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Problem 1.1
A
F= q(ﬁ + 7 x ﬁ) Lorentz Force Law

In the steady state ? =0, so
Ee qixBoBe vx3

- _ {vyzy pos. charge carriers

—vyty neg. charge carriers

B = B,

SO
E _ —vyB(ﬂm pos. charge carriers
vyBo%m neg. charge carriers
B
d 0
vH:<I>(x:d)—<I>(:E:O):—/ Ezdx:/ E.dx
0 d
vy Bod pos. charges
Vg =
—vyBod mneg. charges
C

As seen in part (b), positive and negative charge carriers give opposite polarity voltages, so answer is “yes.”

Problem 1.2

By problem

BT r<b
p:
Pa; b<r<a

Also, no o4 at r = b, but non zero o, such that E =0 forr>a.
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Force caused
= Force
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Force caused by E Force caused
(which is caused by by B
charge on electrodes)
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Figure 1: Figure for 1.1C. Opposite polarity voltages between holes and electrons (Image by MIT Open-
CourseWare.)

A
By Gauss’ Law:

?{ eoF - da = / pdV'; S, = sphere with radius r
SR VR

As shown in class, symmetry ensures E has only radial compoent: E = E,i,

LHS of Gauss’ Law:

fi ) oF - dd = /0 277 /0 " (Ez) <r2 sin&d&dq%)

dad in spherical coord.

= 47?2 E,eo

surface
area of
sphere of
radius r

RHS of Gauss’ Law:

For r < b:

T 27 T
/ pdV = / / / PP 12 sin 9dfdpdr
Vr 0o Jo 0 b ——v

diff. vol. element
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4 ot 7ripy
= —_—— pb =

4 b b

——

vol of

sphere

Forr>b&r<a(b<r<a):

b 27 T T 27 T
/ pdV = / / / POT 12 in 0dodpdr + / / / par? sin OdOdodr
Vg oJo Jo b b Jo Jo

_ Amppb? L Ampa(r? — %)
== ;

4
= wppb® + gﬂpa(r3 -0 b<r<a

B
Equating LHS and RHS

4

™
4 2E pr, r << b
T L€ = 3 3
. 4mp, —-b
mp + YD e
2
r Pb; r<b
E. = %)%Ob 3 _p3
Py | Palr” — ); b<r<a
4eqr? 3egr?
C
Again: - (6()Ea — 6()Eb) =0y
E(r=a*)=0
pub® pa(a® = b%)
E.(r=a_)= ~ b t
(r=a-) 4eqga’ 3ega? v part (a)
Os =iy - (—eoﬁ(r = a*)) , so:
= pob® | pala® — %)
4ega? 3epa’?
D
3 3
r<b  Qu=mblp Qo(r = a) = odma® = —dra® [ 2 4 22 2|

b<r<a Qa:%W(GS_b3)Pa Qa:Qb+Qa+QUZO
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N

Figure 2: A diagram of a wire carrying a non-uniform current density and the return current at r = a (Image
by MIT OpenCourseWare).

Problem 1.3
A
We are told current in +z direction inside cylinder r» < b

Current going through cylinder:

27 9
_Itotal—/J da_/ / (JUTZZ> (T'dQSdm';) _ J0237rb

—_——
da

J

Total current in sheet

K| =

length of sheet (ie, circumference of circle of radius a)

Amp:: Amps

Thus, K’s units are , whereas J's units are

%Joﬂ'bQ _ Job2
2ma 3a

K:_J0b2 ~

3a (2]
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B

e
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Figure 3: A diagram of the wire with a circle C centered on the z-axis with minimum surface S (Image by
MIT OpenCourseWare).

Ampere’s Law

. . d .
j{H~d§'=/J-d(_i+ — [ eoF - dd
c s dt J,

no E field, term is O

Choose C' as a circle and S as the minimum surface that circle bounds.

Now solve LHS of Ampere’s Law

2
jf H-ds= / (Hyig) - (rdp)iy = 2mrHy,
C 0 S ==
i ds
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We assumed H, = H, = 0. This follows from the symmetry of the problem. H, = 0 because fs uoﬁdc_i =
0. In particular choose S as shown in Figure 4a.

b —

(a) (b)

Figure 4: A diagram of the current carrying wire of radius b with the choice for S as well as a diagram of
the wire with the choice of contour C (Image by MIT OpenCourseWare).

H, is more difficult to see. It is discussed in Haus & Melcher. The basic idea is to use the contour, C
(depicted in Figure 4b), to show that if H, # 0 it would have to be nonzero even at oo, which is not possible
without sources at co.

Now for RHS of Ampere’s Law:

r<b
. 2T pr Jo,r,/ R R
[a= [ | (bz‘z)'(r’dr'dcmz)
s 0 0 . . ~- ,
J
_ 2Jor3 T
3
a>r>b
27 b / 27 r
- Jor’ - ~ ~ ~
J-dc_i:/ / ( 2Z>- r'dr'dei, +/ / 0-i, ) - (r'dr'dei,
/. (5 ) (et )+ [ [ (0-) - (ardeiz)
0
2
:ghww

Equating LHS & RHS:

%J0r37r; r<b
Job?m; a>r>b

27T’I"H¢: 3
0; r>a
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2 A~
ngi(i); r<b
- g
H= Jgﬁiqb; a>r>b
0; r>a

Problem 1.4

A

We can simply add the fields of the two point charges. Start with the field of a point charge ¢ at the origin
and let Sk be the sphere of radius R centered at the origin. By Gauss:

e -dad = / pdV
Sr 1%

In this case p = 6(7)q, so RHS is

/pdV = ///5(7)qudydz —q

LHS is

H
7{ coB,-dd = (e E, )(surface area of S,)
SR ~—~
symmetry
= 47r2e B,

Equate LHS and RHS

AnrlegE, = q

q 4

= 727,
471'7’280

Convert to cartesian: Any point is given by
? = x(r, 07 ¢)%$ + y(ra 97 ¢)7A'y + Z(Tv 97 ¢):LZ
By spherical coordinates
x = rsinfcos ¢
y = rsinfsin ¢
z=rcosf
7 = rsiné cos Giy + 1 sin O sin qbiy + 7 cos 01,
i, || line formed by varying r and fixing ¢ and 6
T =ri,
Thus,
i, = sin 6 cos ¢iy + sin 0 sin @i, + cos 0i,

X ~ Yy ~ z ~

2 2 2Z‘E+ 2 2 22y+ 2 2 302
Vai 2tz Vit +227 2 yi 1z
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S0,

_ q ?
 dmeg(x? +y2 + 22)“

ﬁtotal = E1 + 52

ﬁl is just ﬁ with y =y — g. ﬁg is just B with y — y + %. Problem has y =0

(i)

d
€T ~ z ~ = ~ q
3 > 2 :
Btotal = Bl = - e + - 1y — Ly | - l

1,2+L£1+22 \/x2+d _’_22 1'2+d +22 471’60(:024»%4»22)
q |: 2 dﬁ + A :|
- 3 |Lle — 5P 2l
dmeo(a® + £ 4 22)} 3l

(i)
Etotaul = ﬁl + EQ
—1 2 d 2 2\ 2

2meg (22 + (5) + 22)2
(iii)
ﬁtotal - Bl + ﬁg

—dq%y

M)

dreo (22 + L + 22)

B
? = qlﬁ E doesn’t include field of ¢
(4)
? = 0, by Newton’s third law a body cannot exert a net force on itself.
(i)
¥ :qlﬁ :qﬁg(x =0,y = g,z =0)

_ Py 4y
dreg(d?)  4dmwegd?

(iid)

_ Tl
47T50d2




	Problem 1.1
	A
	B
	C

	Problem 1.2
	A
	B
	C
	D

	Problem 1.3
	A
	B

	Problem 1.4
	A
	B




