Some Useful Equations for Quiz 1

Cartesian Form of a Vector: F =F,i +F,j+F.k

Magnitude: F=‘F‘=,/Fx2 +F+F;
F, F

— F
Direction Cosines For F': cosa = —— cosff=— cosy =—
F F F

Unit Vector: ﬁ—(i]7+ 5 _'+(£jl;—(cos a)i +(cos B)J +(cosy)k
: F F J r = J Y

Directed Force Vector: F = Fu
Absolute Position Vector: 7, =x,i +y,j +zk

Relative Position Vector: 7, =(x, —x, )7 +(y,—v,) ] +(z5—2,)k -
Dot Product: A-B=ABcos@=AB, +AB +A4B,
A

Projection of Vector along Line a-a: 4,,,,

_ (4B o
Angle between Two Vectors, A&B: 6 =cos” —B
Particle Equilibrium, Vector Formulation: ZF =0
Particle Equilibrium, Scalar Formulation, 2D: ZFX =0 ZFy =0

Particle Equilibrium, Scalar Formulation, 3D: ZFx =0 ZFy =0 ZFZ =0

|
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Geometric Relationships for A Triangle:

pd

4‘

Law of Cosines: A* =B? +C? =2BCcosa
B’ =A% +C*-2A4Ccosbh
C?*=A*+B* —2A4Bcosc

A B C
Law of Sines: = =

sina sinb sinc




Some Useful Equations for Quiz 2 (cont'd.)

Distributed Loading:
J w(x) F, = IOLw(x)dx
MV vV V.VVV — l
] e
< L >
dF, = w(x)dx
_{ _ I:xw(x)dx I:xw(x)dx
x: =
| w(x) jOLw(x)dx Fy
—)' |<— dx

Integration Formulae: I x"dx =




Some Useful Equations for Quiz 2

i
Cross-Product: AxB=|4,
B

Moment of a Force about a Point: M,=rxF

Moment of a Force about a Point (Scalar): M =Fd

u, u, u,

Moment of a Force about an Axis: M, =ue(rxF)=\r, 1, 1.
F, F, F.

Equivalent Force-Couple System at O:

Rigid Body Equilibrium (Vector Formulation): > F =0 > M,=0
Rigid Body Equilibrium (Scalar Formulation - 2D): > F,=0 Y F, =0 > M,=0
Rigid Body Equilibrium (Scalar Formulation - 3D):
Yr-0 ¥r-0 ¥E-0
DM, =0 >M,=0 >M,=0



Even Some More Useful Equations:

Area Formulge: 4= J.A dA or A=) 4,

First Moments of Area: x4 = L Xd4 yA= L JdA or XA=) X4, VA=) VA4
Centroidal Coordinates for Areas: x = % y= %
Theorems of Pappus & Guldinus: 4, =0rL  V, =0rA
Properties of Very Common Shapes:
Rectangle: < 4 > Right Triangle: <t
A A
A=>bh
A=4
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Some Useful Equations for Quiz 4
Area Formulae: 4= dd or 4= 4

First Moments of Area: 4= %A yA={ jdA or ¥A=3x4 4= 34
Fluid Pressure: p =)z (where "z" denotes depthand y=pg; »

) . A VA
Centroidal Coordinates for Areas: x = e y= yj

Area Moments of Inertia: I = Lysz I, = IszdA or (see parallel axis theorem)

J, :J.A(x2 +y2)dA

I, =3Iy +4d}) 1,=%(, +Ad}
I I,

4 ¥
Products of Inertia for Areas: 7, = nydA or I = Z(f xy +Adxdy)

water

=624 and p,,,, =1000%

Radii of Gyration for Areas: &, =

Parallel Axis Theorems for Areas: I, =1 +Ad} I, =1, +Ad’ I, =1y +A4d.d,

For Specific Areas:
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n+l

Integration Formula: Ix”dx X C,n#-1

n+1
Ix”dlen|x|+C,n=—1,

(C denotes a constant of integration that you need
not worry about for definite integrals.)

. 1. -1
Rotation of Axes: ( j ( 5 'jcos(26?)—1xy sin 20

, I -1, .
j [ : Jcos(29)+1x), sin 20

uv:( - 5 J (29)+1 cos 26

2
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Mass Formulae: m:J.mdm or m=ym,
= d = d| = dl
Location of Mass Center: f:ﬂ:‘[mx—m, y:—mzjmy " , Z:ﬂ:‘f"’z "
m .[ dm m L dm m J. dm

Location of Mass Center for Composite Sections:

f_f_m_zf,- __ym_Q2ym __Zm _ D Em,
P N I Sl s

Mass Moment of Inertia About an Axis: [ :I ridm = IV r* pdV

Parallel Axis Theorem for Mass Moments of Inertia: 1,=1,+md’

Where |, ; denotes the mass moment of inertia about an axis passing through the mass center of a body,

1, denotes the mass moment of inertia about a parallel axis that passes through point O, and d denotes

o= 2
m

the distance between the axes.

Radii of Gyration for Masses: k_ =

3 |



Some Friction Equations:

Maximum Friction Force: Frnax = UsN

Friction Angle: ¢s = tan~1(uy)

Lead Angle: 6 = tan"' (=)

Screws Forces: M = Wrtan(¢s + 8) (Tightening Screw, Lifting Weight)

M = Wrtan(¢s — 0) (Loosening Screw, Lowering Weight)

Flat Belts: T, = T,e"?



Center of Gravity and Mass Moment of Inertia of Homogeneous SolidS s

Cylinder

i 3

Io=l, = 5mBA+r) L=4tmr

Hemisphere Cone

al, = m@Ar e ) =
Iy =1, =0.259m? I = im? L = by = Ggm(4r2 4 1) Ly = ymr?

Thin Circular disk Thin plate
Im=l}y=§mr2 Izz= %m,i ]Z.z,z%mrz le = T%mbz 1»,21—12»”!02 I?zf- I«‘l—m(az+b2)
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