PHYSICS DEPARTMENT COMPREHENSIVE EXAMINATION #5355

APRIL &, 1987

Comprehensive Fxamination for Spring 1987

General Instructions

This Comprehensive Examination for Spring 1987 (#55) consists of eight
problems of equal weight (20 points each). It has two parts. The first part
(Problems 1-4) is handed out at 9:00 am (duration: 3 hours) aﬁd the second part
(Problems 5-8) at 1:00 pm (duration: 3 hours).

Work carefully, indicate youf reasoning briefly, and display your work
clearly. Even if you do not complete a problem, it pight be possible to obtain
partial credit--especially if your understanding ig manifest. Use mo ggratch
paper; do all work in the bluebobks, use one bluebook per problem, an& be certain

that your assigned student letter (but not your name) is on every booklet.

If something is omitted from the statement of the problem or you feel there
are ambiguities, please get up and ask your question quietly and privately, so as
not to disturb the others. Put all materials, books, and papers except pencil
(or pen) and bluebook, on the floor. The accompanying booklet contains data and

formulas which you may find useful. Please return it at the end of the exam.

Use the last pages of your bluebooks for "scratch” work separated by at

least one empty page from your solution. ngeratch® work will not be graded,



Physics Department Comprehensive Exam #535, April &, 1987.

PART I.

PROBLEM #1]

The gravitational potential energy of a particle of mass m in the equatorial
plane of the earth has the form:

(o2
V(r) = — F e
r 3r

where k and ¢ are constants. The second term is a gmall correction for the
nonspherical shape of the earth.

Find the precessional angular velocity of the apogee (point of maximum r) for a
nearly circular orbit in the equatorial plane in terms of the given constants and
the radius, r,, of the circular orbit.

PROBLEM #2 .

The Virial Theorem states that the time average of the total kinetic energy of N
particles 1s equal to

where < > refers to a time average. T

., 1s the net force on particle « at
position r, .

Using the Virial theorem derive the ideal gas law for a system of N particles
enclosed in a container of volume V at an absolute temperature T.
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PROBLEM #3.

The potentials in the radiation zone wave derived from a calculation using the
retarded potentials of an oscillating magnetic dipole moment along the z axis,
with m = Rm coswt are:

V(x,8,4,£) = 0C

pom, @ sin #§

=) sin{w{t - r/c)}a.

and A(r,0,4,t) = -

Assume that the dimensions of the dipole are of order s. In terms of s what
approximations were used in the derivation of A?

What are the electric and magnetic fields, E and B at r?
What is the Poynting wvector at T ?

What is the average intensity at T ?

The earth's magnetic north pole is ¥ degrees south of the geographic north pole.
In terms of the earth's magnetic dipole moment M, ¥, and w:

e,

£.

What is the total power radiated by the earth's magnetic field?

If the earth’s field at the equator is about 1/2 gauss, the earth’'s radius
iz about 6000 km, and the angle ¥ 1s 11°, what is the total power radiated
in watts?

B, = 4w * 1077 1 gauss = 10* tesla
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PROBLEM #4 .

The Hamiltonian for the 28i ground state of the hydrogen atom in a magnetic field
is given by,

H = H° + AE(I+J) - p+B =~ H° + aE(TI.J) - p,B,.

AE is the zero field hyperfine splitting and p, is the 'z component of the atomic’
magnetic moment which is the sum of the moments of the proton and the electron.
These can be written as g, p, I, and g u,J, respectively where Enby << Bofg .

a., Galculate E(B), the magnetic field dependence of the appropriate energy
levels to the lowest order in B relative to

E, = <?8y|H, |%8;> for g,u,B,>> AE.

b. Sketch E(B) vs B for the energy levels of (a).
¢. Repeat (a) above for AE >> g u.3B,.

d. Sketch E(B) vs B for the energy levels of (c)}.

Clebsch-Gordan Coefficients (jy jamynty|jy J, jind.

<jlf2”’1”’2§jij2j’"> = (-1 +h”j<fzfl’“z"”ltfzflﬂ”}-
Ji = % J2 ”% i=1 J=0
1, ", m=1 m=Q = —| m=10
1/2 1/2 1
12 - 1/2 1/2 1/2
~1/2 1/2 1/2 —J/1/2
- 172 —1/2 1
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Physics Department Comprehensive Exam #55, April 4, 1987

PART IT.

PROBLEM #5,

A bead is constrained to slide along a smooth wire with the shape z = Ax® with
the plane of the wire normal to the earth’s surface.

a. What is meant by a holonomic constraint in classical mechanics? Give an
example of a non-holonomic constraint,

b. Use a Lagrangian method to determine the equations of motion for the
constrained bead.

¢. Find the frequency of small-amplitude oscillations executed by the bead
around the equilibrium pesition.

d. Use the Hamiltonian to find the equations of motion.

PROBLEM #6.

Nearly monochromatic light from some source is viewed through a polarizing
analyzer A. There are orientations of A for which maximum intensity is trans-
mitted but none which give zerc intensity. A quarter-wave plate is appropriately
installed and it is observed that there is still no orientation of A which gives
zero intensity but a rotation of A by 30° from the position which formerly gave
maximm intensity restores this maximum condition,

a. Describe in some detail how a polarizing analyzer and a quarter-wave plate
work.

b. What is the position and orientation of the quarter-wave plate with respect
to analyzer A7

¢. From the information given what 1s your best conclusion about the polariza-
tion of the incident light? Explain your reascning.

PROBLEM #7.

Develop the theory for the temperature dependence of the electron (and hole)
carrier demsity, n (and p), and the mobility, u, for an intrinsic pure semi-
conductor. In deriving your equations, it is not necessary to keep track of all
of the multiplication constants.

An intrinsic semiconductor is found to have & conductivity ¢ = 0.010/chm-meter at
T, = 273K, The gap width is 0.10 eV. Calculate the conductivity at T, =~ 500K.
Assume m," = mh*.

it

i
i’-\‘%
ol



PROBLEM #8,

Show how from the observed reaction: (which takes place when slow negative pi

mesons are captured in liquid deuterium)

a” + deuteron ~ 2 neutrons

one can infer that the parity of the »~ meson is odd.
and the spin of the deuteron is 1.) -

{The spin of the pion is O






¥ LTy =
dF = =T dA
gt et oo o
fo==f W RdA
Swfw:afwnﬁa-w
739N

&



#2 o M e

(G{/ Q S << Y- Wﬁ')nr}q} ’ }'n.v/é‘/?a/t

o = S s
Y s << = (ke L g

.(}/ E=--VV- 3 N

B o= JxA ‘
- _ ol - N4
/{/M-(_. O{-(«/C'é Z/) ;.;,w y ST
———~ - /\
E = e amS a0+ k) 9 |
wITC Y 6?
T (24
R Ny
yrcr X },})
B=L% <&
©
- s i i = -~ . __Q_—
&) 527 L (ExD ——'_J- Er(?‘xs)--{g o
Mol N
—————. 2" - . —p
T 2 E7 9 sl sesimaEH) T
| M clwme T
7

@Q) T <s y? /?2”; po e’ 220

= ~ I / Y’a—ag/&;\éu”\_‘ Zor



$

e A 22

Tw o M

(C) [‘/}(:1‘,'/’ M Ao iﬁ (GQ)JUT[J ,,_/14..&1—( ) M@g}i{ﬂ
/ Jeo sz:///ﬂ,{:wr w—a:j ;qg{qc {/)a/p_s

@/bwa the « ¥ / Gy S
Eoch dipale Wm’( fhﬂhcc ;-;c/j_g EY ol EYa m (4)

co ot & X 7o fe ted //f gs°
—_— '= __,__/_.. ] 7‘7} é:C?// 7 ?{E(}'f)
5o e (B E) e
& s h g‘/ém‘c{ w‘a.vrcwgt 15 kKt A Het” <D - 5
E’ & —EM‘ LLQ\'H eyl =2 0 63

.r'
%—jm‘@(—wa,)Ww(fw’Z«) &/f = O

P P e P
P = 567 o o and Fe (A
S’Ini’"@, g8 o 42’?9 am\ (- ) = %/

7

| = x _&_{! x /MQM &} , 1(16 - /.t./-/_"-—-——-'—“" Slhgac
(CJ P2 B e’ (Tt N A
Srm cfa L1 .fcrn | L [’%( Y.)T“ 3”"] = 11
- J/;:ry .
at cgostor AP =0 T pe B o ATAL
. Tf = /f’;t:j M pn P ° oM E i 70’,:—/%‘ Lyt e
Ca_c(:ll"/ ~ 1
Moo= /67 /‘f‘“"" )ff _ ”
G‘) [ = 77 G )% (Gar ?""“"i’—n coatip = FXO W 59

677 "/:(wud’/j



HE Lyad  Alimc
@) H ¥ H° + io,,u.,/.’.?

J ‘,/_‘_.....

_/44-1* /A.ﬂ..,

(
-A—U{’,,

o /C/fl’,\’;u— J";&fﬁ J/ﬂ— .‘S

= FE(H’)‘—" Ec * < {Sl{ 7 3a/é{aa2-
The steles are decouph

. 1 I‘}":fj;—‘ 5'",5 a,ﬁcr\ %r
/_)Ef(f'-:f) A'/('c. {cwv’ a : cow%m)

neg lteled  cp
Shfeg ald /I:j’ mrm3.> thoe are A sty
I""%_; 3—':"_8:—&_ 5, M=

E = &

x ey My M =4
| Srace - Sz} < *mr7 ™y }.I'S s
Zhs <ot ok chte

' 5 d”ajt"-f[ "M -Sz
EUJ / - MSW

| Gy

¢)

S~ 72;-:# ijew(‘c :\5 6t;
}'3L 3}'- .+,;.’2> /fJ/r"“'

ST
3
B T e N i — s T —
C) e e S, @ perteris o
£s  HOr 2ECET
St i Coc:/?/ﬁ-vp {7 (T f‘% %o f:; m,_,,
w/un/ ( 7:: - tj: -i’-f_- /7
2 . —_— o o
Fo;) \)O(IL + —pn * Q(I J s.['?
(I‘T/P = E(Epl TL"ZL

- 60



C‘{Cr V{x /‘/({J*'"w ghy <ol
Slﬁh{iz‘s Qﬂf&":]ouq/ i (:):‘j:' /j arf /IJ’F'. mf«‘-\/\

* E,, /I"‘j‘lﬁﬂﬂ> -~ [F(Fet) |TZTF #F7
Semeloey v TN v
Since :z':_; T__:_%; f:'"""
LETFtme | TT1 - FoLmgys 212§ % g+
. LITT ) =0 _ 7
<ITF oM |TT ], F 3> L Q.lwé_fy__r_ /th._/?g
ECO/ FCQ) % .;W' sfufes Fed Mg = /o—-!‘
E¢: £ - 125 Lo seb P mpe o |
Sor B) pod oply g Ds S, b Geshhs of 5T
Q/’(g?cw\j/( /(.M z{wm,ﬁ oy Im T’"J’ S'{;.fo V.S(O C‘ﬁ aam}-

[TT Fre> . Z {ITm, milT 7T Fr.> [ TTmy M) K—

Ct/;;c‘b' :
Calou il <1Jf""f=-/ S2 [ ZTFme>

‘.‘Sf}‘lc(‘ ’v_i-,fl 17 l,_rzr_ 'é... ’;: |7
| L
- 2o - ﬁfirié*,7*ﬁléa¢»7
I4070 = )54 2 LD
4,500 .
R R A R
Tt 01504 407) = Lgmeon
LAA .
417 (0/Sl 450> o L4 —L)gms = O
<}7“H//5"/ VA =~ A GFotts o2
Lo L J -
LF400052(2390 = 20 % 1) p,u s 0

81



ﬁ;,, a/ﬁv,ﬁmh Cc/;ﬂ vo o b /_ CC”} e
yses Vet v m o |

. z ,
I:Y'NAE(J:-T/ > (7/{//0 4 s, /?o,cﬂ @_Af_) QT"I;:’:EMF

il

I ~ J CUU/I/Q S“t{rw:jy 34 F = f J‘\/7—
4 (reCess
o, I = (J-F/ —_ F
2T = R, T2t IR
regylect L. formn
T-TT = 5 —2(p~17~1I"

?
Tt Goaurty 4 [F(f: '“MW'JF
=

(2% | _
=(Fr) o =523,,00ng

W'

(4] F, e Apy e
I, ! - wb‘é‘
£+ 48 o [N

70 &

Q O . here

62



. ': F"‘"'
‘ # g
e iy p oA A ]t P et o .

C< F‘\ka(onemu.. Cmt%?‘f‘wf uj;-tla‘;ttu Md,ira a.\.-i:t ! q‘f:‘——:!.-,m e

I?J‘r‘&'-i""t‘(- lwa W et A @W&»&- w—d:és.ri.wpw

RN

o

J,u?.mw M 4/0443 g M.,q,w.l?,«.{@,—fzj\.!_

'?-(K‘ Jt,.:*:3 £ ‘7 o

ch""'“

\3\ TLL Laj«mg vww?—&-a. oo LT MMi %L.e._ MM i rtd ;x

L ﬁ}.’}_()c-%-:a" ) ‘W\.a-e:.. . ‘,--_,..

Ziu,

WLMMM%‘WMCJ mm—&.mmp-m_i.. «L»(L,ZLL
' ~w°"z“g‘h L= Ll ()é‘i-féfﬁ—m§l + A (AxT-2 - ! o e

——, Iy
P o

"‘ff-i /La‘?ch\,}z_ 4—,4),.*5-4- mem\« AL

. M‘t, —~ZAAXx = o ‘ CI\ )(
Mgl =0 N e o =
AT = oo ‘ )

L S . —
Fuck wa Lod df Loz, (9 AR

?;(_Cﬁe‘(‘}-—-é\?u - ZA (,\f&'{'k v 3'-£
Lo (€8 FXX ) g A =0

\W.cuﬂawvhfu—/\m(,\\

"M +2A;¢[ ('Lﬁrm)(‘f X :c\ +W~<§ 1 =d

lW\!:+’L&M‘§.Sc+ < At wax (X +-)<>c3”—" '\

*

T

4 . . . ) ) Ce .
by (AR w0 m 2hr i -1 el



%
.
ot .'L u‘ . . '
- ey I : ’
A Awa (% f-x_XB -—-Mj T MX tlmobay — wnq = L
Secomd Afp?rqg._g_&;__}_mm_rm,, , T A e - T -
Pt ho AN 8 il ;

e m—
——— i et e b i A

S waath

 New T . T~ : e

. .Lmv%__ﬁ‘ﬁl.@_(z&xg\‘_‘l - waq okt

oL a1 BT ——
é;;: == X[ﬁ['ﬂ ok “ZMM,J : ..‘}...E‘“ =

N AT [ ety 1 -mx] e A"»&’lz_#(&i :

| \j\i’ +am A LR s et T

Alerrate Way e

hao drcat §mall
eaciilebons

TLMASs 2 mg Ll ) --

ltre, Wneay cit-}-«- W G -y RS "ﬁmw% s
. —LH_:.W s : A e “{"*“&"’\J-
~ — . % e Pl o
VT E= e AT v x 1 —Zm A4 x '
md R = e i ‘

\Hpandily & a2,

/ ’
{'(k‘) s "{ (X.a

tsz_(_‘,ém ?o«;:% Ko (uwl =y

. ).
R 2{_ (x=xa) DAk ez 8 1) =0
iy = "QMA‘a{_x‘_&\ X =R

e

L _Mi?; = --Emﬁrg 5 ow=ka mim{.a& :
T:!qu Ao APp feaddy e Pramald ' .J_ -: Tm———

‘P = BL«- = ,\2 L ‘ ) .

4 5..:2 ﬁ""’\"f‘z.'}c k\kt'l . H‘-." ng — -
i—;—:«\m T aanbons - Hor %l 485y ) - %[_‘c':r(mxw;ﬂ?mr-
ow T ST U= A L ) g he

L./ . _ W -..-;-"|T-+-V = & QWS%THI‘()

G hx tdm ATk 2wk [ma gatagd] ) B o= L Dniraantex] oy x>

ks
. fa 2 ; - Y, .
MY = 4MAT LR 7% X225 srwdg =0 R N N

. ‘ SR
%N Ld_{-u\_g ; {—-»L e L, M@L«T‘mc&a -
ML+l mkax ao fC\:\'B =¥
. . €%y
W e lAvq X >¢‘ 7
w :



SelTia~

) Po’ea"’z/"ﬁ d:‘w'cn—-..
a’)  prbeps b{/ it lomdomtocr
/ ] E selhss

U coprsed oo frngl.
hos « dﬁwl aeis \(gm%» ,’K@Luo,]ﬁu%m,&’aw)

aod o alows cwi, (g fudad of ifoskion)

-
£ T~ ! 7L :.s ;CI?'S
é\{; V t:[ojT) t,gco [*&As-‘? (IJ)—{--(/}PA-F'Q Fj

o

~
%3 I;-—-——-‘i
] — 2

- O b%(‘é / )
E'[%+>=: o' QSA-S Q?( ~ Ve Wi/e
) [ C (#,Fﬂnp L«Ji‘/q,)

+3FA4’€
yy&am wlmoigﬁ’w &f) E% ujarw Ao E_M

Qg& = (m&m,/,f_) Wit _ (w_q_*—hp)zyr Az

C ﬂm'

65



Foloks o
j;rf* me f,,@}jq Afér_%ﬂ"
ety il L s sl 85 bl I
}00'&\148,@! /0/"3/’41 or wQﬂmg'
b) ek —wews plo ok of & bt
GL:;;L Qs Qﬁ?zﬁic[ wold )41;/&,\;%,’.:? a,[,,fmjw;ﬂ
A

L’%&J A S SO [ }ﬂ WJ% /1,&“& M}d

Q‘viﬁﬁ}lxzﬂ’c&% W&AN 2 )4% .
[0 axelosid  Aocoe quectin wos gl

Coudod st proctuce @ OQD?W/L@J%O%W
2. b evchodsd b MMMJ_&WQO/






/ ~(5-5) S~ Sedo RT
23 UQS’)'" W PV -
ermr+) € Sex
e z
( :ﬁb
; n= | g fes)ds mE sl
% 4/ _(E... %’4)
~ [ (wm e TR 4e

=T Gt
| Y Y
N~ (T) o (e o diteo)
% - YT
0 = hew (T) "e
mo e P R RO
Theo) =08~ “vmn =€ =
o T ) Pt

p
B fé-%-/'— (oww) e -9.¢

o T €\ Fpas - =

| QO—@ = 0,02 .a))

o8




@y m&a&, 3P, il allewd Zﬁh 2@@/4«@1»«%.
R ?(Sp_r: ﬁs‘pauﬂw-&& MM

e (3) L Pondy L Flk ale :TM.W P atd
J»m el s (u%zma,ewm~wu
.W%Wﬂdz&) ,
Tk a2t %Wmm#mm
‘__Mc,u.«/“ﬁw.m:é gﬁwm,yﬁ.mmm 34.,2‘.:,6;:
MJW%JW G%L«-JAM.
Tff_/f%c-‘ﬂ an Ha S’az%;é_ ‘&MMMM“ Toasn
fxmwm;f.m@im,am

rmﬁ o o Hee b, Ha T ovcsen aswced
g 3 ,
et b gl

o ‘3' =0 W&MMW.



