Your Name: PHY203
Final Exam
Chapters 1-11,15
Mon., 12/19/22, 3-5 pm

Show work

Use correct Sl units

Use scientific notation

All answers with 3 significant figures
* use g=9.81m/s?
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1. Two trains approach each other on parallel tracks. At t=0 the train (A) on the left
passes the x=0 position with a constant speed of 24.5 m/s The train (B) on the right is
traveling towards train A with a speed of 19.0 m/s. When it reaches the x=250 m
position at t=0, it starts to accelerate with a magnitude of 2.50 m/s?.

a. Produce motion diagrams of the trains between 0 —300m: 10
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b. Fill out the tables of known quantities for the two trains. Use the initial positions as
either 0 or 250m (for trains A or B) and the final position when the trains are side-by-

side:

Train A:
Parameter | Known Value
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c. Using the coordinate system depicted above, write an equation of motion (x vs. t) for
train A: 10

d. Using the coordinate system depicted above, write an equation of motion (x vs. t) for
train B (starting from when train B passes the x=250 m position): 20
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e. Find the time at which the centers of the trains are side-by-side. 10
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2. A cannonball is shot from ground level at a castle wall. The castle wall is a horizontal
distance D = 205 m from the cannon. The initial speed of the ball is vo and the initial
angle the velocity of the ball makes with the horizontal is 55.0°. Take y = 0 at ground
level. Assume the ball just grazes the top of the wall on the way up after traveling for
1.50 s. (Ignore air resistance.)

a. On the above figure, make a sketch of the trajectory of the ball from start to when it
hits the ground. 5

b. Fill out the tables of known values. Take the “final” position as when it grazes the
wall. 5

Parameter | Known Value Parameter | Known Value
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c. Find the initial velocity of the cannonball in vector notation. 20
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d. Find the velocity of the cannonball in vector notation just as it grazes the top of the

wall. 10 . : R
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e. Find the height of the castle wall 10
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3. Blocks A and B are connected by a light string and attached over a massless pulley.

Assume a frictionless surface under block A and masses ma and ms. A horizontal force,
F, is applied to block A as shown. The blocks are moving.

qL

a. Draw free body diagrams of the blocks on the figures above and to the right. 10

b. Write out Newton's 2nd Law for both blocks in the x- and y-directions. 30
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Assume that ma = 6.50 kg, ms = 8.00 kg, and F =200 N.
c. Find the magnitude of the acceleration of the blocks. 10

Co nb e A A )(7\‘5’ A/

P —

- meg= (mptng)e

QO ~ Z.Zzi)cEA,S;DMj




9

)

SR

4. A 7.50 kg block approaches a rough ramp which makes an angle of 50.0° with
respect to the horizontal. The block has a speed of 15.5 m/s just before it hits the ramp.
The coefficient of kinetic friction of the ramp is 0.300. The end of the problem is the
block at a height of 2.00 m and it is still moving.

a. Draw a free body diagram of the block while it is sliding on the ramp. 5

b. Sketch the final situation below, after the block has slid to a height of 2.00 m on the
ramp and is still moving: 5
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c. Create energy bar charts: 10
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d. Use Conservation of Energy to find the speed of the block at height 2.00 m. 30
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5. Football player A (mass 110 kq) is traveling in the +x-direction with a speed of 4.00
m/s towards football player B (mass 95.0 kg) who is traveling in the +x-direction with an
unknown speed, v, before the they collide. The players collide, stick together, and
continue to travel in the +x-direction with a speed of 3.00 m/s.

a. Draw sketches of the situation before and after the collision. 5
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b. List the known quantities before the collision: 5

Parameter Known Value
Ma [/C des
VA Y.00AlS
Ms 750
VB v

c. List the known quantities after the collision: 5

Parameter Known Value
Mas 2078 kg
VaB 200 n/S




d. Find the magnitude of the initial momentum of players A and B in terms of numbers
and variables before the collision: 10
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e. Find the magnitude of the final momentum of players A+B in terms of numbers and
variables after the collision: 5
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f. Find the speed of player B before the collision. 10
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g. Determine guantitatively if the collision was elastic or inelastic. 10
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6. Two sticks of length 0.800 m and mass 0.600 kg are traveling towards each other on
a horizontal, frictionless table with speeds of 4.50 m/s, as shown above. When the ends
touch, the ends stick together and the sticks start rotating about their ends without any
further translation. A sketch of the initial situation is given above. Take the z-axis as “out
of the page”.

a. Sketch the final situation as the sticks are rotating about a common center. 5

)

b. List the known quantities before the collision: 5

Parameter | Known Value
L1 NoYoen
L2 7 “:;‘ R
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V2 - \fi g\“é "”75’1 g

c. List the known quantities after the collision: 5

Parameter | Known Value
L ‘/’,(e b »
M A0 49
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d. Find the angular momentum in vector notation of the 2-stick system about the
collision point before the collision. (Hint: you can treat the sticks as point masses with
the mass of each at the center of mass for this calculation.) 15

L, =6 = Pvs Gye)(0600) (158 = /g
™
7T

A ) — ‘ o
Lsy  vbhoned vule =1 ddwithr

/:N3 >0/ T Ky o
. = — D/ y h
\L@f S F })'/

e. Find the moment of inertia of the stuck-together 2-stick system about the axis of
rotation after the collision. 10
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f. Find the angular speed of the 2-stick system just after the collision. 10
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