
e = 1.60217733× 10−19C
me = 9.109× 10−31kg
mn = 1.675× 10−27kg
mp = 1.673× 10−27kg
c = 2.998× 108m/s
h = 6.626× 10−34J · s
h̄ = 1.055× 10−34J · s
R = 1.0973732× 107m−1

a0 =
h̄2

meke2
= 0.529Å = 0.0529nm

H0 = 23× 10−6 (km/s) /lightyear
∆t = γ∆t′

L = Lp/γ
x′ = γ (x− vt)

t′ = γ

(
t− v

c2
x

)
γ =

1√
1− (v2/c2)

(∆s)2 = (c∆t)2 − (∆x)2 − (∆y)2 − (∆z)2

γ ≈ 1 +
v2

2c2
+ . . .

u′x =
ux − v

1− (uxv/c2)

fobs =

√
1 + (v/c)√
1− (v/c)

fsource

(∆s)2 = (c∆t)2 − (∆x)2

p⃗ = γmu⃗
K = γmc2 −mc2

E = γmc2

E2 = p2c2 +
(
mc2

)2
Fc =

mv2

r
F⃗ = qv⃗ × B⃗
E2 = p2c2 +m2c4

etotal = aσT 4

λmaxT = 2.898× 10−3m ·K

u(f, T ) =
8πhf3

c3

(
1

ehf/kBT − 1

)
Eresonator = nhf n = 1, 2, 3, . . .
u(f, T ) = ĒN(f)df

Kmax =
1

2
mev2max = eVs

Kmax = hf − ϕ
nλ = 2d sin θ n = 1, 2, 3, . . .

λ′ − λ =
h

mec
(1− cos θ)

f ′ = f

(
1 +

gH

c2

)
f ′ = f

(
1 +

GM

RSc2

)
e

me
=

V θ

B2ld
1

λ
= R

(
1

n2f
− 1

n2i

)
Ei − Ef = hf
mevr = nh̄

rn =
n2h̄2

meke2
n = 1, 2, 3, . . .

En = −ke
2

2a0

(
1

n2

)
= −13.6eV

n2
n = 1, 2, 3, . . .

1

λ
=

f

c
=

ke2

2a0hc

(
1

n2f
− 1

n2i

)
λ =

h

p

vp =
ω

k

vg =
dω

dk

∣∣∣∣
k0

vp = c

√
1 +

(
mc

h̄k

)2

f(x) =
1√
2π

∫ +∞

−∞
a(k)eikxdk

a(k) =
1√
2π

∫ +∞

−∞
f(x)e−ikxdx

∆px∆x ≥ h̄

2

∆E∆t ≥ h̄

2
P (x)dx = |Ψ(x, t)|2dx

1 =

∫ +∞

−∞
|Ψ(x, t)|2dx

Ψk(x, t) = Aei(kx−ωt) = A [cos (kx− ωt) + i sin (kx− ωt)]

ih̄
∂Ψ

∂t
= − h̄2

2m

∂2Ψ

∂x2
+ U(x)Ψ

Eψ(x) = − h̄2

2m

d2ψ

dx2
+ U(x)ψ(x)

En =
h̄2k2

2m
=
n2π2h̄2

2mL2

ψn(x) =

√
2

L
sin

(
nπx

L

)
δ =

1

α
=

h̄√
2m (U − E)

5



En ≈ n2π2h̄2

2m (L+ 2δ)2
n = 1, 2, 3, . . .

En =

(
n+

1

2

)
h̄ω n = 0, 1, 2, 3, . . .

< x > =

∫ +∞

−∞
x|Ψ(x, t)|2dx

< f > =

∫ +∞

−∞
f(x)|Ψ(x, t)|2dx

∆x =
√
< x2 > − < x >2

< p > =

∫ +∞

−∞
Ψ∗
(
h̄

i

)
∂

∂x
Ψdx

< Q > =

∫ +∞

−∞
Ψ∗[Q]Ψdx

[H] = − h̄2

2m

∂2

∂x2
+ U(x)

[E] = ih̄
∂

∂t

ih̄
∂Ψ

∂t
= − h̄2

2m
∇2Ψ+ U(r⃗)Ψ

Eψ(r⃗) = − h̄2

2m
∇2ψ(r⃗) + U(r⃗)ψ(r⃗)

|px| = h̄k1 = n1
πh̄

L
n1 = 1, 2, . . .

E =
1

2m

(
|px|2 + |py|2 + |pz|2

)
ψ(r⃗) = ψ(r, θ, ϕ) = R(r)Θ(θ)Φ(ϕ)

x = r sin θ cosϕ
y = r sin θ sinϕ
z = r cos θ

|L⃗| =
√
ℓ (ℓ+ 1)h̄ ℓ = 0, 1, 2, . . .

Lz = mℓh̄ mℓ = 0,±1, . . . ,±ℓ
cos θ =

Lz

|L⃗|
Ψ(r, θ, ϕ, t) = R(r)Y mℓ

ℓ (θ, ϕ)e−iωt

En = −ke
2

2a0

[
Z2

n2

]
n = 1, 2, . . .

P (r) = r2|R(r)|2

< r > =

∫ ∞

0
rP (r)dr

∇2 =
∂2

∂x2
+

∂2

∂y2
+

∂2

∂z2

∇2 =
∂2

∂r2
+

(
2

r

)
∂

∂r
+

1

r2

[
∂2

∂θ2
+ cot θ

∂

∂θ
+ csc2 θ

∂2

∂ϕ2

]
dV = dx dy dz = r2 sin θ dϕ dθ dr

µ⃗ =
q

2m
L⃗

ωL =
e

2me
B

U = −µ⃗ · B⃗
E = E0 + h̄ωLmℓ

µ⃗s =
q

2me
S⃗

Sz = msh̄

|S⃗| =
√
s (s+ 1)h̄ =

√
3

2
h̄

µ⃗ = µ⃗0 + µ⃗s =
−e
2me

[
L⃗+ gS⃗

]
ψ(r⃗1, r⃗2) = ±ψ(r⃗2, r⃗1)

Z ≡ ∆λ

λ

Z =

√
c+ v

c− v
− 1

v = H0R

H(t) =
ȧ(t)

a(t)
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