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unknown resistance between points
Ti and T2 and take the voltmeter
reading.

The resistance value is obtained
by using the following formula:

ERm -- I ) =R
El

Where Rm is the total resistance
of the voltmeter (ohms per volt
times maximum voltage an the
scale), E is the voltage read with
the test points connected together
(voltage of the battery) and El is

hTi
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Fig. 1
the voltage reading with the un-
known resistor, R, connected be-
tween points TI and T2.

Resistance values can be meas-
ured fairly accurately by corn-
parison with standard resistors. A
decade box, which can be adjusted,
forms the best type of standard to
use in such instances.

A circuit consisting of a battery,
B, a milliammeter or ammeter A,
and test points Ti, T2, T3 and T4
with a switch S are arranged as
shown in Fig. 8. A standard re-
sistance Rs is connected between
test points TI and T2 while the re-
sistance to be measured is con-
nected between points T3 and T4
as shown. It is important in
cuits of this type that the ammeter
be capable of covering the range
of current that will be drawn when
very low values of resistance are
connected in the circuit. In making
preliminary tests it is advisable to
connect a protective series re-
sistance in the circuit to protect
the measuring instrument. This
protective resistance can be a vari-
able high resistance whose full re-
sistance is connected into the cir-
cuit at the start and which can be
gradually reduced and finally
shorted out when it is found that
the resistance under test is suffi-
ciently high to limit the current to
within the range of the instrument.

Another very simple method of
protecting the measuring instru-
ment is to use a potentiometer
across the battery in the manner de-
scribed in the March Research

Worker. By this means, the volt-
age applied in the circuit can be
increased gradually and the cur-
rent kept within the limits of the
measuring capabilities of the meter.

The switch is then shifted from
the switch point connecting to T2
to the switchpoint connecting to
T4. When the switch connects to
T2, the standard resistance Rs is
connected into the ammeter cir-
cuit while when it is shifted to T4,
the unknown resistance Rx is con-
nected in the circuit. Readings of
the ammeter or milliammeter are
taken under both conditions whence
the unknown resistance is obtained
by using the following formula:

Rx =
I-. Ern)x Is \

Ix /
Ern

Where Rx is the unknown re-
sistor, Rs is the standard or known
resistor, Em is the meter resistance,
Is is the current reading with the
standard resistor connected in the
circuit and Ix is the current read-
ing with the unknown resistance
connected in the circuit.

The most accurate readings are
obtained when both resistances are
approximately equal, that is when
the current readings are approxi-

Another simple method of ob-
taining the resistance value of a
resistor when a voltmeter and a
standard resistance of known value
is available makes use of the cir-
cuit shown in Fig. 9.

T2

S

T4

Fig. 8

In this method, the standard re-
sistor Rs is connected in series
with the unknown resistor Rx and
the series combination of resistors
is connected across a battery. A
high resistance voltmeter is used to
measure the voltage drop first
across the known resistor, Rs, and
then across the unknown resistor
Rx.

The value of the unknown re-
sistor is found by using the follow-
ing formula:

Ex X Rs
Rx

Es
in which Rx is the unknown re-
sistance, Rs is the known standard
resistance, Ex is the voltage across
the unknown resistance and Es is
the voltage across the known stand-
ard resistance.

This method should be used only
with resistances whose values are

Fig.
low in proportion to the resistance
of the voltmeter since otherwise,
the current drawn by the meter
resistance will introduce an ap-
preciable error.

This error may be eliminated by
using a variable standard resistor
which can be varied so as to be
made equal to the unknown re-
sistance. The variable resistance
is equal to the unknown resistance
when the voltage across both re-
sistors is the same. In such cases,
the current drawn by the volt-
meter does not affect the accuracy
of the measurement since the volt-
meter will affect both readings to
the same extent so that the error
cancels out.
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Vi BILE the method for meas-
VV uring resistances described in

the March issue of the Research
Worker is one of the simplest and
most effective methods of meas-
uring a wide range of resistance
values, there are a number of other
methods of measuring resistances
which may be used to obtain either
more accuracy or to make the meas-
urements more easily.

One of the most accurate methods
of measuring resistances involves
the use of a Wheatstone Bridge
circuit. There are many fine points
involved in the use of bridge cir-
cuits for resistance measurements
that cannot be taken up in an arti-
cle of this type for lack of space.
However, the most important facts
will be mentioned and the reader
who is interested in resistance mea-
surements from the laboratory
standpoint is referred to such
books as the Standard Handbook
for Electrical Engineers, Fender's
Handbook for Electrical Engineers,
Electrical Measurements by F. A.
Laws and other such standard
books on electricity and electrical

measurements for more detailed
information.

A simple Wheatstone Bridge cir-
cuit for measuring resistances is
shown in Fig. 4. The circuit con-
sists essentially of four resistances
connected in the form of a dia-
mond, with asistor in each side
of the diamond,re as shown at A, B,
Rs and Rx. A battery connected as

F

Si

Fig. 4
shown to the E and F terminals
of the resistance diamond will
cause a current to flow in the re-
sistors when the circuit is com-
pleted by closing switch SI.
The current in the circuit will
divide, one part flowing through
one branch of the resistance net-
work consisting of resistors A and
B forming the path ECF and the
other part flowing through the
other branch consisting of resistors
Rs and Rx forming the path EDF.

If the resistances in such a cir-
suit are adjusted or are of such
values that no current will flow
through the sensitive galvanometer
G, connected between points C and
D, when switch S2 is closed, there
will be no difference of potential
between those two points and the
relation of the resistances of the
circuit will be as follows A/B =
Rs/Rx or A times Rx = Rs times
B. It is also true that A/Rs =
B/Rx and also that Rs/A = Rx/13.

Under such conditions if three of
the resistance values, such as A, B
and Rs are known, and the gal-
vanometer reading with those val-
ues of resistance is zero indicating
that points C and D are at the same
potential (the condition under
which the bridge is said to be bal-
anced) the value of the resistance
Rx can be calculated.

In actual practice it is not neces-
sary to know the exact value of the
resistances A and B as long as their
ratio is known. With the ratio of
A to B or B to A and the resistance
of Rs known it is a simple matter
to determine the value of resistance
of Rx. In practical Wheatstone
bridges, the ratio arms, A and B
are arranged so that the ratio be-
tween A and B can be varied pro-
gressively in multiples and sub -
multiples of 10 while the variable
standard resistor Rs is variable in
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small steps. A decade box usually
serves as the variable resistor Rs.

The unknown resistor Rx (when
the bridge is balanced) is then equal
to the ratio of (B to A) times the
value of Rs. If the ratio of B to A
is one to one, then the value of Rx
is equal to Rs. If the value of B
to A is 10 to I, then the value of Rx
is 10 times Rs. If the value of B to
A is 1 to 100 then the value of Rx
is equal to Rs divided by 100.

01

R1

B2
Fig. 5

The accuracy of the determina-
tion of resistance Rx depends on
the accuracy of the ratio arms A
and B,. the accuracy of the standard
resistance Rs, the sensitivity of the
galvanometer G and the relative re-
sistances of all four arms of the
bridge.

Most accurate determinations are
made when all the arms of the
bridge are equal, or at least ap-
proximately equal.

In making adjustments of the
bridge, certain precautions must be
taken to avoid burning out the sen-
sitive galvanometer. In testing, the
battery, switch Si, Fig. 4, should be
closed before closing switch S2.
The usual type of galvanometer
used for such purposes is a zero
center microammeter having a
range of about 500 microamperes
each side of zero.

Such units have an internal re-
sistance of approximately 30 to 40
ohms, so that full scale deflection
is obtained with a difference of
potential of only .015 volts across
the terminals. Unless the pre-
liminary adjustment of the ratio
arms is such as to make the bridge
practically balanced, when the re-
sistances of the bridge arms are
low in value, the voltage applied
across the galvanometer may be
high enough to cause a dangerously
high current to flow through the
galvanometer and burn out its
winding.

This danger to the galvanometer
may be eliminated by using fairly
high resistance ratio arms at A and

S3

B which will serve as protective re-
sistors in series with the galvano-
meter, when either Rs or Rx are
low in value. The minimum value
of resistance which can be used at
A or B to provide this protection
can be calculated roughly by di-
viding the voltage of the battery
used in making the test by the
maximum range of the galvano-
meter in amperes. Thus if a 6 -volt
battery is used, and the maximum
scale reading of the galvanometer
is 500 microamperes or .0005
amperes, the resistance that should
be used at A and at B (the ratio
arms) to protect the galvanometer,
should be 6 divided by .0005 or 12,-
000 ohms for A and 12,000 ohms
for B.

It is also possible to protect the
galvanometer without resorting to
limitations on the resistances of
the bridge arms by using a protec-
tive resistance in series with the
galvanometer in making trials in
establishing a balance of the bridge.

In the Jewell Pattern 51 galva-
nometer, for instance, three switch
test buttons are provided, as an
integral part of the galvanometer,
in addition to the binding posts
used to connect the galvanometer
into the circuit, as shown in the
circuit diagram of the instrument
in Fig. 5.

In this diagram, G is the galvano-
meter movement proper. B1 and B2
are the instrument binding posts or
terminals. Switches 51, 02 and S3
are spring button switches which
remain open normally except when
depressed by the operator. When
switch button SI is depressed a
high resistance RI is connected in
series with the galvanometer, lim-
iting the current to within the
range of the instrument even when
connected across a 10 -volt source.
When switch button S2 is de-
pressed a lower resistance RI is
connected in series with the galva-
nometer. When switch button S3
is depressed, the galvanometer is
connected directly across the in

terminals.
In operation, after a preliminary

setting of the bridge arms, switch
button SI is depressed first. If the
reading is high the bridge arm Rs
is adjusted to give a very low read-
ing. Switch button SI can then be
released and switch button 02 de-
pressed. If the reading on this set-
ting is high, a further adjustment
on the bridge arm Rs is made until
the reading is reduced practically
to zero showing a comparatively
small difference of potential ap-
plied across the instrument termi-
nals. Switch button S2 can then be
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released and switch button S3 can
then be depressed, connecting the
instrument directly across the
bridge for greater sensitivity. Final
adjustments of the bridge can then
be made safely witnout endanger-
ing the galvanometer.

The voltage of toe test battery
should be seiected so as to prevent
excessive current how through the
resistors whist would be likely to
either burn out the r sistors or
change their resistance through
excessive heating.

In naaking resistance measure-
ments to determine the resistance
of a unit under actual conditions
of operation, it is desirable to se-
lect the voltage of the battery of
such a value as to cause a current to
flow through the resistor of the
value which it will normally carry
in operation. Care must be taken,
however, that the resistors in the
decade box Rs used as the stand-
ard are so made that they will carry
the current without undue heating
or change in resistance, and that
the resistors used at A and B are
also designed to carry the current
they will be called upon to carry.

One of the simplest and most use-
ful types of direct reading ohm-
meters, which while not accurate
enough for laboratory work, is suf-
ficiently accurate for routine test-
ing, can be made by connecting a
battery, B, a milliammeter, A, and
a protective resistance, R, in series
as shown in Fig. 6. Terminals T1
and T2 are the test points or
terminals.

The range obtainable with such
instruments depends on the range
of the milliammeter and the volt-
age of the battery. If we take a

T

o T1

Fig. 6
zero to 1 milliammeter such as the
Jewell Pattern 88 direct current
meter having an internal resistance
of 30 ohms and 50 scale divisions,
each scale division represents a cur-
rent of 20 microamperes or .00002
amperes.

To obtain full scale deflection of
1 milliampere with a battery of 4%
volts, the resistance in the circuit
would have to be VA divided by
.001 ampere or 4,500 ohms. Since
there is already 30 ohms, due to the
resistance of the milliammeter in
the circuit, the additional resistance
necessary at R in Fig. 6 to give full

(-a

scale deflection when the test points
TI and T2 are touched together is
4,470 ohms.

If an additional resistance is con-
nected between points TI and T2,
:the reading on the milliammeter
will be less than 1 milliampere. If
for instance a resistance of 2,000
ohms is connected between the test
points, the total resistance in the
circuit, neglecting the resistance of
the battery, will be 6,500 ohms.
With this resistance in the circuit
and a 4% -volt battery as the source
of voltage, the current in the cir-
cuit will be 4% divided by 6,500
or .000692 ampere which equals 692
microamperes. The nearest scale
division on the milliammeter scale
is 700 microamperes (.7 milli-
ampere). This scale division corre-
sponds then to a resistance of 2,000
ohms connected across the test
points.

It is possible then to calibrate
the scale of a milliammeter in terms
of resistance connected across the
test points. All that is necessary
is to determine the corresponding
resistance of every scale division on
the milliammeter and either make
a chart or calibrate the scale of the
rnilliarnmeter.

In making the calculations, di-
vide the voltage of the battery by
each scale division of the milliam-
meter and from the answer subtract
the resistance of the test circuit
consisting of resistance R and the
resistance of the milliammeter,
Fig. 6.

The disadvantage of this type of
ohmmeter from the standpoint of
accuracy is the crowding of the
scale toward the high resistance
end of the scale (low current read-
ings of the milliammeter). It must
be kept in mind that zero resistance
(between test points T1 and T2)
is obtained with full scale deflec-
tion of 1 milliampere, and that in-
creasing the resistance by insert-
ing resistances between the test
points gives lower and lower read-
ings on the milliammeter scale.

At the lower milliammeter read-
ings, say at the lowest scale divi-
sion of .02 milliampere, the total
resistance necessary in the circuit
to obtain this current reading is
in this case equal to 41/a divided
by .00002 ampere or 225,000 ohms.
Since 4,500 ohms will be in the re-
sistance R and the resistance of
the meter, the resistance required

C_abetween the test points will be
220,500 ohms. At the .04 milliam-
pere scale division, the total re-
sistance required in the circuit will
be 112,500 ohms, of which 108,000
ohms must be between the test

points TI and T2. Thus the dif-
ference in the resistance measured
between two scale markings in this
case will be 220,500 minus 108,000,
or 112,500 ohms.

At the high end of the milliam-
meter readings, the resistance re-
quired at full scale deflection will
be 4,500 ohms for one milliampere
(zero resistance between the test
points). At the next lower scale
division, .00098 ampere, the resist -

required will be approximately
4,592 ohms. Since 4,500 ohms of
this is in the resistance R and the
internal resistance of the meter, the
resistance between the test points
must be 92 ohms. At this end of the
scale therefore, the difference in
resistance between two scale mark-
ings is only 92 ohms.

In this instrument therefore, the
resistance readings taper down
from 220,500 ohms at the .02 milli-
ampere division to 92 ohms at the
.98 milliampere division with dif-
ferences of resistance values of
112,500 ohms at one end between
scale divisions tapering down to
92 ohms between scale divisions at
the other end.

Because of its direct reading
characteristics, however, and be-
cause there can be no danger of
burning out the meter winding
(due to the use of the protective
resistance R) when used with a
voltage for which the protective
resistance is calculated, this type
of testing circuit is very popular
for general testing or to obtain a
rough, preliminary estimate of the
resistance of a unit to be checked
up more accurately by the bridge
method.

This type of tester is very val-
uable in making the routine inspec-
tion tests in radio circuits since it
gives quickly an approximate idea
of the resistances of the instru-
ments tested which serves as a
fairly reliable indication of the con-
dition of the instrument being
tested.

Commercial instruments of this
type are available for experimenters
who do not care to construct their
own units. The Weston Electrical
Instrument Co. makes a million,
meter type unit with self-contained
external resistance which when
used with a battery of a given volt-
age, serves admirably as a direct
reading ohmmeter. This meter is
designed to operate with a battery
of 3 volts. The range of the milli -
ammeter used and the series re-
sistance employed are designed to
provide an instrument which will
give a direct reading ohmmeter
having a range of 0 to 10,000 ohms
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and a low resistance voltmeter hav-
ing a range of 0 to 3' volts. The
type number is Model 506 Resis-
tance Meter.

A similar instrument, the Pattern
135 ohmmeter is made by the Jewell
Electrical Instrument Co.

The Jewell Electrical Instrument
Co. makes Ohmmeters of this type,
their Pattern No. 2 Ohmmeters cov-
ering ranges up to 50,000 to 1,000,-
000 ohms. General Radio Co. also
makes instruments of this type,
their Type 287-A unit covering the
range from 0 to 10,000 ohms and
their Type 287-B covering the
range from 0 to 2,000 ohms.

All of these commercial units
have refinements to permit zero ad-
justments and compensation for
anation in battery voltages. These

refinements of course are desirable
but are often unnecessary in ordi-
nary routine inspections where
exact resistance values are not re -
quired. d.For more accurate determi-
nations of resistance values, the
bridge method or the method de-
scribed in the March issue of the
Research Worker are recom-
mended.

In addition to the three methods
already described in the present is-
sue and in the March issue of the
Research Worker, there are in-
numerable other methods of meas-
uring resistances and a few of these
will be described in the following
paragraphs more to illustrate the
adaptability of electrical instru-
ments and the interesting applica-
tions of electrical laws than for
any really practical value of the
methods. Of course in some cases
they will prove very useful in
emergencies where other measuring
instruments are not available, but
they serve more as examples of
electrical juggling and the use of
makeshift instruments.

The method shown in Fig. 7 il-
lustrates how a resistance can be
measured by means of voltmeter
and battery. Formaximum ac-
curacy the battery should be of a
value such as to give practically
full scale deflection of the meter
when the test points are connected
together, thus connecting the volt-
meter directly across the battery.
The resistance to be measured is
then connected between the test
points. For low values of resist-
ance, a low resistance voltmeter
will give most accurate results. For
high values of resistance, a high
resistance voltmeter should be used.

The resistance is measured by
first taking the reading of the bat-
tery by connecting test points Ti
and T2 together. Then connect the


