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Useful Information

Constants

c = 2.998 × 108 m/s
h = 6.626 × 10−34 J.s.
k = 1.381 × 10−23 J/K
e = 1.602 × 10−19 C
ao = 5.292 × 10−11 m
G = 6.674 × 10−11 N.m2/kg2

me = 9.109 × 10−31 kg = 0.511MeV
c2

mN = 1.675 × 10−27 kg = 939.6MeV
c2

mp = 1.673 × 10−27 kg = 938.3MeV
c2

mπo = 135MeV
c2

σ = 5.67 × 10−8 W
m2K4 .

Special Relativity

• γ =
1

√

1− β2

• β =
v

c

• Time Dilation
∆t = γ∆t0

• Length Contraction
L =

L0

γ

• Lorentz transformation for S → S′

x′ = γ(x− vt)

y′ = y

z′ = z

t′ = γ(t− v

c2
x)

• Lorentz velocity transformation for S → S′

u′x =
ux − v

1− v
c2ux

u′y =
uy

γ(1− v
c2
ux)

u′z =
uz

γ(1− v
c2ux)

• Doppler Effect for light

f = f0

√

1± β

1∓ β

• relativistic momentum

p̄ = mv̄γ

• relativistic energy

E = K +mc2 = γmc2

• E2 = (pc)2 + (mc2)2

• Schwarzchild radius

Rs =
2Gm

c2

Particles and Waves

• blackbody radiation

P = σAT 4

• λmaxT = 2.898 × 10−3mK

• R(λ) =
2πhc2

λ5

1

ehc/λkT − 1

• photoelectric effect

eVs = hf − Φ

• Compton effect
∆λ =

h

mc
(1− cosφ)

• θ = tan−1

[

sinφ
λ′

λ − cosφ

]

• photons E = hf, p =
h

λ

• matter waves λ =
h

p

• ∆x∆px ≥ h̄

2

• ∆E∆t ≥ h̄

2

Interference and Diffraction

• Two-slit experiment

∆y =
λD

d
(fringe spacing)

• Bragg condition

Γ = nλ = d sinφ

• Single-slit diffraction
sinφ =

λ

d
(first min)
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Bohr Model

• Radius rn = a0n
2

• Energy
En =

−13.6eV

n2

Quantum Mechanics

• 1-D TISE

−h̄2

2m

d2Ψ(x)

dx2
+ UΨ(x) = EΨ(x)

• k =

√

2m(E − U)

h̄
=

2π

λ

• Probability to find particle between x1 and x2

P =

∫ x2

x1

|Ψ(x)|2dx

• expectation value of x

xav =< x >=

∫

∞

−∞

|Ψ(x)|2xdx

• Infinite Square Well

Ψn(x) =

√

2

L
sin

nπx

L
n = 1, 2, 3....

• En =
n2h̄2π2

2mL2

• λn =
2L

n

• 1-D step R = (
kI − kII

kI + kII
)2

• Potential Barrier T ∼ e−2αL

• α =

√

2m(Vo − E)

h̄

• Hydrogen Atom
En =

−13.6eV

n2

• Ψ100 =
1

√
πa

3/2
0

e−r/a0

•
P (r)dr =

4r2

a3
0

e−2r/a0dr in ground state

• Harmonic Oscillator
En = (n+

1

2
)h̄

√

k

m
n = 0, 1, 2...

•
Ψ(x) =

(√
km

h̄π

)
1

4

e−
√

km

2h̄
x2

in ground state


