Fundamental wave - Pacticle
(C\G."\O“,S OO ulaue\ehcjl—u

F(U{uwcji % = E—\, < s’gr\/zw
WokL nuwmboe:it = LT
A
anﬂular  w=ATw
Lrequemay ’ T
baB(og\;a
P
Pz& b2tk = RGO U FlbAdENTRL WAVE PRRACE
A RELATONS WS

E=)Ng— = hw



For cack wave, e s & Walt  gquahow og whick
.V m\%,\ & o <oluhoy

{JLK L\ad\p\m%m&c WL, %o\kom Raxw ol M\ualnoub}

V.E=0, WE= -9 . VB=0, Wh= g9t

— ) v

clagical wave & tuw s at
3t A

Mattec Waves @ouow e Sonoduger  Lquakiou:
We nsdel & J&«m pahicle (o axteenal, Kx)cou):
n

@ .
tq: _E a \‘e(’()t): A *)(‘()'U
2w x> Ple
Heawwg Born's Cafichical wkerpretatiow :
Yo dx : probab.of Judug a paficle betwenn % x+dx at

FREE PARRCLE :

we quess @ possible soluhon, : AVTENY)

K\t a SOQ,,)_
0 (K- Wit) T Lkx-wt)
s W Kl[,\m ]:Kusf\z
QRS
wave 4, g-. Xt Ut .
i L Tkix-Wpt)  thsisa ® e
> h¥-hw > Po€ {L .)NMW_):{E«
QAW IS kK Yowm

£ e telhimg ug that Jor o fe pachick
o e o e

¢ schr 291 relared to ¢ clascica)
k. ENERGY = ToTAL TNERGY &cmunhﬁg of TNTRGY

The cquale D(f* e wane éw\d'lon, absolute Value ges:
pwbab W /1 it of Lengtn] OF fudug tue PAKCe! | Pt)|>



SUMHRARY

ToEE PARTICLE  SCHRODINGER EQUATION :

_ _&\/’L ré'L .

AL €)=

b WL\)kx )= h %&‘W’”

(k=

N k) = A L

N plane  wale
)Y\’_\L = R

UL

s TUNDAHENTAL
A RIICLT- WIE
th\l'b ?: T_Y_ :‘V\:V:
A

RN
v K?X“Et) Es \’\,\) =)$\.U5

\Q(x,’c): A A



SV

PHUCICAL  CONDITONS @ WEW, BEHAVED WME FNCTIONS

The pubabity Og of,\udw\ﬂ a paclide letweew

*o— Atdx: Plydx s ¥t Yook) dx

PRoRARILITY DENSITY
Tue P'wloalolh\’j Og ObS?,FU\ua t betwew %y aud Xy 1<t

E :jxm_ \\)»m\) -dX

Tue parlicle must wast  Sowewhe(e > s condrhon

[: e atreare of m’ceqr.J
\$ \NW‘POSQA NoRMALTING e U\)-& A/ F00

oD

X
S \V [x,t) '\V(X)H =4 &ore?(escukapacﬁck
- ‘Q‘ﬂ‘
to be PMS\C&M acceptable " a W\ UE wust be morwalable
- L (Kx-WE) 1 kX=RWt)
P.W. g ax (AR L A = 00

-
% \N“‘Jo(\—aub Propuhé olf St 29, & that b breecveS e normalig,
ab al tiwes L Gafbith 29,42l aud Jollowwg ]

S owe  can undeShand it usng  Fle uncertalindy p(\uq)
le.  The publewn with Hos wave 1S Huab @annot (epresent
o palice  wwse Wi s nono m q Ao ted (egon
of spae . A Lealiled wod efunction of fs ype 1

called wl

A00THNESS ¢ W L. Sowoothy 4 dev samoothe , if ot

e, K€ uld e o0



What Gl &xpectahon Values:

For a patticle w a state, Ye pipeckatiow value of % 1s:

e &ém YY)

- wWhat does W wean ! W does hot wmeow tuat V4 You Measure the fmq\hou og .
pacticle ouel awd 0Uu Sxd»c\w\'L 8 the avefage of tue fesultS  tuat You obtam

OS> 1 We avelage of weasufemments pecformed 00 paclicles ALL w state
d(, Wheh  WeAWS: - ou plepare o whole  Ansammble of packcles
xoch W the same staje Y and measur the posihons of all of thew
XS s then e Ma(m% OJ. thete CeSults

The  Lypectahon value 15 Y anlecage 0f Cepeated mnedasucements on
an  xnsambl o denfically prepated  systems; NoT Hae
avefage og. cepmlred MeASUCE pehTS  Ow  the Same  SYStewn.

N
® we say the opefator X "(epresents” position ; to
caleulate s axpectation Valwg  we sandwich tie
apptoptiate opefator betweew W aud Y* g integrate

0 = &dx VoV
QPERMTOR: 13 am  wstcuchon  to do somerniwg ow the {Z\mcholk Hat

{_o\lom\S %t the postton opecator  Jells You to mubhply by ‘x!
the mow. opt. tells You to differentiate W Tespect 4o x|



W el bﬂgrm&é Dbsecvobles: Eigeoalues

%\\)m v Ope(ator é\\,kbw éumc’c\om &(x) s an
Lugeafuncnon o& W operakar, 1& and. oWy ¢ fue
opesator OLC,{-\\IL% oL tue /ﬁunc\-\ow \3\@\68 & onstaut

hawes e Same {}\mc)non:

@ f )

2\ j l“ “CJV\QW € genw al\ue

v qoneral, aw 0peatot Wil haye wulbpl Bgenvaloes

ELGENVALUES | EIGENVECTORS
% How doeg W& work Joc wnafces?
We <oy 7 g aw - aigendectol o£ "o H\J”:@U‘

18 A nuawoer,  RigenValng

Example iPoLL]

REARHIES

44,4 (K)
what ae the qen vawes:i g 00 (g)

a\)al)QZ (C‘)



Hewsenb eq U\Y\,CL(\VQ\\A‘\\"\‘) Relatow :

The wnele Tﬁ"‘d’ that o phemomenou Aas a wade

natu(e | wphes e (onk uncectaiuty n, 1Es pactice
pwpecties

What do we maean, bj i uncﬂ,r‘mr\’cj“ n an Qbsevable?
Thol W we weasute Many Hmws He  Sawe doS.)
the nuwber T Awd vahes a’b&hﬂc oé Jalues

(

UNCERTAINTY —— UETASURE How +Ar, DEVIATONS 4%
TR THE HTAN AVERRAGE VAWE

HTICENRERG UNCERTMNTY  PRINCIPLE:

Because of o, parficle wale' s Mature 115 Hheorelically
lmpossible  ty know previsely bot it Pos\’r\on/
ang an &S and  ALS @momnenkumy  (ommponent
ckkpnﬂ Hat axis

o Ax and M, cannot ke Zefo siwulkaneously

AP Ax 5 % ( fesenbug Nobel, pae 93L)
I,



Exauples Lo befrer  yndleccrand b mef,(‘rawj punaiples:

e ove ‘Jff \ng\wlre, ond regu\a(

W" well defined  wavdeugth, ),

1 > 9:&1; Aoy \dea OV 21
A

7

X

Ap, s 9 bbbt we don't Know amﬁhmﬂ about 1ES Pogthon,

M=
Wove \S m%u\ar el & Awnte requon.
Not wrjwmr&{l and p ot we\k}
— AN N\S— olefined
_ APJ‘-Q
Ax ¢ {r\n\’fﬂf
ke Kmown posthon.
e ﬁ“*w MQ\'(\C\'EA Y ngon - whete,
v/\r\\'f e Wanu \$ ((ﬂu\a( C(Y\(J We, Chwv

Ax ¢ swall, d-q_,&\“gl AP



HAMLTONVAN

In classical mmechames the total  Anecgy:
w + ‘Joﬂnhc& s called:  YNogmlbowan

Yomowman = Kwm. 0 + bot, an,

Wp = Py v
yA LY
Yo Hamtonan  optiakor obtaimed by e canomeal,  Subsht.

- -k 2 1$
P~ &

N
e dv&gi’_ VX t)

A we Ssaw the Scht. 49, Jor a feee parficle:

° ‘R"—";__’-L /\'Yb(;t) = Lt\?-- \\)LX)t)
W i

- doretal Oxp(essth i YY) = 'LR%t“})(x,t)

SR Yo A VW = 1R t) s s
<t }t\%{’ ; called TIHE

DEP, SCHRONNCER
EQ.



Class of Ploblems
5 STATIONARY STATES:

Ig the  pofential  does et dep. on t; dnew the SO 4
caw  be So\Wed by

sepatation of yanables { (@) tewporal

0 YLx,’(,]=\YbO-deLt) @spai\(lk

% Y00 2 b= - W16 Y e + Vo Peobit
* n
wWe cown W /q)b()‘blﬂ

A 2 ew=-hl Y gV
Jta) ah(b Y axl%q

roch of Hek terms weeds bo be = conShawt

% mdwahdwjr Lc\\mlr\ms: we Jonke 1t

ZARN" "

TEMPORAL PART: b 4 MJ(U:@
)

° g\rsjr ocoler Q8. ; <§m= %
Lquation



For the sp.pack we Sove: 1S Called e INDEP.  SCHROD, e

7
R Y r P = VR
L et

A

HYm=tYw > WL Wkt Ao
2genvalues oo

Jugmsmws
40( oul  Opelator:

[
) e wd depow bt
'-L_E;L'

Statwnacy  crake: Yt Yoo 2 B
Hhe oo densdy, whick s does hot dep.ow

Physical  poperty; N{Lx)t) \%: V¥u¥Pe) > ¢t
for  shahwnary  Shates |t wheceabouts o& the Particle
oo Mot chawge  With Hwe

_MM stahonary  Crates ate (ool

ClLassic aw  gleckron ( C‘r\af%&d pad’\d&) o(b\)r\v\g W an atoun

S\Nou\é oom‘mh‘r\ks Jofe  An. w the ‘Jba\m OOE .MM,
oudi dbon

v QM. the alechon i< a stahorary cloud. < brob. densiy s
s (nsk. S c‘naf%z denaty g = onst kg ANecqy 1§ a

well defned onst. QM. Lxplans  aton sty
, aceel. C\nq(%{ radiates an. larmmol J(orwvml@




