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Sample Formula Sheet
Trigonometry

sin θ = y√
x2+y2

; cos θ = x√
x2+y2

Calculus
d
dθ sin θ = cos θ; d

dθ cos θ = − sin θ
�

xndx = xn+1

n+1
+ constant

Vectors

A = Axi+Ayj+Azk

A =
�

A2
x +A2

y +A2
z

uA = Ax

A i+
Ay

A j+ Az

A k

rB/A = (xB − xA)i+ (yB − yA)j+ (zB − zA)k
A.B = AxBx +AyBy +AzBz

A×B =

�

�

�

�

�

�

i j k

Ax Ay Az

Bx By Bz

�

�

�

�

�

�

= (AyBz −AzBy)i− (AxBz −AzBx)j+
(AxBy −AyBx)k

Statics

Friction

Fs = µsN - static friction (impending motion)
Fk = µkN - kinetic friction
T2 = T1e

µsβ - belt friction
Bearing friction
F = µsdN = µspdA = µsp(rdθdr)
M −

�

A rdF = 0

Virtual work

δU = 0
U = −Wh - for weight
U = −(1

2
ks22 −

1

2
ks21) - for spring

Potential energy

Vg = Wy - gravity
Ve =

1

2
ks2 - spring

dV
dq = 0, d2V

dq2
> 0 - stable equilibrium

dV
dq = 0, d2V

dq2
< 0 - unstable equilibrium

dV
dq = 0, d2V

dq2
= . . . = 0 - neutral equilibrium

Dynamics

Kinematics

v = v0 + act

s = s0 + vot+
1

2
act

2

v2 = v20 + 2ac(s− s0)
ω = ω0 + αct

θ = θ0 + ωot+
1

2
αct

2

ω2 = ω2
0 + 2αc(θ − θ0)

vB = vA + ω × rB/A

aB = aA +α× rB/A − ω2rB/A

Mass moment of inertia

I =
�

m r2dm

I = IG +md2 - parallel axis theorem
IG = 1

12
ml2 - slender bar (rod)

IG = 2

5
mR2 - sphere

IG = 1

2
mR2 - cylinder

IG = mR2 - ring

Equations of motion

ΣFx = m(aG)x
ΣFy = m(aG)y
ΣMG = IGα

Work and energy

T = 1

2
mV 2

G + 1

2
IGω

2

T1 + (ΣU1−2)noncons = T2 - nonconservative forces
T1 + V1 = T2 + V2 - conservative forces

Impulse and momentum

m(vGx)1 + Σ
� t2
t1

Fxdt = m(vGx)2

m(vGy)1 + Σ
� t2
t1

Fydt = m(vGy)2

IGω1 + Σ
� t2
t1

MGdt = IGω2

2


