PHYSICS 200B, WINTER 2017
ELECTRICITY AND MAGNETISM

MIDTERM EXAM

[1.] Compute the potential V(r,6,$) due to a thin ring of charge ) and radius R. Make
a convenient choice of origin and orientation of your axes, and assume r > R. Interpret the
term which falls off most slowly with 1/r. How does your calculation change for r < R?

[2.] A crude model of the Hy molecule is that the electrons form a spherical cloud of charge
of radius a and the two protons are point charges inside this sphere. Find the equilibrium
proton positions.

[3.] One can verify by explicit integration that the functions sin (nmz/L) and cos (nmz/L),
where n = 1,2,3,---, are orthogonal and complete on the interval z € [0, L]. This is
the basis of Fourier expansion. Similarly, given the specific functional forms of the Legendre
polynomials, they can be shown to also to be orthogonal and complete. Write a few sentences
describing what more general principle might lie behind the idea of complete sets of functions.
Can you make apn: analogy with the eigenvectors of a specific class of matrices?

[4.] Use the generating function for the Legendre polynomials

1
)= =Y "P,(z
@)= e Zn: (@)
to prove P, (1) =1 for all n. What can you say about P,(0)?

Do only one of problems [5] or [6] below. In either case, solve the problem completely from
scratch, ie starting from the appropriate partial differential equation, making a suitable guess
at the form of the solution, etc. :

[5.] Solve for the potential V(z,y) inside a rectangular box of dimensions 0 < z < b and
0 < y < h given the boundary conditions V(z,y =0)=0; V(z=0,y)=0; V(z=b,y) =0
and V(z,y = h) = f(z) where f(z) is an arbitrary function which vanishes at z = 0 and
z = b. There is no charge inside the box. Identify the Green’s function which arises in your
solution.

[6.] Solve for the potential V(z,y) in the upper half-plane y > 0 if you are given the
potential V(z,y = 0) = f(z) along the x axis. There are no charges present. Suppose

f(z) = V, is constant. What do you get for the potential V' (z,y)? Identify the Green’s
function which arises in your solution.

Potentially Useful Identity:

(1+u)"=1+nu+Lu+ u’ -




P2 o602 N

mkea 281

M\ A;\'f‘el/ A

xam S lvhona

N & \C\N\.\)

v =@
(o, v e

1

Vi 8)

V4

\)(v"i &:-O) (_g_\.ma ?_-A.‘:us-)

S-])\Ce_ “n ?oll\k '-’«'t

iy arg ‘C%\J\ci\s'}z\n*' foonm

Y\)Vl'\ PO\V\,S
5 {
V(Y\‘Q.:Q — ' \
) ‘) A}n—é’b { ;I»'L_lr ‘i’?—:} })___ \ L
. L PR

a

—= TR
N (LG B (N

V s | _RE A 3R
(V‘}B— o) "FT[“&\"%\ z—T1* +&"‘ vyt }




N
i / :—’H‘ )_ ‘-F-Le..l-k_u_?_;}-e, M?M{:-nrﬁﬂ
\ e +/} C.M"'"j!! A ngp ‘}] “’P L5
JFF— = Y. &
4 3
2 4 1\[:%:___ Véu ( ls‘llr" )3::
o
Tn U  Ceae e = Q/q}a'ﬂ?q? Qzae rﬁ]ﬁa ¢
) =N c,lnaw'al
= - x
?U—'\"}l\'*'\ hh; 'jc"‘ﬂ'c‘hw\. . - eleches
B A
E\= /e a2
I g —_— < -
The. C&ﬂéc.m}}ik ‘F—’vu; F = qu_ == e'/eZ].'I}nQ?’ T _—

Pa;d)f ravhc”:; wwand (ﬂe —cﬁ.m&t -rﬁ e clovd-

_pulls # prohe foriando ovigon ). :

The ;r_’o}b—v\ s akap H—}M//n, 57 /Z? me}a rediallg

-—h

uu’W ﬁ'W-ﬂ-j. o e = A
Fa = i A;H'éa-ﬁé“‘)z o = .

e g )
E’J’M' - %_"‘_{_D ____‘_'_é."___ ,,h,. = e—%u»)s\nwm




3= | NeTE © L @xpecf q much shader anpwer Aom you
w;\ld«){cw-evCV} hik rowe of key Pm'\”!‘ -

_i.,._ _’n*e_w}}c:"}]w e—-{ _«?&/j - (tm ﬂ.}f-_af 1[4,3_5:{) E Z(’_"_“J"er_ ’7[(X) .
(inhmle dwenson V)
lcan he reqa vded oo A Vet Space . The snre ﬂwoﬂv‘z’*_ —

| —— . ) |
lofp fne guk Vechws s _:F-'_j = _r_{*éc_)\g__(x)o'x.._

oy
|l '/&740‘__‘5 an M" (Qh‘/.ojc# q maPix ) Pranghsrmrny

1l - = _% —
I|5""€. ve.c,)-vv_ M}b d"d)zeﬂ-- dz/_,(x?— can éc: shown Fos be 3

! jo O-C‘c.o!('.’lt‘) ;7“‘> ﬂf _\);V"’Q W/Cd % MJHCQ‘/ M ]

leyenvedns o Uz awe complete ond orfrogon.
‘ﬁ-‘do& ‘ w_ '\'fm(_n"f;yL) ow_l . (M(O:fl_?;) —i - .
: :
e 4 T care s Aue f P degerdee palynomids,
1l
|
116~JAH’A hodt a4 pove C’cwp)@‘_“ /édfz_b?_ _Qf,l—‘}&/t_v/

) 4% d
v ) S =
Cl1-x*) o ‘2”.;_“)( 1 (1)

j{ ij ;nkﬁv_d‘r&n -ﬁj fmk anel J)b e ra/b pr=cic_,
H Wl)ry  some safscmahn hout behavior of Frehoy e
_‘Do.m.lav\ca X =0 L ““& }uutao!cc.d ;



| )
3(X¢l}-}r) = /]_"—_ = /!__,: = |+-{7+4:Z4--t3+\.

I PR

= ?ﬂl\]‘]:n

‘n

clealy Pnl1) =1

il b ce g X =0
e ~J

~!)

| _ Y
Mo [K:-—o,’t‘) = %Jl,}.tz. - Q*‘tt)

o

- -3 HC R L) DR

= l-lpg 249206,

We sce J’Lq-" ?n(b) = O ‘{of ﬁ-“ “J\& V1.

This i consiskeatr wihh g Aot Pal\x) ae odd

Aorcfms of X% a6 = Pal=x) for N odd

Ne alfe see PECGJ = | Pf(cr)"?-"j-l_

Py (2) = /).3 () = -5/&

ani_,i,éucm. e cevld ik a qeronad expreman

J}L ~Ne were ff:«}‘} mot v akd Ao do o -




\/(_?_‘L‘_:ﬂ_ sheys he laplace egn —

[we wmudn  drsase

| Sinee V(ﬁf-,\{) vanishas ot K= ad x=b

_J'Jhk;k xhw Y =) Fy. g GJSQ kK=

o : ey AR
V(x, = Zq sin — smh o
* j) " h .
whose T algo  Used  fuok Mnad
| o ehminabe cashky sln of sy )

i 2 ; E —
\71\[ (AJ—\K i?ﬁ S
- = Q,deahb‘-’\
Guess o salohm \/(x,_ﬂ_ge(,)_s_(\_(;)__ o vevabls’
d% A*s  _
8(7) )\7& + V.(:‘C') :}_\712—_‘0 - e
[ T U T S 1
=7 V(%) 3\){" 5(‘) c\‘{"’* k
am B, e, e i - = _ -
Sovchon of & forcheef =3 mstbe
X DV\\‘I‘F v ov\]'l Cdﬂs')z',(j'
T L i ky
Clegud, vix) ¢ oy: ki 5’{\) “resh k\r

nTt_ =

| ——

b

g Rree P eb’Po}‘."}lc v\“ i

V.  Van shes o Y=o



5-a

W< Jse euv 'F\nc-l _\00\1 \hf\\!.’.'\’_‘%htf‘-\

\/(_);l_\j‘—‘\'\\ .—,,\?(;‘) Z an!V\h"'Tcg 5‘7\\'\ hT::\

4 U | SR L‘)
i MU\}_‘P_\-] \;.«..h\ I‘LK&@ \9‘1 % 'I_V\_QELZ _Cv\«_k | v\"’tﬂy:h_ &\0 dx

gb S\n%f Gin 2 dx =

| 0\ b
| USlvj_ o_rr?'b'-;:__«ame\_‘a_\\_)f‘] C - e — SWQ

9 Sin *%xqf(,c\,-)\x = Qg ‘!; sm\\h_‘_‘

- —

.. Ths d‘cfk_f\“*\i"\-ea The ‘7_ whidn we pu\' bhacle 1w \/(" :ﬂ

74:1)- z < w#\m gLSmn—r-t-)-( %(x)
W b anh =

nT
S-,n ﬂ'ﬂ'l:( S)ﬂl’\ \r

Raofsqvxnm
\/(X_ﬁ) = j;_{'{xj) 5[%,&',}3\&)&'

wh greens  fonchom

s mx) VT
e Sin ,_3 SHin —-—)‘ J')r\L __-\(
\« o e

3-(7‘9(]13) = Z“ bsimh = b



We have Vix,q) sheyimy Laplce Spn

2= | 2.

z .\/(, S

7?’:1 J*C'pqra)w\'\ s J vaviables V(’L;'_'I): NX)S(‘{‘)

a\x"“ “L
[ d™r~ _ _ _t_ 4;"_5_ i k’L
A B N (D I
“Fuaf\ohuv'\ — ‘_:_.-;U“ML me{ = Mur)' he
°+ X only Yy oanly conshnt
¥
We have  Vix) = e
5(‘1’) s ek\( & ehminate m -
| o ey pper halt plane
See pf-2 ' Yoo
.F‘w-'|mp-\' ”Ae}nll ) ’f’od"fmlot V d-hl@'ﬁlfﬁ
. ]"\ V\ ] L
\/(3()3) = J &(k)@, < T Ak 'S Ujlehrb.S\)TuV\
~0o

We  Gug Hrstan

&

Vixg=o)=ktd = [ a(We "dic

=8

Invedr M Fuu:'\&\, Jukng ,J_,__Z-}tj’_;q‘u)e""‘*gy = a.fk)




b~

oy Koo we redly meart
| !

L Pubhey bogedon :

——— e O \ . ' S S Tl =
gy = §oh B 4 Ml

R P O 1) YW I

.. Ao AR Y elene
)= S’w LI xxﬂ_ﬁ’

= S — S—
b ¥ 3

wihe q(x, 79-1»_3_

U T s cane we  can expho"“] corp it %(:AX";\_)_

Kok fro _m_sd;}u_j__ e_"“f ove,\- {.;_R\f we. weﬂe_ |

—lkly

T br=l— b vkbed)
Ilxx' o) Y___& =l e ' ¢ f& e

n

\ { Qk\(i-\ k.[)t")li)\ ) | e— k"T -]-L’K(){,..li

sl p =4+ xx')

a—

40 1

L

l {
n _ S
777 % YA ile=x') Yz )é -
_ ,_L % ) —’L(Y—)z')_-t- \j—l_-l(x~x') T :
Zm LjL + (x-x')"*

¥

0



Tt £lA)= Ve s ce wsiant

3 %
—_ |
MO PV .-
o0 &) ‘f'(\(‘x’)

@/\Aam-&c‘_ J.{LMJJ‘(% U=-X+4 K/
du = +4x!

¥ o

] 3' /-
V[,xx.\{\,c b Ve /“'/(}jz.ﬂ«) du

o\

ad ki< Juhshhha U= iM%
h <'-L“- = “ S_Coz'é J_,E)'

~

Y tut = (lfr T T on

V= Se. O3B
\/(_*;(3\3) — j‘ A Yl {Se

-W’L \{Q Te C:L (<]

’D-P {x&mh& \S CCSWI“)‘U\-" T . -ew+|rc

Vg pen btk Pling. §




