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2. A particle’s wavefunction at t = 0 is:
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Y(x,0) = gx(a—x) 0<x<a,

=0 x<0x>a

Calculate the expectation values: (x2), (p2). (25) &R ' p = —ih%
s

[ 1 92 30 [ 92x(a —
(p?) = fdx"l"*(x)-ﬁ(—iha) Y(x) = —ﬁhzfdx-x(a—x) x;iz x)

60 a® a3 10
= — 2 = — 2 — — — - — 2
hfdx x(a—x)-2 h(z 3) azh

In (p?), you must keep the two derivatives in the middle to get the right answer. To

see why, check out my careful discussion in the PowerPoint file. You cannot move

derivative operators around in your formula. That is a key diffe inbox - chvchang@hotmail.com
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While a stationary state wave function W(x, 7) = e Zhy(x) depends on
time, it 1s physically time independent. This 1s, in fact, the content of
observation (1) above; no expectation value shows time dependence. We

can see this time independence more conceptually as tollows. Consider the
stationary state at time 7 and at time 7 + 7,, with 7, some arbitrary constant
time. We see that

WX, t+ to) = e FUH0/ Ty (xy = e~ Flo/Ty (x, 1). (6.1.22)

Since the stationary-state wave functions at 7 and at 7 + 7, differ by an
overall constant phase, they are physically equivalent, they are the same
state. The phase 1s a constant because 1t has no 7 or x dependence.

ARG RAEEERR » LB T —EEHEILERR |
AT - TSI EEAINGE - S ERE -




e EAE L - BRI B E R = RN B 5 77y ()i e B 72

TERGARRVRIRLE © BRI B0 B 22 Rl oo o0 i

1 h? d? 1 d

fir B B () BIER EHVE » ILSERTERRE © Yp(x)
g ()R LL T 8y AR -

h? d?
~om ;pjz(X) +V(x) - Yp(x) = E - Pe(x)

h? d?
[_%ﬁ ¥ v<x>] Yr(x) = E - Pp(x)

Time-Independent Schrodinger Equation

B el fEfe 2 B T A% A2



SR TN 2 B T 6 7 A2, <
S HE B I 22 T 53 P R 17 R

h* d2¢E(x)
2m  dx?

+V(x) - Ypx) = E - Pp(x)

L BB (x) - BB ERER Y (x, OBl RIE T |

E
W(x,t) = Ppx)e "

A AERD A LUEE -

2 e —{E AT HA7H A Sturm-Liouville Theory!



eI E R R R

d*yr 2m
dx?

EEERE |
”L’a?¥xj]7%9@51 LREV &

(563

Bt AR CRAERIE HE TN

U

— L
E>Vy, ANEFERZT  EREATGER A DUE
d*yy; 2m
E

—HENT AEMIRE A -

V(x) =V,

lye = —k?yg

_ 2m
k = 2
HAARERGE > X

REG BT E AR
dm
SRAETHRIEL » REIRHEE o™ = @"-e™
a? = —k? a=tik  aFRER !
l/}E — A ka_l_Be—ikx

Rl TRz EXEWERAI AR - HILE&LE



ISR ABRERYA -

EARAFELMRRNEHETE  stegrs! @ —
EBTZIEEE  iIfEVE—EH V(x)=vo

FEBERE  ERBATSEER R DEEM— R G E BT -

d? 2 2 h? d?
d)lcsz: hT[V(x)_E]l/)E:h_ZL[VO_E]l/JE ~om dlpz +V0)Yg = EYg
BGEx E >V, HiHE

dzl/)E 2m 2
dx? 2 Vo~ Bl = ks ‘= jhz

RESIFEE S AR -

AR RS TR IER: - Bt B %eaxz(a)"-eax
@2=—k2 a=+ik oBTER!

l/}E :Aeikx_I_Be—ikx
S KW AR > ENAMEARAIRE - NEEE AR xS mAeE

(i



B 2= [ERYETE R

Re W(x, 0) = A cos kx
A

\ /\H

0 5o
_A |

Im W(x, 0) = A sin kx

Ak S

& 77//\/27T/k 37T/k\x
_A |

Yp = Aek(E)X 4 po=tk(E)x k(E) = \[ﬁ (E — V)
TEEEANIRZ R B

_.E i[ /z—m(E—V )x—Et] —i[ /z—m(E—V Yot
W(x,t) = Pp(x) e 2" = e NI VTR 4 Be [N TR

ML T3 AR +oc Bl —x T [ 288 | A5 AR e A A A P T B2 B B TR -
SR U BRI kKR Ew (k) - SHAEEIEAREIBEREAATED © PAEK(E)
EERVERE » RBERNV, - EREGENE AR | sEREEEE TR -




] E
Wix,t) = AellkE®x7 = |¥]2 = |A|?

BBk RV TR ERR M RIEE > BIEMEE > HREBE R —ER -
AR EERR
BRERA T RREE - BIHE AR EEE T -

e
IR ERRET - BRI E R & A ERFEEEE -

U

MENAEER » TSR =T - JALIRTERRZN -
FRULFOMLE - RALESPEEIGEE) |

1.5

1.0

0.5
0.0
_0.5 -
-1.0F
5 0 5 10

-1.5
-1




PR B H AV SR RE -
IR e - & T EHHETRVER -

Vix) =0 x<0 T
=0 0<x<a g
.\'l() j a
= a<x

1. Inside the box, ¢ is oscillating in

Q
Y

some way still to be determined.

/ V(x) P(x) 2. ¢ = 0 outside the box.

P b4 1
m 4 _J_>_ —_—
< g 2 :
= .
- .\.
/ 2
—_— —

pe X 3. Continuity of ¢/ requires
0 a Yatx = L) = 0.

EFIMINLRE MR A - I REWVH RS - GRHTREIIZE S R A |
BTN L - WRIE ST BB N PR -
NIELEF R B2 5 LR RE -

EFURIE > BHEMEREE ¢ P(0,80) =P(a,t) =0

Ye(0) =0 Ye(a) =0




HERZEHHET FEEAN > EEEET - NEEEAEHE TR -

dzl/)E 2mkE — 1,2
L~ V(x) IxZ . R2 YE = —k"Yg _|2ZmE
d?y A
E
dx? kg
. l/)E — Aeikx 4+ Be—ikx
0 a
(BN EE SR
VLB L (A
BRI - W (0) =0 » A+B=0
(0)=0 a) =0 . .
2 . V(@) Yr = Ae™* — Ade™"* = 2iA sin kx
N
\/' ] Yg = Csinkx ERTEEE  C = 2iA
V3
\/ n=3, Yp(@)=0 ——  Yg(a) =Csinka =0

Il
[\
v

W) 5 l
| n

ka=nm  nEHERE -

Y1

n=1 , l/)nzCsin(n—nx) k:n_n

0 a a i a a



4t S B2 R IR FOR? BRI B ZE T B 7 3% P — 1 — 1% |

®) v | a X
nm (a) ) l {
k=— o
a
& - (b) l l ‘
2 - q -2
XX
X (c) c
0 a a %
] DD L E T EmdRTt - T — eIty -
ni . nr
hn = up(x) = Csin (7 x) y = (ym- 51n7x) - cos wt
FRI FEECH LUS T EEE -
HASCHEHEHYHEAZE » & EECHER - Witu,Stwe 2 BENE

{ER? B, 2 TSl _EHFREIHYER Sy » SEEEAV ARG A e B |
Y. (x,t) = Csin (n_n x) Nepiit
a

HERZ BT RERN B ERE AR - B EMSH R EED -



n=>5 2SE,  n=5 [—W
n=4 ——Ac =N
n=4 16E,
n=3 9E,
n=2 4E,
n=1 E, .
E=0 ! )
o nm \ . \
n = Csin (—x) R[5 SRS RTAERAATRE T A& 17R2 2K
h? 2 (x) R \n?
T om dx? EYg(x) = (%);n PYe(x)
REEEEEN

REE NAEESE - BERERR | BT H e BRI |
sEERE > R R E L - HESWHERIEHNVEER  eENEERGE

E, °



N\
n=5 2SE,
n=4 16E,
n=3 9E1
n_z 4E1
n=1 El P
E=0

BTN PRAY |

hZ
8ma? i \ , .
EEEENHERAE - © ;;.V
R RENERS  fEER AT | P
A EEHEAGER o 55@



a a
WHREWASER 1 | 1¥0000Pdx = [ lunCOldx =1
0 0

AR — LR RT DU RE C

: all—cos (Z%Tx)

[1er2[sin (S2)] ax = 112 [ |——

0 0
2 2 /mm
ICI—\/; un—\/;sm(zx)

HECHERENYHEAEZE - LIS EEINER -

a
]dX:|C|2—2:1



v |
TJQ‘J‘%ZZ—{‘)//EA}E e E n=3
, 27 (M \7? NS
P=lu,(x)|* =— [sm (—x)] E
a a 75} s
m e ]
P (ga) =0,m<n THSEIES - :
4 :
| n=1
EEIREEE » P—H AZE » KENAFERIHZE T | 0 7 PR
o\ I8 ®) o
)
Fe ®
EQ n=3 R
i
TR N - (EEETEAIAER AT T | l
i = D s e N e e

AR n— 1HZEEEHE !




BMRE Gy et HiE L e R 2 EIAEE
N R HIFEAYBH % -

() == (x?) =7 B |




<P2) —? Uy = \Esin (%T x)

oo

2

(p°) = _[dx-llj*(x)-(—ihi) W(x)

K d0x
r d? ) ; 2
= —hzjdx un(x)< dx? un(x)> —(h%) ;lfdx-[sin (n—:x)]
0 0
Ny 2 2 . 1_C05(2n7nx)] nm\22a NI 2
= () afdx'[ )= (07) 22=(+ )
HMEEEEHIER AL
fl
ap = (p2) — (p)? = — T
E =(—)|=n?
ﬁﬂ{ﬁ@@)ﬁiqzﬁﬂ’ﬁﬁ%@E‘Ji%ﬁ[éiZmE ! <2m> 2"
@) = (h2) = o = 2mE,,  EHEEET g = (7)< (£
a n m

E stRHREAEME | a5 T B B 7 AR IERERY -



e TR TR TR A R
Eo s (U TR TR — A B
W t) =, () - e~ R B A T 4 B2 R R LS B |

it = 0 P AR e > BIRELGIRMT - B EREE U, EBHAI T

a

Y(x,0) = Z A u, (%) u, = Csin (_n x) =T e VR Al

£ = OB BLIRAE TT LR B REHT A0 LB
i3 R ACE SRR R AL BRRTEu, F e 0T - SR (R TR TR, -
et (KT T BT > R St i B TR TR, -

= Ep
Y(x, t) = Z Agu,(x)e "Rt
n=1

BMESAEE HEe TR 7 ERITRE | ERIIEZEEER -
s {ERE B IR R 28 R R 2.8



AR RERYRIRE R - A0SR [RGB (I RE H-HY 1 9%

Rt 5 RE I A AR BUE &1 e BB e B R

(@ £ (b) ¥

n=>5 25E1 n=>5 W
n=4 K--Nc--S-N\---

n=4 16E,

{E1TEE
{E1TEE

{E1TEE

n=3 9E1

n =2 4E,

n=1 El
E=0

Nl Q
o
Nl Q

RLREL ~ BB E R 7 !

R EERIVRPR B S B E R R BE A R

S Fe P& E AR E A (#n — 1{ENodeq/ikh -

Nl Q



HERTIERMHZRWBITER > VA URERIEERE TR IR -

__ p? ~_ h*d? ... d
H:2—+V(X)——%?+V(X) p:_lha
FEARBNHEEER THERAHEE TP IMEUESET | 2=«

B ] RBTREIEAI DA A

h2 92y L
—%W -+ V(X) =1 E
2
Bw(et) = i e D) e e e T RO -

EOREUH - REERETHIVE TRAEREIF IR EL - WE BRI R -



B R R A Y T A% 7 AR St v DADAH A B -kt

h? d?
[ o dx? + V(X)] Yp(x) = EYg(x)

ez e E )2 fERYHamiltan/E 5+ -

TE Bt B FE g wn e BT R dre R A B | RS AR =0 A] DAET K

]

ﬁz
[% + V(X)) |Yr = EYg

Many important problems in physics can be cast as equations of the generic form

—a Iy E[ o -
ELE AY =2, (6.1)
ﬁ _F where A is a linear operator whose domain and range is a Hilbert space, v is a function in
l/JE — l/)E the space, and A is a constant. The operator A is known, but both ¥ and A are unknown,

SR S (ERA AT Ry E T HA A ek S R |
JRoK > BRI fRRARVEE T RS 2R 2R e > TR AR TR |

TEBEA 2 HAY A #1018 Eigenfunction | ¥ FEAY A {#{E Eigenvalue &E -



FEEHIAZNE - R A ERE  BIRZEZENEE |
HI/JE = EYg

SRR E R B T AV VSIS © (H)

(H) = j dx - Y (x) - g () = j dx () E()

co

—E jdx-wﬂx)-wE(x) —F

— 00

(H)=E

ARERH R g () FE Y E RRHVAE EHVEHE ERUEAEUEE - AR !



T B B, I B THIRRRRVRE BRI E A HEEN: © AH -

(aH)? = (A - (A))°) = (A% — 2(A)A + (A)") = (A%) - (A)" = (A?) - B

(H?) = f dx i (x) - HHYp(x) = J dx y(x) - HEYg(x) =
= [ avpie0 - et = 52
AH =0

RN ERRYET > BEERTHIEERE © TE2H MEEN: |
Hl LI R E Rey e B A R e i E e ERVHIE (H B EHVIRES -



n=>5 25E, n=5 F-X--/-\--/--

SR AN REHH A BB E -

ﬁun(x) = Enun(x) " o

<H>:En n=3 9E,

n=2 4E,

(AH)2 =0 ;
E=0

B R, BT AR E BE, » E20AFHEN | AH =0
EREHREA (R 2

(R B () (ERE B IR » SIS R A -
RS20 > T2 E— A NI - S5 SRR - R -
PRBEAH = 0 5 B — FE AR (E A |

B ER SR B R AR A EE, |

BN HUsE T EE —REENEER RRERERAGEE, - AgHEIHAE -
Ft - IR EEHN - ETRENET(LEEMEL | A —EREERE -
REEETARE - BEAENEREERGRIITEER - AgREHfZ—-



B E AR S ~ A E S B ARG DR R H A EA
A}{Ja(x) = ayg(x)

N KL PINEGIE A
Eigenfunction Eigenvalue  H LA A-a

B L SERG T DR R - B TATE RN A B AT s — %

F8  WHEEANERNEHE - R AHENE -

REEWHS > SZ YRR E AN (E

() = [ dxpal0 - Avat) =a [ dx-piGove) = @

alE e M EHIZE



R, » PIERRE T ARGHIE A
aa = (A~ (A))) = (22 ~ 2(A)A + (4)") = (42)  (

:I>>
S
N

A

co

v

(#) = [ dx-wit0 - ddge@)

— 0O

0.0] (00)

e j dx - (e) - Apg(x) = a2 - j dx PP (x) = a2
AA =0

YRR T AN » ISR B G A A b 0 REREEE .

B E SRR SR Y E R T AN AR, -




HHH BT RGRVER - B er (BEAEAHEE) -

D v
uy(x) = e'n” |
/ 0‘

ERANNTEHTE T ERE T HIAERNE -

A . d iLx
pu,(x) = —lhae R =pu,(x) Ap =0

I 52 B R AR T+ S Rr B Ry xo » LR B AR LR 2 |
R pRE = —{[E delta function !

Uy, = 6(x — xp)
B BE X AERNE

Xy, = x-6(x —xp) = X+ 6(X — Xg) = Xg * Uy, Ax =0

v



HAMI AR AL BEH AV RE E AN Bou, R - @ b0
RN AERE T AR E S B AR EEENE -
KRBT REh sy el B & !

EPRNOLRE Y RE E AR B, iy e IEXCEHE > Orthogonality
A EIAEEA AR BRI IER | IERRHYRERE -

j dx - u () () = By

a a

* _ 2 . nmx . mux
de u, (Xu,(x) = J dx sin — = sin —
0 0

1 [ (n — m)mx (n + mymx
=z f dx {1 cos a — COS a
0
sin(n —m)m _ sin(n+m)w
(n — m)m (n + m)mr

=0 whenn # m
=1 whenn =m EF—/L



fRIBEILZE T » R B RIFEE T i Ep (x)
aR B] AT Ry IESZ BB ~ EbBu YN | R EH Expansion Theorem

Y(x) = z Cy, Sin (%T x) = z Crlly (X)

n=1 n=1

I FER BT i B AL R P B Eﬁﬁ/%méﬁé RS (B, P 3 I

co

d»@umww=zq@m=%

m=1

I
M1
)
3
O'Sg

=jdxmmm¢@>

0

(AR AT ATHRRR R - AR DA Bse SR AR Eiu, H B0 |
AEEILIE AT ERIRY 7 E e Bt R 2 FAGIR R e B (O BIFTE &l |



EXAMPLE 3-5

Consider a particle in a box. Its wave function is given by

Px) = Alxla)

0<x<al2
= A — x/a) a2 <x<a

where A = V/12/a so as to satisfy [& dx]y(x)|* = 1. Calculate the probability that a measurement of
the energy yields the eigenvalue E,.

SOLUTION We want to calculate A, in the expansion
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. nax
sin T:l
al2
we get

With the change of variables 7mx/a = u in the first integral and 7mx/a = 7 — u in the second integral,

2
A, —,n.zijdu

,% sin nu(l — (—1)")

0
The A, for n even vanish because of the last factor. The integral is easily calculated, and we get, for
n odd only,
A, =Y2y L gy Co e —
wn n 2
n
so that
96
Al ===~ for n odd
=0 for n even
One can easily check, using the fact that %, n™* = #*/90 and

2 nt=>nt+ zn"‘ =
all

St + (116) Y, 0"
even odd odd all
that the sum of all the probabilities is 1:

= _4—_—% —L _4=.9_6',E
w‘%n ' (1 16)2"

4
all

A
7 16 90
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To interpret |A,[?, we note that an energy measurement can only yield one of the eigenval-
ues. This statement was implicit in the starting point of Bohr’s description of the station-

states of the atom. We shall take it to be a postulate of quantum mechanics that a
ﬁmcrg_y must be one of the eigenvalues of the energy operator.|Under
2HER > A RAEENHEGR AEEABUEE T Z—  FEEHAmAYE -
AR EEHIE EAE - R EEEL T |
Ft - WIRARMLEEHANET - A —ESEER - EENE T 2L |




HE—REY (O MEREEIVHIE - ISRV REE—E, -

HHESERE - YZIFHE—REEWHE > 458 EHTERE, -

A ELE R EHRREFLE XY 2 FE T HAERE -

A] B —XMIPHITERS - T IRREEZ Sl A B, (x) -

Pt LSS — 2RI 2 (SR IR RE v Qo B E AR B T up () -
P(x) == up (x)

n

ERNF—TNESER T GEMEEN | AREEIAVINETEIAHEE -

A

(s 1 3m
a 9 a

\ v AERGHE e, -



3. Consider an infinite potential box, with boundaries at x = 0 and x = a:

V(x) =00,x>a,x<0andV(x) =0,0< x < a.

V(x)

X
0 a

As we have shown in class, in this potential the energy eigenstate can be written as

2 : . h2\ m2 ; : .
\/; sin % with eigenvalues E,, = (ﬂ) %nz (you can use the notation E,, to simplify

your answers) . Assume the wavefunction of a particle at t = 0 (probability already

normalized to one) is:

41 (2 @ 7mx 1/ (2  2nx
Y(x,0)= |=| [-sin— |+ [=| [—sin— 0<x<a,
5\.a a 5\.a a

Screenshot

_ =0 yvy<0x>a
A. Att = 0, make an energy measurement. What are the values it could possibly give?

What are the corresponding probabilities? Do they add up to one? What is the
expectation value of energy. (20)

Hint: Expectation value is the sum of the measured value times the probability.



4 |12 mx 1 2 2nx
LP(x,O)zﬁ(\/;sma>+\ﬁ<\/;sma> 0<x<a,
4 1
:\/;M(x)‘l'ﬁuz(x)

(H) = f dx -9 (x) - Bp(x)

7 4 1
. §u1(x) + guz (x)
f%(x)‘l‘fuz(x)] fElul(x)+fE2u2(x)]

1
§E1+5E2 = |c1|%E1 + |, |2E; g 1

co
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As we have shown in class, in this potential the energy eigenstate can be written as

2 . nax . x RZ\mn? ; ; .
—sin— with eigenvalues E,, = (ﬂ) —n (you can use the notation E,, to simplify

your answers) . Assume the wavefunction of a particle at t = 0 (probability already

normalized to one) is:

4 |2 @ 7nx 1 (2  2nx
Y(x,0)= [=| |-sin— |+ [=| |—-sin— 0<x<a,
5\.a a 5\.a a

Screenshot

A. Att = 0, make an energy measurement. What are the values it could possibly give?
What are the corresponding probabilities? Do they add up to one? What is the
expectation value of energy. (20)

Hint: Expectation value is the sum of the measured value times the probability.

s -

A.¥(x,0) = g(\/gsin%>+ g(\/ésinz%x) =\/§u1(x)+ﬁuz(x).Thewave\

function is a superposition of the eigenfunction u,, u, of eigenvalues E,, E,, with
amplitudes ¢; = \E, Cy = \/g, , ¢, = 0,n> 2. You can simply see it from the

formula or use the formula c,, = ffooo dx - u, (x)* - Y (x) and orthogonality theorem

ffooo dx U, (x)* - u,(x) = 84,,, to get it. The energy could only be E; or E,. The

: . Screenshot ; 4 1
corresponding provauvi. acs are the square of the magnitudes ¢, and c,: c and c°
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Figure 11.4. Same as for Fig. 11.3, but for two

,’A '/\ '/{ /\ /\ /1 cases where Vp > E > 0.
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SRRy TUNNELING THROUGH A BARRIER

-t
i

OO0

NOLLMOS

A 2.0-eV electron encounters a barrier 5.0 eV high. What is the
probability that it will tunnel through the barrier if the barrier
width is (a) 1.00 nm and (b) 0.50 nm?

SOLUTION

IDENTIFY and SET UP: This problem uses the ideas of tunneling
through a rectangular barrier, as in Figs. 40.19 and 40.20. Our tar-
get variable is the tunneling probability T in Eq. (40.42), which
we evaluate for the given values E = 2.0 eV (electron energy),
U = 5.0eV (barrier height), m = 9.11 X 10731 kg (mass of the
electron), and L = 1.00 nm or 0.50 nm (barrier width).

EXECUTE: First we evaluate G and k in Eq. (40.42), using

e

20eV
50eV

. 2.0eV
50eV

G 3.8

=]
Uy— E=50eV —20eV=30eV=48x10"]

~ V2(9.11 X 107 kg)(4.8 X 1071°J)
1.055 X 107#7J-s

K =89 X 10°m™!

(@ When L = 1.00nm = 1.00 X 1077 m, we have 2kxL =
2(89 x 10°m N(1.00 X 10°m) = 17.8 and T = Ge L =
3Rer 0 TG

(b) When L = 0.50 nm, one-half of 1.00 nm, 2«L is one-half
of 17.8, or 8.9. Hence T = 3.8¢ 3 4 5.2 X 107~

EVALUATE: Halving the width of this barrier increases the tun-
neling probability T by a factor of (5.2 X 1074)/(7.1 X 107%) =
7.3 X 10°, or nearly ten thousand. The tunneling probability is an
extremely sensitive function of the barrier width.

N Ry 5 B a8k

—far, T=3

[

EREAHE

B

JBG > DRLIH S R S B A, -

SR A — 1 |

7/



FIRSUERTIE

Scanning Tunneling Microscope ZE[Z & filsRw STM

PRIFE BB A EE -

PREtBR R Rt a R 2 EH -

current as a function of
the position of the probe
tip, giving a profile of

i e ol
the surface...... .
.............. >

Imaging
system
monitored as the I

3. The current is

probe is moved C
back and forth L

: monitor
across the sample.

Probe
3 tip
h q

Air gap I —
=~ (0.5 nm

& ® O T®
®.0 ®

Sample

(a)

Y

N

Surface
electrons

\ L
DWW
OO

Specimen

© 2016 Pearson Education, Inc



We can do better! Solving the Eugation!
1926. M 6.

ANNALEN DER PHYSIK.

VIERTE FOLGE. BAND 79.

1. Quantisierung als Eigenwertproblem}
vor B, Schrédinger.

(Zweite Mitteilung.)?)

1. Der Plancksche Oszillator. Die Entartungsfrage.

Wir behandeln zuniichst den eindimensionalen Oszillator,

Die Koordinate ¢ sei die Elongation multipliziert mit der
Quadratwurzel aus der Masse. Die beiden Formen der kine-
tischen Energie sind dann

(20) T=Y,¢*, T=1p*.

Die potentielle Energie sei
(21) I ig) =272, ¢,

wo v, die Eigenfrequenz im Sinne der Mechanik, Dann lautet
Gleichung (18) fur dlesen Fall:

22) v, 8 : 7 (B — 2ntng)y=0 .
d*ygy 2m 1 d’u  miw?
_ _ 2 _ —
dx2  h? (z fex E)‘/’E = dx2 ~  h2 x*u —

Yr(x) = ulx)

2mE k
72 u w= E
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2 | /
u(y) =e 2z - yHInRKZHz\hy, o \\
n
Airn = 2L = 2n a: hn(y) = Z ajyj )
2T Gr DG+ DE = |
- Pr(x)
A = ERE !
B y?
n=20 ho(y) = Q, uo(y) = Qqpe 2 n=1 /\\
5 .
o i mw~1/4  mwx? \
Y I'me Ground state Uy(x) = (E) e 2h A A
HHAHE LIRS E "
_ . —y—z n =2
n=1 1stexcited state h(y) = ay, u(y) = a;ye 2 “/W [ \
_/
0 /
L |
_ . a, = Ao —A 4
n = 2 2nd excited state (2)(1)

2

Y-
h,(y) = (ag — 2a9y?),  uy,(y)~(ag — 2a9y?)e” 2



Wave functions

1
Mﬁ (J@x) (2ax2 —3) ax/2
1/4

1
B (2ax2 —1)eax®/2




ST | BEEAERNEUmEIEE - SHORYAEZRRE AL iE |
EEREH - E—IRRY A Dlu, (FRER - R MR 2] 1 & DIEL R R

co

W) = ) [en - un(0)]

n=0

\

IEACEH © AL IER - BERE—HI I IERAVER |

oo

f 8% - ()" - U () = By

— 0O

73 o 1] AR PRR B B AR b B 22 [ 7

(0]

o = f dx ()" - Y

— 00

len|ZELRAEY GOIRES » HIBAE RIFIFIERRE, = ho (n +5 )UK |



