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NAME Secret Number Score

Constants

h̄ = 1.05× 10−27 erg sec c = 3.00× 1010 cm/sec e = 1.602× 10−19 coulomb

1eV = 1.602× 10−12 erg α = e2

h̄c
= 1/137 h̄c = 1973 eV Å= 197.3 MeV F

1 Å= 1.0× 10−8 cm 1 Fermi = 1.0× 10−13 cm a0 = h̄
αmec

= 0.529× 10−8 cm

mp = 938.3 MeV/c2 mn = 939.6 MeV/c2 me = 9.11× 10−28 g = 0.511 MeV/c2

kB = 1.38× 10−16 erg/◦K ge = 2 + α
π

gp = 5.6

µBohr = eh̄
2mec

= 0.579× 10−8 eV/gauss
∞∫
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π
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∞∑
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2πσ2
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2/2σ2

∞∫
0
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√
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HARMONIC OSCILLATOR

H = p2

2m
+ 1

2
mω2x2 = h̄ωA†A+ 1

2
h̄ω En = (n+ 1

2
)h̄ω n = 0, 1, 2...
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∞∑
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√
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) [A,A†] = 1

A† |n〉 =
√

(n+ 1) |n+ 1〉 A |n〉 =
√

(n) |n− 1〉 u0(x) = (mω
h̄π

)
1
4 e−mωx
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ANGULAR MOMENTUM

[Li, Lj] = ih̄εijkLk [L2, Li] = 0
∫
Y ∗
`mY`′m′dΩ = δ``′δmm′

L2Y`m = `(`+ 1)h̄2Y`m LzY`m = mh̄Y`m −` ≤ m ≤ `

L± = Lx ± iLy L±Y`m = h̄
√
`(`+ 1)−m(m± 1) Y`,m±1

Y00 = 1√
4π

Y11 = −
√

3
8π
eiφ sin θ Y10 =

√
3
4π

cos θ

Y22 =
√

15
32π

e2iφ sin2 θ Y21 = −
√

15
8π
eiφ sin θ cos θ Y20 =

√
5

16π
(3 cos2 θ − 1)

Y`` = ei`φ sin` θ Y`(−m) = (−1)mY ∗
`m Y`m(π − θ, φ+ π) = (−1)` Y`m(θ, φ)
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[
∂2
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r
∂
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]
Rn`(r) +

(
V (r) + `(`+1)h̄2

2µr2

)
Rn`(r) = ERn`(r)



GENERAL WAVE MECHANICS

E = hν = h̄ω λ = h/p p = h̄k

∆p ∆x ≥ h̄
2

∆A ∆B ≥ 〈1
2
[A,B]〉 ∆A =

√
〈A2〉 − 〈A〉2

ψ(x) = 1√
2πh̄

∞∫
−∞

dp φ(p) eipx/h̄ φ(p) = 1√
2πh̄

∞∫
−∞

dx ψ(x) e−ipx/h̄

pop = h̄
i
∂
∂x

Eop = ih̄ ∂
∂t

xop = ih̄ ∂
∂p

Huj(x) = Ejuj(x) ψj(x, t) = uj(x)e
−iEjt/h̄ −h̄2

2m
∂2ψ
∂x2 + V (x)ψ = ih̄∂ψ

∂t

ψ(x) continuous dψ
dx

continous if V finite

∆dψ
dx

= 2mλ
h̄2 ψ(a) for V (x) = λδ(x− a)

〈φ|ψ〉 =
∞∫

−∞
dxφ∗(x)ψ(x) 〈ui|uj〉 = δij

∑
i
|ui〉〈ui| = 1

φ =
∑
i
aiui ai = 〈ui|φ〉 ψ(x) = 〈x|ψ〉

〈φ|A|ψ〉 = 〈ψ|A|φ〉∗ = 〈φ|Aψ〉 = 〈A†φ|ψ〉 φ(p) = 〈p|ψ〉

Hψ = Eψ

[px, x] = h̄
i

[Lx, Ly] = ih̄Lz [L2, Lz] = 0

ψi = 〈ui|ψ〉 Aij = 〈ui|A|uj〉 d〈A〉
dt

= 〈∂A
∂t
〉+ i

h̄
〈[H,A]〉

HYDROGEN ATOM

H = p2

2µ
− Ze2

r
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∞∑
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1. At t = 0, a one dimensional harmonic oscillator is in the state ψ(t = 0) =
√

2
3
u1 − i

√
1
3
u2.

Calculate the expected value of p as a function of time. If a measurement of the energy is
made, what are the possible outcomes and what are the corresponding probabilities?

2. Assume the potential for a particle of mass m is independent of y, V (~r) = V (x, z). What
symmetry is the problem said to have? Use an infinitesimal step in the symmetric direction to
show that some operator commutes with the Hamiltonian. What quantity is conserved (that
is does not change with time) in this potential?



3. Use the commutator relation between the x, y, and z components of angular momentum
to derive [L+, L

2] and [L+, Lz]. Now use these commutators to show that L+ is the raising
operator for the harmonic oscillator energy. Finally, compute the constant in the equation
L+Y`m = C Y`(m+1).


