Lecture 16: 02/23/09

o Sguan-( well wiéh
finite depth
- Bowndovy comclitions
— évanescent waves

¢ Qualitative plots of
bowno(- o‘éaf& wavl
functions

1 (XD
W)

b IR



Re&a/;'

_égm( So(ution of €A Cime-dependant SE :

Y (x¢) =
'60 Pmﬂl Cn

\-6""

ncl

Z cn Y, e f = Ylxt=0): Zc,_c Y. (x)

Cn =_ g '5”,:6“) Y (v t=0)dx

I, , Square Well of Finite Depth:

£ T Ir

Vo ——

M= __ "\t

o

° m—

o

=) MIA '60 AlVC 0(e647 l‘ana CxP one, . .é.-al Wa < l“D‘L q-gfo-. T ()

L

VX

[Cn 1 Z= P‘roéaLl/:'{]

€hat a measuremet
yiedldo value E,,

[) Solve tivre “lmden, SE for Dpma by
2) Joim piecss of Yex)

—

fa——




> X

Vo
=) Solve €ime ~indep,
SE fov otgmets

I, , Square Well of Finite Depth:
vi(r) Ed------_-__
o
. 2 E
X<0 =) E<V, osxel = EDVy)

Vex)=¢ 2% De

’V/CK,: A.ﬁn(k’()

>€> 0= E«v,
VYic)=¢ &+ DX

veguive Yo 20 + Beos Chx) reguine Pox)—> O
X=)cD
= D=0 k=V2mE =76"D
_ %X % - -
D Y&)=C e = px)= De™
OL-T VZMC‘G'Q /\\ / o(:_VZ‘MCVo‘E)
R %

Aeca.y t'qq(}

~

€% pon ential Solufions !

4

l) =) Probability of finding paticle outside the well >0 ¥
l) How to 'aoin €he piece of YWl)LL:e. fFid A B,c D]l



|) Probability of Pmawn,\j the povbicle outoide €he well 20:

'ECf//L Evam € scent naves
- QJ' IIJA{' re o fal lewmal %//(C#fﬁ.‘

§loz | v Aid ¢ it
d[@v: a'y’

’/EPZ’O""C/CA., tea Le

3
E—f:’d/wlf‘(qa(( /'/] s

Ect)et o0 "

6[% {a:«! g[% Xfﬁﬁ}ﬁn(} Z-‘tm‘ﬁ"ﬁ/
byt ca ;oh—ﬁ/vfad afe €A YOT]{
¢ e/ ' éé‘h &_‘rém ‘
f\i;’m Prop ﬂéa‘mo Wwa v =) Pﬂv‘l'fc (g WwaULA~ Con
N f\’ﬁw[ 'é‘[—rauq< 'éA""‘L
/ \- e\/d'h@j(/p@,,.,{ wauvd PDKIL"&( W [/
) =) buwunmel @F‘.‘/\OC]S

Jr [\‘l l\mcfﬂ(&—f{_




2) How to join the pictes of Vex) at bow.dayies ¥=0,xeL 2

a) W< —\fum C‘(v‘c)-n M st L,( fhwmﬂfil[é dé((
=) [’%Cz)[z—-aa for x —> 2o
A) W aut -\'C/cnc‘r[/w-a—lf st é«e J’?hoo'é<

=) WCx) ond 0‘:{{(‘“/ it b Comlim s
€V¢r7w£v¢/( C «loo at [ ow.da e ’)

=) Fou EO%/( /90-/4»(,(9 /@)ﬂ\-\./ (L) éé,c#:vcv» L
Jd{-b Fw( m17 F‘N ez, Lotm &é"a&rc‘lﬁ FW’L'"[(
Onky(is ]

-.—_——,) 74%0\455,%(:‘0\« of zmé-r(j; 27



lA/f\7Z o comatdr, O L"“‘"dm/

o Ay 2
| l = fmemidn B8 = ST E Ve
0 X =) d"""?” im VIX) vt guive 9 s i ALY

O~ o* A x?

_) 0{ ?(4 N ?')_Oi &Uh‘[u'%uo% Wl:&,\ l/[)l) [W’b

ds( '3""7»:

Qof‘l G{Z{/ ”( WCK) O~ ’D}Ll[/ conti'm oy, !

0{.3( D{

Inkgoste L E fd’ Wd = [(z— Vix) ) 7,%»( dx = Z/"f’/
X1 -d

d IPVC)‘) > Pw.,,éf ‘

=5 frrdoo A 4, )—d_lkzo”)J (=) mt fou imfirik

Ax Ax 5 pant w//{)

=) A¥ (o7) = AW (o) o codimuocm at Loumdais
A X A x

=) Yex) Is loo Confimuos |



=) fo fmib gga0q el
/ll/(’() o d él ﬂMu'é L/( coa b o Cvz,;wl.&,(

d s »
(4G a\Lémfde x=0 , xzl : bowdoy codbion)

ﬂ/o\/b' [) Wlld Lo /\.alf‘f L L0 ls5Cent Ware [ l.. l. C/D :Z’! o )’
] T‘r7 ot ol . cC=-0, b=o =) Q,P(O)/dd?: /0)30
Cnarde g [] - W =Annltax) + P e (tx)
=) 4o maky W) comtimuon, ad xz0 =y =0 77:[;)
=)-(—-b D aly .44/000\#1‘40%-@1[5’30 =) A =0 JC,.,al/V...
%
CRotain %6.’5135 o 4 /,aa\/é‘b(‘ ( ov P ¢) cm,
(}‘b{ L»f 2% NN ?C;( !)
\NA7,? [\Avc ﬂ_“‘hﬁl“)ﬂ-'oa\,a—w“/&/: %//_i;_l% Cu_,/(A—é"'hom-u/.
v
o d k <> ha e i QM%&? Mﬂc‘{"éﬁ)m (@, {K
Comimuon, g9 w= 0 ad X= < 4x
— b dh ek e gin (L~ valas) A alloed
—) €Ais fsadaha-‘,,‘/ ’os«blgﬂy‘f/ wf‘ 6 ovnd ’D‘ffrﬁ’%./

v

—



Examp les: |t energy assumed is wrong, i.e. not allowed:

N, | —) Wix) = 0 La¥

XDt

%\ /L\\-‘ Co' ¥ 5o e Corotis i tloat Sl —
l‘ \_/ : D X Gmft'o—l;/hl'{]a(t’x Olv/a/x =) '%4/37
' “ho Al o e
=) o 17 at = fa'" £ L [ iR + de L
'F-rﬂc@‘e-na] Mo LA o of tarv1l z.,d +S
ég‘l-lq,e/%-. O owdl &o 50"\"\ Pk’/‘

o L

> o ¥S 1, )

J prope=ed ene,s
0.29/65 eV E Lol 'Y&)@/,,
20€ b€ 270vmma ;g

W) - rovwalized




Ever, ware function Ol wave function

14 - - - 14
12r : 12t |
0.1 eV 01 eV

10 -

@ 5t |
6 5t |
4 it |
2 \ 2t |

-2 -1 0 1 2 2 1 ] 1 5
wiL il

= For bound states: set of stationary states with
discrete energy spectrum!




Solutions Yix): — # of mocte = n -
owtiow (\V ) — okl alt&%ql»{w[] eVA’)/”‘/”{ SolaFons
by {. CondS of e ]

Ion fimite Square well Finite spuare well
‘ g Small = VZa(-£) sl
100 o g s 10—\ /\ N\
. I/\\//\\//\I /' VvV |7 dece 7 l
leen
== \%“’ s
2= E ™\ 7\ /] °
/o, 1) I I v T
n=4 /\ I'n ”
6 NN 3’7.;1.,55 % /P,, /,,;: .
Pormfledn S 770 A"
4+ 3 / = [WE"L 4 S \//-— i
n=s L\ N
N4 \ N P
2 - . 2+ B
N=2 __’/_\ ;__”132
Mz /_\\/f¥'n=l
Or ~ 0 ]
En En
— YP(x) — Y(x)
\/\(X) | | \/‘(X) | |
e -0.5 0 0.5 1 = 0.5 0 0.5 1

x/L x/L



Il, ; Qualitative Plots of Bound-State Wave Functions:

67\/@3 Foif—\l—v“al \/(y) =) a;il;"i‘k¢¢c< f:/'-;z:}g
ot » I~ vy DT

(Zk(%) ?Mﬂll"!i’lﬂ"u(l;/
1‘.6, 14,1'1‘4 oc—.‘l; J‘olu‘y}) fE

=) g f/t;/{ e [l\—r:

l) (vatos f’{_%[f__,
dx?t

2) H o l[‘%oa‘gc b 07[‘ 240 &Wz,wd,:) o O%L‘may
/3441‘( LeaoA .’Cu-..cﬁmj

3) /4»7,1»'{%/(( afé‘( a Ly 7_//74,5%'% ZV(x/
‘7) jyfmw»n‘v/




