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What equation do | use? !

Good logic - !

W

W
W
W

nat Information do | know? |
nat information am | being asked to Pnc
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Comparison of linear and rotational motign

Quantity! Linear Motion! |Rotational Motion!
displacement! X! I

velocity! V! "

acceleration! al !

inertia! m! ~ (constanthr?!
kinetic energy! Kians= 1/12mv |K = 1/2]" !
momentum! p=mv! _ =" ]

2"d Law (dynamics)is F = dp/dit! $ %= dL/dt!
work! W= F, & W =0&!!
conservation law! |&p = 0 if $F_ =0!/ &L = 0 if $%,~0!
Impulse! F&t =&p! %kt = &L!




A block of massn fastened by a light rope tan@assivepulley slides
along a frictionless ramp. The pulley has radiusoment of inertia
|, and the tension in the ropelisin solving for the angular motion
of the pulley, which of the following concepts & equations will you
need to apply?

definition of torque: % = /

linear and angular accelerationsa = r#
NewtonOs second law on the blodk:., = ma
circular motion: a = V/r

both 1 and 2

1,2 and 3

all of 1-4

NOoOOAWNE



(a) (D)

Two dumbbells rest on a norizontal, trictionless surface (top view
shown above). A forckE is applied to each dumbbell for a short
time interval&t, either: (a) at the center or (b) at one end. After
the impulses are applied, how do the center-of-mass velocities of
the dumbbells compare?

1. (a) is greater than (b)

2. (b) is greater than (a)
=== 3. no difference

4. canOt tell



(a) (D)

Two dumbbells rest on a horizontal, frictionless surface (top view
shown above). A force is applied to each dumbbell for a short
time interval&t, either: (a) at the center or (b) at one end. After
the impulses are applied, how do the total kinetic energies of the
dumbbells compare?

1. (a) is greater than (b)
=P 2. (b) Iis greater than (a)

3. no difference

4. canOt tell



A yo-yo of massnis placed on a horizontal table, with static
friction coefbcient, between the two. In the three cases
shown below, the string of the yo-yo is pulled gently, with force
F <udmg in the direction shown. In which case(s) will the yo-
yo initially roll to the right? !

1)!
2)!
3)
4)!
— 5)

Al Original Image CC: BY-NC-SA timothytsuihin (flickr) http://creativecommons.org/licenses/by-nc-sa/2.0/deed.en

B!

Cl!

Both B and C!
All of A, B and C!



A rigid, uniform, horizontal bar of mass
m, and length_ is supported by two light,

<.
vertical strings. String A is attached at a £
distanced < L/2 from the left end while b 3 m, mj
string B is attached to the left end. A |
small block of masm, is supported m X
against gravity by the bar at a distasce £ L

from the left end of the bar. If the systei
IS In static equilibrium, which of the
following statements ialways tru@ !

1.! The tension in string B is greater than zero.
=P 2.! The tension in string A is greater than that of B.
3. The tension in string B does not depend on x.
4.! The torque about location x is greater than zero.
5. The tension in string B Is smallest when x = L.



Our sensatiorof weight is derived from theormal forceghat
operate on our body to counteract the attractive force of gravity.
A feeling of weightlessneseccurs whenever normal forces are
removed This can happen'!

! lin deep “emptyO space,!
or ! lin low Earth orbit (centripetal accelerationgy!
or ! lwhile driving too fast over the crest of a hill! !

In all of these cases, normal forces would not be acting (albeit
momentarily, in the last case) on your body. !

Conversely, “artibcial gravityO can be created by establishing a
normal force that acts on your feet. In space, one can use the
centripetal acceleration required for uniform circular motion to
establish such “gravityO in a rotating space station.

! ISee Stanley Kubrick@801, A Space Odyssey.!



Two satellites A andB) of the same mass are going around Earth
In circular orbits. The radius of the orbit of satellite B is twice
that of satelliteA. What is the ratio of the total orbital energy of

B to that ofA?!

1.! 1/8!
2.1 1/4]
—> 3. 1/2!
41 1/ 2!

5. 11



Two satellites A andB) are orbiting the earth in elliptical
orbits of the same eccentricity. If the semi-major axis of B is
twice that of satellité\, then !

1.!
2.!
3.!
4.

S.]
m— 6.

The mechanical energy of A has smaller magnitude
than that of B. !

The mechanical energy of B has smaller magnitude
than that of A. !

The angular momentum of A has larger magnitude
than that of B. !

The angular momentum of B has larger magnitude
than that of A.!

Both 1 and 3!
Both 2 and 4!



Chapter! Concepts! Calculations!
9+10! 3! 6!

11! 2! 41

12! 2! 3!

total! 7! 13!




An AtwoodOs machine consists of two masses A and B, with A
heavier than B, connected across a massive, frictionless pulley
by a light rope.

ANNNNNA

=P 1. The center of mass position drops and
center of mass speed increases. --
2. The center of mass position stays the same nd

center of mass speed stays the same. T

3. The center of mass position drops and

center of mass speed stays the same.
4. The center of mass position stays the same ang s
center of mass speed increases.

A




Suppose Earth had no atmosphere and a
ball were fired from the top of Mt. Everest
in a direction tangent to the ground. If the
initial speed were high enough to cause the
ball to travel in a circular trajectory around
Earth, the ball’s acceleration would

Mt. Everest

launch
direction

1. be much less than g (because the ball
doesn’t fall to the ground).

=) 7. be approximately g.
3. depend on the ball’s speed.



Forces are applied to two wheels mounted on stationary hubs, each
having a mass of 1 kg. The force on wheel 1 has magnitude 1 N.
Assuming that the hubs and the spokes are very light (massless), so
that the rotational inertia ismR?, how large musE, bein order to
Impart to wheel 2 the same angular acceleration as wheel 1?

1)! 0.25 N! b="
2)! 0.5 N!
3) 1 N! F=1N
— 4) 2N
5) 4 N!
m=1 kg m=1 kg

R=05m R=1m



\ hinge!

A ball of putty of massn slides with velocity across a
frictionless ice toward a uniform rod of lendtland massia
that is hinged at its center. After the putty and rod collide
Inelastically, which system quantities are conserved? !

1.! linear momentum!
=P 2! angular momentum!

3.I kinetic energy!

4.1 both 1) and 2) !

5.1 all of the above!



A box, with Iits center-of-mass off-center as indicated by
the dot, is placed on a rough inclined plane (so rough that
the box does not slide). In which of the four orientations
shown, if any, will the box tip over?
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1.!
2.!

—p 3.
4.1
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Bad logic -!
1.! What equation do | use? !

Good logic - !

1.! What information do | know? !

2.! What information am | being asked to bnd? !

3.I What key ideas/conceptual tools should | apply?!
4! What equations express these ideas?!



