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The Book
You've Waited

For

When 300 radio servicemen who are known to be outstanding write letters offering
to buy a book before it's even printed, chances are it's a good book. And then, if
military radio engineers decide to use many hundreds of copies to train the men in
America's fighting forces . .. you know it's a good book.
That, briefly, is part of the story behind this new MYE TECHNICAL MANUAL.
Just glance over this list of chapter headings, and you'll know why you want a copy.
1 Loud Speakers and Their Use
2 Superheterodyne First Detectors and

Oscillators
3 Half -Wave and Voltage Doubler

Power Supplies
4 Vibrator and Vibrator Power Supplies
5 Phono-Radio Service Data

Approved Precision Products

6 Automatic Tuning-operation and
adjustment

7 Frequency Modulation
8 Television - suggestions for the post-

war boom
9 Capacitors-how to overcome war-

time shortages
10 Practical Radio Noise Suppression
11 Vacuum Tube Voltmeters
12 Useful Servicing Information
13 Receiving Tube Characteristics-of

all American tube types

Here's a suggestion. If you want to
reserve a copy of this 392 -page book,
bound beautifully in hard cloth ... go
around to your Mallory Distributor to-
day. The supply of manuals for civilian
distribution, at the price of $2.00, is
limited. Order your copy now ! Your
Mallory Distributor has it !

P. R. MALLORY & CO., Inc.
INDIANAPOLIS, INDIANA

Cable-PELMALLO
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Hammering a nail in wood makes
an effective sound effect via FM.
The thud of wood and the ring of
the nail vibrating when struck are
extremely high frequency sounds,
making for more realistic sound ef-
fect's broadcasting, as demonstrated
over W7INY, WOR's FM station.
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WE'D

FILL IN THE PICTURE-
THE LA T LET US

RACOS
NORMS & SPEAKERS

use
tei the

U. S. Navy,
U. S Army,

d

U. S. Air Corps--at
U.

'Industrial
War ?tants,

etc.

enjoy showing you how RACON Speakers aboard
U. S. Navy, Coast Guard, Maritime Commission Ships and Army
transports-in the frigid arctic and humid tropics-are efficiently
doing their bit. We'd like to show the vital role RACON Prod-
ucts play in the Air Corps, on battle planes and blimps and at
training camps. We'd like to show how RACONS are used in
Shipyards, submarine and destroyer bases-in Ordnance and in-
dustrial warplants-but the law won't let us. Where sound dis-
tribution helps speed up production, and where lives, and even
ultimate victory depend upon Public Address Systems to carry
orders clearly over the noise of battle or din of production lines
. RACON products were selected for this important work. They
are dependable and deliver more sound energy per watt input.

MARINE HORN SPEAKERS

Ite-entrant type
speakers using
horn type units
for marine and
general P -A ap-
plioations - may
be used as loud-
speaker or as a
microphone. Min-
iature and reg.,
ular sizes ap-
proved by the

Bateau of Marine Inspection and
Navigation, Department of Com-

merce, for marine work. In all sizes, minia-
ture, midget, regular and bull, handling from
5 to 50 watts.

RACON is the world's largest and pioneer manufacturer of all
types of loud speakers, air -column horns and driving units. Thereis a RACON for every conceivable purpose. It is the only com-
plete and matched line. Every RACON unit is tested before de-
livery. Built into each are exclusive, patented RACON featuressuch as Weatherproof, Stormproof and Acoustic Material.
RACONS are not affected by hard use, or by climatic conditions
such as heat, cold, aridness or humidity. RACONS cost no more
than inferior brands.

When planning your next sound installation specify
RACONS. Delivery schedules are dependable. Here areillustrated just a few RACON Products. A complete de-scriptive catalog will be sent upon request.

A small, ertrentely efficient 2 -foot

trumpet speaker, for use where highly
concentrated sound is required to
override high noise levels, such as In
factories, outdoors, etc. Uses a small,
very efficient Permanent Magnet unit.
Particularly adaptable for paging
systems. hotel lobbies, trucks, etc.

RACON P. M.
HORN UNITS

Op, -rating capacity 12-15
watts, peak 25 watts.
Other P.M, units avail-
able from "baby unit"
of watts to "bull unit"
with an operating ca-
pacity of 50 watts, Ef
flciencies of the highest
order obtainable with the
finest magnetic materialand steel utilized.

Re -Entrant
Trumpets
A compact
trumpet of
the double
re-entrant
type. Occu-
pies but a
small space,
nevertheless
has a long
a i r column
enabling it
to deliver
highly concentrated sound of the greatest
efficiency over long distances. Base and inside
cone arm made of aluminum castings, outsidebell of heavy gauge aluminum spinning, cen-tre section of BACON ACOUSTIC materialto prevent resonant. effects. Available hi 6',3%', and 3' air column Units.

RACON ELECTRIC CO. 52 EAST 19th ST. NEW YORK, N. Y.
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THE PLOT THICKENS

SOME RADIOMEN
CLASSED ESSENTIAL

WASHINGTON SERVICEMEN,

LISTEN:

FALSE ECONOMY

IN ITS LATEST DIRECTIVE to local Boards, Selective Service Head-
quarters places the radio manufacturing industry and its employees, also
broadcasters on the "essential" list. Actual deferment still lies within the
discretion of each local Board, but you can wager that very few radio
equipment assemblers or broadcast station employees will be placed in
class 1-A since this promulgation. What about radio servicemen? They
are given no preferential status. At face value this Selective Service
directive tells Draft Boards that any ordinary production line assembler
or radio station announcer or transmitter maintenance man is "essential"
to the war effort and should be deferred but the independent radio service-
man who is keeping electronic equipment in industrial plants operating
on war orders and the serviceman who is striving to keep tax -payers' sets
operating so they can hear the latest news flashes and entertaining pro-
grams (which contribute to Morale) is not an "essential" contributor to
the war effort. Is that good logic?

In like discriminatory manner WPB gives broadcast stations excellent
priority status on parts needed for maintenance and `repair while stopping
all production of replacements needed for civilian use. President Roose-
velt will relish broadcasting an important Morale message soon to a mere
handful of listeners. Let's go back to the Pony Express days.

OPA announced on July 20 drastic tire rationing regulations which
specifically deny to radio distributors, dealers and servicemen new or
recapped tires after July 28. Servicemen, after present tires wear out,
must either repair heavy consoles in homes or let them rot lying idle. Small
sets will be no problem. Customers must bring 'em in to the service shop.
Servicemen cannot afford to make and have no time for pick-ups or
deliveries. Under price regulations in effect they must maintain March
levels and those levels do not afford margins for added transportation
expense and time lost in making deliveries.

District of Columbia servicemen can wage a battle for the entire indus-
try and all set owners in our efforts to make certain bureaucrats wake up
to realities. Whenever a Congressman, WPBer or OPAer phones that
he needs a serviceman because his set has gone hay -wire the servicer
should ask, "Is it a small table model or midget"? and if the answer is
"Yes"-the response should be, "Bring it in yourself Brother, we can't
get tires." If the answer is, "No, it's a console" then the proper reply
would be, "Then fix it yourself, Pal, for we can't get tires and we can't
get parts. You're just a civilian !" Boy, oh boy,-would that sort of
treatment get results for the servicing industry and for the layman who
needs radio more now than ever before.

By stopping production of civilian radios and parts WPB contends that
70,000 tons of steel, 10,500 tons of copper, 2,100 tons of aluminum and
280 tons of nickel were "saved" for more important applications. WPB
failed to mention that if manufacturers of replacement parts and tubes
for all purposes, civilian and industrial, were allowed to produce their
products without restriction in the same quantities as 1941 only 112 tons
of steel, 86 tons of copper, 65 tons of aluminum and 23 tons of nickel
need to have been allocated and even then there would be surpluses of
parts on hand from which industrial and war effort requirements might
be immediately served. These now require special priority ratings and
in the production of them many bottlenecks and much chaos is resulting.
Here is a case of false economies most blatant; the throwing away of a
pound in seeking a penny. On the average, much less than 7% of all
"scarce" materials used by radio manufacturers during 1941 went into
producing replacement parts and jobber items.
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KITS
ARE DOING THEIR DUTY

WITH THE ARMY SIGNAL CORPS!

resa 74744u:g9

. Array sponsored
Signal, Corps Schools know the

value of faster radio training . . Meissner
Kits are precision-built and engineered

to give better results in basic radio instruction.

Illustration
of actual RadioKit instruction

in Army sponsored
Signal Corps School,

See your nearest Meissn,er
Distributor

MT. CARMEL,
ILLINOIS

"PIRIECISION-1811311LT

PitODUCTS"
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Fine profits can be made servicing indus-
trial -electronic installations. Now, for the
first time, service -dealers are told how to go
about getting this type of business.

Some jobbers and large servicing organiza-
tions have already undertaken sub -contract
war work. For example, Spokane Radio
Company sends this view showing one of
their laboratory benches where electronic
war equipment made by them undergoes
extensive tests.

INDUSTRIAL ELECTRONICS SALES & MAINTENANCE

T0 some extent each radio service -
man and every dealer knows his

own potential status based upon what
has transpired in the past. But such a
basis as the past is worthless in reck-
oning the future. Now we live in an
America that is "all-out" in an offen-
sive war effort. To all practical pur-
poses we must abide by laws and regu-
lations, restrictions and limitations that
are as severe as would be found under
totalitarianism.

We should try to conduct our civilian
radio servicing business in a fashion'
as near to normal as possible. At the
same time we must look to new devel-
opments, such as the selling and servic-
ing of industrial electronic installa-
tions, as a source of income backed up
with priority assistance. Let's see how
you fit into the picture.

Employed Servicemen and Part-timers

Let us consider all phases of the
radio industry in an effort to determine
what should be done by the men in each
category to attain their own end, i. e.,
success. With no offense meant, we
will start at what is generally consid-
ered "the bottom"-the employed radio
serviceman, and work our way up.

Most employed radio servicemen are
relatively young and are subject to in-
duction, either military or civilian.
Not long ago the average employed

serviceman earned $20 weekly. War
work and higher wages beckoned. Con-
sequently many deserted the field.
Those remaining now average $45
weekly. There is a scarcity of com-
petent radiomen, and with no wage -
ceiling restrictions, possibly higher
wages are ahead for employees, pro-
vided their employers can afford to
meet further demands while they are
forced to operate under maxi mum
price -Charge ceilings.

Until recently many thousands of
men with some radio training func-
tioned as part-time servicemen oper-
ating out of their homes, carrying no
stock or inventory except test equip-
ment, yet obtaining dealer discounts
from jobbers who cared not who bought
so long as purchases were made. But
a handful of "part-time" radio repair-
men remain, and the few who still
function as such are now employed as
part-timers for legitimate retailing or
servicing organizations who are pay-
ing better wage scales than the part-
timer could earn working as an inde-
pendent. Ultimately most all part-time
servicemen will find themselves forced
by government regulation to devote
their "spare time" to Signal Corps
maintenance work in civilian capacity.
In like manner, it is quite likely that
all full-time employed radio technicians
will have to devote a part of their off -

RADIO SERVICE -DEALER, AUGUST, 1942

time to government work, particularly
if they haVe qualifications that the Sig-
nal Corps can utilize. True, they will
be paid for their efforts. But that is
relatively unimportant. The prime pur-
pose of the civilian should be to pro-
duce for the government now Whole-
heartedly, rather than gamble on losing
the war, in which event we will all be
slaves to the conqueror. And make no
mistake about that !

Service Organizations

The genuine radio service organiza-
tion needs less sympathy and enjoys
brighter prospects than any other in
radio. In contrast, the dealer who pri-
marily depended upon retailing is,
bluntly speaking, "out on a limb." But
let us first consider the former.

For an indefinite period repairing,
and repairing alone, will be the order
of the day. Some replacement parts
and some renewal tubes are and will be
available to simplify matters. Wash-
ington has urged that no replacements
be used if repairs to defective parts can
be made. That is good logic and a
patriotic service that competent servic-
ing organizations can render in the
war effort. Of course defective tubes
cannot be repaired. Sometimes, to by-
pass a tube fault and not use a replace-
ment a stage can be cut out. Whether
or not the set owner will countenance
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such practice only time will tell. We
advocate such by-passing only as a last
resort. Let us repair what we repair
to optimum efficiency rather than
jeopardize customer good -will. After
all, the labor involved in by-passing op-
erations must be charged to the cus-
tomer, and while OPA cannot find a
basis upon which to limit such service
charges it would be better to avoid
possible contention that might arise.
But, insofar as repairing is concerned,
are radio servicing organizations going
to be able to pay increased wages to
employees and will the turnover of
defective civilian receivers be high
enough to warrant confining one's
activities purely to home set repairs ?
No one knows the answer just now.

Electronic Servicing Plan Outlined

Servicing organizations have been
urged to go after "electronic servicing"
business to supplement their income.
Anyone can tell anyone else to "do
this" or "do that." Sounds simple, but
it doesn't work out that way. It is a
form of wishful thinking. Undoubt-
edly there are electronic installations
of some type or other in every com-
munity. The fact that they exist does
not imply that their owners are desir-
ous, or even willing to utilize the serv-
ices of any local radio servicing or-
ganization.

Most large factories that employ
electronic devices also maintain a staff
of engineers who are competent to
keep all their electrical equipment in
repair. Large factories simply don't
trust their local small-business radio
shops. Service shops, on the other
hand, feel slighted, believing they are
competent. It is understandable if one
weighs both sides. The only solution
then, to obtain electronic equipment
service work is salesmanship. Every
servicing organization manager will
find it worthwhile to ascertain what
local industrial firms are potential pros-
pects. Then personal solicitation, and
constant close -contact effort might re-
sult in the servicing organization being
called upon if, as and when something
goes wrong. A practical service -selling
method is that of offering to act as
year - around maintenance department
for the prospect on a fixed -fee (phis
parts cost) basis. Assuming that a fac-
tory employs an electrical engineer and
maintenance man all year round at $60
weekly-it is logical to assume that fre-
quently, if the engineer is busily en-
gaged in some other matter when an
electronic device goes hay -wire, he will
neglect that job until finished with the
one in work. But were that factory to
employ, in addition to the staff engi-
neer, a "Radio -electronic Maintenance
Service" for a nominal sum, say $5

The Service -Dealer who sticks exclusively to
home set repairing might as well advertise

like this.

weekly, the periodic weekly checkup
and services obtained when needed
would undoubtedly prove the invest-
ment to be a sound form of business in-
surance.

Every servicing organization can
afford to spend 1 hour weekly, on
a fixed schedule throughout the year,
acting as maintenance department for
a customer's electronic equipment.
And, the customer would get better
service, for a competent radioman will
smell a hot condenser that is about to
blow-and make repairs before it does,
he'll find tubes that are getting weak
-whereas the less competent engineer
must wait for the actual breakdown to
occur, and then go trouble shooting,
with corresponding loss in time and use
of the facilities. Real competence and
ability to prevent work stoppage from
occurring are saleable items in the
stock of every servicing organization.
But they are valueless adjuncts until
they have been sold to the potential
buyer.

There is money to be made in elec-
tronic servicing, we repeat, but most
emphatically we stress that the profits
depend upon salesmanship . . . the get-
ting of the order to render the services
. . . that must come first. Don't go
about it haphazardly. Scan for pros-
pects, analyze their needs and submit,
for the buyer's consideration, a com-
plete plan which proves conclusively
in dollars and cents that he profits in
more ways than one by doing business
with you. There are fifty or more
working hours in every week. Were
each hour per week sold to an indus-
trial customer on a year-round basis
at $5 per hour the servicing organiza-

tion that functioned on that basis
would have an income of $250 weekly
for services alone. Sounds fantastic!
It is, to some extent, but it is also pos-
sible. In a more reasonable light, if
the servicing organization can sign
contracts with 10 industrials to be their
maintenance departments at $5 a week
each the resulting $50 a week income
(for only 10 hours of service rendered)
would be rather nice billing to enjoy
throughout the year. Give it some
thought. The logical man to see at fac-
tories is the Works Manager. He may
advise you to contact some lesser ex-
ecutive - possibly the purchasing de-
partment head, the electrical depart-
ment head, or some other party. To
sell them your service you must see
them. Perhaps you can ask for and
get $25. a week as a maintenance fee.
Try-learn !

Are Dealers a Threat?
So much for the servicing organiza-

tion who is trying to expand sales.
What about the threat of increased
competition? That, if permitted to oc-
cur, can offset the increased income
from other sources that you might be
pioneering. By now all dealers who
formerly did not operate their own
service department have either tried to
establish one or have worked out sub-
contract deals on repair work with non -

retailers. Bluntly, the dealer who func-
tions exclusively as a retailer is
doomed. It makes no difference what
subterfuge he tries. A retailer requires
fast -turn -over, high markups and all
the other "angles" pertaining to elec-
trical appliance sales. Having no elec-
trical appliances to sell for the dura-
tion there simply is not enough profit
margin in a relatively small volume of
servicing to carry him. Now, in des-
peration, he tries to become a com-
petitor to the established servicing or-
ganization. Forget him. Let him wal-
low in his own juice and he will fold.
When we return to normalcy the sur-
viving servicing organizations can fall
heir to the electrical appliance business
that will spring up again. It pays not
to help keep your competition in busi-
ness. The small returns you get from
him now will be more than lost when
your own position in future is given
prime consideration. And, didn't Presi-
dent Roosevelt call this the War of
Survival?

Jobber Problems

That some servicing organizations
will face competition from parts job-
bers who may decide to go into retail
servicing is a foregone fact. You can
fight such competition with boycott.
Buy not from your competitors and
keep from them the profits that allow

(Continued on page 21)
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The Army, the Navy, the Air Force have first call on all
the radio parts and equipment that can be made today.
Their requirements are vital. Maximum dependability,
stability and accuracy are essential under all of the severe
conditions of war. That is why IRC resistors are speci-
fied, and why IRC is producing resistors 24 hours a day,
7 days a week.

This explains the increasing difficulties service men
are ekperiencing in securing dependable resistors for
repair and maintenance of home radio sets.

Realizing the importance of maintaining and servic-
ing home radio sets, IRC is making available for service-
men large stocks of the same dependable resistors the
armed forces are using (but in ranges and tolerances not
called for on war orders) and are offering the following
suggestions to enable servicemen to obtain greatest
possible use of resistors in these times.

1/2-, 1-, and 2 -watt Resistors
The resistors in home and automobile sets are almost

invariably of the so-called "Preferred Number" or
"RMA" standard resistance values and are color -coded
accordingly.

Jobbers have, in the past, carried in stock the 1/2-, 1-,
and 2 -watt resistors only in "nominal" or round figure
ranges such as1,000, 5,000,10,000 and 25,000 ohms, etc.

Now, however, many jobbers are stocking the IRC
resistors in RMA ranges. These resistors are being fur-
nished by the factory from stocks originally accumu-
lated for the set makers before the manufacture of home
sets was discontinued. They are of exactly the same
quality previously used in the finest radio sets, but as
they are not the ranges and tolerances required for
military equipment, they can be supplied without inter-
fering with the all-out war program.

A defective resistor in a. set
can always be replaced satisfac-
torily by a new resistor within

20% of the color -coded resistance value of the orig-
inal unit.

In rare cases, where close tolerance units are used as
original equipment, they are usually identified by a gold
or bronze band for 5%, or a silver band for 10% toler-
ance. If a close -tolerance unit is required for replace-
ment, two resistors, one higher and one lower than the
required range, may be used in series or in parallel when
matched for their combination resistance value.

If a 2 -watt resistor is required and none is available
from the jobber, two 1 -watt units in series or in parallel
will do the trick. Similarly two 1/2 -watt units can be
used instead of one 1 -watt. Any low -wattage unit can, of
course, be replaced satisfactorily by any higher -wattage
unit of the same range.

Power Wire Wound Resistors
All wire wound resistors above the 2 -watt size are

becoming scarce because they are made of critical ma-
terials which must be conserved for war requirements.
Fortunately, however, they are seldom required for
service work except in A.C.-D.C. sets. Also, they are
seldom used at their full rating.

If a wire wound resistor of the required wattage rating
is not available, a combination of any types of lower -
wattage units, either in series or parallel, may be substi-
tuted. In combining resistors for this purpose, the
wattage rating is cumulative based on the number and
rating of the resistors used.

Subsiitutions
It is daily becoming more necessary to make substitu-

tions in many civilian industries to conserve the critical
materials needed for winning the war. The substitutions
suggested above will not affect the quality of replace-
ment jobs. We hope that these suggestions may help to
keep the home sets of the country operating.

INTERNATIONAL RESISTANCE COMPANY
401 NORTH BROAD STREET, PHILADELPHIA, PA.
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There's great demand for-but an insuf-
ficient supply of Home Recorder Combina-
tions like this RCA VHR-207. This article
describes how to cor.vert and modernise
ordinary home receivers easily at substan-

tial profit.

by Willard Moody

MODERNIZE SETS BY ADDING RECORDERS

THERE is an unmistakable evi-
dence of interest in the recording

of outstanding radio programs, the pre-
serving on wax of a Presidential
speech, the music of an artist or even
the dying confession of a murderer can
be recorded for posterity. What the
camera is to the painter, the recorder
is to the musician.

At one time "canned music" was
hated by performers who now hail it
favorably and point with pride to a
new "cultural" addition to the Amer-
ican scene --tee juke box !

How can a recorder be hooked onto
a radio? Well, it depends, first of all
on what type of recording head you
happen to have or can buy. The re-
corder must be matched to the output
of the radio set by means of a trans-
former. In some cases it is sufficient
merely to switch over from voice coil
of the loudspeaker to recording head,
where the impedance of the speaker is
the same as that of the recording head.
If the head happens to have an im-
pedance of 200 ohms, 7500 ohms or
some other value, a special output
transformer must be used to match the
head to the output stage of the radio.

The turns ratio on the transformer
necessary to do the job will be

ZPT.R.=
V

where ZP equals the primary impedance
in the plate circuit of the output tubes
and Z. is the secondary impedance of
the transformer, equal to the recorder
head impedance.

The required plate loads for some
typical tubes are:

6F6 7,0000 6F6 -6F6 P.P. 14,000 P -P
6L6 2,5000 6L6 -6L6 " 5,000 "
43 4,5000 43-43 " 9, 00
47 7,0001 47-47 14,000

6V6 5,0000 6V6 -6V6 " 10,000 "
25L6 2,0000 25L6 -25L6 " 4,000
25A6 4,5000 25A6 -25A6 " 9,000

2A3 2,5000 2A3 -2A3 " 5,000 "
45 3,9000 45-45 7,800 "

As an example : if the manufacturer
of a recorder head states its impedance
is 200 ohms, or it is measured and
found to be of 200 ohms impedance
and the amplifier happens to have a
pair of 2A3 tubes in the output, what
transformer turns ratio is required?

T.R. =
5000

200
= 25 = 5

and the primary voltage would be 5
volts for 1 volt on the secondary. This
voltage ratio could be checked by using

an audio signal generator and vacuum
tube voltmeter, supplying a 1 -volt sig-
nal to the secondary and then checking
the primary.

If the recorder head happened to
have an impedance of 7,500 ohms, the
formula would be :

7500 / 1.225
T.R.= = 1.225 to 1

5 V 1.5

in a step-up direction. That is, the
voltage across the primary would be
lower than that across the secondary.
An audio signal of 1 volt supplied to
the secondary would give 1X1.225 or
1.225 -volt plate to plate on the 2A3 -

2A3 P.P. primary.
In order to monitor the recording

and to use the unit at the proper level,
an indicator is required and may take
the form of a neon lamp connected
across the recording head, a delayed
action vacuum tube voltmeter employ-
ing a "damped" meter on a time delay
circuit of R and C. A suitable vacuum
tube voltmeter is shown in Fig. 1-
Top, while Fig. 1-Bottom shows how
to make turns ratio tests.
Fig. 1-A Suitable Vacuum Tube V.M.

How to switch over from the record-
ing to normal radio or microphone op -
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SECTION XXI

ABOUT TUBE CHECKERS

THE only conclusive test of any
tube is to put it in the apparatus

in which it is intended to be used and
see how it works. But when the ap-
paratus itself is not available, or fails
to function, some independent means
of test is needed. The tube checker
fills this need. Just how well it does
its job depends to a considerable ex-
tent on the type of test which it ap-
plies to the tube and the test conditions
under which the tube operates. While
it is the aim of designers of high grade
tube checkers to approach the' test con-
ditions under which the tube normally
operates, the great variety of applica-
tions to which many tubes may be put
and the varying voltages and frequen-
cies which may be normally present in
the tube when functioning in a receiver
or similar apparatus make it impossible
closely to approximate such conditions
in a simple test instrument. Fortunate-
ly, the great majority of faults which

"Shorted" Tubes Cause Overloads

All tube checkers are so designed
that the tube under test is checked
initially for shorted elements. This is
necessary' in order to avoid damaging
the tube checker, as much as to detect
the faulty condition, because the short
circuit, if present, may cause an ex-
cessive overload on the tube checker
power supply and other components.
Usually a fuse or overload lamp is
provided to form some protection for
long continued overloads from this
cause, but the shbrt test should invari-
ably be made firs so as to catch such
defects and thus prevent accidental
overload.

It may seem rather simple to devise
a short test which will check all pos-
sible short circuits in a tube, but actu-
ally this is one of the trickiest prob-
lems which the tube checker designer
has to contend with. This is so be-
cause it requires a rearrangement of
circuits and thus involves extremely
complicated switching when a complete
check of, all possible shorts and leak-
ages is to be made. It is necessary to
be able to' check the tube either hot or
cold ; that is, with or without heater
voltage being applied, because shorts
may be present when the tube is heated
which are not evident when the tube is
cold. Further, it is necessary in the
simpler forms of tube checkers to de-
termine if any of the tube elements
arc open -circuited, because, as we shall

normally develop in vacuum tubes are
readily detected by simple tests, so that
even the most elementary type of test
will suffice for a surprisingly large per-
centage of defects. But where the rela-
tive merits of similar tubes are to be
compared, or when, of two fairly good
tubes, it is desired to determine which
should be replaced and which retained
in service, an accurate tube checker
must be employed. In this article we
aren't going to tell you just how to
build a complete tube checker, but we
do hope to present sufficient informa-
tion that a defective instrument may be
intelligently serviced and, for those
who so desire, test setups for common
tubes may be made without difficulty.
The actual building of a tube checker
requires special switches and trans-
formers which are now obtainable with
difficulty even when high priority is
available, and thus cannot be readily
secured by the service industry.

LEFT-the very latest Pre-
cision Apparatus Co. but-

ton -type Tube Checker.

RIGHT-the most modern
Triplett Electric Co. lever -

type Tube Checker.
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Fig. 1. A simple but effective method for
checking tubes for shorts and opens.

see, some tubes may pass all tests even
when one or more elements are open -
circuited and thus render the tube
unsatisfactory in actual performance.

Checker Circuits Explained

A good many circuits have been de-
vised for checking short -and-open -cir-
cuits, usually by means of a neon lamp
and a suitable switching system. For
those who want a more accurate test,
a very satisfactory -circuit is shown in
Fig. 1. If a reasonably sensitive meter
is used, say 1 ma for full scale deflec-
tion, it is possible to detect with this
circuit faults which are not revealed by
other more commonly employed ar-
rangements.

While a, number of switches are
shown in the diagram, their functions
may be combined in a single, push-but-
ton type of the kind used in push-but-
ton operated- receivers. This type of
switch is ordinarily easy to obtain. A
battery is shown, which may be re-
placed by an equivalent power supply
voltage. A series resistance is required
to limit the battery current. If a 9 -
volt battery is used, the series resis-
tance required to limit the current in
the circuit to 1 ma is 9,000 ohms ; for a
more sensitive meter, the series resis-
tance needed is proportionately higher.
But with such an arrangement and
with these suggested values, leakage
resistance between tube elements as
high as 500,000 ohms may be readily
detected. In some applications, par-
ticularly in television, it is important
to be able to detect inter -element leak-
ages as high as 10 megohms. To do
so merely requires increasing the bat-
tery voltage and series resistance pro-
portionately, or using a more sensitive
meter, or both. In fact, if a standard
multi -range ohmmeter is at hand, the
combination of the series resistance,

battery and limiting resistance may be
replaced in its entirety by the ohm-
meter. This arrangement will be found
much more sensitive than any employ-
ing neon tubes as indicators.

In operation, all elements except the
heater are joined to cathode and the
resistance measuring circuit is placed
between the heater and the joined ele-
ments. This enables a measurement of
cathode -heater leakage, in combination
with any leakage which may be present
between any of the other elements and
cathode. Then, with the cathode switch
remaining connected to point c, each
other push-button is depressed in turn,
thus connecting each element to which
they are connected to the heater. When
this is done, the resistance -measuring
circuit, composed of the battery, resis-
tor and meter, are placed in series with
the cathode and each of the other ele-
ments. The cathode, you will note.
connects to the negative terminal of
the battery while all others will be
switched to the positive side. As a re-
sult, some emission current will result
and the meter will indicate this cur-
rent. If, however, any of the buttons
when depressed, does not cause an in-
dication on the meter, then the element
which is supposed to be switched is
open -circuited.

For checking shorts, all elements are
first switched from points c, d, e, f, g
and h, to the corresponding points cl,
dl, el, fl, gl, and hl. This places the
cathode and all elements on the posi-
tive side of the battery. Nov, if each
element is in turn switched to the point
to which it was previously connected,
elements so switched will be placed on
the negative side of the battery and
will therefore be negative with respect
to the cathode. Under such conditions
emission current cannot flow between
cathode and any of the elements so
switched and thus no current should be
indicated on the meter. If the meter
does indicate, then leakage or a short-
age is present, depending upon the
magnitude of the current. Thus it be-
comes possible to test for any possible
condition of leakage, short or open
circuit.

F'g. 2. In the emission test the tube func-
tions as a diode.

N111111101 OOOOOOOO I

115 V. A.0

Fig. 3. A tapped transformer secondary sup-
plies both plate and filament voltages in

low-priced emission tube checkers.

If the push-button type of switch
which is commonly employed in receiv-
ers is used in the setup just described,
it will be necessary to hold down the
cathode button while depressing each
of the others in turn to check for short
circuits and leakages. This is neces-
sary because such switches are so de-
signed as to release all keys except the
one depressed. A locking type switch,
which holds each depressed key in
position, may be employed, and will
allow the test to be made without
holding down the cathode button.

Emission

The simplest of all tests of tube per-
formance is the emission test, which
is widely used in low-priced tube check-
ers. As shown in Fig, 2, the tube un-
der test is made to function as a diode
and its emission current under such
conditions is measured. This type of
test shows merely that the cathode or
filament is emitting a quantity of elec-
trons but has no direct bearing upon
the performance of the tube in a given
circuit, except of course, when the tube
is a rectifier type. However, the indi-
rect relationship between emission and
other tube characteristics is sufficient-
ly close so that the emission test gives
a fairly reliable indication of tube con-
ditions, particularly of tubes which
have been in service in receivers. The
test is more accurate on the latter type
of tubes because such tubes have orig-
inally functioned satisfactorily, other-
wise they would not be in the receiver.
And, as a result of long -continued use,
the usual effect is a decrease in emis-
sion, which will of course be revealed
by an emission test. However, displace-
ment of elements as a result of jars,
sagging due to long -continued heating,
decomposition because of chemical ac-
tion-such troubles will not be indi-
cated by the emission test.

In Fig. 3, a common commercial
method of making the emission test is
shown. Note that alternating current

18
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Fig. 4. A modern and highly effective meth-
od of checking rectifier tubes.

is applied to the tube, which is con-
nected as a diode. In this form of con-
nection the tube acts as a rectifier, and
the d -c meter in the plate circuit thus
indicates the rectified current. Usually
the alternating voltage applied is lim-
ited to about 30 volts for this type of
test. The total circuit resistance should
be 200 ohms.

In Fig. 4 is shown the emission test
as applied to rectifiers of the full -wave
type. This form of circuit is used in
high-grade tube checkers and, if your

41

present instrument is adaptable to the
change, it is well worth while to in-
corporate same. Or, if so desired, a
separate setup for checking rectifier
tubes in accordance with this method
may be readily made.

Emission Testing Rectifiers

The big feature of the circuit of
Fig. 4 is that rectifiers are checked at
voltages which correspond to those at
which the tube normally functions.
Thus a type 80 tube should be checked
at 300 volts, a type 25Z5 at 100 volts
while the 6H6 may be checked at 10
to 30 volts. The switch S1 enables
each plate to be checked independently.
R1 is usually 5000 ohms for the 10 -
volt test of small diodes in combina-
tion tubes, 600 ohms is used for the
100 -volt tap (R2) and 1800 ohms for
R3. A tube is considered unsatisfac-
tory if its emission under such test
conditions drops below two-thirds of
its average normal emission. For de-
tector diodes, a much greater drop is
permissible ; usually to one -fifth or
even one -tenth the normal reading.

The advantage of checking rectifiers
at high voltages is that the presence of
excessive gas is not revealed at low -
voltage tests but becomes immediately
evident at higher voltages. Further,
the tube functions under load condi-
tions which more closely approximate
those under which it normally operates,

so that the test approaches that of a
true dynamic test.

In all amplifying tubes, the control
action of the grid should be checked.
This will be affected by variations in
spacing of the elements, sagging, jar:,
and other conditions. When the con-
trol action is reduced, the ability of
the tube to function as an amplifier or
as an oscillator is likewise reduced and
the performance of the apparatus in
which it is incorporated suffers.

Grid -shift Test Obsolete

One of the earliest methods of check-
ing control action is the grid -shift test,
which is made with analyzers. The
tube is inserted in the analyzer and
its grid potential shifted from a nega-
tive to a more positive value. The de-
gree of change in reading of plate cur -

Fig. 5. The grid -shift method of checking
tubes shown is one of the earliest and most

widely used methods.

rent resulting from the change in grid
voltage is an indication of the control
effect of the grid. A fundamental cir-
cuit for this type of test is shown in
Fig. 5. This form of test was com-
monly made by removing the tube and
inserting an analyzer plug into the
socket of the apparatus in which the
tube was being used. The tube was
placed in a socket of the analyzer and
the voltages transferred through the
analyzer cable to the test socket. Thus
both the apparatus voltages and the

Fig. 6. By varying the cathode voltage along
RI a change in plate current is secured

which approximates the grid shift test.

RADIO SERVICE -DEALER, AUGUST, 1942

rg. 7. Modern mutual conductance tube
checkers employ test circuits similar to that
shown above. The copper -oxide type of
meter may be replaced, in some designs,

with a rectifier tube and d -c meter.

condition of the tube should be checked
simultaneously. In modern receivers
the coupling between circuits which
results when the analyzer is so con-
nected causes serious trouble and has
practically eliminated the use of the
analyzer in the manner described.

A modern fundamental circuit for
checking grid control action is shown
in Fig. 6. As shown, a rectified d -c
supply is employed, but this rectified
voltage is not filtered. Thus a com-
bination a -c and d -c voltage is ap-
plied to each element. The resulting
current indicated on the plate meter is
simply the plate cir:rent under these
operating conditions, but, if the cath-
ode connection is shifted along the re-
sistor R1 toward the B minus connec-
tion, a decrease in grid voltage and a
corresponding increase in plate cur-
rent results. The degree of increase in
plate current thus produced is an in-
dication of the relative mutual conduc-
tance of the tube under test.

Dynamic Mutual Conductance Tests

Such tests bear no relation to a true
dynamic test. In the higher priced in-
struments, circuits of the type shown
fundamentally in Fig. 7 are employed.
This approximates a true dynamic mu-
tual conductance test. Rectified (and,
in some cases, filtered) d -c supplies are
employed, an alternating voltage is ap-
plied to the grid and the alternating
current in the plate circuit is meas-
ured. The latter is a fundamental dif-
ference bet zen the previously de-
scribed tests and the dynamic test. A
coupling circuit in the tube output con-
nects the copper -oxide meter (which
is usually employed) to the tube. In
one instrument (Hickok), a tube rec-
tifier rather than a copper -oxide meter
is employed. A special circuit is em-
ployed which enables calibration of the
indicating meter in terms of the mu-
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tual conductance in micromhos. In an
instrument of another make (RCA),
not yet available for the commercial
market, a vacuum tube voltmeter re-
places the copper -oxide type of meter
as an indicating instrument. With this
arrangement it is likewise possible to
calibrate in terms of micromhos. Limi-
tations of the copper -oxide meter meth-
od are that its relative insensitivity
requires either a strong input signal
to produce sufficient amplified current
to produce a readable deflection with
low mutual conductance tubes, or a
high impedance plate load-or both.
With the vacuum tube voltmeter, an
amplifier circuit is interposed which
increases greatly its sensitivity. In the
Hickok circuit a bridge balancing ar-
rangement increases its sensitivity.

Since a truly accurate reading of
mutual conductance necessitates the
use of a very weak signal at the grid
(usually 1 volt or less), it is apparent
that the more sensitive indicating meth-
ods are able to produce a more ac-
curate indication of mutual conduc-
tance. However, this increase in ac-
curacy is obtained only at increased
cost and complexity.

Testing Power Amplifier Tubes

While, to a certain extent, a precise
measurement of mutual conductance
is the best single indication of the per-
formance of voltage amplifier tubes,
this is not true of power amplifier
tube types. For the latter, a true dy-
namic test should indicate their power
output when the input signal is of the
magnitude to which it is designed to
be subjected and its output load is of
the specified value. A fundamental cir-
cuit for this type of measurement is
shown in Fig. 8. Here the applied a -c
signal is adjusted so as to produce a
specified voltage at the grid normally
sufficient to produce rated power out-
put in the plate load for a normal tube.
The tube is considered satisfactory if
the alternating voltage across R, re-

Fig. 8. This sort of setup illustrates the
fundamental circuit employed in power out-

put test.

Fig. 9. When gas is present in a tube, the
resulting grid current causes a positive volt-

age drop across R.

sulting from the amplified input volt-
age, reaches a value indicative of
rated power dissipation in the load.
Thus, if the tube were rated to produce
5 watts output into a 10,000 -ohm load,
the voltage E across R, may be deter-
mined from the formula
E = WVR -= 5V 10,000 = 500 volts.
Other values of output voltage for
different loads and wattage ratings
may be similarly calculated.

The choke in parallel with R in Fig.
8 is used to provide a low resistance
path for the d -c plate current. The im-
pedance of the choke must be very
high in comparison with R at the fre-
quency used, otherwise the effective
plate load will be lowered and the
voltage across R for a given power
output will be less than calculated.

Some tube checkers provide an in-
dication which is proportional both to
the power output and the mutual con-
ductance of the tube. This is accom-
plished by varying the plate load, or,
more simply, by using a relatively high
value of plate load in place of the low
value required for a true mutual con-
ductance test. While the indicating
meters for such instruments cannot be
calibrated in micromhos, they do serve
to provide a reasonably reliable indi-
cation of tube performance.

Unusual Test Methods

So far we have considered funda-
mental characteristics of tubes and
fundamental test methods. There are
a great many applications of tubes in
which tube troubles which are not in-
dicated by any of the tests so far de-
scribed seriously interfere with the
performance of the tube and its cir-
cuit. In power tubes, especially, the
presence of a large amount of metal
within the tube envelope makes for
the production of spurious effects, such
as gas, which affects tube performance
and life. In Fig. 9, which shows a
typical power tube input circuit, the
effect of gas is to cause a current to
flow in such direction in the grid cir-
cuit that point (a) becomes positive

with respect to ground. As a result the
normal grid bias on the tube is reduced,
the plate current is increased and the
overload point is lowered to a degree
where a very small input signal causes
distortion. In service, it sometimes re-
quires a period of several minutes be-
fore the gas current reaches a maxi-
mum so that initial performance of a
gassy tube may be satisfactory, only
to become "fuzzy" after a few min-
utes' operation. Such conditions are
readily checked in receivers by meas-
uring the voltage (with an electronic
voltmeter) between point (a) and
ground. If no current is flowing-
which is the normal condition-the
reading will of course be zero. But any
gas current will produce a voltage such
that point (a) will become positive
with respect to ground. In smaller re-
ceivers, the resulting decrease in grid
bias and increase in plate current fre-
quently overloads the power supply to
an extent where the output voltage is
greatly reduced. In- a-c/d-c sets, for
instance, the output voltage may drop
to 70 or thereabouts.

The action of gas in bucking the
grid bias is utilized in the test for gas
incorporated in some tube checkers. It
should be stated that only tube check-
ers of the highest grade are equipped
to make this test properly, since a rec-
tified, and preferably filtered, power
supply is ordinarily required to make
certain that rectification of any alter-
nating current remaining in the power
supply circuit does not itself produce a
grid current reading.

Grid Current Measurements

A typical circuit for checking grid
current is shown in Fig. 10. As shown,
a switch and resistor R are incor-
porated in the grid circuit, with pro-
vision for cutting the resistor in or out
of the circuit. To make the test, the
switch is placed first on point (a)
and the plate current reading is noted.
Then the switch is moved to point

(Continued on page 22)

Fig. 10. This shows the fundamental circu't
employed in most tube checkers for measur-

ing gas current.
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FUSES

(Continued from page 16)

minutes on 200% of rating. Formerly
fuses were required to blow within 1

minute on 150% of rating. The above
applies to fuses of less than 30 am-
peres.

Aircraft fuses are rated to National
Electric Code specifications to carry
10% overload indefinitely and to blow
on 50% overload as follows : rating
up to 30 amperes, 1. minute, 31 to 60
amperes, 2 minutes, 61 to 100 amperes,
4 minutes, 101 to 200 amperes, 6 min-
utes, 201 to 400 amperes, 12 minutes.

High voltage fuses are used for the
protection of transmitting equipment,
X-ray apparatus, high voltage recti-
fiers, and like equipment. The Littel-
fuse line is designed for the protection
of circuits up to 20 KW on D.C., and
30 KVA on A.C. These fuses are rated
to blow at 50% above their indicated
current rating. This margin has been
found necessary on account of capacita-
tive and inductive surges, usually pres-
ent in high voltage circuits. This fea-
ture should be considered however,
when it is desirable to protect meters,
(such as thermo-couple type) in the
line. The best types of high voltage
fuses are extremely quick -acting under
short circuit conditions.

Fuses for delicate equipment such as
galvanometers, microammeters, radio
tubes, testers, radio rectifier tubes, etc.,
are rated at their approximate blowing
point. Since the ultimate blowing point
varies with the rate at which the cur-
rent is increased, a 10 second interval
to the rated current is used. The rat-
ing on these fuses for delicate instru-
ments must not be confused with that
of higher capacity fuses. The time lag
which might be quite an advantage in
an identical 10 ampere fuse would
usually be disastrous in instrument
protection.

Part 2-the conclusion of this article-will
appear in the next issue.

INDUSTRIAL ELECTRONICS

(Continued from page 6)

them to survive so they can compete
with you. Jobbers should not establish
retail service departments but they can
and should establish wholesale service
departments that can and should be of
advantage to their customers, the
service -dealers. The scarcity of help,
the increased volume of civilian servic-
ing has placed a burden upon service -
dealers that jobbers can logically help
to relieve.

(To be continued next month)

It -Shouldn't be Repaired
But It

What if the set IS ten or

twelve years old, if it goes

dead you still have to fix it.

Even your customer might ad-
mit "it's ready for a new one"
-if a new one could be

bought!

Mr. and Mrs. America are

depending on their radios more
than ever-and depending on
you to keep 'em playing. The
only way you can handle your
share of this tremendous vol-
ume is to work more efficient-
ly - use your Rider Manuals
more regularly. Stop spending
valuable time trying to "guess
out" servicing data-look it up
in one of your thirteen volumes
of Rider Manuals. If you don't
have all thirteen-better order
today.

RIDER MANUALS
Volumes XIII to VII ..$11.00 each
Volumes VI to III $8.25 each

Abridged Volumes I to V ...$12.50
Automatic Record Changers

and Recorders $6.00

FOR EARLY PUBLICATION
Inside the Vacuum Tube-complete
elementary explanation of fundament-
als of vacuum tubes.

JOHN F. RIDER
PUBLISHER, Inc.

404 Fourth Ave., New York
Export 'Division: Rocke-International
Elec. Corp., 100 Varick Street, New
York City. Cable A R LA B.

000

41.1..

OTHER RIDER BOOKS YOU NEED
The Cathode Ray Tube at Work $3.00
Frequency Modulation 1.50
Servicing by Signal Tracing 3.00
Meter at Work 1.50
Oscillator at Work 2.00
Vacuum Tube Voltmeters 2.00
AFC Systems 1.25

HOUR -A -DAY -WITH -RIDER SERIES-on "Alternating Cur-
rents in Radio Receivers"-on "Resonance & Alignment"-
on "Automatic Volume Control"-on "D -C Voltage Dis-
tribution" 90c each

JUST OUT!
A -C CALCULATION CHARTS-Two to five times as fast
as a slide rule-and more fool -proof. All direct reading-
operative over a frequency range of from 10 cycles to 1000
megacycles. 160 Pages -2 colors -- 91/2x12 Inches - $7.50.

D RIDER MANUALS
"CARRYON"

Wire Stripper Saves Time-General Ce-
ment Mfg. Co., of Rockford, Illinois
announces an amazing new Wire Strip-
ping Tool that saves time, money and
trouble for Electricians, Radiomen, etc.
This new handy unit instantly strips
insulation from all types of wire eas-

ily and perfectly. Just press the
handles and the job is done. It can

also be used as a wire cutter. Saves
many hours of time when making
splices, repair jobs, etc. For infor-
mation write General Cement Manu-
facturing Co., Rockford, Illinois.

*
Adapter Harnesses Available-J. F. D.
Mfg. Co., 41.11 Ft. Hamilton Ave.,
Brooklyn, N. Y., announces a complete
line of battery adapter harnesses.
These factory made units save time for
servicemen who must install substitute
batteries for types no longer available.
Models for all types of sets, and for
all battery connections are available.
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LETTERS'A-B-C-D-E-F-G-H-J: CORRESPOND TO
MARKINGS OF PUSHBUTTONS, AND SHOW RELATION-
SHIP BETWEEN SAID PUSHBUTTONS, SOCKETS.AND
SWITCHES.

SOCKETS,(BOTTOM VIEW. WITH AMA NUMBERING
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(ATOJ).

DEPIQSS

r

NOR,
MAL

L_

0 0

0 0
/ OFF ,sameo
BUTTON

(5-6
L_

r
3

.51 L -

4

0, 0, 0 0
v.,66 -7-- .7

'AV& WI0 0 0
?10 12

LOCTAL
SOCKET

PILOT
LIGHT 05
TEST

BUTTON OVERHEAD
GRID(MINATURE) CAP

1 -PIN SOCKET

X1

FLEXIBLE
LEAD

514 513

"TOEIi-F

TY0E
CL80
MIME

TI (WITH
APPROXIMATE

FILAMENT
VOLTAGES)

o 92v

0
0

MINATURE BUTTON 7 -PIN
SOCKET. INCLUDED IN ALL SERIAL
NUMBERS ABOVE THE FOLLOWING:

SERIES 910- SERIAL NO. 9748
SERIES 912 -SERIAL NO 5371
SERIES 914 -ALL
SERIES 915 -SERIAL NO.1171

SV CONDEJACK
INCLUDED NNE MODELS BEARING SERIAL
NUMBERS BECOW THE FOLLOWING

SERIES 910- SERIAL NO. 9/49
SERIES 912 - SERiAt NO 5372
SERIES 914- NONE
SERIES 915- SERIAL NO 1172

ALL INSTRUMENTS BEARING
THESE SERIAL NUMBERS AND
ABOVE USE THE CENTER CONTACT
OF 11-1E BANTAM JUNIOR SOCKET
FOR -CONDENSER TEST"

20.18 POSITION FILAMENT VOLTAGE
SELECTOR SWITCH FOR FILAMENT
VOLTAGES ABOVE 50 VOLTS
INCLUDED IN ALL INSTRUMENTS
BEARING SERIAL NUMBERS
ABOVE THE FOLLOWING.

SERIES 910 -SERIAL NO. 9060
SERIES 912 -SERIAL NO 5024
SERIES 914 - ALL
SERIES 915 -ALL

ITEM PART
NO SPECIFICATION

25 55 PUSHBUTTON ASSEmBLV

24 54
FILAMENT POSITION SELECTOR*F
OPEN CIRCUITING TYPE
ROTARY SWITCH

23 53 SELECTOR SWITCH"E"
22 52 FILAMENT VOLTAGE SELECTOR'S'
21 51 SELECTOR SWITCWA-
20 514 300-, CONTROL:CP
19 513 40" SEALED (CALIBRATED)
10 512 500M.,

R11 35M.,
16 RIO 2M-"
15 R9
14 R5 300.,
13 M

2 56 40m -4-
R5 300, -"LINE CONTROL"

10 54 CONTROCC`
9 R3 15m-,

R2 I2M,SEALED (CALIBRATED)
7 500-,
6 POWER TRANSFORMER
5 PI DOUBLE -FUSED LINE PLUG
4 MI 4m4.160 M V METER
3 CI 0.1-MFD.400W V
2 NI 0-10 NEON LAMP

Jl CLOSED CIRCuITNIOSE TEST -JACK

PRECISION APPARATUS CO.
BROOKLYN, N.Y.

TITLE- SCHEMATIC FOR SERIES
910-912-914-915

DRAWN BY- ,P{ CATE

CHECKED Bv- DATE - Y./

(b). If grid current is present, the
bias on the tube will be reduced and
the plate current will be increased.
The amount of increase will depend
upon the value of R used and the mu-
tual conductance of the tube under
test. For example, if R is one meg-
ohm, a grid current of one microam-
pere will produce a voltage drop of 1

volt. If the mutual conductance of the
tube is 1000, the one -volt change in
grid voltage will produce a one -milli-
ampere change in plate current. Other
values can be calculated accordingly.

Some discretion should be utilized in
applying the gas test. In all tubes,
some gas is present. Usually, for tubes
of the voltage amplifier type, such as
the 6K7, 6J7, etc., the gas current
should not exceed 1 or 2 microamperes.
For power tubes, the limits are nor-
mally somewhat higher; for example,
2-5 microamperes. Tubes in which a
higher gas current is indicated should
be discarded.

There are quite a number of other
tests which might be applied to tubes
to advantage ; in fact, they are used
to some extent in factories. For ex-
ample, it is necessary to make a special
test for oscillation if one is to be cer-
tain that a tube will perform satis-

Fig. 11. A' Modern tube checker circuit.

factorily in certain converter circuits.
In other applications, such as frequency
multipliers, again the ordinary tests
don't work out too well. But the com-
plications involved in preparing spe-
cial setups to take care of such con-
tingencies are ordinarily not warranted
by the amount of value which will be
derived from them, so they are ac-
cordingly omitted from this discussion.

One question which always comes
up in a discussion of tube checking
for which there is no satisfactory an-
swer is-when should a tube be re-
placed? We refer, of course, to those
cases where the tube still functions
but does not test as well as another
tube. Much depends upon the type of
test and the circuit in which the tube
operates. For example, a pentode
such as the 6K7 amplifies in propor-
tion to its mutual conductance in most
circuits where it is ordinarily employed.
Thus a mutual conductance test should
indicate the relative performance ca-
pabilities of such a type of tube. But
even new tubes vary greatly in mutual
conductance-perhaps as much as 20
percent above or below their nominal
rating. So there may be as much as
40 percent difference in the gain se-
cured from perfectly normal tubes.

Therefore, because one tube gives a
better reading on the tube checker than
another is not sufficient justification to
discard the tube giving the lower read-
ing. Tube checkers which have meters
bearing the designations "GOOD",
and "REPLACE" are so calibrated
that the "REPLACE" section starts at
a point corresponding to about a 35
percent drop in mutual conductance be-
low the nominal value given in tube
handbooks. Some tube checkers place
their reject point a trifle higher (at
around a 25 percent drop), but since
most inexpensive instruments are rela-
tively inaccurate anyhow, this figure
may be equal to a 35 percent drop in
individual instruments. Substantialy
the same limits are employed for emis-
sion -type tube checkers, though the re-
sults are not nearly so reliable.

In general, more attention should be
devoted to tests for gas and leakages,
particularly at the present time, when
shortages of vital components in tube
manufacturing tend to make it difficult
to keep the gas content at a low level.
More attention to such a test will re-
duce the number of occasions which
we all encounter, where tubes which
test okay in the checker cause trouble
in the receiver.
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New Improved Staple Driver is announced
ny. the Walter L. Schott Company, Los

'Angeles, Cal. The new model 500A
staple driver is now made with hard-
ened steel inserts which prevent all
possibility of jamming and clogging its
automatic staple magazine.

Since its introduction two years ago
the Walsco Staple Driver has proven

a great time and labor saver for radio,
intercommunication and telephone in-
stallation men, and is now being widely
used to speed up installations of plant
intercommunication and air raid alarm
systems.

It quickly sets staples into otherwise
inaccessible places and even into hard
surfaces such as brick, plaster walls,
or hard wood.

Stromberg-Carlson Service Minded-a series
of Wartime Radio Service Bulletins is
being mailed to servicemen who are
registered with the factory at 100 Carl-
son Rd., Rochester, N. Y. The liter-
ature is intended to help servicers ren-
der speedier and better service on re-
ceivers produced by that company. Ad-
dress your request to. Stanley Manson,
service manager.

Browne Receives Ndvy Citation-F or his
work in originating and placing a Na-
tional Advertising Campaign for the
Radar division of the Navy, Burton
Browne, head of the Chicago advertis-
ing agency of Burton Browne, Inc.,
has been awarded a Navy Proclama-
tion of Gratitude. The citation was
presented to Mr. Browne by Comman-

der Philip R. Weaver, U.S.N. More
than twenty-five publications, including
RADIO SERVICE -DEALER are cooperating
in the Radar enlistment campaign.

Shortage of certain materials
makes it necessary that all pur-
chases of Astatic Pickup or
Microphone Cartridges be ac-
companied by old cartridges of
similar type.

See Your Radio
Parts Jobber

BUILD
CONFIDENCE

with. Astata
Repdacemost Pacts

Conservation of present radio, pub-
lic address and phonograph equip-
ment will bring constantly increas-
ing demands for replacement parts
. . . replacements which can best
be made with Astatic's tried and
proven Microphones, Pickups, Cart-
ridges and Recording Heads . . .

exact duplicates of those used by a
majority of leading manufacturers
in the original assembly.

THE ASIATIC CORPORATION
YOUNGSTOWN, OHIO

Licensed Under Brush
Development Co Patents

In Canada
Canadian Aslalic Ltd.

Toronto. Ontario

for
114 I
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 That well-known Aerovox symbol
shows resistance as well as capaci-
tance. That means the Aerovox line
of resistors - fit companions Indeed
for Aerovox condensers.
So in your radio work be sure to use
Aerovox resistors as well as Aerovox
condensers. This means wire -wound
power resistors, fixed and adjustable.
10 to 200 watts; lacquer -coated car-
bon resistors; insulated -molded car-
bon resistors - all Aerovox labelled
and backed by the Aerovox reputation
for quality and service.

 Order Aerovox resistors along with these Aerovox
condensers from your Aerovox jobber. Ask for
latest catalog-or write us direct.

E R °vox
CORPORATION

NEW BEDFORD, MASS., U. S. A.
In Canada: AEROVOX CANADA LTD., Hamilton, Ont.

EXPORT: 100 Varick St., N. Y., Cable 'ARAB'

UNIVERSAL

REPLACEMENT
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TUBE SUBSTITUTIONS
(Continued from page 10)

a set using it, best thing we can think
of to do is to change over to the
6V6. To do the job right you'll have
to change the output transformer,
though many of the tin -eared gentry
wouldn't be able to tell the difference,
and readjust the voltages to meet the
requirements for the 6V6, as listed in
any current handbook.

As for the 6A4 (which is inter-
changeable with type LA), neither of
which is often encountered hereabouts,
the 6K6GT will serve as replacement
prOvided the socket is replaced with an
octal type. And, of course, any of the
substitutes mentioned previously as be-
ing similar to the 6K6GT may like-
wise be substituted for the 6A4.

The 89 is a tough one to work on,
as was intimated in our first article in
this series. Best way out is to change
the socket for an octal type, reduce
the grid bias resistor value to 275
ohms, put in a 6V6GT and listen to
the improvement. Lots of trouble, but
the sensitivity of the set will be
doubled, and thee power output will be
increased about 50 percent. It pays
to put in a little extra effort when you
can see real advantages forthcoming.

The 7C5 and the 7C5LT are inter-
changeable, and, if you don't mind
changing the socket to an octal instead
of the loctal required, you'll find the
6V6GT an ideal replacement, since it

KNEW CATALOG
OF SOUND AMPLIFYING SYSTEMS
AUDIOGRAPH Sound Systems represent the
latest in Public Address equipment-a com-
plete line plus pre -tested accessories.

NEW LOWER PRICES
Outstanding quality and performance at
prices that help you meet any competition.

WRITE FOR YOUR FREE COPY

AUDIOGRAPH
THE FIRST NAME IN SOUND
John Mack Industries-liberty al Pennsylvania Ave., Plymouth, Ind.

We have available a supply of
RCA Victor service notes for 1938,
1939, and 1940. If you would like
a set-over 200 pages of detailed
service data-send 45c in cash to
cover postage and handling.

"BRAND EX"-a guide to concealedservice data on "private brand" setscan be had for 25c per copy. It is
cross-indexed for Brand -name, Manu-facturers outlet, Identification marks,etc. Hurry before the supply Is ex-hausted. Once they are gone therewon't be any more.

RADIO SERVICEMEN OF AMERICA, Inc.
RSA Press & Supply Service

414 Dickens Ave., Chicago, Illinois

is electrically identical to the 7C5.
This, again, works the other way
around, too: And there is a possi-
bility that loctals maybe easier to get
than octals in the near future. So
don't worry if you have an apparent
excess of 7C5s, or of 6VGT's. There'll
always'be a place for them.

Which about winds up the pentodes,
as well as the beam power type. One
reader has asked about the 6AC7-
what can'T be done when these become
unobtainable? Which means, in effect,
now. Unfortunately, there is no
equivalent for this tube, and any at-
tempt to take liberties with circuits in
which it is employed is very likely to
result in difficulties. But, if it's a
question of taking a chance or letting
the customer down completely, because
of inability to get 6AC7's, then, by all
means, go to it. Our recommendations
must necessarily be considered as
merely suggestions which look good on
Paper.; we've checked the characteris-
tics and know of cases where substi-
tutions have been successfully made,
but only in apparatus which the aver-
age serviceman is unlikely to encoun-
ter. And we think the best bet is the
6AG7, which is, none too easy to get,
either. Its plate current is higher, pin
connections are different, but it fits
the same socket. You'll have to juggle
the voltages to get it functioning prop-
erly and,-and this is vitally impor-
tant - by all means keep your leads
short. This tube will go into oscilla-
tion on the slightest provocation. Al-
ternatively, there's the type 1231,
which requires a loctal socket and has
slightly lower mutual conductance than
the 6AC7. But it may be somewhat
easier to handle than the 6AG7. Just
make certain that its cathode bias is as
recommended in your tube handbook
and, again, that each lead is as short
as possible.

Pentagrid Converters

Which brings us to pentagrid con-
verters. The 6A7, as you know, has
characteristics similar to the 6A8 and
its glass counterparts, so by simply
changing to an octal socket, any of the
latter types may be substituted for the
former. And vice versa. As for the
6SA7, don't be misled by its similarity
in designation to the 6A7. These tubes
have nothing in common and cannot
be substituted one for the other under
any circumstances. The 6SA7 requires
a special form of oscillator circuit for
best results, usually a Hartly type,
which is not at all suitable for the 6A7.
There is also .a difference in the ar-
rangement of the grids in these two
types of tubes-which, in fact, necessi-
tates the variation in circuits.

The 6D8G closely resembles the
6A8G and these two tubes are inter-

changeable with no requirements o er
than realigning to compensate for dif-
ferences in inter -electrode capaci-
tances. But there is a difference also
in heater current, the 6D8GM requir-
ing but 0.15 amperes as against the 0.3
amperes required for the 6A8G. The
conversion transconductance of these
two types is substantially the same, so
it is apparent that the 6D8G is a pretty
desirable and efficient substitute for
any of the pentagrid converters of its
general type.

The 7B8 and the 7B8LM are, of
course, identical and their characteris-
tics are similar to those of the 6A8.
So, the matter of making substitutions
of these types involves only the chang-
ing of sockets and socket connections
to meet the requirements of the spe-
cific tube selected.

Triode-Hexode-Octode Series

Insofar as the triode-hexodes, oc-
todes and the like, it is best not to at-
tempt substitutions. The design of the
oscillator circuits is so critical that
substitutions of other converters hav-
ing differing characteristics is likely
to result in complete failure. As a
last resort, it is suggested that a sep-
arate oscillator triode be employed,
such as the 6J5G, installed in the con-
verter socket, and a standard converter
operated as a mixer. (6A7, 6A8 or
equivalent) be used. Alternatively,
the 6L7 may be employed for this pur-
pose. But this brings in wiring prob-
lems and should by all means be avoid-
ed if working on an FM set, or any
other type which utilizes a high inter-
mediate frequency excessive lead
length in such circuits.

We'll wind up this session with elec-
tron -ray tubes. Not much to discuss
here, since only the 6U5/6G5 and the
6AB5/6N5 are interchangeable, and
these two to a limited extent only. The
6U5 is designed to operate at voltages
up to 250, while the 6AB5 should not
be used at any voltages over 180, and
these are supply voltages-not element
voltages. Furthermore, the heater
current of the 6N5 is only 0.15 amps.
as against 0.3 amps. for the 6U5. But,
within the limitations given, these
types are interchangeable.

The chart, as now presented, gives
the picture in regard to replacements
as it exists today. We plan to add to
it and to make changes as the rapidly
varying conditions now require.

The author plans to cover other tube
substitution examples so that every radio
service -dealer will be able to "carry on".
The time element is important. Why not
write. Tell us what tube types or receiv-
ers are giving you most difficulty. Ask
any questions that you wish. Be sure to
make your questions brief and yet clear.
Give details as to the receiver model num-
ber, and watch this column!
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Centralia!)
MIDGET

RADIOHMS
Servicemen recognize the "plus -performance"
that these sturdy controls give on every
replacement job...Old Man Centralab's good
advice to "ALWAYS SPECIFY CENTRALAB"
was never more timely than now . . . when
it is so important to keep the "radio ears" of
the nation properly tuned to the events of
these critical moments in our history . . For
smooth, silent, sure attenuation . . . specify

CENTRALAB MIDGET RADIOHMS.

CENTRALAB: DIV. OF GLOBE -UNION INC.
MILWAUKEE, WISCONSIN, U.S.A.



dfweffireci  

The Marines have landed! . . . that means the
situation is well in hand and RTHEONS are on
the job . . . it's a hard job, too, tubes take ter=
rific punishment in tanks . . . pounding over
uneven ground and the vibration from firing
make a real test of tube stability . . . yet
RAYTHEONS are constantly on the job . . . and
turning in a creditable performance record.

I

NOTICE you have not obtained RAYTHEON'S interchangeable
Tube Chart it is important to get one of those cards at once from
your RAYTHEON jobber. Speeds up radio repair service and
simplifies your tube stock by elimination of a large numberof types.

These same RAYTHEON tubes have always turned
in a record performance in home receivers . . .

ask your RAYTHEON Distributor.
Raytheon Production Corporation, Newton,
Mass.; Los Angeles, New York, Chicago, Atlanta.

DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES FOR THE NEW ERA OF ELECTRONICS


