UNIVERSITAT POLITECNICA ) )
DE CATALUNYA D E.T.S. d’Enginyeria de Telecomunicacio
de Barcelona

E F ﬁ E.T.S. dEnginyers de Camins, Canals

— | Ports de Barcelona

T Qrs - seeriov T (1) N

Assignatura |_| Facultat d’Informatica de Barcelona
Cognoms Nom Pagina @7 de

DNI_ -

| NeverePrienT 4&5}}&&&7&@ To| T (SE - CedienB =3

|
3
2
o
X
P
}*l“
D
7S
_i',
“\&; | T | Sk
3
Q
Nl | [
(b @
ETN
D
o
Ty




/..

/STANT,

i

|

Tl 1

lf’u(mtg
%

W._
- : : bydl o b
_ N x5 YT
e AL B . 12 IR
LIPS i v Ea | > | e 1 - IV Tyl B
= [T’k FEEEHE RN Q bR S
| T~ | & f,wr v = | | ;| 4 _HM M_
i I\ [ sl 2 o N T O O O P L > |-
Tx RN & | b T T T T TR
. , A1 R [eel | ~ : 4 IS E
L S hm M | .1 Ll | .
RN EE I | Imul AT
m h -M.ﬂrnm i ”(w.u 4 n._. _ il _ P il '”Cﬂ | M..Au. Ww|
i o IO | [ A\ S 373
4 AR : J = 1 1Y 3 St
— e * . ﬂ& - - s < . J t.L...U
ﬂl = .MI i JHMV\ = @ ...-/.. W‘E H L= | - -
! . Y T¥ oy b e | | .
3 TR [ = , EEE
4 q S &= | & L8 b [X
P A A Y LHEOES R
4 AN BRI D | ERIEGE=EE
e YEEE AR EN TR L
_ 2| m.fw. zm._ 3 et
Ll ! | 1 _ — = _
¥ ™ |

i

>

ik

) I— -

L

e | TP

N LY,

4

JERE

Lot

y

wte ef

Bl
i*’l—v{ﬁ‘ﬁ

=

EEY

2N

A

A

¥ N

G

o |

r—%wa Iz

-"'c'-f-*\dm*&«tl ; Aenang
pretflt

et
i

[

.

)] |
AL

L

e

L

4 f£a

|

(e

(4}

X

| Y
\ [ Am i _ Fb N - i
y L,Wa ! _|ﬁ. il . N— .Ml ) 3 -rblm B
I i : .mM e 48 & | S EE
i < SR S & Bl
N ¥ ,

9
1:

y .=

14
/_.'/
= paT | bEFEmY

e

24l

4l

dv'y'( /’i?-ﬁﬁ

|
?\,de;

|

| Nmi
arep

. '_3 e Kot & | 4

well A

[Cegrrlenilg [

T2

1A [ | e

EEE




. |
UNIVERSITAT POLITECNICA _ S
DE CATALUNYA I ] E.T.S. d’Enginyeria de Telecomunicacio
L—I de Barcelona

— E__F = = - o |;| E.T.S. d’Enginyers de Camins, Canals
Tilulasio g_ . ‘— i Ports de Barcelona
- QPurs - Sectiov
Assignatura D Facultat d'Informatica de Barcelona
Cognoms o Nom - Pagina (Z de
DNI
| i ] |
= — L i i 4 | i t 4 — 3 3 £ - H ———
| | __ { | S | | d l__ | | I |
|
1t EEEERF i | | Lp /
L [ tEn l wie |[qen. / B amee 1_#4_4'.#0- -ecdl 1| Hm f{:_&-mﬁ 1 e ]
L[ ]| - [l ¢l L] |
| n |

o T—

- !
D }@ E
A |
a4
3 _:3 } y
LA
B
NS
—
|
|
|
|

?ﬁ&ﬂ

Ty )

= _.Nh,“
i
3
==
is
5
IEI
i
|

LA
i)t

Jrmar

poedin (e 55)
b,

PR




A |~

. | TN [ 3| T | || | ]
N Sy Y N L[] [ o] ||
EEEERECS RN )
.. y i . i
(s 37 |
| I : X! | :
— »w: m __,f... V _.r.F” - I —
L 4 1 NEI =t | | LRI T e
TN MERE R i e O S 1
| gl N 16l | =] | |, | SE M | =2 e
| //r A1 . T TR ) 4 L] . M : | N
s — Ry | I o . | i D
[ - u.. ol 4 | mS _ -
/ﬁw._ N i - Ay = | b L
! % oL & | M. +r [ -5 _ \
"y A O I I LS 0 Br VS £
= Hly il |_I _ e W) — AR . .9
| R4 I St nw | “4? — M < e | @.«
| | :W, — = = < jul i |
e e - ~ __mW 3 N~ SEY L
Ly el T ¥ i i : =3 : |
| s Sy | | | N =1 T LI [ Y
1 _ RS |W 3 B ~ ™ A
| I, = WU < :
[ | ey T A > N_M | = .W
- M_ e _ | .?w- T _ flﬂ- i d...l\ fmﬁ\ W....J.r 1 .ﬂhw.\
awiiiN I _. s — g3 q | | e
BN RS g 1% Hm_l = gl I 8 =R
3 .MI | =T 1 [ T {vy W. T
| _ g Aq_ ek . “. : J..lw X _w. .x...-rl 0 ol MWL | .“;N.\.
= <JHBE] L L1 sl L
| . __/ ks \ M _— 13 m
i | ||.... | w nu.rfl \h” — ; "/L
il w& L sl [ f Wi L
| ) IS =13 e A
y _ %Y/
o]

Wl Tk

ANFERER
A

| o \
T ERI (=)

B EENS N HEESTE. EESESE.E: MEmEEImey _
RN T | 1 | TN
| _




UNIVERSITAT POLITECNICA o o
DE CATALUNYA L] E.T.S. d’Enginyeria de Telecomunicacio
1 de Barcelona

- C;I::_ - - | _'| E.T.S. d’Enginyers de Camins, Canals

S — i Ports de Barcelona

B OFers — Sec ™ o

Assignatura |_| Facuiltat d. malica de Barcelona
Cognoms Nom o Pagina de

Titulacio

O 1 1 O EEEENEN |
e mhe g I e)y | e (f:’ﬁ'/' xff*g/_ 13;%%'67w&5f‘ ” ) \
] P = _‘_ . 1 | Y] i ] _T'_"z-_ . z: 3l L,__'__, _mrid
_._eruz.um.& CESZ | .(w& \rx Iy «4«;9 j‘f"z'_/;ij W?ﬁ’;/

|

|
SN

(i)

o = r::ﬁ -1 ‘: P

ﬁ

N
——

(n )
=
L\

i
~J
N

L







UNIVERSITAT POLITECNICA -
DE CATALUNYA ’_’ E.T.S. d'Enginyeria de Telecomunicacio

de Barcelona

—_——

EES

D E.T.S. d’Enginyers de Camins, Canals

Titulacio R — o o ' i Ports de Barcelona
Hrs — S TV
Assiinatura D Facultat d’Informatica de Barcelona
Cognoms o N Nom o Pagina - de B
DNI
| | | | |
‘ =D R lan rexin —/W\c & &4 | ‘ N
i p N : _ N
_-—— S = ‘11—'_1 (1?1) “1 “"f)“_—!;""-‘ 9 Ld‘?(" '-Ff) 3 }"'/q ‘( Vi 4 __.—L:)I
_ = —-..;__,__...-- = ‘_ - . _,] | = i
—_._ =11 T:‘d'_—ﬁ1 "CEJEFF,C_,Q{" of "—(__cf | | =
IR N ol 1) ANEEEE ENEEEENE
Bearneise i Aem by Jo| €| =0 df“’_' i __._Z;,_ﬂ_‘-_‘- ._C‘F’f?ff:“??*#"[""’.‘s f1UST] VAMSH |
! } - | | b L - A § I [ |
=t W Al ,];,‘( T e RecoRSion ReArianv: | | |
| : | - i |
- et — 1 |
_ \ L vl {(br)) AT\
dge TP Tl (T
1L 1 "l (f‘_fZ)LgH) { = i
| < |
. | ‘ | i : ] —{ | -
N | 18| gl | Al L
,LJLc pdanip ]| ':?' 7 /wl/(,wj A, v el & e ot ,‘W""*‘ |
L1 | . ] mam |
seies| ST i TRO TN g ol Wl pedeny |
| T g P FERENEN
| | | L] |
L | 4|
B y
|




I ik | L LT I ] I N 1 O o
P VT TS | ARNTHY STl Be4AVIOR WE HAE To| TRoMCATE i
i l | | :
s ‘ - | SERUSIES 088 ISN) . | — — 1| S
T 3 ] T ,'.." wL, L] bk ?q% y, .o & Jj;—z_;,:c; vy ia,..'{: Ne (&),
L-!\f\'fe I\QQU.RE THAT /{) (S (NTEGEIL® 2 SRAVHE
EREN HEEN NN HEER l
A n . i B 5 i I Y| 74
Beercse e 4 i o ot el e elgprs s
9y ' | | 1 i. | o
Kl ihdldd AL TERAS 45 f NAN(SH ||
= ] =
gttt Heles | e
442 T S ] = eV T L s Y
Wil ' {—1‘1'7—.) G'ﬁ"{) J E% 61 3” 1 :

LB
| ™
A
fx
=1
£
]

AT
P
|
&
N
S
TRl
l
@

:
‘E&_
4
i
A

| = | i
AT | \,‘z;_m..s THE| ASged. 'LE’&EM@EET a{uuc.%;‘a&gv_l OUR ﬁéw"éw;;g [] 0
| ElNEarEneEwEnNEE -
 TT. 2 |wisickH RELATES THEM ) _, |
_| T | | _ l . Lt 1 L
bt : E __ i _x_:f_"‘_"_““s) il (i L
l EER ] O£ | 11
= L | / '?_\’/2. = | - |-
ANEE WNEIGEE,
| ' I . Tz | ' i i
{ ol LATH /,1|__ =2 N T 27\ | i{_"_ w - . . -
(LN T (T_' ) 2 4 Coro T 11 ]
I | - 3o,
‘:’ .'_ < 3 | | - 3| 2 11z - | =221 - = _22)|
52 Sa ; B3y 2 (- 22) (4'5?2)7-@5n“(4 7 )it/@-‘- (+-7 )f _
| L L L LT LTV TP 8 Ld T U] LT LT T
s [Pl and of 44 lgrie el @, orlains M 1ol oot (11,
~ " 4 4 , S $ l el -‘ 4 |
wlbe NI RETEE 2 )\l/vn}i :’-'-’Gr A .1 O | A1 W [—"\ B
| b - : : i
LT AwmRE SRR ABAAR = /
ﬁ‘_‘v“;—, Te @uA ]Tf’rJ‘i UL fss / éw-:, ‘c—?ﬁ R*"J"'"Eif‘ Siiale
| [T IF g N B T




UNIVERSITAT POLITECNICA . o
DE CATALUNYA ‘ E.T.S. Enginyeria de Telecomunicaci6
de Barcelona

——
_t,r__(_g m E.T.S. d’Enginyers de Camins, Canals

Tukacio . _ i Ports de Barcelona

. ~ QPeys — Sec. ™ S

Assignatura [_—] Facultat d’Informatica de Barcelona
Cognoms B - Nom Pagina de .

DNI

_ ] T

|
| T

@");f /‘V-‘Q/.I {‘é" ‘:‘i ,-t i WJ /"'b-‘f{".-d--ef 7&. U f ,'/ﬂﬁz [T? gE ) b@- | I. ( 1% L] i —
[ I
uﬂ?

|

Q)]

~
{
|
AP
_ ::l \5‘.
N

(=) \',_5&
I 1
r""“‘-'\____

o
S
E_'L
s
]

CRIT]
W

povien qenie; e o

0
s
™
———
) ol
v
fl
N
|

51
|

|
|
|
|
|
—=3
7~
Ul
J >t
Vil
m |
B S
BN
N
/_""‘\

B4 At fwm 71,)7& T A bl obrind
I X LA AT ra2vy . {4 T __!ﬁ%f\
] nedulyinEPCEN IS ARRNRS PR
‘ ‘ T ElEEEAEEAEEE NN i
g T 1]
_|Hi INEE - ) _I._ ||
1 3 1 =T




N
. '/)_

L il |
WE® m | | : | | .-..: >
EeEEEEL RN WEEEL SR
- I || A Y 5 o 0 S ) .n.......... ] . W | 17 4 - ..1_41- LN, | ] /_
; 3 RIS (x | 1 Tg [T
J 2 | [4 &1 1 = muiﬁ_._ =
i/l <Y | (3 INEW | & | D0 T [ 1 N
| & o1 Sl | ; e, | _ .74 & 2 ” | _ .(\ -
RS TS ¥ i gt
e S =P , h I o | |
VAR EERE R EE X E | o Wy [T
?w 3 ..VM _ _..c..ﬂn i .u-d | ﬁ)ﬂu |._T¢ x -4 4 A .rldU
T3 N O . O O O =— 3] | I |
BN SN - BN Y R ETEE o =
RE N SRS EE LN = BN AN 1s : Ty T
NS SRR SN AN ) AN AR A G A <
M Mu_ rd M— .A.. ! ) P Ol _ _.% + _ N. . J
_u._ w mw I " _4 AD.J_ w, m,‘. | A.. | /% 7..._. W | ! T #.. i
§ ~~—L .@ £ Y Y| vo I =1 AL EARRrE? NEECOM
¢ i N g % 1 e S =3 S =
|- | W I X (1. ! 1 _._ | X L w =
v | Y % el | 1% | ==t | X I N (7 4|
IR A S E=NR NN ¥ | L e e e L T il
N[ Td | HESIHEX R q IEISE MR BRI A e
| 3 d | + o e s ~a || LI} | =l e |
NEwN o I (o=l O [ [ 1 | L ST o B
| U ./m_ - S IR AR T s ITY [T~ | [ = <o ?H”
{000 P P 3
2 3\/5. N NHE A NANJL =1 I < Il + 35 (0
R R ERCERE RO RRNE TSR L
X | N 1 /Wﬂ‘ R O - ﬁ 3 1w ¥ &l | !
i x| |9 | e TM < es P = H . rl .| R R
¢ | R 3— | r=a EN RN =T LI
B I I S, « I O e ™= &Eh = | | _ _ 4 L\ | |
LN W e (O i T
= Mﬁ | wq.__ﬂ_u T M T
= . | | M ke = | |
(. LN T =l ) =0 || = | ]
_ | _ _|4




UNIVERSITAT POLITECNICA
DE CATALUNYA

L]
L]

A

de Barcelona
o =—%

FETS

E.T.S. d'Enginyeria de Telecomunicacio

E.T.S. d’'Enginyers de Camins, Canals

Titulacio - a —_— i Ports de Barcelona
- (RurS — See U
- Assignaluia D Facultat d'lnfermatica de Barcelona
Cognoms " Nom - Pagina @ — de
-
| |{ ] | [ 1] | ]
IIENEANAEEVENEEEEEENEEE AP I
Tl pieeihe i grooni, & o Klle g b
| i ' | ' L L] | _ ?
= | 1. 4 - - 3 | |} ) | \ . ’ | .—-- 4 ‘ _I_ __}_
U e F(p) v RP) ol Averge f e ey 5
R 7 [ s NN [ ]
. P. b ==L C | | |
== \—A’?M““&z/ u]&/ &') a I
B [ 1] | LT TR T
e AbAW WE NEEA Te TRMATE THE IERES |/ "”?’75%’- =
Lo Pl b bl 14y Laks L] 4L Lol B 7| )
BN "‘39””!” %’1"— fthorricr forn F,R Y, ] L1l
| - 4| | -
o REQUIRWG | THAT ¥ =m by )
gl . .

(5_1\':63,1‘ - |

ul'./‘.,'m. m= L, 1’{—_7_(7{”5 1 ) Y

1 1(’1’%&-{\,_

ERNEEES EaN EEENATTE S
L= THYS | T lp) ~ne /“"jgwu‘“‘"‘ff ] [ @142y 1
I - | I "'(4‘22 AH:"’[:C"‘\\ I | | | > ! s sl
| | Iy 14l T T Hl T4z )
— QUANTI | MuHBERS M g!ﬁ;zh m=1 [ 1™ 1~
—> EREEEaEEEEE e RN
= e M A LENT N SRR L R
APTER Lady s dio ISR L Y IC e Y.
§E8EH| F3gasyn i caun  aunan e R 1D S e
) =R EA T T A T 1] | | =423 H (- —> il
" "‘\ | famiy [ZRE AT L[] (FH-6
i 3 L% | ImER
INEEEEEESNEN AN T | FENENEN
NERGY QUAVT(RAT(aY | KATH EXACT SWlE VAWES | AQvest CRJ"IE'UI")
e i) | L] [ RoHR | IAERS
| | g i ! | |
‘_ | % L]
INENEEE R ANEEN ]
l_‘ _J‘ | | ; | 1 & | = L =
L1 | ; | ! | L
11 | | |




L - i i 0 [ | L L
RN [Co\ | T | N |
: ( ¥ || I
EERNER N=Jl L B |
T r AR mfw : - -
X .....,..l.....-l!.ll. nV« | — ; p f |
VT | 2 o P A I NE 1 T
' [ _2 _/c Fﬂ. 1 [ % ﬂﬂ_
. O A ) L N =2 | | N S 0 Y |
M W ,.W_J o 2 P W 2 INEEE
— _
S Auﬂ,r. | . Mk_rm ¢ i ﬂ_ T kil Nl
01 S R V£ s SR SRR
v f ] ‘ # o .__d w mV\J. _ == It .JH | _ _ : -
| & NI/ Lk ol | i | I REEEE
3 ol O O i A i J 1 | 3 | ]
L | " VRS T A T T8 T R | 1
R P il ST e T W
) o - d == |
\ | N il B . &ﬂu HEERE= T3 Aw n
_M_ =1 13 _,(.ﬂ Ry d | [ , . L
: | ! . __ M | | 2 ) W_.i. _ .~__ & b _
R I R T e T PR T | |
| W _ ZJ “...-._rm.d ..ﬂ 1 B, M ﬂ__ "2 | _
el 1 S I o | | Awﬁ - J h — I b .
..Tu/ _ v ™ : m& . Mx P g W W
/..m *mz // ....iA IW_ ! .ﬂm | : “7__ I = ...rﬂ.
M =t o F 3 BEIW AN A TN
10 | oo I \ & T M , w )
[ s IENEZEE X (N ) B &
MBS HENE NN F = T
i s NO | i m.o\\}/ =] [~ S| [N
E= i ! i % 6l I =
.l_.l,,_w..h||/ &N kL X - M,L h | @W i ﬁ |
___PM mZI __. .__ | e fﬂ M RS .v | | ﬂ | .M |
R =, 3 Q 2  vu HR{EANE 0|
i M i BN DR R S
B | a =T =
AlEEEERREEN | |
| T | = 1




UNIVERSITAT POLITECNICA

@ DE CATALUNYA ij E.T.S. dEnginyeria de Telecomunicacio

de Barcelona

.
N E S B [ ETS. dEnginyers de Camins, Canals
Titulacio

- i Ports de Barcelona
G4 S — S N B
Assignatura [] Facuiltat d'Igiormatica de Barcelona
Cognoms - Nom Pagina _ de _

DN

: \
Two | conren offfiens w THe CTERATIRE | To EATRESS THE FuvAL

clionsS | |

2 wféf,«u@wa Z_

@l ]_




i§

\,

:

4

-

L L

,’?14&146*5'{8:&&));

DENVEIT X

foR 00 |

cASg !

Ay

Z N

4

b/

e’y (e

RANAL |
PROBABILITY

) ?j":fi

f\

£ e =1

-1

il

n

f LN

X |

prlonw  efieamen /bv\

]

i
Mgy A

e

la
(

z -t THasg O

:t_
J ¢
)

q

/.

fe

7

l{“\me ” b

whone e

el a4,

=

f{

o nRALED, | X
il

AT | AR L

L

i

Z=

<P

P 8 /0 0 A B3 P

W

ok

H
2

: .a- i

)

T

I
|
7

)

{

=

ose @ or @)

73

¥

'éﬂﬂf' .

—

-
st Tl

b A

2T

o

p—
b

Al

AT R
i Yok By prcll

7

()

|
s
r

71

At

A

ﬁ%ﬁ, e |

4

KIS

o Al A6

L

r

g

A

L€ ¢ Eb

m

10

EWDS
ALgo |

f’

i

e
(&

e

ot | 35 7

APy
T A

—

o

|

.-% i

'bi:,PENa‘M lGiid WHETHER W

?‘, b

B s et A )
U

Tokis |inreebdL e
b—,.cll,r

A

§'Aermp.

|
i
L

S 1 17—
=M ]
. -

28,

|




UNIVERSITAT POLITECNICA ) )
DE CATALUNYA _l E.T.S. d'Enginyeria de Telecomunicacio
de Barcelona

— N f?l S ’_J E.T.S. d’Enginyers de Camins, Canals
Tulacio — i Ports de Barcelona

QRers — Sec. N

[ _J Facultat d'Informatica de Barcelona

Assignatura

Cognoms Nom Pagina de

DNI

_ ﬁ_ BRI

e <A g

H
:
%\‘_—Q}
@
(§1
i

e
3

- g
:

Q
N

@)
1
|
7
:
_brv
3,

| =
el
3
~
"3‘)
AT
)
AL
-Q

| I\.é b
—L

TRE i

I_I
4
Q'
_U"!
N
I, =
et
\l
=
=
¥
S
20
K
\
.1 =) (;\L
o il
<
|
=]
g\'l
i_




B

AR | Aoy

(S

—t

-

o
{
ﬁ' L

—

oF | THE | FORITL

A

cf("—-\d['

b A ol AW?‘***’ 3 PRV

A

| /rl'

ko |

|

|
d
e

(1

et

D
"

G

l

/

Y

AT UOE] CHeoSE |

v
i ¥ | o —
SN (0 P L R A W M O
I +¥ [wl ISNE[TIN 8 r~
T I B
_ K IWE G 11 W W W W
1] R [7] 1411 ] |
LA, 3 [¥ J s N X
= o 3 1. . |
= 3 _.w _ =4
g E .A. LY 2
= »

gteonly|

~Aaq L

X

Btk

Lefn R4 frﬁ-vw\:ewb:

~

Lt ——

A
— N
il

/
-~

—

‘f.—

/e A1F

| V ?U'f’g"'f%&[} Al

(2)

£

=

Ve atne |

PRERAB L T

e | 2

¥l

> AARY |

o The |7
ég"*\. /&re.__fu

7

C

I~

TION| deon’ STANT

FRolLEH

574 Tee | Aol R | OF | [ Roane 17 7

i

TRUE | NoRrAL 3

AN




11/22/2017 The Radial Wavefunction Solutions

Ne:{t] Up| Previous| Cantents
Next: The Hvdrogen Spectrum Up: Hyvdrogen Previous: Hydrogen Contents

The Radial Wavefunction Solutions

Defining the Bohr radius

we can compute the radial wave functions Here is a list of the first several radial wave functions
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Table of spherical harmonics

Table of spherical harmonics

(Y™

This is a table of orthonormalized spherical harmonics that employ thd Condon-Shortley phasé

1p to degree I = 10. Some of these

formulas give the "Cartesian" version. This assumes x, y, z, and r are related to # and @ through the usual spherical-to-Cartesian coordinate

transformation:

xz =rsinfcosyp

y=rsinfsing o 1
z=rcosb “'\}ﬂfﬁz”m(‘, PEN | ~
Spherical harmonics SUCH AW '1 :WMfauMh&Qw
1=o0 |
<0 -
Y30,0) = 24/~ il
2V w
1=1M
Gi00=  gyfmewoems - 1 [3.LoW
YL(0,0) = %\E-cosa = % %;
Y (0,0) = —% % ¥ .sind = _%\/g (”:"9)
1=2M1
Y, 2(8,) = i g €75 . sin? g - %\/g Bl _r:y)z
Y, (6, 0) = %\/g e .8inf-cosf = %\/g (z ;:y)z
Yy (0,0) = %\/g-@cosza—l) = i % (22 —:;2_1!2)
Y} (6,0) = —%\/g-ei‘o-sinB-coso = _% ; (a:-i;ziy)z
Y} (6,0) = % ;—i - %% . sin? - i \/g , (a;a::y)z
1=30
Y2(0,0) = 54/ e ¥ sin’0 = e il ;3"-'1)3
Ys_z(os‘P)=i\/g-e—2i‘°-sin20-cos0 =%\/¥.L:y&
}’3”1(0,%)=%\/2—?1'6_"‘P-Sin0-(5co_s20—1) =% 2_1r1 (m—iy)(4f3~mz_yz)

iy)(42* — 2> —¢”)

]

Y:"O(o"")=%\/§-(5cos3o'—3cosa) =% ; z(z"z‘iﬂ”—w’)
Y3(0,0) =~/ aimo- (eosto—1) =L /2. EF

https://ipfs.io/ipfs/QmXoypizjW3WknFijnKLwHCnL7 2vedxjQkDDP1mXWo6uco/wiki/Table_of_spherical_harmonics.html

1/10



01/z lwiysoluowRY |edUaYds 0 3|qRL/INIM/0INGOMXWTAANOXPIAZ L TUIHMINUHWIMEMIZIdKoxwd/sidiforsydi//:sdny

9=1
; (45 o g
agms'dgga'z 9__'__(05 0)95{-
e 9T
S00 . g ws - Ahg) 2
0 07 H d;_zy 982 E ( 9)51{
. 39 ¢
(T—9,5096) - WIS - 4,02 - s = = (d9)¢x
L 9 5
(9800 — g (s00¢) - g guS - 4,59 - g—gﬁ — = (394
9[
+8 ,800FT — @ OO TZ) - gUIS - 4,2 - b9) S
(1+6 ;50971 — g ;800 17) - guis - 4, 991 = = (&°9) 1A
(gsoagr1 +9£3°° 0L — @ ¢S99€9) - — 91[1 (#°9) oA
(1+¢ S0P — g 500 12) - guis - e ? 2 \9T = (‘) I_‘{,{
G91 T
X
(9509 — § §509E) -9 (S - g 2 —gf-f S~ 9
ZE
1—¢,8096) 9 s 4. 2- b9). 8
( ﬂg ) Gg dhig 939 ( 9)9 A
91
S00 .9 UIS: 4, 2 - g), 3
0 07 Lt 2 988 ¢ ( 0)7 A
(443 .
egu!s' d)_lg—a 1 € (d, 0)9—91{
ms =1
v 91 £g A 91 ;
__— =g.us. , 9- — [VZZ = ()t
7(ﬂ2+2) 9 ¢ 07 7y e € ( 0)71
rt A8 A8
— . V2 —pgsoo.g ms- 4,9 — |V — = (h‘g) T
zyBrra) gg) g— O O en® e (%)s%
rt N8 ) . .ﬁ/\g_. Q).F
(b —g2L) - p(Ar+2) G/ € = (1—6;509L) -6 ;115" g2 g/ ¢ =(59)g&
i Lp g Er N3 :
(ot —0) 7 @+ 3) 9/t = (ps0og ¢ 509L) -GS 42 e = @0)ix
- 91
(48 + 45708 — 238) I/ g = (E+0,5008—9,80058) - /‘ =(9)¢4
¥
vt X A8 L A8 ]
(g0 7 (-2 3 E=(0“°°9‘99*’°°“'0“‘“'0”-"E/‘f("’ 2
Z §
- e LT A8 ‘
D s 5 ¢ 00wm) 0 a2 =
b L Ag x Ag
_-—/\—= $0D . g IS - 2. — V2 = (d'g). 7
zg(ﬂp—m) e € (/) 09 . Mg— ge ¢ ( 0)9—/{
pd 13 A 9T 91
Y O NEE g ws- 2. = V2 =
7(ﬁ‘l,—$) o ¢ . 07 . hip— gs ¢ ( 0)7—
mv =1

sojuouwiey |ecuayds jo s|qeL LTOZ/ET/TT



Recap / IV 1 TISE 'IV.2 Results / iV 2 Smin & Orbital L7 1V 4 Spin-orit 7 1V 5 Rates & 1ules

H-atom: Probability densities
ANGULAR or DIRECTIONAL part of the EIGENFUNCTIONS:

¥(r,0,0) = R(nNO6)P(9)
Often written in terms of SPHERICAL HARMONICS:

Voim = R,y (1)Y,,(6,9)

Note the probability density Yotm¥nimg = annl®lmlelm|(b:|¢m
is INDEPENDENT OF AZIMUTH: D* (9)D,,(¢) = e~ "™eeime — |
(i.e., rotational symmetry around z axis)

(i.e., we only need to study dependence with polar angle, 0)
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Recap / IV.1 TISE /IV.2 Results / IV .3 Spin & Orbital L / IV 4 Spin-orbit / 1V 5 Rates & rules

H-atom: Probability densities
ANGULAR or DIRECTIONAL part of the EIGENFUNCTIONS
Polar diagrams: distance from origin to line proportional to

probability in that direction, i.e., to O (6)®y(0) or |Ylm(9,¢)|2

¢ Secs |

[=3,m= %3
I=3m=

z
A

I=3m=4+1

l=3,m=0
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Recap /1.1 TISE 1 IV.2 Results / v .2 Spin & Oviial L/ V.4 Spin-oibi [ IVA Rales & rules

H-atom: Probability densities
ANGULAR or DIRECTIONAL part of the EIGENFUNCTIONS, ¢=3:

2
A
2
69 2
l=3.m,= i3
1—3 m,
’—3 m,
I=3,m,i0
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Recap / IV 1 TISE / IV.2 Results / IV 3 Spin & Orbital L / IV 4 Spin-orbit. 71V 5 Rates & rules

H-atom: Probability densities
ANGULAR or DIRECTIONAL part of the EIGENFUNCTIONS, ¢=3:

e=3,m,=t/-1  £=3,m,=+\-2 £=3, m,=+\-3

l=3,m‘-0
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Recap / IV.1 TISE / IV.2 Results / 1%/ 3 Spin & Orbital L/ IV 4 Spin-orbit. / 1V 5 Rales & ruies

H—-atom: Probability densities
ANGULAR or DIRECTIONAL part of the EIGENFUNCTIONS
Note angular part depends on { and m, (not n).

More polar diagrams (2D), ¢=m,:

z z <
’30."!["0 l=l.MI=:l l-Z,mInﬁz
z 2
Y, (6,0)"
, lm( ’¢)l
I=3,m =23 l=4.m=%4
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Recap / IV.1 TISE / IV.2 Results / 1V.3 Spin & Orbital L / 1V.4 Spin-orbit.-/ IV 5 Rates & rules

H-atom: Probability densities
ANGULAR or DIRECTIONAL part of the EIGENFUNCTIONS

Note angular part depends on ¢ and m, (not n).

More polar diagrams (3D ‘orbitals’), {=m,:

1Y, (6, 8)
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