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Skin Effect 

 

 The tendency of alternating current to concentrate near the surface of a conductor is known 

as skin effects. 

 

 When a conductor is carrying steady direct current (D.C), this current is uniformly 

distributed over the whole X-section of the conductor. (For a (D.C)current, inductance 

is zero and hence the current distributes uniformly over the entire X-section of the conductor) 

 The alternating current (A.C)flowing through the conductor does not distribute 

uniformly, rather it has the tendency to focus near the surface of the conductor as 

shown in Fig. below. This is known as skin effect. 
 

 
 

 

 By reason of skin effect, the effective area of cross-section of the conductor through which 

current flows is reduced. As a result, the resistance of the conductor is slightly increased 

when carrying an alternating current.  
 

 

 

 

The cause of skin effect can be easily explained.  

 
 A solid conductor may be thought to be consisting of a large number of strands, each 

carrying a small part of the current.  

 The inductance of each strand will vary according to its position.  

 Thus, the strands near the centre are surrounded by a greater magnetic flux and hence have 

larger inductance than that near the surface.  

 The high reactance of inner strands causes the alternating current to flow near the surface 

of conductor.  

 This crowding of current near the conductor surface is the skin effect. 
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 It may be noted that skin effect is negligible when the supply frequency is low (< 50 Hz) 

and conductor diameter is small (< 1cm). 

 

 

Ex.1 

 
Ex2 

 

 
EX3 
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Inductance (Flux Linkages) 
 

The inductance of a circuit is defined as the flux linkages per unit current. Therefore, in order to 

find the inductance of a circuit, the determination of flux linkages is of primary importance.  

1. Flux linkages due to a single current carrying conductor. Consider a long straight 

cylindrical conductor of radius r meters and carrying a current I amperes (r.m.s.) as shown 

in Fig. 9.4 (i). This current will set up magnetic field. The magnetic lines of force will exist 

inside the conductor as well as outside the conductor. Both these fluxes will contribute to 

the inductance of the conductor. 

 

(i) Flux linkages due to internal flux. Refer to Fig. 9.4 (ii) where the X-section of the 

conductor is shown magnified for clarity. The magnetic field intensity at a point x metres 

from the centre is given by; 

 

                   
 

                                              
 

Where 

 H – field intensity . 

l - length of path of flux . 

l  2 x 

N – No. of turns of conductor { for our analysis N=1 (one conductor )} 

 Hl  I 
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Ampere's law : [ The mmf around any closed path ( l  2 x ) equals the current enclosed by the 

path ( Ix ) ] 

Or  

2 xHx  Ix  

 

Where  

Hx - is tangent of curve, it is constant. 

Ix - is the portion of total current enclosed by the contour. 

If current density in the conductor is uniform; 

 
 

 
 

Where  - flux ( Weber ) 

A – area ( m 
2
 ) 
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The differential flux d per – unit length of conductor in the cross - hatched rectangle of width 

dx shown in fig. above , is : 

 
 

 

Where  

d - flux enclosed in element of thickness dx per meter ( axial ) length of conductor . 

So the flux linkage per meter length of conductor: 

 
Integrating above eq. from x = 0 to x = r determine the total flux linkages int . inside the 

conductor : 

 

 
The internal inductance Lint . per – unit length of conductor due to this flux linkage is then : 

 
 

(ii)Flux linkages due to external flux. Now let us calculate the flux linkages of the conductor due 

to external flux. The external flux extends from the surface of the conductor to infinity. Fig. 9.5, 

the field intensity at a distance x -metres (from centre) outside the conductor is given by; 
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d  d ( flux external to the conductor links all the current in the conductor ). 

 

The flux linkages between P1 and P2: 

 
For nonmagnetic conductor, r = 1; 
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 Inductance L12 , this only for flux linkage of an isolated conductor which lie between the 

points P1 and P2 distant D1 and D2 respectively from the center of the conductor as shown 

in fig. above. 

 

 

2- Flux linkages in parallel current carrying conductors. 
 

 Consider a group of parallel conductors A, B, C… etc, as shown in the Fig. below.  

 Each of these conductors carry current IA, IB, IC etc. 

 

 

 Consider the flux linkages with conductor say A. There will be flux linkages with conductor 

A due to its own current.  

 There will be flux linkages with this conductor due to the mutual inductance effects of IB, 

IC, ID etc.  

 

We shall now determine the total flux linkages with conductor A. 

 

 
 
Flux linkages with conductor A due to its own current, 
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 Similarly, flux linkages with other conductors can be determined. The above relation 

provides the basis for evaluating inductance of any circuit.  

 

 

 

Inductance of a Single Phase Two-wire Line 
 Consider a single phase overhead line consisting of two parallel conductors A and B spaced 

d meters apart as shown in Fig. below. Conductors A and B carry the same amount of 

current (i.e. IA = IB), but in the opposite direction because one forms the return circuit of  

the other. 

∴ IA + I B = 0 

 To find the inductance of conductor A (or conductor B), we shall have to consider the flux 

linkages with it.  

 There will be flux linkages with conductor A due to its own current IA and  

 Also due to the mutual inductance effect of current IB in the conductor B. 
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For external flux only 

 
For internal flux only 

 
 Therefore , total inductance of the circuit due to current in conductor 1 only is : 

 

 
 

 

 
 Where , r1  .07788 r1 

r1  is called Geometric mean radius ( G.M.R )  

r1 = 0.7788 times the radius of conductor. 

 

Also, the inductance due to current in conductor No.2 : 
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 Sometimes this inductance is called inductance per loop length; it is double 

the inductance per conductor in a single phase line. 
 

 

Yln(a/b) = ln(a/b)^Y 

 

Reactance X =2πfL 


