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9-8 Collisions in Two Dimensions

A glancing collision
that conserves

« Apply the conservation of

y

momentum along each axis both momentum and o/
15 Midterm o 67% kinetic energy.
o o « Apply conservation of energy /g/
. I Final x = 61% for elastic collisions = A :
AT I i, Overall ¥ =69+15% AN
PFPF S F S E IS T‘N
30 Letter grade Lower cutoff .
25 = TS Example: For a stationary target:
» A 80 o Alongx:  my,; =my,,cost, +m,v, cosb,
15
B+ 725
10
s B 6 . Along y: 0=-my, sin6, +m,v,sin6,
. cr 575
F D [ ct B B+ A AF C 50 2 2 2
s o Energy: jmyv; =3my, +im,yv;,
« These 3 equations for a stationary target have 7 variables
(3 speeds, 2 angles, 2 masses): if we know 4 of them we can
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10.1 The Rotational Variables
Which is fastest?
A rigid body is a body that can > P ——
. . atiol IS [Ine IS pal
IiOOPE : rotate with all its parts locked Romeom i i bodypand
X =mply can together and without any change

|
|

N Solid cylinder (D-cell)

Does it depend on: * mass?
* width?

* radius?

X no
X no
X no

» geometrical shape? v yes

perpendicular to

in its shape. the rotation axis.

- Reference line
A fixed axis means that the Y
rotation occurs about an axis that =

does not move.

Fig. 10-2  Arigid body of arbitrary shape
in pure rotation about the z axis of a coordi-
nate system. The position of the reference
line with respect to the rigid body is arbitrary,
but it is perpendicular to the rotation axis. It
is fixed in the body and rotates with the body.




10.1 The Rotational Variables: Angular Position

The body has rotated
counterclockwise

Y by angle 6. This is the
positive direction.

* For any point a distance » from the
rotation axis

Ky .
0=" radian measure
r

* s is arclength along circle of radius
* O measured in radians (rad) wrt the

Velocity

* Average velocity | _Ax_x-x,
A 1t
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Riii:if" pOSitiVC x-axis ¢ Instantancous  Ax dx
This dot means that VGlOClt v=Ilim—=—
the rotation axis is D y AU AL dt
out toward you. 1rev=360"=—"—=2mrad

r
1 rad=57.3" =0.159 rev
We don’t reset 0 to 0 when it passes through 2z. (Why?)
Angular Displacement Angular Velocity

* Average angular A6 _6,-6
velocity Davg =70 t,~1,

* Instantaneous i A6 _d6
angular velocity =R

A

“' An angular displacement in the counterclockwise direction is positive, and one in

the clockwise direction is negative.

 in units of rad/s

Frequency vs. angular velocity

* Frequency /'

— cycles per time interval

— revolutions per time interval

— units of Hertz (1 Hz = 1 rev/s)
* Period T=1/f

— time interval per revolution sw=2xf

(Zn rad
X
rev

— units of s

J-o

2%
T

* Angular velocity ©
— radians per time interval
— sometimes called angular frequency
— units of rad/s

Acceleration
+ Average 0 A _wm-w
acceleration At -t
. Instantan'eous i Av dv dx
acceleration U N Lo LoD




Angular Acceleration

* Averageangular  _Ao_0,-o
acceleration YAt -t

* Instantaneous Ao do d%0
1 a=lim—=—=—+
angular a=0 At dr dr?
acceleration

o in units of rad/s?

10.2: Rotation with Constant Angular Acceleration

Translation Table:
x<=0
VeSS W

a<= o

TABLE 10-1

Equations of Motion for Constant Linear Acceleration and for Constant Angular Acceleration

Equation

Linear Missing Angular
Number Equation Variable Equation
(2-11) v=v,+at X=X 0— 6 w=w)+ at
(2-15) X — Xg = vol + %mz v ) 0~ 0)= wy + %alz
(2-16) v =13 + 2a(x — xo) t t

Example 1

A record player is spinning at 33.3 rpm.

The motor is shut off, and the record player spins down and
stops in 20 seconds (assume constant deceleration).
(a) What is the angular acceleration?

(b) How far does it turn during this spin down?

o = o} + 2a(0 — 6)




