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- 1. Two long paratlel wires separated at a distance, R, bear .currents band 1y,

5 (a) If the currents flow in the same direction, s the force between the two wites
altractive or tepulsive ? (5 points) ' ' ' ‘ :

R (b) What is the magnetic force per tnit length oni the wires ? (5 points)
2. A long cylindricat shell conductot of radius, R, carries surface charge density, o,
(a) Find out the pressure exetted oi the shell due to the tepulsion of electric charge,

i (10 points) . '
—~- (b) If the cylinder is totated with respect (0 ils axis with angulat velocity, m, find out
- the how generated magnetic field. (10 points)
'10_' (c) Since the charge on the cylinder Is now expetieticing honinettial thotion (le. '
rotation instead of translation), wilf thete be any eleclromaghetic radiation generatqgl 7
| Explain your answet. (5 points) : : R A
a o | SR s "'
3 3. Show that the conservatioti of charge s built into the Maxwell's Equations, (10 .
' poiits) . S e eeddd, R E Y ‘g

4. A source of allernating voltage feeds s series LRC circuit, as showtt int the figure.
15|, B

20| . | S

’ Express and plot the impedance ratio l_%l as 8 futiction of the AC driving freqUéﬁgy . =

5 ®.(10 points) S
5. An amplified ultrafast pulse laser system is able to gehetate laget builse of ettetgy 1 L
joule/pulse with duration 00 femtoseconds (j f5 = 107" sec). The laser beatn can be

focused dowr fo & spot of 100 pm in diameter. Estimate the peak values of elecltic

field, E, and maghetic fietd, B. (10 points) | :

251 6. (a) Explain the following terms, totul reflection, critical angle of inciderice, aiid
Brewster angle.(10 points) :

(b) What is the critical angle of incidence for water ? The index of refraction of water
is approximately 1.33. (5 points)
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7. List in order of increasing frequency of the following electromagnetic wave:
infrared, green light, yellow light, telephone line, AC powet line, blue light , X-tay,

g -ray, microwave, AM radio wave, ultraviolet, (5 points)

8. A metallic spherical shell of radius 0.1 meter {g charged 1o a potential of 10,000
volis relative to ground.
(a) Find the strength of electric field | meter away from {he spherical center. (5 points)

(b) Find the potential at the centet of the sphere.(5 points)
(c) What is the capacitance of the metallic sphete 7(5 points)
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Vector definitions, identities, and theorems

Delinltians

Rectangular coordinnies

A, A

1. W-——- }+af£

aA aA
ay az

34, aA, a4, aA, 94, _8A

3 FxAs ( - é‘:)'9 (a; ax)9+(6: ay)!
v o ., 3’!

L vy a"*ay 3

5. V’ABV’A,!+V'AJ+V'A,!sv(l?-/.)—Vx(vx,»\)

2 VA=

Cylindrical coordinates
19f .

3f
6 ¥ =3 ’Hpaaz“az
) A
) 1, VA—--(pA,) pa;‘«a,
134, 04 aA, ANy L[ _y_!
G Bl )
'! af

1 _____
9. ¥ ( ap) "1533 FIY
10, ¥A = V{V-A)— P x (¥ XA) (Sec. 1.11.6).

Spherical coordinates

o, o i .
. L r!’ ’+r386 niv\ﬂt?db‘I
1 _aa
v A--;-é-(r.d}$r—‘-;r—-(,4;!m6) rslnﬂ 8';
- 1 . 1. 34, a(rA.)]
1. FxA- ren@ 3&“ me)—w&]“b [sm38¢ ‘
- a(m.) ?_1_1_
*r[ 3 aa]”
.8 3 o 19y
o W vi= "ar f) on 8 ae(""eao) n AT

15, PIA = F(F-A) - ¥ VXA (See. 1116}

Physical constants'

e= 1L EONTTRID"C
o G 10938 3 107 kg
= §. 10909 % 10" eV
m, = 1.67262 % 107" kg
938272 % 10"eV
¢ = 2.99792458 % 10" m/s
¢o = B.85418782 % 10~ FIm
1/dne, = B.9875518 ¥ 10° m/F
pow Az % 107" Him
N, = 6.02213 % 16" mol~'
ko= 1.3806 x 10°¥ 1K
b 662607 107 -8
Awhf(2n) = 10545722 107 ] -4
G w6612 107" N - m'fhg’
"1.98596 % 10™ kg

Elementary chargé

Electron rest masa
o ; Proton rest mass

Speed of light in vacuum

Permittivity of vacuum

Permeability of vacuum
Avogadro constant
b= Boltzmann cgnstant

Planck consisnt

Gravitational constant

Mazs of the sun

.%,%’a. %3

ldentliles

L {AXN) - C=A (IXC)

2 AREXCY= HA-C)- ClA - 1)

L YU ~fvete¥/

‘4, VinJb)w (1/b)¥a - (0/b"YPb
5. V(A-B)-(ﬂ»P)A‘+(A-¢‘)B+Bx(Vx-A)+'Ax(vxn)
6 P (fAY=(PN-A+f(V A .
7 P (AxBYen (VXAY-A- (nm
8
9

L (Pev) =Py

. Px(Pfi=0 .
10. F.(FxA)=0 ~ '
I, Fx(fAj=(FIxA+fiPRA)
12 Px{Anbys @ DA-(A B (¥ A - (7 A,
13, Px(PRA)Y = P{T-A) = PIA (Sec. L119) '
R ey ”-u,g*u. 21

s[45kea, —zu, 2y

B, an. an,]
Hagea g =TPR
15, Ye(i/r) i birt TH H the ;u:lienl tilculiled al (' y', 1), nnd 1 ds the E
vecior ¢ pointing trom {i', ¥', $) 16 (k. ¥, ).
:'6 vil/r) o <pirt Thlt i the jradient eafeulitéd il (.t. 91 4) with the tame
vector £,
17, of = ”,H& dl, whété thé furlact of dred of it pllne Thé vector F extends
tmm an arblrary oﬂgln {0 » polsl b the etirvé € thai hcund; H

8 [, vfdow
““bé dosed $urface

19 J.(i’kl)iu- -!,JS!(M whird .J 1! ﬂué If:
. thal bt;un;l:! ;haw}ah H ‘ ‘ h La

GoomC W, S fdlRE % Irls& li :
A h." fr. _____ W i th eid!ed i huu.l idk 1K by

‘Theorems

i. The divergénce theoreni, [, A «dst = [, ¥ - A dv where M is the dren of
the closed turfack that bbunds the volume 1r, .
4. Stokeds d.emm $cA-dtwf (VxA) dot.

Ch e

EAT Max\vell’s equations for stathnﬂty média L;Jf

o A. Differential form with kB, P M

y.'g-EL.:_V_'{'_ exi+i8an,
& at

_ i 5E ap . . :
v B =0, VxB—?—éTapu(!A-sl-{qu).

8. Integial form
_ F o
LE'J.Q-E;LUJ,—V-P?JU
[a'uao.
o
W of -.-nd._....A
L(an‘jad.d_-is-dt- 23

L(vx'mau-'-fcu a.gr-u.L(J, 4-%?{“#“ ) dst

B . Radivg of the sun 6965 % 10°m
~ Mean sun-carth distance 1.495 % 10" m C. Differéntlal torm with B, D, H, b
18 Earth’s mean orbital speed 2,98 % 10° m/s .
Mass of the esrth 974 % 10M &y VD%, ¥k + %171 -0,
Radlus of the earth 6.378 % 10*m
3 Mass of the moon 7.3305 x 10" kg v -B=0, vx"_,‘?a__?,,]p
Radivs of the moon 1.4 xt0m

- Moon-earth distance

3.84393 X 10" m D. Sinusolds! fields with E, D, H, B and [or linéar media

J_ 1 Codats Duletln, Hovembee 1976

" P XE +jopH =0
vy H - jwetE=t

‘v.eE=p,
v-uli=0,
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C Quantim Mechanics PL.D. Eutrance Exam

- We deline

(AAY =< A2 _ o 4 =< (A~ < An)?s

for the oporator A of A pliysical observable. Let
U=A-<A> andV:B=<B>,

where A and 7 are the operators of any two pliysical observables. We consider a
luuction defined by

P=Utp + iavy,

wlere A is g barameter and + is a state wavelunction, Using the positive definite
property of

I0) = / dsp*p > 0,

show that |
(AM*an)? > 1 <A, >

and describe itg physical meaning. Give ag many examples as you cay.

#- I the potential of an electron in a atom is spherical and is given Ly Vir) = -y,

for v < R ang V(r) = 0 for v > R, where V, ig g positive quantity, solve tlie
Schrodinger equation to obtajy the bound states for I=0and = L, ie. to find tlie
cigenenergios and the corresponding wavefunctions, You will need spherical Bessel
functions, Ji(kr), and spherical Hankel [unctions, h,m(z'n:r).

o .97.'71.!.11'_ o sinkr coskr
Jo(kr) = Gy idalkr) = W T e

s oy i
hakr) = <2 gy e L
g (i) il (ikr) = 4 - (1 + m')

- Let x4 be the two spin states and Prten be the orbital wavefunctions of aj clectron in

a ltydrogen atom. Using ¢,,1,,, X+ as unperturbed wavefunctions and the first order

periurbation theory to caleulate the energy shifts of the 2p states of & hydrogen
atom due to the spin-orbit coupling given by

2

e 14 .
H=-——__"1¢g.

L 2m2c2 y3 L

15
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1 1 157 ~1 /20,1
P21 (1,0, ) = \—/E(R) o C L (0, )

/ ()%1 Describe Hund’s rules.

3. Use the orbital wavelinelions and spin stabes of an clectron in the hydrogen-like
37X atom to construct some electronic wavefunctions, ¥ (71, o, o1,03}'s, with the correct
symmelry for the helium atomn, where o and 02 are the spin states of tie two

clectrons, i.e. X4 Or x_.

/ Jypoﬁ Prove that if (H,A] = 0 for the operator A and 4 does not contain time explicitly,
the expectation value of A lor any state is n constant of motion.

L

/4 ~/0- A one-dimensional harmonic oscillator has a mass, m, and a force constant, k. Let.

[ 1> be the nth lowest eigenstate of this harmonjc oscillator. Iind the expectation
value of 22 for the state 4>, ie : ' '

<4|z?|4>,

You may uewd At |n>= /(T Di]n+1>and A | >= v/nk [ - 1> where

At and A are the raising and lowering opcrators, respectively,

»
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1. Ifaforce Fis given by F = (x2 + y2 + 22" (i x +jy+kz),find

(a) V°F, (5%) ) |
(b) VxF, (5%) |
(c) A scalar potential ¢(x,y,z) so that F = -7 ¢. , (5%) <4

(d) For what value of the exponent n does the scalar potential diverge at both the origin and infinity?
(5%) |

2. The spherical polar coordinates (r, 8, @) are defined so that x =t sin 9 cos g,y =t sin © sm (p, and
" z=rcos®.
(a) Express d/0x, 9/dy, d/dz, in spherical polar coordinates. (10%)
(b) With the quantum mechanical angular momentum operatot defined asL=-i(ryx V), show that

the raising and lowering operators :
L il =+ e (/30 + i cot 0 /3¢). (10%) 1

3. Consider the vibrations of a classical model of the CO, tmolecule. 1t is simplified as three thasses .

on the x-axis joined by springs; see Fig.1. "The spritig forces are asstimed to be linear (Hooke's |
Law) and the mass is constrained (o stay on the x-axis. If different coordinates dre used for each
mass (xy, X,, X3), Newtoh's second law yields 4 Set of equahohs‘ Cotinderlng hbtmal modes fof

the vibrating system, ' Ly : S Tl g A 1
(a) write down a matrix-eigenivalue equation cortesponding to the Newton's equations, (5%) v ]
(b) find out the eigenvalues and corresponding eigenvectors. (10%) 1
(¢) What is the physical meaning for each eigenvalue? (5%)
© Figure 1. = I > X2 e
4. (a) Find a Fourier éeries to represent the square wave 1z
f(x)=0, -n<x<0,
[x)=h, O<x<m , (10%) i
(b) Find the Fourier transform of the triangular pulse |
f(x) = h(1 - alxl), Ixl < l/a, ‘
f(x)=0, Ixl > 1/a. ' (10%) |
5. (a) Show that, for any two operators A and B, T
eBAe B = A + (B, Al + (1/21) [B, [B, A]] + (1/31) (B, [B, (B, All] + ... (10%) 13
(b) The derivative of an operator A(A) which depends explicitly on a parameter A is defined to be
JAQYAA = lim [AQ +€) - AQ)VE, 1
€0 |
Show that : d(AB)/dA = (dA/dA) B + A (dB/dA), and '
dA"YdA = -A @Al AL, do%) .




