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 Kinetics of particle

5.3 Impulse and Momentum: Principle of linear impulse and
momentum, law of conservation of momentum, impact and
collision, direct central and oblique central impact.

Momentum

« Momentum: The motion of Inertia
momentum = mass X velocity

momentum = mv

o Units: kgm/s
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Impulse

* Impulse: The change In momentum of an object
due to a force that iIs applied during a period of
time

Impulse = force * time
Impulse = Ft
oUnits: N's
 Impact- The time duration in which a change in momentum Is occurring.
* Units- seconds
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Impulse-Momentum Theorem

* Impulse Is equal to a change in momentum
Impulse Changes Momentum

- If the change in momentum occurs over a short time, the
force of impact is large.
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Impulse-Momentum Principle

" Vv
ma But acceleration g = e
dv

F = m—

dt
Fdr = mdv Integrating both sides

{5 V2
j Fdr = I m dv
f. v,

| Fde=miva-v] )
4

£

f2

The term I F dt 1s known as impulse and 1s expressed in N.sec.
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The term j F dt 1s known as impulse and is expressed in N.sec.
fy

' v e in momentum.
The term m [v; — vy 81VeS chang

Thus equation (I) can be expressed as

Impulse = Change in momentum

or Impulse = Final momentum - Initial momentum

If the force is constant during the time interval 7, to 7,, then

4 Y
impulse will b€ [ = F[y-t4]= Fxt [ V
gince the velocity is a vector quantity impulse is also a F, y P
1 .
gantity. Cuweoee
voL qorncnt form, impulse momentum theorem can be "
{n comP ‘ 28
cxprCSSCd as 2 -
IFI dt = m[(vx)z (
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_aw of Conservation of Momentum

* Law of conservation of momentum states that

For two or more bodies in an isolated system acting upon each other, their
total momentum remains constant unless an external force iIs applied.
Therefore, momentum can neither be created nor destroyed.

Hence, the sum of the momenta of two bodies 200 kg
before a collision is the same as the sum of their —— "
momenta after a collision. soms 00 kg - m/s
Py + P2y = P + P ;g:ggr::g\"";,s h Before
(o
or

My Vg + MoVog = MV + MoV l
It is most simply written as:

800 kg

Poefore = Patter ;‘:0&,"9 x m/s
- : After
Conservation of Momentum is true for a closed 3400kg s

system where all the forces are internal.




Derivation of Conservation of Momentum

« Newton’s third law states that for a force applied by an object A on object B, object B exerts back an
equal force in magnitude, but opposite in direction.

» This idea was used by Newton to derive the law of conservation of momentum.

 Consider two colliding particles A and B whose masses are m; and m, with initial and final velocities
as u, and v, of A and u, and v, of B. The time of contact between two particles is given as t.

A = my(v; — u,) (change in momentum of particle A)

B = my(vy — us) (change in momentum of particle B)

Fpi = — Fap (from third law of motion)
ma(va—usz)
Fpa=ma*ay = %
my (v 1)
Fap=my*a; = — i :
TMa(vz ) o ey (1 1

t o t

MUy + Maols = MUy + Moty

I gy 4,
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Impact for Particles

Terminology: Contral
1. Direct Central Impact: | Impact Plane of Contact
The incident and Line
departure velocities of of Impact
the two particles are T e
collinear, (After | LA Frroeree (R B
. —— - —
Impact, A an_d B move VA1 VB4
along same line.)

2. Obligue Impact: Initial

velocities of Aand B are NOT ["gplique
collinear. Impact
Particles A and B strike a
glancing blow and their
departure velocities (at least
one, A or B) are at angles to

their initial velocities.
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Important!! Oblique ey N VB2

Impact LVBy2;
You must draw ~ 2 T TEQUAL!
and label the " Line
plane of contact X of Impact
and line of impact. VEy1l
Assume no AV 1 S A ’
friction impulse LT Vv s “~--g

along the plane
of contact, thus:

Vay2 = Vayl

Plane

VBy2 = VBy1
of Contact
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Detalls of Impact; Coefficient of Restitution
What happens during impact? An Up-Close View:

Description of Phase of Impact A Close View of Impact
of Particles A and B

Before impact, relative velocity AO B
VB1/A1 = VB1 - VA1 va o VB4

1

Deformation phase:
Kinetic energy stored as deformation

Max deformation: A and B v
momentarily share same velocity, v.

Restitution phase: Energy stored as
deformation converted back to KE.

After impact: If e <1, some KE lost. O_> O E
Rel Velocity: vgs/aA> = VBo - VAo 7 VB2

Coefficient of Restitution

e =_VvB2zaz _ —(VB2-Va2) _ (VB2-Va2)

VB1/A1 (vB1-vVa1) (Va4 -VB1)
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Detalls of Impact; Coefficient of Restitution

Coefficient of Restitution, e:  (Abbreviated as “COR™)
COR, e, is a measure of the energy stored in deformation during impact which is recovered

back to kinetic energy.

More precisely.... (see your text for a derivation...)
Relative
e = Departure Velocity _ -vB2/A2 _ —(VB2-VA2) (VB2 - VA2)
- Relative ~ vBuAa1  (VB1-Vva1) = (Va1 -VB1)
Incident Velocity

Cases: e=1 “Perfectly Elastic”
Rel Departure Velocity = Rel Incident Velocity

e=0 “Perfectly Plastic” (Particles stick together...)
Rel Departure Velocity =0

O<e<1 Range foreisbetween zero and one.

Typical values: .5 to .8 for balls
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More on Coefficient of Restitution (COR)

Kinetic Energy recovered after impact is approx e .
A COR (e) of 0.8 sounds high. But the KE after impact is (.8)? = 64% of
the original KE, meaning 36% of KE was lost!

Applications:

Golf Drivers: The USGA limits the COR of a driver’s face to be no
greater than COR = 0.83. They have on-site testing facilities to test
compliance (if requested).

High school and college metal baseball bats: Using metal bats saves
money because wood bats break. But metal bats have a higher COR
(batted balls have a 5-10% higher velocity off of a metal bat) than
wooden bats. Batting and slugging averages are inflated because of this.

Pitchers are also subject to injury.
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Equations for Impact Problems

(Let x be the Line of Impact, y be the Plane of Contact)

Along the Plane of Contact. VAay> = VAy1q
(Assumes no friction impulse

along this plane....) VBy2 = VBy4

Along the Line of Impact (Conservation of Momentum:

-+ —
> mAVAx1 + vaBx1 — mAVsz + mBVsz
- Also along the Line of Impact:
Line
of Impact
— X
Y STy + (VBx2 - VAax2)
“‘/{.—"B / e — (v -V )
-" va1 AX1 BX1
VAX1 “““ . . . .
A... Use a consistent sign convention for v’s in these
LTS Plane equations.

of Contact
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Problem No. 1:
A ball of mass 1 kg 1s moving with a velocity of 2 m/s to the right collides with

another ball of mass 2 kg moving with a velocity of 3 m/s to the left. Determine the
velocities of the balls after impact and corresponding percentage loss in kinetic energy
when, (1) the impact is elastic, (i) the impact is plastic, (i) the impact is such that e =
0.5.

I gy 4,
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Problem No. 2:
Two smooth spheres A and B having a mass of 2 kg and 4 kg respectively collide with

Initial velocities as shown in figure. If the coefficient of restitution for the spheres is e
= 0.8, determine the velocities of each sphere after collision.
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Problem No. 3:
A 50 gm ball is dropped from a height of 600 mm on a small plate. It rebounds to a

height of 400 mm when the plate is directly rests on the ground and to a height of 250
mm when a foam rubber mat is placed between the plate and the ground. Determine (i)
the coefficient of restitution between the plate and the ground (ii) mass of the plate.
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Problem No. 4:
A ball falls from a height of 1m hits the ground and rebounds with half its velocity just

before impact. Then after rising it falls and hits the ground and again rebounds with half
Its velocity just before impact, and so on. Determine total distance travelled by the ball

till it comes to rest on the ground.
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Problem No. 5:

Two smooth balls of mass A 3kg and ball B of mass 4kg are moving with velocities
25m/s and 40 m/s respectively at an angle of 30° and 60°with the vertical as shown
In figure. If the coefficient of restitution between two balls iIs 0.8, find the
magnitude and direction of velocities of these balls after impact.

40 vm/;s .

‘\'\
£ [GA |
._‘.“ : 5 { X JI
i Aoy

30°
|
25 m/s
I gy 4,
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* Problem No. 6 (Mixed type)

A 2 kg sphere Is moving with a velocity of 15 m/s when it strikes the vertical face of 4
kg block which is at rest. The block is attached by spring of constant k = 5000 N/m. If e
= 0.75 between the block and the sphere and there is no friction between the block and
the surface and between sphere and the surface, determine the maximum compression

of the spring due to impact. Yy

e
l.a‘ "N

Fe
..

| 42 ;

33N - —

4 k=5000N/m| p

| ! h i)

Py 2 - v,

2 A m|, B

e ! - s
33 I :

- |
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* Problem No. 7 (Mixed type)

The bullet travelling horizontally with a velocity of 600 m/s and weighing 0.25 N
strikes a wooden block weighing 50 N resting on a rough horizontal floor. The
coefficient of kinetic friction between floor and 50 N block is 0.5. Find the distance
through which the block is displaced from its initial position. Given that the bullet after

striking remains buried in the block. 5N
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