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1. A) A rescue team lifts an injured person directly upward by means of
a motor-driven cable. The lift is performed in three stages, each
requiring a vertical distance of 10.0 m:

1) The initially stationary person is accelerated to a speed of
5.00 m/s;

2) He is then lifted at the constant speed of 5.00 m/s;
3) Finally, he is decelerated to zero speed.

How much work is done on the 80.0 kg rescue by the force lifting
him during each stage (W1,W2,W3)?
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B) In the figure below, particle 1 of mass m1 = 0.40 kg slides right-
ward along an x axis on a frictionless floor with a speed of v1i =
2.0 m/s. When it reaches x = 0, it undergoes a one-dimensional
elastic collision with stationary particle 2 (v2i = 0) of mass m2 =
0.30 kg.

i Calculate the particle velocities v1f and
v2f after the elastic collision.

ii After the collision, particle 2 reaches a
wall at xw = 3 m, it bounces from the
wall during which 36% of its kinetic en-
ergy is lost (turned into thermal energy).
At what position on the x axis does par-
ticle 2 collide again with particle 1?
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2. A 10.0 kg block is released from point A in figure. The track is friction-
less except for the portion between B and C, which has a length of 6.00
m. The block travels down the track, hits a spring of force constant
k = 2250 N/m, and compresses the spring 0.25 m from its equilibrium
position before coming to rest momentarily. Determine the coefficient
of kinetic friction between the block and the rough surface between B
and C.
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3. A soccer player kicks a soccer ball of mass 0.45 kg that is initially at
rest. The foot of the player is in contact with the ball for 3.0× 10−3 s,
and the force of the kick is given by

F (t) = [(6.0× 106)t− (2.0× 109)t2] N

for 0 ≤ t ≤ 3.0× 10−3 s, where t is in seconds. Find the magnitudes of

i the impulse on the ball due to the kick,

ii the average force on the ball from the player’s foot during the
period of contact,

iii the maximum force on the ball from the player’s foot during the
period of contact,

iv the ball’s velocity immediately after it loses contact with the
player’s foot.
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4. The angular position of a point on a rotating wheel is given by θ(t) =
2.0 + 4.0t2 + 2.0t3 , where θ is in radians and t is in seconds. At t = 0,

i what is the point’s angular position?

ii what is its angular velocity?

iii what is its angular velocity at t = 4.0 s?

iv Calculate its angular acceleration at t = 2.0 s.

v Is its angular acceleration constant? Why?
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5. A solid ball of radius R = 0.2 m and mass M = 3 kg is placed at the
top of a ramp of height h = 1.2 m and θ = 37◦. (Hint: I = 2

5
mR2)

i If the ramp surface is frictionless, calcu-
late the velocity of the ball’s center of mass
(υcom ) and its angular velocity (ω ) at the
bottom of the ramp.

ii Calculate the minimum value of the co-
efficient of static friction (µs) that would
cause smooth rolling (no slipping) of the
ball down the ramp. Calculate υcom and ω
at the bottom of the ramp for this case.
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1. A) A block, initially at rest, of weight W = 10.0 N is released from
the point A moving down an inclined plane with angle α = 53o. It
meets a spring with a spring constant k = 500.0 N/m at the point
C and compresses the spring a distance d = 10.0 cm stopping at
the point B momentarily. The surface has a coefficient of friction,
µ between points A and C. There is no friction between C and
B. The distance between A and C, is L = 50.0 cm. Take g =
9.8 m/s2.

a Calculate µ by using the work-kinetic
energy theorem.

b After stopping at B momentarily, the
block bounces back and goes up on the
incline some distance and stops. What
is this stopping distance measured from
the point C?

1



B) Consider ’L’ shaped plate with uniform mass per unit area σ.

Find the center of mass, ~rCOM in unit
vector notation.

2



2. A 5.0 g marble is fired vertically upward using a spring gun. The spring
must be compressed 8.0 cm, if the marble is to just reach a target 20 m
above the marble’s position on the compressed spring.

i What is the change (∆Ug) in the gravitational potential energy of
the marble-Earth system during the 20 m ascent?

ii What is the change (∆Us) in the elastic potential energy of the
spring during its launch of the marble?

iii What is the spring constant of the spring?
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3. A 3.2 kg box slides on a horizontal frictionless table and collides with a
2.0 kg box initially at rest on the edge of the table, at height h = 0.40m.
The speed of the 3.2 kg box is 3.0 m/s just before the collision.

If the two boxes stick together because of
packing tape on their sides, what is their ki-
netic energy just before they strike the floor?
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4. The angular position of a point on a rotating wheel is given by θ(t) =
2.0 + 4.0t2 + 2.0t3 , where θ is in radians and t is in seconds. At t = 0,

i what is the point’s angular position?

ii what is its angular velocity?

iii what is its angular velocity at t = 4.0 s?

iv Calculate its angular acceleration at t = 2.0 s.

v Is its angular acceleration constant? Why?
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5. In Figure, a solid cylinder of radius 10 cm and mass 12 kg starts from
rest and rolls without slipping a distance L = 6.0 m down a roof that
is inclined at the angle θ = 30◦. (I = 1/2MR2)

i What is the angular speed of the cylin-
der about its center as it leaves the roof?

ii The roof’s edge is at height H=5.0 m.
How far horizontally from the roof’s
edge does the cylinder hit the level
ground?
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1. A) A 2.5 kg block slides into a spring with a spring constant of
320 N/m. When block stops, it has compressed the spring by
7.5 cm. The coefficient friction between the block and the hori-
zontal surface is 0.25.

What is the block’s speed just as the
block reaches the spring?

1



B) In Figure, a block of ice slides down
a frictionless ramp at angle θ = 50o while an
ice worker pulls on the block (via a rope) with
a force ~Fr that has a magnitude of 50 N and
is directed up the ramp. As the block slides
through distance d = 0.50 m along the ramp,
its kinetic energy increases by 80 J. How much
greater would its kinetic energy have been if
the rope had not been attached to the block?

C) A force ~F = (cx − 3x2)x̂ acts on a particle as the particle moves
along an x axis, with ~F in newtons, x in meters, and c a constant.
At x = 0, the particle’s kinetic energy is 20.0 J; at x = 3.00 m, it
is 11.0 J. Find c.
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2. Figure below shows an 8.00 kg stone at rest on a spring. The spring is
compressed 10.0 cm by the stone.

i What is the spring constant?

ii The stone is pushed down an additional 30.0
cm and released. What is the elastic potential
energy of the compressed spring just before that
release?

iii What is the change in the gravitational potential
energy of the stone-Earth system when the stone
moves from the release point to its maximum
height?

iv What is that maximum height, measured from
the release point?
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3. In Figure, a 300 g ball with a speed υ of 6.0 m/s strikes a wall at an
angle θ of 30◦ and then rebounds with the same speed and angle. It is
in contact with the wall for 10 ms. In unit vector notation, what are

i the impulse on the ball
from the wall,

ii the average force on the
wall from the ball?
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4. In Figure, block 1 has mass m1 = 460 g, block 2 has mass m2 = 500 g,
and the pulley, which is mounted on a horizontal axle with negligible
friction, has radius R=5.00 cm. When released from rest, block 2 falls
75.0 cm in 5.00 s without the cord slipping on the pulley.

In unit-vector notation, what are

i What is the magnitude of the accelera-
tion of the blocks?

ii What are tension T2 and tension T1?

iii What is the magnitude of the pulley’s
angular acceleration?

iv What is its rotational inertia?
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5. A solid ball of radius R = 0.2 m and mass M = 3 kg is placed at the
top of a ramp of height h = 1.2 m and θ = 37◦. (Hint: I = 2

5
mR2)

i If the ramp surface is frictionless, calculate the ve-
locity of the ball’s center of mass (υcom ) and its
angular velocity (ω ) at the bottom of the ramp.

ii Calculate the minimum value of the coefficient of static friction
(µs) that would cause smooth rolling (no slipping) of the ball down
the ramp. Calculate υcom and ω at the bottom of the ramp for
this case.

iii If the coefficient of kinetic friction (µk) between the ball and the
ramp surface is 0.1 and it is known that the ball does not roll
smoothly down the ramp (there is sliding), calculate υcom and ω
at the bottom of the ramp.
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1. (Kinetic Energy and Work) A 250 g block is dropped onto a relaxed
vertical spring that has a spring constant of k = 2.5 N/cm. The block
becomes attached to the spring and compresses the spring 12 cm before
momentarily stopping.

What is the speed of the block just before it hits the
spring (assume that friction is negligible)?

Answer: v = 3.5 m/s

1



2. (Kinetic Energy and Work) An object having a mass of 1 kg, which
is initially at rest at point A, starts its motion along frictionless path
of A-C and finally, stops momentarily after it compresses the spring
(k = 100 N/m) by x m. Take g = 10 m/s2.

i Find the compression distance, x,
if angle θ of the inclined plane is
30o and the distance travelled on in-
clined plane, d, just before hitting
the spring is 1.0 m.

ii The object starts moving in opposite
direction after it stops momentarily.
What is the speed of the object just
after it starts its motion in opposite
direction?

iii Determine the final position of the object at the end of motion in op-
posite direction along path C − A.

Answer: i) x = 0.5 m ii) v = 5 m/s iii) A

2



3. (Kinetic Energy and Work) Figure gives the acceleration of a 2.00 kg
particle as an applied force Fa moves it from rest along an x−axis from
x = 0 to x = 9.0 m. The scale of the figure’s vertical axis is set by
as = 6.0 m/s2.

How much work has the force done on
the particle when the particle reaches

i x= 4.0 m,

ii x= 7.0 m,

iii What is the particle’s speed
and direction of travel when it
reaches x= 4.0 m.

Answer: i) 42 J ii) 30 J iii) 6.5 m/s + x direction

3



4. (Kinetic Energy and Work - 40%) A block of mass m = 2.0 kg is
dropped from height h = 40 cm onto a spring of spring constant k =
1960 N/m (See the figure below).

Find the maximum distance the spring is compressed.
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5. (Kinetic Energy and Work- 40%) A 120 kg mass hangs by vertical rope
L = 3.5 m long as in Figure a. A person then displaces the mass to a
position d = 2.0 m sideways from its original position, always keeping
the rope taut, and holds it in this new position as in Figure b.

As the mass is moved
to this position, how
much work is done by
the person?

Answer: 738 J
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6. (Kinetic Energy and Work- 40%) The spring of a spring gun has force
constant k = 400 N/55 and negligible mass. The spring is compressed
6.00 cm, and a ball with mass 30.0 g is placed in the horizontal barrel
against the compressed spring. The spring is then released, and the
ball is propelled out the barrel of the gun. The barrel is 6.00 cm long,
so the ball leaves the barrel at the same point that it loses contact with
the spring. The gun is held so he barrel is horizontal.

i Calculate the speed of the ball as it leaves the barrel if a constant
resisting force of 6.00 N acts on the ball as it moves along the
barrel.

ii What is the greatest speed the ball have along the barrel if a
constant resisting force of 6.00 N acts on the ball as it moves
along the barrel?

Answer: i) 4.90 m/s ii)5.20 m/s
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7. (Potential Energy and Conservation of Energy) In the figure below, a
block slides along a track from one level to a higher level after passing
through an intermediate valley. The track is frictionless until the block
reaches the higher level. There a frictional force stops the block in a
distance d.

The block’s initial speed v0 is
6.0 m/s, the height difference
h is 1.1 m, and µk is 0.60. Find
d.

Answer: d = 1.2 m

7



8. (Potential Energy and Conservation of Energy - 40%) Consider the
track shown in Figure below. The section AB is one quadrant of a
circle of radius 2.0 m and is frictionless. B to C is a horizontal span
3.0 m long with a coefficient of kinetic friction µk = 0.25. The section
CD under the spring is frictionless. A block of mass 1.0 kg is released
from rest at A. After sliding on the track, it compresses the spring by
0.20 m.

Determine the stiff-
ness constant k for the
spring.

Answer: 612 N/55

8



9. (Potential Energy and Conservation of Energy - 40%) A 2.00 kg ball is
attached to the bottom end of a length of rope with a breaking strength
of 44.5N The top end of the rope is held stationary. The ball is released
from rest with the line taut and horizontal (θ = 90.0◦). At what angle
(measured from the vertical) will the rope break?
Answer: 40.8◦

9



10. (Center of Mass and Linear Momentum) A system containing three
objects, which is initially at rest, accelerates by the application of a
net force. Masses and time dependent position vectors of objects are
given as;

m1 = 1 kg, m2 = 3 kg, m3 = 8 kg

~r1 = (t2 − 4)̂i+ 2ĵ

~r2 = (4− t)̂i+ 2ĵ

~r3 = 2̂i+ (t− 3)ĵ

Find;

i Position vector of system’s center of
mass, rcom, as a function of time,

ii Acceleration of the center of mass of
the system, acom,

iii Net force acting on the system, Fnet.

Answer: i) ~rcom =
[

(t2 − 3t+ 24)̂i+ (8t− 16)ĵ
]

/12 ii) ~acom = î/6m/s2

iii) ~Fnet = 2̂i N

10



11. (Center of Mass and Linear Momentum) The rigid body shown in figure
given below consists of three particles connected by massless rods. It
is to be rotated about an axis perpendicular to its plane through point
P .

IfM = 0.40 kg, a = 30 cm, and b = 50 cm,
What is the rotational inertia about point
P ?

Answer: I = 0.208 kgm2
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12. (Center of Mass and Linear Momentum) A 3.2 kg box slides on a hor-
izontal frictionless table and collides with a 2.0 kg box initially at rest
on the edge of the table, at height h = 0.40 m. The speed of the 3.2 kg
box is 3.0 m/s just before the collision.

If the two boxes stick together because
of packing tape on their sides, what
is their kinetic energy just before they
strike the floor?

Answer: KE = 29 J

12



13. (Center of Mass and Linear Momentum) The mass m1 =1.0 kg moving
with a speed v1 = 5.0 m/s on a horizontal frictionless floor collides with
a mass m2 = 2.0 kg initially at rest. After the collision, m1 moves at a
speed v1f = 3.0 m/s and m2 moves at a speed v2f along the directions
shown in the figure.

i Find the speed v2f of m2 after the collision.

ii Is this collision elastic or not? Prove your
answer.

iii Find the velocity of the center of mass of the
system after collision. Give your answer in
terms of unit vector notation.

iv Find the impulse delivered to m1 during the collision. Give your answer
in terms of unit vector notation.

Answer: i) v2f = 2.0 m/s ii) Inelastic iii) ~vcomf
= 5/3 m/s î iv)

~J1 = (−3.2̂i+ 2.4ĵ) kgm/s

13



14. (Rotation) The angular position of a point on the rim of a rotating
wheel is given by θ = 4.0t+3.0t2 + t3, where θ is in radians and t is in
seconds. What are the angular velocities at

i t= 2.0 s and t = 4.0s,

ii What is the average and instantaneous angular acceleration for
that time interval?

Answer: i) w(t = 2.0 s) = 28 rad/s w(t = 4.0 s) = 76 rad/s ii)
24 rad/s2

14



15. (Rotation) In figure, two 6.2 kg blocks are connected by a massless
string over a pulley of radius 2.40 cm and rotational inertia 7.40 ×

10−4 kg.m2. The string does not slip on the pulley; it is not known
whether there is friction between the table and the sliding block; the
pulley axis is frictionless. When this system is released from rest, the
pulley turns through 0.650 rad in 91.0 ms and the acceleration of the
block is constant. What are

i the magnitude of the pulley’s angular ac-
celeration,

ii the magnitude of either block’s acceler-
ation,

iii string tension T1,

iv string tension T2?

Answer: i) 157.0 rad/s ii) 3.8 m/s2 iii) T1 = 37.4 N iv) T2 = 32.6 N

15
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16. (Rotation - 40%) In figure, a wheel of radius 0.20 m is mounted on
a frictionless horizontal axle. A massless cord is wrapped around the
wheel and attached to a 2.0 kg box that slides on a frictionless surface
inclined at angle θ = 20◦ with the horizontal. The box accelerates
down the surface at 2.0 m/s2.

What is the rotational inertia of the wheel
about the axle?

17



17. (Rotation - 40%) The reel shown in Figure has radius R = 0.300 m and
moment of inertia I = 1.00 kg.m2. One end of the block of mass m =
0.500 kg is connected to a spring of force constant k = 50.0 N/55, and
the other end is fastened to a cord wrapped around the reel. The reel
axle and the plane having an inclination of θ = 37◦ are frictionless. The
reel is wound counterclockwise so that the spring stretches a distance
d = 0.200 m from its unstretched position and is then released from
rest.

Find the angular speed
of the reel when the
spring is again un-
stretched.

Answer: 1.74 rad/s
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18. (Rotation - 40%) A m1 = 15.0 kg object and a m2 = 10.0 kg object
are suspended, joined by a cord that passes over a pulley with a radius
of R = 10.0 cm and a mass of M = 3.00 kg as seen in the Figure.

The cord has a negligible mass and does
not slip on the pulley. The pulley rotates
on its axis without friction. The objects
start from rest d = 3.00 m apart. Treat
the pulley as a uniform disk, and deter-
mine the speeds of the two objects as they
pass each other.
Hint: ICM = 1

2
MR2

Answer: 2.36 m/s

19



19. (Rolling, Torque, and Angular Momentum) A hollow cylinder of outer
radius R = 5 cm and mass M = 50 g with moment of inertia about
the center of mass Icom = MR2 starts from rest and moves down an
incline tilted at an angle θ = 20o from the horizontal. The center of
mass of the cylinder has dropped a vertical distance h = 30 cm when
it reaches the bottom of the incline. The coefficient of static friction
between the cylinder and the surface is µs. The cylinder rolls without
slipping down the incline. Answer: i) µs > 0.18 ii) v = 1.7 m/s

i What is the minimum value for the coef-
ficient of static friction µs such that the
cylinder rolls without slipping down the
incline plane?

ii What is the magnitude of the velocity of
the center of mass of the cylinder when
it reaches the bottom of the incline?

20



20. (Rolling, Torque, and Angular Momentum - 40%) In figure given below,
a constant horizontal force ~Fapp of magnitude 12 N is applied to a
uniform solid cylinder by fishing line wrapped around the cylinder.
The mass of the cylinder is 10 kg, its radius is 0.10 m, and the cylinder
rolls smoothly on the horizontal surface. (Hint: ICOM = 1

2
MR2)

i What is the magnitude of the accelera-
tion of the center of mass of the cylinder?

ii What is the magnitude of the angular
acceleration of the cylinder about the
center of mass?

iii In unit-vector notation, what is the fric-
tional force acting on the cylinder?

21



21. (Rolling, Torque, and Angular Momentum - 40%) The radius of the
roll of paper shown in Figure is 7.6 cm and its moment of inertia is
I = 3.3×10−3 kg.m2. A force of 2.5 N is exerted on the end of the roll
for 1.3 s, but the paper does not tear so it begins to unroll. A constant
friction torque of 0.11 m.N is exerted on the roll which gradually brings
it to a stop.

Assuming that the paper’s thickness is
negligible, calculate

i the length of paper that unrolls dur-
ing the time that the force is applied
(1.3 s) and

ii the length of paper that unrolls from
the time the force ends to the time
when the roll has stopped moving.

Answer: i) 1.56 m ii)1.13 m

22



22. (Rolling, Torque, and Angular Momentum - 40%) A 500 g bird is flying
horizontally at 2.24 m/s, not paying much attention, when it suddenly
flies into a stationary vertical bar, hitting it d = 25.0 cm below the
top as seen in the Figure. The bar is uniform, l = 0.750 m long, has a
mass of 1.50 kg, and is hinged at its base. The collision stuns the bird
do that it just drops to the ground afterward (but soon recovers to fly
happily away).

What is the angular velocity of the bar

i just after it is hit by the bird, and

ii just as it reaches the ground?

Hint: For long thin rod the moment of
inertia about an axis through end is ICM =
1

3
MR2

Answer: i) 2.00 rad/s ii) 6.58 rad/s

23
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1. A) A force ~F = (cx − 3x2)x̂ acts on a particle as the particle moves
along an x axis, with ~F in newtons, x in meters, and c a constant.
At x = 0, the particle’s kinetic energy is 20.0 J; at x = 3.00 m, it
is 11.0 J. Find c.

1



B) You drop a 2.00 kg physics book to a friend who stands on the
ground at distance D=10.0 m below. If your friend’s outstretched
hands are at distance d=1.50 m above the ground (see Figure),

i How much work Wg does the gravita-
tional force do on the book as it drops
to her hands?

ii What is the change ∆U in the gravi-
tational potential energy of the book–
Earth system during the drop?

If the gravitational potential energy U of that
system is taken to be zero at ground level,

iii what is U when the book is released?

iv what is U when it reaches her hands?

v Now take U to be 100 J at ground level
and again findWg, ∆U, U at the release
point, and U at her hands.

2



2. A rod of length 30.0 cm has linear density (mass per length) given by
λ = 50.0 g

m
+ 20.0x g

m
where x is the distance from one end, measured

in meters.

i What is the mass of the rod?

ii How far from the x = 0 end is its center of mass?

3



3. A soccer player kicks a soccer ball of mass 0.40 kg that is initially at
rest. The foot of the player is in contact with the ball for 2.0× 10−3 s,
and the force of the kick is given by

F (t) = [(12.0× 109)t2 − (4.0× 1012)t3] N

for 0 ≤ t ≤ 2.0× 10−3 s, where t is in seconds. Find the magnitudes of

i the impulse on the ball due to the kick,

ii the average force on the ball from the player’s foot during the
period of contact,

iii the maximum force on the ball from the player’s foot during the
period of contact,

iv the ball’s velocity immediately after it loses contact with the
player’s foot.

4



4. The angular position of a point on a rotating wheel is given by θ(t) =
2.0 + 4.0t2 + 2.0t3 , where θ is in radians and t is in seconds. At t = 0,

i what is the point’s angular position?

ii what is its angular velocity?

iii what is its angular velocity at t = 4.0 s?

iv Calculate its angular acceleration at t = 2.0 s.

v Is its angular acceleration constant?

5



5. A uniform ball, of mass M = 6.0 kg and radius R, rolls smoothly from
rest down a ramp at angle θ = 30.0◦ (see Figure, I = 2

5
MR2)

i The ball descends a vertical height h =
1.20 m to reach the bottom of the ramp.
What is its speed at the bottom?

ii What are the magnitude and direction
of the frictional force (fs) on the ball as
it rolls down the ramp?
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