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PH 317 Current distribution in a circular conducting wire at high frequency.    Name_______________

December 10, 2006







      Box __________

We have  ( x H = Jf + (D/(t,      ( x E = = -(B/(t,       D = (E,
B = ( H   and 
((D = (f/( .

And in a copper wire we will have Jf = (E, and (f = 0.  ((  is the electrical conductivity in ((-m)-1 ).

First, obtain the general equation for electric field in the presence of a conductor and no free current, starting with curl (curl E) .  ( This will be of the form  (2 E = C1 (2E/(t2 + C2(E/(t. See Eq. 9.122) ).

Show all your work, and write out C1 and C2 in terms of (, (, and (.

We want to treat high-frequency oscillating current in a circular wire of radius R. This is cylindrical coordinates with no ( or z dependence, only radial in r :  


E(r,t) = E(r) exp(-i(t)

Use this relation, and assume that  ((( >> (((2    {  (( [ ( >> (( ]  }, to show that


(2 E(r) =  -i ((( E(r)

(over)

The laplacian in cylindrical coordinates with no ( or z dependence is  

(2 =  (2/(r2  +1/r (/(r    .

We are trying to solve (2 E = -i((( E .   This must be broken into two coupled equations involving


E = Er + i Ei  ,

the real and imaginary parts of E.  Please make this substitution and then separate the single equation into real and imaginary parts. Since the real part and the imaginary part must both be satisfied, there are two coupled DEs to be integrated.  Show that these are

1/x dEr/dx + d2Er/dx2 = +Ei 






(1)       

and


1/x dEi/dx + d2Ei/dx2  = -Er  ,






(2)

where x = r/L.  L is a parameter depending on the material properties of the wire and the frequency. You must say how L is defined (it’s not exactly equal to d = 1/(, Eq. 9.128).

{Heads-Up:  Shortly are going to start at x=0 and integrate out to the radius of the wire. To begin with we take Er(0) =1,  Ei(0) = 0, dEr(0)/dx = 0 = dEi(0)/dx .  What we will find is that E will grow as we go out to the radius of the wire. [The functions we are creating numerically are sometimes called Kelvin functions. ] }

