Summary of chapter 9 Prepared by Dr. A. Mekki

» The center of mass of a system of particlesisthat point that
moves as if all the mass were concentrated there and all external
forces were applied there.

> The coordinates of the center of massin three dimensions are
given by:
(i) for asystem of particles
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(ii) for arigid boby:
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> If the system of particlesis moving due to external forces, then
Newton second law can be applied to the center of massof the
system asis given by:

a Fext =Mag

where SF. isthe net external force, M isthe total mass of the system
and a.n, isthe aceleration of the center of mass of the system.

Also ; Vern = ﬁa Vi m, where V¢, isthe velocity of the center of

mass of the system of parti cI €s.

»> Linear momentum
() for asingle particle:.  p=nwV, where misthe massandv
isthe velocity of the particle.
The unit of the linear momentum pis (kg m/s).
Pand V have the same direction.




Newton second law defined in chapter 5 can also be written as
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(ii) for a system of particles:
Thetotal momentum of a system of particlesis
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where py, po, p3, 1S the momentum of each particle.

and Newton second law is written as:
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» Conservation of linear momentum

If a systemisisolated and closed so that NO net external force
act on the system, then the linear momentum of the system
remains constant.

R =P

In three dimensions:
P (R)yx=(Ps)y

(R)y=(Pf)y
(R),=(P),

We say that the linear momentum is conserved.

A good example would be an explosion on africtionless table,

where the forces are interna and the linear momentum is
conserved because the net external forceis zero in this case.






Summary of chapter 10 Prepared by Dr. A. Mekki

» A collision is an event in which two or more bodies exert
strong forces on each other for arelatively short time.

> Impulse and linear momentum:

The impulse is defined as the change in linear momentum, that is:

J=Dp=p; - P,

The force exerted by one body on the other body is:
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Thisforceisrepresented graphically as:
F(N

J =areaunder thecurveof F versust graph.
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If F is the average force during the collision time Dt, then the
impulseis related to the force as:

- For asingle particle projectile:
J=Fbtor F=2
Dt

- For multiple particles projectile and one fixed target:

F=-(ZpDp



where (n/Dt) isthe rate at which the bodies collide with the fixed body
and Dp is the change in momentum of each colliding body projectile.

» Elastic collision in one dimension:

A collision is said to be elastic if the kinetic energy before and after
the collision isthe same. In other words, kinetic energy is conserved.
Here there are two situations:

- Fixed tar get:
Here the target is stationary (v»,;=0) and the projectileis moving
with velocity vi. From conservation of linear momentum and
kinetic energy we get the final velocities as:
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- Moving target:
Here both the target and the projectile are moving. Then the final
velocities of the target and the projectile are:
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Since there are no external forces during a collision, the velocity of
the center of mass before and after the collisionisthesameandis
given by:
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> Inelastic collision in one dimension:

In the case of in€lastic collision the kinetic energy before and after the
collision is not the same. However, since the systemisclosed and
isolated, momentum is conserved. Kinetic energy is lost due to
deformation of the bodies and heat.

If the colliding bodies stick together after the collision, the collision is
said to be completely inelastic. In one-dimension we have
conservation of momentum:

Py = Pg P My +Myv, =(my +m,))V
whereV isthe velocity of the two particles after the collision.

and vV — nh.vll i m2V2| =\
cm
ITEL + m2

> Elastic collision in two dimension:

Here we consider a glancing collision between the projectile body
and the target body. In this case the collisionin two-dimensional
according to the figure below:
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Since thelinear momentum is conserved, then:

X-axis: MyVgj =MyVy ¢ COSOy + My, ¢ COSY 5
y-axis: 0= MV ¢ sinql- myV,, ¢ sinq2

If the kinetic energy is conserved (elastic collision), then:
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There are 7 variables is the above three equations. Generaly, the

unkowns are Q;, O, Vir and vy. Generally one of these quantitiesis
given or,

" If thetwo colliding masses are equal, the angles q;+¢, = 90°

» Reactions and decay processes:

Here we deal with a special type of collisions called nuclear reactions
or decays. In both cases the linear momentum and total energy are
conserved.

Decay: 235U —» a-+ 231Th (example 10.9 in the textbook)
U: uranium, a isthe alpha particle, and Th: thorium
Nuclear reactions: d+d—-» t+ P (example 10.11in the textbook)

d: deuteron, t:triton, and p: proton.

We define the Q factor (mass energy) as: Q =- (my- m;) ¢*=- Dmc?
It has the unit of energy.

If Qispositive, then the reaction is exothermic (release of energy).
If Q isnegative, then the reaction is endother mic (need of energy).




