
Energy, Momentum & Relativity Homework 
 

Assignment #1 
 
Textbook: Read Section 6-1 
 
Online: Work, Energy and Power Lesson 1a, 1b 
 www.physicsclassroom.com/class/energy 
 
 * problems are for all students 
 ** problems are for honors physics 
 
1. * Can a centripetal force ever do work on an 

object as it moves in a circular path? Explain. 
 
2. * A 65.0 kg firefighter climbs 12 flights of 

stairs that are each 4.0 m high. How much 
work is required? 
3.06 x 104 J 

3. * A person lifts a 4.5 kg concrete block a 
vertical displacement of 1.2 m and then carries 
the block horizontally a distance of 7.3 m. 
Determine the work done by (a) the person 
and by (b) the force of gravity in this process. 
52.9 J, -52.9 J 

4. * A catcher “gives” with a baseball when 
catching it. If the baseball exerts a force of 
475 N on the glove such that the glove is 
displaced 10.0 cm, how much work is done by 
the glove on the ball? 
-47.5 J 

5. * The two ropes seen in the drawing below are 
used to lower a 2500 N piano downward a 
distance of 5.0 m. How much work is done by 
each of the three forces? 

 
-7,920 J, -4,580 J, +12,500 J 

6. ** (a) What is the minimum work needed to 
push a 950 kg car 810 m up along a 9.0˚ 
incline ignoring friction? (b) What is the work 
needed assuming the coefficient of friction 
between the car tires and ground is 0.05? 
1.18 x 106 J, 1.55 x 106 J 

 

Assignment #2 
 
Textbook: Read Section 6-3 
 
Online: Work, Energy and Power Lesson 1d 
 www.physicsclassroom.com/class/energy 
 
7. * (a) Work done by kinetic friction is often 

negative. Provide an example. (b) Can kinetic 
friction do positive work? If not, why not? If 
so, give an example. 
 

8. (a) A pendulum swings from left to right, as 
shown below. At what point(s) does the force 
of gravity do positive work on the mass? At 
what point(s) does the force of gravity do 
negative work on the 
mass? Does the force of 
gravity do zero work at 
any point? (b) Use the 
work-energy theorem to 
explain the change in 
kinetic energy as the 
mass moves left to right. 
 

9. * Which has the larger kinetic energy, a 10 g 
bullet fired at 300 m/s or a 10 kg bowling ball 
sliding at 10 m/s? 
500 J > 450 J 

10. * At room temperature, an oxygen molecule, 
with mass of 5.31 ´ 10-26 kg, has a kinetic 
energy of 6.21 ´ 10-21 J. How fast is the 
molecule moving? 
484 m/s 

11. * How much work must be done to stop: 
(a) a 1250 kg car traveling at 105 km/h? 
(b) an electron moving at 1.90 ´ 106 m/s? 
-5.32 x 105 J, -1.64 x 10-18 J 

12. ** (a) At an accident scene on a level road, 
investigators measure a car’s skid mark to be 
88 m. The accident occurred on a rainy day, 
and the coefficient of kinetic friction was 
estimated to be 0.42. Use the data to 
determine the speed of the car when the driver 
slammed on (and locked) the brakes. 
(b) If the car’s speed was 50% greater, by 
what factor would the stopping distance be 
increased? 
26.9 m/s, 2.25 times greater 



Assignment #3 
 
Textbook: Read Section 6-4 
 
Online: Work, Energy and Power Lesson 1c 
 www.physicsclassroom.com/class/energy 
 
13. * A 64 kg pole-vaulter clears a 6.0 m bar. 

(a) How much potential energy above the 
ground is required for the vaulter? (b) If the 
vaulter must run with this amount of energy 
before leaving the ground, how much running 
speed is required in miles per hour? 
3,760 J, 24.3 mph 

14. * A 72 kg hiker starts at the lowest point in 
Death Valley, which is 282 feet below sea 
level, and climbs nearby Telescope Peak, 
which is 11,049 feet above sea level. (a) What 
is the hiker’s change in potential energy in 
joules? (b) Would the actual work done by the 
hiker be more than this? Explain. 
2.44 x 106 J, greater 

15. * How much energy can be stored in a spring 
with a spring constant of 500 N/m if its 
maximum possible stretch is 20 cm? 
10 J 

16. * A spring with k = 53 N/m hangs vertically 
next to a ruler. The end of the spring is next to 
the 15 cm mark on the ruler. (a) If a 2.5 kg 
mass is now attached to the end of the spring, 
where will the end of the spring line up with 
the ruler? (b) How much energy is stored in 
the spring? (Hint: first do FBD on mass in 
equilibrium, solve for k from Hooke’s Law.) 
61 cm, 5.66 J 

17. * A 72 kg bike racer climbs a 1200 m long 
section of road that has a slope of 4.3˚. By 
how much does her gravitational potential 
energy change during this climb?  
6.35 x 104 J 

18. ** A 950 kg wrecking ball hangs from a 25 m 
long cable. The ball is pulled back until the 
cable is at a 47˚ angle 
from vertical. By 
how much has the 
potential energy of 
the ball changed?  
7.40 x 104 J 

 
 

Assignment #4 
 
Textbook: Read Section 6-10 
 
Online: Work, Energy and Power Lesson 1f 
 www.physicsclassroom.com/class/energy 
 
19. * (a) Referring to Problem 14, if the hike takes 

8 hours, and the actual work is two times the 
gain in PE, what is the hiker’s power? 
(b) Referring to problem 17, if the race takes 4 
minutes, what is the biker’s power? 
169 W, 265 W 

20. *An 800 kg sports car accelerates from rest to 
30 m/s in 5.6 s. What is the minimum average 
power of the engine in horsepower? 
86.2 hp 

21. *How much power does an elevator motor 
need to lift a 1200 kg elevator 160 m upward 
in 8.0 s? 
2.35 x 105 W 

22. * In the winter sport of curling, players give a 
20 kg stone a push across ice. A curler 
accelerates a stone to a speed of 3.0 m/s over a 
distance of 3.0 m. (a) Use the work-energy 
equation to determine the force the curler 
exerts on the stone. (b) What average power 
does the curler use to bring the stone up to 
speed?  
30 N, 45 W 

23. *An exercise machine requires an athlete to 
compress a spring 40 cm. The spring constant 
is 5000 N/m. If this exercise is repeated 20 
times in 1 minute, what is the minimum 
average power of the athlete using this 
machine? (Hint: each repetition requires 
positive work done during the spring 
compression and negative work done during 
the decompression; then assume the minimum 
work done by the athlete is the absolute value 
of the work done during compression and 
decompression.) 
267 W 

24. ** If a car generates 180 horsepower (hp) 
when traveling at a constant speed of 88 km/h, 
what is the average force exerted on the car? 
5,490 N 

 
  

L = 25 m

950 kg

47˚



Assignment #5 
 
Textbook: Read Section 6-5, 6-6, 6-7 
 
Online: Work, Energy and Power Lesson 1e, 2a 
 www.physicsclassroom.com/class/energy 
 
25. * Water balloons are tossed from the roof of a 

building, all with the same speed but with 
different launch angles, as shown below. 
Using energy concepts, explain which one has 
the highest impact speed. Ignore air friction. 
 

 
 

26. * Referring to the last question, a balloon of 
mass 0.65 kg is launched at a 60˚ from the top 
of a 52 m tall building with a speed of 12 m/s. 
What will be the balloon’s speed when it 
strikes the ground below? Use energy method. 
Assume no air friction on the balloon. 
34.1 m/s 

27. * A skier, starting from rest, slides 240 m 
down a frictionless 25˚ slope. How much 
speed does the skier have at the end of the 
slope? Assume no air friction on the skier. 
44.6 m/s 

28. * The roller coaster car shown in the figure 
below starts from rest at point 1. Assuming no 
friction, use an energy equation to calculate 
the speed at points 2, 3, & 4. 
 

 
26.2 m/s, 11.7 m/s, 19.8 m/s 

29. * A spring with constant k = 950 N/m is 
aligned vertically compressed 0.150 m. 
(a) What maximum upward speed can it give a 
0.30 kg ball? (b) If the ball/spring is still 
vertical, how high can the ball rise above the 
original (compressed spring) position? 
8.26 m/s, 3.64 m 

30. ** A ball is attached to a horizontal cord of 
length L whose other end is fixed, as shown 
below. (a) If the ball is released, what will be 
its speed at the lowest point of its path? (b) A 
peg is located at a distance h directly below 
the point of attachment to the cord. If h = 
0.8L, what will be the speed of the ball when 
it reaches the top if its circular path? 
 

 
 

 
31. ** A 65 kg boy jumps upward at 5.0 m/s and 

lands on a trampoline 
3.0 m below. If the 
trampoline behaves like 
a spring with a constant 
k = 6.2 ´ 104 N/m, what 
is the maximum vertical 
displacement of the 
trampoline? 
0.307 m 

 
Assignment #6 

 
Textbook: Read Section 6-8, 6-9 
 
Online: Work, Energy and Power Lesson 2b-2d 
 www.physicsclassroom.com/class/energy 
 
32. * Describe the energy transformation that 

takes place (a) when a child hops around on a 
pogo stick, and (b) when a pole-vaulter 
completes their track and field event. 
 

33. * A 145 g baseball is popped up vertically 
from a height of 1.0 m above ground and 
reaches a maximum height of 35 m. If it 
leaves the bat moving 32 m/s, what is the 
average force of air friction on the baseball? 
0.763 N 

34. * A 21.7 kg child descends a slide 3.5 m high 
and reaches the bottom with a speed of 2.2 
m/s. How much thermal energy due to friction 
was generated in this process? 
692 J 

2gL , 1.2gL

3.0 m



35. * Repeat problem 28, but assume that the 
roller coaster car starts at point 1 with an 
initial speed of 7.0 m/s, and has an average 
force of friction equal to one-fifth of its 
weight. Find the roller coaster speed at point 2 
if it travels 45 m along the track from 1 to 2. 
23.6 m/s 

36. * A 0.62 kg wood block is attached to a 
horizontal spring as shown below. The spring 
constant is 180 N/m. When the block/spring is 
compressed 15 cm beyond its equilibrium 
position and released, it stretches out 12.3 cm 
beyond its equilibrium position. Calculate the 
coefficient of kinetic friction (to two sig figs) 
between the block and the table. 

 
0.40 

37. * A 110 kg crate, starting from rest, is pulled 
across a floor with a constant horizontal force 
of 350 N. For the first 15 m the floor has a 
coefficient of kinetic friction 0.2 and for the 
next 15 m the floor has a coefficient of 0.3. 
What is the final speed of the crate? 
6.63 m/s 

38. ** A skier traveling 12.0 m/s reaches the foot 
of a steady upward 18.0˚ incline and glides 
21.2 m up along this slope before coming to 
rest. Using the energy conservation equation, 
calculate the coefficient of kinetic friction (to 
two sig figs) between the skies and the slope. 
0.039 

 
Assignment #7 

 
 
Textbook: Read 7-1, 7-3 
 
Online: Momentum Conservation Lesson 1a-1c 

 
39. * Cars used to be built as rigid as possible to 

withstand collisions. Car interiors were also 
rigid and without much padding. Today, cars 
are designed to have “crumple zones” that 
collapse upon impact, and must have air bags 
that deploy during violent collisions. What is 
the advantage of these new design features in 
terms of impulse and momentum? 

40. * A constant friction force of 25 N acts on a 
65 kg skier for 20 s. What is the skier’s 
change in velocity? Use impulse/momentum 
method for solution. 
-7.69 m/s 

41. * As part of a safety study, two 1400 kg cars 
traveling at 20 m/s are crashed into different 
barriers. Find the average force exerted on   
(a) the car that hits a line of water barrels and 
takes 1.5 s to stop, and (b) the car that hits a 
concrete barrier and takes 0.1 s to stop. 
(c) Find the impulse imparted to each car to 
bring it to rest. 
-1.87 x 104 N, -2.80 x 105 N, -2.80 x 104 Ns 

42. * An ice hockey puck slides along the ice at 
35 m/s. A hockey stick delivers an impulse of 
12.0 N×s, causing the puck to move off in the 
opposite direction with the same speed. What 
is the mass, in grams, of the puck? 
171 g 

43. * A 145 g baseball pitched at 87 miles per 
hour is hit directly back to the pitcher at a 
speed of 100 miles an hour. If the contact time 
between the bat and the ball is 3.0 
milliseconds, calculate the average force 
between the bat and the ball during contact. 
4,040 N 

44. ** A 60 g tennis ball with an initial speed of 
32 m/s hits a wall and rebounds with the same 
speed. The graph below shows the force on 
the ball during the collision. What is the value 
of the contact force Fmax during the collision? 
 

 
960 N 

45. ** Calculate the force exerted on a rocket, 
given that the propelling gases are expelled at 
a rate of 1500 kg/s with a speed of 40,000 m/s 
at the moment of takeoff. (Hint: use unit 
analysis and the impulse-momentum theorem) 
6.0 x 107 N, up 

 
  



Assignment #8 
 
Textbook: Read 7-2, 7-4 
 
Online: Momentum Conservation Lesson 2b-2c 
 
46. * Two skaters initially at rest push against 

each other so that they move in opposite 
directions. What is the total momentum of the 
two skaters when they begin moving? Explain. 
 

47. * A moving object has kinetic energy of 150 J 
and momentum of 30 kg×m/s. Determine the 
mass and speed of the object 
10 m/s, 3.0 kg 

48. * A 95 kg halfback moving at 4.1 m/s is 
tackled from behind by an 85 kg cornerback 
running at 5.5 m/s in the same direction. At 
what speed does the tackle occur when both 
masses are considered as one total mass? 
4.76 m/s 

49. * A child in a boat throws a 2.40 kg box out 
horizontally with a speed of 10.0 m/s as 
shown below. Calculate the velocity of the 
boat after the box is thrown, assuming it was 
initially at rest. The mass of the child is 35 kg 
and the mass of the boat is 15 kg. 
 

 
 

 
-0.48 m/s 

50. * (a) A 9300 kg boxcar traveling at 5.0 m/s 
strikes a second boxcar at rest. The two 
boxcars couple together and move forward at 
3.0 m/s. Calculate the mass of the second 
boxcar. (b) Determine the final speed of the 
two boxcars if the second boxcar was 
originally moving at 2.0 m/s in the opposite 
direction of the first boxcar. 
6,200 kg, 2.2 m/s 

51. * Two carts of mass 0.75 kg and 1.25 kg move 
along a low friction track in opposite 
directions with speeds of 0.6 m/s and 0.4 m/s 
respectively. Determine the speed of the carts 
after the collision if they lock together. 
0.025 m/s 

52. ** A two-stage rocket 
is traveling at a speed 
of 5,800 m/s with 
respect to the Earth 
when explosive bolts 
separate the rocket into two sections - the 
upper stage is 425 kg and the lower stage is 
550 kg - that then move at a speed of 23 m/s 
relative to each other along the original line of 
motion. (a) What are the speeds of each 
section after then explosion? [Hint: the 
difference in velocity of the two stages equals 
the relative velocity.] (b) How much energy 
was supplied by the explosion? [Hint: find the 
change in kinetic energy after the explosion.] 
5,813 m/s, 5,790 m/s, 6.13 x 104 J 
 

Assignment #9 
 
Textbook: Read 7-5, 7-6 
 
53. * At a hydroelectric power plant, water is 

directed by jets against a Pelton wheel water 
turbine on an axle that turns an electric 
generator, as shown below. For maximum 
power generation, should the turbine blades be 
designed so that water recoils off the blades or 
is stopped by the blades? [Hint: think about 
momentum as a vector with direction.] 
 

 
 
54. * A 40 g bead slides on a frictionless wire 

with a velocity of 3.5 cm/s to the right. The 
bead collides elastically with a larger 60 g 
bead initially at rest. After the collision, the 
smaller bead moves to the left with a velocity 
of 0.7 cm/s. Find the distance the larger bead 
moves along the wire in the first 5.0 s 
following the collision. 
0.14 m 



55. * Two bumper cars (mA= 450 kg, mB= 550 kg) 
in an amusement park ride collide elastically 
as one approaches the other direction from 
behind, as shown below. (a) Calculate the 
final velocity of car B. (b) Calculate the 
change in momentum of both cars A and B. 
** (c) Show that the final velocity for each car 
can be found given only the initial velocities 
of the cars and their respective masses. 
 

 
4.42 m/s, -396 kgm/s, +396 kgm/s 

56. * (a) After being struck by a bowling ball, a 
bowling pin sliding to the right at 4.0 m/s 
collides head on with another equal mass 
bowling pin initially at rest. The first pin 
moves to the right after the collision at 1.0 
m/s. Determine the speed of the second 
bowling pin after the collision. (b) Is this an 
elastic collision? Show work and explain. 
3.0 m/s, not elastic 

57. * A 16 g bullet is fired horizontally at two 
blocks resting on a smooth tabletop, as shown 
below. The bullet passes through the first 
block, with mass 1.20 kg, and embeds itself in 
the second, with a mass of 1.80 kg. Speeds of 
0.63 m/s and 1.40 m/s, respectively, are 
imparted to the blocks, as shown. (a) Find the 
speed of the bullet immediately after it 
emerges from the first block. (b) Find the 
bullet’s original velocity. 
 

 
159 m/s 206 m/s 

58. ** A ball of mass m makes a head-on elastic 
collision with a second ball (at rest) and 
rebounds in the opposite direction with a 
speed equal to one-fourth its original speed. 
Find the mass of the second ball in terms of m. 

 

59. ** A 0.28 kg croquet ball makes an elastic 
collision with a second ball initially at rest. 
The second ball moves off with half the 
original speed of the first ball. (a) What is the 
mass of the second ball? (b) What fraction of 
the original kinetic energy gets transferred to 
the second ball? 
0.840 kg, 0.75 

 
Assignment #10 

 
60. * Given the masses of two objects and their 

velocities before and after a head-on collision, 
how could you determine whether the 
collision was elastic, inelastic, or perfectly 
inelastic? Explain. 
 

61. * A 28 g bullet traveling at 230 m/s buries 
itself in a 3.6 kg pendulum hanging on a 2.8 m 
long string, which makes the pendulum swing 
upward in an arc (called a ballistic pendulum.) 
(a) Determine the vertical displacement of the 
pendulum. ** (b) Determine the maximum 
angle to the vertical for the pendulum swing. 
0.161 m, 19.5˚ 

62. * A 1.0 kg block at rest on a horizontal 
frictionless surface is connected to an 
unstretched spring with constant k = 200 N/m 
whose other end is fixed. A 2.0 kg block 
whose speed is 4.0 m/s collides with the 1.0 
kg block and sticks to it. Calculate the 
maximum compression of the spring when the 
blocks come to rest momentarily. 
 

 
0.327 m 

63. * A 32 g bullet strikes and becomes embedded 
in a 1.25 kg block of wood placed on a 
horizontal surface just in front of the gun. If 
the coefficient of friction between the block 
and the surface is 0.64, and the impact drives 
the block a distance of 3.6 m before it comes 
to rest, what was the muzzle speed of the 
bullet? 
269 m/s 

  

5
3m1



64. * A 27 g pellet is fired at 120 m/s into a wood 
target with a mass of 1.4 kg. The wood target 
sits on a 1.8 m tall post. After the collision, the 
pellet embeds into the wood and lands on the 
ground at the base of the post. Calculate the 
landing speed of the wood/pellet. 
6.36 m/s 

65. * The bird perched on the swing shown below 
has a mass of 52 g, and the base of the swing 
has a mass of 153 g. The swing and the bird 
are originally at rest, 
and then the bird takes 
off horizontally at 2.0 
m/s. How high will the 
base of the swing rise 
above its original level? 
0.0236 m 

66. ** A block of mass m = 2.20 kg slides down a 
30.0˚ incline which is 3.60 m high. At the 
bottom, it strikes a block of mass M = 7.0 kg 
which is at rest on a horizontal surface, as 
shown below. If the collision is elastic, and 
friction can be ignored, determine (a) the 
speeds of the two blocks after the collision, 
and (b) the distance, d, along the incline the 
small mass will go. 

 
-4.38 m/s, 4.02 m/s, 1.96 m 

67. ** The figure below shows the planet Saturn 
moving in the negative direction at its orbital 
speed of -9.6 km/s. A spacecraft approaches 
Saturn moving at 10.4 km/s. The gravitational 
attraction of Saturn causes the spacecraft to 
swing around the planet and head off in the 
opposite direction. Calculate the final speed of 
the spacecraft after it is far away from Saturn, 
which can be considered an elastic “collision.” 
[Hint: Saturn is so much more massive than 
the spacecraft that it doesn’t change speed as a 
result of the “collision.”] 
 

 

-29.6 km/s 

Assignment #11 
 
Textbook: Read Section 26-1 to 26-4 
 
68. * You might have had the experience of being 

at a red light when, out of the corner of your 
eye, you see the car beside you creep forward. 
Instinctively you stomp on the brake pedal, 
thinking that you are rolling backward. What 
does this say about absolute and relative 
motion? Is this Einsteinian Relativity or 
Galilean Relativity? 
 

69. * The time dilation effect is sometimes 
expressed as “moving clocks run slowly.” 
Actually, this effect has nothing to do with 
motion affecting the functioning of clocks. 
What then does it deal with? 
 

 
 

70. * Calculate the Lorentz factor, g, for an object 
moving at (a) the speed of a spacecraft 
moving at 20,000 m/s, (b) an proton moving at 
6,000,000 m/s (c) an electron moving at 0.20c 
and (d) a muon moving at 0.98c, where c is 
the speed of light. 
1.0000, 1.0002, 1.021, 5.025 

71. * A type of elementary particle travels at a 
speed of 2.70 ´ 108 m/s. At this speed its 
lifetime is measured to be 4.76 ´ 10-6 s. What 
is the particle’s lifetime at rest? 
2.07 x 10-6 s 

72. * Calculate the speed of a pion if its average 
lifetime is measured to be 4.10 ´ 10-8 s, while 
at rest its average lifetime is 2.60 ´ 10-8 s. 
0.773c 

73. ** Suppose a news report stated that starship 
Enterprise had just returned from a 5-year 
voyage while traveling at 0.84c. (a) If the 
report meant 5.0 years of Earth time, how 
much time elapsed on the ship? (b) If the 
report meant 5.0 years of ship time, how much 
time passed on Earth? 
2.71 years, 9.22 years 



Assignment #12 
 
Textbook: Read Section 26-5, 26-6 
 
74. * In the movie Interstellar, an astronaut 

arrives home from a long journey through 
space (including travel near a black hole), and 
discovers his daughter is an old gray-haired 
woman on her deathbed. How might this be 
possible? 
 

75. * A spaceship passes you at a speed of 0.75c. 
You measure its length to be 282 m. how long 
would it be when measured at rest? 
426 m 

76. * If you were to travel to a star 125 light-years 
from Earth at a speed of 2.50 ´ 108 m/s, what 
would you measure this distance to be? 
69.1 ly 

77. * Suppose you decide to travel to a star 85 
light-years away at a speed that tells you the 
distance is only 25 light-years. How many 
years would it take you to make the trip? 
 

 
26.2 y 

78. * A certain star is 10.6 light-years away. How 
long would it take a spacecraft traveling at 
0.96c to reach that star from Earth, as 
measured by observers (a) on Earth, and 
(b) on the spacecraft? (c) What is the distance 
traveled according to observers on the 
spacecraft? ** (d) What will the spacecraft 
occupants compute their speed to be from the 
results of parts (b) and (c)? 
11.0 y, 3.09 y, 2.97 ly, 0.960c 

79. ** The nearest star to Earth is Proxima 
Centauri, 4.3 light-years away. (a) At what 
constant velocity must a spacecraft travel from 
Earth if it is to reach the star in 4.0 years, as 
measured by travelers on the spacecraft? (b) 
How long does the trip take according to Earth 
observers? 
0.732c, 5.87 y 

 

Assignment #13 
 
Textbook: Read Section 26-7 to 26-9 
 
80. * Can a particle of nonzero rest mass attain the 

speed of light? Explain. 
 

81. * Calculate the kinetic energy, total energy, 
and momentum of a proton traveling with 
velocity v = 0.85c. 
1.35 x 10-10 J, 2.85 x 10-10 J, 8.09 x 10-19 kgm/s 

82. * A chemical reaction requires 4.82 ´ 104 J of 
energy input for it to occur. What is the 
increase in mass of the products compared to 
the reactants? 
5.36 x 10-13 kg 

83. * (a) The total annual energy consumption in 
the United States is about 8 ´ 1019 J. How 
much mass would have to be converted to 
energy to fuel this need? (b) Given the answer 
to part (a) why isn’t a lot of energy easily 
harnessed from just a small amount of mass? 
 

 
 
889 kg 

84. * Suppose a spacecraft of mass 27,000 kg is 
accelerated to a velocity of v = 0.21c. (a) How 
much kinetic energy would it have? (b) If you 
used the classical formula for kinetic energy, 

, by what percentage would you be 
in error? 
5.54 x 1019 J, 3.32% 

85. * An unknown particle is measured to have a 
negative charge and a speed of 2.24 ´ 108 m/s. 
Its momentum is 3.07 ´ 10-22 kg×m/s. Identify 
the particle by finding its rest mass. 
9.11 x 10-31 kg, an electron 

86. ** A particle of rest mass m0 travels at a 
velocity of v = 0.20c. At what velocity will its 
momentum be doubled? 
0.378c 

  

KE = 1
2 mv

2



Assignment #14 
 
Textbook: Read Section 33-4 
 
87. * What is a geodesic? What is its role in 

General Theory of Relativity? 
 

 
 

88. * If nothing, not even light, escapes from a 
black hole, then how can we tell if one is 
there? 
 

89. * Describe two (or more) tests of the General 
Theory of Relativity. Have they confirmed the 
theory? 
 

 
 

90. * We readily note the bending of light by 
reflection and refraction, but why are we not 
aware of the bending of light by gravity? 
 

91. * Compare the bending of paths of baseballs 
and photons by a gravitational field. 
 

92. * Which runs slower, a clock at the top of the 
tallest skyscraper in Chicago or a clock on the 
shore of Lake Michigan? Why? 
 

 
 

93. * Does Einstein's theory of gravitation (the 
General Theory of Relativity) invalidate 
Newton's theory of gravitation? Explain. 
 


