
HomeWork #2
PHY009A D01-D07 Spring 2016, DP Varn, Instructor

06 April 2016

Homeworks are important as they help solidify concepts discussed in class. You learn by doing, so you should try
these first using your class notes. However, feel free to consult me, other students, your TAs, or the text for help.
These problems will be discussed in your recitation sessions, and you will benefit more if you work on them before
you go to recitation. Remember to use The Ten Steps to Problem Solving when constructing your answers. If needed,
please approximate acceleration due to gravity as g = 10 m/s2.

1. A non-constant acceleration. A particle initially at rest undergoes an acceleration along the x-direction given by

a(t) =


0 if t < 0 s
A0 sin(2πt/τ) if 0 s ≤ t < τ
0 if t ≥ τ

(1)

where τ = 2.00 s and A0 = 3.00 cm/s2.

(a) Find an expression for the velocity of the particle as a function of time and graph v(t) versus t.
(b) Find an expression for the position of the particle as a function of time and graph x(t) versus t.
(c) What is the maximum speed of the particle, and at what time(s) does this occur?
(d) What is the maximum distance the particle moves from its initial starting point?

2. A most unusual race. Jeremy is proud of his Chevrolet Spark LS. His bragging, however, has irritated Ethan, a
star on the track team. So Ethan issues a challenge: He claims that one-on-one, he can beat the Chevy Spark in
a 100-m race on a grass field. They set the date for the next day. What Jeremy doesn’t know, and Ethan does, is
that it is scheduled to rain that night and the grass will be wet. They meet the next day. Ethan can accelerate from
rest (in cleats) at a constant rate of 4.00 m/s2 until he reaches his maximum running speed of 9.00 m/s. The Chevy,
however, can only accelerate at a rate of 1.2 m/s2 on wet grass (he loses traction if tries to accelerate faster); but
has a top speed of about 100 MPH (∼ 45 m/s).

(a) How long does it take for Jeremy to complete the race?
(b) How long does it take Ethan to complete the race?
(c) Who wins and by how much?
(d) Find the average speed of both Jeremy and Ethan.
(e) Who attains the faster speed, and what is that speed?

3. Acceleration, velocity and position of a familiar kind of motion. Suppose that the position of a particle is given by
the expression

r(t) = [α + R0 cos(2πt/T )] ı̂ + [R0 sin(2πt/T )] ̂ (2)

where α = 9.00 cm, R0 = 6.00 cm, and T = 2.00 s.

(a) On an x − y plot, sketch the trajectory of this particle for the time interval 0.00 s ≤ t ≤ 4.00 s.
(b) Find an expression for the velocity of this particle for the time interval 0.00 s ≤ t ≤ 4.00 s.
(c) Find an expression for the acceleration of this particle for the time interval 0.00 s ≤ t ≤ 4.00 s.
(d) On your graph from (a), draw the velocity of the particle for the times t = 0.0 s, 0.25 s, 0.50 s, 0.75 s, 1.00

s, 1.25 s, 1.50 s, and 1.75 s. Pay special attention to the direction of the velocity.
(e) Do the same for the acceleration of the particle at the times given in (d). Again, pay special attention to the

direction of the acceleration.
(f) What is the speed of the particle at each of the times given in (d)?
(g) Identify this motion. Give physical interpretations of the constants R0 and T .

4. Swimming in a river. Two piers on the same bank of a river are separated by 750 m. Sanjay can swim 1.0 m/s.

(a) Suppose that the river flows at a rate of 0.25 m/s. How long does it take for Sanjay to swim from one pier
to the other and back again? Express your answer in minutes.
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(b) Suppose that, due to high tide (they are near the ocean), the flow of the river has stopped. How long does
this same swim trip take now? Express your answer in minutes.

(c) Are your answers for (a) and (b) the same? Why or why not?
(d) What is Sanjay’s average speed for both (a) and (b)?
(e) What is Sanjay’s average velocity for both (a) and (b)?

5. Specifications of a M1857 12-pounder ‘Napoleon’ cannon. A M1857 12-pounder ‘Napoleon’ was a primary
artillery piece used during the civil war. It is reported that the cannonballs had a muzzle speed of about 1,440 feet
per second.

(a) Find the muzzle speed in meters per second.
(b) The cannon is fired at an angle of 5◦ to the horizontal on a level field. What is the maximum height that the

ball reaches?
(c) How long does it take for the cannonball reach its target?
(d) Ignoring air resistance, what is the range of the M1857 12-pounder?
(e) The reported range of the M1857 12-pounder at an angle of 5◦ is 1,619 yards. How does your answer in

(d) compare with this reported range? If there is a sizable discrepancy, can you hazard a guess as to what
might be the explanation?

6. Toy rocket. A small rocket is launched from ground level pointing directly upward. While it is burning fuel, it
accelerates at a constant rate of 60.0 m/s2. The fuel lasts for 5.00 seconds, after which the rocket is in free fall.
Assume that air resistance is negligible.

(a) What is the maximum speed of the rocket and where does this occur? (Think carefully about this.)
(b) What is the height of the rocket right as the fuel runs out?
(c) To what maximum height does the rocket rise?
(d) What is the total time of flight?


