
Murray loop test for locating underground cable 

fault 

With the help of Murray loop test, we can easily locate the earth fault and short 

circuit fault in the underground cable. 

At first, we describe how does locate earth fault in underground cable: 

The procedure of Earth fault test: 

In this test, the sound cable is used to connect in between test end and far end 

of the faulty conductor. 

 

Lets, AB is sound cable, 

CD is faulty cable, 

The Earth fault occurs a point F 

Far end D point of the faulty cable is connected to far end 

sound cable point B through a low resistance. 



Two variable resistance ( i.e P. Q ) is connected to the 

end A point of sound cable and C point of faulty cable 

respectively. 

A battery is connected to point O and Earth point E through a switch K1. And a 

galvanometer G is connected in between point A and C through a switch K2. 

Let, 

R = Resistance of the conductor loop upto fault point F from 

the test end point A, i.e resistance of portion AF. 

X= Resistance in between two points C and F. 

note that, P, Q,R and X are the four arms of the Wheatstone 

bridge. 

Now, the switch K1 and K2 are closed respectively. Then the variable 

resistance P & Q are varied till the galvanometer shows zero deflection. In the 

balance position of the bridge, we get 

 

If r is the resistance of each cable, then R + X = 2r 



 

Let, total length of the cable is l meter, so the resistance per meter will be = r/l, 

Therefore , we can easily measure the fault point from the faulty point is 

 

Note that the fault resistance Rf is not in the bridge circuit. So, the fault 

resistance does not affect the balancing of the bridge. But, if the fault resistance 

is high, the sensitivity of the bridge is reduced. 

The procedure of Short circuit test: 

It is the same procedure as earth fault test. For short circuit test, battery 

terminal is connected to the point O and the other point is connected to 

another faulty cable. 



 

Let, R = Resistance of the conductor loop upto fault point F 

from the test end point A, i.e resistance of portion AF. 

X= Resistance in between two points Cand F. 

note that , P,Q,R and X are the four arms of the Wheatstone bridge. Now, the 

switch K1 and K2 are closed respectively. Then the variable resistance P & Q are 

varied till the galvanometer shows zero deflection. In the balance position of 

the bridge, we get 

 

If r is the resistance of each cable, then R + X = 2r 



 

Putting the value of resistance and loop length of the cable, we can easily 

calculate the fault location. 

Varly loop test for locating underground cable 

fault 

Varly loop test is a test by which we can locate the earth fault or short circuit 

fault in the underground cable. It is slightly different from Murry loop test in 

this the ratio arms P & Q are fixed resistance and a variable resistance (s) is 

connected to the test end of the faulty cable. The connection diagram for 

locating the earth fault is shown in fig. 



 

The key K2 is first connected to position 1, now the variable resistance S is varied 

till the galvanometer shows zero deflection. Let, the resistance of the variable 

resistance is S1 when galvanometer shows zero deflection. Then we can write 

 



Now the switch K2 is position 2. Then the variable resistance S is varied till the 

galvanometer shows zero deflection. Let , the resistance of the variable 

resistance is S2 ,when galvanometer shows zero deflection. 

 

The value of P,Q,S1 and S2 are known , we can easily get the value of loop 

resistance. 

 

If the resistance of the cable per meter length is r, 

Then the distance of fault form the test end is 

 

We can easily located the short circuit fault of the under ground cable as same 

process as above.The circuit diagram of short circuit fault is given below:- 



 

Economic Choice of Conductor Size: 

The cost of conductor material is generally a very considerable part of 
the total cost of a transmission line. Therefore, the determination of 
proper Conductor Size for the line is of vital importance. The most 
economical area of conductor is that for which the total annual cost of 
transmission line is minimum. This is known as Kelvin’s Law after 
Lord Kelvin who first stated it in 1881. The total annual cost of 
transmission line can be divided broadly into two parts viz., annual 
charge on capital outlay and annual cost of energy wasted in the 
conductor. 

(I) Annual charge on capital outlay. This is on account of interest and 
depreciation on the capital cost of complete installation of 
transmission line. In case of overhead system, it will he the annual 
interest and depreciation on the capital cost of conductors, supports 
and insulators and the cost of their erection. Now, for an overhead 
line, insulator cost is constant, the conductor cost is proportional to 
the area of X-section and the cost of supports and their erection is 
partly constant and partly proportional to area of X-section of the 



Conductor Size. Therefore, annual charge on an overhead’ 
transmission line can be expressed as : 

 

where P1 and P2 are constants and a is the area of X-section of the 
conductor. 

(ii) Annual cast of energy wasted. This is on account of energy lost 
mainlyt in the conductor due to /2R losses. Assuming a constant 
current in the conductor throughout the year, the energy lost in the 
conductor is proportional to resistance. As resistance is inversely 
proportional to the area of X-section of the Conductor Size, therefore, 
the energy lost in the conductor is inversely proportional to area of X-
section. Thus, the annual cost of energy wasted in an overhead 
transmission line can be expressed as : 

 

where P3 is a constant. 

 

In exp. (iii), only area of X-section a is variable. Therefore, the total 
annual cost of transmission line will be minimum if differentiation of C 
w.r.t. a is zero i.e. 

 

i.e.Variable part of animal charge = Annual cost of energy wasted 

Therefore Kelvin’s Law can also be stated in an another way i.e. the 
most economical area of conductor is that for which the variable part 
of annual charge is equal to the cost of energy losses 
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Graphical illustration of Kelvin’s law. Kelvin’s law can also be 
illustrated graphically by plotting annual cost against X-sectional area 
‘a’of the conductor as shown in Fig. 7.28. In the diagram, the straight 
line (1) shows the relation between the annual charge (i.e., P1 + P2a) 
and area of X-section a of the conductor. Similarly, the rectangular 
hyperbola (2) gives the relation between annual cost of energy wasted 
and X-sectional area a. By adding the ordinates of curves (1) and (2), 
the curve (3) is obtained. This latter curve shows the relation between 
total annual cost (P1+P2a+P3/a) transmission line and area of X-section 
a. The lowest point on the curve (i.e., point P) represents the most 
economical area of X-section. 

 

Limitations of Kelvin’s law. Although theoretically Kelvin’s law holds 
good, there is often considerable difficulty in applying it to a 
proposed scheme of power transmission. In practice, the limitations 
of this law are : 

 It is not easy to estimate the energy loss in the line without actual 
load curves, which are not available at the time of estimation. 

 The assumption that annual cost on account of interest and 
depreciation on the capital outlay is in the form P1 + P2a is strictly 
speaking not true. For instance, in cables neither the cost of cable 
dielectric and sheath nor the cost of laying vary in this manner. 

 This law does not take into account several physical factors like 
safe current density, mechanical strength, corona loss etc. 

 The Conductor Size determined by this law may not always be 
practicable one because it may be too small for the safe carrying of 
necessary current. 

http://www.circuitstoday.com/
https://www.eeeguide.com/wp-content/uploads/2018/05/Economic-Choice-of-Conductor-Size-4.jpg


 Interest and depreciation on the capital outlay cannot be determined 
accurately. 

 

 


