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General Formulas

Circumference of a Circle

O = 2 · π · r

Area of a Circle

A = π · r2

Surface Area of a Ball

A = 4 · π · r2

Volume of a Ball

V =
4

3
· π · r3

Volume of a Cylinder (base times height)

V = A · h

Logarithms

log(a · b) = log(a) + log(b)

log(ac) = c · log(a)

lg(a) = d =⇒ a = 10d

ln(a) = d =⇒ a = ed

Thermodynamics

Heat Expansion

∆L

L
= α∆T,

∆V

V
= β∆T, β = 3α

Heat

Q = mc∆T, ls =
Qs
m
, l̊a =

Qå

m

Fluid Pressure

ptot = pfluid + pair = ρgh+ pair

Ideal Gas Law

pV = NkT or pV = nRT

where n =
mtot

M
=

N

NA
and R = kNA

Gas Density and Particle Density

ρ =
mtot

V
=
pM

RT
, no =

N

V
=

p

kT

Barometric Height Formula

p = p0e
−ρ0gh/p0 , h =

p0

ρ0g
ln
p0

p

Relative Moisture

RM =
pwater

psaturation

Van der Waal’s Equation(
p+ a

n2

V 2

)
(V − nb) = nRT

Molecule Radius

r =

(
3b

16πNA

)1/3

Bernoullis Equation

p1 +
ρv2

1

2
+ ρgy1 = p2 +

ρv2
2

2
+ ρgy2

Pressure (Microscopic)

p =
2

3
no
men

2
〈v2〉 =

2

3
no 〈Wkin〉en

Temperature (Microscopic)

〈Wkin〉en =
3

2
kT

Inner Energy (change)

∆U =
f

2
Nk∆T =

f

2
nR∆T
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First Theorem

Q = ∆U +W with W =

∫ 2

1

pdV

Isokor

W ≡ 0

Isobar

W = p (V2 − V1)

Isotherm

W = nRT ln

(
V2

V1

)
Adiabat

W = −∆U

Molar Heat Capacity

cV =
f

2
R, cp = cV +R

Adiabat(Poissons Equations)

T1V
(γ−1)
1 = T2V

(γ−1)
2

p1V
γ
1 = p2V

γ
2

Quotient

γ ≡ Cp
CV

=
cp
cV

= 1 +
2

f

Circuit Process

Qnet = Wnet =

∮
pdV

Efficiency

η =
Wnet

Qin
=
Qin − |Qout|

Qin
= 1− |Qout|

Qin

Ideal Efficiency

η =
Twarm − Tcold

Twarm
= 1− Tcold

Twarm

Cold Factor (def. and Ideal)

Kf ≡
Qin

|Wnet|
, Kf =

Tcold

Twarm − Tcold

Heat Factor (def. and Ideal)

Vf ≡
Qout

|Wnet|
, Vf =

Twarm

Twarm − Tcold

Gauss Distribution

f(vz) =

√
men

2πkT
e−menv

2
z/(2kT )

Maxwell–Boltzmann Distribution

f(v) = 4πv2
( men

2πkT

)3/2

e−menv
2/(2kT )

Average energy

〈Wkin〉 =

〈
menv

2

2

〉
=
men

2
〈v2〉 =

3

2
kT

Maxwell-Boltzmann velocities

vrms =
√
〈v2〉 =

√
3kT

m

vmax =

√
2kT

m

〈v〉 =

∫ ∞
0

fMB · v · dv =

√
8kT

πm

Mean Free Path

l =
1

noπd2
√

2

Heat Conduction

P = k ·A ·
∣∣∣∣dTdx

∣∣∣∣ , R =
∆x

kA

Thermal resistance

∆T = Rtherm · P if Rtherm =
∆x

kA
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Heat Transfer

P = α ·A · |∆T | , R =
1

αA

Stefan-Boltzmann’s law

P = Aσ
(
T 4 − T 4

0

)
, σ = 5.67 · 10−8W/m2K4

Preal = ε · Pideal

Wien’s law

λmax · T = 2.898 · 10−3K ·m

Planck’s law

ρ(f)df =
8πhf3

c3
· 1

ehf/kT − 1
df

The solar constant

Average value ≈ 1380 W/m2

Atomic Physics

Photon energy

EPhoton =
hc

λ
= hf = ~ω

Photoelectric effect

hf = WOut +K = WOut + eU0

DeBroglie wavelength

λ =
h

p
=

h

mv

Square well potential

En =

(
h2

8mL2

)
· n2

Ψn(x) =

√
2

L
sin
(
n
πx

L

)

Bohr radius

r =
ε0h

2

πµe2

n2

Z
≈ a0 ·

n2

Z

a0 = 0.529 Å

Rydberg’s formula

1

λ
= RM · Z2

(
1

n2
1

− 1

n2
2

)
RM =

e4

8ε2
0h

3c
· µ

µ =
m ·M
m+M

Reduced mass

RM = R∞ ·
M

M +m

R∞ = 109737.31568 cm−1

Energy levels in Hydrogen

En = −Z2E0

n2
where E0 =

mk2e4

2~2
= 13.6 eV

Quantized angular momentum z component

L = ~
√
l(l + 1)

Quantized angular momentum

Lz = ml~

Ratio between the proton mass and the elec-
tron mass

mp

me
= 1836.152673

Characteristic X-ray emission

1

λKα
=

3

4
R∞ · (Z − 1)2

1

λLα
=

5

36
R∞ · (Z − 7.4)2

Bremsstrahlung

λmin =
hc

eU
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Reduced mass

µ =
m1m2

m1 +m2

Moment of inertia

I = µr2

Angular momentum

L = µrv = µr2ω = Iω

Quantized angular momentum

|L| = ~
√
l(l + 1)

Rotational energy diatomic molecule

Erot =
l(l + 1)~2

2I
, I = µr2

Rotational constant

B = E0r =
~2

2I

Vibrational energy diatomic molecule

Evib = ~ω0 · (ν + 1/2)

Fermi energy at T=0 K

EF =
h2

8m

(
3

π
n

)2/3

,where n is the electron density

Fermi temperature

TF =
EF
k

Fermi speed

uF =

√
2EF
me

Free electrons in conductors

ne = f ·ρ ·NA
M

,where f is the number of free electrons per atom

Resestivity

ρ =
mevav
nee2λ

Mean free path

λ =
vt

nionπr2vt
=

1

nionπr2
=

1

nionA

Specific heat due to conduction electrons

cv =
1

2
π2 ·R · T

TF
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