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Exam 3: Equation Summary

Momentum:

R - - df)total
p=mv, F,.At=ap, Ryt =—F

t=t
Impulse: I = I F(t)dt = Ap

t=0

Torque: T, =¥, xF, [i] =‘1751PH17“P‘sin9: rF=rF

Static Equilibrium:
Fow =FE+F,+..=0; T =7,+7,,+..=0.

total
- dL
Rotational dynamics: 7¢* :d—tS

Angular Velocity: & =(d6/ dt)lA(
Angular Acceleration: g = (d 26/ dt? )12

Fixed Axis Rotation: 7, =1 a

dw
total
g =lia=1g—
S S S dt
Moment of Inertia: | = j dm(r,)?

body

Angular Momentum: L = g, XMV,

‘Es‘z‘f&mHmﬂsinH: np=rp,

Angular Impulse:
- ty - - -
Jo = jto T, dt=ALg =L — Ly,

Rotation and Translation:

;y total _ gorbital , ¥ spin

L, =L +L,™"",
—total

y orbital __ =
LS - rS,cm X p '

r  spin _ —
Lcm - Icm('ospin

T orbit r spin
%orbit — dLs =spin __ chm

s a " " dt



1
Rotational Energy: K ==1_ o

2 cm™rcm
aw,,, . . d
Rotational Power: P = dtmt =1, - O =730 Tsd_te

One Dimensional Kinematics: v=dr/dt, a=dv/dt

t'=t t'=t

V()Y = [aM)dt’  x®)-x= [ v,{t)dt’

t'=0 t'=0

Constant Acceleration:

1
X(t) = X0 + Vx,O (t _to) + Eax (t _t0)2 Vx (t) = Vx,O + ax (t _tO)
1
y(t) =Yo +Vy,o (t _to) +an (t _t0)2 Vy (t) = Vy,o + ay (t _to)
where X,,V,q, ¥, V,, are the initial position and velocities components at t=t,

Newton’s Second Law: Force, Mass, Acceleration

F=ma Ftotal — ijl + Fz F total —ma Fytotal —ma

X X

total __
y F,7 =ma,

Newton’s Third Law: 147112 =-F,,

Force Laws:

: - m,m, . :
Universal Law of Gravity: F,, =—-G —=%r,, , attractive
, [

Gravity near surface of earth: F,_ = m,.,& , towards earth

grav

Contact force: F

contact

=N+f, depends on applied forces

Static Friction:0< f, < f. = N direction depends on applied forces

S,max
Kinetic Friction: f, = 1 N opposes motion
Hooke’s Law: F =k|Ax|, restoring

Kinematics Circular Motion: arc length:s=R@; angular velocity: ©=dg/dt
tangential velocity: v=Ra®; angular acceleration: a:da)/dt:dze/dtz; tangential
acceleration a, = Ra .



Period: T =27Z—R=2—7[; frequency: f =
\" @

@
2 1

—|

Radial Acceleration: |a |— Rw’: |a |—— |a |—47Z' Rf?: |a |—4f]_Z—R

=N
Center of Mass: R, =Y mr/m°" — I dmr /m°®;
i= body

Velocity of Center of Mass: V__ Zm v./m* - I dmv / m"
body

Torque: 7, =T, xF; %) =‘FSYPH17’P‘Sin6’: rF=rF

0 —total _ = N
+E,+.=0; 1" =15, +75,+..=0.

w

Static Equilibrium: F__ =

total
_— 1 2 1,2 1 2
Kinetic Energy: K :Emv ; AK zzmvf —Emv0

Work: W = [ ' F-dF; Work- Kinetic Energy: W™ = AK

Power: P =F-v =dK/dt
B

Potential Energy: AU =

conservatlve - '[
A

Potential Energy Functions with Zero Points:

Constant Gravity: U (y) = mgy with U(y, =0)=0.

Inverse Square Gravity:U .. (1) = _smm, with U ©)=0.
r

gravity (rO =

Hooke’s Law:U ;. (X) = %kx2 with U, (x=0)=0.

Work- Mechanical Energy: W, = AK + AU = AE

mech —

(K ny total) (K0+U0total)



m=1kg

Problem 1e) (5 points) Rolling without slipping

A bicycle tire rolls without slipping across the ground (moving to the left in the figure
below). Describe the direction and magnitude of the velocity at each of the four points
shown in the figure as seen from an observer at rest on the ground.
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