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Action

We Lave all heard the old proverb, “If wishes
were horses, beggars would ride.”” This ix just
another way of saving that if wishing could
hring suecess, all men would be suecesstul.

You need only to look around you to see that

wishing is not enough. The world is full of
fatlures. But our common sense tells us thal
these men are not failures because they did not
wAsh to succeed. So whitt /s the secret of suc
cess?

1t is what 1we do about our wishes that makes all the
differenee. The secret is ACTION. Take two men with
equal ability and the one who works hardest will get
aheuad faster than the other man.

I one of the {wo men has less ability than (he other,
less education, fewer opportunities—but is energetic,
active——does something ahout his problems—he will be
more suecessful than che man who does nothing bui
wish for success. The nien who get to the top and stay
there are men of ACTION,

A certain amnount of wishing is necessary and heip-
ful. Wishing can help you chart the road to success—-
just as before the war, we used to take road maps and
plot an automobile trip.

In order to get anywhere, however, you have to get
the car out of the garage, fill it up with gas, press the
starter and keep going. Yes, keep going and vou will
vet there.

L. R. Haax, Lreentive Vice President.
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Basic Defects

in Radio Receivers

By D. B. LOONEY

N. R. 1. Consultant

RADIO receiver is essentially an electriecal as-

sembly of fubes, resistors, condensers, coils,
transformers, a loudspeaker, switches and con-
necting wires. A defect in any oue of these parts
ur wires can cause receiver trouble.

To emphusize the large number of parts which
make up an average radio receiver. let us take a
census of the parts in the Phileco Model 41-230 a.c.
siuperheterodyne receiver for which a cireuit dia-
gram is shown in Fig. 1. Remember that a defect

in any one of these parts eau produce one or more

receiver complaints.
7 tubes

18 resistors

31 condensers

19 coil windings

38 socket conneclions

136 connections of parvts

2449 items total.
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FIG. 1. Schematic circuit diagram of Philco
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Mo el 41-230 a.c. superheterodyne receiver.
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f3ut this fotal is by no means a trine indieation of
the number of defects we can have in an average
receiver. Take tubes, for instance—in a typical
pentode tube there can he over two dozen defects.

In order to get a better pieture of problems en-
countered in radio servicing. tet us now consider
in detail the various kinds of defectg which can
exist in each kind of radio part. We need not
congider mechanical defects like Dbroken or
crushed parts, since they can be spotted readily
during the initial inspection of the receiver for
ohvious defects.

1. VACUUM TUBE DEFECTS, A tube tester is
an indispensable instrument for any radio ser-
vieeman, The following defects ocenr in tuhes
and are revealed by fube testers:

Low Ewmission. Inability of the cathode or fila
ment in a tube to emit the normal number of
electrons when heated is reveiled hy a low (BAD)
reading on the meter of the tube tester.

Open Flenents. Some types of tube testers will
revenl open elements, but this defect can also be
identified readily by the action of the circuit. An
open filament is readily detected because the tube
will feel cold when touched, and no filament glow
will be visible. It is always wise, however, to
check the tube in a tube tester, because an open
in the socket or in a filament lead can cause the
same symptoms,

Nhorted Electrodes. These are readily detected
cither with a tube tester, by cirenit action., by
continuity tests with an ohmmeter, or hy volt
meter tests.

Leakage between Elecirodes. Cathode-to-filament
lcakage often occurs in heater-type tubes. The
trounble is revealed by most tube testers, but is not
in itself sufficient cause for discarding a tube.
Cathode leakage does no harm when the eathode
and filament are both grounded or at the same
pofential with respect to ground. Leakage is im-
portant only when the cathode is ungrounded.

Kacessive Gas. A certain amount of gas is pres-
ent in all tubes, and causes grid current to flow.
Onty in high-resistance grid circuits is gas ob-
jeetionable, however. A voltage test across the
grid resistor constitutes a satisfactory test for
zas, assuming that the preceding grid-plate cou-
pling eondenser is not leaky. Gas is one defect not
ordinarily revealed by tube testers,

2. SOCKET DEFECTS. Defects in tube sockets
are sometimes visible on inspection, but more
often a professional servicing technique is re-
quired to isolate the defect. It is quite important
to realize that professional techniques are re-
quired to locate even simple socket defects such
as the following:
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Open Prong Contacts. HRepeated insertion and
removal of a tube from its socket may spread the
prong contacts so much they no longer grip the
tube prongs. IFaulty material used in the con-
struction of a socket will cause the same trouble.
When the defect cannot be detected visually.
make a continuity check between the bottom end
of the suspeeted tube prong and its socket con-
act.

Shorted Prong Contacts. Shorts can occur he-
tween adjacent contacts on a tube socket, par-
ticularly if a number of wires are grouped to-
gether on the contact lugs, or if there is excessive
solder. This trouble can be suspected if noise oc-
curx when the tube is wiggled in its socket. The
remedy  is rearranging of connections to the
sockef terminals,

Leakage. Dust or a conductive greasy filim on the
surface of a tube socket will provide a leakage
path between socket terminals, with the trouble
heing most serious in the case of leakage between
grid and plate terminals. Brushing the socket
with a small, stiff round paint brush or a tooth-
brush will clear up this trouble and also identify
it by restoring receiver operation. Charring of
the insulating material of a socket between the
high-voltage plate terminal and other terminals
may also cause leakage paths, Charred sockets
should he replaced.

3. CONDENSER DEFECTS (PAPER AND
MICA). The method of testing a condenser de-
pends upon the nature of its defect aud upon its
capacity value.

Shorted Condenscers. A short can oceur in a con-
denser if a surge voltage punctures the dielectric.
allowing the metal foil on each side of the dielec-
iric to make contact. An ohmmeter will always
reveal shorts in condensers. It is usually best fo
unsolder one condenser lead when making an
ohmmeter test for a short in a part.

Leakage. This is the radio maun’s term for the
condition whereby current “leaks” through a con-
denser due to a greatly lowered resistance be-
tween the condenser terminals. This lowered re-
sistance may be the result of internal deteriora-
tion of the dielectric, or to an accumulation of
conductive dirt on the surface of the condenser
between the terminal leads. One condenser lead
must usually be disconnected in order to make a
leakage resistance check with an ohmmeter, be-
cause the leakage resistance value will be com
parable to that of parts usually shunted across
condensers.

There are many places in receivers where a
small amount of condenser leakage is unimpor-
tant., An alert Radiotrician will recognize these
and not waste time checking leakage in such lo-
cations. As an exumple, leakage in a condenser
shunted acrvoss a cathode resistor is relatively
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unimportant. In other positions even ia small
amount of leakage is bad; thus, leakage in a
grid-plate coupling condenser can cause distor
tion and other troubles. An alert, properly trained
radio serviceman never makes unnecessary tests.

Opens. These are common both in paper and
mica condensers, and occur particularly at the
point where the pigtail leads are bonded to the
metal foil inside the condenser housing. The most
practical test for open hy-pass condensers is sim-
ply to shunt each snspected condenser in turn
with a good one of approximately the sare
capacity while the set is in opervation,

Condensers having larger values, say above .05
mfd.. can be checked for opens hy unsoldering
one lead of the condenser and checking with the
highest range of an ohmmeter. A momentary de-
flection of the meter poinfer indiciates that the
condenser is not open. Absence of a deflection
indicates an open, provided the condenser has
sufficient. capacity to make the meter pointer
move. Actual capacity values of condensers can-
not be checked with an ohmmeter, however,

An opecu can often be detected by wiggling each
condenser in furn while the receiver is operating;
noise will ocecur when the defective condenser is
touched. Of conrse, the capacity test in a con-
denser tester will reveal an open.

4, CONDENSER DEFECTS (BELECTROLY-
TICR). Electrolytic condensers perhaps require
repliicenment more often than any other {ype of
condenser used in radio equipment,

Wet electrolytic condensers heconie ineffeclive
when not used for long periods of time. Modern
dry electrolyiics are mmch better in this respect,
and will ordinarily give long life if not over
loaded by excessive voltage and not dried out hy
excessive heat. Nevertheless, voltage surges and
unusual climatie conditions will ¢ause dry elee-
trolytics to hecome defective.

Opens. These are rare in electrolylics, bni high-
resistance joints can sometimes occur internally
at the junections hetween the foil strips and the
contact lugs or terminal leads. due to corrosion,
Snbstitution of a1 good condenser is perhaps the
most. practical way to cheek this.

Nhorfs. A short will occur in an electrolytie con-
denscr if an excessive voltage of the correct po-
larity is applied, ov if voltage of incorrect polar-
ity is applied for any length of time. In a2 wet
clectrolytie, the short will probably heal, hut in
dry electrolytics it is invariably permanent. An
ohmmeter will reveal shorts,

Leakage. All electrolytic condensers have a cer-
tain amount of leukage, which is equivaleunt to a
resistance shunted :acroxs the condenser. The
leakage resistance can be measured with au ohm-

meter, and will have different valies depending
upon the polarity of the ohmmeter connection.
The lenkage resistance will be larger when {he
positive terminal of the condenser is connected
to the positive terminal of the voltage source in
the ohmmeter, This is the correct connection for
a check of leakage. Be sure to discharge the con-
denser by shorting its terminals hefore reversing
ohmmeter leads.

An ohmmeter test gives only a general check-up
of the condition of an electrolytic condenser. Bet-
ter information can be obtained with a capacity
tester, or hy a simple substitution test. If con-
necting a good eclectrolytic in place of the sux-
pected one clears up the trouble, you can he sure
the defeet has been localed.

Poor Power Factor. A perfect condenser would
theoretically have a power factor rating of zero,
as compared to a power fuctor rading of one for
a perfect resistor. Resistance in series with con
denser capacity internally raises its power factor.
A condenser with high power factor (approach-
ing the characteristies of a resistor) dissipates
energy just as a resistor does, and this produces
heat in the condenser., This hieat causes evapora-
tion of the <olution or echemical paste in the elec-
trolytic condenser. raising the power factor still
more and eventually drying out the unit entirely.

A condenser which feels hot to the touch is defi-
nitely drying out and has a high power factor. It
should be replaced. beeituse it will break down
very soon due to the heat,

When you snbstitute a good electrolytic conden
~er und this elears np the trouble, vou have iden-
titied the orizinal condenser as defective,

5. MUNING CONDIENSER DEFECTS. Gang
tuning condensers in receivers are partienlarly
susceptible to mechanical damage hecause they
are usually entirely exposed and have moving
parts. Their troubles are as follows

Opens, The mechanical construetion of a tuning
condenser is such that an open in its civcuit is
extremely unlikely : if it does occur. it will be at
the terminals and ean readily be repaired by re-
soldering, Continuity tests between the connect-
ing leads aind the rotor and stator will reveat the
frouble,

Shovts. Mechanical strain applied to (he chassis
during handling, warping of the frame of the
gany tuning condenser, warpinz of tuning con-
denser plates, loosened mounting =crews, acci-
dental dropping of the chassis, or tampering with
the gang tuning condenser can canse g short he-
tween the rotor and stator sections. You can
usually identify such a condition hy a scraping
~ound heard when the unit is rotated. To test
for shorts clectrically, the coil associated with
the gang tuning condenser must be disconnected
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temporarily if it is connected belween rotor and
stator plates. Shorts usually occur over limited
portions of the movable range. Flaky conductive
materials, such as the metal plating applied to
some condensers. can lodge between rotor and
stator plates and cause shorts.

Leakage. The high-resistance range of an ohm-
meter can be used to detect leakage in gang tun-
ing condensers. The chief cause of this leakage
is dust bDetwecen the rotor and stator plutes and
on the insuliating seetions in the unit. The dust
can be blown out or wiped out with a pipe cleancr
of the type obtainable at. any tobacco stove,

Poor Contacts. High resistance at the wiping
contacts in a gang tuning condenscr or in the
statovr-mounting screws is rather difficult to mea
sure with ordinary test equipment. If you sus
pect the existence of high resistance in series
willh a gang tuning condenser, watch for poor
wiping contacts serving the rotor section. This is
a frequent cause of low sensitivity and poor se-
lectivity, and also of r. {. oscillation. These three
symptoms are thus a direct elue to poor rofor con
tacts in many cases.

G. TRIMMER CONDENSER DEFECTS. oth
the air dielectric and miea dieleelrie types of
trimmer condensers are fortunately reasonahly
free from frouble. Only in rare cases will they
beeome open, shorted or leaky, and they then re-
quire testing like any variable tuning condenser.
The mica type is subject to capacity changes as
a result of changes in temperature or normal
aging, hut this is usually easy to recognize he-
cauge it affects the alignment of the receiver.
The mica dielectric can crack or flake. causing
changes in eapacity and eventual shorfing of :d-
jacent plates.

A change in capacity is one defect which cannot
he located by simple meter tests; vou must he
uble to recognize the cffects of capacity changes
01l receiver performance.

7. FINED RESISTOR DEFECTS. As a general
rule, low-wattage units (ranging from .1 watt to
3 watts) will be of the earbon or metallized type.
and higher-watrage units will have wire-wound
construction, oftentimes covered with a ceramie
cement. You will occasionally encounter small
T- and 2-watt wire-wound resistors molded in
bakelite housing whieh resembles that of some
curbon resistors, but these wire-wound units will
rarely have more than about 500 ohms te-
sistauce.

Resistors which ecrack or bhreak in anyv way can
usually be spotted visually, so we will concen-
trate here upon defects which can be located only
by tests.

Opens. Overloading of a vesistor by sending ex-
cossive current through ji can bunrn onf the re
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sistance material or cause an open at the point
where the wire lead makes contact with the re-
sistance material. Yon ean check for opens in
resistors with an ohmmeter.

Nhorts. A direet short between the two terminals
of a resistor is not at all common. However, it
is entirely possible for resistor leads to touch
each other, to toueh {he chassis or touch otler
parts and give the same shorting eftect. Also.
registors encased in metal can shorf to the metal
case anvwhere. When not visible to the eye, a
short in a resistor can be located with an ohm-
meter.

Chonges iiv Resislunce. Carbon resistors are par-
tientarly susceptible ro changes in rexistance
whereas wire-wound rexistors rarvely change.
Overloading of a carbon resistor or even contin-
ved use at mormal temperatures will often
cause o marked decreaxe in resistance, which in
creaxes the resiztor current and overloads it still
more. The resistance value can be checked with
an olmmeter in the usual manner. Remember,
however, that ecarbon resistors are generally
used :#t points where a great deal of variation in
resistance value is tolerated or where tle resistor
is operated well under its rated wattage. Normal
Iv. variations as great as 209, in rexistance value
ire entirely permissible,

R VARIABLE RESISTOR DEFECTS. Variable
resistors and potentiometers are far more sub-
ject to trouble than fixed resistors. Since they are
mechanical in operation, we have wear in moving
parvts to consider. As a rile, the defect will be
readily apparent hecause rofating of rhe control
knob while the set is in operation will cause
noise ov intermitient operation. An open volume
control will not provide proper confrol of volumne
even though it may permit partial transfer of
the signal.

Opens. In both carbon and wire-wound controls,
movement of the contuct arm over the resistance
clement may eventually wear away the merallic
or carbon deposit. or wear down the nichrome
rexistance wire, creating an open. Ioss of spring
tension in the movable arm may also give an in-
fermitient or full open.

Wearing away of the resistance eletnent veduces
its heat-dissipaling capabilities, so that o c¢nr
rent-ecarrying control unit, may be overloaded
by normal cnrrent or momentary exeessive cur
rent after it has worn down. This causes an open
by burning out the resistance element. When the
defect is not visible, an ohmmeter cherk will
isolate the trouble.

Shorts.  As with tixed resistors, shorts uare not
common. In units where the nietal case is “hot”
and an insulating bushing is used between the
chassig and the niounting hushing of the control,
a defective insnlating washer or bushing will
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often cereate a short (o the chassis. To locate
i Lrouble of this sort, you wnsnally have to un-
folder all leads, then test between each terminal
of the control and the chassis.

Change im Resistance. Wearing off of the carbon
or metallized material in a variable resistor or
potentiometer will cause the total resistance to
inerease. but this is not ordinarily of importance.
The ehief symptom in trouble of this nature will
be noise. Manipulation of the eontrol during the
initial performance check shonld reveal this
trouble, either by noise coming rrom the lond
speaker or by failure of the poteuntiomneter to con-
trol volime or tone in a normal manner.

9. ALR-CORE COIL. DEFECTS, Here we are con-
cerned with air-ecore ef. and if. transformers
as well asx with .t chokes. Coils consise =imply
of copper wire angd insulation, hut several Lypes
of trouble can develop.

Lowered () Factor. A coil which hecomes dainp or
coitfed with conduetive dirt will develop high
It resistance, which has the effect of lowering
the ) factor. This in turn affeets the operating
clirac.erisiies of rlie stage in which the coil is
used. For example, lowered Q facter in an r.f.

FIELD COILS

i

A number of different manufacturers produce
exact replacement coils of all types.

coil ean cauxe poor sensitivity or poor selectivity
even in a properly aligned stage, and can cause
low output in un oscillator stage. The Q fuctor of
a4 coil eould be measured with n ) meter. but thix
information would be of no value unless the
normal Q factor and the permissible tolerance in
(3 fnctor were known,

Inspection of (he coil and temporary adjnsting
of resonant eircuit trimmers are the usual tech
nigques for isolating the trouble to a c¢oil having
lowered Q factor. Triimmer adjustmenis will be
sharp for a high Q eoil, but quite broad for a low
€ coil. Experience in evaluating receiver per-
tormance and adjusting tuned circuits will help
vou fo decide when a coil should be baked out or
replaced becanse of lowered Q factor.

Shorted Twrns.
particularly

These may develop in all coils,
those employing speeial diamond,

basket or hank windings., If a great many turns
are shiorted ont. and the normal resistance of
the eoil is indicared on the ecireuit diagram, the
defect may be detected with au appreciable re
duction in coil resistance. Otherwise, the action
of the circuit is the only clue to the trouble. For
exuample, in the case of an r.f. eoil in a resonant
cirenit, more capacity will he necded to align
the receiver, and both sensitivily and seleetivity
will be poor even atter alignment. We also have
the possibility that adjacent coils may touch each
other, particularly when wound close together
or one over the other. Ilere an ohmmeter fest
from onc coil to the other will verify the trouble.

O pens. The windings in a tightly wound coil may
hreak due to expansion with temperature, espect-
ally at points where the wire passes through
the coil form or connects to a terminal. More
often, however, corrosion at a terminal will cre-
ate a high-resistunce joint. In a primuary coil
which earries the plate current of a tube, the
direct eurrent may start electrolysis which
causes corrogion and an open. Noise will be the
firsy ~xymptom  that this condition exists. An
ahimmeter fest will indicate above-normal coil
resistanece and high resistance due to c¢orroxion
af joints.

10. IROXN-CORIS COLL, DEFECTS. Since jron-
core ¢oils nre nsed chiefly in andio frequency and
power frequency cireuits, we are not concerned
with changes in Q fuctor. Actual mechanical de-
fects in the coil windings or failuve of ingula-
tionn hetween windings are the two chief prob-
lems here.

Opens. These are readily detected with an ohm-
meter. They can be dne to electrolysis, particu-
Farly at the terminals of tilter chokes where faiy
lv high currents are Howing through joints
formed by dissimilar metals. Of courre. a sudden
voltige surge or continued overloading of a coil
with excexxive current may melt rthe wire andg
cause an open.

Nhorls. Shorts between (trns dae to failure of
insulation are not readily detected with an ohm-
meter, but it is usually possible to detect shovrs
hetween lavers of windings because rhis creates
0 grearer change in resistance.

Shiorts in coils are best located by their effect
upon receiver aperation. For example. if there
is o short in a choke coil, normnal current will
give a lower a.c. voltage drop than normal across
the coil. wirh hum as the symjptom. A xhort in a
power transformer will cause overheating with
eventual production of siaoke and charring of the
insuliation, and with lowered outpnt voltage.
These same effects will appear when turns are
shorted (o & grounded iron core and the trans-
former e¢ircuit ix crounded at some other point,
lut the short to the core can also be detected with
un ohmmeter,
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An odor of burned insulation and a charred ap-
pearanee is always an indication of a defect, in un
iron-core transformer. .\ hot uuit without these
svmptoms  does not necessarily mean a de-
fective unit, however; a certain amount of heat
is normal in transformers which are handling
power. The exact amount of heut varies with
different wmanufacturers and with different trans-
former uses; some transformers will operate
quite cool, while others are designed to operate
at the lLeat limit set up hy the Board of Fire
Underwriters.

Removal of all of the tubes is an easy way (o
cheek a power transformer for shorts: if fhe
smoking and overheating stops when all loads
are removed by doing this, vou either have a
broken-down filier condenser which is drawing
excessive current, or you have a shorted tube or
some other short to ground in a plate or sereen
grid supply circuit. If the smoking continues,
the transformer itself is defective. or there is
a short in the rvectifier tube socket or in the trans-
former leads.

11 LOUDSPEAKLER DEFLICTS. In addition to
becoming defective, loudspeakers are subjeet to
nornal wear and aging due 1o the fact that the
voice coil-cone assembly is continually moving
during operation. Once a defeetr has heen isolated
to the londspeaker. yon have the following pos-
sibilities to contend with :

Wealk Flur. An open can occur in the field coil
of an electrodynamic loudspeiler due to eorro-

Exact duplicate replacement cones are
made for practically all loudspeakers.

sion, electrolysis or over-londing. If the field coil
is also serving as a tilter choke, as is usuully the
cise, the receiver will be dead. If there ix a sep-
arate filter choke, there may he enough residual
magnetism in the iron core of the loudspeaker to
permit. operation., hut sounds will he weak and
greately distorted. A simple ohmineter check will
reveal an open field coil.

Weuak and distorted reception will also oecur
when the permanent magnet in a p.m. dyvnamic
loudspeaker loses its magnetisin, You musl re-
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member, however, that there ave many other pos-
sible defects in a receiver which ecan produce
Lhese same symptoms. The defect should definite-
ly be isolated to the loudspeaker before making
extensive tests on the loudspealker.

Open Voice Coil, The voice coil may open at one
of its joints or in the flexible leads which connect
it to the output transformer secondary. The voice
coil leads are subject to breakage even though
extremely flexible, because these leads must cou-
nect between tixed terminals on the loudspeaker
and rapidly moving terminals on the voice coil.
An ohmmeter will deteet an open in the voice
coil if vou first disconnect one voice coil leud
from the output transformer.

Grounds., You can have a ground in the field
coil, the voice coil or in a hum-bucking coil.
Grounds can be found by a simple ohmmeter test
hetween the suspected coil and the frame of
the loudspeaker, if inspection of the eircuit dia-
gram shows that no ground should exist.

Defective Spider. 'The tiexible material of the
spider may become brittle and crack. or may
lose its elasticity. When the eondition is serious,
the symptoms will be a peculiar type ot dis-
tortion. Visual inspection of the spider will re-
veil the trouble in most cases,

Sometimes the spider will get loose at the points
where it is glued to the cone, causing fuzzy tones.
Regluing with cone cement will fix this. Partly
loosened dust caps in the center of the cone will
ciause (he samne trouble.

Off-Center Voice Coil. As a loudspenker ages.
rhere is nsually a certain mmnount of entirely
normal warping and shifting of parts. Rough
hundling ean cause this same warping and shift
ine, and the condition bhecomes serions when
the voice eoil rubs against the pole pieces.

Tron filings. birs of metal, or hard particles of
dirt lodged in the voiee coil can cause the siume
trouble as a shiffed spider or other shifted parts.
You can detect a rubbing voice coil by pushing
the cone in and out with your fingers when the
receiver is turned otf, for the vibration due to
rubbing will be transmitted to your fingers, and
vou can hear the grating or scraping sound of
the voice coil rubbing agaiust the pole piece. The
symmptoms of an oft-center voice coil are distor-
tion of low notes and buzzing sounds. There is
much more voice ¢oil movement at low frequen-
cies than at high requencies, hence rubbing of
the voice coil may distort men’s voices without
affecting women’s voices.

Cone Defects. A cone may become hard and in-
Hexible due to aging and drying out; the result
is a rattle nnd failure Lo give normal fidelity. The
outer edge of rhe cone, which is glied to the
frame, may become loose and ciuse raspy, buzz-
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ing sounds and distortion at low audio frequen-
c¢ies. A cone may hecome softer than normal due
{o absorption of moisture, causing distortion.
In a few cases the cone may actually crack or
tear, causing distortion and giving a defeet yvou
can readily see on inspection. Yes. even cone de-
fects require a certain amount of analysis for
detection.

12. DEFECTIVE CONNECTIONS. Under this
classifiention we have hook-up wire used for con-
neeting together the various parts and tuhe sock-
et<. and the tie-down terminals used for sup-
porting small parts by their leads. A defective
connection is an excellent example of a trouble
whieh may require many minutes to loeate even
with professional servicing techniques, but which
crdinarily can be repaired in a few seconds.

Opens. An open at a joint may be due to poor
soldering at the factory in the first place. Re-
member that soldering, even with most modern
production methods, is still a manual operation
in which the human element is the predominating
factor affecting quality.

As a rule, those entrusted with soldering opera-
tions in factories have had considerably more
{raining in soldering techniques than the average
serviceman, so opens at soldered joints are more
likely to be present in equipment which was
previously serviced. Oftentimes a soldered joint
which looks good may be held together only by
rosin, which is an insulator and hence causes
an open. Corrosion and electrolysis at joints
may cause opens, partial opens or even infermit-
tent opens.

The procedure normally used o locate opens in
wiring involves checking continuity from each
tube elecirode to the chassis, the rectifier plate
or the rectifier cathode. Opens will then be indi-
cated hy comparison of ohmmeter readings with
resisiance values indicated on the circuit dia-
grain.

Once the defective cirenit has been isolated, the
parts and connecting wires which make up the
cireuit can be checked with a step-by-step ohm-
mefer procedure, but more often the serviceman
will simply pusli or pull on each joint in the sus-
pacted cirenit while the receiver is in operation.
The defective joint, will eause noise when moved
or jarred. Another favored procedure is applica-
tion of a hot soldering iron to each jouint in the
cirenit, to make the solder flow freely over the
entire joint.

Shorts. Connections and bhare leads sometimes
short to the chassis or to an adjacent connection,
particularly when terminal lugs are close to-
sether as on tube sockets and terminal strips.
Where wires go through holes in the chassis,
frayed insulation may allow the wires to touch
the chassis and cause a short. In the case of a

high-voltage lead such as a plate supply lead,
sparks will he observed at the point of contact
when the lead is wiggled.

Shorts may occur at joints, where the wire is
bare and contact with the chassis or some other
terminal is more likely, Oftentimes terminal lugs
hecome loose or bent, or excessive solder is used
in making connections at the lugs, with the re
sult that a short exists.

When the civcuit dingram indicales that a com-
plete cirvcuit is isolated from the chassis, a simple
ohmmeter test between that eirenit and the
chassis will indicate whether or not a chassis
short exists,

Leakage between connections is common and
may canse trouble in r.f. eircuits, but drying ont.
of a moist or damp chassis will usually clear up
the trouble. If it does not, new leads or parts
will be required.

[3. SWITCH DEFECTS.. The conlacls of ihe
various switches used in radio equipment may
corrode. causing opens ot noisy partial opens.
Loss of «pringiness in the movable contact arm
can cause the same symptoms and troubles. In
addition, connections to the switch terminals
may be open, shorted or partially open.

Circuit coutinuity tests will usnally reveal switeh
defects quickly. Tt is not at all unconumon for a
movithle eontact arm or for a terminal lug of a
switeh to break off and cause an open, and here
also an ohmmeler coutinuity test will reveal the
defect.

TLOCATING DEFECTS

Once the defective part in a receiver is located,
any one with a little mechanical ability and a
knowledge of soldering can make the necessary
replacement or repair in a few minutes. The real
work of a Radiotrician is loeating the defective
part or connection, or locating the cause of the
trouble in such cases as improper alighment of
tnned circuits.

When the trouble in a receiver is simply n de-
fective parl or connection, and unlimited time
is available, a person with a little training in the
nse of a tnbe tester, an ohmmeter, and perhaps
a condenser tester can fest each part and con-
nection in the rveceiver untfil he locates the de-
fective one.

Of course, the chances are good that the de-
fective part will be located long hefore running
through the entire test procedure for all parts.
I3ut even if you were able to average 50 tests per
chassis, you can veadily imagine what an enor-
mout amount of time is required when using a
part-testing technique of this nature.

As g matier of faet, there are many servicemen,
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without the type of professionul training you are
now acquiring, who actually do test various paris
one after another unutil they find 1he defect. With
expericnce they learn that ecertain parts or eon-
nections should be checked first for each type of
complaint. They hecome good zuessers un-
consciously, without knowing why, but with pro-
fessiona]l servicing techuiques vou ean locate
troubles faster than these men right from the
start. of your servicing earcer. Yonur fechnigues
will work on all sets, whereas testing of parts
will tell nothing at all about many Kinds of re
cetver trouhles,

Mrs. Eva Merrill

Another star in the Serviece IFlag al N.R.IL
Mrs. Eva Merrill of the N. IR, 1. Deparrment of
Records has joined the WAAC. Her husband is a
member of the Marine Corps. The Merrill’s set
a line example in active patriotisni.

nri

Save Your Copies of the News

Due to the shortage of paper. and limitations
which have been placed upon publishers and
printers by the War Produetion Board, we must
order only carefully figured quantities of Na-
TIONAL RADIO NEWs each issue.

This means it is unlikely that we can replace
copies of the NEws which are lost or damaged.
Therefore, please take especially good ecare
of your eopies of the NEws from now on.

n ¢

Huge Television Volume
After War Is Foreseen

Predicting that television will be one of the great-
est of all post-war industries, reaching a volume
of a hillion dollars a vear, Ilarry Boyd Brown,
of Phileo Corp., told a Penusylvania State Col-
lege andience last month that addition of sight to
sound in Radio will be more significant than the
effect sound had on sight in the moving picture
industry.
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Men of Science

Do Albert. AW Hull, new _president of the Ameri-
can Physical Sociely, pictured in the General
Flectric Resecarch Laboratory with one of many
electronic tubes on which he has made important

improvements, and whieh now have importand
war uses. The magnetron, dynatron and screened-
grid tube for Radio frequency amplification are
among his developments. Ile is agsistant director
of the . K. Research Laboratory. The Society
which he now heads nnmbers about 4,000 mem
bers, including the nation's physiecists aud sci
entisis working in allied fields.

Dr. JHull has received many other honors, in-
cluding the Howard N. Potts’ gold medal of the
Franklin Institute, awarded in 1923 for his work
on N-ray cerystal analysis; the Morris Liebhmann
Prize in 1930 for his work on electronic (ubes:
and the honorary degree of Doctor of Science the
same year from Union University.

Born in Southington, Conn.. Dr. ull was grad-
uated in 1905 from Yale University, where he
also obtained his Ph.D. in 1909. After four vears
as instructor and as assistant professor of phys-
iecs at Worcester Polytechnic Institute, he joined
the G. E. Research Laboratory staff at Schenec-
tady, N. Y., in 1914 as research physicist. In 1928
he was made assistant director of the lahoratory.
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Transformerless

Power Packs

By J. B. STRAUGHN

N. R. I. Consultant

In many radio devices, more B supply voltage
will be required than ean be delivered by a half-
wave rectifier, sneh as the one shown in Fig. /.
The voltage V ucross the input filier condenser
will be equal to the peak line vollage less the
small drop occuring between the plate and
cathode of the rectifier tube. The peak voltage
ix the r.m.s. value times 1.11. This means that
the greatest voltage that can ever occur across C
when a standard 110-volt w.c. power line is used
is somewhat less than 117 x 1.41, or 165 volts d.c.
With a large input filter condenser which will
not loge its charge rapidly, a low-resistance filter
svstem and a moderate current demand from the
receiver, 18 much as 90 or 95 volts d.c. may be
delivered at thie filter onipnt.

As hns been pointed ont, Fig. I is a half-wave
rectitier.  Now  just what does thix nean—it

FIGURE |

e

means that only half of the a.c. line voltage is
being rectified. If the other half could also be
rectified and placed in series with the first half,
twice (double) the voltuge of a half-wave recti-
tier conld be obtained. Figure 2 shows how this
may be accomplished. Two halt-wave rectlifier
tubes (VT and VT,) are used, each feeding an
input type filter condenser. When 1he condeusers
arc charged, they have the polarity shown and
their voltages will add fogether. It condensers
(', aud €5 are equal in eapacity, the voltage across

—~
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cach will be equal and the sum ol {heir voltages
will he double that expected from a single half-
wave rectitier, I'or this reason, Ifig. 2 is known
1s o voltage doubler.

A clear understanding of the circuit action may
he obtained by tracing the flow of current through
the eircuit. 1f a complete cireuit exists, electrons
will How from point 2 when it is negative, and
an equal number of electrons will flow into point
f. "Phis is a fact with which yvou are familiar.
Now let’s trace out the actual path. We see that
there are two possible paths, C1-VT'; and Co-V7Ty.
However, elcetrons eannot tlow from a plate to a
cathode, so the C,-VT', path is blocked. Klectrons
instead flow into the negative plate of condenser
€, and an equal number are forced out of the
positive plate. This charges condenser C; with
the polarity shown. The electrons leaving the
pusitive plate of €y llow from the cathode of V1
to its plate and on to point J, completing the cir-
cuit.

When the :.e. line voliage reverses, electrons
leave point [ and, tinding their way blocked by
V7,. pass through V7', and charge (. Those

T
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electrons driven ol the positive plite of € o, dur-
ing the charging process, Hlow to point 2. The
solid arrows show the divection of current tlow
when point 2 is negative, while the dotted arrows
indicate the direction of current tlow when point
! is negative.

Figure 2 is a simplified cireuit, and an actual
circuit using two half-wave diodes in a single en-
velope and showing a regular filament string ap-
pears in Pig. 3. This eircuit looks complicated
har, in its important details, i is the same as
the simple eirenit in Fig, 2

Resistors By and R, have a vatue of ahout 30
o

]

will aet as a source of d.c. voltage, slowly dis
charging into any load that is connected to ii.
Current tlows through the tube when poiut /
is positive, and ceases when point 2 becomes
positive. At this time t{he voltage between -+B
and point I is the condenser voltage plus the line
voltage. Half the sum of these voltages is u.c.,
existing only for one half eycle. If another recti-
fler tube is used. this a.c. half ¢ycle ean be put to
work. The circuit in Fig. 4 shows how tlis may
be done. Tube VT and condenser € eorrespond
to 1the tube and condenser shown in Fig. 1.

\When point 2 is negative, electrons flow from
point 2. into and ont of ¢/, and through V7, to

te)
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oluns each, and are placed in (he diode plate
leads to avoid the possibility of damage to the
tube cathodes due {0 excess peak currents. Resis-
tor R; is the series filanent voltage-dropping
resistor, and V7', VT, and VT are the filaments
of the tubes being supplied with power.

Notice that the filament of V7', connects to the
positive side of condenser €, The cathode of
V1T, along with those of V7', and V7. connects
to —F and to the negative side of C.. This places
the voltage of C, across the heaters and eathodes
of all the receiving tubes. The excellent heatej-
to-cathode insulation nsed in modern tubes pre-
vents a great deal of leakage trouble. To reduce
the voltage, Cy is sometimes made smaller than
Cy. This can only be done where the receiver
will operate at reduced B supply voltages. Sinee
O, and O, are alternutely being charged from
the power line, we have in effeet full-wave reeti-
fication, and the ripple across the two condensers
will have a frequency twice that of the line-
120 cyveles in the case of a 60-cycle line.

The Half-Wave Voliage Doubler. In order to
avoid rhe situation just described, where the
voltage across Cy in Fig. 3 is applied between the
heaters and ecathodes of the receiving tubes. a
voltage doubler in which —B conuects {o one side
of the power line would be required. In congider-
ing how this may he accomplished, refer back to
Fig. I. Here we have a half-wave rectifier which
charges a condenser. This charged condenser
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point /. On the reversal of the a.c. line voltage,
) retains its charge and the voltage aeting
through Cy on the plate-cathode of VT, is that
acrosx Uy plus the voltage between points 7 and
2. Point / is negative and point € is positive, so
for this half cycle it is just as though we had
two d.c. voltages in series. The plate of vr.,
is made highly positive with respect to its cath
ode, und clectrons leaving point I flow into C,,
forcing othev clectrons out of the + fterminal of
Cy. These pass through VT, and are forced into
the pogitive terminal of C,. An equal number of
electrons ure foreed out of the negative termiual
ot €7 (O is being discharged) and {ravel to point
2, thux complceting the circuir. When the line
voltage reverses, current flow through VT,
ceases and V7'; hecomes condiuctive, recharging
4. Since V7, only conducts every other half
cyele, the frequency of the n.c. ripple across €,

| T
/

2
1 +(, FIGURE 4
} \
[VT2
_
+B
+ -+
T,CZ 03-!-_ Load
4 —-B

wWwWw americanradiohistorv com



is rhe same as the power line—60U cycles for a
G0-cvele line. Thus the circuit in Fig.  is a half-
wive voltuge doubler and a better filter than is

[r2
AC - -

used with the full-wave doubler will be required
(o eliminate the ripple.

Condenser €. is charged to the voltage of O,
{minus the drvop in VTy) plus the peak a.c. line
voltage (minus (he drop in VTy). With no load
we can expect about 300 volts across Cy The
voltage drops to about 180 volts in the average
receiver.

Figure § shows a complete half-wave voltage
doubler. Condensers C;, €, and Cg correspond
to condensers (', Cq and C3 in Fig. } Resistors
R and I, protect the diodes against excess peak
eirrents. while Ry is the filament voltage-drop-
ping resistor. Note the pilot lamp P shunted
across half of the rectifier tube filament. The fila-
ment string connects directly across the a.c. line
and to —B. Therefore, there is no large d.c. volt-
age between the heaters and cathodes.

While condensers Oy and €, in Fig. 3 could be
rated at 150 volts d.c., we must use a condenser
with a higher working voltage at C, in Fig. 5.
I'his condenser should have a working voltage of
at least 300 volts d.c. Condenser €; may bhe
rated at 150 volts d.c., since a greiter voltage
than this is never applied across it.

Vibrator Power Supplies

D.0. to A.C. 1u an automobile, bo:iit or aeroplane,
the only voltage source is a low-voltage storage
hattery of 6 to 12 volts, This battery is kept
charged by a low-voltage d.c. generator. The
hattery voltage is too low to he directly applied
to the plates and screens of tubes, so some way
must be found te raise the voltage of this source
to the proper value. Anyone who had not studied
the fundamentals of radio might say. “just use a
step-up transformer.”

What would happen if we were to connect «
storage battery to the primary of the power trans-
former shown in Fig, 64?7 When the circuit was
lirst closed, current would start to flow through
rhe primary and the resultant change in flux link-
age would induce a large voltage into the sec-
ondary as shown in 1°ig. 6B. The current would

www americanradiohistory com

gradually rise until it reached its maximiii
value, deterinined by the resistance of the wire
with which the transformer was wound. The
current would then remain constant until the
ciriruit was Dbroken. The sccondary voltage
would drop to zero and stay there since voltage
will only be induced when there is a change in
flux linkage.®* When the primary circuit is
opened, the current will cease flowing aud the
magnetic field will quickly collapse. This will
cause another change in tlux linkage, this time
in the opposite direction, and a secondary voli-
age pulse as shown by the dotted lines in Itig.
HC will appear.

I'rom this, you can see that d.e. can be stepped
up with a transformer and changed into a high
a.e. voltage if the primary cireuit of the trans-
former is opened and closed fast enough with a
switeh, This allows the d.c. to tlow in pulses
which rige from zero to maximum and then de-
crease to zero again, something like the eurrent
pulses delivered by a half-wave rectifier. Of
course, it we could make fhe d.c. reverse in the
primary, we would get more a.c. secondary pulsa-

|
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N FIGURE 6
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tions, closer together, and whose average value
would be greater. Figure 7A shows how this can
be done. Note that the primary is center tapped.
one battery terminal connecting to this tap and
the other battery terminal connecting to a switch
arm which alternately connects to first one out-
side primary lead and then the other.

When the switch is thrown to the position shown,
fhe current tlow in the primary is indicated by

*A4ls0, Ihe primary current would probably be-
come great enough to burn out the primary wind-
ing.
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the solid arrow. 'T'he direction of the current in-
duced in the secondary is also shown by a solid
arrow. Throwing the switeh up results in pri-
mary and secondary currents whose directions
are indicated by dotted arrows. Solid and dotted
lines also show (he wave shape of the primary
current and secondary voltage in Figs. 7B and
70,

The secondary voltage shown in Kig. 7C could
be rectified by either a half or full-wave rectitier
and passed through o filter to produce a high d.c.
voitage. The sharpness of the positive and negu
tive peaks would make the filter joh difficult,
and the sparking at the switeh contacts each timme
Lhey were opened would soon ruin the switeh.
Connecting a1 condenxer across each witch con
tact would stop the arecing and give a smoorher
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wave shape, bnt such a condenser would have
Lo be very large in capacity. Just as good results
are obrained by connecting a small high-voltage
condenser called a butfer condenscer across the
sccondary, as shown in Fig. 8.1. Note the im-
provement in the wave shape shown in IFig. 8B
over 70, now it resembles the voltage delivered
by « transformer operated from un u.c. power
line.*

“Ihe buffer com@enser capacily 48 quite inport-
wnt and is chosen to wcork with a particular trans-
Jormer and a certain rate of switeh elosure. When
replucing  defective eomdenser, use the eapacity
wind rorking vollage originally employed by the
manufuaeturer.
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I'n 1Pig. S4, the switch g a thiu etal reed R
with two contacts Ky and Ko, This reed vibrates
up and down, closing first X; und then /..

Vidrator Motors. "The reed-type switeh is typical
of those found in actual use and it only remains
for us to see how the reed may be caused to
properly vibrate back and forth. To drive the

reed, we use a “motor,” something like the huz-
zer of an electrical doorbell. Two types of
“motors” are used—-the shunt tvpe and the

separate driver type.

Figure 2.1 shows the sepurate driver type, the
motor section being shaded. Here the vibrating
reed is indicared by « heavy fine. and ihis reed
is quite springy. Normally, contacts K and K.,
are closed. Then current flows through the
eleciromagnet /. and contuct K. This energizes
the electromacuet and the reed is pulled up to it,
vpening contacis K and N, and closing eontact
i{;. The electromagnet is now no longer ener
gized and exerts no pull on the reed which re
turns to its normal poxition. Cuarvrent again flows
rhrough /, and the cyele of events repeats itselt
as long as the batiery is connected, The period
of vibration of the reed is dependent on its me
chanical characteristies: i.e., its length, springi
ness, ete. The ~ecoudary buffer condenser not
being in rhe motor eircuit cannol stop the arcing
at A when it opens, so a sceparate condenser (°
across SO is used. This contaet, like the others
nsed in vibrators is large. having a flat surface
area and ig made of a hard grade of tungsien to
reduce wear (o a minimum.

The shunt type of molor does noi require o
~eparate confaet and is more widely used. Iis
cirenit is shown in Fig. 9B. Normally, Both con-

iR/
Kz}‘ TEET

(a)

FIGURE 8

Secondary
Voitage

tacts are open and when the switeh 8W is closed.
current flows through the chassis, shown by
ground symbols, electromagnel /. and primary
winding P;. The electromagnet being energized
pulls up the reed, closing contact Ky and in
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effect conueeting the batlery :eross primary Py
Thix. however, shorts coil I and eurrent flow
throngh it ceases. The reed springs hack towards
rext. but over-shoofs the mark and closes Ao
Of course, when Ay is hroken, the current again
<tarts to flow through /. and it seon builds up
enough magnetic pudl to jerk the reed back Lo
close K. This eyvele of action is repeated as long
ax on-off switeh 8W s closed. Of course, we
always have current flowing through I’y (it flows
through /. when K, is open), but this does uol
lhitve any appreciable effect on fhe wave form
of the scecondary voltage.

Reetificalion. We how a high a.e

have seen

voltage may be oblained from a d.c. source, and
it now remains to consider the means commer
¢inlly employved for rectifieation of this a.c. volt
age. Naturally, yon af once think of « full-wave
(nbe 1ectifier and such a method is often used.
Figure 17 shows a typical eircuit. The only real
dilTerence hetween (hisx and an ordinary power
pack is that the filament of the rectifier fube is
snpplied from a batlery. This calls for good in
qulation between the cathode and heater, for as
much as 400 volts may exist between them. Also,
the voltage pulses which result from rectification
are still rather sharp and the process of rectiti-
cation inereases fhe r.f. hash interference. R.T.
filiers in the rectifier filament, power transform-
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er and B supply leads prevent this hash, as it
is called, from being fed to the other tube cir-
cuits. Direet radiation is prevented by complete
shielding. as shown by the dotted lines. Notice
that the two battery leads are marked A-hot and
Aground. The one marked A-ground connects
to the grounded side of the batiery. As far as the
power pack is concerned, it makes no difference
whether -\ or —A\ is grounded.

If the filament current drawn by the rectifier tihe

/——l—\““ CATHODE

P (hollow metal box)
POINTED !
PLATE |

e
©INsuLaTING FIG. I
SLEEVE

[ "t
ooooag

conld be eliminated, this would result in a worth
while saving in battery power and for this rea-
son, cold cathode rectifier tubes are sometimes
employed in auto radios. To refresh your mem-
ory, refer to Fig. I7 which shows the structnre

of a typical cold cathode rectifier of the full
wave type. These tubes are filled with gas which,
on ionization, become an excellent conductor.
Rectification is due to the physical structure eni-
pioyed which allows the positive plates to jerk
electrons out of the large cathode area which is
exposed. When the applied a.c. voltage reverses,
making the cathode positive with respect to o
plate, the “pull” exerted by the positive eathode
on the now negative plate is applied to only 2
small surface area and, as a consequence., we
have only a comparatively small current flow-
ing at this time in the undesired direction. In
other words, the cold cathode tube is a two-wayv
conductor bur with conductivity far better in one
direction than anofher,

The ionization of the gas in the tube results in
a brilliant purplish glow which is continnally
Hickering with changes in eurrent through fhe
tuibe. The cold cathode tube has 2 serions dis-
advantage in that it is a prolitic source of v.f.
interference which creates hash. It is far worse
in this respect than the mercury vapor tube which
it resembles. Often where this interference de-
velops. it ix diflicult to eliminate it due to aging
of the filters. poor joints at shield contacts to the
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chassis, ete. In sueh a case, a serviceman will
nsnally rewire the cireuit for a heater-type recti
fier. In most cases, it is only necessary to wire
in the filament circuit, retaining the original tube
socket.

T'he Synchronous Vibrator. In Tig. /24 we have
anotlier scheme (o rectify the high a.c. second-
ary voltage. When current flows through the
primary, as shown hy the solid arrow, the sec-
ondary voltage polarity will e ns shown by the
solid arrows drawn hetween the secondary term-
inals. Current flow through {he other primary
half cuuses a reversal of secondary voltage
polarity, as shown by the dofted arrows.

Notice that at all times, the center fap € on
the secondary will be positive with respect to
either @ or b. 1f b is negative and we conneet it
to B, ‘he voltage b-¢ which has the correct
polarity will be applied to the load. When the
wecondary voltage reverses, point ¢ is connected
to —I3 and will apply voltage «a-¢ through the
filter and to the load. Agnin the polarity will he
correct. {irdinarily B and the swiich arm
would just conneet to ground. llere the ground
connections are omitted so you can see that when
a0 ground on R is used the fact that fthe A
battery is also gronnded is simply a coincidence.

In a systen of this sort, vou can see the im-
portance of synehronizing switeh 81 with the
changes which oceur in the secondary voltage.
These polarily ehanges are eaused by the vibra-
tor reed switch in the primary. By just adding
two extra sets of contacts to the reed assembly.
we can swilch the secondary connections in time
with the a.e. voltage variations, Systems of this
sort are in common use and the vibrators ave
appropriately ealled synchronous  vibrators,
Figure 125 illustrates the cireuit. The motor unit
has been omitted for simplicity, but either type
already described may be nsed. The same shield-
ing precautions required with the tube type recti-
fier are used, and an r.f. filter is necessary in the
413 and filament leads. The chief advantages of
fhis system lie in the bhaftery cnrrent saving,
achieved by the ubsence of a rectifier tuhe and
the saving of space. "This is very important where
space is at a preminm, us it is in mobile equip-
nent.

While vibrator sysiems are most often found in
ars, small boats and planes, they are also nsed
in some farm receivers and mny operate from a
2 to B-volt storage hattery. or from a 32-volt farm
lichting plant. In the latter case, the receiver
tuhe filaments are generally wired in series as
in an a.ce-d.c. receiver. The vihrator system of
changing d.c. to a.c. is at fimes used to change
the 110 volt d.c. power line voltage found in some
sections of our large eities to 110 volts a.c. at 60
cveles, This makes it possible fo operate stand-
ard 60-cyele a,c. equipment from a d.e. power line.

Radio Helps Maintain Flow
of Electricity
(From March |, 1943 issue of Public Service News}
Application of Radio to the electric power in-
Austry consists of a system of control whereby
electrie trouble is located automnatically and pre-
vented from spreading and shutting off power.
P’ublie Service utilizes this application of Radio.

Radio sets, in ferms of the electric industry, are
not to be confused with 41he type in the home. The
set is connected to a high voltage substation hus
and with its associated eguipmient is as tall as
an ordinary two-story house.

The set has no antenna, in the usual sense, hut
is connected to the high voliage transmission
lines by wneans of special devices. The Radio
waves are not broadeast info the air in all direc-
tions in {lie usual manner, but are guided or
“carried” by the high voltage conductor to which
{he et is connected. 1Tence the term “carrier cur-
rent” is applied to this particular application of
Radio. Usually «all of this equipment is locafed
our-of-doors, and is housed in weatherproof con-
tainers made of porcelain and steel.

The mauner in which these carrier enrrent Radio
sets operate to maintain electric service is com-
paratively simple. One set is located at each ter-
minal of a high voltage transmission cireuit, sim-
ilar to those seen on the countryside. These bare
conduclors of eleetrie power are exposed to the
clements; to such adverse phenomena as sleet
formation in winter, which sometimes causes the
conductors to slap together, or to the dangers of
lightning in summer. When these occur, fhe
transmission line no longer passes its clectric
power freely through its conductors. Large con-
centrations of power are stopped where the
{rouble has oceurred and unless correctfive
measures are taken immediately, an entire power
system may be placed in diffienlty. This is called
a short-cirenit.

During the moment of short eircuit, practically
no electricity can reach the home and lights grow
dim. It is at this point that Radio plays its ma-
jor role, Instantly, every “carrier current” Radio
set in {lie system is {hrown into operation. The
wets closest o the trouble recognize this fact and
permit the protective relays to operate and trip
the ecircuit hreakers.

Phis disconneets the shorf-circuited line and al-
lows power to pass freely over the rest of the
system, All Radio sets on other lines, at the same
time, prevent {he other circuit hreakers: from be-
ing opened.

The entire protective system operates at high
speed. The short circuit is locaied by the “carrier
current” Radio within one-sixtieth of a second,
and the cntire trouble cleared from the power
system, automatically, in less than one-fifth of a
second.
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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 CGuide and
Reference Materiul for Commercial Radio
Operator Examinarions.” together wirh (ypi-
cal answers.  The guestions give a general
idea of the scope of the commercial radio
aperafor examinations,

The hasie theory for these quesfions has
been covered elsewhere in yvour Conrse, but
is being repeated here as answers (o fhos
questions. Remember, the following answers
are far more detailed than would be re-
quired for an operator’s license examina-
tion. The questions are {heorelical, so ihe
answers go more thoroughly into the hasie
theory, in order to permit similar aquesiions
to be answered.

Some of the material is advanced techni-
cal data, of course, which cun be properly
undersiood only by the advanced student
orr graduate. However. you will find this
information valuahle. whether or not von in-
tend fo take the operaior’s license exami.
nation.

FRLEMENT II
Basic Theory and Practice

(2-113) Draw a simple schematic dia-
gram to indieate how a 60-cell bank of lead-
acid storage hatteries may be conneected to
permit charging in parallel fromr a 110-volt
d.c. source and discharging in series, in-
eluding necessary switches.

Ans. A 60-cell lead-acid battery has a
voltage of 126 volts, as each cell has 2.1
volts. In order to charge this battery from
2 110-volt source, we must arrange for split-

Page Eighteen

ting np the cells into groups. [n ot her words,
when the cells are connected in series. the
hattery voltage ix greater than the 110-voli
charging source volrage, Therefore, the hat
feries will have fo be put in parallel gronps
and charging resistances used to lower the
line voliage to the amount required for
charging each group. A d-pole. double-1hrow
swifch will do the job as shown in IMig.
2-113.

When the switeh is thrown to the right.
the cells are connected in series, and are
then conuected to the cirenit which tney
are to operafe.

Storage battery arvangements of  this
tipe are very commonly used in emergency

+ <«—Charge

oy P |

Discharge —
RI
{ [ R2 !

]
=5 AT i Ti
Lyt oo

63V 63V
Fig. 2-113

126V

v

installations, particularly on hoard ships.
The d.c. power line normally operates the
radio equipment by running motor-gener-
ators. In an emergency, the storage bat-
tery operates the same motor-generators.

Be sure fo notice the faet thai this is a
d.c. power line being used to charge the bat-
teries. We cannot use a.c. directly to
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charge batteries. I an a.c. line were avail
able. we would have to rectify the ael Lo
obtain the necessury d.c.

@2-111) Draw a diagram of a simple
st rejector or wave trap eircuit, in se-
ries with the receiving antenna cireuit, de-
signed to suppress an undesired signal.

See Fig. 2-114. 'The cireuit is a
resonant cireuil, placed in series
with the antenna lead-in.  Phis cirenir offers
4 very high impedance to its resonunt fre-
queney, so it is tuned to the offending sta
tion frequency.  The incoming signal volt
dwe al this particalar frequency will divide
hetween Lhe wave trap and the input im-
pedance of the radio. Due to the high im-
pedance of the wave frap, most of the en-
ergy is dropped across the impedance of
the wave trap, leaving less for the radio,
so this Lrap tends to reject the frequency to
which it is tuned. The impedance of the
trap drops rapidly ou eilher side of resou
dnce, so it Lhias but little etfect on other in-
conling Treguencies.

Ans.
parallel

(2-115) Draw a diagram of a simple series
wave trap ecirceuit connected in shunt with
the input terminals ot a radio recciver and
designed to by-pass the undesired signal.

Ams. Refoer to INig. 2-17/5. This time a series
resonant cireuit is used, connected across
the antenna and ground (erminals of the ra-
dio recgiver. When tuned to reson:auce, the
series  resonant circuit  offers practically
zero impedance. 1lence, it will act as a short
circuit Lo the frequency to whien it is tuned.
This tends ro by-pass this particular fre-
quency around the input c¢irenit of the radio.

Al other frequencies. the impedance ol
the ecircuit is appreciable, so the normal
parth for signal ewrrent is again through the
anfenna coil ot the radio.

These Lwo questions are very similar to
anestion 2-57.

(2-116) Draw a simple schematie diagram
of an underload ¢irenit breaker as used with
hattevy-chavging cireuits.

Ang. There is some doubt as to {he exact
tvpe of relay which may be required fov this

ynestion. Figure 2-116 shows several types
of relavs which may be found in charging
cireuiis,

At A, an underload velay is shown. To
start the eurrent. the relay is closed manu-
ally (by hand). This completes the circuit,
so current flows through the relay causing
it to hold itself closed. As the batiery is
charged, the eurrent flow hecomes less since

\%

A 3
RADIO <
A é 63
RADIO¢ -
£ =
Fig. 2-114 Fig. 2-115

rhe battery vollage approaches the genera
tor voltage. When the current talls below
the amoun( needed for the relay to hold, the
armature will drop out, thus breaking the
cirenit.

B shows an undervoliage relay. This relay
will ¢lose the circuit only atfter the genera-
tor volrage rises to the amount reguired fov
charging the battery. Once cloxed, the bat
tery voltage would tend to keep it closed un-
less it is very erirically adjusted. Hence.
this relay is normally used with a reverse
current velay as shown al C.

The double reluy shown at € is the type
usually found in charging circuits. Relay
nil 1 is the undervoltage winding. When
{he generator voliage rixes enough to c¢harge
the battery, this coil cluses (he relay. The
current llow through winding 2 now axsists
in keeping the relay closed. However, should
the generaftor voltage drop helow the bat-
terv voltage, the battery will discharge
through the generator. This cnrrent Hows
in the reverse direction through winding &,

———m—m_-»LJ

Gen Bat

Bat

C T

Fig. 2-1ié
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which causes its tield Lo reverse and oppose
that of coil £, llence, the reluy opens, pro-
tecting the generator. This device is entire-
ly automatic in operation.

The familiar cut-out used on automobile
generators is a device of this type. The re-
luy is called a reverse current cut-out al-
though it also contains an undervoltage coil.

(2-117) Draw a simple schematic diagram
showing the method of conneeting three re-
sistors of equal value so that the total re-
sistance will be one-third of one unit.

Ans. 11 i not necessary to draw this dia
gram. The resistors are of equal value and
there are three of them. Connecting three
equal resistors in parallel will give a re-
sistance one-third the value of one resistor.
Hence, the three resistors are just counected
in parallel.

(2-118) Draw a simple sehematic diagram
of a shunt-wound, self-excited, d.¢. motor
with provision for starting und regulating
speed, inclading indieation of d.c. source.

Ans. See Fig. 2-/18. The motor is a shunt
motor because the field is in shunt or in par-
allel with the armature winding.

T'he starrer consisis of a tapped resistor
unit which is in series with the armature.
When the motor is standing still, there is
no back e.m.f. x0 a very high ciurrent would

Speed
T Control
nov Field
DC

Fig. 2-118

flow if the connection is made directly to
the power line. Therefore. the starter is
advanced step hy step, gradually decreasing
the series resistance as the motor comes up
to running speed. The actual tinal speed is
then controlled hy the variable resistor in
series with the field. whieh changes the
field voltage.
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There is u relay in the startivg box which
holds the switch arm on the running contact
as long as the field is excited. Should any-
thing happen to open the field winding, the
nmotor would tend to run away, particularly
if operating with no load at the moment.
Therefore, if the field opens, this relay re-
leases the controlling arm of the starter, al-
lowing it to return 1o the “off” position
through the action of a spring. The mo-
tor is thus automatically protected against
open-lield trouble.

(2-119) Draw a simple schematic diagram
showing the method of couneeting three ve-
sistors of equal value so that the total re-
sistance will be three times the resistance
of one unit.

Ang. Again no drawing is really necessary.
You know that resistors in series add to
each other. Since we must have three times
rhe resistance of one unit. and have {hree
resistors, we must connect the three of them
in series.

(2-120) Draw a diagram of a single-button
carbon microphone eirecuit, including the
microphone transformer uand source of
power.

Ans. See Fig. 2-120. As shown, the micro-
phone is connected in series with the pri-
mary of the microphone transformer 7 and
i small battery. The carbon microphone
works on the principle of a varying resist-
anee. In other words. movement of the dia-
phragm compresses small carbon granules
when it moves in one direction and releases
pressure when it moves in the other. This
causes varying contaet resistance between
these small particles. There must he a
source of voltage in series with the miero-
phone so that the eurrent will he varied by

this changing resistance.
{ll# é l ~§
Fig. 2-120

The voltage ean be adjusted t{o a suitable
amount by either changing the number of
cells or, in some instances, by having a se-
ries variable resistor.

The microphone transformer is designed
to match the impedance of the miicrophone
to a transmission line or to the grid eircuit
f a tube.

(2-121) What is meant by a “soft” vacuum
tube?
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Ans. This term is used to describe a tube
whieli does not have a high degree of vac
uun. This usually means that a certain
amount of gas remains in the tube.

(2-122) What is meant by a “thyratron”?

Ans. A thyratron is a high-voltage recti-
tier tube, with the addition of a grid-con-
trolling element. The tube uses a filament,
50 has a hot cathode. A negative hias on the
grid element will prevent plate current from
fowing in this tube. When the bias is re-
moved or changed uaccording ta some colr-
trolling impulse, the tube will become con-
ductive. The tube is & nercury vapor type
and the high degree of ionization results in
the grid losing all control over the plate
current as long as the plate is maintained
at a positive voltage. If an ua.c. voltage is
applied to the plate, then the grid ecan re-
sume control by being made negative at a
{ime when {he plate voliage is zero. Thus,
the tube c:iin be used as a rectifier tube to
produce pulses of current of a predetermined
time duration. The tube is widely used in
industrial control equipment.

(2-123) Deseribe the phiysical structures of
the triode, tetrode, and pentode on a com-
parative basis.

Ans. A triode tube consists of a eanthode,
surrounded by a control grid, whieh in turn
is surrounded by the plate element.

The cathode can be the filament itself, or
the filament can be used to heat a separate
cathode. The grid elcment is either a fine
wire mesh or a spirally-wound wire. The
plate may be a metal mesh, a solid metal
plate, or in transmitting tubes, may be made
of earhon or some similar material. These
elements are supported by mica, glass and
other iusulating beads, spacers and wash-
ers. 'he unit is then contained in a glass or
inetal envelope.

The tetrode tuhe rescmbles the triode ex-
cept for the addition of another grid ele-
ment between the control grid and plate.
This grid element is usually a spirally-wound
wire element, maintained at a positive po-
tential.

A pentode is similar to the fetrode, with
the addition of another grid between the
gsereen grid and plate. ‘This extra grid is
known as the cathode grid because it is
nsually maintained at eathode potential.

These {hree hasic tube types vary con-
siderably in regard to spacing beiween the
clements, size of clements, smount of emis-
sion, and other eleetrical characteristies.

(2-124) Describe the electrical characteris-
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ties of the pentode, tetrode, and triode on a
compuarative hasis.

Ans. Triode tubes normally have rather
low plate resistances and a comparatively
low amplification factor. The plate resist-
ance may range from 500 to 50,000 ohms,
and the amplification factor normally is
somewhere hetween 3 and 100. When used
in radio frequency stages, the triode requires
neutralization.

The tetrode rube has a considerubly high-
er plate resistance and amplification tuctor.
1Both (hese characteristics depend on the
screen grid vollage, however. The plate re-
sistance may range from 20,000 ohms to
higher than L megohm, while the mmplifica-
tion factor may range tfrom 50 to 1501

Tetrode tubes were originally developed
as radio frequency tubes because they did
not require neutralization and had much
Jower inter-electrode capaceity. Several types
intended for audio amplifiers have been de-
veloped. When these audio types are used
in radio frequency amplifiers, however, they
may requive neutralization as they are not
as efliciently shielded as are the regular
radio frequencey (ypes. The extremely high
plate resistance makes it impossible to get
more than a small percentage of the total
amplitieation from such tubes, hut even so,
stage gains are mauy times higher than that
obtained with triode tubes.

I'entode tubes are very similar in charac-
teristies to tetrode tubes. They have the ad-
ditional advantage of eliminating secondary
emission from the plate to the screen when
the plate voliage happeuns to drop to a value
below the screen grid voltage., This permits
large plate voltage swings without distortion
which would he common in tetrode tube
stages.

(2-125) What are the visible indieations
of a “soft” tube?

Ans. Since a soft tube contains a certain
amount of gas, there usually will be a blue
lzize between the elements of the tube. Since
this gas jonization may tend to increuase the
plate curreut, you may find that the plate of
the tube will become red, even though nor-
mal plate voltage and the grid bias are ap-
plied.

Transmitting tubes are normally run with
the plate at a red heat, so a check of the
operating voltages and plate current is the
strest indication of 2 soft transmilting
{ube.

(2-126) Deseribe the physical strueture of
a triode vacuum tube.
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Ans. Refer to the

2123,

answer o Queslion
(2-127) - Describe the physical structure of
a tetrode vacuum tube.

Ans.
2-123,

Refer to the answer to Question

(2-128) Does a pentode vacuum tube usu-
ally require neutralization when used as a
radio frequeney amplitier?

tas. This depends on the type of pentode.
11 the tube is intended for radio frequency
purposes, it does not require neutralization.
However, it an audio type pentode tube is
being used in a radio frequency stage, then
nentralization may be required as the
shielding is not as eflicient in audio typc
tubes,

Further. if the stage is being used as a
frequency multiplier, such as a doubler or
tripler, nentralization is wusually not re
quired.

(2-129) What is the meaning of “plate imn-
pedanee”?

Ans. The plate iinpedance of a tube is the
operdating or dynamic impedunce between
the plate and cathode inside the tube. It is
equal to the a.c. plate voltage divided by the
a.c. plate current. This tube rating changes
with operating voltage changes.

(2-130) What is the meauning of “mutual
conductance”?; “transconductanee”?

Ang. These two terms mean the same
thing. The mutual conductance can be

tound by dividing the amplilication fac-
tor of a tube by the plate resistance. It
is also found by dividing the plate curvent
change by the change in grid voltage which
prodiced the plate current change, provid-
ing the other operating voltages remain
consfant.  This ferm is sowetimes Lknown
as the “lignre of merit” of the tube. This
is true because a drop in the amplifie:-
tion factor or an increase in the plate re-
sistance, due to aging, vesults in a lower
sftnge cain. This is indicated by the mu-
rual eonductance dropping off.

(2-131) What is the meaning of “second-
ary emission”?

Ans. Secondary emission means the emis-
sion of electrons from some element other
than the cathode, due to electron hombard
ment of that element. This emission is nsu-
ally from fhe plate element, :lthough it can
also occur from any of the grids. It ix
caused by electrons striking the eleinent at
such a high speed that other electrons are
knocked out of the element itself,
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(2-132) What is the meaning of “amplifi-
cation factor™?

ins. 'The amplification factor of a tube
may he defined as the ratio of the plate
voltage chauge to the grid voltage change.
necessary to produce the same plate cur-
rent change. (Usually givenas d E, — d E,,
where “d” indicates “the change in.”) This
ratio indicates how much more effective the
grid is than the plate in controlling plate cur-
rent, This ix the measure of the ability ot
e tube to act as an amplitier,

(2-133) What is the meaning of “eleciron
emission”?

4ns. Electron emission is the act of enit
ring o¢r releasing electrons. This emission
may be the result of an external force, such
as a volfage, or may be the result of heating
the electron emitting object. The latter is
the most common method encountered in
radio rubes.

(2-134) Describe the characteristies of a
vacuum tube operating as a elass € ampli-
fier,

Ans. A class € amplitier is a slage in
which the grid bias is conuxiderably greater
than the amount necessary for plate current
cut-olt.  No plute current will tlow until a
signal voltage large enough (o swing the
bias more positive than the cut-off value
is applied to the grid. As a result, current
can tlow only on the positive peuks of the
gignal applied to the grid. Due to the oper-
ating point being well beyond the ent-off hias
point, plate current c¢an flow only for a pe-
riod appreciably less than 14 eyele. It 1
cyele is cousidered to be 36G0°, 14 cycle will
be 180° (electrical degrees). Class (' ampli-
liers normally have operuating angles of ap-
proximately 135° to 150°.

(2-133) During what approximate portion
of the excitation voltage cycle does plate
current floww when a tube is used as a class
O amplifier?

Ans. Refer to the answer o question
2134, Plate current tlows for lexs thun ¥
cyele, or during an operating angle of 135° to
150°.

(2-136) Describe the chavacteristics of a
vacuum tube operating as a class A ampli-
fier.

Ans. A class A amplifier is one in which
the bias voltage is fixed so that the tube
operiates on the straight portion of its c¢har
acteristiec curve. Plate current Hlows at ull
times, Normally, the signal applied to.the
wrid of the tube is limited so that opera-
tion is maintained over the straight portion
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of the tube characteristic curve. This pro-
vides linear amplificatiou, relatively free of
distortion.

(2-137) Describe the characteristies of a
vacuum tube operating as a class B ampli-
fier.

Ans. A class B amplifier is one in which
the hias voltage is set at the point of plate
current cut-off. Plate current will flow dur-
ing the positive swing of the arid excitation
voltage. Thereforve, plate current fows for

14 eyele or during an operating angle of
180°. When no excitation is applied to the

orid. the plate current is essentially zervo.

(2-138)  During whatl portion of the ex-
citation voltage does plate carrent  flow
when a tube is used as a class B ampli-
fier?

Ans. See answer to question 2-137.

(2-139)  Daoes a properly operating class
A audio amplifier produce serious modifi-
cation of the input wave form?

Ans. No. T the claxs A aunplilier is oper-
ated properly, the operation will be limited
to the straight portion of the tibe charac-
terixtiec curve. Tlence, the plate current
chunge will be practicatlly an exaet copy of
the grid voltage swinz. Thus. the full evcle
is reproduced with a minimum of distortion.

(2-140)  What is the meaning of the
term “maximum plate dissipation”?

Anx. Whenever plate voltage is applied to
i tube stage, power is dissipated in that
sfage. The tofal amount.of power is equal
to the plate voltage multiplied by {he plate
enrrent,

I*art of this power is converted into use-
ful signal power and is dissipated in the
plate load. The rest is dissipated ipside
the tube, in the fube plate resistunce. The
power which is used up or dissipated with
in the tube itself depends on the ethiciency
of the stage. There is u definite limit to
the amonnt which a tube can safely dissi
pate without overheating and melting the
elements within the tube. The value which
i« the maximmun safe value for a particular
tiibe is known as the “maximum plafe dis-
sipation” rating. The circuit efficiency and
operating voltages must be adjusted so that
this value is nol exceeded.

(2-141) What is meant by a “bloeked
grid”?
Ans. A blocked grid is one which is so

hiased or negatively charged that plate cur-
rent is cut off. This condition can occur
through the applieation of a high value of
hing, and will also occur when the grid eir-
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cuit is open. In the latler case, the charge

frapped on the grid causes the hlocking.
(2-112)

on a

What is meant by the “load”
vacuum tube?

ins. The load is the device in the plate
circuit of a tube, used to transfer the signal
to the next stage, or which uses the signal
power dirvectly., 'Fhis device represents the
impedance into which the tube works.

(2-143)  What circuit and vacuum tube
factors influence the voltage gain of a tri-
ode audio frequency amplifier stage?

Ans. The amplification of a radio stage
is defermined by the amplification factor of
the tube and by the relafive values of the
tube plate impedance anl the load impe-
dance into which it works. When frans-
former coupling is employved, {he guin is de-
termined by the amplification factor of the
tube and the turns riatio of the transformer.

(2-141)  What is the purpose of a hias
voltage on the grid of an audio frequency
amplifier tube?

tns. In an a.f, stage, the bias vollnge is
used ta place the operating point of the
fube on the sfraight portion of the charac-
teristic curve, at a point where there will be
a4 minimum amount of distortion. The bhias
nnst be adjusted so that it is sufliciently
negative to prevent the grid ever hecoming
positive, vet must not be so negalive fhat

negative signal swings will eauase opera
tion over a curved portion of the tube

characteristic.

(2-145)  What is the primary purpose of
a sereen grid in a vacuum tube?

Ans. The screen grid is a shield between
the control grid and the plate in a
vaeaum tube. Its purpose is to eliminafe
or substantially reduce the grid-to-plaie ea-
pacity in the tube.

(2-116)  What is the primavy purpose of
a suppressor grid in a multi-element vac-
uum tube?

Ams. The suppressor grid is used to pre-
veni the flow of secondury emission electrons
from the plate to the screen grid. Due to
electron bombardment. the plate will emit
clectrons. These electrons can go to the
sereen grid. particularly if the signal swing
i= such that the plate voltage is low at the
moment. As this reversed current flow is
undesirable since it produces distortion, the
suppressor grid is placed between the sereen
grid and plate. By making the suppressor
¢rid negative with respect to these elements
(hy connecting it to the cathode), it will re-
pel the electrons so that they return to the
plate element.
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No.<l I!le@ liems

=BY W. R. MOODY-

A new Western Electric sound analyzer makes it
possible to detect weak heart action of employees
in a chemical explosive plant and to prevent the
possibility of an explosion that might injure a
number of men and wreck the plant if the work-
er should happen to faint while handling ex-
plosive elements.
nri- —~

The use of high-frequency electromagnetic fields
in the future will be of great importance in medi-
cal. industrial and research work. As an example,
a new and very valuable use for high-frequency
heating is the prevention of a $250,000,000 yvearly
stored grain loss due to insects. The grain is
passed between two electrodes which carry a
3.5-megacycle current. In fifty seconds, the tem-
perature of the grain is raised to 130° Farenheit
and all four life stages of the insects are killed.

— —n r i

Research into the problem of starting an aireraft
engine in low temperatures—sub-zero has in-
dicated that rather startling conditions are pres-
ent. For example, a 24-volt battery delivers only
4 volts at 20° below zero.

—_— N

An electronic device that indicates the thick-
ness of ice formed on airplane wings at high alti-
tudes and which automatically operates de-
icing mechanisms incorporated in the leading
edges of wings has heen developed, weighs less
than five pounds, takes up less than 200 square
inches of space. De-icing equipment is turned on
at the exact instant it is needed. The equipment
consists of three separate units, sensing element
amplifier and relay mechanisn.

nri

If you could put a billion, billion, billion elec-
trons on a scale, they would weigh less than an
ounce, since they are so inconceivably small.
More than two million, million. million pass a
given point in the filament of a 100-watt lamp in
one second. The mass of an electron with respect
to an atom of hydrogen is comparable to the
mass of an ordinary chicken’s feather as the
feather is to the earth.

—R T —

A General Electric photoelectric spectro-photo-
meter, which (hstmgmshes two million shades
of color is being used in an Army Air Force lab-
oratory for studyving the art of camouflage.
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Use of a new clectronic instriment eliminates
the hazard of a man carrying high static charge
working around explosives in a relinery or re-
pairing a gas main.

Wi

A magneti(' -type pickup, having a diaphragm
which is exposed to the explosion or pressure
forces within the cylinder of a Diesel or gas en-
gine, provides an output voltage having identical
characteristics to the high pressures developed
within the cylinder. The vibration of the diu
phragm produces magnetic flux variations in
the coil. T'he coil is connected to an oscilloscopo
and the electrical wave form of the pressure is
observed by the engineer.

nri —
A radio beam scale now makes it possible for
flie blind to play an important part in war pro-
duction by weighing certain materials such as
powder for fuses. mica for radio mechanism and
huttons for uniforms.

nri

A newly-designed “pancake” Diesel engine
weighs one-fifth as much, and takes only one
third of the space of any previous ocean-duty
Diesel of the same horsepower. Developed by
General Molors. the new engine provides Navy
sub-chasers \\1th increased speed, longer cruis-
ing radius. Diesel engines drive electrie generat-
ors which charge storage batteries. Radio equip-
ment depends upon the bhattery power.

N ri

B. F. Goodrich is now able to manufacture tires
of relatively low-electrical resistance, using a
rubber compound of high-carbon hlnck content.
Illectrostatic charges on airplane tail wheels,
collected in the air, will now leak off to ground
when the planes land. This prevents shock to pas-
sengers, also prevents development of sparks
that could cause gasoline explosions. The new
rubber componnd is applicable to other machines
which collect static charges.

—n T —

Using the electroencephalograph, a Yale Univer-
sity scientist has been able to measure electrical
brain waves. The microvoltmeter used is so deli-
cate that two weeks’ time is required for its al-
justment.
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MAKING AN “ELECTRIC EYE" TUBE

Oune of the most popular and versatile of the
electronic tubes is the popularly known “electric
eye” tube which has gone to war, helping to de-
tect saboteurs trespassing on forbidden grounds,
detecting pin holes in sheet steel used to make
cans for food, turning out store and other lights
during air raids, and has a host of other practical
applications.

In the following four pictures, E. J. Greeley.
veteran glass blower of General Electric’s re-
search laboratory, is seen making an ‘“electric
eye” tube. In the upper left picture, Greeley
blows a glass envelope for the tube. The glass

hegins to soften at 800 C, roughly the tempera-
ture of a gas burner an a kitchen stove, and is
worked at around 1000 C. In the upper right
view, Greeley reams out the base of the glass
envelope to permit insertion of filaments. Lower
left view shows the insertion of filaments into the
phototube, Whether the tube will be sensitive
to visible or invisible light depends on the metal
used for these filaments and the kind of glass in
the envelope. Caesium, sensitive to visible light,
is the most common metal used, In the loaver
right picture, Greeley holds two “electric eyes”
before his owu. They are ready to be exhausted,
aged and based.
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. ALUMNI NEWS

F.Burl Oliver ... ... .. ... . .. . .. President
Peter J. Dunn .

.......... .. Vice-Pres.
Louis J. Kunert . ... . . . Vice-Pres.
[Carl R. Bennett ... .. | .Vice-Pres.
Chas. J. Fekn .. ... . ........Vice-Pres.
farl Merryman ., .. U Secretary

Louis 1. Menne ... ... Execntive-Secretary

PHILA-CAMDEN CHAPTER OF N. R. |. ALUMNI
ASSOCIATION HAS STRONG LEADERSHIP

Left to right, seated: Harold S. Strawn,
Chairman; L. L. Menne, Executive Secretary, on vist
Sunday, Librarian; Chas. J. Fehn, Treasurer and Natisna
tary; and Harvey Morris, Vice-Chairman,
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Former Sec-etary; Norman Kraft, Past Chairman; Bert R. Champ,
Standing: Edward B. Ferguson, Entertainment: James

| Vice-President; John McCaffrey, Financial Secre-

These mea are doing big things for Phila-Camden Chapter.
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MEET YOUR ALUMNI BROTHER
SENATOR HOYT MOORE, INDIANA

In the Fall of 1929, seventy-tive N.R.1. graduates
met in Washington for a convention to celebrate
the fifteenth anniversary of the founding of the
National Radio lnstitute.

At this convention, rhe N.II. Ahunnni Associa-
tion was organized. Oflicers were elected. Mr.
Hoxt Moore, of Indianapolis, Indiana. was elected
a Vice President. It ix not imnporfant here to men-
tion the olher oflicers elected at that time. 'This
sfory is about Hoyi Moore, Charter Member and
former Vice Presideut of the N.R.I. Alumni As-
sociation.

Always a gifted speaker, it was fitting thaf Mr.
Moore should be chosen to make the presentation
speech when the Alumni Members gave Mr. J. 1.
Smith a heautiful loving cup at the banguet which
closed the 1929 convention. This
loving cup. presented to Mr.
Smith to commemorate the occa-
sion. is thirty-six inches high,
cast in gilver, with a cover sur-
mounted hy a statue of Victory,
sviopbolic of the prestige of the
National Radio Institute in the
field of Radio education. The
cup is engraved with the name
and state of residence of each
Charter Member of the Alumni
Agsociation.

Almost  fourteen vears have
passed since Mr. Moore aftend-
ed that auspicious convention,
yet he has never lost conftact
with N.R.I. Tle hag always had
a warm spot in his heart for his
Alumni Association brothers and
tfrequently  exchanges letters
wifrh his friend Mr. J. E. Smith.

Tt was with great joy and pride that we leavned,
early this vear, that Mr. Hoyl Moore had been
clected o State Senator fo represeni Marion
County in the Tndiana legislature. The sterling
character which we, at N.IR.I,, recognized in Mr.
Moore as far back as 1929, has wen for him the
deep respect of his coustituents who have elected
him to this high publie office.

Mr. Moore is a man who has built his reputa-

tion on his rugged honesty. Iu 1932, writing
for the N.R.I. Alnmni Association Year Book,

he ecmpbhasized the fundamental prineiples upon

Senator Hoyt Moore

which he won the full contidence of his neigh-
bors when he said, in part: “This Alummni Asso-
cintion Year Book will fall inio the hands of
niany voung men who have not yet had an op-
portunity to profit hy experience. To them, then,
let (hig he considered as friendly advice.

“But thig book will also he read by many of my
hrother Alumni Association Members who have
every hit as much experience in the Radio pro-
fession as I have—possibly more. To this latter
claxs, my article is intended as a reminder—a
recalling of principles, of ideals.

“We are the firsl and perhaps only association of
the Alumni of a home-study school. Since we
own thuat distinetion let our Association be iu-
dividual in the fact that we, as a body, built our
husinesses on the principle of
the square deal . . . Bigger firms
than any of us may ever rea-
sonably expect to own, claim
that the one secret in the suc-
cess of their business was in the
slogan that the customer is al-
ways right,

‘I have alway made it a policy
never to charge a cent unless
my customer was absolutely
thoroughly satistied. Surely I've
lost monev in some cases. But
let us be thankful that the great
majority of the American puh-
lic is honest and loves fair play.
Instill coufidence in youl cus-
fomer : answer his questions
frankly ; be strictly honest in all
- vour dealings with him. . . .

“It will he found that zood, con-
seientious service at a reasonable charge makes
the greater profil. in the long rum. let every oue
of ug, in the N.R.I. Alumni Association, operale
our business on lines of proper service and Dpropev
charge. Let’s give our public a squarve deal.”

That is the philosophy that has carried Hoyt
Moore to the front as a Radio man and into the
halls of the Senate of the great State of Indiana.
“@ive our public a square deal” That is exactly
what the people of Indiana are getting from Sena-
for Hoyt Moore. Tle will never fail them. We, his
Alumni brothers, are proud of him. May he go on
tn even greater dceds and earn greater honors.
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For the many fine letters
and reports regarding ac-
tivities of local chupters—
for the time given to pre-
paring them in spite of
diflicnlties and press of
time—for the lovalty and interest of officers and
members we want to express our deep apprecia-
tion.

—H T

Chas. F. West of San Frameisco has been operat-
g his Radio husiness for ten vears and is going
higger than ever vight noiw. Ie is one of the best
known Radio men in the city of the Golden Gate.

———n T
Charles Burch is Chief Ingineer at Radio Sta-
tion WIIUDB, Coolkeville, Tenn. IHe expects to
quality for a comunission in the Marine Corps,
in the Afrcraft Warning Service.

AT —
John Patrizi of Newark, New York tells a true
story about a woman 1who, determined to get a

tadioman quickiy, phoned to say her Radio was
on fire. Actually she wanted a new tuhe.

—nr —

Arnold 11. Green of Massachusetts is now a Lieu-
fenant, Signal Corps, U. S. Army.

—N T —

We are sorry to learn that Stephen D. Woodland.
of Camden, N. .J., passed away. We sympathize
with Mrs. Woodland and hope she has recovered
from her iliness resulting from her great grief.

—_——n 7
IPaul IMowell is Radio service man for Western
Auto Associate Store in Columbia, Tenn., at a
sulary of $60.00 a week. Started earning after
10 lessons and got his first full time Radio job
after 20 lessons. Was smart enough to keep on
stndying until he graduated and now is well on
the road to bigger money in Radio.

——N 7

Antonio M. Rosario is with the Irederal Com-
munications Commission in Puerin Rico.

— P

Not so many mounths ugo. Irving Wort, of the
N.R.I. family, answered the call to the colors.
Starting as a private he won several promotions.
The other day he paid us a surprise visit sport-
ing the nniform of a Lieutenant. Nice going, Lieu-
tenant Wort.

——N F —

Comes a Tetter from Mrs. Ruth Ramond Thomas
lelling ns her lhusband, and our Alumni hrother,
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Here and There Among Alumni Members

Henry Webl Thomas. is on duty with a bombard-
ment squadron in Narth Africe. No doub! he haxs
already scen plenty of action.

N r i

. B. Asbill or Modesto, Calif., graduated six
years ago. Ilas built up a grand business known
as City Radio Service and now clears ahout $500
a month. Niee ineome!

nr i —

Meade Mellot! is working for Douglas Airerafi
o B-17’s inspecting Radio Equipment in Final
lssernbly.

Moy q

Miss Jule Shelton, the receptionist af N.1.1. has
Jjoined the WAVES. The folks here prexented
her with a handsome wrist wuateh and other
gifts. A lot of Alumni members who met this
pleasant little lady will want {o join us in ex-
fending our very hest wishes fo her.

B P ——

S B Cason, Jr., of Florida had a nice joh as
Radio Mcechanie, civilion, in the Signal Corps
but had to resign and return home hecause of
tie serious illness of his father. Now doing very
well in his full time radio husiness.

——n 1 i

Toseph . Wilson of Chicago, 111, is in the Radio
Division, Air Force, as a tower operator.

A

V. Elino Hill has completed the arealer part of
lhe oporators conrse given by the U. 8. Coast
Guard. Found his N.R.I training a vabuable aid.
——h r —

M. 8gl. Thos. I3. Love is home to see his family
in Texas after two vears of service in Alaska
and the Aleutians. Tlas been il and feels a visit
it home is just the tonic he needs to return him
to active duty.

—n i

Alumnus F. Connor of Valleyfield. Quc.. Canoda
has two sons. both in the A rmly. One has been
overseas for two jyears—the other, fresh out of
high school. joined the Air Force.

- n 1 i

Robert M. Bond who is a Radio Operator in the
Merchant Marine sends greeting to all Alumni
members. Says he is getting his share of adven-
ture and likes it.

P ——
N.R.I. men are in there pitching for Uncle Sam

and how! Another is Lucien M. Petit who is a
Radio JTechnician in the U. S. Arimy Air Corps.
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Philadelphia-Camden Chapter

Heretofore we have been meeting at Freas Shop.
‘e Air Raid Warden Service was sharing these
guarters with us but on separate dates for meet-
ings. However, we never knew just when an air
raid practice alarm would come and a number
of times, in recent monihs, we found ourselves
in almost total darkness. We decided therefore,
that new quarters should he arranged for.

The matter was put to a vote of the members
and the shop of Harvey Morris, which he kindly
offered to us, was the unanimous choice. All
members please take notice that henceforth meet-
ings will be held at Huarvey Morris’ shop, 6216
C(harles Streef, in Philadelphia. Tt may bhe
reiiched hy trolley, taking the IFrankford Ele-
vated line to the end of the line, which is Bridge
Street. Then transfer 1o Route 66 trolley and gel
off at Devereaux St., 6200 N, the fourth stop
above Bridge Strecet. Walk cast (at right angles
to Frankford Ave.) two blocks and turn left into
Charles Street. For those who do not find the
Frankford Elevated convenient and who wish to
use untomobiles. the following directions will
help. Follow Rooscvelt Bivd. to Levick Street.
take road to Tacony-I’almyra Bridge, turn into
this road and c¢ross Frankford Avenue (double
frotley tracks) to Charles Street. One block east
of Frankfod Avenue turn right on Charles
Street. Remember the address—6216 Charles
Street.

I.. L. Menne of Washington attended a recent
meeting principally for the purpose of inducting
Charles J. Fehn into the office of National Vice
President. Tollowing this, we held our regular
meeting which for the most part consisted of
actual radio servicing under the direction of Ilar-
vey Morris. We got three radio receivers off the
sick list that night and had them ready for the
members to take back to their customers. After
the meeting the officers went to a photographer
to have a pictrnre made, after which we stopped
in for some refreshments and entertainment. We
had a fine time.

Our meetings are held on the first Thursday of
cach month, For the present we are holding only
one meeting a month. Any N.R.I. men in Phila-
delpliia or Camden who would like to sec a first
class lanhoratory are invited fo meet with us at
the shop of Harvey Morris. Follow the direc-
fions above.
Jayus SUunpAY, Acting Secretary.

n i —
Detroit Chapter

In line with our policy to meet at the homes of
our members, Mr. Paterson of 18027 Westmore-
land was our host at one of these sessions. Mr.
’aterson gnve a very interesting explanation of
A.F.C. with the aid of a good blackhoard diagram

drawn by himself. Upon completion of his talk
there was a general discussion which was very
enlightening and in which members took part.
Another meeting was held at the lome of Roberl
Briggs who explained some of the workings of
his transmitier. 'I'he usual open torum was held.

We have arranged for the members to take one
of the government sponsored courses in Radio
RReceiver and Transmitter upkeep. This course
covers fuindamentals and advanced information
including Frequency Modulation. The class meets
twice a1 week at Lawrence Tech. One night is
given {o classroom instruetion and the other
night is spent in the laboratory.

Information regarding our meetings may be had
by getting in touch with Secrctary I'. Earl Oliver,
3900 Dedford, or by addressing {he undersigned al
5910 Grayton.

Tlarry STePHENS., Assistant Secretary.

(Since last repori meetings of Detroit Chapter
have heen held at the homes of members other
{han those meniioned but something happened
to the report. It did notl reach headquarters he-
fore this issite went to press.)

—— N

New York Chapter

Roster of new ollicers for the current year is
now complete. They are as follows:
Chairman—Bert Wappler
Vice-Chairman—Archie D, Durt
Secy.-Treas—Louis J. Kunert
Ass’t. Se¢’y.-Treas.—Frank Zimmer

Our new Chairman Bert Wappler is a fine fel-
low and is doing a splendid job. TIe has picked up
where Ralph Baer left off. Ralph has joined
the Armed Torces and left with the very besl
wishes of ull of us.

The members voted on the question of whether
our mectings should he cut to one a month in-
stead of the nsual two. We are glad to report
that the members voted to continue the two
meetings a month program. That speaks well for
the type of meetings we are holding.

We lost a 1ot of our members {o the various ser-
vices but in spite of this we are carrying on very
satisfactorily. We are also taking in some new
members which helps our attendance. In our
regular meeting place we lhiad facilities for tak-
ing eare of more than one hundred members and
there were times when it was necessary to bring
in extra chairs to take care of the overflow.
IHowever, we have no need for all this space
under war conditions and we therefore have
taken somewhat smaller quarters but in the
same building. Please continue to meet with us
at Damanzek’s Manor. 12 St. Mark’s Place, be-
tween Second and Third Aves.. New York City.
L. J. KoNErT, Scerelary.
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Chicago Chapter

Most of our meetings are held at Iaplans Hall.
3900 West 26th Strect. on the south side. At-
rendance at these meetings is good. However, to
equalize things Chairman Andresen arranges to
hold an occasional meeting on the novth side for
the benefit of those of our mmembers who find it
too difficult to travel from one end of the city
to the other. This is in line with Chairman An-
dresen’s poliey to do everything possible for the
benefit of all of our members.

At one of our recent meetings we deviated sowme-
what from our usual routine. The Chairman
asked guestions on vadio and asked for answers
from anyone in the group. All who had anything
to say on the subject were permitted fo do so.
Thix Jed to a very interesting discussion and the
members agreed that we should have more of
this in the future.

Shh! Don't let them know we are watching! Cecil

Morehead and Clarence Schultz are concentrating

on a snack after one of the Chicago Chapter
meetings.

At one of our meetings we repaired six radios,
all in one evening. They all presented ditlieult
problems. The wotk was very interesting to those
who are leaders in the demonstrations and who
understand the work and to those who are learn-
ing and had questions to ask.

If you are interested in attending meetings gel
in touch with Chairman arry Andresen at 3317
N. Alhany Avenue. ‘I'clephone, Juniper 2857.

CLARK Apamson, Secrelary.

—

Baltimore Chapter

“let’s go all out for our Spring opening” read
a notice sent to all members of the Baltimore
Chapter by Mr, L. J. Arthur, our editor, This is
exactly what onr immembers are doing,
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TTnlike some other Chapters which have found 1t
advisable to hold meetings onlv once a month.
we are still going strong with our two meetings
an the second and fourth Tuesday of each month.
As long as our members show sueh an interest
in our activities, we plan to continue the two
meetings a month program eveu through the sum-
mer months.

We are fortunate to have our meeting hall
located neav several street car lines, thus offer-
ing our mewmbers transportation to reach meetings
withont relying upon auntomobiles. This is one
reason why our attendance is holding up so well.

Viece Chairman Rathbun continues o lead onr
practical scrvieing sessions. This means fhat we
do real service work on balky sels which o v
members bring in. The newer memhers learn
much from the older heads.

Chairman E. W. Gosnell is another reason why
our attendance has heen go good. lle has heen
a tireless worker in the Chapter and always has
a fine program to offer at every meefing, Ie does
things in a business-like way and lhe gels the
preliminaries over with without permitting {hem
fo drac and then we gel right down to bnsiness.

Students and graduates of N.R.I. who live in the
Raltimore area ave cordially invited fo attend
our meelings as guests. Any who wish to join
fhe Chapter mayv do €0, Remember the dintes
every second and fourth Tuesday——and the place:
Red Men's TIal', 745 W, Baltimore Street,

1. T. Manrsu, Secrelary.

o

The True Fraternal Spirit

“[ have received the IFeb.-Mar. issue of (he Na-
rtoNAT, Ravio News, and with pleasure have
noted the resullts of the N.R.I. Alumni election
of ollicers. Since my name was on the list of
candidafes for fhe otlice of Viece President. 1
want to take thix means of sincerely cougratu-
Inting every one of {he winning candidates, and to
express my safisfaciion and pleasure with the
results of the election. T would like very muneh
fo meet and know each one of these men person-
ally.

“TI also want to thank all the members of our
association, who thru their votes placed my
name on the hallot. for I consider it a rare honor
indeed to have had my name on the list.

I'll expect to ¢ontinue to receive vour fine N. R.
Nrws, which is a ¢rand little magazine, and n
splendid means of keeping in touch wifth the ne-
tivities of our Alnmni and Sechool.”

Orwvie B, Hirr, Burhonk, Calif.
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From North Africa

1 get the NarTroNarn Rapvlo NeEws regularly and 1
find it guite interesting. I also get a lot of help-
ful dope. I am in N. Afriea, feeling fine and
everything is going swell. T am in the radio
communications seetion. My N.R.1. training has
helped me a lot,

ANDREW Barog, U. 8. Ariny.

nor i

Wealth of Information

1 just had to take this opportunity to express
my sincere thanks for the Narronar Ranto NEWS.

That litt'e hooklet contains a wealth of informa-
tion. I am a subseriber to four other monthly
nuugaziues but 1 must admit that NATT0NAL RADIO
NEWS tops fhem all. You can quote me.

A, ArTAanasio, New York, N3

nwor i

With the Pacific Fleet

1 want to express my gratitude tor sending me
NATIONAL 13ap1o NEwS. No matter the distance
or place. it makes me look forward lo the next
issue. I enjoy readiug abount my fellow students
and graduates.

JouN FraNK DPiETRZAK, [ N Vavy.

o

Mr. Straughn, Please Notice

In vonr Ieb.-Mar. NarioNaL Rapio NEws, Mr. I
Smith of Canada wanted to know what became
of the Service Forum. so I amn asking the same
question. Would like to see it back in print. I
have every book sent fo me since November, 1930
and there always has bDeen a lot of good inforn-
tion in the books. Keep it up.

TI. B. ArMBRUSTER, H. Portehester, Coni.

#
fﬁ“nn .

g WBu

LBA(¢

Realizes Truth of N. R. I. Advertising

I am now a soldier of the U. 8. Army. Because
of my N.R.I. Training, I have heen placed where
I can use the theory you have taught me. |
realize now the truth of your advertising. I say
now, thank you for the training you have given
ne.

AENRY Nakciso, U/, 8. Army.

o

From a Graduate's Wife

In many of his letters (from Eugland and North
Afriea) Henry las stressed the great help he
has received from having taken the N R.I. Course.
He is in the Signal Corps, attached to a Rombard-
ment Squadron of B-17's. and he is truly “keep-
ing 'em flying.”

Mrs. Huxey TAovas, Vew Ovleans, La

Jop g

Promoted To Sergeant

l.ast month 1 was promoted to Sergeant. It's
promotions like these that keep a fetlow “on the
bail.” Over herve, where news fronm home is searee,
the NATIONAL, [tapio News is certainly good read

ing. 1 share iy copy with several other Radio
metr.
['ve metr a number of N.ILE “Grads” and we

have had some long chats about our training and
the jobs we had baek in the good old days.
Sor. Orms [ Srank, U, 8. Army.

S

Signal Corps Technician

I am now a Radio Technician with the Signal
(‘orps. The training N.R.J. gave me has been ot
treniendous value to me. I did not have to go to
any Army Radio school, Instead, T started right
into Radar school.

CeL. Treeil. D. K. WarLLace, U. S. Army.,
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Sprague Announces Free Advertising
Service For Radio Men

A unique, free classitied advertising service an-
nounced by Sales Muanager Harry Kalker of the
Sprague Produets Company, North Adams, Mass.
is devoted to helping radio servicemen and deal-
ers find the tubes, parts, or equipment they need
during the shortages of these wartime days.

ADVERTISING
 © SERVICE
.

Known as the
Sprague effort takes the form of full puge ad-
vertising appearing in leading national radio
periodicals and made up almost entirely ot c¢lassi-
Hed “Swap or Sell” advertisements f(rom ser-

Sprague Trading Tost, this

vicemen and dealers themsclves. There is no
charge Lo servicemen for (his service.

‘Our sole aim”, says Mr. Kalker. “is to devole
our regular advertising budget to doing what we
are convinced is u highly important and essen-
tial wartime job. We want to use it to cooperate
with our friends throughout the radio profession
in belping them get the things they need, and to
dispose of the things fhey do not need.”

Nervicemen or dealers who wish (o have free
clussified advertisements in the Sprague Trading
I'ost are requested to send them in promptly,
keeping them down to 50 words or less. Ads may
he sent in, either on the serviceman’s business
letterhead. or on regular forms that may be ob-
tained from {heir local Sprague distributors.

—_——N

Our Cover

Tor the month ol July, NATIoNaL RApio News
joins all magazines of the U. 8. in devoting its
cover to the American TFlag. T.ong may it
wave!l!!
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