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Formula Sheet
Trigonometry

sin θ = y√
x2+y2

; cos θ = x√
x2+y2

;
x

y

θ

Calculus
d
dθ sin θ = cos θ; d

dθ cos θ = − sin θ;
�

xndx = xn+1

n+1 + constant
d
dxx

n = nxn−1

Vectors
A = Axi+Ayj+Azk

A =
�

A2
x +A2

y +A2
z

uA = Ax
A i+

Ay

A j+ Az
A k

uA = cos(α)i + cos(β)j + cos(γ)k
uA = sin(φ) cos(θ)i+ sin(φ) sin(θ)j + cos(φ)k
FA = FuA

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
Moment of a force
Scalar Formulation: Mo = Fd

Vector Formulation: Mo = r× F =

�

�

�

�

�

�

i j k
rx ry rz
Fx Fy Fz
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�

�

�

�

�

Moment of a force about a specified axis:

Maa = uaa.(r× F) =

�

�

�

�

�

�

ux uy uz
rx ry rz
Fx Fy Fz
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�

�

�

�
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Simplification of a force and couple system:
FR =

�

F
(MR)o =

�

M+
�

Mo

Particle equilibrium:
�

Fx = 0;
�

Fy = 0;
�

Fz = 0.

Rigid body equilibrium in 2D:

�

Fx = 0;
�

Fy = 0;
�

Mo = 0.

Rigid body equilibrium in 3D:
�

Fx = 0;
�

Fy = 0;
�

Fz = 0;
�

Mx = 0;
�

My = 0;
�

Mz = 0.

Equilibrium equations: Vector formulation:
�

F = 0;
�

Mo = 0.

Centroid:
x̄ =

�
xiAi�
Ai

; x̄ =
�
xdA�
dA

Dynamics
Particle Rectilinear Motion:
Basic relationships Constant acceleration

a = dv
dt v = v0 + act

v = ds
dt s = s0 + vot+

1
2act

2

ads = vdv v2 = v20 + 2ac(s− s0)
Particle Curvilinear Motion:
x, y, z Coordinates:
vx = ẋ ax = v̇x = ẍ

vy = ẏ ay = v̇y = ÿ

vz = ż az = v̇z = z̈
n, t, b Coordinates:
v = ds

dt = ṡ at = v̇ = v dv
ds

ρ =
[1+( dy

dx
)2]

3/2

| d
2y

dx2
|

an = v2

ρ

r, θ, z Coordinates:
vr = ṙ ar = r̈ − rθ̇2

vθ = rθ̇ aθ = rθ̈ + 2ṙθ̇
vz = ż az = v̇z = z̈

tanψ = r
dr/dθ

Relative Motion:
vB = vA + vB/A aB = aA + aB/A

Equations of Motion:
Particle Rigid body as a particle
�

F = ma
�

F = maG
�

Fx = max
�

Fx = m(aG)x
�

Fy = may
�

Fy = m(aG)y
�

Fz = maz
�

Fz = m(aG)z
Work-Energy:
Work: U1−2 =

�

F.dr =
�

F cos(θ)ds
Work-energy principle: 1

2mv21 + U1−2 = 1
2mv22

Conservation of mechanical energy:
1
2mv2 +mgh+ 1

2ks
2 = constant

10


