of using
cross-over frequencies of 400-or even
800 c/s.

Recording at constant amplitude
means that the output voltage of
a velocity operated device such as
a magnetic pick-up is attenuated to
the extent of 6db per octave below
the cross-over frequency. There-
fore to obtain llnear response, it is
necessary to incorporate an equal-
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Schematie diagram of the experimentai amplifier,

quality, low distortion reproduection,

iser, having an attenuation-fre-
quency characteristic which is the
inverse of this. Figure 2 shows the
characteristic of the equaliser under
discussion. In view of its simplicity
and low cost, coupled to the fact
that the maximum attenuation
was limited to 20 db, this unit gives
a characteristic which is a reason-
able approximation to the desired
curve for British recordings,

It is important to note that this
equaliser network is designed to op-
erate into an infinite impedance.
Hence the output if connected
across the output of the equaliser
will alter its characteristics. It will
be observed from figure 2, that at
frequencies above 400 c/s the net-
work has a constant attenuafion of
20 db. This means at the middle
and high frequencies the output of
the equaliser is only a tenth of the
input. Hence the use of this equal-
iser necessitates an extra 20 db
gain in the amplifier. This can be
easily achieved by using a general
purpose triode pre-amplifier having
a stage gain of 10.

Pre-amplifier 65SC7

In the amplifier under discussion
a high-mu triode 6SC7 was used to
compensate also for the loss incur-
red in the pick-up equaliser. When
the pick-up ‘s fully equalised it will
probably be necessary to use a pen-

By
H. L. HARVEY
Engineering Department,
University of Queensland.

The use of cathode followers in the driver and output stages ensures high

tode in this position. This serves to
illustrate the fact that complete
equalisation involves a large pro-
portion of voltage drop in the
equalisers, and necessitates a con-
siderable amount of pre-amplifica~
tion. The use of so-called bass-
boosting tone controls is from ex-
perience, not generally satisfactory.
Unless these units are very carefully
designed they are not sufficiently se-
lective in their action, and tend to
boost too wide a range of frequen-
cles.

Main Amplifier

Regarding the 6SC7 as a pre-
amplifier, the main amplifier con-
sists of a 6J7 pentode, resistance
coupled to a triode connected 67
cathode follower driver, which in
turn is transformer coupled to the
2A3 cathode follower output valve.
This amplifier was originally built
as an experimental unit at the time
when much discussion arose as to
the uses and quality of cathode fol-
lowers.

In some instances, elaborate
claims were made to the effect that
good results could be obtained from
a cheap audio transformer when
used in the cathode follower circuit.
A number of transformers were
subjected to square wave and lis-
tening tests in this amplifier, and it
was found that although the cath-
ode follower connection gave con-
siderable improvement over plate
loading, a cheap audlo transformer
can in no way approach the quality
obtainable with resistance coupling.

In short, the quality of any trans-
former coupled amplifier depends

ultimately on the quality of the

transformers used, Of the limited
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number -of . transformers then avail-
able, the Ferranti AF5 gave the best
results in this amplifier.

Low Frequency Response

It will be observed from figure 1,
that the primary of the transformer
carries the direct current of the
driver valve—in this case 6 m.a. This
reduces the primary inductance of
the AF5 to about 80 henries, but ow-
ing to the comparatively small
change of stage gain of a cathode
follower with variation of load im-
pedance, this does not seriously af-
fect the low frequency response.. A
50 c/s square wave applied io the
grid of the driver valve showed only
slight distortion at the secondary of
the transformer.

In the output stage, the loading
consists of the speaker transformer
through the primary of which flows
60 ma of DC. Once again, since
this is a cathode follower stage, re-
duction of transformer primary in-
ductance does not seriously affect
the gain at low frequencies.

It is well known that a cathode
follower operates at 100 per cent.
negative feedback, but in the case
of transformer loading of a. valve
in such a circuit, the feedback oc-
curs essentially only on the prim-
ary side of the transformer. Any
distortion introduced in the second-
ary can enter the feedback loop
only by reflection into the primary.

This means that for the feedback
to give optimum reduction of dis-
tortion, the transformer should have
its secondary closely to the primary
—i.e., the windings should be sec-
tionalised and have low leakage in-
ductanée. This applies to both in-
terstage and output transformers.

Constructional Hints

The following practical points
should be of interest to those who
may intend to build up. this ampli-
fier. The heater of the 57 is placed
on a separate 2.5 volt winding on the
power transformer, and the circuit
left “floating.” This is to prevent
too high a potential difference be-
tween heater and cathode which
would occur if the heater of the 57
were earthed, since the peak signal
voltage between cathode and earth
is about 70 volts.

The 2A3, of course, requires a
separate heater circuit. The bias for
this valve is obtained in the usual
manner with a 750 ohm resistor in
the filament ecircuit. Actually, the

resistance of the speaker trans-,

former primary contributes to the
bias although this resistance is only
70 ochms.

The bias of the 57 is made inde-
pendent of the primary resistance
of the audio transformer by means
of the connection shown. This also
provides for a very high input im-
pedance. For if the gain of the 57
from grid to transformer primary is
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0.9, only about 0.1 of the input vol-
tage from grid to earth occurs across
the grid resistor, which means that
so far as loading of the preceding
stage is concerned the 57 driver has
an input impedance of something
like 10 times the grid resistor—ie,,
of the order of 5 megohms. If a
metal-clad coupling condenser is
used .etween the 6J7 and the 57,
care must be taken to ensure low
capacitance between electrodes and
frame of the condenser, otherwise,
loss of high frequencies will occur.

Amplifier Gain

The gain of a cathode follower

stage Is given by the formula:
u Zc
s PR o

Zc (u+1) + Rp

where M eguals stage gain
u equals amplification factor
Rp equals plate resistance of
the valve.
Zc equals the cathode load
impedance.

In the case of the 2A3 operating
in Class A into a load impedance of
5000 ohms—actually this is twice
the recommended value, but is sat-

isfactory—the gain works out to be
0.78. This means that to obtain
3 watts output, the peak input vol-
tage applied between the grid of
the 2A3 and earth must be 157
volts. The step up ratio of the Fer-
ranti AF5 transformer is 3.5 to 1.
Hence the 57 must be capable of de-
livering about 45 peak volts to the

. primary.

The gain of the 5% may be found
from the above formula once. Zc¢
for this stage has been found. Here
Zc is the primary impedance of the
transformer, and Is equal to the
vector sum of the primary resist-
ance and inductive reactance since
the secondary is an open circuit.
Strictly speaking the input capacit-
ance of the 2A3 should be taken
into account at high frequencies, but
as the gain calculations are only ap-
proximate, it can be neglected.

Primary Reactance

The primary reactance can be cal-
culated for any frequency from the
formula:— A

XL, = 2.FL, where L, is the prim-
ary inductance. For the transformer
in this particular circuit L equals 80
henries. At 50 c¢/s, XL works out

lite arm;
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HERE'S A CRYSTAL PICK-UP

It's the "Acos” G.P. 10,
with all these revolutionary features. . .

An unbreakable crystal; a smart up-to-date moulded bake-
resonance;
movement; screened lead; ninety-degree lift-back for
necedle replacement; convenient tinger litt, and a unique
Base and Bracket Assembly which enables ncedle
pressure to be adjusted.
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at approximately 25,000 ohms The
primary resistance is 2400 ohms.
Hence,

Ze = V (25000)2 4 (2400)2
which is near enough to 25,000
ohms.

Substituting this value for Zc in
the gain formula above, we find the
gain of the 57 is 0935 (Taking u
=20 and Rp=10,000). Thus the
peak input voltage necessary be-
tween the’ grid of the 57 and earth
is 48 volts. Note that only a small
fraction of this voltage occurs be-

IN THE NEXT ISSUE
The concluding part of this
article dealing with the speaker
system and construction of the
acoustical labyrinth will be de-
tailed in the April issue.
MAKE SURE OF YOUR
COPY NOW!

tween grid and cathode; hence the
valve is not overloaded as it may
appear at first sight to anyone nwu:
familiar with cathode followers.
The 48 volts is well within the
output capabilities of a 6J7 with a
B plus voltage of 250 volts and a
0.25 meg plate load resistance.
Taking the gain of this stage as
125 (obtained from data sheet on
resistance-coupled pentodes) it is
seen that the peak input voltage to
the main amplifier should be about
0.38 volt to full output. The pre-
amplifier must be able to deliver
this voltage, and its gain will be de-
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termined by the output voltage
available from the pick-up, and the
voltage drop incurred in the equal-
isers.

Distortion
It will be observed that in the

main amplifier two of the three
valves are operating under condi-
tions of heavy inverse feedback,
hence distortion should be fairly
low. Unfortunately, it was not pos-
sible to carry out any distortion
(Continued on page 46)

NEW RANGE OF FILTER CHOKES By Ferguson!

STANDARD RANGE OF CHOKES

1 1 | Normal | |
Minimum Normal ]
Normal D.C. RMS Total
Type No. Inductance D.C. |
‘ Normal DC D.C. Resistance ! VBI::ge il sk !
| {
€50/10 | 50H i 10 M/A 1960 ohm 19V 1000V 1lb,
€30/25 30H 25 M/A 870 ohm 22V 1000V 11b, I
C15/60 13H 60 M/A 300 ohm 15V 1000V 1lb.
C30/60 i 308 60 M/A | 420 ohm R5V 1500V 21bs. 6Gozs.
C30/75 $O0H 5 MIA | 580 ohm 43V 1308V 3lbs.
C15/80 15H 80 M/A | 250 ohm 20V 1500V 2ibs, 6ozs.
C€12/100 1ZH 100 M/A 200 obm 20V 1500V 2lbs. 6ozs.
€380/100 80H 100 M/A | 135 ohm 36V 2000V 41bs. 1loz.
C12/150 120 150 M/A 360 ohm 20V 2000V 4lbs. loz.
C20/150 20H 150 M/A 225 ohm 34V 2000V Glbs. dozs.
CIg/200 1ZH 200 M/A 100 ohm ' 20V 2000V 6lbs. 120szs.
€16/200 16H 200 M/A 165 ohm 33V 2000V 6lbs, 120us.
€10/250 i 10H R50 M/A 70 ochm l 18Y 2000V 61bs. 1207s.
C20-5/250 20/5H 250 M/A 70 ohm 2000V 6lbs. 12078.

with their transformer problems.
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youh 7007 book

A page of radio servicing hints and notes of prac-
tical value to the radio serviceman ond technician.

VOLUME CONTROL TROUBLES

Volume control troubles are so fre-
quent that they occupy a position
near, if not at the top of all ser-
vicing problems. The reason for this
is that ‘so long as high resistance
control must be used, the carbon
type or something like them must
prevail, and consequently will wear
out.

The main faults that develop with
these controls is that they become
open, change resistance as the re-
ceiver is operated or become sub-
stantially shorted. At some place
after a period of operation, the con-
trol will frequently show, or rather
reveal aurally, signs of wear and as
this spot is the weakest it will be the
first to give and so an open control
will result.

Penci! Makeshift

In cases such as this, some ser- °

vice men frequently take an ordin-
ary lead pencil and draw a line on
the resistance base, thus making the
unit operative once again. Whilst
this practice may be satisfactory in
an emergency, it is only makeshift
and should never be left as a per-
manent repair. For a start the re-
pair will not last, with a recurrence
of the same trouble at an early
date, but the most important factor
is that the taper of control is likely
to be seriously changed by this pen-
cil line restoration.

For instance in the case where a
control that should have 500,000
ohms total resistance, the pencil line
total may be anything, hence wrong,
and usually the service man who
makes this type of repair is not the
type who stops long enough to de-
termine the resistance value he may
have produced.

Exact Replacement

Consequently the best procedure in
these cases is to replace the defec-
tive volume control. In doing this
make sure an identical type is used,
so that if a special taper is re-
quired, the same taper will be dupli-
cated. This is most important be-
cause for some uses the control has
great resistance change over a small
angular displacement of the control
knob, for other uses the change is
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more gradual or may be in the op-
posite direction. The control is
therefore right only when the re-
sistance changes with the correct in-~
crement and in the same direction.

AV.C. Circuits

When the control is used in a re-
ceiver that has A.V.C,, and the vari-
able resistor is related to the A.V.C.
circuit in any way, then the metal
case of the control should be
grounded. The reason for this is
that high degrees of oscillation are
sometimes obtained at r-f or i-f
levels and the simple procedure of
grounding this case will often clear
up the trouble. Also this grounding
of the case is essential where the
control has an a-c switch attached.
otherwise there is the possibility of
the audio frequencies having a 50
cycle hum frequency superimposed.

Slipping Dial Cords

Usually the dial pointer on most
dials is moved by means of a cord
drive, and it will be found that this
cord eventually loosens or expands
sufficiently so that the condenser
moves but not the dial pointer. Here
is the remedy for this condition.

Prepare a solution of resin and
petrol. Brush this on to the cord
revolving the dial at the same time.
The petrol will then dry out leaving
the resin on the cord, and this will
usually provide sufficient friction to
prevent any further slippage.

Grid Cap Repair

Frequently the experimenter finds
that the grid cap of a valve becomes
loose or comes off after the valve
has been used for some time. This
can be repaired in the following
manner. Take the cap in a pair of
pliers, clean the inside and melt any
old solder out of the Hole at the
top.

Next wind a piece of wire around
the stub of wire coming out of the
top of the valve and solder in place
using as little heat as possible. Push
the wire through the top of the grid
cap, ahnd fill the cap with a fast
drying cellulose cement. Press down
nn the top of the valve and leave to
drv

After the glue is dry, cut off the
excess wire and solder lead to the
cap. Clean off any excess cemewt,
and an apparently useless valve id
again ready for operation.

Repairing Fine Wires

When breaks occur in radio coils
and other components wound with
thin wire leads, it is often difficult
to resolder the broken ends. When
carrying out such a repair, a small
plece of copper shim will be found
very handy.

Tin the copper shim and place un-
der the broken ends of the wire and
solder the leads on to it. To pre-
vent the soldering iron from picking
up the shim, hold it down on to the
bench with a matchstick. If it is
necessary to insulate the shim, eover
it with a few drops of tar, nall
polish, or shellac and- allow to dry.

Tip Jacks

An assortment of tip jacks can
be easily obtained from old valve
bases. . Simply break up the valve
base, taking care not to damage the
pins, and after heating each pin,
blow through it to remove all sol-
der. By using different types of
bases, various size tip jacks can be
made.

Cleaning Crackle Finish

Cabinets

The dust collecting crackle finishes
frequently used on various types of
radio equipment can be readily
cleaned with a solution of carbon
tetrachloride and a few drops of oil.
For best results it will be found
that about 10 drops of a light ma-
chine oil to one ounce of carbon
tetrachloride will prevent the metal
surfaces from drying a lustreless
color. Apply the solution with . a
piece of soft absorbent cotton and
then wipe off with a dry soft cloth,

Frayed Test Leads

Often it will be found that the in-
sulation on test leads wears very
quickly at the point where the wire
enters the prod handles. This can
be overcome by reinforcing them
with two or three coats of duco ce-
ment. Allow each coat to dry be-
fore applying the next, and it will
be found that this will considerably
prolong the life of the leads.
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FOR THE SERVICEMAN

Here is the companion unit t6 the multimeter described in
the last issue. Designed by Radio Equipment Pty. Ltd., this
osciilator covers three frequency ranges and will enable the
rodio serviceman to carry out all normal receiver adjustments.

In our last issue a handy multi-
meter was detalled and now in this
article we describe the construction
of another piece of test equipment
—namely the oscillator. This unit,
in conjunction with the multimeter
forms the basic servicing equipment
for many radio servicemen and will
permit practically all common ser-
vice cheeks to be readily carried out.

The oscillator is simply a device
for placing into the input stage a
signal similar to that received when
the set is operating under normal
conditions. In this manner the unit
can be used to align and check the
various circuit stages so as to en-
sure the maximum results being ob-
tained,

Covers Three Ranges

This patrticular unit covers three
main ranges namely—“A” Band,
180-490 ko., “B” Band, 550-1600 kg,
and 2 “O” Band 16 to 45 metres.
Thus the “A” Barid will allow all

common i-f channels to be checked, .

the "B” eoil covers the standard
broadcast band and is used for re-
ceiver alignment, whilst the “C”
coil covers the most popular short
wave bands as usually found in
oommercial receivers.

In the kitset, it will be found that
some of the components are already
supplied mounted and soldered in
place., For example the dial has
been set and all coil iron cores and
trimmers have been ‘preset at the
factory. It is essential that these
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seals should not be btoken or any
ad justments made to the coils. Each
coil unit has already been checked
with a highly accurate instrument
after assembly, and consequently
there is no complicated calibration
for the constructor to worry about.

Assembly arid Wiring

The first step in wiring the os-
cillator is to connect the two torch
cells in series with a small length
of hookup wire—about two inches
will be ample. Next slip the two
cells under the clips provided with
the positive ends (brass caps) to-
wards the top of the panel. Then
mount the switch near the batter-
ies at the bottom of the case with
the lugs pointing to the top of the
case.

The potentiometer is next mount-
ed with the lugs pointing towards
the gang condenser. Now solder &
leadd from the bottom or the nega-
tive end of the lower cell to the lug
closest to the batteries on the small
switch, If any difficulty is experi-
enced in soldering to the bottom of
the cell it should be scraped lightly
first when it will be found to solder
readily.

Next solder the long single wire
from the coil unit on to the posi-
tive cap of the top torch cell, mak-
ing the wire long enough to lay flat
across the back of the panel all the
way. This completes the filament
wiring of the oscillator.

The remalning wiring is all asso-
ciated with the attenuator and if
the position of the leads is carefully
studied when they are put in and
kept as short as possible the attehu-
ator will' work smoothly with &
minimum of leakage. First bend the
top lug of the potentiometer flat and
solder it on to the metal cover.
Next solder & lead from the earth

r)

1 Metal case with lid,

1 Coll unit,

1 Output lead.

1 battery switch.

2 “A” battery clamping strips.
1 “B”’ battery clamping strip.
1 leather handle with screws,

CONDENSERS.
single gang.
trimmer,

-,

solder, nuts and bolts, efc.

PARTS LIST

SUNDRIES: 3 pointer knobs, 4-self tapping screws, 3 tip jack sockets with
nuts, etc., 1 turning knob and pointer, 1 brass label, hook-up wire,

1 .01 mfd. tubular.
2 .0005 mfd. mica.
RESISTORS.

1 5 meg. ¥ watt.

I 2000 ohm. potentiometer.

1 .025 meg. ¥ watt,

1 5000 ohm. ¥ watt.

1 50 ohm, ¥ watt.
BATTERIES: 2-1.5 v. torch ecells;
1-45 v. B battery, with battery plug.
VALVE: 1-354,

=
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socket to the closest point on the
potentiometer cover. Both of these
soldered joints should be on the
side. wall of the cover so as not to
interfere with the mounting'of the
45 volt battery.

The other wire to put in is one
from the HIGH OUTPUT socket to
the centre of the potentiometer.
Next solder the 5000 ohm resistor
between the HIGH OUTPUT socket
and the LOW OUTPUT socket and
the 50 ohm resistor from the LOW
OUTPUT socket to the earth socket.
Then conneet one end of the .0005

mfd condenser to the remaining lug

on the potentiometer. The other end
is soldered to the 20,000 ohm resistor
which is mounted on the switch. |

Recheck Wiring

Recheek all the wiring and if it
is found to be correct place the 45
volt battery in position., Screw the
metal strip firmly on the gang con-
denser so that it lies across the bat-
tery, holding it in place. After that
the three pin plug is inserted into
the socket in the top end of the
battery. If the 384 valve is placed
in the socket and the oscillator
turned on it will now function.

Al} that is left to do before screw-
ing the instrument in the box is to
fasten the handle to the box with
the nuts and bolts provided and slip
the sheet of prespahn along the top
of the box to come between the

HIGH
oPYT

LOWw

482 + 1
~ BATTERY

-0/
I
il

e

The ecircnit dlagrum for the oscillater which is a simple but efficient arrangement.

negative end of the torch cell and
the case. Finally put on the knobs
and tighten them in place.

Now that the oscillator is built,
check the wiring and construction
very carefully, to ensure that no
solder has run down under the vari-
ous lugs or potentiometer as a short

circuit at any of these points will
prevent the instrument from func-
tioning.

As mentioned earlier, the coil unit
is supplied already adjusted and
correctly lined up, and consequently
it should not be necessary to make
any further adjustments to this.

—

Complete Range of
INSTRUMENTS

You are invited to send for
technical details and price
schedule of all “University’
instruments.

Are \You
Interested In

‘RADIO KITS?

I so, you are invited to send
for the free E.P. Kit-Set
Catalogue. Over 50 popu-
lar radio kits featured, in-
cluding battery, A.C. and
vibrator sets, portables, am-

building instructions, from stock.
man and experimenter.

And here is its Brother in

HERE IT IS!
YOUR OSCILLATOR KIT

Immediate Delivery From Electronic Parts

Yes, we can supply the ‘‘University” O.K.1 Oscillator Kit, complete with
It's the ideal instrument for the service-
(Postage extra.)

Service, the

MULTIMETER KIT

Companion model to the O.K.L. Oscilla-
tor, and same neat size, 6in. x 8in. x
2%in,
and circuit diagrams, and all parts are
prefabricated to make assembly easy.
Price—same as O.K.1—only £8/16/-.
{Plus postage.)

Kit is complete with photographs

NOTE: Postage in NSW. is 2/6; to
W.A. and Tas. 5/6—all other States 4/-.

Please add.

ELECTRONIC PARTS PTY. LTD.

206 Broadway, N.S.W.

WHOLESALE DISTRIBUTORS OF EVERYTHING

Price only £8/16/-.

Phone: MA 1661
IN RADIO

uv plifiers, etc.
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However if for some reason it should
ever be necessary to recalibrate the
oscillator, the coil iron core posi-
tions are as follows. Looking at the
end of the coil bracket with the
panel upright, thé “A” band iron
core adjustment is just above the
384 socket, the “B” band iron core
is beside the *“A.” closest to the
panel, and the “C” band iron core
is beneath the “B” jron core nearest
the socket,

The iron cores affect principally
the low frequency end of each band,
so that any adjustments should be
made with the tuning condenser
plates almost fully in, The trimmer
should be set at the higher fre-
quency ehd of “A” band, preferably
on 455 kc. However these adjust-
ments should not be necessary un-
der normal circumstances.

Using the Oscillator

Apart from alignment, an oscil-
lator of this nature can be used for
several other purposes almost as im-
portant in radio service work. Its
uses are set out below:—

(1) Alignment of i-f and r-f
circuits.

(2) Adjustment of dial tracking.

(3) Checking A.V.C. Characteris-
tics.

(4) Testing valve and circuit com-
ponents under working condi-
tions.

(5) Signal Tracing.

' To enable the user to obtain the

maximum results from the instru-

ment, the abovementioned tests will-

be briefly described.

Receiver Alignment

The first point in aligning a
superheterodyne receiver is the ad-
justment of the intermediate fre-
quency transformers: To do this

*

This photo-
graph shows
the location of
most compo-
nents. The B
battery fits
into place be-
tween the
gang conden-
ser and the
t w o torch
cells. It s
held in place
by the metal
strip  screwed
on to the gang

*

the “hot” (red) lead from the oscil-
lator is connected to the grid of the
i-f amplifier, whilst the earth lead
connects to the chassis earth.
Should the receiver contain two i-f
stages, then the lead should be con-
nected to the second i-f amplifier.

Switch on the oscillator, setting
the dial to the required intermedi-
ate frequency and the final i-f trans-
former is now adjusted for maxi-
mum output, Then transfer the hot
lead to the first i-f amplifier on
the converter grid, and adjust the
i-f transformer for maximum out-
put. In carrying out this operation
in receivers fitted with A.V.C. the
signal input should be kept as low
as possible to preveng the AV.C.
action from .interfering with the
correct allgnment

Recheck the i-f’s and then trans-
for the oscillator lead to the aerial
terminal. - Tune the oscillator to a
frequency of 1400 kc. and tune the

9sor:eu\

N

950 CELL

50 »
000 RED  »

| [

BATTERY PLUG

RESISTORS
K000 GREEN BODY RED BAND

a N
BLACK wmeeyae~, B!
ORANGE * % rvee |l

O

This point to point wiring will be of assistance ip -those who . may not be able to
tollow the schematle cireult.
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receiver to this signal.
tion the oscillator, any r-f and the
aerial trimmers should be adjusted

In this posi-

for maximum results. Retune the
oscillator and receiver to 600kc. and
adjust the padding condenser. R=2-
check the 1400 kc. adjustment.

Dial Adjustment

The adjustment of ' the dial is
normally carried out as the ré-
ceiver is being aligned., With the
cscillator supplying the correct fre-
quency the oscillator trimmer and
needle pointer are adjusted so that
the correct frequency setting will
be registered.

Checking A.V.C.

The action of the automatie vol-
ume control can be easily checked
by fezding the signal into:-the aerial
and earth at various fréquencies and
noting the effect of the A.V.C. volt-
age on any of the valves controlled
by it." In the case of a valve using
a bias resistor 4n the cathode. cir«
cuit, it is only necessary to place a
meter across the cathode - resistor
and increase the oscillator signal
from 2ero 'to maximum and note the
effect on the voltage developed
across this resistor.

If the automatic volume control is
working correctly, the voltage regis-
tered by the meter will decrease as
the signal strength is increased. The
amount of A.V.C. voltage can be
readily judged by the reduction in
bias voltage. This action should be
checked on all valves controlled by
the A.V.C. voltage.

In valves such as octodes and pen-
tode converters, the majority of the
gathode current is made up not by
the ordinary plate current but hy
the screen and osclllator plate cur-
rent, ‘and consequently the effect of
the A.V.C. will be hardly noticeable
with a meter connected across the
resistor in the cathode c¢irecuit. In
this case, as with valves which are
biased by a back-bias system, it is
necessary to insert s milliammeter

(Continued on page 47)
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SLADE’S RADIO Pty. Ltd.

Australia's First F.M. A.M. Radiogram

pX ¢

A powerful 9-valve
F.M., AM. & D.W.
Receiver gets world’s
shortwave stations as
easily as locals. Daily
d e m o n strations of
F.M. at our Factory
and all Registered
Dealers of Slade’s
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RECOR

WEAR

This authoritative article gives a thorough analysis of the
causes of record wear, and should be of great interest to all
amplifier enthusiasts and ownets of record libraries.

The life expectancy of phono-
graph records is a subject which is
under constant discussion: to the
person who has invested a consid-
erable sum in a record Mbrary much
of which 1is irreplaceable, record
wear is a topic of more than aca-
demic interest.

It is regrettable that so much in-
accurate information has been dis-
seminated about record and stylus
wear, A great deal of the pub-
lished “data” on record wear and
stylus life, unfortunately, has orig-
inated in the optimistic imagina-
tion of some uninformed copy-
writer. This situation gives rise to
some of the following commonly-
held beliefs:—

1. That a hard reproducer stylus
wears records faster than a soft
one.

2. That a soft reproducer stylus

wears records faster than a hard

one.

That shellac records wear faster

than vinylite.

That vinylite records wear faster

than shellac,

5. That tracking pressure is the
only important factor in record
wear.

6. That tracking angle is the most
important factor in record wear.

7. That lateral compliance of the
pickup is the determining factor
in record wear.

8. That vertical compliance is the
determining factor in record
wear.

9. That a large stylus radius im-
poses less wear on records.

10, That a small stylus radius im-
poses less wear on .records.

.

4

Factors Affecting Record Wear

The above statements all repre-
sent an attempt to reduce the prob-
lem of record wear to a simple
ofle-dimensional affair. As a mat-
ter of fact, the actual problem is
so complex and the factors involved
so numerous that it is not possible
to predict record life without speci-
fically evaluating ALL of the fol-
lowing :(—

1. Record materidl.

2. Spectral distribution of record-

ed energy,
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3. Velocity angles of the record

grooves.

4. Shape of the groove cross-sec-
tion.

5. Relation of groove cross-section

to shape and polish or repro-
ducet stylus.

6. Lateral and vertical mechani-
cal impedence at stylus tip at
all frequencies.

7. Tracking pressure of reproducer.

8. Lateral and vertical warpage of
the record.

9. Lateral and vertical pivot frie-
tion in reproducer arm.

10. Tracking error and head offset
of pickup arm.

11. Lateral and vertical turntable
vibration.

An attempt has been made to
arrange the parameters in the ap-
proximate order of their import-
ance to record wear. They are not
all independent variables, so it is
impossible to discuss each qne with-
out constant reference to the others.

Actual Process of Record Wear

Record wear is a change in the
character of the record groove re-
sulting in one or all of the follow-
ing:—

1. A change in appearance of the
record surface, visible to the un-
aided eye.

2. An increase in background noise.

3. An increase in distortion.

It seems to be fairly certain that
the actual process of record wear
is accomplished by one or all of
the following:—

1; Frictional erosion of the groove
walls by a rubbing action be-
tween the stylus and the groove.

2. Deformation, or crumbling of
modulation cusps by dynamic
forces between the stylus and
the groove,

3. Shearing of modulation cu§ps by
sharp edges on the reproducing
stylus.

4. “Rolling in” of surface dirt be-
tween the stylus and groove
walls.

Forces on a Modulated Groove

In order to appreciate the com-
plex nature of the motion at a re-
producer stylus point, it 18 good to

review the basic mechanics of the
vibrating system of 4 record repro-
ducer.

The forces set up at the stylus
top in Fig. 1B are determined by
the constants of the elements in
the system and the nature of the
motion imposed on the stylus tip.
Referring to the diagram, the use-
ful motion of the reproducer is the
deflection of the compliance C1 de-
noted by X2. This deflection is
equal to the sum of the forces at
both ends of the spring times the
compliance of the spring.

Imagine the point marked *‘sty-
lus tip” being vibrated rapidly in
the direction of X1. At high fre-
quencies the principal force is that
required to accelerate the mass M2,

- A~ COMPLIANCE OF STYLUS SUSP.

VERTICAL AXiS STULUS
OFROTATION  SUSPENSION
iy HAS MASS

ARM HAS DISTRIBUTED |
> MASS 0 TL
’

L s
N |

FORCE APPLIED THROUGH =~

b LY

w

M

= _T

Mz xﬁ
STYLUS TP~~~ v
Fig. 1. 'In (A) pickup arm and styius
and (B) equivalent mechanical circuit
diagram, Mechanicai forces are desig-

nated as listed beiow., Mil-~Moment of
inertia eof pickup arm; M2—Moment of
inertia of stylus suspension; Cl—Com-
pliance between stylus support and arm;
R1—Damping of system; XI1—Displace-
ment of stylus; X2—Dispiacement of com-
pliance; X3—Displacement of mass. XI—
X2 X3, X2 is the useful motion in the
reproducer. NOTE: This diagram applies
equally weil to vertical or iateral motion
at the styius point, except for a change
in values of the parameters. For vertical
motion, M1 and €1 will usually be lower
and M2 higher than for lateral' motion.
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This force equals M2a where a is
the acceleration which the record
groove imposes on the stylus. As
the frequency is lowered, we ap-
proach the point where M2 is res-
onant with Cl. At this frequency
the mass M2 moves quite easily,
and the force applied by the record
groove is determined only by the
damping R1. This damping force
is ‘equal to R1V where V is the
velocity of the motion applied to
the stylus point.

As we go lower in frequency we
find that the stiffness of spring C1
is the controlling factor. This
force is C1X2. 'As we approach the
frequency where M1 and Cl1 are
in resonance we find that the
amplitude X2 builds up rapidly to
a maximum value limited only by
the damping R1 and limits stops
on the stylus supports. Below res-
onance M1l and M2 move together
and there is no deflection of X2 to
produce usefu] output from the re-
producer.

Forces on Record Groove

The point of this' rather crude
discussion of the dynamics of pick-
up action is to assist the reader to
visualise the reaction forces on the
record groove. At high frequen-
cies even a groove with very small
displacement can have a high ac-
celeration, because the displace-
ment is multiplied by frequency
squared to obtain acceleration. At
low frequencies (above arm res-
onance) the stiffness of the

stylus suspension -is the most im-
portant consideration. The ability
to track bass passages well is dir-
ectly related to this characteristic.

As the frequency is lowered to-
ward arm resonance, the output
from the reproducer increases,
but so do the forces on the record
groove.. These forces reach a maxi-
mum at resonance, where they may
become extremely high. If the
amplitude of oscillation is high
enough to cause hammering against
the stops of the stylus support, the
record walls will quickly be broken
down. Of course, the actual value
of the force depends on the mass
of the arm, so a light arm has
some advantage in this respect.

On the other hand, resonance
will be reached at a much higher
frequency with a light arm, so ex-
citation will be provided by fre-
quencies within the desired range
of reproduction. This will give rise
to a situation where the groove
forces reach a peak on some par-
ticular bass note, which condition
may cause groove breakdown at
that frequency.

Frictional Erosion

It now becomes possible to dis-
cuss in some detail what actually
goes on as the groove wears, Wear,
in a blank groove when no vibra-
tional forces exist can only occur
by breakdown due to static load, or
by actual abrasion from -a rough
stylus point.

The forces mentioned in earlier

sections are applied to the groove
wall by a spherical stylus in the
ideal condition. The unit load,
therefore, is dependent on the ac-
tual area of contact. This area is
largest for a worn stylus, so we
find that the unit stress on the
record material is least when the
blank groove is played with a worn
stylus.

This is by no means intended to
indicate that stylus wear is advan-
tageous, although in . the early
phonograph days it was the wear
on the steel needle which made
the phonograph feasible at all be-
cause of ' the enormous tracking
pressure of the reproducers. The
only thing which made possible re-
peated playings of a disc was the
fact that both the recorded ampli-
tude and the high-frequency con-
tent were low. A modern high-
level record played on an old acous-
tic phonograph will not survive the
ordeal.

With pick-up pressures of one
ounce Or less, even a perfectly
spherical stylus will not subject a
shellac record groove to more stress
that it can withstand, due to static
forces alone. Some elastic defor-
mation will occur in vinylite, how-
ever, and even more in instantan-
eous lacquer.

These latter materials have good
plastic memory, and the grooves do
not seem to be any the worse for
wear after being played with a
highly polished stylus even with
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considerable pressure. Materlals
llke lacquer and vinylite are easily
scratched, and the least roughness
on the stylus will act like a file in
the grooves. Shellac is not nearly
sb easily abraded, although a
chipped jewel stylus will ruin any
groove.

Lacquer and vinylite are particu-
larly susceptible to having surface
dirt embedded in the grooves. This
dirt is rolled in under the pres-
sure of the stylus and evidences it-
self as an increase in background
noise, particularly “clicks and
pops.”

Tests made indicate that black
grooves on shellac records will wear
indefinitely with a smooth spheri-
cal stylus which does not exceed one
ounce pressure. ‘Turntable vibra-
tion can alter the conditions suf-
ficiently that wear will show in
regular patches, indicating that the
peak forces at such places have
greatly exceeded the tracking pres-
sure. Certain low-priced record
changers show considerable verti-
cal vibration which produces wear
of this description.

Vinylite and lacquer, on the other
hand, do not show these wear
patches under the same conditions.
This would indicate that the com-
pliance of the record material pre-
vents the high peak accelerations
which exist with the hard shellac.
The softer records do show a gen-
eral increase in noise because of
dirt, however.

Dynamic Wear

By far the most significant cause
of wear is the dynamic action of
the stylus in the grooves. The me-
chanism of wear is the same as for
static forces, but it occurs only at
certain parts of the record, depend-
ing on the shape of the groove.
What happens. on shellac is fairly
certain. It cen be seen through
the microscope In progressive
stages.

A spherical stylus in the groove
produces dynamic forces, and if the
resultant force exceeds momentar-
ily the elastic limit of the record
material, the material deforms.
Since shellac is brittle, it crumbles
away completely. 'The breaking
away of the piece which was under
stress permits the stylus to drop
down into the groove a little deep-
er, eventually increasing the bear-
ing area of the stylus by contact
with the groove bottom. At this
point with a low-mass reproducer
the wear apparently stops, because
the peak unit stress no. longer ex-
ceeds the elastic lirmt of the shel-
lac.

An interesting fa,ct about this
type of wear is that it does not
produce any apparent change in
quality of the reproduced sound,
although it can be seen as a light
streak on the surface of the record.
This type of wear occurs more read-
{ly with. the larger stylus radii
(.003in. or larger) than with s
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radius of .0023 to .0025in, Of course,
it can be seen that too small a
radius, besides causing “skating” in
the bottom of the groove, will con-
centrate the stress on the groove
bottom with a worse effect on the
quality.

It must be made clear that the
foregoing discussion refers to high-
frequency effects where the force
required to accelerate the mass of
the stylus mounting is predomin-
ant. It also applies both to ver-
tical and lateral forces, and both
must be considered at all times.

Effect. of Stylus Tip

Since the metal and sapphire
stylus tops acquire worn flats much
more readily than does the dia-
mond, this is probably the reason
for the belief held by some people
that diamonds wear records more
rapidly than sapphires or metal
tips. Although it is possible that
visible wear might o©ccur sooner
with the diamond, audible wear,
caused by actual widening of the
groove at corners, will occur far
more rapidly with a worn stylus.

The flats "on the sides act as
scrapers in attempting to negotiate
sharp bends in the record track.
When the record groove is widened
the pickup will rattle at these spots.
Another effect of a worn stylus,
even in a perfect groove, is the
distortion, which rapidly becomes
unbearable at high frequencies.

At low frequencies, the amplitude
of the groove swing determines the
force applied to the stylus. If this
force exceeds the instantaneous
tracking pressure, the reproducer
is said not to “track” and the sty-
lus slips over the land adjacent to
the groove. 1f this happens often
enough the groove wall is broken
down, and the result is a “rattle”
on such bass passages. With most
modern reproducers this is not a
serfous problem, however.

A similar effect results from too
light a tracking pressure at high
frequencies. Because of the slope
of the groove wall the stylus may
be forced upward under accelera-
tion, which will cause rattling and
hammering of the groove walls. This
may actually cause more damage
than if the tracking pressure had
been slightly higher.

These dynamic forces mentioned
in connection  with shellac records
do not reach such high values with
vinylite or lacquer discs. The ma-
terial iiself is elastic enough to re-
duce the force applied to the sty-
lus, although continual application
of excessive force to the same points
in the groove wall will eventually
widen the groove and produce dis-
tortion and rattles.

Deformation of the groove walls
indicates that the reproducer stylus
does not follow the patch cut by
the cutting stylus. It is obvious,
therefore, that the resultant signal
is not a true reproduction of the
original cut, This is the reason

M| X4
C
: % X3 &y
% x
swz.usm?‘,, txu
Fig. 1 (C). Equivalent mechanlecal ecir-

cuit for magnetic reproducer. M1, M2,
Cl and Rl are the same as in Fig. 1D,
C2 is the compliance between the stylus.
and the moving sysiem. MS is the mom-
ent of inertia of the stylus suspension.
R2 Is the damping of the stylns support.
In this case X3 is the useful motion of
the system.

high-level passages never sound. as
“clean” on lacquer or vinylite as
they do on good shellac.

Lacquer and vinylite are much
more easily cut by a worn play-
back stylus, which is another rea-
son why only a highly-polished
diamond should be used in a re-
producer which must play all three
types of material.

Summary

For minimum record wear a low
moving - mass highly compliant
pickup with a highly polished dia-
mond stylus produces the best re-
sults. The pickup arm must be free
from friction and the . turntable
level and {ree from vibration.
Tracking pressure should be as low
as possible, but is not the principal
factor in dynamic wear. Some im-
provement can be effected at the
expense of very high frequencies by
introducing compliance between the
stylus and the moving system.

Shellac records may show visible
signs of wear with no deleterious
effect on the output signal from the
pickup, provided that the above
conditions prevail. - Vinylite and
lacquer discs do not show wear as
readily, but are much more sus-
ceptible to surface dirt.

Whereas a slightly worn stylus
may have no particularly harmful
effect on a shellac record, lacquer
and vinylite are easily damaged
under these conditlons. A slightly
worn stylus will produce high-fre-
quency distortion even from an un-=
damaged groove. A badly worn
stylus will cut the grocves in places
where the angles are sharp, pro-
ducing serious rattling.

—~—Courtesy “Audio Englneering,”
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Basic Eleciricity and Magnetism

Following ori from the previous article, the author discusses
electric ficlds in more detail and shows the method of

—

plotting lines of force.

An electric field may be regarded as
a region of electric force (sometimes
called electric stress), or as a region of
electric strain. When viewed as a re-
glion of electric force it is the effect of
the field on other charges which is
being considered. When viewed as a
region of electric strain it is the abil-
ity of the field to induce charges in
other bodies and electrically modi

e dielectric which supports it that
is under consideration. In this latter
case the field is regarded as a field of
electric induction.

Terms used to describe an. electric
field when it is regarded as a fie
of electric force are electric stress,
electric field intensity, ot electric field
strength.

Terms which signify that the field
is being regarded as a region of elec-
tric strain are electric in.fucti(m, elec-
tric flux density, charge density, or
charge per square centimetres

The Electric Field as a Field
of Force

The form and scope of an electric
field is determined mathematically.
The “maps” of electric and magnetic
fields found in “popular” text books
are often endoweg with a physical
reality which thev do not possess.
Neither do “maps” obtained experi-
mentally truly reflect the abstract na-
ture of electric and magnetic fields.
They often inspire misleading c¢on-
cepts.

Maps obtained experimentally have
little value beyond, perhaps, the aca-
demic one of verifying the validity
of our mathematical methods of
assessing the shape and scope of a
magnetic or an electric field. There
is little or no chance in practice o
using experimental artifices to trace
out the shape of a field. We are com-
pelled to rely on mathematical for-

£ig. 2l

Point charges surrounding u positively
charged hody,

is

mulae and logical deductions which
simplify, after a little experience, to a
matter of commonsense.

Mathematics is an abstract science
and mathematicfans divest the terms
they use of any real significance. Very
often the difficulty you may have in
following mathematical argument is
because, being practical, you endow
theorems, definitions, and geometrical
figures like circles and triangles with
reality when in truth they are only
abstract ideas uised for the sole pur
pose of arriving at a conclusion which
can be put to some practical use:

- Thus, a line, in the strict geomet-
rical sense, is an abstraction. In fact,
it is a double abstraction because it is
the trace of a moving point, and a
true geometrical point is a position in
space having no magnitude, and noth-
ing could be more abstract than a posi-
tion in space without dimensions.

The pencil or ink marks that we
may draw with the aid of swaight
edges, french curves, or compasses are
not lines as the mathematician thinks
of lines. Such pencil or ink marks
merely coincide with lines which, by
definition, c¢an already exist on the
surface whereon the marks are made.

The mathematical analysis of an
electric or magnetic field is based on
two fundamental notions; a point
which carries unit positive charge, and
a line which is traced out by the point,

The line may be either a line of elecs
tric force or a line of electric induc-
tion, its character depending on whe-
ther the field is regarded as one of
force or induction.

Fro.1 2 . i

ot

By
A. L. THORRINGTON,
AST.C.

A unit positive charge has the® same
geometrical significance a5 a  point
with the additional property of being
repelled by positively charged bodies
and attracted by negatively charged
ones. It should . petbaps be pointed
out that in some defnitions ft is un-
necessary for the charge to be positive

or of unit quantity, but it is more

simple to always think of the point
charge as being positive and of unit
value,

The various point oharges are repelled
and move away from the sphere alofig
radial lines.

In a similar way as a geometrical
line is a trace of a moving point, so
a line of electric force is defined as the
trace or path vpursued by & point
%h;a‘;ge when placed in an electric

eld.

Some writers feel it is also necessary
to qualify the point charge as being
free to move, and they also point out
that the introduction of the charge
into the field does not modify the lat-
ter in any way. One eminent author
regards it as a mistake to think of a
line of force as the curve described by
a positive point charge, because, from
his viewpoint, this idea would only
be correct if the point charge were en-
tirely devoid of inertia. His modified
definition be expressed later.
Your author is of the opinion that
such qualifications are superfluous, be-
cause the onlv properties that are legi-
timately possessed by a goint charge
are those endowed on it by definition
so that such qualities as inertia and
the ability to modify electric fields are
mathematically non-existent,

The Field Intensity Concept

Since, according to Coulomb'’s law,
the force between two charges is de-
pendent on the distance between them,
it is clear that the force exetted on ouf
hypothetical point charge, when it ‘is
placed in an electric field, will vary as
the distance between it and the body
establishing the field is varied, It is
convenient to think of this varying
force at different positions in the field
as due to a_wariation of electric field
intensity, This idea of field intensity
can_then be defined as follows:

The field intensity at any
point in an electric field is nu-
merically equal to the force in
dynes experienced by unit charge
when placed at that peint.
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This definition allows us to us
L oabomb’s law to express the notion oﬁ
S intensity mathematically. Thus,
% =xd the field intensity, E at a dist-
e of d centimetres from a charge
'l esau. (electro-static units) of
sizrge, we know that the force, F, in
Semes will be 0

x 1
F = — B8 |
K.d2
Q
F= oo - .0
K.d2

_ The quantity, one, appears in equa-
zon 4.1 because our test charge is unit
value.

But, again bg definition, the field
intensity E is also equal to the right
band term of equation 4.2, so that we
may write,

Q

e ]
K.d2

Equation 4.3 is_important, but it is
more important that yon follow the
mental processes involved in its deriv-
ation because it js a typical example
of the method we use to derive elec-
trical and magnetic formulae. You will
shortly see that the concept of field
intensity, and equation 4.3, which ex-
presses the idea mathematicall% is
necessary for the development of the
line of force concept.

3o that

The Line of Force Concept

If a spherical body A, in Figure
4-1 is charged positively and our hypo-
thetical point charges are placed at
various positions around the body they
will experience forces of repulsion
urging them away from the sphere
and they will move along radial paths
represented by the lines radiating
from the same sphere in Figure 4-2.

These lines, which are the traces
of the point charges, are thus, by defi-
nition, lines of electric force. Since
the point charges are positive they
will move outward from positively
charged bodies and move in towards
negatively charged bodies. The arrow-
heads on the lines of force indicate
the direction in which the point
charge moves, and gives rise to the
idea that an electric field has direc-
tion, this direction being defined as
the direction in which a free positive
charge will move when placed in the
field.

It is important to note that when we
endow an electric field with directional
properties we do not mean that either
the field or the lines of force which
represent it actually move. Movement
is accorded only to the free positive
charge.

We have said that point charges
placed in a field estab‘iished by a
spherical body will move along radial
lines. It is intended to prove this
statement, not because anyone is likely
to think it untrue but because our
method of proving it will illustrate
the way in which the shape of fields
about more complex systems of charged
bodies is calculated, and, simultane-
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FiG 4-3

Determlning the movement of a point
charge.

ously, confirm ¢an earlier statement
at the shape of an electric field can
be determined mathematically.

Positive Charge Forces

In Figure 4-3, A is a positively
charged sphere, and near it, at P, is
a point positive charge. Let us as-
sume that the forces acting on P are
contributed by charges at R agd S on
the surface of the sphere as shown.
Then the force due to R will urge P
toward Q, while the force due to S
will urge P toward T. If we can
recall the Parallelogram Law of Forces,
we will remember that when two
forces act at a point, they interact to
produce a resultant force, represented
in magnitude and direction by the
diagonal of a parallelogram, which, in
this case, has two sides represented
by PQ and PT. Completing the
parallelogram, it is clear t%at the re-
sultant force in this case is PV, and
‘if PV is produced backwards it passes
through LEe centre of A. Hence PV
is radial to all spheres having their
centre coincident with the  centre of

We can draw as many lines from
the surface of A through P as we
wish, so that an infinite number of
lines terminate on A, but the result-
ant of all such lines, which represent
electric forces, will still coincide with
PV, the first resultant. Also, what is
true for P is, true for any other point
near A» It follows, from the geomet-
rical symmetry of the figure that the
positive charge at P must move along
a radial line away from

Althou; a mathematician will
agree with our final deductions he is
hardly likely to agree with our method
of getting them.- He would require a
more rigorous, and, incidentally far
more complex, proof than has been
given here. But this proof is designed
to show you the technique used in at-
tacking these problems; it does not
pretend to satisfy mathematicians.

Positive and Negative Charges

The mathematical character of a
line of force is better illustrated in the
case where there are two charged
bodies, A and B; as shown in Figure
4-4. A carries a positive charge; B
carries a negative charge. Assume
there is a point charge at P. In this
position, P is repelle§ from A with a

force Fa, represented by PR, and at-
tracted simultaneously with a force Fb
toward B, and shown by PQ. The
direction and magnitude of the re-
sultant force on P is represented by
PS, so that the point charge will be
urged along PS.

However, the instant that the
charge moves from P, both the magni-
tude and direction of the forces ¥a
and Fb which are acting on it also
change, so that the direction in which
the charge moves will alter long. be-
fore it gets to S. Let us assume that
the charge has moved to V, ‘where
VY and VX are respectively the direc-
tion and magnitude of the forces Fa,
and Fb, at the point V. The result-
ant force at V'is then VZ, and VZ
differs entirely in direction and mag-
nitude to the resultant force at P.

Now, if we know the magnitude
of the charges carried by A and B,
we can calculate with Equation 4.3
the magnitude of the forces Fa an
at any point between A and B, and
we can then draw parallelograms to
scale at each of these points. Finally,
if we draw a curve, which is tangen-
tial to the diagonals of all our
parallelograms, we obtain the path
traced out by a positive charge; we get
a line of force.

Infinite Number of Lines

We can repeat this construction as
often as we wish and so get an infinite
number of lines. There exists an in-
finite number of points which do not
lie upon one and the same line of
force and through each of these points
a line of force can be drawn.

For those who cannot imagine a
point charge being devoid of inertia
and are distressed at the probable ef-
fects that such inertia may have ‘on
the movement of the charge, we can
define lines of force as curves drawn
in such a manner that their tangents
are at every point in the direction of
the vector which represents 'the re-
sultant forces at these points. Inspec-
tion of Figure 4-4 will confirm this.

The Properties of Lines of
Force

The so-called properties of a line of
force are essentialily mathematical pro-
perties, in the same way as circles,
tangents, and triangles {nave mathe-
matical properties.

Fla. 4 -5

This dlagram Ilustrates the effect of
induetion.
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FIG.4-4

The method of tracing out the path ‘traversed by a positive charge. The resultant
path is referred to as a “litne of force.”

Thus, a line of force cannot cross
another one because this ‘would imply
the impossible condition that a flr)ee

ositive charge could move in two
girections at once, that is, there would
be two resultant forces acting through
the same point. = It could also imply
that two charges could exist at the
same point at the same time, which is
also impossible.

Lines of force cannot be broken
because a fractured line would imply
that, at the point of fracture, a free
charge wouldpo not move, and this
would indicate an incredible “gap” in
the electric field.

Lines of force repel each other be-
cause the point charges ‘which trace
them are positive charges and so. re-
pel each other.

Lines. of force have other proper-
ties, but these will be obvious from
definitions which we will consider
later. We have sufficiant proof mean:
time as to the mathematical nature of
a line of force.

The Electric Field as a Field
of Induction

You will recall that when we think
of an electric field of induction we
are thinking of its ability to induce
charges in. other bodies and. the effect
it has on the dielectric supporting it.

1f a positive charge of Q es.u. is
surrouncFed by a metal sphere: A as in
Figure 4-5, negative charges will be
induced on the inner surface, and
positive char%es will be induced on
the outer surface, of the sphere. The
‘total amount of charge induced on the
surface of the sphere is Q e.s.a. or the
same amount of charge as existed at
the centre. This important. fact was
proved experimentally by Faraday in
a- number of experiments, the most
spectacular one being when he stood
inside a wire cage with a sensitive
clectro-scope and was unable to de-
tect anv sign of electricity within the
cage itself, despite the fact that the
outside of the cage was charged to an
extremely high potential. Placing the
sphere around the charge Q at the
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centre has the effect of driving the
charge to the surface of the sphere.

If sphere A has a radius of r cms.
its area is 4xr2? sq. cms. and the
density of charge on the surface per
8q. cm. is thus,

Density of charge per sq. cm:
Q

o .44
4,12

Simple Example

If sphere A is rteplaced with a
sghere B having a radius of /2 cms.
the total quantity of charge induced
over the surface of B is still Q es.u.
of charge, but now the density of
charge is,

Density of charge on B
Q

e S
G

so that the density of charge on B is
four times the density of the charge
induced on A. We express this fact
mathematically by saying that the in-
duction at B is Z:)ur times the induc-
tion at A, and we think of this higher
induction at B being due to the di-
electric surrounding the original
charge being electrically strained four
times as much at B as it is at A.

This simple example shows that the
induction or strain at any point near
a charge is independent of the di-
electric occupying the space around
the charge. It shows that the induc-
tion at any point depends on the mag-
nitude of the inducing charge and the
distance between the charge and the
point considered; ih fact, the induc-
tion varies inversely as the square of
the distance betwecen the point and
the charge.

To express the idea of induction
mathematically we must first define
the condition representing unit induc-
tion. Unit induction is defined as the
induction one centimetre from a unit
charge.

It follows from the example given
and the definition of unit induction

shat the induction D, at a distance d
centimetres from a charge of Q eswm.

is, >
D= — vie 46
2
An electric field considered as a
feld of induction can be mapped out
in the same way as we map out the
field as a field of force, only in this
case, we accept the lines of induction
to mean the direction in which the
dielectric supporting the field is elec-
trically strained or deformed. In
ordinary dielectrics that we are likely
to find in practice, the direction of
electric strain and the direction in
which a free positive charge would
move are the same so that lines of in-
duction and lines of force coincide.

CONDUCTING FILM
ON GLASS

Electrapane, a recent development,
is a glass coated with a transparent
conducting film of oxide, which
makes it possible to carry electric
current for de-icing and de-fogging
applications in window installations.
The thin oxide film, by virtue of
its electrical resistance has the abil-
ity to heat up quickly and operates
on either a-c or d-c voltages. Con-
tact is made by means of thin metal
electrodes placed along parallel
edges of the glass.

The electrical resistance is sub-
stantially constant up to 450 de-
grees F, above which teémperature
the resistivity increases gradually.
The oxide coating is stated to be
practically as durable as the glass
itself, and this has been proved by
extensive weathering, abrasion, sol-
vent and life tests.

RADIO BARGAINS
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Steel 5.V Console Chassis .. .. 9/6
Permatune D.W. Coil Units .. 30/-
Permatune Coils .. .. .. .. .. €6/6
Permatuge IF.'s 455KC .. .. 9/6 |
80. MA. Paecks 285 CT. .. .. .. 20/-
125. MA. Packs 285 OT. .. .. .. 35/-
SPECIAL

Complete .V D.W. Chassis and
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To ensure the best listening quality from any high-fidelity
amplifier it is usual to include a scratch filter to exclude

any noise caused by record imperfections and wear.

Here

are details of an American commercial unit, taken from a
recent issue of "'Radio News,’” and which should be of interest
to all high quality enthusiasts.

With the emphasis nowadays on
high fidelity reproduction, most am-
plifier enthusiasts endeavor to ob-
tain the maximum results from their
equipment. However, virrespecplve
of the care taken with the design
and construction of an amplifier to
achieve the requisite wide frequency
response, the final result is often
marred by the presence of scratch
noise—caused by any slight imper-
fections in the record as well as the
overall roughness which develops as
the record becomes worn.

A true high-fidelity amplifier will
reproduce the scratch irequencies
as well as the recorded music, and
whilst this condition may be ac-
cepted without objection by some,
others find it is highly irritating
to the extent that the “highs” must
be suppressed to reduce the scratch
level. This meant that a device
was needed to suppress the scratch
level when no high frequencies
were present, but would quickly
“open up” and allow the higher
frequencies to pass when required.

Although the scratch would also
be passed as the device “opened
up,” it would be “masked” to a cer-
tain extent by the high frequen-
cies. Such a device would then be
an effective scratch eliminator and
would allow the critical listener to
enjoy high - fidelity reproduction
with a minimum of scratch.

The speed at which the scratch
eliminator must respond eliminates
the possibility of using mechanical
means for varying the capacity to
shunt the signal and as a result
a capacitive reactance tube is usu-
ally employed. The rapidity with
which the effective capacity of this
tube can be varied makes it very
suitable for this application.

Schematic Diagram

The schematic circuit . for a
scratch eliminator of a type now
being used in some overseas re-
ceivers is shown.in Pigure 1. Valve
types 6AQ6 and 6BA6 are employed.
The 6AQ6 is used as an audio
amplifier, 'its diodes béing used to
develop the bias voltage for the
reactive valve. The 6BA6 Is con~
nected as a capacitive reactance
valve.

An audio signal from the crystal
pickup is impressed across the volt-
age divider network R3 and R4. A
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part of this signal is coupled to
the grid of the audio amplifier by
C3. The signal is then amplified
and coupled to the output jack
through C4 and. the tone compen-
sation network composed of R9 and
C6.

It may ‘be seen that the eircuit
thus far outlined is a conventional
audio amplifier stage and, -with the
exception of the tone compensa-
tion network in series with the out-
put, no frequency discrimination
will be accomplished. To complete
the scratch eliminhator the follow-
ing components are added: a feed-
back network consisting of a 68
mmfd condenser (C2) and a 68
megohm resistor (R5) coupled from
the output of the audio amplifier
back to the input to provide a “cer-
tain amount of degeneration for
the high scratch frequencies; and
a 68mmifd condenser (C5) coupling
the signal back to the diodes, where
it is rectified. Due to the low ca-
pacity of C5, only the high fre-
quency signals will be coupled to
the diodes since the reactance of
C5 will be high for any low fre-
quencies.

The 6AQ6 is self-biased with
approximately - two volts on its
cathode. Since the diode load re-
sistor (R6) returns to ground, this
two volt bias acts as a source of
delay voltage. Thus, when the fre-
quency is high enough, C5, due to

enough signal to the diodes to over-
come the delay voltage.

It is also interesting to note that,
during low level passages the amp-
litude is too low to overcome the
delay bias and no rectification takes
place, even in the presence of high
frequency signals. This is normal
operation since the passing of the
higher frequencies would also al-
low ‘the scratch to be passed. Since
the recorded signal is at a low
level, the scratch would actually
mask the signal, and the reproduc-
tion would be lost in the scratch.
This operation would have the ef-
fect of an intermittent “hiss” and
would be very objectionable.

Diode Current

The rectified diode current flows
“down” through the diode and re-
sistor (R6) giving a negative pol-
arity at the top. This voltage is
then filtered by the RC network
R7 and C7. The voltage across the
condenser C7'is applied to the grid
of the reactance tube and controls
the transconductance of the valve.
It is well to point out that the
charge path for C7 is through the
diodes and R7, while its discharge
path is through R6 and R7. The
resistance of the diodes can be dis~
regarded since it is so low com-
pared to the 3.3 meg resistor (R7).
Resistor R6 is equal in value to
R7, making the discharge time of
C7 twice as long as the charge

its low reactance, will. couple time.
o G8 RS 1
o . oouc;';o_rkr
c4 10 R vuTPy
i @ ¢ AATWWAA po=o—- o=y
2 002 (._EG__I e
:E R3 | =0 'y
2 ; =3
E4 C5 | GBug GBAG
—
«0! eosem
T 33 IS
LIy AAAA = | sem
R7
‘ oo, : %%
s - = l
| 2., 2 2 : s E
ZRe T $ca00 RG -0 R2 §m1 Rl . .022 ‘47 gn.o
Fimgho g . 33 I 2 ERY 022 § Ri|
< 4 < W i ;
o i I_ |
=+ 79
= 1|
Fig. 1. Complete schematie of the serateh eliminator,
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Fig. 2. Diagram of the stage in which

the ‘‘Miller Effect” is achieved by means

of a valve having pure resistance as a
plate load.

Although this slower recovery
time would seem very objection-
able, the discharge path of CT is
found to have a time constant of
approximately 04 second. This is
quite fast and only on badly worn
records is there a noticeable hiss
following the high frequency notes.

As stated previously, the voltage
across the condenser C7 is im-
pressed on the grid of the react-
ance valve. The audio signal is
also coupled to the same grid
through the condenser C9. The
purpose of the resistor R8 is to iso-
late the audio signal from C7 which
has enough capacity to shunt or
attenuate the highier frequencies of
the audio signal.

In order to understand the opera-
tion of the complete circuit a thor-
ough knowledge of the theory for
this particular type reactance tube
is required. Therefore a review of
this follows.

The Miller Effect

Although the stage used to vary
the capacity, which shunts the
audio slgnal,' has heretofore been
referred to as a capacitive react-
ance valve, actually the “Miller Ef-
fect” of a valve having a pure re-
sistance as a plate load is em-
ployed. The circuit of such a stage
is shown in Figure 2.

The input impedance of a valve
having any plate load varies as the
transconductance of the valve is
changed. This effect is known as
the “Miller Effect.”” If a pure re-

sistance is used as the plate load,

the input impedance will be purely
capacitive. If a reactive compon-
ent is used as the plate load the
input impedance will contain a re-
sistive component, As can be seen
in Fig. 1, the resistor R3 constitutes
a pure resistive load and results in
a capacitive impedance at the in-
put grid.

The manner in which the input
impedance ¢an be changed by vary-
ing the transconductance. of the
valve can be more clearly under-
stood by considering the charges
existing on the valve elements. The
charge on any condenser is ex-
pressed by the formula, Q=CE,
where C equals the capacity and E
equals the voltage applied on the
opposite plates of the condenser.
The charge on the grid of a valve,

32

due to the -grid-cathode capacity,

| may be found by multiplying the

signal voltage by the grid-to-cath-
ode capacity. Note that this charge
will change according to the ampli-
tude of the inpuf signal, but it is
not dependent on the transcon-
ductance of the valve.

The charge existing between the
grid and plate will vary as the gain
of the valve is changed. This can
be seen by calculating the output
voltage of the plate. The output
voltage is found by multiplying the
signal voltage by the gain of the
valve:

E out=E signal x M, where M
equals the gain of the stage. Since
we are calculating the voltage be-
tween the grid and plate and the
grid voltage is 180 degrees out of
phase with the plate voltage, the
potential difference must be found
by the quantity: E signal x (M+1).
Thus the formula for the charge on
the grid due to grid-to-plate capa-
citance is:

Qgp=E sig x (M+1) x Cgp.

Since the charge on the grid,
due to the grid-to-cathode capa-
city, is not dependent on the gain
of the valve it can be added to the
effective grid-to-plate capacitance.
Then the entire input capacity can
be calculated by the formula:Cin=

Cgk+Cgp x (M+1). Although the
input capacity will be increased
many times due to the “Milier Ef-
feet,” it is still low due to the low
grid to plate capacity of the 6BAS,
and in fact, it is much too low to
be useful at audio frequencies. Re~
ferring again to Fig. 2, it can be
seen that a 47 mfdcondenser (C3)
has been added between the plate
and grid to materially increase the
grid-to-plate capacity.

Resistor R1 in Fig. 2 is shown as
a variable control so that a vary-
ing bias may be applied to the
valve. This bias compares to the
voltage developed by the current
flow in the diodes across R6 in Fig.
1, By varying the setting of re-
sistor R1, the gain of the stage
may be controlled. As the arm of
the control is advanced, the gain
is decreased, and reversing the mo-
tion increases the gain.

Let us assume that the arm is
moved up enough to apply cut-off
bias to the valve. By referring to
the formula:—

Cin=Cgk+Cgp x (M+1.,
we find that the input capacity will
be the sum of Cgk and Cgp only
since M (gain) equals zero. How-
ever, if the arm were set to the

(Continued on page 47)

frequencies are peaked.

adapted as a lapel mike.
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URING EQUIPMENT

The cathode ray oscilloscope is an important adjunct to the
amateur operators equipment, as it provides a continuous
and ready means of checking the modulation as well as the

extent of the sidebands.

In this article the author briefly

covers the operation of the C.R. tube, and describes the
construetion of a simple oscilloscope.

In view of the muystification still
surrounding the operation of the
cathode ray oscillograph and asso-
ciated circuits, it is considered that
a brief resume of the fundamentals
of its operation will not be amiss,
particularly in view of the increas-
ing importance of the C.R.O. for
amateur work. Since, at the present
time, cathode ray tubes are avail-
able at such cheap prices, and the
associated circuits are so simple, no
worthwhile amateur station should
be without the means to conduct
continuous -modulation checks; at
least on its own transmissions, and
preferably., should also have the
facilities for checking the extent of
sidebands, and the production of
splatter.

The first requirement may be ful-
filled by the construction of a simple
oscillograph, as described later in
this article, whilst the latter faclli-
ties may be obtained by the use of
a simple panoramic adaptor as will
be described, in a later issue of this
series,

Original Oseillograph

The origihal oscillograpl, which
was the forerunner of the modern
cathode ray oscillograph, had no
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Fig. 1 (a), The operation of the C.R.
Tube may be compared to this equivalent
optical system,
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Fig. 1 (b). Basic cathode ray tube.
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Flg. 1 (¢). This diagram fllustrates the
focusing action on the electron beam,

connection with electronics, but con-
sisted merely of a stylus drawn
across a moving paper. The trace
left by the stylus upon the paper,
represents by its shape (since the
time rate of displacement is con-
stant), a graph against time of the
actuating force on the stylus. This
principle is still used in many com-
mercial applications, but a paraliel

PART 4
CATHODE RAY

OSCILLOSCOPE

version which most physles stu-
dents will remember, is the famous
Cusson-Atwood machine. This is
used for demonstrating the con-
stancy of the force of gravity upon
a falling body, although in this case,
the rate of movement of the stylus
has a constant period and the rate
of movement of the paper is con-
tinuously increasing.

“’Light-Beam’’ Unit

An improvement on this funda-
mental oscillograph is the "lignt
beam” oscillograph. In this oscil-
lograph, a small mirror is suspended
in such a manner that its displace-
ment, in either vertical or horizontal
planes is