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1 Problems

1. A lunar lander is making its descent to Moon Base 1. The lander descends slowly under the retro-thrust of its

descent engine. The engine is cut off when the lander is 5.0 m above the surface and has a downward speed of

0.8 m/s. With the engine off, the lander is in free fall. What is the speed of the lander just before it touches

the surface of the moon? The acceleration due to gravity on the moon is 1.6 m/s2.

2. A large boulder is ejected vertically upward from a volcano with an initial speed of 40.0 m/s. Air resistance

may be ignored.

(a) At what time after being ejected is the boulder moving at 20.0 m/s upward?

(b) At what time is it moving at 20.0 m/s downward?

(c) When is the displacement of the boulder from its initial position 0?

(d) When is the velocity of the boulder 0?

3. On a 20-mile bike ride, you ride the first 10 miles at an average speed of 8 mi/hr. What must your average

speed over the next 10 miles be to have your average speed for the total 20 miles be

(a) 4 mi/hr?

(b) 12 mi/hr?

(c) Given this average speed for the first 10 miles, can you possibly attain an average speed of 16 mi/hr for

the total 20-mile ride? Explain.
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4. You are on the roof of the physics building, 46.0 m above the ground. Your physics professor, who is 1.80 m

tall, is walking alongside the building at a constant speed of 1.20 m/s. If you wish to drop an egg on your

professor’s head, where should the professor be when you release the egg?

5. A physics student with too much free time (and should probably be doing his homework) drops a watermelon

from the roof of a building. He hears the sound of the watermelon going “splat” 2.50 s later. How high is the

building? The speed of sound is 340 m/s. Ignore air resistance.

6. An automobile and a truck start from rest at the same instant, with the automobile initially at some distance

behind the truck. The truck has a constant acceleration of 2.10 m/s2, and the automobile has an acceleration

of 3.40 m/s2. The automobile overtakes the truck after the truck has moved 40.0 m.

(a) How much time does it take the automobile to overtake the truck?

(b) How far was the automobile behind the truck initially?

(c) What is the speed of each when they are abreast?

7. Determined to test the law of gravity for himself, a student walks off a skyscraper 180 m high, stopwatch in

hand, and starts his free fall (zero initial velocity). Five seconds later, Superman arrives at the scene and dives

off the roof to save the student.

(a) Superman leaves the roof with an initial speed v0 that he produces by pushing himself downward from the

edge of the roof with his legs of steel. He then falls with the same acceleration as any freely falling body.

What must be the value of v0 so that Superman catches the student just before the ground is reached?

(b) If the height of the skyscraper is less than some minimum value, even Superman can’t reach the student

before he hits the ground. What is this minimum height?

2 Problems Involving Calculus

1. An object’s velocity is measured to be v(4) = α − βt2, where α = 4.00m/s and β = 2.00m/s3. At t = 0 the

object is at x = 0.

(a) Calculate the object’s position and acceleration as functions of time.

(b) What is the object’s maximum positive displacement from the origin?

2. The acceleration of a particle is given by a(t) = −2.00 m/s2 + (3.00 m/s3)t.

(a) Find the initial velocity v0 such that the particle will have the same x-coordinate at t = 4.00 s as it had

at t = 0.

2



PH 201-1C, PH 201-2F, PH 221-1D

(b) What will be the velocity as t = 4.00 s?

3. The acceleration of a motorcycle is given by a(t) = At−Bt2, where A = 1.50 m/s3 and B = 0.120 m/s4. The

motorcycle is at rest at the origin at time t = 0.

(a) Find its position and velocity as functions of time.

(b) Calculate the maximum velocity it attains.

3 Challenge Problems

1. In the vertical jump, an athlete starts from a crouch and jumps upward to reach as high as possible. Even

the best athletes spend little more than 1.00 s in the air. This is called their “air time”. Treat the athlete as

a particle and let ymax be his maximum height above the floor. To explain why he seems to hang in the air,

calculate the ratio of the time he is above ymax/2 to the time it takes him to go from the floor to that height.

Air resistance may be ignored.

2. An alert hiker sees a boulder fall from the top of a distant cliff and notes that it takes 1.30 s for the boulder

to fall the last third of the way to the ground. Air resistance may b ignored.

(a) What is the height of the cliff in meters?

(b) If in part (a) you get two solutions of a quadratic equation and use one for your answer, what does the

other solution represent?
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