UNIT-V 

POTENTIOMETERS
1. INTRODUCTION:
A potentiometer is an instrument designed to measure an unknown voltage by comparing it with a known voltage. The known voltage may be supplied by a standard cell or any other known voltage ​reference  source . Measurements using comparison methods are capable of a high degree of accuracy because the result obtained does not depend upon the actual deflection of a pointer, as is the case in deflection methods, but only upon the accuracy with which the voltage of the reference source is known. Another advantage of the potentiometers is that since a potentiometer makes use of a balance or null condition, no current flows and hence no power is consumed in the circuit containing the unknown emf when the instrument is balanced. Thus the determination of voltage by a potentiometer is quite independent of the source resistance. Since a potentiometer measures voltage, it can also be used to detect current simply by measuring the voltage drop produced by the unknown current passing through a known standard resistance. The potentiometer is extensively used for a calibration of voltmeters and ammeters and has in fact become the standard for the calibration of these instruments. For the above mentioned advantages the potentiometer has become very important in the field of electrical measurements and calibration.

2. Basic Potentiometer Circuit: The principle of operation of all potentiometers is based on the circuit of Fig. 4.1, which shows the schematic diagram of the basic slide wire potentiometer.
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With switch 'S' in the "operate" position and the galvanometer key K open, the battery supplies the "working current" through the rheostat R and the slide wire. The working current through the slide wire may  be varied by changing the rheostat setting. The method of measuring the unknown voltage, E, depends upon finding a position for the sliding contact such the galvanometer shows zero deflection, i.e., indicates null condition, when the galvanometer key, K, is closed. Zero galvanometer deflection or a null means that the unknown voltage, E, is equal to the voltage drop El' across portion ac of the slide wire. Thus determination of the value of unknown voltage now becomes a matter of evaluating the voltage drop E1 along the portion ac oof the slide wire.

The slide wire has a uniform cross-section and hence uniform resistance along its entire length. A calibrated scale in cm and fractions of cm, is placed along the slide wire so that the sliding contact can be placed accurately at any desired position along the slide wire. Since the resistance of slide wire is known accurately, the voltage drop along the slide wire can be controlled by adjusting the value of working current. The process of adjusting the working current  so as to match the voltage drop across a portion of sliding wire against a standard reference source is known as"Standardization".
 Standardization:

 The procedure for standardization of the potentiometer is illustrated by the following example:

The slide wire of Fig. 4.1 has a total length of 200 cm and a resistance of 200 ohms. The emf of the standard cell is 1.0186 V. Switch 'S' is thrown to "calibrate" position and the sliding contact is placed at 101.86 cm mark on the slide wire scale. The rheostat Rh is now adjusted so as to vary the working current. This adjustment is carried on till the galvanometer shows no deflection when key 'K' is pressed. Under these conditions, the voltage drop along the 101.86 cm portion of the slide wire is equal to standard cell voltage of 101.86 V. Since the 101.86 cm portion of the slide wire has a resistance of 101.86 ohms, the working current in fact has been adjusted to a value ;

(1.0186 /101.86)x 1000 = 10 mA. 


The voltage at any point along the slide wire is proportional to the length of slide wire. This voltage is obtained by converting the calibrated length into the corresponding voltage, simply by placing the decimal point in the proper position e.g. 153.6 cm. = 1.536 V. If the potentiometer has been calibrated once, its working current is never changed.
3.Crompton's D.C Potentiometer:
[image: image2.png]The basic slide wire potentiometer considered in the previous section is not the
practical form of the d.c. potentiometer. The main drawback of the basic slide wire is
that the length illustrated can not be read with great precision. Not only this, but the
long slide wire is very awkward as the size of the instrument increase due to it.
Hence in practical laboratory form of a d.c. potentiometer, the size is reduced as
instead of long slide wire calibrated dialed resistors or small circular wires of one or
more turns are used.



[image: image3.png]A basic slide wire potentiometer was first modified by the scientist R.E. Crompton
to a general form known as Crompton's D.C. potentiometer as shown in the Fig.



[image: image4.png]This potentiometer consists of a graduated slide wire AC which is connected in
series with large number of coils. The coils are selected such that a resistance of each
coil is equal to the resistance of the slide wire. Instead of one sliding contact used in
the basic slide wire potentiometer, two sliding contacts I} and P, are used here. The
first sliding contact slides over the slide wire while the second one P> over the studs
of the resistance coils.
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Fig.4.2. Crompton's D.C potentiometer

[image: image6.png]The battery B is of sufficient capacity to provide working cwrent and it is
connected in series with regulating resistance. The regulating resistance is realized by
series connection of two variable resistance R; and R; where R; consists of number of
resistance coils while R in the form of slide wire.




[image: image7.png]A galvanometer G and switch K are connected in series between points F{ and P»
through multiple circuit switch or change over switch. The main advantage of the
multiple circuit switch is that we can connect a standard cell S (such as Weston cell)
between terminals S5* and 5~ or the batteries whose em.fs are to be measured
between the terminals 1* and 1- or 2¢ and 2°. The terminals are marked with positive
(+) and negative (<) signs so as to avoid damage to the potentiometer due to the
wrong polarity of battery connected.




[image: image8.png]First the potentiometer is standardised by using a standard cell S, say Weston cell
with e.m.f. of 1.0186 V as shown in the Fig. 55. The multiple circuit switch is thrown
to the terminals 5* and S-. The sliding contacts I} and P; are set at 0.0186 along the
slide wire and 1.0 on the stud respectively. The switch K is closed and the null
deflection in the galvanometer is obtained by varying R, and R;. Here R; is used for
coarse adjustment while R is used for fine adjustment. Once the potentiometer is
standardised, resistances R; and R; are left undisturbed. Now the potentiometer is
direct reading potentiometer.




[image: image9.png]Now connect a battery whose em.f. is to be measured between terminals
1* and 1~ with the polarities indicated by the terminals and change over the multiple
circuit switch to the terminals 1 and 1. By adjusting P} and P, the potentiometer can
be again balanced which gives the reading of e.m.f. of the battery under measurement
directly. For example as shown in the Fig. 5.5. if [ is at 0.05 and P, is at 1.1 then the
e.m.f. of the battery is 1.15 V.




[image: image10.png]The main drawback of this instrument is that it is necessary to restandardise the
potentiometer if it takes considerable time for the potentiometer balance adjustment
during the measurement. It is advisable to allow the current to flow through the slide
wire before the measurement to get stable balance of potentiometer in quick time.




4.Volt-Ratio Box:                         [image: image11.png]As per the discussion of d.c. potentiometers in earlier sections, the maximum
voltage measured is less than 2 V. In practical applications if the voltage to be
measured is greater than 2 V, then along with the potentiometer a volt-box or
ratio-box or velt-ratio box is used. It is based on the concept of potential divider. It
consists of a high resistance having number of tappings with properly adjusted
resistances between various pairs of tappings as shown in the Fig.
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4.3 Volt-Ratio Box

[image: image13.png]Consider that the voltage of the order of 150 V is to be measured. Then this
voltage is connected between the terminals 150 V and common terminal. The leads to
the potentiometer are taken from two tapping points say 50Q as shown in the
Fig. Now if the voltage on the potentiometer is 1.3 V then the actual voltage to
be measured is given by

5000

Vaunknown = I.S[T)=13{)V



[image: image14.png]Thus by using simple concept of potential divider we can measure unknown
voltage.




4.Applications of D.C Potentiometers:

(i) Calibration of Voltmeter:

    The practical set up for calibration is shown in Fig's.
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[image: image16.png]Volt-ratio box




[image: image17.png]In both the circuits the concept used is of potential divider. The main important
requirement of these circuits is the use of very stabilized D.C. supply. The only
difference is that in the second circuit two rheostats used which are useful in coarse
and fine adjustment. With these adjustments it is possible to adjust a valtage such that
the pointer of voltmeter exactly coincides the major division. The voltage across
voltmeter is stepped down using volt-ratio box. For high accuracy it is advisable to
measure voltages near the maximum range of potentiometer.




Let the reading of voltmeter indicated be Vind. The actual voltage measured using potentiometer is given by,

                                   Vact=(Potentiometer Reading)/(V.R.box ratio)

If these two readings are not matching, a positive or negative error is indicated. The percentage error can be calculated as 

                                      %error=((Vind-Vact)/(Vind))*100

A calibration curve can be drawn by plotting percentage error against the indicated voltage.

(ii) calibration of Wattmeter:
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4.4. calibration of wattmeter

[image: image19.png]A low voltage supply supplies a current to current coil (CC) of wattmeter. This
current is adjusted by using a rheostat Ry in series with low voltage supply. The
potential divider circuit is supplied by a high voltage supply. The voltage is stepped
down by volt-ratio box and the tappings are adjusted accordingly. A voltmeter
measures voltage V and ammeter measures current | which gives true power as,

Wig = VI
This value can be compared with a value indicated by wattmeter. If two values are
not matching, a positive or negative error is indicated which is given by

% error = Mx]_uﬂ
Wina




(iii) Measurement of Resistance:
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4.5 Measurement of Resistance

[image: image21.png]A resistor whose resistance is to be measured is connected in series with a
standard resistor of resistance R,. The current through the circuit is supplied by a




[image: image22.png]stable D.C. supply and it is controlled by a rheostat Ry. The current is adjusted such
that the drop across each resistors is of the order of 1 V. Due to the current [, voltages
are developed across R, and R. Both are then measured by using a d.c. potentiometer.



[image: image23.png]Let the voltage across standard rosistance be Vgs. Then, we can write,

Ves = I R - (1)
Let the voltage across unknown resistance be V. Then, we can write,

Vg = IR - (2)



[image: image24.png]Dividing (2) by (1),
Vg - R

Vis R.



[image: image25.png]Hence the unknown resistance is given by,




[image: image26.png]The basic requirement of above measurement method is that the: current flowing
through the circuit should remain same during measurement of voltages across R and
R.. This need can be fulfilled by using a stabilized D.C. supply at the input,




(iv)Measurement of Power:

[image: image27.png]Volt-ratio box




4.6. Measurement of power
[image: image28.png]The power across load can be calculated as,
P=1V



[image: image29.png]In above circuit, voltage across standard resistance R, is measured using
potentiometer. Let it be Vgs. Then current flowing through it is given by,



[image: image30.png]


[image: image31.png]For the measurement of voltage V across load, volt-ratio box is connected across
load. The output of volt-ratio box is then connected to potentiometer. Let it be V.
Then the voltage across load is given by
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[image: image33.png]where k is the multiplying factor of volt-ratio box and Vg is actual reading of
potentiometer when it is connected across valt-ratio box.




Thus from above equations the power is given by
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5.A.C Potentiometers:

[image: image35.png]The basic principle of operation of d.c. potentiometer and an a.c. potentiometer is
exactly same. But in a d.c. potentiometer, the balance between voltage drop across the
slide wire and the magnitude of unknown voltage is obtained. While in an a.c.
potentiometer, the two voltages should be balanced in magnitude as well as phase.



[image: image36.png]Broadly a.c. potentiometers are classified on the basis of method of measurement
of unknown voltages. There are two types of a.c. potentiometers as,



[image: image37.png]i) Polar type a.c. potentiometer in which the magnitude and phase angle of
unknown voltage are measured on different scales directly. The phase angle is
measured with respect to some reference phaser. As the voltage measured is
represented in polar form as V 8% the a.c. potentiometer is called polar type a.c.
potentiometer.



[image: image38.png]i) Co-ordinate type a.c. potentiometer in which the two components of an
unknown voltage are measured on two different scales. One of the components
measured is inphase component while remaining is quadrature component. Both the
components are 90° out of phase with each other. If the inphase component and
quadrate components are represented by V, and Vy respectively then the magnitude
and phase angle of an unknown voltage can be represented as given below.



[image: image39.png]v



[image: image40.png]For the measurement of all angles upto 360% the provision is made in such
potentiometers to read positive as well as negative values of Vu and Vg. As the two
components of the unknown voltage represent rectangular form of voltage, the
potentiometer is called co-ordinate type a.c. potentiometer.




Basic requirements of A.C.Potentiometers:

[image: image41.png]1. In a.c. potentiometers, the basic requirement is that, at all the instants of time
both the voltages being compared must be equal with respect to magnitude and phase
both. Hence the current in the potentiometer circuit must have same phase and
frequency as compared to the voltage being measured. Hence in a.c. potentiometers,
the current in the potentiometer circuit is derived from the voltage being measured.



[image: image42.png]2. While comparing two voltages in a.c. potentiometers it is necessary to measure
the potentiometer voltage accurately as a.c. reference is not available in the circuit.



[image: image43.png]3. The a.c. source must supply exactly sinusoidal signal. It is necessary in a.c.
potentiometers as the detectors used in it are vibration galvanometers. Being tuned
circuits, these galvanometers may respond hormonics present in one or both the
voltages. Due to this, achieving balance point is a very difficult task.




[image: image44.png]Drysdale-Tinsley Polar Type A.C. Potentiometer



[image: image45.png]Being a polar type, Drysdale - Tinsley ac. potentiometer measures unknown emf.
interms of its magnitude and phase angle. It consists of basic d.c. potentiometer alongwith
some auxiliary components such as, Drysdale phase shifter and electrodynamometer type
ammeter. Let us study Drysdale phase shifter construction first.

Drysdale phase shifter is also called phase shifting transformer. It consists of a ring
shaped laminated steel stator. This sector is wound with either a two phase or three phase
winding. Inside it there is a laminated rotor keeping some air gap between it and stator.
‘The rotor consists of a winding provided in the slot which supplies voltage to slide wire

circuit of potentiometer. The connection of Drysdale phase shifter with the circuit is as
shown in the Fig.
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4.7 Drysdale -Tinsley polar type A.C Potentiometer

[image: image47.png]When current flows through stator winding, a rotating field is produced inducing
em.. in the rotor. The phase of rotor current can be changed through any angle relative to
stator supply voltage by rotating rotor. Thus the change in the phase of secondary em.f. is
equal to the angle through which rotor is moved from its original zero position. It is very
important to arrange windings such that eventhough the magnitude of em.f. induced in
rotor is changed, phase remains unchanged. Thus we can directly read the phase angle
with the help of scale fixed on top of the instrument.




[image: image48.png]The variable capacitor and resistor shown in the circuit diagram are so adjusted that
exact quadrature component between the two stator winding currents is obtained.

An electrodynamometer type ammeter is used to measure a.c. as well as d.c. currents
during the standardisation of an a.c. potentiometer. "




[image: image49.png]Standardisation of Drysdale-Tinsley A.C. Potentiometer

In standardisation of a.c. potentiometer, both d.c. as well as a.c. standardisations
are done. The d.c. standardisation is done first by replacing vibration galvanometer by
D'Arsonval galvanometer. A standard cell such as Weston cell is used for d.c.
standardisation. Then by adjusting sliding contacts null deflection in galvanometer is
achieved. The reading of a precision ammeter included in battery supply is noted.
During a.c. standardisation again vibration galvanometer is used. The ammeter is still
included in the supply circuit but now this circuit is without standard cell. By
properly adjusting resistance in the circuit, the rm.s. value of current in slide wire is
made same as that of d.c. current noted in d.c. standardisation.



[image: image50.png]Measurement of Unknown e.m.f.

The circuit diagram for measurement of unknown em.f. using an ac
potentiometer is as shown in the Fig,
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4.8.Measurement of unknown E.M.F

[image: image52.png]An em.f. to be measured is connected across terminals A-A’. The shding contacts
P, and P, and the position of rotor in phase shifter are adjusted simultaneously till the
balance is obtained as indicated by the null deflection of vibration galvanometer.



[image: image53.png]At balance, the magnitude of the unknown e.m.f. is obtained from P; and P2. And
the phase angle is obtained from the scale reading which is mounted on the top of the
instrument. Thus the unknown e.m.f. can be expressed in polar form as EZ8°




Gall-Tinsley co-ordinate AC Potentiometer
In coordinate AC potentiometer, two separate potentiometers are caged in one circuit as shown in the figure. The first one is named as the in-phase potentiometer which is used to measure the in-phase factor of an unknown e.m.f. and the other one is named as quadrature potentiometer which measures quadrature part of the unknown e.m.f. the sliding contact AA’ in the in-phase potentiometer and BB’ in quadrature potentiometer are used for obtaining the desired current in the circuit. By adjusting rheostat R and R’ and sliding contacts, the current in the quadrature potentiometer becomes equal to the current in the in-phase potentiometer and a variable galvanometer shows the null value. S1 and S2 are signs changing switches which are used to change the polarity of the test voltage if it is required for balancing the potentiometer. There are two step-down transformers T1 and T2 which isolate potentiometer from the line and give an earthed screens protection between the winding. It also supplies 6 volts to potentiometers.
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4.9.Gall-Tinsley Coordinate type AC Potentiometer
[image: image55.png]Single-phase
supply




4.10.Phase Splitting Circuit
[image: image56.png]‘Standardisation of Gall-Tinsley A.C. Potentiometer

First of all d.c. standardisation of potentiometer is done by using standard cell and
D'Arsonval type galvanometer. Then without disturbing this setting, a.c. standardisation is
done by adjusting slide wire current to give zero deflection. Then previous galvanometer is
replaced by vibration galvanometer and also direct current supply is replaced by a.c.
supply. Then the rheostat is adjusted till the current in the quadrature potentiometer wire

is same as that in the in-phase potentiometer magnitudewise. Also these two currents must
be exactly in quadrature.




[image: image57.png]Measurement of Unknown E.M.F.

The em.f. to be measured is connected across the terminals A-A’ using selector switch
S5. The sliding contacts of both the potentiometers are adjusted till the null deflection is
obtained in the vibration galvanometer.

Under the balance condition, the in phase component of the unknown em.f. is
obtained from in phase potentiometer while the quadrature component of the unknown
emf. is obtained from quadrature potentiometer. If needed the polarity of the test voltage
may be reversed by using sign changing switches S, and S, to balance the potentiometers.



[image: image58.png]If V, and Vj are the two potentiometer readings, the magnitude and phase angle of
unknown e.mf. are given by,

V= JVi+V§ and




[image: image59.png]



[image: image60.png]‘Thus the e.m.f. can be expressed in complex form as
Vo= 2Vy2jVy




6.Applications of A.C Potentiometers

[image: image61.png]Similar to the d.c. potentiometers, a.c. potentiometers can be used for the calibration of
voltmeter, ammeter. Also they are used for festing of energy meters and wattmeters.
Measurement of self reactance of a coi is also possible with the help of a.c. potentiometers.
Following are the few applications of a.c. potentiometers.

1. Calibration of voltmeter :

The method of calibration with a.c. potentiometers is very much similar to that with
d.c. potentiometers. If the working voltage is less than 15 V, it can be measured directly.
If the voltage is very high then a.c. potentiometer must be used along with volt box or
two capacitors in series for measurement of medium and high voltages respectively.



[image: image62.png]The calibration of a.c. ammeters may be carried out by using non-inductive standard
resistance and successively noting measurements of various alternating current through it.
‘The process of calibrating ammeters using a.c. and d.c. potentiometers is same.

3. Testing of energy meter and wattmeter :

The practical set up for the testing of wattmeter and energy meter with ac.
potentiometers is similar to that of calibration of wattmeter with d.c. potentiometers. Only
change in the set up is that a phase shifting transformer is included in potential divider
circuit. Using this transformer, the phase of the voltage may be varied with respect to the
current. Thus, the energy meter and wattmeter may be tested at different power factors.



[image: image63.png]4. Measurement of self reactance of coil :

The practical set up for measurement of self reactance of a coil is as shown in the
Fig.

A coil whose self reactance is to be measured is connected in series with a standard
resistance R,. The current i in the circuit is supplied by a.. voltage source. The voltage
drop across R, is first measured using a.c. potentiometer. Let voltage across R, be v,.
Similarly let the voltage measured across coil be v.. For these measurements suppose
polar a.c. potentiometer is used. Then we can write,
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4.11Measurement of Reactance of a coil

[image: image65.png]Voltage across coil = v = V.28,  in polar form
Voltage across R, = v, = V.20,

The current through coil can be calculated as,
V20,
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[image: image66.png]The impedance of coil can be calculated as,
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[image: image67.png]We can write this impedance Z in rectangular form in real part and imaginary
part as resistance and reactance.



[image: image68.png]The resistive part of impedance is given by,

R, V.
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The reactive part of impedance is given by,
R, V

X = Zsin(8.-0,)= sin (8. —85)




The above Equation represent the Reactance of coil.
