Ch 8 — Extended systems

Complex objects — motion is not as simple as that of a particle
e Throw a ball — particle, track motion using kinematic equations
Throw a meter stick — complex object, made of many particles, not every point is

moving at the same speed, which confuses our calculations.

Fortunately there is one point on every object that we can use to track the motion of a
complex object, or the motion of a collection of particles:

=>» center of mass

Let’s start simple — a system comprised of 2 particles
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FA’M = external force acting on mass A
F, . =external force acting on mass B

B,ext

F,, =—F,, = interaction force between A and B = internal to system

F;Let,system = FA,ext + FB,ext = mAaA + mBaB 9 F;mt,system = Mxysasys
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Since: a=—and ¥=— > R, =——[m,F, +my,]
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=>» Effective position of the system — location of the

center of mass
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Resolve R, =R, = M_mei into x,y,z components: R, =X_i+Y.,.j+Z.,.k
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Where X = MZmixi , Y, = HZmiyi ,and Z = MZmizi
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(Dimensions in meters)

= Locate R, with respect to the origin.



For an object of uniform density — center of mass is located at geometric center.
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What's the mass? We don’t know, but we can use the density: p= m_ mas

volume
m = pV where the volume is V = xyr (t = thickness = uniform throughout)
m, = pV, = p(20cm)(Scm)t =100cm’ pt
my = pV, = p(10cm)(15¢m)t =150cm’ pt
(20cm)t = 200cm’ pt
(10cm)t =100cm’ pt

Msys =m, + mg + me + mp = 550cm2pt

X, =ML[(100pt)(1ocm)+(150pt)(—5cm)+(200pz)(—5cm)+(100pr)(5cm)]
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X = #pt[(IOOpt)(IOcm) +(150pt)(—=Scm) +(200pt ) (=Sem) + (100pt ) (Sem) | = -0.45cm

Repeat process for Ycom...



