—

M4 =Rl 2%
M2 - ;‘-:\a_né ¥

o2y

\QUANT UM  MECHANICS

HYOROGEN ATom

ii’/\.b—‘l—'l = 1
ot H s H- = (ler‘Pyz:.Pzz) tV

]

\’\‘/,Z__.
- k -y |
P=F V|

P = % 'aa?; >y =023 . > /
Y - k2
\‘f 4jﬁit = 2_:‘ Vl'lf t VY
lN? V’z- éi 4 3—%_ ¢ 53—31 i ‘f‘*ca‘ g‘."“ Y fxf‘jlz) Yorr cén
. a* 3 %'{]d ’I'l()((:j'z)’ /l’L{(Xl iZ)lcl r ~/
?aftlciL

[eql¥ o the Pro babilify of

M Time dependent (porm of tha o{atcmard otakes: Y, (r‘,t)- Yy 2y aty,
_LCQ{/

v Sup()j?po'_}ltlo’\. Fq(r’{) = zcn’qn(r)ﬂ whaere.
(,incliuz the partictle n L otate -
‘ ) \ it staéran slate
V S kroAir\a,cf' Equation in yDhascal cooacliraies ' p ¢o T, :(_;
= — ) J
-"b@( b'll ‘ > '] ) Y ]
S) 4 =
rz or r:Z-S_) 508 »0 " 55 a‘ﬂ)frlsh‘e(ml)) s SRR
Hee, U=U(rn0.0) = R(c) Y(0,0) 7 pwgit inv.
= (nesz)'
d
%
KUY A ofedR), R a (g odY b”*] VRY = ERY.
B ) A w(s'"&a‘*) Nl
L" &Ul&& "{D Yﬂ W?d" U)/ _;.\"z., I
., 42 &_3__ 4 D
2‘.@'(; (V(r)—E)—i-—-\"“L;n& a@(sn fa 53 sin*gr 22 b

._/‘ SO e . W oot
1)

it L ( adR
R de (riﬁF
M~ T —
0(e+) — Conning feom seiies sdn . & — € (€11
(aa:um. 9\'—‘-§-3L ft)

L“WAMW% UU‘%Nv('\J w/ sal@




e

:.if)e 2/ QY 5 :
Yo (5'09 -ég) + —%—gﬁ - “6(?”) szey, - a"‘f»‘/-a‘y part \
Y ou Mo \d,a(m 01- Uafdbb3 \{(9 (D) '@4(8 _ﬁ(m) \‘P‘&‘f' ¢
A

Juide 4, o
WE 4 d _
& as (S"‘e'g) ele)sae 4 L 429 _ g
\ L Q@ Jo
VI T R
Y dp - M o % 4m7@;O s b s door w"ﬂ we JWJ-M?.
cm@
b @(gm,) () soutd be g
(m(P+2a .
\m=0,tt, 2, .| &= ¢ . P s e‘"m:'(
ﬂ?égu»e.{:c Qusrtum Mumbe ¢ srtiead .
® sinB6 d

(S.n(j ) [e((-d)SmlS M]l—@l o .

cos&‘
T\A_AJ L\&;W OOLU.‘X)Q @ ((D) A P (Q‘) — Assauated c:)-t P lei(e T
[/J the sobution ehrecte Grad . book - Jackoony )
Lo Pe () - (4—>@)1 (£ R o)

dx MmN ~-Mm
- Oodice PQ s PQ

e feperde Blyrouial
here , - ¢ X=Cos& ¢ (
R(x)- A (d
e 2te! (Zf )% SR —eentan
/\,P D1,- X — lirear

Pﬂ.: .24_\ (3)(24) —fﬁuadr,:_‘(l((

AN o
ail OLQ/ﬂndf Pawdjb ¢
Mutually or{(fo(fmdL é J-1,1]-
>, <t is now obui

= o that B"@)-0.
Po- { 'P4 =SB Pz = 3smB oy
PO: c0s8 %*: 2 sntg

R A
NS el 2
2R — < R




e
~—3

‘( d%r- (?5in0drdedg

J’l1'("'9'¢”1r25m9drd8d¢ = 4 (s bnown Ux Dq;afattlm Oguwiabtu,

ﬂR(f)|1r7dr JIY (@006 d84é -
Vv —
4 4

Then, /k/’lp‘(”lzr?dr: _4_/ /ff w(ga.)[ sm&d&d4 4
° = —————

—

/

(€+l)(€-lml) ' md
(Tl ¢ e

(UUS —f'[,mtbon 15 Such  that 0 Ymare of{zﬂ/o‘d( o caclatllyr,

jf(" “(6.9)) (‘I (s, 9))sin0dodd =y G

m
4 SPchaﬂ harmondcs - \/2 (6,d) - (-f)
2

¥ ¢ = azinmthal r/ua«\{am number
m = magf\&tif quaritum Nnumber — eﬁ/@cf of ct conbefeas 0 & Madf'-uf'c (/fe('/
M

r Ty O™ (V)

0 ~ P((x) ?e-(x)dx = 2041 ee' (l-UkM w clwade y- cc:ué‘)

HW | 4.1,

{f Twe cadiel equatio~

d ,,aig) _ 2me (y(e)-E)R(D) = LR
dr dr 2

o let uln)= r&lr) e A= YW/r |
Muth Pty withe 7, (awre

_T\/‘Q/\r C_‘E_\: i_ CJu -— i—u; —l—— i CJU\ - )
dr = dr rz \ ‘ar
)

NEITINPE AR IR
. :l?(f J’(’* = 7 rcf— fU/) s H'G‘,z ’.C“' c‘ft

a7
—_) il S _ (

= (V(r) t:) (€4) 2

:] 5 Cw;guaﬂ {erm
—Hht h W : _
2 s [ 5 T T T i ptetind




S

S e . .

5]
g/ \of|U(r‘)]Ldr =14 — due (o Ceth}puy% terms , Nomalinaton C“aﬁkh

e X 'r\%q'm‘te Spleriesd weld — V(r)-0 , ~ca
VIr) —s 00, r>a

T Owtside e welf , wave ﬂ«,«nobo« (s Zeto
- clé,{ut\( K r2m€ y

CTwe., the radiad €Quation becory )

T
Jzu e(e. 9] t
gz [ Al Siuplicity . €0 = m=0

\3 (aow\dard cod ! V\{a) 0

i
o s () ) e

(3 N\ |

o B e Y (2

- AS{(\(KF)-{* Bcos('ér)

RL0) - A (L 3 Cos(erd
. -

)
wy/’_‘\/(\-/ blows when r—=0 . Tlea, GIO.

Solution * w(r)

Q(r ‘L@r) N
)= A ) V\(B)'-:O = 0= é S'l'f‘n(ka)
Ya- aT =g, . 01
L 2mar

¢

£-0
= Norwmalize . f]u(r)(}r =4
o

2 ?R(f 12 sin(ir
é}A anq(Kr)Ar:'-{ = A- mﬂ S a =

Yo+ B0 ()% | sty e

\3‘-\"0‘0 tha {.\MQAQPQ, AL

— wher €20, LL(r):AI‘JC(V\F) +Brﬂc(Kr‘)

N AN

~—)

Spharicak SPlerical

Bexe (!U\c{w\ Neuman g’“‘(“w
of oder ¢ ot orae L

" ¢
Je(x) = (*X)L (K_,déx) Zgl;—x ) n'_(/f)-_ -(‘K)e(%i‘)( S

blowd 3¢ the oripin’
B0 should & cloye~.



,\JLU‘) '
Since. 2€ € surface, Y shodd vanish,

2" s basically ona of ¢he zeros.

/

Ajt(iLf‘) , R(3)- AJC(Ka):O .
i rcpregataf;im ol tue zeros of -t Besset r}u\di%‘
S T ——
{
’

— _’U(\/\l'noe,-oazj ; Ka - Pnl.

— 2 2 -
TMr b,]e = zm_gz iBnL oand —\{(\QM (r/B/O) = AﬂQ J( (ﬁu_f' /‘?) Y: (8/
aw| 4.9 . Vo) - g" fea
0, r>a
Hyde A tom
et
- (nstead of V(F) .
4}

AU you reed to do 15 wite e

=gt 2R 4 f:@f (. At (eeY)
?’Y\ dr? (éo v 2m rs ]u = Bl
o SR ‘
docreases 4o cPlecx of  Cowtonb wlertied
i .
—» In bound staees., E<co = dﬂﬂ"ne_ W = \j—_sz
il—dﬂ:[4, me® (o, e
vr o Jdet ane R L Er (Kr)lj wi ™
— — T
Lot f—Kf‘; So = I’VN’-_Z Then, (¥) becore>
2Nt K
A _ [4_£ . e(un]LL
dfz' f le 7 |
‘ « Nok 'pl,sdjicai. blowins .
‘ o = W = ulp)e Al g
(/)'; df?— n N
ot PM){C&C : “}QO\U“S)
. PO dzu o (D) . el o -f
J = dJ)'L fr w =2 U‘Qf))z C_J’ = p(f
=P el
U (f) = € f ) V(f) — {){M’;’J‘, b inb the g
imﬂ;jj‘wae fqd,io-'\_ﬁ



—_— CJL ((4‘)(}) V(j’) ~J’€ f V(j))“’f) ’th/ dV ‘\

4 J
_ J)&’.Q-f [(f-{{—f}\/-}J%ﬁ)]

# 85 3. exercise , Show Ehay
J’)

- g [( 20-24p4 ‘(;”)v Fa(taip) Y *Y‘m’j P

2
if} T l(‘J

| &

—s pd VvV % e dv '
J’df,L 2 (¢ tJ);TJT s (B 2(en))v &

ﬁAggzsf a soukioo V(p) = ;-%_ JJJ

§=°
dv = J
a2 oo |
— ey
oo . k )
= 2()+|)C31|\57j T (n .

o A dtv
- 2(\;“)&3‘1‘5’ = Ere jagd(yr)c +,J>

— ZJ(J*') CJuf t2(en) 5_

e (0 ejug 23 8+ (- Qw)“ f =0

=9

k._-\

equaf,e bie - pouess
\\)(J“) C‘]H +2(Q*‘)(j+‘) el - QJCJ 4 (‘j’o'ﬁ(ﬂi‘)}cj -

Cj+{ = [2(3*6”)70 ¢ s
(e[ Y 7

yV\/LuAJ)){’ Cieg ¥ “, CcY o 2Qy

3Gy YT g
wikh. o ssumption, ve find ¢, G o 24 2 o,
b , 1 2 - 2 T
Cy- 22 2.2 .26 J / )
= Ll g =
3 &2 1 a3 G g = V)= T e
kj:o 4
2
e‘fq,




— ¢l p 2 WA )
17V Z3 u(f): _j" €I€f(:3 ‘(j’e e’ ¢ —> blows out wkh(/-sm_

(4> 1s ot @ nxe L3 {o slow Har , ¢ beliere )

—7 Conditions

2 C‘im;x*’ - O -
. . ’-) [ ) i
¢ 2 (gmar +€31) 2220 ( Jo=Zn- 1€ Yo |2t
o~ J 2TE WK TN K
N : pancipal quastuan b e
-t\le_ 'mel'

______ P R’Lfo‘

..’/E‘* m(_e_l)l_t _
Bhe S 242 \ (s, _{ pe | tevyy o Jussticed

Dormds for tlhe bowa states of H
(1913) . Schrddinger RS fftan
(192¢ )
, / 1

> S Br o K- e IR P S wiwe a  Bohr (adiws
— n an p—

(f-nfo tx d = (17_1_5_”_!& ~ 059

J——y et

'&Ms‘j'- L. quarlize —_—

4 anJ'

\(Sm{ig% Ve $Uncﬁaﬂ {’or tlhe Hddrcy;u atorm  fabeod ég thee qua«(ur«'ﬂ
pumbers ﬁ),@,n;).

’qném (rié;) - RM, (r) yém (9,¢)

o
wle)e rRE) = aelrye W= L p el vip)

—¥ n={ Jolutiow (ym Aale |

Ef: - (2.6 eV

wWdraigle ¢

-2

fa

£ LB &L Bl &




— * )

Jﬂ‘.lr ,)

{ . | ‘—“.(J"'"ol .q) .
J /"‘__ (‘J

C) Gragaa)

¥ N:=0 e ~ ) )
>l {0" (‘Jmanlio, J-o
C&-p?l(’ = C_‘ -0 — the order i3 tare
= V(f) 15 Conslay /
-8 :\r'l (f)r -4_ C('( 95; V(/) .
r o //‘[\o'ﬁﬂwu Ad é?q,;/.d
bp 4,4, -tla ™
e R L Vi
-2r,
< lﬂto(f)lirqbc"‘f' - _i_ = ‘C_OE / e /8 r?d.r:i
) T
« J
F"l
> [e: =, |
o
i
T, Y, . 2 ;7 (L)"l ; ~rls
» ¥ Gu = [
Va2
N £ _m

{ —w 0 — 0

g ey 1 —-l,0/

1*'(5(41 J%Waé(’,

O —= O

3 s 2 — -2,-1,0, L,

Q),q — 0,1 ’ 9-#14 defwaée'

O — o
U f\-‘:ﬂn e=0
Coyp. 202E41-0) C: 20") | \
Sy ~ G 2 G T Gy i 0 D e
(j+‘)()‘ﬂ+2) hd (imeril)(ﬁﬁ-tl) mix -0 = ‘L\ax-i

>d \C4'—’Cov

(y o)



; ’“/\b\; V(j))-; Cot,p;(J): Co(’{‘\f’) = Co(/"j{‘a)

9\20 = 1 Q—f Qo(’ i { r —/2a .
X »)- e w(i-5)
l
d
JL‘MJ J!rw Narmaliatio~D ~

exX n=2, Q:f

CJ*.‘ =

;\Wl ).‘.1f (Jo Ot leosE onn nofma»(iza{iw)

Y ﬂ:ngx + €+;{.
+

ol",‘“'ln"i
For each 0, tlere Je (20+1) m vatues.

n-1 2 | : = _ = = 2 {,0
/cl(n) = = (24)=n & = ‘ U 2
/h"i' - B ezq I - t;+54f=7=3
degereracy o N
(’J\ﬂjtd tn
Y v/ - A 2 . nNot normalized
° g))’ Z"n-e-l 'f ’
; d P
Associate Z_P - (-0 (ji—) Lg &)
L aguerre : 9-P - ied als
C pouint Laguerre. patynon
P
X i 7 -xX q
Laguerce Ly (0= (&) €™")
proumi L5
Pt Ls Jo-1
L__) L:: i { L,{: "X‘f"f
S 1
L:: _gd e) Lz:)‘ -4x+2
2 2
RIS,

¥ Look A€ the corves Ao lndoséa  better,

B D d‘max -0 — V(J’):Ca ) ‘ﬁ‘m«l(}‘,ou Nomelicatl o,




o ——

‘ z'qem ﬂ'(a)g (n-¢- l)‘ "’7'\3 ) [)"’

(na A
,\i(l‘Hl)j n(’l _/ O

“0)
.{cr nowmalization

——

rAadiag

1Y

aty drs;f)edadgb Jn‘n' ‘{ig' Jm‘

QPuattum duMp} k

Cy- €y - “Bbey (L

n <
Pea‘(k‘) {’OfMupa ; ?a_: h)) 5 )\ - _}%_ (,n uQCtAMfM}
The, ' 4 fud c-’bcfg cond a1t

| == = A ) Where
// A“ nfl

M $ ulbcaviele t

| (Q‘F: 4) n- 3\

Bolws serips : visible n=2

o (n‘f:l) ,
J N=4

Pasiﬁfi”ﬂ“ d "’\oﬂrared \

(HF:B)
An%&;r Momertum.
?—L__; - O x \__)__1 N
) z :) : J.w LXTUPZ_sZF&j | PX:_ (,“78,(
t: X Zj A —_— LU: ZP}— XPZ_ UMJ ?a (kb
P p — %y
X ?\j 2 \’ L-z = X?ﬁ _-dPX

, Pz s (,‘
/ Mre»a"%

2ero bere Snce PO g. ope/Afor

ey, 10/'

{\J

“x —x .
W Lrl (s mot

» YL)ULJ]: [3P2~?PU,ZPK‘)‘Pz]
:[UPZIZDX}-[a?Z/xPI) = [ZP\SJZPK]*[ZB,KPL?]
0 )



(Pa(a& [‘iv[’\‘}]:“ [Pj; el - (‘kd,ﬁj

A\

Lecide Lm0 >
™y [LX/L\le {bPZ/L?)k]'*(ZPj/*Pz]
= (S?ZIZPX "'r’ZanPz) + ('ZP:P‘P: -— XPzZPa)

= (\JPX P,2 —a?sz-L) + (Psszz—xPJPlz)

= :jPX [ézr\’\271 XPj [7—:'\)7-.] = 1t(xpd-—(‘jpx) = C\f\, L'l
" ik

° [Lx/ Lj]: thil,
[by, L,]- ckix
[Le,txT= ¢k by

- T_l/u/\,ﬁwu Wil hat a buck of €luips "

Sy
L xce

oy Lo | = T(RL) J (~chby) + L (ikte)

Ly Ly Lz A
SR = (h [in'*(,vjuzt_-fc ri:fl
( uﬂwfafh'{j

(7] { ¢ 3 =
Priaciple ¢ V;?G‘BZ > (Z < [A,g]))

In WAQ

— TG (& <cuz>) TN ,;,/ Toq. s klz

¥ Decivation of  uncortainty |_principle

V: = (A AN Y| (A-LAS) YD
ﬂ;l:(g!g) whee 3’»(@“‘-@))”—

b
v <dlg>- f.{"(x)y(’k)dx
a

R I e i




Schwar tz

) — 7 —
(requatity | Qf F&")ﬂ(’“"l < J:/b bt [ 19 ax
' a

S We e LPIgd": Cqip>

ey qu U_gz - ¢ #’p>< 8’8) ‘ LJ‘.(Q Sawatz

Tt 78" > & >3
\f[@gmhauc @"UCO“P&! navnker Z -
1205 @ 32374 (o)t s (m3ed)? =(

2

"
Z-2
e

g sy 2-L{1g>,
\! Ta® P (2% [(ng)-(ﬂlf)))z

R 7 TF ISCRTTINT NEAN

= CY) (A-CAY VB CBYUS (éau.wwa Hermaidian )

A’\ /‘IA

- <'q,i (AB- <R>@+<A\><§>)1I—>

= CAB>- CASCEY- <AXB>+<A><é>
= <AB> <A><B>

<3|L> . CBA > - <B3<AS

R
>,
N

> (plg> —<gl8> = CAB> - <B A‘> < Rg-

T 1 D A L
Wenxe, |Ta Tg 2 (—'—()i/\\B:())
Pelect .

&f Lz: Lx?"f Ldzi L .
[ ix] - [t ] s (Lt ] YLz,L,J

v/
[0

\



ot - [AL,B]- A[A.B1¢ [A,8]A
oo [0 0D Ly Ty T o Ty Ly « L [le, T <[, LeTL,
= —{h L:j'-z -\{f\.LzLJ + fh L1L3+ CﬁLv Lz = 0.

Y L™ Commmptes wibhn Ly, Ly e Lz .

Ok )LL L*] [L tyl- [Lftﬂ [L ]- o—]

\P L,F >\.€ > wWhat o Eloe eJMWQ
T
L ,P /U,{: — L )] C(nosbl siace (€ 1S relaed to -351."\ SWSdlﬁg’ aqr—-

De,e—w_ daﬁgcr‘ op&ratys - jL—+= L;‘ +(Lj

L_ - Lx-cly
S R N TP I L:,]/
/ S Chly t i (okly) o Uetels th(Lely)
(Y
- = ('k,Ly_ka f »

R N B

— [L’l, L+1=-0 .anal, Lt in{L‘ﬁ .
= L (Led) -Li(w) = Le (AP) = )\ Ly

T cm marks f»

— L, (Lef) - (LZLi—LiLQC* Lataf
_ikLt‘c + L (nf)
Lp = (eM (L







