Name: 1D:

Physics 201

Final Exam
7/14/2022

Collaboration is not allowed. Allowed on your desk are: four 8.5 x 11 inch doubled sided sheets of
notes, a non-communicating graphing scientific calculator, scratch paper, writing utensils, and the
exam. You will have 110 minutes to complete this exam.



For questions 1 and 2, fill in the square next to all correct answers. A given problem may have more than
one correct answer. Each correctly bubbled answer will receive two points. There are 6 correct answers in
this section and only the first 6 filled in answers will be graded. There is no partial credit.

1. Which of the following statements MUST be true?

O (a) An object in motion has a net force pointed in the direction of motion.

O (b) Energy is not always conserved in all systems.

O (c) The weight of an object is equal to the normal force acting on it.

0 (d) Velocity is constant for an object in uniform circular motion.

0 (e) Two identical caterpillars are moving in opposite directions with the same speed. Their total
kinetic energy is zero.

O (f) An object can have zero velocity and a non-zero net force acting on it at the same time.

O (g) An object can have a non-zero velocity and also not be accelerating.

0 (h) If an object has only the force of gravity acting on it, it must have a downward velocity.

O (1) The friction force always points opposite the direction of motion.

O (j) If the potential energy of an object decreases, its kinetic energy will increase.

0 (k) The average acceleration of an object points the same direction as its change in velocity.

O (1) If an object changes direction, but not speed, its momentum stays the same.

O (m) If an object changes direction, but not speed, its kinetic energy stays the same.

2. A non-horse object undergoes motion described by the graph to
the right. Which of the following graphs could represent the
same object during the same motion? (make sure to fill in the 4
square(s) below!)
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3. (9 points) Carefully draw a free body diagram for each of the following scenarios. Make sure that the forces
on the free body diagrams are appropriately scaled relative to each other (the vectors should be appropriate
lengths compared to each other).
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4. (10 points) While bowling, you throw the bowling ball forward down the right side of the lane. The ball has a
constant forward velocity of 8.9 m/s. A bowling lane is 18.3 meters long and 1.05 meters wide. Since you are
a professional bowler, you release the ball with spin that causes the ball to accelerate to the left at a constant
rate, a. To get a strike, you need your bowling ball to hit the head pin which stands at the end of the lane in

the center.

(a) What is the magnitude of acceleration, |a|, needed to hit the head pin? (ignore the width of the pin and ball)

(b) What is the final speed of the ball?

(c) Use the Order of Magnitude and Known Values or Related Quantities sense-making techniques to check the
validity of your answer to part (b).



5. (12 points) A compressed spring pushes a box of mass 3 kg @
up a frictionless 35 degree incline of length 5 meters (the hy-

potenuse is 5 meters). The spring’s equilibrium position is

when it reaches the top of the incline (second picture). The !

spring constant is 30 N/m. Explain all answers using any
combination of words, diagrams, figures, etc.

(a) find the speed of the box at the top of the ramp (second picture above).

(b) find the maximum height reached by the box during its ensuing flight.

(c) find the speed of the box just before it contacts the ground.

(d) how much total work does gravity do on the box from the start of the motion until the box hits the ground?



6. (9 points) While riding in a car travelling at a steady 55 miles per hour, you hold a weight on a string in front
of you. As the car goes around a turn in the highway, you measure the angle the string makes with the vertical
to be 21 degrees. What is the radius of the turn your car is making?



7. (10 points) Three boxes of the same mass are arranged M M
as shown using frictionless pulleys and massless string.

The coefficient of kinetic friction between the tables / K
and the boxes is yux = 0.6 and the pictured angles, 6, Hic RAVAS U

are identical.

(a) For an instant, the masses are moving with constant
velocity. At this instant, what is the angle of the string, 6?2
(hint: part b will be slightly easier if you solve part a sym-
bolically, but it’s not necessary)

(b) Examine what happens to your answer to part (a) when the coefficient of friction is changed. Are there mini-
mum or maximum values of u? What physical significance do these values of u have? (in other words, what
happens to the system at these values of p?)



