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Quonlum Mechanics

1. Latroduction -

Ouantum mechanics (QM;
also known 0g guantum Ph\jsicsa q,uantum
t\\@orﬂ > the wove wmechanical madel, or
matvix mechonics). Quantum mechanics is a
fundamential J(he()nj n physics describ'mq
the [aro[:erh'es of noture on an oomic
scale.

Classicad wmechanics is  the desc.ﬁp_

ton  of physics  that existed ore  the
formulotion of -quonj of Yeali-l"\\l'l'l:lj and
Ot quantum mechanics. 3t describes™ all
ospecks ot  nakure at mocroscopic  scale.
Buwr  exdend these d?gcn‘Pﬁons to otomic
and  sSubotomic scale. Theve ave fow
phenomenan  which  the cdlassicdl mecha.
nics fonled Yo exP\a‘m.
1. Stabilty eof an atom
2. Block Boduj vadiakion

3. Spec,’c«ﬂ Sevtes of HtjdmOjen

akom.

Max p\onck in 1300 at g meet'mcj



Grerman physics  sodiety read his paper.
“On the ‘U\eonj of) enerqy distyibution
~QC1,UU t‘fb the = Nommn Specbrum‘f Thig

wat  the stod o)  vevoludion

Ph\fics 1-e. the  stark of  Quantum

mwe chanics . Quan’cum raechanics g abole
© explain ;

1. Emission of Line Spedra.

Z. ComPton Ebbecf.

3. RBlack body vadiakion
4. Photo Eleckric effedt.

It was Ou}S’condmcj deﬁejo]:ment In
mode  Science  waos the conception
ot quantum  mechanics N 192S. This
was  higbly successful  in explaining the
behavior of Odroms, molecules and
nudei .

2. P ostuloles Of Quanium
Mec‘mmcs:-

Thee ave four Pos’cu.D ates
of qQuantum mechanics
1. Opevafov’ theorm



Eigen Value  theorm.
Expectotion  Theorm,

Time O‘ependant Schvad

: ) Nger  wave
o quahOﬂ :

;. Operator Theorm..

| o e\/ev\j measur able
Ph‘ﬂsicaﬂ q,uaf:%¥\j of a 8ystem . There
corresponds ‘n Operadors in - guantum
mechanics. OPefoior s a Sym ool of
cefkain maoathematical Procedmes which
can bans bovm one bundn‘cm iINnto  another
fundhon.

_a_ " _ n-1

A =
o - C)Pevod‘Ov
O X

n-\ | .
N = new {:unohon .

2. Eicﬂen Value Theorm:._

gb vesuwk o-‘: oPerCLﬁOﬂs ot an
oPevaior on bundw‘on iS ProPoHonaﬂ to
on‘%maﬂ bundn‘on. This *Funo‘n'or\ IS known
Qs Eicaen ndnon .

_@_ e‘“ = O\e(nL

Ox



Expectohon Theorm:-

o wany meosuranents are  made on
some  system , (funchon) then some
exPede‘d value btom eiﬂn funckon in
terms  of  eigen values T are  caledated
by wodhematical  values;

AY - AW
A = AYYT
I\\}j‘\l'fF
<A> = Afvy*
fey

LAy = expecration value-
4. Time dependant Schro quer
Wave equakion;
In 1926, Schrodtnqer c3'wes the wave
mechanics. He tied fo cledate
the  total ererqy  pocessed bi
the ggjs‘rem- S\js’cem i Yepresen ed
lo\j \P. Y Cj‘u/es [Jro[)erlties OD Sﬂstem

U‘) i Q QomPleX numbey |

Scbvodm]ser wave equalion in
one dimen on;
%—_‘:ul_.. 4+ 8_(\’2?‘{\ (E‘—\/) L'F =0
& 2



The Schrodinger wave egualion
for b 1 par icle in 3.dimensSion
con be wyrilten as;

Vl\’(}mjz-rgg?m (E-— V.)LV*LLJZ, =0.
hl

3-So|ve Schrodinger wave
equal:ion for Hljdroqeﬂ olom
Concjdev o 8ingle éelechon |
YGVD\V?N} arcund  nuceds of H\jdfogen
ckom. " Let  the chorcﬂe of Hujdrocaen
eleckon 1 z,. whereas Osi nucleus
s Ze. The elechon s Ye\/o\\h'ﬁﬂ n
SFheeraD | S\jmmeief\/- The wave
¥undn‘on OMribyled o  elechon s
Wf9¢- The derodinﬂer wave eqUﬂ}\.Oﬂ
can witen Qs ;

-

e

ond we know thal;



I 1
H S Hamiltonion © eralor Qn ‘

at  on  the funckon the resutt
'S equoﬁn'on that ts equaﬂ +0‘
the {‘0{{10 QHGI’CJL&. V" S N Cartesian
coordinate g0 we © change it tndo
SP“C"CGI coordinates:
7 in coriesion coord?na}e Shown
Qg

hJ

_a_:—-f—@—l-kji

71
V 1(51 = all Btjl az/z

Then  we Say thot % Y and z in
SP\nen‘coQ coovolinades
Z  (n6$)

1=F(Y>9,¢) //
\/'—" F (Y)@) (P)
Z= F(ﬁ@’)q))

he  volues bcom ooove become;

t= L2 (o) — @



- \"‘smG cga-e (Sin@ 3%)_’7 (®)

2=\ 0 (c)
125170 20> —

By (@), (b), (€) the value crb Vj?@cp

Vved - [L_d [+ \ D (sne
i (Y’- Dy Yg%‘)“’(ylsme oe

3 | 3"

aa) T (r%m‘e 84):.>
put  the volues of wved in
equokion 4 Q)

G-l 3 ()4 L 3 (sined
“ Y> Jdr ar) * rrsinG aeL ae>
Vi S acbl aR>m A

Btj Puiﬁnca the value of Hor valee

of ~ equakion 4 () nto equakion 3 (1)

HY = EY

Yoo | L. (v*2 | 3 (sined
¢ v OY( av) + Y’sin@ 96 a&)+



;l;:_é g; ngl } LV = Etop_y5

Mdﬁfﬂﬂ both sides of equahon # (5)
by T -8Am
h

o [Ban () e (50

- 6in6_@_>+_l-—-——a 3+\/
0o

Y %in® 06 *sin*@ a@"
(- = Etes (22)

Yoy = [_l_ 3 1@) B I—- A (5“’9
| Y dr or Y>sin@ 08
aa_e)+ Jlsmlﬁ g(;l] + Y -JI-T:U) %‘94)
E‘erq; ( _8n'm >

Vy - —-Z_Q__

Y
Multiply each term with ‘Yred

| _d (v*2 \‘Hg | SN® 0.
Y* GY( BY> ¢+ Y %sin (98' oG




b L B g + (222) Yoy

" 1Sine BC})l
(..BJ%“) + EYesp SZ%{-D =0

Now we take (8_&!1> value b(om E
ond  \. ¥

1\ d (Y’L_ﬁ_>\{’r6q)+ \ 3 (S’m@

Y> O Y (*sin® 0&

-a—> Wep + L 3% Yo 4 BAM
08 rsne 0¢* h*

LV\’S—CXD (Z€1+ E) -0

Y

a‘{(;“ ' ;devivd}im of dengen

\‘\)YQC\) = \Vixﬂz

Wawe bundn‘on of Hydragen afom
congisk cyb three Pow{’s;

i,e, ¢

radiod “] L
clistance Azinudhaod



4-Sepevahon of Variables:
kHG(‘) = QY @G 4)¢,
Q. [ sinQ

J—Y_’-—Ba(_ ( \MS(P> { $in@ 96

3 \Vveq)> _L____ 0. \\Jrﬁq) grm
v2sin*e a(pl h*

Yred (ze +E> —o_5 ()

\Heqa Rv @, @
equation # 6 o

@_{ (Rv@ %\+ | _a,[sm@

aY Y Sm@ 08 .

_l__
-53_ QY@ (}) ] [Ysm"e 30* <RY® @}
(Qy@ % (Z__ .tE

@%) [*_Qﬁv]»f 1 0 R %[

P"d: 'H'\is 0

y?- @y e VsinG 08
sined ® Re ® -
o o) K% aq> (%)

st (e, By) (3 4) o



Multiply  the equation with  v’sin’@
R 5 B4

\ X 2.2
o % [ %]« pude 4

I+ Qr Ry ® q) y2sSin©
e Jp
O Ry 30 [S]ﬂ@_@__ ® ] Y25 in*Q-_ +
Rre _| ol c Yrsint e _ SR

Y@aq)d) Y
sin'e 0 (v @&) + Sing .0 snd
Rr O Or ®s 06 -
O®g 4+ \ O P + (*sin’e 8R°m
oG %3 ad* ht
Zﬁ"
v +E)=
sSin'g 0 v [_8_ Rv] =B
Ry Oy o
Sne 0 snG Oeg _

Tt tern  depends on @Ond it i
indeloendan¥ eb ®. and Rv.

(4



T YO

Y'Y
1 90y — _m*
Py 04
ﬁ +- mlq) =0 — (8)
fofoky
s,m_a _Smﬁ_a_ NG 085\ _m
5 ("4R)+ She B (e 06,
+ 8%_\_;{& YlS\n & <Z—'?€_ —\—E) =0-
It tevmm s’ 8 /2 Qy>
Ry  Ov Oy
2nd termm  sine 3 [ sine 2_3@_9)
@ . 06 - D6

o
3vd term m>

4% tewn 87LmY Sin 65‘(7-9#:

B‘d this meﬂwocﬁ we have 1o
ra}e the v and &.
Now bwm this equation;



S\YW"& a Yl _a—_ RY > + M _a_ (5.!ne_

Qf Ov oY ®g 06
%) _m g 8R*m. y*Sin®@ <_Z?€31_2
1v) h*

-\-E=O>

Now We have to SePefaie
R b(om this equakion;

Btj o\w‘fdtnﬂ the equadion with
S

1, sre B (vOR) L sinE

Sin’® ’ g,, oY <Y Y >+ Sin*Q g

o (6'«\8@9) R s oV I 8Rm
o0& Y& SiN* G Sn*& h*

rrsn'e zﬁ‘ X E) -0 — ()

By joini at # lad 4 ’co%eﬁnev
jar?d ﬁE]’choxﬁr s equal to p.

termn 1+ tewn A = B



1l 9 ("1- @RL) + OA'm (E+Z_@_">fl
Ry Qv oY h* . y >

=B — (l0)
Mubliply  equedion 4 (10) by R
" )P\j equedio hd

L9 I OBy ) 8R’m (E+_Z__e,">9/

Y> Qv 5Y > Y
2uai L
oL
+a¥ Qﬂ— ) %ﬁm 1:+Z;e )R_
P -—0———7Q\)

Equcuhon no. 14 is  called au
R_ equahon.

—
—

i __a_ anGS @_@e) —-_m
®SinG 00 e Sin* G

-p — (12)

Thicic  and and thid tem of
equodion that is equd to



-pP
MLLlJcIP\j aloove e_q/ua)"lbﬂ btj &
wWe %d

- 5 _a@,a) (F’“sme =°

NOUO we. ha_fue Jdmree QquaﬁOnS;

1. E
R(.P.. Ect“uahon

3- ©_ E q,uodnon

3 So\uhon of (t) Equalion
A we  know (P equodw‘on 1S3

_.a_)——@_ 2' =0
o Pe =
s equokion s Second ordeved
Aifferentiol equakion;

This  equation  hau  two bovms
’b‘ws’c \g caenem& bofm and



Othey 18 emeeﬂ‘d&9 b‘“m-
The %enerc& bovm o‘D equulk@ﬂ 1S ;

q) - QS\DM(P J— (G)
gﬁ exPohenHCﬂ bovm bois  written
QS

q)q) _ Aet'l,mq)—_a (b)

equoxion Uo} S accePJcab\e cmld if
m i 1 the b()fm erb m’ceciax.

O = ¢ +an |
now, © inq the value ¢
in. e kd07‘\ P;*h((\%) ﬁb

%3 _ Aeti.m (El}+&7()

% _ Petim (o+an) — (©)
Bj (oM pOYing equakion (b) and
eqUotion (¢); .

fotimb _ Aetim(®+an)
é}"‘d’ . pilman



,l _ eiLma/t

1{ - eiimah N (d)

woeld o (Lso + sing)
So  equadion (d) can be written as;

1 - cosmanr + Lsinm an.

his i OY\\(d Poss‘\b\e 5N m=0,%l, £,
33 i) These Qre @lled

me gnadkic obuanjcum ium ber .
Mec]ndhc quantum number;
meﬂncxhc quan’cum number  desaribes
the ovientokion of \'eca\on of SPClce
that s OCC,uPle bﬂ elechon.

The  value eb i depend upon the
J:wi o That” vame t(om Q0 to ()
in erec]rClQ S‘ce,f;s ;

m::..ﬂ)-—-ﬁ) + .....O, g)—i)Q
bov example ; 0 -0 then wd wn
be On\td YO 3 Q .0:: i, )
can be —ly0Oy Or + 1. onad éb

\Q:a 5 Y™y can be —ady—|l>©B4+15 Or
ta.



Eadh  wawe Dund\‘on with OL\\ouJch
Comloinadion crh n, 4 and w| Vflluq
deswiber  the dlomic orbitad and|
POYH cular ¢ Pec_‘(foi diskvibukion

an eleckon . Fach findple shell 1y,
b\xec\ number swoshells and  eadh

Subshell oy JD‘mecl num ber Ub ot _
ols.

‘!-ZSo\uhon of R eq,unﬁon;

Solwbion of R equakion provides
the eigen vodues  whidh  are  chargck
evired to lbe \bvindPoj q/uonkum
numbey (n) and  azinythdl Quantum
numbey,
Pﬁncipal Quantum number (n).

3t "tens aver&cae velodive Aiston.
ce 0 an  eledhon om  wnudeus.
Ondicode  the ereqy ef eledvon and
the Qveva%e, distance e'b (nudeus) an
elechon ko nudeus .

N= 2,34

lhe elehon that have hi(}}hev values

of n  ave eosiey 10 vowove bcom



an  0tom. Al wawe b\mdﬁons that
haw e Some  volue n are said

to  consitule o Pvincipoﬂ shell.
same Value o n because eleckons
have Sitmar Q\ferOﬂe olis)ronce Uom
the  vudeus.

Azimuthal Quontum Number :-

QJC describes  the g\(nf;e o/b Yecj‘(on
ot S\:xlce DCLLLP;QC\ b.j elechron.
Volue ib & dePend \_LPon value of
N th can Yan(ae bﬂom o to
n-4

{=0,12,3....(n-1).
A oup wove bumdion that
howe  Similay  volue crb N andﬂ
The region e’b space occufiecl
elechions  in~ 2ame  subshel usua\\7
hoave  same <hape, but oviented

d\“eren’c N SFQCQ .

4.3 Solukion of © Eq’uahon:_
(W\) Q)



SOlLlh'On oh S ecLud.;HOﬂ onvides the
eiclen values which are char acker_
ized to ke wegnatic dantum
numboer (m)  and  0zimukh g, uantum
number (1),



