
c =
1√
ε0µ0

= 2.988× 108 m/s

me = 9.11× 10−31 kg

E0 = mec
2 = 0.511 MeV

mp = 1.67× 10−27 kg

1 eV = 1.602× 10−19 J

h = 6.626× 10−34 J.s (1)

k =
1

4πǫ0
= 9.0× 109N.m2/C2

e = 1.602× 10−19C

ǫ0 = 8.85× 10−12C2/Nm2

R = 1.097× 107 m−1

G(ν)dν =
8πν2dν

c3
(2)

u(ν)dν = ǫG(ν)dν =
8πkT

c3
ν2dν (3)

u(ν)dν =
8πh

c3
ν3dν

ehν/kT − 1
(4)

ǫn = nhν n = 0,1,2, . . . (5)

ǫ =
hν

ehν/kT − 1
(6)

φ = hν0 (7)

hν = KEmax + φ (8)

E=

(

6.626× 10−34 J.s

1.602× 10−19 J/eV

)

ν

= (4.136× 10−15)ν eV.s (9)

Ve = hνmax =
hc

λmin

(10)

λmin =
hc

Ve
=

1.24× 10−6

V
V.m (11)

2dsinθ = nλ n = 1,2,3, . . . (12)

hν − hν′ = KE (13)

p =
E

c
=

hν

c
(14)

hν

c
+ 0 =

hν′

c
cosφ+ pcosθ

0 =
hν′

c
sinφ− psinθ (15)

λ′ − λ = λC(1− cosφ) (16)

λC =
h

mc
(17)

p =
hν

c
=

h

λ
, λ =

h

p
(18)

λ =
h

γmv
(19)

γ =
1

√

1− v2/c2
(20)

E =
√

E2
0 + p2c2 = KE+E0 (21)

vp = νλ =

(

γmc2

h

)(

h

γmv

)

=
c2

v
(22)

y = Acos(2πvt) = Acos

(

2πν

(

t− x

vp

))

(23)

ω = 2πν (24)

k =
2π

λ
=

ω

vp

(25)

y = Acos(ωt− kx) (26)

vg = v & vp =
ω

k
=

c2

v
(27)

λ =
2L

n
n = 1,2,3, . . . (28)

KE =
1

2
mv2 =

p2

2m
=

(mv)2

2m
=

h2

2mλ2
(29)

En =
n2h2

8mL2
n = 1,2,3, . . . (30)

k =
2π

λ
=

2πp

h
& p =

hk

2π
(31)

∆x∆p ≥ ~

2
& ∆E∆t ≥ ~

2
(32)

σ =

√

√

√

√

(

1

N

N
∑

i=1

(xi − x0)2

)

(33)

f(x) =
1

σ
√
2π

e−(x−x0)
2/2σ2

(34)

Px1x2
=

∫ x2

x1

f(x)dx (35)

Px0±σ =

∫ x0+σ

x0−σ

f(x)dx = 0.683 (36)

Fe =
1

4πǫ0

e2

r2
& Fc =

mv2

r
(37)

nλ = 2πrn n = 1,2,3, . . . (38)

rn =
n2h2ǫ0
πme2

= n2a0 , vn =

√

e2

4πǫ0mrn
, n = 1,2,3, . . .

(39)
a0 = r1 = 5.292× 10−11 m (40)

En = − e2

8πǫ0rn
= − me4

8ǫ20h
2

(

1

n2

)

n = 1,2,3, . . .

En =
E1

n2
, En =

Z2E1

n2
(hydrogen like atom)

(41)

E1 = −2.18× 10−18 J = −13.6 eV

ν =
Ei −Ef

h
= −E1

h

(

1

n2
f

− 1

n2
i

)

, λ =
c

ν
(42)

Lyman nf = 1 :
1

λ
= −E1

ch

(

1

12
− 1

n2

)

n = 2,3,4, . . .

Balmer nf = 2 :
1

λ
= −E1

ch

(

1

22
− 1

n2

)

n = 3,4,5, . . .

Paschen nf = 3 :
1

λ
= −E1

ch

(

1

32
− 1

n2

)

n = 4,5,6, . . .

Brackett nf = 4 :
1

λ
= −E1

ch

(

1

42
− 1

n2

)

n = 5,6,7, . . .

Pfund nf = 5 :
1

λ
= −E1

ch

(

1

52
− 1

n2

)

n = 6,7,8, . . .

(43)

Ψ = A+ iB & Ψ∗ = A− iB (44)

|Ψ|2 = Ψ∗Ψ = A2 − i2B2 = A2 +B2 (45)
∫ ∞

−∞

|Ψ|2dV = 0 &

∫ ∞

−∞

|Ψ|2dV = 1 (46)

Px1x2
=

∫ x2

−x1

|Ψ|2dV = 1 (47)

E = hν = 2πhλ & λ =
h

p
=

2πh

p
(48)

Ψ = Ae−(i/~)(Et−px) = Ae−(iE/~)te+(ip/~)x = ψe−(iE/~)t

(49)
∂2Ψ

∂x2
= −p2

~2
Ψ ⇒ p2Ψ = −~

2 ∂
2Ψ

∂x2
⇒ p̂ =

~

i

∂

∂x
(50)

∂Ψ

∂t
= − iE

~
Ψ ⇒ EΨ = −~

i

∂Ψ

∂t
⇒ Ê = i~

∂

∂t
(51)

E =
p2

2m
+U(x, t) ⇒ Ê = K̂E+ Û (52)

i~
∂Ψ

∂t
= − ~

2

2m

(

∂2Ψ

∂x2
+
∂2Ψ

∂y2
+
∂2Ψ

∂z2

)

+UΨ (53)

x̄ =
N1x1 +N2x2 +N3x3 + . . .

N1 +N2 +N3 + . . .
=

∑

Nixi
∑

Ni

(54)

< x >=

∫ ∞

−∞

x|Ψ|2dx (55)

< p >=

∫ ∞

−∞

Ψ∗

(

~

i

∂

∂x

)

Ψdx (56)

< E >=

∫ ∞

−∞

Ψ∗

(

i~
∂

∂t

)

Ψdx (57)

∂2ψ

∂x2
+
∂2ψ

∂y2
+
∂2ψ

∂z2
+

2m

~2
(E−U)ψ = 0 (58)

En = − me4

32π2ǫ20~
2

(

1

n2

)

n = 1,2,3, . . . (59)

L =
√

l(l+ 1)~ l = 0,1,2, . . . , (n− 1) (60)

Ĥψn = Enψn , Ĥ = − ~
2

2m

∂2

∂x2
+U (61)

En =
n2π2

~
2

2mL2
n = 1,2,3, . . . (62)

ψn = Asin

√
2mEn

~
x = Asin

nπx

L
, A =

√

2

L
(63)

d2ψ

dx2
− a2ψ = 0

x < 0
x > L

; a =

√

2m(U−E)

~
(64)

ψI= Ceax +De−ax → ψI = Ceax

ψII= Asin

√
2mE

~
x+Bcos

√
2mE

~
x (65)

ψIII= Feax +Ge−ax → ψIII = Ge−ax

d2ψ

dx2
+

2m

~2

(

E− 1

2
kx2

)

ψ = 0 (66)

En =

(

n+
1

2

)

hν , n = 0,1,2,3, . . . (67)

U = − 1

4πǫ0

e2

r
, r =

√

x2 + y2 + z2 (68)

ψ(r, θ, φ) = R(r)Θ(θ)Φ(φ) , ψ = RnlΘlml
Φml

(69)

sin2θ

R

d

dr

(

r2
dR

dr

)

+
sinθ

Θ

d

dθ

(

sinθ
dΘ

dθ

)

+

1

Φ

d2

dφ2
+

2mr2sin2θ

~2

(

e2

4πǫ0r
+E

)

= 0 (70)

1

r2
d

dr

(

r2
dR

dr

)

+

[

2m

~2

(

e2

4πǫ0r
+E

)

− l(l+ 1)

r2

]

R = 0 (71)

En = − me4

32π2ǫ20~
2

(

1

n2

)

=
E1

n2
n = 1,2,3, . . . (72)

Principal quantum number n = 1,2,3, . . . (73)

Orbital quantum number l = 0,1,2, . . . , (n− 1)

Magnetic quantum number ml = 0,±1,±2, . . . ,±l

L = rmvorbital

⇒ L =
√

l(l+ 1)~ , l = 0,1,2, ..., (n− 1) (74)

Angular- l = 0 1 2 3 4 5 6 . . .

momentum states s p d f g h i . . . (75)

Lz = ml~ ml = 0,±1,±2, . . . ,±l (76)

dV = (dr)(rdθ)(rsinθdφ) = r2sinθdrdθdφ (77)

P(r)dr = (78)

r2|R|2dr
∫ π

0

|Θ|2sinθdθ
∫ 2π

0

|Φ|2dφ = r2|R|2dr
∫ ∞

−∞

uψn,l,ml
ψ∗

n′,l′,m′

l

dV 6= 0 (79)

Selection rules ∆l= ±1

∆ml= 0,±1 (80)



µ = −efπr2 , L = mvr = 2πmfr2 , µ = −
( e

2m

)

L

(81)

Um = −µBcosθ → Um = ml

(

e~

2m

)

B = mlµBB

(82)

µB=
e~

2m
(83)

= 9.274× 10−24 J/T = 5.788× 10−5 eV/T

ν1 = ν0 − µB

B

h
= ν0 − e

4πm
B

Normal Zeeman effect ν2 = ν0 (84)

ν3 = ν0 + µB

B

h
= ν0 +

e

4πm
B

∫ ∞

0

xne−cxdx =
n!

cn+1
&

∫ π

0

sin3θdθ =
4

3
(85)

∫

xne−cxdx = (86)

−e−cx

c

(

xn +
nxn−1

c
+

n(n− 1)xn−2

c2
+ . . .+

n!

cn

)

sin2θ =
1

2
(1− cos2θ) (87)

S =
√

s(s+ 1)~ =

√
3

2
~ , Sz = ms~ = ±1

2
~ (88)

~µs = − e

m
~S , µsz = ± e~

2m
= ±µB (89)

n = 1 2 3 4 5 . . . (90)

K L M N O . . .

1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2

4d10 5p6 6s2 4f14 5d10 6p6 7s2 6d10 5f14 (91)

ν=
m(Z− 1)2e4

8ǫ20h
3

(

1

n2
f

− 1

n2
i

)

(92)

(2 7→ 1) ν= cR(Z− 1)2
(

1

12
− 1

22

)

=
3cR(Z− 1)2

4


