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TABLE 4.2: Some associated Legendre functions, P/" (cos6): (a) functional form,
(b) graphs of r = P/"" (cos0) (in these plots r tells you the magnitude of the function in

the direction 0; each figure should be rotated about the z-axis).

Az ¢
0= PY=-(3 61
Py=1 P; = ( cos? ) {?_ POG) PG
. = - . N,
P[1=811’19 P3—15 sin 6(1 — cos~ ) . Lz
PY=cos 6 P3=15sin’6 cos PY(6) %‘ Pi(6)
P2 =3 sin’6 Pl = 25in6(5 cos26~ 1) ks .
P! =3sinf cost B= % (5 cos® 6 — 3 cos 0) % P3(6) O Pi0)
(a) (b)

Griffiths, QM
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TABLE 4.3: The first few spherical harmonics, ¥;" (0. ¢).

Y0 = (% )”2 cos @ ¥= (—%")” (5 cos3 0 -3 cos 0)
yif' =% (% )H2 sin Qe ¢ Y= 6‘:1— i (5 cos* O — 1)e*i®
Y= (Tg_n) ” (3 cos20-1) Y;?= ( ) " sin® 6 cos e+
yil=% (%)m sin @ cos Qe rP=7F (Bﬁ) 2 sind fet3i0
The normalized angular wave functions® are called spherical harmonics:
2L+ 1) (I — |m|)! .
m(g ¢) \/( = ) El = :ml;1 e;m(,b m(COS@) [432]

where € = (—1)" for m > 0 and € = 1 for m < 0. As we shall prove later on,
they are automatically orthogonal, so

f f (Y@, O)T[Y)" (O, )] sinb d6 dp = 818y, 14.33]" Griffiths, QM
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Eigenzustand von L;:
L auf Kegel um z-Achse verschmiert
— Lx und Ly unscharf, aber L; scharf

{’=Mnxi—z =Max me=3

12 |=HhVEE) = hY3(3+1)'= 3 46h

Mayer-Kuckuk, Atomphysik, Abb. 31

LY" =#21(1+2)Y,"  1=012...
LY™ =amY," m=—l—1+1..1-11

(2I+1) Einstellmoglichkeiten von L,
d.h. erlaubte Werte von m

L. kann nicht genau in
z-Richtung zeigen, da
Radius des Kreises
grosser als maximaler
Betrag von m
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TABLE 4.5: The first few Laguerre polynomials, L, (x).
Lo=1
Ll =—-x+ 1
L2 JC —4x+2

Ly=—x3+9x*-18x+6
Ly=x*—16x3 + 72x* — 96x + 24

Lg = x% — 36x° + 450x* —

Ls = —x° + 25x* — 200x3 + 600x% —

600x + 120

2400x3 + 5400x% — 4320x + 720

Griffiths, QM
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TABLE 4.6: Some associated Laguerre

* p
polynomials, L, _ , (x).

L= L=

LY=—x+1 L?= —6x+18
LY=x>-4x+2 L3 =12x> - 96x + 144
Li=1 E-=6

Li=-2x+4 L= —24x+ 96
L}=3x*>-18x+ 18 L3 = 60x> — 600x + 1200

Griffiths, QM
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TABLE 4.7: The first few radial wave functions for hydrogen,
Ry (r).

Ry = L a3 (1 _Lr ) exp (—1/2a)
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16V3 80 \a
1 snf_ L r )(_)
Ry =l a (l 54 exp (—r/4a)
1 =372 (1
Ryy= ——a7'= (__) exp (—r/4a)
Griffiths, QM 76835 a
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Demtroder
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Abb. 5.3. Die Radialfunktionen R,, ;(r) des Wasserstoffatoms
fiir die Hauptquantenzahlen n =1, 2, 3. Die Ordinate ist in
Einheiten von 10°® m—>/2 aufgetragen
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Wnlm (l", 99 ¢) — Rnl (r)Ylm (99 ¢)

2N m=1=D L 2eN .
1!’nlm - \/7(;;;) 2}1[(}1 n ])‘]3 € (;’1;) [L!I-—l*"l (21’/!10)] Yi (9, ¢)

Quantenzahlen:
n=1,2,3, ... Hauptquantenzahl
|1=0,1, 2,...,n-1 Drehimpulsquantenzahl
m=-,...,1 magnetische Quantenzahl
4 ze I’
a, = —=0.529 Bohrscher Radius:

me
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Tabelle 5.2.

Die normierten vollstindigen Eigenfunktionen

eines Elektrons im Coulombpotential V(r) = —Z- e2 /(4megr)

1 0 0
20 0
23 0
2 1 =kl
5:.10 0
31 0
a1 - =l
3 2 0
3 2 &I
5 2 gl

Eigenfunktionen ¥, ;. (r, U, @)

3/2
(i) ) e Zrlag

T\ 40

(__Z__)B/2 (2_ Q) e——Zr/Za()
427 \ o ag

3/2
| Z Zr .—Zr/[2ag
L = e cos
42 (“0) ag

1 (2N z
Sﬁ agp agp

3/2 )
I Z _ 184 Zr” ) a—Zr/3ag
(£) (27 182 +2%3 )e

3/2
/2 (z) ( Zr) Zr —Zr/3ap
L e cos
81/ \ ap 6 ap J ag =
372 .
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s-Orbital in 1. Schale

s-Orbital in 2. Schale

3 p-Orbitale in 2. Schale

s-Orbital in 3. Schale

3 p-Orbitale in 3. Schale

5 d-Orbitale in 3. Schale

Demtroder



o Hydrogen Wave Function
Probability density plots.
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Probability density 2-dimensional plots
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,mﬂeneral Home » FAQ »History of chemistry Print | Comment
T Chemistry Previous Question

A Online!

e What do the letters s, p, d, and f in the orbital
Sommn Sl names stand for?

FAQ

Features

Glossary

You might expect that the 's' stands for 'spherical' and 'p' stands for "polar’ because
these imply the shapes of the s and p orbitals, but unfortunately, the letter designations
have nothing to do with the orbital shapes.

Construction Kits
Companion Motes
Just Ask Antoine!

Simulations Spectroscopists associated transitions involving energy levels with different £ values with

Slide Index different groups of lines in the line spectra of the alkali metals. The line groups were called

Toolbox sharp, principal, diffuse, and fundamental. When the angular momentum quantum number was

Tutorial Index used to describe and explain these groups of lines, s became an abbreviation for £ = 0, p meant
£=1 dmeant £ =2 and fmeant # = 3. For consistency, higher values of the angular

|:’ momentum quantum numbers are designated alphabetically (g means £ = 4, hmeans £ =5, and

=0 on).

FAQ

irotuction Auther: Fred Senese senese@antoine. frostburg. edu

A brief introduction to the history behind these labels can be found in W. B. Jensen,
"The origin of the s, p, d, f orbital labels," J. Chem. Educ., vol. 84, no. 5, pp. 757-758,
May 2007. [Online]. Available: Apparently the
"sharp," "principal," and "diffuse" characterizations were devised first by the British
chemists George Liveing and Sir James Dewar in the 1870s (their papers were compiled
and published as Collected papers on spectroscopy, which is available online

at http://catalog.hathitrust.org/Re...), and the "fundamental" characterization came
later, due to the work of Arno Bergmann around 1907.
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E 2 Y’
m € Grundzustands-
E=—, n=123,.. E=-— =-13.6 eV Jonisat .
n Zh 472'80 onisationsenergie

Jedes Energieniveau ist n?>-fach entartet, da E nicht von | und m abhangt.

E/eV A

 n =0 | =1 =2 =3 =4 lonisationsgrenze
0 * 5 :
[ 5
0,84 4 —35— - i | g
-1.5 3s 3p 3d
-3,37 2 55 5p
2
Ey=——o
4negr
—13,5 n=1 1 1s
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