Your Name: PHY203
Final Exam
Dec. 13, 2017

Show work

Use correct Sl units

Use scientific notation

e All answers with 3 significant figures
e use g=9.81m/s



1. A ball is thrown straight up from ground level with an initial speed of 25.0 m/s.
(lgnore air resistance.) Take the +y direction as the "up” direction. Add numbers

to the vertical axes.
a. Make a sketch of vy vs. time while the ball is in the air.
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A ball is thrown at an angle of 65.0° with respect to the horizontal from ground
level with an initial speed of 35.0 m/s. (Ignore air resistance.) Take the +y
direction as the "up" direction; +x in direction of horizontal motion. Add numbers

to the vertical axes.
- ¢. Make a sketch of vy vs. time while the ball is in the alir.
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d. Make a sketch of a, vs. time while the ball is in the air.
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e. Make a sketch of v, vs. time while the ball is in the air.
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2. Two trains approach each other on parallel tracks. At a time of t=0 the train on
the left is at rest and begins to accelerate at 2.50 m/s®to the right. The train
accelerates for 5.00 s then continues at a constant speed. At {=0 the train on the
right is at rest and is separated from the train on the left by 250 m and starts to
travel with a constant acceleration of 3.50 m/s® to the left.

a. Using the coordinate system depicted above, write equations of motion (x vs.
t) for the train on the left for t<5.00 s and t5.00s:
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b. Using the coordinate system depicted above, write an equation of motion (x
vs. t) for the train on the right:
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c. Find the time at which the centers of the trains are side-by-side.
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3. A cannonball is shot from a cliff of height H = 225 m at a castle wall. The initial
velocity of the ball is v, at an angle of & with respect to the horizontal direction.
The castle wall is Y = 65.0 m high and a herizontal distance of D = 850 m from
the base of the wall. Assume the initial horizontal speed is 65.5 m/s and that the
cannonball just grazes the top of the wall.

a. Find the time it takes the ball to reach the wall.
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b. Find the initial velocity of the cannonball and write it in vector notation using
the coordinate system above.

c. Find the y position of the cannonball at its highest point.
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d. Find the velocity in vector notation of the cannonball just before it hits the
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4. A horizontal force F is applied to block A above. Block B is pushed against a
spring which has a spring constant k. The masses of the blocks are Ma and Mg.
Assume a frictionless surface under the blocks. f I
a. Draw free body diagrams on the blocks shown above and on the right.

b. Write out Newton's 2nd Law for both blocks in the x-direction. Assume both
blocks are accelerating and that the spring is compressed by d.
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¢. Assuming that Ma = 5.50 kg, Mg.=8.50kg, F=250 N, d =15.0cm, and k =
850 N/m, find the magnitude of the acceleration of the blocks and the magnitude
of the contact force.
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d. Under the same pushing force, the blocks keep moving until they stop. Find
the maximum compression of the spring.
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5. Given the force vs. distance curve above (assume a semicircular curve from B
to C), find the work done between the following points:
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e. Assuming a toy car with a mass of 0.500 kg had a speed of 5.50 m/s in the
+x-direction at x = 0, find the speed of the car at x =4.00 m.
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6. Two masses are suspended over a massless, frictionless pulley as shown
ablove. Block A is 2.50 kg and is initially at a y position of 3.00 m. Block B is 4.50
kg and is initially at a y position of 1.50 m.

a. Find the initial total energy of the blocks.
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b. If the masses are then released, use work and energy to find the speed of the
masses when block B is at a position of y=0.250 m.

Ll ]
o e L e, B S
fvor = | (250 + 7 505 U
g
7
i , PR S a
wﬁr’ 5\‘2 Ea—— ) : e

20

o= 2l om g



v B

7. Two disks traveling on a one-dimensional track (x-direction) collide into each
other with an elastic collision. The masses and speeds before the collision of disk
A are 2.50 kg and 0 m/s (disk A is initially at rest) and of disk B are 3.50 kg and
4.00 m/s.

a. Which of the following are conserved in the colhsron’? (Circle all that apply.)

( momentur B «\,% ktnetlc energy " total energy &

b Frnd the momentum of drsk B before the collision in vector notation.
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¢. Find the kinetic energy of disk B before the collision.
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d. Find the final veiocities of the disks after the collision in vector notation.
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8. A wheel is rolling without slipping down a ramp which makes an angle of 55.0°
with respect to the horizontal. Take +x as the direction down the ramp. The wheel

consists of a thin rim with mass 1.50 kg and radius of 1.25 m and 6 spokes of
length 1.25 m and mass 0.250 kg apiece.

a. Find the moment of inertia of the Wheei about its axis.
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b. Sketch a free body diagram of the wheel as it rolls without slipping down the
ramp. =y
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c. Write our Newton's 2nd Law for the wheel in the x-direction.
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d. Write out Newton's 2nd Law version of the torque equation of the wheel.
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e. Find the magnitude of the linear acceleration of the wheel on the ramp.
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9. A block of mass 1.75 kg is attached to a spring. The block is strefched and
released. The equation of motion of the block is given by:

x = (0.550m) cos(3.50¢)

a. Find the spring constant of the spring.
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