
UP1 Equation Sheet for Exams - Fall 2022

Linear Motion:

Vector addition: If ~A = Ax î +Ay ĵ and ~B = Bx î +By ĵ

then ~C = ~A+ ~B = (Ax +Bx)̂i + (Ay +By )̂j

and | ~C| =
q
C 2

x + C 2
y and ✓ = tan� 1

✓
Cy

Cx

◆

1D/2D Kinematics vx =
dx

dt
, ax =

dvx
dt

�! x =
R
v dt, v =

R
a dt

For Constant Acceleration:

vxf = vxi+ax t; xf = xi+vi t+
1
2ax t2; v 2

xf = v 2
xi+2 ax (xf�xi); xf = xi+

1
2 (vix+vfx) t

For Constant Velocity: �x = vx t Centripetal Acceleration: acent =
v2

r

Newton’s 2nd Law: ⌃~F = m~a Friction: fk = µkn; fs  µsn

Dot Product: ~A · ~B = | ~A| | ~B| cos ✓, or ~A · ~B = (AxBx +AyBy +AzBz)

Work by Constant Force: W = ~F · �~r

General Equation for Work: W =
R rf
ri

~F · d~r =
R xf

xi
Fxdx+

R yf

yi
Fydy +

R zf
zi

Fzdz

Kinetic Energy: K = 1
2mv2 Work-KE: Wnet = �K = 1

2mv2f � 1
2mv2i

Conservation of Energy: Ki + Ug,i + Uel,i = Kf + Ug,f + Uel,f +�Uint

Uel =
1
2kx

2 Ug = mgh �Uint = |work done by friction| = |µknd|

Power: P =
dW

dt
=

� energy

� time

Force-Potential Energy Relationship: Fx = �dU

dx
and �U = �Wab = �

R b
a Fx dx

Linear Momentum: ~p = m~v Impulse = Change in Momentum: ~J = �~p = m~vf � m~vi

For Time-dependent Force:
R
~F dt = �~p For Average Force: ~Fave�t = �~p

CoLM (Cons. of Linear Momentum): x̂ : ⌃~px,i = ⌃~px,f ŷ : ⌃~py,i = ⌃~py,f

Center of Mass: Discrete Particles or Uniform-Density Objects: ~rcm =
⌃miri
⌃mi

Non-Uniform-Density Objects: ~rcm =

R
~r dmR
dm

�! xcm =

R
x dmR
dm

, and ycm =

R
y dmR
dm

1D: dm = �dr; 2D: dm = �dA; 3D: dm = ⇢dV
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Rotational Motion:

Rotational Kinematics: ! =
d✓

dt
, ↵ =

d!

dt
�! ✓ =

R
! dt, ! =

R
↵ dt

For Constant Acceleration: !f = !i + ↵ t; ✓f = ✓i + !i t+ 1
2↵ t2;

! 2
f = ! 2

i + 2 ↵ (✓f � ✓i); ✓f = ✓i +
1
2 (!i + !f ) t

Relation to Linear Quantities vt = r! and at = r↵

Moment of Inertia (MOI) I = ⌃mir2i =
R
r2dm Total Mass: Mtot = ⌃mi =

R
dm

1D: dm = �dr; 2D: dm = �dA; 3D: dm = ⇢dV

Parallel Axis Theorem: I|| = Icm +Md2

Torque: ~⌧ = ~r x ~F N2L For Rotation: ⌃~⌧ = I~↵

Cross Product: | ~A x ~B| = | ~A| | ~B| sin ✓, or

| ~A x ~B| = (Ay Bz �Az By )̂i + (Az Bx �Ax Bz)ĵ + (Ax By �Ay Bx)k̂

Rolling Motion: vcm = R!

CoE with Rotation:: If pivoted, Ktot =
1
2I!

2 only, If not pivoted, Ktot =
1
2I!

2+ 1
2mv 2

cm

Angular Momentum: ~L = I~! or ~L = ~r x ~p

CoAM (Cons. of Ang. Momentum): ⌃~Li = ⌃~Lf

Oscillations and Waves:

General Equation of Motion for SHM:
d2x

dt2
= �!2x

Position as function of time: x(t) = A cos(!t+�) Time info: T =
1

f
, and ! =

2⇡

T
= 2⇡f

Max velocity and acceleration: vmax = !A, and amax = !2A

Period of Mass on Spring: T = 2⇡

r
m

k

 
! =

r
k

m

!

Period of Pendulum at Small Angles: T = 2⇡

r
I

mtotgd

 
! =

r
mtotgd

I

!

Traveling Sinusoidal Wave: y(x, t) = A cos(kx± !t+ �)

Wave number and Wavelength Relationship: k =
2⇡

�

Speed of Traveling Wave: v = �f =
!

k

Speed of Transverse Waves on String: vstring =

r
tension

linear mass density

2
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                   Table of Selected Moments of Inertia 
 
 
 

 
Note: All formulas shown assume objects of uniform mass density. 

! = #$% 

Point mass at a radius R 
 
 
 
 
 
 
 
 
 

! = 1
12#(

% 

Thin rod about axis through 
center perpendicular to length 
 
 
 
 
 
 
 

! = 1
3#(

%
 

Thin rod about axis through end 
perpendicular to length 
 
 
 
 
 
 
 

! = #$% 

Thin-walled cylinder about 
central axis 
 
 
 
 
 
 
 

 ! = 1
2#*$+

% + $%%- 

Thick-walled cylinder about 
central axis 
 
 
 
 
 
 

! = 1
2#$

%
 

Solid cylinder about central axis 
 
 
 
 
 
 
 
 

! = 1
4#$

% + 1
12#(

%
 

Solid cylinder about central 
diameter 
 
 
 
 
 
 
 

! = 2
5#$

%
 

Solid sphere about center 
 
 
 
 
 
 
 
 

! = 2
3#$

% 

Thin hollow sphere about center 
 
 
 
 
 
 
 
 

! = 1
2#$

%
 

Thin ring about diameter 
 
 
 
 
 
 
 
 

! = 1
12#*0

% + 1%- 

Slab about perpendicular axis 
through center  
 
 
 
 
 
 
 

! = 3
10#$

%
 

Cone about central axis 
 
 
 
 
 
 
 
 

For uniform-density objects only
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