Momentum and
Impulse
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In any system of bodies which act on each other, action and
reaction, estimated by momentum gained and lost, balance
each other according to the laws of equilibrium.
Jean de la Rond D'Alembert
18th Century

OBJECTIVES



Review Question

A puller applies a force on the cart Wthh
1s always tangent to the circle and which 18/ "
just sufficient to overcome friction in the
cart and maintain the cart's motion at a

constant speed. The force i a direction

perpendicular to the circle 1s
A. outward away from the centre
B. zero

C. mmward, towards the centre



Momentum

A. It’s a scalar
B. It’s a vector

C. No, It’s superman!



Impulse

A. It’'s something else
B. It’s a scalar

C. It’s a vector



Impulse

F racket on ball

Contact

begins.

Point of maximum

compression
s e
$ 9
>4 <,
X =)
I =
S %

Duration

Contact

ends.



Impulse

- When the racket hits the ball

. :Fxt%mgketon}xﬂl::_‘fr<t>lnﬂlonrad«ﬂ

. Time mterval from ¢ to tr1s the same
- 0= my (a’vb/dz‘>
o Fronpdt = mydoy

- Define “Impulse”

ronb
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J on ball — f I
Li



Momentum

- rOnbd[:mba’%:d(mb 0p)
~ Mass x Velocity = Momentum
- Dy =Mp Vi

> ronbd[:dpb

tf tf
J on bant = fFronbdt= fdpb = Py~ P;
t t



Impulse Momentum

The impulse on an object in a time

interval equals the object’s change of
momentum.



Average Force
Maximum Force

(b)
F -
x ['he area under the
rectangle of height
* 18 the same as
J A o) lll.L \me a
X the area in part (a).
F avg | The area under
the triangle 1s
0 t the same as the
area 1n part (a)

Same duration A7

Copyright © 2004 Pearson Education. Inc.. publishing as Addison Wesley



A ball hits the wall.

What direction 1s the momentum

change?
Before = After
O <=8 O
m—- e
A.To the right v, >0 Ve <0
B. To the left
C. Up

D. Down



A ball hits the wall.
What direction 1s the impulse on the

ball?
Before _ After
O <6

v >0 v <0
A.To the right

B. To the left

C. Up

D. Down




Before . After
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@ Draw the before-and-after pictures.

Before:
v. = —=20m/s .
= @ Establish a
5 @ coordinate
£ system.
m=0.15kg
i
- X
¢ € Defi bol
. efine symbols.
After: . g
=~ @ List known
information.
8
v, =40 m/s
Find: F_ and F_ O Identify desired

unknowns.

max

B

e

6 ms



(a)




3. The ball moves to the
(b) right with a higher speed.

|
|

\ 2. It’s hit to the right.

1. The ball was initially
_ moving to the left.

p 1.X T ']x = P [x



Conservation of

Momentum




The momentum change of ball 1

The forces ..., @ 1s equal and opposite to
during the . the momentum change of ball 2
collisionarean g - ---o_

action/reaction ,~

\

- \
pair.

2onl |l on2

During .
© The total momentum 1s

@ always the same
( ""f.\' )'w

After



Inelastic Collision

.. 1
before collision - S -
after collision
L -

())

stuck together

Use conservation of momentum to find ¢’



Inelastic Collision
1-D
beftore after
Piotal =MV = Dioa = (Mg +my U’

muy, =(m, + m,)v’




Inelastic Collision
equal masses

m
v = 1 U

1
(m, + m,)

m, = mnm,

o, L%
1
(2m,) 2

U



Inelastic Collision
%, :2 11

0 =7



After:
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Explosions

e T e
Protal = 0

after “explosion”

(,— —_—
¢ 7 V’Z

/ r p,total: 0
m,v, + myv, =0

v, m, o
- = Inverse Relationship
Uy, My




Reverse Explosion

before Vi V2
ﬁ _
e —.
<€ >
/
Protal = 0 ﬂ — %
/
Uy My
e o | ome |

P 'total = 0

Note that if you sit on one of the blocks, the
“explosion” looks like a collision:
Change of reference frame.



Explosions in 2-D

Before: After:
Y y ¥
Vie = 2.0 m/s v, = 10 m/s =g
M=10g (i —()
LS m/s
: ”12 E— 3 g ‘ 3 ,6 "13
V‘
X '

Find v3 and ©



Before:

-‘.

M=10g (

Explosions in 2-D

~

piy=p1y+p2y+p3y=0

After: v, = |.:’_n7
y -
= - 40°
V. =2.0m/s Q/'__ i
— v, = 10 m/s |
"'“ = 0 m/s 4_(2)
M, 38 8}%‘"“
X ‘._;
Pi, = D1y + Py, + D
1x e = 720 188 < unknowns



D, =(3g)(12.0m/s) cos 40°

Accountancy = D78 oz
101 Py, = (32)(12.0m/s) sin 40j
=23.1 g*m/s
Belore: After:
' RAller v, = 12 m/s A
: y | '
£40
V. =2.0m/s U m =3¢
—— ey : v, = 10 m/s
~ V. _=0ms .
I)I: = 3 o I " HI‘;
p.. = ]\[‘/m _ (102)(2.0m/s) = 20 g-m/s Dy, = (32)(=10.0m/s) i,
i = -30g-m/s 3

Psyx = Py _(plx + pr) =22.4 g mls

0
Ps, = _(p1y +}7{y) =-23.1g°*m/s
Find 0 and ¢3.



