Physics 322 Solution to Homework Set #3 Spring 2008

1. Problem 5.19, parts a,b,c in your textbook.

(a)

charge  charge atoms moles grams

= volume _ atom mole gram volume
where charge/atom = 2e = 3.2 x 10719Coul, atoms/mole = 6.02 x 10?3, mole/gram = (grams/mole) ™" =

(atomic mass of copper)™ = (63.54gram/mole)~t, and grams/volume = density = 8.96g/cm?.

p = 3.2x10717 . 6.02x 10% - 8.96 / 63.54 = 2.7 x 10* Coul/cm?

I I 1
J = v = - - = = 47x107°
P r2 - prr? 2.7 x 10* 7 (.05¢m)? % emy/s

(¢) From Eq. 5.37, the force per unit length, f, is given by:

B @(11]2) 4w x 1077 9% 10-5 N
F=5:"07) = agotmy = 2X10N/m
2. Problem 5.23 in your textbook.
= > o 10 10 kz
A = kj = B = A = —— A 5 = k 5 =
® > V x 585(5 6) 2 Sas(s)z .

J= @xB) = [-gn]d = L[-2(5)] s - 2

3. Problem 5.24 in your textbook.

but V - B = 0 always and because B is uniform, (7 V)B = 0.

- ,  Ox Oy 0z
Vr—a—x+8—y+£—3 and

—— 0 0 0 . SN . . . 5
(B-V)F = (Bma—x—i-Bya—y—i-BZg)(:c:c—i-yy—i-zz) = Byit+By,j+ B,z = B

L 1~ - .
Therefore V x A = —5[3—33] =B

The result is not unique because one can add a constant vector to A without changing the divergence or curl
of A.



4. Problem 5.35 in your textbook.

For ring of current, m = I7wr?. For the phonograph surface, a ring of width dr carries a current I =
ov dr = owr dr, creating a diople moment dm = cwnr® dr. Therefore,

R R 4
R

m = / dm = mmr/ 3 dr = Tow
0 0 4

5.  Problem 5.37 in your textbook.

We can use Eq. 5.35 in the text which gives the field at a point a perpendicular distance s from a straight
segment of wire:
pol

B = R(SiHQQ—Sinol)

where 62, 61 are the angles between the perpendicular line, s, and the end points of the current segment.
For a point a distance z above a square loop of side length w, the perpendicular distance from z to any

of the sides of the square (the midpoint of a segment) is s = /22 + (w/2)2.
The line from z to the corner of the square has a length h = /22 + (w/2)? + (w/2)? = /22 + w?/2,
making 0 = —601 = (w/2)/h = (w/2)//2? + w?/2.

Therefore, the field from one of the segments is:

pol w pol w

T dmsh o An 22+ w?/A /22 +u?)2

This field has both horizontal and vertical components. The horizontal components of the field can-
cel when all 4 segments are added (there is no preferred direction in the horizontal plane). The vertical
component of the field is Bsin ¢ where sin¢ = (w/2)/s = (w/2)/+/z* + w?/4. Adding the 4 segments,

= 4dpol w(w/2) Z _ pol w? 2

B = Byertz = -
AT (22 + w2 /4)\/22 + w2 /2 21 (22 4 w?/4)\/22 + w?/2

For z >> w, we ignore w in the denominator and using m = Iw? 2, for the square loop, we have:

pol w? 2 oM

for z>>w, B — =
’ 2 23 2mz3

which is the field from a diople, 7, along the axis of the dipole.

6. Problem 5.55 in your textbook.
Use Eq. 5.86 for the field, édip from a dipole. The total field is then:

R R N m
Biot = Boi+Buy = Bot— L

5 (2cosf 7 +sinf 6)
or

If no field lines pass through a sphere of radius R, then étot(R) -7 =0 for all 6:

Biot(R) -7 = By(2-7) HoTto (2cosb) = (BO - ,uomo) cos 6

 4nR3 2R3
= . Moo Homo\ /3
Bit(R)-# = 0 when B, = -~ R = ( )
ot (R) 7 whenBo = ops 7 27 B,



