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Announcements

« Make sure you come to the colloquium today
— 4pm in SH101
— Refreshment at 3:30pm in SH108

A midterm grade discussion next Monday, Nov. 5
— Be sure not to miss this
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Abstract

Cosmic rays, energetic particles coming from outer space, bring us information about the
phwvsical processes that accelerate particles to relativistic energies. about the effects of those
particles in driving dvnamical processes in our Galaxv, and about the distribution of matter and
fields in interstellar space. The energy of these cosmic beams far exceeds energies produced by
particle accelerators on Earth. Balloon-borne experiments are currently being used for
understanding cosmic ray origin, acceleration and propagation, exploring the supernowva
acceleration limit, and searching for exotic sources such as dark matier and antimatter. Our on-
going effort at Marvland with Balloon-borne Experiments will be presented and challenges of

extending precision measwements to highest energyv practical will be discussed.

Refreshments will be served in the Physics Library at 3:30 pm




Two dimensional Collisions

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

M, Vii + M,V2i = M Vis + M,Vot

X-comp. My Vi + MyVoi = MV + MYV, g

Consider a system of two particle collisions and scatters in

----- < ] two dimension as shown in the picture. (This is the case at
N . .
R fixed target accelerator experiments.) The momentum
conservation tells us:
% — — —
7 M, Vi + M, Vai = M, Vy;
M,Vyy = MVpg +MVyp =MV, COSE + MLV, COSP
MV, = 0 =MV, MV, =MV, SING—M,V,, Sing
And for the elastic collisions, the 1, 1 , 1 ) What do you think
. : —MmV: =—mV;; +—Mm,V,; we can learn from
Rinetic energy is conserved: 2 9 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 ¢ to the same axis. Find the final speeds of the
two protons and the scattering angle of proton #2, ¢.

o Yo Since both the particles are protons m;=m,=m..
Q Using momentum conservation, one obtains
01f x-comp. MV, =M Vv, COS & +m v, COS ¢
_____ < »’@/\é y-comp. M Vi SINE—m v, Sin¢ =0
h \] ¢ Canceling m; and putting in all known quantities, one obtains
5
@%\A V,; C0S37°+V,, 0S¢ =3.50x10° (1)
7
From kinetic energy V,;SIN37° =V, Sing (2)
conservation: _ 5
Solving Egs. 1-3 Vir =2.80x10°m /s Do this at

¢ =2.11x10°m/s | ome®

2
(3.50><105) =Vj; +V5; () equations, one gets Vv
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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 the point.

The total external force exerted on the system of

total mass M causes the center of mass to move at
statement tell you . K = .
an acceleration given by a =) F /M asifall

concerning the forces being the mass of the system is concentrated on the
exerted on the system? center of mass.

What does above

The position of the center of mass of this system is
the mass averaged position of the system

My X, + My X, CM is closer to the
m,+m, heavier object

X

@ @_’ Consider a massless rod with two balls attached at either end.
Xew

XCM
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Motion of a Diver and the Center of Mass

L=

Diver performs a simple dive.
The motion of the center of mass
follows a parabola since itis a
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.




Example 9-12

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
I ﬂ é & > m;x,
Xem = i
IOm 50m 6.0m x Zmi
M-1. 3o} . B. 12.0M
_M-L0+M-50+M-60 _ _40m)
M I\/I I\/I 3M




Example for Center of Mass in 2-D

A system consists of three particles as shown in the figure. Find the
position of the center of mass of this system.

Using the formula for CM for each
=2 @ position vector component
mE Z m; X; Z m;y;
X = _
: CM Z m, Yem Z m,
@ ? L = S +2m,) i+2m ]
A= X=2 One obtains Fov =Xy i+yCM j: (mz n‘b) mJ
S M+, +m,
— 7 mx +mX, +mX,  m, +2m,
XM= ~Nm - If =2kg;m, =m, =1k
M= > "m, m, +m, +m, m, +m, +m, m, = £Kg, M, =Mm; = 1Kg
_ Zi:miyi _ my, +m,y, +Msy, _ 2m, FCM — 3' T 4J — O 75?4_]
yCM Zmi m, +m, +3 m +m,+m, 4 .
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Center of Mass of a Rigid Object

The formula for CM can be extended to a system of many particles
or a Rigid Object
mX, +mMX, +---+m X Zmixi Zmiyi Zmizi
= — | N R T —
n‘11_|_m2_|_..._|_mn Zmi yCM Zmi CM Zmi

Xem

onC = - - - -X. i . ._: . E
The position vector of the | Tem = Xew 1+ Yom 1+ Zow K _ 2™ 172 M¥i 1+ 2, miz
center of mass of a many S m = Z M
particle system is - - i
rem = ——
M
A Z Am i XI
A rigid body — an object with shape Xem = M—
and size with mass spread throughout
the body, ordinary objects — can be _ Z Am;X;
considered as a group of particles with | Xom = lim ——-——= WI xdm
» | mass m, densely spread throughout
the given shape of the object - 1 ¢~
: ; - J 'em =—j rdm
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Example of Center of Mass; Rigid Bod

Show that the center of mass of a rod of mass s and length £ lies in midway
between its ends, assuming the rod has a uniform mass per unit length.

r The formula for CM of a continuous object is

P sl
<

. 1 x=L
l Xem :ﬁLo xdm
T\

N Since the density of the rod (A) is constant; A =M /L
dm=)dx  The mass of a small segment dm= AdXx

1 11 1(1 L
Therefore  Xep, M HL/lxdx:%Eﬂxz} :M(EALZJZM(EMLJ =5

x=0

Find the CM when the density of the rod non-uniform but varies linearly as a function of x, A=a. X

x=L X=L
- Adx = axdx x= x= —
M Lo Lo Xy ~ L axdx :ijl “ax?dx = | Lo
M M |3

X x=0 X=
= [iaxz} L = locL2 ! -
2 x=0 2 XCM :iglal_3j :i(éh/”_j :&
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Center of Mass and Center of GraV|ty

CM
The center of mass of any symmetric object lies on the
axis of symmetry and on any plane of symmetry, if the
object’s mass is evenly distributed throughout the body. L Ais of
_ One can use gravity to locate CM. * symmetry
How do you think you 1. Hang the object by one point and draw a vertical line
can dgtermme the CM of following a plum-bob.
the objects that are not . .
symmetric? 2. Hang the object by another point and do the same.
3. The point where the two lines meet is the CM.

Center of Gravity

Since a rigid object can be considered as a collection
of small masses, one can see the total gravitational

force exerted on the object as
Eg :ZE.) =ZAmi§=M§

The net effect of these small gravitational

Amg | What does this o . .
: " forces is equivalent to a single force acting on
equation tell you a point (Center of Gravity) with mass M.

The CoG is the point in an object as if all the gravitational force is acting on!




Motion of a Group of Particles

We've learned that the CM of a system can represent the motion of a system.
Therefore, for an isolated system of many particles in which the total mass
M 1is preserved, the velocity, total momentum, acceleration of the system are

Velocity of the system QCM droy =—( > m r.) 1 =3'm dri :Zl\r;}vi

dt dt

Total Momentum — - > mv - ~
of the system Pow=Mvew =M="—= 2V =2 P= Py
Acceleration of > dvew _d[1 - 1 dvi >'ma

acwm M =—(—Zmivij:_z Z
the system dt M gt M
The external force = S - dp What about the

Fex = = > mai=—° ,

exerting on the system Z ¢ =Macw Z ' dt internal forces?

- dBtot

. System’s momentum
If net external force is 0 ot =0 =
2 F o

I = COﬂStl .
| Pro IS conserved.
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