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Consider an infinite well potential (i.e., a closed bax) stretching between 0 < £ < L. A particle of mass m is trapped
in the box. .

/2 1
/' 2.

Show that the exﬁectation value of the momentum in all the infinite-well solutions of the TISE (time-independent
Schrodinger equation) vanishes. Le., (8) = 0 for ¥,(z) = \/% sin 232,

What is the uncertainty in momentum of the state ¢, (z) = \/% sin 23, 7

At time t = 0 the particle’s wave function is:

se=0 = 25 (Ve + o Fun 22) o

with ¢ a real number.

. What is the probability that the particle is found in the left half of the box, z < L/2att =07 Findit as a

function of the phase ¢.

. When we consider the time evolution of the wave function ¥(z,t) we find:-

¥(z,t) = 7-. (ﬁ(t) sin T + €% f5(¢) sin 2’;’) - )
What are f1(t) and f3(t)?

. What is the probability density at £ = L/4 as a function of time? If you could not find f1_3(t) above, express

the answer in terms of these functions.

. Whst is the momentum expectation value for the initial wave f\mctlon, \I'(z t = 0)? (This part may be a bit

long, so you might go and try 7 Ml@mﬁ' me

.Ameasmmgdevicemanagestodetermmethstthepmldenmtheregmn5 -‘f-<z<5+# Estimate
the minimum uncertainty in the momentum immediately after the measurement. You can assume that the
probability density is roughly constant in this region.

. After the measurement (which happens at t;3), the wave-function of the particle is actually a superposition of

many normal modes (or eigenfunctions) of the Schridinger equation:
V) =) e~ Yn(z) (3)

n>0

with ¢, (z) = \/E sin 2F=. This makes the particle quickly expand over the entire bax again. But at some time

after the measurement, tl, the particle’s wave function returns exactly to its shape at ¢y. At what time ¢; > ¢
does this happen for the first time time? Hint: w,, have the form n? - uy.

Possibly useful integrals: (In 5 and 6 n # m).

/ drsin?z = w | (@)

/d.'r,sin(nz) cos(mz) = —% ( cos{(n + m)z] + o _1 - cosf(n - m)z]) (5)

n+m

/ dz sin(nz) sin(mz) = 3 (n L sinf(n ~ m)z] ~ —1—sin(n + m)z]) ©)



!

QU;E L( %o(p“fof\

| . L A L
) %’ = /fl LpY = Sd A jﬁ“ip ¢ (Ode = T ),ﬁ S}M("?‘ﬁ&sm (A
L
e tHT S%Mm:‘”) G (M) de SO = LBY )
—

(
o

kS () ) o €

_ -nY N
U= s (4] o= )
i bx o () v R o)

@ X“K‘L{R @éoﬂ%)o)]: - §) %’\'\(%L<>C'&4A?0>O\§Q
1 O
2 a0 T 6es (B0 = [%%yg;)]t

L
D ) ey =0 (

:1‘)_“_3 Tﬂ«\\\?@y e oacetanky T He b let's M
i weencts = (Y (GBI s LT 45T - GBS

= WS 5 (52) S () o )

13ty = Sc\ﬁm\ N 5"@1 T de
QK AT 7 [ AU = (\21 "
® W ()G 60t (2 :%‘b) = IU- i “’*”é

(rbele bolwoan ic=a ad =4

D) We Ko e poghubl] 17
/’ at ¥ B2 \‘YUC\ %%pmw,ty LC,WL
N

MXW‘L belwerr O od £ ob fwe Cw = % l‘((sftw))oix &

i1

@ s z S QwY\QﬁB t Q s/(\(/»(gw\ (£2) ¢ e el z%)) CL)C 'S
=)o ¥ e¢3 SX\U{)SN\ v te SSYH)%( Hac

o L[ §ae
+ SIQ’ mw

/|




R
yue e
L
Gropel ' Nﬁm(
V weot | Tl

@_L
. L
L{xeMQL
27 ‘leL
>N
rel @

& i
| b e’
e } N ¢ ?;Sﬂ:[@g@ \
14
S ‘H\th\




L{) \/fI‘Q ANSULS( l.v %{5 uQSHm @S C\‘\(\C‘-&\/ W MQ ?dm Oﬁ
Cepecble  glbhens R e c,dﬂra‘&%u ooy

/2 _
° [ &‘:‘L’ — ,'7 Z ; —
RS mSE VT Tt

é(\l:&(’ "Y

. - &% .
W T pn e bV w LR B e ve
bt Sidis muste b el o @ caskab Tl custeat 5 F
= 7 R ¢ _ _ W /

5(%%?5,& By %h iﬁ 3¢G54€fa vrgj()

L =,
m%\ne
AT d ) AQOQ -
’iﬁ up’r"“” = f;,\ < FUg= Ecp Eme ~velapadant
\ LT W%Z(\Q(M

S e qeb dhe twe dfednst il Swply Yokt on o Qucler
o~ QP‘EL{&\ © cor  timerd et SC'W’:QQ”Y 7 lin seleicts,

' Bl g <BMHK
S @3: ‘L'ks.n(ﬁﬂ e - 626@ 6M(g¥ﬂ

Wae B, B, ae e ek Saerd  emmjig o e

falni e e wrll —

AT
5 The 0%&5)\&7 &U\SW ok (:%{ as o Snshen & EME Qs A\ P g
/4 SEn ( S 43 IFWA (¢ e oinl >> K%z/\ (= P‘F Uc\* QM@;’EZ(: §m(%>>

\ & (BB og ~iE-EXIE -
}:‘i+l+‘§€'e t‘)«E_e‘ée 1@

© éﬂ%’; + g" ws(g v (B EDU&)} G(t k)\]




0) <ho® EE Y (e ¢ s\ (s v 5@

© % § lon#) + e sn(B) (el ®) te” (D) )ik ©
© %[S:E%&‘f)@s(ﬁf) : %’Susnc%c%m

by inrqal ©
O A Puat L g gl Nt (

1 4 W Qb ( s - Lo
R S ST

T faex mies ol '

& 0 N\\‘@\\mk% QL N c@ﬁ- Q’W\ H\n%& p@yw’

He ansyrg S Ponents( wpben Ve fableg Yo ok
Q vuroble %\/DS?“;}V\TQV\ 8 = 5%)5 &s@‘ = ’%C(K )




@> OK&?‘/ %\ﬁb () "OQ)UM’\ /S /SLS/‘ aN OT?}Q/r (\S' /\’EQ}B;MM
o5tk .  Frcehes - 3 o 1 doen b Ptcdh( Mo g

/4

,\\\e‘%ef\\bes u.r\u.r’mrxky piveple © dxap 1%

(SN Qe{k‘c\p A cabaed ko é‘i()@ fLC—E/ {i
sl @n <J¢~7 A\Cﬁj %O

— S & ok
9 3e4PZ23 5 Ap 2 3.7 = F

'ﬁ Mingmygm u/\(,&/('au")"'hf ;n /VW\Q/\J""\ = L%Q

. : ~ ok
¥ in He eppessen Febs Zoace T

[l et Kt becn Hewey Yo o
o wantlnohon B Yy S gepecelia g@&;ﬁ{q of L
CJCN»:;&R@‘ wa}m'l 1% Pie,gy = 2 A e CK\CK)

ne

-— ’Kzn-LT\L %,\f(n"(
Ny e Ko f:/\': amce’t e W, T oamt

S all wh we Mbege vulfifless o w,

Sy Qu, é‘: [S4 {*Lu\ (/O,l g‘ A AL = (M‘ftaﬂfml/ﬂ/@"l"\

oen
. o
2SN e Zwﬁ\ @ ol e £ime Ronelns, cwill e _ d\ﬂuﬁoj

BN 5 _ 'Z—ll - m - R‘V{K(\;NL’L L m LC, &
:,) _t - Bla - El - (;\i,\zﬂt = T\—M
. ]




