(B ]

&

PR (1), (2) &2 X, AREPCIREEOFEXR (BRTER) % & , BXEDIE
T (WREB) % py L35,

(1) BELICET 2UTOM (@)~() K&z X

(a) BZEHICKHER +q 2295, ZOREMICE o TELONLIEHOKRETI E BLWY
FERT v v L (BAL) ¢ TEEMD» OO r OB LTKFTZeHRTE S,
E, ¢ ZRKDX. 7277L r 50 T p=0 &7 5.

(b) ZERIMIC—KE B EE p THEL TV EFEEROIERPEZRTICHFET 5. BROFH
BEL ¢, FR% a T35, Kool r OBkE LT, EHOKEX
EBLUHERT Y YIL ¢ 2RI ENTES. r>0 OHPHT, E, ¢ ZRD
X. %27ZL r 500 T ¢p=0 L7 5.

() 13 ko, [ (b) DwELRRE, WPE b, AP c(a<b<c) D
RO CE - 72, WEKRoP.LEEZOP.OLIE LT3, k¥, ZoRIL
HWELTHWARY, BHOKREXX E 3R LSO »r ok LTERT L
BTEL.r 20 OHPAT, E 2277 7 1HfiF. E O BEWREORRAIIAEL S,
72 7% a, b, c BINE.

it
Het

b

A
A 4

c

1. EiRoBKk T b EEDHEIRD WX



(2) BEZEHICE T 2 Maxwell FEKIIXD 420K (1)~@4) TKINhd., 2T
B E, W B, WHEE p, WREE J BeIny, I oLy 2 BIT
FifE ¢ OBIMTH 5. UT OB (O~ KEZ L. 2L T= (, % )
I_7 PVEHETTH B,

p

V-E = — 1
VE = ()
V-B =0 ()
FxEo _ 2B ;
XE=— —

Y (3)
= =g - aF
VXB:MO(]"‘ 50%) 4)

@A) (7 )o (4 ) okAIZRLTCWS, (7 ) IKYTiFEs A
B0 (4 ) CYTEIIIVHEEEEZ L.

(e) BEZEFICEMDBEIMDAFELEVWEEZE X 5. Maxwell 7K %2 H &I, AT
BRI O SR 5) 2B, 727L, LEOZ v 4 i LTR (6) 2K
Do Z EZHWTIWw, 7, N ¢ & g BLY py ZHWTERL,

bz _10° 2

VIE =55k &)

Vx (VxA)=V(V-4) - V4 , (6)
R L

=7z 2=——S+-—5+-— T .
7=72L V ax2+ay2+az2 b5

() WENHEX (5) offo—fFle LT, z @hFRICED FIHEL2H 5. ZOEHIKD
B E(z,t) = E,elkz=0) pRINZ L XIC k & w ORICHK Y ZoBIHRA %
Ko k.

(g) BB TH S &, BLUEMKOESL LHILGPERTS Lz, [ () ©
P DIGE I DWW TR,



[Physics and Mathematics]

Answer problems (1) and (2) below. In the following problems, &, denotes the permittivity of
vacuum (or the electric constant), and p, denotes the magnetic permeability of vacuum (or the

magnetic constant).
(1) Answer the following problems (a)—(c) concerning electrostatic field.

(a) A point charge is placed in vacuum. The electric field magnitude E and the electrostatic
g
potential ¢ can be expressed as a function of the distance r from the point charge. Find E

and ¢ , under the condition that ¢ = 0 for r — oo.

(b) A dielectric sphere charged uniformly with an electric charge density p is placed in vacuum.
The sphere has a permittivity € and a radius a. The electric field magnitude E and the
electrostatic potential ¢ can be expressed as a function of the distance r from the center of
the sphere. Find E and ¢ for r > 0, under the condition that ¢¢ = 0 for r — oo,

(c) See Fig. 1. The charged sphere as mentioned above in problem (b) is now confined in a
spherical shell that is made of conductor, with an inner diameter b and an outer diameter ¢
(a < b < c). The charged sphere and the spherical shell are placed concentrically. The
spherical shell is not electrically charged. The electric field magnitude E and the electrostatic
potential ¢ can be expressed as a function of the distance r from the center of the sphere.
Draw E on a graph for r > 0. Specify a, b and c¢ in the graph. Values of E do not
need to be specified in the graph.
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Fig. 1. A cross-sectional view of the charged dielectric sphere covered by the

spherical-shell conductor.



(2) The following four Equations (1)—(4) are known as Maxwell equations for vacuum, where the

electric field E , magnetic field E, electric charge density p and electric current density J are

all functions of position (x, y, z) and time t. Answer the following problems (d)—(g). Note

that V = (% , % , %) is a vector operator.
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(d) The Eq. (3) above expresses ( A )’slawof( B ).
Name a scientist for (A ) and a physical phenomenon for ( B ).

(e) The wave equation for electromagnetic waves can be obtained by considering a case where the
vacuum has no electric charge nor electric current. Derive the wave equation, Eq. (5), based

on the Maxwell equations. You can use Eq. (6) which holds for any vector A. Also, express
the light speed ¢ using &, and y .
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where V- = 92 +ay2+622 .

(f) One of the solutions for the wave equation, Eq. (5), is a plane wave propagating in the z

direction. Suppose that the electric field is expressed as E (z,t) = Foei(kz‘wt), find a
necessary relation between k and w.

(g) Show that the electromagnetic wave is a transverse wave, and that the electric and magnetic
fields are orthogonal, for the case of the plane wave in problem (f) above.



