P123 F11 Lecture 12 18 Nov 2011

CENTER OF MASS MOTION & ROTATIONAL
KINEMATICS

REVIEW
* LINEAR MOMENTUM:  p=mV XF=ma= dp

- IMPULSE OF AFORCE:  J =SF(t, —t,)

(Strong force acting for short time)

‘]x — :2 det — IEx (t2 _tl)

* Impulse-Momentum Theorem
J= ﬁz Bl l_jl
« CONSERVATION OF LINEAR MOMENTUM:
If XF,,=0 then P. =P =[P, + Pg 1=[P, + Pg,]

* TYPES OF COLLISIONS:
Elastic: P & KE conserved

Inelastic: P only is conserved

Completely Inelastic: p only conserved & objects stick

* LINEAR MOMENTUM CONSERVED IN COLLISIONS

(When collision force >> external force)



i-Clicker

Many nuclear reactors use LI n Li
(M =7m,) to moderate (reduce

S
the KE) of neutrons (M , =m,)

produced in nuclear reactions - or -

by elastic collisions with L1 n Na
nuclei.. An alternative is Na

My, =23 m,). —

L1 is a better choice because:

A. P.is lower after n > LI collision

7

.

B. N has less KE after n = LI collision compared
to N = Na collision

\

C. P,y is higher after n = Na collision
D. KE of n does not change after n = Na collision

E. Na is better choice (trick question)

Pinal = Plinitial



CENTER OF MASS

Point in an extended mechanical system that
moves as though all the mass were concentrated
at that point

My M 3 ﬂ, Mt
Consider a collection @+ —1o- PR
of (different) masses I g )’( :1
distributed on x-axis. L ‘

Define v = mX; + M, X, +MyX; + ...
center of mass: o m, +m, +m, + ...
l.e.: X, =— = —
cm 2- mi M

Similar expression for Y., and Z_

_ oz m
r-cm = M

If mass Is a continuous distribution:

— . l —
- _erdm
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Xcm IS mass-weighted average position
of the particles



LOCATING CM

* If body is homogeneous and has a geometric center
(e.g., uniform sphere or cube) then CM is geometric
center

* CM of symmetric body is along axis of symmetry
(cylinder, wheel, dumbbell)

* For collection of extended bodies, find CM of each
body, then CM of collection is CM of those point

masses
ng N ome
il |

il =
L

P ™

M~ M3

EXAMPLE: Two meter sticks, each with a mass of
0.25 kg, form a “T”. Where is the CM?

: B S
Adm
| ® . =0

_ (0.25kg)0+(0.25kg)(-0.5m) __095m

Jem (0.5kg) 5




MOTION OF CM

Z Aext — Ivlacm = d_P (+ int

* Under influence of external force CM moves like
an imaginary particle of mass M.

- Total momentum P of collection of masses can only
be changed by external force.



EXAMPLE:  Mass m moves along X-axis with speed V
towards mass 3m which is at rest.

They collide and stick.

What is the motion of the CM before and
after the collision?

[m > v l"‘g | Before
;;l X;‘L
After [ 2m |—> Ys

No External Forces: P,: — I:)|

Vi
3Mv, =mv, =V, =—
3

Clearly, after collision CM at center of composite

— Vv
mass, Vo, = 3

MX, +2mx, X +2X,
3m 3

Before collision: X., =

dx,, +2% v, +2(0) v,

V = ctm _ = |

o dt 3 3 3




i-Clicker

A rocket ship moves in a gravity-free region of space
with constant velocity. It fires a short burst of gas
from the rear engine. Afterwards, the CM of the

rocket and gas system has:
Z |:ext = I\/Iacm

> F=0=>Ma, =0

A) Sped up

B) Slowed down

[ C) Has same constant velocity]

D) Changed but can'’t tell how

E) Insufficient info to tell anything

BEFIRE \ AFTER



ROCKET PROPULSION

Conservation of momentum of rocket and fuel !!

\ »M M
,I il +
Mt>m i\ (v- U‘&)

No external forces = P- =P,

P=(M+AM)v=P. =Mv. + AM =V, )
Mv =Mv. —AMv_,
M(ve —V)=AMv,_

Speed of rocket increases by recolil !

Not from “Pushing on the Air.”



RIGID BODY ROTATION

* All points rotate about same
axis (through O, to page)

* If we follow motion of point P as
body rotates, only & changes

- Use polar coordinates

Measure @ in radians (fractions of 21 )

S . .
arc length: S=ré0=0= " (dimensionless)

360° :2_7zr =27 rad = 1lrad :@ =57.3°

r 27
T

or: @ [radl=| — |@]de

[rad] (lgooj [ded]

ANGULAR VELOCITY (@,)

Rate of change in angle (in Xy plane)

I 92 _ 91 Ag
Average Angular Velocity: o, = _Av
av t2 _tl At
Instantaneous: @, :'AitTo Af _do
el At dt 10

about z - axis



N @. (+)=ccw

A.P Lo =>ow

ANGULAR ACCELERATION («,)

(()Z2 — 6()Zl A

e A : CZZ = o
verage N t2 —tl AL
dew d%0
* |nstantaneous: a, = — >
dt dt

Rigid Body Rotation:
Every particle has the same @, and a,

Define @ and & vectors:

» Point along axis of rotation

* Have magnitude of ® and o
» Orientation define by Right Hand Rule

—

% _., Signofw: (+) 2> ccw
(-) 2 cw
Signof oo : from d_a)
dt ]
rev I'a
for sPpr:m ror .s’www(, Unitsof ®: 1— =27 —

Poue pzd S S



RIGID BODY ROTATION WITH CONSTANT
ANGULAR ACCELERATION

Form of equations same as 1-D motion:

X(t) > 0(1)

dx dé
V,=— < > W, = ——

dt dt

dv, d*x dow, d®0
ax — = > ¢ > az — — >

dt dt dt dt

Leads to analogous Equations of Motion:

1D: Fixed Axis Rotation
d, = const o, = const
V, =V, +a,l W, = w,, +a,l
2
X=X, +V, t+3a,t” 9=<90+0)ozt+%0‘zt
2 2
Vx2 o +Za (X X ) , +2a (6 90)

X=X, =1(V, +V, )t 0 - ‘9 1(6" + 0 )t

12



RELATING LINEAR AND ANGULAR MOTION

R
N \ P Each point, P, moves in circle
\
AR ds| _ |do
—>V=|—
dt| dt
—>V=Irw
Magnitude of a
ﬁ A= 9,
dt ~ dt

13



EXAMPLE: A bike tire is rotated by 120° to get the stem
vertical. By how many radians was the tire rotated?

T 27T
®_ = —|(120°) = —
rad (18()0)( ) 3

EXAMPLE: Your bike tires have a diameter of 0.75 m.
You ride from CAC - BC at a speed of 18 km/hr.

What is the angular velocity of your tires?

Vv 18x10° m/hr
W= — V = 3 :5m/S
r 3.6x10° s/hr

W = ( B Im/s j =13.3rad/s
0.325m
e inrev/s? 13.3 rad/s j =2.12 rev/s
27t rad/rev

«in RPM?  (2.12rev/s)(60s/min) =127 rpm
14



EXAMPLE (Cont.): Suppose it took you 4 sec to reach
the speed of 18 km/hr. What was the (constant)
angular acceleration of your tires during this time?

w =g, + ot

(13.3rad/s) =0+ (4 sec)

a = 3.33rad/s’

 How many REVs did the tires make while accelerating?

O=¢ +t+iat”
0 =1(3.33rad/s*)(45s)°
0 = 26.6 rad

0 = 206rad__ 4.24 rev

27 rad/rev

15



i-Clicker

Compared to a gear tooth on the
rear sprocket (on the left, of
small radius) of a bicycle, a gear
tooth on the front sprocket (on
the right, of large radius) has

/?w . %W V=fw

Rear
sprocket

roent
Front sprocket

A. a faster linear speed and a faster angular speed.
B. the same linear speed and a faster angular speed.
C. a slower linear speed and the same angular speed.

[D. the same linear speed and a slower angular speed.l

E. none of the above



