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Momentum: a quantity 
defined as the product of the 
mass and velocity of an object 
 
Impulse: the product of the 
force and the time over which 
the force acts on an object   

Linear Momentum 
•  A soccer player kicks a moving ball and the ball’s 

velocity changes rapidly. 
•  After the ball is kicked, the ball’s speed and the 

direction of the ball’s motion change. 
•  Kinematic equations describing one-dimensional 

motion can predict the motion of the ball before and 
after it is kicked. 

•  Newton’s laws allow us to calculate how the force of 
the kick changes the motion of the ball. 

•  The duration of the collision between the ball and the 
soccer player’s foot also affects the motion of the ball.  

Linear Momentum 
•  Momentum is mass times velocity  
•  To address such issues, we need a new concept, 

momentum. Momentum is a word we use every day in 
a variety of situations, but in physics this word has a 
specific meaning. 

•  The linear momentum of an object of mass m moving 
with a velocity v is defined as the product of the mass 
and the velocity, and is represented by the symbol p.  



Linear Momentum 
•  Momentum is so fundamental in Newton’s mechanics 

that Newton called it simply “quantity of motion.” 
•  The symbol for momentum, p, comes from German 

mathematician Gottfried Leibniz, who used the term 
progress to mean “the quantity of motion with which 
a body proceeds in a certain direction.” 

•  We use Leibniz’s notation…Leibniz wins again. 

Linear Momentum 
•  Momentum is a vector quantity, with its direction 

matching that of the velocity. 
•  Momentum has dimensions mass × length/time, and 

its SI units are kilogram-meters per second (kg • m/s).  
•  A bike coasting down a hill of uniform will accelerate 

due to the force of gravity. 
•  You might say that the bike is “picking up speed” or 

“gathering momentum.” 
•  The faster you move, the more momentum you have 

and the more difficult it is to come to a stop.  

Linear Momentum 
•  Imagine rolling a bowling ball down one lane at a 

bowling alley and rolling a playground ball down 
another lane at the same speed. 

•  The more massive bowling ball exerts more force on 
the pins than the playground ball exerts because the 
bowling ball has more momentum than the 
playground ball does. 



Linear Momentum 
•  When we think of a massive object moving at a high 

velocity, we often say that the object has a large 
momentum. 

•  A less massive object with the same velocity has a 
smaller momentum. 

•  On the other hand, a small object moving with a very 
high velocity may have a larger momentum than a 
more massive object that is moving slowly does. 

•  For example, small hailstones falling from very high 
clouds can have enough momentum to hurt you or 
cause serious damage to cars and buildings.  

Impulse 
•  A change in momentum takes force and time  
•  In a given time interval, you must exert more force to 

stop a fast baseball than to stop a baseball that is 
moving more slowly. 

•  Compare the amount of force to stop (in the same 
time interval) a small toy truck and a real dump truck 
rolling with the same velocity. 

•  You have probably also noticed that a ball moving 
very fast stings your hands when you catch it. 

Impulse 
•  A change in momentum is closely related to force. 
•  In fact, when Newton first expressed his second law 

mathematically, he wrote it not as F = ma, but in the 
following form: 

•  We can rearrange this equation to find the change in 
momentum in terms of the net external force and the 
time interval required to make this change. 



Impulse 
•  The rearranged equation:  

•  This equation states that a net external force, F, 
applied to an object for a certain time interval, Δt, will 
cause a change in the object’s momentum equal to 
the product of the force and the time interval. 

Impulse 
•  The rearranged equation:  

•  In simple terms, a small force acting for a long time 
can produce the same change in momentum as a 
large force acting for a short time. 

•  The expression FΔt = Δp is called the impulse-
momentum theorem. The term on the left side of the 
equation, FΔt, is called the impulse. 

Impulse 
•  Stopping times and distances depend on the impulse-

momentum theorem.  
•  Highway safety engineers use the impulse-momentum 

theorem to determine stopping distances and safe 
following distances for cars and trucks. 

 



Impulse 
•  Force is reduced when the time interval of an impact 

is increased  
•  The impulse-momentum theorem is used to design 

safety equipment that reduces the force exerted on 
the human body during collisions. 

•  Examples of this are the nets and giant air mattresses 
firefighters use to catch people who must jump out of 
tall burning buildings. 

•  The relationship is also used to design sports 
equipment and games.  

 

Impulse 
•  When an egg hits a hard 

surface, the egg comes to rest 
in a very short time interval. 

•  The force the hard surface 
exerts on the egg due to the 
collision is large. 

Impulse 
•  When the egg hits a pillow, the 

egg undergoes the same 
change in momentum, but over 
a much longer time interval. 

•  In this case, the force required 
to accelerate the egg to rest is 
much smaller. 



Impulse 
•  By applying a small force to the egg over a longer 

time interval, the pillow causes the same change in 
the egg’s momentum as the hard surface, which 
applies a large force over a short time interval. 

•  Because the force in the second situation is smaller, 
the egg can withstand it without breaking. 


