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‘Show all work for full or part1a.l credit.- Always justify your 2 answer. Each question
or part of a question is worth 5 points, for a total of 50. '

Physics 100a, Midterm

dv = —udin- '
m

dl'= #dr + rd6 + rsin 8dpd = dss + sddd + dz3.

OF . 10F, 1 OF- 6 s LOF, OF
VE= o Ty +rsm9%¢ __SEQ&
s 18,, - 1 8 1 9Fy _19 10F, OF,
v F_'rzar(r ) 7 sin 939( sinf 8¢ 3(3F3)+ o¢ Oz
df = VF-dI, /(V-F)dV: F.da, f(v.xﬁ)-d*zf F.dl
VvV av 8 a8
V. (5) = 4n8(7)
r2
2o gi(F — 73) 1 fp(f")(f"—f"')dV’
E(F)_ " Amep|F — 7|3 4meg F—73
V-E=pleyy, VxE=0, E=-Vp.
F.‘ P a; _ 1 G'(‘T_")da’
¢(ﬂ__/;E-dl—Z€:4ﬂEg|F—ﬂl_-471'60 |T_"—?_"|.

Wis = [ (~QB) - di'= Q((7) — ¢ (7).

— — - € —
IZQz ¢(75) = ‘/‘p(ﬁdV:%}(‘/‘/Edeﬁ'iVﬁbE'dG) :EDfE2dV

(Eabcme - Ebelow) n= _a_nlabove + ”B;Ibelow = O'/G(]
2
5— S LB 0" . €0 2.
p= E(Eabove + Epetow) = -2_5(;n = EEzn




1. Consider a configuration of two infinite, parallel cylindrical shells A and B. The shells
are very thin. Cylinder A has radius R, and a length L segment carries charge A\gL.
This cylinder runs along the z axis. ie. its central axis is # = (z,y,2) = (0,0,2).
Cylinder B has central axis ¥ = (10R,0, z), radius 2R, and a length L segment has
charge —3)pL.

a) What is the electric flux §, E-dd for S a cylindrical surface of radius 100R, central
axis ¥ = (2R, 2R, z), and height L along the z axis?

b) Suppose that the cylinders are insulating shells, with surface charges uniformly
 distributed. Evaluate the electric field E at the point ¥ = (2R,0,5R). Write E as a vector

(Ez, By, E;) in rectangular coordinates. ' _
¢) Find E = (B2, Ey, E;) at the origin, ¥ = 0 for this configuration of charged in-

sulating cylinders. Now suppose instead that the charged, cylindrical, thin, shells are
conductors rather than insulators, what would be E at # = 0 in that case?

2. Consider a solid insulating sphere, which fills the region |] < R, and has a spherically
symmetric charge density at radius r gjven by p(r) = po(R/r), with pg a constant.
a) Find the electric field Eforall 7.
b) Find the scalar potential ¢(r) for all 7, 7, taking infinity as the zero point.
¢) What is the potential energy of this system (the work required to make it)?
. d) How much additional work is required in order to coat the outer surface of this
‘sphere with a sphencally symmetric charge distribution o of total charge Q)7

3. A metal sphere of radius R, oentered at the origin, carries a total charge @, which -
 resides entirely on the surface. A slice is made through the sphere at height z = 0.8R..
What is the force of repulsion between the top cap and the bottom region?

4. A oondﬁcﬁng sphere of radius R is in an external electric field Ey = EyZ. The potential
for || > R is found to be

- V(r) = —Ep(r — f3—2)cosﬂ.

 Find the induced surface charge o(6) on the surface of the sphere.

5. Suppose‘ that the conducting sphere of the previous problem has an empty cavity,
centered at r = 0, of radius R/10. Find the induced surface charge o,(6) in the cavity.



*)

& éd? = Qencl — LE&Q _
s Co |
\9) br o S:‘n@fe_ c\jlr‘na(e.m‘ccf slefl clow A
lemsh " |
Ce,\&-ywcol _ G"’ Oﬁhﬂi.’\, GGVSS )Cw =
O _6),““ = O Eod— = 9{ /\.S
7S &o - |
Cﬂ.h\cxﬁs
’Pofnlr ('ZTZ) O, SR3 X in loe"v.ee,\ +o
ng\{nclqﬁr"s ) Use Sw@?ask)—\v—\:
~a — - 4N
E=-EpvBo, En= 2o X
2 (2R,
_éa = C“"‘ 3%> (";\(>
27 (SR) %
y e A ‘ /\ A
», So E = Mo X (|+§~>: :l/o-x
T R 2% "’ l6 TR &
\_——

® \/;eq Gown cbove:

Mibtern Sol's _

jo R

Q
=
< endloses botl CJLHJZPS ,




C’) Ay T =o wst @e-‘— eleche Leld Com

O C,O\{no!ﬂ!‘ B E 32 () o

Cz) (lIoR)Y & [ CoTRg, {

~
@ O\) Geuss ‘ch = E.-bl-”{:d“—'" __C‘i_. g()(r‘)c]l/

~ £
= YTp, Rl — K < |
’5:350 = rer s 5 R
Yrpe R> r> o
O 2 %o
So g(")‘-_— g.—-(r-){-\— Wi
(> | E-(0 Er
P&R3 ~> K
2&T "
0\2"“ oK‘Z
U)) Qé(r-)——- _%; + 5 (r£ R)
3
Q _@_E..__ % (f*-}_R)




O

Cl) SVPFOSQ* gurﬁcu Coc;—eo' WA CLm/-pek 2

/\’kg,n ¢ ¢(R) == 0‘22 ~+- yA
2%, L’i'ﬂ’t(‘aFZ.

b\)Or& ‘\O bﬂ‘ng ra eX'LCl C(’\C‘-ﬁ?"— C‘J?‘ 'S
AW = Cl‘i( ¢(ﬁ) ‘"QZ(O"))_‘: CGEE_:& - 1 )Q/Z

gzw: QE?,R——L-l- Q* ‘}




| S X Fou COMPO"‘?/\‘{' C’""l‘i) -'44-43/“1[1’4‘) ove r~ 0{01

@qvc‘ ,\o Peessve ’}\'mef & COMP[* o f Sre o




— cbont = veluw |
W BT AT e
ED @-@rcﬂ—vojwc i

é Ghove DV chove E Yelo~ b'-lt’-//
- 1+
_

I
0

g
TN

éo r = E:;(QD(\.\«’L)CW@’_ O\

V(S S b b oemih, 27




