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Mathematics

quadratic equation, ax2 + bx+ c = 0 :

x =
−b±

√
b2 − 4ac
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trigonometry: a2 + b2 = c2
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sin θ = a/c

cos θ = b/c

tan θ = a/b

tan θ =
sin θ

cos θ
circular arc (θ in rad): s = θr
for a full circle, θ = 2π and s = 2πr

Fundamental Constants

g = 9.80 m·s−2

c = speed of light = 2.99792458×108 ≈ 3.00×108 ms−1

me = mass of electron = 9.11× 10−31 kg
mp = mass of proton = 1.6726× 10−27 kg
mn = mass of neutron = 1.6749× 10−27 kg
G = gravit. constant = 6.674× 10−11 N·m2·kg−2

RE = radius of Earth = 6.376× 106 m
ME = mass of Earth = 5.9736× 1024 kg
RL = radius of Moon = 1.74× 106 m
ML = mass of Moon = 7.35× 1022 kg
TL = orbital period = 2.36× 106 s

RE−L = Earth-Moon distance = 3.84× 108 m
RS = radius of Sun = 6.96× 108 m
MS = mass of Sun = 1.99× 1030 kg

RE−S = Earth-Sun distance = 1.496× 1011 m

Mechanics

motion in a straight line with a = constant:

x = x0 + v̄t −→ ∆x = v̄t

v̄ =
v0 + v

2
v = v0 + at −→ ∆v = at

∆x = v0t+
1

2
at2

v2 = v20 + 2a∆x

Relative velocity: v⃗AC = v⃗AB + v⃗BC

Newton’s Laws:

N1L: F⃗net = 0 =⇒ a⃗ = 0

N2L: a⃗ =
1

m
F⃗net −→ F⃗net = ma⃗

N3L: F⃗A on B = −F⃗B on A

Gravity: F = G
mM

r2

friction:

fs ≤ f (max)
s = µsN

fk = const = µkN, µk < µs

kinematics of circular motion with α = constant:

θ = θ0 + ω̄t −→ ∆θ = ω̄t

ω̄ =
ω0 + ω

2
ω = ω0 + αt −→ ∆ω = αt

∆θ = ω0t+
1

2
αt2

ω2 = ω2
0 + 2α∆θ

rolling without slipping: ∆s = r∆θ, vT = rω, aT = rα
centripetal force and acceleration (for α = 0):

Fc = mac = m
v2T
r

= mrω2

torque τ = force× lever arm = Fr⊥ = rF sin θ
moment of inertia: I = mr2

about an axis through the geometrical centre:

Ihoop = mr2 Idisk =
1

2
mr2 Irod =

1

12
mL2

Isphere =
2

5
mr2 Isph.shell =

2

3
mr2

N2L for rotations: τ = Iα
work W = Fd cos θ, or W = τ ∆θ
work done by a conservative force: Wc.f. = −∆U
gravitational potential energy

Fgravity = −mg =⇒ Ug = mgy

kinetic energy of translation: K = 1
2
mv2

kinetic energy of rotation: K = 1
2
Iω2

conservation of total mechanical energy

∆U +∆K = Wnon–c.f.

power = rate of doing work = W/∆t = Fv or = τω
1Watt = 1 J/s and 1 h.p. = 746W
linear momentum p⃗ = mv⃗

Impulse = F⃗∆t = ∆p⃗
conservation of momentum for a system as a whole:∑

F⃗ext = 0 =⇒ p⃗total = const

angular momentum L⃗ = Iω⃗, and ¯⃗τ =
∆L⃗

∆t

conservation of angular momentum:

τ⃗net = 0 =⇒ L⃗total = const =⇒ I1ω1 = I2ω2

Waves and Sound

simple harmonic oscillator, F = −kx, U = 1/2 kx2

f = 1/T ω = 2πf =
√

k/m
x = A cos θ = A cosωt
v = −Aω sinωt
a = −Aω2 cosωt

travelling wave y = A cos

(
ωt∓ 2π

λ
x

)
with v = λ/T = λf

string of mass m, length ℓ, volume density ρ:

vstring =

√
F

(m/ℓ)
=

√
F

(ρA)

intensity level: β = 10 log

(
I

I0

)
dB, I0 = 1×10−12 W/m2

point source intensity: I =
P

A
=

P

4πr2

Doppler (upper sign = approach, lower = recede)

f = fs

(
1± vo

v
1∓ vs

v

) v = speed of sound
vs = speed of source
vo = speed of observer


