
CURRENT TRANSFORMERS (CT: 

Vp 

The primary winding of a qurrent trantormer is connected in senes wth the hne 

carrying the maln current. 

Rp 

MODULE IV 

The secondary winding of the CT, where the current is many times stepped down, is 
directly Conneced across an ammeter, for measurement of current; or acrOSS the 
Curent coil af a wattrmcter, for measurement of power, or acroSs the curent col o a 
watt-hour meter for measurement of energy; of across a relay coil. 
The prmary winding of a CT has only few turns, such that there is no appreciable 

voltage drop across it, and the main circuit is not disturbed. 

Primary side 

Secondary side 

The cument flowing through the primary coil of a CT, i.e., the main circuit current is 
primarity determined by the load conneded to the main circuit and not by the load 
One of the terminals of the CT is nomally earthed to prevent any accidental damage 
to the ooerating personnel in the event of any incumbent insulation breakdown. 

Line current 

Ammeter 

To load 

Equivalent Circuit of Current TransfomerCT: 

Re 

Few turns of i 
primary 

EXm Ep 

When a typical name plate rating of a CT shows 500/5 A 10VA SP20, it indicates that 
the CT rated primary and secondary currents are 500 A and 5A respectively, its rated 
8Acondary burden is 5 VA, it is designed to have 5% accuracy and it can cary up to 
20 times higher current than its rated value while connected in line to detect fault 
conditions,etc. urden) connected to the CT secondary. 

Es 

Ammeter 

Rs 

Line Curent 

i Curreat 
iTransformer 

Many tuns of 
cecondary 

Rp 
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r, 
nTurn ratio 

Where. 

X, 

the Ci pnmary nas tew tums, ang R has very e resIstance. Rp and Xp, respecvely, denote the prlmary winding resistance and reacance. The secondary winding resistance and reactance are denoted by R, and X respectively. The magnetization components of the 
Cument transformer are Rc and Xm. R is responsible for the core loss component, and Xm is the magnctization reacdance of CT. 

X, 

Secondary winding resistance 
Secondary winding reactance 

I,, 

Rrdon cnnorod t Tcondar 
Burden reactance connected to CT secondary 

E, - Induced EMF in CT primary 
E, - Induced EMF in CT secondary 
N, = Primary turns of CT 

, -Se:enda turns f CT 
CT primarv cUrrent 

I, = CT secondary current 
lm = CT Magnetizing current 
I, - CT excitation currend 

9- Phase angle of CT 

Ratio Error 

The curent transformer has two types of erors. 

Phase Angie Eor 

Is 

CT Transformation Ratio 

IgIs 

Ratio Error of Current Transformer 

Ws 

nIs 

To find ihe iransiormaion raiio, we need io caicuiaie ine pimary 
Gurrert ip, as per the definition, and dvide it tby the secondary 
Curment Is. 

Io 

Sm 

n= 

Ip 

In an ideal curent transformer, the primary cument (lp) should equal the mutiplication of the gaondary cirrent and the tums ratio of CT. However, the secondary aImAnt does not vary in the same proporton as the incieace n primary curent and 
90Condary current is less than the nominal secondary current. The error in the CT 
due to the difference in the current from its rated nominal ratio is calBed the current 
error or ratio eror. The ratio error in ¡ çcurrent tr¡nsfomer is due to m¡gnetizing 
current, core loss CUment, leakage reacdance, and burden impedance. 
The CT ratio Eror 0s defined as the per unit devation in transonation ratlo from ts 
nominal ratio. Ratio error exprassed in percentage. 
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Ratio error 

(90 -a - ) 

ns 

R= 

Lm 

R= 

Nominal ratio - Transfornation ratio 
Transformation ratio 

R= 

R= 

Ip 

nl, + l,Sin(a + 6) 

R=n + 

R-n + 

The magnetizing current lo is very small compared to the primary curent l Therefore, the 
above expression can be simplified as fottows. 

From the above phasor, the primary 
curent Ip is the phasor sum of n, and 
o. The CT primary current ip can be 
calculated using the vector addition 
formula. 

l,Sinla + 6) 

I, = + (nl,) + 21l, nl, Cos(90 - a - 6) 

/I + (nl,)2+ 2l, nl, Sin(a + 6) 

Sin(a t 6) 

I,=% + (nl,) + 2l, nl, Sin(a + 6) 

The CT Ratio is equal to ratio of l, /Is 

R= 

X 100 

R= 

Jral,)? + (oSin(a + 8)) + (21, nl, Sin(a + 8)] 

1s 

vI5 + (nl)? + 2 i, ni, Sin(a + 8) 
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From the a0ove expression, is Clear tnat ne transormaon ratio s not equat to the tum 
ratlo. The transtormation ratio and turn ratio wil be equal if a-0 and 5=0.This conditlon can 
be achieved if the core loss is equal to zero and the burden is purely resistive. This 
is an ideal condition. However, this condition is pracicaly impossible. 
#Ratio Eror of Current Transfomer for Resistive Burden 

Since the burden of the CTis generally resistive. Therefore, the power factor of the burden is 
unity, and hence ö=0 

R=nt 

8=0for resítlve burden 

R=n+ 

Le 

I,Sin(a + 6) 

I,Sina 

Phase Angle Error of the Current Transformer: 
The pimary and secondary current of the CT should be out of phase, meaning the phase 
angle between the primary and secondary must be 180 deorees. Any deviation in the phase 
angle from 180 degrees is called the phase angle error of the CT. 

The phase angle of the current transfomer is defined as the angle between the primary 
current ip and secondary current l,. In the above phasor diagram, 0 is the phase angle. 

nIs 

Since | I,Sina = 1,] 

I(90- a- 0)! 
b 

-

Im 

Ip 
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Consider the right angle triangle ABC in the above phasor diagram. 

tang = 
bc 

ob 

I,Stn(90 - a- 8) 

= 

l,Cos(a + 6) 
[nl, + 1,Stn(a + 6)) 

Since 8 is very small, so tanb = 6 

oa + b 

1,Cos(a + 6) 
(nd, + 1,Sn(a + 6)) 

Also I,is very small and, I, Sin(a + 6) «K nl, 

hence i, Sin(a + 6)can be neglected 
I,Cos(a + 8) 

nl, 
I(Cosi Cos& - Sina Sin&) 

, Cosa Cos& - I,Sina Stn8 
nd, 

From Phasor, I, Cosa= lm and ,Sina =l, 

&= 180/T 

ni, 

I Cos8-I, Sin6 
nl, 

Rudiuns 

(,n Cos6- I, Sins) 
nl, 

Phase Angle Error af Curent Transformer For Resistive Burden 
The phase angle between the primary and secondary of the current transformmer must tbe 180 
degrees. The primary and secondary Cument must be out of phase. The phase angle eror is 
the deviation in the phase angle of the primary and secondsary current. The phase angle 
between the primary and secondary curent of the CT is denoted by angle . 

Degree 

Since the CT burden is generaly resistive, fhe power facdor of the burden is unity, and hence 
J-0. The following expression gives the phase angle error of CT. 

6 = 180/ 

0= 180/T 

0= 

(, Cos6 -1, SinQ) 
nl, 

(Ln Cos0-1, Sin0) 

180, m 
nl, 

nl, 

Degree 
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Causes of Errors in CT: 
In an ideal CT, the actual transfomation ratio should have been exactly equal to the turns ratio andthe phase angle should have been zero. However, due to inherent physical tinitaions to the electric and magnetic cincuits of the CT, practical performance deviates from these ideal behavior3 ad erors are introduced in measrement. The reasons for these erors are given here. 

Pimary winding always needs some magnetising MMF to produce flux and, 
thersfors, the CT draws the magnetising current IM. 
CT noload current must have a component lc that has to Supply the core losses, i.e., 
the eddy Current loss and the hysieresis loss. 
Once the CT core becomes saturated, the flux density in the core no Bonger remains 
a linear function of the magnetising force, this may introduce further erors. 
Pimary and secondary flux linkages differ due to unavoidable flux leakages. 

Reducing Errors in CT: 
Erors are produced in the ratio and phase angle of a CT owing to the presence of the no 
load compOnent of the primary curert. Improvement of accuracy, then, depends upon 
mintmizing this component or nullifying in some way its effects in introducing erors. The 
most obvious idea would be to attempt to keep the magnetizing curent componert as sall 

s possible. This can be achieved by a combination af the following schemes: 
Low Flux Denslty 
The magnetising componert of curent may be restricted by using ow values of fux 
density. This may be achieved by using large cross-section for core. For this reason, 
CTS are normally designed with much lower flux densities as compared to a normal 
power transformer. 
High Pemeability Core Material 
The magnetising component of current may be made smatt by the use of high 
pemeabiity core material, 50% Fe +50% Ni has high permeability at low flux 
densites along with reasonably high saturation density value. It is used frequenty as 
core materiat for manufacturing CTs. 
Modification of Turns Ratio 

The accuracy of curment transfomers may be improved, at least in tems of 
transfonation ratio, by suitably modifying the actual number of tums. 
Use of Shunts 
I the secondary currert is found to be loo high, ã may be reduced by a shunt placed 
across the primary or seoondary. Use of shunts can atso hetp in reducing the 
phase-angle error. 
Wound-Core Construction 
An improvement in the magnetisation characteristics of the CT core may be achieved 
by the use at wound-core construction This typed constucion for the core has 
been in use for some time in distibution transtormers. By special treatmert of the 
silicon steel to be used as core material, and by using it to carry flux always in the 
direcion of grain oientation (rolling the sheet steel in proper way), magnetic 
properties of the core can be largely improved. This improvement may be utilised in 
CTs to reduce the ratio and phase angle errors. 
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ac 

line 

POTENTIAL TRANSFORMERS (PTB 

V 

Ine pnmary winding of the PT is connected across the high-voltage ine whose 
voltage is to be measured and the measuring instruments are connecded across the 

secondary of the PT. 

Vp 

IRy 

PL 

Prumary 
winding 

Equivalent circuit: 

(a) 

Secondary 
winding 

A 

Ep 

Qm 

Phasor Diagram for 
E Voltage Transformer 

at Lagging Power 
Factor 

line 

PT 

Pressure Coi (PC) i 

Prirmary 
winding 

( 

B- Phase angle error. 

A 

s-Secondary current. 
Es-Secondary induced emf. 
V-SecoDndary teminaí voltage. 
R-Secondary windíng resistanca. 
Xs- Secondary winding reactance. 
Ip-Primary current. 
Ep-Pimary induced emf. 
Vo-Primary terminai voltage. 
Rp- Primary windíng resistance. 
Xp-Primary winding reactance. 

KT-Tums ratio = Numbers of primary 
turns/number of s�çondary tums. 
lo -Excitation çurent, 
In- Magnetizing component of lo. 
y- Core loss component of lo. 
Om-Main flux. 

D 

Soondary 
winding 

Curent Cod (CC) 
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Expanded view of 
Phasor Diagram 

4 

niX. 

The phase angle between the primary voltage and the secondary voltage is called the phase 
angle of PT. This phase angle is ideally equal to zero because these two phasors are in 
same phase. 

From the phasor diagram we have, 

Vp= Ep +hRÍ + Ipxp = nEs + IpRp + Ipxp 

Oa = V, Cos 

Vp= n(Vs + l4Rs + LXs) + IpRp +lp�p = nVs + nlsR+nlXs + IhRp + Ip�p 

Oa = nVs + nlRs cos 8 + nlsXs sin ô + IpRp cos ß + IpXp sin 
V, cos e = nV; + nl.Rs cos 6 + nlsXs sin 8 + IpRp cos B + hXp sin ß 
Vp cos = nVs + nl(Rs cos & + Xs sin 8) + IpRp cos ß + Ipxp sin ß (1) 
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BuT in realty, the phase angie is very small and tne pnmary and secorndary voltage are 

perpendicular to the flux and then; 
<ocd = ß and <ecd = 8 

Then 

I, cos = l, + 

Then, 

Hence Vpcos = Vp 

Snhetihrting the ahne value fom eg 1 we get 

n 

V=nVs +ni(Rs cos õ + X sin 6) + W, + 

Or 

cos ð and l, sunß= Iy + 

V, - nV, + 1, cos 8 (nr, + )+ 1, sin 6 (nX, + )+ (,R, + ImX) 

V, = n, + 3 (R, cos 8 + X, sin 8) + (�R, + lnX,) 

tan 

Where R Is equvalent res1stance ot PI and A, equvalent reactance ot PI. 

Phase Angle of Potential Transformer (PT) 

tan 

tan = 

tan A = pp cosf-IRy sin ß*nigXs cos&-nigRe sin 6 

From the phasor diagram the terms lp and Is are less compared to large voltage and these 
iems are hegiecied thus we get. 

sin d 

l, cos 6 

cos 6)R, + (m tsin o) X, 

nVs 

tan = 

(X, + n'X,) 

x,{4+cos 8)- R,{!. +sin 8) + nl, x, cos 8 

cos8 

lan n 

I, cos 

n. 

nV, 

(2) 

nV, 

4 sin 8 

n, 

(3) 

(4) 

nV, 

n, 

R, + 1X - ImRp 

(R, + n°R,) + 1X, � Im R, 

(X, cos 8 - R, sin 8) + 1X, - lR, 

(5) 

&+ nX,)- l, sin ô+nR,)+ l,Xp- Imky 
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Let tan 0 = 0, then 

Basis for 
Comparison 
Definition 

Cirauit Symbol 

So, the phase angle is: 

Core 

(n*x, cos6- Ry sin 6) + lp ImRp 

8= (X, cos & -R, sin 6) + 

Connection 
Primary Circuit 
Secondary Cirauit 

Range 
Transfornmation 
Ratio 

Burden 

Input 

n 

9= 

Usually built up with lamination of silicon steel. 

Primary Winding It carries the current which is to be measured 

Full line aurent 

Types 

Secondary Winding It is connected to the current winding of the 

Impedance 
Applications 

(n'X, cos 6 -n°R, sin 6) + 1X, - ImR, 

ni, (X, cos 8 - R, sin ô) + 1X, � InRp 

Current Transformer 

nV, 

Transform the current from high value to the low 
value. 

instument. 

n, 

Has a smatt mumber of tuns 

High 

n, 

Connected in series with the instrument 

5A or lA 

Has a large mumber of turns and cannot be open 
cirauit. 

Low 

Does not depends on secondary buden 
Constant curreit 

The primary winding consists the full line curent. 

Two types (Waund and Closed Core ) 

Measuring curent and power, monitaring the power 
grid operation, for operating protective relay., 

Potenial Transformer 

(6) 

Transfora the voltage fom high value to 

the low value. 

() 

It is made up of with high quality steel 
operating at low flux densities 
It carries the voltage which is to be 

measured 
It is connected to the meter or instrument. 

Connected in parallel with the instrument. 
Has a large number of tuns 

110v 

Has a small umber of turns and can be 
open circuit. 

Low 

Depends on the secondary burden 
Constant Voltage 
The primary winding consists the full line 
valtage. 

Hgh 

Two types (Electromagnetic and Capacitor 
voltage) 

Measurement, power source, operating 
protective relay, 
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POTENTIOMETER 
A potentiometer is an instrument which is used for measuremert of potertial dierence 

across a known resistanoe or between two teminats of a circut or nstwork of known 

characderistics. 

MODULE M 

Some important characteristics of a potentiometer are the following: 

1) A potertiometer measures the unkngwn voltage by comparing t with a known votage 
Souros rather than by the actuaB detection af the pointer. This ensures a high degree 
of accuracy. 

2) As a potentiometer measures using null or balance condition, hence no power is 
required for the measurement. 

3) Determination of votage using a potentiometer is qute independert of the soUrce 
resistance. 

Operation: 

Since a potentiometer measures voltage by compaing it with a standard cell, 
it can be also used to measure the current simply by measuring the voltage 
drop produced by the unknown current passing through a known standard 
resistance. 

DC potentiometer: 

By the potentiometer, power can also be calculated and if the time is also 
measured, energy can be determined by simply multiplying the power and 

time of measurement, Thus potentiometer is one of the most fundamental 
instruments of electrical measurement. 

First, the Switch S is put in 
the 'operate' position and the 
galvanonmeter key K kept 
open, the battery supplies the 
working current through the 
rheostat and the slide wire. 
The working current through 
the slide wire may be varied 
by changing the rheostat 
seting. 
The method of measuring the 

Side 
wire 

Battery 

50 

junkngwn 
emf 

Standard 
cel 

100 

Operate 

Rheostat 

150 

c Slding contact cm 

S 
SCallbrate 

unknown voftage, E1, depends upon the finding a position for the sliding contact such 
that the galvanometer shows zero deflection, i.e., indicates nul condition, when the 
galvanometer key K is dosed. 

Working 
curent 

Zero gavanometer deflection means that the unknown oltage E1 is equal to the 
votage drop E2, across position a-cof the slide wire. Thus, determination of the 
values of unknown voltage now becomes a matter of evaluating the voltage drop E2 
along the portion acof the slide wire. 

200 
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When the switch S is placed at' calibrate' position, a standard or reference cell is 
Connected to the crout. This roferenc8 cett ts used to standardize the potentiometer. 

Laboratory-Type CROMPTON'S DC POTENTIOMETER: 
Basic slide wire dc potentiometer has 
the followng disadvantages. 
The slide wire is linear and hence 
OCcupies more space which is not 
pracical. 

If the length is decreased then 
resolution of the potentiometer 
decreases as voltage per unit length 
increases. 
So Crompton potentiometer is used in 
practica to decrease the gize without 
compromising the resolution (smallest 
measurable voltage). 
It consists of a dial switch which has 
Feen for more) steps. Each steep has 
10 resistance. So the dial switch has 
total 1502 resistance. 
The working current of this 
potentiometer is 10 MA and therefore 
each step of the dial switch 

12 

Working 
botterY 

tolibrate 

Operate 

Procedure for Measurement of Unknown emi:: 

Dia! switch 
15 Stens of nn 

Totai re sistance 150 A 
Rgnge 1$V 

0-3 

Rheostat 
ww 

Shor tng key 

Proteçt1ve 
resistance 

Unkno 

Crcular Sude wwe 
Retstance -10N 
Ronge-0-1 V 

coresponds to 0.1 vot. So the range of the diaB switch is 1.5 vot. 
The dia switch is COrected in series witha drcuar side wie. The Grcutar side wire 
has 10 Q resistance. So the range of that slide wire is 0.1 volt. The slide wire 
calibrated with 200 scale divisions and since the total resistance of slide wire 
corresponds to a voltage drop of 0.1 volt, each division of the slide wire coresponds 
(0.1+200)-0.0005 volt. 

Standard cel 

With this Crompton's potentiometer t ts possible to estimate the reeding up to 0.0001 Volt. 

At first, the combínatíon of the dial switch and the slíde wíre ís set to the standard cell 
voltage. Let the standard sell voltage be 1.0175 volts, then the dial resistor is put in 
1.0 vot and the slide wire at 0.0175 volts setting. 

10mA 
Working 
Curren 

The switch 'S is thrown to the calibrate positon and the galvanometer switch 'K' is pressed until the heostat is adjusted for zeo deflecton on the gavanometer. The 10 kW protective resistance is kept in the circuit in the initial stages so as to 
protect the galvanometer from overload. 
After the nått deflection on the galvanometer is approached the protective resistance is shorted so as to increase the sensitivity of the galvanometer. Final adjustmet is made for the zero deflection with the help of the rheostat. This completes the 
standardisation proCess of the potentiometer. 
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After competion af the standardisation, the switch 'S' is thrown to the operate 
position thereby connecting the unknown emt into the potentiometer drcuit. With the 
protective resistanoe in the circuit, the potentiometer is balanced by means of the 

main dial and the slide wire adjustment. 
As soon as the balanced is approached, the protective resistance is shorted and final 
adustments are made to obtain true balance. 
After the final true balance is gbtained, the vatue of the unknown Gmf is read of 

directly from the setting of the dial switch and the slide wire. 
The standardisation of the potentiometer is checked again by retuming the switch 'S' 
to the calibrate position. The dial setting is kept exactly the same as in the original 
standardisation process. If the new reading does not agree with the old one, a 
Second measurement of unknown emf Must be made. The standardisation again 
should be made after the measurement. 

AC POTENTIOMETER: 
An ác potentiometer is same as dc potentiometer by principle. Only the main diference 
between the ac and dc potentiometer is that, in case of dc potentiometer, only the magnitude 
of the unknown emf is compared with the standard cell emf, but in ac potentiometer, the 
magritude as well as phase angle af the unknown vottage is compared to achieve balance. 

The following points need to be considered for the satistactory operation of the ac 
potentiometer: 

To avoid error in reading, the slide wire and the resistance coil of an ac potentiometer 
should be non-inductive. 
The reading is affected by stray or extemal magnetic field, so in the time of 
measurement they must be liminated or measured and corrasponding correction 
factor should be introduced. 
The sources of ac Supply should be free from hamonics, because in presence of 
hamonics the balance may not be achieved. 
The ac source shoutd be as sinusoldal as pOssible. 

Drysdale Polar Potentiometer : 

The slidee wire S1-$2 is 
supplied from a phase shifting 
circuit for ac messurement. 
The phase shifting circuit is so 
arranged that the magnitude of 
the voltage supplied by it 
remains constant while its 

phase can be varied through 
360°. Consequently. slide wire 
Curront can be maintained 
constant in magritude but 
varied in phase. 

1 
AC. 

uppBy 

Phase 
shifler 

90 90° 

Slide wire 

Unknowm 
voltage 

Vibration 
gaBvanometer 
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The phase shifting circuit consists of two stator cols conneded in paratltet suppied 
from the same souros; their currets are made to difer by 90° by usig very acCurate 
phase shifting technique. 
The two windings produce rotating flux which inducesa secondary emf in the rotor 

winding which is of constant maonitude but the phase of which can be varied by 
rotaing the rotor in any position. The phase of the rotor ef is read from the circutar 
dial atached In the potentometer. 
Before the ac measurement, the potentiometer is first calibrated by using dc supply 
for slide wire and standard cell for test terminals T1 and T2. The unknown aternating 
voltage to be measured is applied across test teminals and the balance is achieved 
by varying the slide wire contacd and the position of the rotor. 
The ammeter conmecled in the shde wire crcut gves the magntude of the unknown 
emf and the circular dial in the rotor circuit gives the phase angle of it. 

APPLICATIONS OF dc POTENTIOMEERS 
Procticol uses of dc potentiometers ore 
" MeasUrement of curent 

" Measurement of high voltage 
" Measurement of resistance 

"Measurement of power 

"Catitraton of votmeter 
" Calibration of ammeter 

" Calibration of watmeter 

Calibraion of Ammeter ty Potentiometer : 

Now, compare the reading of the armetar with the currert found by caBautation. t 
they do not match, a positive or negative error will be induced. 

A calibration curve may be drawn between the ammeter reading and the tråe value af 
the current as indicated by the potentiometer reading. 

As the resistance of the standard resistor S is exactly known, the currert through S is 
exacty calculated. This method of calibration of ammeter is very accurate. 

AnteY 
TAst 
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Caltbration of Vatneter by Potentiometer : 

Poentiometer dvider 

The potential divider network consists of two rheostats. One for coarse and the other 
for fine control of calibrating voltage. The voltage across the voltmeter is steeped 
down to a value suitable for the potentiometer with the help of the volt-ratio box. 

Wattmeter 

In order to get accurate measuremets, t is necessary to measure vokages near the 
maximum range of the potentiometer, as far as possible. 

The potentiometer measures the true value of the voltage. If the reading of the 
potertiometer does not match with the votmeter reading, a positive or negative eror 
IS indicated. A calibration Curve may be drawn with the help of the potentiometer and 
the voltmeter reading. 

Calibratian of Wattneter by Patentioneter i 

Fine 

Adjustment 

Regulating 
Rheostat 

Calibration of Voltmeter with Potentiometer 

Curresit 
Coil 

Pressure 
Coil 

The current coll of the wattmeter is supplied from low voltage supply and the potential 
coil from the normal supply through the potential divider. 

S 

Voltage-ratio Box 

The votage V across the potential cof of the watteter under calibration is measured 
directy by the potertiometer. The current through the currert col is measured by 

measuring the voltage across a standard resistor 
connected in series with the current coil divided 
by the value of the standard resistor. 

Volt-ratio box 

Standard 
Resstor 

o 300| 

Calibration of Wattmeter with a DC Pontentioemter 

O 150 
O 75 

O 15 

The true power is then Vi, where Vis the 
voltage ecross the potentiel coil end is the 
Curent through the current coit of the wattmeter. 
The wattmeter reading may be compared with 
this value, and a calibration curve may be drawn. 
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APPLICATIONS OF AC POTENTIOMETER :: 
The major applications of the ac potentiometers are 

1. Measurement of self-inductance 

2. Calibration of voltmeter 

3. Calibration of ammeter 
4. Calibration of wattmeter 

Measuroment of Sol-induCtance : 

Or. 

R_ 
Voltage drop across inductive coil = V, 

Phase angle between voltage across and current through the coil = 0 
Voltage drop due to resistance of coil, IR= V, cos 0 

Calibration of Watmater : 

: resistance of the coil. R=Yosycos Rgy cose 

Voltage drop due to inductance of coil, loL=V, sin 

. inductance of the coil Z. Y Sn8 V sine RçV, sin8 

The cumet coil of the wattmeter is supplied through stepdown transformer and the potential coil from the secondary of a variabBe transformer whoss primary is supplied from the rotor of a phase shiting transformer. 
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The votage Vacross the potential cot of the wattrmeter and the currert / through the 
current col of wattmeter are measured by the potentiometer, introducing a vot-ratio 

box anda standard resistor. 

The power factor Os g is varied by rotating the phase shift rotor, the phase angle 
between voltage and cuTent, F being given by the reading on the dial of the phase 

shifter. 

The power is then VI cos F and the wattmeter reading may be compared with this 
reading. 

A catbratton curve may be drawn it necessary. A small mutual indutance MIs 
incuded to ensure accuracy of measurement of zero power factor. 

AC POTENTIOMETER 

Advantages 
2 An ac potentiometer is a very versatile instrument. By using shunt and volt-ratio box, it 

can measure wide range of voltage, current and resistances. 

2. As itis abBe to measure phase as well as magritude of two signats, it is used to measure 
power, inductance and phase angle of a coil, etc. 

3. The principle of ac potentiometer is also incorporated in certain special application like 
Amoid circuit for the measurement of CT (Current Transformer) errOrs. 

Disadvatages 
1. A smsall difference in reading of the dynamometer instrumernt either in dc or ac calibration 

brings on error in the altemating current to be set at standard value. 

2. The normal vaue of the mutuat inductance Mis afected due to the introduction af mutual 
inductences of various potertiometer parts and so a slight diference is observed in the 
magnitude of the current of quadrature wire with compared to that in the in-phase 
potentiometer wire. 

3. inaccracy in the measured value of frequency wili also resuit in the quadrature 
poteniometer wire Curert to differ from that of in-phase poteniometer wire. 
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PYOSASKED N MD & END SEMESTER EAMINATIONS 
MODULE M 

2MARKERS 
1 Draw the phator dorm of current trnsfommor. 

2) Why the secondary of CT is never kept open ? 

4MARKERS 
} at is therole of current transformer ? Derive the expression for s ratio error 

wnd phagle eror ot CT? 
2) Derive the expression for turns ratio error and phase angde error of PT? 

3) Wy Potantiometer is used ? Explain the working of Crompton potentiomneter. 

4) Diierentiate between AC and DC potentiometer. 

NUMERICALStgacher specien 

1) ACT has one tum primary and 200 tuns secondary windings. The ssCondany 

Caries& Current of 6Apassing through a secondary burden of 1 ohm. The fux is 

Mupin the core by the currentof 80 A. The frequency is 50 Hz and area of cross 

s8Cvois 1000 sq-L calcuate the acCtiad ransionnaion tatio and phase angie 

for the transformer. 
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