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FOREWORD

Ordinary Radio service men, and many dealers, are in-
clined to overlook what they consider minor details, and
so very often come to grief. You might ask some of them
what their installation technique is and they would prob-
ably tell you “Haul a set to the customer’s home and stick
it up.”

But study this lesson carefully, and you'll find that the
subject cannot be dismissed as casually as all this. The
real Radio-Trician has a very definite, well thought out tech-
nique for installation, as well as for any service he may
be called on for.

The greatest thing for a Radio-Trician is to be able to
plan his moves beforehand so that when he gets on a job
ge doesn’t waste any time wondering what he should do

rst.

This book will serve as an introduction to the entire
course on service technique, besides going into detail on
set installation. It may seem to require more thought—
more things may seem to be involved than at first sight.
But that won’t worry you. Follow out these instructions
and soon they will be second nature to you. Remember it is
often the little things by which you are judged. Start right
now to pay attention to detail.

J. E. SMITH.
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The Correct Professional Attitude

THE JOB OF BEING A SERVICEMAN

THE RADIO-TRICIAN * is a highly important link in
the Radio Industry. No matter how good a receiver is, unless
it is properly installed and serviced, it will not give satisfactory
service. For this reason manufacturers realize their dependency
on Radio-Tricians. Thus the Radio-Trician is not only an im-
portant link, but a powerful one. He is the man who comes in
personal contact with Radio set owners—it is on him that set
owners rely for continued satisfactory reception.

Because of the importance of Radio in our modern world,
and because the Radio-Trician fills such an important place in
Radio, he must be more than a mechanic—he is a professional,
and his attitude toward his work should be as professional as
that of the doctor or lawyer.

That he must have expert knowledge goes without saying.
He must know the “ins’” and the “outs” of Radio, the “how’’ and
the “why.” He must be able to put his knowledge to work; he
must have confidence in his knowledge and so be able to inspire
confidence in his employer or customers. He must never be satis-
fied with the knowledge he has. Radio is growing fast—he must
grow along with it. He should be interested in the work of other
Radio-Tricians and learn what he can from them as well as from
current Radio magazines and service manuals of new receivers.

But expert knowledge is not enough for a Radio success, sur-
prising as it may seem. If a Radio-Trician has an improper
attitude toward his work, if he is gruff, curt or careless, if he
is untidy in appearance, he isn’t going to please his employer or
his customers no matter how much he knows, and it won’t be
long until he finds some one else handling his jobs.

The qualities of the perfect Radio-Trician, besides expert
knowledge, can be listed as follows: Business-like Attitude,f
Dependability, Fair Dealing, Courtesy, Neatness. Each of these
is of sufficient importance to be considered in detail, a plan which
we shall follow.

BUSINESS-LIKE ATTITUDE. No matter how much a
Radio-Trician knows, unless he has or can develop a business-
like attitude, he will find the road to success hard and long. The

* The title “Radio-Trician” is a Trade Mark, duly registered in the U. 8.
Patent Office, and is reserved for the sole use of N. ‘R.I.-trained men.

tA successful business requires sound salesmanship, records and merchandis-
ing methods, subjects taken up elsewhere in the course.
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first essential of a proper attitude is nothing more or less than
self-confidence—you must know exactly what to do at the proper
time and be able to go ahead and do it. Of course, if something
should turn up that you cannot handle, don’t bluff. Nothing dis-
gusts an employer or a customer more than a serviceman who
tries to get by on bluffing ability instead of servicing ability.

Plan ahead. When you apply for a job, study up on the
receivers your prospective employer handles. When you get a
telephone call for service, get the facts correctly ; the name and
address of your customer, of course, and whatever information
you can get on the type of receiver and the kind of trouble the
owner is having with it.

A serviceman who is not methodical, accurate and careful
can never develop a business-like attitude. But these qualities
make a man confident in himself and enable him to inspire con-
fidence in others. However, don’t forget that self-assurance,
with nothing to back it up, is not what we mean by self-con-
fidence. The confidence the Radio-Trician has in himself is born
of knowledge and the ability to plan his moves before tackling
a job.

FAIR DEALING. Any business man who wants to be able
to look forward to a large future business must be scrupulously
fair in all his dealings with the public. Some business men make
the mistake of seeing only present profits, but they eventually
find, often to their sorrow, that it doesn’t pay. Suppose a man
takes his car to a garage and tells the mechanic that a spark plug
is fouled, causing the motor to miss fire. The spark plug pos-
sibly needs only to be cleaned, but the garage man sees a chance
to sell a whole set of spark plugs, counting on the ignorance of
the car owner.

This may be considered good business by some people, but it
really isn’t. The business that follows practices of this sort is
not going to thrive.

Some Radio servicemen, seeing a chance for present profit,
tell a set owner that he needs all new tubes, when he knows that
one new tube will do the trick—or the trouble may even be else-
where, just a minor adjustment may be needed. Is this good
business? Not at all. The chances are 90 to 1 that the set owner
is going to find out he has been tricked and he isn’t going to keep
the fact to himself. One job of this kind and a serviceman will
get more adverse advertising than the favorable advertising from
several jobs well done. As they say, bad news travels faster than
good news.
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It is never wise to trade on the ignorance of a set owner.
People often know more than we give them credit for. But no
matter how little or how much you think a man knows, treat him
as you would want him to treat you if the situation was reversed,
and you were the customer, he the Radio-Trician.

In cases where only a minor adjustment is needed, or where
a man requests a bit of information that you can give him, don’t
make the mistake of withholding information unless it is really
so technical that he himself admits he can’t understand it. You
may lose a job or two by making it possible for a man to handle
it himself, but you will have made a friend, and when he does
need expert help he will come to you.

COURTESY HINDE @ DAUCH PAPER COMPANY
Typical packing for midget receivers.

Build for the future always. And remember that fair deal-
ing will make friends for you and your business, that a reputa-
tion for fair dealing is worth thousands of dollars to the Radio-
Trician who has built his business along the lines of “fair play
to all.”

DEPENDABILITY is really a matter of playing fair with
your customers in the matter of promises. If you promise to call
at a home to examine a set at seven o’clock Monday evening, be
there at seven o’clock Monday evening. If you say that you will
have a set ready for use at a certain time, have it ready by that
time,
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In the matter of making appointments, remember that your
customer is the one to be pleased. Let him set the time and the
date as far as possible. Line up your work so everything can be
ready at the time promised.

The best way to manage is to have a small note-book in
which you can keep a record of appointments, jobs on hand, and
the date on which each job is to be completed. Be methodical in
this, and you’ll never find that you are expected to be in two
places at one time—you’ll never disappoint a customer.

If you have a great deal of work on hand, don’t take another
Jjob and trust to luck that you’ll be able to get at it some time or
other. Unless you can be sure about completing a job for a cer-
tain date, don’t promise it for that date. You may lose a job or
two by sticking to your schedule, but you will be building up a
reputation for dependability, worth much more than one or two
lost jobs.

COURTESY is nothing more than common politeness, which
should be genuine and habitual. You might say that this is a
very trivial matter, that of course you are never impolite and that
you don’t see why it should be in this book. But courtesy is a
peculiar thing. Many people think they are perfectly courteous,
they intend to be, and yet the effect they have on others is just
the opposite.

Therefore, watch your manner, not only your manners.
Look at yourself as if you were another person. Are you in-
clined to be abrupt, hasty, thoughtless? Often when you are out
on a job, the set owner or his family may watch you and ask
questions. They may bother you. You may think some of their
questions foolish. But don’t show it for a moment. If some one
suggests that you do something a certain way which you know is
not the proper way, be tactful. Explain why your method is
better, prove it if possible, but never be curt, never argue or give
the impression that only you know and everybody else is wrong.

Of course, there is such a thing as overdoing politeness.
Courtesy must be natural, never forced or carried to extremes.
Everything you say and do should be in good taste—and your
politeness should never be conspicuous.

A man who is quietly courteous, friendly and tolerant, makes
personal friends rapidly. Customers who are friends introduce
their friends, and it is in this way that a well-founded business
grows,

NEATNESS is another of those things we take for granted.
But here again we should attempt to see ourselves as others see
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us. Looking down, our shoes may appear dusty, but not too
dusty. We walk into a customer’s home, and the first thing that
strikes his eye is our dirty shoes. We go into the room where the
Radio set is; we turn the control dials. Does the set owner and
his family see how expertly we handle the dials? No; they notice
that our hands have not been washed very recently, that our
finger nails need attention, that our shirt cuff is dirty.

Most people put a great deal of faith in appearances. They
judge a man, first of all, by his appearance. Consequently, the
Radio-Trician must pay attention to the way he looks. This does
not mean that clothing must be expensive and new. Clothing
may be well worn, even mended, and still be neat.

Illustration showing a complete kit of tubes previously tested
to go with a given receiver.

These personal things impress a customer without his realiz-
ing it. In our modern world they are rather taken for granted,
but lack of neatness is noticed immediately and gives an unfav-
orable impression.

Then there is a neatness in working methods. Tools and
parts should not be scattered about on floors and chairs when
working away from the shop. Your work should always be
characterized by neatness. Confine your work to as small a space
as possible. Keep parts and tools arranged in order. The same
applies to the tool kit. Things should not be just thrown to-
gether so that it is necessary to empty everything out just to find
a certain piece of wire, or a certain tool. There is nothing that
creates a worse impression than taking time to look for mis-
placed tools or parts, or finding that a very much needed tool was
carelessly left at home or in the shop.
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Installing and Servicing Radios

PREPARING A RECEIVER FOR INSTALLATION

The installation of a receiver in a customer’s home is a job
which some servicemen think too unimportant to make a study of.
Of course, these men are wrong. They get a set from the factory,
unpack it, cart it to the customer’s home, set it up and forget
about it. Then they are surprised when they are called back
because the receiver is not functioning properly and surprised
when finally the customer is thoroughly disgusted with the set,
even though it may be of a very good make.

It must be borne in mind always that when a man buys a
radio set he isn’t interested primarily in it as a piece of furniture
—he doesn’t buy it so he can have a beautiful piece of mechanism
to look at; he buys it for his entertainment, pleasure, amusement
and education.

For this reason, a set should be thoroughly tested before it
is placed in a customer’s home. A Radio-Trician must be well
acquainted with the characteristics of a particular set (all sets,
even of the same make, have their individual peculiarities). Then
when the set is properly installed, it will work well immediately
and the customer will get a good first impression of his purchase,
which means a great deal, for first impressions are lasting
impressions.

Care should be exercised in handling a receiver at all times,
even before it reaches your shop. If you don’t go to the freight
station for it yourself, be sure that the person or company that
handles your drayage is careful and responsible. Radio sets, no
matter how well packed, should not be jarred excessively or
allowed to drop.

After all shipments are unpacked, carefully examine all
wrappings before they are thrown away to make sure that no
small part has been overlooked. Most shipments have packing
slips with them, listing all the separate items. -Parts received
should be checked against this slip. The time to make a claim
for missing articles is right after parts have been received and
unpacked. Likewise, any claim for damaged goods should be
reported immediately to the company making the delivery. If
any damage is noticed while unpacking, stop unpacking. Ask
the transportation company to send its claim agent to inspect
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the shipment. In his presence complete the unpacking so your
claims for damage will be approved.

HOW RECEIVERS AND ACCESSORIES ARE PACKED.
Serviecemen should be familiar with the usual methods of packing
receivers, consoles and tubes for shipment. Packing is important
to the manufacturer and distributor if the equipment is to reach
the dealer intact.

Universal, midget and small receivers are usually packed in
corrugated paper boxes. Generally the correct tubes are inserted
into the sockets, surrounded by tissue paper or soft packing

COURTESY ATLAS PLYWOOD CORP., BOSTON, MASS.

Plywood box used by manufacturers to ship large consoles and cabinets.

Note the lower console supports keep the cabinet off its legs. Excelsior

pads (straw or wood fiber wrapped in paper) keep the cabinet away
from the inside of the box.

material which will not create a fibrous dust. If the tubes are
surrounded by a shield, they are protected from the shield by
crumpled tissue paper. The receiver is then wrapped in manilla
or wax-treated paper, kept in place with gummed tape. The
paper carton is much larger than the receiver so that the machine
may be separated from the outside carton by special corrugated
pads. Thus the machine is protected from surface damage should
sharp objects pierce the outside of the carton. The use of pads,
cushions the machine in transit, preventing transmission of
shocks to the receiver.




The chassis—that is, the main structure consisting of the
R.F. amplifier, detector, audio amplifier, power pack and the
speaker—either as a single unit or as several units may be packed
for transportation in a corrugated carton properly cushioned.
The tubes may or may not be in the chassis sockets. In such cases
the console, if one is a part of the shipment, will be forwarded
in a plywood box.

Most manufacturers carefully anchor the chassis and
speaker into the console and send the entire receiver as a single
package. In the latter case the tubes are often shipped sepa-
rately,* if they are included as part of the receiver.

Considerable care should be exercised in removing consoles

COURTESY H!NDE & DAUCH PAPER COMPANY

How chassis are shipped in corrugated paper cartons.

from the shipping box. Most consoles are wrapped in paper
before being put in the wooden packing boxes and firmly held in
place by sturdy cross pieces in the boxes. Inspection of the pack-
ing boxes will show which side was put on last. Remove this side.
If it is screwed on, take out all the screws carefully ; if nailed on,
see that every nail is withdrawn so that the side can be lifted
off—not pulled off.

If the side is nailed on, nails should be pulled out with a
regular nail puller. If one is not available, pry loose one corner
so as to withdraw some of the nails slightly and expose their

* With the advent of the dome type tube, where the elements are supported
by a mica ring in the dome, it has been found safe to ship all tubes in the chassis,
in or out of tie cabinet.




heads. Then draw these nails with a claw hammer. Never leave
nails in the side or bend them over. Remove them completely.
Then pry some more nails loose and continue until the whole side
can be lifted off.

It is common practice to screw the back of the cabinet to the
back of the packing case. Remove these screws and the screws
that anchor the cross pieces to the sides. Do not remove the
screws which hold the cabinet to the cross supports. Now the
cabinet can be lifted or slid out of the packing box easily. Never

COURTESY HINDE & DAUCH PAPER COMPANY

How small consoles are packed in corrugated paper cartons.

“yank” or force a set out of its packing box. Remove all cross
pieces or wooden supports necessary for packing.

The next step is to remove the paper wrapping. It should
be cut, preferably with a blunt pair of scissors, so that it can be
lifted off. It should never be pulled or torn off, because the edges
may be sharp and will be very likely to scratch the finish of the
cabinet unless taken off very carefully.

Always be very careful of the finish. Moving a large console
is a two-man job, and even then care must be exercised that but-
tons or buckles do not come in contact with the finish—even
slight scratches will mar the surface so that it does not look like
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new. Don’t push consoles around unless they have special
gliders.

Corrugated paper cartons are easier to open. After the
receiver is inserted in the carton, surrounded by the packing
material, the four flaps of the open side are closed down. Usually
two short flaps are turned down first and then the final two
which then cover the entire side. Gummed paper strips are then
used to seal all exposed edges, the one across the center to the
sides of the carton being the most vital seal. In opening a cor-
rugated carton, a blunt end knife is used to break the seal, and if
the flaps have not been cemented with water glass or glue, the
side opens up. Where cement is used, the flaps will have to be
torn apart.

The removed machine should be freed of all shipping acces-
sories, as they are not needed in the installed machine. Especial
attention should be given to the wedges or bolts which may be
used to anchor the chassis to the console. Some set makers
design their chassis to float on rubber in the console, but in ship-
ment lock the chassis to console. Be sure that in such cases the
chassis is freed.

When a set of tubes comes with the receiver and they are not
inserted into the sockets, they will be shipped in a corrugated
paper carton and as a set of tested tubes. Large dealers may buy
tubes in quantity and in the original factory packages. They
usually come in cartons of 25 or 50, each tube in its own paper
carton and the lot packed in a corrugated paper carton padded
with a special fiber pad having numerous cup-shaped projections.

VISUAL INSPECTION, SHOP TESTS AND ASSEMBLY.
When all the separate parts have been unpacked and checked
against your order and the packing slip, give them a thorough
physical examination. Go over the connections, look for loose
screws and bolts, if the chassis is open inspect the wiring for
broken wires, see that wires are not shorted, be sure that control
grid wires with the top connector are intact, parts like the trans-
formers, variable or fixed condensers are solidly attached and see
that all controls turn easily and are not out of place. When a
loose part is found when unpacking, the examination should be
quite rigid. Minor defects should be corrected in the manner
suggested by the kind of damage. Major defects due to trans-
portation should be called immediately to the attention of the
transportation company and, if possible, before the machine is
totally unpacked. In this way a claim for damages 1s convincing.

Receivers should be bench tested before placed on display, on
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demonstration or delivered to the home. Rigid tests insure per-
fect performance and save you a lot of future embarrassment
and comebacks. Receivers delivered to you in cabinets should
be tested as is, but, if the chassis comes separate, test the chassis
and speaker as a working unit before installing in the cabinet.
In case of an internal defect you will save the trouble of remov-
ing the chassis from the console.

In most A.C. and D.C. power socket operated chassis the
R.F., detector, A.F. and power pack system are a single unit.
An approved flexible cord with a socket cap permits connection
to the power supply. The loudspeaker if excited by the power
pack will have a four or five wire cord connection to the chassis
by means of what appears to be a modified socket and tube base
with prongs. The actual plug-in system may vary, although
occasionally you will find the speaker-chassis connection a per-
manent one. Magnetic type or permanent magnet moving coil

TERMINAL STRIP
TO POWER UNIT

O Ll R R

Type of terminal strips used to connect RF-detector chassis to power pack A.F.
chassis when built separately. Bolt and nut system usually found on power
pack chassis.

speakers require no power connection, and usually the two leads
of the speaker are inserted into binding post, pin jack, or spring
type connectors provided for on the chassis.

In a few cases the chassis may come in three units—the R.F.
and detector as one unit, the audio system and power pack as
the second unit, and the speaker. Usually the speaker will con-
nect to the power pack unit in the manner just described. The
power pack and audio unit will connect to the R.F.-detector unit
through a multi-wire cable. The latter is necessary to supply
operating voltages and to connect the audio signal circuits. The
cable from the R.F. system may terminate in a multi-prong plug
which fits into a multi-prong receptacle located in the power unit.
They are usually constructed so they may be connected in only
one way. In some cases the cable leads terminate in spade type
lugs, which are bolted to screw type posts located on a terminal
board on the power pack. The cable leads are either color coded
or tagged so that they may be properly connected to the screw
terminals. You may find the instructions as to the proper connec-
tions in the shipment or in the service booklet.
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With battery operated receivers the required A, B and C
batteries or the B and C battery converters will come from stock
or as part of the shipment, and must be connected to the chassis
by means of the multi-lead cable which is always coded.

The socket powered receiver should then be connected to the
power supply, after the line voltage adjustment on the power
pack unit is set to the line voltage at the shop. Most receivers
are shipped to operate at 115 volts, plus or minus 5 volts. In
many cases a switch allows the receiver to operate at HIGH or
LOW voltages. When the line voltage tends to be above 115 it
is turned to the HIGH position, and when the voltage runs below
110 volts it is set in the LOW position.

Receivers may have a small cartridge fuse with one swivel
contact so that it can be set in any of two or three positions, or
two or three parallel fuse receptacles may be used. These posi-
tions are usually marked 100, 110 and 120 volts. Always place
the fuse in the position corresponding to the normal line voltage.
In case of doubt, always use the high voltage position so that, if
a high line voltage appears, the parts will not be unduly strained.

A number of receivers use what is known as a line ballast—
a resistance, placed in series with the primary of the power trans-
former, which automatically stabilizes the secondary voltages.
The net primary voltage is about 85 volts, even though the line
voltage varies between 90 to 135 volts. A few battery receivers
use one or more filament current ballasts to prevent excessive
voltage which destroys the fragile filaments of the 2 volt tubes.
In one case, the two ballasts were built into a single tube strue-
ture. The ballast must be inserted into its socket before connect-
ing the receiver to the power supply. The power line used on the
test bench should be protected with 3 or 5 ampere fuses.

The sockets in most receivers are embossed with the number
corresponding to the type of tube needed for that position. Only
tested tubes should be used. Tubes inserted in the receiver
should have been tested in a counter or bench tube tester for
shorted elements, open filament and transconductance. Where
the chassis are already in the consoles, it may be difficult to read
these markings, in which case the tube layout given in the service
manual or the special sticker attached to the cabinet may be used
as a guide. After connecting the aerial and ground to the re-
ceiver, the power is turned on and a broadcast is tuned in.

Assuming that the set sounds normal, the next step is to
align the tubes for best positions. To do this it is best to connect
a modulated R.F. service oscillator to the input and an output
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meter to the voice coil of the speaker or to the plate-chassis of
one of the output tubes. Adjust the signal generator so the out-
put meter reads mid-scale or in case of A.V.C. sets, to below the
threshold sensitivity. Now you should interchange similar tubes
(except the A.V.C. tube) until the maximum output reading is
obtained. Push-pull tubes may be checked to see that each draws
similar plate current (use a plate break-in adapter). An A.V.C.
tube, not used as a detector, is checked by inserting it after the
receiver has been tuned to a weak signal. If the output is not
decreased under these conditions and there is a well defined
threshold control, the tube is satisfactory. This alignment or
‘““pep up” process is considered in detail elsewhere in the course.

The signal generator should be disconnected, local and dis-
tant stations tuned in to give you a general idea about the sensi-
tivity and selectivity of the receiver. Unless you have a standard
signal generator (they are not required by the average service-
man), these tests must be based on experience, and the perform-

Type of plug attached to speaker cable which usually
has 4 or 5 prongs. They plug into a 4 or 5 prong socket
situated on the chassis.
ance of similar machines, in the shop locality under the condi-
tions peculiar to the season when the test is made.

You should check the action of the volume control, especially
its ability to cut down local stations. If the set has A.V.C., tune
through several stations at normal volume and be reasonably
sure that the locals and powerful nearby stations do not blast in.
Where inter-carrier noise suppression is a feature of the receiver,
be sure that it works or at least adjust this feature (if such an
adjustment is provided for) to what experience will teach you to
be the correct cut-off sensitivity. (Should also be set in the
customer’s home.) Be sure that the tuning indicator works, by
actual tuning in with it one or more stations.

Once you realize that the ultimate customer really uses the
frequency calibration on the selector dial, you will never fail to
check its correctness. A reliable receiver will not be far off,
although in shipment the dial may have slipped. All-wave re-
ceivers must be able to receive on all bands—check each band for

18




&t least one station reception. Receivers with a police band
change-over switch should be checked. Tone controls should
work, they may not appeal to you, nevertheless they should dull
the tone and reduce background hiss. Where a receiver is adver-
tised to have special features, make sure that these features exist
and work according to your understanding. Above all see that
the control knobs and switches work easily and smoothly. The
consumer is quick to notice and dislike mechanical stiffness of
controls.

Tone or the fidelity of the receiver can only be checked when
the speaker is properly bafled. Unless the make of receiver
seems to be a regular “bad actor” this test may be left until the
chassis is in the console. Otherwise a bench baffle may be used.
A shelf to hold the speaker will be needed. Where smaller
speakers are used, a small baffle board with the correct size open-
ing may be used to cover up the larger hole. In testing for
fidelity, listen for hum, especially modulation hum (hum heard
when the broadcast is tuned in.) The importance of the baflle
shows up when testing for hum. The baffle brings out the low
notes and consequently the hum. If the baffle is omitted when
testing no or little hum will be heard, and when the speaker is
placed in the receiver cabinet, the hum will again be prominent.

By this time you are about to complain that testing a re-
ceiver prior to installation or acceptance is too long and perhaps
too costly. Although it appears to be involved, actually the pro-
cedure develops into a routine which takes much less time than
you might expect because reliable makes of receivers are de-
livered in good order. Of course, it is essential to have the
facilities and space for this inspection. The more careful your
tests are, the less trouble you will have with demonstrations and
future complaints. You are assured of a satisfied customer and a
booster for your organization.

In absolute fairness we should mention that low priced re-
ceivers, midgets and vest pocket receivers cannot be so critically
examined. Nevertheless, actual pickups from broadcast stations
should be included as a regular routine. You should be fair with
regard to defects. Minor defects as misalignment of L.F. stages,
failure of the preselector to track with oscillator, broken connec-
tions, slipping of the selector dial, break-down of a resistor or
condenser should be taken care of at once, returning the defec-
tive part to the distributor for replacement. Major defects, like
excessive hum, intermittent noise, broken down filter condensers
and transformers or similar defects, should be reported to the
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distributor or manufacturer, if you deal directly with him, for
instructions. He may send you the replacement part or request
the return of the chassis, sending you a new one. Get permission
before you return a receiver, for any reason—that is the way
radio business is carried on. Of course, if a given make gives
you continued trouble, and you feel that it does your prestige
harm or cuts into your profit, stop handling that make or
troublesome model, but don’t expect 100 per cent perfection—
you can’t get it.

After the chassis and speaker have been thoroughly tested
and found to operate satisfactorily, they should be installed in
the cabinet and operation rechecked to observe if any defect has
arisen in the assembly. The cabinet is then cleaned and polished
to remove marks of unpacking, such as fingerprints, dirt and
grease which will accumulate during the process of handling.
Dents and scratches should be filled in by the usual process of
burning in stick shellac and rubbing down smooth with sand-
paper and powdered pumice.

A soft, clean polishing cloth should be available so that finger
marks and dust may be removed. There is one secret in making
a neat job. Keep the polishing cloth clean. It should frequently
be washed out with soap and water, rinsed in clear water, and
allowed to dry so that it is always ready for use.

When polishing or rubbing down a surface, make the stroke
along the full length of the grain of the wood. Do not rub in
circles. After the set has been cleaned from dust and dirt, then
a small amount of polishing fluid or wax may be used so as to
obtain a high gloss. There are many good preparations and, as
these are sold under various names throughout the country, it is
not possible to recommend any particular brand because you may
not be able to get the kind which would be specified. If you have
any doubt as to what brand you should use, then it is well to
obtain this information from a first class furniture store in your
locality.

Apply the polish to a small section at a time and rub it down
to a gloss until all traces of a smeary appearance are removed.
The finished surface should be perfectly free of loose wax or
liquid.

INSTALLING RECEIVERS IN THE HOME

The customer purchases a definite make and model of re-
ceiver because he wants one like the one he heard in someone’s
home; or because its appearance and performance at the dealer’s
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store appealed to him; or it is recommended to him by a friend,
the dealer or advertising. If he is a cautious buyer he will accept
a receiver provided it works satisfactorily in his home. Although
some radio merchandisers will install a receiver in the home on
demonstration, the present tendency of the experienced dealer is
to insist on an initial store demonstration. In the latter case the
customer has a chance to compare models and makes and reduce
his choice to a single receiver.

At the store the demonstration usually can be made under
ideal conditions, with perhaps the exception of distance and noise
features. By carefully arranging the surroundings, using heavy
rugs on the floor and drapes on the walls, the sound from the
receivers will be at its best. Where noise is prevalent, shielded
antennas and the filtering of the noise producers will help to
make the demonstration acceptable. The chances are that an
over-zealous merchandiser will try to make the demonstration
too good. It may be a matter of opinion, but no store demonstra-
tion should be so superior that it cannot be duplicated in the
home. The customer expects regular performance to be as good
as the demonstration.

The pickup system used at the store should be similar to the
one you usually install in a home. At the service bench only
regulation pickup systems should be used. It goes without say-
ing that if you sell to a D.C. neighborhood, you should have a
D.C. power source.

TRANSPORTATION OF THE SET. After a receiving set
has been contracted for, and the time set for delivery arrives, a
tested set should be sent to the new owner’s location, carefully
wrapped in quilted material, formed to fit the console or cabinet
and like the covers used by furniture packers and movers. The
greatest care should be taken to prevent any scratches, scars, or
other unsightly marks.

Everything should be in readiness for a complete installation
in the shortest possible time. It is proverbial that when a cus-
tomer wants a machine he wants it “yesterday,” and no time
should be lost in giving him complete and satisfactory service at
the specified time. In most cases, the machine as it stands on the
demonstration floor may be covered at once and delivered im-
mediately to the customer’s home. A suitable, well-planned aerial
and ground should be ready to connect to the proper binding
posts. The line voltage should be measured with a meter and the
“high” or “low” line switch thrown to the proper position.
depending upon the reading.

l1e
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Remember, that an installation of a good, well balanced re-
ceiver is only as good as the aerial-ground system. Admitting
that many modern receivers appear to give good reception with
a wire thrown out of the window as an aerial, or with a power
socket antenna eliminator, experience has proved that such make-
shifts are a source of endless trouble. Many successful mer-
chandisers insist on a new antenna for a new receiver. Even
when the customer says that the aerial is of recent erection, the
dealer has the customer to agree that a new one should be erected
if in the opinion of the servicemen it is not up to their standards.

A regulation antenna having between 50 to 75 feet of aerial
wire clear from surrounding objects is usual. For small homes,
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Covering pad for protecting console to be delivered to the
customer's home.

cottages, bungalows and small multi-apartment dwellings the
usual rubber covered lead-in wire will suffice. In large apart-
ments, where the straight-away portion of the antenna must be
placed at some distance from the receiver, or where man-made
static is prevalent, the noiseless antenna should be insisted on.
All-wave receivers work best with a transposed line lead-in sys-
tem which should be suggested. Be guided by generally accepted
practice, tempered with such experience as you gain in your
service work. Avoid so called “temporary” aerials or aerial
eliminators, even for demonstrations, as if they were poison, for
the first impressions are the ones that last. Such makeshifts do
not insure best results. The experienced merchandiser has the
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prospect who insists on a successful home demonstration prior to
signing the purchase contract, agree that an aerial be erected to
his standards. In case the receiver is not purchased, the aerial
system must be paid for. Such a procedure has the desirable
effect of keeping away undesirable prospects.

The time to erect the new aerial system is a debatable matter
(there are no hard and fast rules for successful radio selling).
Where you are the dealer, serviceman and salesman, the natural
thing to do is bring to the home at the agreed time everything
necessary to complete the installation; the receiver, the parts for
an aerial, printed instructions, tools and service equipment. The
Jjob is completed with a single visit.

In large organizations where the salesman is the one to give
the demonstration or to get the contract finally signed, or in a
one man organization where the agreed time for the demonstra-
tion is at night, the antenna system should be erected during the
day before the receiver is demonstrated. Where the installation
and demonstration are not made at the same time, the final con-
nections of the receiver to the pickup system and power socket
should be omitted at the installation.

When the aerial and ground is installed, be sure that some
one who will decide with you authoritatively as to the position
of the receiver will be present. The opinion of the customer and
the serviceman may not be alike and you must be able to explain
to a responsible person why your position of the receiver is the
most desirable. If you are not the one to demonstrate the set
or if you plan to return later for this purpose, merely connect the
set for a few moments for check, explaining to the customer if he
questions the fact that you have disconnected the set that that is
your policy or the policy of your company to explain the opera-
tion of the receiver at the demonstration. If you do not wish the
customer to play the set while you are not there, you can remove
the rectifier, the ballast tube or the line fuse.

THE DEMONSTRATION should be carefully planned as it
is a part of the selling program. The installation has been made
in a ship-shape manner, so nothing can detract from the receiver
performance.

You are now ready to give an explanation of the set. Use
simple words and language which the average person will under-
stand. Do not try to explain the operation by technical radio
terms unless you know that the owner is absolutely familiar with
the explanations that you are giving. Very few people know the
difference between a transformer and condenser. Therefore, it is
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useless to employ technical terms unless you know they are
understood.

The first thing you should point out is the location of the
“Off-On”’ switch. Explain briefly that the tubes must warm up.
Then show the location of the tuning control, mentioning that the
purpose of the knob is to allow you to select the stations desired.
Explain the meaning of the numbers on the dial. If the set is
marked in kilocycles, then show how he may select a particular
station by referring to a newspaper or call book which lists the
frequencies of all stations. Next show the location of the volume
control, explaining that turning the knob will regulate the loud-

COURTESY HINDE & DAUCH PAPER COMPARY

Standard package of tubes, as shipped by the tube manufacturer.

ness of the sound. Explain the tone control if the machine has
one. If the set is an all-wave type, explain the use of the range
change-over control. Point out the A.V.C. noise suppression or
other unique features of the receiver by an actual demonstration.
Clearly explain the remote control features if incorporated in the
receiver and be sure to explain any peculiarity or limitation of
the system.

Tell the owner just why you are doing all this and be sure
that you do not overrate the set. It is best to have the owner
expect less, and let him find out for himself that the set will do
more than expected. He is sure to be more satisfied than if you
lead him to expect performance he will not get.

Tell the owner that the best reception can only be expected
from nearby or local stations. Distant stations are subject to
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fading and A.V.C. if a feature of the receiver, only partially cor-
rects this evil. All-wave receivers and short wave reception have
their peculiarities. Any other peculiarities should be pointed out
before you leave; otherwise you are likely to be called in to fix
something that cannot be fixed. This will save you trouble and
unnecessary service calls. Matters regarding hum, static, code
interference, and heterodyne interference between stations
should be fully covered.

You should be familiar with the programs which are on the
air at the time. A little study of your local newspaper before-
hand will tell you what programs may be expected. If selling is
an important part of your business, it should be a duty to study
each day the best program to be used in demonstration. The
program which you choose should be in accordance with the lik-
ing of your customer.

Turn the tuning control, or selector, to the station desired.
Use a moderate volume. Loud music or talking is extremely
displeasing to most people. Besides, you will want to have a
reserve of volume later when you wish to demonstrate this par-
ticular feature of the set.

After having tuned in a station with a good program, then
leave the controls alone and allow your customer to listen to the
set’s performance. Do not change from one program to another,
because this does not allow the customer to become accustomed to
the tone quality of the receiver. During this time, ask the pros-
pect a direct question concerning the operation of the set. Put
your question so that he will more than likely have to answer
“Yes.” Your statement may be directed as follows: “I think that
the tone of this set is beautiful—don’t you?” The prospect will
more than likely answer “Yes” to your question. On the other
hand, if he has any complaint, then he will be sure to tell you
about it. Listen to him carefully and then be sure to make any
necessary adjustments at once. Should the prospect be mis-
informed and expect more than is reasonable, then give a satis-
factory explanation so that a full understanding will be had
between you and the prospect.

Give the prospect a chance to operate the set by himself.
Allow him to make adjustments with the various controls, point-
ing out to him that the tuning dial should be rotated slowly. This
will allow the station to be tuned in at its maximum volume and
clarity and at the same time avoid completely passing over some
distant station. The tendency for people not experienced with a
modern set is to rotate the dials entirely too fast.
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Wateh his movements carefully, then, after a sufficient
length of time, explain how he may improve on the way he
operates the set. Do not make blunt statements telling him that
he is wrong. Make your explanation, as, “I believe you’ll tune it
in clearer if you'll do it like this,” following it with the necessary
information. Under all circumstances be courteous and helpful
and do not forget that the simplest type of explanation should
be used, without going into any great technical details.

A demonstration in the store need not include all the above
details. There will be no need to teach the customer how to
handle the controls. Here the demonstration may be limited to
simple procedures which point out the sales features of the prod-
uct and superiority over low priced machines.

FINISHING THE JOB. If you are the demonstrating
salesman then the finishing of the job will be the winding up of
your sales talk and preferably the final act of having the cus-
tomer sign the sales contract. Should the prospect insist upon
having a little more time to try out the receiver, be sure he is
satisfied before you leave. It is well to have a definite under-
standing that the installation has been made to the liking of the
prospect.

The serviceman should, before he leaves, make a final inspec-
tion of everything to make sure that he has left the place clean
and orderly. Papers, dirt and dust resulting from his work
should be disposed of properly, and a final touch with the clean-
ing and polishing cloth will allow him to leave the prospect with
an impression that he has completed a first-class job.

After making a sale, don’t dismiss it. Call back on the cus-
tomer in two to four weeks at least, to see that satisfaction has
been rendered.

PREPARING FOR AND HANDLING SERVICE CALLS

Radio receivers become defective, lose their original ability
to satisfy. Even when the components don’t break down, the
tubes lose their original pep. Stages, through constant attack
by changing room temperature and humidity, get out of align-
ment. Servicing as a profession is here to stay as long as radio
broadcasting, both visual and sound, continues to please, amuse
and educate the listening public. As a future serviceman it is
your duty to prepare yourself to handle servicing in a business-
like manner.

Receivers may break down during the usual ninety day
guarantee period. In spite of the fact that it is a compulsory,
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free service call, you should give such calls the very best of atten-
tion. You will want to retain the set owner as a future service
customer and set buyer. Not only will he continue to use your
services, but he may influence his friends to buy your receivers
and use your repair service.

Here, we will not go into the problem of getting new service
clients, but assume that you have a following and desire to serve
them to the best of your ability. With every service call give
100 per cent satisfaction. Give more than you contracted for
if it does not involve too much expense. If an estimate on a re-
pair job turns out to be too low, do not put in poor material or
turn out a hurried job so as to make a profit. Take your loss and
from your records and experience learn how to give a better esti-
mate next time.

Service calls will come in by phone, personal visit and oc-
casionally through the mail. The customer knows little about
the mechanism of radio and usually does not like to answer a
string of questions. If the call is your first contact with the cus-
tomer you must get the name, address and, if possible, the phone
number. The latter may be omitted if you care to look up the
listing in the phone book. Next in importance is the make and
model of the receiver. More than likely the model will be un-
known so the year it was purchased new may give some informa-
tion, especially if you watch the yearly trend in designs. Of
course, if it is an old customer, you need ask no questions pro-
vided you keep a card file with a record of information similar to
the one on page 23.

Further than this, about all you reasonably can ask a cus-
tomer is “What seems to be the trouble?” In their own peculiar
way, they will tell you that the set is dead, has poor selectivity,
has poor sensitivity, distorts, fades, is noisy, cuts off irregularly
or regularly, hums, squeals, lost its power—or a blunt statement
that it does not work like it formerly did. The customer may
volunteer other information, that the set emitted smoke, has a
peculiar odor, went dead suddenly, was gradually getting defec-
tive. Be sure you get the complaint or be assured that someone
will be at home to tell you what may be wrong, simply because
you must at least correct the defect which is uppermost in the
customer’s mind.

If you are fortunate enough to get the make and model of
the receiver you can immediately refer to a service circuit dia-
gram, a tube list, a service manual or to a file on troubles peculiar
to certain receiver models. If you have carefully noted the com-




plaint you have something tangible to start on. Obviously the
problem is greatly simplified if you are servicing a machine with
which you have had previous experience. The first time you
service an instrument be sure to make a record of all information
which will help you in future service calls.

TECHNICAL INFORMATION SERVICES. Expert serv-
icemen can repair defects in all conventional type receivers with-
out the aid of a circuit diagram or service manual of the receiver
under repair. This ability comes from a thorough knowledge of
the fundamentals of radio, constant reading of articles describ-
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ing new receivers and new circuit innovations and experience
obtained from servicing all kinds of machines. Nevertheless, the
work is greatly simplified if a circuit diagram is available, espe-
cially one where in addition to the symbolic connection of the
components: the resistance, capacity and inductive values of the
parts are noted on the diagram; and tubes used, normal operating
voltages and special adjustments are clearly shown.

Typical service sheets are given with your fundamental
course. The Institute maintains a file of circuit diagrams for
practically all receivers and will gladly send you a photostat of
any one for twenty-five cents, the cost of the photostat. If the
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photostat is returned there will be no charge. By far the best
plan is to collect and file them and from every conceivable source;
periodicals, N.R.I. service sheets and service manuals. There
are concerns * which can supply you with diagrams of all re-
ceivers made and if you subscribe to one of these services, your
initial work in collecting information is simplified. The initial
outlay for such service manuals may seem a little high, yet where
your field or work indicates the possibility of getting a wide
variety of machines, it is well worth while.

You will note from experience that a given make and model
of receiver continually develops the same troubles, traceable from
definite effects; squeals, noise, loss of sensitivity, etc. Itisa
good plan to record such experiences on a 8 x 5 inch card and
file them according to maker and model number. You will find
that such periodicals as Radio-Craft, Radio Today and Radio
Retailing make a practice of publishing information on troubles
and remedies peculiar to definite receivers. If such information
is helpful to you, collect it. Here are two samples:

Atwater Kent-Model L Oscillations

The positions of the connecting wires in
this receiver are quite critical. Oftentimes
oscillations will be caused when the local-
distance switch is in the local position, due
to coupling between the red wire from the
switch and the R.F. coils. Merely move the
wire away from the vicinity of the coil open-
ings.

] ] ]

Clarion-Model 320 Intermittent Operation

Examine first I.F. coil for poor connections
at point where coil windings connect to the flex-—
ible leads. Check 8,000 ohm first detector-
oscillator cathode bias resistor for inter-
mittent operation.

* Rider’s Perpetual Trouble Shooters Manuals and Gernsback’s Official Radio
Service Manuals covering broadcast and automobile receivers are the accepted
standards for reference purpose. Supplements keep the manuals up-to-date.

1 With lesson 14 of the fundamental course you received a reference book on
the general ills and troubles of receivers. Refer to this book until you are
familiar with its contents.
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These two types of information, (1) circuit diagrams show-
ing the part values as well as operating information, and (2), a
collection of typical troubles and remedies peculiar to definite
receivers, are just as much a part of the service man’s equipment
as his oscillator or soldering iron.

EQUIPMENT AND TOOLS. As you probably already
realize, knowledge is paramount and tools and equipment are
merely an aid to carrying out the analytic functions of your
service experience. Elaborate equipment is not necessary.
Simple, neat, efficient tools, properly handled, will answer prac-
tically all needs.

A modulated oscillator or service signal generator and a
multimeter are the two items that you cannot do without if you
plan to service receivers in any quantity. The service signal gen-
erator should be preferably battery operated so it can be used on
any receiver in any location. Power line operated oscillators are
likely to feed the signal back into the receiver through the mutual
power line, making it impossible to control the oscillator output.
Oscillators which do not have this fault may be used. The oscil-
lator should cover, at least, the range of 115 kc. to 18 megacycles.
The less use made of harmonics to cover this range the more
desirable the oscillator. An oscillator with A.F. tube modulation
is preferable to one using grid leak-condenser modulation. Its
output level must be controllable and its frequency fairly stable.
For precision work a switch to make the oscillations unmodulated
will be found a valuable added feature. A long shielded cable
preferably with shielded probe handles will be needed. If one is
not provided, it can be easily made. Universal clips, lugs and
prong contacts easily affixed to the probe handles will be needed.

The multimeter should contain: an ohmmeter having at least
a range of 0 to 1,500,000 ohms; a D.C. and A.C. voltmeter with
a maximum range of 0 to 600 volts and at least two lower ranges;
and a 0 to 150 D.C. milliampere meter also divided into three
ranges. An A.C. milliammeter is not essential but worth having.
The A.C. voltmeter may be used as an output meter merely by
using a series 1.0 mfd. paper condenser. Often it is incorporated
into the multimeter. Red and black probe leads are absolutely
necessary.

A system of extending socket connections where voltages
between any two electrodes ard current to any electrode may be
measured is quite valuable. Such systems are referred to as
socket analyzers, free point set tester adapters and are an ar-
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rangement of 4, 5, 6, 7 and 8 prong socket plugs feeding 4, 5, 6,
7 and 8 prong sockets in the adapter and a means of connecting
a multimeter into the system. Such an adapter together with a
multimeter is often referred to as a set analyzer.

Tubes may be checked with the equipment just referred to,
but only in a receiver where the supply voltages to the tube are
normal. Generally it is all that is required on a service job, but
at the service bench a so-called counter or bench tube checker is
necessary. With them the transconductance of a tube, shorted
tubes and open filaments may be checked prior to taking them on
a service job.

Typical service equipment will be studied later, particularly
its form and use in trouble shooting.

As a serviceman’s business increases in number of calls
handled and profits earned he will undoubtedly find that both will
be increased by investing in a dependable but inexpensive car,
very likely purchased with the capital being built up by his
service business. Such a move would certainly permit many
more calls, save time, and facilitate the handling of sets between
bench and home, as well as the carrying of tools and tubes.

The number of tools that a serviceman can carry naturally
will be limited. Those most needed are listed below:

Large screw driver Socket wrench set for %, 5/16, %, 7/16
Medium screw driver and % inch hexagonal nuts
Small screw driver for dial and knob Neutralizing and aligning tools

set screws Small hammer
Electrician’s line pliers Flashlight
Diagonal cutting pliers Small mirror with extension handle
Long nose pliers Solder, resin core
Bent nose pliers Friction tape, hook-up wire
Electrician’s jack-knife Sandpaper
Electric soldering iron (75 watt) Paint brush, 2 inch ,
Small alcohol blow torch (optional) Cheese-cloth and pipe cleaners
3 in 1 oil, mineral oil Speaker cement

Cloth felt to place chassis on and protect floor or furniture
Burning-in kit, to fill in scratches and dents. Furniture polish

More than likely a set becomes defective because of break-
‘down of some part. It is not possible to predict what parts or
accessories you will need, nor is it possible to carry every con-
ceivable replacement part. From experience and because cer-
tain receivers appear to be popular in your locality, you will
eventually learn what parts should be carried with you on a
service call. The usual parts carried are listed below.
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An assortment of tubes (knowing the model number of the set simplifies
matters).

A complete antenna kit (replace parts as you use them).

Assortment of metallized and wire wound resistors.

Assortment of mica and paper condensers (mostly paper type).

One each, 2, 4 and 8 mfd. universal mount dry electrolytic condensers.

Assortment of power line (screw in, cartridge) and Little type fuses.

Assortment of screws, nuts, soldering lugs, washers, etc.

Dial cords, knobs and similar common parts.

Even with these parts you cannot handle all service calls,
but the fact remains that if special parts are needed, the chassis
and speaker will, in all probability, have to be removed to the
shop bench where a more complete stock of parts can be kept
available. The defective part may be repaired or a new part
purchased from the nearest parts jobber or mail order house.
Such items as power transformers, audio transformers, speaker
cones, special tubes, dial mechanisms, special brackets should
usually not be kept even in the service shop as they are not
standard. If the demand for a special part appears frequently,
it may be wise to keep a spare part in stock. Some servicemen
like to keep universal type power transformers in stock. Usually
it is best to get an exact replacement as it fits in easily and does
not have the appearance of a makeshift. Experience will teach
you to do the correct thing. Keep your investment in parts down
by stocking only those items that you use regularly. That’s
good business.

THE SERVICE CALL

A service call should be exactly what the word service im-
plies. It means that you should call at the specified time and in
a cheerful mood. Don’t forget what we already said about a
business-like attitude, fair dealing, dependability, courtesy and
neatness and that the customer is right if you value his patronage
and the good-will of his friends.

If you do not know what the complaint is, ask “What seems
to be the trouble?” If you know what is wrong and a responsible
party is present, it would not do any harm to state the trouble so
that you may get an affirmative answer. For if there is a differ-
ence in opinion you will know at once. The initial steps are to
turn the radio on and while the tubes are heating up, inspect the
ground, aerial and the tubes to learn if they are being heated.
Keep your eyes open for surface defects, no pickup connections,
no power supply connections, tubes out of socket, no top cap
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connection to screen grid type of tubes, speaker cable not plugged
in, etc. By this time some indication like a noise, squeal, howl
may greet your ears.

If no adverse signs appear, tune in a local or nearby station,
testing for distortion, lack of selectivity, tone quality—tune in
a distant station in order to estimate the receiver sensitivity, in
fact, watch for all those things that will allow you to appraise
the operation of the receiver. Should the set fail to tune in a
station, yet all tubes appear to have filament power and no sur-
face effects are indicated, then an internal defect is indicated.
You may then trace down the defect by the regular procedure
described elsewhere in this course.

At this point you will have to decide whether you will take
the chassis to the shop or make the repair in the home. If it is
a matter of new tubes, realignment, or the replacement of a
part that you have with you and which can readily be replaced,
it is best to complete the job at once. Be sure you carefully
check the receiver after the repair, improving the stage align-
ment if it is easily done, align tubes, tighten loose parts—in other
words, render a complete satisfactory service.

In cases where the broken down part is not in your kit or
must be ordered, where the defect is not easily located, where
such tricky troubles like hum, intermittent (off and on) recep-
tion, distortion, internal noise turns up, it is best to take the
chassis and speaker to the work bench. Before you do this, get
permission. You may have to give an estimate of the cost and
here you will have to be guided by experience on similar cases.
Even if you are not questioned about the cost and the job may be
unusually high, it is best to have an understanding by stating
that the job may cost about so much. Thus future differences
in opinion of the service charge are eliminated.

The honest serviceman does not take a chassis to his shop
when he conscientiously knows that it can be readily repaired
in the home. There are jobs when either procedure may be
taken and the only guide then is, how complete the usual re-
vitalization of the set shall be. A better job can be rendered
at the work bench. In short, the difference between a home and
shop procedure is the time available for house to house visits,
elusiveness of the defect, temperament of the customer (some
won't let you take a set away, others don’t want you to work in
their home), replacement parts available and the completeness
of the alignment desired.
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TEST QUESTIONS

Be sure to number your Answer Sheet 36RH.
Place your Student Number on every Answer Sheet.
Never hold up one set of lessons answers until you have

another ready to send in. Send each lesson in by itself before
you start on the next lesson. In this way we will be able to work
together much more closely, you’ll get more out of your Course,
and the best possible lesson service.

1.

10.

What qualities should a Radio-Trician develop, besides
expert technical knowledge?

When starting to unpack a shipment, it is observed that the
shipment is received in poor condition, what steps would
you take if you plan to make a claim on the transportation
company ?

Why is a rigid shop inspection and test essential before a
receiver is placed on demonstration or installed in the cus-
tomer’s home?

In what position would you place the HIGH-LOW line volt-
age control, if you were in doubt as to line voltage variation?
Would you use a so-called temporary antenna or aerial
eliminator to demonstrate a receiver?

What type of antenna would you recommend when install-
ing a receiver in a large apartment house?

Why ask the customer, requesting service, for specific in-
formation on what is wrong?

Aside from tools, replacement parts and training, what two
types of information should a serviceman have on hand?

Would you attempt to repair in the home, a receiver that
plays, cuts off and plays irregularly? There are no surface
defects and the tubes test normal.

What simple expedient can you take to prevent a customer
from using a receiver until the demonstration.
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THE USE OF YOU AND ME

Cecil Rhodes once said: “Don’t worry. If there were no
difficulties, what would be the use of you and me?” The
men who face and conquer difficulties, as Cecil Rhodes
faced and conquered, will come as assuredly to superiority
and power as wood floats and lead sinks. The greater the
difficulties, the greater the opportunity for talent to rise
above mediocrity. There is no need to seek difficulties, for
in these days, at least, they are thrust upon every business
in the country. The man who wins is the man who holds
on until he can hold on no longer—and then doesn’t give up!
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Adopting a Service Technique

WHAT A SERVICEMAN MAY BE ASKED TO DO

HEN Mr. Jones, the average set owner, calls Mr. John Q. Service-

man, the chances are that his receiver has stopped altogether,
distorts terrifically, is picking up interference or cuts off intermittently.
More critical set owners might complain that their receiver has lost its
“pep” (ability to pick up distant stations) or has poor tone quality;
these customers would ask the serviceman to revitalize the receiver or
cure its annoying traits. All these calls involve trouble shooting—expert
diagnosis followed by defect isolation, using the technique which you are
now preparing to master. Before we start on this extensive subject, let
us clear up another type of service rendered by Radio-Tricians.

The sight of an old receiver induces many servicemen to suggest
a remodeling job, and a few customers will themselves ask whether or
not a certain receiver can be brought up-to-date. Some servicemen
refuse to remodel except where a worth while receiver has some basic
defect, while others unfortunately grasp the opportunity whenever it
presents itself.

Remodeling jobs, except in a few isolated instances, are expensive
and unsatisfactory to the customer. Reliable makes of receivers were
carefully designed to give a balance between many important factors,
such as allowable distortion, power output, selectivity and sensitivity.
Tubes and parts were chosen from the best material available at the
time of manufacture, and a great deal of attention was given to the
circuits used. Unless you have experience and knowledge equal to that
of the original designing engineer, it should be obvious that you will
upset the balance he built into the receiver when you put in different
parts and change tubes.

Unfortunately, the man who practices remodeling measures the suc-
cess of a change-over only in terms of what he is after. For example,
he may want to use all-metal tubes or exchange one tube for another
which is cheaper, easier to replace, or more modern; he may want to
change over from A.C. to D.C. operation or vice versa; or he may seek to
build greater sensitivity, greater selectivity or better tone quality into
an older model receiver. Although the major purpose of the change-over
is realized, other offsetting effects may eventually create disappointment
in the customer’s mind. If servicemen were to put remodeled receivers
through the tests which are considered essential by any reliable manufac-
turer, there would be far less remodeling, and those sets which were
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remodeled would be highly satisfactory. The equipping of a suitable
test laboratory for this purpose, however, involves a cash expenditure
which is beyond the resources of the average technician.

Remodeling must be rationally considered. You must know what
difficulties are going to arise and whether the gains will offset the losses.
Above all, determine whether it will be wiser to buy a new receiver,
considering the many benefits of a new model to the customer, or cheaper
to remodel the old set. The capable Radio-Trician carefully examines
the circuit of the receiver in question, then utilizes his knowledge of
radio circuits and his experience to lay out the new circuit. After figur-
ing the cost of the change he decides whether the expense involved (allow-
ing himself a fair profit) will be acceptable to the customer. When a
change-over in a certain model proves entirely successful, he files the new
circuit and the change-over data for future use. Should another receiver
of this same model come in for service, he could then suggest the change
if he thought it would be appreciated by the customer.

At one time, not so long ago, servicemen who made successful change-
overs wrote up the details for publication in various service magazines.
Such articles were instructive and gave the practical details needed to
improve a particular model, but did not tell of the troubles and pitfalls
which were encountered in securing satisfactory operation. Servicemen
soon realized that there was more trouble than profit in this kind of
work, and change-over articles gradually disappeared from the reliable
magazines.

Beginners in servicing should remodel only when they have at hand
complete and detailed change-over data for the particular receiver in
question. The following suggestions will prove helpful when you are
considering the remodeling of a receiver.

WHEN SHALL I REMODEL A RECEIVER?

The most common change-over is that involving the replacement of
old type tubes with more modern tubes. This problem divides itself into
two parts: a, where a change is desired because the old tube is no longer
easily obtained; b, where tubes are changed to get better operating qual-
ities. Item a is sometimes easily handled because many tube manufac-
turers supply data on tubes which can be interchanged without making
any circuit changes. Servicemen can get these tube charts from their
tube or radio parts distributors.

Careful consideration should be given to a change of tubes which is
made to secure a specific new operating feature, such as changing from
ordinary screen grid to variable mu tubes to remove cross-modulation
and modulation distortion. Unnecessary changes are foolish and a need-
less expense to the customer.

When changing to variable mu tubes, determine whether the receiver
has C bias volume control; if not, make this change. AVC receivers may
work better with variable mu tubes if the controlling C bias potential
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swings sufficiently or is extended by a change in the automatic volume
control circuit.

In general, if a change is made to tubes of similar characteristics
(24 to 24A, for instance) no circuit change is required. On the other
hand, a new socket and changes in wiring will be needed when replacing
a 24 tube with the 58, which is quite different; however, in this particular
case the original supply voltages can be used.

Audio hum can oftentimes be cut down by changing the first audio
tube from a 26 to a 56. Grid leak-condenser detection is likely to give
more hum output than a C bias type detector; a change to the latter, on
the other hand, may reduce sensitivity and increase selectivity. The loss
in sensitivity will not be serious if the customer does not use his set to
pick up distant broadcasts.

To change from 26 to 56, 24 to 58, 45 to 47, or 42 to 6F6 merely for
the purpose of using later type tubes is foolish; such changes give little
improvement in set performance yet involve quite an expense. In many
cases the performance is poorer than was obtained with the original
tubes. Circuit parts are designed to go with definite tubes.

It may be good business to change old tubes which cannot easily be
purchased to types which are more universally sold, even if the circuits
must be altered slightly, provided that the receiver in question appeals
to the customer for some reason, sentimental or otherwise. In choosing
the new tubes select those which have similar operating voltages, to avoid
changes in the power pack. Substitute a triode for a triode, choosing
new tubes which have approximately the same mutual conductance and
amplification. The set owner must be willing to sacrifice some desirable
features of his receiver for the sake of using tubes which are more
readily obtained.

Changing battery sets using obsolete tubes (01A, 12A, 99, 20) is
pften considered desirable. The usual change is to 2 volt tubes, which
allow use of air cells or of 2 volt storage batteries. Operating voltages
are not important when remodeling battery receivers, for the voltages
are easily changed externally by using more or fewer batteries. Where
the B drain is to be kept low, a class B push-push output stage may be
fhcluded in the change; of course this means that new and expensive
audio transformers must be used, and perhaps a new loudspeaker
installed.

Changing receivers from A.C. to D.C. or D.C. to A.C. operation is
quite a favorite with many servicemen, but before such a change is
carried out, inverters and rotary converters should be considered. An
improvement in performance is possible when converting D.C. to A.C,,
but a loss in performance and customer satisfaction is more than likely
to occur when A.C. receivers are converted for D.C. operation. Can the
receiver be exchanged? Will a new receiver be cheaper? If the receiver
is too good to be discarded, will the customer consider an inverter or
motor-generator set? These are important questions to settle. Be fair
with the customer.
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Old receivers operating from a 110 volt D.C. source use the 01A, 12A
and 71A type tubes. In changing over to A.C., use the accepted 6.3 volt
filament tubes. The series filament arrangement is altered to a parallel
arrangement, and all bias voltages are readjusted to the correct values for
the new tubes. A power pack must be built, possibly using the original
line filter chokes with new condensers having high working voltages. The
original loudspeaker may have to be discarded, as in cases where the field
coil originally was in series with the tube filaments and carried a com-
paratively high current. A 110 volt field is now standard in most D.C.
receivers; a loudspeaker with such a field can easily be used in the
rewired set by using the field coil as a choke, providing sufficient addi-
vional rectified voltage to the filter input to overcome the drop in the field
coil. As an alternative, you can change over to a separately excited (not
desirable) or permanent magnet type dynamic loudspeaker. Where 6.3
volt tubes were originally used, the change-over is a little simpler, for
fewer changes in resistors supplying bias voltages will be needed.

Keep in mind the fact that A.C. operation was not considered by
the designer when laying out the parts for the D.C. receiver which you are
thinking of rewiring for use on A.C. Hum due to incorrect placement of
parts may occur in the rewired set, particularly if the power transformer
and filter choke are located anywhere near the detector and A.F. stages.
Be sure to twist the filament leads together, as this will lessen hum
pick-up.

Converting from A.C. to D.C. means eliminating the power pack,
reducing the plate and screen voltages, and possibly changing tubes. Use
6.3 volt heater type tubes throughout, connecting the filaments all in
series. Since the plate voltages will be reduced, the bias voltages must
be changed correspondingly by using new resistor values. The field coil
of the dynamic loudspeaker may be operated from the D.C. power socket;
this as a rule means using a series resistor to limit the field current if
the voltage originally across the field was less than 100 volts. Similar
tubes should always be used; substitute a triode for a triode, a pentode
for a pentode, choosing tubes with about the same dynamic mutual con-
ductance (g.,,) and amplification (r) characteristics as the old tubes.

Certain receiver remodeling jobs are really additions. The installa-
tion of a tone control or tuning meter is quite permissible for any worth
while receiver, provided you understand the operation of the receiver
circuit. The current range of the tuning meter should be such that its
full-scale reading will be slightly higher than the sum of all the normal
plate currents of the tubes whose currents are to be indicated by the
meter.

Adding AVC is often considered to reduce fading, but the fact that
stations fade is no indication that AVC is required. If the stations cannot
be brought back with manual control, no amount of AVC (which reduces
the over-all sensitivity of a receiver) will prevent the fading. The real
value of AVC lies in its ability to prevent powerful stations from blasting
out when the set is tuned past them, although it does tend to lessen fading
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on the stronger distant stations. The customer who is accustomed to
operating a receiver without AVC really has no need for this addition.
Put in AVC only if you are willing to sacrifice some sensitivity and build
up the audio gain of the receiver; otherwise pass it by.

The definite acceptance oi the all-wave superheterodyne receiver
as the modern standard has prompted a desire to convert T.R.F. and
“super” sets to all-wave “supers.” Such changes are best accomplished
with an all-wave converter having a built-in and independent power
supply; this type of converter is very easily connected to the receiver.
Where an additional external unit is objectionable, mount the converter
in the receiver cabinet and place the receiver chassis (which requires no
adjustments while tuning) in the loudspeaker compartment. (Naturally
this is not possible with table model sets.) If the customer insists
(despite your recommendation) upon converting the set to a “super,” then
install a new superheterodyne chassis in his cabinet. This is far cheaper
and more satisfactory than trying to rebuild the old set. A good super
chassis for a conversion of this type can be obtained from any one of a
number of reliable firms; others sell complete kits of parts, which enable
you to build “tailor-made” sets to fit into different sizes of cabinets.

Changes intended to increase selectivity, sensitivity, fidelity and
power output are debatable matters. Selectivity may be increased at the
expense of fidelity and circuit stability; fidelity by sacrificing selectivity
and spending money for new parts; power output at the cost of a large
power pack and extra parts. In general it is best simply to realign and
revitalize a receiver, restoring its original performance, rather than to
remodel. Unless you have had previous experience with the same model
and the same change-over, you will find every change-over a problem
in itself; this is why the subject of remodeling cannot be treated con-
cretely and completely in any book. Never change over a receiver simply
to cure a condition caused by a defect in some part. In other words,
place the receiver in first-class operating condition before you even
consider a change in the circuit.

Important. Always keep a record of all changes which you make in
a receiver, whether you change only one resistor or rewire the entire
circuit. This precaution is of great importance, for it will save a great
deal of time should that receiver come back to you again in the future.
These changes may appear quite obvious to you at the time, but once for-
gotten it may take hours of checking against the original circuit diagram
to locate the changes which were made.

You will readily agree from the foregoing discussion of receiver
remodeling that this type of work is considerably more involved than
might appear at first glance. The successful Radio-Trician generally
adopts the policy of “hands off”” when remodeling is a possibility.

Now that we have taken care of the pitfalls of remodeling, we can
proceed to a study of radio servicing techniques in general, taking up one
by one the different procedures involved and discussing the advantages
and disadvantages of each.
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TROUBLE SHOOTING IS AN ART

We will again stress the importance of confirming the trouble which
resulted in the customer’s complaint, for the minimum expected from the
serviceman is the elimination of this defect. The following complaints
are usually received.

1. Set does not play. This probably means either that one or more
tubes are defective, some part in the signal or supply circuit is
defective or open, there is no power, or the pick-up system is
defective—in short, a complete breakdown.

2. Noisy Reception. The interference will be traceable either to
defects inside the receiver (internal), or more probably to an
outside (external) source. Internal noise may be due to defec-
tive tubes, parts or connections. External noise may be the
normal atmospheric noise heard with distant station broadcasts;
it may be produced by lightning or by man-made static created
by household and industrial equipment. In general, noise exists
because there is a poor connection, a partial short, or, as in the
case of motors and buzzers, because of excessive sparking at con-
tacts and brushes. A spark or an arc in any circuit which may
be inductively coupled to the receiver will create noise.

3. Annoying Hum. An internal defect, such as a fault in the power
supply or filter system, will create hum disturbances in the
receiver. Another cause, rather raie, is pick-up of external hum
voltages, as from power lines.

4. Intermittent Reception. Although a frequent complaint, this
intermittent condition may be difficult to remedy. When the
receiver remains inoperative for a time sufficiently long to make
tests, the defect is readiiy isolated; oftentimes, however, the set
will cut off for only a few minutes at a time. If touching a
definite part or tube terminal restores operation, the defect is
usually located in the associated circuit. If operation is restored
by flipping a switch or by jarring or touching any part in the’
circuit, the defect will be more difficult to isolate. Everything
may be suspected, and often all resistors, tubes, and especially
by-pass and coupling condensers must be replaced one by one
until the annoying cut-off is eliminated.

5. Squealing. To determine whether this is due to external causes,
note whether it is present when the receiver is tuned to some
broadcast; if the squeal is intermittent it is originating outside
the set. A receiver defect causing squealing usually exists when
the set is just turned on, is tuned to some definite frequency or
through a band of frequencies. If the set is not of the regenera-
tive type a breakdown exists, or in the case of neutrodyne
receivers, the adjustments have been disturbed or the tubes
changed; with superheterodynes improper alignment may be the
cause of a few isolated squeals.
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6. Distortion of Programs. When voice or music sounds mufiled,
harsh, raspy and unintelligible, the defect is often traceable to
worn-out tubes or to incorrect operating voltages, and par-
ticularly to the C bias. In a few cases distortion will be caused
by a complete breakdown of some part. We assume here that
the set fidelity was originally satisfactory to the customer, and
the alignment adjustments of the receiver were not tampered
with.

Poor Volume.

Poor Sensitivity.

9. Poor Selectivity. Volume, sensitivity and selectivity complaints
come most frequently from customers who use their receivers for
special purposes, such as to pick up music for dancing, and often-
times from DX fans—those who enjoy listening to distant
stations.

10. Set Is Generally Unsatisfactory. Here is a complaint which
should be handled with extreme care and tact, for the claims may
be unreasonable just as often as they are legitimate. Especial
care and tact is needed if the complaint occurs after a recent
service call. If you decide that the complaint is reasonable, take
extra precautions to eliminate the trouble; if it is unreasonable,
explain your decision to the customer as tactfully as you can.

%o N

Note how these ten basic complaints divide into two broad groups:
1, the set is dead; 2, the set plays unsatisfactorily.

One of the purposes of the N.R.L. Servicing Course is to prepare you
to handle complaints like these speedily and efficiently. You will, as you
proceed with this Servicing Course, learn to diagnose and search out the
defect for each case in a quick, intelligent manner.

Experience will be a great help. Plan to get first-hand contact with
actual jobs. Where a fellow serviceman will allow you to watch him
at work, or better yet allow you to help, “learning how” will be a simple
matter. You might even take your first jobs, after you have analyzed
them, to a serviceman on condition that he will allow you to watch how
he attacks the problem.

Study the chart on page 9 (prepared by the editors of the magazine
Radio Today), which lists the troubles which can be caused by each
part in a typical modern superheterodyne receiver, as well as troubles
caused by certain external factors. This chart will be especially valuable
when you first begin to use effect-to-cause reasoning, a servicing tech-
nique which is taken up later in this lesson.

Another very good method of gaining actual experience is this: Get
an old T.R.F. receiver, preferably of the A.C. type, and restore its opera-
tion. Now have a friend create some fault in the set—cut a wire, short
a signal circuit, ground some signal circuit lead or insert a poor tube—
without telling you what he did. Locating “artificial” faults like this
gives just as good experience as working on sets brought in by customers.
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After you have become familiar with the effects of various faults, align
and revitalize the set a final time, then sell it. Repeat the procedure
with a broadcast superheterodyne receiver, and finally tackle an all-wave
receiver. Don’t expect everything to be easy at the start—servicing is
an art which you must develop.

It is wrong to plunge immediately into trouble shooting with service
testers. A good service technique starts with deliberate thinking and
with common sense based on a knowledge of fundamental radio prin-
ciples and radio design practice, both fortified by experience. We stress
again that service testers are only aids in isolating the defect. You will
find that as you acquire experience you will depend less and less on
testers to isolate defects.

Don’t take a set out of its cabinet or try to make part replacements
until you are reasonably certain that the defect is somewhere below the
chassis rather than an externally located trouble which might easily be
repaired. In this way you will not abuse the customer’s property.
Deliberate before you start testing. Perhaps the defect is external or a
tube defect, and not in the chassis. Interference and lack of reception
may be due to external causes; it is embarrassing to discover this after
the chassis has been taken out of the cabinet. Check the power supply
source (the fact that tubes and pilot light heat up is often a satisfactory
check) ; inspect the aerial and ground; look for the filament glow in glass
tubes while they are heating; feel metal tubes to see if they are warm;
carefully examine the external surfaces of the chassis for loose parts,
control grid caps not in place, tubes missing or loudspeaker and chassis
connecting cables out of place. Look for the “obvious” or as servicemen
call them, the “surface defects.”

While the tubes are heating up listen for squeals, howls and noises;
tune the set to get a general idea of how it operates (in cases where the
set plays unsatisfactorily), and listen carefully for symptoms which
may indicate the possible cause of the defect. This is effect-to-cause
reasoning, a very important radio servicing technique; you listen for
the effect, then reason “now what could cause this?” Once you recognize
an effect you have localized the trouble to a definite section of the
receiver, and need no longer bother with other sections. Your ability to
make use of effect-to-cause reasoning will naturally improve with
experience.

Above all, beginners should avoid useless fussing with receivers in
the customer’s home—it destroys customer confidence. It is a better
plan to remove the chassis to the shop bench when you cannot quickly
locate and repair the trouble

If the set does not play at all, then it is obvious that the first step
is to make it play even if the restored performance is not acceptable.
This is true whether you plan to correct the defect in the customer’s
home or at the shop work-bench. Use the simplest and quickest pro-
cedure possible in locating the defective part or connection, for once the
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set is made to function it can be restored to normal operation by further
servicing.

When you have made certain that the fault is not due to external
missing parts, to improper connections, or to tubes which do not heat or

ANTINNA GROUND 97 PASS CONDENSIRS

LIGHTIING ARRISTER OHRLATON
NO IOR! wAVL TueLs SPEAKER POOR TONL QuALITY
NIUAMITTENT RECEPION MO RECEPION e iore INTERMITTENT RECEPION
008 CLPNON DATORTION iy SOUNOS fapmG
LACK OF vOLUML oM KAATCHHNG & GAATING EBEIEL
AXCESVE NOSE LACK Of SENSTIVITY ERCESUVE U o
MK ROPHONKS, NIERATIENT RECEPION CEDTIED
WNTLRTIENT RECCPTION NG BECEPTION NO RECEPTON
TADNG
CALRCUL NOBY SECEPTION
CODE mrATERtNCE OURLANON OSCRLATOR
INTERMTTENT MCEPION LACH OF SEnSITATY
LXCESSIVE HISS
— os1OANON

RADIO FREQUENCY CORS N\

INTERMEDIATE CORLS

NTRITTEN BECEPTION

POOR stLICTVIFY

LACE OF SENSITIVITY —
POOR FOLLITY

FAONG I

ERRATK OPERATION

OEAD SPOTS ON SHORT wAVT
FREQUENCY INSTABRITY
INTERMILTENT OPERATION

S POWER TRANSFORMER
\ NO BECIPIION
/ INTERMITTENT RICEPTION
TUNING CONDENSERS 5 " exciss wost
NSTY RECEPION EXCESS Mus
0tAD POTS
NTERMITTENT RLCEPTION
MICROPHONK HOWLY e
CALBEADON OF DIAL ~— LINE CORD & PLUG
S ADNG S Sl e TR RECIPNOM
— | NO RECIPTION
HOTSY RICPTION
RADIO CABNLT
SrsOnANCE
T SOUNDS
SumS

ALIGNMENT OF STAGES
LACR OF insinvity
POOR TONE QUALITY

OHRLANON P
CODE MIRAFERENIL / NOUSE WIRING
CALBRATION OF DIAL INTEIMTIENT BECEPTION
POOA SELECTIITY \ NO HCEPION
/ NOY SECEPION
WAVE CNANGE SWITCN VOLUME CONTROL
AUDIO TRANSFORMERS LOSS OF VOLUSE ON SHORT wA v TONL CONTROL
NOKY RECEPTION INHBWITTENT OPERANION NOMSY HCIPHON
NO MCEPTION MO RECEPDON PO CONTROL OF VOLUML PIPES W NOUSE
MOKID VOLUML NOTSY RECLRNON NO CONTROL OF 10N( INTERMITIENT RECEPTION
WNT(RM 1 ENT RECEPTION SHOAT WAV DEAD SO NI RAITTENT RECIYNION HONY RECIPION
POOR 1ONE QUALIY 1ADING NO BECEPION
LOSS OF VOLUME LOSS OF SENsITIVITY
OKLATION ATMOSPHERK
FLTER CONDEINSERS CONDITIONS
€xcHss Hom . e ctnom
e wtcirueme '::::::m O LOCAL MACHINERY Os1ORNON
OETOANON AND APPLIANCES ‘-‘i&"-’;&"‘:’-"o-
FADING NCAY RECIPION
NO HCPION [{LLY

Courtesy “'Radio Today.”
The parts and conditions identified by bold face type on this chart are the most common trouble-

makers in radio sets. Under each part name are the defects which it can ceuse; note that similar
effects can result from defects in several different parts.

are not firmly in their sockets, and after finding that your experience
will not allow you to reason the cause from the obvious effects, then
only should you start a systematic trouble shooting or defect isolating
procedure. The four important defect-isolating methods are: (1), the
set analyzer; (2), point-to-point voltage; (8), point-to-point resistance;
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and (4), direct stage-by-stage elimination. The first three are called
static methods, because with them the receiver is not picking up a signal;
method 4 is a dynamic procedure, because it tests the receiver under
actual operating conditions. All four will be taken up in the Course. It
is important that you know all four, as in many cases one method is
superior to or more effective than the others. Often a combination of
methods may be required.

Every serviceman worthy of the title RADIO-TRICIAN will de-
velop his own technique—his favorite method, for servicing is a pro-
fessional art requiring techniques which are adapted to the make-up
and ability of the individual man. Every service job, however, involves
these important features:

1. A preliminary investigation, such as we have just described, using
effect-to-cause reasoning (except when the receiver is dead).

2. A trouble shooting procedure which will isolate the defect.

3. The correction of the defect or the replacement of the defective
part.

4. A check on performance. This will in many cases be followed
by a revitalization procedure (to be covered in a later lesson),
which means placing the set in physically good condition, seeing
that all tubes are good and are carefully selected for the uses to
which they are put (aligning tubes), and seeing that the tuning
stages are lined up.

Step No. 4 must not be overlooked. Many servicemen think the
customer expects them only to correct the complaint for which they were
called; on the contrary the average customer hopes his receiver will
perform as satisfactorily after being serviced as it did when new.

Where the receiver circuits are easily and quickly aligned always do
this, to insure greater customer satisfaction. A charge should of course
be made for extensive revitalization work, but not without first obtaining
the customer’s consent.

Incidentally, many servicemen offer to their customers at a certain
price a special revitalization job, even when the set is apparently in good
order. This service includes cleaning the chassis, blowing dust out of
the variable condensers, resoldering connections, tightening all parts,
oiling moving parts (without affecting moving electrical contacts), test-
ing and aligning tubes, checking operating voltages and aligning the
R.F., oscillator and LF. stages. Quite often sets which have become
moist and damp are baked and the coils treated to make them moisture-
proof. The pick-up system (antenna, etc.) is checked, repaired or re-
built as the need indicates and the first tuned circuit adjusted to give
the best possible results with the customer’s antenna.

It is impossible to recommend or show you a “hard and fast” service
technique, for almost every receiver will require a different servicing
procedure. On pages /4 and 15 is the outline of a typical technique,
including problems encountered and the usual corrective steps. The order
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of these steps may change in actual practice. It will not always be neces-
sary to go through all the steps, for in a large number of cases the defect
will be located before any extensive tests have been run.

Set Analyzer Method

MODERN SET ANALYZERS

HEN a receiver fails to perform satisfactorily or even fails to
play, there is a defect either in the signal circuits or in the supply
circuits. Checking the voltages and currents in each vacuum tube stage,
then analyzing the supply circuits often helps to isolate the defect. Since
in the majority of cases the chassis is mounted in a cabinet, it is helpful

Courtesy Triplett Electrical Instrument Co. Courtesy Supreme Instruments Co.
Thu cial del f int analyzer (Ieﬁ), lulng a cir- In this commercial set analyzer,
cult diagram similar to thn o( Fig. 1, and its companion mul- a free-point socket plug-in and
(right), id 1 in size, (ogether make up a modern selector system and a multimeter

set an-lyzer accommodating either metal or glass tubes. are housed in one case.

to have a simple and effective device which will permit rapid current
and voltage readings in any tube stage while the receiver is in its cabinet.
This need has been filled by the so-called set analyzer, better named the
“socket adapter analyzer.”

The conventional set analyzer consists of three essential parts: (1),
a receiver socket plug-in system with a cable extension connecting to
sockets in the analyzer, thus extending the tube socket leads of the
receiver to the analyzer, where the voltages and currents may be more
readily checked; (2), a multimeter, generally consisting of a multi-range
A.C.-D.C. voltmeter, milliammeter and ohmmeter; (3), some method of
connecting the multimeter at the analyzer tube sockets for convenient
current, voltage and resistance readings. In a number of analyzers a
control grid voltage shift is provided, using the milliammeter of the
multimeter to indicate the plate current. Thus the mutual conductance
of the tubes may be estimated. All set analyzers are so designed that
the meters may be used individually for external needs. Set analyzers
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are available in two forms, one where multimeter and socket adapter are
in the same case, and the other where these two units are in separate
but similar cases.

A few words regarding the meters. The basic meter is generally a
D’Arsonval type moving coil microammeter having a current range of
from 50 to 500 microamperes. This instrument measures A.C. by using
a copper oxide rectifier, the elements of which are arranged in a full-
wave bridge circuit. For general use the basic A.C. and D.C. micro-
ammeters are resistance-loaded so that with the necessary multipliers
both the A.C. and D.C. voltmeters have a sensitivity of either 1,000 or
2,000 ohms per volt. Shunts are used with the basic meters to extend
their ranges for current measurements. The A.C. and D.C. voltmeters
usually have a maximum range of 600 to 1,000 volts, conveniently sub-
divided into lower maximum ranges. The maximum current range is
usually 150 milliamperes, although a number of analyzer meters have
been built to read up to 600 milliamperes. Only a few multimeters
provide for A.C. current measurements. An ohmmeter with a maximum
range of 1% megohms is generally provided. When we speak of maxi-
mum ranges we must not forget that the ammeter, voltmeter and ohm-
meter ranges are subdivided so that low values may be more accurately
read. This requires a large number of multipliers, shunts and resistors.

We do not ever recommend building a multimeter unless from a
carefully planned kit. Commercial multimeters are cheaper than home-
made affairs, especially when the cost of giving the home-made cabinet
and controls a professional appearance is considered.

The simplest and perhaps most effective socket plug-in and selector
system is illustrated in Fig.  and may be readily built by the average
man who is handy with tools and a soldering iron. Of course, the device
should be built as a separate unit which will fit into a case housing it
and the multimeter. All parts needed are clearly marked and may be
purchased from radio supply houses. Note that there is an eight prong
plug with a top cap connector (TC). Each prong of the plug connects
to a lead in the cable and the top cap has its own lead, making nine in
all. A set of six adapters allows the plug to be inserted into either the
eight prong octal, large and small seven prong, six prong, five prong or
four prong sockets. The tube in the radio receiver (or other device
being tested) is placed in the proper socket in the analyzer and the
analyzer plug, with its proper adapter, is inserted in the vacant socket
in the receiver. If the tube under test has a top cap, the T'C lead in the
analyzer should be attached to it and the top cap lead in the receiver
pushed over the cap which is attached to the plug. When these prelim-
inary steps are carried out, each lead in the cable will pass first through
one of the circuit-opening twin jacks before going to a tube electrode.
This arrangement, which exists regardless of the type of tube under
test, permits convenient measurement of tube voltages and currents.

Even though all four-prong tubes are not alike as regards connec-
tions between prongs and electrodes, we know that all four-prong tube

12




Typical Service Technique

You will be able to follow the servicing procedures given here in far
less time than it takes to read these two pages, once you have
Each item listed here is explained in
detail in this and later Lessons.

finished this Servicing Course.

»

&N de

Confirmaiion of Complaint
Ask customer to dc&:n' recaver foult. Verify state-

ments by turning on
tube warming-up ndises

ver power switch, listening for
nd for indications of defects.

Inspection for Surface Defects

1: Check for surface defects

Aerial and ground system intact
Obvious chassis defects; loose parts,
burned out tubes, broken tube top
cap cable and other cable and lea
connections, odors indicating broken
down parts

2:

3:

4:

Check power supply to receiver if no
tubes light. If only one or two tubes
do not light, check these tubes; if
tubes test O.K., look for defects in as-
sociated parts

If receiver continually burns out tubes,
check line voltage

Try tuning in one or more broadcasts

No Sound from Loudspeaker
Check power pack output voltage of receiver.

Sound from Loudspeaker

Defective Stage Isolation

Static Method:
Circuit Disturbance Test

: Shock detector (second)
+ Shock A.F. tlilbee.d Check loudspeaker

if no click is hear

: Shock I.F. or R.F. tubes
: Shock mixer tube

: Shock oscillator

: S8hock pre-selector

{ tubes. If okay
1 will give squeal or thud, § should
give a strong double click or thud;
all others should give normal double
output thuds if okay. No output
indication indicates defective stage

Dynamic Method:
Stage-by-Stage Elimination

: Connect signal (fenemtor (S.G.) to de-

tector input and output meter to voice
woil or power tuhe plata. (Phone break-
in may be needed as output may be
weak)

: Failure to get output, advance output

indicator stage by stage to detector
plate. Signal indicates passing through
defective stage. Check loudspeaker if
necessary

: Tune signal generator to I.F. and ad-

vance it to input of mixer. In case
of T.R.F. sets tune signul generator
and set to same frequency

: With supers set 8.G. to frequency of

preselector and connect to mixer input.
Output indicates good oscillator

: Advance 8.G. through preselector stages
: After isolating defective stage, check

by connecting 8.G. to input and out-
put of stage }

Defective Part Isolation

—

: Check tube in stage, replacing if necessary

2: Remove chassis from cabinet to check continuity of

circuit ana parts in stage

3: Replace defective part or make required correction in

connections

: Try noiseless a

I

1

: Apply effect-to-cause reasoning

2: If effect-to-cause reasoning fails to lo-

cate trouble, choose that one of the
following procedures which applies to
the case at hand

Poor Quality
(good volume)

: Check and replace poor tubes
: Check loudspéaker

off center voice cail or armature
weak cone—poor paper

lack of baffle

no field current, poor magnets

: Isolate defective stage
: Check operating voltages in defective

stage—incorrect C bias

: Insufficient volume control, distorts on

high

R.F

: Stages peaked, cuts side bands, realign
. system

~N o e

Good éuality

Not Jelective

: Check tubes
: Check operating voltages of R.F. and

detector tubes

: Coils damp—bake

: Check R.F. and L.F. alignment
: High resistance in signal circuits
: Aerial too long—poor ground

: Broad to local—use wave trap

Interference

Make internal - external test to deter-
mine general source of interference

External

: Noise due to Igh noise level—cannot

tone control
enna—new aerial loca-
tion if needed—fiter supply

be corrected—t

: Isolate de{eetiv' device—install filter
: Heterodyne—explain to customer
: Regenerative or oscillating receiver—

See neighbor

Internal

: Check chassis for loose parts, bad tube

or poor connection

: Isolate stage

ueal—trace defect or reneutralize re-
ceiver

: Hum—isolate defect by hum elimina-

tion procedure

: Test for modulation distortion

D v e 03 B

G B -

o -

o

: Open in si

: Check all cond

Selective, Low Volume

: Check tubes

: Check A.F. stages

: Alignment of R.F. system

: Check operating voltages

: Aerial too short

: Weak field or no magnetization in

speaker
| circuit—signals bypassed
-—gtage isolation test

Intermittent Reception

: Have customer identify condition

Effect to cause diagnosis

: Check filaments of heater type tubes

open when hot—(off-on effect)

: Check for thermostatic joints
:IM;}MSG stage (during period set is
“off”

s and resist in
suspected stage (preferably by substi-
tution); examine and test coi

2: Clean ch

Check Performance and Revitalize Receiver

1: Check all tubes (if not previously

done) and check performance of set

d

clean variable
plates

3: Resolder poor or questionable connec-

tions—tighten chassis parts

14

: Drive out isture—moisture proof
coils, ete.

: Align tubes—S8.G. #ad output meter
o: Align LF. or T.IL.F, stages
7: Make preselect:

and oscillstor track

]

{

8:
9:

Repair or erect a new aerial system
Adjust antenna coupler tuning con-
denser trimmer or segments to make
receiver input track with rest of set—
in the home with final antenna
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JOP VIEWS OF SOCKETS

bases are alike; the same holds true for five, six, seven (both types) and
eight-prong (octal) tubes. Corresponding prongs may be a cathode in
one tube and a screen grid in another. To simplify matters the R.M.A.
(Radio Manufacturers’ Association) has numbered the tube prongs,
getting up a standard which disregards the structure of the tube. The
sockets in Fig. 1 have this R.M.A. numbering as it would appear if you
were looking at the top of the socket. If you were to view Fig. ! from

~ ALDEN 909 1L

1
- TC
s 2 ' 3 ' 43
472 3
94 [ 05 [ ;‘ 12 61 2

i

]

1

J PHONE TIS. WITH |
WSULATED HANDLES

| YAXLEY
437 TWIN
JACKS

O»0

(OO Y

k
o)
{OwO )
(oro)

=

(ors0).
—(Qro)

PLUG IN
ALDEN *908

YeLLow

BLAOS

e

I
|
|
|
—
WHITE - BLACK. TRACER

ALDEN PLUG IN ADAPTERS

870 BOCTAL BTOTLARGE 8TOT SMAL 8ToG 8705 8 04
x> <> <= gz ¥
ok . o il 17 s ]'
Kl ¥ i :
1J1], 1"3] g
988 TLN 987 TLN 987 TLNA 986 TLN 985 TLN 984 TLN

FIG. 1. Circuit diagram of free-point socket analyzer as it should be connected
when using Alden parts. With this unit and a multimeter you can make any voltage,
current, or i test b the el of any tube in a receiver. To
lessen the possibility of d ing the meter b of improp i some
servicemen prefer to use the push button arrangement shown above (enclosed in
dotted lines). The multimeter probes are permanently plugged into the pair of
jacks below the push button, and the phone tips are plugged into the twin jacks.
The button must always be p d to obtain a ding on the lei 5

the back of the page (by holding the reversed page up to a light) or
place the drawing in front of a mirror, the prong numbers would corre-
spond to sockets viewed from the bottom. This fact is worth knowing
when voltage and resistance measurements are being made directly from
the underside of the chassis, without using the adapter. With a little
practice you will be able to reverse the diagrams mentally.

All tubes which will fit the eight-prong socket are called octal tubes,
but not all octal tubes have eight prongs. For example, pins 2, 5§ and 7
may be missing in a tube, yet this would not interfere with the insertion
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FIG. 2 (above and on opposite page). This chart i and socket
terminal connections as viewed from the tops of the sockets for the tubes listed in Fig. 3. Aligning
key for octal tubes is always between pins 1 and 8; pin 1 is generally the metal envelope.

Tube Base | Tube Base | Tube Base | Tube Base | Tube Base | Tube Base | Tube Base | Tube Base
00 3| 2Bs 49 | 6 62 | 6Y5 33 | 25Z6 55 | 49 16 | 78 30 | 402403 3
00A 3| 2B7 44 | 6E6 42 | 6Y5V 33|26 3|50 3|17 32| 4%0 3
01 3 | 2B78 44 | 6E7 48 | 623 627 14 | HZ50 6| 80 2 | 4824 3
01A 3 | G2-G28 17 | 6F5 21 | 6Z4-84 17 | K27 14 | 51 18 | 80M 2 | 482B 3
01AA 3 | 2Z2-G84 1 | 6F5G 21 | 625-122534 | 27THM 14 | 518 18 | 81 1] 483 3
01B 3| G4-G48B 17 | 6F5MG 21 | 10 31278 14 ] 52 16 | 81IM 1] 484 14
1 6 | KR5 15 | 6F6 57 | wD11 5] A28 3158 42| 82 2| 485 14
KR1 6] 5W4 64 | 6F6G 57 | wWXi12 3 | KR28 17 | 55 31] 83 2| 585 3
RAL 3] 5Y3 24 | 6F6MG 357 | 12A 3|29 37 | 558 31 | 83v 10 | 586 3
RE1 2 216 45 | 12A5 46 | 30 3| 56 14 | 84 17 | 840 22
RE2 1| 5 24 | 6F78 45 | 12A7 50 | A30 3 A 14 | G-84 1| P86l 17
801 3 | 5Z4MG 24 | 6G5 62 | 1223 6] 31 3]56A8 14|85 31 | 864 3
802 3 Al 3 | 6H6 55 | 1225 51 | KR31 6 14 | 85A8 31| 950 15
1A4 9 | 6A4-LA 15 | 6H6G 55 | 1225-6Z5 34 | 32 987 30 | 858 31 | 951 9
1A8 35 | 6A6 42 | 6BHOMG 55 | 14 18 | A32 3| 57A 30 | 88 2 | 985 17
1B4-951 0 | 6A7 43 | 07 56 | 1423 6| 33 23 | 57A8 30| 8¢9 30 | 986 2
1B5-258 31 | 6A78 43 | 8J7G 56 | 15 19 | 34 11 | 578 30 | 90 37 | AD 6
1C6 35 Al 61 | BJTMG 56 | 17 14 | 35-51 18 | 58 30 | 92 37 | AF 2
1C7G 69 | 6ASG 61 | 6K7 56 | 18 26 | 358-518 18 A 30 | 95 26 | AG 2
1D5G 70 | 6ABMG 61 | 6K7G 56 | 10 27 | 36-36A 18 | 58A8 30 | % 6| AX 3
1ID7G 69 | 6B 28 | 6KTMG 56 | 20 3| 37374 14| 588 30| KR8 17| B 4
1E5G 70 | 6B6 40 | 6L5G 39 | KR20 37| 38-38A 19|59 41 4| BA 8
1E7G 73 | 6B7 44 | 618 67 | 22 9 44 19 | 59B 52 | X99 3 | BH 8
1F4 23 | 6B78 44 | 6L7 58 | A22 3 | 30A/44A 19 | 64-64A 18 | 181 3 | BR 7
1F5G 74 | 6BS 71 | 6L7G 58 | AC22 18 3 | 65-65A 18 | 182A 3| D-1/2 1
1F6 66 | 6C5 39 | 6LTMG 58 | KR22 37| A0 3 ]| 67-67A 14 | 182B 3D 2
1H4G 75 | 6C5G 39 62 | K24 18 | 41 26 18 | 1 3 | DE1 14
1H6G 76 | 6C5MG 39 | 6N7 65 | 24A 18 | 42 26 | 69 37| 213 2|E 3
186G 72 | 6C6 6P7 59 | 248 18 | 43 26 ] 70 371|216 11G 3
1V 6 | 6C7 47 | 6Q6G 68 | 25-258 36 | 44 191 71 3 | 257 15 | GA 15
2A3 3 | 6D5 39 7 60 | KR25 26 | 45 3| 1A 3| 264 3| H 3
2A3H 13 | 6D5G 39 | 6QTMG 40 | 25A6 57 | 454 3| 11B 31201 20 | LA 15
2A5 26 | 6D5SMG 39 | 6R7 60 | 25A6MG 57 | 46 16| 75 31| 203 20 | PZ 15
2A6 31 | 6D6 30 | 687G 56 | 25Y5 29 | 47 1517 31| 205 20 | PZH 26
2A7 43 | 6D7 48 | 6X5 63 | 2523 6| 48 25176 14 | 401 3 | Wunder-

2A78 43 | 6DSG 61 | 6X5MG 63 | 2525 29 | A48 3|77 30 | 401A 3 | lichA 37

Copyright 1986 by National Radio Institute
FIG. 3. Chart of radio tube numbers. Look up the tube first on this chart, note the number,

then refer to the diagram in Fig. 2 which has that number, in order to determine the socket
connections and the of el des inside the tube.
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of the tube in an octal socket. All pins in 5, 6, 7 and 8 prong octal tubes
are numbered just as if the missing pins (prongs) existed. Thus pins
2 and 6, if used, would always appear in the same position with respect
to the aligning slot. In rare cases the eight-prong adapter plug will not
fit into a socket intended for an octal tube. This is because the unused
holes in the socket were not drilled out by the manufacturer. Octal
prong-reduction adapters could be secured but in general their limited
use does not warrant the expense; most servicemen either drill out the
missing holes 8o the eight-prong adapter will fit or replace the socket
with a standard octal socket.

Figure 2, together with the table in Fig. 3, gives you the schematic
diagram and base prong connections for each of the most common radie
receiving tubes. The pins in each case are numbered according to
R.M.A. standards, as viewed from the tops of the sockets. These dia-
grams are therefore ideal for use with an analyzer, where you are always
looking at the tops of the tube sockets. For simplicity each schematic
diagram has been assigned an arbitrary number. The tubes in Fig. 3
are arranged in a numerical order; simply loeate the tube you want in
the table, note its number, and look up the diagram having that same
number. For example, if you wanted to know the connections for a 58
tube, you would locate it in Fig. 3 first. There you learn that it has the
number 30, which is the last diagram to the right in the fifth row of
Fig. 2.

For general service work it is worth remembering that as a rule pins
1 and 4 for a four prong tube, 1 and 6 for a five prong tube, 1 and 6 for
a six prong tube, and 1 and 7 for a seven prong tube are the heater or
filament terminals. Invariably 2 is the plate connection; 4 for a five
prong tube, 5 for a six prong tube, and 6 for a seven prong tube are the
cathode connections, provided the electron emitter is indirectly heated.
Generally TC, the top cap, is the control grid for all tubes. With octal
tubes in general pin ! is the shield, pin 2 a heater, pin 3 a plate, pin 7 a
heater and pin 8 a cathode. There are a few deviations from this rule,
however, so always refer to Figs. 2 and 3 when in doubt.

Referring to Fig. 1, observe that the twin jacks numbered 1, 2, 3, 4,
5, 6,7 and 8 connect to the corresponding holes in the tester sockets, and
connect through the cable and the proper adapter to the corresponding
socket holes in the receiver. When a milliammeter is inser‘ed into the
two holes of a twin jack by means of probe leads, current will be
measured. The twin tip mechanism opens the circuit at both jacks, thus
connecting the meter in series with that jack lead. When a voltmeter
is connected between any fwo twin jacks the voltage between two elec-
trodes may be measured. When the filament of a tube is being tested,
a voltmeter (either A.C. or D.C. type, depending upon the nature of the
filament voltage) should be connected between the proper jacks—for
example, I and 4 in practically all four prong tubes. Filament currents
are seldom measured, for the fact that the filament voltage is correct,
supplemented by the knowledge that the tube lights or becomes hot, is a
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sufficient practical test of the filament supply. If a rectifier tube 1s
being tested a D.C. voltmeter may be connected between the cathode
and a plate, checking for a reasonable D.C. drop. All this will come
with practice, as you follow the information in Figs. 17, 2 and 8 while
being guided by your knowledge of radio circuits.

We should mention that the resistance between any two electrodes
may be measured by using an ohmmeter in place of a voltmeter. The
set must be turned off when resistance measurements are made; the tube
can be left in the analyzer socket or removed, as you prefer. In all
measurements the ohmmeter should be adjusted to a range which gives
a meter deflection near the middle of the scale, where the greatest
accuracy is obtained.

HOW TO USE THE SET ANALYZER

In discussing the set analyzer trouble shooting procedure, it will be
helpful to have a typical receiver in mind. For trouble-shooting by the
set analyzer method, some manufacturers supply a service information
sheet like that in Fig. 4, which includes: a, a chassis layout; b, a
normal voltage and current analysis chart; ¢, a schematic circuit diagram
with the important circuit constants. Essentially the same data is given
in professional service manuals. The voltage-current chart is always
given for a definite A.C. line voltage, with the line compensator (if one
is built in) set to a definite position. The chart gives the tubes, use,
voltage on the heater, plate, control grid or C bias, screen grid and other
electrodes, and in some cases the important electrode currents (in Fig. 4
the plate current) for each tube. Observe that not all values can be
given, nor is it desirable to give some of the operating values. For
example, plate and C bias voltages on combination AVC-detector tubes
exist only when the set is tuned to an R.F. signal, and depend upon the
strength of the signal. As all set analyzer readings are static values
(set not tuned to a signal), these voltages are omitted. A dash (—)
in the chart indicates that the voltage is non-existent or of no con-
sequence. In testing high C bias detectors some manufacturers feel that
it is best to measure the static plate current; the static value in this case
(plate current for 24 tube in b of Fig. 4) is .7 ma., while with a strong
signal the plate current may rise to 8 ma. Other hyphenated values
(2-4) mean that any value between these two limits is to be considered
normal.

When making a voltage-current analysis, an electrode current can
only be measured by inserting a milliammeter in series with that elec-
trode. Checking filament voltages offers no difficulty, as there is only
one way of measuring them—across the two filament terminals of the
tube socket. Other electrode voltages may be confusing; unless other-
wise specified in the voltage chart, they should be measured between
the cathode (at the socket) or negative filament terminal (D.C. operated
filaments) and the electrode under investigation. In testing sets having
A.C. filament tubes the polarity of the filament terminals is immaterial.
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Let us see how we would measure the operating voltages and cur-
rents in the receiver illustrated, using the selective analyzer shown in
Fig. 1. First we will test the R.F. preselector stage. Remove the 58
tube from the R.F. socket, put it into the six prong socket of the analyzer
and attach to the tube the 7C' cap connector. Attach the eight to six
prong reduction adapter to the cable plug, then insert the combination
into the empty socket in the chassis. Connect the top cap lead on the
chassis to the top cap of the plug. Turn on the set, allow the tubes to
heat, and you are ready to measure the static operating values for the

Courtesy Weston Electrical
Instrument Corp.

The Weston Model 698 Selective
Set Servicer, shown here, contains
a multimeter and a socket adapter
set. The tester plug, with its 4-foot
cable, is wired to a small 7-prong
tube socket block (above meter
housing) on which are mounted
pin jacks. The adapters in the
right-hand compartment are for 4,
5, 6, large 7, and octal tubes.
Probe leads (in the left-hand com-
pnrqnenl) are used to make con-
nections between the multimeter
and the jacks on the tube socket
block.

first R.F. tube. Insert the probe leads into the multimeter, but not
into the selective analyzer until you are certain of what you are going
to measure.

Let us first measure the filament voltage. Referring to the manu-
facturer’s chart (b in Fig. 4), we note that it should be between 2.2 and
2.5 volts A.C. Set the multimeter to a low A.C. voltage range, 0 to 5 if
available and not over 0 to 15 volts. Referring to Figs. 2 and 3, we
observe that prongs 1 and 6 connect to the filament. Plug the probes into
jacks 1 and 6 of the selective analyzer and read the meter. Remove the
probe leads from the selective analyzer. To measure the plate voltage
set the multimeter at a D.C. range of about 300 or more* volts;
after referring again to Fig. 2 to locate the plate and cathode prongs,
‘- plug the probes into jacks 2 and 5 (either hole on a jack may be
used for voltage tests). As jack 2 (in the plate lead) is at a positive
potential with respect to jack 5, be sure that the 4 probe is inserted
into jack 2 (the red probe, usually considered 4, is plugged into the 4
terminal of the multimeter jack). Read the meter.

*If in doubt as to the correct voltage, use a higher range first for safety.
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With the black probe in jack 5, the cathode and reference point for
voltage measurements, move the 4 probe to jack 3. This measures the
screen grid voltage. (From a knowledge of R.F. pentode tubes we know
that the top cap is the control grid, pin 3 is the screen grid, and pin 4 is
the suppressor grid.) Changing the positive probe to jack 9 gives the
C bias voltage, but you will observe that the meter needle reads back-
ward. By reversing the probe leads to jacks 6§ and 9 the meter will read
upscale. Measuring these three voltages actually takes far less time
than it does to tell how. To measure the plate current, which we know
should be between 5.5 and 7.0 milliamperes, insert the probes into both
2 jacks and read the current.

" In a set analyzer of this type it is wise to remove the probes from
the jacks before making any changes in the multimeter setting. If you
go from a voltage to a current reading without taking out the test
probes you may burn out the meter. If the multimeter has a push-button
which must be pressed to secure a meter reading, the precaution men-
tioned may be omitted. You can easily build into the analyzer a safety
circuit like that shown inside the dotted lines of Fig. 1.

In measuring the operating values at the 47 tube socket, jacks 1 and
5 give the filament voltage, 2 and 5 the plate voltage, 2 and 2 the plate
current, and 4 and § the screen voltage. You will think that jacks Nos.
3 and 6 should give the C bias voltage, but measurements would show
a very low value, and you would assume that there was a defect. The
plate voltage and current might nevertheless be normal, facts which
contradict the existence of an improper C bias. Always check the circuit
diagram; in this case C bias is obtained from a tap in the loudspeaker
field. Note that chart b (Fig. 4) cautions you to measure C bias from
this tap to ground. Of course, this is what you would do, but a study
of the diagram tells you why. Between the control grid and the tap
are two high value resistors, one a signal decoupling filter resistor. Con-
necting the meter between terminals 3 and & is sufficient to cause a large
voltage drop in these resistors, thus reducing the voltage reading.

We shall not go into the procedure necessary for the other sockets.
All that you need in order to check the remaining sockets is a knowledge
of tubes, a willingness to refer to pin layout diagrams, the voltage chart
and the circuit diagram. Whenever you obtain an incorrect reading
refer to the diagram and try to imagine what, in that particular tube
socket circuit, could cause an abnormal voltage or current. That is the
secret of set analyzer trouble shooting.

Always measure voltages before currents. If the plate of a tube is
shorted to either the cathode or a grid, the plate voltage would be very
low and the plate current high. Measuring the plate voltage first places
you on guard for excessive plate current, which might burn out your
milliammeter.

Not all charts indicate extreme limits for measured values; on many
voltage analysis charts only a single average value is given. Do not
expect your measurements to check exactly with the values given; varia-
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tions of 15 per cent above or Lelow normal in electrode currents and
voltages, and variations of up to 5 per cent above and 15 per cent below
normal filament voltage are allowable. Charts like b in Fig. 4 are
obtained by the manufacturer with a voltmeter of normal sensitivity,
this in general being 1,000 ohms per volt unless otherwise specified. If
you use a meter of higher sensitivity your readings will be higher; if you
use a meter with lower sensitivity your readings will be lower. Again
you must be familiar with the properties of your multimeter.

GENERAL SERVICING TECHNIQUE

Searching out the source of trouble does not begin with the set
analyzer—even though many make this mistake.* As you already
know, there are a number of important steps which should be carried out
before voltages and currents in the receiver are measured; these steps
are given in the Typical Service Technique Chart on pages 14 and I5.
Referring to this chart, notice that after the customer’s complaint has
been verified and an inspection made for surface defects, the technique
divides into two broad groups, depending upon whether or not sounds are
heard from the loudspeaker.

At this point we will consider receivers which operate improperly.
As the chart points out, effect-to-cause reasoning is all-important. Fail-
ing to reason out the cause of the trouble, you can either follow the step-
by-step procedure which applies to the complaint or check all tube volt-
ages and currents with an analyzer, as you prefer.

Checking Voltages.—If the receiver is of the battery or eliminator
operated type, check the main supply voltages. If the set is of the A.C.
type, having a built-in power pack, first check the D.C. output voltages
of the power pack. A high range D.C. voltmeter (0 to 600 volts) con-
nected between the filament or cathode of the rectifier tube and ground
should give a large reading, which in general should be greater than the
sum of the highest plate voltage and the highest C bias. If an unreason-
able reading is obtained, check the plate-to-plate voltage of the rectifier
tube with a high range A.C. voltmeter, thus checking the A.C. supply to
the rectifier. Now check with a D.C. voltmeter the cathode-to-plate
voltage for each rectifier section (both plates in the case of full-wave
rectifiers). A reasonably large voltage drop should be obtained for
vacuum types, and about a 25 volt drop for mercury vapor rectifiers. A
large difference in the two cathode-to-plate voltage readings for a full-
wave rectifier may be the cause of hum.

Check the plate voltage, screen grid voltage, control grid voltage
(and other electrode voltages if present), as well as the plate currents
of the power tubes, intermediate A.F. tubes if used, second detector, in-
termediate frequency tubes, mixer-first detector tube, oscillator and pre-
selector tubes in the order given. If any of the tubes have a variable

* Servicemen who are not trained in the latest methods often start a job by
testing all tubes with a tube checker, then checking voltages and currents in each
vacuum tube stage, hoping perhaps that a power supply defect will show up.
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grid bias type of volume control, be sure it is set for mazimum plate
current, the accepted position for the values given in most voltage
charts.* Be on the alert for conditions where current and voltage do
not exist at static operation.

TUBE TESTING WITH A SOCKET ANALYZER

While analyzing a tube circuit it is wise to check the tube by using
either a tube checker or the following alternate grid shift test procedure.
Insert a 4.5 volt battery in series with the control grid, with polarity
such that the plate current is increased. The ratio of the plate current
change in milliamperes to the grid voltage shift (4.5 volts) multiplied
by 1,000 is the approximate mutual conductance of the tube in mi-
cromhos. Check the value obtained against the mutual conductance
listed for that tube on a tube chart; with experience you will be able to
tell whether the tube is good simply by noting the amount of plate cur-
rent shift. For example, the static plate current for the 47 tube in
Fig. 4 is 24 ma., when the plate voltage is 225 volts and the negative
grid bias 20 volts. A 4.5 volt bias voltage is inserted into the circuit by
plugging the battery leads into jack No. 3 of the socket adapter in Fig. 1.
This makes the new bias 20 — 4.5 or 15.5 volts; with this value the plate
current (measured by inserting meter probes into jacks No. 2) becomes
34 milliamperes. The mutual conductance is figured from the formula:f

__change in plate current _34—24
™ ™ change in grid voltage X 1,000 = 45
_ 10,000
45

X 1,000

G = 2,200 micromhos (approximately).

From a tube table we find that the average G,, for a 47 tube operated at
a plate voltage of 250 volts is 2,500 micromhos—so this tube is good. As
a general rule the mutual conductance should not be more than 25%
below the tube manufacturer’s rating. If you constantly use a 4.5 volt
battery, you will soon learn without reference to tube charts whether the
plate current change for any tube is adequate. A simple formula for
approximating the Gy, of a tube (when the grid is shifted 4.5 volts) is:

G = 220 times the change (in ma.) of plate current.

If you carry a supply of good tubes in your repair kit you can
simplify the tube test by checking and comparing the plate current shifts
of the good and questionable tubes. This is the best method if you
want to keep down calculations.

* Some manufacturers give a second set of plate current readings for minimum
voltage control position. This is a check on the operation of the volume control,

+ This will not give the true Gm of the tube if a high resistance load exists in
the plate circuit. In this case comparing the plate shift with that of a good tube
will settle the question.
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CIRCUIT DISTURBANCE TEST

When a receiver emits no sound whatsoever, it is obviously quite
difficult to determine what the internal defect may be by an effect-to-
cause reasoning process. Examine all the external parts and connections
for possible surface defects. Determine whether all tubes heat up, thus
roughly checking for a defective tube or no supply to the tube. When
a set does not play, the first step in restoring its performance is to find
the defective stage; next you analyze the defective stage and its tube,
then correct the defect, and finally revitalize the receiver. A large num-
ber of servicemen start with socket analysis, but the expert starts with
what we call the “circuit disturbance test,” a procedure which quickly
isolates the defective stage. The circuit disturbance test is:

1. Touch with your finger the grid of the detector (second detector
in supers) or pull out the detector tube (in order to shock * the
circuit). An output squeal, a thud or a click indicates a normal
detector-A.F. system. This scheme is feasible only with grid-
control type detectors. Where a diode detector is used, pull out
the tube ahead of the detector. If an output click is heard, we
may safely assume that all subsequent stages (A.F. stages) are
O.K. If no click is heard, pull out the A.F. tube following the
detector. A click here isolates the trouble in either the detector
or the previous stage. (In universal or D.C. socket power re-
ceivers, where filaments are in series and are sometimes shunted
by resistors, it is inadvisable to pull out tubes when making a
circuit disturbance test. Remove the chassis from the cabinet
and touch the control grid terminals of each stage in turn.)

2. Failure to get an output indication in step No. 1 indicates a defect
in the detector-A.F. system. Therefore, pull out the audio and
power tubes in turn, starting with those nearest the detector, and
listen for the characteristic “O.K.” click. In going from no click
to a click, you pass through the defective stage or tube. No click
in the last A.F. stage indicates a loudspeaker or power supply
defect.

3. Assuming that the detector-A.F. system is in order, shock the last
LF. tube circuit and other LF. tube circuits in order until you
reach the first detector. In T.R.F. receivers shock the R.F. tube
circuits, working back from the detector to the receiver input. As
you pass from a click to no click you pass through the defective
stage or tube, for now you are working backward. Where the
stages employ a tube whose control grid connection is made to a
cap on top of the tube, it is more convenient and more desirable
to touch the cap or remove and reconnect the top cap connection,
rather than pull out the tube. Two clicks will be heard, one

* Of course you know by now that a tube stage may be “shocked” either by
touching the control grid with your finger (the more convenient method), or by
pulling the tube out of the socket, then replacing it.
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when the grid is touched and the other when your finger is
removed.

4. To test the receiver oscillator or combination oscillator-detector,
touch the control grid of the oscillator with a finger; two strong
clicks, one when the cap is touched and one when the finger is re-
moved, indicate a normally operating oscillator. Pulling out the
oscillator tube is not a conclusive test.

5. Shock the preselector tube circuits, going from the mixer to the
receiver input. In the preselector-oscillator circuits it is merely
necessary to touch the stators of the variable condenser gang, for
these are connected to the tube grids.

Many servicemen measure the voltage between the common return
to all circuits (usually the chassis) and the filament or cathode of the
rectifier tube before applying the circuit disturbance test, to verify the
existence of a main D.C. supply. Others use the circuit disturbance test
first, and if no click is heard when the power tube is removed, measure
the plate-to-chassis voltage of the tube, using a socket plug-in system.
Failing to get a voltage reading they then check the main supply voltage.

Always return a tube to its socket after a test. It must be remem-
bered that pulling a tube out of an A.F. stage employing transformers or
plate chokes is liable to break down the insulation of the transformer
or choke. Pulling out a power tube may overload the power pack con-
densers sufficiently to break them down. Nevertheless, servicemen have
done this for years without many breakdowns; when these do occur they
may generally be ascribed to the fact that the part was going bad and
would soon have broken down in normal operation. .

INTERPRETING SET ANALYZER READINGS

By means of the circuit disturbance test you have roughly identified
the defective stage. The circuit disturbance test is not fool-proof, but its
results can very easily be verified with the aid of a modulated signal
generator. (The use of the signal generator for defective stage isolation
is taken up in another lesson.) Once you have isolated the defective
stage, a set analyzer allows you to make a tube and circuit analysis of
that stage in order to isolate the defect itself. Here are a few important
general suggestions for interpreting set analyzer readings.

1. If a control grid-cathode voltage is not obtained, check the cath-
ode-common grid return (chassis) voltage. If voltage is then
obtained there is an open in the grid input circuit (coil, resistor
or connection). Always refer to the circuit diagram for some
indication of what would cause zero grid-cathode reading.

2. No plate-cathode voltage. Check voltage between the chassis
and the B end of the plate coil or resistor. A voltage reading
here indicates an open in the plate load or C bias resistor. Check
the continuity of the C bias resistor. If O.K., an open is indicated
in the plate load.
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8. If no plate voltage is obtained on several tubes and from the dia-
gram these tubes have a common supply terminal connection or
common C bias resistor, check that part.

4. Normal plate voltage but high plate current. Check control
grid-cathode voltage and cathode-ground voltage. The latter
may be high and the former very low or non-existent, probably
indicating no C bias connection to grid. A low cathode-ground
voltage probably indicates a shorted C bias condenser or a change
in the value of the C bias resistor.

5. All voltages low. If you have already checked the main D.C.
supply, the trouble is likely to be in the power pack chokes, in the
voltage divider or in the filter condensers. (You will learn how
to check these when you study the point-to-point voltage trouble
shooting method.)

6. If the defect is traced to a diode detector or AVC stage, the usual
procedure is to test for continuity and resistance of the associated
circuit parts (point-to-point procedure). Always check the con-
tinuity of AVC circuits to the input of the controlled tubes.

7. Cathode-ground voltage normal, control grid-cathode voltage low.
In resistance-coupled stages this condition is normal. However,
a leaky condenser between the grid and the plate of the previous
tube (a defective coupling condenser) will result in a large plate
current and a positive control grid-cathode voltage. Check coup-
ling condensers after everything else fails to show why a resist-
ance-coupled stage is inactive—shunt another good condenser
across the one suspected of being open.

Set analyzers are limited in their use, and will not detect certain
faults. We have already mentioned the need for circuit continuity tests
in diode detector and AVC sections of the receiver. Where the plate
voltage is shunt fed (fortunately not widely used in receivers except in
those having resistance-capacity coupling), a defect in the coupling or
grid input ecircuit may exist while voltages and currents may still be
O.K. That is, a set analyzer will not detect an open in the coupling
condenser of a resistance-capacity coupled stage. The set analyzer tests
all stages at static conditions, and consequently there is no definite indi-
cation that the receiver will work satisfactorily when a signal is tuned in.
A circuit disturbance test will here isolate the stage, and the coupling
condenser may then be checked by substitution.

If you tune in a station with the set adapter plugged in, so as to
see what circuit changes take place, the chances are that when the adapter
is plugged into the R.F. and L.F. stages the signal will be by-passed
through the cable instead of feeding into the next stage, and no reception
will be obtained. However, it is often possible to check the A.F. system
under dynamic conditions.

In spite of the shortcomings of the set analyzer it is a very valuable
and often a very necessary test device. This you will be able to deter-
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mine for yourself after you have learned and used all methods of
servicing,.

The one important fact which you should always bear in mind is that
a complete service technique should start with a confirmation of the com-
plaint. Next you trace through several important steps, the first being
the inspection for possible surface defects. The effect-to-cause analysis
is then used (where the receiver operates unsatisfactorily); use a com-
plete set analyzer check only if you cannot reason out the cause or locate
it by simple checks. If the set is dead you must proceed with a circuit
disturbance test, pulling tubes or touching grids and noting the output
indications, such as a thud, squeal or click coming from the loudspeaker,
or use some other procedure to isolate the defective stage. When the
defective stage has been located, the next logical step is the isolation of
the defective part or the defective connection. Either the part is repaired
or replaced, or the connection is made perfect. Finally, if the best pos-
sible service is to be rendered, a revitalization procedure will be essential.

By using this systematic analysis the need for recognizing or tracing
every connection in the receiver is eliminated, and you have to study
only a small section of the circuit. In modern receivers having all the
way from ten to twenty tubes and even more, this is obviously a decided
advantage.

Learning the proper order is so important that the steps taken are
worth stressing again, especially now that each step has been studied in
detail. They are listed here in their correct order:

. Confirmation of the complaint.

. Inspection for surface defects.

. Effect-to-cause analysis (or circuit disturbance test if set is dead).
. Defective stage analysis.

. Repair or replacement of defective part.

. Check on performance, followed by revitalization.

O Gvds Co W~

We will consider, before we close our study of servicing, the detection
of and the remedial steps for curing troubles in loudspeakers and in
tubes, as well as internal and external receiver noise, hum, fading and
intermittent reception, lack of selectivity, sensitivity and fidelity. This
study will make effect-to-cause reasoning a more valuable procedure to
you for isolating radio receiver troubles. A detailed study of unique
troubles always makes such troubles easy to recognize, easy to locate and
easy to correct. But first we must learn the other trouble shooting
methods.
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TEST QUESTIONS

Be sure to number your Answer Sheet with the number appearing on

the front cover underneath the title of this text.

Place your Student Number on every Answer Sheet.

Never hold up one set of lesson answers until you have another ready

to send in. Send each lesson in by itself before you start on the next
lesson. In this way we will be able to work together much more closely,
you’ll get more out of your Course, and you will receive the best possible

lesson service.

1.

2.

10.

Name the ten common service complaints.

Would you expect to secure better performance from a receiver by
changing it from A.C. operation to D.C. operation?

Arrange in the proper order the following six steps in servicing a dead
receiver: Check on performance, followed by revitalization; circuit
disturbance test; inspection for surface defects; repair or replacement
of defective part; defective stage analysis; confirmation of complaint.

Which two pins in an octal (8-prong) tube are generally the heater
terminals?

. Is it necessary to measure filament current if the tube is warm and

the filament voltage is known to be correct?

. What information should a radio set manufacturer supply for trouble

shooting by the set analyzer method?

. What output indications are your guide in making the circuit dis-

turbance test?
What is the primary purpose of the circuit disturbance test?

Will set analyzer voltage and current readings tell you if the plate-
grid coupling condenser in a resistance-capacity amplifier stage is
open?

In testing the antenna choke L., first tuning coil L,, and its asso-
ciated condenser C; in the circuit indicated by Fig. 4c, would you
use an ohmmeter or a set analyzer?
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The Correct Professional Attitude - Installing and Servicing Radios. No. 36 RH

10.

k]
k7

A serviceman should develop a Business-like attitude, Dependability, a sense
of Fair Dealing, Courtesy and Neatnesg.
{

<

Ask the transportation company to send a representative (claim agent), and in
his presence finish unpacking the shipment. Valid claims, will thus be ap-
proved at once,

It insures perfect performance and prevents future embarrassment and comebacks.
High position.

NO. First impressions are the lasting ones. Temporary or antenna substitutes
do not insure best results

A noiseless type antenna,

- am

You must at least correct the defect uppermost in the customer's mind. You
have something tangible to start on.

For general service work a Radiotrician finds (1) Circuit diagrams showing the
value of important parts as well as operating information and (2) a collection
of typical troubles and remedies peculiar to definite receivers, valuable in-

formation.

No. Defects causing intermittent reception are hard to locate. Such jobs

are best repaired at the work bench.

Remove the rectifier tube, ballast tube or line fuse.
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10.

Adopting a Service Technique - Set Analyzer Method. No. 37 RH-1

Set does not play, noisy reception, annoying hum, intermittent reception,
squealing, distortion, poor volume,,poor selectivity, poor sensitivity, set
is generally unsatisfactory.

No.

(1), confirmation of complaint; (2), inspection for surface defectis;

(3), circuit disturbance test; (4),l defective stage analysis; (5), repair
or replacement of defective part; (6), check on performance, followed by
revitalization.

Pins 2 and 7.
No.

A chassis layout, voltage and current analysis chart and a complete schematic
circuit diagram.

A thud, squeal or click coming from the loudspeaker.
i

To isolate the defective stage quickly.

No.

Use an ohmmeter. b
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Point to Point Voltage Method

THEORY OF TECHNIQUE

It is surprising how much trouble shooting you can do with
a multimeter and particularly a D.C. multirange voltmeter. You
will recall in studying the set analyzer procedure that a D.C.
voltmeter is used to measure electrode potentials; a D.C. milliam-
meter to measure electrode currents, usually the plate current;
and an A.C. voltmeter to measure filament and power trans-
former voltages. A study of radio receiver circuits shows that
in practically every vacuum tube amplifying stage there is some
part which conducts the plate current. As this part will have an
appreciable resistance, the voltage drop across it will be a meas-
ure of the plate current. As a rule the voltage drop across the
C bias resistor will suffice. A complete check should include a
plate voltage measurement. Clearly a multirange D.C. and A.C.
voltmeter tester or a multimeter is sufficient to check the power
supply network in a receiver.

From what we already know about servicing a receiver, the
service technician should quickly be able to determine if a defect
is internal or external to the chassis. Only when an internal de-
fect is indicated, should the chassis be removed from the cabinet
or console. An open chassis presents the most ideal condition for
isolating trouble. If the repair must be made in the hone, a thick
cloth or felt pad can be layed across the top of the console or on
a table and the chassis placed on it. The speaker should remain
connected to the chassis. Now you can work on the chassis with-
out fear of scratching or damaging the console or table. Every
part of the radio is either in view or easy to get at and the need
for a set analyzer switching system is eliminated.

By placing the chassis on end if it will remain that way by
itself or placing it in that position by means of supports, it is
possible to check the receiver while tuned to a broadcast, make
any of the dynamic tests or make any alignment adjustment. It
is convenient to measure the voltage across any part, or if the
set is turned off measure the resistance of any part in the power
supply or signal networks. In fact a plug-in analysis system
would be a hindrance to quick trouble shooting.

With the negative (black) probe of the multirange voltmeter
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on the chassis or common return, the other or positive (red)
probe may quickly be placed on any tube electrode and the supply
to that electrode checked. The plate-chassis voltage is the most
important and starting with the power output stage and advanc-
ing to the receiver input, all plate supplies are quickly checked.
The voltage measured will usually be the sum of the plate and
C bias voltages. After you measure a plate-chassis voltage, place
the 4 probe on the cathode or —F tube terminal, that is, meas-
ure the C bias. In a self-biased tube circuit, if the plate-chassis
and the cathode-chassis voltages are found normal—correct plate
current is indicated.

Failure to read a plate-chassis or a C bias voltage isolates
a defective stage, and that stage must be tested more critically.
Any part in the stage that allows the passage of a direct current
can be tested immediately, by placing a voltmeter across the part
in question. Suppose, as shown in Fig. 1, a plate circuit contains
the primary of an audio transformer and a resistance-capacitance
filter and suppose no plate-chassis voltage was obtained. With
the — probe on the chassis connect the 4 probe on the 4B com-
mon supply terminal. If a normal reading is obtained, advance
the - probe to the transformer-resistor connection. No reading
indicates a defective resistor or resistor connection provided the
terminal, the plate of the tube or the primary is not shorted to
the chassis. If a reading is obtained, an open in the primary of
the transformer is indicated. The important feature of the point
to point voltage procedure is that, in addition to measuring the
operating voltages, we automatically test the circuit continuity.
By placing the voltmeter probes on the grid and plate terminals,
continuity in the grid input circuit may be checked. We will
shortly go into all this in greater detail.

Another interesting feature of the point to point voltage
analysis is that the voltages may be measured with the set turned
on and tuned to a broadcast. Thus circuits may be probed which
operate only when the set is tuned to receive a carrier signal. A
voltmeter with a high sensitivity (equal or greater than 1000
ohms per volt) will not materially affect operating conditions
except when probing on the control grid. If you had a vacuum
tube voltmeter or a high resistance thermo-couple voltmeter, with
a condenser in series with one of the probes, it would be possible
to check the R.F. input and output of R.F. stages advancing from
the receiver input to the input of the last detector—a dynamic
test. A copper oxide rectifier voltmeter could be used for dy-
namic tests in the audio system.
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Very few set makers give the voltages across the various
parts of the circuit. As electrode voltages and currents and the
resistance of the parts are given, we may still use this method,
if we are on the lookout for possible confusing effects. For
example, in the detector circuit shown in Fig. 1, the manufacturer
indicates in a chart that the plate current is .2 ma. Therefore
the voltage across the transformer primary R, should be 500 X
.2 = 1,000 equals .1 volt; across R it should be 75,000 X .2 =
1,000 equals 15 volts; and across R, it should be 30,000 % .2 =
1,000 equals 6 volts. Suppose you measure these voltages with a
1,000 ohm per volt meter on the 0 to 15 volt range. You would
read a value of .1 volts across R,. In reading the voltage across
R you would find it to be less than 15 volts. In this case we have
a voltmeter whose resistance of 15,000 ohms is shunted across the
75,000 ohm resistor or a total of 12,500 ohms.* Assuming that

«—Ip=.2ma

Rp
10” 500°

A |
[

Rr=|75,000

_4.__ CHASSIS // 11 1

Rg-30,000“
Fia. 1

the plate current does not change materially with the voltmeter
in shunt, the voltage read will be 12,500 X .2 = 1,000 equal to
2.5 volts. By the same reasoning we would assume that the volt-
age read across R; would be 2 volts. Actually it would be higher,
as reducing the C bias would increase the plate current. More
than likely the voltage-current chart furnished by the set maker
would give the correct C bias voltage reading using a 1,000 ohm
per volt meter. If you use a low resistance voltmeter, the low
resistance of the meter in shunt, will seriously lower the reading.

The point we are bringing out is that, although the true volt-
ages across circuit parts are not read, with a little thought it is
possible to realize whether continuity exists and whether a rea-
sonable drop is obtained. If for any reason the exact voltage
must be checked, an ohmmeter would give the exact part resist-

75000 X 15000 _ 10500 on
75,000 + 15,000 500 ohms
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ance, a series milliammeter the current, and the product of these
two values divided by 1,000 will yield the desired voltage differ-
ence. If the manufacturer should give a point to point voltage
chart, then the problem is greatly simplified.

The point to point voltage trouble shooting technique is
extensively used by experts when the chassis is brought to the
shop service work bench, and under these conditions we recom-
mend it to you. Some servicemen object to using this method in
the customer’s house, in that it gives the customer the wrong
aspect in servicing. They claim that professional looking equip-
ment impresses the set owner. The correct attitude to take is to
use that technique which will find the source of trouble as quickly
as possible.

Some receivers are so well shielded that it would be incon-
venient and perhaps impractical to open up the chassis so all the
connections lay in full view. The wiring in midget and universal
receivers is sometimes so poorly laid out that it is impossible to
locate or get at the sockets. In such cases, one of the other

methods, particularly the set analyzer procedure, may well be
followed.

ESSENTIAL STEPS

Every technique starts with the confirmation of the com-
plaint. Then .

1. The receiver, the pickup system and the power socket line
are carefully examined for surface defects.

2. If the set plays, but unsatisfactorily, then the output
sounds or the interference should be carefully noted to ascertain
whether the effects observed indicate what the cause may be.

3. Tubes should be checked, using either a portable tube
checker or the service signal generator-output meter comparison
method. In this technique the tube check is the more desirable
device.

4. If the set does not play, the “circuit disturbance” test
should be carefully carried through. As you have traced the
defect to a definite stage and have eliminated the tubes as a source
of trouble, you have definitely shown that the defect is internal.
Then you may remove the chassis from the cabinet and check the
point to point voltages in the defective stage.

5. Failing to isolate the defective stage by the circuit dis-
turbance test, the next step is to check the entire chassis by means
of the point to point voltage procedure. Starting with the high
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voltage secondary of the power transformer, the voltages through
the power pack are checked to the main D.C. supply. After this
start with the power output stage and advancing to the receiver
input, check the operating voltages at each tube and the interme-
diate circuit part voltage drops. Defects are thus isolated.

POINT TO POINT VOLTAGE TESTS IN A T.R.F.
RECEIVER

In order to illustrate the necessary steps in checking a
receiver we will use the simple T.R.F. receiver shown in Fig. 2.
For the sake of completeness we will assume that the circuit dis-
turbance test did not isolate the defective stage.

A b : | —
@u.f* ®-,4® iy @éz; 3
|7

i) ,§] .
L J1 1 L 141 .T? \‘“»

rn--v

<

i
VT N §
i+
't
+

(&=

F1a. 2

In this simple circuit there are three variable mu R.F. ampli-
fier tubes with four tuned R.F. circuits. The detector is of the
C bias type, and is resistance-capacitance coupled to the first
audio tube. The latter is coupled in the usual manner to a push-
pull stage consisting of two ’45 tubes. The power pack consists
of two filter sections; the condensers may be of the paper or of
the electrolytic type. The choke coil in the second section of the
filter is the field coil of the dynamic speaker.

All audio tubes and the detector tube are self-biased, that is,
their bias voltages are obtained in the form of voltage drops in
resistors placed in the path of the plate currents. Thus, the
plate current of the first A.F. tube passes through the resistor B
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and the voltage drop created in this resistor furnishes the bias
for this tube. In a similar manner the resistor X furnishes the
detector bias, and the resistor K the bias for the push-pull tubes.
The current through resistance V.C. to b is partially the voltage
divider bleeder current and partially the plate and screen grid
current of all three ’51 tubes. The volume is controlled by vary-
ing the C bias potential, the minimum value being obtained by
placing V.C. at a.

In making a routine point to point voltage test, you must be
careful in setting the volume control. In this particular receiver,
the volume control is the potentiometer whose terminals are a and
¢. When the slider is at the upper end, at ¢, the currents flowing
in the plate circuits of the R.F. tubes will be small and the bleeder
current will mainly determine the C bias voltage. The grid bias
under this condition will be the greatest. On the other hand,
when the potentiometer slider is moved to the point a, the current
in the plate circuits of the tubes is greatest, and under this con-
dition, the bleeder, plate, and screen current flowing through the
biasing resistor a-b determines the C bias. The total grid bias
variation will be from about 3 volts to about 50 volts.

The important fact to remember is that whenever the circuit
voltages may be disturbed by some manual control, always set
this control to get normal or maximum tube operation. In this
case, set V.C. at a, so the plate current of the tubes it controls
are at maximum, normal value.

Let us now take up voltage measurements in the power pack.
First we would check (using a high range A.C. voltmeter) the
high voltage secondary A.C. potential. Measure the A.C. voltage
between one plate of the full wave rectifier and the center of the
secondary. Repeat for the other plate. These two voltages should
agree with the manufacturer’s values and be approximately equal.
The next thing that interests us is the D.C. voltage the rectifier
tube is delivering to the filter circuit. This can be easily meas-
ured by connecting the high range D.C. voltmeter between the
two points 7 and b in Fig. 2. In making these measurements,
however, it must be remembered that we are measuring the aver-
age value of the D.C. voltage, not the peak value. We shall discuss
this matter later on.

Next there is the voltage drop in the choke coil L,. This can
be measured in two ways: we can place the voltmeter directly
across the terminals of L,, as between j and t. But if it is not
convenient to get at L,, we may measure the voltage between
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t and b; then subtracting this from the voltage between 7 and b
we have the drop across L,. Conversely, knowing the drop across
L,, this can be subtracted from the voltage across 7-b to determine
that across ¢-b.

In a similar manner, we can investigate the voltage condi-
tions in the next filter section, obtaining the voltage across e-b
and that across L,.

As we have said, the voltages across the filter condensers
measured by means of D.C. voltmeters are average voltages. It
is often desirable to know what the peak voltages are across the
condensers. This is especially important nowadays when elec-
trolytic condensers are used extensively. The safe peak voltages
applied to these condensers must not be exceeded, otherwise the
leakage current through the electrolytic condenser will become
unusually high, heat the condenser and cause it to break down.
In the case of wet electrolytics you will probably hear a sizzling
noise, indicating intermittent breakdown and healing of the di-
electric film in the condenser. In semi-dry and dry types this
effect is not observed and you must resort to common sense or
to more precise methods of measuring the peak applied voltages.
We should add that the electrolytics in the filter input are more
often subjected to excessive peak voltages.

If a milliammeter with a shorting switch across it is placed
in series with the condenser and the leakage current measured
(opening the shorting switch) after the initial excessive current
flow has passed, it should be less than 2 milliamperes for an eight
mfd. condenser in good condition. If more flows when using a
new 600 volt peak electrolytic condenser, the condenser will
eventually break down. Peak voltage in excess of 600 volts
should not occur in a properly designed receiver, so the only
precaution you may take after installing a new condenser is to
run the primary of the power transformer on the high voltage
tap or insert a line resistor.

It is interesting to know how peak voltages may be measured.
The simplest and most economical way of measuring these peak
voltages is with a vacuum tube voltmeter used in the “slide back”
manner. The circuit is shown in Fig. 3. The tube may be a 37,
its input connected to a potential divider. The ratio of the poten-
tial divider may be made anything desired, but a ratio of about
40 to 1 will be satisfactory for most work. That is, we may
make the lower part equal to say 4,000 ohms; the total resistance
would then be 160,000 ohms, which would make the upper part
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equal to 160,000 — 4,000 or 156,000 ohms. Then, if any voltage
isapplied across the terminals AB, only 1/40 of this will be acting
on the tube.

First, with the terminal AB disconnected, the potentiometer
P is adjusted until the plate current of the tube just becomes zero.
This is noted on the plate current meter M, which may have a
range of 0-5 ma., or less.

Next, connect the terminals AB to the points where we wish
to measure the voltage, as at points 7 and b of Fig. 2. Connect 4
to the positive terminal, at . The plate current of the tube wili
rise—may even exceed the maximum reading of the meter. Now
readjust the potentiometer P until the plate current is again zero.

In each case where the plate current was made zero, read
the D.C. voltmeter V. The difference between the two readings
is the value of the peak voltage applied to the grid and cathode
of the tube. The voltage across the terminals AB—that is, the
voltage we are measuring—is, of course, 40 times this value.

The B battery in Fig. 3 may be a 22.5 volt block; the grid
voltmeter V may have range of zero to 20 volts. The C battery
may also be a 22.5 volt block.

The resistance of the potential divider, AB, should be as high
as it is possible to obtain accurately measured resistances; at
least it should be much higher than the net resistance connected
to the power supply apparatus, as at eb in Fig. 2.

Returning now to our point-to-point analysis of the circuit
shown in Fig. 2. We have determined whether the filter voltages
are normal except the voltages at the divider. We should find in
placing a voltmeter across b and d that it should read the normal
R.F. screen voltage plus the normal or lowest R.F. C bias voltage.
The voltage across b and V.C. should be less than 50 volts. If no
potential difference is measured in both cases, question the volt-
age divider by-pass condensers.

Now we should turn our attention to the audio output stage.
With the negative voltmeter probe on the chassis, we place the
plus probe on the plate of one and then on the other '45 tube.
The voltages measured should be very nearly equal. Because the
resistance of the input of the push-pull transformer is very low,
placing the 4 probe on the center tap of the primary should
show only a slight increase in voltage and the value should be
the same as read at b-t. Should no voltage at one plate be obtained
and a reading obtained at the center tap, there should be no doubt
that that half of the primary feeding the no-voltage plate is open,
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or at least the connection has opened up. With the — probe on
the chassis and the + probe on the center tap of the filament
winding feeding the '45 tubes, you will measure the C bias of the
45 tubes. As resistor K is always small in ohmic value compared
to the resistance of the voltmeter, the true bias value will be
obtained. If measured as normal, we know that the plate cur-
rents of the ’45 tubes are essentially correct, as we have already
checked the plate voltage as normal.

The next stage tested is the first audio. With the — volt-
meter probe on the chassis and the 4+ probe on the plate of this
27 tube, we measure the normal plate voltage plus the C bias
voltage. Failure to get a reading apparently indicates an open
transformer primary or primary connection; or a plate to chassis
or primary to secondary short. If we measured the voltage across
b-e as normal, we may assume that there is no short in this plate
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circuit nor is there a primary to secondary transformer short.
One exception may be that common connection f is open. By
placing the 4 probe at the plates of the other voltage amplifier
tubes, we may quickly ascertain if the connection at f is defective.
Voltages between the chassis and the other plates definitely indi-
cate an open primary. Placing the 4 probe on the cathode, the
C bias voltage is obtained. As resistor R is rather low in ohmic
value, the true C bias voltage is obtained. No voltage indicates
a shorted C bias condenser or no plate current. We may check
for plate current* at once by measuring the drop across the pri-
mary of the transformer. With the + probe on the plate of the
first audio, switch the — probe to the grid. A reading even if
much less than normal plate voltage establishes the fact that the
grid input resistor is intact. Now, if we shift the 4 probe to

*This test is merely to indicate that plate current exists, not that it is
normal.
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the chassis, the — probe remaining on the grid, and if we get a
down scale reading we know that the coupling condenser of the
resistance-capacitance coupler is leaky or the audio amplifier
tube is gassy. Try a new tube. A large down scale reading
(reverse probes) means a shorted coupling condenser.

The detector stage offers a few chances of going wrong, if
we are not careful. Again we place the — probe of the voltmeter
on the chassis and the 4 probe on the plate. The reading obtained
should be less than the main supply voltage (that between b-e),
less by the drop in resistor g—n. If the manufacturer gives the
plate-cathode voltage (using a normal sensitive voltmeter) you
have a definite value for comparison. Next place the -+ probe on
m. This should be equal to the C bias value given by the manu-
facturer. Remember that you are not reading the true detector
C bias unless you use a 20,000 ohm per volt sensitive voltmeter—
a device rarely found in a service shop. Resistor X may have a
value of from 30,000 to 50,000 ohms. If you want to know the
exact C bias, measure the plate m.a. current and the ohmic value
of the C bias resistor. The product of both divided by 1,000 is
the normal operating value. There would not be any real need
for such a procedure, for you may as well be guided by the value
given by manufacturers or by your sense of what is or is not
correct.

Should you get no detector tube plate-chassis voltage, place
the 4 probe at g and then at n to determine if an open exists in
the choke or resistor. Placing the 4 probe on the plate and the
— probe on the grid indicates a grid input feed, if a normal chas-
sis-plate voltage is obtained. Should you read a high C bias and
a low chassis-plate voltage you may be reasonably sure that the
detector R.F. by-pass condenser is shorted.

Testing the R.F. stages in the receiver shown in Fig. 2 should
offer no difficulty. With the — probe on the chassis place the
+ probe on the various plates and screen grids. As substantially
no drop in voltage exists in the primaries of the R.F. transform-
ers the plate voltages read should equal that obtained between
b and e and the screen voltages that obtained at b and d. All
screen grid-chassis and all plate-chassis voltages should be equal
in value. With the 4 probe on the cathode vary the potentiome-
ter V.C. The voltmeter reading should go up in value as you turn
V.C. towards C. This checks the operation of the volume control.

There are only a few more tests. With an A.C. voltmeter
check the filament voltages to each tube. If the tubes light or
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heat and the voltages measured are normal, we may assume that
the filaments are not overloaded.

Place one of the voltmeter leads on the receiver ANT post
and the other on some 4 connection in the chassis. A voltage
reading establishes continuity through the primary of the an-
tenna coil. In some receivers the chassis is not connected to an
external ground, although the low end of the primary in the
antenna coil is externally grounded. In such circuits a voltmeter
alone will not check the primary of the antenna coupler. As
most multimeters are built with an ohmmeter we should have
no difficulty in checking a complete antenna-chassis connection.
If you are making this point to point resistance test in the
house—measure the antenna-ground resistance, disconnecting it
from the receiver. It should be infinitely large.

We have checked the entire chassis by the point to point volt-
age trouble shooting method. However, a complete service job
would first follow the steps of : confirming the complaint, hunt-
ing for surface defects, applying the effect to cause reasoning,
and trying to isolate the defective stage by the circuit disturbance
test. Failing to locate the defective stage, and now reasonably
sure that the defect is internal, we would remove the chassis
from the cabinet or console and apply point to point voltage tests
starting in the power supply and ending in the R. F. sections.
Having found the defect and made the correction, a revitalization
procedure would place the machine in ideal operating condition.
Actually there would be no need for a complete check of this sort
unless the circuit disturbance test failed to isolate the defective
stage. Let us review the circuit disturbance test procedure for
this machine, assuming that the chassis is in the cabinet.

Pulling out and replacing the detector tube should give rise
to an output thud from the speaker if the detector and audio
system is in order. Failing to get an output thud, remove first
one then the other ’45 tube. Again output thuds indicate normal
circuit conditions. Failing to get a thud in both cases, check the
main supply voltage, chassis-80 tube filament supply winding or
chassis to connection of the speaker field choke. If measured as
normal, check the output transformer and voice coil connections.
Assuming that the output stages checked normal, pull out the
first audio tube. An output thud at this point where one was not
obtained by pulling out the detector, definitely isolates the trouble
in the detector-first audio coupling circuits.

If the detector-audio system checks normal, remove the con-
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trol grid cap from the last R.F. tube and reconnect. An output
indication shows that everything to that point is normal. As
you advance this test to the input and go from a signal to no
signal, you pass through the defective stage. Once the defective
stage has been isolated the circuit may be checked by the point
to point voltage method, applying the same reasoning as to what
may be wrong as was just explained.

Although the circuit shown in Fig. 2 is rather simple, and
more involved circuits will be met, the same principle and ideas
are used. It is essential to know how the circuit works from a
study of the diagram and this is based entirely on your acquired
knowledge of radio theory and receiver design. Above all in
checking a chassis from the bottom, your guide in determining
the electrodes will be a tube chart showing what electrodes are
connected to pins 1, 2, 3,4, 5,6, 7 and T..

A number of servicemen employ what may be considered as
a point to point voltage test, except voltmeters are not used. To
check for a chassis-plate voltage, they would short momentarily
the plate to the chassis with a screw-driver. To test for filament
voltage, they use a pilot lamp indicator or momentarily short the
filament. A spark indicates the presence of a voltage.

Sooner or later you will discover these tricks so we have
mentioned this procedure as a warning not to follow it. The
circuit disturbance test places as severe a shock on the receiver
as one should dare apply. The simplest of service testers will
include a D.C. voltmeter, so there need be no excuse for not hav-
ing one to use.

POINT TO POINT RESISTANCE METHOD

Theory of Method. From a purely constructional view-
point, a radio receiver is made up of coils, condensers, resistors,
tubes; the necessary brackets and sockets to hold these various
parts in place; and wires to connect these parts into a working
circait. We can test tubes in a tube checker and thereby elimi-
nate them as sources of trouble. Resistors may be checked by
measuring their ohmic value. Condensers may be leaky or
shorted and an ohmmeter check will, in most cases, suffice to
establish their serviceability. A positive check on condensers is
obtained by measuring their capacity. In some cases the fact
that they will hold a charge will be enough of a check. Coils and
transformers may be checked by measuring the inductance of the
various coils. From a more practical viewpoint, every coil in
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good condition will have a definite ohmic resistance. An ohmic
check should suffice. If a continuity check is made on the circuits
we can readily establish the fact that the connections are as in-
tended, provided we have a circuit diagram of the receiver to
guide us.

This sort of reasoning has led to the point to point resist-
ance measurement, and is quickly applied when the circuit dia-
gram submitted by the set maker gives the resistance values of
every coil and resistor. Fortunately this practice is now a uni-
versal feature of modern service diagrams, although when a few
values are omitted an approximate assumed value may be used.
In general you will find in tracing the circuit of any ampylifying
stage of a radio receiver,that there will be a continuous circuit be-
tween any two electrodes of the tube, the resistance of which will
be determined by the ohmic resistance of the components con-
nected between these two electrodes. For example,in Fig. 1,shown
below, an ohmmeter connected between the grid and cathode

«—Ip=.2ma

Rp

10 500°
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[

r=|75,000"
T,
L crasss 7 9 i

Rq+30,000 i
Fra. 1

terminals of the socket (tube removed) should read 10 -+ 30,000
or 30,010 ohms. By placing one probe of the ohmmeter on the
chassis and the other alternately on the grid, cathode and plate
we should read 10, 30,000« and 500 +4 75,000 -+ the resistance
of the devices connected between chassis and +B. In the latter
two cases correct ohmic readings indicate that the condensers are
not shorted. By opening one condenser connection a charging
or capacity test will establish the fact that condenser is internally
open or is intact.

A grid to cathode ohmmeter test only establishes the fact
that the grid bias resistor is in normal condition and that a
chassis to grid connection exists. Let us see why this is so. The
best service ohmmeter will yield a reading which is accurate to
2 per cent in its low ranges and 10 per cent in its high ranges.
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What do we mean by this? If we measure a part as 100 ohms
we are only informed that it is about 100 ohms. Actually it may
be 2 per cent above or below the value read or, in this case, be-
tween 98 and 102 ohms. Similarly, a reading of 100,000 ohms
using the high range of an ohmmeter, merely indicates that the
true resistance is from 90,000« (10 per cent below) to 110,000«
(10 per cent above).

All this points to the fact that the ohmmeter range and the
resistance network measured should be carefully considered.
First the ohmmeter range selected should give a low or up to
mid-scale deflection, the region in which the ohmmeter readings
are most precise. For example, a typical ohmmeter reads 0 to
1,500 ohms and 0 to 150,000 ohms with accuracy although higher
values may be measured in each range. The readings are
“bunched” on the upper ohmmeter scale deflections and there-
fore only approximating values are measured. Suppose you were
measuring a part known to be about 10,000 ohms, common sense
would tell you to use the higher range, even though this value
may be read on the lower range.

Turning to the reading of the resistance between grid and
cathode of Fig. 1, which we know should be 30,010 ohms. As-
suming that the ohmmeter range used yields 2 per cent precision
readings. From what was said, we know that a reading of
29,400 to 30,600 ohms must be accepted as the best obtainable.
At once we realize that the grid input coil can be completely
shorted and still be in the accepted range. So a grid to cathode
check merely indicates continuity. In fact, when several high
resistance parts are in series with one or more low resistance
parts, an ohmmeter reading could only tell us that the circuit
had continuity—was not open.

How can we tell that the grid coil is not shorted? Apply
the ohmmeter so that the input coil resistance will predominate.
In this case measure the resistance between the grid and chassis.

The secrets of successful point to point resistance trouble
shooting are: selecting a suitable ohmmeter range and measur-
ing the resistance between points which yield useful information.

Apparatus Required. The basic testing devices needed will
at least include, 1, a portable tube checker and 2, a multirange
ohmmeter with a range of at least 1 to 1,500,000 ohms. As we
develop and modify this trouble shooting method we will find that
a multirange A.C. and D.C. voltmeter will be quite helpful. An
A.C. voltmeter will help establish the fact that power is supplied
to the power transformers, that the high and low A.C. power out-

14

~ o -

+ e

£ 2




¢ et @EBg  Cemeipiey | o‘

i -

B st ol

b‘o “'a
0

put voltages are at rated value. A D.C. voltmeter is of immense
value in establishing the fact that the power pack is delivering
rated voltage. In testing battery operated receivers it is an es-
sential device. A well designed and precise multimeter will serve
all three needs.

Some servicemen insist that a capacity meter is required
to check the condition of filter and by-pass condensers. Yet it
should be obvious that if a condenser is not shorted or leaky,
easily determined with an ohmmeter, that the capacitor in ques-
tion is either intact or open. A charging test—placing a voltage
across the condenser alone, and then shorting the terminal yield-
ing a spark—should suffice. If the receiver originally operated,
even though unsatisfactorily, and it is felt that the trouble is due
to an open in some definite condenser, placing a duplicate con-

Fro. 4

denser in shunt should restore normal operation or improve re-
ception, if an open condenser is the fault. Essentially a capacity
tester is a luxury and not a necessity.

A service oscillator, although not strictly required for a
point to point resistance trouble shooting technique, will be re-
quired for aligning tubes, aligning I.F. and T.R.F. stages, to
make the preselector and oscillator of superheterodynes track,
all a part of the process of revitalization. Summing it all up, a
portable tube checker, a multimeter and an oscillator are essen-
tial equipment. Typical commercial devices which may be as-
sembled in a single carrying case are shown in Fig. 4.

Testing Technique. Assuming that you are fully aware of
the nature of the complaint and the complaint does not suggest
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a special check, the logical order in applying the point to point
resistance method starts with:

1. A critical examination of the chassis, antenna-ground
system, power supply for obvious surface defects—and con-
tinues with

2. Predetermination of the cause from analyzing the ap-
parent effects.

3. If the set is totally inactive and you observe that all
tubes light, check each tube in a tube checker. If a tube
does not light, test that tube first. If found defective, re-
place with a new one and try tuning in a station. If the set
is still inactive, test remainder of tubes in tube checker.

We now may proceed in two ways. One scheme would be
to isolate the defective stage by the circuit disturbance test, and
then test the stage by a point to point resistance procedure. The
other way and the one usually suggested by some experts is to
first remove all tubes from the receiver as this method eliminates
the need of having them for testing purposes, and—

4. Test the A.C. voltage supplied to the plate or plates of
the rectifier tube.

5. Measure the resistance of the aerial-ground network.

6. Check the continuity and resistance of the secondary
of the output transformer, the resistance of the voice coil in
dynamic speaker, and the speaker A.F. excitation coils in
magnetic units. Tests 5 and 6 are the two circuits that can-
not be checked from the sockets and are eliminated first as
sources of trouble.

7. Starting with the tube socket nearest the receiver in-
put, measure the resistance between the chassis and the tube
electrodes. Depending on the nature of the receiver circuit,
more valuable information may often be obtained by measur-
ing resistance from some electrode of the tube whose cir-
cuits are under test to the filament of the rectifier tube or
perhaps to some electrode of another tube in the receiver.
It is worth stressing that the two most used reference points
are the chassis® and the cathode (or filament) of the rectifier
tube.

*In universal (A.C—D.C.) power operated receivers the chassis is not a
common terminal point, but the negative power supply line is the —B or common
reference terminal. The prong on the power plug that does not trace to the
plate of the rectifier tube is the most convenient point of contact.
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Where one tube is controlled by another, some electrode
of the controlled tube will be electrically connected to the
controlling tube. The connecting circuit should be checked.
For example, in an A.V.C. receiver the control grid of the
R.F. or I.F. amplifier tube traces to the negative terminal of
the plate load of the A.V.C. tube. This network should be
tested by checking between the controlled and controlling
tubes.

Where condensers are in the networks under test, they
may be tested for opens or capacity.

Which of the two procedures you follow is entirely up to
you, although it appears from practice that if the defective stage
can be isolated at once by the circuit disturbance test, consider-
able time may be saved.

Typical Point to Point Resistance Analysis. Figure 5 shows
a simple superheterodyne receiver diagram exactly as presented
by the manufacturer in his service manual. Fortunately the
ohmic resistance of most of the parts are given. In illustrating
the point to point technique as applied to this receiver we will
check the entire receiver. Actually in practice the procedure
would not be as lengthy as we would indicate by the following
discussion, for the defect would probably be isolated before a
complete diagnosis was made.

We will assume that steps 1, 2 and 3 of the previous section
have been made and all indications are that the defect is internal.
Remove all tubes from their sockets. The next step is to follow
the complete point to point resistance procedure which will be
to remove the chassis from the cabinet, for quick trouble shoot-
ing is best accomplished with an open chassis. Remove all the
tubes which we know by test are in normal operating condition.

In the following discussion we will first consider the meas-
urements that can be made if the chassis is not removed from the
cabinet and then mention the additional checks possible if the
chassis is open. One of the features of a point t6 point resistance
test is that a considerable amount of checking can be made from
the top of the chassis (chassis in cabinet).

Turn the operating switch on, and with a high range A.C.
voltmeter, check the voltage between the two rectifier plate socket
pin grips or terminals. Next check the voltage between one plate
and the chassis and the other plate and the chassis. The two
last readings should be very nearly equal. If in step No. 3, ex-
plained in the previous section, you found that all tubes lighted,
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there would be no need of checking the low A.C. voltage second-
ary windings. If some tubes did not light, but the tube was
checked to be O.K., then test the A.C. voltage at those sockets.
After power measurements have been made, turn power switch
off before making resistance tests.
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A—Insulated tip jacks, 2 needed; B—Pearl pushbutton, 1 needed.
C—Double pole, double throw toggle switch, 1 needed.
D—Single pole, double throw toggle switch, 1 needed.
AA—Yaxley No. 1610 single gang 10 point switch with 1 to 10 etched dial plate, 1

needed.
BB—Yaxley No. 1620 two gang 10 point switch with 1 to 10 etched dial plate, 1

needed.
E—Naald No. 907 WLCA 7 prong plug with cable, 2 needed.

Ei—Naald 977 DSA large seven prong socket adapter, 2 needed.

Es+—Naald 976 DSNA six prong socket adapter, 2 needed. Not shown
Es—Naald 975 DSNA five prong socket adapter, 2 needed. in Fig. 6
E.~—Naald 974 DSNA four prong socket adapter, 2 needed. g
E:—Naald 978 MSA eight prong socket adapter, 2 needed.

In determining which socket terminals are F, H, K, G, G,,
Gu, G, P, ete., it will be essential that you be familiar with the
R.M.A. socket numerical notation and be guided by the chart of
tube types and electrode location. This is given elsewhere in the
Course. Circuit diagrams such as Fig. 5 do not give this in-
formation. We will assume that you will be able to identify the
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socket pin holes, or the socket connections whether you probe
from the top or the bottom of the chassis.

Note that coil L; has no connection to a socket. Possible
trouble at this point must be eliminated at once. Connect the
ohmmeter to the ANT and GND post of the receiver. It should
read about 40 ohms. Observe that there is no connection to the
chassis. So check continuity between ANT terminal and chassis. -
The ohmmeter should read infinite resistance.

We turn our attention to the output circuit and particularly
the voice coil and the secondary of the output transformer. The
circuit diagram informs us that it cannot be checked from a tube
socket. Inspection of the chassis tells us that the speaker has its
own terminal strip.* Test can be made here if we can identify
the terminals. Can this be done without opening up the chassis?
From the diagram, we know that only one terminal connects
directly to the chassis. This we identify at once. Between this
terminal and one of the two remaining terminals we should meas-
ure about 1,330 ohms and it happens that that terminal is the
one with the double lead. The other terminal must be the con-
nection from the voice coil which leads to the secondary of the
output transformer.

As we just mentioned a resistance test between the chassis
and the double lead terminal should give an ohmmeter reading
of about 1,330 ohms and we assume that the field is intact. (Ac-
tually the field is shunted by the two .1 meg. resistors in series.
Clearly a .2 meg. resistor in shunt with a 1,330 ohm resistor
should not materially lower the resistance of the combination.)
With one probe on the chassis and the other on the last of the
three terminals, we should read a value determined by the resist-
ance of the voice coil shunted by the secondary of T-3. The
values are not given so we must be guided by experience. We
would know that the voice coil would have an ohmic resistance of
about 10 ohms—the secondary would be less. Therefore, the read-
ing obtained should be quite a bit lower than 10 ohms and at least
above 1 ohm. All we may check for is a total short.

Now start with the first R.F. tube—numbered 1 in this dia-
gram. When the chassis is in the cabinet we are limited to
chassis and socket terminal probing because leads from most
parts are below the chassis. With one ohmmeter probe on the
chassis, the other is placed on the grid terminal (socket pin hole).
If we get a reading of 5 ohms, we know that C, and its trimmer

*In most receivers the speaker cable, whether it uses a terminal strip or a
plug-in socket connection, may be disconnected from the chassis and the voice
coil on the output transformer and the field coil tested. These details are not
shown in a circuit diagram, such as Fig. 5.

20




C, are not shorted and coil L, is not open. Of course, we do not
know that the connections of C; and C, to the circuit are broken.
If the chassis were out of the cabinet and in full view, we could
check such possibilities. A physical inspection should from a
practical point of view suffice.

In testing the cathode-chassis resistance we work through
Rs and the volume control R;. Assuming that condenser Cis is
not shorted, we should obtain a reading of 150 + 3,800 equal to
3,950 ohms when the volume control is at its minimum setting,
and 150 ohms for a maximum setting. With chassis out of the
cabinet C,;s may be temporarily unsoldered from resistor B3 and
checked with a capacity meter or charged with a 45 volt battery
block. Upon shorting the condenser a spark indicates a good
condenser. It should be realized that a short in condenser Ciq
would throw resistor R; in shunt with R; and R,. The effect
would be more marked when R, is at minimum volume position.
In this event we would have 8,000 ohms in shunt with 3,950 ohms,
a total of 2,644 ohms.* Therefore, a shorted Ci¢ condenser is
quickly identified.

In practical servicing open and shorted condensers would be
isolated in the effect to cause analysis. Obviously, if Cis were
shorted, then when originally trying out the receiver you would
get no volume control action. A shorted C,¢ would cause the set
to be dead. A point to point resistance test would quickly iden-
tify shorted condensers. On the other hand should Cis be open,
the set may regenerate, giving rise to a squeal or distortion; an
open C;s may cause degenerationf evident by low volume. In
sets of the same make and design the result would always be the
same for a given defect, therefore, your experience, the expe-
rience of other servicemen or a chart of experience compiled by
the manufacturer are of great help. By the same reasoning an
open C;, condenser may create regeneration. The important fact
that is being brought out, is that it would not be practical in
making a complete resistance diagnosis to open each and every
condenser, as the networks are checked, to determine whether the
condensers are normal. Shorts will show up in the resistance
tests, opens can be best identified by the effect to cause reasoning.
If the symptoms point to an open in a certain condenser, shunt-
ing it with a good condenser should restore operation if the con-

8.000 X 3.930
* Ronune = — - = 2,644

=000 4 3950 0T
+ Where the input is fed with a signal from some stage further along due to

al.aeenee of a by-pass so the signal fed 18 out of phase—essentially neutralising.
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denser in question happens to be open. A number of schemes
have been suggested to test condensers even when shunted by
other devices. Their operation is questionable in all cases and
is really not essential. Our attention will from now on be cen-
tered on shorted condensers.

With one probe of the ohmmeter on the chassis and the
other on the screen grid, of tube No. 1, we work through R, R,
and R;. If R, is at maximum volume setting, the resistance would
be determined by R; 4 Rjs, a total of 8,150 ohms. This checks
R;; R, remains to be tested. By placing the ohmmeter probe
which originally was on the chassis, on the filament prong hole of
the rectifier tube a resistance of 14,300 ohms should be measured.

The plate-chassis resistance of tube No. 1 comes next. As
Cis and Cy6 have been proved to be in normal condition, the ohm-
meter measures the resistance of L,, Ry, R;, Rs and R, in series a
total of 26,308 ohms or 22,508 depending on the position of R,.
This measurement would fail to check L,, which is tested by
measuring between the plate of No. 1 tube and the filament of
the rectifier tube and should be 58 ohms. In actual practice the
last test alone would be made.

By referring to Fig. 5 you will observe that in checking the
plate-chassis resistance of all tubes except tubes 2 and 8 that
condensers C;g and C,4 are in shunt. C;s happens to be an elec-
trolytic condenser and we would know this by chassis inspection.
Furthermore, the ohmmeter is battery operated and should the —
lead of the ohmmeter connect to the anode of the electrolytic con-
denser a current will flow, resulting in a low shunt resistance,
causing the ohmmeter reading to gradually decrease. One should
be careful to test with the 4+ ohmmeter probe on the anode
of the condenser. You may then get a reading which gradually
increases in value. The maximum value is the important one.
If you connect the — ohmmeter probe to the condenser anode you
will get a low resistance reading, often decreasing in value. You
have connected the ohmmeter incorrectly; reverse the probe con-
nections. Values obtained will depend on the voltage of the bat-
teries in the ohmmeter. The effect is very prominent in wet
electrolytic condensers.*

* Sets that use wet electrolytic condensers and have been idle for some time
before being put into use may result in a burned out rectifier tube unless the con-
densers are first formed. It is wise to test their resistance and if low form them
first by an externally applied D.C. emf. The forming process may take 2 or 3
hours. Be sure that the condenser if of the wet type has electrolyte.
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The path from the plates of the same tubes trace through
Ci1, another electrolytic condenser. As both electrolytics may be
in shunt with some network it would be a wise step to test them
early in the resistance diagnosis. At the same time let us check
the rectifier circuits and the voltage divider system.

We have already checked the power transformer by actual
voltage measurements. C,sand Cz4 are checked by placing the +
ohmmeter probe on the filament of tube No. 8 and the — probe on
the chassis. A good electrolytic should show a resistance reading
equal to R, + R, + R, 4+ R,. A short may indicate a defective
Cys or Ca4 condenser, so the chassis must be taken out of the
cabinet and each condenser checked separately after unsoldering
the connections. Now open the field coil by removing the con-
nections to the double lead terminal, leaving the two leads con-
nected to each other. On checking between one rectifier plate
and the chassis, a reading of .2 megohms indicates that R,, and
R,, are intact. Checking from filament to plate of rectifier tube
checks electrolytic condenser Ci..* Finally a check between fila-
ment of the rectifier to grid of tube No. 6 or No. 7, tests con-
denser Ci,. A reading of 2,850 ohms (half of secondary of T-)
indicates a shorted condenser. To test the main voltage divider
network, place the ohmmeter probes on the filament of tube No.
8 and the chassis. Vary R,. The resistance should vary from
26,250 ohms (R, + R: 4+ Rs + R4) to 22,450 ohms (R, + Rs
+ Ry).

We turn now to tubes Nos. 2, 3, 4, 5, 6 and 7. To simplify
matters we will now tabulate the values that should be found in
checking the point to point resistances. G, is chassis, K-cathode,
G-grid, P-plate, G,-screen grid and F-filament. Unless other-
wise specified R, will be set so its value is 3,800 ohms.

Tube No. 2, Oscillator:

Gn—K......oooiiii 3,950w. .......... Ry + R,
Gu—G............... 43,950............ Re+ Ry +R:
Gn—P............... now of no consequence, so check

P to Gs of Tube No. 3.. 1w, ......... Lyo

Observe that parts an, Cs, 021, Cz, L3, 022 and ng form a
network which connects electrically between the chassis and the
grid of tube No. 2. Condenser C». prevents a point to point re-

* After the electrolytic condensers have been checked it would be a wise plan
to temporarily disconnect them from the circuit. Leakage and charging effects
are eliminated. This may always be done where the chassis is removed from the
cabinet.
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sistance check. The network may only be checked with chassis
out of cabinet. The steps taken are obvious. Tube No. 3, First
Detector:

Go—K............... 10,000w. . ......... R,
Gn—G............... 6w ..., L,
Gon—Gs...oee oL, 11,950, .. . ..... .. R+ R, + R,
P—F tube No.8..... 93.5w. . .......... L,
Tube No. 4, I. F. Amplifier:

Gn—K............... Ry + R,
Gn—G ............... [}

Gn—GB .............. Rl + Rz + Rx

Gn—K............... R,

Gn—G............... Rs, (Ly negligible)

G—Term. No. 1...... 93.5w........... Ly

P—F tube No.8...... 800w........... L3+ T—2 primary
Tubes No. 6 and No. 7, push-pull output .

Go—Gyoeeove . 5700w, . ...... ... Secondar;v T,

Pe—Py.. oo L. 360w, .......... Primary 7',

}}:::;: i i%:} values need not be exactly equal

Note that R, cannot be checked unless chassis is taken out of cabinet. Even
this is not needed, for unless C,, is shorted it will not stop operation and the ability
to make tone adjustments may be checked, once the set is made operative.

Practical Hints and Precautions. Note how rapid the check
can be if the information is tabulated. Manufacturers do not
make it a practice to give this information in tabulated form.
The serviceman should consider it sufficient if all parts are noted
with resistance and capacity values. Fortunately the trend is in
that direction.

Should you find the point to point resistance method ideal
for your needs, it would be a good plan to prepare a table of point
to point resistance for the receivers you are constantly repairing.

Where no resistance information is given for some of the
parts, the approximate resistances given in the following table*
may be used as a guide.

R. F. transformers—Primary (untuned).............. .5to 15 ohms
R. F. transformers—Primary (self tuned)............. 20 to 100 ohms
R. F. transformers—Secondary.................... .. .5 to 5 ohms
Oscillator coils ~ —Tuned Cireuit................... .5 to 5 ohms

L. F. transformers —Primary or Secondary............ 25 to 200 ohms
A. F. transformers—Primary..................... ... 500 to 3000 ohms
A. F. transformers—Secondary.................. .. .. 1100 to 8000 ohms
Power output transformers—Primary........... ... ... 300 to 1000 ohms
Power output transformers—Secondary............. .. .2 to 10 ohms
Power supply transformers—Plate Secondary. ... ...... 200 to 600 ohms

* Compiled by John F. Rider.
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Power supply transformers—Primary................. 1to 5 ohms
Power pack filter chokes.............. ... ... .. ... 150 to 800 ohms
Speaker field used as filter choke 800 to 2500 ohms
R .F.chokes............oiviiiiiiiiiiiiinnnins 10 to 150 ohms
A.F.chokes. . ... ... ..o it 10 to 1000 ohms

We have shown that a chassis can be checked by the point to
point resistance method, even while in the cabinet. This is valu-
able as there are cases where the customer insists on knowing the
cost of the service job before allowing the chassis to be removed.
This method of trouble shooting helps to confirm the location of
the defect and to a great degree of accuracy tell what actually
is wrong. Where there is no barrier in removing the chassis, do
so immediately after you are certain that it is an internal defect,
because it is then easier to test each and every part or network.

Much time can be saved if the circuit disturbance test is
made first. Then the point to point resistance test may be in-
itially directed to the suspected defective stage.

A free point socket analyzer is a helpful device when the
chassis is in the cabinet, and it is difficult to get at the sockess
and still it is necessary to test point to point resistances. This
device is limited in its use, as analysis is limited to one socket at

a time. It is essentially a help in checking continuity.

- A plug-in and selective switching system may easily be made
with parts that can be purchased from a large wholesale mail
order radio supply house. A suitable system should permit meas-
urjng the resistance between any two terminals of the same tube
circuit, between any socket terminal and the chassis, and between
any terminal of one socket and any terminal of another socket.
Eigure 6 is the schematic of a simple but extremely flexible point
to point resistance tester. All parts are clearly identified and
explained in the caption. Structural details are not given. This
selective analyzing system should be built into a carrying case
together with the ohmmeter.

The finished device will have two 1 to 10 selector switch
controls. Note that the two right hand selector switches are
combined into a double deck affair. Two analyzer plugs and two
sets of adaptors (prong reduction and extension) are needed.
Selector switch AA is the free or moving point, whereas selector
switch BB selects the reference point. When switch D is placed
on D, then the reference point is some socket terminal of the tube
under test; when switch D is placed on D, then the reference point
is any terminal (including chassis) of the tube socket in which
the associated plug-in and adapter are inserted. All tube pins,
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adapter and plug-in pins are numbered according to the latest
R.M.A. and Weston standards. The wires 1, 2, 3, 4, etc., from the
adapter connect to switch points 1, 2, 3, 4, etc., of the selector
switches. Inthat way a tube table listing what tube elements are
connected to pins 1, 2, 3, 4, etc., greatly simplifies actual analysis
when a circuit diagram is used as a guide. If you plan to service
by the point to point resistance method using this adapter, it will
be quite helpful to mark the pin numbers on the service diagram.

The multirange ohmmeter probes are plugged into jacks A4,
the pee wee clip F is connected to the chassis. Push button B is
used in adjusting the ohmmeter, particularly when each range of
the ohmmeter must be adjusted. While testing, the push button
may be depressed to check the ohmmeter adjustment. The double
pole toggle switch C changes the ohmmeter polarity.

We should realize that .a point to point resistance trouble
shooting procedure is extremely valuable in a number of special
circuits, as Loftin-White and other direct coupled amplifiers,
A.V.C. receivers, and muted A.F. stages. Invariably these cir-
cuits are best analyzed with the chassis open and in full view.
Because very high resistances are used, voltage readings are apt
to be confusing due to the use of voltmeters with limited sensitiv-
ity. This is not inherent in the ohmmeter method of resistance
checking.

You must remember that the resistance values given in a
service diagram are only average and subject to variation. Coil
resistances are reliable to 2 per cent, resistor values reliable up
to 10 per cent. When parts are connected in series or parallel,
the errors are accumulative. In series connections the largest
resistor governs the total error, in parallel arrangements the
smallest resistor governs the error.

Carbon resistors will change in resistance value as they
warm up. As the resistor unit, whether it be of the solid or in-
sulator carbon coated type, has a granular structure the current
through the resistance will have a marked effect on the resistance.
As the current increases it will take paths which were previously
of too great a resistance and the resistance will decrease. The
current will be determined by the applied voltage. Strictly speak-
ing, the resistance of a carbon resistor should be measured by a
special circuit in which the applied voltage is the one normally
applied in the receiver. After operated for some time, the volt-
age and current is noted and the resistance computed by Ohm’s
Law. Practically no serviceman need go to such an involved
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process, as a rough measurement of resistance by means of an
ohmmeter will suffice. Radio set designers will only use carbon
resistors where exact resistance values are unimportant. There-
fore, in checking carbon resistors in any network try to select
terminals for point to point measurements that isolate them and
be less critical of the values measured. Wire and metallized re-
sistors may well be checked to 5 per cent tolerance, although the
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circuit they are used in will have to be considered. C bias re-
sistors should check closer than resistors in resistance-capaci-
tance filters.

Quite often it will be found that the simplest network where
terminals are accessible will consist of resistors, coils and con-
densers in combination. Where condensers block out the D.C.
current from the ohmmeter, a true check of the isolated resistor
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can only be obtained by getting into the chassis and unsoldering
connections. This is only recommended if the effect to cause
analysis fails. In resistor and coil combinations, the total resist-
ance may be computed. If the chassis is out of the cabinet and
unsoldering connections is no obstacle, then you may measure
the resistance of the individual parts in the complex network.
Perhaps the unsoldering of one joint will simplify the whole test
procedure. We showed how disconnecting L,, in Fig. 5 helped
considerably.

John F. Rider, who has done considerable to develop the
point to point resistance to its present practical stage, offers the
following helpful general statements regarding basic radio re-
ceiving circuits.

1. There seldom is a direct connection (zero resistance)
between the plate and screen grid terminals of a screen grid
type tube.

2. There seldom is a direct connection between the cathode
and screen grid terminals of the same tube.

3. There seldom is a direct connection between the plate and
cathode of the same tube. Note in using triodes as diodes the
plate is directly connected to the cathode.

4. There seldom is a direct connection between the plate of
a tube and the grid of the following tube. Exception: direct
coupled (Loftin-White) amplifiers.

5. There seldom is a direct connection between the cathode
of a tube and the control grid of the following tube. Exception:
triple twin tubes.

6. There seldom is a direct connection between the control
grid and plate of the same tube.

7. There seldom is a direct connection between the electron
emitter and the anodes of rectifier tubes.

8. There seldom is a direct connection between the control
grid, screen grid, secondary grids, or plate with the chassis or
ground.
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TEST QUESTIONS

Be sure to number your Answer Sheet with the number

appearing on the front cover underneath the title of this text.

10.

Place your Student Number on every Answer Sheet.

While testing on a service call, when should you remove the
chassis from the cabinet to make a point to point voltage
analysis?

In a point to point voltage test in any self-biased tube stage,
what two voltages indicate normal or correct plate current?

Which, will a low resistance voltmeter connected to the cath-
ode and chassis of the detector tube in a circuit like Fig. 1
read: the correct bias voltage; a value above normal; or, a
value below normal?

. What does an output thud from the speaker indicate when

you pull out and return to the receiver the detector tube?

List, in the proper order, all the following servicing steps
(give numbers only) in a point to point voltage procedure.
1, applying the effect to cause reasoning; 2, hunting for sur-
face defects; 3, a revitalization procedure; 4, a point to point
voltage check of R.F. sections; §, a point to point voltage
check of the power supply; 6, circuit disturbance test; 7,
removal of chassis from cabinet.

. What are the secrets of successful point to point resistance

trouble shooting?

. When measuring the point to point resistances in a receiver,

what are the two most used reference points?

When connecting an ohmmeter to an electrolytic condenser,
what would you suspect as wrong when the ohmmeter con-
tinually reads lower in value?

What would an ohmmeter reading tell you if the circuit
checked contains several very high and low resistance parts
in series?

In a point to point resistance test would you expect to read
zero resistance (a direct connection) when checking be-
tween the plate and cathode tube terminals of the same tube?
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10.

Voltage and Resistance Methods. No. 38 RH-1

When an internal defect is indicated.

Correct values of plate-chassis (plate voltage) and cathode-chassis (C pias)
voltages.

A value below normal.
The detector and audio system is in working order.
29 19 69 79 5, 4, J.

Selecting a suitable ohmmeter range, and measuring the resistance between
two points that yield useful information.

The chassis and the cathode (or filament) of the rectifier tube.
Ohmmeter connected incorrectly, reversed probe connections.
That continuity merely existed in the circuit.

Seldom.
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Direct Stage by Stage Elimination
Method of Trouble Shooting

PRINCIPLES OF THE TECHNIQUE

A circuit disturbance test is extremely valuable in isolating
the defective section of an inoperative receiver. From our pre-
vious study of its use we know that as a procedure it is not fool-
proof, nor does it give us all the information we desire. Some
manufacturers even caution against removing a tube while the
set is operating, as the shock may be too great.

A logical procedure in isolating the defective stage should
embody a test employing locally generated radio signals. In
testing a T.R.F. receiver, tuned to a local station, it is possible
to connect the aerial lead to the plate of the tube * preceding the
detector and if you get an audible output you know that the
detector-audio system is operative. If no signals are heard, a
phone used as an output indicator may be connected to the out-
put of the successive A.F. stages beginning at the detector,
which tells us at which audio stages signals are obtained. In
going from a signal to no signal, the defective A.F. stage is
isolated. By advancing the antenna connection to the plates of
the R.F. tubes and in a direction towards the receiver input,
a change from a signal to no signal isolates the defective R.F.
stage. Evaluating the intensity of the audio signal permits you
to determine if the stages are actually contributing their share
of signal amplification.

For T.R.F. receivers such a technique is far superior to a
circuit disturbance test, if strong local signals are available. The
scheme fails to work with superheterodynes which are slowly
replacing all tuned radio frequency types. To extend the tech-
nique to superheterodyne receivers we require a generator of
R.F. and L.F. signals, provided by a variable frequency modulated
service oscillator. From a service viewpoint, let us see how a
T.R.F. and a superheterodyne receiver differ.

A simple T.R.F. receiver embodies a series of T.R.F. ampli-
fiers feeding a detector which in turn feeds an A.F. amplifier, all
in cascade. A superheterodyne receiver consists of a T.R.F.
amplifier and a local oscillator feeding a mixer-demodulator tube
which in turn supplies a modulated LF. signal to an L.F. ampli-

* A 0.1 megohm resistor in series with the aerial lead will enable you to con-
nect directly to the grid of any R. F. tube, without detuning the stage.
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fier. From this section the operation is similar to a T.R.F. re-
ceiver. If a modulated generator (service oscillator) is con-
nected to the output or input of any stage in the receiver
preceding the detector (second detector in a super) and the
signal generator is tuned to the frequency of the stage, an output
signal indicates active stages following this point, providing the
application of the signal generator does not affect or destroy the
operation of the stage to which it is attached. Whenever a tube
is normally fed with two different signals, such as a mixer tube
of a super, both signals must be supplied to obtain a complete
check of operation.

The output indicator may be the loudspeaker, an output
meter connected to the voice coil of dynamic speakers or to the
signal excitation coils of magnetic units, an output meter con-
nected to the plate-to-plate, or plate-to-chassis of the output
tubes, or a phone inserted in series with the plate of any A.F.
amplifier or in shunt with the plate load of an A.F. amplifier.
Often both visual and aural indications are desirable at the same
time. The insertion of an output indicator should not destroy
set operation, nor should the supply voltages damage the output
indicator. As we study the use of typical equipment and cir-
cuits, these precautions will be shown.

Using an A.F. signal generator, it is possible to check the
A.F. stages by feeding an A.F. signal to the input of the power
output stage or the input of any of the A.F. amplifying stages.
In proceeding in a direction away from the speaker, if you pass
from a signal to no signal the defective section is isolated. A
variable voltage toy transformer giving 2 to 30 volts output and
connected to the A.C. power socket would serve our needs. A
test A.F. signal source is only required when testing radio am-
plifiers and when the amplifier is not associated with a radio
tuner-detector.

If a modulated R.F. signal is fed to the input of the detector
of a radio receiver, and the detector functions, an audio signal
will be obtained at its output. Thus an A.F. generator may be
dispensed with and the signal generator used to test the R.F.
section may be used to test the A.F. section.

The technique will be slightly different. Connect the R.F.
signal generator to the detector input. If no output is aurally
or visually observed, question the detector and test it first by
connecting a phone across the detector load (a series .5 mfd.
condenser will be required to block the plate current out of the
phones). Then advance the phone indicator to the output of the
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following A.F. stages. In passing from a signal to no signal the
defective stages are isolated. This test is an improvement on the
AF. signal generator method as it reduces the equipment re-
quired, and checks detection.

The direct stage by stage method of defective stage isolation
which we will shortly consider in detail is a good deal easier and
requires far less time than it at first appears. Always have the
circuit diagram available for reference, as there may be some
question as to how to connect the output indicator and the signal
generator and exactly what results should be expected. You
must have complete information on the construction of your
tester, if you wish to prevent damage to either the receiver or the
tester.

EQUIPMENT REQUIRED

In considering the equipment required to trouble shoot in
the direct stage by stage elimination manner; we should con-
sider the accessories and devices needed to facilitate rapid
diagnosis, the equipment for internal stage analysis, and re-
ceiver revitalization.

SIGNAL GENERATOR. A service oscillator which we
shall call a signal generator is an indispensable device. For
ordinary set testing it must have a frequency range of 110 to
1600 kilocycles, for this range includes all regular broadcast
signals and frequencies employed in the I.F. sections of super-
heterodynes. For quick work the signal generator should not
depend too much on harmonics to get these frequencies. Usually
the harmonics of an oscillator are weaker than the fundamental.
In working with weak or inactive receivers a strong signal will be
required. Where the signal is merely applied to the receiver in-
put, for purposes of alignment, the seventh harmonic of a grid
leak-condenser modulated oscillator will suffice even if the pick-
up coil is coupled to the tuned circuit of the oscillator.

A fundamental range of 110 to 270 ke. and the resultant
second harmonic of 220 to 540 will handle practically all L.F.
frequency needs. A fundamental range of 540 to 1600 ke. will
serve admirably for testing T.R.F. receivers and the preselector
sections of superheterodyne receivers. Normally the harmonics
of the 540 to 1600 range will permit you to test short wave re-
ceivers up to 10 megacycles. Where all wave receivers are to be
checked, the signal generator should deliver a maximum fre-
quency of 25 megacycles (25,000 kc.). As the signal generator
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will usually be applied at the set input, harmonics of a lower gen-
erated frequency will usually suffice.

You should be able to control the output of the signal gen-
erator to a very low minimum. To do this requires a positive
control attenuator and an extremely well shielded device. Every
signal generator will have two output posts, one usually the
ground of the signal generator, the other the high or active R.F.
terminal. The ground of the signal generator is generally con-
nected to the ground or chassis of the receiver. The other ter-
minal may be connected to the ANT post of the receiver or in the
stage analysis procedure to the plates or grids of the various
tubes. Unless the output circuit of the signal generator has a
series condenser (usually about .002 mfd.) the plate supply will
be shorted in a plate-chassis connection. If your service oscil-
lator does not have this condenser, connect one into the output
circuit, making sure that the condenser is within the signal gen-
erator shield.

An unmodulated oscillator is an extremely valuable device
and the usual grid leak-grid condenser modulated oscillator may
easily be changed to give both an unmodulated and modulated
output. The grid condenser (C.) and the grid resistor (R;) may
be connected in a service oscillator as shown by Figs. 1a and 1b.
Figure 1b is the desired connection for our needs, so change to it,
if necessary, following the additions shown in Fig. 1lc. The
original resistor R, is shunted by a toggle switch S, the handle
of which is insulated from and has no connection to the switch—
as usually made. In series with R, is a resistor R about 20,000
ohms. The value of R should be as large as possible without in-
troducing audible modulation, and when in series with R, should
not lower the modulation pitch too much. With S, closed un-
modulated signals are produced ; with S, open modulated signals
are obtained.

When thrown to the unmodulated position the signal gener-
ator may be accurately calibrated by beating its signal with a
broadcast carrier signal. A signal from a grid leak-grid con-
denser oscillator if mixed with a broadecast and fed to a receiver
will usually not produce a beat (squeal) output; an unmodulated
signal will. As the carrier frequencies of most high class broad-
cast stations are radiated correctly to 50 cycles of the assigned
value, it is possible to calibrate to a high degree of precision.
The usual procedure is to connect the signal generator to a
broadcast receiver and with both active, tune the signal gener-
ator to the approximate fundamental as given by the calibration
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and tune the receiver to some station in the broadcast band
operating on a frequency which is a harmonic of the oscillator
or equal to its fundamental frequency. A squeal will be heard.
Now if you tune the signal generator to the silent zone (zero
beat) between the two squeals usually heard, the signal gener-
ator is exactly tuned to the desired frequency.

To get exact broadcast frequencies tune both the receiver
and the generator which we assume has a fundamental 540 to
1600 ke. range, to a broadcast of the desired frequency. To cali-
brate the I.F. signal generator range, tune the signal generator to
the I.F. frequency desired and the receiver to a broadcast which
is in the 540 to 1600 range and which is some harmonic value of
the L.F. desired.* As stations in the U. S. A. broadcast on fre-
quencies which are a multiple of 10, that is, 640, 700, 910, only
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those I.F. frequencies whose harmonics are multiples of 10 may
be checked. For example, the harmonies of 175 ke. are 350, 525,
700, 875, 1050, etc. A frequency of 350 ke. is below the broad-
cast band, broadcast signal frequencies of 525 and 875 do not
exist, so frequencies of 700 and 1050 should be used and 700
preferably as this harmonic of a signal generator set to 175 ke.
will be the stronger of the two. For your convenience we are
now listing the most common I.F. frequencies and the exact
broadcast frequencies which will give a beat signal.

*To check an all-wave oscillator which needs recalibration you need an
all-wave receiver and a simple 100 kc. unmodulated oscillator like the one
explained in the home experimental outfits. The latter is set by beating with
some broadcast station (600, 700, etc.). Connect the 100 kec. generator and
all-wave generator to the all-wave receiver, all working. Set the all-wave
oscillator and receiver to any frequency which is a whole number times 100.
Adjust the all-wave oscillator and receiver for zero beat. The reading of the
receiver dial tells you approximately what the oscillator frequency is, but the
.exact value is the nearest whole number times 100.
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_LF. Receiver Set to | vI.F. Recéivér Set to

110 550, 660 | 2625 1050
115 690, 920 | 265 1060
125 750 445 890
130 850, 780 450 900, 1350
140 560, 700 | 455 910
| 1m 680, 850 460 | 920, 1380
1725
Y 700, 1050 470 940, 1410
|1Ts 710 185 970
178 890 | 490 980, 1470
180 | 720, 900 500 1000, 1500
20 | 750, 1000 56 | 1070
260 780, 1040 l . |

There are no frequencies in the broadcast band that will exactly
beat with the harmonics of such frequencies as 171, 181.5, 456,
472.5, 482, 517.7, etc., often used in LF. stages. In such cases
the position of the signal generator tuning dial may only be
approximated.
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If you check a calibration on the unmodulated position and
switch to the modulated position, the frequency of the oscillator
will change, although insufficient to affect the use to which a
modulated oscillator may be put. For exact frequency stage
alignment the unmodulated signal generator may be used, by
employing as the output indicator a milliammeter in the plate
circuit of the detector. In C bias detection, Fig. 2a, the milli-
ammeter will originally read a low value and increase as more
R.F. voltage is fed to the detector input; in a grid leak-grid
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condenser detector, Fig. 2b, the meter will originally show a high
plate current which will decrease in value as the input to the
detector is increased.

Diode detectors require special attention. A 1,000 ohm per
volt or better sensitivity D.C. voltmeter placed in shunt with the
diode load, should show increased deflection as the R.F. voltage
applied to the diode is increased. Not always is it possible to
make the connection without getting into the chassis. Figures
2d and 2e show typical connections where external chassis con-
nections are possible; Figures 2¢ and 2f require internal chassis
connection unless in Fig. 2¢ you get at the trimmer of the L.F.
coil externally.

Signal generators employing a separate audio oscillator to
modulate the R.F. oscillator will beat with an incoming signal,
making it possible to calibrate while modulated. This simpli-
fies the test and calibration procedure.

-~
‘/l /\\
TUBULAN / / \
CONDENSER/ |
\ - SINGLE
- HEADPHONE, Y
\

MULTIMETER. The multimeter described for use with
the set analyzer, point to point voltage and point to point resist-
ance methods of trouble shooting will be needed. In addition an
output indicator will be required. An A.C. copper oxide recti-
fier voltmeter may be used, employing a .5 to 1.0 mfd. paper
condenser in series. To repeat, the multimeter should incorpo-
rate at least:

a: 0 to 600 volt D.C. voltmeter with suitable lower ranges; minimum sen-

sitivity, 1,000 ohms per volt.

b: 0 to 600 volt A.C. voltmeter with suitable lower ranges; minimum sen-

sitivity, 1,000 ohms per volt.

c: 0 to 600 volt A.C. output meter with suitable lower ranges.

d: 0 to 150 ma. D.C. current meter, lowest range 0 to 1.5 ma.

e: 0 to 1.5 meg ohmmeter, with suitable lower ranges.

PHONE OUTPUT INDICATOR. In checking the AF.
system, especially when no aural or visual output indication is
obtained, it will be found that on advancing the output meter to
the detector and A.F. amplifier stages that the signal level will
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be too low to actuate the meter. For this reason every service-
man should have a more sensitive output indicator than a recti-
fier type voltmeter. Such an output device is a 1,000 ohm phone,
connected between the plate and chassis. A D.C. current
will flow through the phone and probably demagnetize it, which
is easily prevented by inserting a series .5 mfd. paper condenser.
A phone with a flat strip head band with a long phone cord will
be needed. Use a tubular condenser, taped to the headband and
connected in series with the phone circuit. Insulated handles
on the pin tips should be used to prevent shocks. See Fig. 3.
ACCESSORIES. Almost as important as the signal gen-
erator and multimeter, are the accessories which permit you to
connect them to the receiver being tested. As you develop ex-
perience in servicing you will probably add to the ones suggested

INSULATED
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here. A number of these devices will be supplied with the sig-
nal generator and the multimeter.

A pair of probing leads are indispensable and invariably
are furnished with the multimeter. One end of each lead con-
nects to the multimeter, while the probe handles are grasped by
your fingers much like a pencil, a probe in each hand. In this
way you may measure quickly any desired factor in the receiver
merely by adjusting the multimeter to the proper section and
range, and applying the probe points to any two terminals or
connections in the receiver. The probe points are hard and
sharp so rosin coatings on joints, corrosion or even insulation
may be pierced to the conducting body.

Although there are many makes of probe leads, they are
essentially alike and like that shown in Fig. 4a. The usual
length is 4 to 6 feet measured from tip to tip. Probing ends



must be well insulated, so there is no chance for a disagreeable
shock. The other end may use regular phone tip plugs with a
small insulation handle, if the output connections of the multi-
meter are the usual phone tip jacks. Where binding posts are
used at the multimeter, the connecting ends are made with lugs
as shown by Fig. 4aa. Both handles and insulation covering of
one lead are finished in black, and the other in red. By con-
vention and use the black lead is usually connected to the —
terminals of the meter and part or network under test; while
the red lead is connected ta 4 or positive potential of the multi-
meter and device measured. In this way the meter will invari-
ably read up-scale.

The output of the signal generator must be fed to the re-
ceiver with the least amount of radiation from the connecting
leads. To do this a shielded cable is required. The one shown

YAXLEY 432}
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INSULATED
WASHER

F10.5

Made in a variety of forms; Insula.ted dp jacks are made in
black and red. Yaxley M g. ianapolis, makes a
complete lme

in Fig. 4b is probably the one you will receive with the signal
generator or service oscillator, and is primarily designed for
stage alignment, neutralizing and tube alignment. Naturally
the ends designed to connect to the signal generator will have
phone tips or lugs, depending on the oscillator construction.
At the other end you will find a “pee wee” universal clip used to
connect to the control grid of screen type tubes or to the chassis,
while the other lead has a phone tip so it may be connected to
GND receiver binding post or to the prong of any tube in the
socket by means of suitable adapters.

In the stage by stage elimination trouble shooting pro-
cedure, quick temporary connections are important, and for this
purpose a shielded probing cable will be required. If one is not
supplied with your signal generator, make one as shown by
Fig. 4c. Don’t destroy your other shielded cable as it is more
conveniently used in the tests mentioned before. About 5 feet




of flexible shielded wire will be needed (shielded antenna, lead-in
will do). Insulated phone tips should be connected to one end,
while probe points are attached at the other end. The probe
ends should not have tapering points, merely a phone tip with
a long shank, the ends being pointed. This last feature permits
you to insert either the probe or connecting ends into phone tip
Jacks. The shielding should be covered with tape—34 inch sur-
gical tape, which you can purchase in any drug store, will be
suitable. Cover the tape with elastic varnish. In probing with
the shielded cable, the shielding may accidentally connect to un-
desirable parts of the chassis shorting the receiver—insulation
over the shield prevents such accidents.

It is a good idea to standardize connecting terminals and
there is no better basic connector than the common phone tip and
phone tip jack, both easily and cheaply purchased. In Fig. 5: a is
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the phone tip or plug, b the phone tip jack, which may be insulated
from metal panels by the insulated washer; and ¢ is a double or
twin tip jack so constructed that the two leads from a meter
inserted into both pin jacks connects the meter in series with the
circuit in which the twin jack is connected. If your testers and
tester panels use binding posts or “Fahnstock” clips you cannot
go wrong by switching to this type of connection—it is quick and
positive.

Probe leads shown in Fig. 4a and the shielded cable shown
in Fig. 4¢ should be made standard. With a few special connectors
and adapters which we will now show, connections to a chassis
in its cabinet may be conveniently made. By using standard
cables and probes, direct connections may be made to the jacks.
For bolt, chassis and wire connections, a universal pee-wee clip
may be adapted. For clamp connections lug adapters may be
used. A tube prong adapter is necessary. Often it is desired to
extend probing leads so a coupling connection is needed. All

10



four types of adapters are shown in Fig. 6: a the lug, b the uni-
versal pee-wee, and ¢ the prong and d the coupling connection
adapters. A turned down plain type jack, Fig. 6e, is soldered
to the lug, pee-wee clip and prong connector. At least two of
each will be required.

Although the prong connector adapters may be used to make
measurements at any tube prong, a recent universal socket
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TYPE PLUGS .”

Fig. 7. Universal Testing Adapters 7 prong small (type No. 977UTA):

and Extensions made by Alden Prod-
ucts Company, Brockton, Mass.

Item 7a available as follows: 4 prong
(type No. 944UT); 5 prong (type No.
955UT); 6 prong (type No. 966UT);
7 prong large (type No. 977UT);

and 8 prong (type No. 988UT).

Item 7b NaAld type 9DL cable.

Item 7¢, order type No. 9DLJ dual
connector cord.

Item 7d; make out of bakelite rod,
sand paper for smooth tight fit, or use

NaAld type No. 112D plug.

adapter developed at the recommendation of the N.R.I. Instruc-
tion Staff permits rapid point to point signal generator connec-
tions or voltage measurements at any tube socket with the tube
active and with the least divergence from dynamic conditions.
At the same time, current in any electrode may be measured
by inserting a series break-in plug into a series break-in jack.
Figure 7a shows a typical universal testing adapter (general and
top view) and is made for a standard 4, 5, 6, small and large
7, and 8 prong base tubes.
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To use this universal adapter remove the tube (advisable to
turn set power off) insert the universal adapter in the set and
the tube in the adapter socket; turn set power on.

By inserting the series break-in plug of the extension shown
in Fig. b, into any adapter jack and connecting the multimeter
to the two potential contact plugs, current to that electrode may
be measured. By combining parts 7b and 7c shown in Fig. 7
you obtain a potential or point to point resistance probe lead.
Inserting the two banana type plugs into any two jacks of the
adapter and the other two ends to the multimeter, potential or
resistance measurements may be made. For neutralizing pur-
poses the insulation pin shown in Fig. 7d may be inserted into

Fic. 8

Triplett No. 1177 Perpetual Tester follows very closely the specifications
in this text, as the result of the makers’ willingness to accept N. R. I. sug-
gestions. Probe leads and probing cables follows the text. Two prong
contacts and pee-wee universal clips are provided, which attach to cable
and probe lead ends. Model No. 1175 covers the all-wave band.

the filament jack of the adapter. The break-in plug with exten-
sion will be valuable in the direct stage by stage elimination
method, especially when the signal generator is fo be inserted in
series with some tube electrode circuit and where tube emission
and emission control are to be measured.

In using adapters, probe leads and cables it is important
that you know which socket terminals are the P, G, G, K, etc. A
table of information following R.M.A. or Weston standards
should be your guide. For convenience, the universal adapter
shown in Fig. 7a is engraved according to R.M.A. standards.

TYPICAL APPARATUS. Sufficient information has been
given to help you choose what commercial apparatus you wish
to use in your service work. Figure 8 is a typical tester. The
apparatus shown is by no means the only device applicable to
the N.R.I. developed stage by stage elimination method of trouble
shooting.
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GENERAL TECHNIQUE

We should stress the fact that the “stage by stage elimina-
tion method” is a scientific method of isolating the defective
stage by eliminating one by one the stages that operate dynam-
ically and in a satisfactory manner. Once the defective stage is
located, the point to point voltage method, set analyzer and point
to point resistance plug-in adapters may be used to trace down in
the isolated defective stage the exact cause for set failure. The
universal socket adapter will eliminate the need of expensive,
elaborate and cumbersome analyzer adapters.

After you master this technique you will realize that it is a
weaving together of the best points of all methods. This system
of trouble shooting is no different from the other three, for you
always start with:

1. Visual inspection of the antenna-ground system; power socket connec-
tion to see that the power cord is plugged in; see that all tubes, chassis
parts, tube top connections, speaker plug-in connectors are in place.
and as the set is turned on see that all tubes heat up*—surface defects.

2. Be on the lookout for odors indicating burned out or overloaded parts.
Try tuning in a broadcast and listen to the speaker output. Try to
reason out from the squeals, howls, distortion, rattles, etc., heard what
the cause of the defect may be—effect to cause reasoning.

3. If the set does not tune in a broadcast or the procedures indicated in
items I and 2 do not lead you to the cause, you may then proceed to
the stage by stage elimination method. You already know by visual
inspection of the tube filaments that the A.C. power is being supplied
and the main power transformer is functioning in this section. In
applying the stage analysis we should first eliminate possible defective
audio stages.

4. Connect the output meter to the output stage. Connect the signal gen-
erator to the input of the detector (2nd detector in supers). Tune the
signal generator to the resonant frequency of the input circuit so the
shorting effect on the signal generator will be at a minimum. An
audible output indicates an active A.F. system, a visual output indica-
tion but no audible output indication indicates a defect in the speaker
or its input section following the output tubes. If no aural or visual
output indication is obtained, check the supply to the power tube. In-
sert a milliammeter into the plate circuit, using the universal socket
adapter. .

5. If you find that power is supplied to the output tubes we may assume
that the A.F. system or detector is at fault. Insert a universal adapter
into the detector socket, making signal generator connections to the

* Where metal tubes are found, you will have to feel the tube to learn if it
is heating up. An illuminated pilot light indicates power is being fed to the
receiver.
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7a

7b:

adapter jacks. Connect the phone indicator to the plate-cathode jacks
of the adapter. (Always refer to a circuit diagram. Double and single
diodes, Wunderlich detector tubes, etc., offer special problems.) An
output indication indicates normal demodulating action. Failure to
get this aural indication indicates an improper testing connection,
(check connection with diagram); a defective tube or lack of supply;
or a shorted input. By connecting a milliammeter in the plate lead
and shorting the bias voltage, the change in plate current indicates
emission control (g,). The plate current reading indicates normal
plate supply. With the tube out of the socket, set turned off, measure
the input resistance, thus eliminating an input short. The three im-
portant tests once the defective R.F., oscillator, detector, or AF. stage
is located are: I, plate current or emission test; 2, emission control
test; and 3, input resistance check.

. Assuming that the detector checks active, advance the phone output

indicator to the intermediate A.F. amplifier, using the correct universal
socket adapter. As indicated by item 5, you may check for voltage
supply, tube emission control and a shorted input circuit. Continue
the same test procedure input to the input of the output stage. In
checking the detector-A.F. system you pass from a signal to no signal
output. By virtue of the universal adapter construction you may
check indications at the input or output of a tube.

Having proved that the detector-A.F. system checks active, we
turn our attention to a stage by stage elimination check in the R.F.
system. Two cases present themselves, namely, the T.R.F. (fixed R.F,,
tuned R.F. or a combination of both); and the superheterodyne.

: T.RF. Case: Set the signal generator to some convenient broadcast
frequency (1,000 kilocycles). Connect the signal generator, using
the universal socket adapter, to the input of the tube preceding the
detector. Tune the receiver to the frequency of the signal generator.
If this stage is in normal operating condition you will get an output
indication and a value above that obtained when feeding a modulated
signal to the detector input. If necessary, reduce the signal generator
output and proceed in the same manner through the various T.R.F.
stages until you reach the receiver input. The defective stage will be
identified when you pass from a signal to no signal output. Having
located the faulty stage, feed the signal to the plate-chassis of the
tube under test to prove that the trouble is not in the output
coupling. If a signal is heard, check: input resistance for possible
short, plate current and tube emission control as explained. It is
worth remembering that: when a signal generator is not at hand, the
aerial lead wire may be used switching it from the plate of one tube
to the next. The set should be tuned to a powerful logal station.

Superheterodyne Case: Adjust the signal generator to the LF. fre-
quency and connect to the input of the I.F. tube ahead of the second
detector, which we now know is active. Tune the oscillator for
maximum output, assuming that the first I.F. stage preceding the
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detector is active. Advance the signal generator towards the input
of the first detector, still left at I.F. frequency. If these stages are in
normal operating condition, increased output should be evident, Ifa
defect exists you will pass from a signal to no signal. Assuming
normalcy to this point, we question the oscillator. Tune the signal
generator to a frequency, which is equal to the setting of the station
gelector, Retune station selector. If the oscillator of the receiver
is operative its signal will mix with that of the signal generator in
the first detector and give rise to an output indication which will be
larger than that obtained when an LF. frequency alone was fed to
the first detector. No output indicates an inoperative oscillator, or
ineffective coupling to the mixer. To test for oscillation insert the
proper universal adapter into the oscillator socket, place a milli-
ammeter in the plate lead. Place your finger on the grid jack
of the adapter now in the oscillator. If the oscillator tube is gen-
erating a local signal there should be marked increase in plate
current. In sets using a simple detector-oscillator tube measure the
cathode voltage. A measurement of the plate current may destroy
oscillation. Touching the control grid or shorting the oscillator tun-
ing condenser will stop oscillation, causing a change in plate current
and a consequent change in cathode voltage. If the modulator-
oscillator section is functioning proceed with the stage by stage
elimination test through the preselector, the signal generator being
set to the frequency of the station selector of the receiver. Once the
defective stage is located, question the input circuit, power supply
and emission control. With an all-wave receiver each band (prese-
lector-oscillator section) is tested in the same way, unless one range
is dead—then your efforts are directed to that particular band.

Observe that the defective stage has been isolated while the
chassis was in the cabinet. Of course, this is only possible if
the clearance between cabinet and chassis is sufficient to allow
you to work. When this is found impossible, more than likely
any other method of chassis-in cabinet probing would be found
inconvenient. If you use the universal adapters and make your
connection before the tube is put into the socket of the adapter,
you will experience more freedom in your testing. In all other
cases remove the chassis from the cabinet—you will have to be-
fore your service job is completed.

If the receiver being tested has A.V.C. you should have no
difficulty in tracking down the defective stage even if the A.V.C.
tube remains in the receiver. Should you desire to follow through
with the gain check, take the A.V.C. tube out, if a separate con-
trolling tube is used. You may also use a universal adapter with
an insulation peg in the heater or filament lead. Where a com-
bined A.V.C.-detector is encountered, usually diodes and duo-
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diodes, either the biasing resistor in the A.V.C. section must be
shorted or the A.V.C. return leads from the controlled to the con-
trol tubes must be disconnected from the controlling bias and
connected to the chassis if gain checks are desired. For example,
in Fig. 9, short to ground the terminal of resistor B-5458-12 that
connects to condenser A-9962. To test whether the A.V.C. tube
is controlling the R.F. amplifiers, insert by means of the universal
socket adapter a milliammeter in the plate of a controlled tube.
With increased receiver R.F. input it should show decreased plate
current.

Special circuits, like muters and interstage noise suppressors
may require a little ingenuity before a conclusive test can be
decided upon. Much will depend on the circuit used. Always try
to apply a dynamic (working) test. Ordinarily where noise
suppression is used the aural output will be appreciable until the
audio system cuts off. Therefore, by reducing the signal that
the generator feeds to the receiver, this cut-off, indicating nor-
malcy, is observed. If you find that the output of your signal
generator does not reduce sufficiently, use about 6 inches of insu-
lated bell wire connected to ANT post of the receiver. Wrap one
or more turns of the insulated portion of the bell wire over the
active probe of the signal generator cable. The more turns you
wrap on, the greater is the signal fed to the receiver. This
scheme will work if the receiver and generator are well shielded.
Use this scheme, too, when you want reduced signal generator
output for other purposes.

TYPICAL CASE. To help you visualize and fix in your
mind the procedure used in testing by the “direct stage by stage
elimination” method, let us consider the receiver whose circuit is
as shown in Fig. 9. The diagram is as presented by the manu-
facturer for the serviceman. This manufacturer has accurately
drawn the tube sockets and the position of the tube connectors
so you will have little difficulty in knowing which socket terminal
is P, G, Gy, etc. If you wish you may write the numbers 1, 2, 3,
etc., in on the diagram, so that the universal socket adapter may
be used with greater ease. The scheme of numbering the tube
connections may be used where the diagram merely shows
schematically the tube connections. In illustrating this technique
we shall follow through all stages. Actually this would not be
necessary as you would find before one-half the tests were made
that the defective stage would be isolated. We assume first that
you have studied the diagram, know how the set has been de-
signed to operate; and can locate any of the tubes in the chassis,
Furthermore, the set is inactive.
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Using the two plain probe leads and the universal pee-wee
clip and prong connector adapter, connect the output meter to
the plate-chassis of the 42 power output tube. Insert a 5 prong
universal socket adapter into the second detector tube socket and
insert the tube into the adapter socket. The signal generator may
be connected between the plate or grid (both connected in the
chassis) and the chassis; or if the signal generator output has
no blocking condenser insert the signal generator in series with
the cathode. Turn on the set and signal generator. An output
meter indication and an audible speaker output sound (signal
generator modulation pitch) informs us that the detector-A.F.
system is intact. Meter indication. without audible indication
indicates a defect in the output transformer or voice coil. No
output indication of either type may be due to a defect in the
detector-A.F. system or lack of supply voltage. We may test the
main voltage supply by measuring the voltage between the chassis
and the plate of tube 42P.A. or by measuring the plate current in
the output tube. If found to exist, proceed to check the detector
and detector-amplifier. However, any abnormal indication such
as weak output, choky or distorted output calls for immediate
and complete tube supply voltage analysis and in this case includ-
ing the speaker field which furnishes the C bias for the output
tube.

If no output is heard, check the plate-chassis voltage and if
found to exist, advance the output indicator to a prior stage.
We actually should go directly to the output load of the detector,
which would be resistor B-5458-5. This means getting into the
chassis. The next best plan is to connect the phone, by means of
a 5 prong socket adapter, to the grid-cathode of the first audio
tube. (Note that the A.F. input to this tube and its C bias is
controlled by the combination switch and potentiometer A-10031.
Increasing the A.F. input increases the C bias.) Upon getting
audible signals advance the phone indicator to the plate-cathode
of the 37 amplifier tube and then to the grid-cathode of the 42
P.A. tube. In passing from a signal to no signal the location of
the defect has been isolated. Test the tubes. Then a point to
point resistance analysis from the sockets should isolate the
defective part or give a closer approximation of the defective
part.

In the above analysis we used two 5 prong adapters. By
using the prong and pee-wee adapters to connect the oscillator
to the detector, one socket adapter is needed.

Now suppose that the detector-A.F. system checks O.K.
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Leave the output meter connected to the plate-chassis of the 42
P.A. tube. If silent testing is desired, open the voice coil of the
speaker.

Tune the signal generator to the I.F. frequency, in this case
172.5 ke.—information fortunately given on the diagram. By
means of a 6 prong universal socket adapter, a contact plug-in
and the pee-wee universal clip, connect the signal generator to
the control grid-cathode of the 6D6 I.F. tube. Observe that the
control grid is on the glass envelope of this tube.* OQutput indica-
tions inform us that this stage is active. If no output is heard,
connect the signal generator to the plate and cathode. If signals
are now heard, question the input circuit, as C, in the input cir-
cuit may be shorted—use an ohmmeter; check plate current by
inserting the universal break-in plug attached to a milliammeter
into the plate jack of the adapter; test the tube while the mil-
liammeter is in the circuit by shorting the cathode to the chassis,
watching for increased plate current. This shorts the biasing
resistors B-5248-20 and A-10135, the latter the inter-station noise
suppressor control.

Suppose the 6D6 L.F. stage tests active. Advance the signal
generator, tuned to 172.5 kc., to the input of the 6D6 first Det.
tube. Make connections to the external control grid and chassis.
If the circuit parts between the first detector input and the LF.
tube are normal, an increased output reading will be obtained.
If no output is obtained, check input resistance, plate emission
current, and emission current control (shorting cathode to chas-
sis). Assume the first detector is active. Set the frequency
range switch to the broddcast position.

Tune the signal generator to 1,000 kc. and tune the receiver
to 1,000 ke. and to maximum output reading.t If an output read-
ing can be obtained, the local oscillator is functioning. As a
further check on the local oscillator, insert the 5 prong universal
socket adapter into the 37 OSC. socket and the tube in the adapter
socket. By means of the universal break-in plug measure the
D.C. plate current, while set is in operation. Place your finger
on the control grid jack, finger to metal. An active oscillator

* As all other tubes have external control grid connections, we may omit
temporarily the use of the universal adapter. With one probe of the shielded
cable on the chassis and the other placed on the control grid cap, check down the
line as indicated by the following procedure. Once the defective stage is isolated,
use the universal adapter to make interstage tests.

1 In testing all wave receivers, set the frequency range switch to each posi-
tion and set the signal generator to some frequency in that range. Harmonics of
?he signal generator are satisfactory provided the fundamental is not the LF.
requency.
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will be indicated by an appreciable change in plate current

Having tested the frequency converter system, advance the
signal generator to the grid-cathode terminals of the first 6D6
R.F. tube. Tests used for the L.F. tube are duplicated here except
the signal generator is set to some broadcast or high frequency
range of the station selector. By the time you advance your test
to this point, you will isolate the defect. If not, check the resist-
ance and continuity of the coil input L,, and the condition of con-
denser A-7809.

Repeat the tests on the preselector by setting the frequency
change-over switch to the Short Wave position and adjust the
signal generator to 2400 ke.—second harmonic of 1200 ke. The
only remaining check is the inter-station noise suppressor. In-
sert a milliammeter into any controlled tube, 6D6 I.F., and as
you vary the adjustment A-10135, you should observe a change
in plate current. Then increase the output of the signal gen-
erator. If the milliammeter reading decreases we have evidence
that the A.V.C. is functioning.

Note that your tests are made with the set in operation.
Failing to get normal dynamic indications you proceed to make
static checks in the defective section which isolates the defective
part. It is also possible to locate the fault with the chassis in
the cabinet. Once the defect is located, a new part or a corrected
connection solves the repair job.

Revitalizing Receivers

INTRODUCTION: We have repeatedly said that the correction of a
defect as indicated by the customer is the least that is expected of a service-
man. The defect may be traced to conditions external to the receiver, a
broken or overloaded part, a poor or incomplete connection or a defective or
exhausted tube. If the chassis that you are working on has for example loose
sockets, or loosely bolted transformers, you would hardly think of returning
the chassis before such minor things were repaired.

If you work in a moist climate, in the tropics, near the seashore, or the
set you repair has been exposed to the elements, you will find that drying out
the machine will “pep-up” the operation. Vibration, corrosion will weaken or
even destroy connections, particularly in automobile sets. Here is another
service that can be rendered.

We spoke of aligning or matching tubes to the receiver as an aid in get-
ting better performance. Tuned stages get out of alignment requiring in
T.R.F. receivers a simple alignment adjustment and in superheterodynes I.F.
alignment and preselector-oscillator tracking adjustments. Some of the old
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neutrodyne receivers may need neutralization. Perhaps the receiver you are
repairing fails to give the desired results due to lack of alignment.

You may find that the receiver works well at your work bench but poorly
in the customer’s home. This may be due to a poor aerial and ground system
or to the fact that the antenna coupler in the receiver is not correctly adjusted
to the pick-up system to make the entire tuning system track.

All such adjustments are necessary if you wish to give your customer the
ultimate in service. Of course, there is a limit that you can give as part of
the service job. This must be determined as you learn to serve your trade.
Some servicemen include a simple revitalization as part of their charge for
the initial call. Generally this would include an antenna-ground inspection,
chassis inspection, cabinet polishing and scratch fill-in, tube testing, tube
alignment, stage alignment if possible without removing the chassis from the
cabinet, soldering of any external connection and minor repairs that are
quickly done. Assuming that they spend one hour including the time it takes
to come from the last call, they would charge at their usual hourly rate.

It is surprising how much better a receiver will work if a complete
revitalization or “pepping up” job is made. We will shortly consider in
greater detail the various phases of this subject, but we want to mention
that some servicemen offer a complete revitalizing job at a specific net price,
depending on the average time it takes them to do a job. About three hours
would be the average. This may be a part of a one year service contract
that you sold the customer.

Some of the better receivers are made to withstand adverse conditions,
others require constant attention. Such information only comes from direct
contact with all kinds of machines.

If there is any doubt in your mind regarding an adjustment or alignment
always refer to the set maker’s service manual.

MECHANICAL DEFECTS: Where the chassis and speaker are taken
out of the cabinet or out of an automobile and brought to the shop for repairs,
carefully go over all bolts, rivets or screws that hold parts to the chassis or
hold the chassis in shape. Do the same for the speaker.

Turn the chassis with the wiring facing you and with a clean hot soldering
iron resolder all joints, making sure that the solder flows at the joint. Good
soldered joints show solder covering the entire joint. If a complete resolder-
ing job is not included in the service job, at least inspect joints for possible
poor connections. Corroded joints should be questioned by pulling on the
wire with a pair of pliers.

Needless to say that all tubes should be out of the socket and the power
shut off—in fact, power cord disconnected from the wall socket. As you
return the tubes to their correct socket position, be sure that the prongs
make good contact. If any look doubtful replace the socket, they are inex-
pensive,

BAKING OUT THE CHASSIS: A receiver that has become damp, or
soaked is a very poor radio device. This condition is common where the set
is used in the tropics, in a valley, at the seashore, or has been through a fire
or flood. People who take their receivers on their vacation complain when
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brought home that the receiver has lost its “pep.” This is remedied by bak-
ing out the moisture, a procedure that is not as absurd as it seems.

If the occasions for driving moisture out of receivers are rare, then the
procedure taken should not involve great expense. Servicemen generally use
an electrical heater, one with a reflector, directing the heat rays on to the
chassis. A fan is used to drive the vapor off the chassis. If you adopt this
plan, be sure to change the chassis position so all parts are equally dried.

If you find that you get a large number of sets to bake out, build a special
oven as shown in Fig. 10. A large portable cooking oven may be used. When
the chassis is placed on the grid shelf, the entire asbestos lined box should be
closed tightly, the heater started and after a while the fan turned on so that
it drives the moist air up the funnel and exhaust stack. Watch temperature
with a thermometer the bulb of which is in the oven and the reading stem
exposed outside. Keep the temperature 55 degrees centigrade (130°F.).

Fortunately the better sets are now built so the coils are moisture proof.
If you find that the revitalized set comes back too often for rebaking, it would
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be wise to dip the coils that are not moisture proof in pure hot paraffin. Be
sure to bake them well just before you dip them in paraffin. Such treatment
will call for set realignment.

Once the set is perfectly dry blow out all dirt and dust with a small
hand bellows. With cheese-cloth clean all available surfaces. Using pipe
cleaners (obtained at any tobacco store) remove all dirt and dust from be-
tween the plates of the variable condensers. This cleaning process should be
performed on all revitalization jobs, even if baking is not required.

TUBE TESTING AND ALIGNMENT: In another text the subject of
tube testing is taken up in greater detail. At the bench a standard portable
or counter tube checker may be used. When the set operates, the apparatus
used in the stage by stage elimination trouble shooting method, may be em-
ployed to test tubes and align them. A method of tube comparison is used.

Connect the signal generator to the ANT and GND posts of the receiver,
using the shielded cable; and connect the output meter to the plate of one
of the output tubes and the chassis, using the two probe leads with a pee-wee
universal clip and prong connector adapters. Turn on set and signal gen-
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erator. Set the signal generator to 1,000 kc. and tune the receiver to maxi-
mum output indication. Reduce the signal generator output so that a one-

LEAD™\

= 1=
HOLE FOR
8B PLUG
D
SOLDERING
LG
NA-ALD STANDARDIZED CONNECTORS
(Alden Products Company, Brockton, Mass.)
1. Probe: A, point or plug; B, handle; ures voltage when plug 8B is inserted.
C, extension; A and B constitute a Jack normally closed.
basic handle connector, with flexible 8. Points or plugs available; A, phone
or shielded lead through side; B, tip; B, pressure expansion; C, hard
supplied with points 84, 8B, 8C, 8D, needle point; D, spring push hard
8E; B and C furnished in red or needle point, makes contact only
black moulded bakelite. when pressing on point, for safe
2. Small space handle; red or black. testing; E, current plug for jack
Supplied with point 84, phone tip No. 7.
plug; 8B pressure expansion plug; or 9. Connector adapters: A, pressure ex-
8E series circuit plug. pansion to phone tip connector; B,
3. Finger grip handle; furnished with alligator clip, slips on pressure or
pressure expansion, pin or series cir- phone tip plugs, made in several pee-
cuit plugs. wee and large sizes; C, solderless

4. Insulated female coupler for pressure female pressure expansion jack con-
nector for end wire connection; D,

expansion plugs, 8B. . :
solderless pressure expansion wire
5. Insulated female coupler for phone connector jack, fits with 9C.
tip plugs, 84. 10. Standard experimental type binding

6. Standard jack, made for pressure ex- post, each terminal and solder lug,
pansion or pin tip plugs. and a knurled nut, the latter with a
7. Current-voltage jack. Measures cur- hole to take pressure expansion plug,
rent when plug 8F is inserted, meas- used preferagly with No. 3 handle.

third output meter scale deflection is obtained of the signal generator using
a short piece of bell wire attached to the receiver ANT post.
Starting with the rectifier tube replace the old tubes with a new tube,
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tested at the bench or by the tube distributor and note the scale deflection.
If the deflection increases at least to 2/3 scale deflection, the new tube should
be retained in the socket. Continue this procedure from output to input.
Output tubes used in push-pull should draw similar plate currents, quickly
checked by the universal socket adapter.

After all tubes are tested in this comparison method, interchange similar
tubes (there may be 3 type 58 tubes, 2 type 27 tubes, etc.) in the receiver,
leaving them in the position which gives the maximum output reading. Always
readjust signal generator and output meter range so a deflection at the start
of a tube replacement is about 1/3 up-scale. You will find that old tubes
make better detectors. Before accepting them be sure they handle strong
signals without distortion. Tune in a powerful local broadcast and listen to
the quality of reproduction.

Automatic volume controlled receivers may or may not offer a little
trouble. Generally if the signal generator output is low enough, increases in
output will be apparent. If you find it difficult to get the input below
threshold conditions, open the filament circuit of the A.V.C. tube, a possible
procedure where separate A.V.C. tubes are used.

To select a good A.V.C. tube (when a tube is used exclusively for this
purpose), set the signal generator to the lowest possible output giving a visual
output indication. Try several tubes and select the one that reduces the out-
put the least. Test the tubes for A.V.C. control by gradually increasing the
signal and noting that the threshold condition appears—output increases to
some deflection and further signal increases cause little output increase.

In AVC. sets, turn set off for a few minutes; turn on set and signal
generator. The output meter needle will quickly assume a position. If the
volume after this point increases, gas exists in some amplifier tube; if the out-
put decreases, the A.V.C. tube may be gassy.

ALIGNING T.RF. RECEIVERS: We assume first that the tuned
stages have not been tampered with and that the ganged condensers are
mechanically aligned.* Nevertheless, the R.F. system may need trimming to
get the best possible gain. Consider first, the case where trimmers are only
used on the ganged condensers.

Connect the signal generator and output meter as for tube testing. Set
the signal generator to 1400 kc. and tune the receiver to maximum output.
Use a low R.F. input and a sensitive output meter range. Adjust the trim-
mers on each section of the ganged condenser, using a neutralizing tool, so the
output meter gives the maximum deflection. Set the signal generator to 600
ke., tune the receiver to maximum output and readjust the position of trim-
mers, carefully observing the direction and amount of adjustment on each
trimmer to give maximum gain. Repeat for 1,000 ke. If all three positions
differ, select a position for average good gain over the entire tuning range.

Consider the case where split end rotors are used as well as the trimmers.
After adjusting the trimmers at 1400 ke. tune the variable condenser so the
first split section just meshes with the stator. Tune the signal generator to

* When coils and condensers are badly out of line, a special procedure is
necessary . . . explained elsewhere in the Course.
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maximum output and if the signal generator has body capacity retune tne
receiver. Then each split segment is bent in or out for greatest output meter
deflection. This is easily done by overbending the segment outward and with
an orange wood or bakelite stick bending the segment back to maximum out-
put. Turn the variable condenser so the next segment just meshes with the
stator and repeat the alignment procedure. Repeat until the entire rotor
meshes with the stator.

ALIGNING SUPERHETERODYNES: We can only consider the align-
ment of the average super. If in doubt about some receiver, refer to the
manufacturer’s service manual. We assume that the selector dial is calibrated
in kilocycles, and the L.F. frequency is known. The procedure will consist of
first aligning the LF. system, then making the preselector-oscillator align
at a high frequency station selector position, and then make the preselector
and oscillator track.

IF. ALIGNMENT: There are two ways of aligning the I.F. system.
The entire I.F. system may be aligned with a single connection of the signal
generator; or each stage of the LF. aligned separately by connecting the
signal generator to the input of the stage to be peaked. Either a modulated
or unmodulated signal generator may be employed. If a modulated generator
is employed then the regular output meter is connected to the output tube.
In the case where exact L.F. frequencies are used, an unmodulated generator
previously checked by beating its signals with some broadecast station is
needed. This requires a D.C. milliammeter or high resistance D.C. voltmeter
in the plate load of the second detector as an output indicator. The pro-
cedure was previously explained.

Considering the first and general method of aligning L.F. stages employing
either type of signal generators: Connect the signal generator to the control
grid and chassis of the first detector. Set the signal generator at the exact
LF. frequency and adjust the volume control of the receiver to the maximum
volume position. Adjust the output meter sensitivity and the attenuator of
the signal generator. A low output indication is essential. Adjust with a non-
metallic screw-driver or wrench the trimmer across the secondary of the L.F.
transformer feeding the second detector to give maximum output indication.
If the needle reads off-scale, try first a lower signal generator output and then
a less sensitive output meter range. Next adjust the primary of the same
transformer for maximum output indication. Repeat this procedure for the
next preceding I.F. transformer and continue through the various I.F. stages
until all have been checked. Repeat the adjustments starting with the last
LF. transformer. It may be observed when using a neutralizing tool that the
output indication shifts as you remove the tool from the adjustment of the
condenser. Compensate for this by over-adjusting so that maximum output is
obtained when the tool has been taken out of the adjustment screw. This
will come with experience.

Many servicemen prefer to use the following method of peaking the
LF. stages. The signal generator is connected to the control grid-chassis of
the tube preceding the transformer to be peaked. The secondary and then the
primary of the transformer are adjusted for maximum output. The signal
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generator is advanced to the grid-chassis of the preceding tube and the
following transformer peaked.

The L.F. stages in some receivers must be adjusted for flat top response.
This is accomplished by first peaking all stages at the I.F. frequency. The
signal generator is fed to the grid-chassis of the tube feeding the transformer
to be adjusted for flat top resonance. Increase slightly the capacity of the
secondary condenser and decrease slightly the primary condenser capacity.
Move the signal generator two or three kilocycles above and below the I.F.
frequency, to make sure that the output remains practically fixed.* The
cut-off frequency should be sharply defined. Should the signal generator have
too much hand capacity, use an insulated extension rod to move the dial
above and below the peak frequency.

Combination oscillator and detector tubes may appear perplexing. How-
ever, if you connect the active lead of the signal generator to the control grid
of the detector section and the other lead to the chassis, very little difficulty
will be experienced. When the I.F. and the first detector tubes are of the type
with the control grid cap on the glass envelope, there will be no difficulty in
making the control grid connection. Where the control grid is a prong sub-
merged in the socket, it will be necessary to use the universal socket adapter.
For the first detector, a connection to the stator of the variable condenser con-
nected to the grid of the first detector will suffice. The shunting effect of the
resonant circuit feeding the first detector will be negligible in service work.

Preselector-Oscillator Tracking: After aligning the LF. system we turn
our attention to the preselector-oscillator tracking. Connect the signal gen-
erator to the antenna-ground post of the receiver. Adjust the signal generator
to exactly 1400 kc. Set the receiver station selector exactly at 1400 ke. Be
sure, however, that the tuning dial of the selector tracks accurately over the
indicator from maximum to minimum, The number of trimmer condensers
to be adjusted will be equal to the number of variable condenser sections in
the ganged condenser. Adjust these trimmers for maximum output, adjusting
first the oscillator trimmer. Turn the adjusting screw with a non-metallic
screw-driver or wrench until the greatest output indication is obtained.
CautioN: When adjusting the oscillator trimmer condenser you may get two
settings of maximum output, in which case you choose the trimmer condenser
position with the least capacity.

Now set the signal generator to exactly 600 ke. and turn the station
selector until the output reading is at maximum. The next adjustment is
made on the oscillator padding condenser. As you adjust the padding con-
denser for increased and decreased capacity, tune the receiver slightly up and
down the initial dial position. Stop when you get the greatest output, as the
preselector is then exactly tuned to 600 ke., and the oscillator is tracking
properly. The entire procedure is referred to as the rocking adjustment, and
in broadeast band super-receivers having a padding condenser this rocking
adjustment is made at the 600 ke. setting of the preselector. Usually the
variation of a padding condenser will be insufficient to give two maximum

* When aligning L.F. stages in A.V.C. receivers, prevent the A.V.C. action
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positions for a given setting of the receiver station selector. 1f there should
be two such positions, use the setting with the least capacity.

As it is usually said, we now have two tie down points. To check if the
preselector tracks with the oscillator over the entire tuning range, slowly
increase the signal generator up to 1400 kc., tuning the receiver to the signal
as you progress up-scale. If the output does not drop to zero and rise again,
you have acceptable tracking. This should be followed by a recheck at 1400
ke, adjusting the trimmer condensers for maximum output.

For better alignment over the complete tuning range of the receiver,
rotate the receiver selector dial until the first section of the slotted rotor seg-
ments meshes with the stator. Tune the signal generator to maximum output
and retune the receiver for increased output if necessary. Bend the first
segment of each condenser until the output meter shows maximum deflection.
This is repeated until all rotor segments have been adjusted.

Some supers employ ganged condensers with a special cut oscillator rotor
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plate. In this case you would treat the entire R.F. system as if it were a
T.R.F. receiver. Adjust the trimmers first at 1400 kc. (Remember the pre-
caution in regard to the oscillator trimmer.) Afterwards, adjust each segment
of the split rotors for maximum output.

In aligning A.V.C. receivers, there should be no difficulty if you keep the
input to the receiver sufficiently low. Some manufacturers suggest that the
filament circuit of A.V.C. tubes (if a separate one is used) should be opened.
This is best done with the universal socket adapter and the neutralizing peg.

Aligning All Wave Receivers: You will find in studying the general de-
sign of an all wave tuner, Fig. 11, that generally a three section ganged con-
denser iz used; one to tune the oscillator, one to tune the input to the first
detector, and the third section tunes the output of the antenna coupler. The
all wave feature is obtained by three groups of coils, each group connected by
means of a multi-pole switch to the three main tuning condensers. Different
ranges are obtained by connecting the proper group of coils to the tuning con-
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denser. Each coil has across it its own trimmer condenser and in many cases
the oscillator has a series variable padding condenser. Therefore, in adjusting
any range you would proceed exactly as you would in the previous section on
preselector-oscillator tracking, always starting first with a high frequency in a
given range, and then proceeding to the rocking method of adjustment at a
low frequency. The use of separate trimmers makes each range adjustment
independent of the other. All wave tuners are made in a number of modified
forms, so be guided by the manufacturer’s service manual.

We should mention that if you want the ultimate in stage alignment, the
chassis should be brought to the customer’s home, connected to the antenna
and ground, the signal generator loosely coupled to the antenna, and the
trimmer across each section of the antenna secondary coil adjusted for maxi-
mum output deflection. This scheme applies to all wave, tuned R.F. and
regular superheterodyne receivers.

NEUTRALIZING NEUTRODYNE RECEIVERS: The oscillator and
output meter may be used for neutralization. The usual procedure consists of
connecting the output of the signal generator to the antenna and ground bind-
ing posts of the receiver and connecting the output meter to the output of
the receiver. Use a modulated signal. The tube in the stage to be neutralized
is removed and the proper universal adapter inserted. Return the tube to
the socket of the adapter and insert a neutralizing or insulation peg into the
filament jack of the adapter. In place of the universal adapter one of the
filament prongs may be insulated with a soda-water straw. Place the tube
shield over the tube, if one is provided. Always neutralize with the tube you
plan to leave in the socket. Starting with the first R.F. stage employing a
peutralizing system, tune in the signal from the signal generator as loud as
you can to maximum output, leaving the volume control on maximum. The
neutralizing condenser adjustment associated with this stage is then adjusted
for least output, both from loudspeaker and the output meter. If you cannot
reduce the output to inaudibility, then adjust it at least to minimum audi-
bility. After this has been done repeat the same procedure for the other
stages to be neutralized.

Tune the receiver over the entire broadcast band, all tubes in place and
lighted. Determine if oscillations are obtained at any position of the tuning
scale. If this appears neutralize at that position. In general, neutralize a
neutrodyne receiver before aligning it.

TEST FOR STATION OR RECEIVER HUM INTERFERENCE:
Customers complain of a hum when the recciver is tuned to a station. This
may be due to a receiver defect, hum modulation; or may actually be broad-
cast by the station. The unmodulated oscillator will quickly identify the
source. Set the signal generator to the frequency of the interfering station
(usually a local) and tune the receiver for maximum sound output. If the
signal generator is battery operated and emits an unmodulated signal, hum
will be heard if the defect is due to a receiver defect. If no hum is heard, try
geveral other frequencies. If no hum is still heard, it was a part of the broad-
cast. Curing hum modulation is taken up elsewhere in the Course.
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TEST QUESTIONS

Be sure to number your Answer Sheet 39RH.

Place your Student Number on every Answer Sheet.
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ok for a defect if the plate-ch
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cted to the power stages show
deflection but no speaker output is heard?
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In revitalizing a neutrod
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broadcast recejver
or at 460 kc. by the

yne receiver, would you align or
neutralize first?

Ininterstage A.F. amplifier tests, what output device, that g
serviceman should have, is more
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What are the three important t
stage is located, assuming that
to its plate shows operation ?

At what frequency settin

g of the preselector is the rocking
adjustment usually employed in a broadcast band super
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ests once the defective R.F.
a signal generator connected

If a signal generator is not available, what may you use
for a signal in a stage by stage elimination test ina T.R.F.
receiver?
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Revitalizing Reg:éivers. No. 39RH

Plate current would go down.

Fig. 1C.

In the local oscillator or its coupliﬁg to the first detector.
Secondary of output transformer and voice coil of speaker.

920 and 1380 kc.

Neutralize first, then align and neutralize again if necessary.

A headphone with a series protective condenser.

Plate current or emission test, emission control test, input resistance
check.

At low, usually 600 kc., preselector 'setting.

The antenna lead in wire, the receiver tuned to a local station.
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Servicing Broadcast and All-Wave
Superheterodynes

INTRODUCTION

S THE old tuned R. F. radio receivers find their way into the
scrap heap, the superheterodyne receiver assumes a more prom-
inent place in the daily work of a Radio-Trician. The superior quali-
ties of the superheterodyne circuit have led to its universal adoption
by radio designers, and today all except a few small receivers (which
are usually inexpensive and of the universal A.C.-D.C. type) are
superheterodynes. From your previous studies it should be clear that
the superheterodyne circuit has made possible the all-wave receiver,
where only one separate section, the preselector-mixer*-oscillator coil
assembly, is needed for each frequency band, and the remaining stages
of the receiver are used on all bands. In the modern all-wave receiver
the change from one frequency band to the other is made electrically,
by means of a multiple-contact multiple-gang switch.

If you bear in mind this simple difference between a superhetero-
dyne designed for the broadcast band and a superheterodyne designed
for two or more bands, that in multi-band receivers there is one extra
preselector-mixer-oscillator coil assembly for each band, the servicing
of the all-wave receiver becomes simple. Briefly stated, those tests
which you would make on the preselector-mizer-oscillator of the
broadcast band of the receiver should be repeated for the preselector-
mixer-oscillator used for each of the other bands. To be sure, the
presence of idle’ coils and complicated switching systems may intro-
duce some radio and mechanical difficulties, but they are relatively
unimportant. Mechanical difficulties are easily located by the ob-
gervant man; electrical difficulties in design should be given little or no
attention by service men. Let me make clear this problem of design
before we start on actual servicing problems.

The final design of every receiver is the result of balancing defi-
ciencies in performance with desirable features. The price of a receiver
governs its refinement and perfection, and improvements are made in
receiver models each year. You cannot expect a seven-tube super of
last year’s manufacture to be as good as this year’s seven-tube model,
and it is foolish for the Radio-Trician to try to make them alike by
changing the design. In asking you to repair his receiver, Mr. John
Q. Public has in mind one fact—the restoring of his receiver to a con-
dition which compares favorably with its original performance. In

* Or first detector, which is also inferred by the word “mixer.” It is best to con-
gider the tuned input circuit of the first detector as a part of the preselector
circuit.
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this lesson we are only going to consider the problem of restoring
superheterodynes to their original condition.

Furthermore, only those troubles which are characteristic of the
superheterodyne circuit will be considered. Such service problems as
hum, internal and external receiver noise, intermittent reception, de-
fective tubes, power pack and audio system troubles, and failure to get
high fidelity reception are either general or special troubles which ap-
ply to other circuits as well, and are therefore covered elsewhere in
this Course.

Many different servicing procedures, each suited to a particular
circuit, appear in this lesson, but emphasis is laid on why and when a
certain procedure should be used rather than on complete step-by-
step instructions which might apply only to a limited group of sets.
Advantages and disadvantages of each method are given, training you
to pick automatically the best method for each job, and to adapt your
method to the job at hand.

THE SERVICING PROBLEM—A REVIEW

In previous lessons the servicing of a receiver by the socket ana-
lyzer, point to point voltage, point to point resistance, and the stage by
stage elimination method was considered for TRF and super receivers.
The problem of servicing a super is sufficiently important to warrant
a review of these methods which will give you a new slant on the ap-
proach to a servicing problem.

Starting from the beginning, we encounter two basic conditions:
1, the set is “dead” and does not play; 2, the receiver plays, but im-
properly, in & manner which is not satisfactory to the customer. In
the case of the all-wave receiver the set may be dead or play improp-
erly on some bands but may be satisfactory on others; however, if
at least one band plays properly we know immediately that the I.F.,
second detector, and A.F. stages are okay, and that the trouble is in
the preselector-mixer-oscillator coil sections or in the switches belong-
ing to those bands which give unsatisfactory or no reception.

Servicing a dead receiver is a comparatively simple task compared
to the servicing of a set which gives below normal reception. In the
case of a receiver which does not play it is merely necessary to isolate
the defective section or stage, analyzing that stage and its parts and
replacing or correcting that part which is found defective. We will
consider this problem in greater detail shortly.

When a receiver plays improperly the cause may be a simple de-
fect or something more serious. Usually the failure to give good re-
ception is accompanied by other symptoms which, if studied carefully,
will lead you directly to the “sore spot.” The purpose of part of this
lesson is to train you to reason from effect to cause in locating troubles
peculiar to the superheterodyne circuit.
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Important superheterodyne receiver complaints are:

1. Lack of sensitivity or no “pep,” and poor distant reception.—In
general a super may lose “pep” without having broad tuning; when
selectivity is reduced it is usually evidenced by inability to separate
adjacent stations on the dial. When a receiver loses both “pep” and
adjacent-station separating ability on semi-local stations over the
entire tuning range, there will generally be a defect in the LF. align-
ment of the receiver, or in the L.F. signal circuits. When powerful
local stations are both broad and weak, check the oscillator tube, espe-
cially its C bias. When the super lacks “pep” but still has good selec-
tivity, the trouble will in general be due to poor tubes, improper op-
erating voltages or a circuit defect.

2. Interference.—This is a common service problem with supers.
Image and code interference are encountered, and double spot tuning
is occasionally annoying to the customer.

3. Oscillation.

4. Distortion.

There are, of course, many comp]amts against the performance of
an all-wave super which cannot be considered the fault of the re-
ceiver. Ignition interference will be picked up by sensitive short-
wave receivers; here it is your duty to explain to the customer the
limitations of short-wave reception. Fading on foreign and other
distant stations is to be expected even with the new receivers which
have quick-acting AVC, although a fast AVC reduces the amount of
fading. Receiving conditions change continually in the short-wave
bands, giving continually varying signals. Finally, inexpensive re-
ceivers may give satisfactory performance in exceptionally good loca-
tions, but in general they cannot compare with the bigger and more
costly models. Briefly stated, carefully consider the design and pur-
pose of a receiver before you pronounce it defective. The public has
been led to expect marvels from modern all-wave receivers, a situa-
tion which unfortunately cannot as yet be met.

HANDLING THE DEAD SET OR SECTION

The set is dead. Are you going to test each and every tube in
_the recelver, then analyze the voltage and current at each socket—are
“you gomg to measure point to point voltages and resistances—or are
you going to make a preliminary trouble-localizing search? Naturally
you want the quickest solution to the problem, for time is an impor-
tant factor in profitable servicing. Here is a sane and sensible pro-
cedure to follow:

1. Look for surface defects; see if all the tubes light; listen for
tube warming noises, which indicate the presence of supply voltages;
look for misplaced or open connections above the chassis; note whether
any one has tampered with the set or antenna system.
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2. Isolate the defective section or stage.

3. Analyze the defective stage and the offending part or con-
nection.

4. Make the required repair or replacement.

We have already stressed the importance of searching for surface
defects and the defective stage isolation procedure, but let us briefly
review the latter. Remember that if a tube (the rectifier tube is a
general exception) is pulled out of a socket and returned one or two
clicks will be heard in the loudspeaker if all stages following that tube
are operating and the tube is drawing a reasonable plate current.
The sudden change in the plate current causes a voltage to be induced
in the following circuits. The same click should be heard if the con-
trol grid of a tube is touched with your finger* or temporarily shorted
to the chassis. Either “stunt” is satisfactory; use whichever is more
convenient.

The starting point for an isolation test is, as you know, the second
detector; a click heard when this tube is pulled out or its grid is
touched indicates a working A.F. system. If no clicks are heard, try
each audio amplifier tube in turn, testing the power tube last. In
general it is not wise to stop a large plate current drain by pulling out
a power tube, especially when it will cause a large voltage to appear
across the filter condensers and rectifier tube, but it is being done
every day by expert Radio-Tricians without harm. As a precaution
save the power tube for the last.

Assuming that the A.F. stages are acting normally, proceed to
pull tubes or touch grids (easier when the control grid is on top of
the tube) of the L.F. stages and the first detector until the click is no
longer heard. Try the preselector stage tube before the oscillator,
because if this gives a click the oscillator is probably working.

The critical point is the first detector or mixer. It is wise to con-
nect a signal generator between the grid of the first detector and the
chassis—a simple task if you remember that it is easy to reach the
stator of that variable condenser which is connected to the grid of the
first detector. Tune the modulated S.G. (signal generator)t to the
LF. frequency of the set; modulation tone in the loudspeaker indicates

* This is the only method to use when tube filaments are in series.

+ Always use a modulated S.G. when you are making audio checks of siﬁnal
strength or when an output indicator is connected in place of the loudspeaker
you can use either a modulated or unmodulated S.G. when signal strength is
being measured by a milliammeter connected into the cathode return circuit of
an AVC-controlled tube, as shown in Fig. 5 for the last I. F. stage. A high re-
sistance 0-10 volt D.C. voltmeter connected between point z and ground may
also be used as an output meter, maximum voltage indicating maximum signal.
The output of the S.G. should be adjusted carefully so that no stages of the re-
ceiver are overloaded. Overloading is present when the indicating meter con-
nected into the cathode circuit of an AVC-controlled tube fails to decrease fur-
ther with increased S.G. signal strength.
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that the first detector is okay. Now tune the S.G. to the frequency
at which the receiver happens to be set; hearing an output modulation
tone means that the oscillator is okay. These tests are more conclu-
sive than pulling mixer and oscillator tubes, and are especially recom-
mended when a combination mixer-detector-oscillator (pentagrid or
tetrode) tube is found in a set.

Before taking the chassis out of the cabinet, it is wise to make
certain that you have isolated the defective stage. In the case of
a metal tube stage, touch the tube lightly to see if it is hot; a cold
tube would suggest immediately that you try a new one. If the tube
is hot, it is suggested that you check the isolation of the defective
stage with an S.G. Connect the S.G., set to a frequency corresponding
to the resonant frequency of the circuit under test, to the input of
the stage which you have isolated as defective. If the signal comes
through the loudspeaker the original disturbance test failed (this
occurs only rarely). Advance the S.G. stage by stage, making con-
tact to control grid caps or to control grid prongs of tubes which do
not have caps (by pulling a tube slightly out of its socket you can
use a probe point to make contact with the prongs), until the sig-
nal is no longer heard. If connecting the S.G. to the input of the
suspected defective stage fails to give a tone output, connect it to the
output of that stage (plate to chassis). If the signal is now heard the
defective stage is definitely isolated. If no signal is heard and a click
was previously heard when the tube next in line was pulled, it is a
fair indication that there is a defect in the coupling of that stage or in
the input to the next tube. Finally, check the tube in a tube tester to
clear it of suspicion, and proceed to analyze the stage by any method
you prefer—the ohmmeter, voltmeter or plug-in analyzer. Inasmuch
as the defect is now traced to under-the-chassis trouble, it is wiser
to remove the chassis from its cabinet before analyzing the stage.

All-Wave Recetver Is Dead In One Or More Bands—1In the all-
wave receiver the first detector stage is the central checking point for
defective stage isolation when one or more bands are dead. Connect
the modulated 8.G., set at the LF. frequency, to the grid and chassis
of the first detector. If the modulated tone comes through, the detec-
tor is okay. Now tune the S.G. to at least one frequency in each
band, tuning the receiver to the same frequency. When the S.G. signal
cannot be heard from the loudspeaker, an oscillator or mixer connec-
tion or defect in that band is causing the trouble. If signals are heard
on all bands, the defect is apparently in the R.F. (preselector) tubes
or their associated circuits. This can readily be checked by pulling
out the R.F. tubes once for each band and noting whether a click is
heard; make further check for input, output, or coupling defects with
an all-wave signal generator, by connecting the S.G. to the R.F. tube
control grids and to the ANT. and GND. terminals in succession.
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It takes longer to tell how the isolation test is made than it takes
to make the actual test. The average man can often make the check
in less than 30 seconds, and in most cases not more than 3 or 4 min-
utes are required. Observe that the circuit disturbance test (pull-
ing tubes) allows you to go down the line very quickly, isolating the
approximate region of the defect; the S.G. allows you to trace the
defect to one exact location. After this the internal stage analysis
completes the trouble hunt.

There are cases where the disturbance test seems to give ques-
tionable results. For example the clicks may all be weak, indicating
a weak voltage supply; there may not be any clicks at all, suggesting
a voltage supply or loudspeaker failure; the receiver under test may
have series-connected filaments, in which case this tube-pulling test
will naturally fail. When you are in doubt, return to the stage by
stage signal generator test, which is the most conclusive of all de-
fective stage isolation checks.

Other possible defects include those in AVC systems, noise
squelching circuits, tuning indicator devices, and bass compensation
circuits. There should be no serious difficulty in isolating these trou-
bles, as the indications resulting from the defect are perfectly obvious
and lead you immediately to the trouble. A signal generator connected
to the input of the receiver replaces the signal of the broadcasting sta-
tion and permits reliable inspection of the operation of the questioned
section,

HANDLING THE RECEIVER WHICH LACKS “PEP”

Now let us consider the receiver which fails to pick up as many
stations as it once did; in this case the stations to which the customer
usually tunes are heard with less volume than before. It is important
to know what the set is capable of doing, or what it did before this
defect appeared, for after all some people merely imagine they are get-
ting poor reception. Again, you should ascertain whether conditions in
the atmosphere have changed. You should know that distant recep-
tion is poor in the broadcast band during the summer time, and that
stations above 20 megacycles are rarely received after dark. After all,
only local or semi-local stations are reliable; should several of them
be heard with weaker volume than is customary you have a bona
fide defect to correct.

It is not hard to tell whether the lack of “pep” is due to an R.F.
or AF. defect. If many stations are tuned in but the loudspeaker
output level is low, the defect is isolated in the A.F. stages; if too
few distant stations are heard but the locals are fairly loud, an R. F.
defect is indicated. We will take up the latter case first.

Tubes are the first item to question. It is a good plan to check
them at once. Use a tube tester or try new tubes. The oscillator
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tube and the pentagrid tube (or some other combination oscillator-
detector-mixer tube such as the tetrode) are especially critical and
should be checked carefully. A weak rectifier tube may also create a
general lowering of receiver “pep.” It is even a wise plan to check
the main voltage supply to be sure that a power pack defect is not
lowering the operating voltages fed to the R.F. section,

Antennas always deteriorate with age. First check for open cir-
cuits and grounds in the antenna, lead-in, and lightning arrester. Yes,
even make sure that the antenna is up, as storms raise havoc with the
flimsy structures commonly used for antenna systems. Here is another
thought; is a good antenna system being used? Many sets are in-
stalled in the winter when any wire strung between two points “brings
’em in”’; these slipshod antennas are worthless during the summer and
during times when atmospheric conditions hinder distant reception.
Erect a good antenna system—the best the customer can afford, and
make sure it will be easy to take down for repairs and tests. Put up
a reliable noise-reducing antenna if there is man-made interference
in the vicinity. If the customer prefers to receive stations from
definite parts of the country or world, antenna pick-up directivity is
important. Remember that an inverted “L” type antenna receives
signals best from the direction toward which the lead-in end of the
horizontal section is pointing. A ‘““T” antenna receives well from all
directions; the longer the vertical part the better will be reception. A
doublet antenna, regardless of how it is coupled to the transmission
line, always receives best from its sides, or at right angles to the hori-
zontal sections. For instance, if the doublet runs east and west, max-
imum pick-up will be from north and south directions.

For long distance reception the direction which the radio waves
actually take in traveling from the transmitter to the receiver should
be determined by locating the two points on a good globe of the world
and joining them with a tightly stretched string. Directional antennas
(assuming they are in the open and away from any high objects)
should be located according to the direction indicated by the string,
for this is the great circle route—the shortest distance between the two
points. Ordinary flat maps are of little use in determining directions
between widely separated points on the earth.

Circuit defects are always possible causes for poor receiver sen-
sitivity, but remember they must be defects which do not destroy
receiver operation. A poor joint or connection in a signal circuit is a
possible source of trouble. An open plate, screen or grid bias by-pass
condenser may set up R.F. voltages which in some cases neutralize or
degenerate the signal, giving poor sensitivity, and in other cases cause
regeneration. Undesirable leakage or capacity coupling bridging across
an open coil or condenser in a circuit may still permit the receiver to
operate weakly. Coils and condensers may be damp, reducing their
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effectiveness in the signal circuit; bake the chassis to drive off moisture.
If a super using a combination detector-oscillator tube such as a 36
or 24 tetrode responds weakly or is dead at the low frequency end of
the broadcast band, check the C bias to the oscillator section of the
tube® before condemning preselector-oscillator tracking. Such tubes
are often critically affected by a high negative C bias; measure the
bias resistance, then reduce it to about two-thirds of its original value;
this will in general make the receiver oscillator operate at the weak
or dead range.

Receivers may lose sensitivity because a current is being bled to
the initial C bias resistor through a leaky condenser connected from
B+ to cathode, raising the negative bias. Oscillations in an LF. stage
may send an R.F. signal (not the desired signal) to the AVC tube,
thus placing an increased negative bias on the AVC controlled tubes
even when weak signals are received and giving weak distant recep-
tion. In the latter case check for possible causes of oscillation in the
LF. stages; an open by-pass condenser or open bleeder resistor is the
most probable cause. The fact that the plate currents in the AVC
controlled stages are below normal, even when tuning between stations,
indicates excessive AVC voltage, but this is not necessarily due to an
oscillating stage.

Where a high C bias voltage is evident, check the by-pass con-
densers to the cathode for leakage; where an open condenser is
suspected try shunting each condenser in turn with a good unit (a
.5 mfd., 600 volt condenser connected to test probes is ideal), until you
find a place where the test condenser, shunted across a receiver con-
denser, restores normal reception. Of course, the receiver must be
tuned to a broadcasting station or to a signal generator.

In the case of high resistance joints or open coils in the signal
circuits, an ohmmeter is the best radio test device. Before you begin
extensive tests, try to locate the improperly working stage with a signal
generator.

Typical circuit defects which cause poor sensitivity are schemati-
cally shown in Figs. 14 to 1D. Study them carefully; if possible,
introduce these defects into your own receiver and note their effects.

Alignment Defects—It is a strange fact that many radio service
men immediately think of poor alignment when weak reception is
encountered. To be sure, this may be a perfectly reasonable cause,
but enough has been said already to show you that many other defects
are likely sources of trouble. Be sure that all these other defects are
“ruled out” before you start the alignment procedure, for it takes time
to make the careful alignment necessary for effective results. There

*Quite often a new tube will restore normal reception. but in a month or so the
set will again be weak at the low frequency end of the band. Adjust the C bias,
using the same tube, for better low frequency response.
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are, however, definite effects or symptoms in a super which indicate
the need of alignment. These trouble symptoms may be the result
of natural aging of the receiver or may be due to tampering by some
inexperienced person.

If through a mechanical shock the variable tuning condenser loses
its mechanical alignment, weak reception may be expected over the
entire tuning range. If the low frequency oscillator padder has been

ANT.
[

X =
GND. =

A. An open circuit in the an-
tenna coil, as at xz, will weaken
reception and introduce circuit
noise. The coil to coil capacity C
allows some signal pick-up. Pull-
ing tube V will give a click, con-
cealing trouble; only an ANT. to
GND, ohmmeter test shows defect.

B. A high resistance joint at «
will weaken reception. A G to K
voltage check will shown normal
C bias, concealing defect, but a G
to chassis ohmmeter test will lo-
cate the trouble, provided the tun-
ing condenser is not shorted.

PHT

C

= =
-C. Weak reception would be ob-
tained if condenser C in this
typical band-pass circuit opened.
Normal voltages would be ob-
tained, and pulling tube V would
give a weak click. Shunting C with
another condenser of similar ca-

pacity would restore reception.

Sz 1

L =,

c
=

D. An open condenser at C,, C,
or C; could cause degeneration and
weakened reception, as well as re-
generation and squeals. A leaky
condenser at Cs would bleed current
from B+, shooting the C bias up
and weakening reception even more.

Fia. 1. Here are a few typical defects which can cause poor sensitivity.

tampered with or the mica insulation used as its dielectric has cracked
or slipped out of place, weak reception may be expected at the low
frequencies; in some cases no reception will be obtained in the middle
part of the band. Improper adjustment of the high frequency variable
condenser trimmers may result in weak high frequency reception, and
again may destroy middle band reception.

Remember that oscillator adjustments are more critical than

. adjustments in the preselector circuit. For a quick check of the pre-
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selector insert headphones in the plate circuit of the first detector and
pull out the oscillator tube (or short its grid to prevent oscillation);
tune the receiver to a strong local station or feed into its input circuit
a modulated S.G. signal in the frequency band under test. Now if a
signal is heard in the phones and this signal can be tuned, the pre-
selector for that band, as well as the first detector, are working.
Repeat this test for each band. When a defect is traced in this way
to misalignment (the signals will be weak or will not track with the
dial calibration), it is always wise to realign completely the pre-
selector-mixer-oscillator circuits.

If you suspect misalignment, do not try to adjust the trimmers
until you have made a positive check of the alignment. There is
available for this purpose a simple and inexpensive device, a servicing
tool called by some technicians a “tuning wand.” The general appear-
ance of this wand is shown in Fig. 2. If the powdered iron or radio
transformer steel end is inserted in a coil, the inductance of the coil
goes up due to the increased permeability of the core; when the brass
end is inserted in a coil, the coil inductance goes down, due to the
reduced magnetic field caused by eddy currents induced in the brass.
The tuning wand can be used only where the coil ends are open, and
fortunately they are in most all-wave superheterodyne preselector-
mixer-oscillator circuits. The tuning wand is a valuable tool inasmuch
as 9 to 12 coils and 10 to 14 trimmer condensers are often found in
3- and 4-band receivers.

The tuning wand is easy to use, but a well calibrated signal gen-
erator is necessary for positive indications and results. Set the receiver
to the desired frequency band, then set the receiver dial in turn to a
high, to a low, and to a middle frequency in each band and tune the
modulated 8.G., connected to the ANT. and GND. posts of the receiver,
to exactly the receiver frequency setting in each case. Start with the
oscillator coil, as it is in the most critical circuit; insert first one end
of the tuning wand, then the other, in the coil. If inserting the
powdered steel end increases the signal output the trimmer needs more
capacity; if the brass end increases the signal output, less trimmer
capacity is needed; if both ends of the wand reduce the signal output
at all three frequency settings, the oscillator adjustment is correct.
By carrying out this test for all coils in the preselector and detector
circuits, you will be able to tell just how badly the receiver needs
realignment. If only a few trimmers are out of adjustment, you can
readjust them by checking with the tuning wand; if quite a few are
bad, it will be necessary to realign the entire receiver.

When you are only partially realigning, remember that for oscil-
lators the low frequency padder must be adjusted if the test is made
at a low frequency in any band; if testing at a high frequency, adjust
the trimmers which are in parallel with the variable condenser (these
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are not necessarily on the gang condenser). For the preselector and
first detector input circuits adjust the trimmers only for the high fre-
quency end of each band.

Troubles Peculiar to All-Wave Receivers—Weak reception re-
sulting from poor alignment in all-wave receivers has just been con-
sidered; a more common defect, weak reception in the very high
frequency bands, may be traced to a weak oscillator tube and in par-
ticular to a combination detector-oscillator tube. Be sure to try new
tubes.

All-wave reception is, of course, possible with the antenna usually
employed for broadcast reception, but more reliable and stronger
signals can be picked up if an all-wave antenna is used. This is par-
ticularly true in the highest frequency bands. Always recommend
the installation of a modern antenna if one is not already used. The
doublet all-wave antenna is best for noise elimination.

FINELY DOIVIDED STEEL BRASS ROD
PARTICLES\ KBAKELITE OR FIBER TUBE OR TUBE\
INDUCTANCE OF A COIL INDUCTANCE OF A COIL
INCREASES WHEN STEEL DECREASES WHEN BRASS
END IS INSERTED END IS INSERTED

FIc. 2. The “tuning wand,” construction of which is shown

here, is used to make a positive check-up on the need for

alignment in a super, as well as to tell how to adjust the pre-
selector-mixer-oscillator alignment condensers.

In existing all-wave antenna installations give special attention
to the connection between the transmission line and the receiver;
oftentimes the customer is not familiar with the use of the special
coupler which is provided with a short and long-wave switch. Correct
adjustments and correct connections to the receiver can make all the
difference in the world.

Band changing switches are often to blame for weak and even
noisy reception, especially in the older models of all-wave sets. Be
sure to wiggle the switch while checking for poor contacts. If a re-
placement is indicated, secure a duplicate switch from the manufac-
turer or his distributor, for he will have made every effort to correct
defects in the original design of the switch.

Thousands of all-wave receivers were made with improper coil
assembly and coil changing systems, which did not eliminate the effects
of idle coils; these sets usually have dead tuning spots. Unfortunately
the elimination of this trouble is too expensive to be attempted by
the service man, unless specific information from the set manufacturer
is available. If the customer insists upon correction of this fault,
contact the nearest distributor or the manufacturer of this receiver
and inquire if repair information is available. Unless this information
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is obtained you may find that more experimental time will be required
to work out the solution than the customer will care to pay for.

Dynamic Stage by Stage Test for Weak Reception.—Quite often
when there is so much conflicting evidence to confuse the reasoning
of the probable cause, or there is no evidence at all, it is quite valuable
to isolate the trouble to the defective stage. For such a test the modu-
lated signal generator has no equal. As the grid is the easiest element
to reach in a stage (connect to the control cap, or to the stator of the
variable condenser), it is generally used. To prevent the signal
generator from shorting the C bias feed circuit, it is wise to insert a
001 mfd. condenser in series with one of the S.G. probing leads.
Naturally this unit should be inserted permanently into the probe
circuit.

The procedure to be used in isolating the stage which is causing
weak reception is identical with the stage by stage analysis test; the
S.G., connected to successive inputs, is set to the I.F. or R.F. fre-
quency, depending upon the stage. As you proceed from the second
detector to the antenna circuit, each amplifying stage must give a
decided gain in the output level. A decrease in output or failure to
give an increase isolates the defective stage. Now check voltages,
currents, continuity and separate parts until the defective part or
connection is spotted.

INTERFERENCE TROUBLES PECULIAR TO SUPERS

The superheterodyne circuit, although essentially a very selective
circuit, is subject to a number of unusual interference difficulties.

Image Interference and Double Spot Tuning.—Any signal which
can get through the preselector to beat with the oscillator and produce
the L.F. frequency will cause interference. At any position of the
receiver tuning dial there is always the possibility of interference from
a station whose frequency is equal to the receiver dial frequency plus
twice the L.F. frequency. (This assumes that the oscillator frequency
is always higher than the station selector frequency, the difference of
course being equal to the LF. frequency.) Such interference is called
image interference. The image interference signal may be heard with
the desired signal, in which case it can be immediately identified as
image interference, or the two stations may beat to produce a squeal.
In the latter case it may be difficult to distinguish between this type
of oscillation and oscillation created by undesirable feed-back. For
a positive check disconnect the antenna and feed into the set (ANT.
and GND. terminals) a modulated signal corresponding to the fre-
quency of the offending station, the receiver being left at the setting
where interference was heard. If the S.G. signal now comes through
and is heard you have proved that image interference was creating
a squeal. As an additional check, set the S.G. to the receiver fre-
quency; in this case a squeal indicates that there is oscillation in the
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circuit, while a clear modulated S.G. tone means that the circuit is
okay and the trouble is due to image interference.

On the other hand, it is quite possible for strong local signals to
be heard at two places on the dial. Still assuming that the oscillator
operates above the receiving frequency, a strong signal may be heard
at the correct dial setting and at a point equal to twice the L.F.
value below the correct setting. This is called double spot tuning, and
is quite annoying in large cities where many powerful stations exist.
Here is an example: The receiver, which has a 260 kc. I.F. frequency,
is being tuned to a 1,100 kc. station, which places the oscillator at
1,360 ke. To demonstrate double spot tuning, set the receiver at a
frequency equal to 1,100 minus 2 x 260, which is 1,100 minus 520 or
580 kc. Clearly the oscillator is now at a frequency equal to 580
plus 260 or 840 ko., making the difference between the oscillator and
the 1,100 ke. station frequency equal to 260 kc., the I. F. frequency.
If the 1,100 ke. station can get through the preselector (set at 580 ke.)
it will naturally beat with the oscillator to give a signal at this setting
of the receiver dial. Double spot troubles will be more common on
receivers having low LF. frequencies, 175 ke. or less, for in these cases
twice the I.F. will fall more often in the broadcast band.

Getting rid of image interference and double spot tuning is a job
initially considered by the receiver designer. He overcomes it either
by using a well designed preselector with plenty of selectivity and a
selective I.F. amplifier, making it more difficult for image interference
signals to get through the preselector, or by using a high I.F. frequency
value. But the service man cannot be expected to redesign a receiver
which has these faults—what is he to do? A few suggestions will
help.

First you should make certain that all tube and coil shields are
firmly in place, for there is a possibility that interference from a
local or semi-local station may enter directly at the mixer stage, thus
getting around the preselector. Be sure that there are no stray wires
running from the antenna to the mixer stage. Closing up the bottom
of the chassis with metal may help in some cases.

If the preselector is improperly aligned it may not have the de-
sired selectivity, with interference resulting. “If a band-pass pre-
gelector stage is used, it may be out of adjustment. Realignment is
the answer in these cases.

If the I.F. stages are not peaked, you may hear two stations at
the same receiver dial setting. The lowest frequency station will be
that to which the receiver is tuned and the other will be a station
whose frequency is equal to a little more than the sum of twice the
L.F. and the frequency of the station to which the set is tuned. This is
simply a type of image interference, and in ordinary supers peaking
the I.F. is the solution.
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Perhaps the double spot tuning elimination circuit occasionally
found in receivers using an LF. below 150 ke. is not properly tracking
and may need realigning. Compare the schematic diagram of the set
with the double spot tuning suppression circuit shown in Fig. 34, for
only a few receivers, having low I.F. values, use this scheme.

If only one local station is causing image or double spot tuning
interference, the quickest and most direct solution is to install a wave
trap which is set to the interfering station frequency; connect the trap
as shown in Fig. 8B or 3C.* This will reduce the signal intensity of
that station and thus reduce image and double spot tuning troubles.

Code Interference—Coast Guard radio, airway beacon and
weather reporting stations, as well as marine communication stations,
use frequency bands which include common L.F. frequencies; if located
nearby, one of these stations may cause severe code interference. If
the station creating the interference happens to broadcast on the exact
LF. value of the superhet in question, the station is very likely to
cause interference at all settings of the tuning dial.

When code interference is encountered, the first step is to dis-
connect the antenna and ground, then short these terminals on the
receiver. If the interference is still heard it may be due to direct
chassis pick-up or to interference coming in over the power supply
lines and feeding directly into the I.F. amplifiers. The latter possi-
bility should be eliminated by inserting a balanced choke-condenser
filter (two chokes and two condensers with the common condenser
terminals grounded as in Fig. 4) in the supply line. If this filter
eliminates the interference when the antenna and ground are shorted,
but not when antenna feed is restored, try placing a wave trap in the
antenna circuit and tuning it to the offending station. The primary
of an extra LF. transformer, connected into the antenna circuit as
at Lt in Fig. 8B, forms a simple wave trap. If interference gets into
the chassis directly and the same station is a constant offender, it is
best to shift the I.F. frequency about 10 kilocycles above or below the
former value, and realign the entire receiver.

Faulty shielding, faulty location of antenna lead wires, especially
those coming from the band changing switch and passing near an L.F.
amplifier lead, failure to have the I.F. peaked, and poor preselector
design are all possible sources of station interference; these points
should be checked.

OSCILLATIONS

Because of the nature of the superheterodyne circuit, oscillations
occur for many different reasons in addition to high plate and screen

*In a few old supers a continuously varying trap like those shown is used to
eliminate image interference over the entire tuning band. This circuit may be
out of alignment; use a signal generator signal which is set at the image fre-
quency to check for image signal elimination.
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voltage, open condensers and the other common faults. We have
already considered how image interference may result in an oscillation
squeal.

LF. Harmonic Feed-Back Troubles—If harmonics of the funda-
mental frequencies commonly found in the plate circuits of detector
tubes are allowed to feed back to the preselector, beat oscillations
may occur. In the second detector the LF. is the only fundamental
frequency, but in the first detector there are three fundamentals—the
oscillator frequency, the incoming R.F. signal frequency, and the L.F.;
only the harmonics of the I.F. fundamental will cause trouble.

When LF. harmonics, because of some defect in the circuit, get
back to the preselector, that harmonic which happens to be about the
same frequency as the incoming signal will produce an audio beat
note. After being modulated on the carrier of the desired signal and
amplified by the receiver, this beat note will come from the loud-
speaker as an annoying signal.

DOUBLE ~ SPOT FIRSTY ‘
TRIMMER ——y DETECTOR WAVE TRAP TRIMMER 7

CONDENSER

m——————

Cur

T\T‘T

Fic. 3A. A typical Fic. 3B. Lr and Cr Fio. 3C. Cr and La
double spot tuning sup- form a wave trap which here by-pass image
pression circuit for suppresses image inter- interference signals
supers with a low L.F. ference signals. to the ground.

Possible Defects.—An open or a defect in the plate by-pass con-
denser in the second detector circuit may cause a large I.F. current
component to appear in the plate supply leads, causing harmonic
feed-back by common coupling to the preselector.

Inasmuch as the first detector is near the preselector, undesired
coupling between these two stages can easily occur, and harmonies of
the LF. may then cause interfering squeals. Open by-pass condensers
and misplaced grid and plate leads are com~on causes. Of course it
18 not easy to locate all possible undesirable ¢oupling, so the best plan
is to keep the harmonics weak. Check the C bias and plate voltages
of the first detector, for incorrect values may cause distortion and a
high harmonic output. When you cannot readily locate the cause of
harmonic feed-back, the best procedure is to shift the I.F. frequency
about 5 ke. This will move the offending harmonic to a point on the
dial where no station exists to beat with it; in some cases, however,
this shift in I.F. may cause some other harmonic to interfere.

Trouble with harmonics is encountered most often in receivers
having high LF. values. For example, an LF. value of 450 ke. will
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produce strong second and third harmonics at 900 ke. and 1,350 ke.,
frequencies which are in the broadcast band, and an interfering signal
may be obtained when stations are tuned in at these frequencies. If
the LF. is adjusted to 452.5 ke., the harmonics will be 905 ke., where
no station exists, and 1,357.5 ke. The latter is a third harmonic
(always weaker than a second harmonic) 2.5 ke. away from a station,
so interference should be reduced ‘considerably by the shift in the
LF. frequency.

Second Detector Oscillates.—If the second detector plate circuit
becomes inductive because of an open R.F. by-pass condenser, it is
possible for this circuit to go into self-oscillation and cause intense
interference. You can detect an oscillating tube by bringing your
hand near its grid or some other part in that stage. If the pitch of
the squeal changes, indicating that the tube is oscillating, it is a simple
task to check the condensers. If the frequency of oscillation is not
affected by hand capacity, and a squeal is still heard after by-pass
condensers are proved okay, check for misplaced wires causing a cou-
pling which would allow LF. harmonics to feed back to the preselector
and give a beat oscillation. -

First Detector Oscillates—It is perfectly possible for the first
detector to act as a tuned-grid tuned-plate oscillator. This will occur
if a station at about 550 ke. is tuned in and the LF. is between 400 to
500 ke. If the IF. plate trimmer of the first detector is out of adjust-
ment, making that circuit resonant or nearly resonant to the incoming
signal, feed-back will occur, causing blocking of the signal. Try
adjusting the first detector plate trimmer, especially if a high LF. is
used and the oscillation is of a low frequency. Turn the trimmer in
either direction while listening to the oscillation; if this does not cure
the trouble set the trimmer back to its original position and look for
other causes of feed-back; if this procedure does stop the oscillation,
reset the trimmer by using a signal generator, just as if you were
aligning this stage.

Finally, some all-wave receivers have a beat frequency circuit
to help locate distant stations. If the switching mechanism is defec-
tive, oscillations may occur even if the beat signal circuit switch is
in the OFF position.

DISTORTION

Distortion may appear in any stage which has excessive feed-
back or oscillation, where the C bias, the plate, or any other electrode
voltage is incorrect (especially in second detector and audio stages),
or where a weak tube is used. The distortion most often encountered
in supers, however, centers around the first detector-oscillator.

A weak oscillator stage (the result of a poor tube, low plate volt-
age, or high C bias) may allow a strong incoming signal to over-
modulate the local oscillator signal, creating distortion. Pentagrid
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and tetrode converter tubes are quite critical in this respect; it is
always a good policy to try a new tube when distortion appears.
Separate oscillator tubes should be checked for voltage. Over-modu-
lation and consequent distortion occurs also if the incoming signal is
too large. If distortion occurs in an AVC receiver, make certain that
the R.F. preselector is under automatic volume control by inserting a
milliammeter in its plate circuit and noting whether the current drops
for a strong signal (do not use a plug-in analyzer to make this check,
for it introduces capacity and prevents the true action of the circuit).
If no AVC action on the preselector can be observed, make a thorough
check of that stage as well as a continuity test between the pre-
selector tube grid and the AVC tube.

Of course, a sharply peaked L.F. amplifier causes most of the dis-
tortion or poor tone quality troubles in a super, especially when feed-
back is just starting. Broadening of the L.F. peaks is always recom-
mended when sufficient gain is present to permit this adjustment.

CiRCUIT
WW:W SELECTOR GROUNO
o —— T cue
RECEIVER POWER
_: 5 lv LINE
| M RECEIVER PLUG INTO

POWER LINE.

Fi16. 4A. This balanced choke-
condenser filter may be used to
check code and other interfer-
ence which is coming in over
the power line., Try various
values of C, with and without
L in the circuit; the chokes are
needed only in very bad cases.
The choke and condenser combi-
nation indicated by trials or by
an interference analyzer should
be mounted in a metal box and
attached permanently to the de-
vice causing interference or the
power outlet of the radio set.

FiG. 4B. The Sprague interference
analyzer may be used to select the
proper values for L and C in the bal-
anced choke-condenser filter. There
are six positions of the selector
switch; in the first three, condensers
of different sizes are connected across
the line,and in the last three positions
choke coils as well as condensers are
connected in different combinations.
This analyzer may also be connected
to the power input terminals of any
devices suspected of creating radio in-
terference. Adjust the selector switch
for minimum receiver noise.

DIAL CALIBRATION OFF

Mechanical Trouble.—Even though the dial setting of a receiver
does not agree with the frequency of the station being heard, normal
reception can still be obtained. This calibration fault is objectionable,
as a rule, only to those set owners who listen to a large number of
distant stations; in these cases it should be corrected. First of all be
sure that the dial has not slipped on the condenser shaft. This can be
detected by noting if the dial is off the same number of divisions for
all stations; if it is, resetting the dial on the condenser shaft cures the
trouble.
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Improper Alignment.—When the scale readings are off only at
one end but normal reception is obtained, the most probable cause
is improper alignment of the receiver, caused by failure to take into
account the dial readings when high and low frequency tracking
adjustments were made. To obtain exact dial readings, assuming
that the dial was carefully designed for the receiver, the first step is
to check the I.F. amplifier frequency. Connect an accurate S.G. to the
first detector and adjust for peak output. If the I.F. value indicated
now by the S.G. is more than 10 ke. off the frequency specified by the
manufacturer, make the correction before realigning the receiver. Be
sure that the receiver dial is accurately set to the frequency being
used, for each of the tie-down points on each band.

Circuit Defects.—On the other hand, if the dial readings are off
and signals are weak, you may have either a circuit defect or im-
proper tracking. In either case it is necessary to realign, so do that
first. If upon aligning the LF. stages you find that you cannot make
the preselector-oscillator track by adjusting the low frequency padder
and high frequency trimmer condensers, look for defective circuit
parts. First check visually and electrically for a shorted or open
padder or trimmer condenser and for cracked mica separators. Check
for defective by-pass condensers and R.F. filter chokes, especially in
the oscillator circuit. Check the oscillator coil for continuity and
resistance, and if this fails to show a defect check for shorts.

To check for coil defects, set the station selector at a frequency
where the calibration is off, let us say at 1,300 kc. Bring an insulated
wire somewhere near the oscillator coil of the receiver and connect this
pick-up wire to the antenna terminal of another receiver (an accu-
rately calibrated all-wave receiver with an LF. beat oscillator is the
best test set for the service bench). Tune in the oscillator signal on
the test receiver, using the beat oscillator to get an audible output
in the loudspeaker. If the test receiver has no beat oscillator, use a
meter connected into the cathode circuit of an AVC-controlled LF.
stage as a resonance indicator. If the frequency indicated on the test
receiver dial at resonance differs much from the sum of the receiver
dial frequency setting and the LF. of the receiver under test, a coil
defect must be preventing alignment, since all other parts have been
checked. (It is always wise to check the accuracy of the test receiver
with an S.G.) If the above frequency difference is greater than the
LF. of the receiver, the coil has shorted turns, and a new exact re-
placement coil is required. You might try changing the frequency
of the oscillator by aligning the oscillator trimmer or padder to the
correct oscillator frequency (the dial setting plus the L.F.); if this is
possible a preselector resonant circuit is improperly aligned. The
remedy is obvious; place a pair of headphones in the plate circuit of
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detector and align the preselector and first detector circuits just as
you would a T.R.F. receiver. Temporarily stop the operation of the
receiver oscillator when doing this. Now couple the receiver oscillator
(again in operation) loosely to your test receiver (by running an
insulated wire from the antenna post of the test receiver to a point
near the oscillator tuning circuit of the set being aligned). Set the
station selector dial of the receiver under repair to each of the follow-
ing frequencies: 1,400, 1,200, 800 and 600 ke., tuning the test receiver
for maximum output in each case and noting the frequency setting of
the test receiver dial. In each case you are determining the exact
frequency of the receiver oscillator. For each frequency figure the
difference between the readings (in kc.) of the two receiver dials.
Add all these differences and divide by four (the number of settings).
The average difference is then the safest I.F. value to assume as cor-
rect. This method of determining an unknown LF. is simple and
rapid. .

If the receiver gives fair performance, seeming to need only better
alignment to bring back lost “pep,” and if you are fairly certain that
the receiver has not been tampered with, you may directly measure
the LF. value of the intermediate frequency amplifier and use the
value obtained—if it seems reasonable. This direct procedure may be
considered if you do not know the L.F. value. Connect an S.G. to the
first detector by using the connection shown in Figs. § and 6, then
connect an output indicator in one of the ways shown and tune the
S.G. between 100 ke. and 500 ke. The LF. value will be the highest
S.G. test frequency which comes through the I.F. amplifier (lower fre-
quency settings of the S.G. produce harmonics which are of I.F. value
but which are hard to identify). Bear in mind that ILF. values of
130, 175, 262.5 and 465 kc. are in common use; if your measured value
is near one of these, use that standard value instead of the measured
value. It is always wise to select a frequency ending in 5 or 2.5, as this
produces the least harmonic feed-back interference.

Peaking the 1.F. Amplifier—In realigning a super, the I.F. peak
adjustments are independent of the preselector-oscillator tracking
adjustments and can always be made before you decide how to handle
the circuits ahead of the first detector. The simplest procedure is to
set the S.G. to the LF. value, feed this signal into the first detector
and adjust each LF. trimmer in rotation until peak output is regis-
tered on the output indicator connected to the last audio stage.

The usual connections for aligning the I.F. stages are shown in
Fig. 5. Note that the signal generator (S.G.) is connected to the grid
of the first detector and the chassis. As this connection should have
a minimum effect on the input and bias circuit, it is customary to use
a 10,000 to 250,000 ohm resistor connected between the control grid
of the first detector and the control grid cap, and a .001 mfd. con-
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denser connected between the control grid and the high R.F. terminal
of the S.G. The other terminal of the S.G. is connected to the receiver
chassis. Figure 6 gives the circuit of the coupling unit and a sug-
gested assembly of the condenser and resistor, while Fig. 6 shows how
the unit is connected into a super circuit. A direct connection between
the control grid and the hot R.F. signal generator terminal may be
made if the first detector grid return goes to the chassis and the level
of the S.G. is high enough to overcome the shorting effects of the
input circuit.

Several output meter connections are possible. You may connect
an output indicator (an A.C. indicator) into the audio circuit (as
shown by M, in Fig. §) only if a modulated signal is used; you may
employ the tuning indicator if one is used in the receiver; and if the

1ST DETECTOR
10,000 T0 2ND DETECTOR

20,000%
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Fi16. 5. Simplified schematic diagram of typical superheterodyne re-

ceiver, showing one method of connecting S.G. to input of first detector

and three methods of connecting output indicators to set. The poten-

tiometer circuit is sometimes needed to supply the correct C bias when
A.V.C. is disconnected at .

set has no tuning indicator, connect a D.C. milliammeter in series with
the plate or cathode circuit of one of the AVC-controlled tubes (meter
M in Fig. §) or use a D.C. voltmeter ccnnected as indicated by Ms.
All but the first connection will work for either modulated or un-
modulated signals. When starting the I.F. alignment set the S.G. at
the desired frequency, then slowly tune it above and below this value
until you obtain a peak output indication. (This would be indicated
by minimum plate current in an AVC-controlled tube.) This im-
mediately tells you whether the I.F. amplifier is below or above the
desired frequency. Should the L.F. of the receiver be above the
desired value, you know that the trimmer adjustment screws must be
turned clockwise, for more capacity must be added to lower the fre-
quency. Standard trimmers are made in such a way that a clockwise
adjustment increases their capacity,and therefore lowers the frequency
in their resonant circuit. Of course, if this test shows that the IF.
amplifier is peaked below the desired value, the trimmers should be
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turned counter-clockwise. Figure 7 gives the complete story of trim-
mer condensers.

Now that you know which way to turn the LF. trimmers, set the
S.G. exactly at the LF. frequency and turn each of the trimmers
(T4, Ty, Ts and T4 in the example in Fig. §) in the direction indicated
by the previous test, turning each trimmer an equal amount. As the
output starts to respond adjust each trimmer carefully to peak out-
put. Go over all the trimmers at least once after this initial peak
adjustment. If turning one of the trimmers in the direction indicated
by your first test reduces the output, simply turn that trimmer in the
opposite direction.

Sometimes the L.F. is so far off that the S.G. cannot push a signal
through at the correct I.F. value. In this case set the S.G. to the
frequency nearest the rated value which will come through, peak the
LF. trimmers to this frequency, then set the S.G. another step closer
to the correct I.F. value and peak the trimmers again. Repeat until
you are able to peak the trimmers at the correct L.F. value.

The question of peaking AVC supers constantly arises. If you
use a well shielded signal generator, one having an attenuator capable
of reducing the signal output to a very small value, you will have no
trouble in following the above procedure provided that you maintain
the S.G. signal below the AVC threshold value. Almost any reliable
modern signal generator can be used. If you prefer you may use the
visual tuning indicator, if the set has one, as an output indicator; in
this case use a strong S.G. signal. Another procedure involves placing
a milliammeter in the plate circuit of an AVC-controlled tube, as pre-
viously described.

Should the peaking of an I.F. amplifier cause oscillations, it is
wise to check filter chokes, resistors and condensers; check applied
voltages and correct any defects which might result in oscillation
before you attempt to cure the trouble by throwing adjustments off
peak. Of course; many circuits which are intended to be band-passed
cannot be peaked without oscillation. In this case the secondaries of
the L.F. transformers can be temporarily shunted with 25,000 to
100,000 ohm resistors until band-pass adjustments are made. This
will prevent oscillations and allow further preselector-oscillator adjust-
ments.

A Survey of the Preselector-Oscillator Adjustments.—The pre-
selector, which we shall consider as all of the tuned R.F. circuits ahead
of the first detector, must of course be tuned to the incoming signal.
The oscillator must be tuned above or below the incoming signal by
the LF. value. In the broadcast band of a super it is customary to
operate the oscillator at a frequency above the broadcast signal fre-
quency; this holds true as well for the other bands of a multi-band
receiver except at ultra high frequencies, when the oscillator is often
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designed to operate below the frequency of the incoming signal You
can always check the oscillator frequency with the calibrated test
receiver.

It is primarily the oscillator setting which determines whether a
signal shall be passed on to the I.F. amplifier; the oscillator frequency
must differ from the incoming signal frequency by ezactly the L.F.
value. If the preselector is tuned exactly to the incoming signal, the
receiver output will be high; if the preselector is off resonance weak
reception results, and if the preselector is very much off resonance no
reception will be obtained. The oscillator adjustment is therefore the
most critical of all preselector-mixer-oscillator tracking adjustments.

In order to make the station selector dial indicate correctly the
station being received, the preselector must resonate at the dial fre-
quency setting for all points on the dial. This condition is easily ful-
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Fic. 7. Turning a trimmer con-
denser screw clockwise usually
increases the capacity, decreas-
Fi1c. 6. Circuit diagram and ing the frequency of the reso-
sketch of a standard coupling nant circuit. Turning a trim-
unit which can be used to con- mer condenser counter-clockwise
nect an S.G. to the first detector usually decreases the capacity,
control grid of a super with increasing the frequency of the
minimum circuit disturbance. resonant circuit.

filled in a properly designed circuit by setting the station selector
exactly at the frequency to be tuned in, setting an S.G. to this fre-
quency, connecting it to the receiver, adjusting the receiver’s oscillator
for maximum output, and finally adjusting the trimmers in the pre-
selector for maximum receiver output.

Because of the nature of the preselector-mixer-oscillator design
two adjustments, one at a low and one at a high frequency setting of
the station selector, are sufficient to give satisfactory accuracy at all
other points on the dial. Each such adjustment is referred to as a
tie-down point; no less than two tie-down points per band are neces-
sary for a preselector-mixer-oscillator tracking adjustment.

Because of the need for exact oscillator adjustments, both low and
high frequency adjustments are provided; the trimmer mounted on the
chassis and connected in series with the variable condenser is the low
frequency oscillator (or low frequency padder) adjustment. Unfor-
tunately, the preselector has only one adjustment, the trimmer across
the variable condenser, or in the case of multi-band receivers, the
trimmer in parallel with the tuning coils of each band—and this is
used for adjusting the preselector at the high frequency point in the
band. The only preselector adjustment available for low frequencies
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is the bending of the rotor plates in the variable condenser.* You can
eliminate this procedure by choosing a compromise adjustment be-
tween the preselector and dial settings, using a method which is com-
monly called a rocking adjustment. This results in good sensitivity
but at the sacrifice of accurate dial readings. The plate bending pro-
cedure is preferable where accurate results are required, but in an
all-wave receiver it can only be applied in one band; all the other
bands must be rocked into an approximate low frequency adjustment.
This exact procedure should be used for that band in which the cus-
tomer is most interested.

Further improvement in any one band can be made by bending
the rotor plates of the variable condensers in the preselector and
oscillator circuits. It is thus possible to make either a simple or an
extensive preselector-oscillator tracking adjustment, as you prefer.
The procedure you choose depends upon the time you can give to the
job, and that in turn depends upon the maximum charge the customer
will pay.

Bear in mind that some preselector-oscillator circuits have oscilla-
tor variable condenser plates which are cut in such a manner that the
oscillator tracks the preselector without the need for a low frequency
padder; in this case better adjustments are made by bending the rotor
plates.

A Speedy Tracking Procedure.—This is the one most often used
by service men, for it results in a reasonable alignment within a very
short time. It is assumed that the receiver is in good working condi-
tion and the I.F. amplifier has been peaked. The receiver is set to a
high frequency, usually to 1,400 ke. for the broadcast band, and the
signal generator, operating at the same frequency, is connected to the
input of the receiver. An output indicator is connected next; it may
or may not record an output, depending upon how far off the pre-
selector circuit may be. If no output is observed, raise the level of
the S.G. to its maximum value. To secure a tie-down point, turn the
oscillator high frequency trimmer up tight (clockwise) and then slowly
turn it counter-clockwise. Usually you will pass through two peak
output indications; choose the one in which the trimmer is turned
farther out (counter-clockwise), if the oscillator is to operate at a
frequency above the incoming signal (as it does in most cases). Next
adjust the preselector trimmers for peak output. Up to this point the
dial settings of the receiver and S.G. are not changed.

Now set the receiver to a low frequency in the band (preferably at
600 ke. for the broadcast band), and adjust the S.G. to this frequency.
Let us assume a 600 ke. frequency for this example. It is perfectly
possible at this point to adjust the low frequency padder for maximum
output, but will this really be the maximum possible output? It will

*Do not attempt to bend rotor plates unless they are serrated or split.
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be only if the preselector is resonating at 600 kc. In other cases there
will be one setting of the station dial, above or below the 600 ke. set-
ting, at which the preselector will be resonant to 600 ke. If you can
adjust the oscillator low frequency padder for maximum output at this
position you will get the maximum possible output from the receiver.
In making this exact adjustment after the padder has been adjusted
for peak output, shift the receiver dial a small amount and readjust
the padder for peak output. Try several positions of the receiver dial
above and below the 600 ke. dial indication, choosing the one which
produces the greatest output deflection. This can be done so quickly
after a little experience that it appears to be a dial-rocking test;
actually you do not move the dial while the padder is being adjusted.
Some service men prefer to rock the receiver dial back and forth
while first turning the padder trimmer clockwise and then counter-
clockwise, selecting a padder adjustment which gives the maximum
output. After this low frequency adjustment, check and adjust the
high frequency tie-down point.

Each band of a multi-band receiver is handled in the same man-
ner. In an all-wave receiver the high frequency trimmers are not
on the variable condensers, but near the coil circuit that is to be
adjusted. Switching makes each trimmer and padder in a band inde-
pendent of all other bands. When the coils are open at one end it is
a good plan to test each adjustment by using a tuning wand. The
wand tells which way the trimmer or padder is to be turned, eliminat-
ing confusion.

The Multiple Tie-Down Method is quite helpful when a receiver
is badly out of adjustment. A signal generator capable of giving three
or four strong harmonics is connected to the ANT. and GND. posts of
the receiver. Assuming that you are aligning the broadcast band,
adjust the S.G. to a 300 ke. fundamental; this fundamental will also
produce harmonic signals at 600, 900, 1,200 and 1,500 ke., which can
be picked up by the receiver. Set the receiver dial at 900 ke. and
adjust the oscillator low frequency padder and high frequency trim-
mer of the receiver at any one of their possible combination settings to
give highest signal output at this 900 ke. dial setting. Now check at
1,500 ke. (or 1,200 ke.) and also at 600 kc. and note where maximum
outputs are obtained when the receiver dial is rotated near these
marks. The chances are that maximum response will occur at one
side or the other of these settings, showing that improper combination
settings of the padder and trimmer were made during the first trial
adjustment at 900 ke. In this case return the receiver dial to the 900
ke. setting, then increase (or decrease) the padder and also decrease
(or increase) the trimmer adjustments for a new trial combination
which will again give the highest output, at this 900 ke. mark on the
dial. This time when you check again at 1,500 ke. (or 1,200 ke.) and
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600 ke. you will note that the peak response setting of the dial will be
either (1) in closer agreement than during the first test or (2) will
create a greater error than before. If the first case (1) is true, then
you moved the trimmer and padder adjustments in the right direction
during the second trial at the 900 kec. setting. Of course, if you
created a greater error, as in the second case (2), you should move the
trimmer and padder adjustments in the opposite direction.

For instance, you get maximum output in each case at 900 ke.
However, if the responses come in at 620 ke. and 1,190 ke., as shown
in Fig. 84 (instead of 600 and 1,200 respectively during the check-
ing), then this shows that the low frequency padder will have to be
decreased and the high frequency trimmer will have to be increased.
On the other hand, if the responses come in at 580 ke. and 1,210 ke.,
as shown in Fig. 8B, this shows that the low frequency padder will
have to be increased and that the trimmer will have to be decreased
during the next set of trial adjustments at the 900 ke. mark on the
dial. This same method is even more effective on the higher fre-
quency bands. Rotate the padder and trimmer adjustments at 900 ke.
until all three frequencies tune in as nearly correct as possible. Now
you may proceed to align the whole preselector-mixer-oscillator cir-
cuit. This multiple tie-down method is even more effective on short-
wave bands than on the broadcast band.

A Complete Tracking Adjustment.—When the rotor plates of the
tuning condensers are serrated or split, a very complete tracking align-
ment procedure is possible for the band most often used; this will give
the best possible selectivity and sensitivity to the receiver. The pro-
cedure involves making the preselector follow the dial as closely as
possible, tying down the oscillator and preselector at the two usual
points, and finally making a complete tracking alignment by bending
the plates of the variable condensers.

The greatest problem in this procedure lies in making the pre-
selector follow the dial readings. Two methods are in general use;
both involve connecting a modulated signal generator to the receiver
antenna-ground input and removing temporarily the oscillator tube
(or shorting its grid circuit). The receiver dial is set to 1,400 ke., and
the signal generator is tuned exactly to 1,400 ke. The preselector
trimmers are now adjusted for maximum output, using an indicator
connection which will be given shortly. The receiver dial is next
turned until the first section of the split plates meshes with the stator,
and the S.G. is set to the new frequency indicated by the dial. Deter-
mine with a tuning wand whether more or less capacity is needed, then
bend the first section of the split rotor plates in or out as required to
correct the capacity and give maximum output. Bend both outer
rotor plates of each variable condenser if necessary. Repeat this pro-
cedure until all sections of the split rotors have been adjusted.
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One method of determining maximum preselector output in the
above procedure involves placing headphones in the plate circuit of
the first detector. This gives you a simple tuned R.F. receiver, and
the headphones can be used as an output indicator. The other more
preferable method involves introducing a 0-1 or 0-3 ma. D.C. milliam-
meter into the plate of the first detector and tuning for maximum or
minimum deflection, depending upon the type of detector used. A
maximum reading will be correct unless grid leak and condenser detec-
tion is used.

Assuming that the I.F. amplifier has been peaked, set both re-
ceiver dial and 8.G. at 1,400 ke. and adjust the oscillator (which is now

DECREASE PADDER

/wmwn RESPONSE POSITIONS ° INCREASE TRIMMER
ancm\l l/)\‘l CAPACITY
]
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F16. 8A. If maximum response positions are between correct posi-
sions and 900 ke., decrease capacity of low frequency padder and
increase capacity of high frequency padder.

mcw:: PADOER /umuuu RESPONSE  POSITIONS- umﬁi‘c"’:"’“m
T | I
600 K.C. 900 K.C. 1200 K.C.

F1c. 8B. If maximum response positions are less than 600 ke., and
greater than 1,200 ke., increase the low frequency padder capacity
and decrease the high frequency trimmer capacity.

placed into operation) by means of its high frequency trimmer, using
an indicating meter in the cathodc circuit of an AVC-controlled tube
as your guide. Make a second tie-down adjustment at 600 ke., adjust-
ing the oscillator low frequency padder. At this frequency the rock-
ing adjustment is omitted, as we know that the preselector is tuned
exactly to 600 ke.

Finally, set the station selector so the first section of the variable
condenser plates meshes with the stator, set the S.G. exactly to the
receiver dial frequency reading, and bend the oscillator rotor plates
for maximum output. Repeat for each other section of the plates in
rotation. You can check the alignment of the preselector with the
tuning wand and make further bending adjustments if they are
necessary.

The same procedure applies to any band in a multi-band receiver,
but remember it can only be applied to one band in any one receiver.
It is customary to choose the broadcast band if the customer does not
indicate which band he prefers ‘“pepped up,” making all other band
tracking adjustments by means of the two tie-down adjustments.
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ADJUSTING DOUBLE SPOT TUNING SUPPRESSION
CIRCUITS

The adjustment of the double spot tuning trap shown in Fig. $4 is quite
simple. The signal generator is connected to the receiver input and set to a
high test frequency, about 1,400 ke., and the preselector of the receiver is
adjusted for maximum output at this dial frequency indication. Now the
station dial is set to the second tuning spot, a frequency equal to the station
frequency minus twice the L.F. value. For example, in the case of a 130 ke.
L.F., this would be 1,400 minus 130 minus 130, or 1,140 ke. Now increase the
output of the S.G. and adjust the double spot trap trimmer Cr to give
minimum receiver output. Return the receiver to the 1,400 ke. setting and
adjust the preselector high frequency trimmer Car in the trap circuit for
mazimum output. Repeat these adjustments until further minimum and
maximum changes cannot be obtained.

ALIGNING SUPERS HAVING REGENERATIVE SECOND
DETECTORS

In some inexpensive superheterodynes the second detector is regenerative.
The amplification and selectivity so gained makes it possible to omit the I.F.
amplifier tube and still obtain fair results. In such a set the output of the
first detector is fed through the LF. transformer into the second detector
input. The second detector circuit is shown in Fig. 9, the remainder of the
receiver being conventional in design. When aligning a set of this type the

%m% I

§ST DETECTOR 2ND DETECTOR
REGENERATION

Fic. 9. Typical regenerative second detector circuit used on some
inexpensive superheterodyne sets.

regeneration condenser is adjusted for minimum capacity (least regeneration)
and the LF. trimmers for maximum signal output. The regenerative con-
denser is then adjusted until a squeal or howl is heard, after which the control
is backed off just enough to stop the howl without reducing the output too
much. Adjust the LF. trimmers and regeneration condenser again. Regenera-
tion condensers are generally controlled by a fibre nut which may or may not
be colored red.

Whenever the second detector tube is changed, readjustment of the
regeneration control is necessary. Do not go through the entire alignment
procedure; just throw the set into regeneration, back off the control until
regeneration ceases and give the control an extra %, turn in the minimum
capacity direction.
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TEST QUESTIONS

Be sure to number your Answer Sheet with the number appearing

on the front cover underneath the title of this text.

Place your Student Number on every Answer Sheet.

Never hold up one set of lesson answers until you have another

ready to send in. Send each lesson in by itself before you start on the
next lesson. In this way we will be able to work together much more
closely, you'll get more out of your Course, and you will receive the
best possible lesson service.

1.

10.

In what section of an all-wave receiver would you expect to find
the defect, when all bands except one give satisfactory reception?

. If a super loses both “pep” and adjacent-station separating ability

over the entire tuning range when receiving semi-local stations,
where in general would you expect to find the defect in the circuit?

. In an all-wave receiver what stage is the central checking point

for defective stage isolation when ane or more bands are dead?

. If a super using a tetrode tube as a combination detector-oscillator

responds weakly or is dead at the low frequency end of the broad-
cast band, what would you check before condemning preselector-
oscillator tracking?

. In using a tuning wand to check the adjustment of a trimmer,

what trimmer adjustment is indicated if inserting the brass end
of the wand increases receiver output?

. How could you quickly reduce image or double spot tuning inter-

ference if only one local station was causing the trouble?

. What procedure would you use to eliminate I.F. harmonic feed-

back when you could not readily locate the circuit defect which
was to blame?

. What trouble causes most of the distortion or poor quality in a

super, especially when feed-back is just starting?

. Which preselector-mixer-oscillator crcuit tracking adjustment is

the most critical?

State the least number of tie-down points per band which are
necessary to make the oscillator track with the pre-selector in a
super which has a low frequency padder in the oscillator circuit.
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10.

Servicing Broadcast and All-Wave Superheterodynes. No. 40 RH-1

The defect would be in the preselector-mixer-oscillator coil section or in the
switches belonging to the band which is "dead.”

In the I.F. alignment or in the I.F. signal circuits.
The first detector.

The C bias to the oscillator section of the tube.

This test indicates that less trimmer capacity is needed; the trimmer must
therefore be turned counter-clockwise (in most cases).

Use a wave trap.

Shift the I.F. frequency about 5 kc.

A sharply peaked I.F. amplifier. t
The oscillator adjustment. N
Two tie-down points. ’
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INTRODUCING AUTO RADIOS

The radio training which you are receiving not only pre-
pares you for a career as an expert in your chosen field of
Radio, but also gives you that important knowledge of fun-
damentals which is necessary to master the many specialized
branches of Radio. Auto radio, aircraft radio, police radio
marine radio, and even television have much in common
with the familiar entertainment receiver. In the lesson texts
and reference books dealing with these specialties, then, you
will study only those few special features which are charac-
teristic of each particular branch.

Auto radio, one of the most important and fastest grow-
ing of these sidelines of Radio, is taken up in this text. Police
patrol car radio is merely an extension of the familiar auto
radio. You will be pleasantly surprised to find that you need
extend your present knowledge only a little to master this
subject. Think of an auto radio as simply an ordinary home
receiver having a special type of power supply and a few
differences in mechanical details of construction.

Your success in any new field depends upon your mastery
of fundamentals. J. E. SMITH.
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How to Install and Service

Auto Radios

To be sure, an automobile radio is different from an ordinary
home receiver, but the differences are not as great as most serv-
icemen think. The physical and electrical differences are neces-
sary because of the special conditions that present themselves
in an automobile. Furthermore, these conditions impose special
installation problems. Before we consider the problems of in-
stalling and servicing peculiar to a mobile (car) radio, let us
analyze the general design features of auto radios. By revealing
that the differences are relatively unimportant, you will acquire
greater confidence in doing automobile radio service work. You
should, as experts are required.

HOW AN AUTO AND HOME RADIO DIFFER

An automobile is a “hotbed” of man-made static. Then too,
a modern car has a total steel body and if you have ever tried
to operate a home radio in a steel building using a wire around a
window as the pickup you will quickly realize how little signal
energy is available. Furthermore there are only two possible
sources of power, the engine and the car battery. The car engine
is not an ideal source as it can only be used when the car is
active. As people may even want to operate their auto radio
when parked, the car battery is universally used. On the other
hand, the battery is charged by the generator coupled to the
engine, so the engine is actually the ultimate source of power.

“Now let us take up some of the details that go to make a
reliable automobile radio. It is easy to understand why a car
must be tightened and the parts inspected regularly. Constant
road shock and engine vibration loosen the parts of the car.
Aside from the fact that this condition detracts from comfort-
able driving, it cannot be allowed to exist if good radio reception
is desired. A car must always be tightly assembled. If ordinary
usage will loosen up a car, what would it do to an ordinary radio
chassis? It is needless to say that it would not stand up. Con-
sequently an auto radio must employ a welded, riveted and locked
bolt construction. The parts should be small to prevent undue
vibration.

Space in a car is limited, so the receiver must be compact.
Unfortunately some designers have overdone this idea of com-
pactness. Auto radios should be designed as compactly as pos-
sible without destroying accessibility to the parts when repairs
are required.
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The ignition and electrical systems of automobiles are per-
fect generators and radiators of damped radio waves; and the
noise picked up by an ordinary receiver when placed in a car
would be unbearable—reception would be ruined. For this
reason, an auto radio is not only compact and sturdily built but
extremely well shielded. In fact, the chassis and speaker are
placed in heavy metal boxes.

A pickup system is, of course, required. The ideal automobile
antenna is a wire mesh placed in the roof of the car, naturally
insulated from the body which in turn is used as the counter-
poise or ground. There are other alternative antennas, less effec-
tive but often employed. The antenna may be a plate placed
under and insulated from the running board. Usually two are
used, one under each running board, both plates connected to-
gether. Another scheme is to use a V arranged antenna wire
under the car, the point of the V anchored to the transmission
housing. Even in the latter two cases, the body or car chassis
is used as the ground. A large proportion of the new cars are
delivered with a roof antenna already built into the automobile;
most old cars require an antenna installation.

An automobile antenna system at best can only be a poor
collector of radio signals. This weak pickup can only be com-
pensated for by a sensitive radio receiver; in fact, a sensitivity
of 1 microvolt for 50 milliwatts output is not unusual. Further-
more, this sensitivity must be automatically controlled. A car
is a movable object being first in an area of high signal level and
an instant later in a poor signal zone. Cars ride over buried
pipes, trolley car tracks, under and over bridges and in cities
first among high and later small steel buildings. On an open
road the pickup is the best, yet the car may be moving to or away
from the station tuned in. A sensitive automatic volume control
is an indispensable feature of a good auto receiver.

The designer has been forced to resort to the use of multi-
function tubes and the superheterodyne circuit in order to obtain
sensitivity combined with compactness. Thus you will find the
pentagrid converter; the duo diode triode or pentode; the double
tube of which one part is used as a detector, the other part as an
LF. or AF. amplifier; and, the twin output tube extensively
employed. Reflex circuits are not uncommon, and the only rea-
son for their use is to cut down the space required for an extra
tube. Multiple functions of tubes, of course, reduce the amount
of power supply required.

Now let us consider the important problem of power supply.
It has been already stated that the 6 volt car storage battery is
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the ideal source. To feed the tube filaments directly from the
battery required the design of a new series of tubes whose fila-
ments would operate at 6 volts. The 6.3 volt series of tubes were
originally developed for automobile service. Because the battery
when charged may be well over 6 volts, the value of 6.3 was
chosen so under normal conditions the tube filaments would not
be overloaded. These tubes work well if the voltage of the
battery varies from 5.9 to 6.5 volts. They are ruggedly designed
to take road shock and car vibration.

Early in the art, the B and C voltages were supplied by B
and C batteries. It was quickly recognized that constant replace-
ment was a nuisance as well as far from being an economical
procedure. Too many replacements discouraged the purchase of
automobile radios. Still using the car battery as the primary
source of power, three of the methods originally developed to
change 6 volts D.C. to higher B and C voltages became standard
practice. These methods are:

1. A midget D.C. motor-generator weighing not more than
10 pounds was designed to be placed under the seat or floor
boards near the driver to convert 6 volts D.C. to 180 volts or
more D.C. Lower D.C. voltages are obtained with the familiar
resistance voltage divider. A simple brute filter is connected to
the generator output to smooth out or remove commutator
ripples or current fluctuations.

2. A step-up transformer is connected to the car battery,
the primary current interrupted by a vibrating reed having con-
tacts to open and make the circuit. The reed may be mag-
netically actuated by the core of the step-up transformer, or as is
more usual, by a small electromagnet built in with the reed. The
latter is nothing more than a high grade buzzer. The A.C. volt-
age of the secondary is then rectified by a diode rectifier tube,
the pulsating current filtered by a coil-condenser arrangement.
Again, various D.C. voltages are obtained by means of a voltage
divider. Usually, the entire high voltage supply system is built
right onto the chassis of the receiver.

3. A scheme similar to method 2 is used except the tube
rectifier is replaced by a mechanical rectifier. This is nothing
more than a relay to close the secondary circuit when the pri-
mary is closed. In the case of a full wave mechanical rectifier
both the primary and secondary are center tapped, the respective
primaries and secondaries closed simultaneously by contacts on
the same reed vibrator. The secondary voltage is fed in the same
direction or with the same polarity to the brute filter.

Designers thoroughly recognize the need of conserving the
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charge in the storage battery. Multifunction tubes and reflex
circuits keep the filament and plate current load down to a min-
imum. Another very important way of conserving power is to
use a class B push-push output stage. Thus the largest load in
the receiver, the power furnished the output stage, is low until
large output levels are desired. To keep the car battery at full
charge, it is usual to advance the charging rate of the car battery
generator.

Now that you are familiar with the general features of an
automobile receiver, we may proceed to the problems encountered
in servicing. The two main phases of this work are installation
and servicing, and the former will be considered first.

INSTALLATION OF AUTO RADIOS

The problem of installing a car radio, assuming, of course,
that a proper receiver selection has been made, includes three
important steps. First, if the car is not already equipped with
an antenna, one must be installed. You can quickly tell whether
the car has an antenna. Examine the wires in back of the in-
strument or dashboard and look for an antenna lead wire that
is probably coiled up to be out of the way. This wire should
lead down from the roof and will usually be found at the right
or left windshield post, most likely at the battery side. Either
an ordinary or shielded lead wire will be found. To be sure that
it is in order, connect an ohmmeter between the lead and the
car chassis. No reading should be obtained.

The second phase of the installation problem is really con-
sidered before the antenna is installed but actually performed
second in order. We are now referring to locating the best posi-
tion for the radio, the proper attaching and the connections. A
good deal will depend on the kind of an auto radio that is being
installed.

The final and at times the most vexing step is the elimina-
tion of interference. Because there is no one cure for noise, the
customary procedure is to follow a generally accepted scheme or
plan of noise suppression, employing the standard or approved
methods. This is then followed by special or even trick methods
of noise elimination. All this will be considered shortly, as we
plan to take up these three phases of installation in the above
order.

ANTENNA INSTALLATION. As was previously ex-
plained, car aerials may be divided into two main classes: 1, roof
antennas; and 2, sub-chassis antennas. It should be stressed that
the roof antenna is considered the most satisfactory type and is
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quite easy to erect if you possess a fair degree of mechanical
skill. As one serviceman puts it, the only hazard is the mental
one. If you feel that you lack confidence or skill, have an auto
top repair man do the top work while you do the electrical part
of the installation. However let us consider the complete job,
and the procedure you take will depend on the top construction.
There are, in general, five types of automobile tops to consider,
namely: 1, slat; 2, poultry wire; 8, fabric; 4, metal brace; and 5,
folding tops. We will consider the antenna installation for each
of these tops and in the order mentioned.

ROOF ANTENNAS, Slat Top. The most frequently en-
countered top construction consists of conventional wood bows
running across the top; and slats or laths nailed to the top of the
bows, spaced a small distance apart, run lengthwise. The slats
are covered with padding before the weatherproof top is fastened
on. Inside the car, a head lining (the fabric over your head) is
fastened to the bows by listings. The latter is usually nothing
more than a one or two inch wide cloth tape, one edge of which
is sewed across the inner side of the head lining while the free
edge is tacked to the side of the bows. The edges of the head
lining are covered by trim or moulding of various sorts in order
to conceal the raw edges.

To install the antenna, first remove the moulding over the
windshield. This is generally held in place by three or four
machine or wood screws. Remove the trim, starting at the wind-
shield and working back over the door to the rear of the car. The
head lining may now be removed by pulling out the tacks which
hold it to the front and sides of the car and to the roof bows.
The head lining is lowered by removing the tacks driven through
the listings. Of course, you need only lower the head lining back
to where the rear metal body, called the apron, starts.

For the antenna material, use a copper screen approximately
36 inches wide and with an 8 to 16 mesh. In tacking this screen
to the top bows bear in mind that the head lining listing strip is
tacked to the side of every second or third bow, see Fig. 1.
Therefore, it will be necessary to tack the screen to the side of
these bows instead of to the bottom. Start at the back of the
car and tack the screen to the bow at the rear, about 3 inches
from the metal apron in the back of the car. Should the car be
equipped with a dome light, it will be necessary to cut a hole in
the screen around the dome light. The screen should be at least
3 inches from the dome fixture and wires. The edges of the hole
should be soldered or the ends of the wires curled up, to prevent
loose wire strands from projecting through the head lining. If
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the leads to the dome light run toward the windshield through
the center of the top, they should be re-routed in such a way that
there will be a minimum of coupling between these leads and the
antenna screen. When the entire screen is securely tacked to the
bows it should be tested with an ohmmeter to make sure it is not
grounded. Also examine it to be sure it does not extend closer
than 3 inches to the metallic body around the top of the chassis.

A shielded lead-in should be soldered to the front edge of the
antenna nearest the side on which the set is to be mounted. Re-
move the shielding from the wire for a distance of about 3 inches
and securely tape it for prevention of any possibility of a future
ground. The lead-in wire should be concealed behind a section of
the windshield or front door trim to make it invisible. It is
worth while to note that the shielded lead-in aids in eliminating
the motor noise pickup, but that at the same time it decreases
the signal voltage applied to the set due to the capacity it intro-
duces between the antenna and ground. If the shielding is too
near the central or lead wire, an excessive loss of energy will
occur. Therefore, a shielded wire as short as can be used with
as thick an insulation between the conductor and the shield as
can be secured, is the best compromise. The shield on the lead-in
must be grounded (bonded) to the body of the car near the
antenna and also near the instrument board. Do not ground the
shielding to any part of the car which is not bonded (connected
to a part of the body), otherwise motor noises may be introduced
into the lead-in. If the instrument board is not grounded you
should bond it to the car chassis.

Poultry Wire Tops. There is a type of top construction
which has a heavy, galvanized wire mesh welded to the body
around the top, the top covered with padding and the weather-
proof material. The underside is lined with fabric. We have
cailed it the poultry wire top construction. There is some ques-
tion whether the mesh should be opened at the edges or a sub-
chassis antenna used. Then too, there is the construction where
the poultry wire is also supported by wood cross bows. In the
latter case it is perfectly possible to free the mesh, electrically.
Perhaps the mesh is already free. This may be tested with an
ohmmeter, connecting one of its probes to the chassis; the other
probe, a long needle point, is pushed through the head lining and
to the mesh.

If the poultry wire is grounded, it will be necessary to free
it from ground. This is done by removing the head lining as we
have already described and cutting a three-inch strip from the
poultry netting away from the four sides of the top. The part
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to be used for an antenna should then be checked again to be
sure it is free from ground. Where a support for the freed mesh
is required it should be laced to the portions remaining in touch
with the car with a strong waxed cord and in several places on
each side. The shielded lead-in may be connected in the usual
manner,

If, when you first make your ohmmeter test you find that the
poultry wire is not grounded, it is only necessary to attach the
lead-in wire to use it for an antenna. Then, you will only have
to let down a small edge of the head lining te get at the wire.

Fabric Strip Tops. Some automobiles have a top construc-
tion very _similar to the slat construction top except that muslin
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strips instead of wooden slats are employed to keep the top
padding material in place. In some cases the wire screen for the
antenna may be slid between the roof bows and the muslin strips
and tacked in place at the sides of the first and last roof bows.
If, however, the muslin strips are tacked at the top of each bow,
the screen antenna should be tacked to the bottom and sides of
the bows just as explained under slat top construction. The
lead-in should be attached to the antenna in the usual manner.
Metal Brace Tops. Some automobiles have two diagonal
metal braces running from corner to corner and crossing in the
middle. These braces are usually grounded to the metal frame
at the front of the car and are supported at the wooden frame
in the rear of the car. Before the antenna is installed, these
braces must be electrically freed or the installed antenna will be
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very inefficient. This can be done by disconnecting the braces
from the front of the car and drilling the holes larger to permit
an insulated sleeving to be slipped over the mounting bolts. Use
large fibre washers under the bolt head and nut and between the
brace and the body. The antenna screen may then be slipped
between the metal braces and the roof bows. The screen must
be soldered to the metal braces in several places. If you do not
do this, contact will be made and broken while the car is being
driven over rough roads, causing noise in the radio reception.

In a few cars, a metal brace will be found in the center of
the roof, replacing one of the roof bows. The antenna screen
must in this case be cut in half and two independent pieces in-
stalled, one in the front of the car and one in the back. These
two separate antennas should not come closer than three inches
to the metal brace or to any other metal part of the roof. The
two screens are electrically connected together in two or three
places with well insulated jumpers (wires) and the shielded lead-
in connected in the usual way.

Folding or Convertible Tops. A last and final type of top
construction which you are apt to encounter is the folding top.
It will be found in roadsters, touring cars, convertible coupes,
and convertible sedans. The wire screen cannot be employed
because it does not have sufficient flexibility to permit the top to
be easily folded back. A top of this type requires a regular wire
antenna. Although the antenna surface in this case is not as
large as in the case of a sedan (closed car) it is equal to or better
than a good roof antenna because there is not the shielding effect
of the metal body and roof apron to contend with.

To install the antenna in the roof, remove the tacks that hold
the top material to the front bow over the windshield and lay the
top back. This will expose the cloth pad on each side of the top
bows. It is to these pads that the wire antenna is to be fastened.
Use about 75 feet of number 18 rubber covered stranded wire and
starting near the windshield, run the wire the -entire length of
the cloth pad, holding it in place with thread in an individual
knot, about every six inches. The wire should be run back and
forth on the pad until six or eight rows of wire about an inch
apart are fastened to one pad. The wire is then tacked across
one of the roof bows and operation repeated on the opposite pad.
The lead-in which is not totally shielded in this case is connected
at the rear of the top, brought down in the rear behind the back
seat and through the floor, in such a manner as not to interfere
with the operation of folding the top back. The lead-in wire
must have heavy, weatherproofed insulation to prevent it from




grounding to the chassis under the car at some future date.
Thick insulation keeps the lead-in wire itself away from the
chassis, thus reducing the capacity to ground. The shielding on
the lead-in should start about 1 foot from the storage battery
and should be grounded in two or three places to minimize motor
noise pickup.

COURTESY WARD PRODUCTS CORP.

FIG. 2. Typical ¢ ing board for auto radios. A—Ward “Twin

Marvelwave” aerials, one for the underside of each running board, consist of

imium-plated d togeth y an insulated wire. B-—Ward

““Sereamline’’ aerial, a single unit. C—Ward ‘‘Magic-Ski” antenna, which may

be used singly or one under each r‘unning board; brackets are adjustable. D—-

Ward ““Magic-Super” aerial with pick-up flap which, according to manufacturer,
improves pick-up of ground wave.

The wire type roof antenna is recommended for cars having
a folding top, when the top is to be used up most of the time. It
does not give sufficient pickup in most cases when the top is
down, because then the antenna is too close to the metal body of
the car. If the top is to be folded back about half of the time, a
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sub-chassis antenna should also be installed with a single-pole-
double-throw switch to change from one type of antenna to the
other. If the top is to be down most of the time, a sub-chassis
antenna alone should be installed.

SUB-CHASSIS ANTENNAS, Running Board Antenna. A
running board antenna is a very popular type of sub-chassis
antenna. Several are shown in Fig. 2. These antennas are only
about 50 per cent as effective as a roof antenna. They are gen-
erally used in pairs, one being bolted or clamped to the under
side of each running board as far below it as possible. The
shielding of the lead-in begins very near the plate, covered
screen or rod antenna, the shield usually being connected to the
running board. Always follow the directions the manufacturer

SHIELD GROUNDED -4
TO “S" HOOK
WHICH FORMS

GROUND THROUGH

CAR FRAME

UNIVERSAL
AUTO-ANTENNA

FIG. 3. Lynch coil-spring type under-car auto radio antenna.

SHIELDED LEAD TO SET TRANSF.

supplies with running board antennas. They should be protected
against slush and mud by a slush guard on the front fender, and
should be connected together with a heavily insulated weather-
proof wire at the rear, for best results.

The Wire Sub-Chassis Antenna. Many auto radio techni-
cians prefer to mount the antenna under the car chassis. One
insulator is fastened to the fly-wheel housing, one is attached
near each wheel of the rear axle housing, and a wire is strung
through the insulators to form either a “V” or a triangle an-
tenna. The shielded lead-in wire is connected to the antenna at
the forward end.

An improved type of sub-chassis antenna, shown in Fig. 3,
consists of coil springs placed in water-proof cases, each end of
a coil being attached to but insulated from a mounting hook.
Two coils are generally used on a car, being strung between the
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rear axle housing and some convenient point under the front of
the car, such as the transmission housing or cross I beam. The
forward ends of the coils are connected together by a heavy in-
sulated wire, the shielded lead-in being attached to one end of
this wire. An antenna transformer is used by some at this
point, for it gives a slight gain in signal strength. A “V" an-
tenna is obtained when the front ends of the coils are mounted
together; the lead-in is then attached to the apex of the “V.”
Exposed Antennas. Any one who is familiar with the per-
formance of auto radios knows that a wire a few feet long, ex-

FIG. 4 (left). Bracket which clamps to bumper ot
car and supports ventical rod type of car radio
antenna.

FIG. 5 (below). Tuabular antenna which mounts
above metal roof of car, being held in position by
rub:ur suction cups which are cemented to the car
roof.

sout 3" STsuunoEs HOLE DRILLED

T 3 N

A AR / THROUGH TOP
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LEAD-IN MAY
BE ATTACHED
HERE IF
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tending out from the car, gives far better pick-up than a stan-’
dard car antenna. The exposed antenna is practically the only
one which can be used for transmission and reception of short-
wave broadcasts.

Although a quarter-wavelength long metal rod is best for
ultra short-wave police work and other mobile installations, an
antenna of any reasonable vertical height is satisfactory for re-
ception in the broadcast band. Figure 4 shows how one com-
mercial type of auto pole antenna is attached; the pole is made
in sections, and can be adjusted to the desired height.

Another type of exposed antenna, shown in Fig. 5, is com-
ing into favor among owners of modern streamline cars, for it
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tends to conform to the lines of the car. Stand-off insulators are
mounted on rubber suction cups which are cemented to the top
of the car; these insulators support the flexible chromium-
plated metal tube which serves as the antenna. The lead-in wire
is attached to one end of the tube.

Cars with Steel Tops. Although the built-in roof antenna
is the best of the concealed auto antennas, it obviously cannot
be used on cars which have solid steel tops. With these, the
spare wheel bracket at the rear or the rear bumper often is or
can be insulated from the car by enlarging the mounting hole
and setting in insulating bushings and washers; the entire
bracket and metal tire cover or the entire bumper then serves
as the antenna, the shielded lead-in wire being connected to
these at some convenient point. In other cases, the serviceman
must either use a subchassis type antenna or an exposed antenna.

MOUNTING THE RECEIVER. The Best Position. The
actual mounting of the receiver is not a difficult job, but does
require a little thought. To begin with the receiver must be
located so it will be: 1, easy to tune; 2, accessible when repairs
are necessary; 3, out of the way of the occupants of the car; 4,
away from noise sources; and 5, placed where it is not exposed
to the heat of the engine, not exposed to the weather and not
subject to wide changes in humidity and temperature. The best
general position has been found to be one on the passenger side
of the engine partition or bulkhead and behind the instrument
panel. This location is now standard.

Of course, the exact position at the passenger side of the
bulkhead will vary with the physical design of the receiver and
the space arrangement under the instrument panel.

1. To begin with you will encounter the compact radio unit
now quite extensively in use. The entire chassis with its power
unit is built into a metal case, usually finished in crystalline
black. Tuning and volume controls, the off-on switch (key type)
are usually placed at the end of the box and the receiver clamped
to the dashboard with brackets so the controls are in the same
plane as the instrument board. This receiver should be placed
near the battery side of the car; the lead-in brought down, and
the battery leads extended up at the same corner. Some service-
men are willing to sacrifice short leads for a position usually to
the right of the steering wheel so easier tuning is possible,

2. A more widely sold type of automobile receiver is the
compact unit having a remote control unit mounted usually on
the steering wheel post or on the instrument board. The ten-
dency in design is to the latter mounting, especially in receivers
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made for definite cars. A remote control unit is popular because
the receiver may be placed in an out of the way position yet the
controls are within easy arm reach. Fig. 6 shows this type of
receiver and the possible receiver positions. Positions 7 and 2
are both good. Position 8 is not to be used unless the customer
insists that the box be out of the way or space does not permit
either of the other two locations. When the receiver is bolted
to the bulkhead, as in position 2, it will be wise, if space permits,
to locate the receiver near the battery and place the antenna
lead-in at that corner. Many auto radio receivers now have con-
trol units which are matched with and fit into the dash.

8. Receivers have been and probably will be made with a,
separate control, receiver chassis and extension speaker units; b,

CONTROL UNIT- \/§I\' n
FLEXIBLE DRIVE Jmﬂ'
g

Fl() 6 COURTESY WELLS-GARDNER

with a separate control, receiver, speaker and B supply units.
Always locate the control unit on or near the steering wheel; the
chassis near the center of the car under the dash, bolted to the
bulkhead ; and the B eliminator near the car battery, preferably
under the seat. The speaker may be located in any convenient
place although when it is placed behind the dash it should not be
blocked by the instrument board. A typical case is shown in
Fig. 7. Note the extensive use of shielded lead wires and cables.

Now we may consider the problem of mounting an automo-
bile receiver. When it is necessary to drill holes in the bulkhead
use the drilling template furnished with the set by the manufac-
turer or if a template is not available make one out of heavy
cardboard. The template is made by placing it against the
mounting surface of the receiver or brackets and marking the
holes on the cardboard. They are then cut or punched out, and
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after checking with the chassis serve as an accurate drilling
guide.

The drill should either be of the heavy hand variety or
electric—the latter is preferable when much installation work
is to be done. The drill bit assortment should run from 14" to
14" in diameter.

Never allow kinks or sharp bends to oggur in the mechanical
cable. Most controls are equipped with set screws, in addition to
mounting clamps, and after the clamps have been tightened in
place, screw down the set screws so they make a firm contact in
the metal of the steering column. The cable is to be securely
fastened in such a way as not to interfere with any of the me-
chanical controls of the car.

The Electrical Connections. The connection to the battery
is usually a very simple job as the majority of modern receivers
are completely self-contained, the speaker and B unit being built
into the cabinet along with the chassis. Most sets have two
leads, in addition to the remote control cables. These are the
antenna lead and the “hot A” lead to the ungrounded side of the
car battery. It is the general practice to connect the “hot A”
lead at the car ammeter, so the ammeter will register the drain
of the set. The connection to the grounded side of the battery
is made through the grounded chassis of the set. Naturally this
means that the chassis should be bolted to holes which have had
the paint scraped off around the hole. Some manufacturers
furnish two A leads and these should be connected directly to the
car battery. The leads are marked to simplify connections.

On some receivers the polarity of the car storage battery
is important. Most sets are designed for operation in a car in
~which the negative side of the storage battery is grounded. When
confronted with an installation where the positive lead of the
storage battery is grounded, reversal of the B eliminator con-
nections is usually necessary. Note that we say usually because
in some sets polarity is unimportant. Always follow the set
manufacturer’s instructions in regard to battery polarity.

Where separate speaker or B supply units are encountered
you will probably find prepared shielded extension cables. Then
too, you should by now be sufficiently familiar with radio to con-
nect a speaker or power supply. The connections are no differ-
ent than on home receivers except the shielding feature. Now
that the supply connections have been made, connect the aerial
lead-in, the lead wire to ANT post, the shield to the case.

One point in auto radio installations which may cause you
some thought is the additional drain put on the car battery by
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the radio apparatus. This can be compensated for by advancing
the charging rate of the car generator. Auto charging gener-
ators usually have three brushes under a removable metal plate
on the generator. To advance the charging rate move the third
brush (the smallest and movable one) in the direction of the
armature rotation. To adjust, turn on head lights, the radio and
advance the charging rate about 3 to 5 amperes. Now turn the
radio and lights off, and be sure that the charging rate is not over
20 amperes. If the second test shows a lower charging rate, the
brush on the generator may be advanced further. The motor
should at all times be running at a normal rate.

When a set is installed in the car and connected to the aerial,

FIG 7 COURTESY WELLS-GARDNER

is the job done? No indeed, it’s only half finished. There still
remains the important task of removing the noise interference.

INTERFERENCE ELIMINATION. Before we consider
the methods employed to eliminate interference set up in an auto-
mobile, let us first get in our minds a clear picture of just what
it is that creates the trouble. The trouble centers around the
sparking that takes place at the distributor, spark plugs and the
generator. Or in fact in any spark that may occur because of
a poor connection or due to the accumulation and discharge of
static electricity. For example a tire, especially in a dry atmos-
phere, may develop a charge which will spark over to the rim.

Of course, you know that a spark is the result of a difference
in voltage between two points, great enough to ionize the inter-
vening space, causing a discharge. Associated with the spark

16



gap, are wiring or leads which act much like a doublet or Hertz
antenna, that is, as resonant circuits. They are also radio fre-
quency signal transmission wires. Thus there are created sharp
changes in current which travel down the wires. At the same
time damped high frequency currents are created which are fed
to the entire chassis structure and automobile wires. These
damped high frequency currents radiate radio waves that create
interference if they get into radio receiver circuits. The main
problem of noise interference resolves itself down to methods of
preventing the created spark from sending strong electric im-
pulses through the associated circuits and the body of the car.
To be sure, the entire electrical system including distrib-
utors, generators, spark plugs, spark coil, and cables, could be
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placed in shielded compartments or flexible cable shields as is
universally now the practice in aircraft radio installations. It
is not done in cars because the cost is prohibitive. Hence it is
your duty to locate the origin of the spark and actually destroy
the surge of current before it can get into the rest of the system.
Several schemes are used to suppress interference currents due
to sparking. Choke it out with a series r.f. choke coil, suppress
it by a series resistor, or bypass it to the chassis with a con-
denser. If the spark is not essential in the operation of the car,
then stop the spark or greatly reduce its strength. The only
condition where a condenser may be used to bypass a surge is
where destroying the spark does not affect the operation of the
car engine, as for example at extensions to the dome light or at
the brushes of the charging generator.

To apply the usual methods of interference elimination it is
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essential that you know something about the electrical system.
You must know the location of the distributor, spark plugs, spark
or ignition coil and the generator. Figure 8 shows the ignition
or spark creating system so essential for engine operation.
Observe that the spark plugs are at the top of the exploding
chamber of each cylinder which is fed gasoline in a gaseous state.
The creation of the spark explodes the gasoline and creates the
downward thrust on the piston that motivates the car.
Analyzing briefly the circuit shown in Fig. 8, we start with
the car battery, one terminal of which is connected to the chassis.
The other terminal called the “hot A” feeds through the am-
meter, to the ignition switch, through the primary of a step-up
transformer, through a circuit chopper or interrupter and finally

suppresor

Suppressor

to the chassis. The interrupter is rotated by the engine and
there are as many breaks per rotation as there are cylinders.
Thus for every stroke of a piston a high voltage is induced in
the secondary which is fed to the correct spark plug by the dis-
tributor (an automatic distributing switch) and through the
engine block to the chassis. The high voltage creates the spark
which explodes the gas. Of course, the distributor and inter-
rupter are mounted in a single unit as they work together in a
definite manner. A typical assembly is shown in Fig. 9.

Now for a little more detail of the ignition circuit shown in
Fig. 8. Observe that the generator G has a mid-brush B, which
controls the charging voltage by controlling the generator field
voltage. The generator is connected across the battery through
a charging relay (cutout) which works as follows: With the
ignition switch off, the armature A is held away from the core
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by the spring. Thus contact K is open and the battery cannot
discharge through the generator. The motor is started by clos-
ing the ignition switch and operating the starter. As the voltage
of the generator builds up, current through a high resistance
winding F, increases and pulls armature A to the core, closing
contact K. Now the generator charges the battery, causing cur-
rent to flow through a heavy wire coil F';. Coil F'; produces mag-
netism in the core to aid F, in holding the armature and keep-
ing contact K closed. Now, if the generated voltage drops below
the battery voltage (as when the car engine slows down), the
current flow through F, will reverse (as the battery feeds cur-
rent into the generator), the two relay coils will oppose each
other, and the armature will be released, opening contact K.
Sparks, of course, are produced at the generator brushes
and contact K. We may neglect the interference created at K as

FIG. 10. The generator Sfilter
condenser is here connected di-
rectly across the generator. The
connection shown in Fig. 8 for
this d (Cy) is i
gtefened. and is secured simply
y connecting the single con-
denser lead to the other terminal
of the cutout. The other con-
denser terminal is its metal bous-
ing, and this is automatically con-
d to the frame by
the condenser mounting bracket.

it is only at rare intervals and should not be annoying. Sparking
at the generator brushes is continuous and objectionable and
the current rushes should be eliminated by a bypass condenser
as shown by C,. Where should this condenser be placed?

Usually the cutout or charging relay is mounted on the gen-
erator as shown in Fig. 10. A lead wire is found coming through
the generator housing to one terminal of the cutout. Connect a
.5 mfd. paper condenser between this common lead and the gen-
erator frame. Condensers in special cases are available for this
purpose, made to facilitate mounting and connections.

A spark is created at the primary chopper or interrupter.
To be sure there is a built-in condenser, its purpose being to
create a “fat” spark at the spark plugs. Quite often it is not
sufficient to eliminate the interference created in the primary
circuit. For this reason a second condenser is employed as
shown by C. (about .5 mfd.) which is connected to the hot side
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of the primary and the chassis. This condenser is optional, used
only when needed.

We have so far considered the primiry or low tension cir-
cuits. Turning now to the secondary or high tension circuit, we
realize that a spark may take place at the distributor or at the
spark plugs. A condenser could be placed across each distributor
contact but it would have to be of a very high voltage rating.
Furthermore, one for each cylinder would be required. Hence
another method is deemed advisable, A condenser at the spark
plug should not be used, as it would affect the “hotness” of the
spark. Therefore in the high potential circuits either a series
r.f. choke or a resistor must be used. They are called suppres-
sors. Any surge of current that starts to move down the con-
necting wires is suppressed or the amplitude is so much reduced
that what damped r.f. currents that do exist are small,

SPARK PLUG

SUPPRESSOR ue

SPARK PL
SUPPRESSOR

cisTrisuTon B |
SUPPRESSOR

(DISTRIBUTOR

/ SPARK PLUG

Fig. 11a Fia.11b Fia. 11¢

Figure 9 shows a suppressor at the distributor and at a spark
plug, used to reduce interference currents created by the sparks
in the high tension system. They may be of the choke coil or
resistor type, although the latter type is in greater use. The re-
sistor is generally about 20,000 ohms and of the carbon or metal-
ized type in a suitable housing. This value by expert check does
not appear to greatly affect the efficiency of the engine. Figures
11a, 11b, and 11¢ show the usual methods of adapting these sup-
pressors. Remember, use one for each spark plug and one for
each distributor. In some cars the lead to the distributor can-
not be removed. The wire must be cut and a special suppressor
spliced into the circuit as shown in Fig. 11d.

The installation of noise suppression devices so far con-
sidered are standard for every automobile receiver installation.
It suffices for a majority of cases. What are you to do when
these so-called primary methods do not eliminate all the inter-
ference? What has really been done so far, is the suppression,
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not the elimination of interference in the electrical system.
Should any lead wire pass through the bulkhead so that it is in
the antenna pick-up field, even the weak interference signal cur-
rents will create a disturbance. There are several such pos-
sibilities.

The dome light is usually right in the center of the mesh
type antenna. Electrical interference originating at the engine
is conducted up to the dome light, and even a weak disturbance
has serious effects. Disconnect the lead to the dome light, at the
ammeter, fuse or overload relay and determine if this is the
source of trouble. If it is, connect a .5 mfd. condenser between
the lead and the chassis, either at the ammeter, fuse or overload
relay; or at some point in the passenger compartment where it
enters from the engine, perhaps at the corner post or switch.
It may be necessary to use condensers at several points in the
lead. What has been said about the dome light will apply to any
current carrying lead which extends between the passenger and
engine side of the bulkhead. Bypassing to ground at the bulk-

SCREW-TYPE SUPPRESSOR

SCREW SUPPRESSOR
INTO END OF WIRE

F1e.11d

head should be tried. For quick test, connect a .5 mfd. condenser
to two short flexible leads each with a jaw clip, and use this as
a temporary bypass.

Equip yourself with a heavy flexible wire with a powerful
jaw clip at each end. Connect this between the chassis and any’
rod or mechanical control wire that passes through the bulkhead
at the engine side. Try various positions of the ground connec-
tion and when a connection is found that reduces interference,
make a permanent soldered or clamp connection. Flexible ribbon
braid connectors are generally used. For your own protection
don’t make any connection within the engine compartment or
make any change while the engine is going. You must realize
that the test must be made with the engine going; therefore
always stop the engine when a temporary bond is being made.

Some servicemen have reported that excellent noise elimina-
tion has been obtained by insulating the receiver chassis from
the bulkhead of the car using insulated bushings and washers.
Then they bond the receiver to the bulkhead with flexible ribbon
conductors. The bond to the bulkhead is not made permanent
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until various contacts have been tried and the one giving the
least interference found. Radio currents exist at all parts of the
body and in this case you are locating a point of zero noise signal
on the bulkhead.

Another vital source of trouble is the ignition coil and the
leads to it. First you may find that the high and low tension
wires from the coil are grouped together. They should be re-
routed and as far apart as possible. Next you may find that the
ignition coil is mounted on the dash or the passenger side of the
bulkhead. If it does not have a built-in lock, move it to the
engine side of the bulkhead. Otherwise, you will have to shield
it. First try metal loom (wire shield) over the high tension lead
extending it to and bonded (connected) to the bulkhead. If this
fails to remedy the trouble, a metal shield (can) must be placed
around the coil and the can grounded.

Bonding. Let us go back to the pick-up system. The chassis
of the car is the ground or counterpoise, and forms a capacity
with the roof or sub-chassis antenna. If any part of the chassis
is intermittently making and breaking, this capacity is disturbed
and contact noise may show up. Another reason for bonding:
R.F. current flow through the entire body and various parts of
the car are at different potentials. Rubbing of any two points
where a difference in potential exists will create a current and
noise will be heard. All loose parts like control rods or oil and
gas feeds must be either separated so they do not rub (use tape)
or they must be bonded to each other. Using the heavy flexible
wire equipped with end jaw clips (storage battery clips), tempo-
rarily bond any two parts that are questionable. When elimina-
tion of noise is noticed make a permanent bond.

We have assumed all along that the car was in good me-
chanical and electrical condition. You should question the cus-

. tomer about this before an installation or service job is

attempted. It is rather foolish to bond a car that is mechanically
loose; or to suppress the interference when the spark plugs, com-
mutators and brushes of the generator, and the distributor con-
tact spacings are not in perfect condition. The car should be
gone over by a reliable auto mechanic.

Static Discharges. Quite often noise will be experienced
only when the car is on the road. This is due to friction of the
air or tire rubbing on the road that charges insulated or partly
connected parts. If the interference disappears when the car is
braked, apply what is called “brake juice.” Static generated by
the tire while the car is in transit may be eliminated by adding
a little graphite grease in the wheel grease already in the front
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wheel hub caps. This is merely needed at the front wheels as the
rear hubs are electrically connected to the car chassis. Where
wood wheels are used it may be necessary to bond the rim to
the hub. If the hub is electrically free, again add graphite grease
to the inside of the hub. As a last resort, rim, brake drum, brake
rods may be bonded in such a manner that they do not interfere
with the controls.

Typical Procedure. Remember that there is no one sure pro-
cedure to eliminate noise interference. Always start with the
primary methods and resort to secondary or “trick” methods.
Radio magazines constantly suggest new and novel methods,
which should be considered. If you have many auto radio jobs,
be sure you file these suggestions for ready reference. With a
knowledge of interference creation and elimination you will find
the job rather simple. The following methods are recommended
and are presented in the most effective order for noise suppres-
sion. Read this list* carefully as several new ideas are introduced.

(1) Apply suppressors to spark plugs and distributors.

(2) Apply generator condenser.

(3) Re-route primary wire from coil to distributor, keep-
ing it as far as possible away from high tension wire.

(4) Connect dome light condenser to dome light wire at
point where it enters front corner post; and a con-
denser at the ammeter.

(5) Shield high tension wire if coil is mounted on instru-
ment panel.

(6) Shield antenna lead-in wire from radio set to top of
front corner post, if not already shielded. - Be sure
that the shield is grounded at both ends.

(7) Shield primary wire from coil to distributor.

(8) Connect a .002 to .006 mfd. high grade mica condenser
directly across the primary breaker points of the dis-
tributor, the primary chopper.

(9) Bond the upper metal parts of the car body to one
another and return a heavy copper bond from these
points down to the bulkhead of the car. (This is
usually necessary in cars using composite wood and
metal body construction.)

(10) Bond where necessary all control rods and pipes pass-

ing through the bulkhead.

(11) Cover floor boards of car with copper screening.

(12) Adjust spark plug points to approximately .028 of

an inch.

* This excellent list is reproduced through the courtesy of the Galvin Mfg. Co.
22



(13) Clean and adjust primary distributor breaker points
(job for auto mechanic).

(14) Engines in cars having rubber motor mountings (float-
ing power) should be bonded. First connect a flexible
metal braid between the engine and the chassis frame.
If this is insufficient connect a heavy bond from
grounded side of battery directly to frame of car.

(15) Connect a .5 to 1 mfd. condenser from hot primary
side of ignition coil to ground.

(16) If ignition coil is mounted on driver’s side of bulkhead
move it to the motor compartment side using the same
holes for mounting.

(17) Clean ignition system wiring. Clean and brighten all
connections. Replace any high tension wiring having
imperfect insulation.

(18) Ground metal sun visor and rain troughs if necessary.

(19) Make sure hood of car is well grounded.

(20) Ground instrument panel and steering column to
bulkhead.

(21) When under-car aerial is used connect a .5 mfd. con-
denser to tail and spot light wires.

BALANCING AND FILTERING NOISE CURRENTS

Much has been accomplished within the last few years with
regard to the reduction of ignition interference in auto radio in-
stallations. At first the method of damping out interference by
means of suppressor resistors was universally used; car owners,
however, hre usually suspicious of any “gadget” connected to
the engine, inany believing that gas consumption is increased
by the use of spark plug suppressors.

The answer of auto radio manufacturers to this objection
was the development of special radio circuits and devices, based
upon fundamental radio principles, which serve to eliminate in-
terference without affecting the operation of the engine.

Perhaps the most spectacular of these devices was the
“Magic Eliminode,” developed by the Galvin Manufacturing
Co. for use with their Motorola receivers. The circuit diagram
of this unit, shown in Fig. 12, reveals that there are two sources
of signal pick-up, lead 4, which connects to the regular car an-
tenna and picks up both radio signals and ignition noise, and
lead I, which connects to some part of the engine or car body and
picks up only ignition noises. The interference signals flowing
through coil L, induce in coil L a voltage which is opposite to
the voltage of the interference signals flowing through that coil
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from the antenna. The degree of coupling between the two coils
can be adjusted ‘until the two interference signals cancel each
other, and there is passed on through coil L, to the receiver only
an interference-free signal. It is sometimes necessary to try
several connections of lead I in order to obtain an amount of in-
terference which is within the adjusting range of the Eliminode.
Once the unit has been adjusted, it need not be touched until the
radio is moved to another car or radical changes are made in the
car wiring.

In some cases, however, a type of interference signal will be
picked up which cannot be balanced out by ordinary means. This
interference is due to noise-modulated ultra high radio fre-
quency currents which are radiated by the ignition wires and
get into the antenna circuit, shock-exciting the input stage of
the receiver. To eliminate this type of interference, auto radio
manufacturers are turning to choke-condenser antenna filter sys-
tems, such as the combination of L, and C in Fig. 12. This com-
bination of a coil and condenser cuts out the noise-modulated
ultra high R.F. signal without appreciably affecting the strength
of the incoming radio signal.

There is now available on the market, for use with any auto
radio, a device known as the ‘“Interferotrol,” which, like the
Eliminode, is a combination of the high frequency filter and an
adjustable balancing circuit which completely eliminates the
need for spark plug suppressors. The unit, shown in Fig. 13, is
simply installed in series with the car antenna and a lead con-
nected from it to some point on the engine. If devices like this
fail to give complete interference elimination, always use the
three standard or primary methods of eliminating interference
currents, such as by choking them out with an r.f. choke coil,
by suppressing them with series resistors and by by-passing
them to the car chassis with condensers.

SERVICING AUTO RADIOS

General Hints. Your method of attacking an automobile-
radio service job should be no different than with a home broad-
cast or high fidelity receiver. The process is the same; only
your interpretations will be different because of the peculiarities
of auto receivers. Your technique in servicing car radio re-
ceivers should include the usual steps of confirming the com-
plaint, checking for obvious surface defects, reasoning out the
cause by the effects, circuit disturbance test for defective stage
isolation, dismounting of the chassis for repairs, repair of re-
ceiver defect, general receiver check and revitalization. There
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are bound to be some differences. For example, in some car re-
ceivers you may not be able to get at the tubes to make a circuit
check unless you dismount the receiver. Therefore the cardinal
rule that you follow with home receivers of not taking the chassis
out of the cabinet (in auto receivers dismounting the receiver)
until an internal defect is indicated is no longer true. In this
case you have to dismount the chassis to proceed with a routine
of isolating the defective stage. A little thought on each job
will easily lead you to the correct procedure.

Be sure that you understand the customer’s version of the
trouble; then confirm the complaint by actually trying out the
receiver, Troubles that you may consider of little importance

T0 CAR T0 CAR
ANTENNAY 1Y eneme 1{
IS (| (- — A .
\—.—’
: )

GROUND TO
CHASSIS
THROUGH
MOUNTING
BRACKET

. 1o ANT. POST OF REC.
FIG. 13. I1.C.A. “Interferotrol,” an inter-
FIG. 12. Circuit diagram of “Magic Elim- £ limi which elimi the need
inode” used in Motorola auto radio sets to for suppressor resistors in an auto radio
suppress ignition interference. installation.

and would overloock may be the very thing that disturbs the
customer.

There are certain troubles which are peculiar to auto radios.
You should be able to locate their cause by the effects you hear.
Perhaps the most common complaint is noise interference. Be
sure to ask the customer when this trouble started and when dur-
ing driving the noise appears worse. Answers to these questions
may guide you to the trouble.

It may be that the receiver was not properly installed in the
first place, and the noise that existed was overshadowed by the
novelty of having an auto radio. People become more critical
of their auto radios the longer they have them. In these cases,
merely continue the job of noise elimination.

Then too, noise may have arisen because of the general
loosening of the auto or “wear and tear” of the electrical and
ignition system. An auto radio installation that was originally
free of noise should not be serviced until the car has been thor-
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oughly inspected, tightened and readjusted by an auto mechanic.
Caution the auto mechanic to use graphite grease in the hubs
of the front wheels.

Poor sensitivity is another common complaint made by
owners of auto receivers. The trouble may be due to defects in
the receiving circuits or weak tubes. In most cases after the
tubes have been checked and replaced and weak reception still
exists, it can generally be attributed to an inadequate (poor)
signal pickup system. Of course, if you have had previous expe-
rience with the installation under examination and know that it
was previously in a satisfactory condition, it is logical after test-
ing tubes, to analyze the chassis for defects or attempt an align-
ment of the amplifying stages.

It is wise before you condemn an antenna installation, espe-
cially if it is of the roof type to test for leakage. If found in
normal condition, you should roughly test the receiver for sensi-
tivity either using a short piece of wire .5 to 2 feet long held by a
pole out of the window (be sure the doors are closed) or remove
the chassis to your work bench where a fully charged battery
and a very short antenna is available. In either case do not
make the mistake of using a long antenna. You will soon learn
from experience how long the antenna should be. Select one
that from experience indicates to you that if the receiver works
well with it, then normal reception in an auto may be expected.
If you fail to get good sensitivity at the bench with these pre-
cautions as to pickup, then you should consider a revitalization
procedure. When the “pepped-up” receiver is placed in the car,
and the antenna tuning circuit trimmer is adjusted to the antenna
installed, and reception is still not acceptable, then a new an-
tenna will be required.

You must be on the lookout for complaints that indicate a
condition which cannot be remedied. They are conditions
peculiar to all automobile receivers. The customer should be
told that rushing noises are natural because the receiver is very
sensitive and the antenna is so small. You, of course, know that
it is tube and circuit noise and nothing of a practical nature can
be done. Fading is common, and might be quite bad if efficient
A.V.C. systems were not used. Check the A.V.C. tube and if
found to act normal explain why fading is natural as we did
earlier in this text. Don’t make the mistake of immediately
blaming fading on an open bypass condenser, or some circuit
defect. Confirm the complaint and in this case try the receiver
while the car engine is running.

Vibrator Troubles. When weak and noisy auto receiver
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reception is traced to low B voltages, you should not only inspect
the chassis for circuit defects but question the condition of the
vibrator which may be out of adjustment. Don’t condemn the
vibrator merely because it seems to be noisy. This is normal and
you will find that when the receiver is open, as it is on the work
bench, the noise may reach an alarming level. When you hear
noise, check the voltage supplies and if found Okay, merely be
sure that the vibrator case is floating, if such provisions exist.
Only when the noise comes through the speaker (car engine
dead) and the voltages are checked below normal is a vibrator
defect indicated; only then should you consider vibrator repairs

Typical auto radio vibrator units. In the diagram above,
the Radiart units are, left to right: Unit mounted in can,
with flexible leads for p ions; wvib
mechanism out of can; plug-in type vibrator, which can
be replaced as easily as a radio tube. At right is a self.
rectifying plug-in type vibrator, a Mallory product.

or replacement. Many servicemen love to adjust every part of
the receiver that is adjustable; but you should curb this desire
in the case of vibrators unless a definite defect is indicated.

Some vibrators are not adjustable and the only thing which
can be done to them is to clean and smooth their contact surfaces
with an ignition file, procurable at any hardware store. Some
servicemen may resort to bending of the reeds to align the
vibrator contacts for minimum sparking.

A number of manufacturers make their vibrators easily
replaceable by building them into cases which are equipped with
plug-in bases—pull out the old vibrator and plug in a new one.
Many servicemen replace old vibrators rather than spend time
on them, claiming that it is cheaper to do so and these men are
not entirely wrong. But suppose you decide to repair vibrators?

As there are a large number of vibrators in use and these
may vary radically from one another, it is only possible to sug-
gest a general repair procedure. You should procure the manu-

27




facturer’s detailed instructions for the receiver you are working
on, and follow the information given. However, the repair of a
vibrator may be divided into: 1, mechanical inspection and ad-
justment; and 2, with the vibrator connected and working in the
receiver or connected to a dummy load, adjust for maximum
efficiency and least sparking.

The first and most natural step to take is to remove the
vibrator unit, open it and carefully inspect the reeds, springs
and contacts. Experience will tell you whether they are in their
normal condition and position. In the case of a self-rectifying
vibrator, the spring will hold the reed to one side so that a prim-
ary and a secondary connection to the transformer is made. The
buzzer contact, the one in series with the vibrator coil, should
make contact. The other contacts will be open, their spacing
will vary with the design of the vibrator. The factory service
manual should be your guide. Be sure the contacts are clean and
free of “pits.” If the contacts only hit at a few spots, insert an
ignition file between adjacent contacts, press the contacts to-
gether and draw out the file. Repeat until contacts are making
complete contact. The open contacts may be treated in the same
way. The next adjustment is made at the buzzer contacts.
Push the reed towards the open transformer contacts. When
these are about to make contact, the buzzer contact should be
just about ready to break.

Having inspected for mechanical defects, made the neces-
sary alignment and adjustments, the next step, when the receiver
is at hand, is to put the set into operation and make the neces-
sary adjustments to obtain peak electrical efficiency (peak output
voltage) with the least sparking. A normal operating vibrator
should deliver maximum output voltage with minimum input
(primary current) and with the least sparking at the contacts.
If you are repairing the vibrator at the bench, out of the chassis,
it will be necessary to use an appropriate supply circuit applying
to it a dummy load equal to the voltage (E) and current (I)
output that is normal for the set the vibrator was intended to be
used on. Of course, the load resistance will equal E — I. This
procedure is used where several vibrators are to be adjusted or
repaired, as for example at a jobber’s service bench.

Place a voltmeter across the dummy load, or the output of
the set brute filter and adjust the buzzer spring and contact for
maximum voltage. Now adjust all the other contacts for mini-
mum sparking. Bending the reed so the sparking contacts have
greater clearance is the usual adjustment for least sparking.
If adjustment screws are provided the task is easier.
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TEST QUESTIONS

Be sure to number your Answer Sheet with the number

appearing on the front cover underneath the title of this text.

Place your Student Number on every Answer Sheet.

Never hold up one set of lesson answers until you have an-

other ready to send in. Send each lesson in by itself before you
start on the next lesson. In this way we will be able to work
together much more closely, you’ll get more out of your Course,
and the best possible lesson service.

1.

s «FiRie WS

In what three standard ways may interference currents, due
to a spark, be reduced?

How would you compensate for the additional drain in the
car battery due to the use of an auto radio?

. What is the most satisfactory type of concealed auto an-

tenna?

What should be the closest distance between the edges of a
roof mesh antenna and the metal body of the car?

. Where would you mount the condenser used to eliminate

commutator sparking occurring in the charging generator?

. In what two ways could you eliminate noise-traced to a feed

line rubbing against a control rod?

Would you bond a floating engine (floating power) to the car
chassis?

. How could you roughly test the sensitivity of an auto

receiver?

. What two facts indicate a defective vibrator unit?

10.

How are the interference currents created by spark plugs
reduced?
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10.

How to Install and Service Auto Radios. No. 41 RH-1

By choking them out with r.f. choke coils; by suppressing them with series
resistors; and by-passing them to the car chassis with condensers.

Advance the charging rate of the battery charging generator.

The roof antenna.

Three inches.

On the generator frame (housing) near the cutout.

By separating them, using tape; by bonding them with a flexible braid connector.
Yes.

By trying it on a very short antenna.

Noise through the loudspeaker (car engine dead); and low B voltage.

By the use of suppresgsors.
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Service, Bench and Laboratory
Testing of Vacuum Tubes

TUBE TESTING IN THE HOME

The Radio-Trician encounters in the servicing and main-
tenance of Radio receivers, troubles which are directly due to
vacuum tubes. Experience shows that a large number of serv-
ice calls are due to defective tubes. Without exception, vacuum
tubes must be considered as parts or components of the Radio
receiver, just as much as the transformers or condensers. We
are fortunate, however, in that it is far easier and takes far less
time to check up on the tubes than on any other electrical part
of a set.

What we believe to be the most sensible and satisfactory
method of testing tubes in the field, is to carry a complete set of
tested replacement tubes for the receiver you are called upon to
service. On arrival at the job, the ordinary routine consisting
of the regular visual inspection of the set, tubes, antenna and
ground is made. If any of the tubes look abnormal—that is,
have a blue or purple glow in them,* or a filament does not light,
the voltages delivered to that tube should be checked before
trying a new one. This will prevent new tubes from being
destroyed.

A modulated R. F. oscillator and output meter are respec-
tively connected to the input and output of the receiver. The
receiver, if it is active, is tuned to the signal of the oscillator
and the oscillator output varied for a one-third scale deflection
on the output meter. If no output is indicated, the defective
stage or part should be traced down and corrected. Then the
various tubes are replaced one at a time, starting with the recti-
fier tube. If on replacing any of the old tubes with a new one,
you note that the deflection has gone up a fair degree, you may
be sure that the tube you have removed is defective or weak and
should be permanently replaced by a new one. A visual test of
this kind will convince your customer and will break down his
sales resistance toward the purchase of new tubes.

These tests apply to the simple T.R.F. and superheterodyne
receivers. Where A. V. C. is incorporated in the set, the serv-

* A glow apparently on the glass envelope (usually power output tubes) is
normal. A haze or glow between the elements is unnatural when normal voltages
are applied and indicates a defective tube.
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ice oscillator output should be reduced to a point below the
threshold sensitivity of the receiver—in that region where
changes in the oscillator output cause marked changes in set
output. A tube in an automatic squelch (muter) stage may
be tested by reducing the service oscillator output to a low
value and observing that the output cuts off sharply.

Remember that because of the many unique ways in which
a tube may be called on to perform, it is important to connect the
behavior of the tube with the function it is supposed to perform.
Some tubes are better detectors than amplifiers, others are better
A. V. C. or muter tubes than amplifiers, etc. Therefore, several
tubes should be tried in these special positions before consider-
ing the substitution complete. In some cases, a time test is
advisable. For example, gas in an R. F. or 1. F. amplifier tube
when in a circuit controlled by an A. V. C. tube will cause tke
output to creep up. In fact, this is an important test for A. V. C.
receivers.

When a tube is to be selected for a special purpose, a system-
atic method of selection should be employed. For example, the
following is a special procedure for selecting an A. V. C. tube.
Remove the A. V. C. tube from the set socket; tune the set to a
weak signal from the test oscillator or to a weak broadcast; try
several correct type tubes in the A. V. C. socket and select one
that reduces the output the least; and determine if the tube
chosen actually causes the output to assume a constant output
with increases in R. F. input.

When a service oscillator and output meter are not available,
the serviceman may tune in a weak station and make tube sub-
stitutions. A good tube replacing a poor tube will show up as
increased sound output. This test is by no means conclusive, as
quite often a tube may be poor but not sufficiently poor to show
up when substituted alone. A whole set of tubes may be
required to show a marked audible change in sound output. Of
course, no serviceman would resort to this sort of a test if a
portable tube tester were carried to the service job.

Although there is a definite feeling among servicemen that
a working test is the most desirable, many prefer the tube
checker. There can be no question that they give a good indi-
cation of the worth of a tube, but the very same serviceman
who prefers these testers always checks the performance of
replaced tubes by tuning in a weak or semi-local station before
and after tube replacements. Should you prefer the tube
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checker, do not fail to try several good tubes in a given loca-
tion or interchange similar types.* Tube alignment is an
added worth while service and takes very little time.

The older makes of set analyzers have a ‘“grid shift”
button which automatically inserts a 4.5 volt C battery into the
control grid circuit. In the modern set analyzer it is easy to
insert a 4.5 volt battery (for low bias tubes) or 13.5 volt battery
(for high bias tubes) into the control grid circuit and note the
change in plate current. The added bias is introduced so that
the plate current decreases. The change in plate current is
sufficient to give a rough indication of the mutual conductance
of the tube and if the serviceman is willing to make a few rough
calculations, a fairly accurate value of the transconductance
may be obtained. Then by referring to a standard tube chart,

Radio City Products Tube

Checker Model 303A, in

which a modified switching

gear connects to 4,5, 6 and 7
prong sockets,

the value computed may be checked with the value in the table,
using the one of approximately the same plate voltage as is
supplied in the set. In some modern circuits, tubes operate
without applied voltages; in others the voltages are not applied
unless the signal circuits are active. There is, therefore, a
limitation to the usefulness of the tube check in a set analyzer.

The real place for a tube checker and tube short checker
is in the shop, on the tube sales counter, and in the laboratory.
Their importance must not be underestimated, as they fill a
definite need in service and radio development work. Tubes
may then be tested with elaborate equipment and at rated
operating voltages if extensive testing is needed. Simple tube

_* Tubes used in a neutrodyne once the stages have been neutralized, cannot
be interchanged without upsetting the adjustment.

3




checkers help select the good tubes to be taken on a service job.
A visual counter tube tester is a valuable sales device as it con-
vinces the customer. Tube checkers are taken up later in this
text.

New tubes will gradually reduce the usefulness of most tube
checkers unless they are continually brought up-to-date. Like-
wise, testers used at the service or laboratory bench should be
flexible enough to test new tubes. Testers which change the
tubes, for example, reducing pentodes and tetrodes to triodes
by connecting the screen and suppressor grids to the plate
when possible, for simplicity in tester design are not so reliable
as tube checkers that check tubes as they are intended to be
used.

Testers which do not test tubes at operating voltages are
not as conclusive as those that do. Operating at exactly rated
voltage is not imperative, but advisable. The characteristics
that are measured may vary about 20 per cent before indicat-
ing an undesirable tube. It also is important to remember
that the operating voltages and -currents in a given receiver
may vary as much as 10 per cent from the intended values.

From what has been said there are three practical methods
of testing tubes; the tube checker, the tube comparison, and the
set analyzer grid shift methods.

BENCH AND LABORATORY TESTS

For average service work the amount of tube testing
required is limited and is adequately covered by a portable or
counter tube checker, or with the oscillator-output comparison
method. For the technician connected with set and tube
manufacturers, or the men engaged in the design and construc-
tion of tube control devices, a further study of tube testing is
essential. Servicemen should understand how emission, gas,
dynamic transconductance, plate resistance, amplification fac-
tor and power output tests are made. Studying the usual
methods removes the mystery of tube testing, makes advance
reading easier and often helps in special service problems.
Special bench and laboratory tube tests will now be considered.

Tube Short and Filament Open Checker: No service or
laboratory bench should be without a simple obsolescent proof
short-checker and open-filament tester, in fact, every practical
test should start with a check for shorted elements. Of course,
you can easily check for a short between elements of a tube or for
an open filament by applying an ohmmeter to the prongs of the
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tube under test. The check is bound to take a little time and
it would be easy to omit a vital check. A set-up which is
simple to use, and quick to show defects is needed.

Figure 1 shows the details of a simple but effective device
designed by the N. R. L. Instruction Staff. A 4,5, 6 and 7 (one
capable of taking the small and large base) prong socket is
needed, connecting the prong terminals to six 250 ohm resistors
in series. The resistors are connected to a 110 volt D. C. or
A. C. power socket supply with a D. C. or A. C. 0.5 ampere
meter and a 250 ohm limiting resistor in series. All socket
filament connections are in parallel and are connected to the
power supply, using a limiting resistance of 2,000 ohms. No
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mechanical details are given—build it to suit your needs. Use
an inexpensive copper oxide rectifier type of ammeter for A. C.
work or an A. C. moving vane ammeter (Readrite) having a
good low range reading. Any type of D. C. ammeter may be
used if the device is to be used on D. C. power systems. Five
watt resistors should be employed.

To use the instrument, turn on the main power switch S; and
note the position of the meter needle. Insert the tube into the
proper socket—a 5 prong tube into the 5 prong socket, etc.—and
connect the top cap to the tube cap if the tube has one. No
movement of the meter needle indicates a tube without shorted
elements. Tap the tube to insure that tube vibration does not
introduce a short. With your eye on the meter press the push-
button Sy. A perfect filament is indicated by a slight increase
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in meter reading. No increase in meter reading indicates an
open filament. A short from T. to 1 would cause the meter to
read, .44 ampere.

Emission and Total Emission Tests: When the life of a tube
must be given careful consideration, the total emission from
cathode to plate must be determined when the filament is sup-
plied with rated power. The total emission must compare favor-
ably with that of a standard tube. This, of course, assumes that
there is no gas present in the tube, as gas will destroy quickly
what emission qualities the cathode may have. A test for gas
content will be given shortly.

The ordinary current in the plate circuit is often called the
emission current, but it is not the total emission current. The
emission current should be checked when using a set analyzer.

—0— g |
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If it appears to be below normal value as governed by rated oper-
ating potentials, the tube should be discarded. Perhaps the
better scheme is to compare the emission current with that of a
tube known to be in good condition placed in the test socket of
the receiver.

The total emission current is the maximum current which
flows from cathode to plate, if all the electrons emitted from the
cathode reach the plate. Of course, this will vary with the
cathode temperature which in turn will depend on the applied
filament power.

Theoretically, the total emission current of a tube is the
plate current that would flow if we should connect the grids and
plate together, as in the circuit of Fig. 2a, and place a large plate
voltage upon the tube. However, such a measurement can
hardly be made, for it would ruin the tube. For this reason
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measurements of the total emission of a tube are made at
reduced voltages, plotting the results of the measurements on the
special power-emission chart shown in Fig. 3, which has been
designed for this purpose.

The power supplied to the filament, or to the heater in the
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case of heated cathode tubes, is plotted horizontally. This is
the product of the current I, in the heater multiplied by the
voltage V, across the heater. The plate current I is plotted
vertically. With a low plate voltage, say about 25 volts, and
with the heater voltage quite low, the plate current is noted.
Then the heater voltage is increased slightly and the plate cur-
rent noted again, and so on. This is done until the plate current
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is slightly higher than normally allowed when used in a receiver.

The points so obtained are plotted on the special chart.
They should lie in a straight line. If the curve tends to bend
downward, this is evidence that the plate voltage was too
low—too low to attract to it all, of the electrons emitted by the
cathode, for that is what total emission is. The plate voltage
should be increased slightly and the curve re-taken. If the curve
bends upward, we have evidence of too much gas in the tube for
reliable measurements.

Having obtained the straight line, we simply extend it out to
the point which represents full rated power supplied to the
heater. In other words, since we cannot take measurements at
rated heater power, we make them at reduced powers and ex-
tend the curve.

As we have said, the importance of knowing the total emis-
sion of the cathode lies in the fact that the total emission is a
measure of the life of the tube, a factor which is very important
in tube design. Other things being the same, the greater the
total emission the longer will be the life of the tube. Of course,
the tube life depends upon ogher things as well, but this is of
fundamental importance. The student must distinguish very
carefully between the ordinary emission and the fotal emission.
The ordinary emission, as generally used, simply refers to the
ordinary plate current under operating conditions.

The emission test is the only means of testing rectifiers and
the simplest procedure is used in tube checkers. Figure 2b
shows an all A. C. emission checker, allowing testing of each
half of a full wave tube. The tube rectifies its own test plate
current. Comparing the emission current with a good tube is
the only means of checking a doubtful tube. In service work
total emission tests are not required.

Amplification Factor. In designing circuits, we find that
the amplification factor of the tube plays an important part.
Of course, this value and all others are given by the tube manu-
facturer in tube tables, usually only at a few sets of characteris-
tic voltages. If a set of characteristic curves are given, the
tube constants for any set of operating voltages may be obtained.
Quite often the exact amplification factor, u, is desired for the
tube to be used and then it must be measured. For average
design the tube characteristics as furnished by the tube maker
will suffice.

The u of the tube may quickly be obtained by setting it up
in a simple circuit operating it at voltages that are to be used



in the final circuit design. It is important that no load be
included in the plate circuit and the plate milliammeter, which
is necessary in this test, have low resistance. Note the plate
current; decrease the C bias by a small but known amount;
decrease the plate voltage so the plate current is the original
value; compute the change in plate voltage. The change in
plate voltage divided by the decrease in grid voltage is the static
amplification factor. It is the static value as it is not taken under
duplicate operating conditions. For ordinary work, the value
obtained is quite satisfactory.

To obtain the dynamic n the grid should be fed with a sine
wave grid excitation voltage. Figure 4a shows a simple balancing
circuit which will measure the dynamic x of a tube. For sim-
plicity a heater type triode is shown, although it should be re-
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membered that the same circuit scheme is applied to all types of
tubes, with all electrodes connected to and operated at voltages
that are eventually to be used in the circuit to be designed. Gen-
erator e, may be a sine wave 1,000 cycle battery operated micro-
phone buzzer, as shown in Fig. 4b; or it may be a sine wave audio
frequency tube oscillator. The phones should have a low im-
pedance in comparison to the plate resistance of the tube at the
frequency used. In this circuit the A.C. voltage e divides between
the grid-cathode and plate-cathode terminals, the two components
thus formed being out of phase (180 degrees), that is, when the
grid end of the 10 ohm resistor is positive with respect to the
cathode, the plate end of the variable resistor R, is negative with
respect to the cathode. An increase in grid voltage causes an
increase in plate current. At the same time the voltage across R,
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is becoming more negative with respect to the cathode. As this
voltage adds to the B voltage, the net plate voltage decreases,
with a resultant decrease in plate current. This action continues
from instant to instant. If R, is adjusted so no sound is heard in
the phones (no current change), we may assume that the am-
plified grid voltage (n X €;, Where ¢; is the voltage across the 10
ohm resistor) is balanced by the plate A.C. voltage (e, or the
voltage across R,). Obviously the current I through R, and the
10 ohm resistance are the same so that if ue; — e, and e; = 107
and e, = R/, then . X 10I = R,I. By algebra the current I may
be cancelled from both sides of the simple equation and

p = Ry/10

@]

[

gb\i ‘M}vvv\q

W
———hifs—

Fia. 5a

A
v

If a value other than 10 ohms is used, and this reduces the sim-
plicity of the test, » will be R,/R¢ where R is the ohmic value of
the grid resistor employed. The value obtained is the dynamic
amplification factor.

Mutual Conductance (gn), often called transconductance *
(Sm), may be measured in a number of ways. From a service
viewpoint, it is the most important tube factor, as it establishes
the merit of the tube. From our study of tubes we know that
gm, the mutual conductance, may be defined as the change in

* Transconductance is gradually being accepted as the correct term as it im-
plies the effect of the grid on the output.
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plate current divided by the change in grid voltage, which sug-
gests a simple way of measuring the g, of a tube.

To measure the static g, value of a tube, connect the tube to
be tested into a tube circuit operating all electrodes at rated cr
desired potentials. Figure 5a shows a connection for a filament
type pentode. In this case E,, E¢, Es and Ep are adjusted by
regulating the filament circuit rheostat and potentiometers
1, 2 and 8. The C bias is shifted by means of a battery in series
with the control grid as indicated. If a 8 volt grid shift battery
is used, the milliampere change in I, divided by 3 multiplied
by 1,000 is the static g,, of the tube in micromhos. This test is
called the grid shift method used extensively in service tube
checkers.

Figure 5b illustrates a more precise method of measuring
transconductance, in that the plate current change is read

bedfc

Fia. 5b

directly. Details in the control of the operating voltages are
omitted for the sake of simplicity. The grid bias voltage placed
on the tube is the voltage drop in the two resistors R and b in
series—a is shorted. Battery C causes current to flow through
these resistances. The amount of C current flowing is controlled
by the rheostat » and measured by the milliammeter I.. If the
current I, is 10 millamperes and a C voltage of 3 volts is desired,
then the resistance of R and b in series should equal 300 ohms.
Now suppose we want to change the grid bias by .1 of a volt—we
should make b equal to 10 ochms and R equal to 290 ohms. Re-
sistor a, which is shorted, should also be 10 ohms. With grid
shift switch on m, the rheostat is adjusted to 10 ma; switch from
position m to n. As the resistance in the grid supply circuit has
not changed, I. remains at 10 ma, but the net grid voltage has
dropped to —2.9 volts.

11




The next part of the problem is to measure the change of
plate current accurately. This can be done by using an accurate
microammeter at dI,. A battery is provided so that the sensitive
meter is not overloaded. Notice that the battery M sends a cur-
rent, in the direction y, opposite to the plate current (direc-
tion z), due to the B battery, so that if the potentiometer P is
adjusted correctly the two can be made to cancel each other
exactly.

So, with the switch on m we balance out the plate current;
next, throwing the switch to n, the plate current through the
tube is changed and we read the change on the meter dI,. Since
this is a microammeter we read directly the microampere plate
current change for a grid shift of 0.1 volt. Suppose we find the
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change of plate current is 100 microamperes, then the mutual
conductance is:

In = g = 1000 micromhos.*

Note the convenience of using a 1/10th volt change on the
grid; we simply take the change of plate current in micro-
amperes and multiply by 10.

With a few changes the circuit shown in Fig. 5a may be
quickly adapted to measure the dynamic transconductance. All
that is needed is a low known A.C. grid voltage and an A.C. plate
current meter. Figure 5c shows a heater type triode connected
in a typical circuit. The A.C. input may be a step-down trans-
former connected to the A.C. power mains, its output voltage

* If the plate current change is read in milliamperes, the quotient should be
multiplied by 1,000 to get gm in micromhos.
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controlled by a potentiometer and the voltage measured with
copper oxide rectifier type A.C. voltmeter. A copper oxide A.C.
milliammeter is connected into the plate circuit through a 1 to 1
low frequency audio type transformer. In this way the D.C.
component is prevented from going through the meter and the
A.C. current only is indicated. Instead, an electro-dynamometer
milliammeter may be connected directly in the plate circuit, or a
choke-condenser output system with any of the magnetic vane or
copper oxide current meters may be used, but the choke and con-
densers must have high electrical values.

After the operating voltages are regulated to the desired
values, the grid excitation e¢; and the plate current 7, (milli-
amperes) are recorded. The dynamic transconductance is com-
puted with the following relationship:

I — ei X 1,000 micromhos
4

@ ©
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Where the g, sought for is to be used in stage design, the value
of e; should equal the excitation eventually to be used. For test
purposes ¢, may well be 1 volt, in which case, g, will be 1,000
times the plate current in milliamperes. The circuit shown in
Fig. 5¢ is the basis of most direct reading mutual conductance
meters, the practical tester merely incorporating special switches
and a power supply to properly connect the tube under test.
Judging from the type and number of practical tube checkers
on the market, built especially for bench and counter needs, it is
not necessary to go to such details as indicated in Figs. 5a, b
and c. Tube checkers should be simple to operate, requiring
little change-over and easy to read. The grid shift circuit
modified for all A.C. operation is considered the most practical
way of testing tubes at the present time, and is basically shown
by Fig. 6a. The plate-cathode voltage is the self-rectified line
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voltage; the filament is A.C. heated through a step-down trans-
former and the grid is shifted from plate return and some low
A.C. voltage. A shift in average plate current will be read.
Observe that the G, (grid shift) switch is spring controlled which
normally keeps the grid at some average negative voltage. In
preventing the grid from being at zero bias except on test,
destruction of the emitter is prevented.

Ordinary tube checkers make no attempt to test tubes as
specifically designed. It is felt that tubes that have no shorted
electrodes may well be tested for serviceability by testing them
as triodes. Figures 6b and 6c show how tetrodes and pentodes
would normally be reconnected for test as triodes. All such tests

are only comparative and it is necessary to determine in advance _

by trying good tubes what the minimum acceptable plate current
change should be.

Dynamic Plate Resistance. Knowing the dynamic mutual
conductance and the dynamic amplification factor, the A.C. plate
resistance may always be computed using the important equation.

ry = g"—m X 1,000,000 ohms

Where g., is in micromhos. For example, for a 2A3 tube p = 4.2
and g, = 5250 micromhos. Hence r, = 4,200,000 = 5250 = 800
ohms.

The dynamic resistance may be measured directly in a bal-
ancing circuit like the one shown in Fig. 4a but slightly modified.
Figure 7, the modified balancing circuit, will also measure p.
Without going into the theory of the method, we will describe how
it operates. The tube and generator are in operation. First we
leave switch S open and close switch K, thus short-circuiting the
left-hand resistance R,. On adjusting R, to obtain a minimum
tone in the phones, we have as before x = gl

4

Next without changing R, or R,, open switch K, doubling R,.
Also close switch S. A note will be heard in the phones, and by
adjusting the resistance R this can again be reduced to a mini-
mum. When this occurs, we have the simple relation that r,, the
dynamic plate A.C. resistance, equals R directly. By making
the two R,’s equal to exactly 10 ohms, we have a very simple
arrangement. On the first adjustment the p is equal to 1/10th
the setting of R;, and on the second adjustment, r,, is equal to R.

Power Output: A power output test is by far the best indi-
cation of the serviceability of a tube. The circuit used would be
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similar to Fig. 5¢, except for the insertion of a load resistance R,
in the plate circuit. If an electrodynamometer type milliam-
meter is used, it should be in series with the load resistor with
its resistance included in the load. In choosing a load for power
tubes, use the recommended load value for minimum distortion
and maximum output. For voltage amplifiers use the average
value used for such tubes. With power tubes you will get an out-
put value for direct comparison with tube table values if you use a
grid excitation slightly less than the C bias divided by 1.41. Volt-
age amplifier tubes can only be checked on a comparison basis.
The power output in both cases will be I?,¢ X Ry, where [,¢ is
the A.C. plate current.

Gas or Vacuum Tests: Even the best high vacuum tubes
have gas (air) inside the envelope. The amount of gas has a con-
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siderable influence on the tube behavior and most tubes are highly
evacuated to get uniform characteristics. Although this gas
may be low enough to prevent eccentric performance, the pres-
ence of more than an acceptable amount of gas will affect the
life of the tube, since the presence of an appreciable amount
creates gas ions which are heavy, bombard the cathode and wear
it out.

Tubes used in amplifying stages where a grid resistor input
is employed must have a very low gas content, or the grid resistor
must have a low ohmic value. This results in reduced power out-
put and amplification. A.V.C. controlled tubes must have low
gas content to prevent nullifying the A.V.C. action, usually indi-
cated by a creeping up of volume. All tubes used in circuits
where there is a high resistance input, must have a low gas con-
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tent, otherwise the positive potential across the grid input re-
sistor will decrease the C bias, raise the plate current and
further wear out the emitter.

Knowing the amount of current flowing to or from the grid
of a tube will help us to interpret what is going on in the tube,
as well as provide us with a measure of the residual gas in the
tube. Grid current may arise from the following causes:

1. Presence of gas in the tube resulting in a gas current.

2. Net positive bias on the grid resulting in a grid convec-
tion current.

3. Secondary emission from the grid resulting in a second-
ary emission current.

4. Conductive leakage between grid and other electrodes re-
sulting in a leakage current. :

As it is possible that the grid currents just mentioned may
flow to or from the grid let us consider the exact directions of
flow. Since we always connect our meter outside the tube, we
will refer to the direction of flow of the current outside the tube.
For example, current flowing away from the grid into the outside
circuit will be called “current away from the grid.” * Current
flowing into the grid from the outside circuit will be called “cur-
rent to the grid.” These directions are indicated in Fig. 8, where
we have also shown the proper connections for the grid current
meter in each of the first three cases. The plus and minus signs
indicate the polarity markings on the meter.

We can eliminate the fourth item very quickly by pointing
out the fact that in modern tubes there is practically no leakage
current. Whenever there is a leakage current in a tube, this is
sure evidence that the tube is not worth using. The current is
due to the establishment of a conductive path between the grid
and plate, or between the grid and cathode, or between plate and
cathode, by the deposit of dirt or some chemical on the press (the
solid glass part that holds the leads and supports the electrodes)
of the tube inside the glass envelope. In general, if there is a
leakage current at all, it can be detected even when the tube is
cold, by applying a voltage from a battery between the grid and
plate and noting whether current flows by means of a sensitive
microammeter or galvanometer. However, since leakage cur-
rents are quite rare we will not consider them further.

We should mention at this point that leakage resistance be-
tween the cathode and heater is considered serious in tubes used

* Remember that electrons flow in the opposite direction.
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in A.V.C. circuits or in circuits where the cathode must be elec-
trically isolated from the filament circuit.” For this reason
modern heater type tubes use a special ceramic heat conducting
electrical insulator between heater and cathode. Several tube
and counter checkers incorporate a cathode leakage test. Such
test must be made with the cathode hot.

An ohmmeter may be connected between the cathode and
filament if the exact amount of leakage resistance is desired. In
a practical tester an indication of leakage is sufficient. Referring
to Fig. 6a, normally with the grid shift switch as shown, the plate
current will be low. If the cathode to common return wire is
open at X, the rectified current should drop to zero if there is no
leakage between the cathode and filament. The smaller the leak-
age resistance the nearer will the needle return the original value.

When gas is present in a tube, if we place a voltage between

Current away from grid Current to grid
b/
MA. 9 MA.

Fia. 8

the plate and cathode, the gas will be ionized. That is, the gas
molecules are split into positive ions and electrons. The electrons
are attracted to the plate by the positive charge of the B battery,
and being extremely light in weight they travel very rapidly.

On the other hand, the positive ions of the gas are relatively
heavy; being positive, they are attracted by the negative charge
placed on the grid by the C battery. The motion of positive ions
in a gas constitutes a flow of electric current in the same direc-
tion (opposite to direction of electron flow) so we have the
equivalent of a current flowing to the grid inside the tube, or
away from the grid outside the tube. Current meters are always
marked so that the current enters at the -J- terminal and leaves at
the — terminal and thus read up scale, so obviously we must con-
nect the plus terminal of the meter to the grid in order to detect
the gas current.

Now we will consider the grid convection current. If we
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reverse the C battery, making the grid positive, it is clear that
the grid will act like the plate; it will attract to it electrons. It
will “rob” the plate of some of the electrons coming from the
cathode that ought to go to the plate.

Now, you must remember that the direction of flow of elec-
trons is opposite to that of the flow of current. Electrons move
to the grid (inside the tube) so we have the effect of positive cur-
rent moving toward the grid (outside the tube), so the positive
terminal of the meter is connected away from the grid, when we .
measure grid convection current.

Now we come to the last—the secondary emission current
from the grid. Remember that the grid is placed between the
plate and cathode, so that some of the electrons passing from the
cathode to the plate, attracted there by the positive charge from
the B battery, may strike the meshes of the grid. If, as happens
under some conditions in screen grid tubes, these electrons strike
the meshes of the grid with sufficient force, they may cause such
a disturbance at the surface of the grid wire as to knock out of
the wire, electrons which were held there by the negative charge
of the C battery. These electrons may bounce around and finally
end up at the plate where they should have gone in the first place.

But sometimes the electrons strike the grid so hard that
more electrons are knocked out of the grid than travel to it from
the cathode In other words, the net effect is that the grid loses
electrons. This means a flow of electrons from the grid (inside
the tube) or a flow of current away from the grid (outside the
tube) which is our secondary emission current.. The meter is
connected when we measure the secondary emission current from
the grid with - terminal to the grid. Note that this current is
in the same direction as the gas current.

Let us sum up: (outside of tube)

Gascurrent ...... ... .. . .. away from grid (—)
Secondary emission current. .away from grid (—)
Convection current ....... ... toward grid (+)

We have indicated a current toward the grid as positive and
currents away from the grid negative. When we place a mi-
croammeter in the grid of a tube we measure the sum of these
three currents, assuming that all three are present.

We cannot separate the two negative currents—i.e., the gas
current and secondary emission current—because they flow in
the same direction, but we can measure the gas current by itself
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by making the other two currents equal to zero. For example,
suppose we gradually and steadily increase the grid (negative)
bias supplied by the C battery. The plate current is cut down,
which means that few electrons pass toward the grid on their
way to the plate. As a consequence, since secondary emission
current requires that electrons strike the grid, if the electron
stream is cut to zero, the secondary emission current must also
be cut to zero.

At the same time, since the grid is very negative it repels
electrons which may travel toward it, so that the convection cur-

Weston Model 674 Counter Tube Checker,

Weston Model 661 Portable employing a group of sockets for similar

Tube Checker extensively used tubes, a combination switch gear and plate

by servicemen. Sufficient sock- voltage selector and a filament voltage

ets are incorporated to reduce selector. This checker has an “english”

commonly used radio tubes to reading scale and has incorporated a cathode
triodes and diodes. leakage test.

rent is likewise cut to zero. So we have left only the gas current.
As the bias is increased the gas current (providing there is gas
in the tube) gradually increases to a maximum, whereupon
further increase of bias produces no increase of gas current.
The maximum gas current so obtained is a measure of the amount
of gas in the tube. The greater the gas current the greater is
the quantity of gas present.

However, there is another effect that is quite often neglected,
but which is of considerable importance in modern screen grid
tubes. We have mentioned above that in order to produce
a convection current it is necessary for the grid to be posi-
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tive in order to attract to itself electrons. This is not exactly
true, for it is found that in some tubes, as, for example, the '27
and 24 tubes, a convection current (positive current) can flow
as indicated in Fig. 9 even when there is a negative bias of 1 volt
on the grid.

This is because we have, within the tube itself, a positive
voltage on the grid which is called the contact potential.* In
some tubes this contact potential may be as high as 1 volt, so that
when we place a bias voltage of —1 on the grid, the net result
may be zero. If the bias is reduced to —0.9 volt, we would then
have a net grid potential of +1—0.9 or +0.1 volt, and a convec-
tion current would flow.

Figure 9 shows the grid current-grid voltage curve of a
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gassy tube. With the negative grid bias large the current is
away from the grid, and has a value of A and is the gas current.
As we decrease the grid bias secondary emission current begins
to flow because we are letting electrons pass from the cathode to
the plate. This secondary emission current adds to the gas cur-
rent, because it is in the same direction, producing the small
“bump” at B (Fig. 9).

On further reducing the grid bias we begin to notice the
effect of the contact potential of the tube. Furthermore, the
grid is no longer sufficiently negative to attract all the gas ions.
Consequently the current away from the grid decreases, as at C,
until at D it is actually zero, although we still have the biasing
voltage DO on the grid.

Of course, if we go further we are permitting the net grid

* For example the contact between the press lead and the grid will create a
contact potential,
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bias to become positive, so at the point D the current reverses,
now flowing to the grid, and steadily increases as the net grid
becomes more and more positive.

The presence of gas in power tubes is often identified by a
haze (glow of ionization) between the cathode and plate. This,
of course, is a case of excessive gas content. Except in mercury
vapor tubes (rectifiers), the presence of a haze indicates a de-
fective tube.

The gas content or for that matter the degree of vacuum,
may be compared in a questionable tube by comparing it with a
good tube in the circuit shown in Fig. 10a. The control grid
alone is connected to the cathode with a milliammeter in series,
with the grid at a 4-20 volt potential. This is sufficient to set up
a space current, I;, drawing enough electrons to the grid to create

i
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L1
Fia. 10a Fra. 10b

gas ionization. The plate and other electrodes are connected
together and connected to the cathode through a microammeter,
placing the plate at a —100 volt potential. The heavy + ions are
attracted to the plate and we may measure the ionization cur-
rent I, in the plate circuit. The value of I,=1, is an indication of
the gas content. The larger the value the better the vacuum or
what is the same thing, the less the gas content. The acceptable
ratio for a given tube can be determined by measuring a similar
type high vacuum tube.

For practical service work it is merely necessary to indicate
the presence of gas. A simple gas test will suffice. With a slight
addition, the circuit shown in Fig. 6a may be made to indicate
the presence of gas. If a one megohm resistor is placed in series
with the grid, Fig. 10b, the presence of a gas current will create
a drop in the resistor, the grid end being more positive than the
end to the cathode. The negative bias is reduced and the plate
current increases. In service tube testers the grid resistor is
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normally shorted by a toggle or push button switch. After the
normal plate current is read using the maximum C bias, the re-
sistor shorting switch is opened. A gas test of this type may
easily be added to tube testers where the gas test is omitted.
Figure 10b is a fundamental A.C. operated tube tester having all
the important tests except short checking. The important tests
for a heater tube are: short, mutual conductance, gas and
cathode leakage tests.

Tube Capacity Measurements: The grid to plate, plate to
cathode and grid to cathode electrode capacities play an impor-
tant part in circuit design, especially with feed back, neutraliza-
tion and high frequency amplification problems. Tube manufac-
turers give the average capacities, but in design it is important
to include the set socket and wiring.

After a little thought you will realize that it would be im-
possible to connect the grid and plate into a capacity bridge and
measure for example the Cq,, for you would have the Cqx in series
with Cy, shunting it. This difficulty may be removed by using
the bridge circuit shown in Fig. 11. A convenient ratio of R, to
R, is chosen, R; may well be 100 times larger than R,. C, a
standard calibrated condenser, is adjusted for balance and then
R for complete balance, again adjusting C if necessary. At
balance. R,

R,
The other tube capacities may be measured by placing that tube
capacity in position 1 of Fig. 11.

ESSENTIALS OF A PRACTICAL TUBE CHECKER

Practical tube checkers are essential equipment and one
should be available either at the shop service bench or sales
counter. The one used at the sales counter should preferably
be direct reading, that is, the needle should read bad, good or
gassy. English reading tube checkers convince the customer.
Because the salesman or store clerk is generally not capable of
handling switching systems that require technical knowledge
they should be easily operated. This is not necessary for the
tester used at the shop bench or on a service call. At the bench,
the serviceman may convince himself, even though a complicated
“switching gear” is used, provided he has faith in the testing
procedure. The same is true if the tube checker is taken on a
service call, for then the doubtful tube may be demonstrated
as defective to the customer by the signal generator-output meter
comparison method.

Co=C
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Tube checkers are made in a large number of ways and it
would be a long and really unnecessary procedure to discuss all
types. Once the general scheme is mastered, it will be easy to
learn how other systems work, if a diagram is provided with the
device. In general, all tube checkers contain a simple short
check, an emission test for diodes, and a grid-shift check. For
simplicity all multigrid tubes are reduced to triodes by some
internal or external connecting or switching system. A number
of tube checkers will contain a cathode leakage and gas test. In
order to grasp the general scheme of tube checkers, we will study
the evolution of an obsolescent proof tester.

As all tubes are reduced to triodes or diodes we will start
with the simplest of tubes. Figure 12 shows a filament and
cathode heater type of triode and full wave diode, symbolically
drawn. For the present we will assume that they all require the
same filament voltage. A step-down socket power transformer

o) <+
{000~ )
Fia. 11

is needed to get the required filament voltage. The secondary
has as extension coil and its end terminal will be used to supply
the C bias. Note that the plates of all tubes connect to one side
of the power line. The secondary is so connected to the grid, that
when a positive potential is fed to the plate a negative potential
connects to the grid. When the plate is negative the grid is
positive, but this will not defeat the method of connection for
no plate current can flow if the plate is negative. Let us see how
the circuit in Fig. 12 behaves.

Switch S, is first placed on the short position. If the plate
is shorted to the cathode or to the grid, a current will flow
through resistor R, and the pilot lamp. Resistor R, is chosen so
that the current through the pilot lamp, if there is a short, is
limited to a value to give normal brilliancy. Should the lamp
light, we may assume shorted tube elements and the tube is de-
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fective. We would next place switch Sg on the regular position.
R, and the pilot lamp are no longer in the test circuit.

In this position the plate current is determined by the aver-
age plate and grid voltage. The plate voltage will be less than
110 volts, but the grid voltage may be made any value by choosing
a suitable secondary tap. Usually it is a voltage that will givea
sufficiently low plate current in tubes requiring a high bias. If
the plate current is very low, push-button S; is pressed, releasing
the shunt R; and increasing the sensitivity of the D.C. plate cur-
rent meter I D.C. If the tube is a triode the reading of the meter is
carefully noted and push-button S, is pressed. The last procedure
changes the C bias to zero or a very low value. Naturally, as the
plate voltage has not changed, the plate current will increase.
The new reading of the meter I D.C. is noted and the difference in
readings evaluated by subtraction. If S;is pressed for one read-
ing it should be pressed for the second reading. Generally the
shunt changes the meter from a 0-5 to 0-50 milliampere range.
This current difference has no meaning unless you know what it
should be for a good tube. This is the information you must get
if you build your own tester, or the information supplied by the
tube checker maker and by actually testing with a tube that has
been verified as good by laboratory tube testing methods.

Although we may have established the fact that a triode has
satisfactory emission control (acceptable g.), our tests are not
complete. Pressing S; introduces a one megohm resistor R, into
the control grid circuit. From our study we know that gas is
present if the plate meter reading increases in value. Leakage
between cathode and heater is checked by pressing push-button
Ss. Leakage exists if the meter reads. In both the gas and
leakage tests S; may be pressed for greater sensitivity.

Checking rectifier tubes is somewhat simpler and consists of
a plate to cathode short check, an emission test and a cathode
leakage test. Place Sg on short for an element short test; and
press S, for a possible short in the second plate; place S on regu-
lar for emission test, pressing S; if necessary; press S, for a
second emission test for double diodes; and press S; for cathode
leakage test if the rectifier is of that type.

Now let us consider a more practical tube checker for test-
ing all four and five prong triode and diode tubes. Figure 13a
illustrates a more practical checker. Only a four and five prong
socket is used and diodes or triodes are placed in the socket cor-
responding to their number of prongs. All switches and push-
buttons are identical in design and are used as described for Fig.
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12 except that push-button S; and coil L have been added to check
class B tubes. Note that S; switches the grid from a high nega-
tive to a normal positive grid potential, a condition essential in
testing class B tubes. In testing for shorts in triodes, press S,
to determine if the grid is shorted to the cathode.

Diodes may be of the high vacuum type requiring a large
plate voltage; gas filled (mercury vapor) requiring a low plate
voltage or R.F. rectifiers (detectors) requiring very low plate
voltage. To meet this need a variable voltage switch S, is needed
and is connected as shown. Mercury vapor tubes may draw con-
siderable current, so a limiting resistor R, (Fig. 13a) is in-
cluded. If a high plate voltage is needed, line A from the power
supply may be connected to some intermediate point of the pri-
mary, thus making the primary also act as a step-up auto-trans-
former. In the latter case it is wise to include a line rheostat
(about 300 ohms) to take care of line voltage variation. A line
A.C. voltmeter connected across the primary may be used to ad-
just the output of the transformer to a definite value regardless
of the line voltage at the time of test.

Not all diodes and triodes work at the same filament volt-
age, so a variable secondary voltage is needed and provided by
switch selector S«2. Therefore, to test any four or five prong
diode the information which should be given before testing a
given tube in Fig. 13A is: position of S, position of Sy., allow-
able emission current, and whether S; should be pressed. For a
triode the information that will differ is that instead of the allow-
able emission the allowable current change must be given.

Figure 13a has been drawn so that all supply voltages
switching systems, and all test switches are on the left, except S..
Observe that there are five leads, C and D the heater leads, B the
control grid lead, E the cathode lead and A the plate lead. We
know that all multigrid tubes must be reduced to triodes or pairs
of triodes, if they are to be tested in a practical tube checker of
this type. One way of doing this is to group tubes of similar in-
ternal and prong connection structures and provide a separate
socket for them. The only difference will then be in the required
plate and filament voltage and the allowable plate current change.
A table of information is then provided. For example, a single
socket will do for 004, "01A4, 10, "12A4, ’20, 26, ’30, ’31, 45, '50,
1A, X99,* 182B, 183, 864, 2A3; another socket for 2A5, ’18,
’41, ’42, ’43 ; another socket for ’33, ’47, 6A4, LA tubes; another

*To test a U89 tube, an electrode switching adapter will b ired—
NA-ALD No. 429. P e require
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socket for 80, 83, 82, 5Z3 tubes; etc. At each socket the plate
would be connected to all grids except the control grid thus con-
verting the tube inserted into that socket to a triode. In some
cases tubes that do not have the same internal construction may
be tested in one of the other groups, thus reducing the number of
sockets required. The only trouble with such an arrangement, is
that the appearance of a new tube may make it impossible to
check it in a socket already provided. Such checkers provide
spare socket holes for future adaptions. In spite of possible
obsolescence, a system of this type is highly recommended for
counter tube checkers as the problem of electrode switching is
eliminated.

With only a four, five, six and combination small and large
seven prong socket and a “switch gear” it is possible to test any
tube as a diode or triode. This applies to present and future
tubes provided the heater terminal position is not changed and
eight and nine prong tubes are not made. Figure 13b is a suit-
able switch gear.

All sockets are numbered as per the latest R.M.A. or Weston
standard, meaning that the table of tubes with prong (pin) num-
bers and the connected electrodes may be used as a guide. Num-
ber 8 is used for T., the top cap. The filament prong terminals
are connected in parallel and to leads C and D. Six rotary
switches having ten contacts each are required. Switches with
ten contacts are used as they are easily obtained from whole-
sale mail order radio houses together with an etched plate giving
the positions. Connections 2, 8, 4, 5, 6, 7 and 8 at the sockets are
connected to corresponding positions on all six selector switches.
Note that positions 1, 9, and 10 are blank. Contact 9 may be used
in the advent of an eight prong tube and 10 or 0 must be blank.
Any selector can make contact to any electrode except heaters.

Switch I selects the control grid which goes to lead B of Fig.
18b; switch II selects the cathode which goes to lead E; switches
III, IV, V and VI contact all other electrodes and as many as
four of them may be connected together leading to line A as
shown. Switch II is always placed on O for filament type tubes;
switch I on O for diodes; switches IV, V and VI on O for triodes
and diodes; switches V and VI are placed on O for tetrodes, etc.
The general scheme is easily carried out by following an R.M.A.
tube-numerical prong or socket identification chart. If you build
such a tester it is best to construct a chart; if the checker is a
commercial product the maker will provide such a chart. The
following will illustrate the point:
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This table shows how triodes (’26, ’56) are tested, how
tetrodes (’24) and pentodes (’47) are reduced to triodes, how
both plates of double diodes (’80, 83, 25Z5) are tested for emis-
sion, and how double purpose tubes, for example, a duo diode-
triode (55) are first tested as a triode (55-T) and then as a dou-
ble diode (55-D). Other information given here is only hypo-
thetical, as it is given to illustrate the point, although (—) indi-
cates that this test is not essential, (---) indicates some value
must be given and V/ indicates that a sensitive current meter is
necessary. The short test on this tester is not as thorough as the
one shown in Fig. 1, as it cannot indicate shorts between elec-
trodes tied together.

A noise test for tubes due to loose elements, irregular emis-
sion, poor internal or prong connections has been omitted from
this practical tester. A noisy tube is easily identified in the
chassis while the receiver is in operation. No noise test would
be authentic unless it duplicated actual dynamic condition—
realized by trying the questionable tube in a receiver.

No constructional detail is given as the tester described is
purely for instruction purposes. However, sufficient informa-
tion is given for an experienced serviceman to make or remodel
a tube checker.

The switch gear described is similar to the one used in the
Supreme Model 45 tube checker. Other manufacturers are will-
ing to sacrifice the advantage of an obsolescent proof device and
thereby simplify the switching systems.



TEST QUESTIONS
Be sure to number your Answer Sheet 42RH.
Place your Student Number on every Answer Sheet.

Never hold up one set of lesson answers until you have
another set ready to send in. Send each lesson in by itself before
you start on the next lesson. In this way we will be able to work
together much more closely, you’ll get more out of your Course,
and the best possible lesson service.

1. What might cause grid current to flow even though the
grid is properly biased?

2. Define mutual conductance.

3. In practical tube checkers what test is always made first?

4. What fundamental test is made to determine the service-
ability of a rectifier tube?

5. What are the four important tests made in practical tube
checkers when checking an indirectly heated cathode triode?

6. Draw a fundamental A.C. operated tube tester to test a
27 tube, which will make the important tests except the short
check.

7. What value would the 0—0.5 ampere meter read if a
screen grid filament tube ('22) were placed in the short checker
shown in Fig. 1, and the control grid were shorted to the
filament?

8. Explain briefly what would happen to the emission of a
gassy tube if it were used in an audio amplifier stage, where the
input coupling was of the resistance-capacitance type.

9. What is the purpose of the switching gear shown in
Fig. 13b?

10. What three methods are used by servicemen to check
tubes?
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Service, Bench and Laboratory Testing of Vacuum Tubes. No. 42RH

Secondary emission at the grid and gas ionization due to insufficient vacuum.

Mutual conductance (gm) is the change in plate current divided by the change
in grid voltage.

Check for shorted tube elements.
Emission test.

1, Short test; 2, grid shift or mutual conductance test; 3, gas test; and
4, cathode leakage test.

See Fig. 10b.

110
I = — = .44 ampere or practically full scale reading.
250

Gas ionization would bombard the cathode, destroying the emitter, and the
positive C bias produced by the input resistor would cause a large plate
current, helping to destroy the emitter.

To permit the operator to change any multi-grid tube to a diode or triode,

esgsential for a simple checker. ;

!

v 4
The tube checker, the grid ghift test incorporated in set analyzers and
the service oscillator-output meter gomparison methods.
o4
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Servicing Sound Reproducers and
Pickups

INTRODUCTION

No one should attempt to repair or adjust a microphone,
phonograph pickup, loudspeaker, in fact, any device until he is
well versed in the theory and operation of the defective instru-
ment. Not knowing the whys and wherefores of the inoperative
device may easily lead to a worse defect, often making it unre-
pairable. Knowing the principle of operation, having acquired
a reasonable amount of mechanical ability through experience
and with the aid of the following instructions on the repair and
maintenance of sound devices, you will be in a better position to
service them intelligently.

As you acquire experience, repairing special devices will
become a routine matter. However, new devices should be care-
fully analyzed before attempting repairs. The mechanism and
the theory of operation should be carefully considered. Always
make a practice of studying new reproducers as they appear on
the market.

We will consider here only the service angle of sound pickup
and reproducing devices. Elsewhere in the Course, you will
study the theory of their operation.

MAGNETIC LOUDSPEAKER UNITS

In this class we should consider the magnetic unit where the
diaphragm is directly actuated by magnetic attraction and repul-
sion, the unit where the action is transmitted to the diaphragm
or cone by means of a lever mechanism. The phone, the iron
diaphragm loudspeaker unit, the balanced armature magnetic
unit, and the inductor dynamic unit should be considered in this
classification.

The proper tests to be conducted on a magnetic unit are
divided as follows:

Continuity test.

Resistance of windings.

Clearance between diaphragm (or armature) and poles.
Magnetic pull or strength.

Tests for grounds.

Testing cords.




Continuity Tests: An open in the unit may be traced to any
portion of the electrical circuit. Any continuity device such as
the battery and lamp, battery and phones or ohmmeter may be
used. The battery and lamp is not recommended as it may send
too much current through the unit, demagnetizing the permanent
magnet or actually creating an open by melting the fine wires.

A flashlight battery and phone may be used if the sounds
heard are carefully interpreted. In testing a winding of many
thousands of turns, a slight click may be heard in the headphone
and yet the winding may be broken. This is due to the high self-
capacitance of the winding, and, in such a case, a click is heard
only when first applying the pin tips to the winding under test.
After the first capacitive charge of the winding, no further clicks
will be heard. Experience will make it possible for you to deter-
mine whether a capacitive charge or good continuity is re-
sponsible for the click in the magnetic unit.

A reliable direct reading ohmmeter is a common service in-
strument and should preferably be used in continuity testing.
Not only can continuity be established but the resistance of wind-
ings simultaneously checked.

By the simple continuity test the winding or windings of
the magnetic unit can easily be checked for broken wires. In
the bi-polar type of unit there are two windings, and the con-
tinuity test will show which winding is defective. Also, in the
balanced armature type of unit there are two windings, one on
each side of the armature, and the test will readily show the
defective winding.

If a winding is found to be opened, it does not necessarily
indicate that it is beyond repair or that it must be sent back to
the manufacturer for re-winding the bobbin or for a new bobbin.
The fine wire used on a bobbin of a magnetic unit is generally
attached to a heavy end lead, which is brought out and soldered
to the terminals. By carefully taking out the bobbin, the open
may be found to be in the output end lead, and repaired properly
with a great deal of satisfaction to yourself and real “Service”
to your client. However, if the open is in the middle of the
bobbin, or the inside lead, then the bobbin will have to be un-
wound, the break repaired, and the same wire re-wound on the
bobbin; or the unit returned to the manufacturer for complete
repair.

Lack of continuity in magnetic units may be due to the fol-
lowing causes:

1. Open in one of the conductors in the cord.
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This open may be in a poorly soldered connection of one of
the conductors at the free end in the metal pin tips, or at the
terminal end of the unit, or in the cord proper.

2. Poor or unsoldered connection at the terminals of the
reproducing unit.

The leads from the bobbins of the magnetic unit terminate
in soldered insulated binding posts. These leads sometimes
become broken or unsoldered at these terminals.

3. Opens in the bobbin winding.

Since the bobbin winding consists of many thousands of
turns, its wire size is very small, the diameter of which may be
from only .002 to .004 of an inch. These fine wires often break,
due to expansion and contraction from the effects of external
atmospheric conditions. Crystallization and electrolysis* from
the humidity of the surrounding atmosphere many times cause
opens in bobbins. Electrolysis is particularly noticed at the
soldered connection of the fine wire to the heavier end lead. In
the early days of magnetic unit design and manufacture, sol-
dered flux paste containing acid was used, and improper use
of this flux caused bad breaks from electrolysis directly at the
soldered connection of the end lead. Opens due to electrolysis
are readily recognized by the green residue left at the break.
This is why opens in bobbins of fine wires predominate in loca-
tions where the humidity is high, such as in the tropics, or in
locations where a great amount of salt is in the air, such as on
ships, and cities along the coastal fronts. Bobbins of such fine
wires should be thoroughly impregnated in order to withstand
any reaction from the surrounding atmosphere. Also, soldering
paste containing acid should never be used in making connec-
tions of fine wires. Resin core solder is the only solder to use.
This is not difficult when the surfaces are clean and the enamel
on the wire properly removed.

The proper procedure in making a continuity test on a mag-
netic unit is to begin at the free end or pin tip end of the cord,
and then, by a careful process of elimination, the open can be
located.

Resistance of Windings is best measured with a reliable
multirange ohmmeter. A D.C. Wheatstone bridge may be used.
The resistance of the winding determines whether the winding

* Electrolysis is battery action where the copper is one electrode, iron, lead
or tin the other in this case; the water vapor in the air with the acid flux at the
contact is the electrolyte. The copper is usually eaten away in this localized
action.
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is in good condition. The correct value of the resistance can be
obtained only from the manufacturer or testing a perfect dupli-
cate. If the resistance is found to be appreciably lower than the
value specified by the manufacturer, then it is an indication that
some of the turns in the winding are short circuited, resulting in
poor efficiency of the magnetic unit. The two windings of a bi-
polar or balanced armature type of unit should measure equal
resistance. If one winding has lower resistance than the other,
it shows a defective winding and will cause an unbalancing of
the magnetic pull upon the diaphragm or armature, resulting in
poor performance of the unit. The resistance of the bi-polar
type of magnetic units generally ranges from 1,000 to 1,500 ohms
per unit, and 400 to 800 ohms per unit for balanced armature
types.

Improper resistance of magnetic units is due to:

1. High resistance or extremely low resistance due to defec-
tive cord.

A high resistance, due to the cord, may be caused by a high
resistance soldered connection in the cord conductors, or a par-
tial open due to broken strands. The resistance measured under
these conditions may range from several thousand ohms to many
megohms.

Sometimes when measuring the resistance of such units a
value of a fraction of an ohm or a few ohms is obtained. This is
caused by some kind of a short circuit between the conductors
of the cord, or the grounding of the conductors to the case.

2. High resistance due to improper soldering at the ter-
minals in the unit of the reproducing unit.

3. High or low resistance due to defective bobbins.

High resistance in a bobbin is caused by a high resistance
electrical contact in the bobbin due to a soldered connection, par-
tially open from electrolysis, or oxidation in a spliced joint. A
high resistance from a poor soldered connection is many times
caused by a so-called “resin soldered connection.” Improper use
of resin core solder makes a “resin” joint instead of a good me-
tallic electrical contact, causing a high resistance.

A low resistance bobbin is a good indication of shorted
turns. Sometimes a whole layer, or several layers, may be
shorted out, causing a weak response and poor performance of
the unit. Shorted turns can only be accurately determined by
measuring the inductance of the unit as a whole, or the bobbins
individually. This is best done by using a suitable A.C. Induec-
tance Bridge. If such inductance measurements are made, it is
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best that the diaphragm or cone be removed from the unit, for
inductance measurements are made more difficult by these mov-
ing parts. Inductance measurements are generally made on an
alternating current frequency of 800 to 1,000 cycles per second,
and will vary from a fraction of a henry to several henries. As
in the case of resistance, the inductance of the two bobbins of a
bi-polar or balanced armature types of units should be the same.
The inductance of magnetic units varies with the A.C. current,
the amount of D.C. passing through the unit, and many other
factors, so great care must be taken in making inductance meas-
urements in order that the conditions are correct before defi-
nite conclusions can be drawn.

Improper clearance between diaphragm or armature and the
poles of the magnetic unit may be evident by a rattle or a metallic
vibrating sound when the unit is connected to an A.F. source.
Also in testing, there may be no response, and yet in testing for
continuity and resistance the unit is found to be entirely satis-
factory. However, upon examination of the unit, the trouble
may be found to be in the clearance between the diaphragm and
poles of the bi-polar type of unit, or between the armature and
poles of the balanced armature type. Rattles or metallic noises
in magnetic units are primarily caused by the diaphragm or
armature hitting the pole pieces. This may be caused by a num-
ber of things: dirt accumulating between diaphragm and pole
pieces, rusting of the armature or pole pieces, poor seating of
the diaphragm, fatigue* of diaphragm or armature, fatigue of
spring or loose connecting rod in balanced armature type of
units, loose laminations in pole pieces, or small defects in the
design of the unit. The fatiguing of any parts freezes (per-
manently fastens) the diaphragm or armature against the pole
pieces, resulting in no response. All the above defects can gen-
erally be remedied by carefully noting the particular trouble
and repairing or replacing the defective part.

The magnetic strength of the permanent magnets is one of
the most important factors in the performance of magnetic
units. Weak magnets will mean a weak magnetic pull on the
diaphragm or armature, resulting in weak reproducer response.
In the bi-polar type of phone or magnetic horn units, the strength
of the permanent magnets can be quite easily determined by tak-
ing the cap off the unit and noticing the strength at the pole tips
by the pull on the magnetic diaphragm when the diaphragm is

* When steel or wire loses its spring action, it is said to have fatigue.
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released from the poles. It will be found that permanent mag-
nets of good strength hold the magnetic diaphragm against the
pole pieces quite firmly, and it will take an appreciable pressure
to release the diaphragm from the poles.

A spring balance (weighing scale), having a scale from 0 to
10 pounds, can be used in conjunction with a small disc of soft
iron for testing the strength of magnets. The disec should be
absolutely flat and should have a small stud fitted with a hole,
attached to the center of one of the faces of the disc. The disc
should be about one inch in diameter and 1/16 inch thick.

Place the disc centrally over both pole pieces of the unit to
be tested. Loop a piece of stout string through the stud of the
disc and attach it to the hook of the spring balance as shown in
Fig. 1. Exert a steady pull carefully along a line perpendicular
to the face of the disc until the magnet lets go.

Fra. 1

The exact force required to separate the disc from the mag-
net will vary with each type of unit under test but average
values show that a pull of 2 pounds and more is required for
most phone magnets, a pull of 4 pounds and more is required for
the horn type of loudspeaker, while 7 pounds and more will be
required for the cone type of speaker magnet before the disc can
be pulled away. The proper force can always be found by first
testing a unit which is known to be in good condition, then com-
paring it with the unit which is suspected of having a weak mag-
net. However, the most accurate way to check the strength of
permanent magnets is visually by means of a meter as shown in
Figs. 2 and 3.

The meter is a sensitive milliammeter such as a Weston
D’Arsonval type, but with the permanent magnet removed. Spe-
cial soft iron pole pieces are made to fit the type of magnet to be
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tested. A current of known value is allowed to pass through the
winding of the meter. A permanent magnet of standard strength
is placed on the pole pieces of the meter and the deflection of the
needle is observed. The standard magnet is now replaced with
the magnet to be tested while the same current flows through the
moving coil of the meter. By checking the second reading
against the first, the strength of the permanent magnet under
test is determined. In Fig. 2 is shown the schematic drawing
of a meter with pole pieces attached to test the bi-polar type of
magnetic units. For this test the permanent magnets do not
have to be removed from the speaker unit, as the magnetic
strength can be tested at the tips of the pole pieces as shown.
Fig. 3 shows the arrangement of pole pieces on the meter for
testing large permanent magnets as found in the best balanced
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armature type of magnetic units. In this case, the permanent
magnets have to be removed from the speaker unit. However,
it is generally found that the smaller permanent magnets, as
found in bi-polar units, give the most trouble, as the larger
horseshoe magnets in balanced armature units are better de-
signed and hold their magnetism indefinitely. Also in practice,
if all other tests on the reproducer unit prove satisfactory and
the loudspeaker is still weak, it can be quite definitely concluded
that the permanent magnets are weak. Causes of weak magnets
are generally : bad overloading of the unit, and the subjection of
the unit to an alternating current source such as putting it across
a 110 volt A.C. supply.

The permanent magnets must fit firmly and squarely against
the soft iron pole pieces. There must be no air gap between the

7




magnets and pole pieces, otherwise the magnetic pull upon the
diaphragm or armature will be weak. Weak magnetism at the
soft iron pole tips may be caused by poor mechanical assembly
of the permanent magnet on the pole pieces.

In some types of bi-polar reproducing units, weak mag-
netism at the tips of the pole pieces may be due to a magnetic
short circuit of the reluctance gap. After the unit has been
tested for opens, shorts, grounds, clearance and general physical
condition, a quick test of its sensitivity may decide whether the
magnets need strengthening. Merely connect the loudspeaker
phone tip terminals to an 0 to 1 A.C. milliammeter or low range
1,000 ohm per volt A.C. voltmeter. By yelling into the cone, horn
or diaphragm or by snapping the armature or vibrating system,
an indication will be obtained roughly proportional to the sensi-
tivity of the unit.

Many servicemen test the magnetic system of a unit by
touching the poles with a steel secrew-driver. The attraction
obtained gives a rough indication of the magnetic strength.

If weak magnets are found in a magnetic unit, the only
remedy is to have the unit properly remagnetized. This is not
accomplished by any ordinary means, and must be done by the
manufacturer, or one fully equipped with the proper remagnetiz-
ing machine. The principle of the magnetizing machine is shown
in Fig. 4.

This is a special, powerful electromagnet. The coils A and
B on this machine may have an outside diameter from 8” to 10”,
and are generally wound with very heavy insulated No. 12 to
No. 14 B. & S. gauge wire. The coils are energized from a 110
or 220 volt D.C. source, from which 10 to 15 amperes is drawn
through the winding. The core of the electromagnet ranges
from 2” to 4” in diameter. As shown in Fig. 4, the permanent
magnet to be magnetized forms the “keeper” for the electromag-
net, and it takes several seconds to magnetize the permanent
magnet to saturation. Magnets can also be remagnetized by
hanging them on a 14 inch diameter copper wire loop connected
momentarily to about six 6 volt storage batteries in parallel. A
1,000 ampere switch should be used to make the momentary
connection. The air gap of the permanent magnet should be
closed by a soft steel keeper.

Grounds, cord shorts and leakage: The test for grounds con-
sists of a method by which it can be determined whether there is
any shorting of the winding to the magnetic core or metallic
frame. This is readily accomplished by a method similar to the




lamp continuity test, but generally it is best to use a high voltage
source, such as 110 volts D.C., as the insulation between winding
and metallic casing should be sufficient to withstand 110 volts
D.C. There must not be any ground between the winding and
casing, as this may short circuit the winding and cause the power
tube to be overloaded. In testing for shorts, the cord must be
considered, for it may not be inside the unit.

Cords on loudspeaker devices are a source of trouble, and
these must not be overlooked. Look for a short or leak. Defec-
tive cords should be replaced as they are inexpensive.

REPAIR OF HORNS AND CONES

All loudspeakers, whether of the vibrating diaphragm, arma-
ture or the moving coil type, employ a horn or cone which moves
a large body of air. Baffles are a further aid to low frequency
reproduction when cones are used.

=EeErE
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Innumerable shapes and designs of horns are used. Usually
they are made of papier méaché, fibre, plaster, wood, soft metal
or processed cloth. Correctly designed horns will vary from one
to several feet in length, depending on the low and high frequency
range desired. Either the exponential or modified exponential
horn is used. Horns should be supported so that vibrations can-
not be transmitted to the supports—soft rubber contacts are
desirable. The mouth and back of the moving unit should not
be obstructed.

Should horns be damaged, the break should be cemented and
the horn coated with an elastic waterproof varnish. Holes
should be refilled with plastic wood. Outdoor horns, subject to
corrosion or erosion, should be waterproofed periodically.

Horns are a coupling system between the air and the unit
and a given unit and horn are designed to work together. Al-
ways use the unit recommended by the horn manufacturer.
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Although cones used in the older type speakers might have
been circular, elliptical or egg shaped, varying in size from 6 to
36 inches, the modern cone is generally circular in shape. The
material of the cone is generally a paper having special acoustic
properties. Alhambra (a trade name) or fibrous moisture-proof
paper is used. Waterproof manila paper is often employed.

As the material of the cone is so fragile, and as the paper is
usually very thin, it damages easily, and holes may be punctured
in the cone. If the damage is not too great, the hole may be
patched by carefully cementing a small piece of paper over it.
By using a good Dupont or Ambroid paper cement, and care in
patching, the damage can be fixed up and the cone will sound as
good as new. A mutilated cone should be replaced with a new
one. It may be purchased from the maker or any large whole-
sale mail order supply house.

The method of attaching the apex of the cone to the arma-
ture pin is very interesting, and is generally one of the great
sources of troubles in magnetic cone reproducers. A metal or
fibrous, star-shaped apex piece is generally glued with some kind
of moisture-proof cement to the apex of the cone. The pin
attached to the armature of the balanced-armature unit is
threaded at the free end and is held to the apex of the cone by a
small thread and nut arrangement. In setting the pin on the
apex of the cone, the cone must not exert any pressure on the
armature, which might cause the armature to become unbal-
anced between the poles of the balanced-armature unit. This is
very important, for poor technique in setting the pin on the apex
of the cone may cause such a pressure on the armature as to
allow it to come near the pole pieces, causing rattles. The arma-
ture of a balanced-armature type of unit is best adjusted in the
central position of the pole pieces by leaving the cone free, and
after this proper adjustment has been made, then the cone
should be carefully tightened to the armature pin without dis-
turbing the balance of the armature.

Poor, weak or dead response from magnetic cone speakers
is often due to the fatiguing of the cone at its apex. In this
case it will be noticed that the apex of the cone has become
weakened, especially around the metal apex piece. Mechanical
weakening naturally means waste of sound energy, especially at
the higher frequencies. The best remedy for this is to strengthen
the center of the cone by means of a collodion solution.* This isa

* Some servicemen have found a mixture of one-half collodion and one-half
banana oil more suited to their needs.
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liquid solution which can be readily applied, and in drying it will
stiffen the center apex of the cone and bring back the good per-
formance of the unit. Application of collodion will also help
in eliminating little buzzes or rattles due to the armature pin not
being tightly fastened to the apex of the cone. If the seam in the
cone works open, it should be recemented.

Servicemen differ in their opinion as to when a cone should
be repaired or replaced. When it is possible to wait long enough,
order a new cone from a supply house. They are inexpensive
and will restore the machine to its initial tone quality. In rush
jobs the repair should be made in the best possible manner. Here
are a few additional hints.

If the leather edge becomes hardened, it may be softened by
rubbing in Neetsfoot (trade name) leather oil.

Many speakers, particularly dynamic speakers, develop in
time a cone rattle or blasting effect. The cone vibrating at high
frequencies breaks down the stiffness of the paper, preventing
reproduction of high frequencies. Application of several thin
coats of rubber cement about an hour apart has helped restore
good speaker operation.

The low frequency response in free edge cones may be im-
proved by cutting away a portion of the free edge and cementing
on a thin chamois leather floating ring. The floating edge should
exert no pull on the apex and it should help centralize the cone.
Be sure the cement is hard before testing or using the cone.

Troubles peculiar to moving coil speakers will be taken up
in the next section.

MOVING COIL UNITS

Moving coil units differ principally in the method of supply-
ing the magnetic flux. They may be of the electromagnet or
permanent magnet type. In the first case the field coil may be
connected in the power pack system, to a D.C. main or to a
storage battery if the receiver is of that design, or to the output
rectifying system of the set or to a copper oxide type rectifier.
In the second type the field is always present because of the use
of large, powerful, permanent magnets.

We are concerned in this text with the moving coil structure
and the cone. The supply system may be tested in the usual
power pack trouble shooting procedure. Permanent magnets
may be tested as shown in the first portion of this text. To test
magnetism in the electromagnetic dynamic loudspeaker apply a
screw-driver to the core of the field and observe the pull before
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and after the receiver is turned on. If no change is observed,
test the continuity of the field winding and its power supply.
The proper tests for moving coil reproducers are as follows:

Continuity test on field winding.
Resistance of field winding.

Continuity test on voice coil.

Resistance of voice coil.

Continuity test on output transformer.
Resistance of output transformer.

Test for grounds.

Test for rattles.

Test for bad resonant peaks.

10. Tests peculiar to self-excited reproducers.

I A ol ol A

An ohmmeter continuity test on the field windings will show
whether the winding is open. The resistance of the field, which
may vary from a few ohms to a few thousand ohms, may be
checked against the value usually given in the service diagram.
A variation of 10% is normal,

A great deal of difficulty is experienced in dynamic repro-
ducers with opens in the moving voice coil. These are readily
discovered by a continuity test. In many cases, however, it will
be found that an output transformer is mounted on the frame
of the speaker. In this case care must be taken that the voice
coil is disconnected from the secondary of the output trans-
former before tests are made for continuity and resistance.

In the resistance test, the value of the resistance will show
whether the winding is in good condition. Voice coil windings
differ materially in design and range from one turn to several
hundred turns. This resistance will be found to be from a frac-
tion of an ohm to 50 ohms, and the proper value of the resistance
can be obtained only from the manufacturer, or by comparing to
a perfect speaker of identical construction.

If an output transformer is mounted upon the frame of the
speaker, a continuity and resistance test on the primary and
secondary winding will determine whether the windings are
open or satisfactory. If the output transformer is a push-pull
output transformer feeding from the output of push-pull power
tubes, its primary winding consists of two windings in series,
and the secondary is a single winding, as shown schematically in
Fig. 5.

Although the primary is tapped at the electrical center, the
resistance between the center and the end terminals will differ
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to some extent. The section using the turns near the magnetic
core will have the least resistance. The resistance of the sec-
ondary winding will be very low, between 1 and 50 ohms. In
output transformer design, the secondary winding is generally
directly over the iron core and the primary winding over the
secondary.

If the output transformer feeds from a single power tube, it
will consist only of a single primary and single secondary
winding.

Grounds in dynamic reproducers are much more detrimental
to operation than in magnetic speakers on account of the higher
voltages involved. In testing for grounds, careful tests must be
made between field winding and core, voice coil winding and core,
primary and secondary windings of output transformer and
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core. There must be absolutely no ground between any winding
and the core. Also, partial grounds, indicating low leakage be-
tween windings and core, must be eliminated, for this shows poor
insulation or leakage between windings and core, which will
result in a bad ground when the high voltages are applied. Par-
tial grounds or leakages are best checked by means of a 10
megohm ohmmeter. In some output systems one terminal of
the voice coil may be intentionally grounded. This ground
should be temporarily opened. Always refer to the circuit dia-
gram of the receiver for unusual speaker connections.

In testing for rattles, it is best that the dynamic reproducer
be in operation on an audio amplifier. Rattles are best discov-
ered by feeding a variable audio frequency current into the input
of the audio amplifier and noting the sound response from the
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dynamic speaker. Any variable audio frequency oscillator may
be used so long as its range is within the usual audio band and
the oscillator is calibrated. Where an A.F. oscillator-amplifier is
not a part of your testing equipment you must be guided by ex-
perience and critical observation of the moving parts. By vary-
ing the audio note, rattles peculiar to certain frequencies may be
readily detected. In moving coil reproducers rattles are caused
by the following:

A. Moving Voice Coil Rubbing Against Pole Pieces or Core
of Magnet Structure—This may be due to the voice coil losing
its shape causing it to hit against the magnetic structure. Gen-
erally it is due to improper alignment of the voice coil resulting
from an offset spider, or loose spider supports.

If the voice coil is caused to rub against the magnetic pole
pieces, there is serious danger of the enamel on the voice coil
wires scraping off and some of the turns being short-circuited.
If such a condition exists, care must be taken to analyze the
voice coil for shorted turns. This can be done by checking accu-
rately the D.C. resistance and examining the voice coil wires
under a magnifying glass. If the voice coil touches the pole
pieces because of improper alignment of the external or in-
ternal spider, this can be remedied by realignment. The gap be-
tween the center core and the inside of the voice coil form gen-
erally ranges from .010 to .020 of an inch. Alignment can be
made by inserting three cardboard or celluloid strips
between the inside of the voice coil and the central iron core as
shown in the internal spider system in Fig. 6. Loosen the center-
ing screw where the internal spider is used or loosen the external
spider screws in the other types, let the moving coil align itself
and tighten the holding screws. If the moving coil does not
recenter itself it will be necessary to loosen the retaining ring
around the edge of the cone. Repeat the centering process and
tighten all screws.

Iron filings and grit in the air gap may cause rattles. Blow
out all foreign material with a hand bellows or with a fine nozzle
attached to an air pump.

B. Loose Wire in Voice Coil Winding.—In manufacture, the
voice coil winding is carefully impregnated or lacquered, but in
some cases the wires become loose under the continual strain of
the voice coil vibration. The rattle thus caused is a distinctive
buzz, and a little experience will enable you to detect loose wires
in the voice coil readily by this particular sound.

Loose wires on voice coils can be remedied by impregnating
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the voice coil with some kind of good lacquer or household
cement. A good air-dry Dupont clear lacquer or acetone solution
such as “ambroid” can be used. Care must be taken in applying
this lacquer that it is put on thin, otherwise it will interfere with
the movement of the voice coil by rubbing or sticking against
the pole pieces. Some voice coils have a number of layers of
winding on the voice coil form and a few wires in one of the
inner layers may be loose, causing a buzz. This trouble is a little
more difficult to remedy. This is best taken care of by several
applications of the thinned-out impregnating solution over the
spot on the voice coil under question, until the impregnation has
had a chance to work through the other layers. A new cone with
attached voice coil should be used in unrepairable cases.
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C. Spider Rattles.—The various legs of the spider, external
or internal, whether of metal or insulating material, have a defi-
nite natural period of vibration, and at times these parts fatigue,
causing bad spider rattles. This kind of rattle is particularly
annoying at large volumes, and gives rise to a high pitch buzz.

Spider rattles occur frequently on metallic spiders. These
rattles can best be eliminated by slipping a thin rubber tubing
or cotton sleeving over the legs of the spider supports, or gluing
a thin piece of felt or leather over the parts of the spider leg
causing the rattle. These materials will dampen any rattles with-
out adding sufficient weight to impair the efficiency or frequency
range of the moving voice coil form.

D. Cone Rattles.—Rattles may be due to the cone proper.
If made of paper, the ratile may come from a partial opening or
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weakening of the glue in the seam. If flexibly mounted at the
periphery (the outer edge), by leather or cloth material, the
cone may set up a bad paper rattle at the periphery, due to a
bad whipping of the paper at large vibrations. If the cone
proper is held between metal supports, rattles may occur due to
the periphery of the cone hitting the metal supports, unless
separated by felt washers.

Rattles due to the whipping of the paper at the periphery
occur at low frequencies near the natural resonance of the cone,
due primarily to the flexible membrane of the cone support being
too loose. There may also be an uneven tension around the
periphery, straining the cone. This unevenness may be caused
by the flexible member of the cone support hardening at spots,
or the chamois, which is sometimes used, stiffening unevenly.
The chamois can be made more flexible by rubbing with the
fingers or by using some kind of leather dressing. If the cone
is held too tightly at the support, the bolts should be loosened
and the cone pressure released. A tightened cone caused by the
hardening of the leather or chamois ring means a lack of good
low-note reproduction, and the reproducer will sound “high-
pitched.” )

Most reproducers are designed with a central spider which
is fastened at its rim to the voice coil. If this spider cracks,
which is not uncommon, high note distortion will usually result.

All dynamic reproducers have inherent acoustic resonant
peaks, and these will readily be noticed when varying the variable
audio frequency oscillator in testing for rattles. In well de-
signed speakers, these resonant peaks are not very pronounced,
and generally little trouble is experienced from this cause. The
acoustic resonant frequency may be lowered by loading the mov-
ing coil tubing where it fastens to the cone with gum or other
heavy sticky material.

TESTING CONDENSER REPRODUCERS

In testing condenser reproducers, care must be taken that
the polarizing voltage be taken off the conducting plates of the
speaker befure any detailed tests are made on the unit. This
polarizing voltage is of the order of several hundred volts, and
this voltage is generally obtained from a rectifier tube.

About the only defect which can occur in the condenser
type of reproducer is the puncturing of the thin aluminum film.
This puncture may be mechanical or it may be an electrical
breakdown caused by the high voltage from the rectifying tube.
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A continuity test, with the polarizing voltage off, will determine
whether the aluminum film is punctured or touching the alumi-
num casting. Condenser reproducers are generally made up of
several small condenser reproducer units in parallel, so care
must be taken in tests to determine which unit is defective.

No-voltage or improper polarizing voltage will cause poor
performance of the condenser reproducer. This may be due to
a poor or defective rectifying tube, or some defect in its as-
sociated circuit.

Most difficulties with the condenser reproducer are external
to the unit proper, and tests on the associated circuits will locate
the trouble.

When replacement condenser speaker sections cannot be ob-
tained it would be wise to consider replacing the entire condenser
speaker with a permanent magnetic type dynamic speaker. In
ordering such a speaker, be sure to specify the output tubes used
in the receiver so the correct matching transformer is sent. The
condenser speaker and its voltage supply should be removed from
the circuit, taking care that the other supply voltages remain
intact. The coupling transformer of the new speaker is con-
nected directly to the plate circuits of the output tubes.

EXTRA NOTES ON SPEAKER SERVICING

1. The Baffle should be made as large as possible. Some of
the best cone reproducers are ruined by placing them in small
cabinets or behind small baffles. Baffles are most effective in
large sizes, and also when the baffle material is non-resonant and
heavy. A strong two or three ply wood baffle, an inch to an inch
and a half thick, is recommended. Some baffles, particularly in
console cabinets, depend upon the material of the cabinet for the
baffle effect; or a thin baffle board, one-quarter to one-half inch
thick, is used. By putting in a strong, thick baffle board, extend-
ing to the sides, top and bottom of the speaker compartment, the
low tones will be brought out and the reproduction will beeome
fuller and more pleasing. This is why console cabinets became
popular for broadcast receivers, not only because the receiver
and speaker are self-contained, but the cabinet itself acts as a
good baffle (even the sides, top and bottom of the cabinet) and
better quality reproduction from the reproducer is attained.

I1. Prevention of “Booming” and “Microphonic Howl” from
Dynamic Reproducers.—The boom-boom reproduction of dynamic
reproducers is caused by an excessive over-emphasis of the low
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frequencies. This is caused sometimes by deliberately “chopping
off” the high frequencies in an audio system by means of a by-
pass condenser in order that no high frequencies can be repro-
duced in the loudspeaker, so the speaker would be “rich in low
notes.” This is an acoustic illusion, and is a trick which has
unfortunately been used by some well-known manufacturers to
satisfy the public for “low note reproduction.” By examining
the audio system it will be found that a by-pass condenser has
been employed somewhere in the system in shunt, and this can
be taken out. The normal R.F. by-pass condenser from the plate
to cathode or filament in the plate circuit of the detector should
be .001 to .002 mfd. capacity. Some manufacturers have used
as much as .005 to .006 mfd. to by-pass the higher audio fre-
quencies. The lack of high frequencies “gives the effect” of bet-
ter low notes and boomy quality results.

This kind of reproduction is also obtained by improper use
of a reproducer in a self-contained cabinet, which is particularly
true in small table model or mantel type speakers. These cabi-
nets are small; the air column behind the speaker is closely con-
fined and will sometimes over-emphasize the low frequencies.
Generally, very little can be done to prevent boomy reproduction
under such conditions. Relieving the air column pressure on the
reproducer by eliminating the wooden back, or cutting an open-
ing in the bottom of the cabinet, will help. Any radical change
in the design of the cabinet should never be attempted without
permission from the owner.

“Microphonics” is a phenomenon in a broadcast receiver,
which is due primarily to the radio system of the receiver and
not to the reproducer, although the loudspeaker will be blamed
for it many times. The sound waves from the speaker will cause
the cabinet to vibrate, and this mechanical vibration will be
transferred back to the radio frequency and detector chassis
frame, causing the brass, aluminum or steel plates of the tuning
condenser to vibrate, or the vacuum tube elements to vibrate.
These vibrations will cause a modulation of the incoming car-
rier wave, resulting in a continuous “howl” from the loudspeaker.
The condenser plates or tube elements can also be made to vi-
brate acoustically through the air. In order to eliminate “micro-
phonics,” mechanical vibrations must be prevented from being
set up by the sound waves from the speaker. This can be ac-
complished in several ways:

(a) The R.F. chassis frame is mounted on rubber, felt or
mechanical springs, so that it will receive little mechanical vibra-
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tion from the cabinet. It will be noticed that chassis in console
cabinets are mounted in this way.

(b) If vibration of the tube elements is causing the “micro-
phonies,” the tubes should have flexibly mounted sockets or a
heavy metal cap should be placed on the tube to prevent them
from vibrating. Highly sensitive detector tubes will require
special attention in this respect.

(¢) The speaker should be mounted so that it will not
transmit much vibration to the cabinet. A felt cone ring be-
tween the cabinet and speaker, and a heavy baffle board will
help. Sometimes inverting the speaker will help.

(d) If the cabinet is thin and weak, its walls and shelf will
vibrate readily, causing “microphonics.” By strengthening these
weak places with added wooden strips or supports, this trouble
will be eliminated. '

(e) When a receiver is completed, very little can be done
for variable condensers having thin plates; they should be at
least 1/32 of an inch, staked or soldered and supported rigidly
at several places. Aluminum gang condensers are less apt to be
microphonic than brass or steel plate condensers. See (a) when
microphonic action exists.

I11. Precaution Against Using Dynamic Speaker Against a
Wall.—The reproducer is designed to work with a certain re-
ceiver and in a certain cabinet. By placing it against the wall,
the air pressure against the back of the speaker may change its
characteristics entirely, and reproduction will be less pleasing.

IV. Use of Auxiliary Speaker for Tone Emphasis—The
acoustic result of two speakers together may be better than
either one singly. This was particularly true when the first cone
reproducers were produced. The cone speaker brought out the
low frequencies, and the horn speaker brought out the high
frequencies. By combining the two, the resultant reproduction
was quite satisfying. A small cone and a large cone together
will have similar effects. Three speakers of different character-
istics can sometimes be used together to give better results.

Where two or more speakers are used simultaneously and
their sound outputs are in the same general direction, it is im-
portant that the diaphragms or cones be in phase. As most
speakers are supplied from a common source this means that the
cones should move “in” and “out” together. Phasing is accom-
plished by connecting all voice coils or speaker terminals to-
gether in the accepted manner and momentarily connecting to
a 4.5 volt battery. As the connection to the battery is made,
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watch the motion of the cone. If some move “in” as others move
‘“out,” reverse the speaker connections, or in the case of some
dynamic speakers reverse the field coils so that all moving sys-
tems move “in” and out together.

V. Impedance Correction by Proper Matching of Impe-
dances.—It is well understood that associated circuits with
vacuum tube systems will give best results only when the im-
pedances of such systems are matched.

This is very important in loudspeaker systems. Dynamic
reproducers have voice coils, the impedances * of which may
range from a few ohms to 50 ohms, depending on the number
of turns. This voice coil impedance must match the secondary
of the output transformer associated with the power output
tube, or maximum power undistorted output will not be ob-
tained. A voice coil having an impedance of 20 chms cannot be
used with a step-down output transformer designed to work
into a voice coil impedance of only 4 ohms.

The impedance of the voice coil of a dynamic reproducer is
a variable factor, since the amplitude of vibration of the voice
coil is not constant over the entire audio frequency range. How-
ever, it is substantially constant over a considerable portion of
the frequency range between 200 and 2,000 cycles. Above 2,000
cycles the impedance increases with frequency, and below 200
cycles the impedance increases to the point of natural resonance
of the diaphragm and then rapidly decreases with frequencies
lower than the fundamental. For impedance matching purposes,
the voice coil impedance is generally measured at between 200
and 400 cycles.

It is extremely important that the output transformer
match the impedance of the voice coil.

In buying a replacement speaker it is not necessary to
specify the correct turn ratio of the coupling transformer. If
the maker and the model number of the receiver are specified, a
suitable speaker will ordinarily be sent by a reliable supply
house. It is also wise to specify the tubes used in the output
stage, the arrangement, (single, push-pull, two in parallel, etc.)
the operating voltages. These factors determine the correct
speaker input impedance. The field resistance of the defective
speaker should be given.

V1. Rattles in Speakers Not Due to Speakers.—Oftentimes

_* For service work you may assume that the impedance of a voice coil is 1.5
times its D.C. resistance, which you can measure with a low range ohmmeter.
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complaints will be received of rattles occurring in speakers, and
the trouble will not be in the speaker but in the electrical sys-
tem preceding the speaker.

(a) If push-pull power tubes are used, one tube may not
match properly with the other, causing unbalancing, and a rattle
is heard in the reproducer.

Power tube overloading is caused by having the volume con-
trol of the receiver turned up too high, and overloading the grid
of the power tube.

Output power tubes deteriorate readily, and distortion re-
sults at lower power output. Changing the power tube will
readily determine this.

(b) Any overloading of detector or audio tubes causes dis-
tortion, and a rattle will be heard in the speaker. An overload-
ing of any tube causes the grid circuit of the tube to take cur-
rent, and this always results in a distortion rattle.

(¢) Overloading and distortion of amplifying tubes may
readily be caused by improper voltages on the tubes, due to a
breakdown of some part of the circuit.

SERVICING MICROPHONES

Microphones play an important part in home recording,
public address and call systems. Many servicemen are called
on to maintain or service such systems. Here again we will limit
ourselves to caring for and servicing these sound pickups.

Microphones used in home recording systems are quite
rugged and will stand normal rough handling. Needless to say,
continual abuse will soon render the device useless. Double but-
ton microphones used in public address systems are very delicate
instruments and must be handled with care. They should not be
exposed to moisture, and, when not in use should be kept in a
glass jar having a ground glass stopper. In the bottom is placed
a handful of sal-soda. This will absorb any moisture that may
have accumulated on the microphone.

In transporting the microphone, carefully wrap it in cotton
batting or felt to prevent it from being jarred. Condenser micro-
phones, as you know, have a thin plate separated from its fixed
plate by a distance of one or two thousandths of an inch. A sharp
jar may cause the two plates to become short-circuited.

Never attempt to take a microphone apart for repairs as
this is a highly specialized job. Dirt may accumulate on the
speaking surface, causing noise when in use. Don’t try to blow
it off. Use a small camel’s hairbrush to clean the diaphragm and
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exercise great care, otherwise the diaphragm may be bent out of
shape.

Carbon Microphones: These instruments require a small
D.C. current of the order of 10 milliamperes. The current which
is measured by inserting a milliammeter in the circuit should not
exceed the recommended value, as tiny electric arcs will develop,
causing the carbon granules to get red hot and stick together.
When the cohering takes place, the buttons of the microphone
must be refilled by a specialist having the proper facilities.

Quite often it will be observed that the currents in double
button microphones are unequal. If this difference is greater
than 30%, distortion is bound to exist. An unbalance may occur
only when the microphone is not in use, and equal when in use.
This is not a defect. Unbalance in microphones may eventually
lead to burning of the granules.

When a microphone becomes moist, it should be dried out
as previously explained. Or it may be placed near a lighted elec-
tric bulb or in warm sunshine. Should the carbon become
packed but not burned together, the granules may be loosened
by holding and rotating the microphone in one hand with the
diaphragm parallel to floor and gently tapping the edge of the
microphone with the other hand. Never tap the ends of the
microphone or the bridge nor attempt this adjustment when cur-
rent flows through the microphone.

Condenser Microphones: We must not overlook the fact that
the microphone amplifier is a integral part of this pickup.
Troubles are often traceable to a defective amplifier.

Condenser microphone diaphragms are extremely thin and
special care must be taken to see that it is not dented or forced
out of shape.

The condenser unit is usually filled with an inert gas and the
entire basic unit (not the case) impregnated with a wax com-
pound to exclude moisture and prevent gas leakage. FExcessive
moisture may penetrate the sealing compound and cause a vari-
able leakage current. This will result in a scratching sputtering
noise. Failure to dry out the moisture, by enclosing the unit in
a jar with sal-soda, may eventually allow the high voltage to
break down the unit, giving rise to a “spitting” noise. The
remedy is to allow the unit to dry out in the drying jar for a long
period of time and at a warm temperature.

Defects in the amplifier should be watched. A defective
tube, broken down insulation in the microphone amplifier or
the cable, or a bad connection in any part of the pickup system



will give rise to noise. Usually the trouble is due to an open
ground connection. It is essential that the condenser micro-
phone frame and the —F amplifier tube terminal be grounded by
a lead through the cable. The ground wire from the microphone
to the amplifier often opens at the microphone frame.

Quite often an A.C. hum is heard in the sound output.
Usually this is traced to inductive pickup from an adjacent A.C.
line. Move the cable cord to various locations. If the hum per-
sists the trouble is probably the result of an open in the ground
connection to the shield of the cable.

SERVICING PHONOGRAPH PICKUPS *

Servicing combination radio-phonographs and electric
phonographs is unquestionably a service that the radio tech-
nician should be ready for. The amplifier system is treated as
you would any vacuum tube amplifier. However, the service-
man should have an intimate knowledge of phonograph pickups
and the electrical motor.

In spite of its small size and apparent simplicity, the pick-
up unit has its weakness, which, after it has given very satis-
factory service for some time, will eventually show up and will
require attention.

Before operating with screw-drivers and pliers, be sure that
proper tests have been conducted in the amplifier to prove to
your own satisfaction that the amplifier is free from defects and
that the sound reproduction is normal.

Distortion may exist due to worn out needles, worn out
records, not using electrically produced records, excessive ten-
sion on the tone arm or armature, loose needle, loose parts
within pickup wunit, defective internal damping. Noise may
appear because of a loose needle, loose armature or poor con-
nections. The sound output may be erratic because of excessive
weight on the record or a non-uniform rotating motor. No re-
production will result if the armature freezes or gets out of
adjustment, or any part of its electrical circuit opens or shorts.

Distortion is an often complaint. In a few isolated cases,
the cause for distorted reproduction is due to nothing but the
use of old and worn out records. Many customers seem to for-
get the very important fact that, in order to do justice to the
electrical pickup unit, it is necessary to use none other than elec-
trically cut records. Records salvaged from the old phonograph

* Partially abstracted from an article in Radio-Craft.
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simply will not do. After records have been in use a long time,
they usually collect a certain amount of dust and grit in the
grooves; this dirt, added to the fact that the grooves are prob-
ably worn by the needle passing through them a number of times,
distorts the signal picked up from the record. It is desirable
therefore, to first check this item carefully, and the best and
quickest test is to play your own perfect record, which should
be carried along especially for such purposes. This record will
serve another very important and practical purpose, namely to
prove to your customer’s own satisfaction, after having com-
pleted a repair job on the pickup unit, that your work has been
properly done and to preclude any possible argument to the
contrary.

The first thing to do, in servicing a pickup unit, is to check
the speed of the turntable. If a speed indicator is not available,
the speed can be checked by placing a strip of paper under the
edge of a record so it will just project beyond the edge of the
turntable. Play the record in its usual manner, then place your
finger where the paper will strike it, and then count the revolu-
tions made by the turntable for one minute. Be sure to have
the pickup unit in its normal playing position, so that the re-
tarded action of the needle on the record will be taken into con-
sideration while the revolutions are being counted. Standard
records turn at 78 revolutions per minute. On later phonograph
combinations, there are two speeds provided; one for the stand-
ard record speed, and a slower speed of 3314 revolutions per
minute for the long-playing records. The speed control mechan-
ism is provided with a control lever to give either of these two
speeds. It might be well to mention the fact that the needles
for the long-playing records are specially designed for use only
on these records and cannot be used on the standard records.
Quite often the speed adjustment alone will not remedy the dis-
tortion.

It is generally possible, by listening carefully to the sound
coming from the speaker, to localize the source of the distortion.
First, ascertain whether or not the high and the low notes are
being heard, if conspicuous by their absence, it is generally due
to the armature of the pickup being off center.

If there is a rattle on certain notes and blasting on the low
notes, the trouble may be generally traced to worn out, or de-
teriorated, rubber damping blocks.

If a vibrating and crackling noise is heard while the record
is being played, it may be mainly due to the fact that the base
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of the pickup, near where the needle is inserted, is magnetic, and
attracts small particles of iron.

Sharp, cracking sounds, not unlike static discharges, very
often may be traced to loose connections in the pickup unit.

Weak magnets will also cause low reception and distortion;
although it is not probable that you will meet with this condition.

In all present-day pickup units it has been found necessary
to use some sort of damping on the vibrating armature. Natur-
ally, everything has a natural period of vibration, and if this
vibration of the armature is not damped in some way, the arma-
ture will hit the pole pieces and thus cause distortion. The exact
methods used to overcome this tendency to vibrate varies, to
some extent, in the different makes of pickup units. In general,
this damping is accomplished by mounting pieces of soft rubber
tightly between the pivot supports, as well as placing a rubber
damping block between the pole pieces. Thus, the armature is
left free to move between the pole pieces, but is damped by the
rubber mounting at its pivot. If the pickup is used infrequently,
the rubber damping blocks and rubber pivot supports become
hard and unpliable and are worthless as dampers.

Hardening of the rubber blocks may throw the armature off
center. If the pickup unit is repeatedly left to rest on the needle
or on top of the record, instead of letting it hang free on its
proper support after each record has been played, the armature
naturally gets off center.

If the aural test indicates that the armature is improperly
centered, then this part must be adjusted. The sequence of dis-
assembling the necessary parts for making this adjustment will
differ according to the various types and models. However, cer-
tain general requisites apply to all pickup units. Remove the
outer cover case by removing the cover screws and the needle
holder screw. Mark the magnet pole pieces and the magnet with
a red crayon pencil, so that when they are replaced, they will be
in their original position. Remove the magnet, and place a piece
of soft iron across the poles. Failure to observe this precaution
will result in a loss of magnetomotive force which will impair the
sensitivity of the pickup unit. Loosen the two round-headed
screws in the armature adjusting plate with a small screw-
driver. The small piece of metal holding the damping block
should now be moved until the armature is properly centered
between the pole pieces. The armature should be held in the
exact center of the magnetic field—exactly halfway between the
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magnet blocks. Judging the center by eye is, in many cases,
sufficiently accurate for this adjustment. When certain that the
armature is properly centered, replace all parts of the pickup
assembly. It should be noted here that, in a good many cases, on
certain models, it will not be necessary to remove the magnet
and pole pieces to make this adjustment.

If the armature is found to be rusty, a replacement is recom-
mended; but if a new part cannot be obtained quickly, a tem-
porary repair can be performed by scraping off all the rust and
rubbing all surfaces with very fine emery cloth. (Do not coat
the surfaces with oil to keep it from rusting again, as oil has a
deteriorating effect on the rubber dampers.)

To test the armature for correct centering, the cover plate
should be replaced and the instrument turned on; then, while
playing a record with the volume control turned on full, lift the
pickup unit from the record and move the finger across the
needle point, both to the right and to the left. The same sound
should now be heard in the speaker, regardless of the direction
in which the finger is moved. If the sound is not the same, but
weak on one side and strong on the other, then determine which
side gives you the weakest reception. If the sound is weakest
when moving the finger to the right, the left adjustment screw
should be loosened and the rubber pivot support, or adjusting
plate, forced over nearer to the armature. If the sound is weaker
when moving the finger to the left, the right hand screw should
be loosened and the rubber pivot support, or the adjusting plate,
forced nearer the armature. It is advisable always to make the
above-mentioned test first, after the turntable speed has been
checked and adjusted, before any attempts are made to replace
the rubber padding, as in a good many cases this is the only
adjustment necessary.

If our test indicates that the trouble is due to faults in the
rubber dampers, then these pads should be carefully inspected.

If badly deteriorated or hard, they should be replaced. The
old rubber should first be completely removed by scraping the
parts clean with a knife. Specially made rubber pads may be
procured from the manufacturer of the particular pickup unit
that you are working on. If such a set of rubber pads are hard
to obtain, any first-class, good, live rubber—such as part of an
automobile inner tube—will do very nicely for the damping block
between the pole pieces, and the thin portion of a baby’s rubber
nipple may be used by cutting out two strips to act as rubber
pivot supports. The exact size of the rubber pads required may
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easily be determined by carefully noting the size of the old rub-
ber pads and then you can make exact duplicates.

The same general rules for disassembling the pickup unit, as
previously described for the armature adjustment, should be fol-
lowed when replacing the rubber dampers. After the magnet,
pole pieces, coil, and the armature have been disassembled, all
metal parts should be cleaned free from all accumulations of dust
and grit; place the new rubber pivot supports in their proper
place; and reassemble the pole pieces, the coil, and the new rub-
ber damping block between the pole pieces. Now center the
armature and tighten up the screws in the adjusting plate. The
next step requires some sort of a clamping device, such as a small
vise or a “C” clamp. After the assembly has been replaced on
the pickup arm, and you are sure that the magnet poles are
against the proper pole pieces, the assembly should be replaced in
the clamping device for the proper tightening of the pole pieces.
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The proper amount of pressure to be applied depends on the type
of unit you are working on When working on RCA, G.E. and
RCA Victor pickup units, the use of a clearance tool will aid
greatly in making proper adjustments of the pole pieces. This
gauge may be constructed of metal by making one as per the de-
tail shown in Fig. 7. The cut-out portion slips over the coil and
the two legs slip in between the pole pieces. After the pole pieces
have been clamped together, the bolts holding these pieces should
be tightened up. Then remove the pickup arm from the clamp-
ing device and take out the gauge. The pickup is now reas-
sembled and the cover plate replaced. Before this is done, make
sure that the magnet clamp is in its proper place. If the magnet
clamp is not in its proper place, it may force the front cover to
one side. If this should happen, it will, in all probability, touch
the needle-holder screw, and this, in turn, will produce a rattling
noise in the speaker.
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In removing the pickup assembly from the motorboard, you
may be tempted to loosen the two pivoted set screws which are
located on each side of the pickup arm just above the top of
the base. The advice is: “Don’t do it!” The proper method is
to disconnect the two output wires under the motorboard, then
remove the wood screw holding the base in place, and lift the
whole assembly off the board. The reason for doing it this way
is to avoid tampering with the set screws which are held in place
inside of the arm with lock nuts. While working on this part of
the unit, the lubrication between the pickup arm and the base
should be checked over. If the bearing surfaces appear to be
dry, a small amount of vaseline should be applied so as to insure
free motion of the arm.

Particles of iron, found at the base of the pickup unit can
be removed with a toothpick, hand bellows, or still better, with a
vacuum cleaner.

The radio-phonograph transfer switch should always be in-
spected, and the contacts kept clean, although there is nothing to
be gained by excessive filing and cleaning. In some cases, it
might be found necessary to bend the spring contacts to insure
better compression, since any imperfect contact will materially
interfere with good record reproduction.

Very little trouble has been encountered with the motors. In
most cases when the motor has a tendency to stall or lose power,
all that is necessary is to apply a little oil to the bearings.

The coils and leads of the pickup can be tested for shorts and
opens with an ohmmeter following the routine outlined for mag-
netic units.
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%

10.

What disadvantage does an aural continuity test have on
windings with many turns of wire?

. What tests would you make, if, applying a steel screw-driver

to the iron core of an electromagnetic type dynamic speaker,
no change in pull is observed before and after the set is
turned on?

In what three ways could you stop “microphonics” in sets
brought in for servicing?

. Give four causes of rattles in moving coil cone speakers.

What information would you supply when ordering a replace-
ment speaker for a receiver whose model number is not
known?

What is the purpose of the sal-soda placed in the glass con-
tainer used for storing microphones?

Explain briefly the armature center test on magnetic phono
pickups.

. In what two ways does hum usually get into a microphone

pickup system?
What two defects may exist if the rubber dampers in a phono
pickup harden?

Explain briefly the centering process for moving coil repro-
ducers having an internal spider support.
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10.

!
Servicing Sound Reproducers and Pickups. No. 43 RH

A click may be heard due to self capacitance, even if the winding is open.

Test the continuity of the field winding and if found in good condition test
the power supply of the field winding.

1. Mount the chassis on rubber, felt or mechanical springs; 2. place a heavy
metal cap on the tube set into vibration; 3. use either a heavy dead baffle
or a felt ring between the baffle and the cone retaining ring.

1. Moving voice coil rubbing against pole piece or core; 2. loose wire on
voice coil; 3. defective spider; 4. defective cone.

Give the output tubes used, the arrangement and type of circuit, the operating
voltages and the field resistance of the defective speaker.

To remove the moisture and keep the microphones dry.

With pickup connected to an active amplifier rub the needle to the right and
left. The noise in both directions should be equal.

An open ground connection to the shield of the cable, or having the microphone
cable too near an A.C. line. '

Mechanical resonance will be accentuated and the armature may be thrown off
center.

(]

!

Loosen center screw, insert three thin cardboard strips between the core and
moving coil and tighten center screw1 Loosen cone edge retaining ring if
necessary. i
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Internal Receiver Noise

INTRODUCTION

A large number of service calls are due to the development
of some noise in the receiver. The set owner wants the popping,
or the frying, or the hissing,or the rattling, or the whistling taken
out. Then, too, the set owner may complain that the set plays and
cuts off and plays again, or cuts off and doesn’t play until some
part is adjusted or touched, or cuts off and refuses to play until
the set remains inoperative for some time. The last type of trouble
is referred to as intermittent reception and is the most intangible
sort of service work that a serviceman may encounter. Both
types of trouble will be discussed in this lesson, but internal re-
ceiver noise and whistles will be considered first.

INTERNAL OR EXTERNAL RECEIVER NOISE? The
noise observed may have its origin outside the receiver—that is,
it may be coming in through the aerial and ground pickup system,
or over the power lines. External receiver noise will be treated
elsewhere in the service course.

The first thing a serviceman must do when starting out to re-
pair a noisy receiver, is to determine whether the noise is internal
or external.

If the receiver is battery operated it is a comparatively
simple matter to determine whether the noise is internal or ex-
ternal. To determine this the antenna is disconnected from the
receiver, as is also the ground. Then the antenna and ground
binding posts are short circuited by running a small length of
wire from one to the other. With the volume control turned on
full, no noise will be heard if the source is external to the re-
ceiver. On the other hand, if the noise is still heard, it is definitely
proven that there is a defect in the chassis or power supply. This
test, however, is applicable only in the case of well-shielded bat-
tery receivers. Modern sets are all properly shielded, but the
test is not conclusive when made on older types of unshielded
battery receivers.

In the case of A. C. operated receivers, noise may be coming
in over the power line, in which case, even though the antenna
and ground are disconnected and shorted, external noises will get
through. The only way a definite check can be made on noises en-
tering the receiver through the power line is by the use of a line
filter.




A typical line filter is shown in Fig. 1. While the filter may
not serve to eliminate all noises coming in over the line, if there
are any noises of this sort it should reduce them considerably.
If the filter eliminates the noise or reduces it considerably, it can
be definitely assumed that it is coming in over the line. It would
be wise to reconnect the antenna and ground to see if some noise
is not coming by way of the pickup system. An increase in noise
indicates that it gets in by both routes. If, however, with the
aerial and ground connection shorted and with a line filter be-
tween the A. C. outlet and the receiver, the noise still persists, a
receiver defect is indicated.

Should you feel that the noise is a receiver defect and ap-
pears only when a signal is fed to the receiver, test by connecting
to the receiver input a well shielded modulated oscillator. This
test should be made after you test for external or internal noise
origin.

CLASSIFYING INTERNAL NOISE: We may classify or
identify the various kinds of noises according to their char-
acteristic sounds. This is an important factor in our effect to
cause analysis. We may classify noise as to nature of the source,
whether it is mechanical or electrical.

You should be able to recognize the various sounds that are
referred to as noise. We have: 1. Scratching, clicking, crackling,
rattling and grating noises, generally due to a defective part or
connection; 2. Whistling or swishing noises, generally traced to
oscillation and regeneration in the circuits; 3. Ringing noises,
gradually increasing in intensity. They are called microphonic
noises and are traced to poor design, loose parts, defective tubes
or to too much volume; 4. Hum, which will be considered else-
where in the course, generally due to defective parts, poor orig-
inal chassis layout, faulty design, poor tubes or bad connections.

From the standpoint of isolating the origin of an internal
noise, the classification of whether noise is mechanical or electri-
cal is important. Mechanical origin of noise is quickly deter-
mined.

MECHANICAL NOISE

Isolating Mechanical Noise: Not all receiver noises reach the
ear through the loudspeaker. All noises that are electrical in
origin, of course, do, but mechanical noises may enter the ear
directly from their source. For example, the laminations in the
power transformer may have worked loose and may vibrate.
Cabinet doors may develop rattles. Various parts of the receiver
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and the cabinet may have what is known as acoustic resonance,
and when a loud note comes through the loudspeaker at a partic-
ular frequency a sympathetic vibration will be set up, resulting
in sound (noise). Sometimes the core laminations of an audio
transformer are caused to vibrate and act as a very weak speaker
unit; in this case the broadcasts will be heard even with the
speaker disconnected.

A simple test can be made to determine whether the disturb-
ing noise comes from the speaker or not. If a dynamic speaker is
used, the secondary of the output transformer is disconnected
from the voice coil and a good wire resistance unit of the same
value as the A. C. resistance of the voice coil is shunted across
the secondary, as shown in Fig. 2. If a magnetic speaker is used,
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the armature coil is disconnected and a shunt resistance is con-
nected in its place. In the case of a dynamic speaker, the re-
sistance may be from 6 to 30 ohms. In the case of a magnetic
speaker, the average resistance is 4,000 ohms. There is no need
of being exact in regard to the value of the resistance used in this
test.

If the noise is still present with a resistance substituted for
the magnetic unit or moving coil, we can be sure that the defect
is mechanical, and that the sound is coming from the transformer
laminations or some vibrating part. However, if there is no noise,
test the speaker, in a manner to be explained shortly.

Microphonic Tube Noise: A very troublesome type of howl-
ing noise is caused by what are called “microphonic” tubes. These
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noises are most frequently low pitched ringing noises, which,
when started, gradually increase in intensity. A microphonic
tube is one which has loose elements—that is, the filament or
generally one of the grids is not mounted very rigidly on its sup-
ports. As a result any mechanical vibration which reaches the
tube causes the loose elements to vibrate. The distance between
the elements varies, modulating the signal by varying the plate
current in that tube. This changing plate current is amplified
through the set and the speaker emits a howl.

There are two major causes for setting up tube vibration.
First, sound waves coming directly from the speaker, which is
technically called “acoustic coupling.” Second the sound from
the speaker causes the cabinet to vibrate and the cabinet vibra-
tions are mechanically transmitted to the receiver chassis and
then to the tube.

The detector is the most sensitive and the most likely to
cause trouble. Placing your hand firmly on the detector tube will
generally stop the howl, as the vibration is damped. In the older
sets the detector tube was mounted on spring sockets or sponge
rubber supports, which acted as a cushion or shock absorber.
This is not as a rule necessary with present day tubes, because in
the modern tube the elements are attached at the top to a mica
dise which is supported by the glass dome. Modern tubes are
designed to be non-microphoniec.

The following remedies will generally be found satisfactory :

1. Change detector tube. A new tube need not necessarily
be used if similar type tubes are used elsewhere on the chassis.
Simply interchange tubes until a satisfactory tube is found for use
in the detector socket. Although a tube may be microphonic when
used as a detector, it will generally be satisfactory when used in
anR.F.or A. F. stage.

2. In the very old table model sets using an external speaker,
placing the speaker a short distance away from the set will often
eliminate the howl. Turning the speaker in a different position
may also help.

3. Use of the damper. “Tube damper” is the name of a
heavy weight designed to fit over a tube. It is called a damper be-
cause it damps out or prevents the tube vibration. One of these
weights placed on the microphonic detector tube helps to elimi-
nate microphonic howls. In the case of tubes surrounded by a
metallic shield the inside of the shield may be stuffed with
asbestos wool. Try a modern tube of the same type.
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Although a microphonic detector tube causes the most
trouble, we should not overlook the first audio which also is sensi-
tive to picked-up noise. Therefore, after correcting the effects due
a microphonic detector tube and the noise is still apparent, cor-
rect possible trouble in the first audio stage.

Mechanical Rattles: Rattling noises that are by the process
of elimination definitely shown not to exist in the speaker, as a
rule are due to loose chassis parts. Any loose parts in the re-
ceiver or cabinet such as loose screws, nuts or hardware, if not
securely mounted, may be set into vibration by the loudspeaker
when operating. Noises thus developed are clicking, rattling, and
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metallic noises. The remedy, of course, is to go over the set and
tighten all loose parts.

Mechanical A. C. Hum: A humming noise, if heard with the
loudspeaker disconnected, may be due to vibration of the iron
laminations in the power transformer, choke coils or audio trans-
formers. The laminations may not be clamped tightly enough or
a coil might be loose on its core. Tighten the clamps on the trans-
former or choke, wedge the transformer or choke coil tightly by
means of bakelite spacers or thin pieces of dry wood driven in
between the coil and the iron core. A study of the mechanical
structure of the part will reveal the best possible way of correct-
ing the defect. Quite often coating the ends of the lamination
with a sticky non hardening varnish will stop this trouble. If the
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transformer is in a water tight case and the part does not over-
heat, pouring in insulation pitch may correct the disagreeable
humming noise.

Mechanical Resonance: Noises which are directly caused in
one way or another by the sound waves eminating from the loud-
speaker are particularly prominent in sets where the loudspeaker
is mounted in the same cabinet with the set. They are continuous
ringing or moaning noises gradually increasing in intensity.

With a loudspeaker in operation, the sound vibrations set up
mechanical vibrations which are transmitted to all parts of the
set. For example, when the sound vibrations strike the tubes,
microphonic noises are developed as previously explained. Sound
vibrations similarly affect other parts of the receiver. This is
readily proved in console sets by lightly touching the walls of the
cabinet with the finger tips. The walls of the cabinet act like
diaphragms. The greater the intensity of sound delivered by the
speaker the more the cabinet will vibrate. But the magnitude
of the wall vibrations is influenced by one other factor; namely,
acoustic resonance. Every speaker we know has a ‘‘resonant”
frequency—that is, it responds more to certain frequencies than
to others. They are in effect “favorite” frequencies. Any part of
the console is also capable of vibrating at its “natural” frequency
—the frequency at which it vibrates most readily. When a fre-
quency emitted by a speaker corresponds with the natural fre-
quency of, let us say, the cabinet wall, a violent vibration of the
wall takes place. This vibration is, of course, transmitted to all
parts of the radio set, and may cause a microphonic howl.

In a number of modern receivers the chassis is made so that
it floats on springs or sponge rubber. If such a support is in-
cluded in the chassis which you are trouble shooting for this type
of noise be sure that it is free to float. If freeing the chassis does
not eliminate mechanical resonance, it may be possible that the
rubber has hardened. Try new ones. If the set you are working
on does not have this feature, unbolt the chassis and set it on
sponge rubber. Be sure to keep the cabinet at least 2 to 4 inches
away from the wall. The back of a console should be open.

Where a cabinet wall vibrates excessively, it has been found
that, by lining the cabinet walls with celotex, or other acoustic
sound absorbing material, the resonant frequency of the cabinet
can be reduced or its amplitude of vibration reduced.

While we are on the subject of vibrating objects, it can be
mentioned that the serviceman should look for loose ornaments,
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glass or wooden panels near the console speaker. Sympathetic
vibrations may be set up external to the machine.

If the variable condenser plates vibrate, a howl is sure to be
heard. Condenser plates have natural frequencies at which they
vibrate most readily. When condenser plates vibrate the capacity
changes periodically and the circuit is thrown in and out of reso-
nance. The frequency at which this detuning takes place is the
frequency at which the condenser plates vibrate. The variation
in capacity has the same effect as if the radio wave were modu-
lated at the vibration frequency. If these frequencies correspond
with loudspeaker resonance peaks, the plates will vibrate more
vigorously.

The same is true of inductance shields. The shields are sub-
ject to vibration if they are not rigidly mounted. When a coil
shield vibrates, its position relative to the coil changes, and
therefore, the inductance value of the coil changes. This causes
detuning at the frequency of vibration, and a howl is set up. If
the vibration frequency is the same as the natural frequency of
the shield, the howl is intensified.

While the remedy in these cases may be obvious, it is not al-
ways easy to apply. Of course, shields should be fastened as
rigidly as possible to the chassis. The original design is fre-
quently at fault in that the shield material is too thin and subject
to vibration. Thick shields are less apt to cause such trouble.

In the case of the condenser the vibrating plates are generally
the rotor plates because they are not as rigidly mounted as the
stator plates. Where it is possible, mounting the condenser on
rubber or mounting the entire chassis on rubber feet will remedy
the trouble, since the rubber acts as a shock absorber taking up
the vibrations. Finally, mounting the speaker on rubber feet, and
using celotex or some other sound absorbing material as a baffle
will also assist in eliminating the howl.

ELECTRICAL DEFECTS CREATE NOISE

Electrical Origin of Noise: Any defect in the electrical cir-
cuit may give rise to steady or irregular crackling, scratching,
grating, hissing and frying noises. They may be due to improper
wiring connections, broken down insulation, poor tube prong
contacts, shorted trimmers and variable condensers, defective
tubes, defective variable and fixed resistors, defective coils and
condensers, defective speakers, or run down batteries. We may
hear whistles and hissing due to oscillation or regeneration in any
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R.F., I.F.or A. F. stage. How can we recognize and repair such
defects?

Electrical Connections: Defective connections or contacts
are noise generators. This is usually readily detected by moving
the leads to see if they are loose and noting whether the noise in-
creases or decreases. Don't ever be afraid to pull on a connection
if you suspect it of being defective. It is far better to have
broken the connection entirely and to resolder it than to take any
chances of having a rosin joint and an intermittent contact. The
presence of a large amount of rosin around a soldered joint is al-
most a sure indication of an improper connection.

The presence of a green discoloration at a joint is a definite
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sign of corrosion and indicates a possible source of noise. The
only thing to do in this case is to resolder these joints after they
have been perfectly cleaned. A poorly soldered joint will result
in noisy reception in any radio circuit. This is because it causes
irregular variations of current which are amplified and appear in
the loudspeaker reproduction as disturbing noises.

Defective Socket springs are a sure source of noise. Some
servicemen get into the habit of looking for this sort of trouble
first, and by wiggling the tubes around in their sockets while the
set is playing.

Socket spring contacts are made of rigid material which
should spring back against the tube prongs when the tube is
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inserted in the socket. This material is usually a phosphor-bronze
metal, nickel or cadmium plated. Socket contacts are really
springs which exert pressure on the tube prongs at all times.
Such springs may make good contact when new and then later
develop poor contact for various reasons. The application of heat
from a soldering iron to the spring may cause it to lose its temper
and ‘“its springiness.” Heat softens the metal and continual push-
ing and pulling the tube out of its socket may result in giving the
socket springs a permanent set away from the tube prongs with
the result that intermittent contact is made or none at all.

If you bend a spring, it pushes back against the bending
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force. This back pressure makes the contact. On the other hand,
if you bend a piece of soft metal, it stays bent. This is what hap-
pens when the spring contact is soft. Bending the spring towards
the tube prong till contact is made as shown in Fig. 3 will usually
correct the trouble. However, if the spring is really bad or very
soft, replacement of the socket is the best remedy.

Defective Tubes: If noiseis traced to a tube and if examina-
tion of the socket spring contacts shows that there is a good con-
tact between springs and tube prongs, the tube may be internally
defective. Remove the tube and examine the tube prongs to see
if there is a loose wire in the prong. Continual removing of the
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tube from the socket for various reasons may have caused the
small amount of solder on a tube prong to have worked loose or
dropped out. A drop of solder at this point will remedy this
trouble, as shown in Fig. 4.

Even if the tube prong contacts are satisfactory, the trouble
may be internal in which case a new tube is needed. Loose tube
elements will cause noise. Frequently, a tube test will show up
this defect. Tap the tube lightly with the fingers. No irregular
noises should emanate from the speaker. A slight ringing noise
may be noticed, but this is normal. If tapping a particular tube
results in a crackling or sputtering noise, it is a sure sign that the
tube is defective, or has internal loose elements or has a loose
contact.

Defective Insulation: A frequent cause of a sputtering,
hissing and frying noise is defective insulation. If an incomplete
breakdown occurs between two points, noise results. Poor insu-
lation in a power transformer may cause flash-overs and sparks.
A frequent source of trouble is the bakelite terminal strip which
generally carries all the metal terminals, The terminal strip
should be thoroughly cleaned and dried. If leakage or breakdown
has taken place, a part of the strip may have become carbonized
or charred. This part should be scraped away with a knife. Dirt
between posts may absorb water and at high potentials cause the
same trouble. Dirt then, if present, should be removed. Break-
downs and leakage often become visible in the form of sparks
which can be observed while the set operates in dim surround-
ings. In this way the offending part may be located. Power trans-
formers, choke coils and filter condensers should be checked very
closely since they are in the high voltage circuits. The rectifier
tube socket should also be carefully examined for signs of leakage
and possible breakdown.

Lead wires carrying high voltages, if close to wires at low
voltage may result in trouble. If the insulation between them is
punctured, there will be sparking between them and naturally
noise will appear. This is especially true in hot, damp weather,
and in humid areas where moisture condenses on the insulation.
The only remedy in such cases is to use wire with the best of in-
sulation, waxed and moisture proof (spaghetti,) and to separate
wires and terminals at high and low voltages.* Where sets must

*Sparks and insulation breakdowns are determined by voltage difference.
One wire may be at a high positive voltage, while the other may be at ground or
at a high negative potential.
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be operated in damp localities such as along the sea coast, it is
sometimes desirable to remove R. F. coils, choke coils and other
small parts and soak them in hot paraffin. Should the coils be-
come moist, bake them in a ventilated oven, before dipping in hot
paraffin. This will drive off the moisture.

Failure of wire insulation may be caused mechanically. For
example, if a high voltage carring wire is caught underneath a
metal clamp, the insulation may be broken mechanically. The
wire may be partially grounded, causing an intermittent electric
breakdown. Examination of the wiring will do considerable to
locate such causes of noise.

Variable Condenser Plates: The variable condenser some-
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times is the cause of clicking noises, especially as it is rotated.
If the clicking noises occur at some definite dial setting, it is
probably due to the condenser plates being bent out of line. As
the position of the rotor plates are varied, the bent plates short
against adjacent stator plates and a clicking noise is heard.
Figure 5 illustrates such a condition. The bent plates should be
straightened out and the condenser lined up to clear neighboring
plates. After condensers are mechanically realigned, the stages
should be electrically realigned.

In practically all receivers which have been operating a year
or more, dust will have collected along the surfaces of the con-
denser plates. In time sufficient dust collects to make contact
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between the stator and the rotor plates as they are rotated. This
dirt having a high resistance, short circuits the plates and a
scratching type of noise is heard as the receiver is tuned. The
remedy, of course, is to clean the condenser plates. This is best
done with an ordinary tobacco pipe cleaner. Rub the cleaner over
the entire surface area of both rotor and stator plates. Be sure
to remove all dust and particles present. The use of air under
pressure for this purpose is quite advisable, if a supply of com-
pressed air is available. Many servicemen have at their work-
shop a hand bellows for cleaning purposes.

A number of variable condensers have been made where the ’
plates of the condenser have been copper or cadmium plated. The
plating often peels, resulting in noise as the main station selector
dial is turned. A temporary cure, is to disconnect the condenser
from the receiver and apply a 300 to 500 volts A.C. or D.C. source
to the two condenser terminals. Be sure to use a series resistor
to limit the maximum current flow. If the trouble persists use
a new replacement condenser, with heavy aluminum plates. Such
a procedure will only be possible if the dial is not calibrated in
kilocycles or meters, as you are bound to upset the calibration.
Do not try a replacement in superheterodyne receivers, as you
are bound to have serious trouble in tracking.

A pressure contact between the rotor shaft and the condenser
frame is the only electrical contact provided in most ganged
variable condensers. If you find that noise traced to a variable
condenser is not due to shorted plates, suspect this moving con-
tact. Attach a pigtail connection. Drill the shaft and solder into
the hole a flat flexible braid wire. Starting with the variable
condenser open, or closed, wind up the braid and solder or clamp
the other end of the braid to the condenser frame.

A Defective Gassy Tube will often give an undesirable hiss.*
This is particularly true if the tube actually glows. Test the plate
and grid voltages. If they are not normal correct the defect caus-
ing it before trying a new tube. If the new tube works, try the ‘
old tube. Never try to adjust the voltages so a gassy tube may be
used. Never try a new tube before checking the supply for ab-
normally high plate and low grid voltages.

Variable Resistors or potentiometers used as volume, tone

* Do not confuse this with the hiss found in supersensitive receivers. As the
tubes most likely to be g will be in the detector and A.F. system, you can
check natural circuit and tube hiss (thermal agitation and tube shot effect) by
shorting the input of the first or second R.F. stages. Hiss following this test is
probably due to a gassy tube. Regeneration always accentuates hiss.
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and minimum sensitivity controls very often become defective
because they are constantly adjusted. They also may give rise to
undesirable noise. Such defects are quickly identified by operat-
ing the receiver. If the defect is not a mechanical one that is
easily remedied by soldering, bending contacts to get a better
electrical connection or separating loose wires, it is far wiser to
discard the control for a new one. Defects in the carbon strip of
non-wire wound resistors cannot be successfully repaired. A new
control should be used or if it is possible to obtain a new resist-
ance element it should be installed. Don’t try to “doctor” the
resistance strip with a pencil or carbon smear, as such repairs are
not permanent.

Resistors are frequently the cause of noise. It is not rare to
find a noisy wire wound resistor. Because the kind of wire used in
resistors is not easily soldered to, poor terminal contacts often
occur. In some cases the manufacturer has only used pressure
or clamp terminal contacts. High resistance wire wound resistors
are made with a fine wire which breaks easily. A spark connec-
tion at the break gives rise to unusually severe noise.

Carbon and metallized resistors of even reliable make may
have poor cap connections (point where the resistor unit makes
contact with a moulded cap). Recent improvements in construc-
tion have naturally reduced such a possibility, yet you should be
on the lookout for poor cap connections.

Test resistors with an ohmmeter and twist caps gently or
press hard on terminal contacts for erratic needle readings.

Because of the granular construction of moulded carbon
resistors, heavy current may cause uneven distribution resist-
ance resulting in erratic current flow, in turn, giving rise to a
hissing output. Usually this will be accompanied by a condenser
or circuit breakdown which causes excessive current to flow
through the resistor. It is assumed that the set maker had no
original intention of overloading the resistor.

Bypass and Filter condensers may be the source of noise.
Particularly suspect the type that is in a case. The internal leads
may make poor terminal connections. A condenser that has been
internally punctured may have an arc between the foil plates.
Grimy, dirty condensers may be leaky on voltage rises. Often a
moulded condenser is riveted to the chassis, the rivet connected to
one side of the condenser (low potential terminal). If the rivet
works loose, noise will be heard. Wet electrolytic condensers if
operated beyond the safe voltage may sizzle, the noise coming
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direct or through the circuits. If a condenser looks like a pos-
sible source of noise, first be sure that it is mechanically perfect,
that the circuit voltages are correct. Then try a new condenser.
The condenser, unless defective, should hold a charge, have no
unreasonable leakage, and should be able to handle peak voltage.
This you can only determine by direct test, not by guess.

Coils and Transformers,® in fact any electrical component of
a receiver may produce noise, if their terminal leads or wires, if
the wire used in the device, opens so that only a poor or arc con-
nection exists. An ochmmeter test will show internal defects by
its inability to hold its resistance reading.

Poor wire joints caused by electrolysis may even produce
noise due to the voltages produced at the joint, modulated by
vibration. Poor coil and transformer insulation may often be
charred or carbonized and give rise to unwanted noise.

The speaker is another source of noise, and any one with
some experience in repairing receivers can recognize most speaker
noises without making complicated tests. If you are doubtful
of whether or not the noise is due to a speaker defect, substitute
a speaker known to be in good condition for the suspected
speaker. This will immediately tell you whether or not the
speaker regularly used with the receiver is defective. If you are
employed by a dealer or distributor of receivers, you will find it
convenient to have an extra speaker of the type used with the
receivers you service most.t If a substitute speaker is not
available, you may connect a head set to the secondary of the out-
put transformer, listening for possible noise in the sections
ahead.

Those noises which are due to the speaker proper are, in
general, mechanical in origin, and therefore consist of rattles,
clicks and scratches. Most troubles can be detected by a keen
visual inspection. Any mechanical moving part of the speaker
should be examined for rigidity and alignment with reference to
other parts of the speaker. The two main types of speakers in
use are the balanced armature and moving coil units driving
either a cone or a column of air through a horn.

In another lesson complete instruction on the repair of

* In another text special tests on condensers, coils and resistors are taken up.
Here we are only concerned with the fact that they may be a source of noise, how
they may produce noise and the obvious service remedies.

4 The makers of the Philco receiver, supply their distributors with a master
speaker arranged so that the field resistance and inductance, and the proper speaker
impedance can be adjusted for all types of their receivers.
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speakers is given. This should be reviewed, keeping in mind de-
fects and breaks which lead to receiver noise. We should mention
here that in inspecting a speaker, look for loose parts, poorly
soldered joints, loose nuts and screws, improper centering of
armature of moving coil, dirt in air gap, bent driving pins, wet
paper, fatigued diaphragms, locked armatures, loose turns on
the voice coil, charred or defective insulation, open field coils and
weak permanent magnets. Don’t forget that, unless the speaker
you use in tracing noise is perfect, and is a satisfactory electrical
replacement for the defective one, it is a useless instrument for
the detection of noise.

Battery Operated Receivers: The battery power supply is
often a source of noise. The terminals corrode and poor internal
or external connections develop. Moving the receiver around may
have resulted in the development of poor external connections.
The battery leads should be braided or tied together if possible,
and kept free from contact with any moving object so that there
is never any strain put on the battery connections and there is
no chance for the insulation to be cut through by rubbing against
a sharp object.

If a storage battery is found with corroded terminals, clean
them thoroughly with a toothbrush and ordinary ammonia, but
be careful not to spatter any on the house furnishings or in your
eyes. If the battery clips are found to be corroded, clean them in
the same way. Then apply with a small stiff bristle paint brush a
thick coat of pure white vaseline to prevent future corrosion.

Run down B batteries are also frequent sources of sputtering
and crackling noises. Each 45 volt B battery should be renewed
when the voltage under load falls below 37 volts.

Often it is a single cell in a B battery that is a source of
trouble. If this is the case, the voltage of the B battery when
operating under full load will drop off. A voltage measurement
of the battery when it is not delivering power is not an accurate
check, as defective cells recover to a certain extent when not
working. Always test a B battery with a high resistance volt-
meter with the receiver in operation or with an equivalent resist-
ance connected across the battery. If there is a shorted cell in
the battery, its voltage will drop off 1.5 volts for each defective
cell. The drop may be even more than this, due to the defective
cell acting as a high resistance. Replacement of the B battery
is the only remedy.

Storage batteries may be tested in the same way if there is
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no hydrometer handy. If the voltage of an ordinary 6 volt storage
battery drops off as much as 1.5 or 2 volts, it either needs re-
charging or a cell is defective. A freshly charged A battery may
cause some of the older type battery sets to oscillate at first
when the volume is turned on full, as the battery may deliver
slightly more than 2 volts per cell. Explain this to the customer
telling him to keep the volume at a point where oscillation does
not occur until the battery looses its excessive charge.

NOISE DUE TO REGENERATION AND OSCILLATION

Noises which are characteristic of some form of feed-back
and oscillation generally manifest themselves as high pitched
whistle, squeal, howl, and “put-put” noises, the latter commonly
called motor-boating. Feed-back or regeneration may occur in
one form or another, in almost every set. It occurs whenever the

R

plate circuit of a tube is accidentally coupled to its control grid,
and whenever the output of an amplifier is coupled to any part
of the amplifier ahead of it. This is especially true in screen grid
sets.

When the set oscillates at radio frequency a characteristic
squeal or whistle is heard. The pitch of this whistle changes,
going up and down in scale, as the variable tuning condenser is
rotated slightly from the point at which the squeal is heard.

Receivers which employ feed-back and oscillation neutral-
izers may squeal or whistle if the neutralizing adjustment has
been jarred or tampered with. Replacing tubes may cause the
original neutralization adjustment to be ineffective. Open grids
in the R. F. section, defective or inadequate grid suppressors of-
ten give rise to squealing. These facts you are acquainted with,
but you should remember that neutralizers are used only in
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R. F. and L. F. stages where triode tubes are employed. Triode
amplifiers are generally to be found in the older receivers. This
does not mean that screen grid and pentode tube stages will not
oscillate, but it is generally due to shift in grid and plate wires,
or an open shielding, or an open condenser, or excessive plate or
screen voltages, or initial poor design.

When you have finally traced the squeal to a feed back not
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due to an imperfect ground, excessive supply voltage, imperfect
shielding, open by-pass condensers, or misplaced plate and grid
wire, and no scheme of neutralization is used then suppress the
squeal by placing a resistor in the grid circuits as shown in Fig.
6. It is generally inadvisable to add neutralizing circuits although
the scheme shown in Fig. 7d may be tried. Grid suppressors vary-
ing from 100 to 1,000 ohms may be tried, connected in series with
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the control grid connection in each case using the smallest value
necessary to destroy the objectionable feedback.

Feedback from the plate to the grid circuit was eliminated in
a large number of the old receivers, by a counter-fed voltage.
Figures 7a to 7b show some of the circuits used. These circuits
are used in either filament or heater type triode tube circuits,
never in tetrode and pentode tube circuits. The theory of adjust-
ing an R. F. stage is as follows: With the filament circuit of the
tube open, tube inactive, the signal may be passed into the next
stage either through the grid-plate capacity of the tube or
through the coupling circuit associated with C,, the neutralizing
condenser. As the two signals fed through are in opposition to
each other neutralizing is realized when C, is adjusted so no sig-
nal is passed on.

In Radio circuits where filaments are in parallel merely open-
ing the filament circuit of the tube whose stage is to be neutralized
is necessary to make the tube inactive. Use a universal socket
adapter with an insulation peg in the filament lead or slip a soda
fountain straw over one of the filament prongs. In series filament
circuits, as used in some receivers, the filament is opened at z in
Fig. 8 and the external filament circuit is completed with a re-
sistor R equal to the rated tube filament voltage drop divided by
the rated tube filament current. Other schemes have been sug-
gested as operating the tube at high grid cut-off bias, or opening
the plate circuit without disturbing the plate supply to cathode
by-pass condenser, point y in Fig. 8.

The usual procedure in neutralizing the circuits shown in
Figs. 7a to Th is as follows:

1. Tune the receiver to a modulated signal generator ad-

justed to about 1000 kc. A local station may be used.

2. Make the tube ineffective as an amplifier in the way just
described. Tube filament will not light or heat. Start with

~ the R. F. or 1. F. stage nearest the receiver input that
employs a neutralizing circuit. Always use the tube to be
left in the receiver. Therefore, first test the tube for
mutual conductance.

3. Using the appropriate neutralizing tool adjust C,, the
neutralizing condenser, midway between the adjustments
where an aural output signal is heard. If removing the
tool upsets the adjustment, compensate so that no signal
is obtained when the tool is withdrawn.

4. Restore the normal connection of the tube so that it will
amplify.
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5. Repeat the procedure for each R. F. and 1. F. tube pro-

vided with a neutralizing adjustment.

If, after neutralizing the set, the oscillation noises still con-
tinue, it indicates that there are some other forms of feedback
coupling present.

In general, if oscillation is present in the radio frequency
stages, the following may be the cause—this may be true even of
modern screen grid and R. F. pentode tube systems.

1. Poor or No Grounds. Receivers may oscillate if a poor
external ground is connected to the receiver. In fact short wave
regenerative receivers often work better when the main ground
is disconnected.

Various parts of the receiver are grounded for example: one
end of grid coils and resistors, cathodes, C bias resistors, variable
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and fixed condensers, shields, etc. Should a poor ground connec-
tion exist at some point in the receiver, the signal current may be
forced to take another path to ground, often coupling with
another stage to set-up regeneration and oscillation.

In broadcast receivers it is customary to use the chassis
frame as the common ground connector. For low R. F. fre-
quencies the impedance of signal paths through the chassis is
so low that even if various stages have a common coupling
through the frame, the voltage drop existing is too small to cause
serious feedback. Should a ground connection at some part open
or even become a high resistance joint, the signal will take
another ground path, with the resultant feedback. The remedy
is to go over the chassis for poor coil, condenser, resistor and
shield ground connections.

Short wave receivers often employ special ground wires from
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the various circuit components, connected together at the ground
binding post or some common point in the chassis. Unless these
ground wires are carefully laid out, feedback is likely to occur.
Look for misplaced or open ground lead wires.

2. Too much gain or amplification will also cause excessive
regeneration or oscillation. There is a definite limit to the amount
of amplification which every set is capable of giving, and still be
stable. This limit is primarily set by the amount and nature of
the shielding—the layout of the lead wires, and the constants of
the circuit. The better the shielding in a given set the more
amplification we can get out of it along with stability. But there
is a definite limit to this amplification which is set by the de-
signer of the receiver. Now if there are any conditions which
tend to increase this amplification, feedback and oscillation will
occur, with resultant noises. The amplification of an R. F. stage
increases with the plate voltage and also with the screen grid
voltage applied to the tubes. Check these voltages to see if they
are excessive.

3. Imperfect shielding. The object of shielding is to prevent
coupling from one coil to another, or from one condenser to
another. Reliable makes of receivers are supp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>