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Exam 3: Equation Summary

Momentum:
d —total

p=mv, FAt=Ap, Fg'=—_"

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

t=0

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

Static Equilibrium:
F

total

Ztotal _ = N
—F+F+ =0; 7 Tg, +Tg, +..=0.

dL
Rotational dynamics: 73 = —>
dt

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 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:
Lstotal — Losrbital +L spin ,

p orbital = total
L - rS cm xp

i spin —|

cm spm

orbit r spin
%orbit — dLs ,—l;spin _ chm

s a " " dt



1
Rotational Energy: K ==1_ o

2 cm™rcm
aw,,, . . d
Rotational Power: P = dtmt =1, - O=7,0 Tsd_te

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

t'=t t'=t

V,(0)-V,, = [a M)t x®)-x= [ v, {)d’

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,, ¥, 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=d26’/dt2; 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,_ va /m°® — J' dmv / m'

body

Kinetic Energy: K = % mv?; AK :%mvfz —%mvoz

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 +U total) (KO+Uototal)



Problem 3: (30 points)

A steel washer, is mounted on a cylindrical rotor of radius r. A massless string, with a
mass m attached to the other end, is wrapped around the side of the rotor and passes over
a massless pulley. Assume that there is a constant frictional torque about the axis of the
rotor. The mass is released and falls. As the mass falls, the rotor undergoes an angular
acceleration of magnitude ¢, . After the string detaches from the rotor and the rotor

coasts to a stop with an angular acceleration of magnitude «,. Let g denote the
gravitational constant.

S| e
r“_—'f

a) What is the moment of inertia I, of the rotor assembly (including the washer)

about the rotation axis? Show all your work. Express your answer in terms of the
given quantities r, o, «,, m,and g.

b) Suppose the rotor has an angular velocity «,, when a second washer of moment
of inertia 1, is dropped on top of the first washer. It takes a time At for the

dropped washer to move at the same angular velocity as the rotor. What is the
angular velocity o, of the assembly immediately after the collision is finished

and the dropped washer and rotor move at the same angular velocity @, ? Express
your answer in terms of the quantities I, |I,,, «,, At, and o, as needed.
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