
Classical Mechanics 
Lecture 14

Today’s	
  Concepts:

	
   a)	
  Rota2onal	
  Mo2on

	
   b)	
  Moment	
  of	
  Iner2a
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Name ______________________   Date(YY/MM/DD) ______/_________/_______ 

SFU e-mail________@sfu.ca Section__________Group_______

UNIT 12:  ROTATIONAL MOTION
Approximate Time: Three 100-minute sessions

To every thing - turn, turn, turn

there is a season -- turn, turn, turn

and a time for every purpose under heaven.
--Pete Seeger

(With a little help from Ecclesiastes)

OBJECTIVES 

1. To understand the definitions of angular velocity and 

angular acceleration.

2. To understand the kinematic equations for rotational 

motion on the basis of observations.

3. To discover the relationship between linear velocity and 

angular velocity and between linear acceleration and 

angular acceleration.

4. To develop definitions for rotational inertia as a measure 

of the resistance to rotational motion.

5. To understand torque and its relation to angular 

acceleration and rotational inertia on the basis of both 

observations and theory.
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midterm	
  why	
  you	
  so	
  mean	
  :'(

please	
  explain	
  why	
  the	
  iner2a	
  of	
  rota2ng	
  objects	
  and	
  their	
  kine2c	
  energy	
  will	
  differ	
  
depending	
  on	
  the	
  placement	
  of	
  the	
  rota2ng	
  axis...	
  and	
  please	
  explain	
  the	
  spinning	
  
wheel	
  and	
  triangle	
  of	
  sphere's	
  ques2ons

What	
  is	
  a	
  moment	
  of	
  iner2a?

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?

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

Why	
  doesn't	
  the	
  videos	
  support	
  iPad?

Your Comments
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Sorry — hoping for a higher average on the final.
it’s like mass, except for rotating motion

mass that’s farther from axle goes faster

most integrals are done for you

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



Survey Question

I	
  am	
  very	
  familiar	
  with	
  angular	
  measure	
  using	
  radians...

A.	
  I’m	
  good	
  —	
  stop	
  boring	
  me!	
  

B.	
  workable

C.	
  so-­‐so

D.	
  a	
  liWle	
  lost

E.	
  hopeless



Summary of Rotations

Angular	
  velocity	
  ω	
  is	
  measured	
  in	
  radians/sec

1	
  revolu2on	
  =	
  2π	
  	
  radians

Frequency	
  	
  f	
  	
  is	
  measured	
  in	
  revolu2ons/sec

Period	
  T = 1/f
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Constant	
  α	
  does	
  not	
  mean	
  constant	
  ω

Another Summary

ω
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Clicker Question

A	
  disk	
  spins	
  at	
  2	
  revolu2ons/sec.

	
  What	
  is	
  its	
  period?

A)	
  	
  T = 2 sec

B)	
  	
  T = 2π sec

C)	
  	
  T = ½ sec
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Clicker Question

rad/sec

rad/sec

rad/sec

A	
  disk	
  spins	
  at	
  2	
  revolu2ons/sec.

	
  What	
  is	
  its	
  angular	
  velocity?

A)

B)

C)	
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A	
  wheel	
  which	
  is	
  ini2ally	
  at	
  rest	
  starts	
  to	
  turn	
  with	
  a	
  constant	
  angular	
  
accelera2on.	
  A^er	
  4	
  seconds	
  it	
  has	
  made	
  4	
  complete	
  revolu2ons.	
  

How	
  many	
  revolu2ons	
  has	
  it	
  made	
  a^er	
  8	
  seconds?

A)	
  8	
  	
  	
  	
  	
  	
  	
  B)	
  12	
  	
  	
  	
  	
  	
  	
  C)	
  16

CheckPoint

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

α
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A^er	
  4	
  seconds	
  it	
  has	
  made	
  4	
  complete	
  revolu2ons.	
  

How	
  many	
  revolu2ons	
  has	
  it	
  made	
  a^er	
  8	
  seconds?

A)	
  8	
  	
  	
  	
  	
  	
  	
  B)	
  12	
  	
  	
  	
  	
  	
  	
  C)	
  16

CheckPoint Response

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	
  revolu2ons	
  is	
  propor2onal	
  to	
  2me	
  squared.	
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α

A)	
  Since	
  it	
  made	
  4	
  revolu2ons	
  in	
  4	
  seconds,	
  its	
  angular	
  velocity	
  is	
  1	
  revolu2on	
  per	
  
second.	
  Therefore,	
  in	
  8	
  seconds,	
  it	
  will	
  have	
  made	
  8	
  revolu2ons.



Calculating Moment of Inertia

Depends	
  on	
  
rota2on	
  axis
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A	
  triangular	
  shape	
  is	
  made	
  from	
  iden2cal	
  balls	
  and	
  
iden2cal	
  rigid,	
  massless	
  rods	
  as	
  shown.	
  	
  The	
  moment	
  of	
  
iner2a	
  about	
  the	
  a,	
  b,	
  and	
  c	
  axes	
  is	
  Ia,	
  Ib,	
  and	
  Ic	
  
respec2vely.

Which	
  of	
  the	
  following	
  orderings	
  is	
  correct?

Only	
  about	
  half	
  	
  got	
  this	
  right	
  
so	
  let’s	
  try	
  again…

CheckPoint

a

b

c

A)	
  	
  	
  Ia > Ib > Ic 

B)	
  	
  	
  Ia
 > Ic > Ib 

C)	
  	
  	
  Ib > Ia > Ic 
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Which	
  of	
  the	
  following	
  orderings	
  is	
  correct?

CheckPoint Response

A)	
   Ia = 8mr2   Ib = 3mr2   Ic = 2mr2

B)	
   Ia = 8mr2   Ib = 3mr2   Ic = 4mr2

a

b

c

A)	
  	
  	
  Ia > Ib > Ic 

B)	
  	
  	
  Ia
 > Ic > Ib 

C)	
  	
  	
  Ib > Ia > Ic 
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Bigger	
  when	
  
the	
  mass	
  is	
  
further	
  out

Calculation Moment of Inertia
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In	
  both	
  cases	
  shown	
  below	
  a	
  hula	
  hoop	
  with	
  mass	
  M	
  and	
  radius	
  R	
  
is	
  spun	
  with	
  the	
  same	
  angular	
  velocity	
  about	
  a	
  ver2cal	
  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	
  kine2c	
  
energy?

A)	
  Case	
  1	
  	
  	
  	
  	
  	
  	
  B)	
  Case	
  2	
  	
  	
  	
  	
  	
  	
  C)	
  Same

Only	
  about	
  half	
  got	
  this	
  right	
  so	
  let’s	
  try	
  again…

Clicker Question
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ω

R R

ω

Case	
  2Case	
  1



In	
  which	
  case	
  does	
  the	
  spinning	
  hoop	
  have	
  the	
  most	
  kine2c	
  energy?

A)	
  Case	
  1	
  	
  	
  	
  	
  	
  	
  B)	
  Case	
  2	
  	
  	
  	
  	
  	
  	
  C)	
  Same

A)	
   In	
  case	
  one,	
  more	
  mass	
  is	
  located	
  away	
  from	
  its	
  axis,	
  so	
  it	
  has	
  larger	
  moment	
  
of	
  iner2a.	
  Therefore	
  it	
  has	
  more	
  kine2c	
  energy.	
  

C)	
  	
  The	
  radius,	
  angular	
  veloci2es	
  and	
  masses	
  are	
  the	
  same	
  so	
  the	
  iner2a	
  is	
  the	
  
same	
  which	
  means	
  the	
  kine2c	
  energy	
  is	
  the	
  same	
  for	
  both.	
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Clicker Question

ω

R R

ω

Case	
  2Case	
  1



A)

B)

C)

D)

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

dx

x

L

M

Clicker Question
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analyze the dimensions!



A)

B)

C)

Clicker Question

A	
  mass	
  M	
  is	
  uniformly	
  distributed	
  over	
  the	
  length	
  L	
  of	
  a	
  thin	
  rod.	
  
The	
  contribu2on	
  to	
  the	
  rod’s	
  moment	
  of	
  iner2a	
  provided	
  by	
  
element	
  dx	
  is	
  given	
  by:
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dx

x

L

M



r

dr

A)

B)

C)

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

Clicker Question
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analyze the dimensions!
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(i)

(ii)

(iii)

Using	
  (ii)

Using	
  (i)



Use (iv)

Use	
  (v)
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(iv)

(v)



Use	
  (viii)

Use	
  (ix)
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(vi)

(vii)

(viii)

(ix)



Use	
  (vii)

Use (vi)
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(vi)

(vii)

(viii)

(ix)


