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AIISWEI‘ any four problems. Do not tirn i (pe:mal) sehrtlons for more than
four problems. Each problem has the same weight.

(1) (cn Show that the frmctzcm
A u(:z:, y) =e " (zsiny —y éosy)._
is harmomnic. ' ' .

{8) A curve C is given by y = 23 — 3¢ 4+ 4z — 1 connecting the pomts (1,1)
and (2,3). Fmd the 'VE.hlE of the definite path integral :

(2) Using contour infegzaﬁon, evaluzte the integral

EI]JlEd

1] .

(3) Find the Laurent series of the following function

sbout 2z =—2in all regions of ccnve:gem:e

¥, (=) =

(4 ) (a.) Show that a necessary and sufficient condition that u(:z:, Y, %) and,
v(z,y, z) are connected by some functicn f(u,v) = 0 iz that (Vu) x (Vv) = 0.
(b) ¥ u = u(z,y) and v = v(z, y), show that the condition (V) % (V‘u) =0
leads to the two—dmlensmn.al Jacobian .

Bu  Bu

J (’”'a ) _| 8=z By
. T bz de
v 8z Oy

The functlons u a.nd B a.re assumed differentiable.

=0.

(5) I 5(..4, y,7) = (22412 +22)~%/2, find (a) VS at the point (1,2,3) (b) the
magnituds of the gradient of 5, ‘V,S’ I at (1,2,3 and (c ) the direction cosines-of
V48 at (1,2,3). '
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Answer any four problems. Do not turn in saluuons for more ﬂ:ﬁn f'om p1 oblems. All
Cpr obiems have tne sarae weight. = S

1.5t arﬁnc uomNGWTDE s sscond iaw and considering & c=nt1‘al force F, show that the

equations of motion for a particle of mass 7 can be wiitien in “Wo—damenswnal polm
coor dmates r and gin the following % zerm, :

e ond m@(—f“ixé’iwﬁ) 0,

dJ-
 Where ](7') is the magzn'ude of the C“ﬂ'ﬂ'al fm ce F,
=) &

iniegaxe these equaﬁcns evnhmdy and ﬂhow that the to;al mechanical en@rvy and angu]ar
momentum arS Conser ved.

2. A mass point m moves. along the Z-axiS. 1}1». dxstance x is 1s,atsd to ths velomry
" according io, ‘ - - - - ‘

l‘? b+m?5_.2_
20 " bh+av?

whers ¢ and b aré constants, and ¥, is the velécity for x=0. (a) Determme the fores F
under which the mass pemi moves. (b) Is thls force censer\zatwe?

3. SJ.'LOW ﬂzat (&) i a.he Lagrangian I does not depend e:;phmﬂy on tzme then the .
Hamiltonian & is & constant of the motion, and (b) if there are only time-independent

constraints and potentials (Le. V= Vi{%1,%3 ..., %) then the Hamiltonian is constant and
equal to the total energy F of the ystam Justify all yo 1T Steps.

4, A rocket of mass = is in a circular orbit with radius R sbout a plénet of radius R,.

(a) What tangential impulse will cause the mc}:e+ to gaze the bachde of the planet’/
Cn\ Describe the resulting orbu , .



5. A string of uniform mass density ¢ and length 1 hangs under its own weight in the
earth’s gravitational Leki Conmda sma]l traﬂsverse d15p1acaments ﬁ'om eqwh"bnum u( 1)
maplane :
() Compute the eqwhbnum t=1151031 ’c(.v} ‘Wwhere x is the dlstancy from the pomt of
suspension.

-(b) Hstimate the frequency and ew#mu.cﬁon of the lowest normal mode of cscﬁ_atlon of
- the sizma using a W_naimnai method ar_d rhe Rayielch-&L apm ezzmaﬁon.

o=
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ELECTRICIT? AND MAGNEﬂéM

. Answer any _,r four prob1=ms Do not tura m sclmmns fi:vr more T.h.ﬂ four pmblcms All

prablems have the. same WﬂchL

1L C01351d°1‘ a hollow gyhnaer of radius & and i‘ﬂgﬂi L wz;h umfe“m surizce charge .
o, and rotating about its axis (1.e. the 7-axis) with csnstaﬁi aﬁga_lar \n%miv {D

() Find out the distril bution of current density J, and the dlpole moment of 7.
(b) Calculate the magnetic field B for any point on the z-axis, A
(¢} Take the limit of B for large z and interpret the result.

(d) Consider another cylinder of the seme size bui with a uniform
magnetization M, parallel to the z-axis. Determine the distribution of
magaetLatmﬂ currant density Jys and magnetic “charge” dPnsﬁY pis. Draw
a scheme of the B a_ndE magnetlc figld lines. . .. - S

2. Provs the mean value theorem: for charge-free sparﬂ the valus of the electrostanc
poiential at’ any point is equal io the averaae of the petentlal over the surface of
any sahen, cemtered on that poxm :

3. Two pcmt-l_‘ma charges g and —g are located on the z-&ds at 1=t and. z=—a~
respe%w#ly

{2) Find the electms*mc potential as an expansion in sahencal harmonics and °
powersofrforr>aandr<a. S

(b) Keeping the product ga=p/2 constant, take the th ofa—0 and find the
potential for 7 # 0.

(c) For (b}, consider the additional effect of a groundsd spherical shell of
radius 5 concentric with the origin, Find out the poiential inside the shell.



~ - 4, A uniformly charged spherical shell of internal and external radii @ and b, and
.charge per unit of volume p rotates with constant angular velocity @ about an axis
that goes throngh the geometrical center of the shelt, ~ - . . - »

. () Determine the magnitude and direction of the volume current density J .
 associated with the rotating shell. A .' '
(b) Calculate the magnitude and direction of the magnetic dipole moment
" “of the volume current density J. o '
(¢) Find. otst the magnitnde and direction of the vestor potential A of the
" magnetic field B produced by the rotating shell, for all space points. -

5, Use Maxwell equations to work out the theorsm of comservation of angular
momentum for the slectromagnetic feld. Justify all your steps. S
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: TEERMAL AND STATISTIGAL PHYSICS

A:aswer ary tm-ee problems Do ot turn in (pamal) solutions for maore t}:sa:u
' threr- pmolems Fach problem has the same We;ghn

(1) Given a moTemJle th the uhIE“ lowest energy levels at E1 =0, Fy
FHy =10z

(a) Find the temperature T, below W]:uch only uhe levels F; and. ﬂ/a are
populated in a system consisting of a large number N of such molecrles. (Hint:
Start with the ratios NofiVy: and Na/V; where the N Tefer to the number of -

' molecules at energies Ej,’ &espectwely 2D

(b) Find the average energy X of the molecule at temperature 7.’ ,
(c) Find the molar specific heat C, and discuss low and high temnerame-

']m:uts The use of 1 \/I.a;cwe]l Boltzanm gtatistics is appropna.te. .

(9) A model of a one—d:memonal chain with n ]J:\ks n> 1) is given a8

ie. the length of each homzontal segnent is o and of each vertical segment
zero . The distance betwesn the ends of the chain is nz . '

(a) Find the emtropy of the chain as a function of .

(b) Assuming the joints turn freely from the vertical position at energy zero
$o the horizonfal position at energy Fa ( there are only horizontal and vertical
positions possiblely , obtain a relation between the temperamre T a;ud the

‘ depicted

" tansion F which is necessary to maintain the distance nz.

(c) Does the answer in (b) satisfy Hooke's law 7

1_'



. (3) Suppose that two systeras are identical in every respécf except that the
energy levels of one have each been shifted by an arbitrary amount A relative

to the other. As a resulf, the pmon “uncmams for the two S—stems can be
' genera.]ly Wluuen, S

4 | R Q, _ Ze"—ﬂE,-V

J

(a) Show that both the average energy () and the Helmholtz free enérgy'
of the pnmed system ars shifted by A relative to the unprimed sysnem,
. (b) Show that the entropy, S, is the same for both systems.

" (c) Bhow that the chemlcal potea:mal p and the pressure P do ﬁot depend
on the value of A .

- 4. A composite isolated system consists of Imole of monatomic ideal gas
. (By=3N1RT) and 2 moles of a diatomic ideal gas (By = SNoRT'), separated.
imto subsystems of equal volume by & fixed, impermeable,diathermal wall.
(a) Given-the total energy F and the total volume V , derive expressions for
' the equilibrium temperature and pressure of each subsystem in terms of known
quantities.
(b) The wall separating the two subsystems is released, allowing the sys'tem-
to reach a new equilibrium. Calculate the consequent change in total entropy.




COMPREHENSIVE EXAMINATION .. Jamuary 17, 2003
DEPARTMENT OF PHYSICS = ° 2:30-5:00PM -
UNIVERSITY OF NEVADA,RENO ~ ¢ = - o

: - 1\/fodem Physms
T’y to give a deﬁnrtmn. a short explanation or-an example of all of £ the physms fefms hs*ed below. .
Then e"pand on some (or all) of them so that the resmit Iﬂl:ht SETVS €. U. as an entry ina dlcuonary of.
physmﬂ :

'a) Ceherent state of a quantum, oscﬂlator
b) Irreversible processes.
¢) Nuclear fission.
~d) String theory
) Zero point energy.
B Terminal velocity of a falling boay
" g) Quantum dots and nano tubes.’
h) Total reflection.
i) Enthalpy. -
i) Breeding reactor
k) Diffusion equaﬁon
1) Extinction coefficient.
m) Osmosis and osmotic pressure.
n) Surface tension.
. 0).Dispersion relations -
p) Anti - atoms.
q) plasma frequency
r) solar neutrino problem
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QUANTUM THEORY
A_'nswer a.ny four problems Do not turn in: solutions for more thaal four
roblems

(l) Two identical linear oscillators with spring constant kb interact via a
potential H' = exixs where z; and x5 are the oscﬂ]ato; vanables

(a) Find the exact energy levels.

(b) Assume ¢ < k and calculate the lowest e:ccfsed energy level in fivst order
of perturbation theory Compare your Iesrult to (a) .

( ). The fo]lowmg Eamltoma;n matrix is given

511 Hiy Hizs Hia
) ‘Hgl Hgg' 0 D
H=\{| Hn 0 Hspz 0 ..
. Hg_]_ o0 0 H4_1.'

This matrix n arrow form can be diagonslized in closed form to obtain an
exact value for the eigenenergy F:. Compars the result of the diagonalization
to the energy formmla in second order. _

(3) Consider a physical system whose 3D state space is spanned by the .
orthonormal basis formed by ‘the thres kets |uy >, |ug >, and |ug > . In the
basis of these three vectors (taken in this order) two operators. H aﬂd B are
defined by:

1 0 0

. : 100
H=fw|{ 0 -1 0 |} and B=0b{ 0 0 1
0 0 -1 010

where w and b are real constants.
(a) Are H and B Hermitian 7
(b) Show that H and B commte. Clve & basis of eigen vectors common fo
" both of the operators.

(c) Of the sets of operators: {E}, {B}, {H, B} {H? B}, which form a com-
plete set of commuting observables (CSCO) ?

(4 ) Determine the expectation values (X) (¢) and (P) (%) of a charged particle
moving in a homogeneous electric field. Here X and P indicate the position
and momentium ope;ators, respgctively.



(5) Prove the following identity:

e 2
> 5

T

(3 510 (B —F)=1.

The sum is over the complete set of eigenkets |n) of energy E,, of a particle of
mass 1, which moves in a potential. The ket |0)- designates a bound state, not
_necnssamly the DTomld staue ’ﬂle problem as stated descnbes a on&djmenmonal

. System. |

)



