
? Chapter 7 Linear Momentum

We add a new took to the tool box: Momentum.
o Each toot has it's stengths and weaknesses;

v=votgt? Newtons Laws (Kinematies) Sy-Vo 4V.642gE

§ 2E=ma
V

? Enegy P, +K, = Pat K, + Warng

Vo Emv? = ugh + F?H

omentum we consive the product of
"mass- speed"
"Bert for collisios."

* Momentum
The product of an object's Velocityand
mass is called is momentam

P = mv

? Dimensions: [p] = (kg) (5)



? Note that we can mult. & dir. by e
another "secondl" to get...

[P] = kgm.s

this revels another farm of momentum:

Ap - FAt impulse"

÷ At F A R T anothe form-of Newton' Law

? momentum is best used in a before vs. after

situation If mass is fixed

Mariatione Af = mà
At =m At If velocity is tired

-Or-
oR- F  =  1  =

Am neither veloc, by non

At wass is fixed

76 = 1(my)
(Am) + mAV

A t At
m

Rocket

Fbefore

A m

l e s s  m - A m
mass

more V I A V
speed

Faftw



A top tennis playe has thetennis ball (a
leaving her racket at 55m/s §120 mphy!

If the ball is in contact with the racket
for 4ms, estimate the average force that
was delivered to the ball. Mball =0.06 kg

§60gmy
At

V. =0 Vs=55m/s

@After
O Before 4ms

Fave =AfA+=m (Av)  =m= mAt A t

=(0.06043) 155445-04457 = 800N
0.004s

The weight of a 60kg peson = (60198) + 60024

?So Force are About 1.3 that of the weight of a
60 kg person...



* Impulse I the apid application of force

Let the hand bein contact
with the board for At

If the speed of the hand@contactis.10mls

and the the board moves lam before breaking,
Find the impulse. Fassume the hand is Ily in mar

? Impulse = I= FAt but FAt-Ap

I=m AV = (14g) (10m/s-Dm/s) = 10kg. IT-N?5)
Befer -after

? Contact time

V =9 A t  = ? ? = 0 . 0 1 m
(10 m/stOM/s)

L After contact
Cinstant befive contactA t = 0 . 0 1 m = 1 2 m s

Contact.

? Average Force during Contact Patter Prefore
=

Far = DE1P =mAV==10kg.s t 2x10-3

about 8 X the weight of a GOlg

=5000 N

apposite
motion

person.

but  and fo r  ami l l i seconds



* Consevation of momentum

The momentum total before a collisin
is equal to the momentum total alter

? V3

MA

(B

A f t e r :
Cullision VÁ

: Before Collisi

: During Collision
F=A/st Impulse

V
B



( r )

Ex Two carts collide and Stick together.

Find the post-collision speed
Totally;
Inellastic

EVA = 2.4 Ve = 0m/s

Before O IMA

glue

MA=0.5hg

M 3 = 0. 7/g.

Vf = ?
A f t e r ?

( i i i )

Egus

1 0 0 2 0

B e t a s A f t e r

MAVATMOVE = MAYA +MBV

MAVA+ 0 = (MAIM)VÉ

( i n )  d o  t h e  m a t t h :

populate :

Vf V A
MA+MR

0.5 kg (2.4m/s)
10 .5+0 .7

dim'less

=00.417) (2-4415)
Com binerI speed

Vj=1.0m/s to the right



TExT FB Training Exercise

B e f o r e

220

( i )
still water

Vlog =0, Vtootball = 0

6 b

MEBall =0.589

Mpers =80kg

Mlag=100kg

V$ =

?25m/sAfter

(ici)
Find the perso log speed after the pass

MAVA MOVE I WAV'INVE

personMAs massofty toperson,

VA =0
VA =?

football
M= mass of Football

Vis = 0

VB= 2 5 m / s

( i v )

populate

+ 0 = m

= MEB

Mlog IMper

= 0.5kg
100kg + 80 kg

VFB

F .  B a l l

(25m/s)

apporte direction

0 . 0 7 m / s

on 7cm/s to thelest



?

Canonballs

act as "Fuel humanthe propulsor

o proprolsion systen is "throwing mass out the back

in order to propel you forward.

? This is what a rocket or jet engine does

From calculus we
get this Au = Vexhaust 4 Me/st

egn
whereCAmE

A t

A m e
A t

burned

= mass rate of propellantejected

decrease unburned

= mass rate, of existing propellat.

Au = change in rocket speed.

Youtube:
"Best of the Best Shuttle

Launches"



Propulsion

? propellors

int V 8 ,

(foel
? jet engine

V

Vin

Tow ater own of po peller blades
inside

a turbo Fan Fan

1 1 1 1 2

exfansion compresses

? loose the motor "explosion"?air
- add theturbine f u e l

use someat the
energy of the erpanding

gasto spis the
sha f t .

? turboprap

Thrust box
j e t

a d d
advanced

high tech
papi l lo

ThrusT
from the

proR

GeNX

most e theCome 'it Einers

? Ram jet (no moving pants)

Testig
GE579

with
a f t e r

burneT h r u s t

?  A t tached  to  m i l i t an  a i r c ra t t

?  A f t e r b u r n e r s

suerson e
? Scram, et

O v

Ver

methane,

Trust

T h r u s t
Forniad

? ted x
Kevin

Bowcutt

?starship test lanne



* Types of Collisions

Elastic Collision

VA

In-elastic Collison

? Before

/ 1

S A M E

?  A f t e r :
0 ?

? If elastic then

KEpefer = KEafter
§No absorbtion of heat)

a Momentum = Momentum
before a f t e r

?

? If ih-elastic then

KE 3= KEafre tWorK

Heat loss

S a m
e ç u

I

I

?  K E

?  K E

I I W = 0

2

= EMAVA

Two equations

+ Writ in 1051.

a n d  t w o u n k h o w n



? 100% Inelastic Collision : objects stick together

(A)

*No  ene rgy  l os t

? Partial Incastic Collisio

I energy lost doe to interal means.

? Elastic (100%)
@ ? MAVAT MAVIS = MAVA MOVE

( ?

the typically khow va tV?Va svp before and we seck
collisin

? Solve by substitution: redrange tom: MA VAN) Ma 44)

f a c t o r
-b'=Catblab

MA (VA-VA

VA tVÁ= V3 XV

+V. XV/3

- O R -
more use fall V -V13 - (Vn Va

1 0 0 %  e l a s t i c
equal butoposite

-??
A V .

Befor
- A vAf te r



Billiards aMA=MB) assume 100% ellartic
? assume "straight-on" collision

Tap view 1 Dim

-  B e f o r e
2  D im

A f t e r :

?  Be fo re

?  A f f e r

o  m a t h  K E Y
w o m

w o m

VA = 10m/5 V3 = 2m/s (+)

( + )

if 100%
el last ic

e g n

#

?Azply numbers

?  S o l v e  t h e  2 x 2 :

8= VA'+V,3

VA-ViB

A = M , 3 50

VA TVi3 = V A egn# z

TOP:

B O T :

10m/s - (-24/s =- VA iVe
10m/st (-2m/5) =  V A

20 = 2V3 8 = V+10m/s

= 10m/s = -2m/s



EX
Particle Physics

> (+) / n=1.664-27

VA He@V3=0

mA =1.01u m3 = 4.00 u

Q: What are the velocities after collision if
the interact ion is Elast ic.

? Equations
momentun:?mA.

momtKE: - 0 =-VÁ

V.

MAVA =MA(V i '
? MAVA+MAVA = MAUÉ+ MBV3

Z m A
V

? Papulate
VB

2 u

? + 4?
= V

A

VB = 14,400 m/s.t o  t h e r igh t
?Back Substitute:

=V3 - VA

VÁ' =-21,6009%

=14,4001/-36,000m/s

?

5 (36,000 )

- 21, 600m/s

Proton

bounces



13)
1100% Inelastic collisim- Ballistic Pendulum

KEL ?????

Used to determine muzzle velocities of guns.
? Details

@rest

m

M

Vm=0

111(

=VVM+m

? P E = O

?KE=0

? PE(M+m, H

Ill: every conserationeI : use momentum

I :  mv  tO=m+M)V '

KE
( m + M ) g H  ?  v

PE
2gH

(m+M)
Ballistic Equat

m+M
mV = M+M)V2gH ? Bullet 2gH



T r a c h  y a r d  ( 1 0 0 %  I n e l d s t i c )
? 24m/s Om/s

10,000kg. 10,000 kg

1 4

Q: What is the KE lost to thermal Energy?

?  ? ? : EMAV, 2 (MAIM.) V'

? Mom? MAYA = MAV! V

?  l e t  M A =  M B  ?  V '  = VA 24m/s

2 = 12m/s combined fihal
velocity

?  H e a t  l o s s  :  A K E  =  H e a t

= H e a t
2.24

#110,000197 12446)-261276 =Heat

10,000 kg (24449)° (1-?1=Heat
KEA ?  ? We loose & of car A's

KE to beat

OR ? 2,880,000
2

1.44MJTheat.



*[Center of mass

? 1- Dim M

X = 0

X
c m =

It many blocks... mult.

X B
?

F u l c r u m

MAXA + M3X3

(5)

Imd =0

'evedge

Xem

F 2 1 3  a . .

Xem=MAXA+MBXE+..-? Im.x.dx

Smdx

Top view of a foam-core board thathas
weights on it.

? 2-Dim

C. Massclay

XB
Yo

X A

X c

Y D

® (Xem, Ycm) X.

card
board

A

X cm = N

=

M A t m B t . . . +  Mr

m A Y A I M B Y R t O Y M N Y N
M A T  M ,  +



EXo f Su jen the da yand note disti ora ce

Me4t Light mass ( x ,  y )
cieling A: Ilg (9cm, 3cm)

B: 0.75/29 (15 cm, 7cm)

C: 1kg (40 cm, 30 cm)

11: 1.3 kg ((0cm, 40 cm)

E:1/29 (4c, 33 cm)
centimeter

(1kg) (9cm) + (0.75/(15cm) +(1)(40ca) +(1.3X10cn))

+ (1) (4cm)

X e m = - 1+0.75+1+1.3+1

X e M  =
9 + 1 1 2 5 + 4 0 + 1 3 + 4

5.05 kg
=77.25 kg.cm

= 15.3 cm
5.85cm

Xoom = (1(3) +(0.25(+)+(1(30) +(-3 X40) + (I(33)
5.05/zg

YeM = 3+5.25+30+52+33 =123.25- : 24.4cm

CM is at (15.3 cm, 24.4cm)



Ex of Centers :The Tridngle
? geometrica cente

(center of geomety)
centord

? center of mass

centroid
? center of gravity

C . G . ?

+ CM.

(6)
unitom material
in the shape of
a triangle

1  l e s s  d e n s e

o more dense

x = I S x - m d x d y
ssm

y  =  S y n d e d y .
SSm

& Further away from Earth

H
? 4 < H

closer to earth

Earth

? center otdeo dynamic fares

aero dynami

center
(Sumot all

forces)

Gorgle: Walter Lewin

" 8 . 0 1 x - L e c t I 5 "

= go to 47 min

M I T
Hammer

TOSSCM

akaGG


