ng.ctbr" "'Form,ulzis o

a. (ch)sb (c)ea)sc (axb)
nx(bkc)r-'(a e)b-(a b)e. : .
: ‘ (axb) (c86)=(a‘e)(b d)-(a d)(b-‘]c)
‘ Vx7¢=0 ' B
v (Vx:)=0
Vx(an)aV(v a)-V°a
V-(ya)=a- 'W"H'V’
VX(cpa)='v+xa+1era :
V(a b)=(a V)b+(b V)a-l-ax(be)-l—bx(an)
v (axb)-sb (an)-a (be) . ‘
’ Vx(a xb)=a(V - b)—b(v a)+(b-V)a—(a- V)b
Sl Hxxstheeoordmateofayomtwnhrespecttosomeongm,m,thmagmmda.‘
, r=|x|,andn=xlnsanmtndialvector,then PR
o | v:=3_v:<x=o” o

o Ve nn%- Vxnao -

f (- ’V)n=—I-—n(a ,,,],,_,




VECTOR CALCULUS

Cylmdncal coordmates (2,1, @):

vs 33 ("'*?: (,,_I_lgs (@),
““"-%"""f“a‘r( Hi?&-»_
: curlv '-[—(rva)——]e(')’»'_;, e
4 [%%"‘,%]‘(') |
S [%";,—%]ie@;_ |
regtdE

. Sphem:al polar coordmatee (r,0 a)

=9§.(r)
vs ket

(smOvo)-l-‘

dwv— ;35;(,.’ )+ rsxn080

. mﬂv = | ao(“no"c)"'—

o, 18 9
v’=;’-.8_r-( 8r)+r’sm030(sm060)+

188 m.,. 1 ogi @),

" rsind 8a
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Physics 841: Classical Electrodynamlcs I
Subject Exam (Total: 50 pornts)
January 15, 2004

i PERSONAL NUMBER

~ Problem 1. A point charge qis brought toa posrtlon at a dlstance d away from an
infinite’ pla.ne conductor held at zero potential. . :
(5 points)(a) Find the surface-charge density induced on the pla.ne, and plot it.
(3 points)(b) Find the total force acting on the plane. .~
i (2 pomts) (c) Fmd the work needed to remove the charge q from its posrtron to mﬁmty
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o '\;jProblem 2. A sphencal surfa.ce of radlus R has charge umformly dlstnbuted over its
o surface with a denslty a, éxcept for a spherical cap at the north pole.. ‘The spherical

.- capis defined by the cone with polar angle § = a; and it does not. carry "y-rcharge
~ (3 points)(a) Find the potential inside the spherical surface. - e
~ (3 points)(b) Find the potential outside the spherical surface. .

" (2 points)(c) Find the magnitude and the direction of the electne ﬁeld at the ongm ,

(2 points)(d) Find the potential and the electric field inside the spherical surface as
~ the sphenca.l cap becomes very small. You only need to keep the leading term, in the'
‘ ‘expa.nsron of a, for this part of problem et
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! Problem 3. A non-conducting sphere of radius a carries a umform surface charge
dxstnbutlon o. The sphere is rotated about a diameter w1th constant angular velocn:y
w. .

(2 pomts) (a) Find the total charge Q and the current den81ty J. «

(5 points)(b) Find the vector potential both inside and outside the sphere.

(3 points)(c) Find the magnitude and the direction of the magnetlc ﬁeld both 1ns1de

: and outside the sphere ‘ E
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em 4. A thin hnear antenna of length d is exc1ted in such a way that the full
- wa ength ()\) of oscillation of the sinusoidal current is equal to d. Denote the time-
1 dent current density as J(&,t) = J(Z)e~**. As usual, the real part of such
ssion is to be taken to obtain physical quantities. ’

ts)(a) Write down the current density J j(Z) as a functlon of posmon Z in 3-

ts)(b) Fmd the vector potentlal A(:i:‘) mduced by ra.dlatlon in the radiation

. at a distance much larger than \.

mts) (c) Calculate the power radiated per unit solid angle, and plot the angular
tion of radiation. :

mts)(d) Find the total power radlated
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Problem 5. Consider an elhptlcally polarized electromagnetlc wave whose electric
component is given by

‘_ E(z,t) = iEo sin[w(t — z/c)) +3Eosin[w(l -lz/c)»+.1r/4]l,v = | . _(1)

' where w is the angular frequency of the wave and ¢ is the speed of- wave

(2 points)(a) Find the magnetic component of the electromagnetic wave.

(2 points)(b) Calculate the energy den31ty of the electromagnetlc wave propagatmg
‘through free space. = .
(1 point)(c) Find the speed with which the energy is propagatmg

(5 pomts) (d) Find the smallest and la.rgest value of the Poynting vector for thls wave.





