Exam Notes: Particle Kinematics

Particle Dynamics

Basic Kinematic Equations Constant Acceleration
v=$ J.tzlv(t)dtzj.;lds:sl—so dt:% t—t, = :% 5, :so+vo(t1—to)+%(t12—t§)
a:%:(leZ;S J.:a(t)dt:j\::dv=vl—vo dt:d?:/ t—t, = \:% v =Vy+alt —t,)
ads = vdv -[ssol a(s)ds = J‘\:;l vdy = %(Vz _Vg) vZ =Vv3 +2a(s; —S,)

Rectangular Coordinates
AZ

x

Projectile Motion
AY

g=32.2 ft/s?=9.81m/s?

Yo — |

r=xi+yj+zk r=ru,

V:HZVXI+Vyj+VZk Vy

\' 2 2 ~
azazaxl+ayj+azk

r=4x?+y?+2°

=X, vy:y, v, =1

_ 222
V=4 Vg +Vy +Vy

2, .2 .2
a=.ag+ay +a;
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Curvilinear Motion: Normal & Tangential Components

V = VU, V=S
dv . VP
a=—=V=VU +—U, =aU; +a,u,
dt P
2
: v
a =V a,=— a=qa’+a’
Yo
a,ds = vdv

N | w

r=ru,
dr | :
V:H: fu, +réug =V U, +Vyly

dv

a === +a,U a, =F-ro?

~ 2 y2 g2 ;
V=4V +Vg =4/F +(r49)2

ay=rf+2r

a=+la’+aj
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Relative-Motion; Translating Axes
Frg =Ty + 15/
Vg =Vt Vga
dg =a, +ag,p

Relationship between

directions.

tangential and radial 0 \

r
dr/dé

W tany =

v is counter-clockwise
positive

Tangent
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Rectangular Coordinates
D F, =ma,
Z F,=ma,
D F,=ma,

Normal & Tangential Coordinates
> F =ma,
> F, =ma,
> F,=0

Cylindrical Coordinates

D F =ma,
> F,=ma,
D F,=ma,

1 Ib force accelerates a 1 Ib mass 32.2 ft/s?

—_— [ —
1 Ibf 32.2 ft/s?
1 lbm —
11bf =32.2 lbm - ft 1slug=32.2Ibm

SZ

A 1 Newton force accelerates a 1 kg mass 1 m/s?

— 0 -
1N 1 m/s?
1kg/

1N=1kem 1slug =32.2 Ibm
S

Acceleration due to gravity on earth

ft m
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Work of a Force U, , = f:z F-dr= :Z F cosfds

Constant F along a straight line

Work of a Weight

Work of a Spring Force Work of Friction

U,, =F, cosé(s,—s,) U, , =-WAy U, = Lsz ksds :%kszz —%ksf U, = —1NAS
Principle of Work & Energy  7,+>u,_,=T, Power & Efficiency
du —13s=1N- _ 550 ft.
where T Emvf U, - jrz E.dr T :lmvg P= o F.v 1Watt=1J/s=1N-m/s 1 hp =550 ft-Ib/s
2 £ 2 . power output  energy output
. Efficiency £T owerinput  energy input
For a system of particles Q2T+ UL=2T, P P gy inp

Conservation of Energy T,+V, =T, +V,

For a system of particles ), Ti+ > V;=> T,+ >V, Gravitational Potential Elastic Potential

1
where T, :%mvf T, :Emvg

V is the potential energies (elastic or gravitational)

Linear Momentum mv, + " [ Fdt =mv,

System of Particles

> mv) + Y [Fdt=Ym(v,),

Conservation of Linear Momentum

Impact

Coefficient
of Restitution

Zmi (Vi )1 = zmi (Vi )2

mA(VA)l + mB(VB )1 = mA(VA)Z + Mg (VB )2

(VB )2 — (VA)Z
(VA )1 - (VB )1

e=

Angular Momentum H, =dmv
Vector Form i ]
H, =rxmv Ho=| 6o 1y
mv, mv,

Units: kg-m?/s or slug-ft?/s or Ibf-ft-s
k
r, |=m(ry, —rv, i-m(ry, -y, )j+m(cy, — v,k

z yVz z X y

mv

z

Relationship between Moment of a
Force and the Rate of Change of
Angular Momentum

2 M, =H,

Angular Impulse & Momentum
angular impulse = I M,dt = > (r xF)dt

(H,), + X [Mdt=(H,),

Conservation of Angular Momentum

(Ho)l = (Ho)z
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Basic Kinematic Equations Constant Acceleration
a,z‘jj_f Ltja)(t)dt:f:dezﬁl—ﬁo dt_%‘g Lty = ;j% b, =0, +a)o(t1—to)+%(t12—t§)
a:‘i'j_“t):‘;tif Ea(t)dt:j:dwzwl—wo dtz%‘) t—to = ;’l% @ =y + gt —t)
adf = adw lea(ﬁ)dezjl:a)da)zé(a)f—a)g) of = f + 20, (6, 6,)

Rotation about a Fixed Point

Chain Rule for Rotational Motion

x = f(60)
a=axt-oT df df do df
X=—=——=—@®
& —axt dt dodt do
e . d*f  df d?9 d%*f(de) df  d*f ,
a4 =~ s = T2 | T3t 2%
dt?  do dt? de?\ldt) do  do

Instantaneous Center of Zero Velocity

AT lg/A

VB:vA+VB/A:vA+5XFB/A

8, =3, + (@) ), =8, +axT, T
dg =ap t\8g/a ) T\@g/a ), =Aa T A& X p =W I
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Mass Moment of Inertia General Plane Motion

| =Jr2dm :jrzpdv ZFX = m(aG)x

> F,=m(ag),
D Mg = lga Y M =lca
> M, =) (M), =-ym(as), +Xm(ag), + ls

Radius of Gyration
| =mk?

Parallel-Axis Theorem
| =1, +md?

Rotation about a Fixed Point
ZFn =m(ay), = Ma’r,
> F =m(ag), =maty

ZMG:IG(Z ZMozloa




Exam Notes: Planar Rigid Body Kinetics: Work & Energy

Kinetic Energy Work
General Plane Motion Rotation about a Fixed Axis | Um =I§f Mdo Uy =-Way U =%ks(55 -s7)
) 0] Principle of Work & Energy T, + > Uy, =T,
T _1||Ca, Potential Energy Gravitational Potential Vg =1mgh
Vg Elastic Potential ~ “e Eksz
T :%mvé +% lgo? Conservation of Energy T,+V,=T,+V,

Exam Notes: Planar Rigid Body Kinetics: Impu

Ise & Momentum

Angular Momentum

General Plane Motion

A
Hp=lgo+dmyg
Hg =lgw
L =mvg

o

Hic =lico

Rotation about a Fixed Axis
) o

Ho =l

Ve

HG = |G0)

LszG

Linear Impulse & Momentum
lgm + Y [Mgdt =15,

ooy + Y [Mdt = 0,

Conservation of Momentum
> mi(vei ) =2 mi(Vei),
> (Hak =22 (Ha)
> (Ho) =2 (He),
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