E 1 . In the figure, solid cylinder has a mass 50 kg and diameter 0.120 m, and
xample: | e, SOl . . . .
it rotates in frictionless bearings about a stationary horizontal axis. We
pull the free end of the cable with a constant 9.0 N force for a 2.0-m
distance; 1t turns the cylinder as it unwinds without slipping. The
cylinder 1s initially at rest. Find its final kinetic energy.

Q1: What info we can get from “a constant 9.0 N ST 2
force for a 2.0-m distance”? e

Wother = F's = (9.0 N)(2.0m) = 18 J.

Q2: Where does this 18 J energy go?

It 1s converted to the kinetic energy of the solid cylinder.

K1+U1+W0theT:K2+U2 U1=O=U2 K1=O

Wother = Ko = 18]
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E 1 . In the figure, solid cylinder has a mass 50 kg and diameter 0.120 m, and
xample: | e, Soll | . . .
it rotates in frictionless bearings about a stationary horizontal axis. We
pull the free end of the cable with a constant 9.0 N force for a 2.0-m
distance; it turns the cylinder as it unwinds without slipping. The
cylinder 1s 1nitially at rest. Find its final angular speed.

Wother = Ko = 18]

Q1: What is the expression for K,?

1
KZ =EI(1)2 = 18]

1 1
I=—mR? = 5 (50kg)(0.060 m)* = 0.090 kg-m?

2
W = \/ 2(18 J) = 20rad/s

0.090 kg - m?
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E 1 . In the figure, solid cylinder has a mass 50 kg and diameter 0.120 m, and
xample: ! e, Soll | . . .
it rotates in frictionless bearings about a stationary horizontal axis. We
pull the free end of the cable with a constant 9.0 N force for a 2.0-m
distance; it turns the cylinder as it unwinds without slipping. The
cylinder 1s initially at rest. Find the final speed of the cable.

' ~
0.090 kg - m?

v= Rw =(0.060m)(20rad/s) =1.2m/s
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Exam 1 e A thin, very light wire 1s wrapped around a drum that 1s free to rotate.
p ° The free end of the wire is attached to a ball of mass m. The drum has

the same mass m. Its radius is R and its moment of inertia 1s / =
(1/2)mR?. As the ball falls, the drum spins.

At an instant that the ball has translational kinetic energy K, the
drum has rotational kinetic energy

A. K. B. 2K. d K/2. D. none of these
K =Y m? w =2 Suppgse the
R velocity of
. 1 . 11 - v 1 , ball is v
= — = —(—m —_ = —mv
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Example

A solid cylinder with mass M and radius R. The cylinder rotates with negligible friction
about a stationary horizontal axis. We tie the free end of the cable to a block of mass m and
release the block from rest at a distance 42 above the floor. As the block falls, the cable

unwinds without stretching or slipping. Find the speed of the falling block and the
angular speed of the cylinder as the block strikes the floor.

kLN
Q1: Initially, what kind of energy does the system have? @ @
Gravitational potential energy of the block: mgh. M M

NONNNNN

(Q2: Final state, what kind of energy does the system have? 2 1nm H
:

TSI

Linear kinetic energy of the block (1/2)m?.

m
Il
+

C

Rotational kinetic energy of the cylinder (1/2)1 ar. f vl D o

7
Ky +U; =Ky + U, K K Cylinder and block at rest Block about 1o hit floor
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Example

A solid cylinder with mass M and radius R. The cylinder rotates with negligible friction
about a stationary horizontal axis. We tie the free end of the cable to a block of mass m and
release the block from rest at a distance 2 above the floor. As the block falls, the cable
unwinds without stretching or slipping. Find the speed of the falling block and the
angular speed of the cylinder as the block strikes the floor.

Ky +U; =Ky +Us K, =K, T Ky @ @
0+mgh=K, +K, 0= %mvz-l- %Iwz M M
w=v/R  I=iMR? 7] H‘ H
0tmgh = ot (MR (3) = d(m+ 3 M)t T | rew
- ! I
S \/”f&'/?m w="v/R Cyl/i‘hder and block af rest leno::a:omomﬂoor
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Angular vs linear motion

a. = constant o, = constant
v =v, +at 0. =, +o.t Linear kinetic energy:
i i K="%m~.

x=x0+v0xt+5axt2 9=6’0+a)02t+5a2t2
v =i 424 (x-x,) o' = ol +2a.(0-0,) Rotational kinetic energy:

| | K,="%1w"
x—x,==(v, + vy, )¢ 0-6,=—(ow, +aw, )t

2 2

J =Ap = mvy —mv; = FAt Impulse-Momentum Theorem

MmqVq; + MyVy; = MV + MyVz¢  Conservation of Momentum
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Dynamics of Rotational Motion

* What 1s meant by the torque produced by a force.
* How the net torque on an object affects the object’s rotational motion.

* How to analyze the motion of an object that both rotates and moves as a
whole through space.

* How to solve problems that involve work and power for rotating objects.

* How the angular momentum of an object can remain constant even if the
object changes shape.
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Force vs Torque

* Newton’s second law: Force cause acceleration

* What causes angular acceleration? What does it take to start a stationary object
rotating or bring a spinning object to a halt?

* New concepts, such as torque and angular momentum, to deepen our understanding
of rotational motion. Example?

Axis of rotation

Force close to axis of
ﬁ rotation: not very
effective

* There are 3 factors that determine the effectiveness of the force
in loosening the tight bolt:
» The magnitude of the force,
» The position of the application of the force, E

Force directed

» The angle at which the force is applied toward axis of

rotation: no effect

Force farther from
axis of rotation:
more effective
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Definition of Torque

* Torque, 7, 1s the tendency of the force to rotate an object
about some axis.

* Let F' be a force acting on an object, and let » be a
position vector from a rotational center to the point of
application of the force. Generally:

evE
. [
Torque vector-.., k_.--Vector from O to where F acts AN
due to force F "= - ~
. : T=rXUFry ’
relative to point O *« Force B J

* Is the torque a vector or scalar?

* Force F 1s a vector, and the position r 1s also a vector.
Cross produce of F and r can give us the vector result.
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Torque Units and moment arm

Iy

The SI units of torque are N-m.

* Torque 1s a vector quantity, it has direction
»If the turning tendency of the force is

counterclockwise, the torque will be positive N
»1f the turning tendency is clockwise, the torque 3
will be negative. s
(out of page)

* Torque magnitude is given by t = rFsing = Fl

* The moment arm, /, 1s the perpendicular distance
from the axis of rotation to a line drawn along the
direction of the force [ = rsing
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A plumber pushes straight down on the end of a long wrench as
shown. What 1s the magnitude of the torque he applies about the pipe
at lower right?

Example:

A. (0.80 m)(900 N)sin 19°
y(o.so m)(900 N)cos 19°
C. (0.80 m)(900 N)tan 19°

D. none of the above

T =rEsing = Fl
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Example: A force F = (4; +3j )N acts on an object at a point
located at the position j = (6 ,;)m

What 1s the torque that this force applies about the origin?

IT=1rXF fx}':f;";fxf;":—};}xg:f

A. zero R ixi=0; jx;=0, kxk=0
A A T = (6k)x(4i+3f
B. (24i +18j)Nem T = (Bl)x(re3))

¢, _ i
) =24(kxi) + 18(kxj)
—24i—18j)N-m J/ \k
~—

( A N
C. | =24] — 181
V”—18i+24j)N-m o

> AxB = (A,B.— A.B))i +
E. |

~18i ~24j)Nem (A-By— AyB.)j +

(A,B, — A,B,)k
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Example: Multiple forces and net torque

» The force F; will tend to cause a el e e
. : Tl — +F|11
counterclockwise rotation about O.

Line of action

of ﬁl
» The force F, will tend to cause a clockwise re
rotation about O. ol
: and F,
° Net torque Z T = Tl + TZ + T 3 — Fl ll - F 2 l2 The line ol‘actié}':m* ﬁ; 4
passes through point O, L = r:»iine of

so the lever arm and

« If ), T = 0, rotation rate does not change e T B

action of F,

« If ), T # 0, rotation starts

F, tends to cause clockwise rotation about point
0, so its torque 1s negative: T, = —F5l,
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Newton’s Second Law for a rotating object

When a rigid object 1s subject to a nonzero net torque, 1t undergoes an
angular acceleration ), T = Ia,,.

Rotational analog of Newton’s second law for a rigid body:

-------- Moment of inertia of

Net torque on a--., . : .
9 “ * rigid body about z-axis

rigid body M1, = Io, ..

: Angular acceleration of
about z-axis &

rigid body about z-axis

The angular acceleration is directly proportional to the net torque

The angular acceleration 1s inversely proportional to the moment of 1nertia of
the object

The relationship is analogous to ), F = ma
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