Classical Mechanics

Lecture 14

SFU e-mail @sfu.ca Section G

Today’s Concepts:

UNIT 12: ROTATIONAL MOTION

Approximate Time: Three 100-minute sessions

a) Rotational Motion

b) Moment of Inertia

IMO‘tPh g"(’ To every thing - turn, turn, turn



Your Comments

midterm why you so mean :'( Sorry — hoping for a higher average on the final.
What is a moment of inertia?  it’s like mass, except for rotating motion

please explain why the inertia of rotating objects and their kinetic energy will differ
depending on the placement of the rotating axis... and please explain the spinning
wheel and triangle of sphere's questions mass that’s farther from axle goes faster
There is a lot of use of the integral and other confusing things. Could we go over if we
will use the integral or not? most integrals are done for you

This stuff is way cooler than anything we've done so far, mainly because | had not
done it in high school so | found it much easier to stay engaged.

The last three slides of the pre-lecture were very confusing.... all the d's.

Why doesn't the videos support iPad? :m:mpofu:
\

=

Fling«
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Survey Question

| am very familiar with angular measure using radians...
A. I’'m good — stop boring me!

B. workable

C. so-so

D. a little lost

E. hopeless

smartPhyrics



Summary of Rotations

For constant angular acceleration

Arc Length 0= 00 +aot+ % atz

where @ Is measured in

5 =R0 radians

=0 +at
Tangential Speed

v=Ro

o' - o, =2a(0-0,)

Rotational Kinetic Energy
Tangential Acceleration

: 2 f e
" ol 2, » S
a=Ka

Angular velocity m is measured in radians/sec

Frequency f is measured in revolutions/sec

1 revolution = 27t radians

2T

Period T=1/f ) = 7
—_—
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Another Summary

For constant angular acceleration

49=60+co0t+%art2

0= +a

-wz iy .wf = 2&(0 —00,)

o—

Constant o does not mean constant ®
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Clicker Question E

A disk spins at 2 revolutions/sec.
What is its period?

A) T=2sec

B) T'=2msec
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Clicker Question E

A disk spins at 2 revolutions/sec.
What is its angular velocity?

A) =271 rad/sec

B) )= -7—[- rad/sec

2

C) =47 rad/sec J
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CheckPoint

A wheel which is initially at rest starts to turn with a constant angular
acceleration. After 4 seconds it has made 4 complete revolutions.

How many revolutions has it made after 8 seconds?
A)8 B)12 C)16

Less than half got this right
so let’s try again...

smartPhyrics
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CheckPoint Response E

After 4 seconds it has made 4 complete revolutions.

How many revolutions has it made after 8 seconds?

Spinning Wheel: Question 1 (N = 13)
A)8  B)12 B

40

30
23.1

20

% of Students

10

0

A 8 C

A) Since it made 4 revolutions in 4 seconds, its angular velocity is 1 revolution per
second. Therefore, in 8 seconds, it will have made 8 revolutions.

B) it makes 4 in the first 4 seconds and then 4 + 4 in the second 4 seconds.
4+4+4=12

C) The number of revolutions is proportional to time squared.
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Calculating Moment of Inertia

Moment of Inertia

For Discrete Distributions For Continuous Distributions

1n Ymr 1=[riam

Moment of Inertia

Va m—
1= mr,

b
L

TIL I, =1, =4MP Depends on
rotation axis

.

I. = 8MI’
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CheckPoint

A triangular shape is made from identical balls and
identical rigid, massless rods as shown. The moment of
inertia about the ¢, b, and c axesis/, /,, and /,

respectively.

Which of the following orderings is correct?
A) 1,>1,>1

B) I,>1.>1,
C) I,>1,>1,

Only about half got this right
so let’s try again...
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CheckPoint Response

A) 1,>1,>1

B) I,>1.>1,

C) I,>1,>1,

_ 2 7 _ 2 7 D 2
A) Ia Smr [b 3mr 10% Triangle of Spheres: Question 1 (N = 12)
80
B) I,=8mr’ I, =3mr’ I =4mr’ 6.7
60
3
=
g
& 40 333
s
a2
20
0
0
A B C
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Calculation Moment of Inertia

Moment of Inertia

For Discrete Distributions For Continuous Distributions

1= mr} 1 =Ir’dm

Solid Cylinder Cylinderical Shell

I= 12 MR? I = MR?
Bigger when
the mass is

further out

Solid Sphere Spherlcal Shell
2

1=§MR2 I——MR“
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Clicker Question 5
In both cases shown below a hula hoop with mass M and radius R 5
is spun with the same angular velocity about a vertical axis through

its center. In Case 1 the plane of the hoop is parallel to the floor
and in Case 2 it is perpendicular.

In which case does the spinning hoop have the most kinetic
energy’?

A)Casel B)Case2 C)Same

Case 1 Case 2
> 17
| >
<1D00
o

Only about half got this right so let’s try again...
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Clicker Question

In which case does the spinning hoop have the most kinetic energy?

A)Casel B)Case2 C)Same

Rotating Hoop: Question 1 (|

80
65.7

Case 1 | Case 2

60

40

.
\}-!
™~
1
ek
~
S
[\
h
S
% of Students

SRR 2 1 {
<o : [

A) In case one, more mass is located away from its axis, so it has larger moment

of inertia. Therefore it has more kinetic energy.
C) The radius, angular velocities and masses are the same so the inertia is the

same which means the kinetic energy is the same for both.
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Clicker Question

A mass M is uniformly distributed over the length L of a thin rod.
The mass inside a short element dx is given by:

A) Mdx

3) &
M

. e >

I -
D) A—/[-dx

analyze the dimensions!

smartPhyrics
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Clicker Question

A mass M is uniformly distributed over the length L of a thin rod.

The contribution to the rod’s moment of inertia provided by
element dx is given by:

X
lM M « >
B) —5—dx
) dx — —
-— L —>
M
C) z—dx

smartPhyrics
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Clicker Question E

A disk has a radius R. The area of a thin ring inside the disk with
radius » and thickness dr is:

A) o dr

C) Anr> dy

analyze the dimensions!

’mn‘t Phg"(’ Mechanics Lecture 14, Slide 17



‘ Spinning Disk -

) 9=+ yt+s o’
(i) w=w,tot

(i) 0’ =wg+20A0

A disk with mass m = 11.2 kg and radius R = 0.34 m begins at rest and accelerates uniformly fort= 17 4
s, to afinal angular speed of w = 29 rad/s.

w — a)o
. .. o=
1) What is the angular acceleration of the disk? Usmg (11) ¢
i rad/s?
2) What is the angular displacement over the 17.4 s? Using (1) (9 = E Ottz
| rad S

- J
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‘ Spinning Disk -

]
; (iv) 1 DISK:EMR2
5 0 K=t o]
2

A disk with mass m = 11.2 kg and radius R = 0.34 m begins at rest and accelerates uniformly fort= 17 4
s, to afinal angular speed of w = 29 rad/s.

3) What is the moment of inertia of the disk? .
o Use (iv)

4) U What is the change in rotational Energy of the disk? USe (V)
l J Submit
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‘ Spinning Disk -

A disk with mass m = 11.2 kg and radius R = 0.34 m begins at rest and accelerates uniformly fort= 17 4
s, to afinal angular speed of w = 29 rad/s.

2) What is the tangential component of the acceleration of a point on the rim of the disk when the disk
has accelerated to half its final angular speed?

B m/s2 [ Submit Use (viii)

6) &) What is the radial component of the acceleration of a point on the rim of the disk when the disk
has accelerated to half its final angular speed? .
| Use (ix)

mis2 | Submit
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‘ Spinning Disk -

A disk with mass m = 11.2 kg and radius R = 0.34 m begins at rest and accelerates uniformly fort= 17 4
s, to afinal angular speed of w = 29 rad/s.

7)What is the final speed of a point on the disk half-way between the center of the disk and the rim?

| S Use (vii)

8) \.) YWhat is the total distance a point on the rim of the disk travels during the 17 .4 seconds?
l m submit Use (Vl)
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