
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

Critical Point

Vk = 3nb, Tk =
8a

27Rb
, pk =

a

27b2

Molecule Radius

r =

(
3b

16πNA

)1/3

Vapor Pressure Curve

p = Ae−Ml̊a/(RT )

Reynolds Number

Re =
ρvd

η
, Re < 2300 laminar

Volume Flow

Φ =
dV

dt
= A1v1 = A2v2

Bernoullis Equation

p1 +
ρv2

1

2
+ ρgy1 = p2 +

ρv2
2

2
+ ρgy2

Poiseuilles Law

Φ =
πR4

8η

(p1 − p2)

L

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

First Theorem

Q = ∆U +W with W =

∫ 2

1

pdV

Isokor

W ≡ 0

Isobar

W = p (V2 − V1)
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Isotherm

W = nRT ln

(
V2

V1

)

Adiabat

W = −∆U

Molar Heat Capacity

C = Mc, CV =
f

2
R, Cp = CV +R

Adiabat(Poissons Equations)

T1V
(γ−1)
1 = T2V

(γ−1)
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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 )

Averages

〈v〉 =

√
8kT

πmen
, 〈v〉 = 2〈|vx|〉

〈Wkin〉 =

〈
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〉
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Collision Number (per second and square me-
ter)

n∗ =
no
4
〈v〉

Mean Free Path

l =
1

noπd2
√
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Heat Conduction (General and Rod)

P = −λAdT

dx
, P = λA

T1 − T2

L

Heat Transfer

P = αA∆T

Radiation

Pideal = σAT 4, Preal = ePideal
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