Physics 452 Sect. 1 Final Exam

Sat., Apr. 18, 2:30PM-5:30PM - in classroom Identification number:

Instructor: Justin Peatross

Time limit: 3 hours — Closed book

Instructions: Write your I.D. number above and on each sheet of your work. Make sure to put
your work in order. Staple it well. Your best 4 problems of the 5 will be scored; your lowest
problem will be automatically dropped. There are no true-false questions. Good luck!

See attached formulas at the back of test.
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1. Consider the Hamiltonian matrix H = VO( . j , where ! is a small perturbation.
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When ! =0, the eigen states are y) = (0}, 19= ﬁl&( with energies EY =V,, EJ =2V,. Use

1 and 2™ order perturbation theory to refine these energies for €=0.
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(b) Now consider the Hamiltonian matrix H =V, % 1&(. Use degenerate perturbation

theory to determine the “good” initially degenerate quantum states and their associated

energy corrections.

2. Consider states in hydrogen |n'm m,) . The unperturbed energies for the states are

E® =113.6ev/n*. A strong magnetic field B is applied in the z direction.

(a) Give the first-order corrections to the energy for all of the n=2 states, in terms of the
Bohr magneton pg and applied field B. How many distinct energy levels are there for
the n=2 states?

(b) Now consider transitions from the n=2 level to the n=1 level in a large collection of
hydrogen atoms in the B-field. Using appropriate selection rules and the fact that spin
doesn’t flip during transition, determine how many spectral lines are emitted. Determine
the spacing between the different emitted photon energies. HINT: You must consider

possible splitting of the levels in the ground state too.



3. Do homework problem 7.7 from our textbook. The relevant section of the textbook is

attached.

4. Calculate the lifetime of an electron in the 3s state of hydrogen. Give your answer in
5'n’e o’'m’a’ 2 =‘<YOO|TY10>

the form t= # . HINT: It turns out that KYOO |FYfl> ’ ; you may rely

on this fact to avoid extra calculations.
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Note: YO —W, Yl = ICOS ,Yl =1 gsneel . !drr R21(")R30(")—56\/§a>

PP o o 4
E, =-h2/2ma’n? , i = xf+ yp+ z0= r(HsinB cosp + PsinBsing + Hcosh) , ! sin’! =3
0

5. The Dirac equation may be written as four coupled first-order differential equations:
HI  =cp! ,"icp! ,+cp! ;+me?!
H! ,=cp! j+icp! ;" cp,! , +mc®
H! ;=cp! ,"icp! ,+cp,! " mc®!

— H n n 2
H!' ,=cp! ,+icp! " cpt , " me™t

where H ! il %#q$ and p! "in# " dA.

(a) Show that ! , and ! , individually obey the Klein-Gordon equation if ¢ and A are

zero.

(b)Ifatt=0 ! | and ¥, are specified everywhere, and ¥, =¥, =0 as well as
"

1 ,=!",=0, what must a\lt‘l and —2 be, assuming ! and A are not zero?

't



SOLUTIONS:
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Wi, =W, = (1 0 [H §) =4V, Wop = (1 §H™ §) =0,
—-E' eV, 2 2

w-E|= o, _Elz(—El) —(eV,)* =0= E' = eV,

1_ . "!!VO !VO%'(%_ * - * Good i 1% 1 O O
E=2Voi gy nivade 00 ) T T T S o J_( +3)
2.(a) E' =pgB(m +2ms)
|2,0,0,3/2) '=pyB(0+2(1/2))=p,B
|2,0,0,! 1/2) —uBB(O+2(| 1/2 )—'uBB
|2,1,0,1/2) ugB(0+2(1/2))=
12,1,0,! y2) ugB(0+2(- 1/2) —1gB
|2,1,1,1/2) —uBB(1+2(1/2) =2ugB
2,11,-1/2) E' =pugB(1+2(! 1/2))=0
2111+1/2) —uBB('1+2 2))=0
|2,1,1111/2) = uBB(' 1+2(! ) =12u,B Five distinct energy levels.
(b)
11,0,0,1/2) E'=gB(0+2(Y2)) =
11,0,0,1/2) E'=pugB(0+2(1 /2)) =1 pgB




|2,1,0,%/2)! |1,0,0,1/2) lE'=0
12,1,0,' /2)" |1,0,0,! 1/2) AE'=0

|2,1,1,/2)! [1,0,0,1/2) lE' =pgB

|2,1,1,1 1/2)" |1,0,0,! 1/2) | E* = B

|2,1,11,+1/2)" |1,0,0,3/2) lE ="pgB

|2,41112)" |1,0,0,! 1/2) AE' = —pgB Three distinct spectral lines.

3. (H)= %222 ! 4Z(Z ! Np) 542 /E , where N, is the number of protons in the nucleus.

H
d( ) - §4z|4(le)l4zl—/% =0( 4zZ=4N, |—( Z=N, '%
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Lt z=3-2-23 (H)= 2(9) - 43(9—3)—54—( 13.66V) = —196eV
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H?Y, =cpHY, +icpHY, - cp,HY, + mC*HY,

=cp, (ch‘I’2 —icp, ¥, +cp,¥, - mcz‘{‘3) +icp, (ch‘I’2 —icp, ¥, +cp,¥, - rrcz‘{‘3)
—cp, (cpx‘l’1 +icp, ¥, —cp, ¥, - mc2‘P4) +mc? (cpx‘}'3 +icp ¥, —cp, ¥, + mcz‘Pz)
= cz(pi +p;+ pzz)\I‘2 +m’chY,

2

! @ W((&) L= (*it+)) , +mict) |
(b)
. 0¥ ’ v g0+ mc®
i! . o - q‘P lP1|t:0 =mc lPl|t:0 = a_tl,=o =-1 |— 1|t:0
1 " " " .g$+mc’
ih ) 2 #q$ 2|t:o:mC2 2|t:o%|_2 :#Iq$— 2|t:0
L O S 't |, n




Problem 4 Supplemental

2! !
(Yoo|;Y1¢1> =" % —?: #d"eii" q’:,ﬂ$sin2$(ﬁsin$cos" +sin$sin” + Hcos$)

21
:"4i' 3#d et (¥cos" + gsin" )#d$5|n $=" T#d (cos" tisin")(%cos" + ¢sin")
0

=" 'f#d Yocos’" +(PxiR)sin” cos" +ipsin®’ "
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