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Final Exam

USEFUL EQUATIONS

Velocity in polar
coordinates

r =77+ rdf

Acceleration in polar
coordinates

F = (F — r6*)7 + (rf + 276)0

Center of mass (COM) of a
rigid body

. ) m,;T; 1 / ;
R=%—=— rdV
> m, 78 R

Volume element in
cylindrical coordinates

dV = rdrdfd:z

Kinetic energy

Work

1. 1. .
1\:2.\[(._l"()+2w'l’w
W =AK = /1-"-(/,-‘:

Potential Energy
(for conservative forces)

/ T - (/U'
U:—/Ewﬁ

where V % 1 =0

Angular momentum

L=7x p=1-uw

Torque

. = dL
T=7rX F = —
dt
Fixed axis rotation: T, i - w
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COM Moment of inertia
for a uniform bar

Lo
—T— L.= ;ML

COM Moment of inertia

for a uniform hoop é% I.. = MR
COM Moment of inertia - [ | VI 22
for a uniform disk =T 90 ‘
COM Moment of inertia : 9 N
for a uniform sphere [..==-MR*
W)

Scalar parallel axis theorem

I =Icom + MR?

Moments of inertia tensor
(permute x—>y—>z)

J— Z mi(y; + 27) = / dVp(y® + 2%)

4

Euler’s Equations
(permute 1—2—3)

71 = Lw + (13 = fz)wzw:s

Time derivative between
inertial and rotating frames

dB dB G
(dt) -r--'_(dt)-*t--*QXB

Fictitious force in an
accelerating frame

Ff =—-mA

Fictitious force in a

e = —2mQ) X Tons — 6 3
rotating frame (€2 constant) Fy 2mSd X Upor — mil X (2 X 1)
: 1 df 1 d*f ,
Taylor Expansion of f(x) | f(z) = f(a) + i lo(z — a) + 7 (@ — a)?
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