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Show all your work for full/partial credit!

Include the correct units in your final answers for full credit!
Unless otherwise stated, quote your results in SI units!
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1.) Multiple Choice (18 pts.)
For each statement below, circle the correct answer (TRUE or FALSE, no reasoning required).

(a) To change the velocity of an object, a net force on that object is required.
TRUE FALSE

(b) The friction force between a surface and an object is directed in the same direction as the
normal force on that object.
TRUE FALSE

(c) If a freight train is pulling 60 wagons, subsequently connected by different wires, the
largest tension force acts in the wire between the locomotive and the first wagon.
TRUE FALSE

(d) When a projectile, moving in 2 dimensions close to Earth, reaches its maximal height, its
acceleration is zero.
TRUE FALSE

(e) Newton’s 3 laws of motion do not apply in reference frames which move at constant ve-
locity.
TRUE FALSE

(f) The acceleration of an object due to gravity does not depend on the mass of that object.
TRUE FALSE



2.) Projectile Motion (18 pts.)
A stone is thrown horizontally from a roof of height 26 meters above the ground, traveling a
horizontal distance of 35 meters before hitting the ground. (neglect air resistance)
(a) How long is the stone in the air?
(b) What was the initial speed of the stone?
(c) What is the final speed of the stone?



3.) 1-Dimensional Motion with Friction (21 pts.)
A car is cruising at 70 mph, approaching a traffic light. The driver sees the light turning from
green to orange. The maximal deceleration of the car, provided by the static friction between
tires and road, is 6.5 m/s2.
(a) If the driver needs 0.5 seconds to react before applying the brakes, what is the total distance
the car travels before it comes to a stop? (1 mph = 0.444 m/s)
(b) What is the static friction coefficient between tires and road?
(c) If the car does not have anti-lock brakes and slides during the entire braking process with
a kinetic friction coefficient of µk = 0.25, by how much does the braking distance increase?



4.) Newton’s 2. Law (16 pts.)
Two masses are connected via a massless wire running over a pulley as shown below. Neglect
any friction force.
(a) What is the acceleration of the two masses?
(b) What is the tension force in the wire?



5.) Circular Motion (18 pts.)
A massless rope of length 2.2 meters sustains a maximal tension force of 580 N . A person
attaches a steel ball of mass 1.85 kg to one end of the rope, and, holding the other end, starts
whirling the steel ball in a horizontal circular motion (neglect gravity and the person’s arm
length).
(a) What is the maximal speed with which the steel ball can revolve?
(b) What is the corresponding maximal number of rotations per second?
(c) If the person holds the rope at half of its length, does the maximal speed of the ball increase
or decrease (you need to give a reason for full credit)?



6.) Elevator (9 pts.)
The floor of an elevator can provide a normal force of up to 10000 N before breaking. The
elevator’s maximal upward acceleration is 1.5 m/s2. If an average person weighs 75 kg, what
is the maximal number of persons that can safely be transported by the elevator at the same
time? (hint: consider 1 person first)


