
Fall 2007
 

Physics Comprehensive Exam
 

September 20, 2007 (Part 1) 9:00 - 1:OOpm 

Part 1: Quantum M€chanics dnd Statistical Mechanics 

7 Total Problems/20 Points Each/Total 140 Points 

•	 Closed book exam. 

•	 Calculators not allowed. 

•	 Use paper provided for each problem. Use one side only. 

•	 Print your name and page number on every page. 

•	 Return the problem page as the first page of your answers. 

•	 When submitting, please clip all pages together in problem # on.h:f. 

•	 If a part of any problem seems ambiguous to you, state clearly your 

interpretations and answer the question accordingly. 
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"'AME _ 

,,",anh,n Mechanics 

C'A}""id.~ Ii "Y,",em of N idontic,1 spin 1/2 p."id<t-, """h uf m,,-,s m 'j'h"y 'a","" in a 
OOlnmon ex",,,,.l WJ(.,,'i~l V (r) ~ !m".·"r" I~nm" mutunl i"lo,,,,,I·io,'" ~m()ng tm, p',.11';c]o., 

Let };,oo(N) ~c t.O" ~ro1Jl,d state cne,g.y 

a) Onnpu(e E."" ~~"dll" (Of N ~ 10 

b) CQlo,i,k,· rhe Illlli! N - ':<J, .. l,~r~ 

lim 
.'i_ro 

Find the mn'lt.TIt n 



NAME _ 

2.� Q1,a"lam M",,,"tiC/i 

The "1"drC<."",,.lc p<>tentiol ~f an .,'co",ic nude"" call be "pp,~,i m"J-fJ by 'lte electrostatic 
potcn,j~1 of sphere of radiu" R ""th ~ h"rnogen.."" chr".ge djet." \'O';OD I"..' hyrl'o~£,,-ljke 

«l''''', u,j,,~ tbis appr""'mal'''o. the ,'1,,"1;'00 ""'" <l,e potenti,.j 

( 
-'~n'(I-;/:.) (r-C-,R) 

V,p"" = 
_z,' (r>Rj 

T"",\. the ueviati'JO f",m the Co"lomb pol,enl.i.l Ju. '0 ,h,' finite si", uf the n"d('~., £oS a 
~mall peTtu,r..,t'on, IF. Compute tbe ene,E';}' "hift;; t:.E to £"'. ",der rl"e to I,his perh"balion. 

IIi,,/.- ·f'h~ "ud~~r r",lj"s R '" A'I',-o wit}, TO ~ 1.21L1l os "",,J. ""all" '11,,>1 rhe Doh 
nulill,' all - ~.~~A T~1'<'fo"" you am approxon'''IC rM "'a"" lunch"".' apiJ'-'(mng in lhe 

;ntegrnl. by t},~i" va'"", al r = 0, R"<:l)JI al,o Ina.l I'll"Jm (0) I' = ;!c (n~. )' .I,o~mo 



::lAME __ 

~ QTJantum Mechan;r, 

The eleclrolJ n€\Mino I~,} ""d ~h~ m\KIO n''''.rio,) I~,,) a,e I,he po,.;il,). n'.LLlrin~ «at<>; 
prod"'cd and dot"ded in SOllle e1pen",eo\. bul. 'he,r are not. norcsoa,jly "i>:"r"'I.~''''' or 
the IJ"mil\~rn..n n...ther, if the ,tat" i< ).;p."...., ,~ ha"" ]OOmenlum p il." ,m,l<' lineal 
WJllL1JlMj~Jl or llo< ener~y "igeu,~al"" j•. ,: ""~ '",.,) ~f the form 

I~.) - ro'>el~,i'" 'ill OI,~J) 

I~p) ~ -.inal'",} +c""ah) 

HI,"') ~ Jp'"' + "'Ie' Iv,) 

H1",i = Jp'c~ + m.~c'I",) 

for two po,",lhl, different masses m] Md '''._ olld ""m, "mi"ill~ angle" &. If il i, hoom thai, 
a neutrioo ..,," ddinitelJ a vp when it Will' ,,"'CllC>'J, ",hal. i., lhe proh....hlljl' "r d"""-~ing 

a v, al'ter il h"" traveled a disl,allre L? A_mr, 'bt m]c « p and m,r ~ P. Of, 11,,,, 
I.he ncul·rino••,e ,,,""iug u~ olm""t (or e~n, ""..d]y) .he ,peed of li1\ht, I"" yM ca.o ignm", 
COH~clin,,", r,ll.he 01"([" 1 v/c oompe.re<! on terms of oro., 11 and ,t,,~ "our ,",suit Lo fi",t 
onl";ll I,be Jifference tim' - "'( mi, 



:'lAME _ 

4. Q"~nl,,m Mcd,an;c" 

Tbe ,''''plit"dc [or Lbe ~b"",phon o[ a vboe-po!:l.i,-,Nj chl.roUlagnetk w<w~ aIT ~ anI'­

el""l ",n .I."m i, pmpo,tional (u' 

Here r is tbe el",,""n r"lSition ove,"'lor an~ p l< tl,~ .1""I,wn mom em-YIn "veral," I~\) ."J 
1"'1) are r",p",-,tively "he ini\ial "n~ Hnal electron;, <tv"". TIle vectnr k is iH ,be diIe.-,ion 
of the 1'1"". w~ve, and it, ,n;,,,,,,il.uJe k ~ Ikj ;, !-t,e ".ve numh~, The ""guL" frcqUelK'Y 
of the wave," oJ ~ ck. iii; the p~l""imtion of 1,1e el"drom~~,cl.," wave. II, is a w,A vrctor 
pCTlX'nd;eul~r \0 k: t· i .- 1 .nd i k ~ Q IThe cOlOpon.nl~ ,1t k •.nd of € He (ordinary 
numbe", not ope""'''',.·1 

L.>I, I",) be tin- 15 stal" of a hydro~u, "tonr, and 1~)li be (he 25 _,t"t.c, Suppo,,", the 
,.~,'~I<'ngt.h ofl,he roc; ...i"n is 10uI\ enough", til.., ~~ «: t, whe,." ~ is Ur~ [k,hr radius, Tlum 
;f y',u compute the omplitud. lor «p.mdinl\ e'k.', ~l'U' an""""r will be ~ f'O,,"'" ","i"" in ko. 
What ~, the "",I noo-v.ru...hin~ I.r"', in lhi> exp"n,;r",~ (\VriLe this I"rlll !!5 •.n ;"t<1.. ral, or 
sum o[ illl..y.L<, ovcr hydrogen at<1lT, "-ave functions. Don't toJ,;" the time Lore lo ~,~lu~l.e 

lh""e ;nLe~,al'·1 



NAME _ 

~ Qua"r""" M.chanics 

TWl' 'ri,dLali pil-rbdes ,,-re in a ;I.ale with tol.ol ,>oi" Wn' let il" _\nJ ,i. be unit Wclur.' 
In I.wo ,,-rh,I.""· ~i,"cl.iun" ('''-!cHIMe I,he expectation value QI ''''' product. of ',h~ ,pin of 
"he fi"l par t ide ~jon~ no ,,,,J ,h~ "pin of ',ho """'nd along ii.. Th.., '';'' it s • .'wi " ilre the 
spin openl.on; fur I.he Ii"". or,rl """,,,uJ p,·"tic!c, "",pOC':i",ly, calculate 

11"""1",) is the t.wo--p.rtid~ spin_""", slale. In this pro!>lew 'm,"" ",!>il,al <.ngular momen­
t"m 

lIin" &ealli< ,I,e ,l~',e i5 'rtocn"oIh 'ymmel.ric tboo ,.,,<~-e, con dept"d "nly 0" I.he 
OllJ!:lc I""w,-en LI\e two directiun, 



NAME_ 

~, Slati.,timl Moch"o,w 

COj.. id~, ...'lingle po.rticle ,.r m= '" in a large ~ox ~r "ulume V The ,>Ulen""l i8 ""TO 
",",<:cpt, fu' a """,II region .~t the cr:ntrr of the bc"" ",lC~ that ~here i., one hOUl,J 'late wit,h 
energ); -(.'" 

..) WMt. is It,e pa.rtil,iou lunetion whon Hli' Lox is in equihbriu"L ..-it,h " ",~erYOlf .,1 
t~mi>"'ll.lure J'? 

h) Show I.l..., ey,,", "h,," kllT« Uo 1.1.. p.rl;clr ocoOlm", unb,mnd jJ It", volumei; brge 
e"""gh How ~~rR" d_ ~he ",lume haw t.o be [or ~he r.,,~icl<' w Lecome ""~o""d in thi' 
IimH? (Bin\; OJtL<ider the partido unbound if ito aw[~~ ~n~r!'J' approacL"" l~_' tI'ennal 
energy of" n.,. PJ<ticle,) 



NAME _ 

7. Sfatioli.cal "fcc4,,,,,,,' 

Two idenllc~1 ",n'",ne", or volwne \ e&h ~'" rdled with id~.~1 g.•' ,,,,rlf., ",o,"'al COH­

Ji'·iQuo (tLat is, m room 'e"'Deral"," 7" = 300 K and atmos~lrerio p,""'nre P ~ 105 Pal 
Initial!). there "Te 11' ~lo= in ~_"d, cu""'iner. After tbe , .... 'J ",m",cners or" mnn",.I<'<l, q,~ 

"rt",..~dil.y 1,0 tind 'he occur"I"o",d Mymmetry or CJ.Nji" = I'J "L> clOO I,im." I.", tJ,on t"~ 
»'ubO-nili!;}' of cq\l~1 ncc"r~ti~,,, ,0 ,h~ two mn',,-inc,". !'. ..~ = 0 Using this infurlllal.i"n. 
,""lcul~", the volume \' of ta(·h ",,,I",aer 



Fall 2007� 

Physics Comprehensive Exam� 

September 21, 2007 (Part 2) 9:00 - 1:00pm 

Part 2: Electricity & Magnetism and Statistical Mechanics 

7 Total Problems/20 Points Each/Total 140 Points 

•� Closed book exam. 

•� Calculators not allowed. 
•� Use paper provided for each problem. Use one side only. 

•� Print your name and page number on every page. 

•� Return the problem page as the first page of your answers. 

•� When submitting, please clip all pages together in problem # order. 

•� If a part of any problem seems ambiguous to you, state clearly your 

interpretations and answer the question accordingly. 

,,,,,,,• ,
,
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,
,,

' \� /.- -- -, 
_~I"'''.,p.,.ln ••"'0"0'" 



~ Eh'lndly and Ma!!"d;~", 

") Find the lol,al eneriO' radia'd ill lh~ ",111,"011 or a r1?laiitri'lic h ;" I) "",hd~ 'Jf 
",'h,,"g~ q, m,~.., m. velocity t! (in tlw lahl; impact paramc"" ogo,irn'" fi~ro1 t",~et, ~f 

d",,~e Q, i" ',he lim;l, of small JeO.eli."" 
b) Write the cond;'i~n F", "',"all dcft"diou" I" LerH!S of lLe p,.ramete" ~f I.Iw I"o~k", 



:"AME _ 

D.� EI",LflCily and Mngneti.'Im 

The plane z = () b held al ""w polelll,i~1 e~rept fur" di,k of r~J,,,,, u '''''"terOO ,,' rhe 
Ufi~iIl, which i/; held ai, p""'"lial V, 

a) Writ" t.he ""lnUon for 'ho r~'.nt.i~1 i" the hall'_,p"", z ~ O. Yo", do not have to explic­
il.ly coknJale tlie iIlleE7~1 u, yuu, ,x~,.",.;j..",- (HiLl\ fiLl,j LJ,< Gr<e"-' ]'unc(ion approprht<> 
for� thi, probl""'.). 

b) Write explicitly UlC »('I('nt.i~', 'JOL 1.l1~ p""il.L·'"" .,-", 



NAME� _ 

10.� Eltxlr-;cil.y and Ma.Qllctism 

An ltlfini I;<; ;;tm;ght wire i, ly;n<: aloll~ "-ax', "I. I;me I. - Q the """",t j"mr« (,or., ''''~ 

to ~ C()IL,t~lll value 10 [;.c. tho ""rrent L< the ~lel' fwJt"\;,," [(I) = [08(0.1 C,kul~I.", ",; ~ 

(wlc\!on of ,ime, the electric ",,<1 magneUc fieldo ,11. ~n .'ThiIT,,,y I,~int P., ,ji<~,nc" r fr~", 

the wire. In p~riio,Iar, consider the co.""" T <; d, e " d, .nJ I _ '" [).",',. \,y w ,-",,,~ul." 

the fielJ, ai, r = ct; they"'" ,inglll...- here Jue 1,0 I.l,. unpll)'oi,.. i o1('p ["IOCti"," h<'I,~"io', 



NAME _ 

II, Ekd,';c-il.y and Ml)))nc/i'nt 

A lo....,I.".. ",,"veguide ha, a rect:l.Jlgular "rt"," """hall ul widlh 2a in the, x ,dil""tion and 
heighl a in lhe y-direction. A plane elccl,roma~ncr.ic"'ave wi'h field ooUlVOo"nl~ E. = Ey _ 

Eo <:00 (~.z - wt) and m",.Rpace wave Illlmber ko ~ (3/2)1</" i, indrlcnt a, the inpnt of the 
wavegnide (z ~ 0), Con"ider propagalioll in the fundomen'.l mode. whi<:h h,,-, a s;nn""id,J 
amvlitodc diiitrihu,ion acro,", ,he f[Uirlc norn,~1 t(l 'he dc<:l,ric field ... il,h ""ro tOJj~"nli,,1 

fields at I,he ronduct.in~ hound~rics. R""aUI,hat I,he ...a", disvemion i, found by,.,po.ration 
or ,'o.ri"bl"., 

«) Whal is (lIe polarizatio" of d,e elecl-ric field aL z = O? (Neglect refl"'1.ion.,.) 
b) COll/;ider I,he proP"l':atioo or I.lle E. :l.Jld E" fields ""p:lCatel)'. eo~h proP"l';at.ing in iO;; 

f"ndomeoto.! wavegnide mode. What ,,,,e the guide "'~vc nllmbers k9 for each mode? 
c) At which disr.an"" z is the ph..e shifl. hel,wee" the I,wo fields tikyz ~ ,,/2? Wh~, is 

the field pol:lCi=lion at thi>; point? 



:-lAME� .. 

12_ g[eclric;ly and Magnetism 

,
/,� ,, , , , , 

_ ....._.J'.......~ ....)-:� 

b a b� ' , 

Conaid.r a ""uace loop carrying a coll6tarrt cu,,,,nt I, ~nd :l. Ir,ng ";re with a mn<tMt 
current, h- The "'Iua"" loop h".' '.h~ " .....~ a' "nd the long wi", j" plao;cl a dista.nce " a""ay 
from ("nd pa.rallel to) 0"" >ide 01 II,. Square l"op, iD <·he ""m~ pl",'e (IS the loop_ HQW much 
work bas j,o be done in order to ,I"wly mo'. the lo~ "''''' t~ the oth.r >id. of I,be loop, '" 
Ihal, it is ~naJly I"",,~<:<i the ""m. ~;<f.• n"" ~ m,m the "ppo.."" side or the loop? 



:'<AME _ 

Ll, Sl.alis~,41 Mc'o\~~i"" 

Con,ide, /II cud -like molecule., ,!lat. "ne ","r~,,~,'rl in "htli~ "nd hove ~ ,,,l...,.;Qnal dog""", 
or heed"m each assnd,,''',j wilh (h~ ",~mc moment of inertia. J ""c~lcot. int"",N;<m'. Co.l­
",l,.'r '.he flllclu~lion ill ""or"y "hen lhe molecules ~rr-;n "'l",l,br;um with a hem, "".,,,'~i, 

at t.",v.rat"", T, 



NA:'>-IE _ 

14, SfaN,/iw.i Meehan;"" 

Comprf'SOing a liqu;ol a<llah~'k".ll,.-by ll.V /V = 10-'1, H~ t~mperature ri"", by on~ ole~ree, 
ll.T = 1K. Calcuj~l~ the raho of specific h~..t al cornlanl pr"""ure and cons tan, volume, 
(:p/Cv, if you know "h~t th~ "oIL,tanl-p"","urc ,bermal oxp~n.;on roeflieienl or the liquiJ 
isB=(W/aT)p/V-lO-'K 1 


