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Formulas :
c =υλ

E = hυ = hc
λ

dS
dλ

= 2πhc
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dS
dυ

= 2πhυ
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dS
dλ

= 2πckT
λ 4

λmax =
2.9 ×10−3m ⋅K

T
S =σT 4

eVstop = hf −φ

λ ' = λ + h
mc

1− cosφ( )

! = h
2π
; k = 2π

λ
;ω = 2π f

− !
2

2m
∇2ψ +Vψ = i! ∂ψ

∂t
= Eψ

Ê = i! ∂
∂t

p̂ = −i! ∂
dx

T̂ = − !
2

2m
d 2

dx2

Ĥ = − !
2

2m
d 2

dx2
+V

x̂ = x

O = ψ *Ôψ dr∫
P = ψ *ψ dx∫ = ψ ψ

En = n
2 π 2!2

2ma2
⎛
⎝⎜

⎞
⎠⎟

Ψn (x,t) =
2
a
sin knx( )e− i

En
!
t

Constants:
g = 9.8 m

s2

G = 6.67 ×10−11 Nm2

kg2

c = 3×108 m
s

σ = 5.67 ×10−8

kB = 1.38 ×10
−23 J

K

1eV = 1.6 ×10−19 J
1e = 1.6 ×10−19C
h = 6.63×10−34 Js;
me = 9.11×10

−31kg = 0.511MeV
c2

mp = 1.67 ×10
−27 kg = 938 MeV

c2

mn = 1.69 ×10
−27 kg = 939 MeV

c2

mE = 6 ×10
24 kg

RE = 6.4 ×10
6m

a = 0.5 ×10−10m

α = 1137

Useful Integrals:

xn dx = xn+1

n +1∫
sin xdx =∫ − cos x

cos xdx =∫ sin x

cos2 qx( )dx∫ = x
2
+ sin[2qx]

4q

sin2 2nπ
a

x⎛
⎝⎜

⎞
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a
4

2 −
sin 2nπ( )

nπ
⎛
⎝⎜

⎞
⎠⎟−a 2

a
2

∫

cos2 2n −1( )π
a

x⎛
⎝⎜

⎞
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dx = a

2
1+

sin 2nπ( )
π − 2nπ

⎛
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⎞
⎠⎟−a 2

a
2

∫

cos
2n −1( )π

a
x⎛

⎝⎜
⎞
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sin 2nπ
a

x⎛
⎝⎜

⎞
⎠⎟ dx = 0

−a 2

a
2

∫

sin2 qx( )dx∫ = x
2
− sin[2qx]

4q

cos3 qx( )dx∫ = 3sin[qx]
4q

+ sin[3qx]
12q

sin3 qx( )dx∫ = − 3cos[qx]
4q

+ cos[3qx]
12q

xcos2 qx( )
−a 2

a
2

∫ dx = 0

xsin2 qx( )
−a 2

a
2

∫ dx = 0

sin qx( )cos(qx)
−a 2

a
2

∫ dx = 0

eax dx = e
ax

a∫

e−ax
2

dx = π
a−∞

∞

∫

xe−ax
2

dx = 0
−∞

∞

∫

x2e−ax
2

dx = π

2a
3
2−∞

∞

∫

xnebx dx∫ = e
bx

b
xn − nx

n−1

b
+
n n −1( )xn−2

b2 − ...
−1( )n n!
bn
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700nm

∫ dλ = 1197 W
m2



	

 

Hn (q) = −1( )n eq2 d
dq

⎛
⎝⎜

⎞
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n

e−q
2

; q = mω
2! x

Yl
ml θ ,φ( ) = ε 2l +1( )

4π
l − ml( )!
l + ml( )!e

imφPl
ml cosθ( ); ε =

−1( )ml ml ≥ 0
1 ml ≤ 0

⎧
⎨
⎪

⎩⎪

Pl
ml cosθ( ) = 1− cos2θ( )

ml
2 d

d cosθ
⎛
⎝⎜

⎞
⎠⎟
ml

Pl cosθ( )

Pl cosθ( ) = 1
2l l!

d
d cosθ

⎛
⎝⎜

⎞
⎠⎟
l

cos2θ −1( )l

Ln−l−1
2l+1 2r

na( ) = −1( )2l+1 na
2( )2l+1 d

dr( )2l+1 Ln+2l 2r
na( )

Ln+2l 2r
na( ) = e 2 rna na

2( )n+2l d
dr( )n+2l e− 2 rna 2r

na( )n+2l( )
ψ nlml

= 2
na( )3 n − l −1( )!

2n n + l( )!⎡⎣ ⎤⎦
3 e

− 2 rna 2r
na( )l Ln−l−1

2l+1 2r
na( )⎡⎣ ⎤⎦Yl

ml θ ,φ( )

a
±
= 1

2m!ω
∓ip +mω x( )

H = a
±
a
∓
± 1
2( )!ω

L± = Lx ± iLy

L2 = −!2 1
sinθ

∂
∂θ

sinθ ∂
∂θ

⎛
⎝⎜

⎞
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1
sin2θ

∂2

∂φ 2
⎡

⎣
⎢

⎤

⎦
⎥

Lz = −i! ∂
∂φ

Lz ψ n = ml!ψ n

L2 ψ n = l l +1( )!2 ψ n

P = ψ *ψ d 3r = ψ *ψ r2 dr sinθ dθd
0

∞

∫
0

π

∫
0

2π

∫∫ φ

Sz ψ n = ms!ψ n

S2 ψ n = s s +1( )!2 ψ n

Sx =
0 !

2

!
2 0

⎡
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2
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2 0
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⎦
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!
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⎦
⎥
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↑ = 1
0

⎛
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⎞
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; ↓ = 0

1
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2
1
1
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1
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Jz ψ n = mj!ψ n

J 2 ψ n = j j +1( )!2 ψ n

En, j = −13.6eV 1+ α 2

n2
n
j + 1

2

− 3
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ψ m ψ n =
0 if m ≠ n
1 if m = n
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