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Announcements

o 2"d term exam results
— Class average: 51/100

 Previous exam: 56/100
— Top score: 84

o+ Quiz #5
— Beginning of the class, Monday, Nov. 16
— Covers: Ch. 7.1 — what we finish Today
 Today’s colloquium is the triple extra credit
colloquium we've been talking about
— Hope you all can make it...
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IPhysics Department
The University of Texas at Arlington

COLLOQUIUM

Recent Results from Cosmic Ray Experiments

Dr. Eun-Suk Seo
University of Maryland

4:00p.m Wednesday November 11, 2009
Room 101SH

Abstract:

Balloon-borne and space based instruments configured with particle detectors have
been flown to study cosmic-ray origin. acceleration and propagation. Theyv were also used
to search for exotic sources, such as dark matter and antimatter, and to explore a possible
Ilimit to particle acceleration in supernova. I will review recent results from cosmic-rayv
experiments, including the unexpected excess in electrons (and positrons) reported by the
Advanced Thin Ionization Calorimeter (ATIC) and Pavload for Antimatter Matter
Exploration and Light-nuclei Astrophysics (PAMELA), along with their implications. The
observed excess of leptons is attributed either to a relatively nearby, unidentified
astrophysical object that accelerates electrons to those energies or to annihilation of dark
matter. I will also discuss some highlights of results from our on-going Cosmic Ray
Energetics And Mass (CREANM) experiment that constrain the conventional cosmic ray

propagation model.

Refreshments will be served in the Physics Lounge at 3:30 pm
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More on Conservation of Linear Momentum In
a Two Body System

From the previous slide weve learned that the total

momentum of the system is conserved if no external Z p=p,+ p, =cons A
forces are exerted on the system.

As in the case of energy conservation, this means
that the total vector sum of all momenta in the

system is the same before and after any interactions

What does this mean?

Mathematically this statement can be written as | D,; + Py, = D, s 23 f

szz: prf ZPin Zny ZPZ,-: szf

system System system system system system
This can be generalized into Whenever two or more particles in an
conservation of linear momentum in | | isolated system interact, the total
many particle systems. momentum of the system remains constant.
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How do we apply momentum conservation?

1. Define your system by deciding which objects
would be included in it.

2. |dentify the internal and external forces with
respect to the system.

3. Verify that the system is isolated.

4. Set the final momentum of the system equal to its
initial momentum. Remember that momentum is

a vector.
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Ex. lce Skaters

Starting from rest, two skaters push off
against each other on ice where friction is
negligible. One is a 54-kg woman and one
is a 88-kg man. The woman moves away
with a speed of +2.5 m/s. Find the recoll
velocity of the man.

No net external force = momentum conserved

— —

Pf — P (a) Before

0

f1+m Vi = 0

_ Vg
SolveforVy, > V. = ———
m,

S (54 kg)(+2.5m/s) —15m)s
88 kg
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Collisions

Generalized collisions must cover not only the physical contact but also the collisions
without physical contact such as that of electromagnetic ones in a microscopic scale.

The collisions of these ions never involve
physical contact because the electromagnetic

repulsive force between these two become great

Consider a case of a collision
between a proton on a helium ion.

&4 as they get closer causing a collision.
TIZ

Assuming no external forces, the force
exerted on particle 1 by particle 2, ,,,
changes the momentum of particle 1 by

Ap, = ﬁZlAt‘

Likewise for particle 2 by particle 1 ‘ A]‘y’z = ]:“)1 ) At‘

—

Using Newton’s 3" law we obtain Ap, = ﬁbAt = —ﬁZIAt =-Ap,

So the momentum change of the system in the Ap=Ap +Ap, =0
collision is 0, and the momentum is conserved ;System _ ;1 + ;2 — constant
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Elastic and Inelastic Collisions

Momentum is conserved in any collisions as long as external forces are negligible.

Collisions are classified as elastic or inelastic based on whether the Rinetic energy
is conserved, meaning whether it is the same before and after the collision.

Elastic A collision in which the total Rinetic energy and momentum
Collision are the same before and after the collision.

Inelastic A collision in which the total Rinetic eneryy is not the same
Collision before and after the collision, but momentum is.

Two types of inelastic collisions:Perfectly inelastic and inelastic

Perfectly Inelastic: Two objects stick together after the collision,

moving together at a certain velocity.
Inelastic: Colliding objects do not stick together after the collision but

some Kinetic energqy is lost.

Note: Momentum is constant in all collisions but kinetic energy is only in elastic collisions.
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Elastic and Perfectly Inelastic Collisions

In perfectly inelastic collisions, the objects stick,

» . my i+ my v = (my +m,)vy
together after the collision, moving together.

Momentum is conserved in this collision, so the e e A t 1M, V2
final velocity of the stuck system is (my +m,)
How about elastic collisions? m, Vi + m, Vi = m ;lf +m, ‘72/‘
In elastic collisions, both the 1 my,. + 1 m,va, = 1 myv;, + 1 myVs
momentum and the Rinetic eneryy ? ?
are conserved. Therefore, the m 5 =7, ) =my 03, =22, )

final speeds in an elastic collision
can be obtained in terms of initial
speeds as

m1(v1i_V1fXV1i +V1f):m2(vzi _szxvzi +V2f)

From momentum -
: ml(vli_vlf)_m2(v2i_v2f)
conservation abov

m, —m, 2m, 2m, m, —m,
Vip = T 21l |Vor = T 2
m, +m, m, +m, m, +m, m, +m,

—
Wednesday, Nov. 1
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Extra-Credit Special Project

* Derive the formula for the final velocity of two objects
which underwent an elastic collision as a function of
known quantities m,, m,, v, and v, in page 9 of this
lecture note in a far greater detail than the note.

— 20 points extra credit
» Show mathematically what happens to the final

velocities if m,=m, and describe in words the resulting
motion.

— 95 point extra credit
 Due: Start of the class next Wednesday, Nov. 18

Wednesday, Nov. 11, 2009 -3 S 1441-002, Fall 2009 Dr. Jaehoon 10

Yu




Ex. A Ballistic Pendulum

The mass of the block of wood is 2.50-kg and the
mass of the bullet is 0.0100-kg. The block swings
to @ maximum height of 0.650 m above the initial
position. Find the initial speed of the bullet.

What kind of collision? Perfectly inelastic collision
m
No net external force =» momentum conserved =» [

(m +m,) v, = myv,,

m, +m, )v
Solveforvo> V), = ( : 2) /

m,
What do we not know?  The final speed!!

How can we get it? Using the mechanical
energy conservation!
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Ex. A Ballistic Pendulum, cnt'd

(a) —_—

Now using the mechanical energy conservation
1 2 _
>mv =mgh

2 m, ;
_ % V/% Solve forv> _"."pl =
v, = 2gh, =[2(9.80m/s* )(0.650 m) >

Using the solution obtained previously, we obtain (h)

(m +my)v, (m1+m2)‘/2gh
Vor = hy=0.650 m
m,
- (o.mooooklgo - i.so ke )\/2 . 80m/s )(0.650 m) Y-+
. g MITMY) TP = o e e e e
= +896m/s -
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Two dimensional Collisions

In two dimension, one needs to use components of momentum and
apply momentum conservation to solve physical problems.

— — — —

mvi +m,va, = mVviy +m,Vay
Vi1i
h@ ___________ X-comp.  myv,, +m,v,, = my, o .+ m,v, .

y-comp.  myvy, +n,v,, = my, , +n,v,

\ 0 Consider a system of two particle collisions and scatters in
’ g . . . . .
B ](b --------------------- two dimension as shown in the picture. (This is the case
- at fixed target accelerator experiments.) The momentum
@\‘ conservation tells us:
D i - —
4 m Vi +m,Vai = m, Vi

MV, =My, +myv, , =my, cos 0 + m,v, 7 COSQ

: . What do you think
1 1 1
ﬂ?u[ for the e[a'stzc collisions, the 1 my? =—mv?, +—myv?, | wecanleam from
Rinetic enerygy is conserved: 2 "2 2 these relationships?
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Example for Two Dimensional Collisions

Proton #1 with a speed 3.50x10° m/s collides elastically with proton #2 initially at
rest. After the collision, proton #1 moves at an angle of 37° to the horizontal axis
and proton #2 deflects at an angle f to the same axis. Find the final speeds of the
two protons and the scattering angle of proton #2, ¢.

Since both the particles are protons m,=m,=m.
@ Using momentum conservation, one obtains

y x-comp. M, v, =m,v,,cosO+m v, cose

{/m\e _______________ y-comp. M,V ,sin@—m,v, sing =0
h \] ¢ Canceling m; and putting in all known quantities, one obtains
% v,,€0837° +v,,c08¢=3.50x10" (1)
From kinetic energy Vis sin37" =v, r sing  (2)
conservation: Solving Egs. 1-3 Vir = SR Do this at

6.50x10° ) =v%, +v3, (3) equations, one gets Vay = 211x10°m/ s | home©
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Center of Mass

We've been solving physical problems treating objects as sizeless
points with masses, but in realistic situations objects have shapes
with masses distributed throughout the body.

Center of mass of a system is the average position of the system’s mass and
represents the motion of the system as if all the mass is on that point.

What does above statement | 7#e total external force exerted on the system of
tell you concerning the total mass M causes the center of mass to move at
forces being exerted on the | an acceleration given by a =Y F / Mas if the
system? entire mass of the system is on the center of mass.
0 & Consider a massless rod with two balls attached at either end.
X, ‘ X The position of the cen.te.r of mass of this system is
% the mass averaged position of the system
M + ,
%, = 77 | CMis closer to the
my, +m, heavier object
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Motion of a Diver and the Center of Mass

- - ~_ = . . .
g’ ‘;\ Diver performs a simple dive.
=’ 3 & The motion of the center of mass
} follows a parabola since it is a
s

projectile motion.

Diver performs a complicated dive.
The motion of the center of mass
still follows the same parabola since
it still is a projectile motion.

The motion of the center of mass
of the diver is always the same.




Ex. 7 — 12 Center of Mass

Thee people of roughly equivalent mass M on a lightweight (air-filled)
banana boat sit along the x axis at positions x,=1.0m, x,=5.0m, and
X;=6.0m. Find the position of CM.

Using the formula
for CM

4_.._.1_3-

0% 50 6.0 X

M-1.0+M-50+M-6.0 12.0M
= = =4.0(m)
M+M+M 3IM
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Velocity of Center of Mass

Axcm
— = 0
- Ax> | |
AXZ
Ax m,Ax, +m,Ax
em m, +m2
T T TS
)y =
m +m m +m

In an isolated system, the total linear momentum does not change,
therefore the velocity of the center of mass does not change.
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Another Look at the Ice Skater Problem

Starting from rest, two skaters push off
against each other on ice where friction is
negligible. One is a 54-kg woman and one
is a 88-kg man. The woman moves away
with a speed of +2.5 m/s.

v, =0m/s v,, =0m/s
_ mlvl + m2v2 -
vcmO _ _ O
m, +m,

v, =+2.5mls v,,=-1.5m/s

mlvlf + mzvzf

A% =

cmf ‘
m, +m, -’Lf i - B
54-(+2.5)+88-(-1.5) 3 —
— — =0.02 = ()m/S (b) After
54 + 88 142
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