PHY 113 A General Physics |
9-9:50 AM MWF Olin 101
Plan for Lecture 14:
Chapter 9 -- Linear momentum

1. Impulse and momentum in two
dimensions

2. Center of mass

3. Collision analysis in two dimensions
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Relationship between Newton’s second law and
linear momentum for a single particle:

dv _d(mv) dp
dt dt dt
Using a little calculus:

Fdt = dp

F=ma=m

A A
[Fdi=[dp=p,-p,

I
Define"impulse” 1= det

I:j;th:pf—pl.
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Physics of composite systems

Newton's second law :

ZFI’ = Zmiai :Zmi i\,;i :Z de’itVi :i(zpij

t

Note that if ) F, =0, then:

1)

= >'p, = (constant)

= Zpiiniual = zp[final

i
L
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Examples of completely one-dimensional (head-on) collision;
balls moving on a frictionless surface

inelastic: elastic:
Before the collision, the Before the collision, the
particles move separately. particles move separately,

Y i Vo
. <2

= by r -

m Vi Yar m i
g | il

After the collision, the After the collision, the

s continue to move

particles move together.
e v with new velocities.

° '\T' Vi DV
p— 7 4—0 /J—h—

my + my -

Examples of two-dimensional collision; balls moving on a
frictionless surface

Before the collision

Zpunmal = Zpifinal

myv,; =mv, , C0S 0 +m,v, , COS ¢
a8
After the collision 0= mVyy sind - myVsy sin ¢
' Knowns: my,m,,v,
oy $in 6 i
o : Unknowns: v;,,v,,,0,¢
" opcos8 A
________ e Need 2 more equations - -
\"\\ o8
wysing -
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Examples of two-dimensional collision; balls moving on a

frictionless surface Suppose: m, =m, =0.06kg, v, =2mls,

vy, =lmls, ¢=20°
— - myvy; = my;, €06+ m,v,  Cos ¢

- 0=mv,, sin @ —m,v, sing

Before the collision

vy, sin@=v, sing
=(Un/s)sin 20° = 0.342m/ s
Vi, COSO =V, —V, COSP

=(2m/5)-(Um/s)cos20°)=1.060m /s
0342
T 1.060
.o 0.342ml s _ 1.060m/ s

Y sin17.88°  c0s17.88°
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tan@ = 0=17.88°

=111m/s
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Example: two-dimensional totally inelastic collision

MV, +myNy, = (i +my v,

¥, =My
1 T mgemy, Y mm,
1500 ~ 2500 2
- v, = 25m/ si+ 20m/
25.0i m /s "~ 4000 """ 2000
= Jii =9.375m/si+12.5m/ 5]
T "\ ‘S”‘
m1=1:§00kg 7’1_“"«_ * Loss of kinetic energy in this case :

3 S 1 2 (1 1
rO-OJ m/s gt o f (Il S )

- %(4000)((9.375)2 +(12.5%)

m,=2500kg - (%1500(25)2 + % 2500(20) ]

AE =-4.8x10°J
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iclicker exercise:
Can this analysis be used to analyze areal collision?
A. Of course! The laws of physics must be obeyed.
B. Of course NOT! In physics class we only deal
with idealized situations which never happen.
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Another example of 2-dimensional elastic collision:

In this case, the collision is elastic - - |v,| = ‘v

\vf ) I =—2mvsin @

AE:lm‘V/‘Z—im
2 2

/‘E

2

=0

Vi

X
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Energy analysis of a simple nuclear reaction :

226 222 4
smRa—>gRn+; He

996 h Kp, =0
f;Ra =0
Before decay Q=4.87 MeV
K,
Pa

Energy analysis of a simple reaction :

226 222 4
wRa—>%Rn+; He

Q=4.87 MeV
pRn = _pHe = p

2 2 2
0= Pu | Pue zp(lﬂj
2my,,  2m,, 2m,\222 4

2

E,, =2 - Y4 H_098.0-48Mev
2m,, 1/222+1/4

3/201:
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The notion of the center of mass and the physics of
composite systems

Newton's second law :

_ B av, d(mt.vl.) _i
ZFi_Zn1iai_Zmi 0 —Z it _dt(zpij

i

or
_ _ dzr, _ dz(mil’l)
ZF‘. —Zmiai —Zm, % —Z i
Z(miri)
Define: r, = m M=3 (m,)
erCA/I
2

Z":, =Foa =M dt S
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General relation for center of mass:

> (mr,)

Define: r,, = m MsZ(m,)
d’r,
ZFi = me[ =M dth

If Fop = Z F. =0, then:

d
4 =0
a (Zp']
= >"p, = (constant)
dre,,

= ZI: Piinitial :Z pifi‘r‘v‘aly :M7

Finding the center of mass

Z (miri)

Few = iM MEZ(m‘.) l|Z

0 M Vi

4

s

1
In this example: m, =m, =1kg; m, = 2kg

_ mlxﬁ + mzxj + My Y,]
o my +my + ny
@ @n)i+@)2m)i+(2)2m)j
Fow = 4
=0.75mi + 1.00m]

x (m)
3




Finding the center of mass
For a solid object composed of constant density
material, the center of mass is located at the center
of the object.

El y (cm)

x (cm)
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