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γ ≡ 1√
1− (v/c)2

β ≡ v

c

∆t = γ ∆τ

L = Lp/γ

ct′ = γ (ct)− γβ x

x′ = −γβ (c t) + γ x

y′ = y

z′ = z

t′ = t

x′ = x− vt

y′ = y

z′ = z

(∆x′)2 − (c∆t′)2 = (∆x)2 − (c∆t)2 (1)

u′
x =

ux − v

1− uxv/c2
(2)

u′
y =

uy

γ(1− uxv/c2)
(3)

u′
z =

uz

γ(1− uyv/c2)
(4)

f = fo

√
1 + v/c

1− v/c

f(x) = f(xo) + f ′(xo) ∆x +
1
2!

f ′′(xo) ∆x2 + . . .

(1 + x)α ≈ 1 + αx +
α(α− 1)

2!
x2 + . . . (5)

1
1− x

= 1 + x + x2 + x3 + . . . (6)

p ≡ γmu with γ ≡ 1√
1− u2/c2

(7)

E ≡ γmc2 with γ ≡ 1√
1− u2/c2

(8)

Erest = mc2 K = γmc2 −mc2 (9)

E2 = (cp)2 + (mc2)2 u =
p
E

(10)

E′ = γ E − γβ (cpx) (11)
cp′

x = −γβ E + γ (cpx) (12)
cp′

y = cpy (13)

cp′
z = cpz (14)

dp
dt

= F

dp

dt
=

pv

R
=

γmv2

R

E = hf c p = E

I =
〈

E

A∆t

〉

I = hf

〈
N

A∆t

〉

I =
〈
E × B

µ0

〉
(15)

=
√

εo

µo

〈
E2

〉
(16)

Ee = hf − φ

|e|Vs = Ee

2d sin(θ) = nλ n = 1, 2, 3, . . . (17)

λ′ − λ =
h

mec
(1− cos θ) (18)

λC =
h

mec
= 0.0024nm

~ =
h

2π
λ =

λ

2π

a0 =
~

mec

1
α

=
~2

meke2
' 0.5Å

α =
ke2

~c
' 1

137

L = mevr = n~n = 1, 2, 3, . . .
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L = mevr = n~ n = 1, 2, 3 . . . (19)
vn

c
= Zα

[
1
n

]
(20)

En = −1
2
mec

2(Zα)2
[

1
n2

]
(21)

= −ke2

2ao
Z2

[
1
n2

]
(22)

= −13.6 eV Z2

[
1
n2

]
(23)

rn =
a0

Z

[
n2

]
(24)

=
~

mecZα

[
n2

]
(25)

KE = −1
2
PE for Force ∝ 1/r2

1
2
mec

2α2 =
ke2

2a0
= 13.6 eV


