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PHYS 1443-501, Spring 2002, Mid-Term Exam, Wednesday, Mar. 13, 2002

[ 1—25 points] <A stone of mass 500g was thrown upward from the top of a building at
an angle of 600 to horizontal with initial speed of 15.0m/s. The height of the building is
50.0m, and thereis no air resistance. The magnitude of the gravitational acceleration is
0=9.8m/s?. Assume ground is at y=0.

a)

b)

d)

f)

9)

h)

)

What are the forces involved in this motion? (2 points)
1. Gravitational, Tangential, and Radial forces
2. Radia, Frictional, and Tangential forces
3. Gravitational force only
4. Gravitational, Frictional, and Radial forces
What is the magnitude of the gravitational force exerting on this stone? (2 points)
1. 490N 2. 490N
3. 9.80N 4. 98.0N
Which direction is the gravitational acceleration? (2 points)
1. 600 upward to horizontal
2. Horizonta
3. Up when going up and down when coming down
4. Downward
What is each acceleration component? ( 2 points)

1. a, =4.90m/s* and a, = - 8.49m/s’
2. a,=4.90m/s’ and a, =8.49m/s’
3. a,=0m/s’ and a, = - 9.80m/s’
4. a,=0m/s’ and a, = 9.80m/s’
What is the potential energy of the stone at the top of the building? ( 3 points)

1. 0J 2. 245]
3. 212w 4. 212
How long does it take for the stone to reach its maximum height? ( 3 points)
1. 2.39s 2. 218s
3. 1.33s 4. 1.00s
How long would it take for the stone to hit ground? (3 points)
1. 9.8s 2. 47%
3. 4.22s 4. 10.0s
How far isthe stone away from the initial position when it hits ground? ( 2 points)
1. 359m 2. 15.0m
3. 25.2m 4. 42.2m
What is the maximum height the stone would reach? ( 3 points)
1. 8.60m 2. 35.7m
3. 58.6m 4. 98.0m
What is the kinetic energy of the stone just before it hits the ground? ( 3 points)
1. 279J 2. 245]
3. 301J 4. 287J
1
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[ 2—15 points] A boat of mass 250kg, heading due south with a speed 20.0km/h is
crossing the river whose stream has a uniform speed of 10.0km/h due east.

a) Determine the velocity of the boat seen by the observer on the bank. Expressthe
velocity in its magnitude and angle. (5 points)

b) What isthe kinetic energy of the boat measured by the observer on the river? (5
points)

¢) Thewidth of theriver is5.0km. How long doesit take for the boat to cross the
river? (5 points)
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[ 3—20 points] A car of mass m; stopped at atraffic light is rear-ended by a car with
mass m;, (<m;), and the two become entangled. The lighter car was moving at v;
=30.0m/s before the collision.

a) What kind of collision isthis? (3 points)
1. Elastic Collision 2. Perfectly Inelastic Collision
3. Read-end Collision 4. Perfectly Elastic Collision

b) What are the quantities conserved in this collision? (3 points)
1. Mechanical Energy and linear momentum
2. Kinetic energy only
3. Linear momentum only
4. Kinetic energy and linear momentum

¢) What isthe velocity of the entangled cars after the collision in terms of masses m;
and myp, and theinitial velocity of the lighter car, vi? (4 points)

1.v, = MY 2. Vv, = MY ¥ MM
m m +m,

3.V, = MY 4. v, = MY
m +m, m +m,

d) What aretheinitial kinetic energies of the two cars, if m;=2500kg and
m,=1000kg? ( 3 points)

IK =11.3" 10°J , 1K =0
- ,
1K = 450" 10°J 1K, =450"10°J
3 1K, =11.3" 10°J 4 i K, =2500J
.| |
1K, =0J 1 K, =1000J
€) What aretheinitial linear momenta of the two cars? (3 points)
T p, =7.50" 10%kg xm/s ) i p, =750 10*kgxm/s
o
1 p, =3.00" 10%kg xm/s 1 p, = 0.00kg xm/s
i p, = 0.00kgxm/s Ipl 750" 103 /s
i ,
1P, =3.00" 10°kg xm/s 1 p, =300 10"J/s
f) What isthe kinetic of the system after the collision? (4 points)
1. K, =1.29" 10°J 2. K, =15.3" 10°J
3. K, =3.50" 10*J 4, K, =11.3" 10°J
3
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[4 — 20 points|Answer the following questions in a system consists of four small spheres
as shown in the figure, assuming the radii are negligible and the rods connecting the
spheres are massless.

a) Determine the coordinate of the Center of Mass of the system. (5points)

b) Compute the moment of inertia and the rotational kinetic energy when the system
rotates about the y-axis at w. (10 points)
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¢) Compute the moment of inertia, using parallel axis theorem and the rotational
kinetic energy when the system is rotating about the z axis at w. (5 points)
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[ 5—20points] A uniform rod of length 90.0 cm and mass 1.80kg is attached at one end
to africtionless pivot and is free to rotate about the pivot in the vertical plane, as shown

in the figure. Answer the following series of questions, assuming that the rod is released
from rest in the horizontal position, and the magnitude of the gravitational acceleration g

is 9.80m/s’.

L= 9 cm ‘

a) What istheline density of the rod? ( 4 points)

1. 2.50kg/cm® 2. 2.00kg/m
3. 2.00kg/cm 4. 2.50kg/m*
b) What isthe moment of inertia of the rod in this motion? ( 4 points)
1. 0.486kg xm’ 2. 1.62kg>m
3. 1.46kg xm? 4. 0.12kg xm?
c) What istheinitial angular acceleration of the rod? ( 4 points)
1. 14.6m/s? 2. 16.3m/s?
3. 1.62/5° 4. 16.3/5°
d) What istheinitial linear acceleration in the middle of the rod? ( 4 points)
1. 16.3m/s? 2. 7.35m/s?
3. 8.15m/s? 4. 8.15/¢?
€) What isthe magnitude of torque? (4 points)
1. 23.6N 2. 1.96N>m
3. 792N>m 4, 17.8N
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Useful Formulae

Velocity: Vi =\Z+51

Position: r ¢ =Fi+\7it+%5t2

- 3 r

Center of Mass. rcw = om '
am

Linear Momentum: B =mv

Kinetic Energy: K = %m\/2

Moment of Inertia: | = ¢rdm

Torque: t = Fd = la wheredismoment arm and a is the angular acceleration
Rotational Kinetic Energy: K, :%Iwz

The solutions for a 2-dimensional equation:

ax’+bx+c=0
are:

_-bx+yb’- 4ac

2a

X
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