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Solve schxodingeA's wave easuation
fos Hydsogen alom.

The hydsogen atom, (,onsfst.‘na of an eleclson
and a proton, is a two past icle System,
Qﬂcl the  intesnal motion o\C two PQ'H:'C(U
a'rouncl thelh cenfer o.F masS 18 Uuuu'va.lenf'
to  the matl'on o,[ a Su'nalc Pqﬁ'u‘cle w ith
a Aeduced mass.

3 Co:'\sl'clex an eleclyon OF a chqraa re’
a‘e.va(v:'na a¥ound nucleous of knddxoao_n atom
o(: Chayge 'ze' The P-E OF electyon can
be Aepfne,cl ag .

The wotlkdone {n bu?na;hg +the electson

_FK'OM I’npan"d tﬁ ! o’,'_gf‘qnc_e. tO /’ :\

the nucleus. )
!‘m )
r /
w //. !
PE = J
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Wave characler ;-
qug Chavactes OF ‘he ele cTa’on can
be yepsesented by equation

4 = 2
H\F:E"f’ H‘—%mv*v

r % .
o - 5] B —

Due to Spher /cal _S'Umme_'trd we will into
Polax copsd inales (¥ 9, ¢)

Hence v* in JPhezrr'cal co-o¥dinate can
be written as

: . B 2 L, 2
v = 5_;} + -a_U:' + 5z
*a 2 syt [ D /en® 2
v L 5 (T ) 5 55 (™ 56) +
, 2
£ sin' '-333;
..S'!Lbsff'f'uffna +he value O{\ ¢ in
eoyutron (Or)
)
¢ , . Pacho[
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L | 2 : 9 [ 2 sine 2% + 'a""')"‘-+
5;:1»_[7"'9_3(1“57‘?) “ e * Bg C 56 ) e of

_Z-E—L‘-f‘ -.-_E‘P
.3

[ _BLC#_ 9

'a%w I
T \Ho?)"'ﬂSnO ae(s'"e )

Sm
: 2
3L\!’,-a¢ + 81 m . 2e" VeOp + gn

—

Y A T h

This eawation can be Solved I"J +the method
of Sepasation .

Sepab'a.tcon of Vakiables
The wave Functlon consist o]f thyee
Paits .

VYrep = R @ %o (3)

Jwbsf’f’rwﬁ'na the value o\(‘ wave Funcf"or\
equalion

% 42 (30« Bed 5 (she a“""'>+

U:'.Sanl'e
2.Ge , 20
b"',sinlb

on mu.ltrpfyma b'c'[

3'2 _f!'nt-LQ
Rn’@, 6(’
| We 89*(: Pacho[
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We got ,

Srn&Q
R‘ ar (U 91-11' - _Slne 3( ne - 3@.

9 "_"' +T§; ¢9
J — J IJ
(St tefm 1nd tefm Bvd Tewm
Solut on Of ? Eaualion .
@ ecatalion

can be desived PUOM Hie
fc/M.Oa/ngé/L wave equatlion which °¢
whittlen aj .

g
d¢" -+ m_@' =

This 1s 2nd ozdesr a(fo-PFbLo,anOJ Qq/uq'ffon
changing The 30,:1%4! Solution ab

¢ = A Sin 'mé
In +he exponentfal faam it P wAitten o
¢¢ = A ef"""’ ¢

[t 5 an acceptable Solution o::f'd f']f' ‘'m’ T

+he )Coxm o[' :'nt%% . Fod waw,.{’uncttbn to
_fr"njle valued .

@ - (fl' +>JC)

tim(0+20)

¢¢ = A e )
Puj'f"fona the  yalue OF q) :n wu.a.fdﬂ Pacho[j
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’A,e:ti'm(!’ ﬂetiMC'P"“‘)

=

rm@ 4 Imoan

Angul% wave evuallon

Anau'ar wave eq/uafcan m¢j be whitlen
n  The Porm

?
[m»b_é_ cin <9__.> J‘n"a ‘aCP"]yCe ‘P) = —ﬂ(—&-l)y{GQ)

Noxmalizad Solutions aqxe _;‘Fhﬂ/h‘ml hatmonics

M (6> ?) = C—I)m J @"a’?l)(g;"‘)l e"""‘t o (cos®)
G (Lt m),

(dajmuof ha¥mong 1(‘u.nc%:‘an) L = o0 3, 253

(.Ofd%‘ OF harmon fc Func.'tf'on) m = 0,1, 2, ..-,.Z

(8,9) =(-1)" y; (6,9)

The Thiee Quantum numbers
Schodfnja/t'_r approch Aeawives Hiage
Q/uan'fum numbels C'L, > n'b) to Ifﬂ_cl{"j
a wowwefunction ]fmr ‘the elecltyon. The
YUantum numped pfov:c{a mrormatfan oboul
the specia| d’stetbulion of elec‘t'ron
Af%oujh 2y Cnda Lq_ _ postbive ‘nte

amascanner
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v | .
N

(not zeho), On/y cehtain values op A and
m¢ ale allowed fo¥ a 9iven value of (n).
PL:’nC:'Ple quantam no - one of
+hhoe aquantum number Hhat fells the
OWMAJQ /\.Qlative. dftftanco_. O.F an e,fo_cth'on
[¥om the nucleuws - |ndPfeate ene¥qy ol the
electyon and the avehage dcstance °F an
electvon [om the nuclows

n =1, 1,3)14, I
2nd q/uqni'um numbex IS oF{:g,n Ca“e_cl
—(—F.,o, azfmu%a’ asun Eum nmber@).’T‘ha
allowed values of 1 defend on +he value
OF "n’ and can Aange ]fs‘om o to
n -1

- —

g2 = Oy L,.52> 39--'0"'1)
For example . ."‘(‘ n=1, 1 can bt onl'd
O; I' m= 2,1 can be zero or 1 and
So ﬁorﬂv ;
The 'H»frc{ Ovuantum numper ID.S +he
majneffc Q/uanfum number (mi) . One 0f
'm‘fee Cvumrf;u.m number The Je:c’n’ée: Hhe
Orfag,nfafion of the 'o’e_ju"on O.F Spac::, Oaqu'QJ
Ld an QJe.ctTon with respo_ct to an applfd
manLffc ffeld

L e -Z, »-Z+1',.--_0:-_:~-L..-_1??/_-_
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The Trme - Independent J’ch/s.od."njd_
Feaual fon .-
lhe  time - ?na’e,po_nc{ent J’cMod:"mﬁ% eavuation
can be expsessed In highly com vesced
as M P

4 HY - Eg

HY = Hamiltonran opelator (energg of%at@
Ey - Eenetlgy er'anvalue. |
The equation S'Q.)’j :

The Sym of the wa.VQ.Func‘f‘fon!S kinelic
e_n,%(?(y and /?o'fen'f?'-?/ ene)l,yy rs eaual +he
wav ¢ tmcffon.'s 'fo'fa! Qhe'fald.

The +fme_fnc/pendent equqtion can bg wsithn
7n qnv j‘u?faﬁ/e_ Caoa‘q’r%q'fe_; (L, j, Z) )

Hence ’
h_ Gy er) e VD VD = E W)
Kinetic ~  Potential _ Total
Qnergéf QnergU energy

h 70 The Aeduced plank Con.ﬁqn,‘
m is 1he eleclson mass
VoS the L—af’ cran oferqta T
W 7 the wave .runch'or\
E iS5 The enexqy e_r'gen value
(r) donotes the ouantities ahe und‘l‘o.n S o r .
Sphotical polar Coordinafes (r; €58 il

T 5
iy e L2
v w ‘_'._‘nL{. 't B
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Second dexivatie _(chroal:'nge wave. g
with respel to Z -Fu.r\c.fu'on
2y %”w Jv _ gr*
+ a gr iy _ = O
P +av1{+ ht (,? \:)\w
Position EneAqy Potential
Q.h.l/\_fa'd

—’_h?. _S'c,h&_oa”nje_r_'; ' eauuaffoh f_S' Qa -ez'rvlar
partial differential eamation +hat dosepibes

‘H‘\P, wavye .[unc_'“on 0% _f‘f‘ah.. .Func"‘ ion O.F
avuantum _ mechanfcal gystom.

EXPCCtthbn Value o Momcntumt-

INe can make use of  Schhodinges's eauation
Ob'hupn Qn. q,thtrve QXPX?_S_(fon _FJD’ %e-'
e.Xpecfaf'a" value OIC momenktum j'flfa.n.

" Sexst AL Dptot)
(P) = 'm(VCt)-) = mf L[?‘PC’H )V;Cz?t)#fCl,t) -q;—t_:.}(!.
-o*

ot

We can Substitute fox fhese time dejivattves to |
3(‘&/8 -

[ ‘IL 3,'(})‘ Cl:t) * ,‘t
ey [ g V@Y Cz,t)ftpa )+

W‘cl,t)[_iz szct:t)+ VL) Ve, t) ]d!.:
zm gt

.ﬁ'ie, t%m !‘nVO’ana Pofg_nt,'al cancel  Tho Common
L
[a ctos h/2m can beo moved outside the integral
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Infegra'tma both Fesms n the rrnlajeraaf
by patts —Men gives

(P) - zﬁf [Btprcx,t) S'UPCI,t) 9 zw*Geot) atazsz,t e
z 4 oW/ ox .
! [T}p YOot)- Vi 2% 0t

,I} tearq Z‘,"ng’f‘he' FI‘B’J't fzzrm .ba(ljl Fart_! o nNCe
+ 4

(P) = -ffrf 'P’@,t) 3l‘;£:’t‘)dx+zz"\qj ¢ tst) \p(t,t)]
=~

-5
The las! tesm vanish ac¢ +he wave {unct«'on i’l:sel{‘
vanfshes ﬁor L —s + .0

¢) - -tk [ yrpesty 2¥CED)
:C o eet) — dx
P — _7A "’;_11
which {'wﬂ.w _rug(je_rts ﬁan we Can make fhe

‘feP(nce_men)L-
S )
, ° % E)
U?‘) = -A f l{/‘(l;t> g q;i,_ dz
=P
hence L
kK . F* j‘_f ¥ ,t)9‘f’(""t>d
2m 2m J 30!-
i

T _+v(x) =L
m
Page No

I.P we mu\‘t P\‘J ‘H’H.S G.‘\/uatmh bld L{)C’lat) lel_)e_u_pL

B— e g T I ssteterseariease
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_h* 91_2_}'_99+ VoY = E y(Y)
m d »*
For fnstance , the Obsesveable K, the Kenetic
Q,nﬂ.rag’ l._g A_Q_PXQJQJ\.LG_C( })U df.FFQtht'la_l OPera‘f—av
| 2
: ho_9_

K —D k - 81_1,
while Ofﬂfor a;soc:‘a'fed w 1Th Po_n'tu‘on o.F +he Paﬂu‘c

4
< with \
Ao =2

.fcM_ddl'nJCt g Eauwation :

1 -"—6—1 VL‘V T t)-\-V(."’t) W(_Tyt)
'L;\ _581:- WC‘b’vt) = Ein C -
D P He Smaginaky numbes , V-

h s plank's constant divided by 2K

Y L"’t) ' S the wave .Func.tfon

m 15 Tthe mass o.f the Pqﬂ%’dze. - x
vt s the Laplacin operatot '%1"‘ 2 4

v (5t) 13 the Po-l-u\-HaLl ene-rala

Lk
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