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Introducing Momentum 
In general the momentum of an object can be conceptually thought of as the tendency for an 

object to continue to move in its direction of travel. As such, it is a natural consequence of Newton's 

first law which states that an object at rest tends to stay in rest and an object in motion tends to stay in 

motion in a straight line, at constant speed, unless acted upon by an external, unbalanced force.  

Momentum is a conserved quantity, meaning that the total momentum of any closed system 

cannot be changed. 

 A moving object has the ability to change the motion of another object when they collide.  

Imagine the "Bumper Cars" at an amusement park.  A stationary car gets hit by a moving car and 

ends up with some velocity as a result.  The car that was originally moving has also changed its velocity; it is probably moving at a 

slower rate or in a different direction.  

 This ability of an object to change another object's motion was defined by Newton as the "mass of the object multiplied by 

its velocity", or momentum.  Since momentum depends on both mass and velocity, a large object with a great mass moving very 

slowly could have the same momentum as a very small object moving at a high velocity.   

 

 The mathematical symbol for momentum is 'p', and the formula for finding momentum is;  

Notice that since velocity is a vector quantity, momentum is also a vector 

quantity.  To determine the units for momentum, substitute the units for mass and 

velocity. 

       Because this unit is very similar to a Newton (kg m/s2), we could call 

this unit a Ns. So the units on momentum are either kg m/s or Ns (Newton seconds). 

EXAMPLE:  Find the momentum of a 1200 kg car moving with a velocity of 22 m/s.   

  

Given:   m = 1200 kg           v = 22 m/s 

  

Equation:   p=mv 

 

Substitution: p = (1200 kg)(22 m/s) 

 

Answer:   p = 26,000 kg*m/s    

Momentum is a vector quantity. As discussed in an earlier unit, a vector quantity is a quantity which is fully described by 

both magnitude and direction. To fully describe the momentum of a 5-kg bowling ball moving 

westward at 2 m/s, you must include information about both the magnitude and the direction of 

the bowling ball. It is not enough to say that the ball has 10 kg*m/s of momentum; the 

momentum of the ball is not fully described until information about its direction is given. The 

direction of the momentum vector is the same as the direction of the velocity of the ball. In a 

previous unit, it was said that the direction of the velocity vector is the same as the direction 

which an object is moving. If the bowling ball is moving westward, then its momentum can be 

fully described by saying that it is 10 kg*m/s, westward. As a vector quantity, the momentum of 

an object is fully described by both magnitude and direction. 

From the definition of momentum, it becomes obvious that an object has a large momentum if either its mass or its 

velocity is large. Both variables are of equal importance in determining the momentum of an object. Consider a Mack truck and a 

roller skate moving down the street at the same speed. The considerably greater mass of the Mack truck gives it a considerably 

greater momentum. Yet if the Mack truck were at rest, then the momentum of the least massive roller skate would be the greatest; 

for the momentum of any object which is at rest is 0. Objects at rest do not have momentum - they do not have any "mass in 

motion." Both variables - mass and velocity - are important in comparing the momentum of two objects. 

The momentum equation can help us to think about how a change in one of the two variables might effect the momentum 

of an object. Consider a 0.5-kg physics cart loaded with one 0.5-kg brick and moving with a speed of 2.0 m/s. The total mass of 

loaded cart is 1.0 kg and its momentum is 2.0 kg*m/s. If the cart was instead loaded with three 0.5-kg bricks, then the total mass of 

the loaded cart would be 2.0 kg and its momentum would be 4.0 kg*m/s. A doubling of the mass results in a 

doubling of the momentum. 

Similarly, if the 2.0-kg cart had a velocity of 8.0 m/s (instead of 2.0 m/s), then the cart would have a 

momentum of 16.0 kg*m/s (instead of 4.0 kg*m/s). A quadrupling in velocity results in a quadrupling of the 

momentum. These two examples illustrate how the equation p=m*v serves as a "guide to thinking" and not 

merely a "recipe for algebraic problem-solving."  

vmp 
p = (kg)(m/s) = kg m/s =Ns 



Chapter 5 - Momentum 

©Fyzics Softext Inc. page 92 

Momentum Problems 
1.   Find the momentum of a 60. kg boy riding his 10. kg bike at a velocity of 17 m/s. 

2.   Find the momentum of a fly (m = 1.2 X 10-6 kg) zipping along at 3 m/s. 

3.   The momentum of an airplane flying at a velocity of 75 m/s is 1.9 X 106 kg*m/s.  What is the mass of the airplane? 

4.   A 700 kg car moves along the road at 7 m/s. What velocity would be necessary for a 70 kg bicyclist (including his bike) to have 

a momentum equal to the car's? 

5.   Three air hockey pucks are moving across an air table.   Disc A has a mass of 0.5 kg and a velocity of 3 m/s east, Disc B has a 

mass of 1.0 kg and a velocity of 2 m/s west   Disc C has a mass of 1.0 kg and a velocity of 1 m/s north. Find the 

momentum of each puck, then use a vector diagram to find the total momentum of the system. 

6.    A skier (m = 65 kg, including skis) accelerates down a slope at 2.5 m/s2 for 5.0 seconds.  What is the momentum of the 

skier at this point? 

 

 

 

 

 

Conservation of Momentum 
 During a collision momentum may be transferred from one object to another, but the total amount of momentum 

possessed by all objects in the isolated system stays the same.  We say that 'momentum is conserved'; that the sum of the momenta 

before the collision is the same as the sum of the momenta after the collision.  

Stated mathematically, the Law of Conservation of Momentum for two objects shows that the momentum of object 'A' plus 

the momentum of object 'B' before the collision is equal to the sum of the momenta after the collision. 

 Police use the Law of Conservation of Momentum to find the velocity of a car before a collision, to determine if speeding was a 

cause of the accident.  Or the Law of Conservation of Momentum can be used to predict the final velocity of a pool ball after its 

collision with the cue ball.  We will start with one-dimensional collisions which are the simplest kind.   

 

 In one-dimensional collisions, there are two possible directions for motion.  One of these directions will be arbitrarily 

designated the positive direction, and the opposite direction will then be the negative direction.  The signs for the directions are 

arbitrary, but must be determined for each problem, and used consistently throughout the problem. 

 

EXAMPLE:  At the Bumper Cars ride a yellow car carrying a hefty physics student is stalled in the traffic lane.  A petite physics 

student in a red car traveling at 2.0 m/s rear-ends the stalled yellow car.  After the collision the yellow car is moving forward at a 

velocity of 1.5 m/s.  If the mass of each car is 40 kg, the mass of the hefty student is 80 kg, and the mass of the petite student is 40 

kg, find the velocity of the red car after the collision. 

 ARBITRARY DESIGNATIONS:  The original direction of the red car is positive. The yellow car is object "A", the red 

car is "B". 

 

 Given:  ma = 40 kg + 80 kg = 120 kg 

      mb = 40 kg + 40 kg = 80 kg 

      va = 0 m/s 

      vb = 2.0 m/s 

      va' = 1.5 m/s 

      vb' = ? 

 Equation: solve the Law of Conservation of Momentum for vb' 

              mava + mbvb= mava '+ mbvb' 

             mava + mbvb  -mava'   =     vb' 

   mb 

Substitution:  vb' = (120 kg)(0) + (80 kg)(2.0 m/s) - (120 kg)(1.5 m/s) = -20 kg*m/s 

                80 kg           80 kg                      Answer: vb' = -0.25 m/s .     

 

The red car with the petite student is now moving backwards at a rate of 0.25 m/s. (because the answer was negative while 

the original velocity was designated positive, it is moving backwards) 

 

Answers: 
1) 1200 Ns 2) 4E-6 Ns 3) 25,000 kg 4) 70 m/s 5) 1.1 Ns, 117o           6) 810 Ns 

 

        pa+ pb = pa' + pb'         or,   mava + mbvb= mava ' + mbvb' 
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Momentum Problems 
1.   Physics Lab Cart "A" with a mass of 1.0 kg, rolling along a level frictionless track has an initial velocity of 0.1 m/s.   It collides 

with Cart "B" which was initially at rest and has a mass of 3.0 kg.  Cart "A" rebounds with a final velocity of -0.05 m/s.  

What is the velocity of Cart "B" after the collision? 

 

2.   A piece of wax is put on the front of Cart "A" in problem #1, so that when Cart "A" hits Cart "B", they stick together and move 

as one unit.  Assuming the same initial velocities from problem #1, what is their final common velocity? 

 

3.   A 1000 kg car traveling 10 m/s can be stopped by good brakes in 1.0 second. What is the change of momentum of the car? 

 

4.   A 105 kg freight car travels down a track at 2.0 m/s before it collides with a motionless freight car (m = 1.5 X 104 kg).   The two 

cars lock and roll together after impact.  Find the velocity of the two cars after the collision. 

 

5.   As an empty 16,000 kg railway car coasts under a coal hopper at a velocity of 2.0 m/s, 1000 kg of coal are dumped vertically 

(no horizontal velocity) into it.  What is the velocity of the car immediately afterward? 

 

6.   Mr. Reeves, while touring the Italian courtyard at 20 m/s in his little Italian sports car (a 2000 kg tin can!), runs into an 8000 kg 

garbage truck (very common in Italy) parked along the road.   After collision, they are stuck together (therefore, traveling the 

same speed).  How fast must they be moving after the collision? 

 

7.   A 15 kg rifle fires a 10 g projectile at 200 m/s.  What is the recoil velocity of the rifle? 

 

8.   An 80 kg man standing on frictionless ice throws a 0.2 kg ball horizontally with a velocity of 30 m/s.  With what speed and in 

what direction will the man move? 

 

9.   Two skaters, initially at rest on a frictionless ice pond, push against each other.  The older skater has a mass of 60. kg and after 

the push moves away with a velocity of 3.0 m/s.  The younger skater has a mass of 40. kg.  What is the younger skater's 

velocity after the push? 

 

10.   On a relaxing vacation, Mr. Evans fires a 20. g bullet which travels at 1000. m/s toward a charging animal which has a mass 

of 100. kg.  After a quick calculation he determines that the charging animal is moving at approximately 5.0 m/s straight for 

him before ‘colliding’ with the bullet.  What is the velocity of the charging animal immediately after 'colliding' with the 

bullet?   

 

11.   A wagon, mass of 5 kg, coasts along at a velocity of 4 m/s.  A 20 kg child jumps on (vertical motion only) as the wagon 

moves past.  What is the final velocity of the wagon with the child in it? 

 

12.    A 750 kg Volkswagen Van is stopped at a corner (on a very icy road) when it is hit from behind by a 2000 kg 1972 Pontiac 

Station Wagon.  Both cars lock bumpers and move at 5.2 m/s through the intersection after the collision.  How fast was the 

Station Wagon moving before the collision?  

 

*13.    A 3800 kg open railroad car coasts along with a constant speed of 8.6 m/s on a level track.  Snow begins to fall vertically 

and fills the car at a rate of 3.50 kg/minute.  Ignoring friction with the tracks, what is the speed of the car after 90 minutes?  

 

*14.   Car A (1900 kg) crashed into Car B (1100 kg) that was at rest.  After the collision, Car A and Car B locked together and slid 

18 m.  The coefficient of kinetic friction between the locked wheels and the road was measured to be 0.60.  Was the driver of 

Car A exceeding the 55 mph (25 m/s) speed limit before it collided with Car B? (Hint:  friction is the only thing slowing the 

cars down after the collision; find their deceleration to find their speed after the collision)  

Answers:   
1) 0.05 m/s 2) 0.025 m/s 3) -10,000 Ns 4) 1.7 m/s 5) 1.9 m/s 6) 4 m/s 

7) -0.13 m/s 8) -0.075 m/s 9) -4.5 m/s 10) -4.8 m/s 11) 0.8 m/s 12) 7.2 m/s 

*13) 8.1 m/s *14) no, he was going 23 m/s 
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Impulse    
Momentum is a commonly used term in sports. When a sports announcer says that a team has the momentum they mean 

that the team is really on the move and is going to be hard to stop. An object with momentum is going to be hard to stop. To stop 

such an object, it is necessary to apply a force against its motion for a given period of time. 

The more momentum an object has, the harder it is to stop. Thus, it would require a greater 

amount of force or a longer amount of time (or both) to bring an object with more 

momentum to a halt. As the force acts upon the object for a given amount of time, the 

object's velocity is changed; and hence, the 

object's momentum is changed.  

The concepts in the above 

paragraph should not seem like abstract 

information to you. You have observed this a number of times if you have watched 

the sport of football. In football, the defensive players apply a force for a given 

amount of time to stop the momentum of the offensive player who has the ball. You 

have also experienced this concept a multitude of times while driving. As you bring 

your car to a halt when approaching a stop sign or stoplight, the brakes serve to 

apply a force to the car for a given amount of time to stop the car's momentum. An 

object with momentum can be stopped if a force is applied against it for a 

 given amount of time. 

A force, acting for a given amount of time, will change an object's 

momentum. Put another way, an unbalanced force always accelerates an object - 

either speeding it up or slowing it down. If the force acts opposite the object's 

motion, it slows the object down. If a force acts in the same direction as the object's motion, then the force speeds the object up. 

Either way, a force will change the velocity of an object. And if the velocity of the object is changed, then the momentum of the 

object is changed. 

 Whenever a collision occurs, momentum is conserved.  During the collision, forces act on the objects for a period of time, 

transferring the momentum.  Therefore, the change in momentum of one object must be equal to the force exerted on the other 

object multiplied by the length of time that the two objects are in contact.  This quantity, 'force multiplied by time of contact', is 

called impulse.  Mathematically stated:  

   p = mv = F t  

But since the mass doesn’t change a better formula might be p = mv = F t 

      (Impulse = F t)   

Keep these three major truths in mind: 

 the impulse experienced by an object is the force*time  

 the momentum change of an object is the mass*velocity change  

 the impulse equals the momentum change  

EXAMPLE:  What average force is needed to get a 1 kg hammer moving at 25 m/s if you apply the force for 0.05 second? 

 

   Given:   m = 1 kg      

 v = 25 m/s      

 t = 0.05 s      

 F = ?  

   Equation: m∆v = F t;  

       solving for    

 

                 

   Substitution:   

 

 

 

  Answer:  F =  500 N     

For more information and helpful sample problems visit www.physicsclassroom.com  

 

(1kg)(25m/s) 
F = 

0.05s   

m∆v 
F = 

t   
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Momentum Problems 
1.   What impulse is needed to give a 5 kg mass a change in velocity of 4 m/s?   

2.   You push an object with a force of 4 N for 0.5 s.  What impulse is imparted to the object?   

3.   If the object in Problem #2 has a mass of 2 kg, what is its change in velocity?   

4.   A 50 kg pole-vaulter drops vertically from a height of four meters, coming to rest just 0.4 seconds after his feet touch the 

ground.  

 a) What is his momentum just before his feet touch the ground?   

 b) What average force acts on him during his deceleration?   

5.   A skier (mass of 60 kg including skis) reaches the bottom of a hill going 20 m/s.     

 a) What is the skier's momentum?   

 b) The skier plows into a snow bank (SPLAT!) and stops in only 0.5 s.  What was the average force exerted on the skier 

by the snow bank?    

 c) What was the acceleration of the skier during the time it took him to stop?   

 d) How far did the skier travel into the snow bank while stopping?   

6. A 20 g bullet, traveling horizontally with a velocity of 1000 m/s, embeds itself in a 0.98 kg wooden block suspended by a 

string and initially at rest.  What is the velocity of the block immediately after it is struck?   

*7.   During a Tee-Ball game, A 0.145 kg baseball is hit (from rest) and is popped straight up to a height of 55.6 m ( by a really 

strong kid!).  If the contact time is 0.0014 seconds, calculate the average force on the ball during the contact. 

 

Momentum & the Real World 
Now we will examine some real-world applications of the impulse-momentum change theorem. We will examine some physics in 

action in the real world. In particular, we will focus upon  

 the effect of collision time upon the amount of force an object experiences, and  

 the effect of rebounding upon the velocity change and hence the amount of force an object experiences.  

As an effort is made to apply the impulse-momentum change theorem to a variety of real-world situations, keep in mind that 

the attempt is to use the equation as a guide to thinking about how an alteration in the value of one variable might affect the value 

of another variable. 

The Effect of Collision Time upon the Force 
First we will examine the importance of the collision time in effecting the amount of force which an object 

experiences during a collision. In a previous part of Lesson 1, it was mentioned that force and time are 

inversely proportional. An object with 100 units of momentum must experience 100 units of impulse in order to 

be brought to a stop. Any combination of force and time could be used to produce the 100 units of impulse 

necessary to stop an object with 100 units of momentum. This is depicted in the table below. 

 

Combinations of Force and Time Required to Produce 100 units of Impulse 

Force Time Impulse 

100 1 100 

50 2 100 

25 4 100 

10 10 100 

4 25 100 

2 50 100 

1 100 100 

0.1 1000 100 

  

Answers: 
   1) 20 Ns  2) 2 Ns   3) 1 m/s 4a) 440 Ns  4b) 1100 N 

  5a) 1200 Ns  5b)-2400 N  5c)- 40 m/s2   5d) 5 m  

6) 20 m/s  *7) 3400 N 
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 Observe that the greater the time over which the collision occurs, the smaller the force acting upon the object. Thus, to 

minimize the effect of the force on an object involved in a collision, the time must be increased; and to maximize the effect of the 

force on an object involved in a collision, the 

time must be decreased. 

 

There are several real-world applications of this 

phenomenon. One example is the use of air bags 

in automobiles. Air bags are used in automobiles 

because they are able to minimize the effect of 

the force on an object involved in a collision. Air 

bags accomplish this by extending the time 

required to stop the momentum of the driver and 

passenger. When encountering a car collision, 

the driver and passenger tend to keep moving in accord with Newton's first law. Their motion carries them towards a windshield 

which results in a large force exerted over a short time in order to stop their momentum. If instead of hitting the windshield the 

driver and passenger hit an air bag, the time duration of the impact is increased. When hitting an object with some give such as an 

air bag, the time duration might be increased by a factor of 100. Increasing the time by a factor of 100 will result in a decrease in 

force by a factor of 100. Now that's physics in action.  

 

 

 

The same principle explains why dashboards are padded. If the air bags do not deploy (or are not installed in a car), the 

driver and passengers run the risk of stopping their momentum by means of a collision with the windshield or the dashboard. If the 

driver or passenger should hit the dashboard, then the force and time required to stop their momentum is exerted by the dashboard. 

Padded dashboards provide some give in such a collision and serve to extend the time duration of the impact, thus minimizing the 

effect of the force. This same principle of padding a potential impact area can be observed in 

gymnasiums (underneath the basketball hoops), in pole-vaulting pits, in baseball gloves and goalie 

mitts, on the fist of a boxer, inside the helmet of a football player, and on gymnastic mats. Now that's 

physics in action. 

Fans of boxing 

frequently observe this same 

principle of minimizing the 

effect of a force by extending the 

time of collision. When a boxer 

recognizes that he will be hit in the head by his opponent, 

the boxer often relaxes his neck and allows his head to move backwards upon impact. In the 

boxing world, this is known as riding the punch. A boxer rides the punch in order to 

extend the time of impact of the glove with their head. Extending the time results in decreasing 

the force; thus minimizing the effect of the force in the collision. Merely increasing 

the collision time by a factor of ten would result in a tenfold decrease in the force. Now that's physics in action. 

Nylon ropes are used in the sport of rock-climbing for the same reason. Rock climbers attach themselves to the steep cliffs 

by means of nylon ropes. If a rock climber should lose her grip on the rock, she will begin to fall. In such a situation, her 

momentum will ultimately be halted by means of the rope, thus preventing a disastrous fall to the 

ground below. The ropes are made of nylon or similar material because of its ability to stretch. If the 

rope is capable of stretching upon being pulled taut by the falling climber's mass, then it will apply a 

force upon the climber over a longer time period. Extending the time over which the climber's 

momentum is broken results in reducing the force exerted on the falling climber. For certain, the rock 

climber can appreciate minimizing the effect of the force through the use of a longer time of impact. 

Now that's physics in action. 

In racket and bat sports, hitters are often encouraged to follow-through when striking a ball. 

High speed films of the collisions between bats/rackets and balls have shown that the act of following 

through serves to increase the time over which a collision occurs. This increase in time must result in a 

change in some other variable in the impulse-momentum change theorem. Surprisingly, the variable which is dependent upon the 

time in such a situation is not the force. The force in hitting is dependent upon how hard the hitter swings the bat or racket, not the 

time of impact. Instead, the follow-through increases the time of collision and subsequently contributes to an increase in the 

velocity change of the ball. By following through, a hitter can hit the ball in such a way that it leaves the bat or racket with more 

velocity (i.e., the ball is moving faster). In tennis, baseball, racket ball, etc., giving the ball a high velocity often leads to greater 

success. Now that's physics in action. 
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Momentum Problems 
1.    A police report of an accident describes two vehicles colliding (inelastically) at an icy intersection of 

country roads.  The cars slid to a stop in a field as shown in the diagram at the right.  Suppose the 

masses of the cars are approximately the same.   

a) How did the speeds of the two cars compare just before the collision?    

 b)    What information would you need in order to calculate the actual speeds of the 

automobiles?    

 

 

 

2. Two students are rushing through the halls trying to get to class on time.  Student "A", a massive football player, collides with 

student "B", a tiny freshman, at the intersection of two hallways as shown in the diagram below.  Consider their speeds to be equal.  

Identify and label each student in the diagram.  What "physics" reasoning did you use to decide which was which?    

 

3. A tank, driven by Ms. Cassady, is motoring down a side street at approximately 25mph.  A tiny Chevy (only one fifth the weight of 

the tank), driven by Mr. Moriarty, approaches the tank along the angled path at 25 mph (he is a very cautious driver!).  As luck 

would have it, Mr. Moriarty's Chevy bumps Ms. Cassady's tank and sticks to it, causing both vehicles to slide together in a new 

direction.  The diagram below shows the paths of the vehicles before the collision.  Draw a line that shows the approximate path of 

the vehicles after the collision.  Why did you select the path that you did?    

 

4.    Two ice skaters (of about equal mass) collide as shown on the right.  Ice skater "X" was going twice as fast as Ice skater "Y".  

Show the approximate after path if the two ice skaters slide together hanging on for dear life.  Why did you predict this particular 

path?    

 

 

 

 

 

 

 

 

5.    If the two ice skaters from the above problem collided, but then recovered enough to continue skating alone, whose direction 

would change the most? (Assume that the skaters are free to travel in any direction.)  Sketch the before and probable after paths. 

X 

Y 

X 

Y 
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Review Momentum Problems 
1.  Superman, who has a mass of 92 kg, is flying along at a rate of 23 m/s when he suddenly spies trouble.  He swoops down at the 

same rate and plucks an inert young boy, mass of 25 kg, from the brink of danger.  Assuming that the momentum of the Superman-

young boy system is constant, find the velocity of Superman as he carries the young boy from danger. 

 

2.  Later that same day Superman must again rescue humanity by stopping a runaway train locomotive (m = 2.7 X 106 kg) that is 

moving at 30 m/s.  Find the force that Superman must exert to stop the locomotive before it falls over the cliff just 300 m away! 

 

3.  Tired after a long day of saving humanity, Superman falls from the top of the Empire State Building, too weak to fly.  After falling 

for 8 s, he lands on his feet and stops in 0.35 s.  With what average force did he land? 

 

4.  While Superman sleeps Batman and Robin answer a call to save the world.  Unfortunately, Robin drives the Batmobile recklessly 

and ends up hitting a brick wall.  The Batmobile has a mass of 1254 kg (including Batman and Robin).  After the accident, the 

cracked speedometer gives a reading of the speed of the car before it hit the wall as 97 km/hr.  Batman estimates that the front-end 

damage was caused by a force of 1.3 X 105 N.  How long did it take the Batmobile to come to a stop? 

 

5.  Two balls collide at right angles as shown in the following diagram; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The larger ball with a mass of 500 g initially travels at 1 cm/s.  The smaller ball which has a mass of 250 g initially travels at 2 

cm/s.  After the collision the smaller ball travels at 1.5 cm/s along a path 115o from its original path.  What is the velocity of the 

larger ball after the collision? 

 

6.   An ice skater (m = 70 kg) skates at a velocity of 15 m/s in a straight line.  The ice skater collides with a smaller ice skater (m = 40 

kg) moving in the same direction with a velocity of 4 m/s.  The skaters hang onto each other after the collision and continue 

moving in the same direction.  What is their velocity after the collision?  What is the change in momentum of the larger ice skater?  

What is the change in momentum of the smaller ice skater? 

 

7.   Now that Superman is sleeping and Batman and Robin are at the Police Station filling out accident reports, the "Flash" must 

continue to rescue humanity.  As he runs down the highway at a velocity of 66 m/s, he hits a patch of ice and continues to slide at 

the same velocity.  While sliding along he collides elastically with the fleeing robber who was initially moving toward the "Flash" 

with a velocity of 7.7 m/s.  After the collision, which lasted only 0.22 s, the robber is sliding backwards on the ice at a rate of 48 

m/s.  The "Flash" and the robber each have a mass of 82 kg.  How fast did the "Flash" move after the collision and in what 

direction?   

 

8.   A 1.0 kg steel ball is dropped from a height of 3.0 meters onto muddy ground.  If it stops in 0.15 s after making contact with the 

mud, how far into the mud does it go? 

 

9.   While traveling to school on a very icy day, a physics student tries to stop his car (a 950 kg Chevy) while heading north on 

Wadsworth, but slides into the intersection at 16 m/s.  Unfortunately, another car (twice the mass of the student's car) approaches 

the intersection heading west at 14 m/s, and slides into the student's car.  The two cars hit and slide together as a crumpled mass 

through the intersection.  Find the velocity of the crumpled mass. 

 

250 g 

500 g 

115 

degrees 

500 g 

Before 

Before 

After 
After 
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10. Compare the average amount of force acting on a person when he is hit in the chest by a baseball with the average force when he is 

stopped by a steering column in a 20 mi/hr head- on collision. To do this, follow the three steps below, and we will be able to 

answer this question by part “c” of the problem. 

 

  a) A 5 oz (140 g) baseball thrown by a major league pitcher often travels about 100 ft/s (30 m/s).  If the baseball comes to rest after 

hitting the batter, in approximately 0.050 s, calculate the average force that the batter feels. 

   

  b) Suppose that the car travels at 20 mi/hr (8.89 m/s) and the effective weight of the driver hitting the steering column is 90 lb (400 N).  

If the duration of the force is 0.10 s, what is the average force against the man's chest? 

 

  c) The baseball's force is applied over an area of about 1 in2, while the steering column's force is over an area of about 10 in2.  The 

force per unit area, or pressure, is a more proper way to compare the effects. Which object, the baseball or the car, will exert a 

larger pressure on a person? 

 

#11 &12 For the two drawings above use t =0.1s between exposures and predict what the velocity including direction would be if 

objects A & B were to collide inelastically.  Assume momentum is conserved.  And use the (scale: 1cm=1m) 

 

 

 

 

 

 

 

 

13. Three air hockey pucks are moving across an air table.   Disc A has a mass of 1.5 kg and a velocity of 3 m/s east, Disc B has a 

mass of 1.0 kg and a velocity of 4 m/s south   Disc C has a mass of 2.0 kg and a velocity of 4 m/s west.  Find the momentum 

of each puck, and then use a vector diagram to find the total momentum of the system. 

 

14. A former Standley Lake physics student has become an 80 kg astronaut floating in space.  This astronaut did not pay enough 

attention during physics, so he throws a 2.2 kg ball towards the space station with a velocity of 30 m/s.  What will happen to 

the astronaut? 

 

A 

m = 1.5kg 

B 

m = 0.75kg 

A 

m = 0.65kg B 

m = 0.38kg 

11. 12. 
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15. An eagle, which has a mass of 12 kg, is flying along at a rate of 21 m/s when it suddenly spies his dinner in the form of a cute 

cuddly rabbit.  The eagle swoops down at the same rate and plucks the cuddly rabbit up.  Assuming the mass of the rabbit is 

6kg and that that the momentum of the eagle rabbit system is constant, find the velocity of eagle as it flies away. 

 

16. If a tennis ball leaves a launcher and flies straight up into the air a distance of 24 m above the launcher: 

 a)  What is the initial velocity of the ball? 

 b)  If the launcher is now tilted to 25O what are the vx and vy? 

 c)  What is the time the ball will be in the air? 

 d)  What horizontal distance will the ball travel? 

 

17. On an icy drive to school an inattentive student loses control of her car, mass of 2500kg.  The car slides out of control at 35m/s 

into a stopped bus mass of 15000kg.  Assuming the bus and car stick together and they continue in the same direction the car 

was going before they collided, what will be the speed of the car and bus after they collide? 

 

18. Two skaters, initially at rest on a frictionless ice pond, push against each other.  One skater has a mass of 60.0 kg and after the 

push moves away with a velocity of 1.0 m/s.  The other skater has a mass of 25.0 kg.  What is the velocity after the push of the 

25.0 kg skater? 

 

19. A boarder (m = 65 kg, including the board) accelerates down a slope at 2.5 m/s2 for 5.0 seconds.   

a) What is the momentum of the boarder at this point? 

b) If the boarder stops in a snowdrift in 0.2s what would his momentum be? 

c) What force would have been exerted on the boarder in stopping? 

d) What acceleration would the snow boarder have undergone to stop? 

e) What distance would the boarder have gone into the snow drift? 

 

*20.  A radioactive nucleus at rest decays into a second nucleus, an electron, and a neutrino.  The electron and neutrino are emitted 

at right angles and have momenta of 9.3 x 10-23 Ns and 5.40 x 10-23 Ns, respectively.  What are the magnitude and direction of 

the momentum of the second (recoiling) nucleus? 

 

*21.  We redo the ball in cup lab, but crank it up a notch.  We send a large (0.072 kg) marble down the ramp and time that it goes 

1.0 m across the desk in 0.63 seconds.  When it reaches the end of the desk it strikes a smaller (0.056 kg) marble at rest at the 

edge of the desk.  The bigger marble stops after the collision.  Where will the smaller marble land on the floor if the desk is 

0.90 m high?  

 

 

 

 

 

 

 

 

Answers:  
1) 18 m/s  2) -4E6 N    3) -21,000 N   4) 0.26 s 

5) 0.7 cm/s  6) 11 m/s, -280 Ns, +280 Ns  7) 10 m/s, same dir  8) 58 cm   

9) 11 m/s  10a) 84 N    10b) 3600 N    

10c) 84 N/in2 – ball; 356 N/in2 – wheel    11)  7 m/s to the south  12)  7.5 m/s @295 o 

13)  5.3Ns @230o  14)  move away at 0.83m/s  15)  14m/s   16a) 22m/s  

16b) vx=20m/s vy=9m/s       16c) 1.9sec   16d) 38m  

17) 5m/s   18) -2.4m.s    19a)  810Ns   19b) 0   

19c)  -4100N  19d) -63m/s2    19e) 1.2m    

*20) 1.1 x 10-23 Ns, 60° from the neutrino    *21) 0.87 m 
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Motion in 2D Review: To receive points you must write down both what the question asked as well as the answer. 

1) Convert the following 

a) 24 m to cm   b) 24 cm to m  c) 245g to kg  d) 0.25hr  to sec 

2) Applying the rules for significant figures, do the following: 

a) 24.98 divided by 12  b) 24.98 divided by 10  c) 24.98 divided by 12.1  

3) Convert the following:  (be sure to show all work) 

a)  42 m/s  to mm/min  b)  42 m/s to km/hr  c)  402 cm/min to m/s   

4) Sketch each of these graphs and then describe the motion 

5) Sketch each of these graphs and then describe the motion 

 

 

 

 

 

6) An airplane flying from Los Angeles to New York City completes the 2750-mile trip in 4 hours and 38 minutes. Find the average speed of 

the airplane during this trip. 

7) A steel ball rolling off of a table rolled a distance of 2.2 m in 1.6 s.  What was the horizontal speed of the ball as it rolled off of the table? 

8) A steel ball rolling off of a table rolled a distance of 2.2 m in 1.6 s.  What was the initial vertical speed of the ball as it rolled off of the 

table? 

9) A steel ball rolling off of a table rolled a distance of 2.2 m in 1.6 s.  What was the horizontal speed of the ball 0.36 s after it rolled off of 

the table? 

10) A steel ball rolling off of a table rolled a distance of 2.2 m in 1.6 s.  What was the final vertical speed of the ball after it fell 0.94cm 

 

11) When a ball is thrown straight up with an initial speed of 12 m/s, what is the speed of the ball at its highest point? 

12) When a ball is thrown straight up with an initial speed of 12 m/s, what is the acceleration of the ball at its highest point? 

 

13) How are vectors and scalars different? 

14) How are displacement and distance similar and different from one another? 

15) How are velocity and speed similar and different from one another? 

 

16) For a ball rolling off of a table if you have a vx of 2.4 m/s and a vyf of  3.6 m/s with what velocity will the ball hit the ground, include 

direction?  (Hint: do a vector diagram) 

17) For a ball rolling off of a table if you have a dx of 4.2 m and a dyf of  5.6 m what is the displacement of the ball, include direction?  (Hint: 

do a vector diagram) 

18) If a ball is shot into the air with an initial velocity of 5.9 m/s at 45o what is the xx and a vyi of  of the ball?  (Hint: do a vector diagram) 

19) If a ball is shot into the air with an initial velocity of 7.9 m/s at 65o what is the xx and a vyi of  of the ball?  (Hint: do a vector diagram) 

 

20) A kickball is kicked at a 50 angle with the ground, if the ball is in the air for 5.6 seconds before it hits the ground.   

a) What is the time it took the ball to go up? 

b) What is the vertical initial velocity of  the ball? (Hint: ag=9.8m/s2 and vyf = 0) 

c) What is the maximum height that the ball goes? 

d) What is the velocity of the ball including direction as the ball leaves the ground? (Hint: do a vector diagram) 

e) What is the horizontal velocity of the ball? (Hint: use the vector diagram from part d) 

f) What is the horizontal distance that the ball goes? 

 

21) If your mass on earth is 55 kg, what is your mass on the moon? 

22) If your mass on earth is 55 kg, what is your weight on the earth? 

23) If your weight on earth is 650N, what is your mass? 

24) If your weight on earth is 650N, what is your weight on the moon? 

 

25) A steel ball rolling off of a 95 cm tall table rolled a distance of 1.2 m in 0.85 s while on the table.  What is the horizontal distance the ball 

will land from the base of the table? 

 

26) If a ball is launched straight up 5.6m above the ground from a launcher that is 0.4 m tall find the following 

a. What height will you use to calculate the vyi as the ball leaves the launcher? 

b. What vyf will you use as the ball reaches its highest point? 

c. What is the vyi as the ball leaves the launcher? 

v 

t 

b) 
v 

t 

a) 
v 

t 

c) 

d 

t 

b) 
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t 

c) 
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d) 
d 

t 
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Motion in 2D Review: To receive points you must write down both what the question asked as well as the answer. 

27) An 65 kg sky diver starts falling from rest out of a plane.  His parachute opens immediately, and exerts a force of 450 N upward.  

 a)  What is the weight of the sky diver? 

b)  What is the net force acting on the sky diver? 

c)  What is the net acceleration of the sky diver? 

 

28) A skier with a mass of 65 kg goes skiing down a run and accelerates from rest at 4.4 m/s2 for 15 seconds, until she plows into a snow 

bank, and comes to a stop in only 0.88 seconds.  Find the force that skier experiences as she stops.   

 a)  What is the final velocity of the skier before she enters the snow drift? 

b)  What is the acceleration of the skier in the snow drift? 

c)  What is the net force on the skier in the snow drift? 

 

29) A Bullet is shot  horizontally at 26 m/s from a 15 m high cliff:  (Hint: this is a ball in cup problem) 

a. What time will the bullet be in the air? 

b. At what distance from the base of the cliff will the bullet hit the ground? 

c. What is the displacement of the bullet? (Hint: do a vector diagram) 

d. What is the velocity of the bullet as it hits the ground? (Hint: do a vector diagram) 

 

30) In the swinging stopper lab if a 6.5 gram stopper revolves at a radius of 1.2m and revolves 44 revolutions in 22 seconds. 

a. What is the frequency of the stopper? 

b. What is the period of the stopper? 

c. What is the velocity of the stopper? 

d. What is the centripetal acceleration of the stopper? 

e. What is the centripetal Force of the stopper? 

 

31) A physics group calculated the vf of their tennis ball launcher to be 8.2 m/s (Hint: This is the velocity that the ball leaves the launcher).  

The group then angled their launcher to 45 above the horizontal while making certain to maintain the original trajectory vi of 8.2 m/s.  

Use this information to solve for the following three parts. 

a) Find vx and vy as the ball leaves the ground. 

b) How long was the ball in the air (tair)? 

c) What is the horizontal distance for the trajectory assuming the landing is at the same height as the launcher? 

d) What is the vertical height for the trajectory assuming the landing is at the same height as the launcher? 

 

Answers: 
1a) 2400cm   1b) 0.24m   1c) 0.245kg  1d) 900s  

2a) 2.1   2b) 2   2c) 2.06  3a) 2500000mm/min   3b) 150km/hr   3c) 

0.0670m/s 

4a) slow speed away  4b) increasing speed away  4c) stand still 4d) slow speed towards 4e) decreasing speed away 

5a) slow increasing constant acceleration away  5b) constant speed away  5c) fast decraesing constant acceleration towards  

6) 593mph 7) 1.4m/s 8)  0m/s  9) 1.4 m/s 10)  tair=0.438s     vfy=4.3m/s 11) 0m/s  12)-9.8m/s2 

13) vector have magnitude and direction, scalars have magnitude only 

14) displacement has magnitude and direction, distance has magnitude only 

15) velocity has magnitude and direction, speed has magnitude only 

16)  4.3m/s @ 56O    17)  7m @ 53O    18)   vx = 4.2 m/s    vy = 4.2m/s   19)   vx = 3.3 m/s    vy = 7.2m/s 

20a) 2.8s   20b) 27.4m/s   20c) 38.4m     20d) 36m/s   20e) 23m/s  20f) 130m 

21) 53kg   22) 539N  23)  66kg      24) 106N 25) vx = 1.4m/s tair=0.44s         dx=0.62m 

26a) 5.2m   26b) 0m/s  26c) 10m/s 

27a) 637N   27b) 187N  27c) 2.87m/s2. 

28a) 66m/s   28b) -75m/s2  28c) -4875N 

29a) 1.7s   29b) 45m  29c) 47m @ 18O    29d) 31m/s @ 33O   

30a) 2rev/s   30b) 0.5s/rev   30c) 15m/s   30d) 189m/s2  30e) 1.2N 

31a) 5.8m/s   31b) tup=0.59s    tair=1.2s  31c) 6.9m    31d) 1.7m   
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Name _____________________ 

Period ____________ 

Air Track Collisions 
Elastic Collisions 

Description 

of masses 

Description of movement before collision Description of movement after collision 

Cart A Cart B Cart A Cart B 

Same mass Moving 

positively 

At rest in the 

middle of track 

  

A is heavy 

B is light 

Moving 

positively 

At rest in the 

middle of track 

  

A is light 

B is heavy 

Moving 

positively 

At rest in the 

middle of track 

  

Same mass Moving same 

speed positively 

Moving same 

speed negatively 

  

Same mass Moving fast 

positively 

Moving slow 

negatively 

  

A is light 

B is heavy 

Moving same 

speed positively 

Moving same 

speed negatively 

  

 

Inelastic Collisions 

Description 

of masses 

Description of movement before collision Description of movement after collision 

Cart A Cart B Cart A & B are stuck together 

Same mass Moving 

positively 

At rest in the 

middle of track 

 

A is heavy 

B is light 

Moving 

positively 

At rest in the 

middle of track 

 

A is light 

B is heavy 

Moving 

positively 

At rest in the 

middle of track 

 

Same mass Moving same 

speed positively 

Moving same 

speed negatively 

 

Same mass Moving fast 

positively 

Moving slow 

negatively 

 

A is light 

B is heavy 

Moving same 

speed positively 

Moving same 

speed negatively 

 

A is Heavy 

B is Light 

A is slow 

B is Fast 

A is slow 

B is Fast 

 

1. In general what is the difference between elastic and inelastic collisions when two carts of equal mass and velocity collide?   

 

 

 

 

2.  In general what is the difference between elastic and inelastic collisions when two carts of equal mass but different velocities 

collide?   

 

 

 

 

 

3. In general what is the difference between elastic and inelastic collisions when two carts of different masses but equal 

velocities collide?   

 


