Dynamics Formula Overview

L. Particles

Kinematics

One dimensional motion

ds .
V=—=S
dt

dv .
a=—=
dt

ads = vdv

Planar motion

v(t) = ?

d’r(t) _ dv(t)

a(t)=—=2~
a(® dt? dt

Coordinate systems

Cartesian

) =x®i+y@®)]
v(t) = X@i +y(t) ]
a(t) =XMi +y(v)]

Polar

r(t)=re,

v(t) = e, +rde,

a(t) = (F —r6*)e, +(2r6+ro)e,
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Kinetics
Newton'’s second law

EP =Mya,

Work and energy
Work

dU = fedr
Energy

T=Ltme
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V :Ek(r—ro)2
V¥ =mgy
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Power

P: foy
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Impulse-momentum

Linear impulse-momentum

t2
fdt

t1 ~

G =my

=6
t2
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Angular impulse-momentum

TZ Modt = (Uo)z _(l:'o)1 = A(Ho)

One dimensional, central collision

my; + MV, =myv, +m,v,

Perfect elastic: e=1

Perfect plastic: e=0
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I1. Systems of particles

Kinetics
General definitions

M=Zmi

r _Z,mln
£_T

Equation of motion

Z fiEXt — Mg(;

Work and energy

Work
U1,2 = Tz _Tl

Including both external and internal forces

Energy
T=>T'= Z%mivf
1 ) 1
T = szl ||,0|||2 +§ MVé
Ulrllgn—cons — E2 _ El —

= (Tz +V2) - (Tl +V1)

Vincludes both external and internet forces

Impulse-momentum

Linear impulse-momentum

G = Zg = zmi\!i =My,

E — Zi Iiext

E=G
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[ > §=dt=G,-G =G

Angular impulse-momentum
M, = Zi§i x fiGXI

M, =Hy+VaxMyg

Special cases

Mo = E'o

About a fixed point O or the center of mass

TMGdt = (l:IG)Z _(I:'G)l

I11. Rigid bodies

Kinematics
General definitions

0=92_¢

q =rag =gxt
3, =ro’e, = 0x(@xr)
a=axr+ox(oxr)

2
a=gxr-o’r
only valid for planar motion

Vo =Vp t@XIpg

8 =8p A XTpg — Ol

only valid for planar motion
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Kinetics

General definitions

M :Ldm =L2pmdxdy

M = pA

for a homogeneous rigid body
_Jyrdm

T

1
=% IQ rdxdy

Impulse-momentum

Linear impulse-momentum

G= Igydm =My,

Eethifi:G:MQG
— ~

Mass-moment of Inertia
I, = I 2dm
6 =) P
About the center of gravity
_ 2
l,=1;+md

About point A

Special cases

1
I, =—m(h?® +b?
s =M )

homogeneous rectangle about center of mass

1
I, =—ml?
12
slender bar about center of mass
1
I, ==ml?
3

slender bar about its endpoint

1
I, ==mr?
)

Homogenenous disk
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Radius of gyration

N
° \m
Angular impulse-momentum
He = l ok
K
Mg = Zpi x fi
i-t ~ 7
Mg =Hg = IG“iz
Hy=Hg + e xMyg

H,=l,0+Mv;h (scalar!)

h is the perpendicular distance between the

line of action of Vg and point A
M, =Hg + e xMag
M, =g +Magd (scalar!)

d is the perpendicular distance between point

A and the center of mass
MB = IBak+[BG x MgB

For a point fixed to the rigid body

Work and energy
Work

Ul,z = Tz _Tl
Energy

1 1
TZLEM%WZENka“

pure translation of a rigid body

1 2
T=SMly
2
pure translation of a homogeneous rigid body
1
T=>1,0°
2

Pure rotation of a rigid body about the center

of gravity
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T=%M@+%%w2

Total kinetic energy

T=%Qw2

Total kinetic energy about instantanious

center of rotation

non—cons __ _
U1,2 - Ez - El -
= (Tz +V2) - (Tl +V1)

e 1
Y =Ek(r—r0)2

V¢ =mgy,
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