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2/2 Rectilinear Motion

Fundamental Kinematics Equations:
ds

(D v=—=3%
_dv _ . _d%s _ ..
2) a=_—=v=_5=§

(3) vdv=oads

When a is constant:
v=1,+at
S=S,+ Uyt + %at2
v2 =v2+2a(s —s,)
If a is not constant, use one of the fundamental

kinematic equations and appropriately
integrate/differentiate.

2/5 Normal and Tangential Coordinates (n-t)

v = ve, = pPe,

2
) ) v . .
A=V =06+ ane, =ve + <? |p,32 vﬁ> €n

Circular motion:
p—T, 'B - 0 R
v=r0

a,=v=1r0, a,=v%/r=r0%=0v6

2/3 Plane Curvilinear Motion

2/6 Polar Coordinates (r-6)

Speed (magnitude of velocity): v = [vZ + v2

. . . V.
Direction of motion: tan = v—y
X

Acceleration a = [aZ+a?

dr r=re;,
dv g=vr&+vgﬁzf‘&+r93
a=_-=V a=ae +ageg = (i —r6%)e. + (rf + 2760)ey
2/4 Rectilinear Coordinates 2/8 Relative Motion
r=xi+yj IA =Tg +Ta/B
!=£.=Xi+yj=vxi+vyi VA=VB+VA/B
a=v=i=%+yj=a,d+a)j -

ay = 3g t+aap

Projectile Motion
initial position (x,, y), initial velocity vo:
a, =0 a, =—g
Uy = Vpx Uy =Vpy — gt
X=Xy + Vpyt Y = Yo+ Vpyt —3gt?

Also: (vy)z = (vo,y)z —290/ =)

2/9 Constrained Motion

Cable/Pulley Systems: write cable length(s) - or other
dimensions that remain constant - in terms of
variable distances. Cable length L is constant; its
derivative is:

L = 0 = derivatives of variable distances.

Alternate: Use differential movement ds of a point on
cable, and how ds promulgated to various points on
the cable/around pulleys, etc. v=ds/dt.

The same vector can be represented in different
coordinate systems (x-y), (n-t), (r-6).

Lay out the same vector in different coordinate
systems. Use vector geometry/trigonometry to
determine sides of the vector triangle in different
coordinate systems.

r=xi+yj=re,

1<

=Vl +vy) = ve, = Ur&‘}‘vgﬁ

I
I

= a i+ ayj = aer + ane, = arep + ageq

The magnitude of a vector is the same in any
coordinate system, e.g., the magnitude of the velocity
and acceleration are, respectively:

v= /v§+v§=vt= ’vr2+v§

a=\/ §+a§,=\]a§+an:\/a3+a§

DJD s20




Chapter 3: Kinetics of Particles

3/4 Rectilinear Motion

> E=ma

XF, =ma, XK, =ma, ZXF, =ma,

|2F| = J(ZFx)Z + (3E)" + (ZF,)?

a= fa,%+a32,+a§

3/7 Potential Energy
V, =mgh AV, = mg(Ah)

v, = %kx2 AV, = %k(xz2 — x?); x=displ. of spring
from equilib.
Work-Energy Equation
Work of all non-conserv. forces U, equals change in
mechanical energy E = T+, + 1,
Une = AT + AV, + AV, = AE

E2 =E1 +UTIC

3/5 Plane Curvilinear Motion

Rectangular
XF. = ma, a, =X
IF, = ma, a, =y
Normal-Tangential
XF, = may, an=v2/p=pBZ=UB
XF; = ma; a;=v
Polar
XE. = ma, a, =#—1r6?
XFy = may ag =16 + 270

3/8 Linear Impulse and Linear Momentum
G=my
XF = G = my; (external forces)
SF, = G, =mvy; IF, =Gy 3F, =G,

ty
f YFdt = AG = mAv
t

1
t2

G, =G + f ZEdt
ty
Collisions: G of system conserved if no external force.

3/6 Work and Kinetic Energy
Work done by force F during displacement dr:
dU =F-dr
Work done by force F during finite motion (1) to (2):
2 2
Up_p = f F.-dr= f (Fedx) + (F,dy) + (F,dz)
1 1
Work done by constant force P moving distance As
2
Up =f F-dr = PAs
1
Work done by spring force on object
2
1 1
Us = [ Bedr=—3k( = ) = kG - x3)
1
Work done by gravity (near earth)
2
Ug = f F-dr=-mg(y, —y,) =mg(y: — y2)
1
Work done by gravity (far from earth)

2 1 1
=f F-dr= GmemRZ(———)
1 rn n

Ug

Work-Kinetic Energy Theorem
2 2 2
U1—2 = fl E ’ dE = fl (Ftds) = fl (matds) =
2 1
fl (mvdv) = Em(vzz —v)=T,-T,

Work done by all forces on mass equals AT:

U1_2 = AT
Power
P du
BT
Efficiency:
e =" Qyerall Efficiency: e = e eqe;

Pin

3/9 Angular Impulse and Angular Momentum
H, =rxmyv

H, = m(yv, — zv))i + m(zv, — xv,)j + m(xv, — yv, )k

IMy = H, = r X myv (external moments)
IMox = Hopy; ZMOy = HOyi IMy, = Ho,

ty
f IM, dt = AH,
t

1

t2
(1,), = (1), + | =My e
%1

Collisions: H, of system conserved if no external moment.

3/12 Impact

Coefficient of Restitution
! !

V2=V

e_
V1=V

Only affects velocity normal to impact plane.

Collisions:
G of system conserved if no net external force on system
H, of system conserved if no net external moment

Elastic: objects bounce; energy conserved: Ti= T

! !

Inelastic: objects stick; energy not cons’d: v; = v,

o
Impact: objects bounce; energy not cons’d: e = %
1—v2
Units
Work: 1]=1Nm

Energy: 1W=1]/s; 1hp=>550ft-lb/sec=746 W
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Chapter 5: Kinematics of Planar Motion

Chapter 6: Kinematics of Planar Motion (x-y plane)

5/2 Rotation

Fundamental Kinematics Equations - Angular Motion
(analogous to linear motion)

1) w=%_4¢

dt
dw . d%e -

(3) wdw = adb

When «is constant:
w=w,+at
0 =0, + w,t +%at2
w? = w2+ 2a(6 —06,)
If ¢ is not constant, use one of the fundamental

kinematic equations and appropriately
integrate/differentiate.

Vector Algebra for motion of Point A about a fixed axis
through Point O (relative to Point 0)

Vg =W XTI =wre; r is from Pt 0 to Pt A.

6/2 General Plane Motion Equations
YF=ma

LF, = ma, XF, =ma,

|2F| = J(ZFX)Z + (2F,)*

a= fa,zc+a32,

Assuming rotation only about z-axis, only need use
scalar version of moment, etc.

Moments about Center of Mass Pt. G:

Z MG = IG (04
Moments about non-accelerating or fixed Point O:
Z MO = 10 o

Moments about arbitrary Point P:
ZMP = IG(X + maGd

where ag is the magnitude of acceleration of

e Define geometry in terms of linear & angular positions.
o Take derivative to relate linear & angular velocities.
o Take derivative to relate linear & angular accelerations.
e.g., in a triangle,
y = xtan@ ...y = xtanf + xsec?6(0)

P=a + a, = are + wzre_n C.0.M,, and d is the perpendicular distance
= axr + wx(wxr) from point P to the line of action of a;
5/3 Absolution Motion Moments about arbitrary Point P:

Z&=ng+p_g><mﬁ

where:
a is the vector angular acceleration,
P¢ is vector position from Pt. P to Pt. G

a, isvector acceleration of Pt. P

5/4 Relative Velocity, 5/6 Relative Acceleration

V_A:V_B+VA/B:V_B+wAerA/B

2y =25 +aup =25 + (ans) +(2us)

=ag+are, + w’re,

Generally, the vectors are broken up into x- and y-
components. Be careful about directions!

6/3 Translation

YE=ma ; XM;=0
6/4 Fixed-Axis Rotation

Z£=m§ 5 ZMG=IG(X ) ZM():IOa
6/5 General Motion

YXF=ma ; XM;=I,a ; X M,equations

5/5 Instantaneous Center of Zero Velocity

e Construct lines perpendicular to two (or more)
velocities on a rigid body

¢ Intersection of constructed lines is ICOZV (Pt C)

e Velocity of any Pt A on the rigid body is equal in
magnitude to: v, = w1y, andis
perpendicular to the vector from Pt. O to Pt. 4;
ie,: v =@ X1y

Moments of Inertia for basic shapes:
Slender Bar about COM; Slender Bar about end

mi? ml?

12 3
Cylindrical Disk Sphere

mR? 2
Parallel Axis Theorem: [ = I; + md?
Radius of Gyration: 1 = mk?
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