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Impulse & Momentum

 J = ∫ F(t) dt   (tinit ia l to tfinal)
.

     (when force is known as a funct ion of t ime)

 J = ∆p       
.

      ∆p = change in momentum  

Impulse is a measure of the change in momentum of an object when a 
force is appl ied over a short period of t ime 
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F = dp/dt
 
dp = F(t) dt

∫ d p  = ∫ F (t) dt 

Impulse Momentum Theorem

"The impulse experienced by an object 
is equal to the change in its momentum"

Impulse and 
change in 
momentum always 
have the same 
direct ion

Force changes between the 
t ime the bal l connects and 
then disconnects

   ∆p = J  (Impulse–Momentum Theorem)  
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If the force is constant over a t ime interval 
∆t , the impulse can be calculated as:
 
             J = Favg ∆t

Average Force & Impulse

Newton's 3rd law tel ls us that 
the bat experiences the same 
force as the bal l but in the 
opposite direct ion. The impulse 
on the bat therefore is also of 
the same magnitude but in the 
opposite direct ion

Area of rectangle = 
Area under curve = J
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Force vs. Time Graphs

The area under a 
force-t ime (F-t) graph 
represents the impulse.

Area under each of the 3 
graphs is equal and 
therefore the impulse is 
also equal J
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A 0.40 kg bal l is thrown against a wal l at 30 m/s and rebounds at 20 m/s.
Co l l is i on durat ion is 0 .0 1 s . Find :
.

(a) Impulse on the bal l .
(b) Average horizonta l force exerted by the wal l

Impulse Momentum (Solved Example)

1 . In it ia l Momentum:   pi = mv1       = 0.40 kg  (-30 m/s) = -12 kg·m/s

2. Final Momentum:    pf = mv2      = 0.40 kg (+20 m/s) = +8 kg·m/s

3. Impulse:           J = pf - pi    = 8 kg·m/s - (- 12 kg·m/s) = 20 kg·m/s

4. Average Force:    Favg = J / ∆t   = 20 N·s / 0 .0 1 s = 2000 N
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Impulse J is a result of change in part ic le’s momentum, which depends on the t ime over which 
the net force acts (J = ∫ F(t) dt)

Work–energy theorem gives us the change in kinet ic energy. Tota l work done depends on the 
distance over which the net force acts and has no dependence on t ime it took . (Wtot = Fd)

Comparing Momentum and Kinetic Energy

Catching a 0. 1 0-kg bal l at 20 m/s vs. a 0 .50-kg bal l at 4 m/s. 
Which is easier to catch?

1. Both have the same momentum (p = 2 kg·m/s) .
2. But , KE differs: KE of the smal l bal l is 20 J, and the larger 

bal l is  4 J.

A lthough momentum and impulse are the same, more work is needed 
to stop the smal ler bal l due to its higher KE (Wtot = K2 - K1 )

An Example to Compare
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Summary of Tables


