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Constants
Patm. = 1.013× 105 Pa
g = 9.8 m/s
c = 2.9979× 108 m/s
G = 6.673× 10−11 N m2/kg2

MEarth = 5.98× 1024 kg
MSun = 1.991× 1030 kg
REarth = 6.37× 106 m
RSun = 6.96× 108 m
NA = 6.022× 1023 atoms

mol
kB = 1.381× 10−23 J/K
R = 8.314 J/mol·K
R = kBNA

Kinematics
~v(t) = ~v◦ + ~at
~x(t) = ~x◦ + ~v◦t + 1

2
~at2

|~vf |2 = |~vi |2 + 2~a · (~xf − ~xi)
Newton’s Law∑ ~F = m~a

fs ≤ µsFN

fk = µkFN

ar =
v2

r

at =
d |~v|
dt

~Fs = −k~x
Work & Energy

K = 1
2
mv2

Ug = mgh
Us = 1

2
kx2

E = K + Ug + Us

Ef = Ei + W
W =

∫
~F · d~x

W = ~F ·∆~x, (constant force)

P =
dW

dt
P = ~F · ~v, (constant force)

F = −dU

dx
Momentum

~p = m~v
~I =

∫
~Fdt = ~̄F∆t = ∆~p

~I = ~F∆t, (constant force)

∑
~pi =

∑
~pf

∆v = vex ln(Mi/Mf )
Fthrust = vex

∣∣ dm
dt

∣∣
Angular Momentum

~̀ = ~r × ~p∑
~τ =

d

dt
~̀ = Iα

Elastic Properties of Solids

elastic modulus=
stress
strain

Y =
∆F/A

∆`/`i

S =
∆F/A

∆x/h

B =
−∆P

∆V/Vi

P = kA∆T/`
Universal Gravitation

Fg =
GMm

r2

T 2 =
4π2

GM
a3

Ug = −GMm

r
v2

escape= 2GM/r
Fluid Mechanics

m = ρV
R = Av = constant
F = PA
P = P◦ + ρgh
FB = ρfV g
P + 1

2
ρv2 + ρgh = constant

SHM
a = −ω2x
ω = 2πf = 2π/T
ω2 = k/m
ω2 = g/`
ω2 = mgd/I
x(t) = A cos (ωt + φ)
v(t) = −ωA sin (ωt + φ)
a(t) = −ω2A cos (ωt + φ)
E = 1

2
kA2 = 1

2
mv2 + 1

2
kx2

Traveling Waves
y(x, t) = f(x± vwt)
y(x, t) = A sin(kx− ωt)

k = 2π/λ
vw = fλ =

√
Ft/µ

P = 1
2
µω2A2v2

Sound Waves
vw = fλ =

√
B/ρ

s(x, t) = sm cos(kx− ωt)
∆P = ∆Pm sin(kx− ωt)
∆Pm = ρvwωsm

f ′ = f vw±vobs.
vw∓vsource

sin θ = vw/v
mach #= v/vw

vw ∝ T
Standing Waves

y(x, t) = 2A sin(kx) cos(ωt)
` = 2nλ

4

` = (2n− 1)λ
4

Temperature
∆L/Li = α∆T
∆V/Vi = β∆T
PV = nRT

Heat
P = kA∆T

∆x

Q = mc∆T
Q = nCV ∆T

(constant
volume

)
Q = nCP∆T

(constant
pressure

)
Q = ±mL
W = −

∫ f

i
PdV

∆Eint = Q + W
Kinetic Theory of Gasses

NAkB = R
3
2
kBT = 1

2
mv̄2

∆Eint = nCV ∆T
CV = d

2
R

CP = d+2
2

R
γ = CP/CV

PV γ = constant along adiabat
Engines & Entropy

e = W
Qh

COPh = |Qh|/W
COPc = |Qc|/W∣∣∣Qh

Qc

∣∣∣ = Th
Tc

(Carnot cycle)

dS = dQr
T

Geometry
Circle: A = πR2

Sphere: A = 4πR2, V = 4
3
πR3, I =

2
5
mr2

Cylinder: A = 2πR(R + h), V = πR2h,
I = 1

2
mr2

Rect. Plate:A = 2(ab+bc+ca), V = abc,
I = 1

12
m(a2 + b2)

Parallel Axis:I◦ = ICoM + md2

Trigonometry
sin A

a
= sin B

b
= sin C

c

a2 = b2 + c2 − 2bc cos A
sin2 θ + cos2 θ = 1
sec2 θ = 1 + tan2 θ
sin 2θ = 2 sin θ cos θ
cos 2θ = cos2 θ − sin2 θ
tan 2θ = 2 tan θ

1−tan2 θ

sin(A±B) =
sin A sin B
± cos A cos B

cos(A±B) =
cos A sin B
∓ sin A sin B

Series

(1 + x)n = 1 + nx + n(n−1)
2!

x2 + ...

ex = 1 + x + 1
2!

x2 + ...

sin x = x− 1
3!

x3 + ...

cos x = 1− 1
2!

x2 + ...

tan x = x + 1
3
x3 + 2

15
x5 + ...

Integrals∫
dxxn = 1

n+1
xn+1, (x 6= −1)∫

dx
x

= ln x∫
dx sin(ax) = − 1

a
cos(ax)∫

dx cos(ax) = 1
a

sin(ax)

1


