
BEE306B:Electrical Measurements and 

Instrumentation

1



Module 2 : Measurement of resistance 
and Measurement of inductance and 

capacitance 



Module 2 :Measurement of resistance 









Construction



Working Principal









Problems





















Numerical: In a Kelvin's double bridge, there is error due to mismatch between the ratios of outer and inner arm 

resistances. The bridge uses,
                Standard resistance=100.03Ω

 Inner ratio arms=100.31Ω and 200 Ω

 Outer ratio arms=100.24 Ω and 200 Ω

The resistance of the connecting leads from standard to unknown resistance is 700u Ω. Calculate the unknown 

resistance under this condition.









Earth resistance Measurement

The Provision of an earth electrode for an electrical system is necessitated by the following reasons.
• All the parts of electrical equipment, like casing of machines , Switches and circuit breakers, lead sheathing and tanks of 

transformer etc.., which have to be at earth potential, must be connected to an electrode. The purpose of this is to protect 

the various parts of the installations, as well as the persons working against damage in case the insulation of a system fails 

at any points.

• The earth electrode ensure that in the event of over voltage on the system due to lighting discharges or other system faults, 

those parts of equipment which are normally dead as far as voltage are concerned, do not attain dangerously high potential. 

In a 3phase circuit the neutral of the system is earthed in order to stabilize the potential of the circuit wrt earth.

• All the electrical equipment's are earthed through an electrode to avoid shocks to the person who touch the body of the 

equipment. The earthing provides a bypass to the leakage currents and hence should have a very small resistance (3 to 5 

ohms) 

• The main factors on which the resistance of any earthing system depends are:

• 1) Shape and material of the earth electrodes.

• 2) Depth of the electrodes at which they are buried in the soil.

• 3) Specific resistance of the soil surrounding the electrode.

• The specific resistance of the soil varies from one type of the soil to another. The amount of moisture present  in the soil 

affects  the specific resistance. Depending on the moisture content , the specific resistance of  the soil varies, hence it is 

necessary to check the earth resistance regularly and resistance of earth electrode is not a constant factor but suffers 

seasonal variations.



Method of Measuring earth resistance 
There are two methods : 1) Fall of Potential method  2) By using megger

Method 1: Fall of Potential method
1. Fig 1a shows the circuit for measurement of earth resistance 

with fall of potential method. 

2. A current is passed through earth electrode E and an 

auxiliary electrode B and a Second auxiliary electrode A is 

inserted in earth between E and B.

3. The potential difference V  between E and A  is measured 

for a given current I. 

4. The flow of ground current is shown in fig 1c. The lines of 

the 1st electrode current diverge and those of the 2nd  

electrode current converge..

5. The potential distribution between the electrodes is shown in 

fig 1b. It is apparent from this curve that the potential rises 

in the proximity of electrodes E and B and is constant along 

the middle section. The resistance of the earth is RE=V/I or 

VEA/I.



5) The position of electrode E and B is fixed and the position of electrode A is changed and resistance measurements 

are done for various position of electrode A. It is clear that the measured value of earth resistance depends on the 

position of the auxiliary electrode A. 

6) The earth resistance rises rapidly initially. When the distance between earth electrode E and auxiliary electrode A 

is increased, it then becomes constant and when the auxiliary electrode A approaches the auxiliary electrode B and 

the resistance rises again.

7)The placing of electrode is thus very important and serious error may be caused by incorrect placing of the 

electrodes.



Method 2 : By using megger

Megger is an instrument used to measure very high resistance of the order of 

mega ohms, Such as the insulation resistance of cable.





Construction of Megger
It consists of hand driven DC generator and a direct reading 

ohm meter.

1. There is a potential coil PC and a current coil CC, which 

are fixed to the Spindle and which are free to rotate about a 

vertical axis between the N and S of  permanent magnet.

2. The coils are connected through a flexible leads called 

ligaments. The CC is connected in series with a resistance 

R1 connected between the generator terminals and the 

supply line marked L, which limits the current through CC.

3. The potential coil is connected in series with a 

compensating coil and protection resistance R2 and across 

the generator terminals.

4. A guard ring is provided to shunt leakage current over the 

test terminals. Terminals G is guard terminals, used to 

connect the guard ring to the insulation under test. The test 

voltage generated by the generator is usually 500V or 

1000V.  



Working Principle of Megger 
1. The high resistance to be measure is connected between the test terminals L and G. The generator handle is 

then steadily rotated at a uniform speed till the pointer gives steady reading which gives the values of 

resistance.

2. The satisfactory working of the megger may be tested as follows.

3. The test terminals L and G are kept open, So the resistance across L and G is infinite. The generator handle is 

rotated due to which, current flows through PC and there is no current through CC. therefore the pointer 

shows infinity on scale.

4. The test terminals are short circuited and the generator handle is rotated. Now a very large current flows 

through CC and  a very small current flows through PC . The resultant toque deflects pointer in opposite 

direction and shows O on scale.

5. After checking above 2 extreme conditions, high resistance to be measured is connected between test 

terminals and generator is rotated so that reasonable amount of current flows in CC and PC and the torque 

produced deflects pointer and gives the value of resistance.























Shielding of bridges / Grounding of bridges:

A Wagner Earth device is generally used for the Schering bridge 

for grounding purpose.

Method 1: The shielding and grounding of bridge is the one way of 

reducing the effect of the stray capacitance. But this technique 

does not eliminate the stray capacitance but makes them 

constant in value and hence they can be computed.

Method 2: One very effective and popular method of eliminating 

the stray capacitance and the capacitance between the bridge arms 

is using a ground  connection called Wagner ground connection.

Used to eliminate the effect of stray capacitance between null 

detector and the earth.

stray capacitance is nothing but unavoidable, unintended and 
unwanted capacitance that exist between the parts of a circuit 
because of their proximity to each other with in the circuit.

b arm can be connected 
either to d arm or to 
ground potential  (SPST 
Switch is used)



Method 1 Explanation :

• E is sinusoidal, potential “a” will be Positive wrt to potential “C” and other half cycle point 

“C” will be Positive wrt “a” (either point a or point C will be ground potential.

• Capacitance is  formed between two conductor which are placed at different potential.

• We chose component between ab,bc,cd and ad such that no stray capacitance will be 

present.

• C1 and C3 does not effect the bridge balance and it is not part of the bridge(C1 is at  point 

“a”, I1 and I2 is not affected due to the  placement of capapcitance C1) similarly neither I3 and 

I4 is not affected due to C3 presence.

• Only supply current will be distributed due to C1 and C3 but bridge balance is not affected.

• C2 and C4 affect the bridge balance as I3 not equal to I1 and I4 not equal to I2 due to 

charging current of C2 and C3.

• Therefore I1 enters “b” point and I3 leaves “b” point but some current are present in C2  [I1= 

I3+Ic2] and so we cannot write balance equation as Z1Z4=Z2Z3, Similarly at point “d” also.

• So to avoid this problem b and d should be at ground potential under balance 

• To make bridge balance I1=I2=I3=I4( Therefore if potential b and d itself are ground potential , 

obviously IC2 ad IC4=0 , then I1=I3 and I2= I4.

• Therefore initially IC2= Potential difference between b and ground / impedance of C2 (Z = R – 
jXC)

•  = Vbd/ -JxC2= Vbd /-j *1/2Pi fC   = wc2.

• This is done by Wagner earthing device.



Method 2 Explanation :

• This device removes all the earth capacitances from the bridge network.

• It contains a voltage divider circuit (Z5- Z6) with Centre point connected to ground 

ie.., Point “e”.

• Z1,Z2,Z3,Z4 are the impedance of the bridge arms C1, C2, C3 and C4 are the 

stray earth capacitances appearing at the apexes (suspension )of the bridge. D is the 

detector.

• Z5 and Z6 can be R,L, C any component such that they can be capable of forming 

a balanced bridge with the bridge arms Z1-Z3 or Z2- Z4

• Steps:

• Connect “S” to “d” and adjust Z2 and Z4 to get balance (it is like normal bridge it 

will not affect z5 and Z6) until headphone or detector shows the minimum sound.

• Connect “s” to “e” and Adjust Z5 and Z4 to get minimum sound in headphone.

• Repeat Step1,2 until no sound is audible when “s” is connected to “ d” and again 

minimum or no sound when “S” is connected to “e” that means the bridge is balanced. 

This means potential d and e are at same potential it will not affect the bridge

• Under balance condition potential difference across the detector =0 “bd” are at same 

potential “de” are at same potential therefore both points b and  d are at ground 

potential. Under these condition No current flows in the earth capacitance C2 and 

C4 and since C1 and C3 shunt the Wagner arms z5 and Z6, these capacitance are 

eliminated from the bridge network Z1, Z2, Z3 and Z4.























Anderson’s Bridge Phasor diagram

At Balance, Ig = 0

Vbc = Vec

-----i.e E3 = Ic/ jwC

i1R3 = Ic/ jwC

Similarly,

Vab = Vade

------i.e E1 = I2R2 + Ic*r

but, E1 = I1 (r1+R1)+ I1(jwL1)

Therefore, I1 (r1+R1)+ I1(jwL1) = I2R2 + Ic*r

And also,

Vced = Vcd

--------but, Vced = Ic/jwc + Ic*r & Vcd = I4R4 = E4
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