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Phys/Elec 312: Final Exam
December 30, 2019

Write your name and Student ID number in the space provided below and sign.

Name, Last Name:
ID Number:

Signature:

You ha,ve 2 hours arrd 45 rninutes.

You rnust shor,v thc clctails of a,1l your lr,ork. Illcgiirlc trnci arnbiguous explanations anrl calcttlations

rviil leacl to clcchrctions from your gradc.

Problem 1Dcrivc thc staterncnt of the Poyrrting theorern and consena,tlon of ENI cnergt, iu'
\racLrrlrl] using tlie fbl1o"r,,ing stcps.

1.a (10 points) \Vrite dou,n N,{axrvell's ecluation in vacuurn firr a svstcttt r,r,itir chargc artcl cttt't't'ttt

distlibutions p and J confined to a region V of spacc, and shou, that the ra.tc of changc of thc

rvork 11,- done by the EM fields on the changes is given bv # - IrE.Jd3r.
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1.b (10 points) Use N{axwell's equations arrd the iclentity, V.(ExB) - B.(VxE)-E.(VxB),
to express E.J in ternrs of the energy dcnsity'u :- j(E.D + H.B) and the Poyrrting vector
S::ExH.
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1.c (5 poirrts) Shor,v that if the E\{ fielcls clo not clo tr,rry rvork cin the charges, t}ren u and S

stttisfy the coutinuitl. ccluatiou fbr etiet'gr'. Give ii deriration of this erquzrtion.
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Problem 2 (20 poirrts) Consicler :r, r'ecta,uguiiir' \\ra\rcguidc r,r,ith a squar'c cross section of sidc
Iength o. The r'vavc eqtttrtion for tnortochrouratic TE \va\res of fi'ccluenc\. r,t that propag:rte in
tlris n,aveguicle rerluccs t" (4 + Ol + a2 f c,2 k:2) B"(t:,y) : 0, u,here A; is the u,trvennrlbur., :urcl

tlte lrouudall. coucliticins i)rB" : [-)rB" - 0 nt the botrndaries of the urar..cguiclc. i.e.. t: - 0.o
atrcl y arititrary, tlud U - 0, rt, arul .r: albitrlry. Sholv t[at this u,:ivcglicle ]ra,s a filite nru15e1 ,f
propa,gatitrg tnoclt:s. Finrl tltc v:rltres of the itcqrrencv u,here this nrrrriltel is 2.
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Problem 3 (15 poirits) Tlr,o pa,t'ticles of nnss '/?11 alrri rr?,2 rrnci initial velocities .u1* a,ncl -t,,2*collide ancl stick togethcl to crea.te a pt't,rticle of rnass ,11. Detcrurine the lrzrxirnum r,al,e ,f ,I1
al]d find couclitiotls oll ?721 ,'tn,2.'t)1, and r.,2 uncler r,vhicir A1 :rttails this value.
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Problem 4 (15 points) Let O, 0, ancl O' be inertial frarnes with associatetl Cartcsian spacetime

coordinates, (r0, frL,12,r'), (ro, i',fi',r3), and (r'n,tr'',:r,'2,tr'3), respectivelt'. Suppose that O
is at rest with respect to O but their space coordinates are related vi:r a rotation bv an anglc

d about their common z3- and i3-axes. so that

i0: trO, f1 : cos 0 rt -sin| 12, i2: sin 0 11 + cos0 12, iil - Jl3,

and O' moves with constant velocity v : , i' ,rith respect to (2 such that

r'0 :1(io - i3i'), *', :1(rt, - i3io), x,z - i'2, t:,3 : i3,

rvhere p :: uf c arrd 7 ,: (1- 02)-1/2. Find the Lorentz transformation uratri."r A. A/. iLrrrl A
satisfying lu : Lprr'. r't' - L'P,i", and tr't' : A.r,r".

!l
o

t

o

o
t

LOoO
o cn$ -*S*9 O

O (u-S c^Ar O

oo()t^LI 1 
=!tll : 

^=

o1
\)t

i\
A=rri

lX €I

V 
Q 

sb."S

-YS*9
C*-.9

o

-YF
Y

o

\2

oo
CrD -s*3
E -O c-^€

\OO

rrc ro

^ I{'\ Lti\ 
*

. rr --6P o o l[-\

L: ::ill:
\J

o

-Yrsc^o

Y c*6
S.*S

o



Problem 5 Let O ancl O' be the irrertial frames described in Problem 4. Suppose that ther

observer in (? observes a perfect electric clipole rn'ith scalar potential given by, I 
-(r) : -L +,11111 t 2

where r :- r1*1 + r2*2 + r2*2 is the position vector, , ,: lrl, i :: rf r., atxl p is the clipoler

moment.

5.a (5 points) Calculate the electric field for this svstem as measured in the rcference franre C?.

Give the details of this calculation.
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5.b (20 points) Determine the cornponent of the magnetic field along the r'1-axis a,s lncasnrecl

in the reference frame (?'.

Hint: The contravariant trN{ field tensor Fp" ts related to the electric aud rrtagnetic: fieiris

according to
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