
EI6301 -  ELECTRICAL MEASUREMENTS    
 UNIT – I 

MEASUREMENT OF VOLTAGE AND CURRENT 
PART-A 

1.  A PMMC instrument has a 0.12T magnetic flux density in its air gaps. The coil dimensions 
are D = 1.5 cm and l =2.25 cm. Determine the number of coil turns required to give a 
torque of 4.5 μN-m when the coil current is 100μA.  

Td = NBldI 
 N = Td / BldI  

    = 4.5 x 10-6 / (0.12 x 2.25 x 10-2 x 1.5 x 10-2 x 100 x 10-6)  
 N = 1111 

2.  What is the use of swamping resistor? 
Swamping resistor is connected in series with meter resistance to reduce the error caused 
by temperature rise (i.e. temperature error). Swamping resistance to meter resistance ratio 
should be high. 

3.  What is the electrical current effect used to produce deflecting torque in a PMMC 
instrument? 
When a current(I)  carrying conductor of size l and d and N turns, cuts a  magnetic field of 
flux density B and if the field is radial then the deflecting torque  
Td = NbldI = GI  

4.  Explain the terms resolution and sensitivity.  
Resolution :  
 Smallest increment in input which can be detected with certainity by an instrument 
is its resolution or discrimination. So resolution defines the smallest measurable input 
change. 
Sensitivity :  
 It is the ratio of the magnitude of the output signal or response to the magnitude of 
input signal or the quantity being measured. 

5.  State two merits of PMMC ammeter. 
• The scale is uniformly divided. 
• The power consumption is very low as 25 μW to 200 μW. 
• The torque weight ratio is high which gives a high accuracy. 
• The errors due to stray magnetic fields are very small. 
• A single instrument may be used for many different voltage and current ranges. 

6.  State two sources of error in moving iron instrument.  
• Hysterisis Error 
• Temperature error 
• Stray magnetic fields 
• Frequency errors 
• Eddy currents 

7.  Define current sensitivity of a galvanometer.  
The current sensitivity of a galvanometer is defined as the deflection produced by unit 
current. Current sensitivity = Si = θF / I = Gi / K rad / A or G / 500K mm / μA. 

8.  List the various methods of providing control torque.  
• Gravity control 
• Spring control 

9.  What are the limitations of rectifier type instruments? . 
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• Effects of waveform 
• Effect of rectifier resistance 
• Effect of temperature changes 
• Effect of rectifier capacitance 
• Decrease in sensitivity 

10.  What are the requirements of materials used in making shunts for extending range of 
instruments?  

• The temperature co-efficient of shunt and instrument should be low and should 
be as nearly as possibly the same. 

• The resistance of shunts should not vary with time. 
• They should carry the current   without excessive temperature rise. 
• They should have a low thermal electromotive force with copper. 

11.  List the various types of errors in electro dynamometer type instrument  
• Low torque to weight ratio. 
• Frequency error 
• Eddy currents  
• External magnetic fields 
• Temperature change 

12.  How is the current range of PMMC instrument extended with the help of shunts?  
To extend the Ammeter range shunt of low resistance is connected in parallel with meter 
resistance. When heavy currents are to be measured, the major part of the current is 
bypassed through this shunt resistance. 

Shunt resistance can be calculated using the formula. Rsh= Rm/(m-1) 
Rm – meter resistance 
m  -Multiplying  power =   I/Im. 

13.  List out commonly used damping methods?  
• Air friction damping 
• Fluid friction damping 
• Eddy current damping 
• Electromagnetic damping 

14.  What is the use of thermal instruments?  
It’s used for measurement of radio frequency a.c. signals. They are very useful when used 
as transfer instruments to calibrate d.c instruments by potentiometer and standard cell. 
These instruments are suitable for both a.c and d.c. 

15.  How to extend the range of voltmeters?  
Series resistance(multiplier) is connected in series with basic meter and this combination is  
connected  across the voltage  to be  measured. 

Rs=(m-1)Rm 
Rs=series resistance 
Rm=meter resistance 

 m=multiplier =V/v 
 V=voltage to be measured 
v=voltage across the meter movement. 

16.  What is shunt? Explain briefly?  
When heavy currents are to be measured or to extend the range of an ammeter, the 
major part of the current is bypassed through a low resistance called a shunt. It will 
be connected across a basic meter. 
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17.  Why electrodynamometer type instrument is called transfer instruments? 
A transfer type instrument is one that may be calibrated with a d.c. source and  
Then used without modification to measure a.c. This requires the transfer type instrument 
to have same accuracy for both d.c. and a.c. which the  electrodynamometer  instruments 
have. 

18.  An ohmmeter is MI or MC or dynamometer type? 
Moving coil type. 

19.  Give the expression for torque in moving coil instruments. 
Deflecting torque Td = NBldI=GI 
Controlling Torque Tc=Kθ 

20.  What is the use of a rectifier instruments? 
Rectifier type instruments   are suitable for D.C and A.C. Widely used for medium 
sensitivity service type voltage measurements in medium impedance circuits. 

 
 

 Unit I   Part B 
1.  Explain in detail about the working principle of D’Arsonval galvanometer and derive its 

torque equation.  
2.  Explain in detail about Ballistic galvanometer. 
3.  (i) Sketch the basic construction of typical PMMC instrument. Explain its operation. 

 (ii)Problem on PMMC instrument  
4.   (i). Discuss their merits and  demerits of attraction and repulsion type MI instruments.        

(ii)  Problem on Moving Coil galvanometer   
              

5.  With neat figure, explain the construction and operation of repulsion type moving 
   Iron instrument. Give the advantages and limitations of such instruments.  

6.  (i).Explain how flux is measured using Ballistic galvanometer.  
(ii).Justify the need for under damping, critical damping and over damping in     

  Measuring instruments. 
7.  Explain the operating principle of PMMC type ammeter with a neat diagram. What 

special features are incorporated in its construction in order to reduce the errors?  
8.  Draw diagram showing the main components of a dynamometer type ammeter and 

explain the working principle of this device. What steps are taken to reduce the errors in 
this instrument?  

9.  (i) Describe the working principle of  thermal type meter. 
(ii) Problem on PMMC instrument  

10.  Illustrate with a neat diagram the principle of operation, construction and working of 
rectifier type meter. 

 
 UNIT –II MEASUREMENT OF POWER AND ENERGY 

PART-A 
1.  A 3φ 500 V motor load has a pf of 0.4. Two watt meters connected to measure the input. They 

show the input to be 30 kW. Find the reading of each instrument  
P1 + P2 = 30kW ⎯⎯⎯⎯⎯⎯ 1 
cos φ = 0.4; φ = 66°24’ ; tan φ = 2.289; 
tan φ =  √3 (P1 - P2 ) / ( P1 + P2) =  2.289 

√3 (P1 - P2 ) / 30 =  2.289 
(P1 - P2 ) =39.7 kW. ⎯⎯⎯⎯⎯⎯ 2 
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From eqns 1 & 2 
 P1 = 34.85kW & P2 = -4.85kW 

2.  What are the causes of creeping in an energy meter?  
• Over compensation for friction 
• Excessive voltage across the potential coil 
• Vibrations 
• Stray magnetic fields 

3.  How is the compensation for inductance of pressure coil realized on low power factor watt 
meter?  
By connecting a capacitor across a part of series resistance in the pressure coil circuit. the 
compensation for inductance of pressure coil is realized on low power factor watt meter. 

4.  How is creep effect energy meters avoided?  
Two diametrically opposite holes are drilled in the disc of the energy meter. 
When one of the holes comes under the edge of a pole of the shunt magnet the rotation being 
limited to a maximum of half a resolution. In some cases a small piece of iron is attached to 
the edge of the disc. 

5.  List the different types of wattmeter.  
• Ferro dynamic wattmeter 
• Low power factor wattmeters ( Electrodynamometer wattmeters) 
• Thermocouple wattmeter (Thermal watt converter) 

6.  State two adjustments which are possible in induction type energy meter.  
• Preliminary light load adjustment 
• Full load unity factor adjustment 
• Lag adjustment with adjustable resistance & Lag adjustment with change of position of 

shading bands. 
• Light load adjustment 
• Creep adjustment. 

7.  How is LPF wattmeter different from UPF wattmeter?  
LPF wattmeter has extra features to increase the deflecting current and to reduce the errors 
introduced because of inductance of pressure coil.The pressure coil circuit is designed to have 
low value of resistance to increase the current and operating torque. LPF wattmeter is 
designed to have compensation for pressure coil current, compensation for inductance of 
pressure coil and small control torque. 

8.  An energy meter is designed to make 100 revolutions of disc for one unit of energy. Calculate 
the number of revolutions made by it when connected to load carrying 40 A at 230V and 0.4 
power factor for an hour.  
Actual energy consumed = V I cos φ t = 230 x 40 x 0.4 x 1 = 3.680 kWh 
No of revolutions per kWh = 100 
No of revolutions for 3.680 kWh = 368. 

9.  What is phantom loading?  
When the current rating of a meter under test is high a test with actual loading arrangements 
will cause considerable waste of power. To avoid this phantom loading or fictitious loading is 
done. In phantom loading pressure coil is supplied with normal voltage and current coil circuit 
with separate low voltage supply to circulate rated current because the current circuit has low 
impedance. The total power consumed in this method is small. 

10.  How to make adjustments in energy meters to reduce the error?  
Preliminary light load adjustment 
Full load unity factor adjustment 
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Lag adjustment (low power factor adjustment) 
Light load adjustment 
Creep adjustment 

11.  List the errors in electro dynamometer type wattmeter.  
• Errors due to pressure coil inductance 
• Error due to pressure coil capacitance 
• Error due to mutual inductance Effects. 
• Errors caused because of connections 
• Eddy current errors 
• Stray magnetic field errors 
• Errors caused by vibration of moving system 
• Temperature errors. 

12.  What is the need for lag adjustment devices is single phase energy meter?  
The energy meter will read true value of energy only when the phase angle between supply 
voltage and pressure coil flux is 90 deg. This requires that the pressure coil winding should be 
highly inductive and has a low resistance, but even with this phase of flux and voltage few 
degrees less than 90. So lag adjustments are necessary to bring this shunt magnet flux in exact 
quadrature   with supply voltage.  

13.  What are two classes of dynamometer wattcmeters?  
• Suspended-coil, torsion instruments 

The moving or voltage coil is suspended from a torsion head by a metallic suspension, 
which serves as a lead to the coil 

• Pivoted-coil, direct-indicating instruments. 
14.  What is the expression for reactive power in 3-phase circuits?  

Reactive power Q= 3VIsinφ 
Phase angle φ=tan-1 Q/P 
P= active power. 

15.  Which of the coils of a wattmeter has a high resistance and which is thicker? 
Pressure coil of wattmeter has high non-inductive resistance to limit the current to small value 
which proportional to the voltage applied. Current coil of wattmeter is thicker to carry 
considerable current. 

16.  How is the error due to pressure coil inductance reduced/eliminated? 
Errors caused by pressure coil inductance compensated by means of a capacitor connected in 
parallel with a portion of multiplier (series resistance). Connecting this capacitance across 
multiplier reduces the circuit impedance purely depends on pressure coil resistance alone. 

17.  What are the special features incorporated in low power factor wattmeter?  
• Pressure coil current 
• The pressure coil circuit is designed to have low value of resistance to increase    
             the current and operating torque. 
• Compensation for pressure coil current 
• Compensation for inductance of pressure coil 
• Small control torque 

18.  How to prevent creeping in energy meters? 
To prevent creeping two diametrically opposite holes are drilled in the disc. The disc will 
come to rest with one hole under the edge of a pole of the shunt magnet, the rotation being 
thus eliminated to a maximum of half a revolution. 

19.  What are motor meters? 
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Motor meter may be an ampere-hour meter or a watt-hour meter. Motor meters are used for 
measurement of energy in both d.c and a.c circuits. In motor meters the moving system 
revolves continuously where it deflects through a fraction of a revolution. The speed of 
rotation is proportional to power in the case of watt-hour meters and ampere hours in the case 
of ampere hour meters. 

20.  A load draws 10A current from 230V AC mains at 0.75 power factor for half an hour what is 
the energy consumed? 
 Energy consumed = power×time 
     = VIcosφ×t      =230 × 10×0.75×0.5      =0.863 Kwh 

 
 

 UNIT –II   PART-B 
1.  (i).Describe the constructional details of an electro dynamometer type wattmeter. Derive the 

expression for torque when the instrument is used on ac.  
(ii)Problem on wattmeter. 

2.  (i)Sketch the circuit for calibrating a wattmeter and explain the calibration     
    procedure.  
(ii)Describe the construction principle of a μφ induction type energy meters. 

3.  (i)Explain two wattmeter method for measuring three phase power. Give neat circuit and 
vector diagram.  
(ii)If a single phase wattmeter used to measure power or load gives reverse     
deflection, how can it be corrected? 

4.  Write briefly on any two:  
(i) Compensation methods in watt meters. (ii) Bridge to measure mutual inductance. 
(iii)Cause of errors and reduction of errors in current transformer. 

5.  (i)Describe the constructional details of an electrodynamometer type wattmeter.   
(ii)Derive the expression for torque when the instrument is used on ac. 
(iii)Why is it necessary to make the potential coil circuit purely resistive? 

6.  Draw cross sectional view of induction type single phase energy meter and explain its 
principle of operation. How is creep error eliminated?  

7.  What are the errors in electrodynamometer wattmeter? Discuss its compensation methods.  
8.   Explain in detail about 3 Phase wattmeter with neat diagrams. 
9.  (i) What is phantom loading? Explain with an example how it is more advantageous than 

testing with direct loading.                                   
(ii) Problem on energy meter. 

10.  (i) Explain in detail about LPF wattmeter.      
(ii)Problem on Watt meters 

 
 UNIT –III   

POTENTIOMETERS & INSTRUMENT TRANSFORMERS      
PART  A 

1.  A simple slide wire is used for measurement of current in a circuit. The voltage drop across 
a standard resistor of 0.1 Ω is balanced at 75 cm. Find the magnitude of the current if the 
standard cell emf of 1.45 V is balanced at 50 cm.  
Voltage drop per unit length = 1.45 / 50 = 0.029 V/cm 
Voltage drop across 75 cm length = 75 x 0.029 = 2.175 V 
Current through the resistor = I = 2.175 / 0.1 = 21.75 A 

2.  Define burden of an instrument transformer.  
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The rated burden is the volt ampere loading which is permissible without errors exceeding 
the limits for the particular class of accuracy. 
Total secondary winding burden = ( Secondary winding induced voltage)2 / (impedence of 
secondary winding circuit including impedence of secondary winding) 

= ( Secondary winding current)2 x (impedence of secondary winding circuit   
including impedence of secondary winding) 

Total secondary winding burden due to load = ( Secondary winding terminal  voltage)2 / 
(impedence of the load on the secondary winding)  
= ( Secondary winding current)2 x (impedence of load in the secondary winding circuit)  

3.  What are the advantages of instrument transformers over shunts and multipliers? 
Instruments of moderate size are used for metering 
• Instruments and meters can be standardized so that there is a saving in overall cost. 
• Single range instruments can be used to cover large current or voltage range. 
• The metering circuit is isolated from the high voltage power circuits. 
• There is low power consumption in metering circuit. 
• Several instruments can be operated from a single instrument transformer. 

4.  State two applications of CT and of PT.  
The extension of instrument range, so that current, voltage, power and energy can be 
measured with instruments of moderate size. 
The high voltage and current of power systems are stepped down by C.T and P.T and 
measured by instruments of moderate size. 

5.  State and explain the basic principle of potentiometer.  
A potentiometer is an instrument designed to measure an unknown voltage by comparing 
with known voltage, voltage can be measured independent of source resistance. The 
process of adjusting the working current so that the voltage across a portion of sliding wire 
against a std reference is known as standardization. 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. The slide wire position multiplied by the 
working current indicates the unknown voltage. 

6.  Define nominal and turns ratio of an instrument transformer.  
For a C.T 
Nominal ratio = rated primary winding current / rated secondary winding current 
Turns ratio = number of turns of secondary winding / number of turns of primary winding 
For a P.T 
Nominal ratio = rated primary winding voltage / rated secondary winding voltage 
Turns ratio = number of turns of primary winding / number of turns of secondary winding 

7.  How are AC potentiometers classified? List them.  
A.C potentiometers can be classified according to the manner in which the unknown 
voltage may be measured by the instrument dials and scales. 
• Polar type and 
• Coordinate type. 

8.  What is the use of a potentiometer?  
A potentiometer is an instrument designed to measure an unknown voltage by comparing 
with known voltage, voltage can be measured independent of source resistance. 
Potentiometers are extensively used in calibration of voltmeter and ammeter and it’s a 
standard for calibration of these instruments. 

9.  What is the advantage of venire potentiometer over slide type?  
This instrument has two ranges they are normal range of 1.6V down to 10microVolts and a 
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lower range of 0.16V down to 1 microvolt. High precision and accurate instrument than 
slide wire type. 

10.  Name the parts of a Drysdale potentiometer?  
• Drysdale phase shifter,  Transfer instrument, Kelvin varley slide wire 

11.  What is the most important difference between d.c. and a.c potentiometer.  
In d.c potentiometer the magnitudes of unknown emf and potentiometer voltage drop have 
to be made equal to obtain balance whereas in a.c instrument both magnitude and phase of 
the two have to be the same to obtain the balance.   

12.  What is the need for phase shifters in a polar type A.C potentiometers.  
Phase shifter has two windings separated by 90deg. A variable resistance and a variable 
capacitance are  connected between the two windings. By adjusting these two variables the 
currents flowing through the two windings are adjusted so that the magnitudes are same 
and phase difference between them is 90 deg.  

13.  Mention any two sources of errors in co-ordinate type A.C potentiometer. 
• Slight differences in the reading of the reflecting dynamometer instrument on a.c 

compared with d.c 
• Mutual inductance between various parts of the instrument 
• Inaccuracy of method measuring the frequency, Existence of harmonics 
• Inter capacitance, earth capacitance and mutual inductance effects present in the slide 

wire coils. 
14.  What is called a volt-ratio box? 

A volt-ratio box is a precision potential divider network, It provides multiple voltage 
ranges. The voltage to be measured is connected to the appropriate binding post. 

15.  Why is the Wheatstone bridge not suitable for measuring very low resistances?  
If Wheat stone’s bridge is used for low resistance measurement the resistance of 
connecting leads and contact resistance also included, the error caused by beads can be 
corrected, but contact resistance presents a source of uncertainty, that will be very difficult 
to overcome. 

16.  What is a difference between voltage transformer & current transformer? 
• The voltage transformer may be considered as parallel transformer with its secondary 

winding open circuit. Current transformer is a series transformer operates with its 
secondary short circuit conditions. 

• The primary winding current in a C.T is independent of secondary winding circuit 
conditions while primary winding of P.T depends on the secondary circuit. 

• In P.T full line voltage appears across its terminals whereas in C.T small voltage 
appears. 

17.  What is the use of C.Ts & P.Ts?  
C.T and P.T are used for the extension of instrument range. 
In power systems, currents and voltages handled are very large so the solution is with use 
of instrument transformers they could be metered with moderate sizes. 

18.  Define transformation ratio of an instrument transformer.  
For a C.T 
Transformation ratio (R) = primary winding current / rated secondary winding current 
For a P.T 
Transformation ratio (R) = primary winding voltage / secondary winding voltage 

19.  What are the applications of d.c potentiometers? 
• Calibration of voltmeter, Calibration of ammeter, Measurement of resistance 
• Measurement of power, Calibration of wattmeter 
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20.  What is standardization? 
In case of a d.c potentiometer, the process of adjusting the working current so that the 
voltage across a portion of sliding wire against a std reference is known as standardization. 
But in case of an a.c potentiometer, the standardization is done with the help of std d.c 
source i.e a std cell or a zener source and a transfer instrument. This instrument is usually 
an electrodynamometer milliammeter, so constructed that its response to alternating 
currents is the same as its d.c response. 

                              
 Unit-III    PART-B 
1.  Describe the working and construction of a co-ordinate type ac potentiometer.  
2.  (i) Draw the equivalent circuit and phasor diagram of a CT.  

(ii)Derive the expression for ratio and phase angle error. 
3.  (i)Why must be secondary of a current transformer be shorted?  

(ii)Problem on Potential Transformer 
4.  Explain the operating principle of current transformer with a neat diagram. Mention the 

various causes of error and state the methods of reducing the errors.  
5.  i) With neat figure, describe the constructional features and operation of a instrument 

transformer.  
(ii)Brief one method of testing of current transformer. 

6.  (i)Describe the basic principle of operation of a dc potentiometer. 
(ii)Explain why a potentiometer does not load the voltage source whose voltage is      
being determined.  

7.  (i).Draw the equivalent circuit and phasor diagram of a PT.                                         
(ii).Derive the expression for its ratio and phase angle errors.                             

8.  i. Describe the basic principle of operation of a dc potentiometer with a neat diagram.   
ii. How are AC potentiometers classified? Explain any one type.                      

9.  Describe Compton’s dc potentiometer 
10.  Problem on current transformer. 

                                     
 

 UNIT – IV 
RESISTANCE MEASUREMENT 

PART   A 
1.  A series ohmmeter is made up of a 1.5 V battery, a 100 μA meter and a resistance R, which 

makes R1 + Rm = 15kΩ. Determine the instrument indication when Rx = 0. Determine the 
value of at 0.5 FSD.  
When Rx = 0, Im = Ifs = 100μA 
If Rx = Rh , Im = 0.5 FSD  
So at 0.5 FSD, Rx = Rh ,Rh = R1 + ((R 2Rm) / (R2 + Rm))  
If R2 is not given take R2 = ∞, Rh = R1 + Rm = 15kΩ 

2.  List the applications of megger.   
Megger is a type of ratio meter ohmmeter; it is used for measuring the insulation resistance 
in portable instruments.  
It is also used in insulation testing instruments. 

3.  What is the range of resistance which a Kelvin’s double bridge can measure accurately? 
0.1μΩ to 1Ω   

4.  State one application of megger.  
It is used for measuring the insulation resistance. 
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5.  A 1 mA meter movement with an internal resistance of 100Ω is to be converted into a (0-
100mA) ammeter. Calculate the value of the shunt resistance required. 
m = 100mA / 1 mA , Rsh = Rm / (m-1) = 100 / 99 = 1.01Ω 

6.  A wheatstone bridge is shown in fig. The values of resistances are P = 1kΩ, R=1kΩ, 
S=5kΩ, RG = 100Ω. The Thevenin source generator voltage is 24mV. Galvanometer 
current is 13.6μA. Calculate the value of Q.  
R0 + G = 24 x 10-3 / 13.6 x 10-6 = 1.765 kΩ 
R0 = 1.665 kΩ 
R0 = (RS / R + S) + (PQ / P + Q) = (1 x5 / 1+5) + (1x Q / 1+Q) 
     = 0.833 + (Q / 1+Q) =1.665 kΩ 
Q = 4.95 kΩ 

7.  Sketch typical ohmmeter scale. Explain.  
Series type ohmmeter    Shunt type ohmmeter 

8.  Name the bridge used for measuring very low resistance.  
Kelvin’s double bridge 

9.  What is the working principle of megger? 
The ratio meter is used in the megger.  In the ratio meter, the deflection is proportional to 
the ratio of the currents flowing through the two coils displaced by an angle θ which are 
moving in a magnetic field . The voltage across the unknown resistance is applied across 
one coil and the current through the unknown resistance is passed through another coil. 
Now the deflection is directly proportional to the unknown resistance. 

10.  Classify the resistances according to the values. 
• Low resistance,      <1Ω 
• Medium resistance,1Ω to 0.1 MΩ 
• High resistance, > 0.1 MΩ 

11.  What are the methods of measurements of low resistance? 
• Ammeter – Voltmeter method 
• Kelvin Double bridge method 
• Potentiometer method 

12.  What are the methods of measurements of medium resistance? 
• Ammeter – Voltmeter method, Substitution method, Wheatstone bridge method 
• Ohm meter method 

13.  What are the methods of measurements of high resistance? 
• Direct deflection method, Loss of charge method, Megohm bridge, Megger 

14.  Describe the principle of loss of charge method of high resistance measurement. 
The insulation resistance to be measured is connected in parallel with a capacitor and 
electrostatic voltmeter. The capacitor is charged with a voltage and then discharged 
through the resistance R. By measuring the time required to discharge,  
The high resistance is measured. 

15.  What are the difficulties in measurement of high resistance? 
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Leakage current, which varies with humidity conditions, causes unpredictable 
complications and errors. 
Stray changes due to electrostatic effects cause’s errors in the measuring circuits. 
High resistance and capacitance in the specimen causes some time delay in conduction and 
absorption currents. 
Delicate instruments are used like galvanometer and micro-ammeter etc. so prevention has 
to be made to avoid damage of those instruments. 

16.  What are the methods of measurement of earth resistance? 
• Fall of potential method  Earth tester.       

17.  What are the precautions to be taken while measuring the insulation resistance of a cable? 
• Critical points of the measuring circuit must be screened. 
• In order to obtain definite ratios in the potential distribution with respect to 

surroundings, one point of the circuit should be connected to earth for accurate 
measurement. 

• The testing conditions, time between the application of voltage and observation of the 
current must be specified. 

• Adequate steps have to be taken to prevent damage of delicate instruments. 
18.  On what basis value of earthling electrode decided? 

Shape and material of electrode, depth to which electrode is driven into earth, specific 
resistance of soil. 

19.  Give the example for high resistance measurement. 
Insulation resistance of components and built up electrical equipment like machines and 
cables, resistance of high resistance circuit elements like in vacuum tube circuits, leakage 
resistance of capacitors, volume resistivity of a material, surface resistivity.  

20.  What is ground fault? 
The insulation of the cable may breakdown causing a flow of current from the core of the 
cable to the lead sheath or to the earth. This is called “Ground Fault”.  

 
   

 UNIT – IV      PART-B 
1.  (i)Sketch the circuit of Kelvin double bridge, explain its operation and derive the equation 

for the unknown resistance. (ii)Explain the principle of MEGGER. 
2.  (i)Sketch the circuit of a series ohmmeter with a zero control. Explain the circuit 

operation. 
(ii)Draw a circuit diagram to show how the insulation resistance of a cable should   be 
measured. Explain. 

3.  Write briefly on measurement of high resistance by loss of charge method. List the 
precautions in this method.  

4.  Describe the price’s guard wire method of finding high resistance and insulation 
resistance of a cable.  

5.  Sketch the circuit diagram of mega ohmmeter and explain how it operates.  
6.  What are the different types of resistances? Describe in brief the different methods used 

for measurement of medium resistances. 
7.   Problem on Kelvin’s Double bridge. 
8.  i. What are the different difficulties encountered in the measurement of high resistances?  

ii. Describe the fall of potential method for measurement of earth resistance    
9.  i. Derive the balance conditions of Wheatstone’s bridge. 

ii. Problem on Wheat stone bridge. 
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10.  (i)Explain the working of Wheatstone bridge. Derive the unknown resistance equation 

and bridge sensitivity and reflection equation with unbalance condition based on Sv  
 (ii) Problem on Kelvin double bridge  

 
            
 
 UNIT – V 

IMPEDANCE MEASUREMENT 
PART-A 

1.  List the various detectors used for AC bridges.  
Headphones 
Vibration galvanometer 
Tunable amplifier detectors. 

2.  A Maxwell’s capacitance bridge shown in fig. is used to measure an unknown inductance 
in comparison with capacitance. The various values of R1 and L1. Calculate also the value 
of storage factor of coil, if frequency is 1 kHz 

R1 = R2 R3 / R4 
L1 = R2 R3 C4 

Q = ω L1 / R1     = ωR4 C4 = 2π x 1000 x R4 C4     
3.  Define Q factor of an inductor. Write the equations for inductor Q factor with RL series 

and parallel equivalent circuits.  
Q factor is the ratio of conductance to the susceptance of the inductor. 
For RL series circuit, Q = ωL / R 
For RL parallel circuit,Q = R /ωL  

4.  What are the sources of errors in ac bridges?  
Stray conductance effects due to imperfect insulation 
Mutual inductance effects, due to magnetic coupling between various components 
Stray capacitance effects due to electrostatic fields 
Residues in components. 

5.  State two applications of vibration galvanometer.  
They are used as detectors in a.c bridges at power and low audio frequencies. 

6.  State merits of Maxwell’s bridge when used for measurement of unknown inductance.  
Merits: 
• This bridge is very useful for measurement of a wide range of inductance at power 

and audio frequencies. 
• The two balance eqns are independent if we choose R4 and C4 as variable elements. 
• The frequency does not appear in any of the two eqns. 

7.  State limitations of Maxwell’s bridge when used for measurement of unknown 
inductance.  
Limitations: 
This bridge requires STD capacitor which may be very expensive. 
• This bridge is limited to measurement of low Q coils. 
• Additional series resistance is necessary to obtain balance. 
 

8.  What is the advantage of Hay’s bridge over  Maxwell’s induction capacitance bridge?  
Hay’s bridge is very much suited for measurement of self-inductance with high Q coils 
whereas Maxwell’s bridge is suited for low Q coils. 
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Hay’s bridge requires low value of resistor whereas Maxwell’s bridge requires a parallel 
resistor of very high value. 

9.  State the two conditions for balancing an A.C. bridge.  
The product of magnitude of opposite arm impedences should be equal.  
• The sum of phase angle of opposite arm impedences should be equal i.e 
Z1Z4(θ1+θ4)=Z2Z3(θ2+θ3) 
Z1, Z2 ,Z3, Z4 impedances of four arms. 

θ1,θ2,θ3,θ4 phase angle of complex impedance. 
10.  Define Q factor of an inductor and classify inductors based on Q factors. 

Q factor of  an inductor = ωL/R 
Q<1 = very low Q coils 
1<Q<10 = low Q coils 
Q>10 = high Q coils. 

11.  What are the limitations of Maxwell’s bridge?  
Maxwell’s bridge is unsuitable for coils with very low value of Q and high Q 
coils.(1<Q<10) 
This bridge requires standard capacitor, which may be very expensive. 
Additional series resistance is necessary to obtain balance. 

12.  State the merits of Anderson’s bridge?  
Merits 
It is much easier to obtain balance in the case of Anderson’s bridge 
A fixed capacitor can be used instead of variable capacitor 
This bridge can be used for determination of capacitance in terms of inductance. 

13.  State the demerits of Anderson’s bridge?  
Demerits 
This bridge is more complicated one, in terms of set up and balance conditions. 
Additional junction point increases the difficulty of shielding the bridge. 

14.  State the merits of Hay’s bridge?  
Merits: 
This bridge used for measurement of inductance with high Q coils 
This gives simple expression for Q factor 
This bridge requires only low value of resistor. 

15.  State the demerits of Hay’s bridge?  
Demerits 
This bridge is not suited for inductors having Q factor of less than 10. 

16.  Mention any two types of A.C bridges used for measuring self-inductance 
Maxwell’s inductance bridge 
Anderson’s bridge 
Maxwell’s inductance-capacitance bridge 
Hay’s bridge 

17.  Give the advantages of Schering Bridge. 
Schering Bridge is used for measuring capacitance and dissipation factor. In particular 
used in the measurement of properties of insulators, capacitor bushings, insulating oil and 
other insulating materials. 
(i).The equation of capacitance C1= ω(R4/R3) C2  
R4 and C2 are fixed values in the bridge, the resistor R3 may be calibrated to read 
capacitance directly 
(ii)Dissipation factor D1=ω C4R4

www.rejinpaul.com

www.rejinpaul.com



Valliammai Engineering College    EI6301 – Electrical Measurements           Department of  EIE 

2014-2015  III Semester 14

in case frequency is  fixed, the capacitor  C4 can be  calibrated to read dissipation  factor 
directly. 

18.  What are the sources of errors in bridge circuit? 
Stray conductance effect due to imperfect insulation, mutual-inductance effects due to 
magnetic coupling between various components of the bridge, stray capacitance effects 
due to electrostatic fields between conductors at different potential ,residues in 
components –e.g the existence of small amount of series ,inductance or shunt capacitance 
in nominally non-reactive resistors. 

19.  What are the precautions for reducing the errors in bridge circuits? 
Use of high-quality components, bridge lay out, sensitivity, stray conductance effects, 
eddy current errors, residual errors, Frequency and wave form errors. 

20.  What are the essential requirements of measuring instruments? Highly stable and reliable. 
Repeatability, ruggedness.  

 
 Unit V      PART-B
1.  (i)Sketch the circuit diagram of a Maxwell inductance bridge. Derive the equations for 

resistive and inductive components of the measured inductor. 
(ii) Short note on detectors in ac bridges 
(ii)Why Hay’s bridge is suited for measurement of inductance of high Q coils. 

2.  (i)Derive the bridge balance condition for Hay’s bridge 
(ii)Problem on Hay’s bridge. 

3.  (i)With a neat figure explain the balance condition of a Schering bridge.  
(ii)Brief the method of determining unknown capacitance with Wein’s bridge. 

4.  (i)Describe the working of a low voltage Schering bridge. Derive the equations  for 
capacitance and dissipation factor.  
(ii)Problem on Schering bridge. 

5.  Draw circuit diagram of Maxwell’s bridge and explain the measurement procedure for 
measuring unknown inductance using this bridge. Derive formula used.  

6.  How is vibration galvanometer different from ballistic galvanometer? Explain the operation 
of vibration galvanometer with a neat diagram.  

7.  Sketch the circuit diagram of Anderson’s bridge. Derive the equations for resistive and 
inductive components of the inductor to be measured. 

8.  (i)Draw circuit diagram of Wein’s bridge and explain the measurement procedure for   
        Measuring unknown frequency using this bridge. Derive formula used.                   
(ii) How is vibration galvanometer different from ballistic galvanometer? Explain the  
        Operation of vibration galvanometer with a neat diagram.  

9.  Explain the excited field AC galvanometer and vibration galvanometer 
10.  Explain Campbell bridge for measurement of mutual inductance 
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