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Equation Sheet

~vP = ẋî+ ẏĵ + żk̂

= vP êt

= ṙêr + r✓̇ê✓ + żk̂

~aP = ẍî+ ÿĵ + z̈k̂

= v̇P êt +
v2
P

⇢
ên + 0 êb

= (r̈ � r✓̇2)êr + (r✓̈ + 2ṙ✓̇)ê✓ + z̈k̂

~vB = ~vA + ~! ⇥ ~rB/A

~aB = ~aA + ~↵⇥ ~rB/A + ~! ⇥
�
~! ⇥ ~rB/A

�

~vB = ~vA + (~vB/A)rel + ~! ⇥ ~rB/A

~aB = ~aA + (~aB/A)rel + ~↵⇥ ~rB/A + 2~! ⇥ (~vB/A)rel + ~! ⇥
�
~! ⇥ ~rB/A

�

X
~F = m~aP

T1 + V1 + Unc

1!2 = T2 + V2

where:

T =
NX

i

1

2
miv

2
i

is the kinetic energy of each particle and N is the number of particles,

V = Vg + Vsp where Vg = mgh, h is the signed distance above or below the datum,

Vsp =
1

2
k(l � lo)

2, and l, lo are the deformed and original length of the spring, respectively, and

Unc

1!2 is the work done by nonconservative forces.

m~vP1 +

Z
t2

t1

X
~Fdt = m~vP2 e = �vBn2 � vAn2

vBn1 � vAn1

~HO1 +

Z
t2

t1

X
~MOdt = ~HO2

~HO = ~rP/O ⇥m~vP

X
~F = m~aG

X
~MA = IA~↵+ ~rG/A ⇥m~aA

T1 + V1 + Unc

1!2 = T2 + V2 T =
1

2
mv2

A
+

1

2
IA!

2 +m~vA • (~! ⇥ ~rG/A)

m~vG1 +

Z
t2

t1

X
~Fdt = m~vG2

~HA1 +

Z
t2

t1

X
~MAdt = ~HA2

~HA = IA ~!, for special cases of point A.

IG,disk =
1

2
mr2 IG,bar =

1

12
mL2 IG,plate =

1

12
m
�
a2+b2

�
IG,sphere =

2

5
mr2 IG,ring = mr2
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Mẍ+ Cẋ+Kx = F (t) !n =

r
K

M
2⇣!n =

C

M
!d =

p
1� ⇣2 !n

xP (t) = Ap cos!t+Bp sin!t xC(t) = e�⇣!nt


Ac cos!dt+Bc sin!dt

�
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