
Small x expansions to first order (use substitutions where necessary)

1
1−x = 1 + x+ . . . 1√

1−x
= 1 + 1

2x+ . . .

√
1 + x = 1 + 1

2x+ . . . (1 + x)2 = 1 + 2x+ . . .

sinx = x+ . . . ex = 1 + x+ . . .

(1)

x′(x, y, z, t) = γ(x− vt) (2)
y′(x, y, z, t) = y (3)
z′(x, y, z, t) = z (4)

t′(x, y, z, t) = γ(t− vx

c2
) (5)

γ =
1√

1− v2

c2

=
1√

1− β2
(6)

fredshift = f0

√
1− β

1 + β
(7)

u′x =
dx′

dt′
=

ux − v

1− uxv
c2

(8)

u′y =
dy′

dt′
=

uy

γ(1− uxv
c2 )

(9)

∆t = γτ L =
L0

γ
(10)

c = λf (11)

(∆s)2 = (c∆t)2 − (∆x)2 − (∆y)2 − (∆z)2 (12)

(∆s′)2 = (∆s)2 (13)

(slope of x′-axis) = β (14)

(slope of ct′-axis) =
1
β

(15)

E = mc2 + EK = p0c =
mc2√
1− u2

c2

if m 6= 0 (16)

~p =
m~u√
1− u2

c2

if m 6= 0 (17)

E2 = p2c2 +m2c4 (18)

ds2 =
(

1 +
2Φ(r)
c2

)
(cdt)2 −

(
1− 2Φ(r)

c2

)
(dx2 + dy2 + dz2) (19)

Φ(r) = −GM
r

(20)

∆Φ(r) = gh (21)
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∆f
f

=
gh

c2
(22)

∆E = nhf = nh̄ω (23)

Rtotal = σT 4 (24)

λmT = 2.898 × 10−3 m ·K (25)

u(λ) = 8πkBTλ
−4 (26)

u(λ) =
8πhc
λ5

1

exp
(

hc
λkBT

)
− 1

(27)

R(λ) =
c

4
u(λ) (28)

eV0 =
(

1
2
mv2

)
max

= hf − φ (29)

nλ = 2d sin
(

2θ
2

)
(Bragg) (30)

λf − λi =
h

mc
(1− cos θ) (31)

1
λ

= RZ2

(
1
n2

f

− 1
n2

i

)
(32)

Ln = mvrn = nh̄ (33)

En = −1
2

(
e2

4πε0

)2
m

h̄2

Z2

n2
= −13.6 eV

Z2

n2
(34)

rn =
4πε0
e2

h̄2

m

n2

Z
=
n2a0

Z
(35)

f1/2 = An(Z − b) (36)

A2
n = cR∞

(
1− 1

n2

)
(37)

p =
h

λ
= h̄k (38)

mλ = d sin θ (Young) (39)

λ =
h√

2mEk

=
hc√

2mc2Ek

(40)

vp =
ω

k
vg =

dω

dk
(41)

∆k∆x ∼ 1 (42)

∆x∆px ≥
1
2
h̄ ∆E∆t ≥ 1

2
h̄ (43)

P (x, t) dx = |Ψ(x, t)|2 dx (44)

− h̄2

2m
∂2Ψ(x, t)
∂x2

+ V (x, t)Ψ(x, t) = ih̄
∂Ψ(x, t)
∂t

(45)

xop = x (46)

pop =
h̄

i

∂

∂x
(47)
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Ψ(x, t) =
∑

n

Anψn(x)Φn(t) =
∑

n

Anψn(x) exp
(
−iEnt

h̄

)
(48)

Ψ(x, t) = A exp(i(kx− ωt)) (49)

Hψ(x) = − h̄2

2m
d2ψ(x)
dx2

+ V (x)ψ(x) = Eψ(x) (50)∫ ∞

−∞
dxψ∗(x)ψ(x) = 1 (51)

< B >=< ψ|B|ψ >=
∫ ∞

−∞
dxψ∗(x)Bopψ(x) (52)

ψn(x) =

√
2
L

sin
(nπx
L

)
(53)

En =
h̄2π2n2

2mL2
(54)

θ =
√

2mE L

2h̄
θ0 =

√
2mV0 L

2h̄
(55)

tan θ =

√
θ20
θ2
− 1 cot θ = −

√
θ20
θ2
− 1 (56)

En = h̄ω

(
n+

1
2

)
(57)

T ≈ 16
E

V0

(
1− E

V0

)
e−2αL ∼ e−2αL (58)

α =

√
2m(V0 − E)

h̄
(59)

R(t) = R0 exp(−λt) (60)

λ =
ln 2
t1/2

(61)

R(t) = λN(t) (62)

Biological dose (Sv) = Q (Physical dose Gy) (63)

c = 3.00 × 108 m/s h = 6.63 × 10−34 J s

h̄ = h/2π = 1.055 × 10−34 J s hc = 1240 eV nm

h̄c = 1973 eV Å m(electron) = 9.11 × 10−31 kg= 5.11 × 105 eV/c2

σ = 5.67 × 10−8 W m−2 K−4 kB = 1.38 × 10−23 J/K= 8.63 × 10−5 eV/K

1 eV= 1.60 × 10−19 J e2

4πε0
= 14.4 eV Å= 1.44 eV nm

e = 1.60 × 10−19 C ε0 = 8.85 × 10−12 F/m

RH = 1.0968 × 107 m−1 R∞ = 1.0974 × 107 m−1

a0 = 0.529 Å= 0.0529 nm 1 Å=0.1 nm=10−10 m

1 Ci= 3.7 × 1010 Bq
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