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Probiem 1: Kinematics (15 Points)

A particle moves along a straight line, x. At time t=0, its position is at x = 0. The
velocity, v, of the object changes as a function of time as shown in the figure. v
is in m/s, x is in meters and t is in seconds.

a) Whatis x att =5 sec?

b) What is the acceleration, a, att = 1 sec

c) What is the average speed betweent=0andt =5 sec?
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Problem 2: Runner catches Bus (15 Points)

An Olympic runner at Harvard Square wants to catch an MBTA bus to MIT. The
bus is stopped at the curb. The man runs at a constant rate of 10 m/s towards
the bus. When he is 9 m from the bus, the bus starts accelerating at a rate of 2
m/s®. Assume that x = 0 and t = 0 when the man sees the bus leave the curb.

a. Will he catch the bus?

b. How many seconds will it take to catch the bus?

c. How far will the bus travel till the man reaches it?

d. Sketch below the trajectories (xw and xg vs. t) of the man and the bus for
timest=0tot= 10 sec.

e. s there more than one opportunity to intercept the bus? If so, where and
when?
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Problem 3: Ballistic Motion (15 Points)

A projectile is launched at an angle, ©, to the horizontal and just clears a fence.
The fence i |s 7 m higher than the launch point and it is 99 m away. Assume that
g = 10 m/s®. Assume that sin © = 4/5 and that cos © = 3/5,

a. What is the launch speed, v;?

b. What is the time of flight of the projectile from the launch point to the fence?
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Problem 4: Vectors and F = ma (15 Points)

A particle of mass m = 5kg, initially at rest at x = 0 and y = 0 is acted upon by two
forces F, and F, . The force F, is shown in the diagram. Note that sin® = 4/5

and cosO = 3/5 and tan® = 4/3. The net acceleration of the particle is @ = 121
m/s®. @ is shown in the diagram. Neglect gravity. Note that F,, F,, F;, @ and

i are all vectors.

a. What is the force F, ? Either give the magnitude and direction of F, orits
components. Plot F, on the diagram.

b. What is the position vector of the particle att = 10 s?

¢. What is the velocity of the particle at t = 10 s?

d. What additionai force F, would be required to make the acceleration a = 0?
Give the magnitude and the direction of F, or its components.

V.

=00

—x
=122 wjsd




