
Spring 2008
 

Physics Comprehensive Exam
 

March 26, 2008 (Part 1) 9:00 - 1:OOpm 

Part 1: Quantum Mechanics and Statislical Mechanics 

7 Total Problems/2Q 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. 

• 

_"~'''_h"hr·1u + ....._ .., 



Name;
Quantum Mechanics Problem #1 

('..<"",i<.1ee a charged particle of charge e and mass m in fl. COJL~t.lUlt c.rO&""ld elect.ric and 
magnetic field 

£=(O,O,E), n=(O,B,U). F=(X,II,z) 

fl.) Weit" the SdU"<Jdinger equation (ill a convenient gauge). 
h) Separate variables and reduce it to a one-dimensional problem. 
c) Calculat,e tit" "xp"datioll vala" of the velocity ill the r ilircel.ion ill allY ''-'''>TI'S 

eigf'.JL~tll.te (sometimes called the drift velocity). 



Name: 
Quantum M~chanics Probl~m #2 

Heli'"ll is" l"',,-el<,<:,tron atoll! d"BeriIK'tl by t.hc Hamilt.onian 

, , 
Ff=12'1 P2 ,.,2m 2m 

where H' i~ th" d''''bclll-,..lrtl,rOIl interadion. EI"dron gpin will 10,· [d.....an!.. lout w,' <iC" 

negleding spin dropend"nt. Tor""". lm"!!";n,, a world wLerc, inst....!ld 0)[ the re"listie' Coulomb 
interaction betw""n plo~'Lro"lI<. W'(' lJ8ve 

H' = ·""·c·,"·'•-' 
"L . "2 

a} Ignorlll!!" til" txrLurblltion H'. what L.'; th" ""ergy o[ th" first eJ<citrod level (the ]ro1lel 
next- B.bove the ","ound level)? What is t.he d"~,,"',racy? 

Now switch on H', lmat.iD.g it 1.0 Iir:lt ord",r in p",t,urbalioll lhmry. The uegcllrorac,Y is 
partially lifted hy the p..rl.urba.tIOll. th~ 'Jnp"rturhoo level under diBeuasiOIl splitting into 
several lev"l,,;. e.lIl;h wit,h it,(; OWll wruai1I.ing d'lgenera.cy, 

b) How many ~uch di.~linct sublevels IIr", there? What is t.he degenera".Y o[ each? 
c) On.. nr the suhl..vel:'l hM shifted ill <.'''corKY b.y an BOunt ll. > O. In terms of this fl., 

what lin til<, shift~ of the oth.. r ""hl""e[,,? 



Name: 
QlJantlJm Mechanio Problem 113 

The b",am of o.toms or m= m and enerQ' f is pass.ed through a sumU hull' "f di,uueter d 
m an "P~'lll" l'l"t,· ""ru,a1 l" the Io"",n, The atoms arc then detected by a second plate 11 
disl.an(", "f 1...way. U,,,I,,r ll,,' ",,,st id"...hstic cirrulIlStan~'e8. whal. j~ UJe low,,[ hound for 
th", <1;"","'1.'" 1) i,f the "[Jut t.he b"illlL j'"rms on tim d.,t"d,or plat.,'! Land f are fixed, bul 
the h"l" diamer.er d m.'l.)' B.' ".'l."",[, Take the beam cross section La b" alway., n",ell wid,,[ 
tha.n t.h", hoi"" NM,c,", lll ..t as d , n tl"" uncertainty in momenlum wiJllcaJ to 1) ---> c>:J, 

""hi]" &So d ---> :x. d"ar]y lJ will alw het'.ume very lar~e. You are asked to find th" optimal 
h"l" siy, d f"r whkh f) is th" ~m~llp~r.. 
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Quantum MechaniCs Problem #5 

CUIlsidcr a one_dime"siuna.l o.cattcring prolol""" A" ,·h-t.wIl at ",,,,rgy f is incident. 011 d 

5quare pot.ential h:>rri"r of height. W a.nd lengt.h" At what. cner(';lcs , will d"ct.rons p"i;'~ 

r.hrOllgh H", wdl wit.h"ut. allY rdkct.ion'l 



Name;
St.llistiC3.1 M~(haoics Problem #6 

Estimat-€ the pn",-~"... , f' ,,-t· lhe- llQ6C ora supersonic jet, if the M...-.h o",,,I,,,r (i,", U", ratio 
of the aircraft HpO£d \.0 the ~pe<J<l of sound) is M = S. T,,,, air Ilf".'i.~Ilr<, ill· !.h<, altitude of 
the flight is Po. Tt...ar. r,h" air '.',<IlLlI}re;;";'oIlIlCat t.be aircraft to f"." arli.lh.1.ti, ;;a~,i.,fvinl': 

,,"'hl're p iii a· v»riabl" !,:a>; ue",;ity and ')' i~ ~ (on~t~nt, A"~\lm" th" g"'~ How v"ry d" .... , t,,, 
r.ll., jet. n""", t" have a vanishing speed rp.lat.;"" t." il.. 

Hinl: Approximat." th" process of gM now in fmnt nf the airuaft 3., a a"u]lr'-"~i'>ll 

ne:t1 a piston dOBj~ III a stead.y sp""'d in a v,,,y I,m!,: cylinder. Far from the pistoQ 
lh.. !o!"-" is ~tationary but. in fnmt of it tuece i:J ;l st"l.'¥!y-state disturbance in density and 
pn.~U1~, wb.ich pml",!o!at("" along with the pist.on Try t.o nnder~~and til" hydI"dYll;l,ni~~ 

and tLermodyualllics of this di1JturOOnoo. Ree".lllmt the ~peed of sound is in general given 
by s = JdPjdp (wilh t.L... derh....t;vc taken for the ad.iabatic compn~,:;jon). Uoo lin..."'r1i7..ed 
equations for the hYtlrodYD3.IlliCll or gtlS flow, 



Statistical Mechanics Problem #7 

An isolalL'{! vulume can be sePal'~t.oo in twO) p~rt.8, VI, and V2, by inserting a waIL In each 
pact of t.he volum" t.h"r" ar" N l'ar~,i"h" <or "" idea! mOllo-at",ni" gas, 1'1", 'ernp"ra.t.nr"" 
T j , T~ in !",t.1t parts an, adjusLffi such tlt,,1, I,ll... Pl'essures P, - P2 .".- n are idenUeal ill 
eadl part, 

a) Now the wall iH ",,,u,wd t;'''''l'lLl,.(, tIL" (elllperature T and the pressure P in Lhe 
equilibriuUl Ht."t.". 

0) Compute the "hange flr ..nt.r"rY ,~~ " I't""'lion of 1" 1~ and N, Whal. hiLP1"'(j~ if 
1i=T2 '! 



Spring 2008� 

Physics Comprehensive Exam� 

March 27, 2008 (Part 2) 9:00 - 1:OOpm 

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. 



Nam,,:
Sratistical Mechanics Problem #8 

Calcubt.e tho:: drag force on a disc of radius R moving with COll.'3tant speed v (perpendicular 
t.o the pla,ne of 1.1", diHe) in a diI"t.. , !!;a~ of d""ility n thai, iH in tl",rm,,1 <"luilibrium at 
tmnpmat.un, 1'. A""UlllO:: UL'l.t the go" mole<Cule=l collide elast-icall.'f with tlw Jiile, that. I.he 
speed of the disc is slow compa.red to the average mol"cllI"r SpCRJ, and that the disc is 
large compared t,o a molco.::ule, hilt illTlall eOTllI"lT"d to tI", lTle"" rr<~, ""th of t.he electroIls­



Statlsrical Mechanics Problem #9 

Fiod tI", t""'I""",t"rc ",( wlLidl til(' '~ILlil;bri\1m distribuliull fundion for the veloeily of 
bydwl.';en lIlQlecules (1I,) will be tl", ,.un" 'L~ that of the nitrogelllllol,n,i,,,, (N2) at roOm 
t"P1[ler~.t\II·e n~(:all ch"r. th~ must ahundanL i,;O(OI'" of hydrogen contai"s a Hingle proton 
whil" t.lo"t. ,,[' ,,,t.,,,I':"" 7 1""t'''H .9wi 7 n"utl'Ons. 



Name: 
Electromagne{ics Problem #10 

a) Starting from the (llonrdat'visl.i<:) Larmor forTTlul" for 1.1." lot.al pownr n"l,at",1 by 
an accelerFlloo eharg,,, 

p-,--~q2Id"I' 
3 (~; dl 

write a reJat,iv'slie ""Ilnm.li~aliOll [or this power which 
• is 11 LOr!",Lz Hl:a.lar; 
• reduces to the Lan1lor formula for {J --+ 0 ("how thai, your iuvariant does that). 

b) Now take a relativistic b » I) cha.rged part,cle ill uniform cireular mobon and 
ca.lcwaw the tota.l powm nu.liaLcd in t"rms of th" radius R of the orbit and the energy E 
or the particle. 

,,) For the case of a 10 GeV eloctron ,n lL 100m n".IiIL~ "ircular ;."""lrll.tor, 'oakulatE 
lhe energy radial.ed pEr r"volution in "V (within a factor 2 is good eIlDugh), 



Name;
Electromagnetics Problem '11 

A parlide of IUU><; '" and charge e is suspended 'llI a ~lril"; of length J. nbove all "dlllll." 
plane wn<iw;tor The distaace of d<m,,,t ..ppm"cl! i" a. There is no gravity. 

a) CO"'I",I" th,' [,e'iLlency of this pendulullJ f"r ",,,,II "s,.,I1"';ono_ 

b) Cl'mpul" ,1,,, Ilower radi,-.t"'J.1 per unit s"lio:l .'U·Jg]e, dr/dl1, "-"" fundion of angl"", 101 
small o.""il1at.;on~ 01 linear amplitude X". 

() Compute the tota.ll'''W''' rwliat.ed (t'i-ke the C8S€),,» u.), ill 1""n.s of, Xo,<t,n-.,L. 



Electromagnelics Problem #12 

A "coaxiai c..hl,,~ consists of tWll conccnt.ri, _p"rf,,,. t.Jy ,.on<hwt.m~, in hnitr cylinder!> of f ",::ii, 
a and b (0 < bj, 

a) U-,i,,!,: th" Mnxw"ll ml'",tiollS and apt>fPpriM<. 1",,,,,,J,uy """ditil,n" ',hr,w r.hr..t. a 
(.riUJ8VC=, IWil-llOlilOgCJlOOlJB, e.lll. planc wa,'e C~Jl Ijf0Jh-l~ate dowlJ till. ""hk in ~,hL Sl'''''~ 

b~t.wee[\ th" ~ylinders (whic,h we ta.k" to h" hJl",J with viV",unmJ Nr,n-homog",n",ollS ,ueahS 

th~t th" amplih'd'" i~ ""t f'''''~''''''l('''''L~ ill HI"'''''. 

L) CluU'",d~ril" I,he waye, i.e. lind the E alld B fields (e.g. in L"rm~ of th" lIla:< 
Yalu~ of lEI = Em) ll.fId the relation between W flUd /: (the dispersion relation). Are ".II 
fr"'l""llci", all(lw'.~l? 



ElectromagrHltic5 Problem #13 

An "!<::droll...,,gnelic ",ave is incident at th", Brewster angle (the aal:k at which thp 
r~,Hected ",ave j~ polari7,;>(1) on all i"t"rb,-,- wit..." the wave impoo.1,n<y changes from Z] 
to Z2. Show tbal thc· po""e!' tl'a.lIsmission coefficient T '-- 1Z,2, ro~OI n.~02/[Zl cosO, + 
ZJ C050212 is unity_ 



Nalll'"Elenrom3gnetics Problem # 14 

An d,~,trOIJ>atlldjc w~ve in free sp3l;e l..~, "h,"I."" field eOlIl]loo""l' ",iv"" I,y 
J!,'" _ ZEQ cos(kz wI) and 6'y = J!,'o Bin(b - <..'1) Calculatc thc compOIlCn!$ \If 11 dHd 

plot H" vs ll~ Find tn.." instantanOOlL5 Poynt.illJ<; v""r"r a.nd it, maximum, lu;"i",,,,,, "nd 
average value 


