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Linear Momentum

L Linear momentum

Linear momentum

Mass in motion

p=mv _)Bm/s

same p = 6kgm/s

(] 1o

A vector — points the way the velocity

does. Total momentum = the vector sum.

Momentum grows with both mass and
speed — a slow truck and a fast bullet
can match.



Impulse is the area under the force-time curve
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Impulse is the area under the force-time curve, equal to the average force times
the contact time



Linear Momentum

Linear momentum

Worked example — a ball bouncing off a wall

A 0.15 kg ball hits a wall at 20 m/s and
bounces straight back at 15 m/s. The

contact lasts 0.020 s. Find the average
force.

m take toward the wall as positive:
Ap = m(vg—v;) = 0.15(—15 — 20)
m = —5.25kgm/s
Ap —5.25
m =

At 0.020
away from the wall

= —260 N, i.e. 260 N

The rebound makes v¢
negative, so Ap is larger
than either speed alone
would suggest. Forgetting
that sign halves the an-
swer.



A head-on collision
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before: Q Q
A B
U1 ()

after: Q O
A B

A head-on collision: total momentum before equals total momentum after



AP Physics 1

Exercises 2.1:2.3

2.1 Find the momentum of a 0.50 kg ball moving at 8.0 m s . [1]

2.2 A 1200 kg car has momentum 18000 kg m s~ '. Find its speed. 2]

2.3 Two carts move along a line: 3.0 kg at +2.0 m s~! and 1.0 kg at —4.0 m s~!. Find
the total momentum. 2]



AP Physics 1

Exercises 2.1:2.3

2.1 Find the momentum of a 0.50 kg ball moving at 8.0 m s . [1]

2.1
e p=mv=050x80=40kgms"

2.2 A 1200 kg car has momentum 18000 kg m s~ '. Find its speed. 2]
2.2
1
. UZEZM:me—l
m 1200

2.3 Two carts move along a line: 3.0 kg at +2.0 m s~! and 1.0 kg at —4.0 m s~!. Find
the total momentum. 2]

2.3

e p=(3.0)(+2.0) + (1.0)(—4.0) = +6.0 —4.0 = +2.0 kg m s~



AP Physics 1

Exercises 3.1-3.2

3.1 Momentum is a 1]

[j A scalar with the same direction as force
B vector in the direction of the velocity
C scalar equal to mv?

D vector opposite to the velocity

3.2 Two objects have equal momentum. The one with the greater mass has the 1]

D A greater speed

B smaller speed
C same speed
D greater kinetic energy



AP Physics 1

Exercises 3.1-3.2

3.1 Momentum is a 1]

[j A scalar with the same direction as force

B vector in the direction of the velocity

C scalar equal to mv?

D vector opposite to the velocity

3.1B

» vector in the direction of the velocity.

3.2 Two objects have equal momentum. The one with the greater mass has the 1]

D A greater speed

B smaller speed
C same speed
D greater kinetic energy

3.2 B

o for equal muv, larger m means smaller v



AP Physics 1

Exercise 3.3 (a)

3.3 A 0.16 kg ball moving at +5.0 m s~ bounces straight back at —3.0 m s .

(a) Find its momentum before the bounce.



AP Physics 1

Exercise 3.3 (a)

3.3 A 0.16 kg ball moving at +5.0 m s~ bounces straight back at —3.0 m s .

(a) Find its momentum before the bounce.

(a)
e p; =0.16 x (+5.0) = +0.80 kg m s~



AP Physics 1

Exercise 3.3 (b)

3.3 A 0.16 kg ball moving at +5.0 m s~! bounces straight back at —3.0 m s *.

(b) Find its momentum after the bounce.
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Exercise 3.3 (b)

3.3 A 0.16 kg ball moving at +5.0 m s~! bounces straight back at —3.0 m s *.

(b) Find its momentum after the bounce.

(b)
e pf=016x(-3.0)=—-048kgm s



AP Physics 1

Exercise 3.3 (¢)

3.3 A 0.16 kg ball moving at +5.0 m s~ bounces straight back at —3.0 m s .

(c) State the change in momentum.



AP Physics 1

Exercise 3.3 (¢)

3.3 A 0.16 kg ball moving at +5.0 m s~ bounces straight back at —3.0 m s .

(c) State the change in momentum.

(c)
e Ap=—-048—-080=—-128kgms "



