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PH 316 Set 4 HW remarks   9/16/06

2.9.   Use div E = (/(o to find (.  E has a radial component kr3 .  This is in spherical coordinates, so you need div E in spherical coordinates, given on the lefthand side of the inside cover.


div E = (1/r2 )(/(r (r2 Er) = 5 k r2 .  Then ( = (o 5 k r2
To get the total charge you must add it all up (integrate) in spherical coordinates. Since there is no angular dependence, you want a volume element which is a sphere of area 4(r2, and thickness dr:

d( = 4(r2 dr .  Then the volume integral ((d( with r going 0 to R is  


Qin = 4 ( (o R5.

This is method 1. Method 2 is Gauss's law   


Qin = (o (flux of E) = (o (4(R2 )(kR3)

2.14. Given ( = kr, find E inside a sphere.  Here we use Gauss's law for a spherical surface of radius r<R,


Qin = ((d( =0 ( r 4(r2 kr = 4(/4 kr4 .

Gauss's law says Qin / (o = (flux of E) = 4(r2 E.     Thus E = kr2/(4(o)r^ .   (inside the sphere)

2.15 A spherical shell has ( = k/r2 from radius a to b, zero elsewhere. 

For r<a, E = 0, since there is spherical symmetry and no enclosed charge.

For r between a and b, for a sphere of radius r, the flux of  E is 4(r2 E, and the charge inside is


Qin = a(b (d(  = a(r 4(r2 k/r2 = 4( k (r-a). And E = (k/(o) (r-a)/r2.

For r>b, Qin = 4(k (b-a) and E = (k/(o)  (b-a)/r2 .

The graph of E vs r is flat till r = a, then rises along a curve, then after r = b it drops like 1/r2 .
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If you use the gaussian surface at the left,

E is zero in the middle (dotted line)

and at a height y above the middle

the flux is E(y) A. The enclosed charge is Qin = ( A y. Solving for E gives E(y) = (y/(o. 

With the gaussian surface at the right, E is the same magnitude on top and bottom due to symmetry and then the flux is 2EA and the enclosed charge is 2yA (.   When y >d, E = (d/(o .

2.20. Use curl E = 0 to rule out the first E field.

Then one has

Ex = ky2 = -(V/(x.    Integrating this along x (y, z constant) only gives  V = -ky2x .

Ey = k(2xy + z2) = -(V/(y.    Integrating this along y (x, z constant) only gives  V = -ky2x - kyz2 .

Ex = k 2yz = -(V/(z.    Integrating this along z (x,y constant) only gives  V = -kyz2 .

The potential V whose gradient gives us E is then V = -ky2x - kyz2
2.23   Use Vcenter - Vinfinity = -infinity (center E(dr .

It's almost always better to integrate in the direction of INCREASING r, so as to avoid bogus minus signs. Using Vinfinity = 0,  we turn the limits and sign around:


Vcenter = r=0 (r = infinity E dr  = 0(a E dr + a(b E dr +b(infinity Edr .

When we carry out the integrals (the first one is zero of course) we get several pieces, part of which cancels out and we wind up with


Vcenter  = (k/(o ) ln(b/a).

This has to be positive, not negative, because it is close to the positive charges. 

And b>a, so it is positive.


