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2D Particle in (Square) Box

1. For the particle in the two dimensional box the potential is

v 0 inside box —L/2 < z,y < L/2
co outside box

We solved the Schrédinger equation
—h2 [ & 52 _
[% (@ + 5“?;5) 55 V(’%%’)J ¥(z,y) = E¥(z,y)

2. The wave functions are described by two quantum numbers n,, Ny and are

‘I’nz,n, (:r'} y) = Xn: (m)Yny (Y)

e
R =123 ... and n, =1,2,3,...
Where
2 T
segslTE g =1 25
Xn,:(m) o \/; ( 4 g
\/%sin(ﬂ%“ﬁ) n; =246
and similarly
2 LTS =
\/;cos( =) n, =1,3,5,...
Yﬂ.y(y) =3 D ME
Zsin (™) n,=24,6,...
3. The Energies are a sum of the energies
Enx,ny = € + ¢
-, R
= oM™t onre ™

(4)

()

(6)

(7)
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Wave functions Hydrogen

* We will solve the Shrédinger equation for the Coulomb potential

2
Vi) =gt 1= TP )
e The wave functions are
wnlm(ra 9: 30) = Rnl(r)etm(g)(bm((aa) (10)

Here th labels n, [ and m are the quantum numbers. One for each dimension r, 6, ¢.
¢ In general the wave functions are characterized by the three quantum numers
1. The principle quantum number

n=1,2,34... (11)

(n —1) is the “total number of exciﬁa;fions iﬁ éifher the radial ora,ng:ula.r direc-
tions”.
A 13.6eV

Eﬂ. = — —_—
2ma n? n?

(12)

2. The angular quantum number is the total number of angular excitations which
should be less than or equal to the total number of excitations, (n — 1):

£=0,1,...n—-1 (13)

(n—1)—£ is the number of radial excitations. £ labels the total angular momentum
of this wave functions:

L2 = +1)Rr%. (14)
For £=10,1,2,3,4... these wave-fcns also called by the names

{=s,p,d, f,g - (15)
i.e. an “s-wave” is another name for the ¢ = 0 wave function. e

3. And a “magnetic” quantum number which labels the 2 component of the_,-_'-a.ngula.r '

momentum i

L, =mh (16)

~ with

' m=—{—¢+1 ... 4—11¢ (17)
nlm  B.(0) Om) Ru(r) Ynim
109 1s 1 1 :m'ge_‘"f"“’ : \/:;ge_rf“‘

1 e P e 1 o) o fon
20 & 25 1 1 = (z ao) e e (2 ao) e
ko021 \/ECOS(H) \/Q:i_mé aloe‘r/?,ao \/aéTag aloe—r/!&ao cos(0)

+i B I r . —r/2a, 1 o —r/2a. & +ip

21%1 % e /sin(p) e e Ty e sinl6)e
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