Example: two-dimensional elastic collision

The following figure shows an elastic collision of two pucks (masses m , = 0.5 kg and m, = 0.3 kg) on
a frictionless air-hockey table. Puck A has an initial velocity of 4.0 m/s in the positive x-direction and

a final velocity of 2.0 m/s in the unknown direction a. Puck B is initially at rest. Find the final speed

v of puck ]% and the angles & and /3 Step 1 and 2: Setup coordinate and draw diagram

- 400mfs B (atrest) Step 3: Conservation of momentum?
BEFORE . X
O [ my =0500kg my = 0.300 kg No external force, true for both x and y.
9
b MAVAl: — MAVUA2; + TMBUR:

)‘ =

U4 = 2.00 m//s/ 0 = M A A2 4 MpBURY,

AFTER = f@{ x Step 4: Type of collision?

Vg~ Elastic: conservation of total kinetic energy
1 ) 1 1 )
5 MAVM"T = EmA’Um + o MBUB:
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Example: two-dimensional elastic collision

The following figure shows an elastic collision of two pucks (masses m , = 0.5 kg and m; = 0.3 kg) on a
frictionless air-hockey table. Puck A has an 1nitial velocity of 4.0 m/s in the positive x-direction and a
final velocity of 2.0 m/s in the unknown direction a. Puck B is initially at rest. Find the final speed v,

of puck B and the angles a and ., (0.500kg)(4.0m/s)’ — (0.500kg)(2.00m/s)?

. (BN =2 —
“ b2 0.300 kg

vpy = 4.47m/s

— . 4,'00 s j(at T . Conservation of the - and y-components of total momentum gives
0 ‘ m, = 0.500 kg U mg = 0.300 kg MAVALz = MAUVA2: +— MBURY:
(0.500kg)(4.00m/s) = (0.500kg)(2.00m/s)(cos ) + (0.300kg)(4.47m/s)(cos )
% 04y = 2.00 m/s/ Get, cosa =2 - 1.341cospf (1)
/ \ 0 = myvae +mpupy
arLER 0 % * 0 = (0.500kg)(2.00m/s)(sina)- (0.300kg)(4.47m/s)(sin B)
B ™ So, sina=1.341sinf3 (2)
1 ) 1 , 1 ) sina + cos?a =1 So, (1.341sinB)2+ (2 - 1.341cosf)>= 1
o MAVAL" = 5MAVA" + 5 MBUR
(1.341)? (sin? 8+ cos?ff) + 4 - 4x1.341cosf=1 s0, cosff=0.8945
2 _ MU — MUy
U2 = Because (1), cosa =2 - 1.341cosff = 0.8 a=36.9" =26.6"

mpg



Exam le. James (mass 90 kg) and Ramon (mass 60 kg) are 20.0 m apart on a frozen
p ‘ pond. Midway between them is a mug of their favorite beverage. They pull

on the ends of a light rope stretched between them. When James has moved
6.0 m toward the mug, how far and in what direction has Ramon moved?

Q1: Which knowledge can we use to solve this problem?

No external force. Jarmes

Rarmon
. 40.0kg 600kg
Conservation of momentum.
But velocity 1s not given. k B ﬁ y
—10.0m Xem O +10.0m

Total momentum 1is conserved.
Q2: What 1s the 1nitial total momentum?  Zero.
Q3: What is the final total momentum? Zero.

This means that the mass center does not move, and the velocity of the mass center is zero.
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Exam le. James (mass 90 kg) and Ramon (mass 60 kg) are 20.0 m apart on a frozen
p *  pond. Midway between them 1s a mug of their favorite beverage. They pull

on the ends of a light rope stretched between them. When James has moved
6.0 m toward the mug, how far and in what direction has Ramon moved?

No net external force, the mass center does not change.

James Ramon
L +myxy +mgarg+--- 90.0kg 600kg

Before James moves, the mass center i1s: | [P N x
—10.0m Xem 0 +10.0m

(90.0 kg)(—10.0 m) + (60.0 kg)(10.0 m) 5 0m
T = — T L.
o 90.0 kg + 60.0 kg

The mass center does not change, after James moves:

N (90.0kg)(—4.0m) + (60.0kg)ar ey — 1.0m
90.0 kg + 60.0 kg
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E 1 «  As shown in the figure, the uniform triangle has a total mass of 12 kg.
xample: .
What are the x and y coordinates of the center of mass (or center of
gravity) of this triangle?

.\.1

Q1: How can we find the mass center for this “continuous ” object? &
3m C
Decompose this triangle to three objects, as “A”, “B”, and “C”. A
Find the mass center for each “A”, “B”, and “C”, separately. 0 Bym '
Find the mass center for the combined object of “A+ B+C”.
Density = 12/(3+4+5) = 1 kg/m - XaMy + XM + XcMe _ e
Bar A: (0 m, 1.5 m), 3 kg my +mp +me
Bar B: (2 m, 0 m), 4 kg _ Yam + ypmp + Yeme Ctom

Ball C: (2 m, 1.5 m), 5 kg Y my + mg +mg
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Example « A 2.0-m rope 1s lying on a table. You pick up one end and start raising
" it vertically. How high above the table is the center of mass (or center
of gravity) of the rope when half of the rope has lifted off the table?

Step 1: Draw diagram

Bar A: (O m, 0.5 m), 1 kg
Bar B: (0.5 m, 0 m), I kg
_ Xgmy + XpMmg

X = = (0.25m
mA+mB

my + m
y=3’A AT YB B=O.25m
mA+mB
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Rotational Mechanics

* Translational Mechanics: chapter 1 to chapter &
Motion of point bodies: do not consider their size and shape
Conservation of energy and momentum

) ] Axis of Rotation |

* Rotational Mechanics: chapter 9 to ... .

Motion of Rigid bodies: rotation and translation

Need to consider their shape and size et al.

Conservation of energy and angular momentum.

We do not consider the change of the shape: Rigid body '
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Rigid Bodies

* A rigid body is one that is nondeformable
The relative locations of all particles making up the object remain constant.

All real objects are deformable to some extent, but the rigid object model 1s
very useful where the deformation is negligible.

573

Rigid body

* Example
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Angle and Radian

* Rotation: A car’s speedometer needle rotates about a fixed axis.
* Important quantities: angle, circle/circumference, radius.

* Circumference: s = (2m)r, so 2m = s/r

* Angle #: defined as the arc length s along a circle

The angle 6 from the
+x-axis specifies the

divided by radium r: @ = s/7r s = rb e
. 6 . b An angle 6 in rad.;ans P
1S a pure numbcer, is the ratio of the arc A A
length s to the radius r. OD;T(:;;?ES _________
but commonly 1s given the ~ &

X
o™, g

Axis of rotation passes through
origin and points out of page.

artificial unit, radian “rad”.
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ré

Unit of angles |
n angle 6 in radians ‘ »

is the ratio of the arc

* Comparing degrees and radians: w(rad) = 180° length s to the radius -

* Converting from degrees to radians:

O(rad) =

[
180°

noo O(degress) 57.3° -

1 (57.3°) = 1.0rad

* Converting from radians to degrees

180° °
O(rad), 1.0 rad - 180

T T
* Converting from revolutions to radians

O(degrees) =

(1.0) = 57.3°

1 revolution = 2n(rad) = 360°
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One-dimensional position x vs angular position

* One-dimensional motion: x relative to the origin. P‘_i”"_.i‘

* Axis of rotation: the center of the disc. - :gl :ln oL x(m)
* “Origin” for angular motion: a fixed reference line e

* Point P 1s at a fixed distance r from the origin (center of disc) = \

VA (i
. 0

a8 Reference
» line

* As the particle moves, the only coordinate that change 1s 6
* As the particle moves through 0, it moves though an arc length s.

* The angle 8, measured 1n radians, 1s called the angular position.

Physics at NJl1
,”’X-——— New Jersey’s Science & Technology University THE EDGE IN KNOWLEDGE



Displacement vs angular displacement

» Displacement: change of position in time Ax = x(¢r) — x;(¢;)
Counterclockwise Clockwise
rotation: rotation:

Vector quantity, magnitude and direction, +/- sign
0 increases, so angular 6 decreases, so angular

velocity 1s positive. velocity is negative.

* Angular displacement: the angle the object rotates |, " gy
wW,,., = AG/At > 0 Wy, = AG/At < 0

through during some time interval
A0 = 6;(ts) — 0;(t;)

* SI unit: radian (rad)

* A counter-clockwise rotation 1s positive

Axis of rotation (z-axis) passes through
origin and points out of page.

* A clockwise rotation 1s negative
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Velocity vs angular velocity

. . . . . (a) If you curl the
* One-dimensional: rate of change of position in time fingers of your
right hand in the |
direction of |
I
I

=X = T nstant == i
dVCIage Vgyg = A Ap Instantancous v = i A%I_I)lo Y

XfF—Xj
f rotation ...

* Average angular velocity o, the ratio of the angular

... your right thumb
points in the
direction of @.

AG  07—0;
At At

displacement to the time interval wgy,q =

* Instantaneous angular velocity: the limit of the average |

AO do

velocity as the time interval approaches zero o = ﬂ_wz(l) VulPT SI unit: rad/s

* Direction: positive for counter-clockwise, negative for clockwise.
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EX&IHPIG: The angular position 8 of a 0.36-m-diameter flywheel 1s given
by 0 = (2.0 rad/s?)#’. Find the instantancous angular velocity at
t=0.5 s. (use unit rad/s)

w=— =4t t =0.5s w = 2 rad/s?

's Science & Technology University THE EDGE IN KNOWLEDGE



Angular acceleration

* Average angular acceleration «_ : the ratio of the change in the angular

avg*
speed to the time 1t takes for the object to undergo the change
_ A0 _ Y0

= o Tt 2
Aavg Y Y ST unit: rad/s
* Instantaneous angular acceleration: the limit  ¢andinthesame @ and @ in the opposite
. . direction: Rotation directions: Rotation
of the average angular acceleration as the time speeding up. slowing down.
. . A do b
interval approaches zero ¢ = lim — = — ; :
At—0 At dt w, A u @
(44 (44
* Positive a: counter-clockwise speeding up,
(If w 1s clockwise, slowing down) @ ®
* Negative a: counter-clockwise slowing down, ( (

(If w 1s clockwise, speeding up.)
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Example: The graph shows the angular velocity ®, and angular
acceleration o, versus time ¢ for a rotating body. At which of the
following times 1s the rotation speeding up at the greatest rate?

(A)t=1s
(B)t=2s
(C)t=3s
(D)t=4s

¢t=55
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Comparison between rotational and linear equations

Straight-Line Motion with
Constant Linear Acceleration

Fixed-Axis Rotation with
Constant Angular
Acceleration

a = constant

X

a. = constant

z

V, =V, +a,t

®, = ®,, + azt

X =X, +v0xt+%a t°

X

1

0=0,+0,,t+ 5 at’

v.? =v,° +2a (x-X,)

X

o’ =a0,°+2a,(0-6,)

4

X—X, = %(VOX +Vv )t

6 — 6, :%(%z +o,)t
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