
Phys 402: Applications of Quantum Mechanics

Homework VIII [Total 2 problems; due 93Oam, Thursday, March 22,2012]
[To receive full credits, please show all necessary steps that lead to your answers.]

1) Prob. 9.2 (Page 343, textbook. Understand the time dependent perturbation
theory, implications.J

2) Prob. 9.3 (You can approximate the delta potential as a square potential in
time i.e. H'=0 when t<-T /2, or l>T /2; H'=U/T other wise and take T to be
zero. Note that the time integral ofH' is equal to U, the strength ofthe delta
potential.J



Problem 9.2
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CHAPTER 9. TIMF-DEPENDENT PERTURBATION THEORY

i ^ ^ t.__.." _.
i:6 -. iuçè6 - æ O:1216. Let o'= *lH:ol'. Then ö¡ - ìr,.,0ó¡ - a2c6:9.

This is a linea.r' difierential equation with constant coefrcients, so it caû be solved by a function of the form

À2 - ;,;6À -o2 :0 =-,f - j [,',, 
+

The general solution is therefore

U:d - +"1 : |(,o +'), where o = \Æ. ^""

ct(t): Aei(-u+-)/2 + Bei(aô-a)/2 : 
"t..t/z (¡"t-t/z * 

""-t 
t/z) , or

ch(t) - eí'ot/2lC cos (utlz) + D sin lutl2)). But c¿(0) :0, so C:0, and hence

cb(t) : De¿"t/2 sín (atl2) Then

è,= Dlílo oi'.rl2sin (¡rl2) +!eiuo'/2"os\.t/2)l:1o"'-,','lcos(ut/2) ¡!9 sin (at lÐ] - -lu¡""-'r"'" -12 '-''-' 2- ".1 2 t u " ) h

"- - 
ih 

'o-''o',2Dlcost,;t/2t t i9 sin(øtÞ\J. Bur c"f0l - 
ih '¿

" Hi" 2 L 1' so ,'*zO - 1' ConcLusìoo:

c.(t) : e-i'ot /2 
lcos 

(ut I 2) + ¡?9 sin (ut I Ðf ,

u(t) - 
2!!Le'"ot/2 

sin l'.tt 12¡ .

lc"2 +lc6l2 : cos2 (ut 12) * ! "rn" çr, ¡r¡ * ffi "in' 
(,t lz)

: cos2 (ut12) * # (ú. ^tr#) sin2 (atI2): cos2 (at/2) + sir? (@tI2) :1 '/

t-------------- -
*n*" 

l." = /,", + ¿4+I 
I

Problem 9.3

This is a tricky probÌem, and I thank Prol Onuttom Narayan for showing me the correct solution. The safest

approach is to represent the delta function as â sequence of rectangles:

Then Eq. 9.13 +

02005 Pê¿rson Education, Inc., Upper Sâddte River, NJ. AlÌ ¡ishts rese¡ved. Thjs matelial is protected undec all coPyÌisht lâws as they
i¡r¡ently exisc. No pôrLion of ihis mãberial may be rêp¡oduced, iD any form o¡ by aDy means, without pelmission in vrilìng ftôm the

| çt¡ze¡, -e < t < u, ì¿' (¡l - t 0. otherwise. .f

( I < -e : c.(L) :7, 
"¡(Ð - 0.

I

!f>e: î"(t)-a. cb(¿) -b.
)

ì r èo: -ffie-iuotc6.
| -e<t<e : I
I t d: -ffie:uotco.
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In the intelval -e<t<€,

# : -#1,o"'"'". -"'^' (;å.-'""','))- -'#l-:#-'# - *"1: ,",,fi - !L*
Thus c6 satisfles a homogeneous ìinear differential equation with constant coemcients:

(1.'t'\ dct lal'fi _;,o,__,. + ffi"r: o.

Tly a solution of the form cb(t) : e^r '

\2 ;,-\ - lo.' -n^,,i'oLFÃl 
aa/kîP

Qch)2-"-"- 2

or 
^:'# -!. *h"," ' : @;l,lT(,h),.

The general solution is

c6(t1 - e'-t/2 (A¿i't/2 gr-tttz) 
.

But
c6(-e) : g 

=+ Ae-i-'/2 + Be¿'42 - O =è B : -4"-;'",
so

cb(t) : Aei-ot /2 (ei"L/2 - c-i'\,1'/Ð) .

Meanwhile

2íeh 2iÊ1"-,.o,¡z olil-o ¡",.,t, - e-trt¡+t /2\\ t ì" (",u,lr, 
"-,.,.+,zzr)lc"(t): -- , c-.-.,¿ó:; 

L2 \ '')1 z l\e-,-te - -Jj

: -!J!"-'-o' ¡" ol ( o n .n\rtn' /' + I\À) - t¿ñte-i¿t'+t /2)f ..v' t' "' "' J

' h q'hu 
^\*.-ut,/z ¡ ^^ n ô' ^;\u unt./2Bur ca{-€) :1 't'/'AlQ +.r0)r (", -"0)l : -ï;" \4a-¿'1-A, 

"o A: - 2rhu.

c.e) - !"-;"or'+.'iz 
[{ø r u)o)ei'tl-"t/z -(o -,,t0¡e 

¡+r')/zf

: c-;ro\i ,tlz I cos ["r(¿ 
+ c)'l 

+ i3sin [d(t+€)'l'll. L 2 J , L 2 ))
191.,"o,,-.,," 1.,.1, ,t¡z - Þ-;!(LL¡tt2] - -d Þ;¿o(t-.\/2",n ft(l I c)l.

(tJ\tt - -r;hre f l--rh-- ""1 , l
Thus

o - c.(e) - e-;"o" 
[cos('.,( ) , ig sinlø.¡] b-c¿(e)--("irt;,,l.

This is for the rectangular pulse; it remains to take the limit e ---+ 0: a "'+ lalfeh,, so

' - *" (+) - ''oj'å 'rn (+) - ""' (#) '- -Ë "" (+)

@2005 Pearson Ðducation, I¡c., Uppe¡ Saddle River, NJ. All rislÌts reserved. Tlii6 material is protected unde¡ â11 côpyrisht laws as they
cu¡rentÌy exist. Nô portjon of lhis materiat may be ¡eproduced, in any fo¡D o¡ by any means, withoul permission in writing f¡om the



CHAPTER 9. TIIUIEDEPENDENT PET{TURBATION THEORY

ând we conclude that for the delta function

^t+\ fl, ¿<0,
'.\'r - I cos(lal/ñ), r > 0;

(0. r<0.
"'(/) - t -rVç,in(lollår. / > o.

Obviously, lc"(t)|'? + l.t(t)1" : 1 in both time periods. Finall¡

E-,: þl'i,¡-0"1/ñil


