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Problem 1: A disk spins with a non-constant angular acceleration given by: a(f) = Bt. It starts with an angular velocity of + D at

t=0. 2
W= go(d(t = %f + D

What is the angular velocity as a function of time?
MultipleChoice :

1) B> +D

2) 2Bt + D

@Bt2/2+D 1?3
2B+ D

5) 2Bt—D

Problem 2: A solid sphere and a hollow hoop have the same total mass and same radius. They both start from rest at the top of an
incline of height H, and they roll down without slipping.

Woi= Kt A
4 Ishtll

j— S'olﬂe,f e

Which reaches the bottom of the incline first, and why?
MultipleChoice : :g’ l’,
1) The solid sphere gets to the bottom first, because it has more rotational kinetic energy and less translational kinetic energy.
2) The hollow hoop gets to the bottom first, because it has more translational kinetic energy and less rotational kinetic energy.
3) They reach at the same time, because they started with the same gravitational potential energy.

@ The solid sphere gets to the bottom first, because it has more translational kinetic energy and less rotational kinetic energy.
5) The hollow hoop gets to the bottom first, because it has more rotational kinetic energy and less translational kinetic energy.
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Problem 3: A bullet of mass m collides with a block of mass M. After the collision,

the bullet/block combination compress a spring with spring constant k by a distance
D.
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To calculate the initial speed of the bullet, you would need:
MultipleChoice :

1) Only Newton’s 2nd Law H: 5

2) Both conservation of energy and Newton’s 2nd Law

3) Only conservation of energy

4) Only conservation of linear momentum
@ Both conservation of energy and conservation of linear momentum

Problem 4: A long uniform-density rod of length L is pivoted at one end as

under the influence of gravity.
cCM™M
X )

T h.= &
2z

e ‘

==
J
|

]
LS

What is the angular speed of the rod when it passes through the vertical position?
MultipleChoice :

- LT,
6g
L

2) L n
3) 0 Mﬁ - = l(l ML'L> N
o )2 2 z\ 3

5’\/% w:ﬁ
T

Problem S: A long uniform bar has only two forces acting on it. The two forces
have equal magnitudes and act as shown.
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Which statement is true regarding the net force and net torque on the bar?
MultipleChoice :

1) The net force and the net torque are both zero
2) The net force and the net torque are both non-zero

d The net force is zero but the net torque is not zero :H 5
4) The net torque is zero but the net force is not zero

Problem 6: A time-varying force is applied to an object moving in one dimension. The force is given by F(f) = Af*, where A is a
positive constant.

—)

j—.S?M:A;

L

8]

s
5o quM= Do De ® AL;(_ 32:’

What is the change in momentum of the object from ¢ =0 to # = 2 seconds?
MultipleChoice :

2) 16A /ﬁ:l
3) 84

4) 164/5

5) 324

Problem 7: Consider the pulley and mass configuration shown. The pulley can be modeled as a solid disk.
Assume m is accelerating downwards. M

ct= LA 2 R
% \-%04' e“L\/’Z From rxF T,
Ta
> 1/; JZ sin 940 - T, Roindo = T o m, []m,

o~d T =>mR*

T

L
%

What is the correct equation of motion (N2L equation) for the pulley?
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MultipleChoice :

1
C)nR—BR=§Mﬁa j*l

2) migR — mygR = MR*a

1
3) migR — mygR = EMRza

1
4)ﬂR+BR=§Mﬁa
5) mig — mg = MR*a

2
Problem 8: Consider the following integral: / (3x4 + 4x2)dx.
0

F«nf - A/W- - ’A£A¥

\

NoTt: T Jr%{m‘—gxl,\%x

Which of the following could be a correct physical interpretation of this integral?
MultipleSelect :

@ The total mass a bar with non-uniform linear mass density given by (3x4 + 4x2) , which is pivoted at one end. I ] ’
) The moment of inertia of a bar with non-uniform linear mass density given by (3x4 + 4x2) , which is pivoted at one end.

3) The moment of inertia of a bar with non-uniform linear mass density given by (3x4 + 4x2) , which is pivoted at the center.
4) None of the the answers listed are possible.

5) The total mass of a bar with non-uniform linear mass density given by (3x4 + 4x2) , which is pivoted at the center.

Problem 9: A disk rotates with a constant angular acceleration given by 20.4 rad/s?.

L= 20,4 s ®
+ < 3.0 sec
= O
1 _ & ;
Ao = wot + ’)z’“L - -';(20"1)(32) =918 pavians

In Fodi &S

How many revolutions has it gone through in 3.0 seconds? Assume the disk starts from rest.
MultipleChoice :

Vo luhon
1) 292 revoluti [. r~ \ (g 3
Sl 1 q1.8 rad | . 1Y.C ey
3) 45.9 revolutions

4) 91.8 revolutions ' 2 fr e )'
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5) 578 revolutions

Problem 10: A long uniform-density beam has a mass M and a length L. It is
hinged to a wall at its left end. A cable is attached to the middle of the rod as
shown. A point mass m; is attached to the far end.

N r
a— /
! l e
M@ /V\tf) .ml
s = T$~"\(*>"Z— ﬂﬁ%’Mth

What is the correct N2L torque equation for this configuration?
MultipleChoice :

. L 1L,
@Tsmea—mlgL—MgE—O % l

2) Tsin@ —mgL—- Mg =20
L
3) TcosO= —mgL —Mg— =0
7 7
4) TCOSGE +m1gL+Mg§ =0
. L
5) TsmGE +mgL+ MgL =0

Problem 11: A bar is pivoted at one end. It is initially held in the horizontal position and it swings downwards under the influence
of gravity.

\
\S
R

e changed **

D‘. P(A{) T/ OLLA/\,;//;

'y

Which of the following statement(s) is(are) TRUE? Ignore air resistance.

1. The torque on the bar due to gravity is constant as the bar swings downwards.

2. As the bar swings, the sum of the gravitational potential energy and the rotational kinetic energy is a constant. 6\
3. The angular momentum of the bar is constant as it swings. h \[e/ J
MultipleChoice : rJo C,DLJ ﬁp/ '

-
()
1) Only 1 is true ]W’C\”My’j 3

2) Both 1 and 2 are true = l,\ S
3) None are true (X
C? Only 2 is true L 4 ?
)

Only 3 is true
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Problem 12: Refer to the figure. Note that all coordinates are given in meters.

(qlf—ﬁ)(~3\> ~0.% m
1+51 6

X

)

15

cm *

L)
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90,2

- (FkyY2)

-
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Yrg4+( ‘

What is the location of the center of mass of the configuration shown?
MultipleChoice :

1) (-10,13)m
2) (-13,0.67)m

(-0.8,0.67) m
) (-13,1.0)m
5) (-08,1.0)m

K]

=)

T

-

PuF = (BxD- ()
1

puT

?‘ \Cl‘(S "

What is the torque on the object?
MultipleChoice :

1) ON'm
2) 14N-m
@+57€N~m
4) +12k N'm
5) —11k N'm

i 2

Problem 14: Long Problem 1 LONg frb.LlLM fblu’}'ﬂ-"ﬂs 6N

Two objects collide on a level frictionless surface. One object has a mass of 2.50
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Problem 13: A force F = (3; +Zj) N acts on an object at a displacement r = (4; + 1}) m from the pivot.

6 k
‘9

(0,0)

> +X

-

-

5

lest  pege:
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kg and is initially traveling in the negative y direction with a speed of 5.00 m/s. A

second object has a mass of 5.00 kg and is traveling with a speed of 4.00 m/s, BEFORE AFTER +y

making an angle of 60.0° with the negative x axis, as shown in the diagram. After mi=2.50kg my=2.50kg

the collision, the 5.00 kg mass travels with a speed of 2.50 m/s in the positive x .

direction. The objects do not stick together. 5.00 mis ' ‘J—‘ +X

. 250 m/s

5.00kg
4.00 m/s

m;=5.00 kg

(a) What is the velocity of the 2.50 kg mass immediately after the collision? Express your velocity in unit vector (component) form, using the axes
shown. Give each component to three significant digits, and include units.

(b) Say that the collision lasted for 0.0280 seconds. Determine the average force on the 5.00 kg object during the collision. Express the average
force in unit vector (component) form, using the axes shown. Give each component to three significant digits, and include units.

Reminder: After completing the three long problems, you will upload a pdf of your written work to the myCourses "Exam 2 Long Problems"
dropbox. What is uploaded there is what is graded for those problems. There is nothing that needs to be entered on ExpertTA for this problem.
Essay

Problem 15: Long Problem 2

Vi

Consider a long rod pivoted at one end, laying on a horizontal frictionless table, as Pivot.
shown in the diagram. The bar has a non-uniform linear mass density given by:
AMx) = Ax* + B, 3L/4
where A and B are positive constants and x = 0 at the pivot. The total length of the

baris L. +!1

+zisoutof +x
the page

(a) What is the moment of inertia of the bar? State your answer in terms of L, A, and B.

(b) Say that a constant force F is applied at a distance 3L/4 from the pivot, at the direction shown in the diagram. What is the angular acceleration
of the bar while this force acts? Give both the magnitude and the vector direction of the angular acceleration as this torque acts. Express your
answer in terms of L, A, B, F', and ¢, and use the axes shown for stating the vector direction.

Reminder: After completing the three long problems, you will upload a pdf of your written work to the myCourses "Exam 2 Long Problems"
dropbox. What is uploaded there is what is graded for those problems. There is nothing that needs to be entered on ExpertTA for this problem.
Essay

Problem 16: Long Problem 3

A solid uniform-density disk of radius R and mass My is pivoted at the edge, as
shown in the diagram. It is initially at rest. A piece of clay of mass m, is traveling
in the positive x direction with a speed v,. The clay strikes the edge of the disk
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directly opposite the pivot. It sticks to the disk, and the disk and clay combination BEFORE AFTER
rotates as shown. The clay can be modeled as a point mass.
+y

+zisoutof *X
the page

B---
cla,
m,,yvo _/

Determine the angular velocity of the disk and clay combination immediately after the collision. State both the magnitude and the vector direction
of the angular velocity. Give your answer in terms of R, My, m, and v,,. Use the axes shown for stating the vector direction.

Reminder: After completing the three long problems, you will upload a pdf of your written work to the myCourses "Exam 2 Long Problems"
dropbox. What is uploaded there is what is graded for those problems. There is nothing that needs to be entered on ExpertTA for this problem.
Essay
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