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INTRODUCTION

It is with pleasure that we offer this material which has been com-—
piled through the courtesy of the manufacturers represented in this work. The
representation is in the form of the wiring diagrems of the units produced by
these organizations. Unfortunately, space did not permit the publication of all
the wiring diagrams submitted to the author. We herewith tender our thanks to
the men who have been in commnication with the author and who saw fit to foster
the servicing industry by permitting publication of their diagrems. However, we
wish it definitely understood that whatever analytical information is contained
in thie work pertaining to the function of units, unless special mention is made,
is not that of the manufacturers represented in the book but solely of the author,
thus absolving these menufacturers from blame in connection with any and all state-
ments .

Ve hope that this material will be of aid to the practicing service
man and to the host of experimenters who delve into the innards of their radio
possessions and who make thelr own repairs.

Permission to publish the enclosed wiring diagrames was secured from
the various manufacturers with the understanding that they would not be reproduced
in magazines and newspapers without special permissi on and we trust that the read-

ers of this book will cooperate with the author in this respect.

THE AUTHOR
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for ALL Replacement Work !

The great majority of radio
service men all over the country
are standardizing on Durham
Metallized Resistances for all
replacement work because they
know that DURHAMS are the
most dependable units made
today — more accurate, more
uniform, more efficient in per-
formance.

Resistant to moisture and

atmospheric changes. Pigtail
tinned terminals an integral

part of the assembly give elec-
trically tight connections. Guar-
anteed to stand up under their
rated load.

izt

wires simultaneously moulded with
the ussembly of the unit at the end.
A very rugged and substantial re-
sistor ased by Jnany  manutacturers
for soldering  inte  the  circuit,
Supplied in  all  practical ranges
from 250 olims  to megohnis.
Price 30c.

TYDPE M. (1 Wutt). This
Powerchm has tinned pigtail copper i

TYPE MR, 3 (2.0 Watts). Jsed in
resistance couplings and power amplifier
circuits using  higher power TU.X. 210,
245 und 250 type tubes; in batrery elim
inating deviees and in alternating current
receivers where the resistance method of
abtaining a voltago drop is used.

Ltesistance Range: 800 ohms to 100,000

ohms. List price, all ranges T7dc.
=

TYPJ MR, 1 (1 Watt). For Clip
Mounting or may be soldered in eireuit
10 moulded end. Same as M.I'. 4 except
nithout end wires. DTrice 30c.
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TYPE MEF. 4% (% Watt). very
compaet smnall resistance where space
saving is essential. Supplied with tinned
pigtail wires simultaneously moukled with
the end assembly. Rated at % Watt and
supplied in all resistance values of from
250 ohms to 5 megohms. Price 50c.

\E‘ ETALLIZED

More DURHADMS are used to-
day, both by service men and
manufacturers, than any other
unit made . . . more than one and
one-half million monthly . . .
proving that the Metallized
Principle MUST BE RIGHT!

There is a DURHADM Resistance
for every practical need now in
standard production. All ratings.
All types of tips. All illustra-
tions shown actual size. Write
for engineering data today.

Prompt Deliveries made of any type
or rating in any resistance value. All
types always im stock. Write for
complete data and interesting litera-
ture today.

TYDP'E M. 4 (2 Watts).  De
signed to Dbe soldered directly
into eireuit.  This type of unit
is conservatively ruted at 2 wutts,
and is used by nany manufacturers
in the power puck and in ampli-
fier eciveuits. Supplied in  all
ranges from 230 chms to 200,000,
Lrice 73e.

RESISTORS
RESISTORS & POWEROHMS

International Resistance Co., 2006 Chestnut Street, Philadelphia, Pa.

OVER A MILLION

AND A HALF

DURHANMS

USED MONTHLY
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Procedure Preparatory to Actual Testing

Considering the status of the radio service field, and recognizing the in-
terest evidenced therein by all large publications and manufacturers, it is needless
to mention or to discuss the need for the radlo service man ---- he serves a very ben-
eficial purpose. Of greater interest is his work; what he should do and how he
should do it. Hence, without further preliminaries, we might just as well delve right
into the work at hand.

The visiting service man is our subject. Strange as it may seem to many
who are interested in this work, much can be said from a desk, via a typewriter, a-
bout what the service man should do out in the field. To those who feel skeptical,
let us say that this discussion is not analogous to the Sunday sermon about the prob-
lems of the working man, by an individual who has never labored. We have been out
in the field and have hed the occasion to make extensive observation.

We have had the pleasure of calling numerous service men to repair defec-
tive receivers in order to study their working methods and have found plenty to speak
about. We realirze fully that many viesiting radio-triciens operate along the proper
lines, but we also know that meny do not.

Query the Receiver Owner

The search for the possible source of trouble can frequently be expedited
by the radio receiver owner. The average radio service man who calls upon a set own-
er mekes & stock query, which actually has little significance. "What seems to be
the trouble?" is the usual introductory comment. On first thought, the question may
appear logical but upon second thought, it is just the contrary because the reply is
seldom informative. It is quite unlikely that the receiver owner can tell the visit-
ing service man the source of trouble, or even the trouble other than to say that the

receiver does not perform satisfactorily. In sum and substance, the method of at-
tack is wrong.

Then again, many visiting service men do not ask thie query, but ask to
be shown the receiver and they immedietely start their diagnosis. This method of pro-
cedure is extremely faulty and the reasehs are self-evident. We do not mean to dis-
parage the operating methods of others. Our purpose is to set forth a process of op-
eration which has been found to be successful and conducive to more profitable opera-
tion and which we know to be superior to the two examples mentioned. We further
make use of the radio knowledge possessed by the receiver owner no matter how sparse
it may be. It is true that this information is not alvays available, that is to say,
all of it is not available, but quite a good deal is at hand at all times.
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The Cross-Examination

It ies our belief that a short cross-examination of the receiver owner by the
visiting service man is in order immediately upon entry. If the man of the household
is absent, the lady may be questioned. Her replies will be hazy, it is true, but in-
formative to a certein degree, and every bit of information is valuable. Such a cross-
examination should supply the service man with certain information, date which he can~-
not secure by observation of receiver performance --- date which will lead to more ra-
pid and therefore more profitable analysis of the recelver and more rapid isolation
of the trouble.

Many factors associated with the operating life of the receiver; the batter-
ies, the tubes, the accessories and the performance prior to the trouble or defect are
of great importance in the analysis of the trouble. Such data expedites the diagnosis.
Therefore, the first step is to ascertain this information. A few such questions are:

l. How o0ld is the receiver?
2. How long has it been in use?
3. How o0ld are the tubes --- the batteries --- the accessories?

4. Did you mske any internal wiring changes --- any battery changes
--- sny tube changes --- where?

5¢ Was the receiver subjected to any physical jare or shocks?
6. Was the receiver moved from one locality to another?
7. Was the receiver in operation when the failure occured?

8« What control or controls were being manipulated at the moment
of failure?

9. Were any changes made upon the acceesories --- the eliminator?
10. 1Is the aerial in good condition ——- the ground in good condition?

1ll. Did you make any mechanical changes upon the receiver or the accee-~
sories?

In short, the customer must tell all he knows about the receiver, because
such information is vital. It is astonishing to note the amount of time actually
saved by such an examination. Time and agaln, the information thue secured points
directly to the source of trouble. Rapid diagnosie and analysis is profitable to
everyone concerned. It means rapid repair and a satisfied customer. Besides, rapid
repair means profit to the service man because he spends the minimum amount of time
on each job. The service man sells time and knowledge. These two items comstitute
his entire stock.

With few exceptions, receiver failures are attributable to faults common to
myriad receivers. The introduction of the AC electric receiver increases the number
of possible sources of trouble, but not by a large figure. The period of operation
is a limiting factor in the possible sources of trouble. For example, mechanical
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failures are seldom encountered a short period after the installation of & new receiv-
er, but a defective tube or a defective battery or a broken connection, Jarred loose
during local transit, will impair the operation of a new receiver. Hence, the first

query .

The answers to the second and third questions, govern the number of proba-
ble sources of trouble. The older the set the more numerous the sources of troublee
This information supplemented by the present performance of the faulty receiver guides
one to the tubes or the batteries in the installation. Mechanical failures are more
likely in a receiver operated over a period of a year than in a new receiver. O1d
tubss or run down batteries will cause poor receiver performance. Low electronic
emission of filament type rectifiers and defective gaseous rectifiers will cause in-
sufficient plate and grid voltages. Continual overloading of a loud speasker will al-
ter the physical alignment of the moving parts within the speaker.

The answer to the fourth question will show possible incorrect wiring
changes. Many receiver owners who have made such changes end found them disastrous,
ere loathe to provide this information and will only speak about the changes, when
questioned. The change may be simple, yet an hour may pass before the service man
who has not queried the receiver owner, discovers the alteration in wiring. The ans-
wer to the query "where" will save much time. Many receiver owners are tinkerers and
like to make what they believe will be improvements. Incorrect placement of a fixed
condenser and the set tunes broadly! An incorrectly placed resistance and the fila-
ment voltage is low with umsatisfactory receiver perfomance. Many are apt to pur-
chase accessories which, while secured in good falth, are not suited to the receiver
at hand.

The average owner thinks nothing of a shock applied to a receiver during
transit, particularly if the receiver performs well after the period of transit and
~ then goes dead during operation. Yet, many imperfect connections are jarred loose
during transit and contact broken during the reproduction of a loud signal, when the
speeker causes a slight vibration of the receiver chassis and cabinet. Such cases
are very frequent when the speaker is within the cabinet housing the receiver. Then
again, internal plug connections are frequently "opened™ during transit. Such imper-
fect contacts cause crackling disturbances and as far as the fan is coricerned, the
new locality is very poor because "static" is prevalent. His reception was perfect

in the old locality --- before the connection was impaired and the contact rendered
imperfect.

The answer to the seventh question is usually valueble, particularly
when the trouble is noisy operation, or when the set ceased operation suddenly. Once
again the period of operation is lmportant and the answers to two or more queries
are interlocking. Mechanical failure is more likely in an old set and if noise devel-
opes during the manipulation of a variable resistance, and the receiver is months or
perhaps a year old, it is very likely that the contact between the various elements
of that certain control resistance is imperfect or oxidizetion has reached the stage
where it insulates one member from the other and the set becomes inoperative. The
trouble is easily remedied yet the recelver is useless, and as far as receiver opera-—
tion is concermed, this minor trouble is equal to any major trouble. Association of
the answers to questions seven and eight, will usually point to such troubles. In
many cases, manipulation of B eliminator resistances will cause major troubles, par-
ticularly when the eliminator is old. Very often the trouble is not in the unit it-
self but in some other part of the installation associated with that unit.
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Practical Chart System

We have something else to say about the service men's visit. While the
function of the service man is to repair a receiver and restore it to its original
high electrical efficiency, repeat business is a basis for success - also recommen-
dation by one another to another receiver owner. To secure this business, it is nec~
essary to show that the work is carried out in a systematic manner. Repeat cealls for
the capable service men are few and far between, but each call made can be arranged
to produce more customers by means of a silent, yet effective form of advertising.

It is difficult to estimate the number of repeat calls for service upon one particu-
1ar receiver owned by one man. The controlling factor in this instance is the rec-
eiver owner. If he is a tinkerer, repeat calls are numerous. If he knows enough to
leave well enough alone, the calls are infrequent. No matter what the arrangement,
detailed knowledge of the past record of the receiver, its ailments, its components,
its previous operating life, and other such data, i of vital importance to the men
who makes the call. It is not always possible to send the same individual if the
gervicing organization employs many men, or to see the master of the household when
the call is made. Detsiled cross-—examination on each occasion is aggraveting to the
customer, yet the knowledge must be secured.-...Why not apply an ailment chart system?

A permanent record made at the time of service, after the original cross-
examination, will be of aid to whomever calls to service the radio receiver. The orig-
jnal chart can be festened inside the receiver cabinet. A copy of this chart should
be kept in the service man's file for reference purposes.

In this connection, the reader should not believe that he is aiding the
cause of his competitor in the event that his customer moves into a new locality and
a new organization is called upon to service. What is true with his competitor is
true with himeelf. If all service men make such records, all benefit and improve
the status of the field. A permanent record of materlial gleaned after a crose. exam-
ination and the analysis of the receiver, will benefit everyone concerned. It is a
record good for years of service and facilitates diagnosis and service at a later
date.

Like the original cross-examination, the chart helps point to the trouble.
If the records show that the tubes are a year old, and the present receiver affords
little amplification, one immediately suspects the tubes. If the record shows that
the last repair was the replacement of a certain audio frequency transformer because
the original unit "blew" , and the present receiver is dead, one immediately suspects
that stage of audio frequency amplification and examines the ¢ontinuity. If the rec-
ords do not point to the ailment, they at least facilitate the complete analysis by
providing information otherwise unavailable, unless the master of the house who pur-
chased and cared for the receiver, is at home.

The data contained on this chart should include the date of installation.
If such a chart is not available at the first service call, the service man should as-
certain the date of installation and make his permanent records. A full record of
tube performance and electrical condition is necessary. Peculiarities of receiver
performance, local conditioms, past symptoms and repairs are also of aid and should
be recorded. The making of such a chart and application to a serviced receiver shows
conscientious, capable servicinge It shows that the work is carried out in a system-
atic menner and the final result is the creation of public confidence. The chart is
a continual reminder of good service. In the event of future trouble, the receiver

owner has a simple means of locating the name, the address and the telephone number
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of the service men. This information 1s accessible when he desires to give the name
to his friends+...A silent, yet effective salesman.

Enowledge of Circuits and Operating
Conditions

It is needlees to @ ntinue examples of the beneficial effects of cross-
examinations and charts. What has been said should suffice for the present. Let
us turn back the progress of time and consider the case of the original call for
the radio service man. We know, and definitely so, that in few instances do service
men or men in service stations ask questions about the problem at the home of the re-
ceiver owner when the original call for the service man is made. In thie connection,
we do not wish a hasty conclusion on the part of the reader. The queries in this case,
do not refer to those mentioned before. Here our interest is in the wiring diagram
of the faulty receiver, or the power unit if such be the case. Assuming that a call
is received and an appointment made, what information is available to the service mant?
To declare a receiver repaired, he must know the correct operating conditicns as set
forth by the manufacturer. He likewise must know, wherever possible, the electrical
constants of the various units within the receiver. This information is available on
the wiring diegram of the receiver. Unless tabulated, the service man is at a loss
when he attempts to analyse the radio set. (Tabulated data of this nature is contain-—
ed in this Manual). Without questioning --- without asking about the type of install-
ation involved, he seeks an unknown quantity. Hence, the suggestion that inguiry be
made regarding the type of equipment involved and that the correct wiring diagrams be

carried by the visiting service men. (Popular wiring diagrams are published in this
Manual) .

The significance of the wiring disgram cannot be fully appreciated unless
one is confronted with the problem of servicing a radio receiver and the internal con-
nections are unknown. In this comection we know that meny regret failure to clip
the wiring diagrams shown in many radio publications. We also know that many claim
wiring diegrams umecessary. Unfortunately we cannot concur with the latter group.
The development of the AC receiver wherein the B eliminator is an inherent part and

binding post connections with voltage designations are not available, aggravates this
condition.

With respect to the need for wiring diagrams, may we refer to the three
shown here, on the next three pages. These are the Atwater Kent 37, the Freshman
Q15 and the Stromberg-Carlson 635-636 AC receivers. Without a wiring diagram for
reference, how can the service man know that the grid bias arrangements differ.

Compare the detector circuits in the Stromberg-Carlson and the Atwater-
Kent recelvers. If one were to test betwesn the cathode and the B minus terminals
of the detector system in the first mentioned receiver, a biasing voltage would be
evident, whereas in the second receiver no such voltage would be evident because the
cathode 1s connected to the B minus terminal. Examine the source of grid potential
applied to the 171 output tube in these receivers. In the Stromberg-Carlson install-
ation, the grid bias is secured from the B eliminator, in the Atwater-Kent installa-
tion by means of a voltage drop across a resistance in the grid-filament circuit.
In the first case, the total eliminator current flows through a resistance and the
voltage drop is applied to the 171 tube grid. In the other case, the plate current
of the 171 tube is caused to flow through the resistance mentioned. The voltage pro-
duced is then applied to the grid of the tube. No matter what the arrangement, it

is evident that a wiring diagram is necessary in order to correctly analyse the re-
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ceiver. If repairs are necessary, the problem is even more acute. How can one de-
termine the correct electrical constant if the unit is damaged? It is naturally im-
possible and replacement is likewise imposgible. Furthermore, meny wiring diagrams
do not show the electrical value, instead, the manufacturers' stock number for that
individual unit. Replacement of any one component by another of different manufac-
ture but like electrical value is not recommended, as a matter of fact should not

be made because the physical design of the receiver limits the product which may be
employed in the installation. Hence, in order to secure the correct replacement
unit, reference must be made to the stock number, which data is frequently supplied
in the schematic diagream.

It is likewise unsafe to judge wiring systems of defective receivers by
tracing circuits. One is not certain if the arrangement present is correct or incor-
rect, and a wiring diagram is imperative. As a concrete example, we have the filter
circuits of the Freshman and the Atwater-Kent receivers shown in figures 1 end 2.

The Freshman utilizes a choke input whereas the Atwater-Kent system employs a
condenser input. The need for the wiring diagram is very evident.

There are many other cases which prove the advantage of having at hand
the circuit diagram of the recelver being serviced . Do not forget that every set
has its own circuit peculiarities. He who believes that he can operate successfully
without a wiring dilagram is Itarboring a false premise of superior intellect.
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Practical Application of Analysis

These few pages will be devoted to the consideration of a certaln phase
of radio servicing which we believe to be of vital importance because it has a defin-
ite bearing upon the monetary profit accruing from the work. This phase will be known
as the "process of elimination," or the "common-sense application of technical know-
ledge."

The application of the word "technical” should not lead the reader to be-
lieve that we mean a thorough thsoretical grounding. The serviceman should be in poss-
ession of a certain amount of knowledge which must be applied in the proper manner.

However, before we enter into this discussion, it is necessary to consider another sig-
nificant item.

Repairs in the Home

"Where shall the serviceman do his work?" This question is undoubtedly of
interest to every one in the fold. To come to a satisfactory conclusion, we must con-
sider two sides of the problem; that of the serviceman and that of the receiver owner.
All things cmsidered, the serviceman is really the judge. He alone knows where he
can operate to best advantage, but a few reasons in connection with this subject will
undoubtedly throw a little light upon limitations encountered.

Let us first analyze the position of the receiver owner. It ¥ true that
he wants rapid service when he needs it. This is logical because a faulty receiver
affords very little pleasure as an entertaining medium. Though the man desires rapid
repair of the receiver, he does not wish to have his home littersed with wrappers,
frayed insulation, an assortment of tools and other paraphernalia usually carried by
the serviceman. Granted that the serviceman is a neat worker, but he must operate
at his convenience. The soldering iron must be connected to the power sockets A rest-
ing place for the iron support is necessary. Investigation of the chassis however,
cannot rest on thin air, so amidst the surroundings of a well appointed room the oper-
ations of the serviceman and his equipment cannot help but be an eyesore.

On the other hand, rapid work is of importance to the serviceman. If the
repair is effected in the home of the radio receiver owner, one service call suffices.
If it necessary to make an inspection call followed by removal of the receiver chassis
to the service station, an additional charge must be made. Charges of this nature are
not viewed with pleasure by the receiver ovmer. Being unaware of the fault he may
feel that the repair could have been made at his home.

Many servicemen cannot conveniently work at the home of the receiver owner,
and unless the work is of a trivial nature, he should not do so. In view of the fact
that the serviceman cannot carry all of his testing equipment, the necessary testing
apparatus is not available and unless convenient operation is possible, work progress-
es slowly. Under the circumstances the serviceman should not attempt major repairs

in the receiver owner's home. The psychological influence is not good in the first
place.

In all of this discussion, we are concerned with actual receiver repair.
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The replacement of a tube, the soldering of a broken or a loose connection does not
call for the removal of & chassis to the service station. Receiver analysis, however,
should be carried out in the home because upon its conclusion it is possible to advise
the cost for repair. In connection with this work, it is necessary to consider the e-
quipment required by the visiting serviceman. It is practically impossible toc arry
testing devices which will permit all types of analytical work, hence this equipment
is limited to devices which will make possible a cursory analysis. The average a-c.
and d-c. set tester, plus a continuity tester, are excellent representatives of this
equipment. Tools, a soldering iron, solder, friction tape, etc. are beyond discuss-
jon. They are imperative and must be carried. In addition, every serviceman should
have with him a headset, which device finds frequent application, yet is seldom a part
of the average receiver installation, and last but not least, the wiring diagram of
the receiver or unit to be serviced.

Methods of Operation

Te queried numerous servicemen to ascertain their method of operation; to
determine just how they managed to carry out their duties without overloading themselves
with superfluous equipment. Their replies were very similar. We quote one, "I usually
query the persomn calling, assuming that the need for service is advised in person or
by telephone, and ascertain the type of receiver to be serviced and mske an effort to
determine the possible fault from the owner's statements. In many cases, this is poss-
ible. In others, I must excercise my own discretion. If I am advised that the receiv-
er lacks volume and the tubes are old, I make a notation about tubes for future refer-
ence. If the condition is the same and the tubes are new and the batteries old, I make
a notation sbout batteries. If the receiver is power operated, the batteries are e im-
inated. These notations find use when the wiring diagram of the receiver or unit is
analyzed. Upon analysis, I kmow the types of tubes used and if possible I carry a full
set to thé job. A slight imconvenience, it is true, but if the tubes are at fault as
is the case in many instances, I sell a full set and obviate the necessity on the part
of the receiver owner, to visit a radio store and buy the necessary tubes."

"If the receiver employs B batteries and I believe that these batteries are
run down, I usually carry a single 45 volt block. The addition of this new battery is
sufficient to prove that the old B batteries are at fault, assuming of couree, that the
B batteries are actually useless for further utility. As a matter of fact, if the source
of plate potential is unsatisfactory end the replacement of a defective B unit improves

reception, it is conclusive evidence in the owner's eyes that the fault is what I claim
it to bve."

Spare Tubes

"I find very little occasion to carry receiver parts such as transformers,
resistences and condensere, fixed or variable, because I seldom attempt to mske major
repairs at the home. 1f the receiver is "dead," that is reported dead, I do not carry
any equipment particularly suited to the receiver in question unless I am advised that
a tube or a number of tubes are burned out. With respect to tubes, I make it a prac-
tice to carrya single tube of each type. In other words, I carry a 201-A, a 226, a
227, a 281 a 171 and a Raytheon. These tubes consume very little space and are avail-
able when necessary to determine the efficacy of the tubes employed in the receiver.
However, guch tubes are not necessary if the analysis is complete and it is possible
by virtue of elimination, to isolate the trouble with accuracy.

"In connection with "dead" receivers when I am so advised, I suggest var-
ious remedies over the telephone which are frequently effective and go a long way to
create good wille It is my opinion that the insertion of a phone cord tip or a power
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ug into a power socket or the proper placement of a tube into a socket does not
giesify a sesvice calle I prefer to suggest the remedy to the receiver owneg- g:ese
suggestions can be made only when a wiring diagram of the receiver is at hand. e
tube layout and cannections to the receiver are also of importance and I make notat-
ions of various receivers when I make a call 8o that I have a layout for future ref-
erence. I very frequently advise receiver omners to interchange tubes and to det-
ermine if a tube filament is actually burned out because in numerous instances.the
tube prongs do not make proper contact and when the supposedly defective tube is
placed into another socket, perfect operation is secured."

There you have the picture. The significant fects are evident. The ser-
viceman equipped with an automobile is more fortunate then he who must use public con-
veyances but even the car owner will find it more convenient and profitable to repair
defective receivers at the service station and to limit his testing equipment to such
devices which will enable most rapid and accurate analysis.

The Process of Elimination

The isolatior of a fault is the conclusion based upon analysis of the per-
formance snd operating conditions. The former is a function of the latter, being good
when the latter is correct and poor when the latter is incorrect. Unfortunately,
however, faults do not become evident immediately upor the analysis of performance be-
cause in many cases, the defect is present is present despite the correct operation of
accessories which supply the required potential. After 2ll, radio ailments are never
mysterious, despite prevalent opinion to the contrary. Every ailment has its cause
end every ailment displays some effect. In some cases, the symptoms are more readily
recognized, in others, recognition is more difficult. In some cases, the effect is very
evident, in others it is partially obscured.

The problems of radio servicing do not harbor as many puzzling phenomena
a8 we are apt to believe, but without a definite method of procedure, the work will be
made more difficult rather than simplified. Generally speaking, troubles do not occur
in groups. Invarisble they are singular unless a certain ailment, closely allied with
potential in the receiver iretallation will so effect the system that some other port-
ion will be deamaged thus causing trouble in more than one section of the receiver.
Neglecting the precedir. g sentence, trouble is usually 1limited to one part of the rec-
eiver system, unless as we have mentioned, the failure of ome unit causes the failure
of another. Therefore, we have two furdamental facts which are invarieble substantiat-
ed in actual practice. Namely, that in practically every case, t he fault is singular
with respect to numbers and in one location with respect to the complete receiver. The
exception is the ruptured filter condenser which causes an overload upon the eliminator
rectifying tube and damage to the tube.

Albeit the fact that several ailments will manifest the same effect and in-
fluence, variations in effect are discernible to the close observer and isolation is
greatly expedited by the process of elimination; the system of operation which we rec-
ommend. This line of progress necessitates recognition of the functicn of each unit
and each complete system in the receiver. By units, we mean the various components
such as resistances, condensers, coils, tubes, etc. Bysystems, we mean the radio-fre-
quency amplifier, the detector and t he audio-frequency amplifier. The systems have
sub-classifications suchas the filement circuit, the grid circuit and the plate cir-
cuit, all of which are associated with the vacuum tube.

Recognition of Symptoms

One cannot be a serviceman unless he is familiar with the work he must do
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and at the present moment, we take this familiarity for granted. Receiver gnalysis
end disgnoses makes necessary recognition of symptoms which become evident in some
form or other when devices perform in an incorrect manner. Recognition of these
symptoms and association with certain parts of the receiver installation is half
the battle and the actual basis for the process of elimination. Fortunately, the
modern set analyzer greftly expedites diagnosis--but, if by applying the process of
elimination, one can expedite the application of the set analyzer to a certain part
of the system, time is saved and greater profit secured.

Explained in simple language, our suggested method of procedure is recog-
nition of effects and the commonsense application of this knowledge. Specific pheno-
mena are associated with various systems in the receiver and thoughtful discrimination
between phenomena is a big stride towards the solution. It is indeed surprising to
note how much is gained by a few moments of concentrated thought prior to the actuszl
application of a set analyzer. The process of eliminatian does not obviate the nec-
essity for the set analyzer. The two go hand in hand just like sales and service.

The set analyzer is absolutely necessary, but the correct application of the process of
elimination makes possible more profitable utilizatiin of the set tester.

The set tester supplements the process of elimination. This method of pro-
cedure ie not & sure-fire proposition. Neither is every diagnosis made by a physician
the correct diagnosis, but the failures are not numerous. Thesuccess is based upon how
much technical information the applicent knows, i. e., the amount of technical knowledge
at his finger tips. The many excellent textbooks afford detailed technieal information,
but this data must be applied to practice; it is unsatisfactory in its theoretical form.
Much of the data pertaining to receiver performance is not to be found in the average
text book, because while the phenomena are the results of theory, practice

and theory
are divorced.

Examples of Practical Application

Let us consider a few examples of the procees of elimination when diagnos-
inge Again we wish to stress that the applicant must have a certain amount of technic-
al knowledge. Not necessarily thorough theoretical traiming necessary for design work
but practical knowledge of radio. As an illustration of the procees, let us consider
the Atwater-Kent receiver shown in figure 1. (The process of elimination was briefly
mentioned in the previous chapter.) Our suggested process of operation is not limited
to the receiver shown, but to all receivers regardless of type, of the number of tubes

end to all amplifiers, eliminators, etc. The explanation ie lenghty but the application
is repid.

The first example, involves lack o selectivity on certain stations, say 1
or 2, and also a low signal level when the receiver is tuned to these stetions. Part-
icular mention of the limited range of this condition is made because selectivity and
signal level are satisfactory on the other wave lengths or stations. Selectivity is
well-known, is a function of the radio-frequency amplifier, particularly the tuning
circuits; also, the aerial and ground system. 8incethe detector input circuit is a
part of the radio-frequency system, it is included under this heading. If this be true
we can immediately eliminate the entire audio-frequency amplifier, because in function it
has no connection whatsoever with the radio-frequency system, other than to amplify the
audio-frequency signals paessed to it from the detector plate circuit. Since the re-
ceiver operates normally over a certain portion of the broadcast waveband, it is log-
ical that the operating potentials, such a8 filament, grid and plate voltages are cor-
rect and since these values do not vary with wavelength, we can likewise eliminate the
power supply system. Analytical interest is, therefore, focused upon one certain por-
tion of the receiver; the aerial and ground and the redio-frequency tuning system.
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In view of the fact that the tubes in the redio-frequency system perform
well over a certain portion of the waveband and the design of the 226 type of tube
is such that wavelengths within the nomal waveband, have no effect upon its operat-
ion we can immediately eliminate the tube as a possible source of trouble. Bearing
in mind that the lack of selectivity is accompanied by low volume signifies that the
trouble is not due to a poor receiving locality. Were this the case, the signal lev-
el would be low but lack of selectivity would not be a fault.

The sesrch, therefore, narrows down to the tuning units. It is evident
that the trouble, whatever it may be, is not present over the entire wavelength range.
We know that a shorted turn or a number of shorted turms in an inductance, will reduce
the electrical efficiency and cause broad tuning. This, hovever, cannot be the case
since satisfactory performance is secured over & certain portion of the waveband. Acc-
ording to the wiring diagraem, tuning is accomplished by means of a series of variable
condensers, gang controlled, in shunt with a number of transformer windirgs. A resis-
tance in ons of these circuits would cause broad tuning but it would not be limited
to one or two stations and it would not cause a decided reduction in signal intensity.

Since the coils are presumably in good condition, the only possible source
of trouble is the tuning condenser system. A definite short circuit across one of the
condensers would impair reception over the entire band. A short across the condenser
when the plates are in a certain condition would so effect reception that the signals
would cease. If the sensitivity of the receiver is so great that reception is possi-
ble with a shorted condenser, t he short ir. one position of the cordenser rotor would
manifest itself by a series of clicks. Since this is not the case, the trouble is not
a short circuit. The design of the tuning unit is likewise beyond discussion because
of its performance over the remainder of the waveband .

Were the radio-frequency characteristic such that response on high wave-
lenghts would be less than low wavelengthsy the lack of volume would not be accompanied
by lack of selectivity. Hence, the only possible cause can be incorrect resonance at a
certain setting of the tuning control. A checkup of condenser capacity at various sett-
ings of the tuning dials, is therfore in order.

Tracing Distortion

As the second illustration, let us consider the subject of distortion. Re-
ceiver output volume is satisfactory, or judged to be so, but the music and speech are
not clear. The causes of distortion are numerous and the points of trouble in a receiv-
er which might cause distortion are likewise numerous but as a general rule, distortion
occurs mainly in the in the audio-frequency system. Distortion may be present in the
audio-frequency coupling units and present in the formdo frequency distortion where the
audio coupling unit accentuates or attenuates certain frequencies. In view of the fact
that this is & design detail, it may be eliminated at the start of the analysis, sirce
its effect is not of the type generally understood as distortion.

In view of the fact that distortion may be due to incorrect tube operation
and since it is to be found most frequently in the audio-frequency amplifier. Since op-
erating potentials govern the performance of the vacuum tube, the first step is to check
the grid, filament and plate potentials. 1If these are correct, the source of potential
may be eliminated as the possible source of trouble.

Now in connection with this work, if the trouble is actually in the audio-
frequency amplifier, the operating potentials may not always be correct. However, if the
plate current of the 171 is excessive, it is necessary to analyze the wiring of this
stage. As is evident in the wiring diagram, the filament circuit of this tube is an
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individual circuite The grid bias for this tube is supplied by a separste resistance,
hence whatever the trouble within this tube cireuit, it is safe to a ssume that it has

no connection with any other part of the receiver and it is therefore, unnecessary to

check the other systems in the receiver until the incorrect condition in the 171 stage
is rectified.

Tracing Electricel Disturbances

The third illustration is that of electrical disturbances such as crackling
gizzling and frying sounds. Sounds such as the above may be attributed to many sourc-
e8, but their possible locations are fortunately less numerous. Generally speeking,
four sources need be considered: 1. Outside of the receiver with entry through the
serial-ground system. 2. In the power line circuit with entry through the power de-
vices connected to the receiver, such as A and B eliminators. 3. External of the re-
ceiver with entry, by means of induction, to the receiver or the speaker lead when a
long connecting lead ies employed. 4. In the receiver itself, including of course,
battery supply when used in place of the eliminators.

To determine the origin we must proceed step by step and eliminate each
channel after test. The aeriasl and ground system is, of course, the simplest and
should be tackled first. With the receiver adjusted to maximum sensitivity so that
the disturbance is loudest, disconnect the aerial. If the disturbance ceases, its Bource
is external of the receiver and the sssociated power equipment. By this simple pro-
cess, we preclude the necessity of testing the remaining equipment. Since we know the
means of entry, the aerial, we must attempt to locate the origin. Unfortunately, this
test is very limited but the results are conclusive nevertheless.

An examination of the aerial is the next step, because a swaying aerial
which strikes or makes intermittent contact with grounded objects, such as pipes, stacks
metal poles, metal skylights or other aerials, will cause & click each time contact 1s
made and broken. If the trouble originates at this source, remedy is simple, but 1f
the aerial is perfect, the disturbance originates at some nearby source and is radiat-
ed, just as the radio signal to be picked up by the asrial and passed into the radio
receiver as if it were a desired signal. Remedy at the receiving end is impossible--
the disturbance must be suppressed at its source. Any device connected into the aer-
jal system in order to attenuate or eliminate the disturbance, will also eliminate the
desired signal. Complaint that such disturbance is more pronounced at the lower end of
the turing dial or on the low wavelengths, is due to greater receiver sensitivity on
the low wavelengths.
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Vacuum Tubes

To disseminate radio information pertuining to radio service work is e
lengthy procedure. Not necessarily tedious—~but lengthye. In view of the fact that
a 1§tt¥e knowledge is dangerous, we believe that a deteiled analysis will serve bet-
ter than a cursory explanation of the details involved.

¥e concluded the last instellment, relative to the "procees of elimina-
tion" by stating that the following article will concern radio-frequency amplifiers.
®e are going to change the routine and delay comment upon this subject until some fu-
ture time--&s there are a few other points we had best cover first.

Service data associeted with any part of the radio receiver involves the
vacuum tube, since this tube is a part of each system and its operatimn is controlled
by the condition of the various systems, including the power supply units and circuit
continuity. Hence, we believe that the first item subsequent to the general discuss-
ion contained int he first two installments, should be the vacuum tube. Now, we wish
to meke clear that we are not attempting an elementary course in vacuum tube design or
radio in general. We recognize fully that some of the information contained in these
peges is known to some of the readers, but we are also certain that some of the datea
supposedly known is not fully comprehended. Hence, we move along this line of progres

By discussing vacuum tubes at this time we eliminate the need for fugher discussion as
we progress through trouble diegnosis end isolation.

We take for grantec that the reader is familiar with the structure of
the conventional type of three-element vacuum tube,and to a certain extent with the
function of the various elements. We will dwell to a certain extent upon the latter
in a manner somewhat different than the conventional.

Vacuum Tube Tests

Radio receiver servicing, to be profitable, requires the most rapid form
of work consistent with accuracy and the attainment of results. With this in mind,
one cannot help but wonder about the most suitable test for a vacuum tube to show its
condition and to prophecy its degree of performance. In this connection, we must real-

ize two conditions: firet, the tube which is new and second, the tube which has been
in use for a period of time.

The average vacuum tube has four important constants; electronic emission,
plate lmpedance, amplification constant (mu) and the mutual conductance. Now, it is

quite logical that a rapid test of the vacuum tube need not involve the determination of
all of these constants, particularly if the tube is new. The same is true if the tube
1s removed from a defective receiver. The reason for this is that these constants are
governed by one major element, the condition of the filament. If the filament is in-

tact and in perfect condition, and if the physical structure of the tube elements hes
not been altered, the various electrical constants will be a8 decided upon in the des-
ign. If, however, the most vulnerable part of the tube--the filament-- has undergone
some change, it will influence some of the electrical constants of the tube, since

the value of the constant is governed by the number of electrons emitted by the fils-
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ment. By this we do not wish to imply that the design of the filament governs the
constants. What we mean to s ay is that the electrconic emission from the filament
exerts a tremendous influence upon the two most important tube characteristics; th?
plate impedance and the mutual conductance. The amplification constent remains uni-
form over a very wide range of filament temperature and electronic emissivity. There-
fore, as a rapid test, the electronic emission is as good as any, assuming no physic-
al damege to the tube.

As an illustration of the above, the amplification constant of the average
226-type tube remains between 8.2 and 8.4 over a filament potential range from .5 to
1.7 volts, whereas the plate impedance is approximately 43,000 ohms at .75 volt and
8,000 ohms at 1.5 volts-- and the mutual conductence is approximately 250 micromhos
at 1.€ volts on the filament.

Electronic Emission

The importance of satisfactory electronic emission is self-evident. With
respect to the test of a tube removed from a yeceiver, the paramount test is that for
electronic emission, bearing in mind that the tube has been in use for a period of time,
rendered satisfactory service during that time and that the physical structure of the
tube does not undergo a change, unless of course, the tube is subjected to a violent
physical shock, which might jar an element loose or break continuity between the wires
conrected to the tube prongs and the elements. Usage will not alter the plate imped-
ance or the mutual oonductance values if the filement emissivity remains constant.

With respect to disconrected elements, this condition will be evidenced by certain s ym-
ptoms and will become evident in a simple plate current test which follows the filament
emission test, the latter, however, being the first test made-

We can state without detailed explanationthat the most vulnerable part of
any vacuum tube, irrespective of type, is the filement. Furthermore, the element which
deteriorates most rapidly during operation of the vacuum tube is the filament. In the
filament type of a-c. tube, the filament is the source of electrons, exactly as in the
case & the d-c. tube. In the cathode type of a-c. tube, the cathode is the source of
electrons. Hence, if in the first two instances, the source of electrons undergoes
the most rapid change, the same may be considered to be the case in the cathode type
of a-c.tube. In addition, we must consider volatilization of the filament in this
tube and the production of less heat with which to heat the cathode and also burnout
of the filament. Since the operation of the tube is governed by the electronic emiss-
ion by the electron emitting element, the primary test is that for electronic emission.
In the d-c. type of tube employing a thoriated filament, the thorium is burned away
and the abundant emission of electrons, due to the thorium ceases . Since the tube is

designed for operation with the thorium in the filament, deactivation of this type of
filament will impair the operation of the tube.

The same is true in the case of the filament type of a-c. tube, with the
exception, that in this instance,the abundance of electrons is due Yo an oxide coating
upon the filament. After this oxide is burned avay,the filement doees not emit suffi-
cient electrons for satisfactory operation. In the cathode type of a-c. tube, the
cathode is the electron emitter, and if the heat generated by ghe filament (heater) is
insyfficient, the electronic emission will be insufficient. If, on the other hand,

the oxide coating upon the cathode is burned away during operation, the number of elec-
trons emitted will reach a low level where the tube is useless.
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Electronic emission tests must be made under definite prescribed condit-
jons, a requirement which is not fullfilled in everyday practice. These specificat-
jons are compiled by the vacuum tube manufacturers. It is true that each individual
serviceman can develop his own calibrations for electronic emission, but no matter
how it is arranged, definite values must be employed. Every type of vacuum tube has
e definite minimum value of electronic emission at certain values of filamert and
plate potential. This, however, does not signify that all tubes are tested under i-
dentical conditions, unless they are of similar type, in which case what has been
said does not apply, and all tubes of similar type are tested under identical conditions
Electronic emission in excess of the minimum value is permissable.

The following is the minimum electronic emission value o each tube men-

tioned and the recommended operating voltages.

These values are recommended by E. Te

Cunningham, Inc., and are excerpts from their engineering bulletins.

e R TR R T

Minimuam

Emission
(Miflia-)
Tube Fil. Volts Plate Volts ampers)
12 11 50 60
299 33 50 55
220 33 50 13 0
301A 5.0 50 20.0
300A 50 50 14 0
340 5.0 50 14.0
112 50 50 45 0
112A (No emission tests)
371 50 50 40 0
310 60 100 85 0
350 60 250 505 0
326 15 50 35 0
327 25 50 35 0
313 40 100 10 0
(each anode)

3168 60 125 85 0
380 5.0 80 100.0
381 60 150 200 0

(The plate voltage values mentioned are
the voltage applied to the grid and plate
connected together as an anode. Although
Cunningham designations have been em-
ployed, these values are applicable to the
UX and to all similar type tubes.)

LEUBRUHTTTHITHTH A TR R R A

The practice of judging a tube by

the normal plate current reading a-
lone, gives very little indication

of the tube performence as sn audio
amplifier, a detector or as a radio-
frequency emplifier. As & matter of
fact, while the plate current is a
function of t he electronic emission
(since the condition of the filament
influences the plate reading) filament
condition is best determined by an e-
lectronic emission test. As a guide
to performance as an amplifier, the
plate current reading alone will not
afford conclusive evidence to the neg-
ative or the affirmative since other
items must be taken into considerat-
ion. These are the amplification con-
stant and the mutual conductance.
Fortunately, however, as we stated ear
lier in this text, measurement of
these values is unnecessary. The eleo-
tronic emission test should be the

the first observation followed by any

simple test to show correct operating conditions and continuity of the elements.

Tube voltage specifications must be strictly observed. This applies to all

voltages; filament, grid and plate.

Frequent mention is made that tube filament life

is prolonged by operating below the rated filament potential or temperature. Thi is
true under certain conditions, which due to the trend in tube filament structure des-

ign is spplicable to all a-c. receivers.

Sub-normal filament potential operation of the

thoriated tungsten filament prolongs the life of the thorium, that is, the period of
operating life, but it alters the molecular structure of the tungsten, meking it more
brittle and subject to fracture more easily. Excessive filament temperature dissipates
the thorium more rapidly and increases volatilization of the tungsten. Hence, such
filaments should be operatsd at normal filament potential and tempersture. The same
1s not true of the oxide coated filaments, where operating life is prolonged by oper-

ation below the rated temperature.

So much for that at the present time.
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Plate Current Tests

In contrast to the electronic emission value when testing a tube, the
plate current value is a barometer of circuit conditions when testing receivers
with the vacuum tubes in the respective sockets and in the tester socket connected
to the receiver. Experience plus the manufacturer's specifications will advise ad-
vise the correct plate current values for various values of plate voltage, as meas-
ured with the test set. Correct interpretatiaon of these values expedite isolation
of the trouble.

In connection with what is to follow, we wish to make clear that these
conditions are not the only ones encountered. Many others will confront the service-
man, but 1f we remove the haze around a number, the remainder will be viewed in much
better light. As we stated, we are concerned with the vacuum tube, and we will consider
the items which are associated with the vacuum tube and which manifest some effect u-
pon it.

In view of the fact that receiver installations are of two types, namely,
those employing batteries as sources of potential and those employing power devices,
such as eliminators, for scurces of potential, it is necessary to consider them sep-—
arately. Let us take the battery source of potential first. The first condition
shall be excessive plate current, as indicated upon a set tester or analyzer, when
this device is being employed to check a receiver and to locate the defective part.
Excessive plate current may be due to several conditions and for purpose of illust-
ration we show two plate current grid voltage curves in Fig. 4. These curves are
for different values of plate voltage and are not the curves of any one specific tube,
but ere used merely to illustrate the point mentioned. The plate current values are
designated upon the ordinate line on the extreme left and the positive and negative
values of grid voltage are shovn upon the abscissa. These curves are allied with re-
ceiver operation and circuit conditions may be epplied to these curves for interpretat-
ion. 1If one camprehends this data, much will be gained.

The designations "Ep 90" and "Ep 135" mean that the first curve is repre-
sentative of a condition when the plate voltage is 90 and the other when the plate
voltage is 135. Let us consider the point "o grid volts" as the starting point for
our discussion. The plate current values indicated on the ordinate are the values
indicated on the set analyzer plate current meter. According to the curves in Fig. 4,
the normal plate current for EpS0 and O grid bias is 10 milliamperes ardfor Ep 135
and O gtid bias, the normal plate current is 12.5 milliamperes. It is, therefore,
obvious that as the plate voltage is increased, everything else being normal, the
plate current increases. Discounting the plate current saturation point governed
by the maximum filament emission, it can be said that excessive plate current may be
due to excessive plate potential. If we could draw a curve for Ep equal to 200, the
plate current with O grid bias would be much greater than 12.5 milliamperes.

Now, suppose that we operate with the curve mark
the positive end negative grid bias voltages. Accordin
voltage has a maximum of 20 volts and the positive voltage e maximum of 8 volts.

The reeson for the unequality is that positive bias is seldom employed. We neglect

the small positive bias employed with grid leak condenser systems of detection,

since the bias does not approach the maximum of 8 volts shown. For a plate potent-

ial of 90 volts, the usual grid bias is about 4 volts or perhaps a little more. Acc-
ording to the curve, the normal plate current with this plate and grid voltage is about
6.2 milliamperes. We are aware that this velue is in excess of the usual value en-
countered in receivers, but we employ it because it is better for illustration. At

C grid bias the plate current is 10 milliamperes, an increase of approximately 3.7

ed Ep 90 and consider
g to the graph, the negative
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milliemperes when the 4 volt grid bias is removed. Tt is, therefore, evident that
the grid bias controls the plate current and if the grid bias is less than normal,
the plate current will be more than normal, hence excessive plate current may be due
to insufficient grid bias. If we move into the territory occupied by the positive
grid bias volteges, we find that with a grid bias of plus 4 volts the plate current
is increased to 12.5 milliamperes, (the curvature of the plate current curve has no
significance) and if the normal plate current is supposed to be 6 milliamperes (Ep 90
with 4 volts negative grid bias), it stands to reason that excessive plate current
may be due to incorrect polarity of the grid bias--the bias being positive instead of
negative.

Referring again to Fige. 4, it is evident that the grid bias controls the
value of plate current, when the plate voltage is normal. Also that if the plate vol-
tage is less than normal it is still possible that the plate current should be excessive
as for example--the normal plate current for Ep 135 and 8 volts negative grid bias is
6 milliamperes, the plate current for jl'p 90 and 1 volt negative grid bias is 9 milltam-
peres. Although lacking an illustration, excessive plate current may also be due to
excessive filament potential.

With the above in mind and with one
exception, it stends to reason that the reverse
conditions may cause insufficient plate poten-
tial with normal bias may be the cause for in-
sufficient plate current. Likewise, excessive
negative grid bias may be the cause for insuff-
icient plate current. The exception we mention
is the application of a positive grid bias,
which can never cause insufficient plate curr-
ent, since it will always increase rather than
decrease the plate current.

PLATE CURRENT
IN MILLIAMPERES _
o o™ S ]

~

n

O

Floating and Positive Grids

GRID VOLTAGE

Figs 4 In connection with this discussion
Representative plate current, grid

voltage characteristic curves of a of plate current, we must mention another con-
acuumptube dition before we move on, and this is an unstea-
dy or fluctuating plate current observation.
Contrary to the opinion of many, this condit-
ion does not indicate a poor contact inthe plate circuit. Instead, it is due to an op-
en in the grid circuit, resulting in a "free" or"floating™ grid. The fluctuating plate
current is an indication that the grid is not at a steady operating potential; the grid
intermittently accumulating a heavy negative charge which reduces the plate current to
zero or therabouts and then losing this charge, again permitting normal plate current,
only to again repeat the procedurs. The proof that this condition is not due to a
poor contact is that the variation is uniform in frequency and is found when the re-

ceiver is not passing signals and that the plate voltage is normal and steady at all
times, even when the plate current is zero.

How, we refer to Figs. 5 and 6 to illustrate the points mentioned in conr-
ection with the curves in fig. 4 mnd to bring out a few pertinent details which were
not represented and discussed in Fig. 4. In Fig. 5, we view an ordinary stage in an
electric receiver, employing an eliminator as the source of grid potsntial, the pot-
ential being due to the passage of the tube plate current through the resistance and
the consequent voltage drop. Referring to excessive plate current with normal plate
potential we find that a leak between the plate winding of the transformer connected
to the plate of the preceding tute and the grid winding of the tube in question will
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cause the application of a positive potential upont he grid, which will either neut-
ralize the negative grid bias or will submerge the negative grid bias, and cause a
positive bias. This condition arises frequently in resistance-capacity audio amp-
lifiers and in some impedance-capacity audio amplifiers, due to a leak through the iso-
lating or coupling capacity as many call this condenser. Other cases have been the
radio-frequency transformers where scraping of the insulation permitted contact bet-
ween the plate and the grid turns, or some other form of short; also a leak between

the plate and grid windinges of audio-frequency transformers or between the plate and
grid leads.

General Voltage Checks

Referring to Fige 5, we have designated four important sources of potent-
ial; V, V1, V2 and V3, each one having a bearing upon the reading observed upon the
plate current meter, MA. If the plate current is excessive and the measurement of
the plate voltage shows it to be greater than normal, V, V1 and V3 are not involved
and examination of V2 is in order. The possible troubles in the source of V2 are two
in number. First, the input voltage, &nd second, the voltage drop across the voltage
divider resistance, or an open in the voltage divider resistance, The condition of
the voltage divider system is evidenced by the plate voltages applied to the other tubes
in the receiver. If voltage is being applied to the detector tube plate and the volt-
age divider system is of the potentiometer type, it is safe to assume that nothing i
wrong with the divider resistance. Even if the resistance usually employed between
the detector tap and the B minus is open, satisfactory operation will be possible, al-
though the output voltage will be higher along the various taps, because the insert-
ion of this resistance increases the current load uponthe eliminator.

It is now necessary to consider the operating characteristic of the aver-
age B eliminator. If the current load is reduced the output voltage increases and,
conversely, if the current load is increased the output voltage decreases. This cond-
ition is influenced by the grid bias, the output voltage increasing as the negative

bias, the output voliage necessary bias is increased, since
this action reduces the
plate current, hence the
v ,ijLT current loades In this case
Ui MA however, the plate current
T ' u is excessive, hence it is
S doubtful if it is due to
cuit indicating

cuit indicating LEnk’ Vi OO0 ‘ excessive grid bias. If tre
5§&§§”§$:ﬁ BETWEEN grid blas were positive,it
PO, O WINDINGS 4 vzé ]: would cause the increased
J CONRING __:I;___:[; plate current, but such an
V3 505000 ) increase in plate current
& I’BV' l Fig. 5 load would have a tendency
B o A.C. to reduce the output plate
voltage. But one conclus-
ion is possible —--- at some
other point in the receiver
the load upon the receiver eliminator has been removed or reduced. Perhaps a plate cir-
cuit is open, or if the voltage divider employed in the eliminator utilizes individual
resistances, one of these resistances is open. In this connection one can eliginate the
detector tap. since the current consumption at this tap is so small that the removal of
this small load will have very little effect upon the system.

If the tube under observation is the output tube, it is possible that the
lead supplying plate voltage to the other tubes is open, and vice versa. If the voltage
divider system is of the potentiometer type and the tube being tested is one of the amp
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1lifying tubes, exclusive of the output tube, an open in the voltage divider system bet-
ween the amplifying tube tap and the main lead is out of the question, since such a
breaek would open the circuit and the plate voltage necessary forthe work would not be
avallable for the tube being tested. However an open between the maximum voltage tap
and the output tube plate is possible and such a condition would cause the application
of excessive potential upon the plate of the tube being testede.

Wo must also consider another possibility, the lack of function of volt-
age reducing resistances in the plate circuits, exclusive of the voltage divider resis-
tances in the eliminator. An idea of what we mean is shown in figure 6. The tendency
towards excessive plate current with excessive plate
potential, due to the condition cited, is greater when

the C bias resistance is incorporated in the eliminat—
or, rather than in the grid circuit of the tube in ques= Wy
tion, as shown in figure 5. In the latter position NG
the grid bias voltage increases as the plate voltage CIRCUIT
and plate current increase. [ 8+
Causes of Low Plate Voltage s%f§§9F
R Ri POTENTIAL
- —
It is impossible to give a detailed SRR Fig. 6 gg
analysis of the reasons for all conditions to be encoun- el
tered in a defective radio receiver. However we shall
consider at length, the condition mentioned above and
later make mention of the reasons for other condit- kesp i ming that Coitagesreming
ions, without delving into the ramifications of the Pt the ‘retcelver mrouit beoased th

subject.

Insufficient plate voltage and plate current may be due to several con-
ditions in the systems First, a marked reduction in the input voltage feeding the B elim-
inator. Second, excessive voltage drop in the eliminator rectifier tube or element, due
to defective condition of the tube or elements Third, excessive voltage drop in the fil-
ter system. Fourth,a shorted bypass condensers across one of the sections of the elim-
inator voltage divider resistance network, which would reduce the total network resis-
tence, increase the current flow through the network, hence the current loade This would
cause a reduction in the total output voltage. Furthermore, if the C bias resistance is
located in the B eliminator, the action mentioned would cause a marked increase in neg-
ative grid bias, consequently incresases negative grid biss and greatly reduced tube plate
currente In this discussion we assume that the shorted condenser is not connected 8CTros
one of the plate voltage taps which supplies plate voltage to the tube under tests The
effect of the shorted bypass condemser would become evident during the plate voltage

With respect to V1 in figure 5, we must mention a similar resistance loo-
ated in the B eliminator. In both ceses the resistance is bypassed with a capacity. A
short in this condenser will short the resistance and eliminate the C bias, thus great-
ly increasing the plate current and reducing the plate voltage, due to the operating
characteristic of the B eliminator. However the reduction in plate voltage will not eq=-
ual the increase in plate current, that is, in effect.

With respect to an open in the grid circuit, two conditions may prevail,
depending upon the position of the break. If the "opn" is located between the grid of
the tube socket and the grid end of the unit connected across the grid-filament circuit
the "free" grid condition mentioned will prevaile Cn the other hand, if the break is loc-
ated at a point where it opens the filament and -B circuits, the plate current meter
will reed zero, since circuit continuity between the plate and fileament has been broken
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Such a condition would exist if the grid bias resistance supplying V1, in figure 5,
were to opens

The value of the resistance associated with the designation V1 in fig-
ure 5, governs the value of the grid bias applied to this tube. If it is excessive,
the negative grid bias is excessive and the reading on the meter MA will show insuff-
icient plate current. Conversely if the velue of resistance is less than normal, the
reading on the meter MA will be greater than normal, showing excessive plate current.

Insufficient or excessive values of V, the filament potential, is gov-
erned by the value of V3, the input voltage, when a trensformer is used, and the pot-
ential value of the battery, if a battery,or an eliminator is used. Also upon what-
ever voltage reducing resistances may be employed in the filament circuit, ae shown in
figure 6. If, assuming correct source of potential, these resistances are excessive in
ohmic value, the value of V will be less than normal and the reading on MA will be les
than normale If, on the other hand, the ohmic value of these resistances is less
than normal, the velue of V will be greater than normal and the reading on MA will be
gfeater than normal.

As we stated we cannot delve into the innermost details associated with
various conditions. We will however enumerste the possible reasons or caueses tor var-
ious conditionse In connection with these details it is necesssry thet the reader rea-
lize the various conditionse We of course understand that reference to these details
cannot be made during the process of servicings. However comprehension of what is con-
tained in these pages will fortify the service man with sufficient knowledge that he
mey interpret into practice. We hope that the reader realizes that these details per-
teining to filament,grid and plate voltages are associated with the commercial or as
far as that goes, with all set analyzers. It is unnecessary to mention the applica-
tion of these testers, i.es how to employ the testers. We hope to explain the inter-
pretation of the meter indications.

Let us therefore devote some time to facts associated with various vol-
tege and current indications, since these figures constitute the basic analyesise

Excessive plate current with normal plate voltage may be due to:

l. Excessive filement voltage

2e¢ Insufficient grid bias

3¢ Defective tube

4+ A lesk between the grid and plate windings of the coupling unit.

5¢ Incorrect polaritly of the grid bias voltage

6¢ A leaky isolating condenser in a resietance or impedance coupled smplifier.

%%+ The foregoing are probable causes for excessive plate current with subnormal
plate voltages I{ is possible that one of these conditions may cause excessive plate
current when the plate voltage itz excessive. In this connection it is necessary to add
the possibility of excessive plate voltages

Insufficient plate current for normal and excessive plate potential may be
due to :

1. Insufficient filement potentieal

2+ Excessive grid bisse

Z. Excescive voltage drop across unit in plate circuit

4+ Incorrect polerity of grid bies, where correct bias is positive to grid
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6. Open grid circuit
6e Defective tube
Te Deactivated filament

sx%xx Erratic behaviour was mentioned earlier in the texte.
Excessive plate potential may be due to:

l. Insufficient load upon power B device

2. Exceseive battery voltage

3+ Insufficient voltage drop across units in the circuit

4. Excessive line voltage feeding power B unit.

5 chessive grid bias potential when secured from separate device
6+ “nsufficient grid bias potentiel when secured from B unite.

T+ Incorrect tap on battery or power B unit

8+ Open in voltage divider system of B unit, between Dete and B-
9. Shorted filter chokes

Excessive filement potential may be due to:

l. Incorrect adjustment of voltage reducing resietance
2+ Excessive battery voltage

3+ Insufficient load upon transformer winding

4. Fxcesgive line voltage feeding trensformer

6« Incorrect voltage reducing resistances

6« Incorrect adjustment of power A device

7. Excessive 1line voltage feeding A eliminator

8+ Shorted filter choke in A eliminator

sxxx Insufficient filament potential is due to the reverse conditions mentioned for
excessive filament potentiale Also

le Incorrect line voltege reducing resistance
2« Wrong tube in socket and excessive current draine.

Excessive grid bias may be due to:

l. Excessive grid bias battery voltage
2. Excessive value of redistance when bias is secured from power B unit
3+ Excessive value of grid bias resietance at any point in system

s#x Insufficient grid bies may be due to the reverse conditions mentioned in connect-
ion with excessive grid biese. Alsc

le Shorted grid bies resistance bypass condenser
2+ Leeky grid bias resistance bypsasss condenser

Insufficient plate potential may be due to:

l. Defective rectifying tube or element

2¢ Excessive load upon power B device .
3. Excessive voltage drop in power B filter system

4, Leak across rectifying system

5+ Insufficient line voltege input
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6« Insufficient voltage input into rectifying system

7+ Excessive current drain across voltage divider network

8+« Shorted section of voltege divider network

9. Excessive resistance in cable between source of potential and tube
10. Excessive voltage drop acrose voltage reducing resistance in plate circuit
1lle Leasky plate circuit bypass condenser
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Operating Systeme

Inorder to facilitate comprehension of subsequent data, it is essential to
discuss certein parts of complete receiver systemo. Not because the system itself is
of importance in servicing, but because mention of a defect in these systems appears
quite frequently and the interpretation of the location of the defect is essentials

Neutralizing Systems

Stebility is an importent feature of every radio frequency amplifiere The
greater the number of stages employed in the systsm, the greater the tendency towards
instebilitye. Minimization of regeneration or feedback from one stage to the other or
from one circuit to the other ies of extreme importences Now, in connection with what
is to follow, it should be definitely understood that the manufacturers of radio rec—~
eivers represented in this book in the form of receiver wiring diagrams are in no way
responsible for statements made in this booke Whatever enalytieal statements are made,
they are the conclusions of the author of this work and not the opinions of the org-
anizations whose wiring diagrems are shown hereine.

Stebilizing or neutralizing systems employed today are of various types,
usuaelly employed in the radic frequeney amplifiere Anti-regeneration unites are in some
case employed in audio frequency amplifiers as well, but these do not require disc=-
ussions The most fregent systems employed for stabilization involve the use of a con-
denser whereby a certain magnitude of voltage is fed back from one circuit to the oth-
er Lo counteract the voltage existing across the grid ernd plate of the radio frequency
tube involvedj the grid and plate of this tube constituting a capacitye The second
system involves the use of a resistance in the grid or grid filament circuit of the
vacuum tube in question. usually external of the tuned circuite.

I

The degree of stability with the grid suppressor arrangement is a function
of circuit conditions and the value of resistance employed.
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As is evident the association between the grid circuit of the tube and the stabilizing
agent is closer in the case of the grid suppressor, since it is an actual part of the
grid circuit and grid circuit continuity is vie this resistance. As in the case of the
condenser system incorrect adjusument of the resistence, in this case a matter of ohmk
value, will influence receiver operation. If the ohmic value is too low, the system
will oscillate and impair reception. If the ohmic resistance is too high, it will im-
peir reception by reducing sensitivity. An "open" resistence will naturally impeir roc-
éption since the grid circuit is opene

In connection with the condenser arrangement, the need for perfect insul-
ation in the condenser is very evident. In one arrangement it shorts the plate circuit
and in the other it shorts a portion of the grid circuit or rather the grid inductance
An open in the neutralizing system of this type will mar reception by creating an unba -
anced statee

Filament Circuits

Troubles arising in the filament circuits of battery operated receivers
are easily discovered and manifest operation in such manner that isolation of the fault
is simplee In A.C. circuit however, diagnosis is a little more difficult. Here we must
consider the type of tube involvede. Fortunately, one type of tube is the greatest off-
endere Rather the equipment employed in the filement circuit of this tube is the basis
for the troublee Albeit the explanation of A.C. filament circuits in the first volume
of this series, in "The Mathematics of Redio", we will give a short resume in this
booke In view of the use of altermating current for actuation of the A.C. tube filamern
it is necessary that a certain point of stability be secured in the filament circuit
so as to provide a point of return for the grid and plate circuitse.

In the 226 type of tube, the filament is the source of electrons and as
such constitutes a part of the grid and plate circuitse Bearing in mind that the fila-
ment potential is A.C. and that the potential difference between various points of the
filament and the other elements of the tube is not constant, it is necessary to obt-
ain a point in the filament circuit where the potentlal difference between the filamert
and the grid will remain conotant, thus avoiding the hum due to the variation in pot-
ential difference due to the type of potential employed to operste the filament. This
condition of filament circuit etability is secured by means of a centre tapped treans-
former or a resistance with a variable centre tap, in shunt with the filament, as shown
in figure 12. The centre tap of the transformer or the centre tap adjustment of the
filament shunt reeistance constitutes the B- and the grid and plate returne

If this resistance is necessary to
secure balance, it stands to reason that accur-
adjustment of the centre tap is necessaryes This
happens to be the case and when non-existent is
the cause for disagreeable hume. Hence accurate
adjustment of the filament shunt resistence is
always necessary when the 226 type of A.C. tube
is involvede Furthemrmore one adjustment does not
hold good with all types of tubes and a change
in tubes necessitates & change in adjustment.
Sometimes such a change is necessary and et other
times it is note In some cases, the centre tap
on the transformer is not the electrical centre
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in which case it is necessary to replace the transformer centre tap with a filament
shunt resistence, employing the centre tap on this resistance in place of the trans-
former centre tape.

Since so much stress is being placed upon the location of the centre tap
much discussion is not necessary to show that an open in this resistance will cause a
great deal of hume An examination of figure 12 will show that an open between one side
of the resistance and one side of the filament winding will not impair reception since
the B- lead is still intact between the filament and the plate circuitse However the
required balance is not be obtained and the result is a bad humy which will not reduc-
ing the magnitude of amplification evailable with the system does interfere with the
quality of reproductione.

In the 227 type of tube, the filament is not the source of electrons.
Instead, the electrons required for operation of the tube are smitted by the cathode
and the voltage fluctuations present across the filament are not encountered in the cath -
ode and the consequence is that the adjustment of the filament circuit centre tep is
not of particular importance, other than that it should be intact with respsct to con-
tinuity .

Comparison of the date mentioned will show that & fixed centre tap used
in conjunction with the 226 type of tube is not conducive to best operatione This is
recognized by the receiver manufacturers and the "hum balancing” resistances are us-
ually provided with a variable control and are acceesible to the service mane As is to
be expected in view of the fact that the 60 ¢ycle hum is within the audible range, cor—
rect adjustment of the balancing resistances is of greatest importante in the audio freq
uency amplifying systeme

In connection with "hum" due to conditions in the filement circuit, we
muct make mention of induction from the filament wiring to associated grid and plate
circuitse Close proximity of the filament wiring to either grid or plate circuits will
cause a hum and wherever possible the filament circuit should be isolated. With respect
to the actual wiring, the filament circuit wiring should be of the twisted cable type.

Reference must again be made to the centre tapped filament transformer,
Experlence has shown that in many instances the centre tsp is not the actual electrical
centre tap, due to unbalanced filament circuit wiring. The suggested remedy should be
trieds In the event that filament voltage reducing resistances are employed in the file-
ment circuit, they
should be utilized

a8 shown in figure
13 A,B and C. The _A __/\\__ _/\__
= C-

filament shunt res-

istance should be | —

nearest the tube, \—_\M&,\_ -—/WE\_
between the tube
and the filament

N

voltage reducing Fig‘

resistancess In the — 100000 S

event that the tra- = ==
nsformer centre tap “A- -B-

is employed in con-
junction with fila-

ment voltage reducing resistances, two such resistances must be used as in figure 13 C+
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Grid Circuits

Special reference to grid circuits involves the use of various arrange-
ments to secure the required grid biae voltages. This discussion is necessary because
the receivers in use today do not employ a common systems Some employ the biss secured
from the B eliminator, whereas others employ a resistanee in the cathode cirouit and
for certain types of tubes, employ a resistence in the grid-plate-filament circuite
Also various arrangements are employ2d in the detector circuit.

NEGATIVE
N%GR‘}E'VE /\ GRID RETURN /\
RETURN 'C_
Fig. - AN
14 -B- R
-A- TO B-
N> OF
5 - ELIMINATOR —
OF y FIL ¥ ¥ Yy FIL. ¥
ELIMINATOR ~ SUPPLY TO B- SUPPLY

Figure 14, shows the 226 type of tube arranged in two wayse. First, with
the C bias secured from the B eliminator (A) and second, with the C bias secured by
means of a resistance, (B). The former method will be discussed when B eliminators are
discusseds With respect to the latter method however, let us analyze the position of
the resistance R. Note the position of the B~ leade Since the filament is the source
of electrons and B+ is connected to the plate of the tube, the plate current, inorder
to reach the filament, must needs flow through the resistance Re We refer to the plate
current of the tube showne. Since it flows through R, it causes a voltage drop across
this resistance, which drop is applied to the grid as the negative grid bias.

In connection with these two systems it is necessary to note that in one
case the centre tap of the filament shunt resistance is connected to B-, whereas in
the other it im connected to the grid blas resistancee. This means that in one instance
a potential difference is to bs found between the filament centre tap and the B~. In
the othar case, no such difference is presents It is present in B and not in A.

With respect to trouble, it is evident that a short in the condenser by-
passing R will short the C bias but it will not interfere with continuity in the plate-~
filament circuite An open in R will however interfere with the circuit cintinuity men-
tioned and will at the same time eliminate the C bias. A leaky bypass condenser, as is
evident will interfere with the C bias, since it will affect the ohmic value of R.

The circuit arrangement employed with the 227 type of tube is somewhat
differente. Once again the grid bias may be secured by means of a resistance in the plate
filament circuite In this case however, the resistance is not in the filament circuit,
since the filament is not the source of elactronse In this tube, the cathode is the el~
sctron emitter and the resistance is in the cathode circuit so that the plate current
inorder to reach the cathode must flow through the grid blas resistance. This is shown

in figure 15, the system being employed to secure the grid bias for the radio frequency
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amplifying tubee The system howsver is not limited to use in amplifying stages. It is
appliceble with equal facility in detector systems, designed for operation as grid blas
detectorss An idea of what we have in mind is shown in figure 16 De In some cases

the cathode of the 227 is connected directly to B-; usually when gridleak and conden-
ser systems are employede This is showr in figure 15 and in 16 B, The application of
the grid bias resistance in the plate-filament or rather plate-clectronic emitter cir-
cuit is shown in the various illustrations in figures 15 and 186.
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The epplication of the grid bias with the A.C. ecreen grid tube is showm in
figure 17 A and Be In A the circuit arrangement 1s that for the tube when employed as
a screen grid tubes In B it is employed as a space sharge audio amplifying tube. Herse
we show the use of a battery bilas connected into the cathode circuite It is doubtful
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if such battery systems will be employede However that should meke very little differ-

ences The battery may be replaced with the conventional resistaence and bypass capacitye
The illustrations quoted are shown simply to afford an idea, in the event that the bat-
tery is used, of how the battery arrangement is employed.

We wish to make mention at this time, that these various systems should be
studied with care. It is evident that the various grid circuit errangements are numer-
ouse All receiver designers do not employ the same systems, hence it is imperative that
the service man be familiar with the systems 1n uses To expedite comprehension we show

TO TUNED G% |p
INPUT

CIRCUIT ———

é——_‘
1 MF,
T0 B~
e
B- TO
R TRANS-
10,000 OHMS Fig, FORMER

1

in figure 18, the method employed to secure the
negative grid bias for the 227 when employed as the
nefatve grid bias detectors Compare this arrangement
with that shown in figure 15, wherein the detector
is arranged for grid leak and condenser detection.
Note the absence of the grid bias resistance in fig-
ure 15 and its presence in figure 18. Some receivers
employ the arrangement shown in figure 15 whereus
othier arrangements use the system shovn in figure
18+ The plate current in the latter system is less
than in the former. Unless the distinction between
the two systems is recognized, the plate current ind
ication may prove very confusing.

We made mention that reference to ihe reo-
eiver wiring diagram is imperativee. We cannot place
too muth stress upon this subjects How can one tell
without reference to the wiring diagram, which one

of the systems mentioned in this chapter is employ-
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ed to secure the grid bias. Examine once more the two circuit diagraems in figure 14.

In one cese the grid bias resistance is in the receiving systemes On the other it is

in the B eliminator. Accurate circuit analysis makes necessary knowledge relative to
the location of this resistance, since in one case it manifests an effect upon but one
tube, and in the other upon the entire receiver, since an open in this resistance, when
located in the B power unit, will upset the operation of the emtire B unit, consequent-
ly the entire receivers

In some cases, one grid bias resistance located in the receiver is used to
supply the grid bias for more than one radio frequency amplifying tubee This is usually
the case when 226s are employede Furthermore individual filament ehunt resistances are
employede The magnitude of grid bias in the system shom in figure 16 C is governed by
the plate current of that individual tubes Where more than one tube is supplied with
grid bias by one resistance as in figure 19, the magnitude of grid bias is controlled
by the total plate
current consump-

o (//\\ tion of all the
(/ GRID tubes supplied with
RETURN grid bias by that
o= T one resistance. It
is unnecessary at

3
i this time to give
I !! I l ,I l :E}NNF the formula employ-
' \ ed to determine the

A

voltage when the

y Y FIL ¥ current and the res-
EUZ%LY‘ Fig. 19 o supéLy istance are kmown.
For all such details
we refer the reader
to the first volume
of this series, "The Mathematicas of Radio" whersin all calculations are discussed at
length and with simplified explanations of the complex problems.

Although we are a bit ghead of the progress of this discuesion we must men=-
tion the difference between the amount of current involved when securing the grid bies
for one or more tubes, when the grid bias resistance is in the B eliminator and when it
is in the plate-filament circuiis shown in this chaptere In the former case, the total
eliminator plate current drain flows through the resistance whereas in the cases cit=-
ed only the plate currents of the tubes involved flow through the resistance. It i8 cus=~
tomary in many receivers employing the 227, to provide a separate grid bias resistance
for each tube. This arrangement is very satisfactory with respect to servicing, since

each tube is independent of the others [3;]
Before concluding this chapter it nec=-
essary to make mention of the 227 detector arrange— T0 G P
ment wherein the cathode is connected to B~ and the TUNED
filament centre tap is connected to B+ 45. This sys-  CIRCUIT C T
tem is shown in figure 20e The filament circuit is
arranged in two ways, for use with the centre tap of @ | TO B~
the transformer and for use with a centre tapped fil- B+

ament shunt resistance. Either system may be employ- 45V
ed with very little difference in effects Compare
this arrangement with that shown in figure 15. This
comparison is mentioned because of the difference
found when voltage tests are made between B~ and
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other parts of the system.

The grid bias arrangements employed in the output stages differ very littls
from the systems employed in the conventional radio frequency or audio frequency sections
of the receivere The type of tubes employed in the output stages are lidentical to the 226
hence the same method of securing the grid bias is applicables Figure 21 shows the grid

bias arrangement employed
PUT

IN : to supply grid bles for
TR,ANSFORMER i four tubes arranged in per -

/ AMF'__ allel push-pull fashion.
v "™ Due to the arrangement emp~-
loyed one grid bias resis-
o tanec suffices for the
LOUD  four tubes. However, four
—T— SPEAKER tybes arranged in parallel
a8 shown in figure 22,
@ _T_ meke necessary the use of

=== two grid blas resistances,

¢ 3 AMF one for each unit of two

I MF. r ) g —¢ tubes.
—"_,! Tl *

ﬁWJ OSSAS With respect to num-

erical values quoted in
| (L conjunction with the var-

i Y ious items shown, these
B- Flsb'g\g&NT B+ are empirical values which
Fia. 2] have been found very sat=-

isfactory in use. However,
gservice men should not change existing systems to conform with this values unless the

unite in the receiver are defective and the manufacturers' ratings are unknowne

The suggestion to {7,210 OR 250 TUBES S
employ two grid blas resistan- TRAIIZJSEJRMER
v

ces is based upon minimiza-
tion of regeneraticn in the
output system and upon the
possibility of non-uniform
tubes. By providing separ-
ate grid bias resistances it
is possible to arrange the
pairs of tubes to best advan-
tage.

{ MF.--

O LOUD SPEAKER O————
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Plate Circuits

The plate circuit arrengements employed in standard radio receivers are not
always of the same typee By this we mean that the components located in the plate cir-
cuits are not always the sames The exact items are governed by the design of the radio
receiver and the ideas of the design engineer. Like the grid bias systems, it is necess~-
ary that the man interested in diagnosis be familiar with the units employed in the plate
circuit inorder that his tests for continuity through the various components be correct.

Many radio receivers are designed for operation with certain potential arrange-
mentse That #s to say, the design of the power supply unit is the simplest possible with
respect to the number of output voltage taps and connectionss Thie means that some arr-
angement must be employed in the receiver proper inorder to secure the correct operat-
ing potentialse In some cases the plate voltage applied to the radio frequency tubes is
the same as that applied to the plate of the first audio frequency tubee In other cases
the plate voltege applied to the R.F. tubes is less than that applied to the audio tube,
yet the same output voltage tap is employede This means that a resistance is located in
the radio frequency plate circuit inorder to cause a voltage drope The presence of this
resistance must be known because it increases the hazard of trouble and is a possible
source of troubles Its electrical condition is of importances Unless its presence 1is
known, the lower value of radio frequency tube plate voltage is mystifyinge

In other ceses the plate voltage is not applied to the tube plate through the
radio or audio frequency transformer primary. Instead, shunt plate supply is used and
the coupling unit primary is isolated from the tube plate by means of a condensers The
plate current is caused to flow through a special resistance or a chokee This resistance
or choke may "open" and continued tests of the coupling unit primary show a closed cire-
cuit through the unit, yet plate potential does not reach the tube. The effect is mys -
terious —- mysterious because the man does not know that the plate current does not flow
through the coupling unit. He does not know that the plate current is arranged to flow

through a special unite Tpis is particularly true with many receivers employing audio
frequency transformers equipped with alloy cores.

In connection with such audio frequency transformers, it is necessary to stiress
the fact that when plate current does flow through the transformer winding, it is defin-
itely limited in magnitudes The use of the alloy core permits a certain value of plate
currente Plate current in excess of this value will damage the core and alter the oper-
ating characteristic of the transformers This effect is a loss of low notes or poor op-
eration on the lower portion of the audio frequency spectrume To all appearances the
unit is intact, yet it has been damaged electrically.

A similar condition exists in the radio frequency part of the receiver, Not neo-
essarily assoclated with the radio frequency transformer but with respect to continuitye
Examine the various neutralizing systems employing condenserses In one case continuity
through this condenser will show connection with the tube plate circuite In another this
is not true. Hence the elements in the plate circuit must be kmown.

Volume controls in radio frequency plate circuits are quite common, but they are
not of the same types In some cases the volume control in the plate circuit is a series
resistance reducing or increasing the plate voltages In other cases it is a variable
resistance across the radio frequency transformer primary. A defect in these volume con-

trols will display different effectss In one case it will short the primarye In the other
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it will "open" the plate circuite In one ocase signael strength will be reduced and
in the other the receiver will be wholly inoperative.

The letter will display an effect upon the other voltages in the receiver.
The effect of the former will be limited to that one tube and stage of amplificatione
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Aerial Systems

The aerial system is very frequently the source of much annoysncey but it ¥
not always ths source of trouble, despite the fact that so much stress is placed upon
the aeriale We too believe that the aerial must be well erected, yet we have found num-
erour instances of poor aerial coristruction and very satisfactory receiver performance.

In this connection we wish it understood that by poor aerial comstruction v
do not mean shorted aerials, or the use of defective insulators. A certein height is
necessary but it is not necessary to strive to be abcove every other serial on the roof.
Of greater importence is the location of the serisl and the leadin so that they are
removed from steel or other large metalic structurese Also the use of electricelly eff-
icient insulators and freedom from contact with grounded objects.

Conventional radio receiver design ordains the use of an outdoor elevated
aerial with a total length between 100 and 150 feete This length is the overall length
and will be found to work best with the average radio receiver. In many instances
shorter aerials are required but in no case should it be necessary to use a longer aer—
iale Generally speaking insufficient receiver length reducees receiver sensitivity and
in many cases, where some of the old type Neutrodyne receivers are involved insuffic-
ient aerial length causes instability of the redio frequency amplifying systeme

Excessive length on the other hand impaims selectivity, by applying excessive
3ignal voltage to the receiver and in every case receiver selectivity is closely allied
with the amount of power in the receiver circuitse. Excessive length has a tendency to
reduce the signal-noise ratio since the longer aerial is more responsive to electrical
disturbances of various nature. Excessive aerial length has & tendency to broaden tun-
ing at the lower end of the tuning dial due to closer approach to the fundamental wave-
length of the aerial. The above condition may be the cause for broad tuning on the low-

er end of the dial when the receiver tuning system is satisfactory, yet the undesired
condition existse

From the above we can deduce that reducing the length of the aerial will ino-
reese selectivitye This is true regardless of receiver conditions, since the shorter
the aerial the less the signal voltage passed into the receivere In connection with
aerial systems it is necessary to consider location,i.e. the location of the complete
receiving system with respect to the broadcasting stationse In meny cases, certain
broadcasting stations are received with excessive signel strength, yet the other broad-
casting stations are received with normal strengthe To reduce the aerial length would
diminish the strength of the interfering station, but it would also reduce the strength
of the other stationse. Hence haphazard aerial reduction is unsatisfactorye If the
strength of the other stations is such that reduction will not impair reception, the
serial length should be reduced. If howsver this is not the case, the strength of the
offending station should be reduced by means of a trap or the receiver owner educated
to detune when listening to this statione As e last resort, arrangement can be made

whereby the aerial length is reduced with a series capacity when tuning to the power-
ful station.

Certain definite faults may develop in the aerial systeme First, is ground-
ing of the aerisal or the leadin. Second, is intermittent grounding of the aerial or

the leadines Third, is a short circuit in the lightning arrestor if one is used. Fourth,
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is swaying of the aerial if the slack is too greats Fifth, is a partial short or leak
through defective insuletores Sixth, is corroded or loose contects in the asrial leadin
or connection theretoe.

The effects of these defects are varied. Intermittent grounding will ceuse
a series of clicks. If the aerial or the leadin scrapes a grounded object, a sputtering
and frying sound will be heard during that times In addition the intermittent ground-
ing will cause & diminuation of signal intensity, a phenomenon somewhat similar to
fadinge An action similer to fading may be experienced when an aerial sways in the wind.
This is particularly true if the aerial (flat top) is parallel to other aerials and to
certain large metalic structurese

Partiel leaks or shorts to ground will cause low signal level and even
broaden tuninge The greatest effect however is the decrease in receiver sensitivitye
In some cases, this action is accompanied by sizzling sounds which are loudest when
the radio frequency stages are tuned to resonances A grounded aerial need not cause
entire lack of signalse This is particularly true when the ground is located at the
remote end of the elevated part of the aerial system furthest away from the receiver.
In this case, particularly if the eeriel length is appreciable, the complete aerial sys-

ten functions like a loope Signal strength will be reduced, it is true, but signals will
be audible.

Many complaints of poor receiver sensitivity are attritutable to poor loc-
atione In other words the aerial is shielded. In such instances, the best aerial will
have very little effect. The location of such dead spote cannot be charted, but every
effort can be made to 8o locate the aerial that it is not behind large masses of met-
al; that it is open to the signals emanating from the statione

Electiical dieturbances find their way into the receiver vie the aerial
and to minimize such effects, certain precautions must be exercised when erecting the
aeriale le It should not be parellel to power lines. 2. It should not cross power linese
3¢ The leadin should not bs parallel to power cr telephone cables entering the home or
buildinge 4« The lead in should be far removed from localities adjacent to power trans-

formers located atop power line poless 5. The aerial and leadin, if possible should be
removed from arc lights, flasher signs, etce.

Imperfect contact of any kind will cause various forms cf electrical dist-
urbance, usually of the crackling end sputtering varietys. This is particularly true
in the case of the A.C. electric receiver. In this connection we include the ground as
welle Perfect contact to the ground is imperatives We are not greatly intersted in the
electrical efficieny of the grounde Existing conditions impose limitaetions in this res-
pect, but what we do say is that the connection to the ground should be perfect.

Various forms of disturbance find their way into the receiver by means of
the aeriale If examination shows this to be the case, very little can be dome, other
than to either change the location of the aerial or to alter its position with respect

to the source of interferences. Wherever possible aerials should run at right angles to
all power and telephone cables.
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It is needless to dwell upor the fact that the electrical efficiency of
the complete aerial system influences receiver operatione This fact is well known and
we shall leave well enough alone. However, the ground too is importsnt, nct so much
because of the variation in electrical efficieny, but because 1t 1is necessarye Many
receivers are designed for operation with a ground --- and a ground is imperative. Omi
the ground and receiver performance is very pooreess In many other ceses, the ground
is of very little importence -- optional on the part of the receiver ownere.s. However,
wherever used secure the best obtainables

Although frequently denied, the average inverted L aerial used with the
average redio receiver possesses directional properties, being more directional towards
the end of the aerisl connected to the leadine This propertj may be utilized to good
advantage. We say this because we have made use of the directionel and enti-dirsctional
properties of aerials. We made mention that in certain localities statlon interference
is very annoying; that one particular station is recived with exceptional intensitye
A change in aerial direction, to that the free end is towards or points towards this
station will frequently reduce the signal intensity to the normal value and the need
for aerial reduction or wave traps is obviateds

¥e made the statement in a part of this chapter that it is possible to rec-
eive signals with a grounded aeriale Thie however does not include the case when the
ground is in the lightning arrestor because this unit is close to the receiver and is
the equivalent of a direct short across the aerial coil, choke or resistance, whichever
device is employed in the antenna systeme
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"A" Battery Eliminators

The "A" battery eliminator.has replaced the conventional storage battery
ag a source of filament potential, carrying out exactly what the neme denotese These
devices are clessed into two categoriesy

1.
24

H All
" A"

eliminators employing low voltage rectifiers
eliminators employing high voltage rectifierse

A third classification maintained separate from the rest is the use of 110 volt D.C. pow-
er systems to supply the required D.C. filament potential. In view of the fact that 2

and the special classification are closely allied with high voltage B eliminators we
shall reserve discussion of those types for the chapter on B eliminators.

The "A" eliminator or power A device supplies the required D.C. filement
potential to the tubes in the receivere The original source of the filament potential

is the A.C. house supplye. The

power device employs a transformer

G which 1s comnected to the line
: y supply and also to a rectifyi
OO0 ———o0 A+ PPLY ying
‘ N - —— device, which converts the A.C.
potential into pulsating D.C. pot-
A s T ential, a combination of A.C. and
Akv/ﬂ : == CONDENSERS D.C. The output of the rectifier
RECTIFIER N Sy is connected across a filter sys-
TRANSFORMER 2 tem consisting of a choke or a
< number of chokes and condensers
Fig. 23 arranged in such manner that the
, A.C. component in the rectifier
Rectifiers connected in Wheatstone bridge form with 1500 mfd. condensers output voltage is removed or fil-

and .2 henry chokes used as a power supply for parallel connected tube

iz erare S tered and the D.C. passed to the
output system of the power A unit.
The schematic wiring disgram of

such a circuit arrangement is shown above. In some cases a switch is incorporated for the

purpose of varying the output voltage and currente This switch governs the voltage app-
lied to the rectifiers from the secondary of the power transformer.

1.
26
Se
4.
Se
Ge
Te
8.
9.
10.

Now, inorder that the proper output voltage and current be available, it
is necessary that certain conditions be fulfilled.

That
That
That
That
That
That
That
That
That
That

the
the
the
the
the
the
all
all
the
the

A.C. line voltage input be normal

voltage applied to the rectifiers be normal

rectifiers perform in normal manner and be in good condition
voltage drop across the filter system be normal

inductance of the filter chokes be normal

filter condensers be in perfect condition

connections in the filter circuits be intact

connections in the complete unit be intact

electrical constants of the filter system be correct

load applied to the power A unit be normal

Any deviation from the above will create one or more detrimental effects,
effects which will interfere with everyday operationesess Let us see whyeee
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l. If the line voltage is low, the operating voltages will be low and congequently the
rectif ier output will be low and the filament potential applied to the tubes will be less
than the required valuees

2e If the voltage applied to the rectifiers is less than the required value for predeter-
mined voltage and current output, the required output will not be available. Furthermore
the successful operation of the rectifier elements depends upon the application of a cer-
tain value of A.C. potentiale If the line voltage is high or the transformer output is
high, the normal operating life of the rectifier will be reducede

3e If the rectifiers are worn out or defective, the output voltage will not be up to regq-
uirements. Furthermore a defective rectifier system will cause appreciable "hum" in the
output because of defective rectifier action

4e If the voltage drop in the filter system, due to exceptionally high resistance of the
filter chokes, is in excess of the predetrmined wvalue, the output voltage will be less
than the required value,

5S¢ If the inductance value of the filter chokes is less than the required value, filter-
ing will suffer and while the output voltage and current requirements will be fulfilled
the D.C. output will contain an appreciable value of A.C.

Ge What has been said in 5 is applicable to the filter condensers. In addition if the
filter condensers are not electrically perfect and the leak across the condenser is app-
reciable, the output voltage will be reduced. If the filter condenser bresks down, it
shorts the rectifier elements causing a heavy overload and possible injury.

7« If interconnection contacts are imperfect they introduce points of resistance, reduc-
ing the filter action and the output voltage.

8¢ What has been said in connection with reason 7 is applicable to 8.

9« If the constants of the filter are incorrect, as for example insufficient filter cep=-
acity, filtering action will be impaired and the D.C. output will contain A.C. and cause
e bad hume

10. Here we meet a new situation, one which concerns the operating characteristic of all
such devicess Eliminators of this nature, employing one of the popular types of rectify-
ing devices are not sources of constant potential, nor do they afford unlimited current
output. The output voltage is a function of the current load and vice versas If the curr-
ent drain is excessive, the output voltage will drope On the other hand, if the current
drain is less than the required value according to the adjustment made, the output volte
age will be in excess of the normazl valuee. This operating characteristic must be horne

in mind because much dissatisfaction is due to overload. Voltage regulation curves of
such devices are shown in Volume 1, hence repetition is unnecessarye.

It is therefore imperative, that wherever voltage adjustments are available
the voltage output should be proportioned acdording to the number of tubes to be supplied
by the device.

Additional comment is necessary about two of the components in the power A
devices We refer to the rectifier and the "dry" A condensers employed in the filter sys-
teme The operating life of the "dry" disc rectifier when employed in an A eliminator

is about 30 to 40% of the life available when utilized in a B eliminator, operating at

comparatively low values of current draine At best its operating life as an A rectifier
is about 1506 hours.
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No matter what the operating life, it should be understood that the operat-
ing life 1s definitely limited; that after a period of time the rectifier is useless and
replacement is necessarye The effect of a worn out rectifier element is practically the
same as that of a defective element, both giving rise to

1, Appreciable hum in the output
2¢ Insufficient voltage output
3¢ Unateady voltage output

With respect to the filter condensers, it is necessary to dwell upon the con~-
struction since it influences the operation and lifees The design of the condenser invol-
ves a certain amount of leakage current between the active surfaces in the unite This con-
denser in contrast to the usual B power unit filter condenser takes advantage of the ch-
emical reaction of certain oxides which are deposited upon one of the plates during the
process of "forming". If the design of the condenser is poor, the leakage current is app-
reciable and causes rapid deterioration of the condenser and ruins its operating effic-
iencye. How, in oonnection with this action we must state that a certain form of satisfact~
ory operation is secured at the outset, even if the wvalue of leakage current is greater
than normel. Howéver, as the period of usage increases the detrimental effect of the
leakage current manifests itself and the unit becomes unfit for further uses This exp-
lains the reason for the satisfactory performance at the start and unsatisfactory perform-
ance after a period of times With respect to this period of operation, a close observer
will note that the percentage of hum, as discerned by aural observation increases grad-
ually until it becomes annoyinge

The effect of the high leakage current is to reduce the capacity of the con-
denser and to reduce its resistance, the former interfering with filtering and the latter
manifesting an effect upon the output voltage.

Last but by far not the least, the chemical action in a defective "A" cond-
cnser will give rise to frying and sputtering counds which are actually varying potent-

ials and are transmitted to the receiving system via the filament connections and the
tube filaments.

D+Ce A Battery Eliminators

A battery eliminatore need not always employ A.Ce input. In many instan-
ces, the 110 volt DC house supply is utilized as the original source of power. Since
it is of DC character recti- Corremt Choe
fication is unnecessary. How-
ever a filter system and a
voltage divider are used as
shovn in figure 24. In con- pig, _L. B
trast to the filter conden- 24 = . S . R3 e
sers employed in A.C type A T
eliminators, the filter con- o A+
densers in D.C. type are of l
conventional linen paper con-
struction. Another difference
is that the current output of a DC A eliminator is not limited because of the character-
istic of the source of supply. The voltage divider network consists of a number of re-
sistances as shown arranged to provide a definite voltage drop and also variable con=-
trol of the output voltage.

:
[
gl

<—— Switch———

<«—— BA. Fuses —»

:
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Troubles in "A" Eliminators

Albeit the popularity of the A.C. tube many receiver installations
make use of the D.C. tube operated from the A.C. house main by means of an "A" elimin-
atore In this device a rectifying element is employed to rectify the A+C. into D.C. and
a filter system is employed to smooth out the pulsating output from the rectifiery so
that the output voltage applied to the filaments of the tubes is smooth D.C. with very
little if any A.C. componente.

Troubles in such systems are usually of two types.

le Insufficient voltage output
2e Excessive hum in the output voltage.

Each of these troubles has its amsociated causes, but as far as the application of the
device is concerned, the above are the two major faults. Classification 1 however,
involves

le Low line voltage feeding the eliminator

2. low voltage input into the rectifier element
S+ Defective or worn out rectifier element

4. Excessive voltage drop in the filter system
5¢ Leak across filter system

6e Excessive load upon the eliminator

and among these faults will be found some which are allied with the second classifica—
tiony which involves several additional factorse.

Excessive hum is possible with normal output voltage and with insuf-
ficient output voltage. The difference between the possible troubles in each case is
quite marked. If the output voltage is normal, it eliminates numbers 1 and 2 of the six
possible reasonse It also elimirates 4,5 and 6 since all of these tend to reduce the
output voltage and ere quoted as possible reasons for insufficient output voltage. Of
the above mentioned six possible faults only one is directly connected with the second
classification of major trouble. Let us see what conditions may ceause excessive hum with
normal output voltagese.. Even possible trouble number 3 may be omitted since a worn out

rectifying element will not afford normal voltage output. Hence under the conditions men
tioned excessive hum may be due to

l. Defective rectifying element
2+ Defective filter condensers
3¢ Shorted filter chokes

4. Open filter condensers

5. Reversed line plug commection

A comparison of the possible reasons for the two major troubles shows
the difference between the two, ie.ee each has a definite group of possible reasons. Of
course if the excessive hum is also accompanied by low output voltage, it is necessary
to consider both groups of possible reasons.

"A" battery ®liminators are frequently noisy although the voltage out-
put is normal and the hum not objectional. The noise is in the form of 8izzling and fry-
ing soundse. The possible reasons for this condition involve what was said about audio
frequency transformers and in addition the following:



Pege 42

l. Defective rectifier element

2. Partial short in filter choke

3+ Defective filter condensers

4+ Electrolysis at soldered terminals
5¢ Corroded connections and contacts

These cause are also associated with hum in the output. In addition,
electrical disturbance of this nature finds its way into the receiver through the power
supply line feeding the "A" eliminatore

Glencing back over the possible reasons for excessive hum in the out-
put we note omission of

6e¢ Insufficient filter inductance
7e Insufficient filter capacity

which would meke the totel number of reasons 7 instead of 5 as enumerated.

In D.Ce units we omit all items allied with the rectifier systems
This includes the transformer and the rectifier.

Insufficient voltage output may be due to

l. Low line voltage
2+ Excessive voltage drop in the filter systen
3¢ Incorrect adjustment of the voltage divider system

Excessive hum may be dus to

le Incorrect deesign of the filter system
2. Shorted filter choke
3¢ Insufficient filter capacity

The hum in D.C. circuits is due to the commutator ripple and the fun-
ction of the filter is to remove this ripple.

Since one side of the D.C., power supply system is grounded it is nec-
essary to exercise precautionary measures against accidental grounding of the receiver
which condition may cause a short across the line and burn out many units in the receiver.
The means of preventing such condition is to ground the receiver through a «5 mfds con~
denser and to locate fuses in the line side of the A eliminator. An accidental ground
in the receiver or an accidental short across the voltage divider may "blow" these fuses.



Shooting Trouble in "A" Eliminators

Page 43

Shooting trouble in any system involves the application of knowledge in
the most economical and rapid meanner and the faculty of focusing one's mind upon one prob-
lem at a timee... It is surprising to note how much information may be procured with the

simplest testing equipment, if one makes an effort to correctly interpret existing phenom-

enae

Now, it is very likely that some of the wiring diagrams shown in this seo
tion are not the identical duplicates of the wiring systems employed in the commercial
receivers, -- perhaps the receiver involvedesse It is really of very little significance
since certain basic facts apply to all systems, providing that similar itenis are used in
both casess The section devoted to a general discussion of pover A devices contained an

illustration showing the schematic wirin

in figure 25 . In addition we
also show an A unit wherein the
rectifier is the Tungar bulb. See
figure 28 « In meny respects
these two systems are identical

g diagrem of a power A unit employing the "dry"
disc rectifiere The diagram is of utility in this discussion and we will show it on
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and we show this arrangement be- ne Jﬂ<: f
cause it involves a filament wind- J;~ FILTER
ing, omitted in figure 25+ The % 4 CONDENSERS
plate voltege applied to the tube f ] RECTIFIER 1— “:Ii
is governed by the three point TRANSFORMER i XooA-

switch designated L and H meaning
Low and High with respect to the
value of plate potentials Accord-
ing to the illustration two separate
transformers are employede This practice is not common, insofar as individual units are
concerneds It is customary to employ one transformer with two windings or an auto trans-
former arrangement where one winding is used and tapped for the filament potential. Re-
gardless of the input system, all of the details mentioned in connection with such dev-
ices are equally applicable to all types of rectifierss The circuit diagram of the use
of the Tungar bulb is shown in figure

Fig., 25

Let us take as the first example, a condition of "hum" in the power A dev-
ices.Replacement with a storage battery proved that the hum in the receiver was due to
the eliminatoress. What now?...Measurement of the voltage output under load shows that the
output voltage is satisfactorys This state eliminates at least one possible fault, the
defective rectifier tube or element. Since chokes coils do not short under normal cofd-
itions we concern ourselves withthe filter condensers. If the condenser circuits test
okey, we will then apply oursedves to the chokese According to the possible reasons for
excessive hum, the filter condensers are associated with two items, defective and open
circuity Since it is necessary to remove the condenser to determine if 1t is defective we
test for opene It is needless to check the open through the chokes since the fact that
voltage is aveilable across the output circuit proves the condition of the chokes, at les t
circait continuity. We therefore test across the condenser and contacts, between X and X1,
after the eliminator circuit has been broken at the point O, the eliminator has been dis-
connected from the receiver and of course, the power turned "off". The test is made with
a simple continuity tester consisting of a 4.5 volt battery in series with a low voltage
range voltmetere A small deflectiom shows continuity through the connections md the cond-
ensere The current indication is that due to the comparatively low resistance of the con-
densere We now shift one contact to X2. We note circuit continuity but the meter indicat-
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ion is greater than before. Apparently the resistance in the circuit is less. The only
likely change in resistance is that of the condenser« A defective condenser will cause
excessive hume.s The thing to do is to test the leakage current through the condenser
or the capacity of the unite.. The former is simplest.

Since the condenser is used at an operating potential Cu

of 6 volts we test at 6 voltse The testing unit consists 1]

of a 6 volt battery and a 100 milliampere D.C. milli-
ammeter connected as shown in figure 26 « We need not
fear a short, since the condenser did not short the I
filter system. It is however necessary to connect the 4_||l||§
testing equipment according to the polarity markings of -
the condenser. This is accomplished and the meter indic~

ates a leakage current of 38 milliamperes. Now, as far

as we know, the engineers associated with the manufact-~

ure of such units state that the average normal leakage current varies between a fraction
of a millismpere and about 4 to 5 milliamperes, when the test is made at the normal oper-
ating potentiale According to our test the leakage current is excessive and the condenser
shows signs of being def®ctive.

Fig.
26

It would be simple to check this observation by replacing the supposedly def-
ective condenser with a known condensers Let us however vroceed to check the capacity of
this A confensers T, is work involves some computation, but it is simple multiplication and
division and cannot be avoidede This method of measurement should interest everyone since

it finds frequent applicatione. To check the capacity it is neces =
sary to use A.C. at a potential of 3 volts, the standard employel
3 during the manufacture and test of the new product. This value o
voltage may be secured from a filament transformer rated at 5 or
c ’—21) Te5 volts utilized in conjunction with a series resistance, or if
-r possible the transformer should afford the required 3 voltss The
current reting should be about 5 or 6 amperese. This high value o
Fig. 27 A.C. current flow does not damage the condensers The testing sys-
tem is shown in figure 27 The frequency of the A.C. supply,the
current flow and the voltage across the condenser at the time of
test must be known. It is understood of course that the ammeter and the volitmeter must be
of the A.C. type. The capacity of the cohdenser under test is
I x 1,000,000
C = where

6e283 x f x E

I = current flow
f = frequency of supply voltage
E = voltage ascross the condenser

In our case the current is just about 1 empere which makes the capacity
of the condenser about 885 mfds. The normal rating is 2000 mfds. The capacity test checks

the leakage current test. The defective condenser is replaced and normal operation is sec-
ured. )

It is impossible to give equally lengthy details about each test associated
with defective units, hence we shall discuss the possibYle tests and the points of tests. As
it happens practically every test can be carried out with the voltmeter and the continuity
testere The section devoted to testing epparatus gives constructional details of the cal-
ibrated ohmmeter suitable for use when resistance measurements are necessarys
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When shooting trouble it is necessary to consider the advent of the trouble.
If it is gradual it stands to reason that whatever unit is failing, is failing gradually.
Such items in an A eliminator are two in number, the rectifying element and the filter
condenserses The failure of both these items is associated with low voltage and hume.
Hence when these troubles or defects present themselves it is necessary to look to these
two units. To determine the reason for low voltage output it is necessary to check as

follows, using an ordinary A.C. voltmeter of the proper range for the A.C. voltages and
a good low range D.C. volimeter for the D.C. volteges.

l. Ckeck A.C. line>voltage input
2. Disconnect rectifier leads and check A+C. voltage output.

3¢ Check D.C. voltage output from rectifier with filter disconnected and rect-
ifier connected to transformer.

4. Check D.C. voltage output from rectifier with input condenser across cir-
cuite.

Se Add first filter choke and measure D.C. voltage output
6¢ Add second condenser and check D.C. output
Te Add second filter choke and measure D.C. output

The D.C. output of the rectifying system must be several volts higher than the
D.C. output of the complete system since the load is removed and the voltage drop in
the filter system removeds If the input and the transformer voltages are correct and
the rectifier output is not the value mentioned, the rectifier is at fault. If the vol-
tage drop in the filter system is excessive, it is necessary to check the filter conden-
sers and the chokess The progress mentioned will show the defective unite.
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Now, in many cases the hum will be excessive and all the units will check
normale In this case it will be necessary to check the condenser values, since insuff-
icient capacity in the filter will cause excessive hum. The method of condenser test
has been outlined.

Suppose that the eliminator is "dead". A definite method of procedure is nec-
essary. The condition mentioned may be due to

l. No line voltage

2¢ Open transformer primary

3. Open transformer secondary

4. Open circuit between the transformer and the rectifier
5¢ Defective rectifier system

6+ Open between rectifier and input filter comdenser

7¢ Shorted filter condenser

8¢ Open filter choke (first)

9. Shorted filter condenser (second)
10+ Open filter choke (second)

hence it is necessary to check continuity and output voltages. A shorted input filter
condenser will show voltage into the rectifier but nothing across the outputes.s At this
point it is possible that the rectifier is open. It is therefore necessary to disconnect
the input filter condenser and to repeat the teste. If the second filter condenser is

open voltage will be present across the first but not across the ocutput filter choke.

If the filter choke (input) is open voltage will be present across the input filter con-
denser, but not across the seconds If the second filter choke is open, voltage will be
present across the second filter choke but not across the outpute A short in the second
filter condenser or a bad lesk in the filter condensers will show voltage acroess the out-
put circuit of the rectifier, but this voltage will be less than normale Such a condition
is not indicative of a defective rectifier. Instead, it shows excessive current drain,
which fact may be proved by connecting a D.C. ammeter into the circuit between the rect-
ifier and the input filter condenser
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B Battery Eliminators

The B battery eliminator is really a misnomere The unit employed to
replace the B battery is really a power B supply unit, rather than a B battery elim~
inator. Common usage of the term coused its acceptance and we too, will follow in line .

Power B supply units are of three types,

le Supplying plate potential
2e Supplying plate and grid potential
Se Supplying filament,plate and grid potential

These eliminators utilize two rectifying systems,

1. Half wave
2e¢ Full wave

and make use of three types of rectifying devices
le Filament type rectifier tube

as Helf wave
be Full wave

2¢ Gaseous rectifier tube
a¢ Full wave

8¢ Dry disc rectifier (magnesium-cupric sulphide)
a. Full wave

In view of the fact that the type of rectifying system is decided upon
when the receiver is constructed, it is needless to dwell upon the ramifications of
each system -- particularly so when the various systems are described at length in Vol.

»"The Mathematics of Radio". However it is necessary to mention that unless special
circuit arrangements are employed, ‘the filament type of rectifier tube only, finds app-
lication where plate voltages in excess of 350 volts are required. At lower plate pot~
entials the three types of rectifiers are interchangeble, providing of course that the
transformers are suited for use with the rectifier insofar as output voltage (A.C.) and
output current are concernedy and that the correct wirins changes are made.

The need for these changes in wiring becomes evident when the convention-
al B eliminator wiring diagram is examined. As is evident, the dry disc rectifier and te
gaseous type of rectifying tube, do not employ a filament winding, hence the two fila~
ment terminals on the socket find utility when the filament type of rectifier is used
in connection with the filament voltage and the filament winding. With the gaseous rec-
tifier however these two terminals connect to the plate voltage winding instead of the
filament voltage winding.

The sole difference between the three types of power supply units men-
tioned above, is found in the arrengment of the voltage divider system, it being under-
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stood of course that the proper rectifying medium is selected to fulfill existing req-
virements snd that the proper transformer is usede The filter systems employed in com-
ventional power B supply units are usually alike and when differing, according to the
ideas of the design engineer, the difference is found in the use of a filter condenser
connected across the rectifier output circuit as in the Stromberg-Carlson receiver, fig-
ure 3 and in the omission of the input filter condenser as in the case of the Atwater-
Kent receiver shown in figure 2.

We wish it understood that we make refernce to circuit structure
and not to the design of the individual units employed in such systems. The reason for
this special mention is that we cannot place too much stiress upon the fact that it is
imperative to analyze the wiring diagram of each and every system, inorder that the
tester know the circuit structure, what operation to expect and what readings he shoul
secure when testing apparatus are applied.

Fortunately circuit structure differs very little in commercial
B eliminators although the exact design of the unit has not been standardized. In some
cases, depending upon the design of the radio receiver, B and C voltages are secured
from the eliminator. In other ceses the B and the output tube C voltages are secured
from the B eliminator and in still other instances, only the B voltages are secured frm
the B unite The last and by far not the least important power supply unit is that
employed in connection with series filament wiring, wherein the filament potential is
D.C. secured from a high current rectifier and the B unit supplies A,B and C potentials.

An idea of circuit structure in the rectifying systems of a full
wave eliminator employing the gaseous rectifier typified by the Raytheon may be had by

Y

ca

_"J=c:s

Fig. 29

=gy~

examination of the above wiring diagrame The symbols designate the various components.

T 1is the power transformer
BC are the buffer condensers employed to reduce radio frequency energy
in the rectifier tubes
A designates the anode terminals, F- andF+ on the tube socket
C designates the cathode terminal, P on the tube socket
L and L1 are the filter chokes
Cl,C2 and C3 are the filter condensers

With €l in place the filler system consisting of C1,C2,C3,L and L1 employs condenser
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input, but with C1l omitted the filter system employs choke inpute As is evident the
cathode is the positive terminal, just as in the average filament type of rectifying
systeme. The two arrows point to the voltage divider resistance network, which units
will be considered in a little while.

In some instances, the two filter chokes are replaced by one
choke or greeter inductance value and two filter condensers are employed instead of
three as shown. We make mention of this condition for the seke of clarity, in case
the reader compares the system shown with one which mayhap appeared in some journale
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The equivalent of the full wave gaseous rectifier is the full wave
filament type rectifier typified by the 213 and the 280 type tubes. These tubes employ
two plates or anodes in one chamber with one or two filaments, depending upon the des-
igne In contrast it is possible to secure the equivalent by employing two half wave
rectifiers (filament type) connected into 2 full wave rectifying system. The wiring
diagram of a rectifier and filter system employing the single tube full wave rectifier,
the 280 is shown above in figure 30 and

the schematic diagram of two half wave

rectifiers such as the 216B and the 281,
connected into a full wave rectifier is
X

Fig. 30

shovn adjacent to these words. Note how
the two tubes are connected to be the eq- ég

—

fé

X 1
550
OR
700 V.

uivalent of two plates within one chamber
ess Note the similarity of the filter
system and the use of the filament wind-
ing centertap as the positive terminal. W
A midtapped filament shunt resistance is TV
employed in figure 30 because the trans-

former winding is not equipped with a Fig. 31
centre tap.

e —— — — e — — & ——

—1

One distinct differ- . )
ence between the filament type of rectifier and the gaseous type of rectifier is that
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buffer condensers are not employed in the former systems. Another distinction is that
the conventional commercial B eliminator employs the gaseous rectifier as & full wave
rectifier, whereas the filament type of rectifier is employed as a half wave rectifier
in some cases and as a full wave rectifier in otherse The final decision is one of rec-
eiver design, operating voltages, current output requirements and economy. The desig-
nations in figure 30 correspond with the designations in the wiring diagram of the
geseous rectifier.

T is the power transformer
A designates the anodes (plates)
C is the cathode of the tube (filament)
L and L1 are the filter chokes
C ,Cl and C2 are the filter condensers

Once again the arrows point to the voltage divider network.

The use of the dry disc rectifier involves but few changese The units
are usually arranged for full wave rectification and the design of the rectifier is such
that it may be plugged into the conventional tube sockete. In some cases a few changes
are necessary in the wiringe This work is so simple that we do not deem it necessary
to show the rectifier and filter systems of such unitse

Now, in connection with half wave and full wave rectifiers, we find
that the two types of systems govern voltage and current outputs The first advantage
of the full wave system is that the current output is increased to approximately twice
that of the half wave rectifier, assuming tubes of similar type and the same voltage
outpute In other words, if a 216B tube affords a voltage

output of 500 volts at 80 mils with an input voltage of R e AT
550 volts A.C. two such tubes connected in full wave B =700V. A.C.ON PLATE HALF WAVE 38
fashion will afford an output voltage (D.C.) of 500 volts C'gS%%Lf%ﬁﬁfeﬁﬁWE
at 140 mil draine. This data is shown in the accompanying D =550 V. A.C.ON PLATE HALF WAVE 38{
graph, figure _—
i 800 =
The second advantage of the full wave < (& A
system is that the frequency to be filtered is twice 5700 B] ]
that encountered in the half wave system, (8ee "Rectif- F >+<ﬁ_
iers" in Volele) and filtering is much easier, permitt- gsooiT\“~

ing the use of lower values of inductance and capacity <

5 |

in the filter. In¢idently the frequency to be filtered 5“%0 "
in a half wave rectifier is the frequency of the input CUS%EN$)Lé?% 120, 138
60 cycles with 60 cycle line supply end 120 cycles with IN  MILLIAMPERES

60 cycle line supply when tHe full wave arrangement is -
useds Of course the harmonics of 60 and 120 cycles are Current.volta :%;Wifﬁlﬂghand
present in the respective filters. o T Nnar double wave
According to the accompanying graph
on this page that the use of the full wave system boosts the voltage about 157 at any
one value of current draine This data pertains to the filament type of rectifier tube
opereted with similar values of A.C. voltage input. In this connection it is necessary
to mention the distinction between the 280 and the 281, The former is a full wave rec-
tifier supplying a maximum output voltage (D.C.) of about 220 volts, whereas the latter
supplies an output voltage (De.C.) of about 450 voltse These velues are the output vol-
tage values under load and not the voltage values shown in the graphe The voltage values
in the graph refer to the voltage at V in figure
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With respect to the function of the elements shown in these illustrat-—
ions, what is to follow, applies with equal facility to all eliminators regardless of
type of rectifier and filter.

The transformer the A.C. plate potential to rectifiers which do not
require filament potential and filament and plate potential to filament type rectifier
tubes.

The rectifier does what its name denoteses It rectifies the A.C. volt-
age fed to it by the transformer so that the output voltage is pulsating D.C.

The pulsating D.C. is then fed to the filter system, wherein the com-
bination of chokes and condensers smooths out the pulsating D.C., eliminates the A.C.
ripple and passes pure D.C. to the voltage divider network, which part of the complete
eliminator system will be shown laters

As is evident each part of the complete eliminator performs a definite
function and as such must fulfill certain requirements inorder that the complete elim-
inator function in a normal mannere These requirements will be considered in the next
section devoted to "Troubles in B Battery Eliminators",

Many receivers in use today employ eliminators which have not been des-
igned specifically for the receiver and satisfactory operation isnot secured because
the salient points pertaining to eliminators are unknown to the usere In the first place
the B eliminator, in fact every eliminator is a limited current and voltage output
devicee That is to say, the total voltage and current output are limited. Furthermore
the operating ranges are limited. Second, each eliminator possesses what is known as
a voltage regulation curve, showing how the ourrent ocutput decreases as the output volt-
age requirement increases. This means that the greater the current drain the less the
voltage output and conversely,the greater the voltage output, the less the current outpmt
The significance of this characteristic is that the eliminator camnot be used with any
number of tubes or with all types of tubes, unless of course the eliminator has been
designed to provide operating potentials for the tubes in questione This fact is of imp-
ortance in receiver operation when the output tube is to be changede It is a simple mat-
ter to replace a 171 with a 250, but it is important that the source of B and C poten~
tial be capable of delivering the required plete potential st the required current losde

r, o8
_' Bt

5 ) - - P "
€ "-4- 1 PET

[ ] o

The division of the voltage available from the eliminator is accomp=-

lished by a number of resistances connected across the output of the filter. Thic net=-
work of resistances constitutes the voltage dividere The design considerations of vol-
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tage dividers will be omitted from this volume, because of the extensive discuesion in
volume le Such networks ere of two types, the potentiometer arrangement shown in figure
33 on the previous page and the individual resistances as used in the Atwater-Xent
receiver illustrated in figure 2. The potentiometer system is most frequent and is
preferred because of a stabilizing effect upon the eliminator system and because it dis-
charges the filter condensers when the tube filaments and the eliminator are turned
"off". The division of voltages is achieved by producing definite voltage drops across
the various sections of the resistance, by tapping the total resistance at certain points
or by utilizing a number of indiviaul fixed resistancee or by employing a number of
resistances of the potentiometer type with a movable or adjustable tape The voltage
divider system in figure makes use of a number of fixed resistors.

An exeminetion of the binding poste designations shown in figure
shows that all the output voltages sre plate voltages. Although three values of B +
voltage are shown, the design of the eliminator is not limited to three values, any
mumber being availablee

We made mention that the current output of the rectifier system
governs the utility of the eliminator. When so designed the eliminator may be used
to supply filement and plate potentiel end even grid bies potential for one or more
tubes. Figure 34 illustrates a combination A,B and C eliminator employing the Ray~-
theon BA tubee.

0T LT AT 5000 OHMS
R3\ ‘ AN l
L L ~A)——o0 A+
CHOKE CHOKE % R+ 72000 OHMS
100,000 25000 AL
L 25 HENRY [ 25 HENRY ['0liCd R“/%OHMS
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- n 2 210000  edem,
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0.1MF Fig. $4 AL — o0 B -
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Figure 35 illustrates another asrrengement supplying the same pot~
entials and employing the ssme tubes We show the two illustratiorns to illuminate upon
the different voltage divider systemse Both of these eliminators find application
when the tubes in the receiver sre of D.C. type and comnmnected in series, that is, the
filements are connected in series. In all such installations A- and B- are common cr
connected togethere The arrangement shovm in figure 35 is most common in comuercial

installations.

In conmnection with such eliminators we must make mention that the
A supply for the output tubes, while securec from the power pack is seldom D.C. and is
secured from a separate transforner winding, which is & part of the corplete power

trensformers

These units differ from the convertional A eliminators in that the
rectifier tube operates at a high potentiel and the voltage for the filements is sec—
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ured by means of a drop across a resistances The filter systems however are practic-
ally identicals

The choice of variable instead of fixed resisztances im a matiter assoc-
lated with the need for accurate adjustment and the design of the unite. Where a var-
iable voltage control is used, it is necessary to inecorporatea filement current meter
so ag to show filament current flow and preclude overloading of the filaments. Exten=—

It
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w
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Fig. 36

sive data about series filament wiring will be found in a separate chapter devoted
t.0 that subjecte

Special wiring arrengements are frequently employed to provide out-
put voltages in excess of the usuale One such system is shown below, utilizing the
gaseous rectifiers The
;AY”ﬂONTUBaWKicmLS system involves one lim-

itation, that of reduced

e
= o

l'“ % oI 7 output current. In addit-
-

ion, it is necessary to
[, T =
Ci [®] C3
v —LCs Lw
I o
i RAYTHEON
TUBE

employ itwo separate trans-
Fig. 36

s
1oV AC
O

formersy sockets, tvo

sets of buffer condensers,
etcee The system as shown
is the equivalent of two
tubes in meries. See fig-
ure 36

The system is equally applicable to the filement type of rectifier tube
end the wiring diagram is shown in figure 37 , on the next pages The fact that one
choke is employed in the filter system is of little consequence and should be neglect—
ede The advantage of this system over the other is that but one transformer is requir-
ed although two filament windings are necessarye The output voltage is doubled, but
the current output is somewhat less than that of one tube. The transformer voltage
(A.C.) fed to the tube plates need not be greater than that required for but one tube
connected in the normal half wave arrangement.

This arrengement may be utilized to good advantage when the required

VO%tage ( DeC. ) is around 800 volts and the required current output about 50 to 60
milse
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The introduction of these modified circuit arrengements doe not alter the operating
characteristic of the eliminator. The output current is still governed by the output
voltagee As the load (current drain) increases, the output voltage decreases and con-
versely, as the load decreases, the output voltage increases.

Many special circuit
arrangements are applied to B
battery eliminators to achieve
certain endse In some cases two
voltage divider networks are
employed, one near the rectify-
ing system and the other in the
reguler positione The effect is
to provide a voltage control of
the A.C. voltage applied across
the filter condensers.

Fig
37

Schematic diagram of double voitage eliminator and 210 power amplifier. In still other cases
The grid biasing resistance R. might well be variable separate filter systems are &PP"
lied to the individual voltage
output taps, this arrangement providing better filteringe Still another system employs
two filter networks connected across the Yectifier output, one network filtering the
detector and radio frequency plate voltages and the other network filtering the eudio
frequency voltagese.

DeCs B Eliminators

All of the B units mentionee thusfar employ A.C. inpit and rectification
by means of a rectifying elements However many localities are not provided with A.C.
power mainse Instead the power supply is D.C. in which case the power supply voltage is
fed to the plates of the receiver tubes without rectification of any kinde However,
the D.C. line potential while sufficiently smooth for lighting and power work, contains
e ripple due to the segments on the commutator and this ripple when present in the
plate voltage and applied to the plates of the receiver
tubes will cause a hume Hence filtering is necessary and ~— |
the filter system employed in D.C. installations is iden- (el -
tical to the filter systems employed in A.C. type B elim- == .oensen ,ﬁ'—" _]’_—i—bi?*
inators, as shown in figure 38 « However the two section == pawp -
f ilter is replaced with a single section, although two ©

sections are frequently employede Fig. 38

RESISTANCE L
\,

Such eliminators differ from the A.C. type in séveral respects. First, the
output voltage is definitely limited by the maximum line voltage and the voltage drop
in the filter system. If the D.C. line voltage is 110 volts, the B eliminator output
voltage will have a maximum value somewhat less than 110 volts becsuse of the voltage
drop across the filter choke. Second, the current limitation encountered in the cace
of the A.C. type B eliminator is absent in the D.C. eliminator because of the high
current capacity of the source.

It is obvious that the utility of a D.C. B batiery eliminator is limited
with respect to the tubes employed in the receivere In other words if the line voltage
is 110 volts, the eliminator cannot supply plate potential in excess of this value for
tubes which require high potentialse In some cases thase oliminators are designed for
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220 volt supply, in which case the required 180 volts for the 171 tube are availables

D.C. eliminators are also available to supply filament as well as
plate potential and the circuit arrangement is shown herewithe The B potential is

secured in the normal
Current Choke Audio Choke

+ — B+ Maximum menner and the voltage
divider network is of the
it S conventional potentiometer

Switch

typee The filement vol-
tage 1s secured by means

110 Volts
S5A. Fuses

B+ Detector

8—(Do not use) of a voltage drop across
lAg resistances provided for
== Plg. 39 the purposee The chokes

employed in a combination

filament and plate supply
(D.C.) unit are usually of two types, one which carries the total current drain and
filters the A supply voltage and the other which filters the B supply voltage. These
two chokes are designated as the "Current Choke" and the"Audio Choke" in figure 39 .
This diagrem is by courtesy of Ward Leaonard.

b

Although not shown such filament supply units are equipped with a fila-
ment current meter or a filament volt meter, the exact unit depending upon the type of
filament wiring.
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Troubles in B Battery Eliminators

Troubles in B pbavtery eliminators are usually of similar type regardless
of the type of rectifying element usede. Concerning ourselves with the conventionsl B
eliminator operated from an A.C. source and employing a rectifying device we find the
possible troubles to be

ls Insufficient output current and voltage
2+ Excessive hum in the output

3¢ Dead eliminator

4+ Poor design

It stands to reason that each of the above faults has & number of contr-
ibutory causes, for example

le Insufficient output current and voltage
may be due to

ae Low line voltage

be Defective rectifier tube or element

ce BExcessive voltage drop in filter system
de. Insufficient voltage input to rectifier
ee Excessive load upon the eliminator

2¢ Excessive hum in the output

ae Low line voltage

be Defective rectifier tube or element

ce+ Shorted filter choke

de Poor filter condensers or defective filter circuit
es Lack of bypass condensers

3¢ Dead eliminator

ae. Mo line voltage

be Defective trensformer

ce Defective rectifier tube
de Open filter circuit

e« Shorted filter circuit

4+ Poor design

as Incorrect transformer-rectifier combination
be Wirong rectifier

c¢e Incorrect filter unit constants

de Lgck of bypass condensers

es Imperfect contacts

Generally speeking troubles in redio receivers are singular with respect
to numbers and the same is true in the B eliminator with one exception, the possibility
of a demaged rectifier due to overload when a filter condenser "blows" in operation.
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In all other cases of trouble it is safe to assume that the trouble is singulare Now,
the 1list of troubles enumerated upon the preceding pages does not signify that, that
list includes all the troubles, since each may involve additional items. Then again
the presence of one fault or a fault of a certain type may eliminate all other faults
as the possible reasons for the trouble on hand. To solve for these troubles we must
be able to recognize symptoms and to do so, it is necessary to discuss the function of
the verious units in the eliminator, at least the important items. This discussion is
necessary because many of the phenomena which might cause trouble are not evident upon
the surfacee

As an exsmple, let us consider the B eliminator shown on the accompany-
ing page, figure 40 4 and analyze the conditions which will cause the firet form of
trouble --- insufficient output voltage and currente.

Since the output voltage is & function of the input voltage it stands
to reason that the line voltage must be correct and when used, the primary winding
tap must be correct. If the line voltage is low, or the tap is incorrect, the A.C.
voltage fed to the rectifier wiil be lowes In turn the rectifier output will be low.
This is true with all types of rectifiers and the 280 tube is used as an illustratione
The tapped primary winding varies the transformation ratio within the transformer
and consequenily governs the output voltage with respect to the inpute

If for some reason a part of the transformer secondary is shorted so
that the required amount of turns are not in service, the output voltage (A.C.) fed
to the rectifier will be low and the rectifier output will be lowe

Since the voltage input (A.C.) to the rectifier is of such great imp-
ortance, it is easy to understand that the tube used mist be the correct one for the
transformer and vice-versa and that these two govern the voltage and current rating
of the eliminator.

The operating life of the filament type of rectifier tube is governed by
the electronic emission from the filament. If this ies low, the current output will be
low and the tube is defectives The equivalent is true in the case of the gaseous rec-—
tifier but in this instance, the trouble is exlustion of the gas within the tube and
lack of current carriers. In the dry disc rectifier, it is the film. In all three
cases premature death of the rectifier element is hastened by the application of higher
than normal potentialse

In connection with the filter system, experienee has shown that the
system plays a small role when the trouble is of the nature mentioned, since a high
resistance conbtact in the choke circuit would greatly reduce the voltage output and
filter condensers seldom develop partial shorts. A leak scross the filter condensers
is possible and in this case a certain amount of energy would be lost in the filter
system and the output would be reduced.

The design of the voltage divider network is of importance. A certain
amount of bleeder current flows through the resistances. This amount of current is
in excess of the amount of current consumed by the tubese. If the bleeder current is
excessive, because the resistance of the voltage divider network is very low, the
excessive drein will reduce the voltage and current outpute A short in the voltage
divider netwrok will cause an increase in the bleeder current, but this conditi on
would also cause lack of voltage across one of the taps, hence an indication of what
is at fault.



‘papuncid st Raayeg

W UBYM POSN JoN
(24oN
= oL+ oY
| e
z "
o8 = of 4%
=T - oh

NP
4 4
S

08% U £

A " 4

o-v

9
nv
e el " y _ AOLL




Page 59

Ve made mention that the voltage regulation characteristic of the aver-
age B eliminator is such that an increase in plate current drain will reduce the out-
put voltagee This means thet the current and voltage output of an eliminator may be
low because the current load, represented by the number of tubes being supplizd wita
plate potential are greater than the number permitted by the desugn of the eliminator,
iece the rectifier element and the transformer.

With respect to the second form of trouble --- excessive hum in the out~
put, we find other important factors.

Once again the line voltnge is important. Low line voliage interferes
with the normal operation of the rectifier amd causes hume If the rectifier is def=-
ective because of old age or some other reason, it performs poorly and causes a bad
hume Here we find that troubles 1 and 2 are alliede If the hum is accompanied by low
output voltage, it indicates the possibility of a defsctive tubee We do not wish to
state definitely that the tube is at fault because one or two other items will cause
similar conditions. However,if the voliage is radically less than normal and the input
voltage is normal and the hum is bad ---- check the rectifving element.

The function of the filter system is too eliminate the A.C. ripple in
the rectifier tube output so that the voltage across the voltage divider is pure D.C.
If a short develops in the filter choke or chokes, the efficacy of the filter system
will be reduced and a greatsr percentage of the A.Ce. ripple will finds its way to the
output.

The filter condensers play an important role in filtering, as a matter
of fact, with respect to general performances If a condenser circuit is open, filter-
ing is impaired and the hum is greater in the output. If one of the condensers is
poor, filtering is impaired. The actual function of the various filter condensers will
be discussed shortlyre

The bypass condensers connected across the various sections of the vol-
tage divider network are important with res ect to hum in the outpute They play a
small role in the actual filtering, but when correctly placed across the resistances,
bypass the A.C» component in the output circuit so that it is removed from the D.C.
supplied to the tubes in the receiver. This spplies equally well to all reeistances
in the voltage divider ne work, including the resistors utilized to supply the grid
bias voltage and the resistances used to supply the filament potential.

The possible reasons for "deud" eliminators are very simple to under-
stand. If the pover transformer primary is open or the power line disconnected from
the eliminator, voltage output is impossible, since A.C. voltage is not be supplied
to the rectifier. The same is true if the plate voltage winding or the filament volt-~
age winding is open. If the rectifisr tube filament is danaged operation is impossible,
hence no voltage outpute If the tube is defective, lack of gas in the gaseous rectif-
ier,voliage output is impossible. If the filter condenser comnected across the rectif-—
ier output is shorted voliage will not be passed to the remainder of the eliminators
In this case heating of the rectifier will show that the rectifier is in operatione
A short in any one of the filter condensers will meke voltage across the voltage divid-
or an impossible feat, since the shorted filter condenser is s short across the voltag
dividers An open in the filter system will not permit pessage of D.C. %o the volt-
age outpute We refer to an open in the choke circuite

A short in the bypass condenser network causes an effect very mich dif-
ferent than the effect dve to a chort in the filter condenser systeme A shorted by-
pass condenser will short one of the resistences or a portion of the voltage dividsr



Page 60

systeme Consequently voltage will not be available across the shorted resistance or
section, but voltage will be available across the complete output, iees between the
meximum B+ and the B~ or the maximum C- terminalse This is in direct contrast to the
condition present when the short tekes plece in the filter condenser. When so located
voltage is not available across any of the sections of the voltage divider network,
irrespective of the type of voltage divider.

It is easy to comprehend that a shorted section of the voltage divider will
reduce the totel resistance comnected across the eliminator filtere As a result, the
value of the bleeder current will increase and the increased current drain will red-
uce the total output voltages Hence when the output voltege is less than normal and
voltage is not obtained across one section of the voltage divider, it is an indicat-
ion of a shorted section.

Lack of voltage across one section of the voltage divider is possible under
another condition, namely when the voltage divider network is open. In this case the
meximum output voltage increases rather than decreases, because ean open in the voltage
divider network removes the load across the eliminator, rather than increasing the cur
rent load.

As is evident in the wiring diagrem shown in figure 40 the C bias for the
output tube is secured from the B eliminatore This is the resistance designated as R4
Therefore this resistance is a part of the complete voltage divider networke As ie evi -
ent the voltage across the +180 snd —40 terminals will be greater then the voltage
across the B- and the 4180 terminals since the sum of the C bias voltage and the maxim-
um B4 voltage is the total output voltage. If the C bias voltage is removed or not usdl
the output voltage is increased.

Now, an exumination of this wiring diagram will show the important position &
the C bias resistance and this is true in all such eliminatorse If for some reason
this resistance "opens" during operation, the complete load is withdrawn, since the
C resistance (R4) provides the return path to the - of the rectifier outpute With the
load withdrawn, the rectifier output voltege will increase and the hazard of filter
condenser puncture is presente

With respect to the fourth designation ---- poor design ---- we have several
very interesting considerationse.

In the first place the output voltage and current are dependent upon the rect-
ifier element and in tutn the performance ol the reciifier is governed by the operating
potentialse It therefore stands to reeson that the combination of transformer and rect-
ifier must be correct, so that the operating potential applied to the rectifier be the
correct potentiale Insufficient potential will prohitit correct output from the rectif-
ier, whereas excessive poitential may injure the rectifier and if not injure the rectif~
ier will greatly reduce the operating lifee In this connection it is imperative that the
maximun voltege (A.C.) rating be followed, as set forth by the rectifier manufacturers

Interpretation of the above means that rectifiers cannot be applied in a hap-
hazard manner. If a tube or an element is designed for a 350 volt (A.C.) input the tube
or eloment should not be employed with a 280 volt input, because the rated current and
voltage output will not be securede On the other hand the tube or element should not e
used with a 400 or a 450 volt input because the operating life of the tube or element
will be greatly reduced and permanant injury will resulteses We realize that many rect-
ifiers are operated at A.C. volteges much higher than the manufacturer's rating, but
shortened operating life is the usuel result.
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Inorder to comprehend troubles in B power units it is necessary to consider
the action within the unit. That the filter system smooths out the pulsating D.C. out-
put fed to it from the rectifier system is well known, bui the action of the individ-
ual units within the filter system is not so well kmowne..It stands to reason that
the electrical constants of the chokes and condensers comstituting the filter must be
of definite wvalues inorder that the correct effect be securede.

The fundamental frequency or the strcngest frequency to be filtered was men-
tioned earlier in this section and as far as filtering is concerned, the average arrang:
ment function quite well, but the parts in the filter manifest an effect upon the oper-
ation of the eliminator in ways other than just the actual filtering. For example, the
condenser nearest the rectifier system influnces the voltage output of the rectifier,
consequently the voltage output of the complete eliminatore In addition it influences
the voltage regulation of the system, isee the change in output voltage per milliempere
increase in current draine I, this connection the design of the chokes is of importance .
The midsection condenser designated 2, affects the hum in the system and is very impoxt -
ant with respect to the elimination of the hume.. The output condenser in turn displaye
an effect upon the hum and also upon the quality of the signal made audible by the
speakers This condenser functions as a storage tank supplying the required power when
a strong signal calls for additional operating power from the eliminator inorder to pe -
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mit the full plate current swing without reducing the available plate voltage.

The above two graphs illustrate the effect of verying the condenser connected across
the filter input and the effect of the output condenser upon the hume These curves
were made with a conventional B power unit employing a Raytheon BH tubes, but the data
1s applicable to other types of rectifiers. Conventional practice has standardized the
values employed in the filter systeme The input condenser is usually 2 mfd. although

4 mfde is frequently usede The micsection condenser is 2 mfde and the output condenser
varies according to the likes and dislikes of the design engineer. This value varies
between 4 and 10 mfde the latter being preferable.

In certein cases the input filter condenser is omittede The omission is
based upon experimental data showing increased life of the recbifying element (filamert

type). However, man¥ filament tyge rectifiers have been in use over normal periods
wggh condenser input and the system is used.
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The veltege drop in the filter system is usuelly the D.C. voltage drop across
the filter chckes, since these units possess an apprecisble amount of D.C. resisteance.
With respect to the chokes employed in such filter systems, it is necessary to consid-
er the inductance of the choke when D.C. is passaing through the windinge The rectif=-
ier output cordains a large percentapre of A.C. and the filtering action in the filter
is secured by virtue of the inductance and capucity present in the circuite If the
electiricel constants of units in the filter system have been selected beccuse they
perform the required work, and if for some reason the inductance values is reduced, the
filtoring action of the system is impalked and the hum in the output will be objection-
ablee It is for this reason that we state the importance of sufficient inductance in
the filter chokes under normal load i.ce. normal D.C. current flcw through the chokese
Furthermore,the action of the D.Cs is to reduce the inductance of the choke and if the
reduction is eppreciable filtering is impaired.

Then agair the current flow (maximum) through the choke must be within the
rating of the choke, because excessive current flow will so effect the choke that un-
desired harmonics will be introduced in the filter system and appreciable hum will be
present in the outpute The above is the result of core saturationss.. Tha above is
applicable with equal facility to all types of conventionel B power unit filters, re-
gardless of the type of rectifier employed.

One of the major troubles encountered with many old type B eliminators has
been voltage fluctuetion end the method employed tc overcome this diffuculty has been
the use of a voltage regulator tube, usually connected between the +90 and the B=-
tepss The use of the tube permits the attainment of constant output potential at the
90 volt tep over a range of current loade Such a tube ic represented by the 874 tube
in figure 40 o A similar type of tube, that is similar with respect to function is
manufactured by the Raytheon Coe¢ In connection with this tube, one significant fact
is overlooked, a fact which governs the successful utility of the tubee. This fact is
the current consumption of the tubee In other words, the tube requires about 30 milli-
amperes for normal operation and this drain mist be added to the normal current loade
If the normal current load exclusive of the voltage regulator tube is equal to the
eliminator output or practically the eliminator output, the voltage regulator tube can-
not be aprlieds because the tube drain will overload the eliminator and cause a red-
uction in output voltage.

This tube has been found advantageous with respect to the elimination of mot-
orboating, but in thet respect, similer effects were obtained with a condenser of
about 20 mfdse although the replacement of the tube with the condenser had no mater-
ial effect upon voltage regulatione Such tubes may be comnected in series to control
the 90 and the 180 volt teps, in which case it is necessary to consider the drein of
both tubes.

The bypass condensers in a B eliminator are important becanse of the effect
upon the amplifiers Firsi they function to bypass whatever A.C. ic left in the out-
put so that it is not impressed upon the plate of the tubes in the receivers Second
they btypaes each resistarice so that the A.C. component (signal) is not caused to pass
through the resistance to other plate circuits in the receiver, causing excessive reg-
enerction, howling and motorboatinge In many instances the onission of a bypass con-
denger across a section of the voltage divider resisiance, particularly the detector
section, will cause extreme howlinge The byrass condencer is of extreme importance acr
oss the grid bias resistance, beceusé it removes all effect of the resistence as a
coupling resistance between circuils and minimizes distortion ir the event that the A.
signel vollege causes a voltage drop across the C bias recistance in such phase with
the signsal voltage that some of the signal voltage (low frejucncies) is balanced out.
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The value of the condenser employed to bypass the grid biac recistance has
been fournd to be very importent with respect to regeneration in the audio amplifier
and hum in the complete systems In this cornection we must refer to Volume 1, "The
Mathematics of Radio" wherein is discussed capacity reactance and the association of
capacity reactance and the resistance to be bypesseds Alltogether too many installat-
ions employ low valucs of bypass capacity across the grid bias resistances in the sys-
tem. A condenser with a reactance value of 1666 ohms at 60 cycles is of very litile
uce as a bypass condenser across a 300 ohn resistance, since the hindrence offered to
the flow of A.C. through the circuit is greater in the condenser than in the resist-
ence, hence more will flow through the resistance into the circuit, than will flow
through the condenser. In very meny instances, each increase in bypess capacity dimin~
ished the magnitude of the hum in the output.

Before closing this section, we cannot help but moake mention of two signific-
ant items, the operating voltage rating of the concensers in the pover unit and the
current carrying capacity of the resistancese. The small condensers emploved as buffer
condensers in eliminators employirg the gaseous rectifier are subjected to A.C. potent-
ials from the trensforner winding. Consequently the operating voltage rating of these
condensers lies within the A.C. category. Nov, A.C. voltages are of two clascificat-
ions, effective and peak, the former being the value indicated or an ordinary A.C. vol =
meter and the value actually useful for worke. However the peak voltage is of importance
when condensers are in the circuit since they are subjected to the actual peak voltage
which, in value, is equal to the

effective voltage x 1.414

Hence the voltage impressed acrocs the condenser is greater than the voltage indicated
upon a meter connected across that A.C. winding. This means that the operating voltuge
(A.C.) rating of the condenser must be sufficiently great to withstand the peak volt-

age. If the transformer voltage is 350 volts (measurement by meter) the A.C. operating
voltage rating of the buffer condensers shonld be at least

350 x le4l4 or = 495 volts

This data should be borne in mind wherever large values of A.C. voltage are involved,
as a matter of fact wherever A.C. voltege ia applied to condensers and the operating
voltage rating of the condenser governs its operating lire.

With respect to the resistances in the voliage divider network, overloading
of the resistances will cause burn out and noisece As far as the current carrying capac~
ity of the resistances is concerned, it is necessary to consider the position or the
location of the resistance in the voltage divider system. For example the ohmic val-
ues of° Rl and R2 in figure mey be the same, yet Rl is called upon Lo carry more
current than R2 and R4 is called upon to carry the entire eliminator draine
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Trouble Shooting in B Eliminators

Shooting trouble in a power B unit is not difficult if the parts used
in the system are acpessibles As a matter of fact trouble shooting is simplee If
however the unit is not only seeled within a container, but the complete unit immer-
sed in wax, the best thing to do is to send it back to the manufacturere If the var-
jous units in the eliminator are contained in individual cens and are accessible for
test by removing the cover, servicing of a defective unit is in order.

As a basis,let us consider the two eliminators shown in figures 43-44,
With the exception of the circuit structure associated with the rectifying tube and
the transformer, the troubles and diagnosis is the same in both caseseee In what is
to follow, we take for granted that the trouble whatever it may be, is in the elim-
inator and not in some other part of the receiver installation.

At this time, many wonder how it is even possible to measure the trans-—
former voltages when the power transformer is sealed within a cane We have a system
and it shall be discussed at the proper time.

Suppose that the trouble is a "dead" eliminator or no voltage at the

tapsesss What is the method of proceedures... We shall enumerate the steps and diag-
noseoe

le Line voltagee

Inorder that voltage be supplied to the rectifier it is essential that voltage be
supplied to the power transformers The fact that the plug makes perfect contact with

the line socket means very little. SEE THAT THE LINE CONTROL SWITCH IS ON AND THAT
THE PRIMARY TAP SWITCH MAKES CONTACT..

Examine the rectifying tube or elements If it is warm, glowing if of filament type
it is unnecessery to check contimuity through the transformer primary winding. If
however the rectifier is not operating, check contimuity through the power transfor-
mer primarye The ordinary continuity tester will suffice.

2. Transformer output voltage

Satisfactory primary circuit continuity does not mean satisfactory secondary circuit
continuitysess Perheaps the filament circuit is open.. This should be checked by means
of a voltmeter or a continuity tester across the filament terminals of the socket by
means of the conventional plug insert comnected to an A.C. voltmeter or by means of
the continuity tester prongs connected to a voltmeteres It should be understood that
this test is unnecessary if the tube filament lights and burns at normal brilliancye
The voltage check at the socket is not the complete teste If voltage across the fila-
ment terminals is lacking it is necessary to check the voltage at the transformer ter-
minals or to check the continuity of the filament winding at the transformer terminals.

The same is true of the transformer secéndary supplying the plate voltages We refer to
open circuits in the windinge The test for a short circuit of the plate winding or a
shorted buffer condenser in eliminators employing the Raytheon tube is ancther item.
The unit used to test the transfomer output voltages in B eliminators is shown in fig-
ure 45 and the associated numericel designations refer to the parts of the systems
shown in the wiring diagrems and designated by the same numbers. The arrangement prov-—
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ides a means of connecting the correct A.C. volimeters with the proper operating ranges
across the respective circuitse The four prong plug insert is placed into the rectifier
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tube socket, the rectifier of course,being removed from the sockete The piug insert con-
necte the socket terminals with the various terminals on the power transformer via the
open circuit jacks. With one, the common terminal of the tester connected to B- the inser—
tion of the volimeter plug into any one of the jacks connects the volimeter across the
various power voltage circuitse

The B~ terminal counects to the B- post of the eliminator if C bias voltages
are not secured from the eliminator and to the maximum C~ terminal of the eliminator if
C bias volteges are secured from the eliminatore Jacks 3,4 and 5 are used when measuring
filament and plate (A.C.) voltages in connection with filament type rectifiers and jacks
1 and 2 are used to determine the plate voltages applied to gaseous rectifierse The fil-
ament voltage may be determined with the B~ connected because the remainder of the B cir-
cuit remains open because of jacks 1 and 2.

Jacks 1 and 2 are used to measure the voltages (A.C.) supplied by the two
halves of the power transformer used with the Raytheon tubee Jack 3 is used when measur—
ing the filament voltage applied to the filement type of rectifiers Jack 4 is used to
measure the plate voltage (A.C.) applied to the anode in the 280 type tube, vhich is
connected to the grid terminal of the socket. Jack 5 is when measuring the A.C. plate
voltage applied to half wave rectifiers such as the 216Band the 281.

= ek

Wiring diagm!n of gaseous rectifier. Num-
bers show circuits controlled by toggle
switches.

@
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The voltmeters are commected to the conventional type of plug which is
capable of withstanding A.C. potentials as high as 750 voltse It is understood of
course that the line voltage is "of£" when the voltmeter is plugged into the jacke
If desired the arrangement may be simplified by terminating the leads from the four
prong insert at four binding posts located on an external panel and connecting one, the
common lead of the A.C. voltmeter to the B— and making contact with the various leads
from the plug inserte In this system however, it will be neceseary to remove the volt-
meter comnection from the B- when measuring filament voltagee

The above two arrangements will show contimuity in the windings. Another
arrangement is possible to determine a shorted secondary or a shorted buffer condenser.
This system is recommended by the engineering staff of the Raytheon Manufacturing Coe.

We quote from their bulletine " A short circuit in the secondary of the transformer
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can be most easily checked by connecting a 25-watt ,110-volt lamp in series with the
primary. With the current "on" in the usual way but with'the rectifier tube or elem-
ent out of the socket, the incandescent lamp should glow with a dulll brilliancy, if at
alle If it glows bright either the transformer secondary or one of the buffer conden-
sers is broken downe With the lemp still in the primary, the rectifier tube is inserted
into the sockete If the secondary commections are O.K. and the Raytheon is operative
(this applies to the filament and other types of rectifiers as well) the lamp will in-
crease in brilliancye"ee.ss The Raythoon tubes becomes warm when operatinge

Now, lack of voltage across the output circuit, the voltage divider may be due
to two conditions in the filter system, an open in the choke circuit or the B~ return
circuit between the B~ or maximum C and the rectifier amd to a shorted filter condensers
A D.C. vollage test across the first filter condenser or across the input to the filter
will show a shorted filter condenser and even an idea of its locati n; providing that
the -~ return circuit is intacty ieee the lead between the B~ or the C~ and the minus
terminal of the power transformer secondarye

A shorted input filter condenser will elimirate all possibility of D.C. volt~
age measurement across the condenser. Furthermore a short in this condenser will cause
overloading of the rectifiers,which in the case of the filament type of rectifier will
cause overhaating of the tube plates In the event that in a full wave system, employing
two half wave rectifier tubes one plate overheats and the other appears to be normal,
the defect ie in the latter tube, the one with the normal plateeses In the case of the
gaseous rectifier overloading due to punctured input filter condenser will cause over=-

heating of the tube and arcing between the elementss which means that the tube is inj-
urede

If a voltage drop is found across the input to the filter and voltage is not
avallable across the voltage divider, it is necessary to consider the voltage available
across the imput ©ilter condensere. If it is low, it means that a heavy loed is being
applied to the rectifier system and this load is either a short between the choke and
the minus side of the system or a punctured filter condenser between the input and the
voltage divider. If the voltage reading is very high, it means that the choke circuit
is open or that the circuit between the output choke and the maximum B+ is open, bescuse
either open will remove the load.

To locate the punctured filter condenser it is necessary to check the remain-
ing filter condensers by measuring the voltage across the condensers Voltage will be
lacking across the punctured.unit. Continuity in the choke system is checked with a
continuity testere This method of' procedire is applicable to all types of B eliminators
and 1s independent of the type of voltage divider employede

Let us take another instances... Voltage is not available across one output tape
The logical place to seek the cause of trouble is in the output circuite This part of
the eliminator includes the bypass condensers as well as the resistances in the net-
worke Once again we must consider several factorss An open resistance will create one
effect, whereas a shorted resistance will create another effecte Then again it is nec-
essary to'know the type of voltage divider structuree. Lack of voltage at one tap in a
system like that shovm in figure. 43  is possible with a shorted resistancee An open

resistence will open the remainder of the circuit and voltage output will be lacking at
several taps.

An examination of the divider network will show the truth of the above. If R3
is open voltage will not be available at B+ Det.., Neither will it be available at B+ RFe
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On the other hand if R3 is shorted the voltage at B+ Dete will be the same as the volt~
age at B+ AF which is a definite sign that R3 is shorted and that the resistance is
shorted, not the associated bypass capacitye The reason for this is that a short in the
bypass condenser will short all the resistances between R3 and B~ Now, a short cir-
cuit in C connected to B4 A.F., will cause the same effect as an open in R3, that is no
voltage between B+ A.F. and B- but the magnitude of voltege between the maximum B¢ and the
B~ terminal will indicate an open in the voltage divider network, say at R3 or a short

in the bypass condenser, because an open will remove the load and the maximum voltage

will be high, whereas a short will increase the load and the voltage between B+ and B-
will be IO'WQ

When the bypass condenser is connected across one resistance, a short in the
condenser is the same as a short in the resistance, but this circuit arrangement 1s
not used in the B voltage systemse The only location of such circuit connection is the

bypass condenser across the C blas resistance. This includes the C blas resistance and
bypass condenser in the B eliminator.

The situation is somewhat different when separate resistances are employed
as in the eliminator used in the Atwater-Kent receiver and shown in figure 2. An open
in either resistance influmces but one voltage reading, the voltage secured from that
tape A shorted bypass condenser on the other hand would either eliminate the voltage at
one tap by shorting the tap with the B~ or would short two of the voltage ‘tapse For
example a short in the «5 mfd. condenser connected across the detector tap would short
the detector tap and B—, whereas a short in the 1 mfd. condenser connected between the
detector and B+ A.F. tap would short the B+ Det and the B+ A.F., in which case the volt-

age at the detector tap would be the same as the voltage at the A.F. tap showing that
the detector resistance is shorted.

Before we progress to other items we wish to make mention that all eliminat-
ors do not employ two chokes in the filter system and that in many cases when a dynamic
speaker is smployed, the fielf coil of the dynamic speaker functions as a filter choke
and is energized by the eliminator currente Thls is shown on the accompanying page in
figure 48 « The system shown is the Radio Corp. of America # 105 Power Amplifier—
Speaker-Eliminatory wherein the speaker field coll is the major filter chokee The location
of this choke differs from the conventional systems in that it is in the negative lead.
This system and the use of a choke in connection with the resistance employed to drop
the voltage from 4560 volts to 90 volis as per the tap designation illustrates the var-
iance in designe The B eliminator supplles a -3 and a ~9 volt C bias .

Continuing with trouble shooting, ket us imagine that the trouble is hum, in
other words,excessive A.C. in the D.C. output. In many cases this condition exists with
normel plate potential hence the measurement of voltages is of little valuees.e. It is more
important to exsmine the installation to see if all the condensers are correctly conn-
ectede Incorrect placement of a filter condenser will cause hum. A short circuited choke
will cause hum, hence continulty test through the chokes will prove of advantages In this
respect, the regular continuity tester is satisfactory providing that the tester realizes
that the chokes possess D.C. resistance and that full reading is impossible when the
voltmeter-battery continuity tester is applied. Open circuits in the bypsss condenser sys-
tem will cause humees A reversed line plug will cause hum. Lack of ground in systems
designed for a ground will cause hum... With respect to the chokes in the filter, cont-
inuity may be checked by deliberately shorting the choke or chokes.. If circuit continmu-

ity is satisfactory, shorting the chokes should increase the hume Disconnecting conden-
sers should increass the hum.

In the event that the eliminator output voltage is low and the hum is present,
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Fig.
49

other factors must be considereds If the hum and the low voltage are due to the same
condition. voltage will be avaitable at all taps and across all circuits and circuit
continuity with respect to the D.C. items is usually normale The possible causes are

low filter capacity or an open in the filter condenser circuit; low line voltage and
defective rectifierse

The first item requires examination; the second, requires a voltage test and
the third requires consideration of the period of operation and replacemente The rep-—
lacement test is better than an eleebronic emission test and must quickere. Reference
to the curves showing the action of the various condensers in the filter illustrates
the effect of low capacity. A rapid test is to add additional capacity to the first
(input) and the last (output) condensers. If the original capacity was low, the add~
itional will decrease the hume On the other hand too much capacity in the middle con-~
denser,if three are employed,will increase the hum.

WHEN MAKING VOLTAGE (D.C.) TESTS IN ANY PART OF THE ELIMINATOR SYSTEM, IT IS
IMPERATIVE THAT A HIGH RESISTANCE VOLTMETER BE USED.

In many instances the complete design of the eliminator is such that a bad
hum is found in the output.If changes in the B unit are impossible, the magnitude of
hum may be reduced by adding external filter sections as shown below, a choke and a

condenser in series with each tap, the
- =

Bt.Max. @ A choke being in series with the voltage
- 0 lead end the bypass condenser connected
Int. - as shown between the output voltage ter-—

© ‘ minal on the set side and the B—e The

L%I—’— .

Fig. Det. o a choke should have an inductance of about
49 B- & [ - 12 30 henrys and the condenser should be of

from 2 t¢ 4 mfdse The D.C. resistance of

the choke should not be more than 600 ohms.
The most prominent place for such audio filters is the detector tap. However, it may be
applied to all the other B+ taps.

Motorboating is frequently attributed to the B eliminatory particularly poor
design of the filter systems The above ides is erroneous. Many conditions cont ribute
to motorboating, the major being excessive regeneration in the audio amplifier, due to
an impedance present ine the B circuit, which is common to more than one tube circuit.
The remedy includes the audio filter shown above, the abundant use of bypass capacit—
les in the grid and plate circuits of the audio amplifier and the minimization of reg-
eneration in the audio amplifier. Increasing the value of the bypass condensers assoc-
lated with the detector tep is frequently foundto be of aid.

The eliminator is a possible source of noise. Voltage measurements are of 1ittle
use in this respect and it is necessary to seek points of poor contacte This requires
visual examinatione Lack of ground may cause the noise because the electro—static shield
in the transformer is not grounded. In many* instances
the noise is carried to the set through the complete D ey
eliminator and the source is the power system feeding {
the eliminator. If this is the case, a capacity fil- |
ter such as that shown in figure 59 will prove advan-— 4 :
tageouse The condensers ars of 1 mfde each and rated . : ’
at 200 volts A.C. for 110 volt systems and at 400 volts i 5 g
A.C. for 220 volt systemse As a matter of fact such Fig.50 rirr
capacity filters are found in many commercial elimin- - T
ator installations. ARV

LINE
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Overloaded voltage divider resistances will cause hissing and frying
sounds and examination will show arcing if the resistances are wire wound. Settlement
of dust and lint upon condensers will cause periodic flashover across the dirte Insuff=-
icient separation between -wires carrying high and low potentials may cause flashover.
Overloading of the rectifier element or tube may cause intermittent arcing and noisee.
Defective rectifiers will cause noisy operatione In this case evidence of the trouble
is found in the output voltage, the voltage fluctuating during the periods of noisy
operations Replacement of the rectifier with a new unit or tube is the best tests

Before closing this section we wish to make mention of the electrolytic
condensers employed in many commercial installationse These condensers are self heal~
ing and a momentary puncture does not ruin the condenserse. With respect to connection
these condensers have polarity and the can is the negative electrodes

Electrolytic condensers are designed to afford high values of capacity,
consequently the usual filter condenser data with respect to capacity values does not
hold when electrolytic condensers are employede In many instances single section filters
are used and the capacity values of the input and output condensers are as high as 70
microfaradse The usual values are around 10 mfdse
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Speakers and Types

The speakers in use today are of three types;

1. Cone (electro-magnetic)
2+ Dynamic (moving coil)
3« Exponential (metal diaphragm)

Of the three types mentioned,the first and second are most popular in the
radio fielde. The latter finds eome application, but it is not prevalent end finds greater
application in public addrees systems and in the talking moviess The type differs from
1l and 2 in both the type of structure and unit utilized to set the air into motione. How-
ever the sound unit used in the exponential horn found wide spplication in radio loud
speaskers of yesteryeare However we shall give some service data relative to trouble in
such wiitse

Troubles in speskers are seversl in number;

le Dead

2« Sound output is weak

3¢ Sound output is distorted
4. Speaker rattles

In connection with the cone type of speaker lack of response may be due to
lack of signal input, but if we assume the speaker to be at fault the following list
should cover the troubles;

le Open cable connecting speaker to amplifier.
29 Burned out coil.

Both of these troubles may be determined by means of a simple continuity
tests First test the speaker cord and second the coils with the speaker cords removede
However it is possible that the speaker cord or the coils within the speaker are shorted.
To ascertain this defect, it is necessary to check the cords individually, that is, one
core at a times The meter reading when testing the coil will show the presence of a short
circuit, since the usual resistance of these coils is about 1000 ohms D.C. hence the met-
er reading will not be a full reeding when the coils are perfect.

Many cone speakers are equipped with frequency filters and an open in the
filter coil will cause a "dead" speakere Such a filter is illustrated in figure 3, the
wiring diagram of the Stromberg~Carlson 6356-636 receivere The filter utilized in the
RCA model 100 spesker is shown herewithe T R
See figure 51 « As is evident a short in “———'(:)*—~—~————4 —
the condenser will short the speaker, //// = | I é
hence when checking speakers equipped Telephone | :
with filters, it is necessary to discon- Tips [
nect the complete speaker filter and to \“\\\\\\Q::::::; ________ %
individually check the speaker and the
filter componentse. Coils of
Reproducer Unit

Fig. 51

The result of a continuity

test applied to a condenser is the rev-
erse of that found when & coil is testede The perfect condenser should show an open and

the initial application of potential should show a momentary ciarge upon the meter.
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If the speaker lacks sensitivity and it is definitely established that the
signal imput into the speaker is normal and that the spesker cord and coils are in good
condition, weak sound output is usuelly due to veak magnets or to a weak magnet if only
one is usede The strength of the magnet is influenced by direct current flowing through
the windings and if the polarity of this current flow is incorrect and the current flow
maintained for quite a period the magnet will be weakenede This condition is infrequent
because the average speaker is so arranged mnd connected to the radio set that D.C. does
not flow through the speaker windings. In other cases the effect of the direct current
flow is balanced ir the speaker so that it does not influence the magnet.

Distorted sound output may be due to distorted input, but if the input is
known to be satisfactory the possible reasons are;

le Imperfectly adjusted armature

2+ Damaged cone

Se Imperfectly centered cone

4¢ Defect in filter, if filter is used.

S5e Incorrect coupling unit, coupling spesker to tube

Visual examination is necessary ir 1,2,3 and 5. An electtrical test is nec-
essary to determine 4« The armature must be accurately centered between the pole piseces.
A torn,cracked or unevenly stretched diaphragm will afford poor sound outpute An imper-
fectly centered diephragm will distort on loud signalse

A defect in the filter or the use of incorrect electrical constants will
affect the frequency response, as for example a shorted filter choke will cause the
loss of high notes if the value cf the condenser is high. However the usual spesker
filter is designed to cut off at a predetermined frequency, which condition will be up-
set by a defect in either unite

In turn the use of the incorrect coupling unit will cause a decided loss in
low frequency response.

The ratile in a spesker may be due to

l. Incorrectly centered armature

2+ Loose moving parts in driving motor

3e Loose diaphragm

4. Foreign substances interfering with motion of moving elementse.

The remedies are self evident and in all cases the defect is found by vie=-
ual examination.

Fum is frequently a complainte Since nothing is utilized in the spesaker,
which may cause the hum and if the hum is not in the amplifisr output, the fault is
induction between a line supplying power to the receiver or to the lights in the room,
and the loud speaker corde This is particularly true when the cord extends from one
room to the next.

In some cases an output coupling unit is incorporated in the speaker hous~-
inge In this case it is necessary to add to the possible reasons for a "dead" speaker.
Another possible reason is an open plate coupling chokee A second is & shorted plate
coupling choke, a third, an open secondary if the output unit is a transformer and the
fourth reason,a shorted secondary winding.
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Lack of sensitivity may be due to

l. Insufficient excitation voliage and current
2« Partially shorted field winding

3¢ Partially shorted voice coil

4. Extreme rigidity of diaphragm

Rattles heard during operation may be due to

le Incorrectly centered voice coil

2. Loose moving parts

3e Loose voice coil

4. Foreign substences between voice coil and pole piece
S5e¢ Loose frame, Bcrews,adjusting nuts, etces

6« Damaged cone

7+ Loose grill and housing attachments.

With respect to sound units used with old horns and horn type speakers,
"dead" units may be due to

le Open cable
2e¢ Shorted cable
3¢ Open coils
4., Shorted coils

Lack of sensitivity may be due to
l. Weak magnets
Distorted sounds and noises during operation may be due to

1. Bent diaphragm

2. Loose diaphragm

3. Foreign particles on pole pieces
4. Excessive signal input

5. Loose moving partis

8+ Loose rnuts,washers,etcee
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The dynamic speaker introduces a few complications beceuse the des=-
ign of the unit involves several additional items. In some cases the spparent speaker
defect is due to a defect in an auxiliary unit. Assuming the trouble to be in the speak-
er and its accessories, when the speaker is "dead" look for

l. No signal from set

2« Lack of excitation voltage

3« Open field winding

4+ Open primary of output transformer or open plate choke
S5e¢ Open voice coil

6e Disconnected voice coil

7+ Shorted field winding

8« Shorted voice coil

All of the above with the exception of number 6 calls for continuity
testinge In this work it is necessary to consider whether or not the correct condition
of a coil means an eppreciable amount of D.C. resistance. For example the voice coil
in many dynemic speakers consis® of a band of 1/16" coppers The D.C. resistance of this
coil is less than an ordinary short circuit with #22 wire.

Distorted output mey be due to distorted input, but if it is estab-
lished that the input is satisfactory, look for

le Incorrectly centered voice coile

2+ Incorrect coupling unit, coupling voice coil to amplifier
3¢ Imperfectly centered cone

4. Damaged cone

5¢ Excessive hum

Tne first four items require visual examination. The fifth item req-
uires special consideration since the cause for hum may be poor operation of the elim-
inator supplying the excitation voltages We need not dwell upon the eliminator supply
since that item is covered at full length in another sectione However, very satisfactory
eliminators do not afford absolutely pure D.C. output, and several methods are employed
to eliminate the hum generated in the speaker. These are shown below and the possible
reason for hum in one case may be a shorted hum balancing goil and in the other incorr-
rect adjustment of the hum balencing resistance. (P.G.Andres, Radio Engineering,Feb«1929.)

[

BUCKING COIL CONNECTED

IN SERIES WITH

MOVABLE COIL.
|

oT —)
MAGNET-
DYNAMIC FULL 13V 1o V.
FIELD WAVE 60~ 60 ~ e
RECTIFIER AC A.C.
ok Arrange -
o ment em -
ployed for elec-

¥ trically counter-
~-HUM CONTROL acting dynamic
speaker hum,
with t‘heblaid of
=3 a variable re-
+VOICE COjL gl sistance.
CONE

Y

RADIO SET

1 !
i MOVABLE
1 coiL VOICE COIL

E TRAN SFORMER TN SR

TO

\
FIELD WINDING

The bucking c¢oll method of
eliminating dynamic speaker hum.

Fig. B3



Page 76

Audio Amplifiers

Audio amplifiers in use today employ three distinct methods of coupling

le Transformer
2. Resistance
3e Tuned double impedance

with varistions of 2 end 3, where combinations of resistance and impedance and resis-~
tence end auto transformer coupling are involved. However, no matter what the arrange-
ment the function of the system is always the samee This does not mean that the perfor-
mance is the sames Our purpose is not to outline the operating characteristics of var-
jous types of audio amplifiers. Instead to concern oursélves with troubles in audio
emplifiers. We take for granted and we are justified in so doing, that the audio amplif-
jer incorporated into any receiving system 1s best suited for that systeme Furthermore
that the design of that audio amplifier is as good as can be made under existing condit-
jons Cperating on this premise we eliminate the subject of amplitude distortion in

sudio smplifiers, wherein is involved the frequemcy characteristic of the amplifier in
questione

Service men do not make changes in eudio amplifiers employed in finished
receivers, that is, change a transformer coupled system into & resistance coupled Bsys—
tem or vice versa, for reasons which are self evident. However, they do make tube change
and chaenge battery operated receivers into A.C. electric receivers, hence we are inter-
ested in the utility of tubes in comnection with audio frequency amplifierse

The vacuum tube employed in an audio system plays a very importeant role,
beceuse it manifestsa great influence upon the performance of the amplifier and the att-
einment of satisfactory resultse Unfortunately,space limits us to general discussion
hence the followinge.

1. High mu tube or tubes designed to possess high values of amplification constant
are suitable for use in two types of eudio emplifiers, resistance coupled and impedance
coupled and are NOT suited for use in transformer coupled systemse. In this connection
this type of tube is best suited for use in resistance coupled andio amplifiers.

2+ The conventional type of low mu tube represented by the 20lA, the 226 and the 227
is suitable for use in all types of audio amplifiers but is limited for uee in all stages
except the output stage. This does not mean that a power tube cannot be employed in an
intermediate stage in the audio system, but it is mentioned so as to define the limits
of the regular tube.

Z. DoC. tubes such as the 199 and the 201A are NOT suited for operation with raw
A.C. filement potential, but may be employed in series filament connection when the
filement supply is D.C. secured from the A.C. power linee The same applies to the 112.

4. The screen grid tube utilized as a space charge tube is UNSUITED for uee with
transformer coupling. This applies to the A.C. and D.C. tubes of this typee This tube
is suited for use with resistance and impedence coupling when the resistances and the
chokes are specially designed for the tubee.

5. The 226 and the 227 are suitable for use in audio amplifier systems operating
with raw A.C. filement potential, but greater satisfaction ts secured with the latter.
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6. All types of tubes may be employed in push-pull arrangement providing that the sys-
tem is designed for such worke

Te The utility of power tubes such as the 171,210,246 and the 250 is governed by the
required output power and the amount of voltage aveilable for application to the grid of
the output power tube.

8¢ OQutput power tubes should not be interchanged unless the required operating poten~
tials, grid,filement and plate, are aveilable. The reeson for this is that the output por~
er is a function of the operating potentialse

9¢ It is necessary to remember that the opereting characteristic of the output tube
differs from the other tubes in the amplifier. This difference is found in the function
of the output tubes Whereas the other tubes in the amplifier perform as voltage amplifiers
the output tube is a power amplifier and the power output varies as the square of the
inpute In other words if a tube is rated at 4 watts output with a dertain value of plate
potential and 40 volts applied to the grid, the application of 20 volte to the grid red-
ucee the output power to 1/4 of the maximum output or 1 watt and NOT to 1/2 the meximum
pover or 2 watts.

10¢ The difference between the output power tubes and the other tubes in the audio amp -
lifier is one of physical structure which permits the application of higher values of
plate potential and grid bies so as to enable the application of high signal voltages
to the grid of the power tube without causing overloading and distortione Furthermore, the
design of the power tube is such that it affords best energy transfer between the tube
and the speaker over the normal audio frequency range, therefore affording best tone
quality.

1l. All tubes are suited for series or parallel filsment connectiony although it
is not customary to employ the A.C. tubes in series connections

12. The design of all vacuum tubes is such that operating voltage specifications must
be fulfilled and adhered tos Excessive operating potentials may cause irreparable injury
to the tubee This is particularly true of the filament.

13¢ Insufficient filament,plate or grid potentials will impair the operation of all
vacuum tubes. The advent of the screen grid tube makes necessary mention of the sereen
grid voltage in addition to the other voltages quoted.

l4. Amplification in a system should not be secured by increasing the operating pot-
entials unless the value in use before the change is made is less than the maximume.

15+ Volume control should not be in the form of reduction of operatirg potentiale,
such es the filment or plate voltages. Reducing the grid voltage it out of the questiom
(The above applies particularly to the audio amplifier, since plate voltage volume con-
trol is used in radio frequency amplifiers.)

16« Vacuum tubes of all types have definite operating lives, determined by the operat-
ing potentials applied to the tubes The most vulnerable part‘of the tube is the filament
and operating life is limited by the deactivation of the filament or decrease in elect-
ronic emission. The 227 type of tube involves the cathode as the source of electronse
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17« Operating characteristics of vacuum tubes are such that certain conditions must
be fulfilled inorder that the amplification be free from distortione The firet is the
elimination of grid currente D.C. current must not be permitted in the grid-filament
circuit since it introduces distortion and reduces amplification by varying the char-
acteristic of the tube and the coupling devicee This applies equally to all forms of
audio amplifications The second is that circuit arrangement must be such that the plate
current variations in the plate circuit should be faithfully amplified reproductions

of the signal voltage applied to the grid circuit. This means that every increese and
decrease in signal voltage should be faithfully followed by plate current variations

in the plate circuite Since these plate current variations are A.C. the D.C. plate curms
ent must be steady, hence fluctuations if D.C. plate current should not be permitted
during operatione They indicate lack of balance between the plate and grid voltagese
Increase in plate current during the passage of the signal indicates tube overloading,
distortion or insufficient grid biase

16. Where more than one tube is employed in a single stage, as in a parallel or a push-
pull stage, it is best if the tubes are of like design snd characteristics. This cond-
ition affords more stable operatione With respect to the plate current drain in push-
pull stages, best results are secured if the total current drain is divided equally
between the various tubes in the stage. This dividion of plate current ie also advantapg
eous with respect to the effect of the direct current upon the core of the coupling
unit (if it employs a core) in the plate circuite

19. Vacuum tubes may be connected into parallel and push pull arrangements when add-
itional output is required. However the power output of two tubes in parallel is not
equal to twice the output of a single tube. Empirical determinations have shown an inc-
rease of about 30 to 40%e Furthermore the use of tubes in parallel does not permit a
signal voltage in excess of that permissible with one tube.

20« Push-pull arrengements afford adventages not found in parallel systemse In the
first place, it is permissible to apply a greater value of signal voltage, approximsate-
ly twice that permissible with one tube. Second the output is greater than that avail-
eble with two tubes in parallele Third, the operating characteristic of the tube is
altered so that greater freedom from distortion is secured. Fourth, push-pull systems
minimize hum due to potential variations in the grid-filament circuit due to the hum

in the filement supply or induced into the grid circuit.

2le The association between the vacuum tube and the device connected into the tube plate
circuit is very important, so much so that it is the difference between good quality
reproduction and poor reproductione Hence haphazard replacement of defective coupling
units is impossiblee When one unit is removed, the replacement should be identical.

22e With respect to the plate voltage applied to vacuum tubes, it is necessary to re-
member that a voltage drop tekes place across the coupling unit located in the plate
circuite This means that the voltage at the tube plate is less than the voltage at the
source of supplye. Due to the current carrying capacity of the coupling units, plate
voliage increase is definitely limited, since each increase in plate voltage increases
the plate current and flow through the coupling unit. Excessive current flow will in-
jure the plate coupling unit, regardless of its type.

23« Do not remove tubes from series filement installations unless the proper precautiorm
are exercised to prevent overloading of the other tube filaments. The same is true of
tube in parallel connected across transformer windings.
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The choice of any one type of coupling unit is a matter of like and dislikes
Also of the required frequency characteristice In this comnection we can say very little
since the receiver designer is the one who decices upon the type of coupling employed
in the receiver and the service man or the receiver owner decides upon the type of coup-
ling to be used in a home built receivers

With respect to trouble hoviever all amplifiers are alike. Not that the sume
trouble will be found in all types of amplifiers since different types of coupling unite
are afflicted with differentforms of trouble, but rather that the basic factors assoc-
iated with trouble are present in all amplifiers.

To secure satisfactory operation with all amplifiers, certain requirements
must be fulfilled. A defective condition means that one of the requirements has not been
fulfilled. The conditions are:

le Input signal voltage within operating limits of vacuum tubes in the system
2¢ That the plate potential at the tube plate be correct
S¢ That the grid potential at the tube grid be correct
4e That the filement potential at the tube filament be correct
Se That the coupling units be in perfect condition
6¢ That circuit wiring be correct
7e That connections in the circuit be perfect
8¢ That all the amplifier components be in good condition
9« That the filament supply be in good condition
10« That the grid supply be in good condition
1ly That the plate voltage supply be in good condition
12. That the tuhes be the type suited for the receiver
15. That the tubes be in good condition

A cursory enalysis of the above is sufficient to show that each of the sup-
Jects is allied with the other and also associated with certain phenomena. Now if we
were to discuss each of the various or rather many types of audio amplifiers available
at the present time, it would be necessary to devote every page in this tooke It stands
to reason that this is impossible. Furthermore to expedite matters, we believe that it
is better to give basic reasons for the various requirements, thereby permitting applic-
ation of the data to the various types of amplifier and avoiding repetition in the book.
¥ie say without fear of contradiction that with respect to trouble all amplifiers are
allkee That is to say, the conditions of overload are applicable to all types; the eff-
ect of an open is the same in all amplifiers; the effect of a short circuit is the same
in all amplifiers etce.. Hence why dwell upon the individual types.

Viewed from one angle, it would be a fine thing to give an analysis of the
varicus types of amplifiers available at the present time, but we believe that esuch an
analysis should not be necessarye With respect to what we have in mind why should it be
necessary to spend time differentiating between e resistance coupled amplifier employirg
a grid and plate resistance and another amplifier empleying a plate resistance and a
grid chokee True that the operating characteristics with respect to frequency reponse
differ, but is that our concern at this timess. The effect of an open grid resistance
or grid leak in the audio amplifier is the same as an open grid choke....Eence we shall
eliminate all that material..

Ve will of course discuss data which is applicable to one type of audio amp-
lifier and not to another, but the subject matter is not lengthys Let us stert the dis-

cussion pertaining to the aforementioned requirementss
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*«x* Bear in mind that what is to follow is applicable to all types of audio emplifiers
regardless of circuit connection and the number of tubes involved, assuming that the
amplifier has at least one tubees#*x The numerical designations refer to the require-
ments a8 enumerated.

le The value of grid bias employed in the reciver amplifier system limits the
amount of signal voltage which may be applied to the tubes in the receiver. This is
true of all types of installation, since the type of coupling does not influence the
operating potentialse In other words if a 112 requires a negative grid bies of 6 volis
with 135 voltas applied to the plate, the same grid bias is required in transformer,
resistance and impedance coupled audio amplifierse The application of excessive signal
voltage will cause tube overloading, grid current end distortione. In this connection i
is necessary to consider the degree of amplification available in the system, so that
overloading of the output tube does not take places Incidently, the most frequent com~
plaint relative to tube overloading is that in connection with the output tubees The data

relative to the action of the plate current is of utility when tube overloading is the
subjecte

2+ Incorrect plate potential caunses several bad effects and may be due to sev-
eral conditions. With respect to the value of potential, insufficient voltage applied
to the plate will cause low amplifying level, permit overloading of the tube and con-
sequently distortion. On the other hand, excessive plate potential will upset the bal-
ance between the grid and plate circuits and impair distortionless amplification. Also
it will increase the plate current and if the increase is radical, permanent injury of
the coupling unit is possible. If the injury 1is of such nature that it does not ruin
the unit, it is possible that the damage will cause noisy operatione This is true in
the case of resistances and transformer windinge In addition, it is necessary to accord
detailed thought to the magnitude of plate current when the coupling unit is a transf-
ormer employing an alloy coree The design of the core is such that the permissible D.C.
plate current through the transformer winding is limited. Excessive current will ruin
the core electrically and impair the frequency characteristic of the transformere The
usual effect is the loss of low notes.

With respect to the causes for low plate potential, we might stress the
units contained in the plate circuit, assuming correct B power unit outputy and low
B power unit output, assuming correct units in the plate circuite.

3« Low grid potential is a frequent cause of distortion. The operating principlss
of the vecuum tube demand that a certain value of grid potential be employed for each
value of plate and filament potential inorder to create a state of stability between
the grid and plate circuitse. The attainment of distortionless amplification with the
vacuum tube depends upon the elimination of grid current in the tube grid-filament cime
cuite This iz true of all types of amplifiers without exception, transformer, resistance
and impedance coupled. parallel tube filament wiring and series filament wiringe The
elimination of grid curremt depends upon the use of the correct value of grid potential .
The subject of correct grid potential, involves excessive potential, insufficient pot-
ential, lack of grid potential and incorrect polarity, consequently the source of grid
potentialy circuit comnections and associated apparatuse The possible reasons for in-
correct grid potential have been gutlined in an other section, hence repetition is unmec-
essary, but it is necessary to mention that the grid bias controls amplification.

In connection with the grid bias potential it is necessary to mention diff=-
erent conditions and their effects. Insufficient grid bias of correct polarity will
cause tube overloading on strong signals only, but the condition will be shown by exc-
essive tube plate currents Incorrect polarity of grid bias will ceuse extremely poor
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amplifier operation and a great reduction in amplificatione As a matter of fact it
will paralyze the tube and the amplifier will be inoperative. The sign of this condit-
ion is a great increase in tube plate current in excess of the normal valuee Excess-
ive grid potential will cause distortion and if the bias is sufficient to reduce the
plate current to zero the amplifier tube will be inoperative and the amplifier will
be inoperativee. This condition is indicated by insufficient plate current.

4« The value of filament potential governs the operation of the tubey the
performance of the tube and its operating characteristics. In addition it manifests
en influence upon the operating life of the tube with respect to the operating life
of the filament. Excessive filament potential will cause premature deactivation of
the filament and evential burnout. Insufficient filament potential on the other hand
will cause low amplification and distortion, such as tube overloading. In addition
the mutual conductance value of the tube is greatly reduced and the plate impedance
value greetly increassed, impairing the operating characteristic of the tube with res-
pect to the units employed in conjunction with the tubes Increased filament potent~
ial will not cause a marked effect upon the plate current, but insufficient filament
potential will cause a marked decrease in plate current.

Se The condition of the coupling units in the system, regardless of type
controls the amglifier performancee If for some reason the grid or plate couplir-~
units are "open" operating potentials will not reach the tube and the amplifier will
be inoperatives If the plate voltage is lacking the amplifier will eppear "dead". If
the grid voltage is lacking because the grid coupling unit is "open", various forms
of trouble are possibles These are hum, low amplification, distortion and howlinge.
If the coupling unit is defective insofar as the individual plate and grid units are
concerned various defects will be evident, eccording to the type of defecte If the
current flow through a transformer winding causes minute arcing between turns, crack-
ling and frying sounds will be heard. If the core of the transformer is grounded
and one of the windings comes in contact with the grounded core, hum and low amplif-
ication will be the results In some cause possible short circuit of the operating
potential may be the resulte If by chance the primary and secondary windings are in
electrical contact with each other distortion will be the result due to the applic-~
ation of a positive bias to the gride As a matter of fact the aforementioned condition

may cause total paralysis of the tube end an inoperative amplifier -- perhaps injury
to the tube.

Imperfect contacts at the respective connecting terminals will cause
crackling and sputtering sounds. The same is true with impedance and resistance coup-
linge With respect to the latter, overload of the resistance unit will cause hissing
and frying sounds. Overload is usually encountered in the plate circuit and is due to

excessive current flow through the resistance and the inebility on the part of the
resistor element to carry the plate current.

The isolating condenser employed in resistance, impedance and in combin~
ation resistance~impedance coupled audio amplifiers, between the grid and plate ter-
minals of these coupling units is a frequent cause of distortion, noise and low amp~-
lification. A leak in this condenser will cause noise and the application of a posit-~
ive bias to the grid of the amplifying tube, resulting in low or no amplification in
the system; frequently a dead amplifier. The above is true in the audio amplifier
employing an auto transformer in the grid circuit and a resistance in the plate cir-
cuit of the preceding tube with the isolating condenser between the twee This system
will be shown latere

Certain transformer coupled audio amplifiers employ an isolating conden—
ser in the plate circuit in conjunction with the regular transformer primary and
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another chokee The function of the condenser is to exclude D.C. from the transformer
primerye A leak in this condenser will ceuse noise during the passage of signals and
a short in the condenser may reduce amplification on the low frequenciese« A good deal
of the noise encountered in audio amplifiers is due to some imperfect condition in
the coupling units and examination and diagnosis by replacement is recommended. Thid
is particularly true of transformers operating at high potentials and resistances
employed in high power audio amplifiers or resistances which are subjected to apprec-
iable values of current load.

6e Very littl need be said about circuit wiringe In the first place the
receiver to be serviced was satisfactorily wired.ss.e The possibility of wrong wiring
is very remote considering the numerous tests at the manufacturing plant. Second,cir-
cuit comnections do not change unless the change is made by someone. Hence it is not
necessary to examine circuit connections. However, if the defect developed right after
a wiring change had heen made, circuit continuity test is necessarye.

It stands to reason that the circuit wiring must be correct. If the rec-
eiver owner admits changes in wiring it is necessary to seek incorrect polarity of
battery, reversed transformer connections, wrong placement of bypass condensers, open
resistance comnections, wrong tube connections, etce..

7« Much trouble in radio receivers may be atiributed to poor connections
between the various elementse. The average radio receiver is subjected to many jars and
shocks during transit, even Aduring the short trip between the dealer and the consumer.
A poorly soldered contact is janed looses It mekes contact until vibration encountered
during operation opens the sontact—-- then troublee In many other instances the contact
is not permanently openede Instead it breaks and makes intermittently during receiver
operatione The result is electrical disturbance in the form of sputtering and crack-
ling sounds and sometimes distortion and low amplification, depending upon the location
of the poor contact.

8¢ We discriminate between the coupling units in the amplifier and the other
parts exclusive of the tubess We refer to the resistances employed in filter systems,
the condensers employed in the filter system, the bypass condensers, the voltage reduc-
ing resistances, the tube sockets, etce. Inorder to secure satisfactory operation, it
is necessary that all these partc be in perrect condition. Shorted bypass condensers
will short associated circuits, cause low amplification, short battery life, overload-
ing of power supply devices, lack of plate potzntial, lack of grid potential, etcs,
depending upon the location of the bypass condenser. These details are of interest
after the toouble has been isolated with respect to a certain stage in the amplifier
or a certain section of the amplifier.

Defects in voltage reducing resistances will open the respective circuitse
Defects in filter resistances carrying the tube plate current will either open the
circuit, cause excessive voltage drop or will csuse noise of the character mentioned
in preceding sections of this chapters Defective sockiets will cause leaks between the
various circuits and distortion, low amplificsal ion and sometimes stop operation of the
amplifiere The latter condition involves tne contact between the tube prongs and the
socket prongs. Poor contact between the tube and the sockets prongs is a frequent
reason for fluctuating signal strength, hum,crackling and sputtering sounds and other
forms of disturbancee.

Imperfections in bypass condenser vwith respect to an open between the
conmnecting terminals and the active surfaces in the condenser will influence amplifier

stability, increase regeneration, cause hum and sometimes howlinge This is particul-
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arly true in A.C. installation.

9¢ The condition of the filament supply in A.C. installations plays an import-
ant role with respect to the hum in the system. Inperfect filtering in the A eliminator
will cause a bad hum. Overloading of the eliminator will cause the same conditione A
defect in the eliminator will cause lack of filament potential or low filament potential.
In this connection we refer the reader to the section devoted to A eliminators.

With respect to battery types of filament potential sources, the condition
of the battery controls the filament potential. A defective battery will cause low fil-
ament potential and in many cases sputtering and crackling forms of electrical distur—
bances Such batteries have definite operating lives and after a period of time will bec-
ome noisy in operation.

Transformer sources of filament potential are of interest in A.C. installat-
ionse An open. transformer primary or secondary winding will cause lack of filament pot~
entiale Poor contact in the transformer will cause fluctuating filament brilliancy and
fluctuating signal intensity. Insufficient current and voltage output will cause low
filament potential, consequently low amplification and distortione Incorrectly located
transformer winding centre taps will cause excessive hume Incorrectly adjusted filament
shunt resistance centre taps will csuse excessive hume Open filament shunt resistances
will cause excessive hum.. For further data we refer to the section devoted to filament
shunt resistancese.

In some cases the source of filament potential is the B eliminator; the
amplifier filament being wired in series and supplied with operating potential from the
B eliminatore A defect in the B unit may cause excessive hum, distortion because of incor-
rect bias and lack of filament potentiale

10« The source of grid potential must be perfect. If of the battery type, the
electrical condition of the battery must be perfects A defective battery will cause
sputtering,crackling and other forms of disturbances A run down battery will cause excess-
ive regeneration, howling, squealing, hum, etce.. With respect to eliminator sources of
grid potential, defective operation of the eliminator will cause a bad hum and exceseive
regeneratione Lack of bypass condensers will cause a bad hum and howlinges Imperfections
in the grid bias rasistances will cause hissing and crackling sounds.

1l. %hat has been said about the source of grid potential is applicable to the
source of plate potentiales Run dovm B batteries will cause howling and singing in addit-
ion to creckling sounds, accompanied of course,by reduced amplificatione Defective B
esupply units will cause hum, excessive regeneration, howling and other disturbing effects.

12. The tubes employed in the system control operation and performance. If the
tubes are suited to the coupling units, satisfactory performance will be secureds If how-
ever the tubes are not suited to the coupling units, amplification will be low and dis-
tortion will be very pronounced. Types of tubes suitable for use in certain types of audio
amplifiers have been mentioned.

13. The condition of the tubes governs performance. If the electronic emission is
low, amplification will be low, frequently accompanied by distortione Defective A.C. tubes
will cause a bad hume In this connection certain tubes may hum badly yet show up well
in tube tests. In this case replacement is the best test. Microphérc tubes will cause
howling.
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Certain forms of trouble are associated with audio amplifiers regard-
less of typee Likewise certain forms of test are applicable to all types of audio amp~
lifiers regardless of type. Now, it is impoesible to segregate the various types of
audio amplifying systems in use today and dwell upon the possible troubles in each
system because so many arrangements are employede Basically these systems may be diw
ided as mentioned in the start of the section devoted to audio amplifiers. In function
all systems are alike. With respect to trouble certain elemente are afflicted with cem
tain forms of ailments which are not present in other elemmnts« Hence it is possible
to divide the general run of audio amplifiers into

l. Traneformer coupled systems
2¢ Resistance coupled systems
3+ Impedance coupled systems

and to dwell upon the troubles in these systems without special reference to various
modifications of either 1,2 or 3« An analysis of the many types of transformer coupled
audio amplifiers in use today, shows that special reference is impossible. Some of thes e
systems employ filters in the grid circuits, in the plate circuits, parallel feed in
the plate circuits, combination push-pull arrangements, so mich so that a special volume
would be required to cover transformer systems alonee In view of the above we are going
to consider transformer coupled systems as a unit, regardless of the actual structure

of the amplifier, whether it employs battery source of filament potential, A eliminatar
or raw A.C. supply, parallel tubes, push~pull systems, filters in the various circuits
and parallel plate supplyes.e This does not mean that we are going to omit the schemati
diagrams of the different types of audio amplifierseees All will be included, but ind-
ividual discussion will be avoided.

The accompanying figure illustrates e conventional battery operated
transformer coupled audio amplifier employing one siraight stage and one stage arranged
in push-pull fashion.Obviously it is impossible designate each pert of the complete
amplifier and we take for granted that the average individual who is interested in rad-
io servicing or in the diagnosis of a #ulty receiver understands symbols and is famil-
iar with the various parts of the complete system.

Basically the A.C. operated receiver amplifier differs in but few res-
pects from the battery operated installations It is true that the possible faults are
more numerous in the A.C. installetion, but transformer connection remains unchanged.
The filament circuit structure is altered, but the same is not true of the connections
to the transformers. The plate,battery,grid and filament connections remain intacte

However, it is necessary to devote a little time to push-pull and parall-
ol tube arrangements in view of the mention of these systems in the enumerated 1list of
possible troubless Inorder that a push-pull system operated in an amplifier perform in
a satisfactory manner, it is necessary that certain conditions be fulfilled. The first
of these is that the tubes employed in the two halves of the push-pull stage be of lile
type and whenever possible of identical characteristicss Second that the circuit con-
tinuity in the two halves of the coupling unit primaries and secondaries be identical
inorder that the correct voltages be applied to the tubes. Now, in some instances,
although the application is not commercial, a 21C may be used in conjunction with a 171
with of course the proper circuit arrangement so that the correct grid voltage, both
operating end signal are applied. This practice is uncommone.

Reference to the second requirement means that the centre tap on the



Page 85

transformers must be correctly located so that equal values of signal voltage are app-
lied to the tubes. The position of the tap governs the plate voltage applied to the
tubes and in this case it is of great importance that the plate voltage and the plate
current values be alike for the tubes in the systems Like values of plate current mean
the elimination of the effect of D.C. upon the core of the output choke or the trans-
former if one is used, thus improving the operating characteristics of the output unit.
The need for perfect and uniform continuity in the two halves of a push pull unit or
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winding is self evident. The two halves of such units are designated in the diagrem.

The reason for push-pull systems is that the arrangement improves the tube
operating characteristic, but this improvement and its associated effects are secured
only if perfect balance is secured in the circuwite It is understood of course that the
condition of perfect balance invclves the tubes as well as the coupling unitse. What
has been said should be borne in mind when comment is found relative to the condition
of the coupling units and the tubes in push~pull systemse

Somewhat similar data is necessary relative to parallel tube arrangements
but in this case, the subject matter does notencompass the coupling unitss It is nec-
essary that the tubes used in parallel combinations be of like type and characteristics
otherwise performance is impaired. Of course, all the tubes must be in perfect condition

With respect to tubes employed in push-pull systems, at high values of pot-
ential, defective operation if frequently accompanied by overheating of one of the
tubes, indicated by a glowing plate. This condition is not an indication of a defect-
ive tube, the one with the glowing plate. Instead, it may mean that the tube with the
normal plate is defective and the one with the glowing plate is being overloaded.
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An idea of a conventionel A.C. audio amplifier as used in commercial receiver
installations is shown below in figure 56 « The reader should disregard the radio freq-
uency and power pack systems and note the connections to the transformers in the audio
systems On distinct difference is evident in the A.C. audio amplifieres« Compare the pos-
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ition of the grid returns. In the D.C. systems, the filamert connection of the trans-
former is comnected to the negative side of the C battery or to a recistence if the

C bias is secured from the B eliminatore In any system however, the grid return does

not connect to grounde In A.C. systems however the grid return or the filament lead on
the audio transformers goes to ground, since it is the B minus terminal by virtue

of the use of a grid bias resistance in the plate~filament circuite If however the C
bias is secured from the B eliminator, the connection is the same as in the battery op-
erated installation.

Before entering the discussion of troubles in audio amplifiers, we wish to
state some facts about filament wiring. In many instances one or more of the tubes in
the audio amplifier are operated in cornjunction with the radio frequency amplifier tubes,
that is, as far as the filaments are concerned. Hence the filasment shunt resistance
associated with the eudio frequency amplifier tubes is not necegsarily to te feound in
the audip system. Cn the other hard, separate filament gupply is used for the audio
tube in other instiallations and the filamernt shunt resistence when. referred to, is found
in the audio amplifiers Then again, in otlier installations the filament shunt resistance
is located in the power supply unit... These facts should be remembered when mention is
made of the filament shunt resistance in connection with trouble.

One of the most frequent complaints associated with audio frequency emplifiers
of all types is distortione This condition may be accompanied by two otler cenditions.
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First, low signal level output and second normal signal outpute. Since the possible reas-
ons for distortion differ according to the two conditions mentioned, it is neceesary to
enumerate the faults for each conditione Now, in connection with these faults and the
faults essociated with other forms of trouble, we will not be in a position to discrim-
inate between battery and A.C. operated amplifiers, hence will meke mention of equip~-
ment of units associated with both and the reader must select the units involved in the
defective installatione In other words if the list of faults contains the specification
" low battery potential®™ and also the specification "low eliminator output voltage",
the reader must select the item employed in connection with the amplifiere. If it is a

battery operated unit, the former applies, whereas if it is an A.C. unit, the latter
item is of interest.

DISTORTION

Ae Normal signal intensitye

l. Tube overloadinge Signal voltage excessive for tubes
in systems Output voltage from
detector excessive for tubes in
eudio amplifier.

2¢ Insufficient grid bias- Grid bias correctly applied but
value of potential insufficient far
applied signal voltage.

3« Excessive hum in systems Excessive hum in system will cause
distortion on low notes.

4. Excessive regeneratione See reasons for excessive regenera-
tione.
S« Defect in speakers Speaker elements out of alignment

or diaphragm looses

6 Excessive B battery voltage. Incorrect voltage tap on B battery
of eliminatore.

B. Low 8ignal level.

le Insufficient filament voltage. Run dorm A battery, incorrect ad j-
ustment of filament control resis-
tance, insufficient line voltage
in A.C. systems, overloaded fila-
ment transformer winding, poor con-
tact between tube and socket.

2+ Insufficient B voltage. Run down B battery, low B eliminator
output voltege,léw A.C. irput into
eliminator, wrong tap on battery o
eliminator.

3+ Incorrect grid bias. Lack of grid bias, low grid bias,
grid bias resistance defective or

shorted,Incorrect polarity of grid
biase
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4., Open grid circuite..
Defective grid circuite.

S5e Defective tube.

6e¢ Defective unitse.

AMPLIFYING POWER WEAK

Transformer secondary open, open grid
bias circuit,open in one half of push-
pull winding (secondary), partially
shorted secondary winding, wrong connect-
ions to transformer secondary, grounded
secondary winding, leak between primary
and secondary windings, defective resis~
tance or condenser connected across sec-
ondary winding, defective bypass conden~
ser in grid circuit.

Deactivated filament or cathode, poor
contact between tube and socket filement
prongs, gassy tube, incorrect tube.

Shorted bypass condensers in plate and
grid circuits, defective jacks, trensfor-
mer primary partially shorted (push-pull),
leak between primary and secondary of
output transformer, grounded secondary o
output treansformer, non uniform tubes in
pushpull end parallel arrangement, open
transformer primary in parallel plate

supply.

See data associated with low signal level and distortion. In addition

l. Lack of plate potential.
Defective plate circuite.

le Filement circuit

2¢ Grid circuite.

Open between tube and socket,open in
transformer primary,shorted transformer
primary, shorted plate circuit bypass
condenser,open resistance or choke in
shunt plate supply, open coupling cond-
enser in shunt plate supply,open trans-
former primary in shunt plate supply sys-
tem,open in lead supplying plate voltage
to tube.

Incorrect adjustment of the filament

shunt resistances, excessive hum in the
output of the A eliminator, incorrect
filament transformer centre tap, open
filament shunt resistance, coupling bet-
ween filament transformer or filament wir -
ing and remainder of receiver.

Open grid bies resistance bypass conden-
ser, lack of grid resistance bypess con-
denser, open grid circuit filter bypass
condenser, lack of grid circuit filter
bypass condenser, open bypass condenser,



3e Plate circuite.

4. Lack of ground on core and chassis.
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insufficient grid bias voltage, open
secondary winding,grounded secondary
winding, grid bias resistance bypass
condenser capacity rating too low, pidk
up of external hum by units in second-
ary clrcuit.

Insufficient plate voltage, excessive
plate voltage, excessive hum in B elim-
inator output voltage, open primary in
put winding, pickup of external hum

by units in plate circuite.

Transformer coree and cases are frequen¥y
ly grounded in A.C. installations. Also
condenser cases

b6e Reversed power supply plug in A.C. systems.

6+ Coupling between amplifier system and detector tube system.

7+ Coupling between A.C. line and speeker system cable.

8¢ Bad hum in detector output voltage.

HOWLING AND EXCESSIVE REGEN ERATION

l. Coupling between stages.

2. Microphoric tubes.

3¢ Open circuitse.

4. Defective sources of potential.

Defective audio tubes.

Transformers too closd to each other,

grid and plate leads of tubes too close
to each other, spesker cable too close

to coupling units in audio system, coup-
ling between speaker cable and amplifier

Operation of speeker casuses vibration o
tubes loose in sockets, operation of
speaker causes vibration of entire cab-
inet and tubes, moving eair column from
operating spaeker causes vibration of
tube, tube elements loose.

Open input winding (primary of input
transformer), open grid bias resistance
bypass condensers, open plate circuit
bypass condenser, lack of bypass condem
eer, open grid bias resistance,lack of
grid bias.

Run down A battery, run down B battery,
run down C battery, open bypass conden-
ser in B eliminator (voltage divider

network and C bias resistance), defect-

ive design in B filter system, open in
ground systeme
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NOISE

l. Filament circuitse

2. Plete circuit.

3¢ Grid circuite

TUBES DO NOT LIGHT

1. Defective tubes

20 Filament transformers

3¢ Batteries

4o Filament circuite

TUBES LIGHT BUT NO SIGNAL

ls Lack of plate potential.

2+ Batteries

Imperfect contacts, poor contact between
elements of filament control resistances,
poor contact between tube and socket,def-
ective A battery, corroded terminals, arc-
ing in A supply unit, noise in line supp-
lying A eliminator,defective rectifier in
A eliminator, intermittent contact between
high voltage side and ground in A eliminat-
or,poor ground on A eliminatore.

Poor contact between tube and socket, def-
ective transformer primary, excessive cur-
rent flow through plate voltage control
resistance, defective volume control in
plate circuit, leaky bypass condenser, poar
soldered connections, loose terminals,
defective resistance in B eliminator, def-
ective B battery, defective rectifier in

B eliminator.

Poor contact between tube and socket,def-
ective volume control, defective rdsistance
across itransformer secondary, defective
trensformer, leaky grid resistance bypass
condenser, defective grid resistance, loose
terminals and connections, poor joints, de
ective resistance (grid bias) in B elimin-
ator, defective rectifier in B supply, def-
ective filament shunt resistance.

Line supply circuit open, transformer prim-
ary open, tap contacts open, transformer
secondary open, poor contacts.

Run down A battery, corroded terminals,
poor contacts.

Defective voltage control resistances, open
in wiring, poor contact between tube and
socket.

Open in plate circuit, defective B elimin~
ator, open in cable supplying B potential,
poor contact between tube and socket, short-
ed plate circuit bypass condenser.

Incorrect polarity of A battery, incorrect
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polarity of B battery, incorrect pol-
arity of C battery.

3e¢ Tubes Defective tubes, deactivated filements,
poor contact between tube and socket,

4. Coupling units Open primary winding, shorted primary
winding, shorted secondary winding,
grounded secondary winding, shorted
output choke or primary of output trans
former, open secondary winding.

Resistance and Impedance Amplifiers

The fact that an amplifier employs resistances or impedances or combinations of
both as the coupling mediums instead of the primary and secondary windings of a trens-
former does not divorce the system from the general discussion of trensformer coupled

R R

Fig. 56

o) O O O O
A- At C- B+ C- B+
B-C+

audio amplifierses The general structure of a resistance coupled audio amplifier is shown
above, in figure 5. A comparison of the trensformer coupled system in figure and

the resistance coupled system shown above will bring to light the similarity of the two
systems. The basis difference is found in the type of coupling unit employede Whereas in
the transformer coupled audio amplifier, the coupling unit is a transformer with the pri-

mary winding connected into the plate circuit of one tube and the secondary connected
into the grid circuit of the succeeding tube, the resistance coupled arrangement utilizes
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a resistance in the plate circuit of one tube and another resistance in the grid circuit
of the succeeding tube, replacing the primary and secondary windings of the conventionsal
transformere. The condemser C functions as an isolating condemser and also as a means of
transferring the voltage across the plate circuit resistance to the grid~filament cir-
cuit of the next tube. In some cases R is replaced by a choke and in other cases Rl is
replaced by a chokee. The latter condition is found in such emplifiers when the amplifier
is utilized in high power systems With respect to the use of a choke in place of the
grid leak Rl, it is essential in the coupling unit connected to the output stage when
the latter is a 245,250 or a 210 tube. This consideration involves tube design and the
gas within the tube.

Since the design of systems is not of interest to us, we need but mention
that as far as trouble is concerned, the defects mentioned in connection with transfor-
mer coupled systems are applicable to the resistance coupled amplifier and to the varias
modifications of resistance coupled audio amplifiers. However it is necessary to supp-
lement this date with additional informations It is obvious that transformer windings
are not involved in a resistance coupled amplifier of the type shown, but burnout of
the resistances is the equivalent. Where a choke is employed in place of the plate coup-
ling resistance or in place of the grid leak, it is possible to apply the quoted datae

Generally speaking, resistance and combination resistance- impedance audio
amplifiers are very stable in operation, but certain forme of defects are however en-—
counterede. Therefore we supplement the audio amplifier date associated with transformer
coupled systems with the following:

DISTORTIOH

l. Open grid leak or grid choke
2. Excessive value for the grid leak resistance (designated as R1)
3+ Leeky isolating condenser (designated as C in illustration)

LOW AMPLIFYING POWER

l. Excessive value for plate resistance. A very high plate resistance or
a defective resistance will cause
excessive voltage drop and low
plate voltage at the platee

2+ Low value for grid leak A shorted, defective or low ohmic
value grid lesk will reduce the
amplification available with the
systeme

3. Lesky isolating condenser

MOTORBOATING

le Leaky isolating condenser

2. Incorrect C bias

3. Lack of C bias resistance bypass condenser
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4. Excessive B potentisal

S5« Regeneration in system Defective B supply unit, lack of cor-
rect bypass condensers,coupling bet-
ween grid and plate circuitse

Impedance Coupled Amplifier.

The impedance coupled audio amplifier is very similar to the resistance coupled
system, as shown in the accompanying illustration. The =
resistances in the system are replaced by iron core
chokes, one choke in place of the plate coupling res- I —]} ~
istence and another choke in place of the resistance
type of grid leak. The circuit structure is the same

1§

L
in dual impedance audio amplifiers and in tuned double

impedance amplifiers, the difference being found in the
frequency response available with the irdividual 8y8—
tems.

L2

B+ C-

With respect to trouble, the data mentioned Fig. 57
in connection with transformer ccupled audio amplifiers
is applicable to the impedance ccupled systeme In addit- T T e el
ion it is necessary to consider the isolating or coup=
lin condenser mentioned or rather designated as C in the resistance coupled system
and above in figure 57 In the tuned double impedance arrangement this condenser plays
an important role upon frequency response, the range with respect to the lower end of
the audio scale increases as the value of the condenser is incresased. Exteneive data
pertaining to the various types of coupling mentioned in connection with trouble is
discusced in Volume 1 of this series, in "The Mathematics of Radio".

Auto Transformer Systems

Certain audio frequency amplifying systems mske use of an auto transformer in
conjunction with resistances. the trensformer being in the plate circuit in one case
and in the grid circuit in o

I
the others A system employ- | ' —i A I lf]
ing the auto transformer in 2 | ,
the tube plate circuit is | 500.000 1

shovn in figure 58 and witnh gn o y )|
o—,——

the unit in the grid circuit o~ Lyt ______T__“(_\ A
C
[

on the next page.

What has been said

about chokes and transformer ) —l— o
windings is applicable to the Iﬁ ”IW4 O—df‘i—1f—ﬁ .
auto transformer and whatever 3 o _ S LT___EEQ___.
has been said about the eff=- e o= b kR &*

oct of an open in the plate

circuit is applicable to the auto transformer shown in the tube plate circuitse Like-
wise whatever has been said about resistance type grid leaks in resistance coupled
audio amplifiers, is applicable to the grid leaks shown in this system. The function
of the coupling and isolating capacity @ remains unchangede
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Tc give justice where justice is due, the manufacturer's claims for
the system shown below definitely state that the function of the system differs from
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conventional arrangement employing a resistance in the plate circuit and an inductance
in the grid circuit. Performance proves this and this circuit is shown as an example
of the use of an auto transformer in the grid circuite.

In certain respects in connection witih the elimination of D.C. from the
plate winding of a conventional audio frequency transformer, this arrangement shows
an example of parallel plate supply and the condenser (fixed) connected between the
plate end of the plateresistor and the transformer primary under normal conditions is
the condenser referred to in the list of troubles and causes. It should be understood
that in the example shown above, the effect of a short in the coupling condenser is the
same as that of a short in the isolating capacity C employed in connection with resis-
tance and impedance coupled amplifierse Incidently the amplifier showmn above is the
Silver Marshall model 690 speech amplifiere.

Modern amplifier design is a great improvement over the old systems and
the need for powerful installatiors makes necessary every possible precaution to mini-
mize regeneration in the systeme This means that filter circuits are incorporated into
various parts of the amplifier and resistances are frequently inserted into the grid
circuits to create a stable conditione Such resistances are shown above in the grid
circuits of the 250 type output tubes. Special mention of this nature is necessary since
all of these units are possible sources of trouble and general mention cannot be made
when discussing conventional errangementse A defect or an open in one of these resis-
tances will upset the push-pull stage balance and cause distortione.

In other cases, design enginecrs incorporate complete resistance-capacity
filters in the grid circuits so that the A.C. potential in the grid circuit does not
cause a voltage drop across the grid bias resistance, which would have the effect of
balancing some of the signal voltage and reducing the amplifier output. An excellent
description of work carried out upon such filters appeared in the February 1929 issue
of Radio Broadcast. The author was Keith Hemney. A typical circuit incorporating such
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filters is shown in figure 60 . This illustration accompanies the article mentioned.
Such filters find applic-
4110 ation in resistance and
impedance coupled amplif-
isrs as well as in trans-
4000 former coupled arrangements
ohms and have been found benef-
icial with respect to min-

10.000 ohms 12000 ohms T, 227 T 171

x4
@

Beat Frequency

Amerchoke

Osciliator

~

' _ imization of regeneration
“Z:_j? in the audio amplifier sys-
= teme
¥ RI
. R
Fig. 60 B, $ %0000 ) As is evident in the
- 00| P illustration each filter
-AﬁV?* systems involves a resistmce
Cou?tesy L and a condenser C2,R2,C4 md
gadig N P%—g +8 RS, hence four additional
roadcas e ; 8
& -Schematic diagram of a well-filtered two-stage transformer- elements are possible soureces

coupled a.f. amplifier of troublee All such cir-
cuit structures must be acc-
orded detail thought when analyzing amplifying systemse. An open in the resistances men-
tioned will impair the application of the bias voltages An open in the condensers ment-
ioned will upset circuit balances A short in the condensers will short the C bias, etces

The reader is undoubtly aware of the use of audio chokes and condensers in
the B supply leads of many audio emplifierse. These elements have been omitted from the
list of possible troubles, that issspecific mention has not been maede, but the choke is
a part of the plate circuit, hemce reference to an open in the plate circuit involves
the choke and mention of shorted or open bypass condensers in the plate circuit includes
the bypass capacity used in the filter systems

The use of the screen grid tube as a space charge audio amplifier, utiliz-
ing impedance introduces
but few new complications. TR GETED
Whatever has been said T ;
about impedance and resis- P
tanec coupled systems is
applicable to this amplif-
iere In addition it is nec— L“L__
sssary to consider the cor- J! B+
rect connection of the tube
as a space charge tube, the
correct utility of the

T2 (o] T3
] ve o LS

B o L
R2
B+ F 84 Ls J2!
R3
1] i A

o d S &

screen grid as the control ) 1 [ b ] R

grid and a biasing potent- [ |

ial to the original control g ‘l )

gride In all other respects o 2 J

the system is identical to * . zgﬁv ngt 188? J *

the typ o8 mentioned. The tube ‘Schematic diagram of the Distant-Signal Amplifier which utilizes a 222-type tube (V1) in the

shield aids stability of the first stage.
screen grid stage. ' Fig. 61
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Trouble Shooting in Audio Amplifiers

Shooting trouble in an audio amplifier is not as tedious as meking an analysis
of the ampliflere... We take for granted that the trouble shooter is certain that the
faults causing the defective operation are in the amplifier and the associated equip-
menteess

The basic troubles in audio amplifier systems may be classified under two head-
ings

le Operating voltages
2¢ Circuit continuity

The A.C. amplifier adds another possible trouble, rather another condition which will
cause trouble, coupling between stages or coupling between various parts of the systen,
which includes the A.C. power supplye To this must be added circuit balance in connect-
ion with the filament systeme The latter is of course limited to A.C. circuitse

In connection with the first classification mentioned above, it is necessary that
the repair men or the men who is diagnosing the receiver know the correct operating vol-
tages, otherwise he cammnot tell conditions of excessive or insufficient operating potemn-
tiale This information is usually availables A certain section in this work, is devoted
to the correct operating potentials of audio amplifier tubes utilized in a number of com=-
mercial radio receivers.es To contirue we mist assume that whoever attempts the service
work knows the correct operating potentialse In this connection the average power amp-
lifier,external of the commercial radio receiver installation, is designed for operat-
ion at the rated potentialse. We make special referemnce to this fact because many radio
receivers are designed for operation at potentials less than the manufacturer's ratinge.

++ ¥e hope that this point is cleare By operating potentials we mean tube operating pot-
entials.

In view of the fact that A.C. operated systems involve a greater number of possible
troubles, we will devote more time to such systems; as a matter of fact,will concern our-
selves with A.C. systems, since all defects other thanthose directly allied with the A.C.
supply are representative of defects in battery operated amplifierseec.s

Before starting upon the actual trouble shooting, we wish to make mention of one
specific requiremente Inorder that the work proceed without hindrance due to doubt, it
is necessary that a headset, known to be perfect be at hand. This unit is to be employed
in place of the conventional speaker when the actual condition of the speaker at hand
is unknown. The winding in the head set may be protected in the conventional mamnner, by
means of a choke and a condensers If the speaker at hand is known to be perfect. it is
unnecessary to make use of the headset, but why delay operations because a means of not
ing signal output is not available«In this connection an indicating system is not as sa -
isfactory because of the possibility of hum in the outpute

As an example of a commercial installation we shall discuss the mdio amplifier h
the Stewart-flarner model 801A Series B receivere This unit and the power pack are shown
on the accompanying pagee The fact that the radio frequency amplifier is shown is of
little consequences +It should be ignored. An analysis of the system shows that the amp-
lifier consists of two stages and three tubes, a conventional stage an one stage of push-
pull with an output transformer. Judging from the voltage indications, the first stage
tube is a 226 and the output stage tubes are 171s or the equivalente.e It is best to an-
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alyze each wiring diagram before service work is attempted. According to the wiring
diagram, the filament supply for the asudio tubes is independent of the supply for the
radio frequency tubes, a separate transformer winding being employed for the 226 tube
in the audio amplifiere A separate winding supplies the 5 volts required for the fil-
aments of the output tubeseee All grid returns in the audio system connect to B- and
grourndese All C bias voltages are secured by means of a drop across & resistance con-
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nected into the plate filament circuites.All audio frequency transformer cores and
cagses are grounded.

Let us imagine that the radio frequency and detector systems are perfect.
The audio amplifier however is defectives. The amplifier output signal is fair but
distortedo,.-- What now?eseess

The fact that the signal output is fair is resonahle evidence that cir-
cuit continuity is normal.
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We must consider several items. First are the tubes. Since the signal ocutput
is fdr with respect to intensity, it is safe to assume that the tubes are in good con-
ditione This conclusion is not definite, but inorder to proceed it is necessary to
assume certain conditions. This method of progress saves time in the long run.e. Second,
is the condition of the speakere Once again we shall assume that the speaker is perfect
ees The trouble is in the audio amplifier.

According to the possible reasons for distortion and normal intensity in audio
amplifier, we must consider a definite number of items, viz;

le Tube overloading.

2. Incorrect grid bias (insufficient)e.

3¢ Excessive hum in the system.

4. Excessive regeneratione

5+ Defect in speaker.

6. Incorrect B battery voltage (excessive)

A previous conclusion eliminates number 5. To determine the truth of number 1
we reduce the signal being fed to the amplifier and find that the distortion is still
present, hence the trouble cannot be tube overloadinge The amount of hum audible in the
output is negligible, hence item number 3 is eliminated. The remaining items are allied
with operating voltages and since a test for operating voltages when carried out with a

set tester will show circuit continulity, the correct test is self evident, namely oper-
ating voltages.

The set tester is applied to the first audio tube, the 226 and plate,grid and
filament voltages are found intactes These determinations do not mean that circuit con-
tinuity through the audio frequency transformer in thet stage is correct, other than
that the circuit is continuous. However, since the voltage measurements show values
identical with or close to the values known to be the correct figures, it is safe to
proceed to the other tubes in the systeme The set tester is now applied to the second
tube in the amplifier, one of the push-pull stage tubes. The plate voltage is found to
be higher than normalee The filament voltage is normal...The plate current is excessive
and the grid bias is less than normal.. It is evident that the trouble, whatever it may
be is in the push-pull stegee. Let us analyse the conditions found in this stage.

Excessive plate potential cannot be due to increased outrdt from the B unit,
since the plate potential applied to the 226 in the audio system is normal. A decrease
in voltage drop across the filter choke is likewise impossible since the drop across
this choke would display an effect upon the plate voltage supplied to the 226 tube.
The increase in plate current is attributable to the high plate voltage and to the low
grid biase The latter item is of importance..

According to the wiring diagram, the grid bias applied to the tubes in the push-
pull stage is the voltage drop across the resistance R, due to the TOTAL current flow
{plate current) of the two output tubese. Apparently the emount of current required to
produce the necessary grid bias voltage is not secured despite the fact that the plate
voltage applied to the tube tested is excessive and the plate current in that stage is
excessivee. The logical conclusion is that the remaining pushpull tube is inoperative.
ee With this tube in the circuit, the total plate current flow through R wéuld be great-
er, and because of the additional current drain, the plate voltage applied to the plate

of the tube tested would approach normalcyes.The next logical test is the other push-
pull tube.
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The set analyzer is applied.. The filement voltage is normal. Plate
voltage and plate current readings are absenteesThe condition bears out the deduction
previously made in connection with the other output tube.. Let us determine the cause
for lack of plate voltage and plate currente.. The possible reasons are three in numben

le Open winding in output transformer

2 Defective tube

3¢ Poor contact or no contact betwegn receiver tube socket and tube or tube in-
aerte

1A«  An open in the plate veltage feeder ceble is impossible since the same
cable supplies plate voltage from the B power unit to the other ocutput tube. Hence an
open 1s possible in only one half of the output transformer winding, the half connected
to the plate of the tube being tsstede.

2Ae A defective tube may cause lack of plate current, but it should not lim
it the application of plate potentiale This fact points towards the possible trouble men-
tioned in the last half of the preceding paragraphe.

3Ae  Poor contact between the tester insert and the receiver tube socket is
possible and must be determined by means of a voltage test between the socket plate
prong and the maximum B+ terminal.

To check 1A, the open in one half of the
trensformer primary e battery~voltmeter continuity tester
is applied. The tester consist ofa 22.5 or a 45 volt bat-— 3
tery block in series with a voltmeter with satisfactory
voltage range as shown in figure 63 « The tester is con-
nected across the tube plate terminal on the socket and
the B+ cable feeding the output transformer primarye The
meter indicates O or an open in that half of the trans— =
former windinge The winding is shorted by means of e piece ‘i%?

of wire and the tube inserted into the tester socket and >

the tester insert is plugged into the receiver tube socket. B+
oo Plate voltage is observed and plate current flows Fig.

through the system indicating thet the tube is satisfactory. 63

As is evident from the above, the set analyzer as a unit will not indio-
ate all conditions. It will, by aiding in the isolation of the trouble into a certein
part of the receiver or indicating that the trouble is in one part of a tube circuit,
help diagnosis, but absolute location of the trouble is beyond the devicee In addition
to the set analyzer, every man interested in servicing should heve = continuity tester
of the type shown which may be employed to indicate an open, a short, a partial short
or satisfactory continuitye. If the set amalyzer is designed for continuity testing, all
the better, but the continuity tester should be an inherent part of every service kite

The set analyzer is of little utility when the trouble is of such nature
that it concerns one resistance in parallel with the other, since a voltage test across
one of the resistances will show potential even if the second resistance is opens We re -~
er to the filament shunt resistance commected across the tube filament. A voltage test
acroes the filament will show potential when the shunt resistance is open and the aurel
trouble is hum in the receiver amplifiers
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Suppose that the trouble is excessive hume If the signal output is nor-
ral, which condition is very possible, it stands to resson that circuit contimiity must
be satisfactory. This of course does not mean that all bypass condensers are correctly
connected, since an open bypass condenser across a C bias resistance will not interfere
with the amount of amplification aveilable in the system, but it will cause a bad hume
If however the output signal is weak, it is necessary to trace the items allied with
low signal intensity. In all prcbability the reason for the low signal output is the
reason for the hume The revers may be true, but we are not interested in which came
first, the chicken or the egge

It is possible however to segregate the possible reasons for hum with
various degrees of amplifying power availeble in the system. For example the design of
the A.C. vacuum tube makes necessary certain filament; grid and plate voltages inorder
that the hum in the tube ocutput circuit be minimume Hence the first requirement in the
quest for hum troubles is

le Operating voltage

It 1s needless to stress the methods of determining the correct operating voltages, since
explicit directions accompany each testing unit sold on the market and the man who con-
structs his own set analyzer is undoubtly familiar with the application of the devicee.

The determination of operating voltages will expedite the location of
the trouble, since continuity is involved in the test, Just as the open transformer pri-
nmary showed up in the voltage test previously deseribed. Here we find the difference
between hum when the signal is normal end when the signal is weake If the weak signal
is due to an open circuit, the open will be isolated when the voltage test is made. Thi
is why the possible reasons for hum, as mentioned in the section devoted to "Troubles
in Audio Amplifiers™ are minimized, since an open grid circuit will meke normal signal
intensity impossible, yet will cause hum in many installationse

On the other hand, the application of incorrect operating voltages is
possible with continuity through all circuitss If the hum is due to this condition it
is necessary to determine the reason for the incorrect operating voltage. The possible
reasons for incorrect operating voltages have heen mentioned in a preceding chapter.

Supplementing this is lack of balance in the filament circuite This con—
dition cannot be determined by means of the set analyser and an examination of the fil-
ement circuit is necessarye. If the filament resistances are adjustable, the task is
mich simpleresees Adjustment or manipuldtion neturally followse.. If the adjustment is
of little aid, it is necessary to examine continuity of these filament shunt resistance

or to seek perfect continuity between the transformer centre tap and the remainder of
the filament circuit.

In this connection we must again mention that accurste adjustment of the
filament shunt resistance is necessary when 226 are employed. Accurate adjustment is
not necessary with the 227, but operation is improved if the adjustment is accurate.
Hence the second importent item is

2¢ Pilament circuit balsnce

Trouble shooting for hum is unfortunately more complex than we would like
it to be. We make mention of the possibility of a large A.C. component in the plate vol-
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tage. This involves the design of the eliminator and the rectifying tube. The same

is true of the filament voltage, if the sourde of filament potential is an A eliminaton
Hence in the quest for the possible reasons for hum, it is necessary to consider the
operating life of the rectifying system in the B umit and the rectifying system in the
A unlte If both of these devices have been in operation for a long period, specific
attention must be paid to the possibility of worn out rectifiers. In this connection

an indication will be aveilable in the form of reduced operaiing potentialse

A reversed line plug will frequently cause hum in A.C. installationse

Coupling between the power unit andthe remainder of the receiver need not
be considered in a commercial receiver, particularly if the receiver has been in oper-
ation for a period and the results have been satisfactory and physical changes have not
been madee However, such trouble may develop if the ground is lacking on a core or case
of one of the units in the installatione This is quite frequent and we make the third
major possible reason

3e Lack of correct grounding of units in the installation

With respect to coupling between the A.C. power circuit inclusive of the
filement wiring and the remainder of the receiver, particularly the audio amplifier, it
is necessary to give detailed consideration to this item, when the receiver proper and
the power system are assembled at home or when changes have been made in physical loc-
ation.

When hunting trouble in grouned circuits, to locate an open ground or lack
of ground and an incorrect location of a ground, it is necessary to disconnect the reg-
ular ground and trace continuity efter studying the wiring diagram, by disconnecting
some of the grounded circuitse For example a ground in the secondary of the first audi
stage of the Stewart-Warner 80lA receiver shown in figure 62 would not be evident as
long as the grid return terminated in the B~ and grounde It would therefore be necessary
to seek a ground in this transformer and a possible short by disconnecting the regular
ground through the grid return and then test for the ground by means of the continuity
tester.

A gradual increase in hum indicates the gradual failure of a unit which
might cause the hum and the units within this category are

le The tubes in the amplifier

2¢ The rectifier in the A eliminator

3e The rectifier in the B eliminator

4. The filter condensers in the A eliminator

Querying the customer dhould guide the repair man.

A sudden increase in hum means a sudden failure of a parte It is not char-
acteristic of tubes to fail suddenly unless the failure of the tube is due to applic=-
ation of excessive potential at that moments Such failures invariably mean injury to
the tube and discontinuation of functione Furthermore the féilure of certain unites will
not only cause hum but will stop operation of the amplifiere The latter includes punc=-
ture of the grid bias resistence bypass condensers and shorting of the grid bias recis-
tances Such condition will cause lack of grid bias and if in the output stage, the amp-
lifier will appear "dead".



Page 102

When the advent of hum is sudden look for

l. Open grounds to the set and the cofes and cases
2¢ Open filament shunt resistances

3¢ Open filament transformér centre taps

4+ Short circuite of filament shunt resistances

5¢ Open bypass condensers

6e Open grid circuits

7+ Grounded grid circuite

in the amplifier and

l. Lack of ground
2+ Open filter condensers
3+ Open bypass condensers

in the associated eliminators.

As is evident the search far hum troubles is more difftuult than for a def-
ect in circuit continuity. The same is true of noise troubles. Once again operating vol-
tages have very 1little to do with the possible troublese

Noise is usually accompanied by normal signal intensity, hence circuit con-
tinuity may be considered perfects With the exception of noise due to induction from
external sources and noise passed to the receiver from the A and B eliminators, noise
may be classified under two headings,

ls Poor contacts or all kinds

2. Defective windings or resistances csused by passage of excessive current
flow

A visual examination is necessary in the first case and replacement is nec-
essary in the seconde Replacement is recommended because it is much faster than s test
of the device to determine the exact location of the defect in the unite With respect
to isolation of the fault, the method of procedure applies to the hum irouble and to
the noise troubles The most rapid and effective method of isolating the fault to at
least a part of the amplifier, is to remove one tube at a time, thus removing a stage
at a time. It is of course necessary to start with the tube furthest from the output
stagee.

If the hum is present when all but the output tubes have been removed it is
sefe to.assume that the hum does not originate in the stages preceding the output stege
It is possible that the trouble is due to an open filament shunt resistance, but this
consideration applies only when all the tubes in the amplifier are fed from the same
transformer windinge This is seldom the casee.

It is possible that the hum ies to be found in all stages, hence is present
when all but the output tubes are removed. In that case, the hum is undoubtly dus to
excessive A.C. component in the plate voltage. It is, however, necessary to add the
possibility of some condition in the output stage such as a defect in the grid bias sys-
teme Also oxcessive hum in the filament voltage supply if an A eliminator and induct-
ion between the filament circuit and the remainder of the amplifier, if the filament
gupply is A.C.
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If the hum disappears when one of the intermediate audio amplifying tubes
is removed, the origin of the hum is in that stage or in some part of the amplifier pre-
ceding that stage and check-up of the poseible reasons mentioned, is in order.

The same method of progression is applicable when searching for the causes
for noisee«e Remove oretube at a timeee¢ssss then examine the various elements in the res-
pective circuitse.

Suppose that the trouble is low volume —— poor amplifications According
to the list of possible reasons for this condition, we have many items to considere..
But the problem is not as difficult es it appears upon the surface because one test,
say the operating voltage test will clear up or eliminate many of the items mentioned
in the list of possible troubles. For example, if the filament voltage is normal, it
eliminates all the items connected with the filament voltage. If the plate voltage is
very low, it eliminates all factors not associated with plate voltagee In commection

with voltage measurements, we suggest that when making
grid bias voltage tests, the unit in the grid circuit

A be includede In other words, the grid be the - terminal
for the voltmeter and the 4 terminal be the cathode or
the filament centre tap, as the case may bee This method
of measurement will show continuity through the unit in
the grid circuite This test should supplement the regular
grid voltage test, the latter showing the correct voltage
in the circuite This 1is illustrated in figure 64 . Test

A A is across the entire circuit and test B across the unit

B- producing the voltage drope This circuit shows a resistam
between the filament centre tap and the B—e

Fig.64
The appllication of the set analyzer to determine operating woltages and res-
pective values of plate current will afford an idea of the condition of the vacuum tubes
in the system, since a deactivated tube will have no or very little effect upon the
plate voltage measurement, but the plate current consumption will be less than normale
The other significant data available with the plate current measurement have been emum-—
erated and the reader is referred to that chapter on voltages.

We can therefore decide thet the first test is that for operating voltages.
Now, in connection with the voltage test, it is necessary to remember that a deactiv-
ated tube when used in a system, such as the first stage in the Stewart-Warner receiver
shown in figure 62 , will show normal or slightly higher than normal plate potential,
less than normal plate current and less than normal grid bias, since the grid bias is
a function of the magnitude of plate currents This condition must be differentiasted from
a condition resulting in a similar effect, when the plate voltage is less than normal

®or when the grid biaes resistance is less than normal.

With but one exception, the operating voltage test accompanied by the plate
current test will show the location of the defect, at least as far as a part of the com-
plete circuit is concernede The only exception is a short across the primary or plate
coupling unit or a short across the secondary or grid coupling unite Short circuits wil
permit continuity but will impair the passage of the signal voltagey comsequently will
permit D.C. voltage observations. Hence after all voltage tests have been made and after
tube tests show satisfactory condition, tests for short circuits in the units mentioned
are necessaryee.« However, the method of measurement shown above, where the grid bias

voltage is measured between the grid and the cathode or filament centre tap will show
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normal continuity through the secondary of an eudio transformer, a grid choke or the
grid leak, by reduced grid voltage due to the current consumption of the meter used.
The rediced voltage indication does not mean that the grid voltage is likewise red-
uced because of the coupling unit in the grid circuite The voltage drop is due to the
current flow in the circuit when the meter is connected into the circuite The normal
circuit arrangement when the meter is omitted and the grid bias is applied means lack
of current, hence lack of voltage drop (D.C.) across the grid.

In the plate circuit we check the measured value against the rated value.
We refer to the plate voltage at the tube elementesss Primaries or transformers are more
apt to burn out than short and a "blown" winding will show an open in the plate circuits
D check a punctured bypass condemser across the plate winding it is Jocessary to check
the voltage drop across the plate coupling unit, with the condemser™in" and "out".

"Dead" amplifiers are of various types and a rapid test is the removagl and
replacement of the tubes. Starting with the tube or tubes in the output stage a click
should be heard in the speaker if the operating potentials are applied and circuit con~
tinuity is normal in the output stagee If the click is lacking, the fault may be loc~
ated in the output stage in the form of an open, or the plate potential circuit is open
It is understood of course that the filament circuit is normal and that the tubes are
lightede If the click is heard, the tube constituting the amplifying stage nearest the
output stage is removed and replaceds If the click is audible, we progress to the sub=
sequent tube moving backwardse. If however the click is not sudible, investigation of
the operating potentials is in ordere The same is true of the continuity of the coupling
unit between this tube and the output stagee

An open primary or plate circuit will caumse a "dead" amplifier. A deact-—
iveted tube will cause a similar conditione Poor contact between the tube and the socket
will cause a similar conditionssses The status of an amplifier may be determined
tapping the detector tube or the first audio stage tube with the finger nail or a light
solid objecte If the amplifier is normal a ringing sound will be heardee.

For accurate work, operating voltage tests must be made, but if the set
anelyzer is not available, the above method of progress supplemented by a continuity
teeter will permit diagnosis.

In many instances "dead" amplifiers are caused by the simplest of defectss
e++It is not necessary that the trouble be complexe A broken battery cable connection,
a poorly soldered B- joint, a loose binding post tog poor contact between the tube
and the socketeess etc., and the amplifier is "dead

In all of this work we have devoted very little space to the actual sources
of potentiale The reasons for this are simple. If the tube filamentsdo not light, it
is needless to consider the amplifier "dead" until it has been found inoperative with
the filament lighted, iecs after the defect in the filament supply or circuit has been
remedied. The same is true of the source of plate potentiale If the operating woltage
test shows no voltage from the source of potential, the trouble in the latter must be
remedied before further tests may be made upon the amplifiere And since we devote sep-
arate chapters to the A and B supply units we deem it unnecessary to consider the A and
B supply when shooting trouble in audio amplifiers..s. We believe that comprehension is
facilitated by individual discussion of the various systems. It 1s for this reason that
we have omitted reference to special power amplifiers which are part and parcel of spec-
power packss These units will follow after the discussion of B eliminatorse.
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Troubles in Detector Systems

The grid circuit of the detector is really a part of the radio frequency amp-
1lifying system, but we shall discuss this part of the receiver as an individual unit.
What are the possible troubles in detector circuite?e. Let us see.

l. Distortion
2¢ Leck of sensitivity
3¢ Noise

Although few in number, these three faultis cover a good deal of ground, for example:

The consideration of distortion involves several factors, such as operating
voltages, excessive regeneration, tube overloading, incorrect value of grid leak, etcse

Lack of sensitivity involves a defective tube, a poor,unsuited tube, incor-
rect operating voltages, lack of resonance in the tuned stage, poor or incorrect grid
leak, etces

Nolse involves a defective tube (microphonic), induction into the detector
stage, defective grid leak, poor or defective sources of potential, open circuits and
poor contactse

Each one of the items mentioned above may be discussed at length, since the
each subject is worthy of discussion. Experience in the field has shown that distortion
in the detector stage is seldom due to a defective tube, unless the defect is deactiv-
ation of the filament, in which cese the distortion is accompanied by low semsitivity
or low signal levels However, excessive regeneration is a frequent complaint, particul-
arly so when the detector stage is regenerative, and in this case distortion is usually
accompanied with increassed sensitivity rather than lack of sensitivity. However, in
some instances, the regeneration control is unsatisfactory and the distortion in the
stage is due to this conditione If this be true, it 1is necessary to investigate the
regeneration controlse Perhaps the required plate circuit bypass condenser is not conn-
ected into the circuitess Perhaps the grid leak is incorrect or the plate voltage is
excessivee.

Distortion accompanied by low volume or sensitivity, and when investigatibn
shows the detector tube to be in good condition is usually the result of low plate vol-
tage or incorrect grid biase Here too, we fird a distinct difference between the resp-
ectlve reactionse Low detector plate voltage frequently gives rise to a hum, whereas
a low resk tance grid leak will, reduce sensitivity without an accompanying noise of the
hum varietys With respect to low plate potential, we should qualify the statement to
include all operating potentials, although incorrect bias with the grid leak and con-
denser system will not cause a hume Low filament potential however may give rise to a
hum end cause a reaction similar to that due to an open plate circuite.

Tube overloading is a probable reason for distortion in the detector stage.
The use of three and four stages of tuned radio frequency amplification, sometimes with
screen grid tubes, gives rise to a heelthy voltage which is applied to the detector.
To secure maximum sensitivity the grid leak—condenser detector arrangement is employed
and this tube cannot handle the input voltage possible with the grid blas systeme The
consequence is tube overloadinge
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The use of a high value of grid leak or a normal grid leek which has developed
a defect, makes the above mentioned condition even worse, since the charge upon the gri
cennot leak off in times.s The result is tube blockinge A detector tube may be overloaded
because the plate potential applied is insufficient and when this potential is increased
operation is normale.

Incorrect operating potentials involves the use of inoorrect polarity of grid
bias in the grid bias detector or excemsive negative grid bias. This subject involves
distortion with lack of sensitivity, particularly when the grid bias is excessive, in
which case weak signals will have very little effect upon the detector tubee.

Lack of sensitivity is usually accompanied by low signal level, but when local
station response is satisfactory end distence is lacking, the cause of the condition is
seldom located in the detector tubes However, lack of resocnance in the detector stage s
a possible faulte Incorrect adjusiment of the regeneration control or insufficient reg-
eneration is another. Incorrect operating potentials are seldom involved since they woul d
cause distortion on the local signalse A low value of grid lesk would cause low sensit-
ivity level without distortion on strong signalse An unsuited detector tube rather than
a defective tube is a prcbable cause since a defective tube would indicate its condition
when strong signals are receivedeses In all of this discussion we take for granted that
the radio frequency stages and the antenna are satisfactoryeseee A 1leaky bypass con-
denser in the plate circuit would diminish signael strengthee.e A defect in the radio freg-
uency coupling unit would do likewise, but it would also impair local receptione Incorr-
ect polarity of the bias with grid leak-condenser systems would impair distance recep-
tion.

We do not stress the repairs in the ebove cases sinee they are obvious when the
fault is mentioned.

Correct adjustment of the grid bias in grid bias detector systems is of great
importance with respect to receiver sensitivity. Lack of grid bias will impair operat-
ion on all stations but excessive grid bias (negative) will greatly diminish receiver
sensitivitye The lecals will come through but the distant stations will be lackinge Ref-
erring again to the grid leak-condenser arrangement, we exclude a shorted grid condenser

since it will show its condition when 1listening to local stationse The response will be
distortedes

With respect to noise in the detector stage, the faults are of two types, defec-
tive units and poor contacts. The first classification includes leak bypass condensers,
defective grid leaks, partially shorted tuning condensers, lesky grid condenser, defece
tive sources of potential when batteries and noise in the A and B eliminators, a gassy
tubee The second classification involves poor contacts, corroded terminals, electrolysis
in cables, poor contact between tube end socket prongs, partial shorts in the radio fre -
uency coupling unite,---- wherever comtacts are involved.

Howling and hum are separates. The former involves microphonic tubes and excessive
regeneratione The latter involves, assum®ng otherwise satisfactory detector operation,
induction from other power circuits, hum voltage present in the filament supply, hum vd -
tage present in the plate supplye. Hum present in the detector dus to modulation in the
radio frequency plate circuits must be eliminated by removing the hum from the radio freq-
uency systeme
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Radio Frequency Amplifiers

Radio frequency amplifiers in use at the present time are of several types.
Esch design engineer selects the type he prefers and builds his receiver around his pet
systeme It is not within our scope to describe each of these systems; as a matter of
fact we do not deem it necessary. If we were to devote space to each type of tuning sys-
tem in use today, to each type of input circuit in use to day, to each type of volume
control system in use today, we could write a book with more than 1000 pages, which
would not cover everything that may be said about the systems.

Therefore let is suffice to say that some means is employed to tune the radio
frequency stages so that they are resonant to a predetermined frequencys This means that
we must consider two specific systems;

ls With a band pess filter preceding a number of untuned stages
¢+ With the band pass filter in the tuned stages

The second classification in turn has two categories,

l. Conventional tuned stages
2+ Tuned stages arranged tc constitute band pass filter stages.

The function of the radio frequency amplifier in a receiver, irrespective of
type is to provide the required amount of receiver sensitivity and to provide the req-
uired selecting powers, so that the receiver owner may choose between the stations
available for reception without interference between stations. If the above two require-~
ments are fulfilled, the type of radio frequency amplifier used is of little consequence.

As it happens, the same result may be achieved with more than one system,
because the complete receiver is designed around the system used, hence our interest
is not the actual system, but trouble associated with the radio frequency amplifiers
An examination of the wiring diagrams shown in this book will clearly illustrate the
numerous systems in use, but no matter what the circuit structure one fact is definite,
—-=-- that circuit continuity must be perfects In addition, resonance must be uniform
in the respective stages.

Considered from the point of circuit continuity, the actual circuit structure
is obviously unimportant. Be it a tuned transformer or an untuned transformer, the
continuity through these items must be perfect. However, perfect continuity is possible
even whan a defect is present, hence we must amend, by addition of the stipulation
that the units used must be perfects It is logicel that the last statement does not ref=~
er to an open, since an open circuit will prevent continuity. Hence, examination for
shorts in windings, leaks between windings ---etcess

All tuned grid circuits do notconsst of a single winding and a tuning conden-
sere The exact number of components in a system may be twice as many as the number ment-
ioned, depending upon the circuit structure, but no matter what the elements in the cir-
cuit, each performs a certain function. If all function in normel manner, the circuit
as a unit, will perform in a normel mannere. If however, one unit fails, it will evid~-
ence that failure in one form or other —--- in some way which will indicate the presence
of the defect. What we mean is best illustrated by en examination of the radio freq-
uency circuit structure of the Grebe A.C. 6 Synchrophase receiver shown on the next
pages
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The radio frequency amplifier differs from the conventional systems, but the
difference is not radicale.. The tuning to a frequency or a wave is accomplished in the
normal manner. However, the grid bias applied to the radio frequency amplifying tubes
is not applied in the normal menner, through the transformer secondarye. Instead it is
passed through a resistance located in the grid circuit. If this resistance opens, the
C bias circuit is open. If however the small variable condenser located in the grid cir-
cuit becomes shorted. the C bias resistance will be come shorted because one side of
the tuned radio frequency transformer secondary conmects to ground and the other side of
the transformer secondary connects to the C bias resistancees.. Here is a circuit differ-
ent than the conventional, yet certain conditions will ceause certain effects, which
when the circuit is analyzéd indicate the position of the faulte.

The number of elements in any one circuit influence the possible number of
sources of troubles but troubles are usually singular with respect to number and meas-
urements made to prove determinations will indicate satisfactory performance of cert-
ain units and this eliminate these uniis as possible sources of itroublesse«s If the
reader bears the above in mind, trouble shooting will be greatly simplified.

We cannot lay too much stress upon circuit analysis, upon examination of the
wiring diagram of the receiver to be serviced. This work is of infinite importance, as
a matter of fact servicing cannot be carried out as it should be conducted unless the
man repairing the receiver is familiar with what parts comprise the circuit. This is
particularly true of radio frequency amplifiers because of the varied design.

As an example we have the receiver employing a separate tuned band pass
filter preceding the untuned stagess Lack of selectivity due to a defect in the band
pass filter will not be evident when tube circuite are tested because the band pass fil=-
ter mentioned is not in the tube circuit, unless the output of the filter is the input
for the first radio frequency amplifying tubeeecs.. The condition mentioned must be known
before servicing is attemptede.

With very few exceptions, troubles in radio frequency amplifiers are attribut-~
able to similar conditionsy irrespective of the number of elements in any one circuite.
However, it is necessary to know the units used in each circuit, so as to coordinate the
unit end its location when the trouble is attributed to any one unit. As an illustration
of what we mean, the volume control in the Grebe receiver shovn,is a variable resistance
acrose one of the radio frequency transformer primaries. In some other receivers, the
volume control is a variable resistance in the antenna circuit. Hence mention of a cer-
tain trouble associated with the volume control means one thing when the volume control
is located as shown and when it is in the aerial circuit, the type of trouble is differ-
ente In the former instance, an open volume control will impair control of volume,
whereas in the second case, an open volume control will impair signal strength, cause
hum in A.C. receivers, etcee

With a final recommendation to study the wiring diagram we pass on to the
possible troubles in redio frequency amplifierse
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Troubles in Radio Frequency Amplifiers

If we were to discuss each type of radio frequency amplifier in use to-
day and each special type of circuit structure as employed by the various receiver man-
facturers, it would be possible to fill several volumess Fortunately however the sub-
Ject matter permits of generalization, because many causes of troubles are common to
all radio frequency amplifierss Furthermore if a cause is mention in connection with
one system and that particular unit is not employed in that system, it is possible to
forget its mention and seek the other causes as quoted in the text. For example if
we list a defective volume control located in the aerial circuit as a possible reason
for poor signal stirength and the receiver in question does not employ such a resistance,
the quotation is simply overlooked and the other causes considereds

A general expression of trouble in radio frequency amplifiers would in-
clude

ls Broad tuning

ae Normal signal strength
be Low sipnal level

2+ Poor amplification

3« Excessive regeneration

The items allied with these three forms of trouble encompass practically
everything associated with radio frequency amplifierse

Broad tuning is a frequent complaint. Recognizing the type of trouble
it is possible to at least limit the fault to location in one part of the receiver ins-
tallation, the radio frequency amplifier and aerial system. However, it is impossible
or rather unsafe to come to a rapid conclusion, because it is necessary to consider
circuit structurees.. Are the tuned stages of conventional form?e.. Are the radio freq~
uency amplifying stages of the tuned type or the untuned type?eses Does a band pass
filter precede the regulat amplifying stages?es.s These are some of the questions which
must be enswered prior to the analysis because they influemce the findingse. Fortunate-
ly few commerciel radio frequency amplifiersutilize a band pass filter series preced-
ing the regular radio frequency stagese.. Most of the commercial receivers employ con-
ventional tuned stages, although some of these stages constitute band pass filters.

This involves very little extre work or thought, which fact will become evident as we
nove alonge

Every reader of these pages is familiar with the fact that the tuning of
stations or the selecting power of a radio receiver is located in the radio frequency
amplifier. The detector makes the signal audible and the audio frequency amplifier
magnifies the signal to the required intensity. Therefore no matter what the complaint
Jjust so long as it is associated with tuning or selectivity, the location of the fault
is in the radio frequency amplifier, its associated accessories or the aerial system.

In connection with broad tuning, this state may exist with low signal
level and with normal signal level. Recognition of this difference has much to do with
the final result. If the state is the former, the possible troubles are many; if how-
ever the state is the latter, the possible troubles are much less in numbereses Let us
consider the latter states... The signal level is normsl but the set tunes broadly.
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The fact that the signal level is normel, is ample proof that the amp-
lification available with the system is normal, which in turn means that circuit con-
tinuity and operating potentials must be normale This is so because a short of.an open
in one of the circuits would impair signal strengthe Likewise any discrepanecy in oper-
ating voltages would reduce signal strength, because the amplification available in
each radio frequency amplifying tubs would be reduceds

To all appearances, the operating characteristic e¢liminates the tubes,
circuits and sources of operating potential..s What can the trouble beZeses Very simple
although many do not wish to admit it. The lack of selectivity in such cases is.us-
uvally limited to one section of the radio receiver tuning dial, which condition in
turn may be due to two actions, diagnosis meking necessary consideratiom of both these
actions. The first is excessive signal strength in any one location and broad tuning
accompanied by excessive signal strength when the receiver is tuned to that station.

In this connection the trouble may be present on more than one wave, if the receiver is
located in a spot very favorable to several local transmitters. The second action, is
the operating characteristic of some tuned band pass filters, which have a tendency to
increase the band pass width as the frequency is increased, as the tuning is adjusted
for the low wavelengths. Amplification suffers very little but the band pass has been
increased +to 20 and 25 kilocycles instead of the required 10 X.C.

Wherein lies the solution is the next question?esse Perhaps the high
input signal level is attributable to the antenna systemesss This is very likely if
the receiver is located within a few miles of power transmitters end the aerial is
very longe Powerful broadcasting stations located near a receiver system,(by near we
mean within 10 miles,) will cause decided interference if the aerial is too longe.
Perhaps the volume control located in the aerial system is defective in such a manner
that the signal input into the tuned stages cannot be reduced. Now we cone to the sub-
ject mentioned in the previous sectione The latter condition would be manifest by lack
of volume control when the volume cantrol unit was beinz varied. Under the circumstances
the possible reasons for broad tuning with normal signal level would be

le Excessive signal strength due to location of transmitters

2« Excessive aerial length

3¢ Operating characteris+ic of inductively coupled or conductively coupled
band pass filters, when the radic frequency stages are of the band pass filter typw .

Broad tuning over a certain portion of a dial may be due to lack of
resonance in the tuning system, but lack of resonance should cause a drop in signal
level, because the various stages in the system are not tuned to the same frequency or
wavelengthe If the discrepancy is not sufficiently great to cause this drop, for ex-

ample a variation of 2 kilocycles, the variation is not sufficiently great to cause
broad tuning.

We have another consideration encountered where the screen grid tube 4s
useds Perfect shielding and grounding of all shields is necessary for satisfactory
tuning with these tubes as redio frequency amplifierses Incorrect shielding and ground-
ing will cause broad tuning and other faults, which we shall discuss laters Shielding
of the control grid lead is of utmost importance, as is the grounding of this shield.

) ) Recognition of the possible reasons for broad tuning with normal sig~
nal intensity eliminates the tubes, batteries,eliminators,resistances, condensers,etc..

Elimination of the tubes, batteries end other such items cannot mean
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the elimination of the design characteristics of the radio frequency amplifying sys-—

tem particularly when the screen grid tube is employede The characteristic of many

radio frequency stages utilizing the screen grid tube is to overamplify on the low wave-
lengths, is.es to afford greater amplification as the wavelength is reduced (by tuning),
thus causing broad tuning on the lower end of the tuning diale The only way to over-
some this *“rouble is to reduce the signal inpute.

Suppose that the condition is reverseds The radio frequency amplifier
tunes breoadly and the signal level is low, less than normale.. What now?e... The pos-
sible troubles are now much more numerouss As far as the antenna system is concerned
we need consider but few itemns;

l. Insufficient length

2. Foor aserial design, lesks to ground

3. Shorted aerial, short in lightning arrestor, leadin, etcee.
4. Lack of ground

5+ Poor ground

Let us eliminate the aerial ... Let us say that it is electrically per-
fect and of the correct lengthess The trouble now is not only broad tuning bui also low
signal strengthe. The two are not interlockinge Whereas the cause for the broad tuning
may cause the low signal level, the cause for the low signal level need not be the
reason for broad tuning, because the lower the energy level in the radio frequency
stages, the less should be the tendency towards broad tuninge Under the circumstences
we may segregate the possible reasons for broad tuning and also the possible reasons for
low signal level or amplification and note which items associated with broad tuning will
cause low amplification --— low signal level.

The items which might cause brosd tuning and low signal level or poor
sensitivity, when particularly allied with tuning are

1. Defective aerial circuit (in receiver) resistance, choke or condenser
2+ Defective radio frequency transformers

3« Lack of resonance between stages, condensers out of alignment

4. Defective volume control when located in aerial or first stage

5 Open grid circuit

6. Excessive stabilization

7. Open tuning condensers

8+ Shorted tuning condensers

9« Open bypass condensers
10« Shorted bypass condensers

Each one of the above influences either tuning or the signal in the tuned
circuitsyhence broad tuning and low signal Jevel.

An analysis of the factors which govern the degree of amplification in
the tube will show that they cannot cause broad tuninge. This should be qualified some-
what, although, under certain conditions the defect will stop operation of the receivere
We refer to incorrect polarity of C bias, as the possible defect which will reduce amp-
lification and cause broad tuninge We mean 4+ to the grid when the normal connection is
~ to the gride. The other factors

l. Low filament potential



2. Low plate potential
3e Low grid potential
4+ Deactivated filament
5« Defective tube

will not react upon the tuninge They will influence amplificatior but not the selecting
powers of the radio frequency system.

In view of the fact that the causes for low amplification will not cause
broad tuning, it is necessary when broad tuning is the trouble, to locate the r?ason
for the broad tuning before attempting to determine the reason for the low amplificat-
ion levele The basis cause for broad tuning is most frequently the reason for the low
signal level. When the former is remedied, the latter is automatically remedied.

Let us consider another situationy——- low signal output with satisfactory
selectivityesse Now, the above statement does not mean that circuit continuity may be
assumed to be perfect, because the degree of selectivity available with a system incr-
eases as the signal input into the system decreases. Hence it is possible that circuit
continuity is not normal, but appears normal because the signal level is lowe The proper
method of attack in this case is to first locate the reason for the low signal level.

If anything is wrong with the tuning circuits, it will become svident after emplificat-
lon has been brought to the normal levels A condition such as we have mentioned
noted when listening to a local station does not afford a definite clueess It is pos~—

sible that the trouble lies in the antenna systems Again we have the list of possible
troubles allied with the aerial and grounde

le Insufficient aerial length
2e Poor serial design, shielded, leaks to ground

3e Shorted aerial,short in lightning arrestor,leadin, etce
4e Lack of ground

5e¢ Poor ground

Suppose we eliminate the aeriall.....Then we are obliged to consider all

of the items allied with amplification and ooeration of the vacuum tubes in the radio
frequency amplifier; for example

le Incorrect operating potential at the tube plate

2s poor batteries

be poor power B supply

ce excessive voltage drop in plate circuit

de incorrect batiery or power B unit output potential

e+ incorrect line voltage input to power B unit, etce.
2e Incorrect operating potential at the tube filament

as defective battery

be poor A eliminator
ce incorrect filament transformer operation or load

de insufficient or excessive voltage drop in filament circuit
3e Incorrect grid bias

ae defective battery
be defective or incorrect grid bias resistance

ce defective grid bias resistance bypass condenser
4. Defective tube

as deactivated filament (low electronic emission)
be gassy tube
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5« Excessive stabilization
a+ incorrect adjustment of stabilizing agent
b. excessive reduction of regeneration
ce defective stabilizing resistances

6e FPoor contact between tube and socket

So much for the tubes. Suppose that the operating potentials are satisfactory and the
trouble is attributable to circuit condition and adjustmente.. It is not necessary that
the defect be highly technical. Many service men are too prone to overlook simple def=-
ects, yet a simple defect will cause a mejor troubles The adjustment of the tuning cir-
cuits is of great importance and several items present themselves, for example;

le Adjustment of the local~-distance switch
2+ Adjustment of the long-shcrt aerial switch
3e Adjustment of the loop and associated contacts

We omit all mention of open circuit in the tuning circuits because these defects will
become evident when operating voltage tests are made ~—-- PROVIDING that the tuning cir-
cuit is so arranged that the operating potentials are caused to pass through the tuning
systemsseThis is not always the case, as for example in the Grebe receiver mentioned in
the preceding seclion. However, an open gric circuit or an open plate circuit will cause
e great reduction in signal intensity, as a matter of fact will frequently stop oper-
ation of the receiver, and the condition will be different than that mentionede We shall
mention the possible reasons for extremely low eignal output from a radio frequency
amplifier end a"dead" or apparently "dead" radio frequency amplifier. Checking open cir-
cuits is continuity testing, which should follow after the operating voltage test has
been made. Where the operating voltage and current flow through the radio frequency
transformer primary and secondary windinge, continuity testing will be unnecessary,
because the operating voltage test will show the open circuiteess Not necessarily the
position of the openy but its location in a certain part of the receiveres The contin-~
wity tester is then applied to locate the exact point of open.

However where the tuning circuits are not in the path of the operating pot=-
entials, continuity testing will be necessary to determine the possibility of an open
in one of the circuits.ss It is now necessary to seek and open, rather than to deter—
mine the location of a known open in the wiringe

Excessive regeneration in a radio frequency amplifier is a frequent comp=—
lainte Fortunately the reasons therefore are not mysterious and applicable to pract-
ically every type of radio frequency amplifier, irrespective of manufacture. In this
connection it is of course necessary that the reader appreciate, that all manufactures
of radio receivers do not employ similar methods of securing stability of operation,
but no matter whet the system, the statement relative to stabilization applies with
equal facility to the circuit used in the receiver at hande In certain respects exc-—
essive regenerstion is allied with the factors which control amplification, viz;

le Excessive plate voltage

2e Excessive grid voltage

3e Excessive filament voltage

4. Excessive signal voltage

9¢ Inductive coupling between various radic frequency coupling units
6o Imperfect shielding, lack of correct ground

7+ Insufficient or incorrect stabilization

&« incorrect adjustment of neutralizing condenser and system
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be shorted grid suppressor
ce insufficient resistance for grid suppressor
8+ Lack of bypass condensers or open bypass condensers
9e¢ Incorrect radio frequency amplifying tube
Where the screen grid tube is used, it is necessary to add

10¢ Excessive screen grid voltage

Note that the electrical design of the various coupling units, the trans-
formers and the condensers has very little to do with the problems The operating poten—
tials influence feed back because they alter the tube characteristic, increase amplif-
ication and consequently the amount of energy fed back from one circuit to the other.
The increase in plate voltage reacts upon the grid circuit and increases regeneration
between the grid and plate circuits of that tube.

Excessive signal strength means greater feedback from one circuit to an-
othery since more energy is fed back from one circuit to the other circuit under any one
conditione Insufficient stabilization permits the presence of excesslive regeneration.
Lack of bypass condensers increases regeneration because the proper paths are not prov-
ided from the signal voltagess The wrong radio frequency tube is apt to increase feed-
back because the stabilization employed in the receiver does not compensate for the inc=~
reased grid-plate capacity of the new tubes

The greater the amplifying power of a radio frequency amplifier, the great-
er the tendency towards feedback, because the signal voltage in the circuit is much
greater and because the voltage fed back in the respective stages is amplified to a
great extent. This is the reason for the extreme care required when the screen grid tube
is usede Particular attention must be paid to shielding of the control grid leade. Lack

of shielding of this lead is frequently the difference between satisfactory operation
and annoying lack of stability

Excessive regeneration may be present in a radio frequency amplifier
without causing heterodyne squeals when tuned to resonance. Instead it is a direct
cause of distortion in the form of sideband suppressione This fault is manifest by

extreme selectivity, a hissing sound at resonance and an apparent loss of high notes,
or the upper audio register.

Excessive regeneration in a radio frequency amplifier is frequently due
to causes which are foreign to the amplifier, namely the B batteries and the B elim-
inatory when these units are defectives Last but by far not the least contributory
cause is the aerial system, inclusive of the ground. Unless the receiver has been spec—
ifically designed for a short aerial, a short aerial will increase regeneration and
cause squealinge The same is true if the ground is removed.

Dead amplifiers are usually due to lack of plate potential, assuming norm-—
al filament potential, open grid circuits and shorted tuning controls. The reasons
for lack of plate potential are numerous, viz;

1. Open plate circuit
2+ Shorted plate circult bypass condenser
3¢ Cpen lead supplying plate potential to receiver amplifier

An idea of plate circuit continuity may be secured by adjusting the rec-—
eiver for maximum sensitivity and removing one radio frequency tube at a time, starting
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with the tube neasrest the detector. As each tube is removed and replaced into the rec-
eiver socket a distinct click shoudd be audible in the speaker or headset connected to
the. receiver.

Noise may originate in the radio frequency amplifier and the probable
reasons are ;

l. Imperfect contact between the tubes and the sockets

2+ Imperfect contact in volume controls

3¢ Imperfect contact at battery or potential terminals or posts
4. Partial shorts in the tuning condenser

5¢ Loose contacts in the amplifier system

6e Corroded battery terminals
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Series Filament Receivers

We devote a special section to series filament receivers because the
subject has been found to be very confusing to many men who have had occasion to work
upon such installationss Unfortunately space does not permit a full resume of design
but if any one is interested, we refer him to the May and June, 1927 issue of Radio
Broadcast, to two articles by Roland F. Beers. These two articles describe the design
of series filament receivers and are the most comprehensive and explanatory articles
upon this subject, which have come to the attention of this writer.

As far as servicing is concerned, the series filement receiver is no
different than the regular parallel filament arrangement. However the units employed
in some series filament receivers and the method of filament circuit arrangement makes
necessary mention of certain precautionary measures which must be followed during the
process of servicing.

Inorder to apply these precautionary measures it is essential that the
service man study the receiver wiring diagrame The reason for this is that all fila-
ment circuit arrangements in series filament receivers are not alike, and these diff-
srences cover voltage tesis, grid bias voltages and the possible caunses of troubles
Another excellent story covering the various types of filament circuit structure and
grid bias systems in series filament receiver was published in Radio Engineering,June
1928+ The author is William P. Leares

The first consideration involves the current flow through the tube fil=~
aments. Without plate potential, the filament current in each tube is the rated curr-
ent and the value determined by whatever resistance is used to govern filament poten—
tial and currente But when the plate voltage is applied, the plate current must needs
flow through the filament inorder to reach the B- terminal of the B supply, hence the
current through the filament is tie filament current and the plate current. While the
magnitude of plate current is not excessive when considered without other items, the
total current through the filaments of the various tubes may become excessive because
in certain positions the plate currents of various tubes in the system are addative,
so much so that a 20 and 30% overload is possible.

Such overload is of particular importance when the 199 type of tube is
used and the method of bypassing the excessive current is to place a resistance in

shunt with each filament

w Ui conpinsER PED_ DUR CHDUNSIR  wwgm25000 v »ov @B in the Varion receiver
e N e [ 0v. ghown in figure 6g ¢ The
= ‘ o @ o T P value of this resistance is
g ; | [ determined by application
§ %% Lo of Ohm's law for resistance
[ T R=E ¢+ I, where E is the
] . tube filament voltage and
! [ | ol MA. I I is the excess currente
”2@' bofes J“’ RewME 000 ewv  Since these resistances,
=M L == ME = UME .mr:% L designated as Rl,Rz,RS and
e R4 are protective resis-
GND.O—A +A

tances, it stands to reason
¥ig.66 that an open in one of the
resistances may cause
burnout of the tube filament. In turn a short circuit in this resistance will short the
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tube filament, remove the filament as a load upon the remainder of the filament sysfem
and cause excessive current flow in the filament circuit, perhaps burnout of some other
tube filamente.

Now, such protective resistences are not standard in all receivers, partic-
ularly when 201A type tubes are employed and when the plate voltages applied to the
various tubes in the series combination are of such magnitude that the plate current
values are within a certain ranges Hence it is necessary that the filament circuit struc-
ture be knowne When the resistance is used, it is essential that it be capable of carry-
ing the required amount of current present in the system in the event that the tube is
withdrawn from the sockets In this connection filament voltage tests must be made with
the tube in the tester socket.

The second important item is the grid biase Here it is necessary to examine
the design of the radio frequency circuit, whether or not the tuning condensers utilize
a common rotor shafte Individual controls for each tuning condenser rotor or isolation

of each rotor simplifies
. matters to a very large
extent as shown in figure
;E \ . / 67 « Each tube filament
produces a voltage drop
- hence it is possible to
side of the filament cir-
| l cuite Or if so desired

secure the required neg-
ative or positive bias by
connecting to the proper

Pl A Bt B g+  Fig. 67 separate resistances may
B= Det. Int. Max . q .
be incorporated into each
Courtesy Radio Broadcaste filament circuit, the vol-

tage drop across this res-—
istance being employed as the grid bias, it being necessary of course, to locate the

0200000 —<]

circuit arrangement cannot
@® Eg_
r%‘l
former secondaries are connec-

be employed when the tuning
ted to the proper biasing ter-— Courtesy A}, B % L 1 Fig. 68

condensers have a common
B+ B+

resistance in the proper leg of the circuite This arrangement is shown below in figure 67
68 , the grid bias resistances being designated as Rle It is quite obvious that this grid
rotor, because such connec-—
tion would short some of the
filamentse To overcome this
difficulty the tuning cond-
enser rotors connect to ground
and the radio frequency trans-
minalse A second fixed conden- Radio Broadcast a2 B- D AR
ser is then connected between
the radio frequency transformer
secondary (filament end) and ground, thus providing a closed oscillatory circuite This
system is shown in several of the series filement-receiver wiring diagrams listed in
this booke

With respect to troubles in series filament receivers, all the items mention-
ed in connection with the conventional types of receivers are applicablee In addition

it is necessary to add open bypass condensers in the filament circuits as possible reas-
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ons for excessive regeneration and howlinge. Open bypass condensers as possible reasons
for broad tuning, when the grid bias resistances are in the circuit, and shorted bypass

condensers as possible reasons for filament circuit overloeding when the bypass conden-
sers are in shunt with the protective resistancess.

Overloading of the power supply unit will cause motorboating and fluctuation
of filament brilliancy. Incorrect bias adjustments will likewise influence filament brii-

iancy by virtue of the effect upon the plate current and the final effect upon the source
of power.

A short circuit in the fixed condenser utilized to close the oscillatory cir-
cuit in the tuning system and to eliminate the effect of the filement circuit resistance
will impair reception so that signale are not received.

The method of wiring or changing battery operated receivers into series
filament receivers operated in oonjunction with the Raytheon BA tube is shown in the sect-
ion devoted to wiring diagrams.

Another few words about motorboatinge Increasing the value of the output fil-
ter condenser will be found helpfule The use of audio filters in each audio plate lead,
between the B4 of the eliminator and the B+ terminals of the plate circuit resistance,
choke or transformer primary will be helpfuls Such filters consist of a 3 henry choke in

series with the B supply lead and a 2 mfde fixed condenser between the B+ terminal of the
audio coupling unit and the B~ terminal of the receivers
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SPLITDORF SIX TUBE RADIO RE~
CEIVER CIRCUIT SHOYING CONNEC-
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Testing and Testing Devices

Continuity Tester

The simplest testing device which finds spplication in radio service work
is the continuity tester employed to determine an open or a short circuit in a coil
or winding such as a radio frequency transformer, an audio frequency transformer, a
filter choke, etc., and a short circuit due to puncture or some other cause in con-
densers of various types-.

The construction of such devices is very simple. One type utilizes a batt-
ery and a high resistance voltmeter connected in series as shown below in figure 69

AAAAAAAA ‘.
vvvvvv
- 'l
-+

Fig. 70 X X

and another type utilizes a low range milliammeter, a battery and a resistance connec-
ted in series fashion as shown above in figure 70.

The first type is a general utility instrument where it is necessary to de-
cide whether a unit is open or shorted. The arrangement when applied to a device such
a8 a transformer winding affords an idea of the presence of an appreciable amount of
resistance in the circuit. The second arrangement, however, is of greater utility be-
cause it is possible, within a certain ohmic renge, to determine the approximate DC
resistance of the unit being testede In this manner, it is possible, providing that

the D.C. resistance of the unit is known, to determine the presence of a partial short
circuit.

Therefore, the second arrangement is preferred for all types of continuity
testing. The current indicating instrument designated as A is 0 to 1 Weston D.C. mil-
liammeter. The resistence R is a 22,500 ohm accurately calibrated fixed resistance.
The battery ie a 22.5 volt Block. 1In view of the fact that an approximate value of
the resistance being measured is satisfactory and because the maximum current drain in
this circuit is 1 milliampere, the gradual deterioration of the battery is of little
consequence. The drain is small and a long period will elapse before the battery . vol-
tage decreases to a value where it upsets the readings.

With respect to utility, we need not stress the fact that the unit to be tes-
ted or the circuit to be tested is connected across the test prong terminals X and Xl.
However, it is important to bear in mind the type of unit being tested. With the re—
sistance and battery voltage values mentioned, it stands to reason that a short across

X and X1 will cause the maximum current reading upon the meter A, that is, .001 ampere
or 1 milliempere. The introduction of an appreciable amount of resistance across or
between the terminals X and X1 will reduce the deflection upon A, hence any unit with
an appreciable amount of resistance such as a fixed resistor of 500, 1000 or 5000 ohms,
will show a current deflection less than the maximum. The same is true if the unit to
be tested is a coil with a large number of turns such as a filter choke or a transfor-
mer primary or secondary. If these units are shorted and the winding is connected

across X and X1, the equivalent effect upon the continuity tester circuit will be a
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direct short and the maximum reading will be observed. If, however, the unit does
possess an appreciable amount of resistance, it is possible to determine the value of
this reeistance by means of the followinge Let us assume that the two test prongs
have been connected across a resistance in the plate circuit of a tube. The meter
indicates a current flow of .1 milliampere or .0001 empere. What is the resistance
of the unit being tested? According to Ohm's law, the total resistance in the cir-
cuit is

R=E ¢+ I and substituting we have
R = 22.5 ¢ .0001 = 225,000 ohms.

From this we subtract the original resistance of 22,500 ohms and the resistance of
the unknovn is therefore 202,500 ohms. Let us take another example which will illus-
trate a lower value of resistance. We are testing a resistance utilized in a B elim-
inator and rated at 6,500 ohms. The set tester is applied and the current flow indi-
cated upon the meter is <95 milliampere. What is the resistance of the unknown? Fro-
ceeding as we did above, we have

R = 22.5 ¢+ .96
R = 23,684

From this we subtract the original resistence and find thet the unknown is 1,184 ohms
instead of supposed 6,500 ohms. The above should suffice to illustrate the utility of
the tester. As a matter of fact the cireuit combination shown may be used to measure
resistances as high as 4 megohms. With respect to continuity, it is understood that
lack of indication when the tesi prongs are connected across a winding, signifies an
open circuit in the winding. The use of the low resistance meter and the low current

range meter affords a means of testing high resistances.

Testing condensers is somewhat different than testing coil windings. The
result chould be the contrary. The condenser when perfect should show an open, that
is no reading upon the meter, but sign of perfection is an initial "kick" of the me-
ter needle when the tester is first applied, after which action the meter needle ag-
ain returns to the zero position. An indica‘ion of an appreciable current flow
through all condensers with the exception of the electrolytic wet condenser and the
dry A condenser signifies a defective condenser-.

.The above data applied to the specific application of the continuity tester.
However, its utility is not limited to these items. 4s a matter of fact, it may be

used wherever mention of a continuity tester is made in the servicing information dis-
cussed in subsequent chapters.
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Neutralizing

Neutralizing is an important operation and to do a good job, it is necessary
that it be carried out in a methodical manner. The first important item is the "dum-
my" or "balancing" tube which is necessary for neutralizing. In view of the fact
that three types of tubes, the 201A, the 226 and the 227 are utilized in radio fre-
quency systems, it is necessary to have a dummy tube of each of these types. The bal-
ancing tube is normal in every respect, with the grid, filement and plate elements in-
tact and in correct position. In order to be certain that the space between the tube
electrodes is normal, it is necessaxy to employ a new tube, of each type which has been
tested in a radio receiver and found perfect in every respect.

Only one change is made upon these balancing tubes. One of the filament
prongs is cut off at the base and the filament wire re-soldered. This is done in or-
der that the filament should remain unlighted when the tube is placed into the receiv-
er socket and the filament wire should be intact as a tube element.

Re-neutralization or balancing of a receiver requires a source of modulated

.00025
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UXi99 +
4MES.
SO TURNS P~ ~ =
O %20 D.S.C —
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M.F. 25™ TURN
Fig. 71 =
(it
4.5 VOLTS

¥odulated Oscillator Recommended in RCA Service Sheets

radio frequency. Regular broadcesting is satisfactory for this purpose but better re-
sults are secured when the intensity of the carrier is constant and when the tore of
the signal or the modulation is likewise constant at one frequency. Hence we show the
wiring diagram of the oscillator recammended by the Radio Corps of Amer. for use when
neutralizing and balancing receivers. In view of the fact that the electrical con-
stants of the various units constituting the modulated oscillator are shown in the
diagram, it is unnecessary to repeat. With respect to operation, the 0005 wvariable
condenser controls the wavelength or frequency of the generated radio frequency wave
and grid leak-grid condenser combination modulates the output. Various values for
the grid leak afford various modulating frequencies.
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Relative to the actual balancing, the balancing tube used in the work is
governed by the types of tubes employed in the receiver radio frequency system. If
the radio frequency amplifier employs 227 type tubes, the balancing tube should be
the 227. 1If the receiver employs 226 type tubes, the 226 belancing tube is used,etc.

The process of balancing and neutralizing is practically identical. Pro-
ceed as follows:

l. Set the receiver into operation with normal ground and aerial.

2. Place oscillator about two feet distant from receiver. Adjust oscillator
to about 300 meters.

3+ Start oscillator and tune receiver to resonance with oscillator. The oscil-
lator and receiver adjustments should be off local operating wavelengths.

4. Remove first radio frequency tube from receiver socket and plate similar type
balancing tube in that socket.

5« Note if any signal is heard. In order that best adjustment be available, vol-
ume control ehould be on full. If no signal is audible, that stage is neutralized. If
however signal of decreased volume is heard, heutralization of that stage by means of
adjustment of the neutralirzing condenser is necessary. 2

6. The process of adjustment is critical and requires extreme care.

7+ The adjustment of the neutralizing condenser is satisfactory when the signal
is the absolute minimum or when no signal is heard.

8. When the first stage is properly neutralized, the balancing tube is withdrewn,
the regular tube inserted and the process repeated with the other radio frequency stag-
es.

Balancing the radio receiver is carried out along the lines mentioned above
with the exception that the trimmer condensers are adjusted for each stage with the
regular tube in the socket and it is unnecessary to use the dummy tube. It should be
understood that reference to balencing does not mean neutralization, instead we refer
to the alignment of the tuning condensers.

When neutralizing and balancing the receiver, it is best to do both on
more than one wavelength. For example, on 230, 350 and 500 meters, making tests af-
ter the completion of the operation at each wavelength. '

Adjustment of the trimmer condensers produces a result different from
that found when the neutralizing condenser is adjusted. The trimmer condenser is
varied until the signal output is maximum and in order to enable most accurate ad-
Jjustment it is best to make use of some indicating system rather than to judge outpub
by aural observation.

An output indicating system finds application for all sorts of work where-
in it is necessary to compare output signal intensity, determine condition of balanc~-
ing, efficacy of tubes, types of amplifiers, types of coupling units, etce The systems
we show on the following page are suitable for this sort of work. As is evident, one
unit mekes uee of the recti fying action of a crystal and the other makes use of the
rectifying action of a three element vacuum tube.- The DC milliammeter in the tube cir-
cuit measures the rectified current, the greater the indication, the greater the AC
signal agglied across the input of the indicating system. The filament rheostat is
used to adjust the meter deflection so as to permit operation within the meter range.

The variable resistance connected across the input enables adjustment of
the input signal and provides a control against overload. The second system makes use
of a transformer connected when so desired to the output of the receiver, a crystal
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and a low range DC milliammeter.

MILL IAMFPERE
MILLIAMMETER — 70D\ -

The last two units are connected in series across
the output winding of the transformer.

The crystal, preferably of carborundum rec-
?_33 tifies the signal in the transfor-
]

ex mer secondary circuit so that the

U K-

current flow through the meter MA

is uni-directional and consequent-

ly will produce a deflection upon

the meter. The milliasmmeter has

a range of from O to 5 milliamperes

D.C. 1Its renge may be increased in

the event that the signal deflection

extends beyond the scale by shunting
‘ the meter with a 500 om variable
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A system of determining relative degrees of efficiency of the entire sys—

tem preceding the audio amplifier
is shown below in figure 74 .« This
unit is designed for use in super-

heterodyne receivers, but is applic-

able under definite conditions;
first in home built receivers and
second, when the peak frequency of
the intermediate frequency amplif-
jer is the same as the peak freg-
uency of the intermediate freq-
uency transformer used in the ind-
icating system.

7o Set
:j 4,
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Fig. 73

The rectifier tube burns at subnormal brilliancys and mey be a 199 or a

201A+ The plate voltage is secured

INTER
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AMPLIFIER i AMP
+ i
—_ o007
RECTIFIER B8+
TUBE
Fig. 74

by connecting the plate return to the positive

leg of the filament supplye The voltage applied to
the rectifier or indicating tube is the voltage
induced in tre secondary of the designated inter-
mediate frequency transformer because of the radio
frequency component in the plate circuit of the det-
ector ( 2 nd) which passes through the primary of the
intermediate frequency trensformer. The greater the
defelcetion upon the O -1 D.C. milliammeter marked
G, the greater the input to the second detector. If
the unit is to be employed with various superhet-
erodyne receivers, it is necessary to arrange for

a variable peak in the intermediate frequency trans-
former used in the indicating system.
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—Rectifier power amplifier and reproducer unit continuity wiring diagram
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Note.—This set has two R.F. rheostats (one for each RF tube).
of the lst R.F. rheostat instead of to —F2R.

(Diagram shows one rheostat controlling detector and all three A.F. tubes.
only, 2nd and 3rd audio tubes being on separa
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In actual set, rheostat controls detector and lst audio
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point of the bias resistance is connected to the lower instead of the upper ground eyelet.
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Most of Model 50 Sets also have an R.F. choke

between plate of second audio tube and speaker past No. 1.
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Schematic Diagram of Connections for Stewart-Warner Radio Receivers
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Schematic Diagram of Circuit for Stewart-Warner A.C. Radio Receivers
and Power Unit
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Schematic Diagram of Circuit for Stewart-Warner A. C. Radio Receiver with
Power Unit; and D. C. Radio Receiver
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Troubles in Battery Sets Page 231

Here is a list of troubles associated with battery type radio receivers.
In this claessification should be included radio receivers employing D«Cs tubes with
battery source of filament potential and a B eliminator. The remedy is obvious

1.
20

Se
4.
Se
6.
7.
8e

1.
2e

4.
5.
6o
7o
8.
9.
10.
11-
12|
13.
140

l.
26
3
4.
5.

B
7.
Ta
8.

10.
11.
12.
13.

A--Tube or Tubes Do Not Light

Burned out tube or tubese

Corroded battery terminal or inperfect contact at

battery terminal.

Open filament circuit between battery and filament switch
Filament switch does not operate.

A battery discharged.

Imperfect ccntact between tube prongs and socket contacts.
Burned our filament rheostat or voltage control unite.
Open filament circuit between switch and sockete.

E—=Tubes Light but No Reception
Incorrect polarity of A battery.
Incorrect polarity of B potential.
Aerial disconnecteds
Speaker disconnecteds
Defective B potential source.
Defective spesker.
Open circuit in plate potential cables
Lack of detector tube plate potential.
Shorted or disconnected detector grid condenser.
Open in plate circuit of ReF. tube.
Open in plate circuit of A+F. tube.
Defective tube or tubes.
Incorrect polarity of C biase.
Shorted bypass condenser in plate circuits

C-—eak Reception or Low Volume
Defective tubes
Low operating potentials.
Defective power supply-
Defective detector grid condenser or leak or bothe.
Open in secondary of grid circuit of radio frequency or
audio frequency transformers.
Deactivated filamentse.
Grounded aerial.
No aerial.
No ground.
Shorted radio frequency transformer.
Poor location of aeriale.
Incorrect B tias.
Lack of resonance in tuned stages.
Poor contact between tube and socketss



Page 232

14.
15.
16

17.

1l.
2e
3e
4.
Se
6o
T
8.

9.
10.
11.
12.

l.
2e
Se

4.
Se

Ge

lo
2.
3e
4.
50
60
7
8.
90
10.

Incorrect adjustment of stabilizing system.
Incorrect wiring (if newly constructed).

Shorted or defective bypass condensers in grid cir-
cuit system.

Oscillating R.F. stage.

D--Distortion
Defective tube in detector or audio stages.
Incorrect operating potentials.
Lack of C bias-.
Incorrect C bias (value).
Defective speaker.
R.F. system oscillating.
Defective bypass condensers in audio plate circuits.
Incorrect units employed in audio grid circuits.
(shunt resistances or condensers).
Overloading of audio tubes.
Lack of detector grid leak.
Defective andio unitse.
Heterodyne (one station interferes with another).

E--Hum, Howl and Whistle
(Certain causes for"hum" are present in battery op-
erated receivers of the type mentioned.)
Open detector plate circuit.
Insufficient plate potential. (detector tube).
Induction from power line to receiver.(detector or
audio system).
Open grid circuit. (audio system).
Defective B eliminator (rectifier,filter system or
bypass condensers)..
Open grid circuit.(detector).

Howl may be due to insufficient separation between
speaker and set. Speaker points toward audio tubes.
Microphonic detector tube. Continuous whistle may be
due to excessive regeneration in audio system. Sta-
tion heterodyning. Excessive regeneration in radio
frequency amplifier.

F--Fluctuating Reception
Natural fading of distant signals.
Swinging aerial wires.
Intermittent grounding of aerial and lead in wires.
Run down batieries.
Fluctuating A or B potentials.
Imperfect contacts.
Corroded connectionse
Line voltage fluctuation.
Defective grid leak.
Defective C batteries.
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Troubles in A.C. Sets

(By A.C. sets we mean electric A.C. receivers employing A.C. tubes)
A-—All Tubes Do Not Light

1. House supply "off".

2« Power plug not connected to socket.

3« Open power plug cablse.

4. Open primary of power transformer.

5. Poor contact between power plug and house socket.

B~-One or More Tubes Do Not Light

l. Burned out filament or filaments.

2+ Open filament winding of transformer.

3e¢ Open filament control resistance, if used.
4. Open filament circuit.

5. Poor contact between tube and socket.

C—~Tubes Light but No Reception

l. Aerisl grounded.
2+« No aerial
3« Defective rectifier in B eliminator.
4. Shorted filter condenser in B power unit.
S5« Open filter system in B power unit.
6« Open output plate choke or primary of output trans-
former.
7. Shorted outprut plate choke or primary of output
transformer.
8+ Open plate circuit in BR.F. or A.F. system.
9« No plate voltage on detector.
10. Minus B lead open.
11. Open voltage divider system in B power unit.
12. Shorted plate circuits bypass condenser.
13. Defective tube.
14. Open plate voltage winding in B power unit transformer.

D--Foor or Weak Reception.

l. Poor aeriale.

2. Poor ground.

3+« ©Shielded aeriale.

4. Defective rectifier.

5. Low plate voltage.

6. Low filament voltage.

7« Incorrect grid bias

8« Open grid circuit in R.F. system.
9. Defective grid leak.
10. Incorrect plats voltages.
11. Aligmment of tuning condencers.
12. Defective ReFe or A.F. transformers.
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13,
14.
15.

1.
2o
3e
4.
5
6e
7o
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

l.
2e
4.
5.
6.
T
8.

1.
2
3
4

1.
2.
e

Defective neutralizing condenser.
Shorted ReFs grid circuit.
Poor contact between tube and socket.

E~--Continuocus Hum or Vhistle

Defective rectifier tube.

Low line voltage.

Open detector plate circuit.

Open A.Fe grid circuit.

Open filament shunt resistance or center tap.
Open B eliminator bypass condenser.

Shorted filter choke in A or B unit.

Open ground system.

Coupling between power system and detecwor.
Low plate voltage.

Open detector grid circuite.

Coupling between speaker cable and power line.
Incorrect adjustment of filament shunt resistance.
Coupling between power line and audio system.
Heterodyne between stationse

Microphonic tubes

Speaker too close to receiver.

Excessive regeneration in audio system.

Lack of bypass condensers.

F—Tistcrtion

Open bypass ‘condenser.

Oscillating R.F. gystem.

Shorted grid suppressor.

Incorrect grid bias.

Low plate potentials in A.F. systenm.
Excessive signal voltage.

Defective tube.

Defect ir speaker.

G--Fluctuating Signal Intensity

Same as in DeCe receivers.
Defective B power unit.

Excessive line voltage fluctuation.
Loose element in rectifier.

H~=Overheating of Rectifier Unit

Shorted filter condenser.

Shorted filament circuit will overheat transformer.
Shorted rectif'ier will overheatl transformer.
Shorted secondary winding will overheat transforrmer.



