Systems of Particles — Chapter 9

1. A Specia Point

. The center of mass (com) of a body or a system of bodiesis Click onthelink to view a
the point that moves as though all of the masswere of the trajectory
concentrated there and all external forces were applied there. | of a center of mass

2. The Center of Mass
Systems of particles
. Consider two particles of massesm, and m, and at positions x, and X,

o= T T

where M = m,+m, is the total mass | P

-

In general for more than just two particles:

L L AL ETIR

If the particles are distributed in three dimensions:

Xcom mx Yeom = my. Zoom = MZm;
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. In the language of the vectors:
rz)ﬁ’i\‘F MI+ Zk\ rcom:Xcom,i\"'YCom]\"'zcomR

The three components equation can now be replaced by a single vector equation:

r = LlSmr
com—mlﬂm i

Solid Bodies

. A solid body can be thought as consisting of infinite number of small mass element dm.
The particles then becomes the differential mass elements dm at positions (X, y, z); the sum
becomes the integral:

Xcom:ﬁdem’ ycom:ﬁj‘yd m, Zcom:%_’.de

. For objects having uniform density p, we have both pV =M and pdV =dm whereV
is the volume of the object. Substituting these facts in the above equation we get:

xcom:\%_[xdv, ycom:\%jydv, zcomz\%.[zdv (for uniform solid objects)
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3.  Newton's Second Law for asystem of Particles

F.=Ma,, (sysemof particles)

. F . Isthe net force of all external forces that act on the system. Forces on one part of
the system from another (internal forces) are not included

. M isthe total mass of the system. We assume that no mass enters or leaves the system
asit moves, so that M remains constant. The system is said to be closed

. a.om 1S the acceleration of the center of mass of the system. This equation gives no
information about the acceleration of any other point of the system.

The above vector equation is equivalent to three component equations as follows:

Fnet,x = M acom,x Fnet,y = M acom,y Fnet,z = M acom,z

Velocity of the center of mass V., :

Differentiating the definition of center of mass with respect to time:

4 1¢, _ L
rcom:VIZ;,m I = Vcom:mzlmvi
= 1=

Differentiating this once more with respect to time
results in the Newton’s 2" [aw for system of
particles as stated at the beginning
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4. Linear Momentum

p=mv (linear momentum of a particle)

. Linear momentum is a vector and the Sl unit iskg-m/ s.
. Newton actually expressed his 2" |aw of motion in terms of momentum:
~ dp The time rate of change of the momentum of a

Free = dt particleis equal to the net force acting on the particle
andisin thedirection of that force.

. For constant mass m this reduces to the familiar expression as follows:
dp_ d dv

Fra = =gt (mv) M5t =ma
5. ThelLinear Momentum of a System of Particles
. Taking the time derivative of total
P=p+P,+Py++Pn linear momentum P of the system of
—m v v v Vi ticles:
=MV AL VL M Vgt -+ Mh Vo | This follows from the pariee
\’ expression for v . dP _ 1 9V%om _ 4
P=M Vg fromthe previous slide dt at om
The linear momentum of a system of particlesis — |f :%_P e .s3|/stem of
egual to the product of the total mass M of the system paiices
and the velocity of the center of mass.
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6. Conservation of Linear Momentum

P = constant (closed, isolated system)

. If no net external force acts on a system of particles F., =0 , then the total linear
momentum of the system cannot change, i.e.d P/dt=0.

. Thisresult is called the law of conservation of linear momentum. It can also be written
as:

=P

p (closed, isolated system)

. Depending on the forces acting on the system, linear momentum can be conserved in
one or two directions but not in al directions:

| f the component of the net external force on a closed system is zero along an
axis, then the component of the linear momentum of the system along that axis
cannot change.
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