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FORMULAS ETC
e Particle in box

V(z)=0 for 0<z <L, V(r)=oo otherwise
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e Onedimensional harmonic oscillator
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e Laplace-operator and angular momentum operators in spherical coordinates
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e Spherical harmonics
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e Energy eigenfunctions and radial equation, spherically symmetric potential V' (r)
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T

P(r,0,¢) = Y (0, 6);
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e Energy eigenvalues and eigenfunctions, hydrogen atom, V (r) = —e?/(4megr)
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e Some constants

Amegh?
apg —

5~ 0529107 m  (Bohr radius);
Me€

B e? N 1
C T Ureohe - 137.0360

h?
Lolmact = ——5 ~13.6eV (Rydberg energy).

(fine structure constant);

me~9.11-10 3 kg h=h/2r~1.05-10%Js e~160-10°C w~1.66-10 %" kg
my=m, ~167-107"kg  kp=~138-1072J/K ¢~3.00-10°m/s 1A =0.1nm
1/4meq ~ 9 - 107 Nm?/C? mec? ~ 511 keV  mpc? ~ myc? ~ 939 MeV
e Some formulas
sinag = (' — e 1) /2i cosa = (e + e ) /2;
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1
tany = —— =tan(y + nw), n=0,%£1,--;
coty

. _ _ 1 sinh
sinhy = 3(e¥ —e™); coshy = 3(e¥ +e7Y); tanhy = cothy coshz;
2 L 12 d . d )
cosh”y — sinh“y = 1; — sinhy = coshy; — coshy = sinhy.

dy dy

lyl < 1 = exp(y) ~1+y
|21 + 22> = |21]* + [22]* + 2Re (2] 22)
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A couple of integrals:

™
/ sin Nz sin® zdz = 4/(4N — N3) ; N=1,3,5...
0

/OO 22 exp(—xz?)dx = /7/2

—0

de Broglie:
A=h/p, v=E/h

Average translational energy pr particle in ideal gas (in 3 dimensions): 3kgT/2

Schrédinger equation:

ov
h— =HWY
"ot
Time independent Schrodinger equation:
Hy = FEy
Momentum operator:
=0 p=" L ) - £6)
Pz = i oz b= ) p p
Kinetic energy:
2
K=—
2m
Angular momentum:
L=rxp

Rotational energy:

1
Koot = 51& , L=1Iw
Heisenberg’s uncertainty relation:
AzAp > h/2
1 N
AAAB > 5 ‘(z’[A, B])‘

Commutator:

[A,B]= AB — BA

Stationary state: .
U(w, 1) = p(x)e PP

Expectation values:
() = /‘If*x‘lfdx
h 0
= U*— —Wd
) / iox "
(F) = / U*FUdr



Wave packet:

Boundary conditions:
¥ (x) continuous everywhere, diy/dx discontinuous at oo jump in V(z)

j=Re [\I/* (h@) \I!]
mi 0x

Probability current:

Uncertainty (standard deviation):

Ehrenfest’s theorem:
Sy =2 L)~ v
Relativistic energy (K is kinetic energy):
E*=p?’? +m?ct ; E=K+md

Relativistic momentum:
mo

P= T

Prefixes:
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f=100"2,p=10"2,0n=10" p=10"% m =103k =103, M = 105, G = 10°, T = 10'?

Spherical coordinates: z = rcosf, x = rsinf cos ¢, y = rsinfsin ¢

A couple of potentially useful numerical values:
h%/2m. = 0.0378 eV nm?
hc = 1237 eV nm

Selection rules for radiative transitions: Al = +1, Am =0 or £1



