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kg MeV/c2 amu
me 9.11 × 10−31 0.510999 0.000549
mp 1.673 × 10−27 938.272 1.007276
mn 1.675 × 10−27 939.566 1.008665
amu 1.660 × 10−27 931.494 1

1 eV=1.602 × 10−19 Joule,h = 6.62 × 10−34 J·sec=4.14 × 10−15 eV·sec. hc = 1239.8 eV·nm.
kB = 1.38 × 10−23 J/K=8.62 × 10−5 eV/K. c = 3.00 × 108 m/sec. ǫ0 = 8.85 × 10−12 in mks
units.µB = eh̄/(2m) = 9.274× 10−24 J/T. 1 Gray=1 J/kg=100 rad. Sievert=Gray·RBE=100 rem.
1 Curie=3.7 × 1010 decay/sec.NA = 6.02 × 1023 atoms/mol.
Centripetal force to maintain circular motion:γmv2/r. Lorentz force:q~v × ~B. Volume element:
r2dr sin θdθ dϕ. Constanta =: x = x0 + v0t+ 1

2
at2, v = v0 + at, v2 − v2

0 = 2a(x− x0).

F = ma = dp/dt,Ek = 1

2
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. p = γm0v, F⊥ = γm0a,

F‖ = γ3m0a. ν = ν0

γ[1 + (v/c) cos θ]
with θ = 0 for emitter moving directly away.
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(
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pz,2 = pz,1

E2 = γ(E − vpx).

E = E0 + Ek = m0c
2 + (γ − 1)m0c

2, E2 = E2
0 + p2c2. p = E/c. E = hν = hc/λ.

uν dν =
8πhν3

c3
1

exp[hν/kT ] − 1
dν λpeak= hc/(4.965 kBT )

Ek = hν − φ. λ = h/p, λs − λ0 = h
mec

(1 − cos θ). 2d sin θ = nλ.
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ψ + Uψ = ih̄

∂ψ

∂t
= Eψ if U is time independent.

∆E · ∆t >∼ h̄/2, ∆x · ∆p >∼ h̄/2. ForU constant:

E > U : ψ = A sin kx+B cos kx, k =
√

2m(E − U)/h̄, and

E < U : ψ = C exp[−αx], α =
√

2m(U −E)/h̄.

Infinite well: En = n2π2h̄2/(2mL2) with ψ =
√

2/L sin(nπx/L)

Harmonic oscillator:En = (n+ 1

2
)h̄ω, ψ0 = A exp[−ωmx2/(2h̄)].

Coulomb potential:ψ(r, θ, ϕ) = Rn,l(r)Θl,ml
(θ)Φml

(ϕ) = Rn,ℓ(r)Y
mℓ

ℓ (θ, ϕ).

〈f〉 =
∫

f P (x) dx. ∆x =
√

〈x2〉 − 〈x〉2

Energy order of shells:1s < 2s < 2p < 3s < 3p < 4s <∼ 3d < 4p < 5s < 4d < 5p



< 6s < 4f <∼ 5d < 6p < 7s < 6d <∼ 5f . . .

|L| =
√

ℓ(ℓ+ 1)h̄, Lz = mℓh̄, ~µL = −(e/2m)~L. |S| =
√

s(s+ 1)h̄, Sz = msh̄, ~µs = −(e/m)~S.
U = mℓµBB = 2msµBB
n(E) dE = f(E) g(E) dE. Gibbs factor:exp[(Nµ −E)/(kBT )].
fMB(E) = 1

exp[E/kBT ]
, fFD(E) = 1

exp[(E − EF )/(kBT )] + 1
, fBE(E) = 1

exp[E/(kBT )] − 1
.
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= 8πhν3/c3. B12 = B21.

R = r0A
1/3 with r0 = 1.2 × 10−15 m. BE= −a1A+ a2A

2/3 + a3
Z2
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A with

a1 = 15.5 MeV, a2 = 16.8 MeV, a3 = 0.72 MeV, anda4 = 19 MeV.N = N0 exp[−λt], activity
A = λN .
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(1 + x)n ≃ 1 + nx for x≪ 1.


