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Wave Funchkon

Las+ Hme we hewe e,gFg,bL"shed P‘“HG/E:‘}”W d&fc_tu_/?

OF alter. What s The Nakuve of (He parhle cwave
Onel what (s ke corveapomeling weive funchzm?

Fov EM waves ; E, B fields
Foaw Sound waves : Pressuye

For  Shing taves ol is pacemewt
For walen waves d(splacement

All Ihese wave funchons sahk'sfy [he
Same wave equahion
'azf(X,f) _ L 2%fxt)
X2 TVt E~
Wherne flxt) = E(x¢), Bext)  EM Lave

bl,t) | Prxt) Sound wave

= Y(x,¢) SM:;?@?:MW

All 1hese waves carry enwrgy and |
mornenfum bat 70 Mass hrausporehon

The simplest Solution of wave &N

o fat) = A cos(kx-wt)
WM w=2nf :3._'-;',. , Rz &

This wave funthon is exkudee over ald
sbaw and Hime




siby o ehengy deusiky
&F omy point ewd o any instant

I & |$mt2]|™ o5 1 |El®
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Mm Spau

= [k wave funchon w naormel3ed (Max Pbmk)




Q&t'a-Hmww.g Skates .
We expect  probabiliby |Wix,9,2t)| to be
a ‘f‘uhch'cm df bolh space and Hme coovdinales.

If penrbicle (s |n a staHmary stale d} tenskant
CHegyy [&flz at each point Lo independeut of

Hme. For a bonkicle g a slake of deginile
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= Probabilily Is indepencleur & Hme

fov a borkele In a 9lven enezgy stafe av
elgenstate.

= N stehmony skl [ a stk of definlke
Ny - Examf?/f: elecheons In drfftrent ovbif<
i hydrogen atom

& The question (s how oo we find [he
Malter oaye func,hm & (%Y, zl,_a)? What-
Kind of “wave" e?“ﬂ-ﬁ‘m Adoes f ga/—fsﬁff?.




Schroeclingen Ezua.h‘dh

S"n'hg waves awnd olher Mechoniad waves (Sourd,

Waken) Safisfy wave e derjved frarm
Newlon's mechanic s

EM wave eqeaahlon olenfved fromm
Maxwell's euakions .

MaHen waves o descvibed by o wave egn

. Tywin Schyvedingen
advanad by Auskrian Physicist,im 1926 .

Schroedingon eqn- canvot be derfved just Newfon's
laws of mohion carmot be gez/ved . URlidlihy Lies

n agreement wilh experiment. & obfaimes
from Schroedingon €9n gives average values dr
al Physicat quanttes A'ke Posihim, enesy, momentum,
Qngulam. '?ho'mcnl'wm, ele . }:W -ﬁ,&dmﬁle’ avw(
posihon of & pantycle

{xy = | ¢p¥xypdx . Also, called expedahon

~4 value .
Avirage  veulue of any funchrn 6} x
< $0)y = [4F frg pec) ax
~D

These showid eglee m’m'f,(pw;'mmm values.




The Schvoedingen Equobion a
Ponrhicle of ™mass ™ in a

Tolal enrgy )
E=K+U = b + U

Tm
Using de Bryoglie hypofhesis
b= f. L. X = kR

and E= qu = ....-- ‘Lﬂf = hw
Above envyy ¢9-

how = Ei.t + U (%)

Remembering wave eqn. fov g
BVE _ 1 PE
'axl. (AR VY e Y1
Cheosing soby g = E, ¢os (Rx-wt)

We geb R ol w?
<>

From Wis can comclude 15t denivahve
Of Wave funchm should give w and
Seend duwrivakive E‘-:-_-?;? fre mahor coave.




Schyoed inger e9. should be fivst ovder
M Hme denjvabive and 2nd ovder in posibm
denvakive. %o Schroed ingen wrote ( 1- dimeusim)

2 1
— ) ’
-%Tn %xﬁfx'f + Ulx) P(x¢) = lh}%’(’"“

For 1he Stabimany shale of encrgy E
P (x) = Plx) e 0E st w= 3

%
= \-bl’ AP0 g pix= € wx)J
2m Axt
. ' Whew E=RW
E 1 the botal tnergy of (Re sysiem .
We Know Schroedinger €9- is ¢orredk because
bredichone made by vsing 1his eq- agree wilk

A% . _pr[ A Ooskx+ BSnkx] =-KY
ARt o) Allowed values df-
R can be found fim, .




Wave Funchom a Free Ponk'cle

Fvee ponhcle = mo banven | no fovee
= Ulx)=o0.

Sehveedingey €qn

B AP gy o A ,.___O
: dx2

2m Fx
db LRy = how  Rre 2ZME
¥ L +RY =0 wha R"s

-Rl-.

Most generod solrg- . -
poy = et e iR LT

Ihfvcdudng Fme cheh.denu | - | &
@ (x,¢) = W (x) Mg L Ae (‘u-‘df)-f-BE' (kX +ewt)

Fivst tevm : wawe baveling o vight anet Second kam:

Wave hawveling fo left, Concenivebing en wave paveling
lk vight ( B=0)

Piix) = '-/; el'(h.x-w-t) y veplacing A by ¥ -
Prob. & finding Parhicle ak X ok hme ¢
Plet) = |Wtagf? = (gt o' (ex29) ~t (Re0t) o
3 0

It is IRe same fcv ol X=5 mo info. abouk
Posthm of porhcle. This & an example d}-
Un cntuinky  Dringple . . Aia
No foes = b wnst, dp=0  _— =

= 4 X =30 by uncnfrink
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Quanturmn HMethanics

Hevre we solve Schroeclingen e9n fov
Tealishie Physiad syskems wiln apprapriale
boundony crndliHoms. Thi's 9gives alloweet

Energy values (elgenvalues) and ware functhms
(eigenfunchms). These can be usee o cajewlale
Sxpectahim values or avenra,

9¢ values d} phys/cad
PWPU:.Hes.

E"“’HG" In a. Box av Pankicle in Infinike
Squane Wel| polenkiad @ {*

v
Ulx)= 0 forocx<L -

= Y(x)=o0 ot XS0
o~ x>l

O<X<L, schroedinger e
AdF¥ - _a2mEy _ _
4%, = s i

where g

In vegion

TWo Independent soln @ Sinkx and Cosk x
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Qennad Soluh'on
Vx> = A Simhax + B cos kx
Doundery condihms al x=6 +L and
Normealisahon tondihon give A, B ond R.

Vo) = O+B =0 = BR=0
YOO = A sinhx

Y(L) = SinklL =0
= kRt=nrnnl, M=) 2, -
Allowed enengy lewels
RL = '_-_’_'_"_1 L=nn

E, = THR:Nn* ’
2mLl*

= Enugles of ponhiles In a bor

o quankized.
Eigen funchms
Yule> = Asin 20X
Nev malizehion

L

2 AL =
Y 1,01 dx :A‘{ Sin" X dx = A =1
8 A-.:\]!E.



