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RADIO IN 1944 AND
IN THE PERIOD AHEAD

While reading current Radio magazines [ was
impressed by the following statements which, to
me, scem to sum up conditions in Radio now, and
give a “preview” of things to come:

RADIO’S GROWTII
Twenty-two years ago, there were 60,000 Radio
sets in the U. 8. Today, according to the National
Association of DBroadcasters, there are 59,850,000
Radios in American howes,

SALARIES PATD

“Broadeasting” Magazine veporis: “With average weekly compensa-
tion to [(ulltimme employees of $55.75, as compared with $52.32 last
year, Radio apparently has maintained its position in paying highest
average wages and salaries ol any U. S, industry.”

RADIO TUBES AND PARTS
Mr. IFrank H. McIntosh, Chief of the Domestie and IForeign Branch,
Radio and Radar Division, War P’roduction Board, says: “The low
tide (lor civilian Radio tubes and parts) has been reached” and that
“comditions will not be worse but definitely better in the future.”

F.M. RADIO
M. W. R. David of General Iileciric predicts that the potential market
o1 I".M. receivers in the immediate postwar period is 12,500,000. = This,”
he said, “is based on the assumption that one out of four in the F.M.
service area, where there are some 50,000,000 people, will buy an
1°.M. receiver.”

TELEVISION
According to Mr. Tom Joyce, Vice President of R.C.A., Television sets
costing but $200 will be available as soon as Television service is avail-
able in moderate quantities.
The Allen B. DuMont Laboratories, Inc., states that new Television
sets probably will be available within six months after peace in Europe.
DuMont points out that nine U. 8. Television Stations are now broad-
casting regularly.
Are we TODAY at the threshold of a new period of expansion and
accomplishment as great as Radio pioncers faced in 19227 Facts, and
opinions of experts, indicate we are now starting into an era of Radio
development which may be more spectacular, more prosperous than
ever before experienced.

J. E. SMITH, President.
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ANALYZING

CIRGUIT DEFECTS

By J. A. DOWIE

N. R. I. Chief Instructor

OUR servicing technique should be planned

to isolate the defect, first to one section (r.f.,
i.f, a.f, etc.), then to one stage of thut section
in a receiver. This places the trouble in the few
closely related parts that contribute to the opera-
tion of a single stage.

Next, you must learn exactly which of those
few parts it is that is preventing normal opera-
tion. This is the objective of all radio servicing
since as soon as the defective part is identified
it can be repaired or replaced and nermal opera-
tion restored.

Successful servicing is nothing more or less than
finding the defective part with professioual sure-
ness and swiftness.

Once you have found the stage containing the
defective part you have a choice of one of two
methods of detecting the defective part. First,
you can use a voltmeter and ohmmeter in a series
of specific tests that lead from one circuit to an-
other until the part is found. Second, you can
o directly to the defective part by applying
what I call “effect-to-cause’” reasoning and a care-
ful analysis of the circuit.

Why try to “figure out” which part is defective?
Because, as any successful serviceman will tell
you, that is the quickest way of finding the
trouble. Always keep in mind that time is all-
important in service work and more often than
not is the determining factor between a profit or
a loss.

Circnit analysis can be most effectively applied
only after the trouble has been localized to a
single stage. It is far easier to see clearly what
is going on in a single stage than it is to see

what happens simultaneously in all sections of
a complex receiver.

The experience of all who study radio is that
reviewing theory, the “how-it-works” parts of a
course, from time to time after you have prac-
tical experience, is a sure way to make the theory
vivid and real to the mind. Of course, you must
get the fundamentals in the very beginning, but
going back over them again will deepen your
understanding of the “why” of each circuit and
part in a radio. The real emotional satisfaction
in radio comes from being thoroughly at home
among the complex techniques of this fascinat-
ing, ever-expauding science. And this knowledge
is one of your most important tools as a service-
man !

As a memory refresher, liere is a quick check-
list of common defects that occur over and over
in receivers brought in for servicing:

1. Tubes—burned-out filaments; low emission ;
shorted electrodes; leakage between electrodes ;
intermittently open electrodes; gas.

2. Resistors—open; shorted; changed in ohmic
value; intermittent internal connection; poor
contacts in adjustable resistors.

3. Coils—open; shorted; some of the turns
shorted together; poor connections at terminals,
lugs or leads; leakage or ground to the core
in iron-core units; intermittent or complete open
ne to electrolysis.*

*Electrolysis is the action whieh occurs when-
ever currents cause corrosion by flowing in and
out of the surface of a conductor due to resist-
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ance developing in a joint or to conductivity in
adjoining insulation. I'he corrosion causes green
spots on the copper wire and will eventually
break the wire at this point.

4. Condensers—open ; shorted; leaky; loss in ca-
pacity ; high-power factor; intermittent open.

5. Connections —open; shorted leads; leakage
hetween leads; intermittent or noisy connections
(due to corrosion, thermal action, internal arc-
ing or chassis vibration).

G. Aligument—this will be taken up elsewhere.

You will note three principal types of defects
in the above list—shorts, opens, and changes in
value. Poor connections and leaks are special
cnses of opens and shorts. In nearly every case,
fhese defects will clhuinge the normal voltage,
resistance and current relationships in the stage.
That change is the symptom we look for, by
means of a voltmeter, ohmmeter, or other instru-
ment.

Tor our weneral discussion of “effect-to-cause”
reasoning, applied to isolating the defective part
within a stage, let us now consider the pentode
defector cirenit shown in Iig. 1. For purposes of

i Gy
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]
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________ Ry
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) 3
Cs
cH
Ce
POWER 1l ‘
SUPPLY
v

FIG. |. This typical pentode C-bias detector
stage is a good example of combined r.f., af.,
and power circuits.
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analysis, we can “lift out” the i.f,, a.f., and. sup-
ply circuits as shown in Fig. 2, 3, and 4 respec-
tively. By studying the normal paths, we can
see just how a defeet in any part will affect the
circuit in which it operates.

Some purts will affect more than one circuit, so
they will be covered under the circuit where their
defects are most noticeable. You should refer

Cy

c3 8+

FIG. 2. The rf. circuits of Fig. | are shown
here by heavy lines. Refer back te Fig. | to
see their relationship to other circuits.

back to Fig. 1 from time to time, to get an overall
picture of the stage operation, as the manufac-
turer’s diagrams do not hreak the circuit down
this way.

|.F. Signal Circuits

Starting with the i.f. signal ecircuits of IFig. 2,
we have a signal voliage coming in from the
preceding i.f. stage. The i.f. plate current of the
last i.f. amplifier tube flows through primary
I, of the i.f. transformer, inducing in the sec-
oudary I a corresponding if. voltage. This volt-
age undergoes resonance step-up. Then the volt-
age across C is applied across tlie grid and
enthode of the detector tube, reaching the cathode
through condenser €, which is a by-pass con-
deuser for i.f. currents.

The i.f. signal is carrying with it an a.f. com-
ponent which represents the voice or music we
want to hear. It is the job of the tube to separate
the two. It accomplishes this “rectification” be-
cause cathode resistor Ry provides a C bias volt-
age which makes the tube operate at the plate
enrrent cut-off point. Negative half cycles of the
incoming i.f. signal have no effect on plate cur-
rent because the grid is already so far negative
due to the bias that the tube is in “no opera-
tion” condition. Positive half cycles counteract
the bius voltage and allow pulses of plate cur-
rent to flow. These pulses have both the if. and
a.f. components in such form that the a.f. can
le separated and sent on to the audio amplifier.
Condenser Cy assists this separation, by-passing
the i.f. currents to ground, where they travel
hack through C, to the cathode.

www americanradiohictory com



Actually, the plate i.f. circuit is a series circuit,
consisting of condensers C; and C,, and the in-
ternal tube plate-cathode impedance. Because
Cy und C., both have extremely low reactiances
at radio frequencies, the internal tube impedance
is by far the highest, and hence most of the plate
i.f. voltage is dropped in the tube.

Screen grid by-pass condenser C; keeps the screen
at i.f. ground potential so there is practically no
r.f. voltage between screen and ground while this
condenser is good. The screen then acts as an
electrostatic shield between the plate and con-
trol grid, thus preventing i.f. voltaze on the plate
from feeding back to the control grid. Condenser
Cs serves as a return path to the cathode for
screen grid i.f. current by-passed by Cs, as well
as plate i.f. current by-passed by Cj.

This analysis indicates that normal flow of i.f.
signal current can be interrupted by a defect in
any one of these parts, and we can proceed to
study what happens to the operation of the stage
with a defect in each one. This will enable us
to reason back to the defect when we encounter
the symptoms that are associated with it, How-
ever, certain defects in i.f. signal circuit parts
may be easier to find from the effect on the sup-
ply or a.f. circuits. ¥Yence. troubles will be cov-
ered here under the conditions where they are
easiest to find.

Lz Open. With a break in the windings of Lo,
the i.f. voltage induced could not send a signal
current around the resonant circuit Ly-C. Ilence,
there would be no signal voltage developed across
the circuit to pass on to the tube and the stage
would ordinarily be dead. Whatever technique of
isolating the dead stage you used would hring
you to the grid circuit of the detector as the point
where normal operation ceased. A signal tracer
would show a signal across L; but none across
Ly, or C; this would indicate a break in L. A
signal across I hut none across C would indi-
ciate a broken lead between the two.

C1 Open, Condenser C; is used to by-pass the
i.f. components in the plate circuit of the tube
to ground, as explained above. An open condenser
is the same as if the condenser was not there,
so an open C; would permit the i.f. components
to énter and probably overload the following
a.f. amplifier, causing distortion. Also, since the
condenser will normally by-pass a portion of the
very high audio frequencies, the tone quality
will be more “tinny” than normal. However, you
would have to be familiar with the normual tone
quality of the set to notice this.

The possibility of this condenser being defective
nrobably would be overlooked until the trouble
has been localized to this stage. Even then, lealk-
age in coupling condenser C; would be suspected
first, partienlarly since the distortion may appear
in the first audio stage more definitely than here.
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A signal tracer is the quickest way of con-
firming your analysis of this defect, since if the
i.f. signal appeared letween the detector plate
and ground where it is definitely supposed to be
absent, an open in Cy is indicated. Shunting the
suspected condenser with a good one is another
quick way of checking your analysis. If the dis-
tortion and tinnyness clear up when the leads
of the test condenser are touched across the old
one, the fault is located.

A.F. Signal Circuits

Let us see what constitutes the a.f. signal path,
what parts are in the path, and how defeels in
those parts affect operation. The audio circuits
are shown by heavy lines in Fig. 3. The plate-
cathode path inside the tube is the source of a.f.
voltage, and the a.f. current flows from plate to
cathode through Ry, C; and C, Very small
amounts of a.f. current will go through C; to C,,
also from R, through R, and then either Cj or
R4 to Cyo-or even through the power pack. How-
ever, these are not the intended paths for a.f.
and more than a very small amount through any
of them will interfere with normal operation.
FFollowing are the defects that can interrupt this
normal flow.

Cs Open. A.F. currents normally reach the
chassis through C;. If C; is open, a.f. signals

R
Ly
Rg
Cs
8-4 i B+
FIG. 3. Here are the af. circuits of Fig. 1.

Notice that the same parts are sometimes used
for both the r.f. and a.f. paths, so a single part
may affect more than one path.

will take the path through R; and Cs Parts Ry
and Cy4 together act as a hum filter to keep power
supply hum out of the following stages. An open
in C; will destroy the filter uction and lef hum
into the audio amplitier.

A morve serious result of an open in C4 is the
“feedback” which cocurs because signal voltage
is developed ucross C;, and may be sent to other
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stages in the receiver through the power supply.
(The junction of R; and CH is the d.c. supply
lead to other stages as shown in Fig. 1.) This
unwanted feedback can cause oscillation, usually
that low-frequency “put-put-put” known as
“motorboating.” A complaint of hum or motor-
boating isolated to a detector stage of this type
should therefore lead you to suspect Cy. Shunt-
ing it with a good condenser will show whether
or not your analysis is correct.

C2 Open. When cathode by-pass condenser Co
opens, the i.f. and a.f. impedance of this path
from the chassis to the cathode jumps from al-
most zero up to 10,000 ohms or more, the cus-
tomary value for R4 in a pentode detector cir-
cuit. Now appreciable amounts both of i.f. and
a.f. voltage will be developed across R4 and act
on the grid circuit in opposition to the signal
voltages. Lowered volume is the rvesult of this
“degeneration.”

Thus the serviceman would be led to suspect an
open cathode by-pass condenser if all tubes and
voltiges checked correctly, but volume coming
out of the stage was substantially below normal.
Shunting the condenser with a new one would
give an immediate increase in volume if the de-
fect were an open Cs.

You can also prove that C, is open by connect-
ing across it any type of signal-indicating in-
strument. If C, is good, little voltage will de-
velop across it. Appreciable signal voltage across
Co indicates an open. Here is a case in which
vou reasoned that an open cathode by-pass was
the most likely cause, and confirmed this by mak-
ing a simple test with a measuring instrument.

C3 Open. An open screen grid by-pass condenser
permits both an i.f. and a.f. voltage to exist be-
tween the screen and ground. The screcn no
longer acts as a shield between plate and grid
and the signal voltages may cause degencration,
reducing the output to a low value. A signal
tracer would show cither of these voltages and
lead you to this condenser.

Supply Circuits

All d.c. supply voltages come from the power
pack, and are shown in Fig. 4. Therefore, there
can be no d.c. voltage in the detector circuit ex-
ceeding the voltage between point 6 and the
chassis, under either mormal or defective con-
ditions. Furthermore, the sum of voltages in any
d.c. supply path must add up to this voltage be-
tween point 6 and the chassis. Thus, the voltage
drops across Rs, Ry, the tube and Ry must add
up to this supply voltage value.

Two resistors, R, and Ry, act as a voltage divider
which supplies the correct voltage to the screen
grid electrode. Ry, alone could do this if of the
correct ohmic value, but the addition of Ry com-
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FIG. 4. The power circuits are d.c. paths for

supply voltages. An open or short circuit will

affect these paths and thus alter one or more

of the operating voltages. This circuit is also
taken from Fig. I.

pletes a divider circuit which maintains a much
more constant voltage under different currents
than a single series resistor. Since Rg is much
smaller in value than the screen grid-cathode path
of the tube plus R4, which are in shunt with R,
viariations in tube resistance make little differ-
ence in the total resistance of the circuit.

With this general picture of the plate and screen
erid supply circuits, we can consider a few de-
fects which affect the distribution of voltages in
the circuit.

Rz Open. Both Rz and the screen grid-cathode
path of the tube in Fig. 4 normally draw current
through R, If Ry opens, only screen grid cur-
rent will flow through R,. As a result, the volt-
age drop across R, will be less and the screen
grid will get a higher voltage than before. A
high sereen grid voltage makes the tube act
more like an amplificr than a detector, resulting
in weak and possibly distorted reception.

Suppose you were servicing a receiver when the
complaint was weak reception. You tested the
tubes, analyzed the chasis for surface defects,
checked those parts suggested by an over-all
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effect-to-cause reasoning and failed to isolate the
defect. A stage isoluting procedure leads you
to this detector stage. Several defects here could
cause weak reception; aun open in Oy, as pre-
viously considered; an open Rg, and other de-
fecets which we can temporarily ignore. You could
check both Gy und Ry, but analysis may lead you
to the defect directly. If distortion is present
with the low volume we can forget C, and con-
centrate on Ry, for an open here may produce dis-
tortion while the degeneration caused by an open
Cg actually improves the tone quality, except
where stray capacity results in a predominance
of higher audio frequencies. This teclimique of
considering all sympoms helps vou te o direct-
ly to the defect.

If Ry is suspected, a voltmeter test of the screen
grid voltage or an ohmmeter check from screen
erid to chassis would locute the defeet definitely.

Ri1, Ro or Ry Open. If any one of these resistors
in the circuit of Fig. 4 opens, the rcceiver will
be dead becanse one of the electrode supply eir-
cuits will be open. If you were using a signal
fracer to isolate the defeclive stage, yvou wonld
find r.f. signal voltage across (¢ but very little
(if any) a.f. voltage in the plite cirenit. A com-
plete absence of plate or screen voltage should
immediately suggest itself,

If Ry is open, d.c. voltage meusurements would
indicate that there is no plate-to-chassis voltage
but approximately nornal voltage between point
5 and the chassis. With i, open, there would
be no screen grid voltage.

The voltmeter range used in checking from
cathode to chassis for an open Ry will Jdetermine
the actual reading. Should 13y be open, then
the meter resistance will replace that of Ii,.
If a high-voltage range is used first (as it should
for meter safety), then it is possible for the
meter resistance to be high compared to the sum
of I}y and the tube resistance which are in series
with it. Fence, the voltage may be much higher
than normal. However, if the meter has low
sensitivity, or a low-voltage range is used the
voltage may be about normal. The clue here will
be the fact that the receiver comes to life as
evidenced by noises or signals when the meter
replaces the resistor.

Ci, C2, C3 or Cs Shorted. A short in Cy, Ca.
or C4 will remove d.c. voltage and kill the stage
Jjust the same as an open in Ry, Ro. or Ry. No-
tice that these condensers would furnish un-
wanted d.c. paths if shorted. Etfect-to-cause rea-
soning cannot tell us whether the trouble is a
shorted condenser, an open resistor, or both. A
visual inspection might show a charred and blis-
tered resistor, and this would bhe a strong indi-
cation that the condenser at the low-voltage end
of the resistor was shorted, allowing excess cur-
rent to flow through the resistor. Ordinarily, how-

ever, with a dead stage, there will be no visible
indication, so the serviceman would make a few
simple tests with i voltmeter to tind whether the
d.c. voltages were missing, and if so, which re-
sigfor or condenser was rhe ciuse.

A glance at the diagram shows that a break-
down in (Y removes plate voltage by grounding
the plate. while a short in Cg will remove volt-
age from the screen. A shorted Cy will remove
voltage from both plate and sereen. IHence, a
measureient for these two voltages will deter-
mine which condenser or rexistor should be sus-
pected.

Should C., become shorted. no voltage drop will
oceur across Ry and there will be no O bias.
The removal of hias by a shorted Co would not

Ry

;’7 ;_—__‘35

FIG. 5. A typical a.v.c. circuit,

kill signal passuge through the stage, but de-
tection would he imperfect and the reproduction
would he weak and (Mstorted. Effect-to-cause re:
soning would lead you to check all the operating
voltages in the stage, it weak volumne and distor-
tion were the complaint. If normal C biag voltage
did not show up, you would check for con
tinuity from grid ro ground, and check the re-
sistance from cathode to ground. A short in
Cg would show up on this test.

Control Circuits
A.V.C. Circeuit. Let us consider another kind of
cirecuit, the a.v.e. circuit, to see what kind of
help in running down defects we can get from a
study of a circuit action.

In Fig. 5, the i.f. signal voltage develope: across
final i.f. trimmer Cy4 is applied between the plate
and cathode of the diode VTy; reaching the
cathode throngh O,. Rectified current flows from
the cathode to the plate of the diode, then through
Ly, Ry and R, back to the cathode. Combination
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(y-R;-C, acts as a high-frequency filter which
allows only a.f. signals and direet current to fHow
rhrough volume control R.. The a.f. signal is then
forwarded to the input of the first a.f. amplifier

i1

stige through d.e. blocking condenser Cg.

The voltage across Ry will have both d.c. and av.
components, hence hoth these voltuges will be
applied to any cirenits which are connected be-
tween point 1 on Ry and ground.

One a.v.c. circuit which is connected hetween
rhese points traces from point 1 through Ry, R,
and Ly to the grid of i.f. amplifier tube VT, and
rrom this tnbe cathode through Ry to ground and
thus hack to 1ts. Therefore, the d.c. voltage icross
iy is applied between the erid and cathode of
this tube. Condenser Cs; and resistor Itg act us
an a.f. filter. so only d.c. reaches rhe i.f. tube
erid. Any a.f. voltage which is developed across
(‘5 ix further redueed by a similar a.v.e. tilter
made up ot Ry and Cg.

In addition, we have a delaying action in these
filters whenever any sudden changes in d.c. volt-
age ocenr,

Now let ns see how certain actions of a receiver
suggest an a.v.e. defeet, and also see how the
effects suggest what to suspect in the a.v.e cir-
cnit.

Cs, C; or C; Shorted. The symptoms whieh indi-
cate the absence of a.v.e. are a great difference
in volume when tuning from local to distant sta-
tions. with overloading on strong signals. Should
condenser Cg or (%7 short, the a.v.c. voltage would
be removed from one of the i.f. amplifier tubes
and would be reduced on the other, causing simi-
lar symptoms. Such marked unevenness in vol-
mme hetween stations should lead you immedi-
ately to check the a.v.c. tilter condensers for
shorts.

Cg Open. If condenser Ci; opens, weak reception
will be the symptom lecause the high resistance
of Ry has, in effect, heen added to the path from
the tuned cirecuit 10 the cathode. A good part of
the i.f. signal voltage will be lost acroxs Ry in-
stead of being applied to the tube. The resistance
will also isolate the grid-cathode capacity from
across C; which will detune the resonant cir-
cuit Ju-Cy, further reducing sensitivity.

This is not a common trouble. However, if the
low sensitivity has been isolated to an a.v.c.-
controlled stage, consider cathode and a.v.c. con-
densers after eliminating tubes and alignment.
Shunting a good condenser across the suspected
one will show whether the original is open.

C5 Open. If Cs is open, the sensitivity of the re-
ceiver will not be affected but the time constant
of the a.v.c. system will be greatly shortened,
that is, the a.v.c. voltage will respond to very
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quick ehanges in signal volume suel as buvsts of
statie or noise. Such sudden noises may make the
receiver go dead for an instant or two. These
effects might not he noticed either by the cus-
tomer or the serviceman, so failuve of this part
might not be suspected.

From the examples given here, you can readily
see that a cireuit analysis which enables you to
oo directly to the defective part has a dollar-
and-cents value for it savex you time. Don't
neglect any opportunity to practice this tech-
nique. Use it on every job.

As you continue to use it, your accearacy will im-
prove too. Once you have combined speed and
accuracy vou will have found the key to suc-
cessful servicing,

nrt

This Month's Cover

"Phie cover this month shows Mr. Smith and Mr.
I1aas being presented with the U. S. Treasury
“T” ¥lag. This lag was presented to the National
Radio Institute in recognition of rhe fact that
N6 of all A.RI. employecs ave buying War
Ronds under the Pavroll Deduction I'lan.

T —

Radio After the War

Austin (. Lescarboura, well-known writer, Radio
expert and publicity moan for manufacturers of
Radio and Television apparatus, makes the fol-
lowing prediction:

““What will radio equipment be like after the
war? . . . It is my humble opinion that radio
equipment will be far more elaborate and higher-
priced than at any tine previous, including so-
called good old days when sets were largely
hand-made awnd a cotlin eabinet neutrodyne sold
for $150, without loudspeaker, bhatteries, and
ather accessories,

“I Yook torward to radio sets providing a most
amazing variety of home entertainment, includ-
ing broadeast radio, steel wire recording of sane,
short-wave reeeption, FM reception, phonographic
reproduction from either a steel wire or the usual
dise record, television, and frequently home
movies utilizing the sound system of this elab-
nate combination radio set.

“SQuch sets will range anywhere from $500 or
%600 up to $1500. I know that there is a trend
in that direction, since there are so many more
angles to home cntertainment which radio can
provide, at a price. There will still be inexpensive
midget sets made, but even families in middle-
class brackets will want these very elaborate all-
round home entertainment combinations.”
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Sample Questions and
Answers for Radio Operator

License Examinations

By WM. FRANKLIN COOK

N. R. I. Technical Consultant

HIS is another installment of the ques-

tions taken from the “Study Guide and
Reference Material for Commercial Radio
Operator Examinations,” together with typi-
cal answers. The questions give a general
idea of the scope of the commereial radio
operator examinations,

The basic theory for these questions has
been covered in your Course. but is being
repeated here as answers to these questions.
Remember, the following answers are far
more detailed than would be required for
an operator’s license examination. The ques-
tions are theoretical, so the answers go more
thoroughly into the basic theory, in order
to permit similar questions to he answered.

Some of the material is advanced techni-
cal data, of course, which can be properly
understood only by the advanced student or
graduate. However, you will find this in-
formation valuable, whether or not you in-
tend to take the operator’s license examina-

tion.
ELEMENT i

Basic Theory and Practice

(2-24%) Draw a diagram of a half-wave
rectifier system employing thermionic recti-
fier tubes and a two-section condenser in-
put, filter system.

Ans. See Iiy. 2-247.

(2-218) What is the primary purpose of
a “bleeder” as used in a filter system?

Ans. The size of the bleeder resistor in
ohms is chosen to allow a certain desired

current to be drawn all the time. This
bleeder current is lurge compared to the ex-
pected variations in load current so mini-
mizes voltage changes produced by load
clianges. Thus a bleeder aids in regulating
the voltage output of the power supply and
helps to stabilize the system. Also, it auto-
matically discharges the filter condensers
when power is removed from the input of
a power supply. This last is important be-
cause high-voltage ftilter condensers can
store enough energy to seriously burn a per-
son.

(2-249) It the frequency of a supply
source is 60 cycles, what is the output ripple
frequency of a three phase, full wave recti-
fier?

Ans. The ripple frequency for full wave
rectification is twice the source frequency,
multiplied by the number of phases. Using
the values given In the problem, we have
60 x 2 x 3 which equals 360 cycles, the out-
put ripple frequency.

Figure 2-247
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(2-250) If the ripple frequency of the sup-
ply source is 60 cycles, what is the output
ripple frequency of a single phase rectifier,
full wave?

Ans. Using the same method as in question
2249 we have 60 x 2 x 1 — 120 cycles.

(2-251) If the plates of a full-wave, high-
vacuum rectifier tube become red hot while
in operation, what may he the cause(s) of
this condition?

Ans. When the plates of a full-wave. high-
vacuum rectifier tube become red hot in
operation, it is an indication the tube is be-
ing overloaded. This overload can be caused
by excessive load current drain or by a short
circuit, such as a shorted filter condenser.

(2-252) List the primary echaracteristies
of a high-voltage plate supply as compared
to a low-voltage plate supply, considering
the capacities of filter condensers required
to provide a given degree of filtering.

Ans. Smaller filter condensers can he used
in a high-voltage supply than in a low volt-
age supply, for the same degree of filtering.
The charge stored in a condenser depends
on the voltage as well as the capacity. so
for the same charge, a smaller coudenser
can be used for a higher voltage.

(2-253) How may radio frequency inter-
ference from gaseous rectifier tubes be
minimized?

Ans. Radio frequency interference from
waseous rectifier tnbes can be eliminated in
some cases hy connecting a radio frequency
choke in eaeh plate lead of the rectifier. In
severe cases it is necessary to shield the
tube. When shielding is applied to a tube of
this type care must be taken to provide ade-
quate ventilation for the tube, as consider-
able heat must be dissipated.

(2-251) What is the primary purpose for
having choke input to a filter when using
mereutry vapor type rectifier tubes?

ins. See the answer to (uestion 2-239.

(2-255) Deseribe the construetion and
charaeteristies of a thermocoupled type of
meter; of a wattmeter.

Ang. (a) A thermocoupled meter consists
of a thermocouple and a standard meter.
The thermocouple is formed by joining two
dissimilar metals together at a point. Then
by heating this junction, a d.c. current is
generuted, proportional to the heat. The cur-
rent to be measured flows through a heater
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unit or through the resistance of the thermo-
couple joint, producing heat proportional to
itself, which in turn generates the d.c. cur-
rent needed to operate a D’Arsonval type
meter, which is calibrated for proper scale
readings. As the indication is proportional
to the squave of the current (' — I2 x R),
the scale may he crowded for low current
values unless a special meter movement is
used. () A waftmeter measures the watt-
age or power used by a device. Therefore, it
actually must measure hoth voltage and cur-
rent, then multiply these values and convert
them to a single seale value. The wattmeter
is a combination voltmeter and ammeter and
containg two scparate electrical circuits. The
voltage is impressed on the moving coil and
the current flows through the stationary one,
«0 the deflection is proportional to both volt-
age and current. The scale is calibrated in
watts.

and
type

(2-256) Describe the construction
characteristics of a “D’Arsonval”
meter.

ins. The ID’Arsonval movement is com-
prised of a small, compact and powerful
pernianent magnet with soft-steel pole pieces
and soft-steel core. The pole pieces are bolted
to the permanent magnet and to o non-mag-
netic support. The coil is wound on a non-
magnetic metallic frame. The coil frame is
pivoted in jeweled bearings, in such a posi-
tion that the coil can move through an air
gap between the pole pieces and the core.
The indicator needle is also attached to the
coil frame and moves over a calibrated scale.
The electrical value to be measured is ap-
plied to the movable coil and sets up a mag-
netic field whose stirrength is proportional to
the strength of the electrical component. The
movable coil’s magnetic field interaets with
the field of the permancnt magnet causing
the c¢oil to move, thus moving the pointer
over the scale.

(2-25%) Deseribe the construction and
charaecteristies of a repulsion type ammeter.

Ans. The repulsion type ammeter is of the
iron vane type. It consists of a coil in whose
tield is placed a movabhle bar or vane of soft
iron. attached to a pointer which moves over
a scale. The electrical value to be measured
is applied to the coil. This sets up a mag-
netic field which magnetizes the movable
bar with such polarity that it tends to force
the bar or vane away from a fixed bhar or
vane. Since the pointer is attached to the
bar or vane, this movement results in a scale
indication.

(2-258) Describhe the construction and
characteristics of a dynamometer type in-
dicating instrument.
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Ans. A dynamometer type ammeter is
made up of two coils one of which may be
either circular or square and is permanently
fixed in position. Within this coil is a similar,
smaller coil mounted so it may rotate with-
out touching the fixed coil but with very
small clearance. Both coils are connected in
series. When a current flows through the
fixed coil, the magnetic field is set up. The
same current flows through the movable coil,
which is connected so its magnetic field is
of opposite polarity. The opposition of the
fields causes the movable coil 10 move away.
The larger the current, the greater the re-
pulsion and the more turning torque. The
pointer which is attached to the moving coil
swings until the magnetice twist is balanced
Ly the back torque of the spiral springs. A
damping vane, enclosed in a damper hox,
prevents the pointer from vibrating to and
fro when a1 measurement is made. When a.c.
flows, the magnetic field will tirst be in one
direction and then in the other. BBut the coils
are in series, and the same current flows
through each so both tields reverse together
and repulsion always exists. Consequently
the turning torque is always in the same di-
rection. Electrodynamometers «lways read
ran.s. values. They are only calibrated for
commercial frequencies of 0-133 eycles and
almost always are culibrated for 60 c.p.s.
They must be shielded from outside magnetic
fields and Lkept away from all steel con-
struction work.

(2-259) Deseribe the econstruction and

uses of an ampere-hour meter.

Ans. The principal use of an ampere-hour
meter is to indicate the condition of u stor-
age hattery or hank of batteries. The meter
consists of two parts, a motor and an in-
dicating system. The motor is of the mer-
cury-type, consisting of a copper dise which
is floated in mercury so it can revolve within
a fixed field coil. The greater the current
through the fixed coil, the more rapidly the
armature revolves. Also, it revolves con-
tinuousty during current tlow. lence, count-
ing the number of revolutions over a period
of time is a measure of the ampere-hours of
energy stored in or removed from the bat-
teries. This motor is connected to a revolu-
tion counter calibrated to record the total
amount of energy which is run through the
meter. The dial moves clockwise during dis-
charge and counter-clockwise during charge.
There is a built-in contact which trips the
circuit breuker and opens the charging cir-
cuit when the batteries are tully charged.

(2-260) Deseribe the construction and
characteristics of the hot-wire type indi-
cating instrument.

Ang. Until recently the hot-wire ammeter
was used extensively in measuring radio
frequency current. The t(hermocouple am-
meter has almost universally replaced them
today, although a few may still be in use.
The working parts consist of a wire which is
an alloy of platinum and silver, stretched
between two points. One of these Doints is
fixed while the other is a flat spring whose
tension may be adjusted. About one-fourth
the distance hetween the two points a4 phos-
phor-bronze ribhon is attached to the atloy
wire and a fixed point at right angles to the
wire. A silk cord is attached to this ribbhon
and wound around a spool to which is at-
tached the pointer, then on to a coil spring.
When a current passes through the alloy
wire, an 12R loss takes nlace and the wire
becomes hot. Naturally the wire expands
aud sags. This sag is transmitted through
rhe action ot the spring causing the spool to
rotate and move (he pointer over the scale.
Since the resistance ot the hot wire remains
constant, the sagz in (he wire, hence the de-
flection of the needle depends on the current
squared. For this reuason low current valites
will be “bunched” at one end of the scale.

(2-261) Why is constantan wire often
used in the construction of voltmeter “multi-
plier” resistors?

Ans. Constantan is a resistunce material
with a very low temperature coeflicient. This
means its resistance does not change ap-
preciably with teniperature changes, so the
calibration is not affected by surrounding
temperatures nor by he:ating dne to current
flow,

(2-262) A veltmeter is deseribed as hav-
ing “1000 ohms per volt.,” What current is
required to produce full-scale deflection?

Ans. 'The current required to produce full-
scitle deflection in a4 1000 ohms per volt meter
may be determined through the use of the

B

formula I —

R
have I — 1/1000 — 001 ampere or 1 milli-
ampere.

Substituting values we

(2-263) If tweo voltmeters are connected
in series, how would you be able to deter-
mine the total drop across both instru-
ments?

Ans. If two voltmeters are connected in
series each meter will indicate the drop
across its own terminals. The total voltage
drop across both meters would he the sum
of both meter readings.

(2-264) What type of meters may be used
to measure radio frequency current?
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Ans. Thermo-couple uand hot-wire type
meters are suitable radio frequency current
indicating instruments.

(2-265) If two voltmeters are connected
in parallel, how may the total voltage drop
across hoth instruments be determined?

ins. If two voltmeters are connected in
purallel each meter will register the voltage
drop across its terminals. Since the meters
are in parallel either meter will indicate the
drop across the paralleled instruments.

(2r266) How may the current indicating
range of a thermocouple he increased?

Ans. The only practical way ol increasing
the current range would be to use a shu
resistor across the heater element,

(2-267) Why are copper-oxide reetifiers,
associated with d.c. voltmeters for the pur-
pose of measuring a.c., not suitable for the
measurement of voltages at radio frequen-
cies?

Ans. Copper-oxide rectitiers are unsatis-
factory for use at high radio frequencies
hecause they have considerable shunting co-
puacity. As the capuacitive reactance varies
with frequency, the range depends on fre-
quency. In faet, at high frequencies, im-
possibly high currents would be necessary to
cause defleetion as the reactance acts like a
shunt insofar as inereasing the enrrent range
is concerned.

(2-268) If two ammeters are conncected
in parallel, how may the total current
through the two meters he determined?

Ans. If two ammeters are connected in
parallel each meter will register the current
flow through its individual c¢ireuit. The total
current flow will be the sum of both moter
readings.

(2-269) Is the angular scale deflection of
a repulsion iron vane ammeter proportional
to the square or the square root of the eir-
cuit current, or merely directly proportional
to the current?

Ans. The magnetic field of a coil is pro-
portional to the current. Also, the repulsion
field developed in the vane is proportional
to the current. Hence the field interaction
is proportional to current times current
(I x I or I2), so the angular scale deflection
of an iron vane meter is proportional to the
square of the current flowing in its wind-
ings.
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(2-270) Does an a.c. ammeter indicate
peak, average or effective values of current?

Ans. A.C. instruments are normally cali-
hrated to indicate eftective (ran.s.) values.
They may however, be calibrated to read
either peak or average values when cireun-
stances demand such scules.

(2-2%1) If two ammeters are connected
in series, how may the total current through
the two meters be determined?

Ans. Each ammeter in series will register
the current flow through the cirecuit, so either
meter will indicate the total current flow in
the series-connected circuit. If the meters
have differing accuracies, there may be some
difference in their readings. Identical meters
should read the same.

(2-2%2) Given a milliammeter of full-scale
deflection equal to one milliampere, and an
internal resistance of 50 ohms, what value
of shuut resistance must be connected aeross
the meter terminals to permit full-scale de-
flection at a current value of 51 milli-
amperes?

Ans. As 1 ma. flows through the meter,
a range of 51 ma. means 50 ma. (51-1) must
flow through the shunt. The voltage across
the shunt is the same as that across the

meter, so using B — Iy x Ry, we have
U01 x B0 — .05 volts. Then we use the for-
mula R, =— Substituting we have
Iz
.05
Re — 1 ohm, the value of the shunt
05
resistance required. As a formula, you cun
Iy xRy
use R, — ——, where R, — shunt re-
IT-—1Iy
sistance ; [; —— meter current; R, — meter
resistance; and I — new current range de-
sired.

(2-293) Given a milliammeter of full-
scale deflection equal to 1 milliampere, and
an internal resistance of 50 ohms, what
value of additional series resistance must
be used to permit operation as a voltmeter
with a full-scale deflection of 70 volts?

Ans. As only 1 ma. can be permitted to

flow through the meter, the totul resistance
O

can be found by using the formula R — —.
I
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Substituting the values given, we have
70

R — =
001

required. From this must be subtracted the

resistance of the meter (50 ohms) which

leaves a value of 69,950 ohms.

70,000 ohms, total resistance

(2-2%1) How may a d.c. milliammeter, in
an emergency, be used to indicate voltage?

Ans. A d.e. midliammeter may be used as
a voltmeter by connecting a resistor of known
value in series with the meter. The current
flow necessary for full-scale detlection of
the meter must be known as well as the
voltage drop in the meter for full-scale de-
Hection. The value of the series resistor is
By — 5

determined by using formula R —

I
where 12 is the desired full-scale deflection,
13, is the voltuge drop in the meter for full-
seale detleetion and I is the current flow in
the meter for full-scale detlection.

(2-275) What is the purpose of a multi-
plier resistance used with a voltmeter?

Ans. A multiplier resistor is used to ex-
tend the range of a voltmeter.

(2-276) What are the limitations on the
use of copper oxide rectifiers used with
d.c. meters?

Lnx. Copper oxide rectifiers are subject to
many errors. These errors may arise as a
result of temperature variation, differences
in the calibrating frequeney and the operu-
tion frequency, wave shape diserimination,
age of the unit and variation between cir-
cuit elements. The readings of copper oxide
reetitier type meters must be corrected or
otherwise compensated within certain limits.
In general, the scale calibration is reliable
only on power line and the lower audio fre-
(quencies,

(2-27%) What type of indicating instru-
ment is best suited for use in measuring
radio frequency currents?

Ans. The theirmo-couple and hot-wire type
indicating instruments are the most suit-
able for r.f. current measurements. The
thermo-couple is preferred above all others
beeause of its greater accuracy and its abil-
ity to maintain ealibration.

(2-278) What is the purpose of a “shunt”
as used with an ammeter?

Ans. A shunt 1s used with an ammeter to
increase a range to the meter.

(2-279) What effects might be ecaused by
a shorted grid condenser in a three-cireuit
regenerative receiver?

Ans. When the grid condenser of a three-
circuit regenerative receiver is shorted, the
normal grid detection will not ocenr, so the
only detection will he that due to non-lineavi-
ties in the aundio circuits. The amount of
audio signal will be sharply reduced. giving
weak reception. Oscillation will be hard to
control also.

(2-280) What would be the effect of a
short cireuited coupling condenser in a con-
ventional resistanee coupled audio amplifier?

4%, A short circuited coupling condenser
in a conventional resistance coupled ampli-
fier would provide a d.c. path from the pre-
ceding tube plate circuit so that a high posi
tive bias is applied to the following tube
grid. This tube then draws an excessive
plate and grid current. The plate voltage
would be reduced to a low value because of
oxcessive voltage drops in load and other
resistances. Severe distortion will occur, to-
gether with weuk reception.

(2-281) What might be the faults which
make a regenerative receiver unahle to re-
renerate or oscillate?

Ans, A regenerative receiver’s failure to
oscillate might be caused by a defective tube,
a defective circuit part, too much or too
little coupling, too low plate or filament volt-
age, open grid circuit, reversed voltage.

(2-282) What would be the eitect of an
open grid leak resistor in a three-circuit re-
generative receiver?

Ans. If the grid leak were open in a three-
circuit regenerative receiver the detector
tube would have an extremely high d.¢. grid
circuit resistance, depending on leakage
paths. Usually the tube would block at a
low frequency rate due to the excess bius,
producing motorboating.

(2-283) What might be the cause of low
sensitivity in a three-circuit regenerative
receiver?

Ans. Low sensitivity could be caused by
low plate or tilament voltage, loss of vre-
generation, a defective circuit part, or a de-
fective tube.
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OSCILLATORS FOR ULTRA-HIGH
AND VERY HIGH FREQUENCIES

By WILLARD MOODY

N. R. I. Consultant

The oscillator is the most important stage in a
transmitter since it develops the signal. In a
superheterodyne receiver, correct oscillator op-
eration is absolutely essential if the receiver is to
work properly.

The operating counditions for oscillator operation
are greatly different from ordinary conditions
when UHF or VHF circuits are used. An oscil-
lator working in a hroadeast receiver may have
comparatively large coils and condensers, while
a UIIF or VHF oscillator would require units
which are midget sized or would use resonant
lines for tuning.

The abbreviation UHF means ultra-high fre-
quency and refers to any frequency between 300
me. and 3,000 me. The term VHF means very
high frequency and refers to frequencies in the
runge 30 me. to 300 me. (A megacycle is abbre-
viated me. and equals 1,000,000 cycles).

UHI and VIF techuiques are becoming increas-
ingly important. For this reason, the well in-
formed technician should know something about
the methods used for developing the UIIF and
VHEF signals. However, this new field is so broad
and there is so much that can be said about it,
that it would be impossible to give, even in a
large boolk, all of the details concerning it. But,
a few basie circuits and principles can be pre-
sented, and explained from the viewpoint of the
practical man.

Accordingly, we shall take the various forms of
oscillators for generating extremely high fre-
quency signals and shall describe them in-
dividually.

The Ultra-Audion

This form of circuit, shown in Fig. 1-A, has been
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FIG. IA. A typical high-frequency oscillator
circuit using a line to obtain resonance.

used widely by radio amateurs for eommunica-
tion on frequencies of 112 and 224 me. Much of
the pioneering work of investigating the UHF
transmissions was done by such "hams.”

The equivalent circuit is shown in Iig. 1-B. Note
how the ordinary coil and tuning condenser have
been replaced with a “short line.” This line be-
haves in a manner such that it is equivalent to a
parallel resonant circuit. Shortening or lengthen-
ing the line permits tuning of the oscillator.

Another important feature of such a line is its
low r.f. resistance, since large diameter copper
tubes are used. As the inductive reactance di-
vided by the resistance is equal to the efficiency
factor, Q, lower resistance means high Q.

High Q is essential to obtain frequency stability,
when crystal control of an oscillator is not pos-
sible, and such lines find favor for this us well
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as other reasons—it would he impossible to build
a coil and condenser circuit equivalent in effi-
ciency to the line at 112 or 224 mc., ef¢.

As we go higher and higher in frequency, we find
that lines may become so short that the tuned sys-
tem can be made a part of the tube itself. We
may also notice other unusual effects, introduced
by the extremely short time of UHF and VHF
wave cycles.

FIG. IB. This is the functional diagram and
equivalent circuit,

The time in seconds of one cycle of a wave is
found by dividing the frequency into the numeral
1. Thus, a 100 me. wave would require for ecom-
pletion of 1 ¢ycle only 1/100 millionths of a
second!

The velocity of an electron moving from the
cathode to the plate in a tube is quife high, and
in Jow frequency apparatus we disregard this
transit time effect. The term “transit time”
means the time required for an electron to travel
from one place to another.

Since plate current is no more than a stream of
eleetrons, if the signal goes through a complete
cvele hefore the electrons can move from cathode
to plate the grid voltage and plate ¢urrent will
not he in phase as they are in ordinary oseillators.
This meanns lowered efliciency—another reason
wlhy ordinary oscillators cannot he used for UHF
and VHF service. The effect of this out of phase
relationship is to decrease the input resistance
of the tube. Since lowering the resistance is
equivalent to shunting the tuned circuit, as in
Fig. 2, we readily see how the circuit V goes
down. The power output of the oscillator drops
accordingly.

The Barkhausen-Kurz Oscillator

An oscillator designed to give bhetter efficiency
than an ordinary oscillator on VHF frequencies
is the B-K, named in honor of Barkhausen and
Kurz, the men who invented it.
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This oscillator uses the movement of electrons
about the grid {o produce the signal. Referring
to Fig. 3, we see that the plate of the tube is con-
nected to the negative terminal of a small battery
while the grid is connected to the positive ternii-
nal of a larger battery.

When the cathode is heated, electrons are emit-
ted and pass to the positive grid. Some of them,
because of their high velocity and energy, con-

R= [nput
resjisfance
of tube

L #c

FIG. 2. The input resistance of a tube is in
shunt with the tuned circuit.

tinue onward through the spices between the
erid wires to a peint near the plate, where they
are halted and turned back by the negative charge
on the plate. The electrons then are attracted
hack towards the positive grid, heing accelerated
as they approach the grid, and some shool
through to a point near the cathode where they
are repelled by the eleetron cloud.

The electrons then go back toward the grid. I'rom
time to time, the cathode furnishes new electrons
to malke up for those lost by being trapped on
the grid.

The exact action is not yet known, and present
explunations are very complicated. Iowever, we
see that the electrons may absorb energy from
the tuned circuit and then return energy to the
circuit, the action being somewhat similar to the
tapping of a pendulum at regular intervals, kecp-
ing it oscillating or vibrating by supplying energy
at the right moment. Though the B-K oscillator
is more efficient at UHF frequencies than the
ordinary type, its eflicieney is only 29% to 3% un-
der favorable conditions.

The variable condenser shown in Fig. 3 is mov-
able along the line. If we start by having the
condenser connected across the line and then
move it slong from left to right (in the drawing)
we find that, for a short distance (a-b), we ob-
tain B-K oscillations whiecli are independent of
the external tuned ecircuit with respect to
frequency.

Between points b-¢ we obtain Gill-Morrell oseilli-
tions, which are much more intense and stronger
than the B3-K variety. G-M oscillations, however,
are dependent on the external circuit with refer-
ence to frequency. The voltages alone control the
frequency in a B-K oscillator once the tube has
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FIG. 3. Moving condenser C along the line permits tuning. Gill-Morrell oscillations
are obtained between C and B, Barkhausen-Kurz between A and B.

been designed. Primarily, B-K frequency is deterv-
mined by the spacing of the tube elements and
the value chosen for the grid potential.

In Kig. 3, the line is coupled to a small pick-up
coil, L1, for transfer of energy to an external cir-
cuit, such as an anfenna.

The Magnetron

A drawing illustrating the cireuit of the mague-
tron is given in Fig. 4. The large coil surround-
ing a section of the tube is shown in a cross xec-
tional view. The purpose of the coil is to create
a powerful electromagnetic field. The intensity
of this field is proportional to the coil current and
the number of coil turns. The rheostat in series
with the coil and ammeter A controls the current
and varies the magnetic intensity. I’late current
is indicated by an ammeter (A) in series with the
B supply. A voltmeter (E), equipped with &
Neries resistor to extend the range, is used 1o
check the I3 voltage, supplied by the generator
marked G.

Referring to Fig. 5, we have a simplified arrange-
ment. A cylindrical, split anode is used as the
plate of the tube. The radio action involved is
connected with vibrations of the electrons. This
is made clearer if we sketch and study the paths
taken by au electron.

Referring to Fig. G, the dotied electron paths are
present when there is no signal voltage between
the anodes. Wlhen the alternating voltage (sig-
nal voltage) develops between the anodes, the
electron journeys :along the solid path lines in
the drawing.

When the magnetizing coit (L1, Fig. 5) current
reaches a eritical value, the electrons follow the
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FIG. 4. This is the circuit of the magnetron.
The magnetic field about the tube is established
by current in the large field coil.
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FIG. 5. The basic magnetron circuit. An oscillating current flows in the tank circuit L.-Cy.

dotted paths and produce electron vibrations.
(An electron oscillation is a movement to and
fro.) The frequency is 1/T, where 1 is the nu-
meral 1 and T is the time in seconds the electron
requires to go through one oscillation.

The electrons tend to keep togetlier and to syn-
chronize as in the B-K oscillator.

Irirst, let’s consider Fig. 6A. If there is no signal
voltage across the tuned circuit, the eleciron fol-
lows the doited path and almost reaches the
anode “a” in the sketch, but doesn’t quite make it.
If the alternating voltage on “a’” is passing
rhrough zero and is just becoming positive at the
instant the electron is emitted from cathode K,
the greater attraction of ‘“a” will cause an ac-
celeration or speeding up of the electron in its
flight, so that it follows the solid path in Fig.
6A to reach anode “a.’

In traveling from cathode K to anode “a,” the
It absorbs

electron gains velocity and energy.

A

FIG. A shows electron flight from K to A.

FIG. 6B shows the passage of the electron in

an orbit around K. The dotted paths are ob-

tained with no alternating voltage between the

plates. The solid lines indicate electron travel

routes when an alternating voltage exists be-
tween the anodes.
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energy irom the tuned circinit. This absorption
action tends to stop the tuned circuit from
oscillaling.

Now, consider an electron eniitted at the same
instant as the first electron, but attracted towards
anode “b” in Fig. 6B. This electron would follow
the dotted path due to the action of the mag-
netie field coil, if no signal voltage were present,
but during part of the signal voltage eycle anode
“b” is less positive than it would be normally
without the signal, and the second electron is at-
tracted less strongly, causing it to take the solid
path. It does not reach anode “b,” but circles
around and comes to rest near the cathode, after
whieh it starts another eycle of vibratory motion,
‘or oscillation which is the same thing.

This moving electron delivers energy to the tuned
circuit, and in its complete cycle of oscillation
delivers twice ns much energy as the energy ab-
sorbed by the first electrons. Furthermore, this
useful electron is available for more cycles of
oscillaiion, whereas the first electron is removed
at the end of the first half eycle.

Hleetrons leaving the cathode at other times, or
positions, from those econsidered above give in-
fermediate results. Primary or first electrons
which absorh energy from the tuned circuit and
are attracted by a positive anode voltage at a
«iven insftant, are removed quickly from further
action, whereas secoundary electrons give up
energy to the anode circuit and remain for a
eonsiderable length of time, with the result that
there is 2 net energy delivered to the anode cir-
cuil that tends to maintain the voltage across Cl.

The frequency is speeded up by using extremely
high voltages. When 2000 to 3000 volts are em-
ployed, very strong fields are required and this
means that a large coil must be used.

ITence, the magnetron is not a portable device.
By using high voltages, strong magnetic fields,
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as well as very small diameter anodes, the high-
est frequency radio waves on record have been
generated. These are somewhat below 34 centi-
meter in wavelength'!

The efliciency of electron oscillators of the split-
anode magnetron type is quite low-—about 5% 1o
10%. The output power is also limited, hecause
of the poor efficiency at high frequencies and the
small physical dimensions required when ile
frequency is high.

The best efficiency and power output are obtained
when the strength of the magnetic field, the anode
voltage, the filament voltage, and the tilt angle
(physical tilt of the tube) are properly adjusted.
Compared with the Barkhausen-Kurz, the split-
anode magnetron oscillator is more capable of
satisfactory operation at higher frequencies he-
cause of its simplicity and greater ability to dis-
sipate energy at the anode.

THE KLYSTRON

The klystron was invented at Stanford Univer-
sity by the Varian Brothers and Dr. William W,
ITansen. The tube is called a klystron as the
result of a derivation from a Greek word that
denotes the breaking of waves on a heach.

This may seem far fetched, hut actually there
is a similarity between the spray of the breaking
wave and its sudden change in velocity and the
behavior internally of the electrons in the kiy-
stron tube.

The basic principle underlying the action of the
klystron can be understood by reference to Fig 7
and the discussion to follow. In this sketch, the
electrons are moving away from the cathode with
@ definite veloeity. At u suitable distance between
the cathode and the plate, two grids are placed,
being marked 1 and 2 in the sketch. Between
these grids, an r.f. voltage is applied, causing an
rf. electrostatic field to be produced between {he
srids, this field being of the line of electron travel.

This field will accelerate the electrons part of
the time and slow them up part of the time, ax
the field changes in accordunce with the voltage
between the grids. As an example, suppose that

R'“-_:\% 0000 glooo 39\09 QoY UE)—

E | BUNCHED
Fit é%@. ELECTRONS

=

FIG. 7. Electron positions in the Klystron, ve-
locity modulation tube. Note the grouping of
the electrons at the right,
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grid 1 is positive and grid 2 is negative at a
given instant. The electrons coming from the
cathode will be specded up suddenly, while the
electrons in the space between grids 1 and 2 of
the buncher will be slowed up, and will have a
lower velocity when leaving the buncher.

At the next instant grid 2 may be positive, giving
a further accelerdtion to the electrons that are
behind the first group, enabling the lagging group
to overtake and join the electrons up forward.
At the same moment grid 1, necative, may slow
down electrons in the space hetween grid 1 and
the cathode. This results in a bhunching or group-
ing effect.

Since the time required for the electirons to nove
from the cathode to the plate is relatively brief,
and velocity modnlation is being used as a means
of generating the oscillation, we see the Klystron
is primarily a VIIT device, as VIF waves have
a very short interval of time for cach single cycle.

In Fig. 8, the catcher is tuned to the sante fre-
quency as the buncher. This is necessary to get
the tube to oscillate. Further details will be given
on this subject when we come, lafer on in this
article, to a discussion of a practical circuit.

At extremely high frequencies, the circuit con-
struction should involve concentric lines for mini-
mum losses. A concentrie line is illustrated in
Fig. 9. It consists, simply, of one hollow copper
conductor inside another. At VHF frequencies,
the current flows in the outer rim cross section
of conductors, so that hollow types, mote etli-
cient than solid wives, are used.

As the frequency is increased, the dimensions be-
tween the outer and inner conductors of the con-
centric line become more and more nearly the
same as the wavelength of the signal.

] 1 ' [}
L ' '= ) +
K i : ;
ll E Pl : ! ‘X
FIL auncher C .C;atcher‘
L

FIG. 8. Essential details of Klystron structure.
The r.f. generator puts a voltage on the first
grids nearest the cathode.

Therefore, consideration not only of the length
but of the crosswise dimensions as well is neces-
sary, as standing waves can ewxist in the space
between the inner and outer conductors.

In some instances, the inner conductor can be
removed entirely, leaving only a hollow tube,
and still serve as a resonator for a tuned sys-
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FIG. 9. A concentric line. Such lines may be
used in tuned circuits and for the coupling
of transmitters to antennas.

tem. Not only hollow tubes but other shapes, such
as spheres and rectangular boxes of conducting
muterial have been used. These are all called
“cavily resonators”, as they contain apparently
empty areas or spaces tilled with radio waves
but not visible substance.

By properly choosing the dimensions of resonu-
tors, standing waves are set up which greatly
strengthen the interior electrie and magnetie
tields.

Sueh eavity resonators have been used as the
taned circuits of the buncher and catcher. The
type of cavity resonator used in the klystron is
called a rhumbatron and is illustrated in Fig. 10.

The frequency generaled by a klystron oscillator
is controlled primarily hy the resonant frequen-
cies of the cavity resonators. Cavity resonant
frequency can be varied by altering the dimen-
sions of the resonator. To a slight extent, fre-
queney control also is possible using a variable
anode voltage.

Optimum performance of a klystron oscillator is
dependent upon careful adjustment of the anode
voltage, beam current, resonant frequencies of
the eavities and the ratio of buncher to catcher
voltages. It is also important that the coupling

to the load he adjusted carefully, to secure best
stability and maximum output.

The klystron is far more critical than an ordi-
nary triode tube, since the bunching of the elect-
ron stream must be maximum at the catcher and
this bunching is affected by the anode voltage.
length of (e drift tube, and the excitation volt-
age across ihe grids of the buncher. A typical
circuit of a klystron oscillator is shown in Fig.
11. The voltage supply should be well regulaied
to secure frequency stability.

The positive side of the accelerating voltage is
connected to the exposed metal portions of the
tube and the positive side of the eircuit is there-
fore grounded for safely. The cathode is at a
high negative potential.

In most cases, where the accelerating voltage
has a value of 1000 volts or less, the grid voltage
may be derived from the same supply, using a
voltage divider.

To prevent the tlow of excessive grid current,
rhe grid voltage should he applied after the ac-
celerating voltage.

"'he buncher and catcher are tuned mechaunically
to the desired frequency by changing the spacing
hetween the grid. This can be done using a
single tuning section, but before the tube will
oscillate the buncher and catcher must be tuned
to the same frequency.

As oscillation is obtained over only small ranges
of accelerating voltage, the values being unde-
terminable until osecillation occurs, initial tuning
adjustments may require considerable effort.

Simptification of this phase of the work can be
accomplished by connecting in series with the
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FIG. 10. The Klystron fube. The details of this marvelous high-frequency
generator are shown in this sketch.
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FIG. Il. A Klystron tube in a practical ultra-

high frequency cireuit. Large amounts of power
may be produced. The adjustments are diffi-
cult and ecritical.

d.c. accelerating voltage an alternating voltage
high enough to make certain the resultant pul-
sating voltage will pass through one of the ranges
in klystron voltages in which oscillation ecan
occar. The buncher is customarily coupled to the
catcher through a short concentric line as shown
in Fig. 10.

A d{ypical Klystron, operating with an acceler-
ating voltage of 3000 volts, is capable of deliver-
ing an output of 10 watts at 9.5 to 115 centi-
meter wavelengths,

The importance of this tube in future develop-
ments ecannot be overestimated, nor can, indeed,
the marvelous prospects of VHF and UHFI tech-
niques be visualized today. What tomorrow will
bring defies the imagination to envision now.
But radio men will have ample opportunity to
learn tliese new principles and to use them profit-
ably in innumerable ways. This article does not
give you all the details concerning UHF and
VIIF technigues but hints at the vast possibili-
ties of post war radio.

Page Twenty

L—?Ou'c put Terminal

Moduiation

Du Mont Laboratories Answer
Questions About Television

In a recent trade magazine advertisement, Du
Mont Laboratories proposed certain questions
and answered them. Ilere are severul of the
items covered.

What will be the sizes of Television pictures?
Depending on the size of the Receiver, from
about 8”7 x 10” up to approximately 20”7 x 247,

What will be the size of Television Reccivers?
Virtually the same as radio receivers—from the
size of larger portables to wide-screen de luxe
console models,

How far can Television programs be broadoust?
Today, the bext reception is within 60 miles of
the station. Lingineers hope, by using improved
equipment, to have networks cover the world,

Will Television carry news, sporting events and
motion pictures into your home?

Yes: Television can carry any scene that cumeras
can record, whether it be from the studio or
from the field.

How perfect will Television pictures le?

Now, Television is as good as 16 mm. motion
pictures; after the war it may equal theatre
motion pictures.
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Graduate Walter F. Rickerl,
RM1/¢, U. S. N., Reports on
N.R.|. Men
Aboard the Helena

“You have heard about the sinking of the cruiser
ITelena. There were several N.R.I. men serving
on hoard the Helena hesides myself, among
them:

L. 0. Falwell, CRM, U.S.\.

T. W. Telesmanick, RM 2/C, U.S.N.R.
W. B. Spahn, ARM 2/C U.S.N.IR.

R. Whitlam, RM 3/C, U.S.N.R.

. H. Shaffer, RM 3/C, U.S.N.R.

“yo other N.R.I. students were {ransferred he-
fore the ship was sunk. They were:

J. C. Maclarlane, RM 1/C, U.S.N.
K. J. Rukosky, ARM 2/C, U.S.N.

4T believe all of the fellows were rescued, but
I don’t know for sure about Shaffer. He wasn’t
picked up with the rest of us, but I hope he is
alright.

Graduate Rickerl

“I believe evervone at the school will be glad
to hear that all the boys are safe.”
Walter F. Rickerl, RM 1/C, U.S.N.

n ri—

Federal Communications Commission Issues New Rules

The TFederal Communications Commission has
announced the adoption of an amendment to ils
rules and regulations looking toward the is-
suance of standard broadcast licenses for a
normal license period of three years, the maxi-
mum period authorized under the Communici-
fions Act of 1934,

The present license period is two years.

Initial renewals will be for staggered periods,
ranging from one year to two years and nine
months. Thereafter, all regular licenses will be
for the full three-year period. In this way the
plan will be placed in operation in such manner
as to spread the work load incident to examina-
tion of applications for renewals over the full
three-year period. Stations are grouped in order
of the different license expiration dates in such
manner as to include in each group a fair cross-
section of the entire industry. This will auto-
matically accomplish a fair distribution of the
work load on renewal applications.

“Thig action is in line with the policy of the
Federal Communications Commission and its
predecessor, the Federal Radio Commission, to
extend the length of licenses whenever the ad-
vancement of the radio art and the growth of
the radio industry seemed to warrant such ex-
tension,” Chairman James Lawrence Fly said.

“In deciding the matter of extending the normal
{erm of licenses, the Commission has always had
to consider the concept of a license as a public
trust and the need of the industry for all the as-
surance and stability that seemed consistent
with the public trust concept.”

In 1927, when the Federal Radio Commission
was first organized, licenses were issued for sixty
days. In 1928, the normal license of a broadcast
station was a three-month period. This was in-
creased to six months in 1931. In 1939, the Fed-
eral Communications Commission authorized the
issuance of licenses for one-year periods, and in
October, 1941, increased the period to two years.

Page Twenty-One
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Unusual Television Broadcast by

Station WRGB

Another “first” for Television Station WRGD,
Schenectady, New York, was scored when WRGB
presented a three-part broadecast in conjunction
with the local chapter of the American Red
Cross and Reichel Laboratories of Kimberton,
Pa.

The first part of the broadecast consisted of an
actual blood donation. Following this, Dr. John
Reichel, Director of the Reichel Laboratories, a
subsidiary of the American Home Products
Corp., teld simply just what happened to the
donor’s blood between the time he gave it and it

Page Twenty-Two

was processed into dried plasma. In order to
televise the broadcast, equipment used in making
plasma was transported from the Reichel Lab-
oratories to Schenectady. Sets were built in the
studio to accommodate it, and the processes
televised were carried on just as they are in
the actual making of plasma at the laboratory.
The program closed with the staging of a scene
on a battlefield, one view from which is repro-
duced above. There, an Army doctor showed
how plasma is administered. He did this in pan-
tomime while Dr. Reichel gave directions.
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*320j03213Y Paysijqnd ©IBP SB 9ZIS WS 30j aul| UO Wi} ‘A[[0jdIud IFed 2A0WAI SIBPUIQ 2QBIvdIs UL BIB(Y IV1AISG 3Y oYM SIopEAY

Sheef

Compiled Solely for Students and Graduates

NATIONAL RADIO

ce

o
]
\'

w
™
o
b
«
o
w
2
©
w
<

=
<t
o
=~
=
'
Q
=
-
[ =

D.C.

WASHINGTON,,

INSTITUTE ,

sledwe g|* }oA £'g P oSN sAem|y

pue ,uo

977 TIAOW TINILN3IS

by [e1p

-syenyony Aew fybij ayy sjeubls pno| AdeA Uo ‘osje—dduel||liq |PWdou UleHe UL}

., poudn} si os Joyye spuodss (9 Ajojewixoidde oy wip aq of $4B)| |eIp oYy Joj |ewsou s1 H—IHO TVIQ

"1NOD TOA NO

O’A»J.u:xm Lsds

(SISSYKD 40 M3A MOLL0§)

318vL A9VII0A

922-922-0 ON Luve

WILINLIOA L0

GNGD SHYD 2 |
(]

I =
20-9¥ - A G-
s SINIT 011100 A6 WMOHS S¥ [
16)
L¥s 2
al€cy vEIo-ae-s 01 SMOILIINNOD II¥ SIITOM WIHLO M
LYs e Temv L0d NAOHS S¥
JAIYOIN NOWAGD ¥ IAVH $7300W IS
a2 19970¢ 4
i / ‘SHIGMON NOLLVNISNTY 50 MO 035N NIWM 1430X) OF ¥
2 FUETTERTE LY R TF M IHY SISIHANIETY NI NMOHS SEIGRON 1 SIWNINEEL LIND0S SSOUIV
u ] 0 e ATLIIHIC OIWNSTIN SIOVLIOA BILVIM
z
b ¥3d mHO 000I ¥ HLIM JAILVOIN NORKGD
% 01 SAVNINNIL LIND05 WOH4 QIUNSY I
Z M "IN GCSH -3 SHILYIN L1dIONT SIINII0A 1TV -IILON
ﬁA - SIS5VHO 20 INOYS
123y
196Z¢¢ He = =
(20 RETT (3] ~
phan holiss = ) 533
¥ oI Of 22 4W]$2000 S m
! ,.x_u E
o S 3AULYOIN NOANGD ”
(@9)|tv9)
EH
92)- . v v 000"t
$2)-wia. v H -
wINY IdS H &
IMYNAQ my 2| 8
i D & ettt r
2
L 2 ol ] 1
3 3 X | 1
T = |
¢« ZiE = |
o 5 223 3s ) d
° ’ L= L
2 n|io = =
El F 3 2 %
2 bR
S HES T o
b 4
5 o ' 3
H L4 I 25
» i o Ta H
H3IM0d FVCOAV-L30 ER]
1997106 L0521 LAS2Y

w220 TannT

.
2!
&
4
_‘ﬁll__ll._
[
wwe G- e
ang Awy
1x3 1x3

Page Twenty-Three

www americanradiohistorv com



'WYNOYIO ONIMIM 33S

922 ON 1uvde
ON S5
GILLING WY 92 GNY Y2 SUINNIHL 41 ONZ
S.¥vd 'ST300W IW0S :
. “ 3a-9v
vz [ = ‘ASH
4007 3% 00%t vs
@ HINWIYL of 250 3
2 950 0¥ ol a5
m_ﬂm
2
€2 QON-2S0 2
E V821

ASH

il ey S
SHINAIYL 31 15
N3IJYI - ALikm 3ne
~ 90-9y
1 HOVE L3INIBVD

© ©)
(o] #ovie o il
SRl RFITETY ® ® d007
“ndino 395WPURD ‘DI 10° §INAIYY 295u0pL0d o ‘0°M 00BL O 00F1

@RwWIew 20} Jwwiy dool ‘DN 001 ISn{pr Jesuepucs Fuws BUTHSOL OIIUM unw.uqﬂa“uowunﬂwaawhww-o 0} n%nww_ m”.»a__.mu»“mﬂ ouoN ‘101ddy “Fodddy N purg

A “I6SUSPUCY P 10 YBSNOIY) JeBUapusd - O 0gLT O} 08LT "0 0FS 03 OSLT
“Indine WRWXeW 0] JSWMM) J0VRIIIS0 DM 0SLT NPV 2UE32 JO QWRI) 0] OPI8 MO -C00] 19410001 0) SuoN Kijorxs A[100x5 1
20381]290 303 0[N0 01 doeT [ISWE 050
= “I9Fuapuod PN 10" iy

IndING WNGIIXeT 3O SISWWH) JSULIDJSURL] "J°1 18I oy} 30 yowva 1BNfpE UAY] 29800pU0d Q' egr Posfadal 51 [euds Jujiey uopifsed pueq fus
ndIN0 WRWIXEm 10} sloWW Jouf0jsuel} " DUGIRS OY) JO YISY ISNIPY _ ﬁ&av%.w%:mq@nmnwoﬂ uuﬂu&v—ww ﬂ_“;mmumu—_mwm PN 30 Avexy -33juy ou 2434 Jujod £uy | 95R UIWUINE f T
- - s 30 BUNISISUGY  Jojey)(oso | ;o Aouenbedy % 1uo uwopesdo o
$MO(9G PaUDIIUSW SIWWII} JO UOKEMN] Sof WeiBR(P JnoReY SHRd 0f sojoy _ T .h« u_:en«"."_e_onnu-; .—._a_.ecm._.“ﬁuz.whﬁnvso_.._ﬂ. :._-ouaﬂ_u_“_u_w.c‘ .5>__vw8_.u_.uom _ isas _u.__aa S«_Lr

ONINOITV ATIHM SHAOW YAHLIIAN IVHL HUNS Fg—dooj 3os tesu dooj sope[[1950 3593 9de[J (q) "I0IE[[IISO0 3533 Jo indino

SSOUJ® Ldejle PUT WLIOY YOUl 33y} B UO DPUROM JIIM 2ZIS OF 03 Oz 'ON 30 SuIm} ua} 03 24y Jo Supsisuod ddof ey (B) :4q dOO] IIAIDII 0O} 10}E[[1ISO
3593 9[dno) -doo[ 03 IojEOSO 3533 399UMOD jJou Op ‘launuln EUUNUE [P0 OOyl pue ‘IawWILI} JOJIIOSO II4%0[Y OfL] Sunsn{pe usypn

"LANIGYD dHL NI ST 1S FHL NHHM NI g9 TTIM

LI NOILISOd dNVS dHI NI VNNAINY d0OT FIVId "ONINDITV TA0IHd SINVIYOdWI Pyl (g) 9xdu (z) i1y (1) parrew
juawisnipe 3y3 Ijew ‘pueq su0 Aue uo pa1mnbar st juswisnipe duo uey) olow JI "343i1 03 3397 woyy suone[nqe; peas aunpadosd judwuBife 10,1

JUAJIDOHd INTNNDITY s ur parung

Page Twenty-Four

www americanradiohictorvy com



RADIO OFFICER WILLIAM LAWSON, JR.

Several weeks ago, Mr. Smith received a very
interesting letter from Mrs. Lawson, the mother
of Graduate William Lawson, Jr. We thought
readers of NATIONAL Rapro NEws would enjoy
heuring about these unusual activities of a fel-
low N.R.I. ma, so here is Mrs. Lawson’s letter:

“Dear Mr. Smith:

“QOnee again it is my privilege to write to you in
answer to your letter to Bill. I won’t be writing
to him until next June as he is isclated at the
present time.

“I'm very proud to tell you he is Radio Oflicer
now in charge of the Government Radio Station
on Nottingham Island, Northwest Territory, and
likes it very well. He has three operators and
a cook and that is all the white people on the
island.

“The KEskimos that are there come under his
charge also. He has to look after their supplies
and if there is any sickness he has to see that
they are cared for.

“I will enclose two pictures he sent down the last
trip the boat made. They are only to show you
the kind of place he is in and a picture of him
taken with some of the Eskimos. (Ed. Note: This

www americanradiohistorv com

photo reproduced above.)

“Ile says it is a very busy station and well
equipped. As far as I know his gross enxrnings
are $250.00 monthly, which includes $50.00 iso-
lation money.

“When it comes near the time for the boat to go
up again next year, if he decides to stay on, 1
will forward you the address. I'm sure he will
be glad to hear from you and as I can send him
a Radiogram once a month, I will ask him to
get a letter ready for you.

“In eclosing I would like to thank you for the
interest you have taken in Bill and would also
like to wish you a Merry Christmas and a bright
and prosperous New Year.

“Yours sincerely,
Mgrs. LAWSON,
“Toronto, Ont., Canada.”

IIere at N.R.I. we remember that only a few
years ago William Lawson wrote us, “I am doing
spare time Radio work, earning $12 to $15 a
week.” We congratulate Mr. Lawson upon his
advancement to a position of great responsi-
bility and importance.
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A radio transmitter, built into a mobile trailer,
is now used by aviation companies in running
tests to determine the best location of permii-
nently installed transmitters. The trailer is sim-
ply driven to a proposed location and the mobile
transmitter is used to send oul sicnals. If re-
{lection or absorption of radio waves by nearby
buildings or metal siructures takes place, a dif-
ferent locution is sought. The xperimental pro-
cedure is continned until a good location is
found.

—N 1 -
To test new f{ransformer design Westinghouse
uses a test room in which the transtormer is
placed along with a4 microphone. The microphone
picks up the sound produced by the transformer
when current is sent through it and in this Wy
the noise level is checked.

1 i

A new :acoustic stethoscope with an adjustable
range of 40 to 4000 cycles has been developed, en-
abling the physician to detect new sounds as well
as old ones,
nor - -
Photos transmitted by radio proved of such value
during the recent battle of Egvpt that the service
is expected to be extended to Montreal, Cape
Town and Bombay, showing the importance of
such {ransmissions.

—n 1T

“Fish Tallk” must he distinguished from sounds
produced by enemy submarine propellers. To
train men for this important work of submarine
detection, the Nuvy uses a special recording of
the sounds of fish. Grunts, drumming noises and
other sounds like grinding of teeth were recorded
by the wild life service of the Department of In-
terior Investization in tests conducted in the
seacoast laboratory at Beaufort, N. (. The
noisiest of all sounds is produced by the bad-
tempered toadfish which sounds like a steamboat
whistle. The croaker makes a drumming sound
that can be heard through 20 teet of water, by
vibrating a band-like muscle against his air
bladder. The black drum feeds noisily on oyster
shells.

——n T i
Under the production requirements of the armed
services for next year, officials of the War Pro-
duction Board estimate between 90,000 and 100,
000 new workers will be needed. Women em-
ployees will constitute about 809, of the labor
force.
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Brigadier Generul John R. Gurdner, Assistant
Chief of Distribution Service, Signal Corps Pro-
curement, states the needs of the Signal Corps
tor Radio, telephone, wire and other communici-
tions equipment called for deliveries in 1943
totaling about $£3,250,000.000), In 1944, $4,500, -
000,000 worth of material must he produced or
one-third more than in 1943.

—n 7

William ITayes removed a war production bottle-
neck by developing the unique process of eni-
ploying sticks of uncooked spaghetti. placed in.
side the springlike filament coils of electronic
tubes, to hold the coils in ptace while being
welded. Formerly, @ piece of steel about the size
of a seven penny nail was used to support a deli-
cate coil during the welding operation and the
steel piece was often difficult to remove becuuse
the coil tended to tighten around it. Sometimes
the coil had to be realigned. The use of spaghetti,
specially manufactured with the required diam-
eter. has reduced the filament assembly time by
5,
g
Lawrence Handler, Maintenance Foreman in the
Westinghouse Company, recently received a War
Production Board Merit Award consisting of a
$50 War Bond and a $541.50 check for the de-
velopment of a transmitting tube holder which
has resulted in an average daily saving of nine
production hours. The tube holder has also en-
abled the manufacturing process to be relatively
free of tube breakage. The tixture primarily con-
sists of a collar whieh fits over the end of the
vacuum tube assembly to hold it in position while
rhe glass bulb is sealed.
——n ) q —-

A chain of twenty-three U. 8. short-wave sta
tions, and ninety overseas long-wave transmitters.
are operated by the special service division of
the Army Service Forces, War Departnient. Five
stations are operating in the Aleutians and nine
more are being constructed. About $21,100,000 of
the mouney requested for radio equipment for
overseas forces will be used to buy small radio
sets for servicemen next year and about %800,
000 will be used to pay for broadeasting stations.

— nri

A nickel alloy wire used in radio work for secret
equipment has a diameter of only .0009 inch. The
wire is so fine a pound of it would stretch more
than 80 miles.
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LUMNI NEWS

Louis J. Kunert ....................... President
Peter J. Dunn ....... .... Vice-Pres.
Earl R. Bennett ........ Vice-Pres.
. Earl Oliver ........ Vice-Pres.
Dr. Geo. B. Thompson ..Vice-Pres.
farl Merryman ..., .. . Secretary
Louis L. Menne ............. Executive-Secretary

LOUIS J. KUNERT OF NEW YORK IS ELECTED
N. R.1. ALUMNI ASSOCIATION PRESIDENT FOR 1344

DUNN, BENNETT, OLIVER AND DR. THOMPSON
ARE ELECTED VICE-PRESIDENTS

In a contest so close, first one would lead and
then the other, Louis J. Kunert of New York
was elected President of our Alumni Association.
The final count showed Kunert slightly ahead
of Charles J. Fehn of Philadelphia.

Both Kunert and Fehn have strong followings in
the East. Both are loyal, faithful workers in our
Alumni Association. They are steadfast friends.
In fact, when Charlie IFehn was informed that
he was nominated to run against Kunert, he sug-
gested that his name be withdrawn so as to
insure the election of Kunert. The suggestion
was out of order but it certainly was a sporting
gesture on the part of Mr. Fehn who feels that
this year should be Kunert’s year. Fehn is en-
tirely pleased and satisfied with the result.

Charlie Fehn is in line for President and will
have his big chance next year. It is a certainty
that he will be the logical man when another
vear rolls around.

Kunert will make a grand President. Year in
and year out he has been a leader in our New
York Chapter where he has done his best work
as Secretary of that live, busy, local.

In 1937, Mr. Kunert was a candidate for Presi-
dent. He fell short of being elected. In 1939, and
again in 1941, he was a candidate for Vice-Presi-
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dent. Again he was out-voted, but his interest
in his Alumni work never waned for a minute.
As he became better known to our membership
at large, through his reports in NATIONAL RApIO
NEws, he was, in 1942, elected a Vice-President
of our National Organization and he was re-
elected for the same office in 1943. Now he has
achieved his cherished ambition—the honor of
heing elected National President of our Alumni
Association. He will do a good job.

For Vice-President, the returns show election of
Peter J. Dunn, of Baltimore, now on Government
service in the P’acific, Earl R. Bennett, of Evans-
ton, a suburb of Chicago, F. Earl Oliver of De-
troit and Dr. George B. Thompson, of T.os An-
geles. Oddly enough, all have, at one time or
another, heen President of our Alumni Associa-
tion.

Pete Dunn served as President for four con-
secutive terms, namely 1935, 1936, 1937 and 1938.
In 1941, 1942 and 1943, he was again elected as
Vice-President.

Earl Bennett was President in 1939. In 1935, '36,
'47.’38 and 1943 he was elected n Vice-President.

. Barl Oliver, our popular 1943 President, was
Vice-President in 1937, 1938, 1939, 1940 and 1941.
In 1942 he was a candidate for President Dbut
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failed to be elected. e came right back in 1943
and was elected.

Dr. George B. Thompson was Vice-P’resident in
1938. In 1939 he was a candidate for ’resident.
That was the year Earl Bennett wuas elected
President. In 1940 Dr. Thompson was again
elected a Vice-President and in 1941, he moved
up to the Presidency.

Larl A. Merryman was re-elected Secretary, an
office he has held since our Alumni Association
was organized in 1929, Mr. Merryman is at
presenf in the Service fighting Japs and a fight-
ing man he is. As fine a fellow as there is on this
zood earth, IEarl Merryman deserves to be re-
tained in oftice while he is serving our Country
so gallantly. And is he proud of his office as
Secretary of the N.R.I. Alumni Association! See
his brief letter to Mr. J. E. Smith on page 30
which was received just as we were sending this
issne to the printer.

Lonis L. Menne was re-elected Execntive Secre-
tary. IIe is very grateful to our members for
their expression of complete confidence in his
administrative work at headquarters. I1is friend-
1y opponent, Mr. Jesse O. Starr, cast his ballot
for Mr. Menne and wrote as follows : “I am moved
to make some brief comment. When the current
issue of NATioNaL Rapio NEws reached me yes-
terday, T was lyving flat on my back. I had just
completed my deep breathing exercises as part
of my convalescence program. Upon ecasually
reaching page 28, I was nearly thrown out of bed
with the discovery of my name on the hallot.
In this Organization of clear-thinking and pur-
poseful men, the best candidate alwayvs wins. I
have just voted for the best one. I do. however,
appreciate the honor of nomination more than
T would election.”

To which Mr. Menne replied: “You are a peach.
I must disagree with you on one point you make.
The hest man does not always win—the bhest
known candidate does.” And that is the spirit
in which our elections are held.

With our Alinini Association in the hands of
strong men, we are bound to move forward -dur-
ing 1044 as we have each succeeding year since
we were organized in 1929,

—— N r —

This determined looking soldier
is Roland W. Gosnell who is
training at Deming, N. Mex-
ico for Crew Chief in-the Air
Corps. Roland is the son of
Ernest W. Gosnell, Chairman,
Baltimore Chapter.
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Phila.-Camden Chapter
The roster of Officers for 1944 is as follows:

Chairman—John McCaftrey

Vice Chairman-—Harvey Morris
Recording Secretary—James Sunday
Financial Secretary—William Little
Treasurer—Charles J. Fehn
Librarian—John Baylis
Sgt.-at-Arms—John Dragan

The following men have joined our chapter rve-
cently: Warren A. Ilerkert, Owen Markley,
Frank DMiller, Harry Schueider, William Little,
John Baylis, John Dragan, Gideon Ilodwen and
Martin Giedemann. Some of these naimnes were
mentioned in our previous report.

A real compliment was paid some of these new
members who have been elected to office. This
is in line with our policy to get the inspiration
of new members, give new members responsibili-
ties to further their interest and distribute ac-
tivities among the new as well as the old to avoid
wetting into a rut.

With our increased memberslip it may soon be
necessiury for us to move to larger quarters. In
the meantime we are still meeting at the shop
of Harvey Morris, 6216 Charles Street, Phila-
delphia. ¥arvey has a well equipped place and
our chapter is indebted to him for his many con-
tributions, both in time and equipment, which
have been a big aid to us. Harvey surely has a
master touch when it comes to repairing radios
and our members always learn something Trom
him. He patiently answers all questions as he
goes along.

ITarold Strawn, our former Secretary, has joined
the Navy and is being groomed for work as a
Radio operator. Harvey Morris has been classi-
fied 1-A but has been given a deferment.

We are trying hard to induce many more stu-
dents and graduates in this area to join our
chapter. It has been suggested that we adopi
some slogan, to run in NATIONAL RAp1o NEwS,
with our chapter reports, to suggest that radio
troubles are solved at our meetings. Something
like, “When you are stuck, pass the buck. Give
that radio problem a good beating—Dbring it to a
Phila-Camden Chapter Meeting.”” That’s only the
idea. We haven’t decided on anything definite.

With a live wire like John McCaffrey as Chair-
man, HMHarvey Morris to back him and with
Charley Feln, long on experience and ever faith
ful, to guide us we should have u big year.

Meetings, us usual on the first Thursday of each
month. at ITarvey Morris’ place, 6216 Churles
Street in I’hiladelphia.

JaMes SUNDAY, Recording Sceretary.
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New York Chapter

I'rank Zimmer, our Assistant Secretary and
Treasurer, gave a fine talk on resistors, based
on the booklet “Here’s ITow,” published by the
International Resistance Company, a copy of
which booklet was sent to us by headquarters.
Ay, Zimmer surprised us. We are glad to know
we have another good speaker in our midst.

After Mr. Zimmer’s talk, Mr. Paul Ireland took
over with our usual Service Forum.

This Service Forum is a regular feature with
us and fortunate we are to have a fhoroughly
experienced and brilliant speaker such as Mr.
Ireland to conduct it for us.

Our former Chairman, Mr. Ralph TI. Baer, is in
the Army at Camp Ritchie, Maryland, where, up
to recently, he was confined to the Station Hos-
pital, recovering from an operaiion.

Exccutive Secretary L. T. Menne and N. R. L
Consultant J. B. Straughn visited us just before
the holidays. This was a good meeting, well at-
tended, and very ably conducted by our Chair-
man, Bert Wappler, who is becoming more popu-
lar with each succecding meeting.

This is the first visit we have had by anyone
from headquarters for more than a year. Travel-
ing conditions being what they are, we appreciate
that our friends at N. R. I. in Washington wish
to comply with the government’s request that
frain facilities be used only when absolutely
necessary, but we hope good reasous may be
found to justify another visit hefore long.

Mr. Menne, in his talk, paid our Chapter a very
nice compliment when he referred to the high
type of members in attendance, the business-like
way in which our Chapter conducts its meetings
and the interest shown by our members in the
affairs of our Chapter. More than fifty regular
members attended this meeting.

Mr. Straughn, the principal speaker, gave us a
cood talk on “Power Supplies,” then answered
questions from the members. A copy of Mr.
Straughn’s talk, greatly amplified in print, was
siven each member fo tuke with him.

After a short recess, our own Paul Ireland
stepped to the hlackboard and conducted ouv
regular Service Forum. Both Mr. Straughn and
AMr. Menne were very much impressed with Mr.
Treland’s ability and remarked that we are very
fortunate to have so many capable men in our
local.

Chairman Wappler conctuded the meecting with
some very appropriate remarks and promised us
big things for future meetings. Mr. Wappler is
now a member of both the Institute of Radio
Tngineers and the American Institute of Elec-
trieal Engineers. TTe has plans for making our
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Chapter bigger than it has ever been and with
the fine cooperation he is getting from our mem-
bers, he is sure to be successful in fulfilling all
of his objectives.

AMr. Menne and Mr. Straughn visited Mr. Wap-
pler at his laboratory, 27 West 24th Street, New
York where they spent several hours examining
the wide and varied equipment for designing and
producing delicate Radio instruments for the
medical profession. Mr. Bert Wappler is head of
this husiness established by his father in 1897.
Mr. Menne and Mr. Straughn also had the
pleasure of meeting Mrs. Wappler, a charming
lady, who is the inspiration of her husband.

My, J. Marshall has heen appointed Chapter Li-
brarian. Incidentally, election of officers for 194+
will be leld very soon and announced in the
next issue of the NEws.

Meetings at St. Marks Manor Community Cen-
ter. 12 St. Mark’s Place (between Second and
Third Avenues), New York City, every first and
third Thursday of the month. Drop in on us.
Onece you start you will want to come regularly.
All N. R. I. men, students and graduates, are
welcome. This is an organization for N. R. I. men.

TLouis J. KuxkrT, Secretary.

nr i

Chicago Chapter

To wind up the 1943 season we held a party for
the familics of our members. Most of those who
regularly come to our parties again joined with
us in having a good time. Maesiro Farl Bennett
supplied the music and there was daneing until
after midnight.

The food was good and there was plenty of it,
thanks to Mrs. Andresen. There was also plenty
to quench the thirst of the men. women and
voungsters. Chairman Harry Andresen was the
chief man in white apron and before the night
was over, had developed a technique which put
him in a class with experts.

The Bingo games were lots of fun. P’rizes were
paid in cash and merchandise. A swell set of
phonograph records was donated hy Iarl Ben-
nett and a beautiful book was donated by Milton
Colem:an of Radolek Co.

Miss Ruth Andresen, daughter of Mr. and Mrs.
Andresen, made the party a double occasion. It
wias her nineteenth birthday.

Jimmy Cada recently visited August Ketellut,
our former Chairman, who has a prospering
Itadio business in Benton IIarbor. Michigan.
Cada took some pictures of Ketelhut's test panel
which is a beaut. These pictures were passed
around at the Chicago party. They caused plenty
f interesting comment.
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Walter Wilkes is now working for Earl Bennett,
who has a fine Radio store in the heart of fash-
ionable Wilmette, in addition to his business in
Evanston. Wilkes is lucky to work under an ex-
pert Radio man such as Earl Bennett and Ben-
nett, swamped with work. is tickled with the
way Wilkes has taken hold.

Stanley Lukes has taken 2 big essential Radio
job, which brings him to Washington oceasion-
ally. Stan visited at N. R. I. on one of his recent
trips and was cordially received hy J. E. Smith,
J. A. Dowie, L. L. Menne, and others at the In-
stitute. Stan also attended the party with his
very pleasant wife, Rose-Mary.

With so many of our members working long
hours and irregular shifts it is only natural that
our attendance at meetings should be down. We
are trying hard, however, to hold our attendance
somewlhere near normal and we greatly appre-
ciate the loyalty of a group of regulars. We
would like to see other members, who were very
active in recent years, at more of our meetings
even if they cannot attend all of them.

Ofticers for 1944 will be announced in the next
issue of NATIONAL Rapio NEws.

Our regular meeting place is at 2759 So. Criw-
ford Avenue. If you are not on the mailing list to
receive notices of Chicago Chapter meetings and
if you are interested in attending, write to Chair-
man Harry Andresen, 3317 North Albany Avenue.
Chicago, or phone him any evening, Juniper 2857.

We’ve had some splendid talks on Radio, par-
ticularly Electronics, and our Service Forum is
a regular feature. Iellows, these Chapter meet-
ings are held only for one reason—io help one
another to get along faster and hetter in Radio.
The meetings are for yvour henefit. We will ap-
preciate your attendance,
Joserit Pacano, Secrefary.

nrv

O.K., Earl, You've Been Re-elected

Mr. J. . Smith, President
National Radio Institute
Washington, D. O.

Dear J. E. Smith:

Thanks for Xmas present. Would like to rvecipro-
ciate but the Darn Japs don’t leave anything on
these islands after we take ’em—but I promise
I will get something for N.R.I. if I have to snealk
up on one and take his gold teeth—which is the
zoal of the Marines. Things are going great for
us here as the news reporis will tell you. Too
busy to write much.

Best wishes to all at N.R.L and hold my job
for me as Secretary of the Alumni Association
as I don’t think it will be long over here—thanks
to Menne for greetings.

EAarrL A, MerrYMAN, CRM
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Baltimore Chapter

With the shortage of Radio parts and many
types of tubes we devote some time at each
meeting to a discussion of substitutions. Some
valuable suggestions are offered by members.
Most of these suggestions, however, are merely
tricks to solve a specific problem. While we want
to lielp one another with our immediate prob-
lews, it should be remembered that these malke-
shift operations are only to meet a temporary
situarion. At a recent meeting Chairman Gosnell
sounded this bit of advice.

“These war-time prohlems can, in many cases,
he solved by changes in the Radio set, to allow
for a tube or part other than the manufacturer
intended. However, 1 notice a tendency on the
part of the student to neglect his basic N.R.I.
training in order to work out these trick prob-
lems. I suggest to these students that it will
be more profitable in the end to first complete the
N.R.I. Course. If, upon completing the Course, a
shortage of parts and tubes still exists, the stu-
dent will then have time enough to experiment
with substitutions. He will, however, have kept
from his mind the unapproved methods which
are now only the means to an end forced upon
Radio men in the business who have an immedi-
ate problem to solve. Such tricks should be left
for the experts. The student should concern him-
self only with the established methods of Pro-
fessional Radio Servicing as taught in the N.R.L
Course.”

We have adopted the plan suggested {a us by
1943 Alumni President, Mr. F. Earl Oliver, when
he visited us last summer, namely, to charge our
niemhers fifty cents for servicing sets during
our Chapter meetings. These jobs are usually the
hard ones and no member objects to this nominal
charge whicli helps pay the rent for our meeting
place.

Mr. IT. J. Rathbun, our Vice Chairman and Radio
Consultant continues to meet with us every meet-
ing. Mr, Rathbun has done a good job for us.
He is greatly interexted in helping our members
and his trouble-shooting work has cleared up
many problems which have stumped our less ex-
perienced members. Through these practical
demonstrations we all derive some bencfits be-
cause we are all given an opportunity to add any-
thing in our own experiences which might be
related to the subject.

We have been meeting at Redman’s Iall for a
long time. Our headquarters are not difficult
to reach by street car for those who cannot spare
the gasoline to drive. We meet every second and
fourth Tuesday at 8:00 P.M. Remember the date
and the place, 745 W. Baltimore Street. If yvou
live in this area plan now to attend our next
meeting. You are most welcome,

P. E. MarsH, Recording Secretary.
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Here And There Among Alumni Members

karl H. Rutler is control room operator and
right hand man to the Chief Ingineer af Radio
Station KWIEIC, ot Springs, Ark. At present he
has only a restrieted permit, but is well on the
road toward a first class ticket to which he
aspires.
S -nr i

John Biaselli, former Secrelary of Phila.-Camdcn
Chapter, dropped in to see us ohile on furlough.
John is noiw a Sergeant in the Marine Corps. in
« Conununications hranch. Has had about three
Hears scrvice. Plenly of uction in Guradaleanal.
1T r—
Albert A. Arnhym is now Consulting Iingineer
for Solar Aircraft Co. in San Diego. e has
written a text bhook which deals with heating,
ventilating, sound prooting and other comfort
equipment needed for military airplanes. The
hook is being brought out by a well-known New
York publishing house.

— n 1 i
Ii’s a bouncing baby boy at (he howme of Mr. and
Mus., A. Albert Herr and is pape proud! V. Herr
is one of the Engineers at WKDBO, Harrishury.
Pesina,

—n r ———

IMarry S. Lea of Elmwood Park, Il was the
tirst employee with Shure Brothers, Chicago.
Now they employ 700. In the early days Mr. Lea
did repairing, designing, assembling. testing,
packing, and a lot of other things. He has grown
with this tine organization and today is Service
Manager. Incidentally, Mr. Lea wrote a fine
article for their house organ—Shure Shots—on
“Service—the Backhone of Industry.”

—n 1 P — -

Duvid Blackwell, former Chairnian of Phila.-
Camden Chapter, is Assistan! Emngineer, Radio
Division Inspeclor, U. 8. Signual Corps, on duty
in the middle west. Had a nice letter from his
wife, Flizabell, who is known to us personally.
Wrs. Blackwell often came to Philadclphia from
Skillman, N. J. to wait for Dave wwhile he pre-
sided over meetings. Recently a fine Laby boy
came to bring mew joy to the Blackuwells. Con-
yratulations!

n o i— ——
Gordon L. De Ramus is Radio Operator at
WASP, Selma, Alabama Police Departiment and
WEKSJ, the Alabama ITighway DPatrol Station,
at Selma, hoth operated from the same desk.
T.ikes his job very much.
- —n 1
John Billon of Nashwville, Tenn. is employed us a
civilian flight insiructor. He does Radio Servic-
ing in spare time. Will soon transfer to Paln
City, Calif.

_—ri —
A. H. Muskett is a government Radio Opera-
tor attached to the I’olice Department in Port
Alice, British Columbia, Canada. Previous to
this connection he was a Radio Operator at

a Radium Mine in the
Aretie.

“nr i
L1l retiring National Qfi-
cers and Chuirmen of local
chapters of the N.R.I.
Alumni Association were
presented with handsoine
medallions in apprecialion
of their services during 1943. These medallions
will scrve ax heep-sakes and will bring buck many
pleasant memories in yeurs to come. For fine
leadership, for faithful services. for a hard job
well done, our thunks to every single one of them.

_—nr
Charles Cada of Chieago Chapter has joined the
U. 8. Merchant Marine. te ix an excellent man
for the work and will do his job well—he always
does.

= n T
L. Phillip Sheridan of N. Quincy, Mass. droppcd
in to see J. F. Smith, J. A, Dowie. L. L. Meni
amd others ut N.R.I. He is « First Licutenant i
the Air Corps. A sneppy Army Officer who has
plenty of what it {akes.

nri———

Another visitor was Lt. Wm. J. Ialmm of the
India China Wing, Army Air Foree, who is just
back from China. N. R. 1. men are doing a great
job in the Service.

Ny ————

Charles F. Helmuth of Absecon, New Jersey has
died. Mr. Helmulh staried in Radio during the
first World War, in 1917, as a wireless opera-
tor in the U. 8. Marines, wilh overseus service.
Then he became a motorcycle policeman, was
promoted lo Sergeant. Was hurt in 1928 and los!
a ley. Turned to Radio and made an vutstondiny
sneeess of it. The Radio Profession has 1ost one
of its besli men.

n 1 i
Edward R. Mashburn of Goldshoro, N. C. is now
a Radio Oflicer in the Merchant Marine. Ensign
Mashburn married a girl from his home state.
Says the usual honeymoon trip to Niagara Falls
has been postponed. That place will “still be run-
ning” when you get back, Ensign Mashburn.,

“n r i
Lyndon E. Wilcox is wearing his silver wings.
ITe is now flying as a Senior Radio Operator on
w transport plane in the troop carrier commaund.

——n T

Edward J. Meyer of St. Louis is installing Radio
equipment and loud speaker systems on boats at
the St. Louis Shipbuilding and Steel Company.
Has a son in Texas training to become a Pilot.
Father says he would walk to work rather than
ride if he thought the gasoline he is using was
being denied his son. That is something for us
to think about when we feel the pinch of gaso-
line rationing. Almost all of us have some meni-
ber of the family in the Service.
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Men of Science

Andre Marie Ampere
1775-1836

Ampere, for whom the hasic unit of electrice cur-
rent is named, was virtually a genius. Ax a
voungster, he worked out problems in arithmetic,
by using peas and pebbles, before he was able
to read or write. At 15. he rcad completely a
twenty volume encyclopedia and his keen memory
enabled him {o quote from the encyclopedia
throughout his life. In a month’s srudy of Latin,
he grasped sufficient knowledge to read mathe-
matieal explanations in the language.

During the French Revolution of 1789, Ampere’s
father was killed and the tragedy almost un-
balanced the boy’s mind. but he recovered and
it was only a few years later that he married «
voung girl of his own age.

Consequently, he had to leave off scientitic work,
to exarn a liviug as a salesman for a silk store.
In spure time he coutinued his work in muathe-
maties, eventually to hecome a professor at the
Fcole Polytechnigue.

Ampere had been born in Lyons, Franee, on
January 22, 1775. His lite ended in 1%36.

Y24 uy Woan A andi
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