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€ rhe ﬁ'ml.' and most imporbant step towards success js fo believe
that we can succeed . *?

Q_L,L ardum  Chemis ?:rg,‘

% Finstein's equaﬁ.:m ¢ E=mc2

Planck's equation : E=hy
@E"b‘l’ﬂall'e EC,}lﬂ.Hm"l . ny = mc?
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> Wit th heQ_P gf K de-hsmgh'e shouud tat microscopic pc:mf‘fdeg
E s
shour wiowe matuse as wel as Pa_ml‘ldp_ notuse. .

- hen wlave makuse is shown by a pastice, then to descsibe it, we
have a wave equation known” as &hm‘ﬁdiﬂaer wave oquahon.

= The soluhon this wave equakbion is alsc Rnown as wave 'ftmd‘loﬂ
denoted h_nd the s(tjmbol Y.

- Fost ev obsesivable in classical mechanics , there is an operator
COTrespo "na o & n quonm mechm.-‘gs_

% Some upmajors msmespmdm fo e ﬂbse_gwab,' ' [
chemisl'ra. 3 % - qu
() Observable > Tbsition Opestator Funchiam

X, v, Z X (L; Z l"{u.ih'p%_
&, LP_-.: ex
Ay = xe*
Ay = %)
~> agen value

ﬁ’amernber} Opestatost s TnEﬂﬂiﬂaless wythout /gmahl:m.
opertator aluays  openates ” (born the Lt side.
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o

Ex: Gate; W= eihx and Px= %2

ox

We Rnow ‘rhai‘ AAL{J'—“ aq}l
ﬁILp - kB y

x Obseswable = Kinefic energy {Kx | Ky , K
- . i —%2 dl s ,F] 1 dfl - /P-.E d2
Opexadost= Kx= 2= = (Efn)é‘[,h 2 s
o pE g% PR R =RE gt
Ky = am dy* - (ﬂn} am dy*  gmm dxg‘:
s || g _(_h )1 L@ <R
Ke = am dz* Q) oM dz* anim dzx
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¥ Obsestivable 4 Potential {Vx’ ‘ﬂ'(nj . Vz}

A

Opotatost & \?1 .
Funchom H.u.lﬁpl.a .

» Total EHQIEH OP@tﬂ:ltJT Total enera& Gparajm is also known as Hamiltoman
Dpe.rcd'c&_

IS Siepaesenied ban H .

Ne know that,

A A A _:ﬁ_'-lal IS
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| e Momendtwn
= _ __j L= @‘ﬂau.lam
L= X P ¥C= fosiliam
o Momentum .
and we Rnow that, p= Lineax
R wb 354— 2k
?3 sz —+ P‘jj -+ PI?E
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¥ bt suppose uie have,

- 2 A e
opestator = A > Xﬂlw } HHLPJ
Funchan= V¥ |

GATE ¢

dx

A= [_x+ —d-] find A"

o0 e know that an ﬂpeﬂr:i}c:m s me_ﬂﬂma[em without a funchion.
Hence Jut us comsider a  funchion, Y.

A= (x+3)= x4+ 92 L 2xd —XX 2 T T

dx g dx 35 off o 5T .
Now, AN .
R"]Lu} - P\Hj«x} = H{Iﬂ“d—ﬂwﬂ
= A 11 p@) + ad- LPLIJ‘
= hﬂ%\ l\;r_Lpu.H ad;ww}
" d d I 1 dl
;! 3 ‘
= XY@+ X LYW + ZV0X + 2 Y.
= XY +xdypw+ Y+ 29 9w + _':j_.}:up{x)
dx dx dax*
= LY@+ x dyw + yw) + d* W)
dx dx?
X =4 2 -i —iz- }
AP ‘ + xdx+df+i P(x)
Cumpdmiha wudh
Py = Ay
s L. d . }
7 l.ﬂ = |+ 2+ ot

'?E(Pmpejd'ies oj 0 pesnators.

() Lineasily - Openators used i quankum chemistry axe Smmﬂ%f
Jimean. {-e. Hwtj can be applied to a wmpletr fun®
as well as ifa funcdhiomn is divided into twuo or more
pasts, ¥ the sesuld q:&n hd the operator in both the
cases s same then e operatosm is sdid }o be lineas.

EX - fmﬁmud:,aj—,‘m openator , flnl-egmaﬁm operatas .




=» @iﬁﬁ'ﬁenﬁ ahion ﬂpaﬂaim“ :

- P = By
and - d
dx
> AP = 452 _ |10x. 2 E}LV=£D:(.
ax

hat Y = Iz 4 22°

Ap= 322 4 d g7 3 6xrux  [A=10%]

Hence dilt operalor shows {imeast pﬂupmf'bt.

® CoMMUTATOR

ormmmulateor is a mathemakical OPP_P'IGJTW bfw
fwo operators.

Repstesentation = [ 4, g)
Operation = [RB-BR)=®
% AB-BA=0 = %iven two  operalion wwmmutes with cach other .
AB—-BA +0 = %iuen huo npera]'ors do mot cormmute wuith each other,

—}(P.smpemﬁes of (lommutator ..

| , Wiz) = 2™
t) ﬂnhsgmmﬁlﬂt:: Wia)e T 2 | P = Yl
and if ; Guven 'func@' IS sdmmeh-,'c_,
Wix) = ‘=
Yex) = ~%

3 [pe = v

.%iuan ﬂﬁ_mc@ is a;d‘fsammehfa

Hence,

\—_r;, g) = = iﬁﬂ] 8F position of operatoys nside 44
Cemmutator  bstackels gy ek :-d
Yhen the coommutator shows A gt

r:lnh‘sa mm el c pmpm% i




i Lineaﬂi_lbt g [El, é-l—E] = [El:éa]ﬂ-[ﬂd
[ﬁ+ﬁ , E«l—f}]: [A,¢]+[A,D) +[8,¢) + (%)

Example -

(24P, P) = 1% Px) + [ Px,Pd]

(1) (c})is’rsdhm‘wita .
[A,BC) = [ a,8)¢ + 8lac]

Example,

‘_'xﬁP-x_ ,;{'J = [:;:, ';"f] Pz_ i ;{_[51*1]
(iv) Constand Qua.nﬁ% comes out of commutator bracket .
(af,8) = alA,8]

[&E}, bB| = abiﬁﬁ]

o L. i 1e K
ExamFlE:- ﬂ_‘i’x(ﬂ 2 \‘*%';;’I_} - {’—%iax J
(v) qu{ commudation is 2&0.
[A,A)=0 oand 1A AM]=0
32 ﬂnc\j ﬂpyafﬂ"r ﬂfu.taas comnutes  widh 3}:99‘[4

&:- GATE : Find Value of {_f-i. ,_d_’]
| - dx ~ dx’
e hﬂﬂlﬂ ZP”GJ-: d
dx and [EI,E];J=U

2 _d‘?-
= ae
d di‘]__
[cﬁ’dx-" =L
EV-]- [KijI.]
ol 42 42 d
W G “ﬁ[d,i‘) d [,H,__
E%Fnad{*’ H] ? o Az dx o Ax* dx



Y - Two opestafors  wih mulkiplication  opesafion commutes uuth
each- othes.
tg.  Position — Mudtiplicahio?
PE — &Ldiiphfﬂhm-

= )iﬂ:;‘f‘ [z, Vx =0

b S naigication.

Posihom
I 3 d R=% .
Ex:- Whether A,8 Commules oOF not when, HFBE
First, Lot us comsider a ﬁkmf.@ Yo .
d dy_xd
doxjws | dx* de}”)
|‘| A A d L _ﬂ_
{“1;5 2F %3 Idxﬂ
(ag-8R)  _ 4 dx - 24
= XEY 4+ dei deP
= |
[ad_,:i.]q}: I @
d d Feommubr widh
314 «lad Hence | &,z | domo
de 7{] [di ] each other.
Sim’n'lﬂml‘a,

(ad_ ,:::T']: ukd Results asie similasc 4o that of dLH© but

2 4 Hhisis mot the d.i_H@). This is wommulah ve
operahon.

S First derivative eperador commultes with posiion eperalor shows
similast Hesults Jo dﬂ&‘nenhahaﬂ

s Gynmutatost shows ﬂnﬁsarﬂrﬂe!ﬂ'c pmper‘raj

> [nf]e

Sfmilﬂﬂjlﬁ; \-‘Iﬂ, i.]: -ﬂ;d”" .

pample: [ x] = [k 2.2
. g

= 1% n!



0 {-e- Elna DPEFCd'DT mmde—Cd_es. with constard q [3

w o
[A,4h] =0.

;S_E_a__.rngl_ﬂ »  Solve [:r_, P;]
- [1; PLP}L] = [1-rp'1]pﬂ_ + PJL['I‘ P’-’J

= it + Al
= Qik P
[x, Pxl= {hnh

s [x PX) =2tk (e x)= - QU Px

[1: P:;:?:_] - 31% P: [P;, I_] = —-31‘%‘ Pxﬂ

[z, 7] = 4ik fx (o, x)= Uik Pe

+ (Revision o} Some formulaes

. d Iﬂj] = x’ﬂ"l > % ]- ) i
: ]_Eﬁ." i I'adi = =AY

[:L“. F::'.J - Am™Y

B [P, 2] = A0y
o (mrr] - kR g [0 iR

« Commutador of lmean Momentum :-
)

[P-;, Px] =0 [_Fx, f’,]-*-[} ny
LPy. P*f]=0 [_P?,P:-_]:O $ [P' P]=0
[Plrp'l'-]:o i Px]=0

< % Limean Momentum and Position Operator.
[E’; facition | =p i ii:ﬂ: Ex: {Fx2)° -if.
\{ e mmiijwa i [P ,¥1=0 }’Diﬁcrerd“dire.:ﬁm
B Semeoies [Py, 2}=0 will give 0.
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® Commutodor of _@Q—na wlann Homentum - Q
J
2

@ [H‘ﬂtahdﬁ.‘ﬂ Hoynentum Pms.'ditm]

-x._p(uj—a-z_ {Urzcﬁ.i,u.ise}
(JJDSIH*#E Jal.n_u)

same deECHm -}@'Mﬂtls CDmde? z_-_..a-—av x ‘gﬂﬂhr:LDL,hLﬂJuu
it {ﬂeacd‘we valus)
Vroof -
% \Lx, x]) = [HP?-_ I‘f?_‘j E I—J
= [SPI-.I ;{_HIF?} 'x:,
oA 1l = st pege
= 5(0)-1101
=0
® [ﬁnﬂul@mun} jnsih‘uﬂ]
. : utes , al ¢ qive Some value.
Dilfererd disceclion , never comm , always g
_E_’f:' [L'x 3] '}Ukz_ [Lﬂrl]ﬁ l:%‘l [LT-'IJ: ‘Lﬂ'ﬁ_
(x—y—2) ly=>2z=22) (22 z—y)

©) [ﬁngultm Momentum, Lmean HnmUIhMJ

(x, <) =0 [Le, y] = H B,
[y Py =0 [y 0] = kP
[y, P2]=0 [ f] = Ry,
[0, )= - P
@ {ﬂngulmt Hﬂmﬂﬂium,@inam Ha‘mentum]
'l.x Lx]""o [L:r.rf-‘j]: Ly
Ly, LyJ=0 [y, L]= il
(14, L2])=0 [ 1y, La] = %Lﬁ

i e 2 uq'L



¥ 4 two opoiatost ommutes (. [A.8)=0 then obsestvable corres ﬂd]ﬂ?
jo rhese UPEMG_{'DM can wmx be measusxed Sirnuliune&us% anfofrhe_ﬂ |
wld violaty Haisenbera's unc&r&'m}dha Rule u

B [kE, pE)=D

Hence  KiE- and PE. can be calculotid Simuﬁune_ous%

% Ladder Operatosd -

Spin Etﬂis'ma Sy= Sx+.£s(7
Spin ’muuen'ﬂﬁ S. = Sx-~ 155.
Example :- (e, L] = | Letily 2]
- [_LI,LI]+{[L,,,LJ
= *{Hl_(;j + {7hlx
[Ly, 1) = <ALy + ]

[L]-,L'l] - #% L:_’]
% Note |-

e [F}.B]’:O Le. PAB-BA=D = IﬂBL'Bﬂ—l

[A,8]#0 Nom-commMUTAIOT

and if ppiga=b Anti comm ufatosc.



* Hearmitan OPEEPLO:{DE% -
% Condibion ﬂj Hestrmudlan -

Lp* = (_Dmplﬁi EDi}JLLSG-tL

' Its vesy complex #o evaluatr above J}Lkeamal Aﬁer_iu; we use !ﬂl—hesu
conditions Fo check uthether an operafost IS hesymiktian X not.

{e-

¥ Hescrrukian addﬁ'mt qf operator A= Operatos A
()= A
hese,

(,E])T: Hexmitian adjoint.
+ Ldmﬂﬁe'r) — transpose + mmpl&*xcmguaail - Hermibian ad\'.,cwint.

* ’Psmpwes o} Hestrulan @ﬁdm -2

W (pg)¥ = BtA’
i) (a+B) = AT+8

Gy (a-g = W-B
o (AYT =(AY)°
w (am)T = ax(A)
\S complex c.myuaat oj— wnstant

W (At) = A
(vii) (g..)*__, |
che dz
(vtit) (PQS]HW)T: Focition
BT = %
@ -

Pl = f



eNote ¥ ¥ (A=A Heomitian

(ﬁ)‘rz - A aNon-Hesirudian
(ayf= 8 Nti Hermitian

¥ Ahe sum Gj huo  Hesurubian DpEHafOT and dLH&:HemE Gf}um
Hexmitlan opesatos is  also  Heamitian,

ﬁE%}Ei‘ let A and B be two heunitian opestator such that;
(@'=p and (B)-B

= A*g > (A*8)

3 | (Ax8) = LH:“-B)_!

% fhe P&ndud* of fww hermitian opexatos is mot hescidian .
4 will be hestmdian Gn'ﬂ uthen both the operatoy commule .

r, A and B be two Hesxmitian openaton,
(at)=A and (BY)=B

No W,

(pg)"= 8" AT
= ga  {hence produdof two hestmidian
ngraJ-Dm IS ot he_mnﬂﬁan}

4 will be hexmidian
4> p-g@ &  AB-8A=D
[4,8)=0

Hence i} Jwo hessidian opestatasts  commube with each other
then e produck s dlso  hesmitian atherwise it won't be

hestidi an.



() Piove that P is a Hermitian GP@_Q{CIj'DQ'L
; ik d T . ¥ 4 +
(Px) ( i d'l) = (-{h) 5;)

- iy

= =i =k
dx
i.' (Px )T: P:L

Hence Px is a Mesmiian opestatos .

ud Briove that K, is a Henmitian opestaton
&= (E L) - (&) (2)
geil
()
dm/ | dx

_ Rt

am dx?
Kx .

]

v (Kx)T‘—' Kx
S K is a hhexrilian opestatosc

i) The commudator of two henmidian operafor |s anbi-hesymitian
%lm; (H)T: A and (B)T:B

(a.8)="
But, T °
[ﬁ,é]T: LQB“BH] . [ﬁ‘,é] = = [ﬁj
o T—- T
= (AB)'— (BA) Hence mmmuﬁ:cil}or of two Hemikan
" BT_HT.-—- H'I"B']' GPEFCU'U}’ IS (Iﬂhh@.%nuilaﬁ
- _{qate—p'a’]
- _{ ag-8n}



% 4 U is attached fo a Hesomiki ——
anti hestmidian . an opesaton , then it becomes

% 4] ¢y 15 adtached o a andifesmitia
hesnmutian . - N operaton, then & Becomes

% dhe pstoduct of opesatos A ‘L e
Hesmmudian . J o N Rt B iR adjoinkt (s ahmt(s

o ;) +
‘e (npt) = (") ()"
= AAT
* We know thab, 4f (g)Topg and (B)'-B

[ﬂ,BJT= AnH Hermitian

* %iuqn operadors fiand A

fimd (AAt)T
(ARt = (AD)AT
= ART
find [HHT+H+9-]T \ Both ane Hestmiban,
(At + ATA]= (Ad) + (atA)'
- @A+ (o(an”

= pAt + A'A



£ Eia&n Value Eq’uoj'ign .

‘,...f— > E+’8&n Funchaon
Ay = qy
El'aen Opemjur Elﬁ'&ﬂ Value . e ﬂ]r- obsesivable .
2 d ax
A= = and Y= ¢€
dx
Ao O 0%
AY = {_ﬁ-e
ﬁw: ﬂQﬂx
Au=ay |
k—>EE81:_=_1"‘| wvalue..
Qate

| Pw= Fr| hence o= ik | dor weeikx:

Note :-
4 we odtach a constant wibh a s |
\J"Gj.u-ﬂ @hﬂﬁﬁ'&?, do mobt ChflﬂSES. nﬁ Abll _'H'-'E*_n }-hE 'E'JSEH
Ruk J we adach wnstant wdh  the © crador Hh o
do i changes P il egen value
ax j= d W= 9% A= 100 4
=g =g i dx d=x
d a=x O_ci = 0 i a
E.iaen valbue = r:L:I & 100{1&‘37-
s YEiSEH Value = lDD;;}J
W=100¢€ A= dx
d Y = mo.::te“"
dx
_ a.looed%

= : E_E}E_ﬂ Vﬂh_[p__—:ﬂJ




¥ Eigen value Cﬂ&MESPGT'-!CUﬂa o Hestmibian Operatos s ﬂ(maﬂs saall.
x The sum of any Fuuo dgﬂxfm@rafe EJSE‘H lunchion is alse a ejaen

Funchien. ”
uwr Wm and U, be twwo Eiaen funch'a-ns such J‘hai}

A
f“—ljmz Ell‘Pm Hence me L‘Iﬂd [{J.,-, axe dQ@Eﬂﬁfﬂh &amjund'lm
A L})ﬂ = aYn

we openiate the same opestator over twp diﬁe;—terd‘ @nr_Hc:m and
siaen volue then the fundioms osie Rnown

they give the same
Gﬁ 8 ancHions -

as deam@rcﬂ‘e qja'?ﬁ

E)‘-ﬂl'ﬂPE_- - - -H@

L o v 4
P PU P;

Om ﬂpplﬁf‘ﬂg Hamilomian operaton

T
-3 = i = lﬂﬂd HP.I.: E|P1
iy = &%
Now A A A
: F]( mT Yn) = A¥Ym + AYn
= aPm+ a¥n
= {]Lkpm-k\{ln)

> | A(Wm+n) = a(Wm+ Wn)

e,’fihe.sum and diﬁ@—tence OJL any two d{ﬂ_a‘aﬂﬂra}‘e Gﬂéﬂ
%um_h@fﬂ js also a efgen %mcém coome spemndin o e
Same openaton . (C]L

3 Yhe sum and d%&mnc.e c:sj— c:mg. o d%me ﬁe’ﬂ*degmerah;
El‘ﬂﬁﬂ .banCh.m'l is mot a Ejam {junchﬂﬂ CMESPﬂﬂdfﬂg 0 khe
same operato .

% Nom ~degenerake cigen bunchon m&mesmndiﬂa o Hesimudian
opesafon - asne o&dhoamnaﬂ-
v L blw $mand Yy =qp°
" and wave funce (Y) behaves as vecor.
AYn =D - i
L LPTI . = Wm:@j= Ime”L-]JﬂICDEE"

then JWm-lllnd‘@';Oj CP:nTJIh :DJ

ﬁll’m = aWPm




! ¥ @“S[Q bju Fuuw uiﬂuef‘{_mchﬂﬂs (S Hweﬂ bg

CDSE} . ["pTTI Lﬂ'ﬂ
|| [P0l

j"p"rﬂ'qln de =0 |[— Gonddion of ﬂ.ﬂd’hDBDﬂalJ_g _

and

\_E,_XEEF\E Caladale Kinehc Eneﬂaﬁ fnst Pcwﬂhde in 1-D Box [0-]]

i Wi FSE'n NMX

* We Rnow Hhat,

Kz Wx K

1)
|
2
317
s '
RIS
o]
wn
s
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|
ES
o
—
o
)
o
S
l::i
3

am..l ﬁ_l T
= —Emlﬁ& {ism nimx
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5 Sime Wave

1.
Sim nmr=0 [-n=n,1,9,3,u,-..]
0
Siﬂ{&;-ki)ﬁ -

1 when M=geven [G,;}H‘E..J -1
Ex ol :
S P A

. S 31T N 7 :
-1 Wwhen m=0dd [112.3,5,..-] Ex:- Sm20 = Sinid = Sinllh

&) Cosime Llawe :-

+]

Coatﬁgl)ﬁ =0 {N=0,,2,3- |

bsnTT=%1 {n=01,23,--]

=4
+1 when mn=even
-1 when mn=o0dd.

@ Come ﬂ'rnpas‘\faﬂi' 5""1'68-‘?'10:?1*0‘?15 £

n2 = o L. B .
) jSm bx dx o = Gin2dx
® jfns”bx dx

® Ton nbahj.lgzj_@ﬂd Nostrnali s abien -

@r_cu&l.d_ina o Eingein ﬂﬂJ'EHSUH IS d.l'&(E’_EHfj Pmposrdfcﬂa.f
to squase of amplitude. (g, '

T (A

- Similmdlﬂ, Fobable dEnsﬂy o W-"irl ' Y= wauve f-._m:.@

b
Pl =t

5 Voluwrme

Element .

—-—

Fro bg_bj,h:% - @?nb&ble densil—(lj ac}."ulume Elmml—:

p= yidek




Fost
Fos

Fosn
Fom

Fost

i-D_ Bon

H-alorm

B e idw Hwmik [5-1] ,

1 b

szLP

0

fyde

i

- dc=4dx
2D Box. - deo = dxdg
2-D Box. & AT = d:r_d.jdz

de = 311d.9(5m8d9d$ :

W= B

Sinmnx

P 4

_—

i W= A+ 18
WY¥= A- 1B
= TIFR

n= Tsranslabomal Quartum Nwmnbes .

— 1?;{-,—,_____“3(. =
ki’l-]_—-\]--—]: [ n=1
L|J — g. Sin __JHI._ n=2
1 L 1
L}J _ —i-‘ Sin Anx n=23
Er-‘-.l]_ 3_

LLAV fu_ﬂcﬁﬂr* 15 8iuﬁn b{j’

n=\ .
P .3 . T excited state
;s E"Lﬂ'ﬁi Eh;d‘ﬂ
=4 "l
N=] — . Ground siote

% Distodbudion o} {-D Box mto Yasious Limits:- {0, L][

mm

| Riah-h LEj'\Z E R
il Thied [ TEIZ
= - ===
L T.L’:’L] [G* 3 S
0 L 2
Middle Hal - 3 2
\ f [ L3 3
PR
- __. s A4 Right Qum-l}er]
IS b s
Sms pmnd 4
e e
O L a. 3L .,
o Y

aL

.'3 3
Right

> ‘8 r‘d]

HLBIJ




® Caledakion of ﬁ?mbahwa lon 1D Box J%mg Gomit [o0,1]
Ne know $hat -or 3D 8ox [0,1])

= b b
W= ESH"I HEI P: j U,)*LP dt = ‘g Fg;ﬂ T}'_E . ES[I“I X dx
o i - X w‘i {
n= 18,5 ..---. ]
". n? = 1 - i-ﬁl 'lb
W* - gSiﬂﬂF Y JSm brdx= 2 oo in2bx
b d
iD-box ¢ dT=dx P- E_J SIN“NITX dx
» Fﬂ_ " ;'

b
pe 2[2_ L o 207z | | ) Genernl expression bo
L2 unm L 24 lcoleulati probabilly

fost 1-D box with
ik [0, 1) .




® Nosimalisation -
Condition of Noscmalisation,

J— L

Jw*w5t=i
fDiHEHGHLE b/uu pmbab;d% and Normoalisation.

b |
P= (WY do
a I

. - abili
and ij Y is a mostmalised wave }gL'-“Choﬂ:*hﬁn ;:m:::b ‘“Ei Ui
.biﬂdiﬂa the pasthide is {007 e L

oy =1

EnHte:Pucn} enhrre Qi rrut.

X How 1o mMmogmimalise a 8iven {)unc@(l.P) d,

fp*y+1 and  JY*Y=N.
3 on “F’Puﬁmﬂ comdidion oi Nostmalisahion we 89} a value
say ‘N’ othen Yhan ‘4" then the %iven ]Eunr_@ ‘W’ is mot
']']{JH]maugg_d_ 9n such cases:

1) Fnd the MedprﬂCﬂJ of ‘l‘;iﬁ TJ—_:::. (Rnown as Normalisabtion Constard) Ne
iks roo i

2 Atach this N« fo the 8iuan funcion .

3) Oun mao wave *Furu:@ is Nosmalised.

Ex: Jkp*tp dz=N.

=3 NL-= ‘]1-_
N

Newr wiOne {uﬂc@= F\P
N

| [ isoux Mmew .



rx - Check whethest W(z) =% 1S nonnmalised on mnot.
Y= in [DJ]:I

 Fost a wave funchon Jo be mosimalised we have,

Jty de~
1 | 391
. |z dx e = [ = L.
J J 3] -3
s+ Given wave Jﬁund-[crﬂ s not mostimalised .

J, -

Gliove e funchen is o mormalined e i

1

Ex: Check  whethest W= 9'-”7;-71 m [0,9] is nosimalised o nok |

[*y - ['sinmx sinmx
= m_ﬁ_,.-_ mT dx
0

!

Jﬂ 52X dx
0

- ~ |2 §inTX| is oust mostmalised wia cHon
‘LP \7_ i 1 we g.u.n




X @vm&ﬂﬁ VﬂlUE Hﬁd’hﬂd / E‘J{.P'Ed’ﬁ.hﬂﬂ VCLJJJE_:-

Tn Guardum mechanics these ase Fuuo maﬁs to ca]w.lah bhe valua
:;3( obseswvable -

() Ev,aqn Value Equahan: 3f the opestator and the {yund’lﬂ'ﬂ follous
eigen value eq® then we can EﬂEi%’ find
the value of obsestvable . {@

=
AY= ay|
— S le .
Exs @~ (2 simnmx value D‘f observab
4 2
ﬁ: KE-
KE Y = = & 2 gin X
am dx* X [
= Tlloﬁln'_ ra Simnnx
am it J ) 4
R % o)
i ami*

Bur 1IF is mo¥ mecess

that E""" operatne  in .
-h-ounui Eiac-_n oaliih. SR m;a e = awen WQ@ M quandum mechanics

Ei.t_l" L\ln: ESET} ____TIEI ;fi-..- P

P-x_Lp = "t'-%_d_ ESH"IE_K_

dx 14 |
= Vi3 2 n1r nmx
()3 2n) e nmx
Hence momerdwm operalost does nof ~
with the Juu® @ pulley =30 value equation

—35 Hence -JLOB{ such cases we use expectali pn o
Methed




Note & Jhe wvalue of obsesvable Cdudafedqfé the eigen value maethod
and expectakion value method axe 2ame .,

rooA
Ex; Caleuwlaly uuwﬂae value —for fhe fundiom WY=(x) and A= %X in 0,1)

e know that (2 is a position operalor .

jwrxy de
XS = o =
e Jy*ryde
J:’fo_-mdx
’ j‘x-x dx
0
| \ :
D= anadx p— {%‘}]“ = -TL_D]
feb T Y
-2
<D .

® Schmodmae% Wave Equakion -
Schmﬂdinae.% wlave e::[u.aﬁen 1 the E'Sen value @_quai'iW ci

Enqatatd- |
e RNO U that Fﬂ Eﬂmaa bﬂma UbSE&fUﬁH& we use
HamiJdomian OPP_?ICL}GST n q’ua.r'd'wﬂ mecharucs.

—
Hamitemian ~ ENeTgY -

Whese




Am
—,_}1? QQLP' . V'LP - ELP ‘UJ
SAm
8. -
HuthJU eq--1 mb }%‘
2y — AM VY =3
N rt Y %rgw

VY + 4m(E-y)y=0|—ud

Fquation -ub s the sequined Schstodimgest Wave equakion.

_ g ’ 4
N+ IPM(EV)Y=0 modified form .{;%=E_?hﬁ]

]

Hence Schswodinger Ulave equd® is an e
en valu :
i< hamillomian  and Eigm value (s Enﬁﬂaﬂ-g.v e equablion wtheste openalomn

@@PFQLC@W Of SChQ{Udiﬂﬂﬂ.E’i Wave Equah'er .

1) Toranslational Mofien = PIB Model

2) Eleckstonic Mohon > Hdcl.mggn cHom.
3) \libstakional Motion = SHO
) Rofanional Mahen = Rl'afd Rotoo.

(T) PIB Model + i is atudied undis translational Motion.
Yhsee pasus axe studied in ik,




{U:-’:ﬁc} I_V:OQJ |
Microscopic pasticle shows
V=0 ~ |
}unneﬂmﬁ ‘ebLec_t‘, SI;QH by,
Microscopic _~98L | =
P;ﬁgjﬁ T= € ﬂj where @:JQHW S
_ i %
! __Q jiH“’EJ *L
! T=e
Tostidle is movin S
\‘&”Eﬂﬁ" \= 20
. ~00
[‘u'z (ﬂnsh:i.nirqf e =0

Hence af HLBA?LUI pcafer\.l—ia.n
Microscopic posicle can -not—shouwo
}unneliﬂg a&ed:

@PDJ-('jlja SChBtodjngeﬁ Wave Equah'gn 10 ﬁﬂd wave funch’cm *fnm He
panhde im 1-D Box. [0.L=_-] . |

' 2 _ d?
-fos:ﬂ iD box; < oF =%

F}pphd i'ng Schmndmgeﬂ Wave Equation,

vy + 20 (g-v)y =0

'ﬁi
Foon 1-D Box
d*Y . AmE e n| W =  Vinsid:=0
dz: | H? [E D]LP.FO o
Lﬂ'j" EQmE._‘ Rﬂ
H*
.
_%1_2%_‘_ K_lll.P =D"—"'d)
9 8

on solving (0 W qd, _
\Lp: ﬁsmhx + BCOth_\ﬂusma this wave rﬁmc@und ﬂeﬂlech'ng

.LP: Hglhx+3@_£h1 other “wue have,




Y= ASIinKx + g (ockx. —— K

@Pp‘gama Bo Uﬂdosﬁ_ Comdifems +-

W x=0 W=0

0= ASIMO + BOSO
0= BlosD’ [ Cos0=1]

W= ASIM Kt |[— aﬂ

Simkl= Sin N

k= NI

Q
Honce Ous wauve #mm'm comes oub as,

Y=ASm I 2]

Trﬂns‘lﬂ.\'iﬁﬂa.ﬂ Auarndwn Numbes .

Value of N can neuer be Zest0 ofhenuuse ﬁiﬂc@wﬂ_ﬂ BT

o Qun waave {me@’ P = HE'T‘“WI‘ 15 not noevmalised. Jhestefore
using comndution ﬂf ﬂﬂmmﬂj’lgahﬂn we  wll noovmalise th .
e

8iuen WA e Jﬁ:.mchrm

= gin ML
W= AS '3

Yjw#qjdfﬂ=1}—)fuﬂdihﬂﬁ of Nestmalisadion

= fﬂ%inmj}.ﬂsm ﬂgg dx=1
O

ﬂiJLgiﬂ"Tj_E_% dz =
0

)

I

| R
ﬂl{l _ A _sin Qﬁnx] -



Lol we have,

L

H:[_Al_ - A gin wﬂ]—- a*[0) -1

0n CLPFL(ljiﬂa
& Y
2.8 =4
i 3
—— __:'I
A= |2
j 4

Hence oust nostmalised wave {runchm s,

o

_ [2 sin nmx
¥ L 2

Now, Wwe have assuwmed ,

dhis is the expression for total c’_ner&lj sl

the stesult s same as Hat-
over the same fLan@

fanticle in 1-D Box

¥ |Kinehic Energy °f _ Topal tnergy of the pasticle

Now j E _ ﬂeﬁﬁii_.
X aAmil*

En

o ¥ _ m*h*
8mi*

U% Kz- ﬂpen:ﬂgr



" 8ml? Hence (n 1-D Box, Fne energy
?:,&1 SPﬂdﬂg Tses as the value
° q h:i ﬂj’ Eﬂﬂﬁlﬂhlﬂﬂﬁ.o Q-LLGJ'L}'LUT)
=9 T Ez,: TR 4 Numbesn incsteases.
b h*
8ml*
=2 E & Mhi
3h:|. ~ ﬂm.ﬁ
] Q md™ :
N=1 Ei‘ h . \
8md
Q
* Plot oj Y and Q7=
Fog amgmd state, m=1 Foon maximumn value,
_ |2 sinTiX J Si”ﬂzil
Sl ] I 0

pnssib'le ﬂmla when,

X _ 1T
p 2 P

x= ﬂ.}i} , Hence we u_uﬂ have maxuma at 1:3'

ohen,

nx _ 57

9 T &

Tx: 954] This is not possible at value of X’ exceeds

- bnundaxﬁ conddion.
NerweBoui

Hence theste will e Dﬂ% one Mmaxima. alr 8swouncﬁ dtatz .

mxX_3m o o
PDSEib]E GT% uJ-hEﬂ; T"‘ ) y > a 2

z 3T Et: 1.5QJ 9 also exceeds bound cond®  hence,
Q & mnima ot possible . m 8roLmd stakz



w:' Value ost points en the aph wthene wave &Lmt.h'r:n vanishes

except boun dai}%j. poirds.

(e .
Slﬂﬂ:(}"
=0 i
possible c:nﬂEJL when 7NX_ o, 7T Qm, 3mum, . ___ ..
i
er_..:g IE{.: R

£
—— . o |
R‘/_JI'

Both aste boundo_mg conditiomn.

ohen,

Hence mo mode s psiesent 4N 891c:-und atats
% Graph -J:o‘r round Siake -

Y, Node =!

/—[\ Node =0
/;\3‘/4 34/,

0y l 9

Touick 1o Remembex

sider of %mph—Pc:-lah"tm_; Maxi ma —» Node — Minima — Node —+Ha:cima—;vNc§i]

Minim
Value of maxima and ﬂmdgs_ = 5‘3%1'
Ex Jor W, , n=2
Maximna = &  Node = %_+%: dl Minima= 2§ % Node= 30, 4_(1)

Lt bﬂundala .

X ’fﬂf%; N=3

' 34 = M} Maxima = E{ Boundar sl .
Masu ma = %- Node = %y- Minima= —6' Node 3 R < ’3

Node= 2




Nodes = 3

LP3 N=3 \_/\Nndﬁ 2
Lpl "y W\ /dees i

A mj/ i \Nﬂdﬁsﬂ

and SdmetB{.ltC ‘[ L?! Luj ’ LPS" ’ L]];,_}
anﬁs(tjmme}'n'c (4,9, LPG]W

L]

¥ Calawdation UE Qmafh e£ the box .

Ne Rnow that,

= 7;2}; — (KE) ()
d
= Hp_:é_:n and F’:%
KE=§%1 — i)
Equﬂﬁna (i) and ) |
N .. R - 111




Hence \Eﬂ th O;L the box s hal{ E’rL the maudenalh OH 1rdr-eﬁfﬁ_u§f ol fiple

f ol o e umsrg

x Vasuation in  Qimds 6f 1-D Box :.

D
[-2 +o )
0 & .
W,s = ESinL -4 L
n- ol P 31—
"n:.'hl Hence t[’.’u.l,lﬂ b& S‘IQPlﬂLQd
En= gmi® b@ ’
ﬂ=€”§£’ Lgluiﬁ'iﬂ“") L})ﬂ JQ S]ﬂ'f;z:)(
kP'n W Fﬁmﬂﬂx
'n=ﬂddﬁ‘. 35+ )
L\Jn J—JCD.S L
_ L osMnX
Pn=| 9 24
n*h? e
E = = ke 2
"gmbgt | 8w
MN=even 6l 2 ginMNTX
| 1 * n< |— - —
\—-i to k - £
2 2 k'P'n'-"‘

- \ N _ 12 ¢ps T
_ﬁ—"f_"ﬂ -_’:Q{ N=0dd g LP“H\E. S ’
_ m*h*

En = g mL? |

Nole - Funclions axe multiplcative in ' | =
- P natuste aqnd Eﬂenéud is add/tive



@ 2-D Box ‘- Shene con be fwb Jﬁpes of D Box.

[1) Rectangulan Box. 2) Squase Box |
Dt 20 D&x<La 00 1=
and A{\fmuahm alon ‘ “ a ]
“ Funchions ase multiplicahve in nature and energy is adddive m malure.
L{Jﬂx_ﬂa = Ll)'ﬂILPTlEj. kllﬂxﬂ?’ - LPT\*I
2_5in ﬂlm 5in ﬂ‘rwz Wy = 25 ﬂxm J:S‘
LPﬂxnj J; J[: J” Ja
Eﬂxﬂj = Eﬂl - ETI.H Eﬂ'x_-'ﬂg o Eﬂ’l’. - E'ﬂ‘f
z 12 | e
lEm_n = ﬂ_x_ﬂz L 'Ih_h_:i e _ _E—_hf) _{_M
= d fma me ﬂlﬂd 81’1‘&0.1 B'ﬂ'ﬂﬂl

@ 1, and M, ase huwo quantum numbens.
@ Concept of clegenermﬁ wild be involved in 2-D squasie box.

'EDEaenem%j_: @vmh J:»S’IQSQHCG mone than ene stale ab
Y lE_u

ene en IS kno as deg&n&racﬂ,

Buantum Numbers - t@hen mesi-gdch'mng asie imposed 6N a mumbest
cl_wuﬂg the soludon of SChErthjﬂSQ_gL{ urave eguakions
the muwmbers ase Rnouln ds quantum mMumbers .

4m Guantum, Velue of quantum numbest can mot be zeso.

* ’Degene_m%} im 2D Box :{squase]

= ,P'lg L 2 i']. =
Ercny = gmgs L7+ T ai; L
I0h*
1,3) B Yz and G 5 EEame f 877
8 h* o B
_(EIE?_ L\'Jrll ’ ol T il 8-1

he My 5hl

Q (2,1) d ¥ .[uiawfunc@_gk ' E= % Qstates at same
}%’2 ’ﬁ:_ﬁ; Ll)l an 2\ ) 8ma EﬂEIaid [Eud=d%mm%,

d E ﬂi i Hence
== Wy ond et gmar s ¥ 1 9=2]

LI T"‘l"



x Totick 30 solve de@gnp_;quL .

. 10 B2
Mﬁ. Fap = 8 ma®
|0 h?
* We know hal, = 1 [ﬂi‘i—ﬂf;]: .
8 ma? a
h* 2 2
E = (% +1§)
gma?

%\ﬂi+n;=m

Uﬂld two combmahons N, and N, ase Pc}ssibi& for above equaham.
M=l Ty=3  and  My=3 T=

te- (1,3 and (B)  , Hence degeneraqy <[ g=3]

L QE‘hl ; " "
E}fﬂm}:‘ - ] = . awn o
wnanrna | s 20 =  gmat @'8 n mmeﬂﬂg we have,

| MEA+7y = 25

Possible Cnmbrno.hm . (L[,S) and [3.‘4) Hence dﬂagnmﬂg": 8:'?

Bomplr o 504 7>
2D Emﬂ"‘-

. , ;il.lﬂl 2 2

on CﬂmPMﬂB with , E= Qmﬂ;iﬂ’f*ﬂﬂ

2 N +y= SOJ

Possible Combinahons +- (%,1) and (1,7) and 5-5) Hence deﬂgﬂm%,823

Ivutuq of quantum wmbers
aste QRHE{E{%’ d.tﬂ%werd' Aence called

ﬂ{'ﬂ.dedIL' d@ﬂgnﬁrﬂgl” ‘




:

P o< X<
e wull comsidest  cubic box CJT'ILH, pcz<a

Wave fuﬂthfm - t[)(_ﬂx-: ny, nz) = kp*nx_' LPT!J' qj"ﬂl

I-_-‘ L1 » ﬂ;m
= rg in NOX 2 G6in "yNY |2 Sin
qjﬂx)ﬂjrﬂlh GSIH L a L s a

~

wﬁ’ | E= En1+ E‘n\,f +Enz;,

: 2 2 h:.
_ "ﬂ,hl ﬂl‘l’h + ﬂ1 -
E= Sma? T Tma’ 8ma*
T n
Eap = ﬂrna (ﬂx-k st )
| :?j‘-n'
hl ﬂl—l—ﬂy‘fﬂl)
Esp = T (nx+ﬂf+ﬂ*) Bma® \
enera >
5 (omncept gt EDeg "—5—
7 s
LQ—IQIQ-) %2'1 ﬂnd E:: Qma? 2 8d1
| 11 i,
[_3;‘;') “-31") (.1"'3) LP.?:“ 2 LP'IBI" q)ua qﬂd E: E}I’T’Iﬂl ! 8_3
SN _.d.3
(2,2,1) (2.1, 2) (1.2,2) Wy 5 Wgs» Woy and E= grar?
R s
-[_Ir:ztl) Ellrg) {_Q‘ I-‘I) im! \'P],[g_! LP*:'.H ﬂnd o B8ma* g 8-_3
| 3h*
. = * =1
M k’J”I ﬂﬁd E amai 2 8
% _Exampe __3h" o compainin th h? Y+ 0y
EED s 8ma? P 8 L En= Srat [Th T J
We have;

N+ Ny +Th=9

Possible ombinations = (2,2,1) (2.1,2) (122)  Hence g=3.

342 ¢ 0 S
Dot = CﬂmPﬂiﬁLﬂg we gek,

Bxample ¢ Egp=

n:_.+ﬂ3+ﬂ‘i:¢;2¥

Possible Combinations= (5,1,1) (1. 1,57 (i sz'ﬂ

flr_c:id&ni'c:_l deamm%ﬂ |



é_HYDRO bEN (FATOM,

* Some_dmposdant tesms ;-

Yolume Element (d7) — For 1-D Box = dx
Fost 2D Boz = d=xdy
an 3—0 Box = dxd(lj dZ

For Hgdm@eﬂ Ao = H*dN1 5inB 46 dd] .
Canfesian Coordmates= [x, v, 2

Polost Co-ondinates = fym ! ? , &)
o-ad) To-m] > [o-0r)

- g o . @& 4%
lapaladan operator 7= Ei+gﬂdl+§z—l
. 2_ 1 dy2d 1 d sined 4 L < 5t
For H-adom ¢\ 7%= o +91?5in8 36 fra 55 ">

SintB

= H-atom model was proposed fox Hadﬂnaenic species ¢e. Li*t He', Be* and
sop on 4{-e- s'male e® st}s}ern_

> 3 is studied under elechromic motion .

*x9n case of PIB model , patential en s
but in case of H((jdj-{uﬂm alorn b is n uajlj ﬂE‘ldg J’hE' box |s 20
nol zexn0.

& Jhe soluhen Dj’ SChﬂmdiham wave  equahon
H-aforn which consisks of “fuw CLEHEHW pasys

Nave -fxmtﬁﬂﬂ jn-“n R-atom,
= A
‘e qjls;a,_e.@) B LR[H)Y(B,@, ﬂaula.s{fw

8 IN@S wlave I"'IC@ ”

C* Radiad Past
ﬁ”g was Fost.

w \) - depends upon huo
‘ Rad. uandum numbers
ﬂ_' 1: ":Qr 3: Lh ''''' Tﬁmﬂ;}SH-Ew ud\iLai Fb&lt q- y ('R-’ m)
=01 8.3 .. PJ'_ depends upon two
e e O Thetee quarndum  quantuwm mumbers
= e R(n, 1)

WYin, 2,m)



@Idenﬁj:fcaﬁm Of Radial Pant :-
%Qnﬁrtﬂ Expsiession fox @udﬂaﬂ Fond s (9iuen Ba

Rl“:.ﬂ-) — (Q 29’1}/ Q_ ﬂ-‘ln L~ 81VE5 Vﬂ,!u_g ﬂi— quﬂ-ﬂlrum number () i
do=Bohst stadius.

8NQ§ value af quanturm numbest (1),

Example i oLl o
= e Qo

dheste is Mo free €97 term,
- o.lpn_ +
= | o ?Lﬂ“ol > 15 orbital

and S X

—

a, TMNAao
Hence 8iu2n wiave ﬁmd'fnﬂ IS fom is-orbital .

E =1

e
E)Eﬂmp]@.' Y= o @ 4o

We haue {,su.t ‘o , On mTﬂpMng e ﬂd_f
st=9t  and . X
XAp MNdoe
> | £=1

~, 1

FXRTRE W= N(ozam+1) e 3%

41 above wave func® we will not considen v’ in given

nomial .
P Fosn H‘le value  of ‘0" we stequise %yuu N’

(o) i
=y =2 |24
and i g ~— 35 orbitaf

Example:  (_ N{ W ST

%wﬁn we do Mot have ﬂnﬁ jree (91) hence

Qs orbital .



@ Tdentification of Ehngulast Pant- ;
Genestal Expstession  fow fnqulan Fast is given by;

lml| o
\/[9,'(17) = Siﬂm@ CBSSR 'mlg im@
(m 9 ) —— Giives value of @)
- Giives value of @
Example i-
FEE Y(e,$) = Ncose
On ompaining we g,  MP - 0
» [m=0]
and, fa CDSE—I IB /’ﬂ_=i
:3 _ﬂ_—'lm]:i HE’nLEk;m,eD
Q=4
Emmplg. ..

Y(0,9) = NSino wse P

On compousd ﬂ& we. 3@_1-’

AP om® and  Geso = ws® ™ 11
= m=-*1j . 4
5 0-lmi=t 3 L-ll=1
CHEHEEL? L-1=1
m=-1

B Radial Nodes ©ind @ﬂgtdam Nodes ;-

[Radiaj Nodes = n-—ﬂ—il

Fon 1< orbidal o-

(?‘nﬁ wlan Nodes= ﬂ] 2 i
\ Tofal Nodes = n-1 J A=0
o Rﬂd-lﬂ.ﬂ Node = O

LS ®
r ﬂ‘g Radial Nede =1 .



Exumpig .. Y= N e—S{/ﬂu

Jheste aste o ways to caladai  the sadial node {Tosn the
above uvaone _bu.nchcms.

® E::Luo.ﬁ the stadial pasd =0 and f-'ﬂd the value CDL K.

Nﬂ~ﬂ_[' values r:-j— ‘o 3iwe no- ﬂj'- nodes presen_i: and
value 'DJL *n? 8lues the pmsiﬁﬂﬂ Gf node .

:% Q" %{QD - 0 __LD

: - - * 7 o
equation U) will be zexo ﬂ'ﬂ%j A DEas B8

= S{= 20 butr o [D' 00]
Hence this is buundcmﬂ condtion and modes asie not present af

\:uunda}ta ;
@ (ompaste the equﬂ® wudh 8Qnem.0 eq@ and bi'nd values o} 1 and f

— O

)

O

- On cnrnpcxi&dﬂa e Be.t‘ tHat these s no fﬁee 47,

= —Q=0 ﬂﬂd ¥ 9y
Mo et s Ine
dg 'Tlﬂa = —1]
Radial Nodes-= n-0-1
= 1-0-1 = 0.

Hence we ger to know that Mo Sadial nodes axe
Hesent
the above LLLQ.UG -ﬁmcbﬂﬂ sl {j&%

Example - P = N(a-qﬂ)e'%n

@laajm we have tuwe methods .

G (-2)lek)

i 08
> a-3 -0 and @1
o _
9§ = aah} M= MJ

Bame @ o mmpm“a we' gelb,
1=0| and {mn=2

Kadiad Node = 2—-D—I




% Hﬂcﬁﬂg Wave Function JCDT 1-s oothital . fon H-atom ¢
KNe RNO W Hhat j‘ﬂﬂ" H—atom L}Jimup j‘UﬂE@} consisls D_g bials
pos¥s, . Radioad Past and @Qng.ulaﬂ pant .

Hence,
. e = RS0 Y(6, 0)
Wi = R(m, 0 Y(m,0)
or 1s orbiual %
=0 0=0 and mn=1
P, = R(1,0) Y(0.0)
Rodead Pns&jor 18
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