P541 Electromagnetic Theory I

First Midterm Exam
February 18, 2011

Problem 1: A spherical shell of radius a (assumed to be
infinitesimally thin) has a potential fixed to Vocos6, where 0 is the
standard angle used in spherical coordinates.

(a) Find the potential ¢ everywhere using separation of variables.
Both inside and outside the sphere, there is just empty space.

(b) Find the force on a small test charge 3q that we locate at a point z,
(zo>a) on the z axis.

Problem 2: In class, following Section 4.4 of the book, we discussed
the case of a point charge ¢ embedded in a semi-infinite dielectric €; a
distance d away from a plane interface that separates the first medium
from another semi-infinite dielectric s,. Our main result was Equation
(4.47) containing the polarization-charge density at the interface.
Repeat the problem, i.e. find the interfacial polarization-charge
density, now relabeling ¢ as ¢; and, more importantly, locating in the
medium &, a new charge of magnitude ¢, a distance d away from the
plane interface. g, and g, are along the z axis that is perpendicular to
the interface. Check that the result reduces to Equation (4.47) when
¢-=0 and ¢,=¢.



b aveid Uz

S e

o ?,Q,CCSD %‘) CYW" TQ ‘l’eﬂwu
r_Q,"H To AT A
v > CL"NEX]%\&Q:

/ﬂ(\ﬂ QOA’Ml{ e o be oI nuovs at Vv =0s;

z =
z AL ol Cee) - z 0 Qg Cems)
IS ) o

o g Ag T
Th addifew ue Koo @fuﬂ?)u = Voot . "ﬂr{,\,

T Ay L
) AL U= = Vo co®
Lo



Bk cow = 2y lemw) . Hulhgyng left
and n"?/‘a\)(‘ \v‘a Vo Camnv) iw’\‘e,?n'\fr} e -

= i |
ZAQ O\fl gcbfr §5 W gmﬁ%v’)gg’(&;u): Vo x

P
2 SR xi o b e
2 - —

 Thes -
@Cﬂ%) - Ve “?ACcmer) _ \/0 C‘)c%e'\
| w\hAL N

csntf

@m\%‘;% \{I o x E’l&”’“)

*\/o (:,_)c,mtr




C\O) f: ay—g . /l/\q{n,\/ (e reed ?Esé?a‘ CO)O,ZC-’).

D R | A
Ef#v@ﬁ = '“ré_@ Cr —~..\_,#_.___.®@ Co
botsilo Yr T v

S q
lpow}&l Q‘S\SCAQ.

5 ghe Tronn Ve

o& ool
~\ 1 A
= “?_ Qot_o;)l&% Cx —-~._L9__ Vo (5}‘:) =v) Co
or )

——
B

(7

—
—

Ay A 2 - N\
Voot (27 )€r — —“: VOC’—;) Csne) Ev

We av ntrersdd o (0,9, 20) b mmeamns
(= Z.O/ © =0o. TLQ/\,\_‘.

T

_ED - 2\[0 o
Zs

I

= 99 Veor &
F_ 1203 e

2

|




