Working Principle of Potentiometer
This 15 a very basic mstrument used for comparing emf two cells and for calibrating ammeter,
voltmeter and watt-meter. The basic working principle of potentiometer is very very sumple.
Suppose we have connected two battery in head to head and tale to tale through a galvanometer.
That means the positive termunals of both battery are connected together and negative termunals

are also connected together through a galvanometer as shown in the figure below
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it is clear that if the voltageof both battery cells 15 exactly equal, there will be no circulating
currentin the circuit and hence the galvanometer shows null deflection. The working principle

of potentiometer depends upgmitius Eﬁﬁ?ﬁﬂﬂfﬁg Office



Now let's think about another circuit, where a battery s connected across a resistor via a switch

and a rheostat as shown m the figure below voltage-drop-calculation/ across the resistor. As there
5 a voltage drop across the resistor, this portion of the circuit can be considered as a

voltagesource for other external circutts. That means anything connected across the resistor will
get voltage. If the resistor has uniform cross section throughout its length, the electrical

resistance per wmit length of the resistor 15 also uniform throughout itslength

voltage drop per unit length of the resistor 15 also uniform. Suppose the current through the
reststor 15 1 A and resistance per unit length of the resistor 15 1 Q. Then the voltage appears per
umit length across the resistor would be '’ ans say it 15 v volt.

positive termumal of a standard cell 15 connected to point A on the shdng resistor and negative
terminal of the same 15 connected with a galvanomegter. Other end of the galvanometer 15 m
confact with the resistorvia a shiding contact as shown m the figure above. By adjusting this

sliding end, a point like B 15 found where, there is no current through the galvanometer, hence no

deflection of galvanometer.
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That means emf of the standard cell 1s st balanced by the voltage-drop-calculation/ appears
across AB. Now if the distance between pomt A and B 15 L., then if can be written emf of

standard cell E = Lv volt. As v(voltage drop per unit length of the sliding resistor) 1s known and
L 15 measured from the scale attached to the resistor, the valwe of E 1e. emf of standard cell can
also be calculated from the above simple equation very easily
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DC POTENTIOMETER CAN COMPARE EMES OF TWO DIFFERENT CELLS

Two cells whose emf’s are to be compared are jomned as shown in the figure below. The posttive

terminals of the cells and source battery are jomed together. The negative termumnals of the cells
are jomed with the galvanometer m furn through a two way switch. The other end ofthe
galvanometer 15 connected fo a shding contact on the resistor. Now by adjustmg sliding confact
on the resistor, 1t 15 found that the null deflection of galvanometer comes for first cell af a length
of L on the scale and after positioning to way switch to second cell and then by adjusting the
shding contact, it 15 found that the mull deflection of galvanometer comes for that cell at a length
of L on the scale.Let's think of the first cell as standard cell and if's emf 15 E and second cell 1s
unknown cell whose emf 1s E;. Now as per above explanation, E = Lv volf and

L1=Lv volt Dividing one equation by other, we get
Ei L4
E L

As the emf of the standard cell 1s known, hence emf of the unknown cell can easily be

determined.
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AC Potentiometer

The Potentiometer 15 an mstrument which measures unknown voltage by balancing it with a
known voltage. The known source may be DC or AC. The working phenomenon of DC
potentiometer and AC potentiometer 15 same. But there 15 one major difference between their
measurements, DC potentiometer only measures the magnitude of the unknown voltage. Where
as, AC potentiometer measures both the magnitude and phase of unknown voltage by comparing
it with known reference. There are two types of AC potentiometers:

1. Polar typepotentiometer.
2. Coordinate typepotentiometer.

Polar type Potentiometer
In such type of mnstruments. two separate scales are used to measure magnitude and phase angle

on some reference of the unknown e.mf There is a provision on the scale that it could read
phase angle up to 3600. It has electrodvnamometer tvpe ammeter along with DC potentiometer
and phase-shifting transformer which is operated by single phase supply. In phase-shifting
transformer, there 15 a combmation of two ring-shaped lammated steel stators connected
perpendicularly to each other as shown m the figure. One 15 directly connected to power supply
and the other one 15 connected in series with variable resistance and capacitor. The function of

the series components is to maintain constant AC supply i the potentiometer by doing small
adjustments init. Edit with WPS Office



Between the stators, there 1s laminated rotor having slots and winding which supplies voltage fo

the slide-wiire circuit of the Potentiometer. When currentstart flowmg from stators, the rotating
field 1s developed around the rotor and due to it em £ 1s induced in the rotor winding. The phase
displacement of the rotor emf is equal to rotor movement angle from its orniginal position and it is
related to stator supply voltage. The whole arrangement of winding are done in such a way that
the magnitude of the induced emf in the rotor may change but it does not affect the phase angle
and it can be read on the scale fixed on the top of the mnstrument.
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The mduced emf in rotor winding by stator winding 1 can be expressed as
E,=KIsinwteosa.......... (1)
The induced emf in the rotor winding by the stator winding 2,

Es = K I sin(wt + 90°) cos(@ + 90°)
~ —K Icoswtsing..........(2)

From equation (1) and (2). we get
E =K I (sinwt cos@ — coswt 8ind)

Therefore, resultant mduced emf in the rotor winding due to two stator winding
E=K lsin (':""t @}Whm,ﬂgives the phaseangle.
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