
V.6) The Law of the magnetic circuit using the Rogowski’s 

circuit (belt) 

 

Electrical diagram 

 

 

 

 

Components of the wiring 

B is an etalon (measuring) coil 

C is the Rogowski’s belt (circuit) 

GB is the galvanometer 

A is an ammeter 

Ra is a variable resistor 

K is a bipolar circuit breaker 

K1 and K2 are crossover circuit inverters 

 

 

 



Theoretical considerations            

The Law of the magnetic circuit in stationary conditions has the following 

enunciation:  

The magnetomotive force along a closed Γ curve is equal to the algebraic sum of 

currents that are penetrating the open surface S(Γ) limited by the curve Γ. 

 dlH = ∑ 𝐼𝑖𝑖     or    Umm =   (1) 

The ∑ 𝐼𝑖𝑖 = 𝛩, is the algebraic sum of the currents (Figure 1), whereas the currents are 

considered positive if they are taken with the direction which is producing the positive 

value of the integral  dlH , taking into account of the corkscrew rule (right hand rule). 

The magnetomotive force (Umm) is defined as the curve integral of the scalar 

product of the vectors H (magnetic field strength) and dl (oriented infinitesimal 

length vector) on the closed Γ curve, namely: 

Umm= 


Hdl                                           (2) 

The unit of the magnetomotive force (noted Umm or mmf) is the same with the unit 

for current, so it is the Ampere (A). 

The magnetomotive force can be measured by using a galvanometer serially 

connected with the Rogowski’s belt (circuit), which is a special winding formed out 

of a flexible tube with enough small and constant section surface, on which a very 

large number of windings are coiled. (as in the Figure 2) 

 

 

Figure 1     Figure 2 

 



In order to measure the mmf between two points of our curve Γ, which is actually 

the same with the axis of the Rogowski’s belt, it is necessary to determine the 

magnetic flux through the winding of the Rogowski’s belt. 

For a certain length element of the belt ld


, the corresponding elementary magnetic 

flux through the belt’s section, is given by the relationship: 

d = n dl B


A


 =  n dl  H


A


=  0 n A( H


 ld


 ) 

 

Where   =  0  r =  0*1 =  0 , because the belt is in the air and additionally, the 

vectors A and dl are homoparallel. 

Because the term ( H


 ld


 ) is representing the dUmm, it results that the total magnetic 

flux is proportional to the total mmf, namely: 
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The electric charge measured flowing through the galvanometer, is given by: 
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The deflection of the galvanometer is proportional with this electric charge, in 

accordance with: 

Kb   = 
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Using the above it follows: 

 

Umm = 


ldH
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where Kb = 
An

KR b





0
 is a constant quantity characterizing the galvanometer (the 

galvanometer’s constant). 



 

      Figure 3 

 

Where the following notations have been made: 

R, the resistance of the entire circuit, that is to say the resistance of the belt 

together with the resistance of the galvanometer 

n, the number of the turns on the unit of length corresponding to the belt’s winding 

A, the surface of the belt’s cross-section  

Kb, the galvanometer’s constant 

 , the maximal galvanometer’s deflection (first deflection) 

   iniţial - final, the variation of the magnetic flux, which has the value  , when 

the current is on or is interrupted and 2 , when the current through the circuit’s 

coil is inverted using the crossover inverters. 

In order to determine the galvanometer’s constanta Kb, the Rogowski’s belt is used 

with a coil with a known number of turns N1, with the current I1 passing each turn. 

By suddenly interrupting the current in the circuit, it’s resulting a certain deflection 

α1. Using the relationship (3) it results: 

1 = N1I1 = 1KbKb

1
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IN 
  (4) 

Using the galvanometer’s constant (Kb) thus determined, the number of turns of any coil 

can be find out. 

 

 



Way of working 

1. The determination of the galvanometer’s constant (Kb).  

By passing of a current of cca. 3A, adjusted by using the variable resistor Ra, the current 

is interrupted using the K1 circuit breaker and the maximal deflection α1 is measured. 

Using the relation (4), the galvanometer’s constant Kb is determined. Using more values 

of the current in the circuit, Kb is determined as an average of the Kb values measured at 

each step. 

2. The verification of proportionality between the magnetomotive force (noted Umm or mmf) 

and the algebraic sum of currents penetrating the curve Γ, and the dependence of the 

magnetomotive force on the position of the Rogowski’s belt. 

The proportionality is easy to verify by varying the current through the circuit and 

measuring the corresponding deflection of the galvanometer. The dependence of the 

mmf on the position of the Rogowski’s belt, can be determined by changing the position 

of the belt in the coil.  

3. The dependence of the magnetomotive force of the direction of the current in the circuit. 

This dependence is easily observed by inverting the current in the circuit, using any of 

the available cross-over inverters (K1 and K2). 

 

Results 

 

1. The determination of the galvanometer’s constant (Kb).  

 

Current 
through 
the circuit: 

Kb determined for  
each of the currents 
(using formula 4) 

I1=1,5 A … 
I2=1,7 A … 

I3=1,9 A … 

I4=2,1 A … 
I5=2,3 A … 

I6=2,5 A … 
I7=2,7 A … 

 

 



2. The verification of proportionality between the magnetomotive force (noted Umm or 

mmf) and the algebraic sum of currents penetrating the curve Γ, and the 

dependence of the magnetomotive force on the position of the Rogowski’s belt. 

 

Current 
through 
the circuit: 

Galvanometer’s 
deflection / 
Magnetomotive  
force (Umm) 

Position of the Rogowski’s belt  
In the coil 
(2 different positions) 

I1=1,9 A Umm=… Position 1 
I2=1,9 A Umm=… Position 2 

I3=2,2 A Umm=… Position 1 
I4=2,2 A Umm=… Position 2 

I5=2,5 A Umm=… Position 1 
I6=2,5 A Umm=… Position 2 

 

3. The dependence of the magnetomotive force of the direction of the current in the 

circuit. 

 

 

Current 
through 
the circuit: 

Galvanometer’s 
deflection / 
Magnetomotive  
force (Umm) 

Position of the Rogowski’s belt  
In the coil 
(2 different positions:  
Position1 and Position 2) 

I1
(0)=    1,9 A Umm=… Position 1 

I1
(1)=(-)1,9 A Umm=… Position 2 

I2
(0)=    2,2 A Umm=… Position 1 

I2
(1)=(-)2,2 A Umm=… Position 2 

I3
(0)=    2,5 A Umm=… Position 1 

I3
(1)=(-)2,5 A Umm=… Position 2 

 


