[ A climed in clas -Dinis‘n the wputatioq Ay

oktoin T, C«)%'«CL it dhe ¢ Q?’q:;CiGﬂ“('_ c;(} +he
uﬁg&dm% wowe 4o o in the P\’bla’@-\u\- ob* the Pdem‘m,e
<lep

Vo Ak =k
7 %) YUen < f e I-erAx (70<o)
- e >
o T e O).

) Eoumlol\/ (_Ntrﬁcl;‘ﬁmg‘
Q) *T=o oy Ym g

® w0 o Ywm w4

RC ©
¢4 R =T —m—
~ k- kR = AT [® 2=5()T
k((-R) = k’T T 2
ber
CLp- f_’ \& (B U
' = L k
s L oA
AR




™ k20 ke 2mE

o Mt TR GRIE B2 BT T30 Fiwe - nelepndon
A

g\ch'r_\‘bllvﬁeg (c“('g(tcd(cn o Sl

[ — :YV\ Q%JC; Zf(-;t) = Evﬁr) (7C(07_

S EL )Y s E¥m oo

S b
U
lkl . ‘kz fa
-
b= 2‘;*_5 k' = J:«(E-Vq
1 JC‘J'

¢ euj

T — .

[+ i | + S:’W‘E-Vq
\ OwE

=2 .

N

\

N Gkl
0 | ,,




2. C:)ﬂS.lcka -lJr\e Di\’*ao C(GHO\ F'O*'@M\Q.Q “2\.\\.1&0 L\/

2 A
Voo s - 5% Stﬂ)

(;.-‘Y‘P,‘.‘Q A T o c’\l.‘mpn'%_iom'm.; posﬁivo, C@n&‘*“on’(, N (8
G c,\dw'-*-.mry potHive  Cootet . When foticles are
incident Low dhe (e , compute dhe collection and

+mn‘?w'\ <o (oe I‘ciert&,

. \V(ed
7' %) = xo EOU YA Soer|
: _skae
oy = @Ah + Re 8 (x<o)
~koe (> 70)
Te
Oy x F0o W4 \/(‘vn'»‘o = X0 Jeus

Ao LT ] ove nuwker  kE BRI

ﬁD kl = —e = JME
m E k- J 42 oIt

™ Roua ckx'\/ conelions

BCO®, oot ¥ s

4 '
r'g- C @\) 70=0Niq Z,L(W) %Q‘;)

r

Gu kL 07, Qc"\rb'cl‘mjer CRALe Sty

S 'Duﬂcﬁm Pbkmzqﬂe Y 0y
g8 BN myEelcL




S.C‘\v E:.Q(‘mag‘ 9&\0

b & .
Y "ca;zf(a) — k

) S(—z) 2/(7() o -E?(-x)

Dmo
Q1 HLER2 - S¢x<¢ T WA BENZ ( )
U
— ii e(.l/(?'\ l clz(fm
"0 Udx e T d = ‘7(:-%
%1
- Za Yo =0
c\'lf(m - Ql?((,q ’ b %
o T=0" o > X“g‘* — —& o)
Ti?) c
C. S - —_—
(Drg '4 pt T
.o O :
& (k- 5kR)= ik = %-T
l=-R=T = —% k}
A TQ
_ AN m——
1R ()T




-
—

H-




2. (Gatider the 4o Dicoe (‘19"‘0\ Po“eo*ic&s giuen

oy

2mo

Vo= — 't_"jl_ [Qf-x—(;\) 4-5(7”0)1
)

LJ»‘Q&‘Q 7\ oo o O ((GSC(‘\&)QA 0 -”«e bvemmg
t)mlole—\m_ L(QX’G' Ox((.:o, (‘bvhpu% -Hne \’QQ(G’C-‘"M Gng\

Hrontmicsion (‘t:eu wieate

A <318 , \
:>\ 1) \/(‘7'1 V(ﬂ: ) 2 ko +Qe & OC(‘C\,
~ . |
Aeaxk'( ;Be*AkT"o(x-(q}
[ —] | Te’"kt (>ra)
& - W=
W R.C. © s -0 @ ot Ya XS
. _____q.__q '
R ¢ & x= -0, A A Yy %@q
7%
) R o 0
»
b (~0) ~sk(-oy Met-o ~akl-o
e’ ( +R e = Ag ) +Re '

ey = A 10 =
Ae™ 1Re = | & A
: PR -
@ 4+ Re "= A+pe™

©
A+ Ge‘gm = T







W) QWQ.q (i

@ ‘+QQJA\‘Y°« _
> {.\¢& & 2ikco,
@ (- Qe—l),\kc\
@ p-Bg™
@ +
@'o 20 =
A=
Q)_'_‘__@_,' 2B e







A Ak A >
ik 8 -7 oika ( = DARO)T.
©2 ®w= od
A oako A ( A ke,
! + - S , =
( 24Ka ) Re BINICN : . ik € T)
- ezkkc\
= D T4 41
~ oika |+ Te™™ I
o
Pa o J41 (o ( a )
W © R 4 4 2 e
Dika > ko )T ( By
I+ —2 ) 2N A ok — A
( T ) = Ko Diko © T-= - Saka
A by = Y
Dikey - L+ SN WA (-a‘m\

t

e ik




(2 A saka n ‘ A
. e | 4+ = -
_ DAKQ Dr\ko\ DAM
Dikoy ST 245

Dare
("") L T (Y AR ¢
-T (‘ " \__' )93;\*(\ P eﬁg;\kﬁ\ — .T’
W‘Z —_—
. L N A e
=) a ')AKD\‘
e - (4P e (W)€ 7 S
» (\—\")
— 4 -
~ aiko
™ & (G g 2B TR e S P(HP))

"(l-‘P)(("p)@"‘kb\ /

- R e::.k,o\




_& ek

R- e T’[(\-\")e‘ + (!+P)]
("3 9/“(0\\ ((+PT <24 \Co
~ ko X

T: e . egkb\ (")

a3k A _ 3
?: e U [(( 3 Q+(Q*T’)GJM]
T‘r.) e)qkﬂ N (‘_Lr,\)z \3..«."’0\ I
DI
R
r (= - -
T'Qemm - (4T) @“3’.‘.‘“‘ |
-2.ako
R e vl r)gj__f:(u P) 2]
-(-79 3;\"0 o (‘4—\_’)1 .‘_H H'o\ T ——
thee Tz —




NO.
- S+ E S i ] S
Ko N {2 i -H(‘(#(Y_L*_ET Lo Jonmc(u\/__ .
okt . [¥7 b viormalize] M@ R0
GHEy=\ - 3 = 6 g0 TR RS
Ulbfl) — 0o ot '/ou(\clm\/_ )
) <P>= 'l,',i’\ R R

2 Ga;iNOUlC% Poblem [ in Ch. & 7

Gmsicﬁ\_&'_an _ocbidrary  poteatial ( OCEI_L&&L Ga_ O 'p.n de
_ﬁ_pczd-_ the x-axis. The solutions ot +the Qc{nmim%er .
_ Qguatioa b the (le. ond 4o the vight o the

~ polenticd regea ore  gwen by. S

A o, g Ak | flox D g
~ & L\ N Ce 5

i § S B

__respectively. Shsw tod.. - we write

o C‘: §|| A "\' gi) D

R= SuA+Sab S
+hot is_,;tqkie_ﬂe—"ou_’r@g\a%"_(wn—fo _-/'he_ R
__ ingoing " Laves . S
e e , IC,\ L_S)“ SQ \ l‘{{\_\ 3\ I
S RREE) «

MaooKeuk




NO.

;ﬁeﬂwf@o«o@n&_ relotions  hold .
o — e e e ca -
lgala lS%\ill = —
o B S\I S‘D +A§ g:) = O -
vaEe.—Hns +o <how thot -Hne e X -
= = { =1t Sl_) [ -
B S P E—
i aod e %ngpose_(lmw N \+ar7/ ] -
A Cl(ﬁ‘c—pofenhq@ qeE Vi o2k,
~ —Steed g eguation. -
- Y L0 e - Bl s 2
T QM d?(‘ ! ‘ZILh() = AVI o+t .
e ¢ Sl ]
: d ‘ — (a)‘fAe “4 Be™"
* ——e— 4
= (Far -2t ) | (et
—’ - o Ao —kx
) —hme —independere — potential o e :(73: ol
- e gm o2, Sleody Shite 2% 287 )
=" E & ’ ~
S I Y -




o + kA e __'—_
= 2k (AR = it LA}
 Dam oL
. ;['_\mm B i) | |
Jin (vight) = T (2:K) (PP = — 2 (D*
i I
= i {7\
D@i}&& -
Yoy [ i (B2
Jout (T ) Fo
B ;B-e.;._kx
\ (4o \ = _-\;k |2 .
Jot (et ) = e LY
~ S
Ce}b‘- S
+ Al (D | = i&—f\\sr‘”«(cr
B o or) = o | )
4
(AR B (B +{e?
l T : —,
o

MaooKeuk




NO.

DATE

L
L lols (SeA +SaD) (SHAT 4SED0)
= 1Su [P AL+ ( SIASSDY + LD QAR
o LT ]
o (BC= (SuA+SaD) (SFAY + SF DY)
| = (SO IAM A (A OFDF + SaD SFAY)
N £ (S (o
v (AT Ugu T(SI() (A
S _*‘((&Jﬂ () (0 B

— - <4 (— gngag—— S\ n—)—A—@i -

F (S St oY) A

%BL\ Si=r
/ [Sa (_1_ al Az_‘i,,,, a
{ lgull* \S:a.(? = ( \ o

o 7

MaooKeuk




NO.

= E ' [ (-;W* "z;* (S S‘l =)
@ oy otes < \
- - SSE T Usy 55 )

= r“lgnla +Saty T %\2(¥Saz \ I

 \srlSEse (Sale st /0
BN ARAEY
o V)
- s onden/ © N
%) (\31)+ g = &7

B TR o T ‘\
- ( L S Sy I\ Sk S - o

+/434;_Ls,\1 XSy + B S
T \.2( )u 4 g o —(g"(‘-"—(»ga:( P
A 0w < Undory e AR olgdm

et - ¢ &°
I B Ry - S(: Sa( = @)\S .”
- Cekbuq QLY 3. -
- 4 L A o
" Sl( g‘:‘ > 22 = i 20 7 @'\V Q‘l
. ] . .
L> = “SQ\ g;ii




NO.

<A Y A O
~ B S.:\ ( lgaataQ + (S(;P} = S\:
-~ N —
(N -
- = S eAe‘SD — 5 =-C S
NN 7‘0
8 -~ l&f\J&_LS.s (@ AT BRI -
O S e S S G UN G R o
*S(\* ga(q: g\: §>:, - S‘“¥ ( @‘S S(l =
— / o e?S ¥
=€ NSat ) =32

' SRR NN I R
ST—«sr—um:l:o%

MacoKeuk




NO.
DATE

,3_,_ G.O:Sixow\c& J?Coﬂe&g__ W C‘a-.ﬁh,,, S —

——Yno:(-\'ix ? S‘L1~ 2,

Colalate the olements of the Stottering
S, ond - Sa be dhe potential

V= o 2 {—
= \[o —alxcia
— =0 o

. _QQQL cheo -("’to.'k_-dﬂe
Poldewm [ ase Jﬁcle,ec( NSt :'P( ed

saditions  praed  (n i

. | N . 7=
W P TE LT

= "

el .

— Gon=T A 4 B g R
. ‘¢§£-, /:(% B B
EcY +Fe ™™ (k<

( C—\@‘th—-(-_(_} Gﬁ;h x)q = =
IR |9 B &~ N A Fy €S~ WL s P U"ﬂ*tc—é;“* RAE, o
- =3 7 ke o, AR
el AT | P oI <
T=-Q
b _ ke 5 s =
- = ke ( AT - B &™) = iz (£ - Fe Fo‘) €
o & aea De-;&vq - T e;cea 4 Fe"‘“’“ ®
— : Y <k . AR AN
&£ A(«TC@’N— De ) = A% ( E e =Fe /) @
... | B
McoKEuK




NO.
DATE

K Y akka

o O ATTBET - e R o

—~

O EST (e

O

FR(EE) e

— o~ s / t /\‘(Q A.'\v\
T ke = AR et g(HE) e

_%C—e*kq {_JD_,J:&_E .. M -1 S—Axo\
- i . & —_ ,A'gQ -~ - _/; &
"—@i%—(wk‘*)=l:e = P aes

MaooKeuk




NO.
DATE

SN il (T3 (k) C.e™ 4 (F§)D e |

e @—@){ﬂ%‘ﬁ&“‘“ {1+ e

p—
F

#ka { ( (K 5 -m-a ( %)leﬂ‘&“\_@

_ = Ae""( (H’k)d/(' J .

LD | (1) (1) Hﬂ)(m&)ﬂ

(\ A‘ A—JAKO\ [}EF+ %)_+ ((_ L\’-

“Eﬁtﬁg) e (- ‘%—@ s 73

~ i e UJ‘ )ﬁ )[e =g —IL

e 1((#@“4‘*@ "U"‘%_[ ézAH .

MacoKeuk




—DE: e*?"‘((- 1,(5 ~OF e‘/'**“( +5Aﬁ B

= (&Y De™

-~ (e

b o]

e (G

S e™ e (u o]

o~ R [%b%ﬁl—

@ﬂg‘q——{—H—%}Q e‘” & 1

L, ‘ ;
= A () (B [ _ 7™ ]

AR Ly —2a o
QAR _((‘J%) e @“}

_.J/'xkq [(( F)__G(A__(%%L]

e . D Ak ]It(t_
f-)"‘
[(-R)e
- +D =

\L l#»? ((Jrjg)ze-:;\mJ_

MaooKeuk




S

o _kBﬁ L Q) Sk

S e—gkk« R u,%p;gg%p] .

o Suts s —
((+§ e - (- lé)‘ e’“@rl

o2hkka & BYTLN -2AgA
S ((f')—’-‘ / (£ )_L(_&N)_[_Q_\ e _{

*)A?Q /[ L 2ape 7

TewhreT® (et |
a _ok & Y

e, & () (cR) [P e

_ﬁ (e - (chre®1

ST =_—3Akgﬁ = (=9

[P o= _ ) o8 "3‘]

A

Wotthemodica € - U ot e
. \‘hﬂ7 e S5 <lca
—~

MaooKEuk




NO.
DATE

— 7

S Gpaﬁitxoco‘,(ca Dva(em é - Ch [T

Considec the Scodtefingy wWockrix tor the ‘Do‘_fer\ﬁ@( —
- v , N N = 3 \\
2—‘1% V(?() = _:;L\ 8 (x?b) _ﬂ\ \/(7(7)-; ._‘h___a: &(7(-2)
Shes At o Tos e B
-, Dkk‘\ N e-.j}\kg \
| Ddka =8 2R A ] o
) A 2k oaka -
f ¢ Dikka-A Dxfta ' *

_Dmuf__-(:l'\mk- W s ndtoey,  aad  dhot i+ C‘JLLHL&(‘( He

o ‘@{\édmw S‘f&iESL(Jre.m dpe  olemerts ot thot
et beome infiaite . (This will only ee come dor Ac)

% - ™ / —J B
s T AN B R ek
- - f oM LD _9-';("‘ - x7b
e . I
T a0 b a &1 G | | -
R Y . A% s
ﬁ dx o -
I -l“ o] ’:‘ oM S S
o _ -ff—ﬂ— = == D adb)
: & ke S S ey
) = D k)
_— .

MaoKeuk




L

ey
_—




- Oxa =0 S
s Ak e iBk e -
] J\ k"/7‘+ k) R ™™ ("Ak\
S WB@E— k—ﬁk—(%e—
) kb A A -
B (o) = Ae o) —
) - D™ ok, ‘
S A.' l ,"}‘ —
.‘%=_A.>e é 4 D D”k\A
i o S e— 2
Dk =2 2.k 2
- . . -
Pa = kb o
ko — P ,C:
PR S oxkel. o —— kb/ -
PN a :
(}.'ﬁ‘\J\'v“M?
e Y




DATE
e 2ka = '?(W‘W"{rm ZEm
& ol kound Stote ©
— P\ [ N =N
AC= == €O | B C 4—<%)
—_— =t o A
7~
L
— & -

MaooKEuk




Quantum Mechanics 1

Assignment 6

Due: May 9 (Thursday), 2013

1. If |n) is the nth harmonic oscillator eigenstate, evaluate:
(a) (nla®*[n), (nla®|n)
(b) (nlz|n), (nl2?n), (n|zn)
(¢) (nlpln), (nlp?|n), (nlp*|n)
() (mla®|n), (m|a®|n)
(e) {m|z|n), (m|2?|n)
(£) (mlpln), (mlp?|n).
Hints: (1) Work in the creation space representation and use the known

orthonormality of the harmonic oscillator states. (2) Express x and p
in terms of a and af.

Remarks: This problem is not hard if you know and understand what
you are doing. By brute force methods, it’s a mess!
2. Coherent states

As shown in class, only the ground state of the harmonic oscillator has
the minimum uncertainty AxzAp = h/2. However, we can construct
the minimum uncertainty wave functions in the following way. That
state is called the “coherent state” and it is defined as

aler) = ala), (1)

that is, it is an eigenstate of an annihilation operator. Since a is not
hermitian, its eigenvalue « is in general complex.

(a) Compute (z), (z%), (p), and (p?) in the state |a), and show that
AxAp = h/2.

(b) Show that the state |a) can be written in the form
ja) = Ce*'|0). (2)

1



Hint: Recall the definition of the exponential of the operator given in
class.

(c) Prove that if f(a') is any polynomial in af, then

at
af(aio) = T ) ®)

Using this fact, compute C.

(d) On the other hand, since the set of the energy eigenstates {|n)}
forms a complete set, the state |«) can be expanded as

@) = caln). (4)

Show that the coefficients ¢, are given by

Co. (5)

(e) By normalizing |a), show that ¢y = exp(—|a|?/2).

(f) From parts (d) and (e), you can find the probability for the state |a)
to contain n quanta. Find it, and it is called the Poisson distribution.
(g) Finally, compute the average number of quanta in the coherent
state. That is, compute (ala’ala).

. The Hamiltonian of a particle can be expressed in the form
H=¢a'a+e(at+al), [a,al]=1, (6)
where €; and €y are constants.

(a) Find the energies of the eigenstates. (You are not required to find
the corresponding state functions.)

(b) The same exept that the commutator of a and af is [a,al] = ¢,
where ¢ is a pure number.

(Hint: Keeping the harmonic oscillator in mind, introduce new an-
nihi9lation and creation operators b and b by writing

b=aa+p, b =ad + 8, (7)

and choose the constants o and [ wisely.



	hwsol4.pdf
	hw6



