Equations of Statics

Vectors
Cartesian Vector A=A, T+ A, j+A.k

Magnitude
& A= A2+ A2 +A2
Unitvector — _ 4 _ Ar_  Ay_ 47
A =5 = A1+A]+Ak

Unit vector using direction cosines
1, = cos(a) T+ cos(B)j+ cos(y) k

Dot Product A-B=ABCos(6)
A-B=AB, +AB, +AB,
Cross Product i j k
C=AxB=|A, A, A
B, B, B,

Cartesian Position Vector

Tap=(g— x) T+ (g —ya)j+(zz—za) k
Cartesian Force Vector

TaB
ITazl

Fup=Fuu,z =F

Moments
Moment of a force

Scalar Formulation M,=F
Vector Formulation M, =T
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Moment of a force about a specified axis aa (unit

vector i)

Uy Uy U
Mog =g -(TXF)=|"* T Iz
F. F, E

Simplification of a force and couple system
Fr=XF; (Mg)o= TM+3(M),

Equilibrium

Particle equilibrium

sz=0; ZFy=0;ze=0;

Rigid body equilibrium in 2D

ZF,, =0; ZF_'V =0; ZMO =0;
Rigid body equilibrium in 3D

ZF_Y:O; ZFy =0; ze:O;

ZM;‘r =0; ZMy =0; ZMZ =0;
Equilibrium equations: Vector formulation

ZF=0; Zb_lo=0;

Centre of Gravity

_ [xdw
X= —]T—©orx-=
TW; Jaw

Unit Conversion: 1m = 3.28 ft.

Equations of Dynamics
Particle Rectilinear Motion

Basic Relationships For Constant acceleration a,
dv v =1vy +a,t
a=—
dt
ds + vot + L t?
=— s =55+ —a
T o™ Vot ¥k
ads = vdv v? = vd + 2a.(s —sp)

Particle Curvilinear Motion

X, ¥, z Coordinates

Ve =X a, =V, =%
v, =y a, =v, =§
v, =2z a, =v,=Z2
n, t, b Coordinates
ds | . dv
v=_r=$ @G =v=v_-
3 2
@] -t
dx P
=y
dx2

7, 8 z Coordinates

v =7 a, =i —1r6?
vg =16 ag =16 + 276
v, =2 a, =v, =2

Relative Motion

53 =§A+§B/A EB =EA +EB/A

Equations of Motion
Particle Rigid Body as particle

z F = mag
> F = m(ap),

Work- Energy
Work Uy, = [ F.dF = [ Fcos(8) ds

Principle of Work-energy

2 2
—mvi + U =—mv
2 mvi 12 = 5 MV2

Conservation of Mechanical energy

1 1
Emv2 + mgh +§ks2 = constant

1
Where Emvz = Kinetic energy

mgh = Gravitational Potential energy

1
Eks2 = Elastic Potential energy



