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The problem of
continuity testing in
radio service work

By Joun F. RipEr

m— g

An analysis of comments received from radio service-
men relative to published information covering con-
tinuity testing to be found in radio service manuals.
This paper attempts to give the reactions and wants
' of radio service men.

Definition of Cbnﬁnuﬂy Testing

E ARE not aware of any
standardization relative to
the accepted definition of
continuity testing. Common
practice 1mp11es that it covers the testing
of a circuit to determine if it is open
or closed or to determine its resistance.
In view of the fact that an ordinary
electrical test to indicate a continuous
electrical path where such a path is
required is of little value during radio
service work, our definition as used in
this paper refers to the measurement
of the actual resistance. The exception
to this case is the test made upon a fixed
condenser, where it is necessary to lo-
cate the presence of a leak or a short
circuit, both of which conditions are
undesired and are signs of a defective
state. Hence continuity testing if and
when applied to condensers should be
understood to signify a test to indicate
an electrically satisfactory condenser
without reference to capacity.
In order to relieve the monotony of
repeated mention of the same descrip-

tDelivered before the Club, October 14, 1931,

by

tive phrase, continuity testing and re-
sistance measurement when applied to
continuous d-c. circuits are to be con-
sidered one and the same.

Classification of Subjects Related to
Continuity Testing

Viewed through the eyes of the radio
service technician, the subject. of con-
tinuity testing or resistance measure-
ment -of the circuits in a receiver can
be classified in somewhat the following
manner :

1. Resistance ranges and requlre-
ments in radio receivers.

2. Apparatus available with which to
make the required tests.

3. Information required to enable
rapid and accurate tests.

4. Presentation of continuity test
data.

Each of these classifications has sev-
eral sub headings. Rather than call up-
on the reader to continually refer back
te this part of this paper for these sub
headings, they are omitted at this time,
but will be listed as each of these classi-
fications is being considered.

Copyright, 1931, Radio Club of America.
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The immediately following paragraphs
voice ideas and opinions of servicemen.
In justice to efforts which have been
made by men who have produced and
are producing radio receiver service
manuals, let it be known that many very
closely approach the ideal. It is pos- -
sible however that one or two minor
items may have slipped the mind and
mention may be of interest.

‘Resisfance Ranges and Requirements

in Radio Receivers

The prime reason for the mention of
rresistance ranges to be found in radio
receivers is one related to the apparatus
available for continuity testing, and for
the ‘great need for some form of stand-’
ardization along such lines.

- Investigation of receivers manufac-
tured since the popularization of radio
shows a fairly wide range of resistance
values. These resistances include all
forms, carbon, metallized, wire wound,
etc., and also inductive and non-induc-
tive windings. The range extends from
.1 to about 5,000,000 ohms.

Of course this very great range of
resistance is not to be encountered in
all receivers, but since the two limits
represent the actual values to be found
in the ordinary run of receivers, they
justify recognition with respect to what-
ever comment is to follow. The most
commonly used range of values extends
from about 3 ohms to about 500,000
ohms. A predominant value prior to
the popularity of the grid biased detector
was about 2,000,000 ohms. If one is to
include the receivers manufactured dur-
ing the past five years, with  special

“reference to. the detector grid leaks, the

upper limit of the common range be-
comes 2,000,000 ohms instead of 500,000
ohms. However the importance of
knowing the exact value of a-2,000,000
ohm grid-leak resistor is not very great.
An idea of continuity indicating a fair
approximation of this value is sufficient.
Accordingly, we may continue classify-
ing the upper limit as being 500,000
ohms.

If we accept this hmxt it is necessary
to assume that whatever instrument is
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capable of measuring a 500,000 ohm re-
sistor is capable of at least indicating
the continuity of resistors in excess of
this value. This is quite important be-
cause some means must be available
when measurements or tests are desired
upon the popular resistances rated in
excess of 500,000 ohms. Of course an
ordinary continuity test showing an
electrical circuit is not very good prac-
tice, but since economy is a problem
it is necessary to decide upon appa-
ratus wherewith one would be enabled
to secure the greatest amount of infor-
mation ‘at minimum expense. To de-
mand an ohmmeter which will enable
actual resistance = measurement upon
1, 2 and 5 megohm resistances would

greatly increase the cost entirely out of -

proportion with the number of times
when such resistances must be checked.

The measurement of resistance in any
part of the receiver must indicate the
condition of the circuit or whatever unit
is under test. It is difficult to pre-
scribe tolerance limits. The actual tol-
erance is dependent upon several fac-
tors. Among these are the function of
the unit, the tolerance during manu-
facture, the possible effect of a varia-
tion, the design of unit and the accu-
racy of rating. In a way all of these
factors are related to each other. Thus
a variation of 20.per cent in the resist-
ance of a 50,000 ohm grid filter resist-
ance is of little importance, whereas
a variation of 20 per cent in the value
of a bias resistance in a detector circuit
is apt to be unsatisfactory. Now as far
as the tolerance is concerned, one must
remember that it is also important that
the rating of the resistors be fairly accu-
rate. A plus tolerance of 5 per cent
when added to a possible error during
‘the measurement will be productive of
an indication which may differ from
the rated value as to cast suspicion. In
view of the fact that certain tolerance
values are allowed during the manufac-
ture of a resistor irrespective of type or-
during the manufacture of a transfor-
mer, certain tolerance values should be
-stated when resistance ratings are
quoted. Whatever the tolerance, the
measurement of the resistance should be
made with equipment capable of accu-
racy better than 2 per cent. This frac-

&1} uszomuro

tion is quoted as a compromise between’

the very close and very broad tolerance
values allowed during the manufacture
of resistors and {fairly high resistance
windings.

There are certain places in a radio
receiver where small tolerances are al-
lowed and accurate measurement is re-
quired. Such places are the primary
and secondary windings of the r-f. and
i-f. transformers. By setting very close
tolerances and by quoting very accurate
resistance ratings, it is possible to de-
termine a defect in the unit and have
the measurement really mean something.
At the present time, one has nothing
but a complex method of locating
shorted turns in transformers. Recog-
nizing that a shorted turn in an r-f.
transformer will cause much trouble, an
accurate rating and an accurate mea-
surement will enable the serviceman to
decide whether or not the trouble is
within the transformer without involv-
ing the use of searcher coils, etc. At
the present time such searcher loops
must be applied during the operation of
the receiver and replacement is the only
accurate check. The time involved in
such operations can be greatly reduced
by complying with the demand for very
accurate and specific resistance data
with stipulation of the method of mea-
surement and close tolerance.

Apparatus Available With Which to
Make Continuity or Resistance Tests

When considering resistance measure-
ing apparatus suitable for application
during radio service operations it is
imperative to remember four controlling
factors. These -are: 1. Low initial cost.
2. Portability and conservation of space.
3. Ease of operation. 4. Attainment of
the required resistance range. A major
problem confronting the modern radio
service technician is that suitable con-
tinuity testing apparatus is not avail-
able. Perhaps this sounds strange in
the face of the many ohmmeters which
are being offered for sale. The pri-

mary difficulty is one of resistance
range. The Wheatstone bridge, whereby
the required range and more than the
required range is available, is out of the
question for several reasons.
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Fig. 1. Schematic circuit diagram of Model R-5.
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A survey of the products produced
by meter manufacturers and intended
for radio service work shows a dearth
of equipment with resistance ranges
sufficiently great to fulfill existing re-
quirements. The popular units avail-
able today may be grouped into three
classes according to the maximum val-
ues of resistance which are determin-
able with the instrument. These are
10,000 ohms, 50,000 ohms and 100,000
chms respectively. One manufacturer
has an ohmmeter which is a part of
a diagnosing kit, with a range of 25
megohms. With this single exception,
the aforementioned resistance measur-
ing units are the only ones available
as individual test units or as parts of
test kits. Obviously these maximum
limits are too low for the requirements
of the radio service field. It is interest-
ing to note that a great deal of corre-
spondence has been received relative to
the changes required to increase the
range of commercial 10,000 ohm,
50,000 ohm and 100,000 ohm ohm-
meters to a maximum of from 250,000
to 500,000 ohms. Of course all changes
recommended referred to the latter max-
imum limit.

Another item of importance in con-
nection with available test apparatus for
radio service resistance measurement
is that concerned with the ease of mea-
surement and the visibility of the
pointer indication. The accuracy of a
measurement depends upon the degree

~ of accuracy possible when reading the

meter. Approximation is not harmful
when the possible error is but a very
small fraction, but when one is called
upon to clieck a resistance and it be-
comes necessary to approximate some
value lying between 50,000 and 100,000
ohms and a 25 or 30 per cent error is
possible because the separation between
the .05 and .1 meg. divisions is very
small, the utility of the unit is small. -
Add to this the possible error due to
parallax and the total error assumes
substantial proportions. There exists a
general demand for ohmmeters with
more than two ranges, not so much in
the case of resistance measuring devices
which have low maximums, but defin-
itely so in the case of instruments with
maximum values of 10,000 ohms or
more. '

The majority of ohmmeters have two
ranges. In the 100,000 ohms maximum
instrument, the two ranges are from
0-10,000 ohms and from 0-100,000 ohms.
Because of the characteristics of such
instruments, it is difficult to accurately
read resistance values between 50,000
and 100,000 ohms. The scale crowds
towards the upper limit. Then again,
it is a difficult matter to read the low
values of resistance, say between 0 and
10 ohms, because of the high resistance
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in the circuit when the low range ex-
tends to 10,000 ohms.

It is true that a variation of from
5 to 10 per cent in a resistance rated
at from 25,000 to perhaps 500,000 ohms
will not cause grave results as far as

- correct operation of the receiver is con-
cerned, but this is true only when the
resistor or unit being tested is in good
condition. If the variation in resistance
as measured is due to a defect in that
unit and the trouble seems localized in
the stage incorporating that resistor, it
becomes ‘a highly important item to
know ‘that the ohmic value of the unit
is not up to standard. Since these
meters are calibrated in ohms, it should
be possible to determine the resistance
with an accuracy at least equal to the
tolerance employed in the manufacture
of the unit. -‘This means that some
changes are required in the scale dis-
tribution. If, as has been previously
stated, close observation of the accu-
rately rated resistance is to be observed,
it is even more important that an accu-
rate reading of the meter pointer be

possible. The suggestion has been made

that there be a reduction in the types
of ohmmeters offered for use among
servicemen and that one model be de-
cided upon as a universal type unit. This
meter should have five ranges, namely
from 0-1000 - ohms, 0-10,000 ohms,
0-50,0000 ohms, 0-500,000 ohms and
0-1,000,000 ohms. As previously stated
it might be possible to dispense with
the highest range as a separate scale
by arranging that the 500,000 ohm
division be so located that a continuity
test of a 1. megohm resistor be possible.
A meter of this type may mean the use
of two batteries or two values of test
voltage in order to allow simple and
easy reading of the scale.

Much comment has been received
about the low end of the ohmmeter
scale. The modern receiver ‘requires
accurate measurement of resistances
between .1 and 10 ohms. The upper
limit of this low range is discerni-
ble upon certain meters, but meas-
urement approaching the lower limit
is a virtual impossibility when the first
division upon the meter is 10 ohms,
as is the case with 10,000 ohm
maximum scales. When we con-
sider the number of items which are
rated at resistance values not in ex-
cess of 3 ohms, the need for a max-
imum range of from 500 to 1000 ohms
is evident. By proper selection of a
maximum it is possible to spread the
0-10 ohm scale over a suitable portion of
the dial.

Another ‘significant item relative to
standardization of design has been the
subject of correspondence. This is the
development of an ohmmeter wherein
some form of adjustment is available
whereby it becomes possible to use the

‘to the work of a few men.

shown to be part of that circuit.

test battery even if the voltage falls
below the rated 3, 4, 5, 6, 22.5 volts,
etc. Of course certain ohmmeters have
provision for such voltage variations,
but the demand is for standardization
of this type in all such instruments.

Information Required to Make Rapid
" and Informative Tests

In a way this part of this paper can
be said to be the most important, for it
represents the reactions of many men
There exists
a difference of opinion among service-
men relative to the character and type
of information required to enable a
rapid and informative continuity test.

There have been signs of misunder-
standing as to the definition of various
types of diagrams. Our reference is to
two types. Actually both are referred
to as schematics. Both show the con-
nection of the circuits. The major dif-
ference between them is that one shows
the wiring between the electrical sym-
bols representing the various devices or
parts used and the other shows the
wiring between the pictorially repre-
sented parts and at the same time shows
the exact location of the various com-
ponents relative to each other. The
former is shown in Fig. 1. The lat-
ter is shown in Fig. 2. The former
we shall refer to as the electrical sche-
matic and the latter as the chassis or
factory wiring diagram. There are sev-
eral variations of the factory or chassis
wiring diagram, but substantially they
are the same, hence these samples should
suffice to indicate what is meant by the
term,

One group feels that the electrical

‘schematic supplemented by the correct

operating voltage values is sufficient
data. The statement is based upon the
claim that an experienced service tech-
nician equipped with such a wiring dia-
gram and the operating voltage data can
service' the receiver by analyzing the
measured voltage data and by checking
the circuit under suspicion and the units
Sus-
picion is assumed to be cast upon any
one circuit by the observed voltages
and currents.

Some men do not dispute the claim
that a receiver can be serviced with
the electrical wiring diagram and the
operating voltage data as the only infor-

-mation at hand. However they disagree

with the statement as far as rapidity
and accuracy of operation are con-
cerned. Considering the function and
purpose -of the service technician the
stand is well taken. Rapid operation
and accurate operation are the two
major requirements of the successful
radio service technician. The ability
to remedy a defect, major or minor, at
short notice, is a paramount virtue. If
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the rapid repair is accompanied by ac-
curacy, the ideal has been achieved.

A test question was submitted to a
number of servicemen to determine the
type of information they desired so as
to enable rapid and accurate service
operations. A tabulation of the responses
would appear in eight items.

1. The electrical wiring diagram.

2. Electrical values of the parts.

3. Color coding of wires and parts.

4. Socket layouts. ,

5. Internal connections of units seale
in cans. .

6. Factory or chassis wiring diagram.

7. Operating voltage data.

8. Tolerance limits in values and
voltage data. ’

Knowleage of the Electrical Values
Used in a Radio Receiver

Item 1 is-an education in radio. It
acquaints the serviceman with changes
in design; with changes required when
certain’ tubes are employed to replace
other types; with the values commonly
employed in certain parts of a receiver,
thus proving of aid in the event that
obsolete receivers must be repaired—in
the event that a replacement unit is
required in an emergency—in the event
that correction .of a certain fault must
be accomplished at short notice.

Ttem 2 creates confidence on the part
of the worker and eliminates the haz-
ards of guesswork and the probabilities
of trouble because an incorrect value is
chosen.

Item 3 enables more rapid continuity
testing because experimental adjust-
ments of the test instruments is not re-
quired. When the rated ohmic value
of a resistor is not known one does not
know the adjustment of the range
switch of the test meter.

Item 4 enables definite conclusion of
the condition of the circuit and its com-
ponents when the test shows an appre-
ciable variation; also when the voltage
test shows a normal condition, yet the

defects exist as manifest by imperfect

operation of the receiver. An example
of this is a shorted r-f. transformer pri-
mary or secondary. The r-f. transfor-
mer is defective, yet the operating volt-
ages remain unchanged and normal.
Ttem 5 enables the selection of test

‘apparatus whereby the information may

be secured with greatest ease.

Item 6 enables replacement. It ob-
viates the need for extensive measure-
ments to determine the correct value
of resistance required in any one cir-
cuit in the event that the unit has been
found defective and therefore cannot be
measured to determine the correct
value. (In connection with 6, the corre-
spondent takes into consideration the

‘replacement problem situation. He adds

—in the event that conditions demand




NOVEMBER, 1931

BROWN AND GREEN

REPRODUCER UNIT TERMINAL BOARD

LOWER CAPACITOR TERMINAL

TO DIAL
LAMP

BoTTOM

- - ———— o -
- e o ——

110 VOLY
TRANSFORMER CONNECTION

\

BROWN

BY-PASS Nﬂm&.ﬂ.gz

CONNECTIONS

<nr—ot.>zo,a’molj

AF.TRANSFORMER
CONNECTIONS

BLVE.

U
g
b
a3 T-1
RED = NELLOW e
BROWN e
SLACK AND
BROWN ——
RED AND
sLack ROWN ~———
BLACK WITH ] sy~
REO TRACER == x

BLVE.

/ INTERNAL CONNECTIONS
OF POWER TRANSFORMER

Luow_
RED

€9 AND.
. BLACK

24
MFD.

S -

Hicsgre—
C~18
Snre.

=
e,

vem—:‘iﬂ— f—re0—

4

"l

|

=
®

INTERNAL CONNECTIONS
———0F BY-PASS CAPACITORS

YELLOW.

BLACK,
"AND BLUE

,cﬁw_?mél
RED BLACK o

INTERNAL CONNECTIONS

(

T0 uzo.L

: mn “% g
TESIR i
um y s [[NDLF
6 ! 1 a =
L i
m GREEN \ n_ﬂ o~
B / N g i : RADIOLA
o / ] ===\ 1| |||sUPERETTE
n\Uu 3 / m . r!.enJ m /’ //(/ O — k
J - ] N
(" m ~ GReEN /% \ \ z \\
wm \ m ) GREEN == // r .E.E.zi..@ J
i | AT 4
= | 1 1 = =HE o/
y _ * = =
93.54 #...m“ = m H *m = N
( —J h wh w—w = = =

OF A.F. TRANSFORMERS

<

a.m < < ¢ m
P B3t 4
I U (F w@@
I I .._mmm mm
. 3% .
o2 @ @ @ @(E) B
BEopad
OPERATING
" SWITCH

Fig. 2

102



PROCEEDINGS OF THE RADIO CLUB OF AMERICA, INC.

that-a replacement unit be secured from
the original manufacturer, and if this
means a delay of several days because of
the location of the nearest jobber or of
the original manufacturer, knowledge of
the electrical values enables the use of
a temporary replacement: unit and an
operative receiver, with great satisfac-
tion to the customer. Of course such
temporary repairs are possible only in
the event that the defect is not major.)

Since continuity testing represents
the major part of the actual service
work, whatever time saving can be
effected must be in this direction. There
can be no reduction in the charge made
for the actual replacement because the
price of the unit is fixed by the sales
organization or the manufacturer. The
price latitude is found only in the time
‘required to make the repair. With a
fixed charge and in some cases a fixed
maximum charge above which it is im-
‘possible to levy because of competition
and other factors, nothing but rapid and
accurate operation enables the service
technician to carry on. A saving of 15
minutes on each job during a day means
the difference between success and fail-
ure at the end of the week.

Whaf Electrical Values Are Desired

It might be well at this time to ascer-
tain the exact significance of electrical
values. As far as resistors are con-
cerned, the actual resistance value is
important for testing and replacement.
If the receiver manufacturer has a len-
ient replacement policy, the wattage
rating of each resistor is also necessary.
For that matter the wattage rating is
at all times important inasmuch as it is
possible that the exact parts list showing
the various parts numbers is not avail-
able and if two resistors of like ohmic
value but unlike wattage rating are
found in a receiver, confusion is apt to
result if, when ordering, the wattage
rating is not mentioned. ,

Inductance values of windings quoted
in- henrys or fractions thereof - have
been stated as being.of little utility in
continuity testing or even general ser-
vice work. Of infinitely greater import
is the d-c. resistance of the winding. It
is true that certain test kits incorporate
inductance measuring meters but the re-
sistance check is of actual importance
during the work and has much more
value than the inductance figure. The
measurement of inductance is far more
complicated than the measurement of
resistance.

Knowing the rated resistance of a
winding enables the checking of the cir-
cuit. Knowing the inductance of a
winding means very little for several
reasons. First, no service technician
will attempt winding an r-f. transformer

-rate

- circuit.

to replace a defective unit in the re-
ceiver. As a rule the r-f. transformers
are replaced as a 'gang. Second, the
service technician by making an accu-
resistance test can ascertain
whether or not a turn is shorted much
more rapidly than if he must make an
r-f. inductance test. The first check can
be made without removing the r-f,
transformers from the chassis. The sec-
test requires its removal. The second
check for inductance requires specially
calibrated circuits and apparatus. In
iron core windings the inductance is a
-variable depending upon  the voltage
applied.

Conditions which would tend to cause
a deviation in inductance from the rated

value, with the possible exception of -

current flow and damage to the core in
iron core windings, would also tend to
change the d-c. resistance. Thus, mea-
surement of the latter would automat-
ically .show a variation in the former.

It is necessary to make mention of
the place in a receiver where the in-
ductance value is. of importance. This
is in the filter system of the power pack
and possibly in the r-f. choke used as a
part of the low-pass filter in the detector
plate circuit or in the output tube plate
Here both the resistance and
the inductance are required. The re-
sistance because of continuity testing
and the inductance because of the tun-
ing of the system and the need for accu-
rate replacement. Since inductance is
available in many shapes and many
values of d-c. resistance, it is well to

.know both values.

We eannot omit. the importance of
knowing the resistance of a winding
when that unit is sealed within a can
and is but one of the units within that
can. Individual access is impossible
without disrupting the entire assembly,
thus the only form of valuable infor-
mation is the d-c. resistance.

As to condenser values, capacity and
voltage. ratings are equally in demand.
This information is required primarily
because of replacement work, although
knowledge of the capacity is educational,
and with capacity meters in test kits
a more accurate test upon a condenser
is possible. Response to the publication
of filter and by-pass condenser voltage
specifications has been very favorably
received. The demand for the capacity
rating of tuning condensers has been
very slight. /

Color Coding of Wires. and Parts

Suitable color coding of wires and
parts is very helpful during continuity
testing because it enables rapid recog-
nition of any unit which must be tested.
It is also of aid because it enables more
rapid tracing of the circuit.
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Socket Layouts

Socket layouts are important because
they indicate. the exact tubes used and
thus - help select the respective circuits.
It might be well to mention that a
separate illustration showing the posi-
tion and the types of tubes is not re-
quired when a chassis or factory wiring
diagram is available.

Internal Connections of Units Sealed
in Cans

Nothing ini the way of a time loss is
as great as the lack of such information.
It is a conservative estimate to say
that a serviceman wastes 10 to 12 hours
a week if he is called upon to service
a number of receivers which have units
sealed in cans and the exact wiring is
unknown.

Factory or Wiring Diagrams

Servicemen have repeatedly voiced
the sentiment that the electrical wiring
diagram even when replete with elec-
trical specifications, color coding and
part numbers, remains but part of the
information required to enable rapid
continuity testing. Of equal importance
is the chassis or wiring diagram. In
order to make a routine continuity- test,
the servicemen must locate the com-
ponents of the suspected circuits. Since
the electrical wiring diagram shows the
various units located in each circuit, the
technician has an idea of what he seeks,
but where is he to seek these units upon
the chassis? The arrangement of the
tubes and parts indicated upon the elec-
trical wiring diagram has no connec-
tion with the arrangement of the parts
upon the chassis. The electrical wiring
diagram of a midget resembles the elec-
trical wiring diagram of a console
model. The electrical wiring diagram
shows the r-f. detector, a-f. amplifier
and power-pack as a complete system.
Yet an examination of the actual re-
ceiver shows the r-f. amplifier and de-
tector in one part of the receiver and
the power-pack and amplifier upon a
separate chassis. To. attempt to locate
the corresponding units is productive
of delay. The only means is to show
the chassis wiring diagram so that when
the occasion arises to check the receiver
a diagram is available whereby one can
instantly locate the exact position of any
one unit upon the chassis. ‘

The connection to the units are like-
wise of importance. This is necessary
to avoid the trouble of tracing the cir-
cuit.

An analysis of service manuals shows'
three different forms .of chassis layout
presentation. These are: '

1. The actual wiring diagram of the
various units, showing the exact posi-
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tions of the units, the color coding of the
cables, the color coding of the resistors
and condensers and the electrical con-
tinuity of whatever units are sealed in
cans. (It is understood that the color
coding is in the form of written com-
ment rather than the actual color.)

2. A layout of the apparatus showing
the containers only and the respective
parts numbers.

A photographic reproduction of
various views of the chassis with ar-
rows pointing to the different units
and printed legend designating the dif-
ferent units and their electrical values.

Of these three forms the first has been
received with the greatest favor for
several reasons. Several suggestions
have been received relative to the type
of information desired. The ideal would
be a specification for the purpose of
each unit, its electrical value and color
coding. Naturally, all of this informa-
tion is impossible due to the space limi-
tations.

The concensus seems to recommend
the omission of the actual function of
resistors and condensers, but publica-
tion of data which will immediately
designate the association between a part
shown upon the electrical wiring dia-
gram and a part shown upon the chassis
wiring diagram. To show the elec-
trical value of a resistor and its color
code is satisfactory in the case of old
receivers where solid colors were used.
Even here difficulty may be encountered
if more than one resistor of like size
and design has the same resistance and
the same coloring. A better arrange-
ment is that used in some manuals,
where an R designating letter followed
by a number accompanies each resistor
upon the electrical wiring diagram and
a similar form of designation is used
to indicate the same resistor upon the
chassis wiring diagram. The electrical
wiring diagram and the chassis wiring
diagram also carry the electrical value
of that resistor.

The advantage of showing the elec-
trical value upon the chassis wiring dia-
gram is that it enables an immediate
measurement of any one unit without
the necessity of referring to another
illustration for the electrical ratings.
Standardization of color coding is still
too recent to ask an individual to
memorize the electrical equivalents. And
if we recognize the fact that all types
of resistors, inclusive of wire wound,
are not yet standardized with respect
to color coding, mention of the electrical
value is by far the best'method. Men-
tion of the electrical value of a resistor
or a condenser is not required upon
the electrical wiring diagram if that
value is shown upon the chassis wiring
diagram, but since it is not yet stand-
ard practice to show chassis wiring dia-
grams, the electrical value should appear

upon the diagram. Of course a parts
list showing: parts numbers which cor-
respond with some designating symbol
upon the electrical wiring diagram can
be used, providing that this list also
shows the electrical value, but such an
arrangement requires reference to two
sources of information. Furthermore,
since it is possible to service a receiver
without the chassis diagram, with only
the electrical wiring diagram as the data
at hand, it is best if the electrical values
are shown upon the diagram. If some
designating symbol accompanies each
unit, this symbol should be listed upon

the parts list and correlated with the

part number. _

Mention of the part number upon the
diagram is not a necessity according to
the letters received. First because it
represents printing and therefore com-
plicates the diagram. Second, the need
for the part number presents itself only
after the defective unit has been located,
therefore it appears in but one opera-
tion during the entire service procedure
and is not of importance so far as con-
tinuity testing is concerned.

The information desired upon the
electrical wiring diagram and the chas-
sis wiring diagram is that which will
enable the selection of a common refer-
ence point for the testing of any one
circuit. What with the similarity of
circuit structure of biased detectors and
amplifiers, it is necessary that the tube
function be indicated upon the electrical
wiring diagram and the chassis wiring
diagram, as for example first r-f., second
r-f., oscillator, etc.
‘the selection of some part of the tube
socket as the reference point.

There exists a need for designation
of the socket terminals upon chassis
wiring diagrams. As a rule these dia-
grams show the underside of the chas-
sis.
the sockets are reversed with respect
to the normal positions. This is con-
fusing. Such designations would be
H,H,F,F,P,Scr Gr, etc., depending up-
on the type of tube. This subject is of
further importance because the exact
placement of the sockets is not always
the same and the various terminals are
in different positions in different re-
ceivers; that is, with respect to the front
or the rear of the chassis. All of this
data enables the rapid selection of a
reference point and further checking of
the circuits.

Obviously the electrical wiring dia-
gram cannot show the color coding of
every wire used. But it can show the
color coding of the power transformer
cables. One of the most annoying prob-
lems is the tracing of the power trans-
former cables when the leads emerge
from an opening in the power trans-
former housing and no designating data
is given.
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This will enable

This means that the terminals of

Mention of the color coding of the
plate circuit leads upon the electrical
diagram would be an advantage when
the chassis wiring is checked because
it would help- locate the parts of that
circuit. Mention of the color coding
of all of the wires upon the chassis wir-
ing diagram is desirable to allow rapid
testing of continuity in any of the cir-
cuits. This is equally applicable with
cabled wiring because it is possible to
probe the cabled wires for the one with
the required coloring and thus check the
continuity of the wire itself.

Many chassis wiring diagrams show
not only the shape of the various parts
and containers, but also the electrical -
continuity of the parts within these
containers. Of course the electrical
symbol is used. This information has
been considered of the utmost advan-
tage.

Chassis layouts showing parts in pic-
torial fashion, that is, just the shape of
the unit, and parts numbers without
wiring information are considered to be
of but limited utility. -It is said that
the chassis wiring diagram supplies this
data relative to the location of the parts
and that a tabulation in the form of a
list giving the function of the unit, the
part number, the electrical value and list
price i$ of equal value. Of course the
presentation of the part number accom-
panying the unit in the form of a chas-
sis layout is easiest to follow, but the
danger of poor printing resulting in
imperfect recognition of the number
and incorrect ordering is a hazard.

Photographic views of the different
sides of the chassis have their functions
but the comment received was favor-
able only when the photographs were
fairly large and clear. The problems
of photography where the color con-
trast between units is not very marked
makes it difficult to recognize the vari-
ous units. On the other hand photo-
graphs of the upper side of the chassis
showing the various trimmer adjusting
screws are in great demand providing
that the proper legend accompanies the
illustration. =~ A photograph showing
the various units but bearing part num-
bers only has been considered of little
value. Further comment has been re-
ceived relative to the screen used dur-
ing the making of the cuts of this illus-
tration. Rough screens used with re-
duced reproductions produced pictures
which were of little help. Another com-
ment relative to -photographs of the
underside of the chassis was that it did
not show the color coding of the wires
or the insides of the containers.

It might be of interest at this time to
record several tests carried out to de-
termine the relative efficacy and value
of the electrical wiring diagram, the
combination of the electrical and the
chassis wiring diagram, and only the
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chassis wiring diagram. The defects
produced were of the type which would
interfere with the normal operations of
the receiver, yet have no effect upon the
operating voltages. The men. were
called upon to alternately repair these
defects. The time spent was averaged.
The routine voltage test consumed about
the same amount of time in all cases
and was not influenced by the type of
circuit data available. The receivers
selected were those which did not have
automatic volume control tubes. The
results showed a very great advantage
in favor of the combination of the two
drawings. Operating with nothing but
the electrical wiring diagram and what-
ever test equipment the man required,
the time consumed to locate the defect
was about 60 percent longer than with
both the electrical and the chassis wir-
ing diagrams. In one instance, where
the defect created was a short circuit
across the r-f. transformer secondary,
a low resistance winding, lack of knowl-
edge of the correct electrical resistance
of the winding caused the loss of so
much time that the charge based upon
$2.00 per hour for the analysis would
have been entirely out of proportion
with the initial cost of the receiver.
Operating with nothing but the chassis
diagram, the cost of servicing was so
great as to be entirely out of the ques-
tion.

Presentation of Continuity Test Data

Supplementary to what information
is contained upon the electrical or chas-
sis wiring diagram, great interest is
evinced in the actual presentation of
the continuity test data when it appears
in tabular form. Information of this
type has appeared in several forms
among which are:

1. As the stipulated voltage to be
found between two specified points, thus
indicating the condition of the com-
ponents in that circuit between the two
stated points.

2. As definitely specified resistance
to be found between two stipulated
points. ) :

3. As a certain voltage indication up-
on a continuity tester consisting of a
specified voltmeter (10 volts d-c. high
resistance meter) and a 6-volt test bat-
tery, which system is connected be-
tween two specified points.

4. The same as mentioned in descrip-
tion number 3, except that the voltmeter
is a 50-volt instrument (high resist-
ance type) and a 45-volt battery.

5. The same as numbers 3 and 4 ex-
cept that the meter is-a 15-volt low-
resistance type voltmeter and a 4.5-volt
battery.

6. As a full or partial indication upon
a voltmeter used with a battery.

7. As a definitely stipulated fraction

of full scale deflection upon a certain
specified voltmeter-battery combination.
8. As a certain indication upon a low

range milliammeter (d-c.) which is used"

in one of several ways. 'One of these
systems utilizes a simple series com-
bination of the meter, a resistance and
a battery. Another combination em-
ploys a wvariable voltage, a variable
series resistance and several shunts.
The following is a summary of com-

‘ments relative to these methods of

checking continuity and the value of
the tabulations. The voltage test made
between any two points as outlined un-
der heading 1, is the same as the con-
ventional voltage test made with a set
analyzer. The difficulty experienced
with such a system is that a variation
in voltage is to be found only under
certain conditions, assuming that the
test voltage remains constant during the
test. These conditions are: A. when
the circuit is of high resistance and
carries current; B. when the circuit is
of low resistance and carries appreci-
able current; C. when the circuit is
open; D. when the normal voltage drop
across the units in the circuit is appre-
ciable. If the conditions A, B, C or
D are {fulfilled, a defect in the circuit
will show a variation in voltage, but
when the circuit is of high-resistance,
but carries no current as in the grid
circuits of amplifying tubes, a short cir-
cuit across that resistance will have no
effect upon the voltage between the two
points. The same is true when the
circuit is of very low resistance and
carries little or no current as is to be
found in r-f. grid circuits or r-f. plate
circuits across the r-f. transformer pri-
maries. Thus the voltage measurement
has certain limitations and is not uni-
versally applicable. As a matter of fact
it is possible to have an open circuit
in a system without interfering with the
voltage indication. Such cases are open
condensers in tuned r-f. systems, ‘resist-
ance-coupled audio systems, etc.

The resistance form of specification
while not 100 per cent applicable, re-
mains the best form of presentation.
Its only point of failure is an open con-
denser. Obviously it is applicable to
all resistors, r-f. chokes, transformers,
a-f. windings, etc. Another advantage
is that of economy. A single ohmmeter
of suitable range is applicable as pre-
viously stated to all resistances com-
monly employed in -a radio receiver.

The methods specified from 3 to 8
represent special systems and special
meters. In the first place, each of these
special systems and special meters is
suggested. for a certain receiver. The
six systems are suggested for six re-
ceivers. Thus if a serviceman were
called upon to test these six receivers
and attempted to utilize the tabulated
continuity test data he would require
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six different testing circuits, and several
different meters. Since each meter is
intended for a certain system, the calib- °
rations for that system are not inter-
changeable with any other. Consider
just. one of these. A certain voltmeter
and battery when connected between the
plate of one tube and ground indicates
5.2 volts. Let us say that this indica-
tion represents 1,000 ohms. What is
happening is that the 1,000 ohm resist-
ance (the ohmic value of the ¢ircuit)
acts like a multiplier for the meter.
Whatever multiplying ratio is secured
when the external resistance is 1,000
ohms with this meter of say 6,000 ohms
resistance, will be secured only so long
as the meter resistance is 6,000 ohms.
In turn the voltage indication of 5.2
volts when the external resistance is -
1,000 ohms is available only when the
test voltage remains at its original
value. The specification of 5.2 volts
assumes that the test voltage remains
constant. Any variation in test volt-
age will cause a variation in reading.
The use of a meter with a different
value of internal resistance will cause
a variation.

On the other hand if the resistance
of 1,000 ohms is specified as resistance
without mention of voltage indication
or any special type of meter, any ohm-
meter with suitable range is satisfac-
tory. The design of the meter is of no
consequence. The test voltage is of no
consequence. Nothing matters just so
long as the ohmmeter is accurate and
capable of indicating the required re-
sistance.

The need for standardization of this
type does not exist in the service shop
of the jobber who handles but one line
of radio receivers and the continuity
test data as prepared is based upon a
special type of meter which is assembled
in the shop. But the need for stand-
ardization is repeatedly voiced by
dealers and independent servicemen
who may be called tipon to service any
one of a thousand radio receivers.

What is true in the case of the ex-
ample cited is true in all of the others
where special meters with special calib-
rations in other than ohms are recom-
mended. Each of these systems is in-
tended for a special case, at least the
calibrations are special and in order
that the meter combination be suitable
for some other receiver, it is imperative
that the continuity test data for the
other receivers be based upon the same
type of continuity test equipment.

Partial or full indications and frac-
tional specifications are open to objec-
tions on the ground that too much lati-
tude is offered during testing. The
definition of partial or full is quite
broad. If the meter is of the voltmeter-
battery type, a full indication is impos-
sible inasmuch as every series resistor




will.act like a multiplier. . The extent
of ‘the range increase and therefore the
deviation from the full scale reading
depends entirely upon the -resistance
of the:meter. As to partial indications,
- anything between zero and full scale is
partial,. . B

Viewing the. subject from another
angle, a voltmeter is much less expens-
ive than an ohmmeter, but. if several
are required in order to service a num-
ber of receivers of different manufac-
ture, the purchase of an ohmmeter is
less expensive in the long run. Fur-
thermore, portability of a single ohm-
meter is simpler than that of a number

NOVEMBER, 1931

of meters. In connection with ohm-
meters, there exists no rigid regulation
that they must be of the commercial
type. The important item is that the
continuity test data be given in the form
of resistance values.

-We cannot close without reference to
two -suggested; methods:.of..actual con-
tinuity.. testing.. ‘One..system recom-
mends.a peint to peint test.wherein each
unit ‘has two -designating numbers and
the test is made between these numbers.
The numbers -are marked upon a chas-
sis layout showing. the parts with or
without wiring. The ‘other  system
recommends a test between a common
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point such as ground and various points
along a circuit until the point of high-
est potential above ground is reached,
or until the point most distant from
ground- along that circuit is reached.
Queries show that the latter is preferred
because it is much faster and simpler.

" The fact that one test prong is fixed

at the common reference point enables
progressive testing.

In closing we wish to point out that
many service manuals prepared by radio
receiver manufacturers fulfill many of
the requirements as set forth by service-
men, but there remain some items to
be desired. ’

SUGGESTIONS TO CONTRIBUTORS

ONTRIBUTORS to the Pro-
S ceedings, by bearing in mind
the points below, will avoid delay
and needless expense to the- Club. -

1. Manuscripts should be sub-
mitted typewritten, double-spaced,
to the Chairman of the Papers
Committee.* In case of accept-
ance, the final draft of the article
should be in the hands of the
Chairman on.or. before the date of
delivery of the paper before the
Club.

2. Tllustrations should invariably

be in black ink on white paper or

tracing cloth, Blueprints are in-
acceptable.

-3. Corrected galley proofs should
be returned within 12 hours to the
office ‘of publication. Additions or
major corrections cannot be made
in an article at this time.

4. A brief summary of the paper,
embodying the major conclusions,
is desirable.

5. The Club reserves the right of
decision on the publication of any
paper which may be read before
the Club. .

*For 1931 the Chairman of the
Papers Committee is Mr. F. X.
Rettenmeyer, 463 West Street,
New York City.
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PACENT PHONOVOX

ideal for new long playing records

Due to its low center of gravity, the PHONOVOX plays the new long playing
phonograph records without jumping, although the record grooves are much
narrower than ordinary records. All the parts in the PACENT PHONOVOX
are adjusted to so accurate a degree of precision that you are insured a con-
stantly correct needle pressure with a minimum wear on the record. You can
install a PACENT PHONOVOX on your radio and phonograph in two minutes.

Supplied complete with volume control and 12" or 16" tone arm

Cat. No. 120 Phonovox with 12" tone Cat. No. 108B 0il Damp Phonovox
arm. .. ... ... e, $13.50 with 12” tonearm. . ......... 825.00
Cat. No. 160 Phonovox with 16" tone Cat.No. 171 Recordovox,combination
arm..........cc..ininn.n. $16.00 Phonovox and Home Recorder $2'7.50

Write to us for full particulars or see and hear
the PACENT PHONOVOX at your radio dealer’s

Pioneers in Radio and Electric Reproduction
Jfor more than 20 years

PACENT ELECTRIC COMPANY, INC.
9] SEVENTH AVE. NEW YORK, N. Y.

DACENT
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| Amy, Aceves & King, Inc.\

Consulting Engineers

Office : , Laboratory
11 West 42nd Street 91 Seventh Avenue
New York City - New York City

Research, development and design in radio,
acoustics, television, talking pictures, :
and other arts closely allied to radio I 1

One of our recent developments

The Multicoupler Antenna System

for apartment houses

This system comprises a well designed and suitably located
common or group antenna, provided with a downlead to
which as many as thirty radio receivers may be connected
by means of specially designed coupling devices, known as
multicouplers. The reception of each radio set is excellent,
whether one or thirty sets are connected to the common
antenna. It may readily be installed -either in a finished
building or one in course of construction.

The Multicoupler Antenna System is the sign of con-
venience, safety and service to the tenant; progress and

prosperity on the part of the owner.
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