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3.6. FBD Practice (Part 3) 

3.7. FBD Practice (Part 4) 

3.8. FBD Practice (Part 5) 

4. Circular Motion and Gravity 

4.1. Angular Rotation and Velocity 

4.2. Centripetal Acceleration 
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4.4. Universal Law of Gravitation 

5. Work and Energy 

5.1. Work 

5.2. Kinetic Energy and Conservation of Energy 

5.3. Gravitational Potential Energy and Conservation of Energy 
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6. Linear Momentum 
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1. One-Dimensional Motion 

1.1. Displacement

 

1. Find the following for path A in Figure 2.59: 

(a) The distance traveled. (b) The magnitude of 

the displacement from start to finish. (c) The 

displacement from start to finish.  

 

2. Find the following for path B in Figure 2.59: 

(a) The distance traveled. (b) The magnitude of 

the displacement from start to finish. (c) The 

displacement from start to finish.  

 

3. Find the following for path C in Figure 2.59: 

(a) The distance traveled. (b) The magnitude of 

the displacement from start to finish. (c) The 

displacement from start to finish.  

 

 

4. Find the following for path D in Figure 2.59: 

(a) The distance traveled. (b) The magnitude of 

the displacement from start to finish. (c) The 

displacement from start to finish.  

1.2. Time, Velocity, and Speed 

1. (a) Calculate Earth’s average speed relative to 

the Sun. (b) What is its average velocity over a 

period of one year?  

 

2. The North American and European continents 

are moving apart at a rate of about 3 cm/y. At this 

rate how long will it take them to drift 500 km 

farther apart than they are at present?  

 

3. On May 26, 1934, a streamlined, stainless steel 

diesel train called the Zephyr set the world’s 

nonstop long-distance speed record for trains. Its 

run from Denver to Chicago took 13 hours, 4 

minutes, 58 seconds, and was witnessed by more 

than a million people along the route. The total 

distance traveled was 1633.8 km. What was its 

average speed in km/h and m/s?  

 

4. A student drove to the university from her 

home and noted that the odometer reading 

of her car increased by 12.0 km. The trip 

took 18.0 min. (a) What was her average 

speed? (b) If the straight-line distance from 

her home to the university is 10.3 km in a 

direction 25.0o south of east, what was her 

average velocity? (c) If she returned home 

by the same path 7 h 30 min after she left, 

what were her average speed and velocity 

for the entire trip?  

 

5. Conversations with astronauts on the lunar 

surface were characterized by a kind of echo 

in which the earthbound person’s voice was 

so loud in the astronaut’s space helmet that it 

was picked up by the astronaut’s microphone 

and transmitted back to Earth. It is 

reasonable to assume that the echo time 

equals the time necessary for the radio wave 

to travel from the Earth to the Moon and back 

(that is, neglecting any time delays in the 

electronic equipment). Calculate the distance 

from Earth to the Moon given that the echo 

time was 2.56 s and that radio waves travel 
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at the speed of light (3.00×108 m/s)  

 

6. The planetary model of the atom pictures 

electrons orbiting the atomic nucleus much 

as planets orbit the Sun. In this model you 

can view hydrogen, the simplest atom, as 

having a single electron in a circular orbit 

1.06×10−10 m in diameter. (a) If the average 

speed of the electron in this orbit is known to 

be 2.20×106 m/s , calculate the number of 

revolutions per second it makes about the 

nucleus. (b) What is the electron’s average 

velocity? 

1.3. Constant Acceleration 

1. Professional Application  

Dr. John Paul Stapp was U.S. Air Force 

officer who studied the effects of extreme 

deceleration on the human body. On 

December 10, 1954, Stapp rode a rocket 

sled, accelerating from rest to a top speed of 

282 m/s (1015 km/h) in 5.00 s, and was 

brought jarringly back to rest in only 1.40 s! 

Calculate his (a) acceleration and (b) 

deceleration. Express each in multiples of g 

(9.80 m/s2) by taking its ratio to the 

acceleration of gravity.  

 

2. 1Assume that an intercontinental ballistic 

missile goes from rest to a suborbital speed 

of 6.50 km/s in 60.0 s (the actual speed and 

time are classified). What is its average 

acceleration in m/s2 and in multiples of g 

(9.80 m/s2)?  

 

3. A well-thrown ball is caught in a well-padded 

mitt. If the deceleration of the ball is 2.10×104 

m/s2 , and 1.85 ms (1 ms = 10−3 s) elapses from 

the time the ball first touches the mitt until it 

stops, what was the initial velocity of the ball? 

 

4. (a) A light-rail commuter train accelerates at 

a rate of 1.35 m/s2 . How long does it take to 

reach its top speed of 80.0 km/h, starting from 

rest? (b) The same train ordinarily decelerates 

at a rate of 1.65 m/s2 . How long does it take to 

come to a stop from its top speed? (c) In 

emergencies the train can decelerate more 

rapidly, coming to rest from 80.0 km/h in 8.30 

s. What is its emergency deceleration in m/s2 ?  

 

5. At the end of a race, a runner decelerates from 

a velocity of 9.00 m/s at a rate of 2.00 m/s2 . (a) 

How far does she travel in the next 5.00 s? (b) 

What is her final velocity? (c) Evaluate the result. 

Does it make sense?  

 

6. In a slap shot, a hockey player accelerates the 

puck from a velocity of 8.00 m/s to 40.0 m/s in the 

same direction. If this shot takes 3.33×10−2 s , 

calculate the distance over which the puck 

accelerates.  

 

7. Freight trains can produce only relatively 

small accelerations and decelerations. (a) 

What is the final velocity of a freight train that 

accelerates at a rate of 0.0500 m/s2 for 8.00 

min, starting with an initial velocity of 4.00 

m/s? (b) If the train can slow down at a rate 

of 0.550 m/s2 , how long will it take to come to 

a stop from this velocity? (c) How far will it 

travel in each case?  

 

8. A swan on a lake gets airborne by 

flapping its wings and running on top of the 

water. (a) If the swan must reach a velocity 

of 6.00 m/s to take off and it accelerates 

from rest at an average rate of 0.350 m/s2 , 

how far will it travel before becoming 

airborne? (b) How long does this take?  

 

9. An unwary football player collides with a 

padded goalpost while running at a velocity 

of 7.50 m/s and comes to a full stop after 

compressing the padding and his body 0.350 

m. (a) What is his deceleration? (b) How long 

does the collision last?  
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10. Consider a grey squirrel falling out of a 

tree to the ground. (a) If we ignore air 

resistance in this case (only for the sake of 

this problem), determine a squirrel’s velocity 

just before hitting the ground, assuming it fell 

from a height of 3.0 m. (b) If the squirrel 

stops in a distance of 2.0 cm through bending 

its limbs, compare its deceleration with that of 

the airman in the previous problem.  

 

11. Dragsters can actually reach a top speed of 

145 m/s in life preserver, so that an acceleration 

equal to that of gravity only 4.45 s—considerably 

less time than given in Example is reasonable. 

2.10 and Example 2.11. (a) Calculate the 

average acceleration for such a dragster. (b) 

Find the final velocity of this dragster starting 

from rest and accelerating at the rate found in 

(a) for 402 m (a quarter mile) without using any 

information on time. (c) Why is the final velocity 

greater than that used to find the average 

acceleration? Hint: Consider whether the 

assumption of constant acceleration is valid for a 

dragster. If not, discuss whether the acceleration 

would be greater at the beginning or end of the 

run and what effect that would have on the final 

velocity.  

 

12. In 1967, New Zealander Burt Munro set the 

world record speed? for an Indian motorcycle, 

on the Bonneville Salt Flats in Utah, with a 

maximum speed of 183.58 mi/h. The one-way 

course was 5.00 mi long. Acceleration rates are 

often described by the time it takes to reach 60.0 

mi/h from rest. If this time was 4.00 s, and Burt 

accelerated at this rate until he reached his 

maximum speed, how long did it take Burt to 

complete the course?  

1.4. Falling Objects 

1. Calculate the displacement and velocity at 

times of (a) 0.500, (b) 1.00, (c) 1.50, and (d) 

2.00 s for a ball thrown straight up with an initial 

velocity of 15.0 m/s. Take the point of  

release to be y0 = 0. 

 

2. A basketball referee tosses the ball straight 

up for the starting tip-off. At what velocity must a 

basketball player leave the ground to rise 1.25 m 

above the floor in an attempt to get the ball? 

 

3. A dolphin in an aquatic show jumps straight 

up out of the water at a velocity of 13.0 m/s. (a) 

List the knowns in this problem. (b) How high 

does his body rise above the water? To solve 

this part, first note that the final velocity is now a 

known and identify its value. Then identify the 

unknown, and discuss how you chose the 

appropriate equation to solve for it. After 

choosing the equation, show your steps in 

solving for the unknown, checking units, and 

discuss whether the answer is reasonable. (c) 

How long is the dolphin in the air? Neglect any 

effects due to his size or orientation.  

 

4. (a) Calculate the height of a cliff if it takes 

2.35 s for a rock to hit the ground when it is 

thrown straight up from the cliff with an initial 

velocity of 8.00 m/s. (b) How long would it take 

to reach the ground if it is thrown straight down 

with the same  

 

5. You throw a ball straight up with an initial 

velocity of 15.0 m/s. It passes a tree branch on 

the way up at a height of 7.00 m. How much 

additional time will pass before the ball passes 

the tree branch on the way back down?  

 

6. Standing at the base of one of the cliffs of Mt. 

Arapiles in Victoria, Australia, a hiker hears a 

rock break loose from a height of 105 m. He 

can’t see the rock right away but then does, 1.50 

s later. (a) How far above the hiker is the rock 

when he can see it? (b) How much time does he 

have to move before the rock hits his head? 

 

7. There is a 250-m-high cliff at Half Dome in 

Yosemite National Park in California. Suppose a 

boulder breaks loose from the top of this cliff. (a) 

How fast will it be going when it strikes the 

ground? (b) Assuming a reaction time of 0.300 
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s, how long will a tourist at the bottom have to 

get out of the way after hearing the sound of the 

rock breaking loose (neglecting the height of the 

tourist, which would become negligible anyway if 

hit)? The speed of sound is 335 m/s on this day. 

 

8. Suppose you drop a rock into a dark well and, 

using helicopter reduces the effects of air 

resistance on the falling precision equipment, 

you measure the time for the sound of a splash 

to return. (a) Neglecting the time required for 

sound to travel up the well, calculate the 

distance to the water if the sound returns in 

2.0000 s. (b) Now calculate the distance taking 

into account the time for sound to travel up the 

well. The speed of sound is 332.00 m/s in this 

well.  

 

9. A coin is dropped from a hot-air balloon that is 

300 m above the ground and rising at 10.0 m/s 

upward. For the coin, find (a) the maximum height 

reached, (b) its position and velocity 4.00 s after 

being released, and (c) the time before it hits the 

ground.  

1.5. Graphs of 1-D Motion 

1. (a) By taking the slope of the curve in Figure 

2.60, verify that the velocity of the jet car is 115 

m/s at t = 20 s . (b) By taking the slope of the 

curve at any point in Figure 2.61, verify that the 

jet car’s acceleration is 5.0 m/s2  

 

 
 

2. Using approximate values, calculate the 

slope of the curve in Figure 2.62 to verify 

that the velocity at t = 30.0 s is 0.238 m/s. 

Assume all values are known to 3 

significant figures.  

 
 

3. A graph of v(t) is shown for a world-class track 

sprinter in a 100-m race. (See Figure 2.67). (a) 

What is his average velocity for the first 4 s? (b) 

What is his instantaneous velocity at t =5 s ? (c) 

What is his average acceleration between 0 and 

4 s? (d) What is his time for the race?  
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4. For the following position graphs, sketch the 

velocity and acceleration graphs. 
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5. For the following velocity graphs, plot the 

position and acceleration graphs. 

 

Use the initial position of 𝑥 =  0  
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6. For the following acceleration graphs, plot the 

position and velocity graphs.  

 

Assume the initial position is 𝑥 = 0 and initial 

velocity is 𝑣 = 1 𝑚/𝑠 
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2. Two-Dimensional Motion

2.1. Vector Addition and 

Subtraction (Part 1) 

 

1. Find the following for path A in Figure 3.54: 

(a) the total distance traveled, and (b) the 

magnitude and direction of the displacement 

from start to finish.

 
 

2. Suppose you first walk 12.0 m in a direction 

20o west of north and then 20.0 m in a direction 

40.0o south of west. How far are you from your 

starting point, and what is the compass direction 

of a line connecting your starting point to your 

final position? (If you represent the two legs of the 

walk as vector displacements A and B , as in 

Figure 3.56, then this problem finds their sum R 

= A + B .) 

 

 

 

 

3. (a) Repeat the problem 5, but for the 

second leg you walk 20.0 m in a direction 

40.0o north of east (which is equivalent to 

subtracting B from A —that is, to finding R′ = 

A − B ). (b) Repeat the problem two 

problems prior, but now you first walk 20.0 m 

in a direction 40.0o south of west and then 

12.0 m in a direction 20.0o east of south 

(which is equivalent to subtracting A from B 

—that is, to finding R′′ = B - A = - R′ ). Show 

that this is the case.  

 

4. Find the components of vtot along the x- 

and y-axes in Figure 3.57.  
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2.2. Vector Addition and 

Subtraction (Part 2) 

1. Find the following for path C in Figure 3.58: 

(a) the total distance traveled and (b) the 

magnitude and direction of the displacement from 

start to finish. In this part of the problem, explicitly 

show how you follow the steps of the analytical 

method of vector addition. 

 

 

2. Find the north and east components of the 

displacement from San Francisco to Sacramento 

shown in Figure 3.59.

 

 

3. You fly 32.0 km in a straight line in still air in 

the direction 35.0o south of west. (a) Find the 

distances you would have to fly straight south and 

then straight west to arrive at the same point. 

(This determination is equivalent to finding the 

components of the displacement along the south 

and west directions.) (b) Find the distances you 

would have to fly first in a direction 45.0o south of 

west and then in a direction 45.0o west of north. 

These are the components of the displacement 

along a different set of axes—one rotated 45o  

 

 

4. In an attempt to escape his island, Gilligan 

builds a raft and sets to sea. The wind shifts a 

great deal during the day, and he is blown along 

the following straight lines: 2.50 km 45.0o north of 

west; then 4.70 km 60.0o south of east; then 1.30 

km 25.0o south of west; then 5.10 km straight 

east; then 1.70 km 5.00o east of north; then 7.20 

km 55.0o south of west; and finally 2.80 km 10.0o 

north of east. What is his final position relative to 

the island?  

2.3. Projectile Motion (Part 1) 

1. A projectile is launched at ground level 

with an initial speed of 50.0 m/s at an angle 

of 30.0o above the horizontal. It strikes a 

target above the ground 3.00 seconds later. 

What are the x and y distances from where 

the projectile was launched to where it 

lands?  

 

2.  A ball is thrown horizontally from the top 

of a 60.0-m building and lands 100.0 m from 

the base of the building. Ignore air 

resistance. (a) How long is the ball in the 

air? (b) What must have been the initial 

horizontal component of the velocity? (c) 

What is the vertical component of the 

velocity just before the ball hits the ground? 

(d) What is the velocity (including both the 

horizontal and vertical components) of the 

ball just before it hits the ground?  

 

3. An archer shoots an arrow at a 75.0 m 

distant target; the bull’s-eye of the target is at 

same height as the release height of the 

arrow. (a) At what angle must the arrow be 

released to hit the bull’s-eye if its initial speed 

is 35.0 m/s? In this part of the problem, 
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explicitly show how you follow the steps 

involved in solving projectile motion 

problems. (b) There is a large tree halfway 

between the archer and the target with an 

overhanging horizontal branch 3.50 m above 

the release height of the arrow. Will the arrow 

go over or under the branch?  

 

4. The cannon on a battleship can fire a shell a 

maximum distance of 32.0 km. (a) Calculate the 

initial velocity of the fallen 12.0 m. shell. (b) 

What maximum height does it reach? (At its 

highest, the shell is above 60% of the 

atmosphere—but air resistance is not really 

negligible as assumed to make this problem 

easier.) (c) The ocean is not flat, because the 

Earth is curved. Assume that the radius of the 

Earth is 6.37×103 km. How many meters lower 

will its surface be 32.0 km from the ship along a 

horizontal line parallel to the surface at the ship? 

Does your answer imply that error introduced by 

the assumption of a flat Earth in projectile 

motion is significant? 

 

5. In the standing broad jump, one squats and 

then pushes off with the legs to see how far one 

can jump. Suppose the extension of the legs 

from the crouch position is 0.600 m and the 

acceleration achieved from this position is 1.25 

times the acceleration due to gravity, g . How far 

can they jump? State your assumptions. 

(Increased range can be achieved by swinging 

the arms in the direction of the jump.) 

 

6. Serving at a speed of 170 km/h, a tennis 

player hits the ball at a height of 2.5 m and an 

angle θ below the horizontal. The service line is 

11.9 m from the net, which is 0.91 m high. What 

is the angle θ such that the ball just crosses the 

net? Will the ball land in the service box, whose 

outline is 6.40 m from the net? 

 

2.4. Projectile Motion (Part 2) 

1. Gun sights are adjusted to aim high to 

compensate for the effect of gravity, effectively 

making the gun accurate only for a specific 

range. (a) If a gun is sighted to hit targets that 

are at the same height as the gun and 100.0 m 

away, how low will the bullet hit if aimed directly 

at a target 150.0 m away? The equation x = v0xt 

for t and substitute it into the expression for y = 

v0yt – (1 / 2)gt2 (These equations describe the x 

muzzle velocity of the bullet is 275 m/s. (b) 

Discuss qualitatively how a larger muzzle 

velocity would affect this problem and what 

would be the effect of air resistance.  

 

2. An owl is carrying a mouse to the chicks in its 

nest. Its position at that time is 4.00 m west and 

12.0 m above the center of the 30.0 cm diameter 

nest. The owl is flying east at 3.50 m/s at an 

angle 30.0o below the horizontal when it 

accidentally drops the mouse. Is the owl lucky 

enough to have the mouse hit the nest? To 

answer this question, calculate the horizontal 

position of the mouse when it has fallen 12.0 m. 

 

3. Can a goalkeeper at her/ his goal kick a 

soccer ball into the opponent’s goal without the 

ball touching the ground? The distance will be 

about 95 m. A goalkeeper can give the ball a 

speed of 30 m/s. here?  

 

4. In 2007, Michael Carter (U.S.) set a world 

record in the shot put with a throw of 24.77 m. 

What was the initial speed of the shot if he 

released it at a height of 2.10 m and threw it at 

an angle of 38.0o above the horizontal? 

(Although the maximum distance for a projectile 

on level ground is achieved at 45o when air 

resistance is neglected, the actual angle to 

achieve maximum range is smaller; thus, 38o will 

give a longer range than 45o in the shot put.) 

 

5. A football player punts the ball at a 45.0o 

angle. Without an effect from the wind, the ball 

would travel 60.0 m horizontally. (a) What is the 

initial speed of the ball? (b) When the ball is 

near its maximum height it experiences a brief 

gust of wind that reduces its horizontal velocity 

by 1.50 m/s. What distance does the ball travel 

horizontally? 
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6. Derive 𝑅 =
𝑣0

2𝑠𝑖𝑛 2𝜃0

𝑔
for the range of a 

projectile on level ground by finding the time t at 

which y becomes zero and substituting this 

value of t into the expression for x − x0, noting 

that R = x − x0 
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3. Free Body Diagrams and Newton’s 

Laws 

3.1. Drawing FBDs 

For the following problems, the draw the free 

body diagram for each block, and identify any 

force-pairs according to Newton’s 3rd Law of 

Motion. 

 

1. Block A is being pushed to the right by an 

external force F. Assume there is no friction 

between the blocks and the surface they’re on. 

 

 

 

 

 

 

 

2. Block A is being pushed to the right by an 

external force F. Block B is not sliding relative to 

block A, and both are moving at constant 

velocity. There is friction between all surfaces.  

 

 

 

 

 

 

 

 

 

3. Block B is being pushed to the right by an 

external force F. Block B is not sliding relative to 

Block A, and both are moving at constant 

velocity. There is friction between all surfaces.  

 

 

 

 

 

 

 

 

4. Block A is being pushed up against a wall 

without moving. There is friction between all 

surfaces. 

 

 

 

 

 

 

 

 

 

 

5. Block A is connected to block B by a rope. 

Block A is being pulled to the right with another 

rope. 

 

 

 

 

 

 

 

 

6. Block A is being suspended from the ceiling 

by a rope. 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 
B 

A 

B 

A 

B 

A 

A 
B 

A 
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7. Block A is being suspended from the ceiling 

by a rope. Block B is attached to the bottom of 

block A.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. Block A is being held on the ramp by a rope 

attached to a pulley. 

 

 

 

 

 

 

 

 

 

 

3.2. Statics 

1. Block A is being held at rest by 2 ropes. The 

mass of block A is 5 kg. Find the tension in both 

ropes. 

 

 

 

 

           45o                                 30o 

 

 

 

 

 

 

2. Block A has a mass of 10 kg and is on an 

inclined ramp with angle 20o, but is not moving 

due to static friction. Calculate the force of 

friction required to keep the block from moving.  

 

 

 

 

 

 

 

 

 

 

 

3. Two identical blocks of 8 kg are on two sides 

of an inclined planes with angle 25o. A rope is 

used to connect the two blocks. Find the tension 

in the rope assuming there’s no friction. 

 

 

 

 

 

 

 

 

 

 

 

 

4. Three blocks of different masses are 

connected by ropes (mA = 4 kg, mB = 10 kg, mC 

= 3 kg). Two of them are hanging on the sides 

and one is resting on the table. Find the tension 

in both ropes and the force of friction on block B. 

 

 

 

 

 

 

 

 

 

 

 

A 

B 

A 

B 

C 

A 
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5. Two blocks are hanging vertically. Block A 

has a mass of 10 kg and Block B has a mass of 

5 kg. Find the tension in both ropes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. A block of mass 12 kg is on an inclined plane 

with a coefficient of friction of 0.10. The plane is 

inclined at an angle of 30o. What is the minimum 

and maximum value of F that will keep the block 

from moving? 

 

 

              F 

 

 

 

 

 

 

 

 

7. Block A is being held in place with an applied 

force F. Assuming the block has a mass of 6 kg 

and the coefficient of friction between the block 

and the wall is 0.4, what is the minimum force 

needed to keep a block from sliding down the 

wall? 

 

 

      F 

 

 

 

 

3.3. Elevator Problems 

For the following problems, consider a box with 

mass 12 kg sitting on top of a weight scale. 

Compute the reading of the scale in each of the 

following scenarios: 

 

 

 

 

 

 

 

 

 

 

 

 

1. The elevator is at rest. 

 

2. The elevator is moving upward with a 

constant velocity. 

 

3. The elevator starts from rest and is now 

accelerating upwards at 2 m/s2.  

 

4. The elevator is moving upwards but is slowing 

down at 2 m/s2.  

 

5. The elevator is moving downwards and 

slowing down at 2 m/s2. 

 

6. Now, the 12 kg block is being pulled 

horizontally on a rope at constant speed while 

the elevator is accelerating downward at 1 m/s2. 

The coefficient of static friction is 0.4, and the 

coefficient of kinetic friction is 0.2. What is the 

tension in the rope? 

 

 

 

 

 

 

 

A 

B 

A 

A 

A 
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3.4. FBD Practice (Part 1) 

1. A 63.0-kg sprinter starts a race with an 

acceleration of 4.20 m/s2. What is the net 

external force on him? 

 

2. A cleaner pushes a 4.50-kg laundry cart in 

such a way that the net external force on it is 

60.0 N. Calculate the magnitude of its 

acceleration. 

 

3. (a) If the rocket sled shown in Figure 4.32 starts 

with only one rocket burning, what is the 

magnitude of its acceleration? Assume that the 

mass of the system is 2100 kg, the thrust T is 

2.4×104 N, and the force of friction opposing the 

motion is known to be 650 N. (b) Why is the 

acceleration not one- fourth of what it is with all 

rockets burning?  

 
 

4. Suppose two children push horizontally, 

but in exactly opposite directions, on a third 

child in a wagon. The first child exerts a 

force of 75.0 N, the second a force of 90.0 N, 

friction is 12.0 N, and the mass of the third 

child plus wagon is 23.0 kg. (a)What is the 

system of interest if the acceleration of the 

child in the wagon is to be calculated? 

(b)Draw a free-body diagram, including all 

forces acting on the system. (c)Calculate the 

acceleration. (d)What would the acceleration 

be if friction were 15.0 N?  

 

 

5. The rocket sled shown in Figure 4.33 

accelerates at a rate of 49.0 m/s2 . Its 

passenger has a mass of 75.0 kg. (a) 

Calculate the horizontal component of the 

force the seat exerts against his body. 

Compare this with his weight by using a 

ratio. (b) Calculate the direction and 

magnitude of the total force the seat exerts 

against his body.  

 
 

 

6. The weight of an astronaut plus his space suit 

on the Moon is only 250 N. How much do they 

weigh on Earth? What is the mass on the Moon? 

On Earth? 

3.5. FBD Practice (Part 2) 

1. What net external force is exerted on a 1100-

kg artillery shell fired from a battleship if the shell 

is accelerated at 2.40×104 m/s2 ? What is the 

magnitude of the force exerted on the ship by the 

artillery shell?  

 

2. Two teams of nine members each engage in a 

tug of war. Each of the first team’s members has 

an average mass of 68 kg and exerts an average 

force of 1350 N horizontally. Each of the second 

team’s members has an average mass of 73 kg 

and exerts an average force of 1365 N horizontally. 

(a) What is magnitude of the acceleration of the 

two teams? (b) What is the tension in the section of 

rope between the teams?  

 

3. Consider the baby being weighed in Figure 

4.34. (a) What is the mass of the child and 

basket if a scale reading of 55 N is observed? 

(b) What is the tension T1 in the cord attaching 

the baby to the scale? (c) What is the tension T2 

in the cord attaching the scale to the ceiling, if 

the scale has a mass of 0.500 kg? (d) Draw a 

sketch of the situation indicating the system of 
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interest used to solve each part. The masses of 

the cords are negligible.  

 
 

 

4. A freight train consists of two 8.00×104-kg 

engines and 45 cars with average masses of 

5.50×104 kg . (a)What force must each engine 

exert backward on the track to accelerate the 

train at a rate of 5.00×10–2 m/s2 if the force 

of friction is 7.50×105 N , assuming the engines 

exert identical forces? This is not a large 

frictional force for such a massive system. 

Rolling friction for trains is small, and 

consequently trains are very energy-efficient 

transportation systems. (b) What is the force in 

the coupling between the 37th and 38th cars 

(this is the force each exerts on the other), 

5. assuming all cars have the same mass and 

that friction is evenly distributed among all of the 

cars and engines? 

 

 

6. A 1100-kg car pulls a boat on a trailer. (a) What 

total force resists the motion of the car, boat, and 

trailer, if the car exerts a 1900-N force on the road 

and produces an acceleration of 0.550 m/s2 ? The 

mass of the boat plus trailer is 700 kg. (b) What is 

the force in the hitch between the car and the 

trailer if 80% of the resisting forces are 

experienced by the boat and trailer?  

 

7. Two children pull a third child on a snow 

saucer sled exerting forces F1 and F2 as shown 

from above in Figure 4.36. Find the acceleration 

of the 49.00-kg sled and child system. Note that 

the direction of the frictional force is unspecified; 

it will be in the opposite direction of the sum of 

F1 and F2.

 

3.6. FBD Practice (Part 3) 

1. What force is exerted on the tooth in 

Figure 4.38 if the tension in the wire is 25.0 

N? Note that the force applied to the tooth is 

smaller than the tension in the wire, but this 

is necessitated by practical considerations 

of how force can be applied in the mouth.  
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2. A nurse pushes a cart by exerting a force on the 

handle at a downward angle 35.0o below the 

horizontal. The loaded cart has a mass of 28.0 kg, 

and the force of friction is 60.0 N. (a) Draw a free-

body diagram for the system of interest. (b) What 

force must the nurse exert to move at a constant 

velocity? 

 

3. Two muscles in the back of the leg pull 

upward on the Achilles tendon, as shown in 

Figure 4.40. (These muscles are called the 

medial and lateral heads of the gastrocnemius 

muscle.) Find the magnitude and direction of the 

total force on the Achilles tendon. 

 
 

 

4. A 76.0-kg person is being pulled away from a 

burning building as shown in Figure 4.41. 

Calculate the tension in the two ropes if the 

person is momentarily motionless. Include a 

free-body diagram in your solution. 
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5. Integrated Concepts A large rocket has a 

mass of 2.00×106 kg at takeoff, and its engines 

produce a thrust of 3.50×107 N . (a) Find its initial 

acceleration if it takes off vertically. (b) How long 

does it take to reach a velocity of 120 km/h 

straight up, assuming constant mass and thrust? 

(c) In reality, the mass of a rocket decreases 

significantly as its fuel is consumed. Describe 

qualitatively how this affects the acceleration and 

time for this motion.  

 

6. Integrated Concepts A 2.50-kg fireworks shell 

is fired straight up from a mortar and reaches a 

height of 110 m. (a) Neglecting air resistance (a 

poor assumption, but we will make it for this 

example), calculate the shell’s velocity when it 

leaves the mortar. (b) The mortar itself is a tube 

0.450 m long. Calculate the average acceleration 

of the shell in the tube as it goes from zero to the 

velocity found in (a). (c) What is the average force 

on the shell in the mortar? Express your answer in 

newtons and as a ratio to the weight of the shell. 

 

 

7. Integrated Concepts An elevator filled with 

passengers has a mass of 1700 kg. (a) The 

elevator accelerates upward from rest at a rate of 

1.20 m/s2 for 1.50 s. Calculate the tension in the 

cable supporting the elevator. (b) The elevator 

continues upward at constant velocity for 8.50 s. 

What is the tension in the cable during this time? 

(c) The elevator decelerates at a rate of 0.600 

m/s2 for 3.00 s. What is the tension in the cable 

during deceleration? (d) How high has the elevator 

moved above its original starting point, and what is 

its final velocity?  

3.7. FBD Practice (Part 4) 

1. In the following figure, the horizontal surface 

on which this block slides is frictionless. If the 

two forces acting on it each have magnitude 

F=30.0 N and M=10.0 kg, what is the magnitude 

of the resulting acceleration of the block?

 
 

2. A brave but inadequate rugby player is being 

pushed backward by an opposing player who is 

exerting a force of 800.0 N on him. The mass of 

the losing player plus equipment is 90.0 kg, and 

he is accelerating backward at 1.20m/s2. (a) 

What is the force of friction between the losing 

player’s feet and the grass? (b) What force does 

the winning player exert on the ground to move 

forward if his mass plus equipment is 110.0 kg? 

 

3. A history book is lying on top of a physics 

book on a desk, as shown below; a free-body 

diagram is also shown. The history and physics 

books weigh 14 N and 18 N, respectively. 

Identify each force on each book with a double 

subscript notation (for instance, the contact force 

of the history book pressing against physics 
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book can be described as FHP) and determine 

the value of each of these forces, explaining the 

process used.

 
 

4. Suppose Kevin, a 60.0-kg gymnast, climbs a 

rope. (a) What is the tension in the rope if he 

climbs at a constant speed? (b) What is the 

tension in the rope if he accelerates upward at a 

rate of 1.50m/s2? 

 

5. A bird has a mass of 26 g and perches in the 

middle of a stretched telephone line. (a) Show 

that the tension in the line can be calculated 

using the equation 𝑇 =
𝑚𝑔

2𝑠𝑖𝑛𝜃
. Determine the 

tension when (b) θ = 5° and (c) θ = 0.5°. 

Assume that each half of the line is straight.

 
 

6. A force is applied to a block to move it up a 

30° incline. The incline is frictionless. If F = 65.0 

N and M = 5.00 kg, what is the magnitude of the 

acceleration of the block?

 
 

7. The device shown below is the Atwood’s 

machine considered in Example 6.5. Assuming 

that the masses of the string and the frictionless 

pulley are negligible, (a) find an equation for the 

acceleration of the two blocks; (b) find an 

equation for the tension in the string; and (c) find 

both the acceleration and tension when block 1 

has mass 2.00 kg and block 2 has mass 4.00 

kg. 

 
8. Two blocks are connected by a massless 

rope as shown below. The mass of the block on 

the table is 4.0 kg and the hanging mass is 1.0 

kg. The table and the pulley are frictionless. (a) 

Find the acceleration of the system. (b) Find the 

tension in the rope. (c) Find the speed with 

which the hanging mass hits the floor if it starts 

from rest and is initially located 1.0 m from the 

floor. 
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9. A 2.00 kg block (mass 1) and a 4.00 kg block 

(mass 2) are connected by a light string as 

shown; the inclination of the ramp is 40.0°. 

Friction is negligible. What is (a) the acceleration 

of each block and (b) the tension in the string?

 

3.8. FBD Practice (Part 5) 

1. A physics major is cooking breakfast when he 

notices that the frictional force between his steel 

spatula and his Teflon frying pan is only 0.200 N. 

Knowing the coefficient of kinetic friction between 

the two materials, he quickly calculates the 

normal force. What is it?  

 

2. (a) What is the maximum frictional force in the 

knee joint of a person who supports 66.0 kg of her 

mass on that knee? (b) During strenuous exercise 

it is possible to exert forces to the joints that are 

easily ten times greater than the weight being 

supported. What is the maximum force of friction 

under such conditions? The frictional forces in 

joints are relatively small in all circumstances 

except when the joints deteriorate, such as from 

injury or arthritis. Increased frictional forces can 

cause further damage and pain.  

 

3. (a) If half of the weight of a small 1.00×103 kg 

utility truck is supported by its two drive wheels, 

what is the magnitude of the maximum 

acceleration it can achieve on dry concrete? (b) 

Will a metal cabinet lying on the wooden bed of the 

truck slip if it accelerates at this rate? (c) Solve 

both problems assuming the truck has four-wheel 

drive.  

 

4. Consider the 65.0-kg ice skater being pushed 

by two others shown in Figure 5.21. (a) Find the 

direction and magnitude of Ftot , the total force 

exerted on her by the others, given that the 

magnitudes F1 and F2 are 26.4 N and 18.6 N, 

respectively. (b) What is her initial acceleration if 

she is initially stationary and wearing steel-bladed 

skates that point in the direction of Ftot ? (c) What 

is her acceleration assuming she is already 

moving in the direction of Ftot ? (Remember that 

friction always acts in the direction opposite that of 

motion or attempted motion between surfaces in 

contact.)  

 

5. Show that the acceleration of any object 

down an incline where friction behaves 

simply (that is, where fk = μkN ) is a = g(sin θ 

− μkcos θ). Note that the acceleration is 

independent of mass and reduces to the 

expression found in the previous problem 

when friction becomes negligibly small (μk = 

0).  

 

6. (a) Calculate the acceleration of a skier 

heading down a 10.0o slope, assuming the 

coefficient of friction for waxed wood on wet 

snow. (b) Find the angle of the slope down 

which this skier could coast at a constant 

velocity. You can neglect air resistance in 

both parts, and you will find the result of 

Exercise 5.9 to be useful. 
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7. Calculate the maximum deceleration of a 

car that is heading down a 6o slope (one that 

makes an angle of 6o with the horizontal) 

under the following road conditions. You may 

assume that the weight of the car is evenly 

distributed on all four tires and that the 

coefficient of static friction is involved—that 

is, the tires are not allowed to slip during the 

deceleration. (Ignore rolling.) Calculate for a 

car: (a) On dry concrete. (b) On wet 

concrete. (c) On ice, assuming that μs = 

0.100 , the same as for shoes on ice. 

 

 

8. Consider the 52.0-kg mountain climber in 

Figure 5.22. (a) Find the tension in the rope and 

the force that the mountain climber must exert with 

her feet on the vertical rock face to remain 

stationary. Assume that the force is exerted 

parallel to her legs. Also, assume negligible force 

exerted by her arms. (b) What is the minimum 

coefficient of friction between her shoes and the 

cliff?
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4. Circular Motion and Gravity

4.1. Angular Rotation and 

Velocity 

1. Semi-trailer trucks have an odometer on one 

hub of a trailer wheel. The hub is weighted so 

that it does not rotate, but it contains gears to 

count the number of wheel revolutions—it then 

calculates the distance traveled. If the wheel has 

a 1.15 m diameter and goes through 200,000 

rotations, how many kilometers should the 

odometer read?  

 

2. An automobile with 0.260 m radius tires 

travels 80,000 km before wearing them out. How 

many revolutions do the tires make, neglecting 

any backing up and any change in radius due to 

wear?  

 

3. A baseball pitcher brings his arm forward 

during a pitch, rotating the forearm about the 

elbow. If the velocity of the ball in the pitcher’s 

hand is 35.0 m/s and the ball is 0.300 m from the 

elbow joint, what is the angular velocity of the 

forearm?  

 

4. A truck with 0.420-m-radius tires travels at 

32.0 m/s. What is the angular velocity of the 

rotating tires in radians per second? What is this 

in rev/min?  

 

4.2. Centripetal Acceleration 

1. A runner taking part in the 200 m dash 

must run around the end of a track that has 

a circular arc with a radius of curvature of 

30 m. If he completes the 200 m dash in 

23.2 s and runs at constant speed 

throughout the race, what is the magnitude 

of his centripetal acceleration as he runs 

the curved portion of the track? 

 

2. The propeller of a World War II fighter 

plane is 2.30 m in diameter.  

(a) What is its angular velocity in radians per 

second if it spins at 1200 rev/min?  

(b) What is the linear speed of its tip at this 

angular velocity if the plane is stationary on 

the tarmac?  

(c) What is the centripetal acceleration of 

the propeller tip under these conditions? 

Calculate it in meters per second squared 

and convert to multiples of g.  

 

3. Helicopter blades withstand tremendous 

stresses. In addition to supporting the 

weight of a helicopter, they are spun at 

rapid rates and experience large 

centripetal acceleration, especially at the 

tip. 

(a) Calculate the magnitude of the 

centripetal acceleration at the tip of a 4.00 m 

long helicopter blade that rotates at 300 

rev/min.  

(b) Compare the linear speed of the tip 

with the speed of sound (taken to be 340 

m/s).  

 

 

4. What percentage of the acceleration at 

Earth’s surface is the acceleration due to 

gravity at the position of a satellite located 

300 km above Earth?  

 

 

5. A rotating space station is said to create 

“artificial gravity”—a loosely-defined term used 

for an acceleration that would be crudely similar 

to gravity. The outer wall of the rotating space 

station would become a floor for the astronauts, 

and centripetal acceleration supplied by the floor 

would allow astronauts to exercise and maintain 
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muscle and bone strength more naturally than in 

non-rotating space environments. If the space 

station is 200 m in diameter, what angular 

velocity would produce an “artificial gravity” of 

9.80m/s2 at the rim? 

 

6. Integrated Concepts 

Riders in an amusement park ride shaped like a 

Viking ship hung from a large pivot are rotated 

back and forth like a rigid pendulum. Sometime 

near the middle of the ride, the ship is 

momentarily motionless at the top of its circular 

arc. The ship then swings down under the 

influence of gravity. 

 

(a) Assuming negligible friction, find the speed of 

the riders at the bottom of its arc, given the 

system's center of mass travels in an arc having 

a radius of 14.0 m and the riders are near the 

center of mass. 

 

(b) What is the centripetal acceleration at the 

bottom of the arc? 

 

(c) Draw a free body diagram of the forces 

acting on a rider at the bottom of the arc. 

 

(d) Find the force exerted by the ride on a 60.0 

kg rider and compare it to her weight. 

 

(e) Discuss whether the answer seems 

reasonable. 

 

 

 

 

4.3. Free Body Diagrams with 

Circular Motion 

1. (a) A 22.0 kg child is riding a playground 

merry-go-round that is rotating at 40.0 rev/min. 

What centripetal force must she exert to stay on 

if she is 1.25 m from its center? 

 

(b) What centripetal force does she need to stay 

on an amusement park merry-go-round that 

rotates at 3.00 rev/min if she is 8.00 m from its 

center? 

 

(c) Compare each force with her weight. 

 

 

2. What is the ideal banking angle for a gentle 

turn of 1.20 km radius on a highway with a 105 

km/h speed limit (about 65 mi/h), assuming 

everyone travels at the limit? 

 

3. (a) What is the radius of a bobsled turn 

banked at 75.0° and taken at 30.0 m/s, 

assuming it is ideally banked? 

 

(b) Calculate the centripetal acceleration. 

 

(c) Does this acceleration seem large to you? 

 

 

4. A large centrifuge, like the one shown in 

Figure 6.37(a), is used to expose aspiring 

astronauts to accelerations similar to those 

experienced in rocket launches and atmospheric 

reentries. At what angular velocity is the 

centripetal acceleration 10g if the rider is 15.0 m 

from the center of rotation? 

 

5. The rider’s cage hangs on a pivot at the end 

of the arm, allowing it to swing outward during 

rotation as shown in Figure 6.37(b). At what 

angle θ below the horizontal will the cage hang 

when the centripetal acceleration is 10g ? (Hint: 

The arm supplies centripetal force and supports 

the weight of the cage. Draw a free body 

diagram of the forces to see what the angle θ 

should be.) 
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6. Modern roller coasters have vertical loops like 

the one shown in Figure 6.38. The radius of 

curvature is smaller at the top than on the sides 

so that the downward centripetal acceleration at 

the top will be greater than the acceleration due 

to gravity, keeping the passengers pressed 

firmly into their seats. What is the speed of the 

roller coaster at the top of the loop if the radius 

of curvature there is 15.0 m and the downward 

acceleration of the car is 1.50 g?

 

4.4. Universal Law of 

Gravitation 

1. (a) Calculate Earth’s mass given the 

acceleration due to gravity at the North Pole is 

9.830 m/s2 and the radius of the Earth is 6371 

km from center to pole. 

 

2. (a) What is the acceleration due to gravity on 

the surface of the Moon? 

(b) On the surface of Mars? The mass of Mars is 

6.418×1023kg and its radius is 3.38×106m. 
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3. The Moon and Earth rotate about their 

common center of mass, which is located about 

4700 km from the center of Earth. (This is 1690 

km below the surface.) Calculate the magnitude 

of the acceleration due to the Moon’s gravity at 

that point. 

 

4. Calculate the magnitude of the centripetal 

acceleration of the center of Earth as it rotates 

about that point once each lunar month (about 

27.3 d) and compare it with the acceleration 

found in part (a). Comment on whether or not 

they are equal and why they should or should 

not be. 

 

 

5. (a) The Sun orbits the Milky Way galaxy once 

each 2.60 x 108y, with a roughly circular orbit 

averaging 3.00 x 104 light years in radius. (A 

light year is the distance traveled by light in 1 y.) 

Calculate the centripetal acceleration of the Sun 

in its galactic orbit. Does your result support the 

contention that a nearly inertial frame of 

reference can be located at the Sun? Calculate 

the average speed of the Sun in its galactic 

orbit. Does the answer surprise you? 
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5. Work and Energy

5.1. Work 

1. How much work does a supermarket 

checkout attendant do on a can of soup he 

pushes 0.600 m horizontally with a force of 5.00 

N? Express your answer in joules. 

 

2. (a) Calculate the work done on a 1500-kg 

elevator car by its cable to lift it 40.0 m at 

constant speed, assuming friction averages 100 

N. (b) What is the work done on the lift by the 

gravitational force in this process? (c) What is 

the total work done on the lift? 

 

3. Calculate the work done by an 85.0-kg man 

who pushes a crate 4.00 m up along a ramp that 

makes an angle of 20.0º with the horizontal. 

(See Figure 7.34.) He exerts a force of 500 N on 

the crate parallel to the ramp and moves at a 

constant speed. Be certain to include the work 

he does on the crate and on his body to get up 

the ramp. 

 
 

4. A shopper pushes a grocery cart 20.0 m at 

constant speed on level ground, against a 35.0 

N frictional force. He pushes in a direction 25.0º 

below the horizontal. (a) What is the work done 

on the cart by friction? (b) What is the work done 

on the cart by the gravitational force? (c) What is 

the work done on the cart by the shopper? (d) 

Find the force the shopper exerts, using energy 

considerations. (e) What is the total work done 

on the cart? 

 

5.2. Kinetic Energy and 

Conservation of Energy 

1. Compare the kinetic energy of a 20,000-kg 

truck moving at 110 km/h with that of an 80.0-kg 

astronaut in orbit moving at 27,500 km/h. 

 

2. A car’s bumper is designed to withstand a 

4.0-km/h (1.1-m/s) collision with an immovable 

object without damage to the body of the car. 

The bumper cushions the shock by absorbing 

the force over a distance. Calculate the 

magnitude of the average force on a bumper 

that collapses 0.200 m while bringing a 900-kg 

car to rest from an initial speed of 1.1 m/s. 

 

3. Using energy considerations, calculate the 

average force a 60.0-kg sprinter exerts 

backward on the track to accelerate from 2.00 to 

8.00 m/s in a distance of 25.0 m, if he 

encounters a headwind that exerts an average 

force of 30.0 N against him. 

 

5.3. Gravitational Potential 

Energy and Conservation of 

Energy 

1. (a) How much gravitational potential energy 

(relative to the ground on which it is built) is 

stored in the Great Pyramid of Cheops, given 

that its mass is about 7 × 109 kg and its center of 

mass is 36.5 m above the surrounding ground? 

(b) How does this energy compare with the daily 

food intake of a person? 

 

2. In a downhill ski race, surprisingly, little 

advantage is gained by getting a running start. 

(This is because the initial kinetic energy is small 

compared with the gain in gravitational potential 

energy on even small hills.) To demonstrate this, 
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find the final speed and the time taken for a skier 

who skies 70.0 m along a 30º slope neglecting 

friction: (a) Starting from rest. (b) Starting with 

an initial speed of 2.50 m/s. (c) Does the answer 

surprise you? Discuss why it is still 

advantageous to get a running start in very 

competitive events. 

 

 

3. Using energy considerations and assuming 

negligible air resistance, show that a rock thrown 

from a bridge 20.0 m above water with an initial 

speed of 15.0 m/s strikes the water with a speed 

of 24.8 m/s independent of the direction thrown. 

 

4. Integrated Concepts 

A 75.0-kg cross-country skier is climbing a 3.0º 

slope at a constant speed of 2.00 m/s and 

encounters air resistance of 25.0 N. Find his 

power output for work done against the 

gravitational force and air resistance. (b) What 

average force does he exert backward on the 

snow to accomplish this? (c) If he continues to 

exert this force and to experience the same air 

resistance when he reaches a level area, how 

long will it take him to reach a velocity of 10.0 

m/s? 

 

 

5. Unreasonable Results 

A car advertisement claims that its 900-kg car 

accelerated from rest to 30.0 m/s and drove 100 

km, gaining 3.00 km in altitude, on 1.0 gal of 

gasoline. The average force of friction including 

air resistance was 700 N. Assume all values are 

known to three significant figures. (a) Calculate 

the car’s efficiency. (b) What is unreasonable 

about the result? (c) Which premise is 

unreasonable, or which premises are 

inconsistent? 

 

 

6. Integrated Concepts 

A 105-kg basketball player crouches down 0.400 

m while waiting to jump. After exerting a force on 

the floor through this 0.400 m, his feet leave the 

floor and his center of gravity rises 0.950 m 

above its normal standing erect position. (a) 

Using energy considerations, calculate his 

velocity when he leaves the floor. (b) What 

average force did he exert on the floor? (Do not 

neglect the force to support his weight as well as 

that to accelerate him.) (c) What was his power 

output during the acceleration phase? 

 

 

7. A small block of mass 200 g starts at rest at 

A, slides to B where its speed is vB=8.0m/s, 

then slides along the horizontal surface a 

distance 10 m before coming to rest at C. (See 

below.) (a) What is the work of friction along the 

curved surface? (b) What is the coefficient of 

kinetic friction along the horizontal surface?

 
 

8. A small object is placed at the top of an 

incline that is essentially frictionless. The object 

slides down the incline onto a rough horizontal 

surface, where it stops in 5.0 s after traveling 60 

m. (a) What is the speed of the object at the 

bottom of the incline and its acceleration along 

the horizontal surface? (b) What is the height of 

the incline? 

 

9. A girl on a skateboard (total mass of 40 kg) is 

moving at a speed of 10 m/s at the bottom of a 

long ramp. The ramp is inclined at 20° with 

respect to the horizontal. If she travels 14.2 m 

upward along the ramp before stopping, what is 

the net frictional force on her? 

 

10. A small block of mass m slides without 

friction around the loop-the-loop apparatus 

shown below. (a) If the block starts from rest at 

A, what is its speed at B? (b) What is the force 
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of the track on the block at B?

 

5.4. Conservation of Energy 

with Springs 

1. 4The massless spring of a spring gun has a 

force constant k=12 N/cm. When the gun is 

aimed vertically, a 15-g projectile is shot to a 

height of 5.0 m above the end of the expanded 

spring. (See below.) How much was the spring 

compressed initially?

 
 

2. A block of mass 500 g is attached to a spring 

of spring constant 80 N/m (see the following 

figure). The other end of the spring is attached 

to a support while the mass rests on a rough 

surface with a coefficient of friction of 0.20 that is 

inclined at angle of 30°. The block is pushed 

along the surface till the spring compresses by 

10 cm and is then released from rest. (a) How 

much potential energy was stored in the block-

spring-support system when the block was just 

released? (b) Determine the speed of the block 

when it crosses the point when the spring is 

neither compressed nor stretched. (c) Determine 

the position of the block where it just comes to 

rest on its way up the incline.

 
 

3. A child (32 kg) jumps up and down on a 

trampoline. The trampoline exerts a spring 

restoring force on the child with a constant of 

5000 N/m. At the highest point of the bounce, 

the child is 1.0 m above the level surface of the 

trampoline. What is the compression distance of 

the trampoline? Neglect the bending of the legs 

or any transfer of energy of the child into the 

trampoline while jumping. 

 

4. An object of mass 10 kg is released at point 

A, slides to the bottom of the 30° incline, then 

collides with a horizontal massless spring, 

compressing it a maximum distance of 0.75 m. 

(See below.) The spring constant is 500 M/m, 

the height of the incline is 2.0 m, and the 

horizontal surface is frictionless. (a) What is the 

speed of the object at the bottom of the incline? 

(b) What is the work of friction on the object 

while it is on the incline? (c) The spring recoils 

and sends the object back toward the incline. 

What is the speed of the object when it reaches 

the base of the incline? (d) What vertical 

distance does it move back up the incline?

 
 

5. Consider a block of mass 0.200 kg attached 

to a spring of spring constant 100 N/m. The 

block is placed on a frictionless table, and the 
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other end of the spring is attached to the wall so 

that the spring is level with the table. The block 

is then pushed in so that the spring is 

compressed by 10.0 cm. Find the speed of the 

block as it crosses (a) the point when the spring 

is not stretched, (b) 5.00 cm to the left of point in 

(a), and (c) 5.00 cm to the right of point in (a). 
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6. Linear Momentum

6.1. Computing Linear 

Momentum 

1. (a) Calculate the momentum of a 2000-kg 

elephant charging a hunter at a speed of 7.50 

m/s. (b) Compare the elephant’s momentum 

with the momentum of a 0.0400-kg tranquilizer 

dart fired at a speed of 600 m/s. (c) What is the 

momentum of the 90.0-kg hunter running at 7.40 

m/s after missing the elephant? 

 

2. (a) At what speed would a 2.00×104-kg 

airplane have to fly to have a momentum of 

1.60×109kg⋅m/s (the same as the ship’s 

momentum in the problem above)? (b) What is 

the plane’s momentum when it is taking off at a 

speed of 60.0 m/s? (c) If the ship is an aircraft 

carrier that launches these airplanes with a 

catapult, discuss the implications of your answer 

to (b) as it relates to recoil effects of the catapult 

on the ship. 

 

3. A runaway train car that has a mass of 15,000 

kg travels at a speed of 5.4 m/s down a track. 

Compute the time required for a force of 1500 N 

to bring the car to rest. 

 

4. 18. An elephant and a hunter are having a 

confrontation. 

5.  

a. Calculate the momentum of the 2000.0-

kg elephant charging the hunter at a 

speed of 7.50 m/s. 

 

b. Calculate the ratio of the elephant’s 

momentum to the momentum of a 

0.0400-kg tranquilizer dart fired at a 

speed of 600 m/s. 

 

c. What is the momentum of the 90.0-kg 

hunter running at 7.40 m/s after missing 

the elephant? 

 

6.2. Impulse-Momentum 

Theorem 

1. A bullet is accelerated down the barrel of a 

gun by hot gases produced in the combustion of 

gun powder. What is the average force exerted 

on a 0.0300-kg bullet to accelerate it to a speed 

of 600 m/s in a time of 2.00 ms (milliseconds)? 

 

1. A person slaps her leg with her hand, bringing 

her hand to rest in 2.50 milliseconds from an 

initial speed of 4.00 m/s. (a) What is the average 

force exerted on the leg, taking the effective 

mass of the hand and forearm to be 1.50 kg? (b) 

Would the force be any different if the woman 

clapped her hands together at the same speed 

and brought them to rest in the same time? 

Explain why or why not. 

 

2. Professional Application 

Suppose a child drives a bumper car head on 

into the side rail, which exerts a force of 4000 N 

on the car for 0.200 s. (a) What impulse is 

imparted by this force? (b) Find the final velocity 

of the bumper car if its initial velocity was 2.80 

m/s and the car plus driver have a mass of 200 

kg. You may neglect friction between the car 

and floor. 
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3. Professional Application 

A 75.0-kg person is riding in a car moving at 

20.0 m/s when the car runs into a bridge 

abutment. (a) Calculate the average force on the 

person if he is stopped by a padded dashboard 

that compresses an average of 1.00 cm. (b) 

Calculate the average force on the person if he 

is stopped by an air bag that compresses an 

average of 15.0 cm. 

 

 

4. A cruise ship with a mass of 1.00×107kg 

strikes a pier at a speed of 0.750 m/s. It comes 

to rest 6.00 m later, damaging the ship, the pier, 

and the tugboat captain’s finances. Calculate the 

average force exerted on the pier using the 

concept of impulse. (Hint: First calculate the time 

it took to bring the ship to rest.) 

 

5. Water from a fire hose is directed horizontally 

against a wall at a rate of 50.0 kg/s and a speed 

of 42.0 m/s. Calculate the magnitude of the force 

exerted on the wall, assuming the water’s 

horizontal momentum is reduced to zero. 

 

6. When serving a tennis ball, a player hits the 

ball when its velocity is zero (at the highest point 

of a vertical toss). The racquet exerts a force of 

540 N on the ball for 5.00 ms, giving it a final 

velocity of 45.0 m/s. Using these data, find the 

mass of the ball. 

 

7. The x-component of a force on a 46-g golf ball 

by a 7-iron versus time is plotted in the following 

figure:

 
a. Find the x-component of the impulse 

during the intervals 

i. [0, 50 ms], and 

ii. [50 ms, 100 ms] 

b. Find the change in the x-component of 

the momentum during the intervals 

i. [0, 50 ms], and 

ii. [50 ms, 100 ms] 

 

6.3. Conservation of 

Momentum 

1. Professional Application 

Train cars are coupled together by being 

bumped into one another. Suppose two loaded 

train cars are moving toward one another, the 

first having a mass of 150,000 kg and a velocity 

of 0.300 m/s, and the second having a mass of 

110,000 kg and a velocity of −0.120 m/s. (The 

minus indicates direction of motion.) What is 

their final velocity? 

 

 

2. Professional Application 

Consider the following question: A car moving at 

10 m/s crashes into a tree and stops in 0.26 s. 

Calculate the force the seatbelt exerts on a 

passenger in the car to bring him to a halt. The 

mass of the passenger is 70 kg. Would the 

answer to this question be different if the car 

with the 70-kg passenger had collided with a car 

that has a mass equal to and is traveling in the 

opposite direction and at the same speed? 

Explain your answer. 

 

 

3. A 1.80-kg falcon catches a 0.650-kg dove 

from behind in midair. What is their velocity after 

impact if the falcon’s velocity is initially 28.0 m/s 

and the dove’s velocity is 7.00 m/s in the same 

direction? 

 

4. The figure below shows a bullet of mass 200 

g traveling horizontally towards the east with 

speed 400 m/s, which strikes a block of mass 
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1.5 kg that is initially at rest on a frictionless 

table.

After striking the block, the bullet is embedded in 

the block and the block and the bullet move 

together as one unit. 

 

a. What is the magnitude and direction of 

the velocity of the block/bullet 

combination immediately after the 

impact? 

b. What is the magnitude and direction of 

the impulse by the block on the bullet? 

c. What is the magnitude and direction of 

the impulse from the bullet on the 

block? 

d. If it took 3 ms for the bullet to change 

the speed from 400 m/s to the final 

speed after impact, what is the average 

force between the block and the bullet 

during this time? 

 

 

5. A 2000-kg railway freight car coasts at 4.4 

m/s underneath a grain terminal, which dumps 

grain directly down into the freight car. If the 

speed of the loaded freight car must not go 

below 3.0 m/s, what is the maximum mass of 

grain that it can accept? 

6.4. 1-D Collisions 

1. Professional Application 

Two piloted satellites approach one another at a 

relative speed of 0.250 m/s, intending to dock. 

The first has a mass of 4.00×103kg, and the 

second a mass of 7.50×103kg. If the two 

satellites collide elastically rather than dock, 

what is their final relative velocity? 

 

 

2. A 0.240-kg billiard ball that is moving at 3.00 

m/s strikes the bumper of a pool table and 

bounces straight back at 2.40 m/s (80% of its 

original speed). The collision lasts 0.0150 s. (a) 

Calculate the average force exerted on the ball 

by the bumper. (b) How much kinetic energy in 

joules is lost during the collision? (c) What 

percent of the original energy is left? 

 

 

 

3. Professional Application 

Space probes may be separated from their 

launchers by exploding bolts. (They bolt away 

from one another.) Suppose a 4800-kg satellite 

uses this method to separate from the 1500-kg 

remains of its launcher, and that 5000 J of 

kinetic energy is supplied to the two parts. What 

are their subsequent velocities using the frame 

of reference in which they were at rest before 

separation? 

 

 

4. Professional Application 

One of the waste products of a nuclear reactor is 

plutonium-239 (239Pu). This nucleus is 

radioactive and decays by splitting into a helium-

4 nucleus and a uranium-235 nucleus (4He + 
235U), the latter of which is also radioactive and 

will itself decay some time later. The energy 

emitted in the plutonium decay is 8.40×10–13J 

and is entirely converted to kinetic energy of the 

helium and uranium nuclei. The mass of the 

helium nucleus is 6.68×10–27kg, while that of the 

uranium is 3.92×10–25kg (note that the ratio of 

the masses is 4 to 235). (a) Calculate the 

velocities of the two nuclei, assuming the 

plutonium nucleus is originally at rest. (b) How 

much kinetic energy does each nucleus carry 

away? Note that the data given here are 

accurate to three digits only. 
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5. Professional Application 

Two football players collide head-on in midair 

while trying to catch a thrown football. The first 

player is 95.0 kg and has an initial velocity of 

6.00 m/s, while the second player is 115 kg and 

has an initial velocity of –3.50 m/s. What is their 

velocity just after impact if they cling together? 

 

6. During a circus act, an elderly performer thrills 

the crowd by catching a cannon ball shot at him. 

The cannon ball has a mass of 10.0 kg and the 

horizontal component of its velocity is 8.00 m/s 

when the 65.0-kg performer catches it. If the 

performer is on nearly frictionless roller skates, 

what is his recoil velocity? 

 

7. In an elastic collision, a 400-kg bumper car 

collides directly from behind with a second, 

identical bumper car that is traveling in the same 

direction. The initial speed of the leading bumper 

car is 5.60 m/s and that of the trailing car is 6.00 

m/s. Assuming that the mass of the drivers is 

much, much less than that of the bumper cars, 

what are their final speeds? 

 

8. A 35-kg child rides a relatively massless sled 

down a hill and then coasts along the flat section 

at the bottom, where a second 35-kg child jumps 

on the sled as it passes by her. If the speed of 

the sled is 3.5 m/s before the second child 

jumps on, what is its speed after she jumps on? 

6.5. 2-D Collisions 

1. Two identical pucks collide on an air hockey 

table. One puck was originally at rest. (a) If the 

incoming puck has a speed of 6.00 m/s and 

scatters to an angle of 30.0º,what is the velocity 

(magnitude and direction) of the second puck? 

(You may use the result that θ1−θ2=90º for 

elastic collisions of objects that have identical 

masses.) (b) Confirm that the collision is elastic. 

 

2. A 3000-kg cannon is mounted so that it can 

recoil only in the horizontal direction. (a) 

Calculate its recoil velocity when it fires a 15.0-

kg shell at 480 m/s at an angle of 20.0º above 

the horizontal. (b) What is the kinetic energy of 

the cannon? This energy is dissipated as heat 

transfer in shock absorbers that stop its recoil. 

(c) What happens to the vertical component of 

momentum that is imparted to the cannon when 

it is fired? 

 

3. Two asteroids collide and stick together. The 

first asteroid has mass of 15×103kg and is 

initially moving at 770 m/s. The second asteroid 

has mass of 20×103kg and is moving at 1020 

m/s. Their initial velocities made an angle of 20° 

with respect to each other. What is the final 

speed and direction with respect to the velocity 

of the first asteroid? 

 

4. A family is skating. The father (75 kg) skates 

at 8.2 m/s and collides and sticks to the mother 

(50 kg), who was initially moving at 3.3 m/s and 

at 45° with respect to the father’s velocity. The 

pair then collides with their daughter (30 kg), 

who was stationary, and the three slide off 

together. What is their final velocity? 

 

5. Two cars of the same mass approach an 

extremely icy four-way perpendicular 

intersection. Car A travels northward at 30 m/s 

and car B is travelling eastward. They collide 

and stick together, traveling at 28° north of east. 

What was the initial velocity of car B? 
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7. Rotational Motion

7.1. Torque and Static 

Equilibrium 

1. Two children push on opposite sides of a door 

during play. Both push horizontally and 

perpendicular to the door. One child pushes with 

a force of 17.5 N at a distance of 0.600 m from 

the hinges, and the second child pushes at a 

distance of 0.450 m. What force must the 

second child exert to keep the door from 

moving? Assume friction is negligible. 

 

2. Two children of mass 20.0 kg and 30.0 kg sit 

balanced on a seesaw with the pivot point 

located at the center of the seesaw. If the 

children are separated by a distance of 3.00 m, 

at what distance from the pivot point is the small 

child sitting in order to maintain the balance? 

 

3. A person carries a plank of wood 2.00 m long 

with one hand pushing down on it at one end 

with a force F1 and the other hand holding it up 

at .500 m from the end of the plank with force F2. 

If the plank has a mass of 20.0 kg and its center 

of gravity is at the middle of the plank, what are 

the magnitudes of the forces F1 and F2? 

 

4. A 17.0-m-high and 11.0-m-long wall under 

construction and its bracing are shown in Figure 

9.31. The wall is in stable equilibrium without the 

bracing but can pivot at its base. Calculate the 

force exerted by each of the 10 braces if a 

strong wind exerts a horizontal force of 650 N on 

each square meter of the wall. Assume that the 

net force from the wind acts at a height halfway 

up the wall and that all braces exert equal forces 

parallel to their lengths. Neglect the thickness of 

the wall.

 
 

5. Suppose the weight of the drawbridge in 

Figure 9.33 is supported entirely by its hinges 

and the opposite shore, so that its cables are 

slack. The mass of the bridge is 2500 kg. (a) 

What fraction of the weight is supported by the 

opposite shore if the point of support is directly 

beneath the cable attachments? (b) What is the 

direction and magnitude of the force the hinges 

exert on the bridge under these circumstances?

 
 

6. To get up on the roof, a person (mass 70.0 

kg) places a 6.00-m aluminum ladder (mass 

10.0 kg) against the house on a concrete pad 

with the base of the ladder 2.00 m from the 

house. The ladder rests against a plastic rain 

gutter, which we can assume to be frictionless. 

The center of mass of the ladder is 2 m from the 

bottom. The person is standing 3 m from the 
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bottom. What are the magnitudes of the forces 

on the ladder at the top and bottom? 

 

7. Two flywheels of negligible mass and different 

radii are bonded together and rotate about a 

common axis (see below). The smaller flywheel 

of radius 30 cm has a cord that has a pulling 

force of 50 N on it. What pulling force needs to 

be applied to the cord connecting the larger 

flywheel of radius 50 cm such that the 

combination does not rotate?

 
 

8. What hanging mass must be placed on the 

cord to keep the pulley from rotating (see the 

following figure)? The mass on the frictionless 

plane is 5.0 kg. The inner radius of the pulley is 

20 cm and the outer radius is 30 cm.

 
 

9. A torque of 5.00×103N⋅m is required to raise a 

drawbridge (see the following figure). What is 

the tension necessary to produce this torque? 

Would it be easier to raise the drawbridge if the 

angle θ were larger or smaller? 

 

10. A horizontal beam of length 3 m and mass 

2.0 kg has a mass of 1.0 kg and width 0.2 m 

sitting at the end of the beam (see the following 

figure). What is the torque of the system about 

the support at the wall?

 

7.2. Rotational Kinematics 

1. With the aid of a string, a gyroscope is 

accelerated from rest to 32 rad/s in 0.40 s. 

(a) What is its angular acceleration in 

rad/s2? 

 

(b) How many revolutions does it go 

through in the process? 

 

 

2. Suppose a piece of dust finds itself on a CD. 

If the spin rate of the CD is 500 rpm, and the 

piece of dust is 4.3 cm from the center, what is 

the total distance traveled by the dust in 3 

minutes? (Ignore accelerations due to getting 

the CD rotating.) 

 

3. A gyroscope slows from an initial rate of 32.0 

rad/s at a rate of 0.700 rad/s2. 

(a) How long does it take to come to rest? 

 

(b) How many revolutions does it make 

before stopping? 
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4. During a very quick stop, a car decelerates at 

7.00 m/s2. 

(a) What is the angular acceleration of its 

0.280-m-radius tires, assuming they do 

not slip on the pavement? 

 

(b) How many revolutions do the tires 

make before coming to rest, given their 

initial angular velocity is 95.0 rad/s? 

 

(c) How long does the car take to stop 

completely? 

 

(d) What distance does the car travel in 

this time? 

 

(e) What was the car’s initial velocity? 

 

(f) Do the values obtained seem 

reasonable, considering that this stop 

happens very quickly? 

 

 

5. Everyday application: Suppose a yo-yo has 

a center shaft that has a 0.250 cm radius and 

that its string is being pulled. 

(a) If the string is stationary and the yo-yo 

accelerates away from it at a rate of 

1.50 m/s2, what is the angular 

acceleration of the yo-yo? 

 

(b) What is the angular velocity after 0.750 

s if it starts from rest? 

 

(c) The outside radius of the yo-yo is 3.50 

cm. What is the tangential acceleration 

of a point on its edge? 

 

7.3. Net Torque and Rotational 

Inertia 

1. A flywheel (I = 50kg-m2) starting from rest 

acquires an angular velocity of 200.0 rad/s while 

subject to a constant torque from a motor for 5 s. 

(a) What is the angular acceleration of the 

flywheel? (b) What is the magnitude of the 

torque? 

 

2. A constant torque is applied to a rigid body 

whose moment of inertia is 4.0kg-m2 around the 

axis of rotation. If the wheel starts from rest and 

attains an angular velocity of 20.0 rad/s in 10.0 

s, what is the applied torque? 

 

3. A torque of 50.0 N-m is applied to a grinding 

wheel (I = 20.0 kg-m2) for 20 s. (a) If it starts 

from rest, what is the angular velocity of the 

grinding wheel after the torque is removed? (b) 

Through what angle does the wheel move while 

the torque is applied? 

 

4. A pulley of moment of inertia 2.0kg-m2 is 

mounted on a wall as shown in the following 

figure. Light strings are wrapped around two 

circumferences of the pulley and weights are 

attached. What are (a) the angular acceleration 

of the pulley and (b) the linear acceleration of 

the weights? Assume the following data: 

r1=50cm, r2=20cm, m1=1.0kg, m2=2.0kg.

 
 

5. A block of mass 3 kg slides down an inclined 

plane at an angle of 45° with a massless tether 

attached to a pulley with mass 1 kg and radius 

0.5 m at the top of the incline (see the following 

figure). The pulley can be approximated as a 
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disk. The coefficient of kinetic friction on the 

plane is 0.4. What is the acceleration of the 

block? 

 
 

 

 

6. A uniform rod of mass and length is held 

vertically by two strings of negligible mass, as 

shown below. (a) Immediately after the string is 

cut, what is the linear acceleration of the free 

end of the stick? (b) Of the middle of the stick? 

 
 

7.4. Rotational Kinetic Energy 

1. A baseball pitcher throws the ball in a motion 

where there is rotation of the forearm about the 

elbow joint as well as other movements. If the 

linear velocity of the ball relative to the elbow 

joint is 20.0 m/s at a distance of 0.480 m from 

the joint and the moment of inertia of the 

forearm is 0.500 kg⋅m2, what is the rotational 

kinetic energy of the forearm? 

 

2. A bus contains a 1500 kg flywheel (a disk that 

has a 0.600 m radius) and has a total mass of 

10,000 kg. (a) Calculate the angular velocity the 

flywheel must have to contain enough energy to 

take the bus from rest to a speed of 20.0 m/s, 

assuming 90.0% of the rotational kinetic energy 

can be transformed into translational energy. (b) 

How high a hill can the bus climb with this stored 

energy and still have a speed of 3.00 m/s at the 

top of the hill? 

 

3. Consider two cylinders that start down 

identical inclines from rest except that one is 

frictionless. Thus one cylinder rolls without 

slipping, while the other slides frictionlessly 

without rolling. They both travel a short distance 

at the bottom and then start up another incline. 

(a) Show that they both reach the same height 

on the other incline, and that this height is equal 

to their original height. (b) Find the ratio of the 

time the rolling cylinder takes to reach the height 

on the second incline to the time the sliding 

cylinder takes to reach the height on the second 

incline. (c) Explain why the time for the rolling 

motion is greater than that for the sliding motion. 

 

4. A diver goes into a somersault during a dive 

by tucking her limbs. If her rotational kinetic 

energy is 100 J and her moment of inertia in the 

tuck is 9.0 kg⋅m2, what is her rotational rate 

during the somersault? 

 

5. An electric sander consisting of a rotating disk 

of mass 0.7 kg and radius 10 cm rotates at 15 

rev/sec. When applied to a rough wooden wall 

the rotation rate decreases by 20%. (a) What is 

the final rotational kinetic energy of the rotating 

disk? (b) How much has its rotational kinetic 

energy decreased? 

 

6. A stick of length 1.0 m and mass 6.0 kg is free 

to rotate about a horizontal axis through the 

center. Small bodies of masses 4.0 and 2.0 kg 

are attached to its two ends (see the following 

figure). The stick is released from the horizontal 

position. What is the angular velocity of the stick 
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when it swings through the vertical?

 
 

7. A cord is wrapped around the rim of a solid 

cylinder of radius 0.25 m, and a constant force 

of 40 N is exerted on the cord shown, as shown 

in the following figure. The cylinder is mounted 

on frictionless bearings, and its moment of 

inertia is 6.0 kg⋅m2. (a) Use the work energy 

theorem to calculate the angular velocity of the 

cylinder after 5.0 m of cord have been removed. 

(b) If the 40-N force is replaced by a 40-N 

weight, what is the angular velocity of the 

cylinder after 5.0 m of cord have unwound?
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8. Rolling and Angular Momentum

8.1. Rolling 

1. A marble rolls down an incline at 30° from 

rest. (a) What is its acceleration? (b) How far 

does it go in 3.0 s? 

 

2. A rigid body with a cylindrical cross-section is 

released from the top of a 30° incline. It rolls 

10.0 m to the bottom in 2.60 s. Find the moment 

of inertia of the body in terms of its mass m and 

radius r. 

 

3. A bowling ball rolls up a ramp 0.5 m high 

without slipping to storage. It has an initial 

velocity of its center of mass of 3.0 m/s. (a) 

What is its velocity at the top of the ramp? (b) If 

the ramp is 1 m high does it make it to the top? 

 

4. A 40.0-kg solid cylinder is rolling across a 

horizontal surface at a speed of 6.0 m/s. How 

much work is required to stop it? 

 

8.2. Angular Momentum 

1. A 0.2-kg particle is travelling along the line 

y=2.0m with a velocity 5.0m/s. What is the 

angular momentum of the particle about the 

origin? 

 

2. A Formula One race car with mass 750.0 kg 

is speeding through a course in Monaco and 

enters a circular turn at 220.0 km/h in the 

counterclockwise direction about the origin of 

the circle. At another part of the course, the car 

enters a second circular turn at 180 km/h also in 

the counterclockwise direction. If the radius of 

curvature of the first turn is 130.0 m and that of 

the second is 100.0 m, compare the angular 

momenta of the race car in each turn taken 

about the origin of the circular turn. 

 

3. A boulder of mass 20 kg and radius 20 cm 

rolls down a hill 15 m high from rest. What is its 

angular momentum when it is half way down the 

hill? (b) At the bottom? 

 

4. A propeller consists of two blades each 3.0 m 

in length and mass 120 kg each. The propeller 

can be approximated by a single rod rotating 

about its center of mass. The propeller starts 

from rest and rotates up to 1200 rpm in 30 

seconds at a constant rate. (a) What is the 

angular momentum of the propeller at t=10s; 

t=20s? (b) What is the torque on the propeller? 

 

5. A roller coaster has mass 3000.0 kg and 

needs to make it safely through a vertical 

circular loop of radius 50.0 m. What is the 

minimum angular momentum of the coaster at 

the bottom of the loop to make it safely through? 

Neglect friction on the track. Take the coaster to 

be a point particle. 

 

6. A mountain biker takes a jump in a race and 

goes airborne. The mountain bike is travelling at 

10.0 m/s before it goes airborne. If the mass of 

the front wheel on the bike is 750 g and has 

radius 35 cm, what is the angular momentum of 

the spinning wheel in the air the moment the 

bike leaves the ground? 

8.3. Conservation of Angular 

Momentum 

1. A playground merry-go-round has a mass of 

120 kg and a radius of 1.80 m and it is rotating 

with an angular velocity of 0.500 rev/s. What is 

its angular velocity after a 22.0-kg child gets 

onto it by grabbing its outer edge? The child is 

initially at rest. 

 

2. Three children are riding on the edge of a 

merry-go-round that is 100 kg, has a 1.60-m 

radius, and is spinning at 20.0 rpm. The children 
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have masses of 22.0, 28.0, and 33.0 kg. If the 

child who has a mass of 28.0 kg moves to the 

center of the merry-go-round, what is the new 

angular velocity in rpm? 

 

3. (a) Calculate the angular momentum of an ice 

skater spinning at 6.00 rev/s given his moment 

of inertia is 0.400kg⋅m2. (b) He reduces his rate 

of spin (his angular velocity) by extending his 

arms and increasing his moment of inertia. Find 

the value of his moment of inertia if his angular 

velocity decreases to 1.25 rev/s. (c) Suppose 

instead he keeps his arms in and allows friction 

of the ice to slow him to 3.00 rev/s. What 

average torque was exerted if this takes 15.0 s? 

 

4. A Molniya orbit is a highly eccentric orbit of a 

communication satellite so as to provide 

continuous communications coverage for 

Scandinavian countries and adjacent Russia. 

The orbit is positioned so that these countries 

have the satellite in view for extended periods in 

time (see below). If a satellite in such an orbit 

has an apogee at 40,000.0 km as measured 

from the center of Earth and a velocity of 3.0 

km/s, what would be its velocity at perigee 

measured at 200.0 km altitude?

 

 

5. Shown below is a small particle of mass 20 g 

that is moving at a speed of 10.0 m/s when it 

collides and sticks to the edge of a uniform solid 

cylinder. The cylinder is free to rotate about its 

axis through its center and is perpendicular to 

the page. The cylinder has a mass of 0.5 kg and 

a radius of 10 cm, and is initially at rest. (a) 

What is the angular velocity of the system after 

the collision? (b) How much kinetic energy is lost 

in the collision?

 
 

6. A bug of mass 0.020 kg is at rest on the edge 

of a solid cylindrical disk (M=0.10kg, R=0.10m) 

rotating in a horizontal plane around the vertical 

axis through its center. The disk is rotating at 

10.0 rad/s. The bug crawls to the center of the 

disk. (a) What is the new angular velocity of the 

disk? (b) What is the change in the kinetic 

energy of the system? (c) If the bug crawls back 

to the outer edge of the disk, what is the angular 

velocity of the disk then? (d) What is the new 

kinetic energy of the system? (e) What is the 

cause of the increase and decrease of kinetic 

energy? 

 

7. An ice skater is preparing for a jump with 

turns and has his arms extended. His moment of 

inertia is 1.8kg⋅m2 while his arms are extended, 

and he is spinning at 0.5 rev/s. If he launches 

himself into the air at 9.0 m/s at an angle of 45° 

with respect to the ice, how many revolutions 

can he execute while airborne if his moment of 

inertia in the air is 0.5kg⋅m2? 
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9. Simple Harmonic Motion

9.1. Hooke’s Law 

1. It is weigh-in time for the local under-85-kg 

rugby team. The bathroom scale used to assess 

eligibility can be described by Hooke’s law and 

is depressed 0.75 cm by its maximum load of 

120 kg. (a) What is the spring’s effective force 

constant? (b) A player stands on the scales and 

depresses it by 0.48 cm. Is he eligible to play on 

this under-85-kg team? 

 

2. One type of BB gun uses a spring-driven 

plunger to blow the BB from its barrel. (a) 

Calculate the force constant of its plunger’s 

spring if you must compress it 0.150 m to drive 

the 0.0500-kg plunger to a top speed of 20.0 

m/s. (b) What force must be exerted to 

compress the spring? 

 

3. When an 80.0-kg man stands on a pogo stick, 

the spring is compressed 0.120 m. (a) What is 

the force constant of the spring? (b) Will the 

spring be compressed more when he hops down 

the road? 

 

4. A spring has a length of 0.200 m when a 

0.300-kg mass hangs from it, and a length of 

0.750 m when a 1.95-kg mass hangs from it. (a) 

What is the force constant of the spring? (b) 

What is the unloaded length of the spring? 

 

5. (a) The springs of a pickup truck act like a 

single spring with a force constant of 

1.30×105N/m. By how much will the truck be 

depressed by its maximum load of 1000 kg? 

(b) If the pickup truck has four identical springs, 

what is the force constant of each? 

 

9.2. Mass-Spring Oscillation 

1. A type of cuckoo clock keeps time by having a 

mass bouncing on a spring, usually something 

cute like a cherub in a chair. What force 

constant is needed to produce a period of 0.500 

s for a 0.0150-kg mass? 

 

2. If the spring constant of a simple harmonic 

oscillator is doubled, by what factor will the mass 

of the system need to change in order for the 

frequency of the motion to remain the same? 

 

3. A 0.500-kg mass suspended from a spring 

oscillates with a period of 1.50 s. How much 

mass must be added to the object to change the 

period to 2.00 s? 

 

4. Suppose you attach the object with mass m to 

a vertical spring originally at rest, and let it 

bounce up and down. You release the object 

from rest at the spring’s original rest length. (a) 

Show that the spring exerts an upward force of 

2.00mg on the object at its lowest point. (b) If the 

spring has a force constant of 10.0N/m and a 

0.25-kg-mass object is set in motion as 

described, find the amplitude of the oscillations. 

(c) Find the maximum velocity. 

 

5. A 90.0-kg skydiver hanging from a parachute 

bounces up and down with a period of 1.50 s. 

What is the new period of oscillation when a 

second skydiver, whose mass is 60.0 kg, hangs 

from the legs of the first, as seen in Figure 

16.47. 
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6. A 2.00-kg block lies at rest on a frictionless 

table. A spring, with a spring constant of 100 

N/m is attached to the wall and to the block. A 

second block of 0.50 kg is placed on top of the 

first block. The 2.00-kg block is gently pulled to a 

position x = +A and released from rest. There is 

a coefficient of friction of 0.45 between the two 

blocks. (a) What is the period of the oscillations? 

(b) What is the largest amplitude of motion that 

will allow the blocks to oscillate without the 0.50-

kg block sliding off? 

9.3. The Pendulum 

1. What is the length of a pendulum that has a 

period of 0.500 s? 

 

2. (a) A pendulum that has a period of 3.00000 s 

and that is located where the acceleration due to 

gravity is 9.79m/s2 is moved to a location where 

it the acceleration due to gravity is 9.82m/s2. 

What is its new period? (b) Explain why so many 

digits are needed in the value for the period, 

based on the relation between the period and 

the acceleration due to gravity. 

 

3. (a) What is the effect on the period of a 

pendulum if you double its length? 

(b) What is the effect on the period of a 

pendulum if you decrease its length by 5.00%? 

 

 

4. At what rate will a pendulum clock run on the 

Moon, where the acceleration due to gravity is 

1.63m/s2, if it keeps time accurately on Earth? 

That is, find the time (in hours) it takes the 

clock’s hour hand to make one revolution on the 

Moon. 
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10. Mechanical Waves and Sound

10.1. Traveling Waves 

1. Wind gusts create ripples on the ocean that 

have a wavelength of 5.00 cm and propagate at 

2.00 m/s. What is their frequency? 

 

2. How many times a minute does a boat bob up 

and down on ocean waves that have a 

wavelength of 40.0 m and a propagation speed 

of 5.00 m/s? 

 

3. What is the wavelength of the waves you 

create in a swimming pool if you splash your 

hand at a rate of 2.00 Hz and the waves 

propagate at a wave speed of 0.800 m/s? 

 

4. Radio waves transmitted through empty 

space at the speed of light (v=c=3.00×108m/s) 

by the Voyager spacecraft have a wavelength of 

0.120 m. What is their frequency? 

 

5. A quality assurance engineer at a frying pan 

company is asked to qualify a new line of 

nonstick-coated frying pans. The coating needs 

to be 1.00 mm thick. One method to test the 

thickness is for the engineer to pick a 

percentage of the pans manufactured, strip off 

the coating, and measure the thickness using a 

micrometer. This method is a destructive testing 

method. Instead, the engineer decides that 

every frying pan will be tested using a 

nondestructive method. An ultrasonic transducer 

is used that produces sound waves with a 

frequency of f = 25kHz. The sound waves are 

sent through the coating and are reflected by the 

interface between the coating and the metal 

pan, and the time is recorded. The wavelength 

of the ultrasonic waves in the coating is 0.076 m. 

What should be the time recorded if the coating 

is the correct thickness (1.00 mm)? 

10.2. Standing Waves on a 

String 

1. A wave traveling on a Slinky® that is 

stretched to 4 m takes 2.4 s to travel the length 

of the Slinky and back again. (a) What is the 

speed of the wave? (b) Using the same Slinky 

stretched to the same length, a standing wave is 

created which consists of three antinodes and 

four nodes. At what frequency must the Slinky 

be oscillating? 

 

2. A 2-m long string is stretched between two 

supports with a tension that produces a wave 

speed equal to vw=50.00m/s. What are the 

wavelength and frequency of the first three 

modes that resonate on the string? 

 

3. Consider the experimental setup shown 

below. The length of the string between the 

string vibrator and the pulley is L=1.00m. The 

linear density of the string is μ = 0.006 kg/m. The 

string vibrator can oscillate at any frequency. 

The hanging mass is 2.00 kg. (a)What are the 

wavelength and frequency of n=6 mode? (b) The 

string oscillates the air around the string. What is 

the wavelength of the sound if the speed of the 

sound is vs=343.00m/s?

 
 

 

4. Consider a rod of length L, mounted in the 

center to a support. A node must exist where the 
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rod is mounted on a support, as shown below. 

Draw the first two normal modes of the rod as it 

is driven into resonance. Label the wavelength 

and the frequency required to drive the rod into 

resonance.

 
 

 

5. The frequencies of two successive modes of 

standing waves on a string are 258.36 Hz and 

301.42 Hz. What is the next frequency above 

100.00 Hz that would produce a standing wave? 

 

10.3. Standing Sound Waves 

1. (a) What is the fundamental frequency of a 

0.672-m-long tube, open at both ends, on a day 

when the speed of sound is 344 m/s? (b) What 

is the frequency of its second harmonic? 

 

2. What is the length of a tube that has a 

fundamental frequency of 176 Hz and a first 

overtone of 352 Hz if the speed of sound is 343 

m/s? 

 

3. A 512-Hz tuning fork is struck and placed next 

to a tube with a movable piston, creating a tube 

with a variable length. The piston is slid down 

the pipe and resonance is reached when the 

piston is 115.50 cm from the open end. The next 

resonance is reached when the piston is 82.50 

cm from the open end. (a) What is the speed of 

sound in the tube? (b) How far from the open 

end will the piston cause the next mode of 

resonance? 

 

4. Students in a physics lab are asked to find the 

length of an air column in a tube closed at one 

end that has a fundamental frequency of 256 

Hz. They hold the tube vertically and fill it with 

water to the top, then lower the water while a 

256-Hz tuning fork is rung and listen for the first 

resonance. (a) What is the air temperature if the 

resonance occurs for a length of 0.336 m? (b) At 

what length will they observe the second 

resonance (first overtone)? 

 

5. What length should an oboe have to produce 

a fundamental frequency of 110 Hz on a day 

when the speed of sound is 343 m/s? It is open 

at both ends. 

 

6. An organ pipe (L=3.00m) is closed at both 

ends. Compute the wavelengths and 

frequencies of the first three modes of 

resonance. Assume the speed of sound is 

v=343.00m/s. 

 

7. An organ pipe (L=3.00m) is closed at one 

end. Compute the wavelengths and frequencies 

of the first three modes of resonance. Assume 

the speed of sound is v=343.00m/s. 

 

8. Consider the sound created by resonating the 

tube shown below. The air temperature is 

TC=30.00°C. What are the wavelength, wave 

speed, and frequency of the sound produced?

 
 

10.4. Beats 

1. What beat frequencies are present: (a) If the 

musical notes A and C are played together 

(frequencies of 220 and 264 Hz)? (b) If D and F 

are played together (frequencies of 297 and 352 

Hz)? (c) If all four are played together? 

 

2. A piano tuner uses a 512-Hz tuning fork to 

tune a piano. He strikes the fork and hits a key 

on the piano and hears a beat frequency of 5 

Hz. He tightens the string of the piano, and 
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repeats the procedure. Once again he hears a 

beat frequency of 5 Hz. What happened? 

 

3. A car has two horns, one emitting a frequency 

of 199 Hz and the other emitting a frequency of 

203 Hz. What beat frequency do they produce? 

 

4. Twin jet engines on an airplane are producing 

an average sound frequency of 4100 Hz with a 

beat frequency of 0.500 Hz. What are their 

individual frequencies? 
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11. Coulomb’s Law and Resistance

11.1. Coulomb’s Law 

1. What is the repulsive force between two pith 

balls that are 8.00 cm apart and have equal 

charges of – 30.0 nC? 

 

2. (a) How strong is the attractive force between 

a glass rod with a 0.700μC charge and a silk 

cloth with a –0.600μC charge, which are 12.0 

cm apart, using the approximation that they act 

like point charges? (b) Discuss how the answer 

to this problem might be affected if the charges 

are distributed over some area and do not act 

like point charges. 

 

3. Two point charges are brought closer 

together, increasing the force between them by 

a factor of 25. By what factor was their 

separation decreased? 

 

4. If two equal charges each of 1 C each are 

separated in air by a distance of 1 km, what is 

the magnitude of the force acting between 

them? You will see that even at a distance as 

large as 1 km, the repulsive force is substantial 

because 1 C is a very significant amount of 

charge. 

 

5. A charge q=2.0μC is placed at the point P 

shown below. What is the force on q?

 
 

6. What is the net electric force on the charge 

located at the lower right-hand corner of the 

triangle shown here?

 
 

7. The charges q1 = 2.0×10−7C, q2 = 

−4.0×10−7C,  and q3 = −1.0×10−7C are placed 

at the corners of the triangle shown below. What 

is the force on q1?

 
 

11.2. Ohm’s Law  

1. What current flows through the bulb of a 3.00-

V flashlight when its hot resistance is 3.60 Ω? 

 

2. Calculate the effective resistance of a pocket 

calculator that has a 1.35-V battery and through 

which 0.200 mA flows. 

 

3. How many volts are supplied to operate an 

indicator light on a DVD player that has a 

resistance of 140Ω, given that 25.0 mA passes 

through it? 

 

4. A resistor is placed in a circuit with an 

adjustable voltage source. The voltage across 

and the current through the resistor and the 

measurements are shown below. Estimate the 
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resistance of the resistor.

 

 
 

11.3. Resistivity 

1. The diameter of 0-gauge copper wire is 8.252 

mm. Find the resistance of a 1.00-km length of 

such wire used for power transmission. 

 

2. If the 0.100-mm diameter tungsten filament in 

a light bulb is to have a resistance of 0.200 Ω at 

20.0ºC, how long should it be? 

 

3. Find the ratio of the diameter of aluminum to 

copper wire, if they have the same resistance 

per unit length (as they might in household 

wiring). 

 

4. A wire is drawn through a die, stretching it to 

four times its original length. By what factor does 

its resistance increase? 

11.4. Electrical Power 

1. A 20.00-V battery is used to supply current to 

a 10-kΩ resistor. Assume the voltage drop 

across any wires used for connections is 

negligible. (a) What is the current through the 

resistor? (b) What is the power dissipated by the 

resistor? (c) What is the power input from the 

battery, assuming all the electrical power is 

dissipated by the resistor? (d) What happens to 

the energy dissipated by the resistor? 

 

2. What is the maximum voltage that can be 

applied to a 10-kΩ resistor rated at 14W? 

 

3. The power dissipated by a resistor with a 

resistance of R=100Ω is P=2.0W. What are the 

current through and the voltage drop across the 

resistor? 

 

4. A physics student has a single-occupancy 

dorm room. The student has a small refrigerator 

that runs with a current of 3.00 A and a voltage 

of 110 V, a lamp that contains a 100-W bulb, an 

overhead light with a 60-W bulb, and various 

other small devices adding up to 3.00 W. (a) 

Assuming the power plant that supplies 110 V 

electricity to the dorm is 10 km away and the two 

aluminum transmission cables use 0-gauge wire 

with a diameter of 8.252 mm, estimate the 

percentage of the total power supplied by the 

power company that is lost in the transmission. 

(b) What would be the result is the power 

company delivered the electric power at 110 kV? 

 

5. A 0.50-W, 220-Ω resistor carries the 

maximum current possible without damaging the 

resistor. If the current were reduced to half the 

value, what would be the power consumed? 
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12. DC Circuits

12.1. Series and Parallel 

Resistance 

1. (a) What is the resistance of a 1.00×102-Ω, a 

2.50-kΩ, and a 4.00-kΩ resistor connected in 

series? (b) In parallel? 

 

2. What are the largest and smallest resistances 

you can obtain by connecting a 36.0-Ω, a 50.0-

Ω, and a 700-Ω resistor together? 

 

3. Your car’s 30.0-W headlight and 2.40-kW 

starter are ordinarily connected in parallel in a 

12.0-V system. What power would one headlight 

and the starter consume if connected in series to 

a 12.0-V battery? (Neglect any other resistance 

in the circuit and any change in resistance in the 

two devices.) 

 

4. Show that if two resistors R1 and R2 are 

combined and one is much greater than the 

other (R1 ≫ R2), (a) their series resistance is 

very nearly equal to the greater resistance R1 

and (b) their parallel resistance is very nearly 

equal to smaller resistance R2. 

 

5. Consider the circuit shown below. The 

terminal voltage of the battery is V=18.00V. (a) 

Find the equivalent resistance of the circuit. (b) 

Find the current through each resistor. (c) Find 

the potential drop across each resistor. (d) Find 

the power dissipated by each resistor. (e) Find 

the power supplied by the battery.

 
 

6. Consider the circuit below. The battery has an 

emf of ε=30.00V and an internal resistance of 

r=1.00Ω. (a) Find the equivalent resistance of 

the circuit and the current out of the battery. (b) 

Find the current through each resistor. (c) Find 

the potential drop across each resistor. (d) Find 

the power dissipated by each resistor. (e) Find 

the total power supplied by the batteries.

 
 

7. The rather simple circuit shown below is 

known as a voltage divider. The symbol 

consisting of three horizontal lines is represents 

“ground” and can be defined as the point where 

the potential is zero. The voltage divider is 

widely used in circuits and a single voltage 

source can be used to provide reduced voltage 

to a load resistor as shown in the second part of 

the figure. (a) What is the output voltage Vout of 

circuit (a) in terms of R1, R2,and Vin? (b) What is 

the output voltage Vout of circuit (b) in terms of 
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R1, R2, RL, and Vin?

 

12.2. Kirchoff’s Rules and 

Circuit Analysis 

 
1. Apply the loop rule to loop abcdefghija in 

Figure 21.52. 

 

2. Apply the loop rule to loop akledcba in Figure 

21.52. 

 

3. Consider the circuit shown below. (a) Find the 

voltage across each resistor. (b)What is the 

power supplied to the circuit and the power 

dissipated or consumed by the circuit?

 
 

4. Consider the circuits shown below. (a) What 

is the current through each resistor in part (a)? 

(b) What is the current through each resistor in 

part (b)? (c) What is the power dissipated or 

consumed by each circuit? (d) What is the 

power supplied to each circuit?
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5. Consider the circuit shown below. Find V1, I2, 

and I3.

 
 

6. Consider the circuit shown below. Find V1, V2, 

and R4.

 
 

7. Consider the circuit shown below. Write 

equations for the three currents in terms of R 

and V.

 
 

8. Three 300-Ω resistors are connect in series 

with an AAA battery with a rating of 3 

AmpHours. (a) How long can the battery supply 

the resistors with power? (b) If the resistors are 

connected in parallel, how long can the battery 

last? 

 

9. Consider the circuit shown below. The 

terminal voltages of the batteries are shown. (a) 

Find the equivalent resistance of the circuit and 

the current out of the battery. (b) Find the 

current through each resistor. (c) Find the 

potential drop across each resistor. (d) Find the 

power dissipated by each resistor. (e) Find the 

total power supplied by the batteries.

 
 

10. Apply the junction rule at point a shown 

below.

 
 

 

 

 

 

https://openstax.org/details/books/college-physics
https://openstax.org/details/books/university-physics-volume-1
https://openstax.org/details/books/university-physics-volume-2

