
Modern Physics

Constants and units:
σ = 5.67×10−8 W/m2K4, h = 6.63×10−34 Js = 4.14×10−15 eV s , h̄ = 1.06×10−34

Js,
kB = 1.38× 10−23 J/K, c = 3× 108 m/s, c2 = 931.5 MeV/u, e = 1.6× 10−19 C,
ε0 = 8.85× 10−12 F/m,
me = 9.11× 10−31 kg, mp = 1.6726× 10−27 kg, mn = 1.6750× 10−27 kg,

1 eV= 1.6× 10−19 J, 1 fm= ×10−15 m, 1 Å= 10−10 m,
20 ◦C = 293 K, T = 273 + θ

Unit combinations:

mec
2 = 0.511 MeV ≈ 0.5 MeV, mpc

2 = 938.28 MeV, mnc
2 = 939.57 MeV,

hc = 12400 eV Å, h̄c = 1973 eV Å, mp = 1836me ≈ 2000me,
kBT0 = 1/40 eV (T0 = 300 K), ke2 = 14.4 eVÅ

Useful formulas:

I(T ) = σT 4, λmaxT = 0.2898 cmK, E(T ) =
3

2
kBT ,

hf = Φ +Ke,

E =
√
p2c2 +m2c4 = mc2 +K, K =

1

2
mv2 =

p2

2m
,

E = hf = h̄ω , p = h/λ,
∆λ = λ′ − λ = λc(1− cos θ), λc = h/mc,

ao = h̄2/kmee
2 = 0.529 Å≈ 0.5 Å, rn = n2ao/Z, vn =

kZe2

h̄

1

n
= Zαc/n,

α = ke2/h̄c = 1/137, ln = nh , En = −meZ
2k2e4

2h̄2

1

n2
= −13.6Z2/n2 eV,

ψn(x) =
√

2/L sin(nπx/L), En =
h̄2π2

2mL2
n2,

ψn(x) = Hn(x) e−x2/2a2, En = (n+ 1/2)h̄ω, a =
√
h̄/mω,

T ≈ e−2γL, γ =
√

2m(V − E)/h̄2,
L =

√
l(l + 1)h̄, Lz = mlh̄, cos θ = ml/

√
l(l + 1),

(∆x)(∆px) ≈ h̄, (∆A)2 =< A2 > − < A >2

∆l = ±1, ∆m = 0,±1,

Erot
J =

h̄2

2I
J(J + 1), Evibr

ν = (ν +
1

2
)h̄ω, Erot−vibr

J,ν =
h̄2

2I
J(J + 1) + (ν +

1

2
)h̄ω,

Icm = µR2, µ−1 = m−1
1 +m−1

2 ,
∫ +∞

−∞
x2ne−ax2

dx =
1 · 3 · 5 . . . (2n− 1)

(2a)n

√
π

a
,

∫ +∞

−∞
e−ax2

dx =

√
π

a
,

∫ ∞

0
rne−γrdr =

n!

γn+1

1


