
Classical Mechanics 
Lecture 5

Today’s	
  Concepts:
a)	
  Free	
  Body	
  Diagrams
b)	
  Force	
  due	
  to	
  strings
c)	
  Force	
  due	
  to	
  springs
d)	
  Force	
  due	
  to	
  gravity
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Stuff you asked about:

! We	
  could	
  cover	
  "Atwood's	
  Machine".	
  That's	
  all	
  I've	
  got.	
  How	
  was	
  your	
  
weekend?

! A	
  problem	
  like	
  the	
  elevator	
  problem,	
  but	
  in	
  two	
  dimensions	
  or	
  even	
  3	
  
dimensions.	
  So	
  maybe	
  the	
  elevator	
  is	
  from	
  Willy	
  Wonka's	
  factory,	
  and	
  can	
  
move	
  in	
  3	
  dimensions

! elevators	
  are	
  preHy	
  messed	
  up~!
! show	
  derivaKon	
  of	
  Law	
  of	
  Universal	
  GravitaKon	
  please
! I'd	
  like	
  to	
  get	
  more	
  of	
  an	
  explanaKon	
  on	
  force	
  tension	
  in	
  situaKons	
  with	
  

objects	
  like	
  hanging	
  masses	
  on	
  a	
  string.
! Why	
  gravitaKonal	
  force	
  is	
  so	
  small	
  compared	
  to	
  the	
  other	
  major	
  forces?
! I	
  did	
  not	
  find	
  any	
  of	
  these	
  concepts	
  difficult	
  as	
  for	
  me	
  this	
  was	
  a	
  quick	
  

refresher	
  on	
  physics	
  11	
  and	
  12.
! We	
  should	
  discuss	
  "exactly"	
  what	
  will	
  be	
  covered	
  in	
  the	
  upcoming	
  midterm	
  

on	
  friday!	
  Maybe	
  give	
  us	
  some	
  hints	
  on	
  the	
  type	
  of	
  quesKons	
  as	
  well.
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Midterm	
  1

•This	
  room	
  for	
  D100,	
  Room	
  3170	
  for	
  D200

•Covers	
  all	
  up	
  through	
  and	
  including	
  last	
  Friday
•10	
  mulKple	
  choice

•4	
  wriHen	
  problems

•AcKvity	
  Guides	
  allowed
•no	
  other	
  formula	
  sheets	
  or	
  textbooks

•bring	
  a	
  ruler	
  and	
  simple	
  scienKfic	
  calculator



Physics 140 Fall 2013

Date (2013) WP Unit # Topics
SmartPhysics 

Unit Notes

Wed, Sep 4 1 Data collection and spreadsheets

Fri, Sep 6 1
Measuring and graphing horizontal 
motion, FCI

Mon, Sep 9 2 Direct and indirect measurements

Wed, Sep 11 2 Normal distributions
Fri, Sep 13 3 Graphing changing motion sessions 1 & 2 in one day

Mon, Sep 16 3 Slowing, speeding, turning

Wed, Sep 18 4 Defining velocity and acceleration
1-D Kin

Fri, Sep 20 4 Integration & Kinematic equations

Mon, Sep 23 6 Vertical motion 2-D & Vectors skip force&weight

Wed, Sep 25 6 Vectors

Fri, Sep 27 6 Analysing projectile motion

Mon, Sep 30 5 Force and Motion Newton's Laws
Wed, Oct 2 5 Force, Mass and Acceleration

Fri, Oct 4 7 Circular motion Relative and Circular motionRelative and Circular motion
Mon, Oct 7 7 Newton's 3rd law Forces and FBDForces and FBD
Wed, Oct 9 7 Friction Friction
Fri, Oct 11 Midterm 1

Mon, Oct 14 Thanksgiving
Wed, Oct 16 10 Physical work and power

Fri, Oct 18 10 work and kinetic energy
Work & Energy

Mon, Oct 21 11 Energy conservation Cons. Forces

Wed, Oct 23 11
Conservative and non-
conservative forces Work and Potential EnergyWork and Potential Energy

Fri, Oct 25 8 Momentum

Mon, Oct 28 8 Impulse
CM

Wed, Oct 30 8
Newton's laws and momentum 
conservation Cons of momentumCons of momentum

Fri, Nov 1 9 Centre of mass and momentum 
conservation

Elastic CollisionsElastic Collisions
Mon, Nov 4 9 Momentum Conservation in 2-D Collisions, Impulse & Ref Framesskip karate
Wed, Nov 6 Lecture Special Relativity / Midterm review

Fri, Nov 8 Midterm 2 Rm 
Mon, Nov 11 Rememberance Day
Wed, Nov 13 12 Rotational kinematics Rotational KinematicsRotational Kinematics

Fri, Nov 15 12 Torque and rotational inertia Parallel Axis ThmParallel Axis Thm
Mon, Nov 18 12 Newton's Laws for rotation Rot. Dynamics
Wed, Nov 20 13 Angular momentum and torque as 

vectors
Angular MomentumAngular Momentum

Fri, Nov 22 13 Angular momentum conservation
Angular Momentum, Vectors&precessionAngular Momentum, Vectors&precession

Mon, Nov 25 14 Harmonic motion
SHM

Wed, Nov 27 14 SHM for mass and spring Pendulum
Fri, Nov 29 14 Simple Pendulum Waves

Mon, Dec 2 Review for Final Exam, FCI

Sat, Dec 14 Final Exam 3:30–6:30

"I love deadlines — I love the sound they make as they whoosh by."
	 Douglas Adams

Physics 140

Date (2014) WP Unit # Topics SmartPhysics 
Unit Notes

Wed, Sep 3 1 Data collection and spreadsheets

Fri, Sep 5 1 Measuring and graphing horizontal 
motion, FCI

Mon, Sep 8 2 Direct and indirect measurements

Wed, Sep 10 2 Normal distributions
Fri, Sep 12 3 Graphing changing motion sessions 1 & 2 in one day

Mon, Sep 15 3 Slowing, speeding, turning

Wed, Sep 17 4 Defining velocity and acceleration
1-D Kin

Fri, Sep 19 4 Integration & Kinematic equations

Mon, Sep 22 6 Vertical motion 2-D & Vectors skip force&weight

Wed, Sep 24 6 Vectors

Fri, Sep 26 6 Analysing projectile motion
Mon, Sep 29 5 Force and Motion Newton's Laws

Wed, Oct 1 5 Force, Mass and Acceleration
Fri, Oct 3 7 Circular motion Relative and Circular motionRelative and Circular motion

Mon, Oct 6 7 Newton's 3rd law Forces and FBDForces and FBD
Wed, Oct 8 7 Friction Friction
Fri, Oct 10 Midterm 1

Mon, Oct 13 Thanksgiving
Wed, Oct 15 10 Physical work and power

Fri, Oct 17 10 work and kinetic energy
Work & Energy

Mon, Oct 20 11 Energy conservation Cons. Forces
Wed, Oct 22 11 Conservative and non-

conservative forces Work and Potential EnergyWork and Potential Energy
Fri, Oct 24 8 Momentum

Mon, Oct 27 8 Impulse CM
Wed, Oct 29 8 Newton's laws and momentum 

conservation
Cons of momentumCons of momentum

Fri, Oct 31 9 Centre of mass and momentum 
conservation

Elastic CollisionsElastic Collisions
Mon, Nov 3 9 Momentum Conservation in 2-D Collisions, Impulse & Ref Framesskip karate
Wed, Nov 5 Lecture Special Relativity / Midterm review

Fri, Nov 7 Midterm 2 Rm 
Mon, Nov 10 Rememberance Day
Wed, Nov 12 12 Rotational kinematics Rotational KinematicsRotational Kinematics

Fri, Nov 14 12 Torque and rotational inertia Parallel Axis ThmParallel Axis Thm
Mon, Nov 17 12 Newton's Laws for rotation Rot. Dynamics
Wed, Nov 19 13 Angular momentum and torque as 

vectors
Angular MomentumAngular Momentum

Fri, Nov 21 13 Angular momentum conservation
Angular Momentum, Vectors&precessionAngular Momentum, Vectors&precession

Mon, Nov 24 14 Harmonic motion SHM
Wed, Nov 26 14 SHM for mass and spring Pendulum

Fri, Nov 28 14 Simple Pendulum Waves
Mon, Dec 1 Review for Final Exam, FCI

Tue, Dec 9 Final Exam 12:00–15:00
"I love deadlines — I love the sound they make as they whoosh by."
	 Douglas Adams



Study Material

MIT	
  Open	
  CourseWare

MulKple	
  Choice	
  Exams	
  from	
  UIUC

http://ocw.mit.edu/courses/physics/8-01sc-physics-i-classical-mechanics-fall-2010/force-and-newtons-laws-of-motion/applications-of-newtons-second-law/
http://ocw.mit.edu/courses/physics/8-01sc-physics-i-classical-mechanics-fall-2010/force-and-newtons-laws-of-motion/applications-of-newtons-second-law/
https://courses.physics.illinois.edu/phys211/practice-exams.asp
https://courses.physics.illinois.edu/phys211/practice-exams.asp


Hurricane explanation

We	
  observe	
  that	
  hurricanes	
  rotate	
  CCW	
  in	
  the	
  northern	
  
hemisphere,	
  CW	
  in	
  southern	
  hemisphere.	
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Hurricane explanation

1)	
  If	
  you	
  are	
  on	
  some	
  object	
  rotaKng	
  clockwise	
  then	
  
objects	
  moving	
  in	
  a	
  straight	
  line	
  relaKve	
  to	
  someone	
  
who	
  is	
  not	
  rotaKng	
  appear	
  to	
  be	
  turning	
  LEFT	
  relaKve	
  
to	
  you.	
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2)	
  If	
  you	
  are	
  on	
  some	
  object	
  rotaKng	
  counter	
  clockwise	
  
then	
  objects	
  moving	
  in	
  a	
  straight	
  line	
  relaKve	
  to	
  
someone	
  who	
  is	
  not	
  rotaKng	
  appear	
  to	
  be	
  turning	
  
RIGHT	
  relaKve	
  to	
  you.

http://www.youtube.com/watch?v=_36MiCUS1ro
http://www.youtube.com/watch?v=_36MiCUS1ro


Hurricane explanation
3)	
  Viewed	
  from	
  above	
  the	
  North	
  Pole,	
  the	
  earth	
  is	
  rotaKng	
  counter	
  
clockwise.	
  	
  This	
  means	
  if	
  you	
  are	
  in	
  the	
  northern	
  hemisphere,	
  things	
  will	
  
always	
  appear	
  to	
  be	
  turning	
  right.
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Hurricane explanation

4)	
  The	
  atmospheric	
  pressure	
  at	
  the	
  center	
  of	
  a	
  hurricane	
  is	
  much	
  
lower	
  than	
  the	
  atmospheric	
  pressure	
  in	
  the	
  air	
  surrounding	
  it.	
  
This	
  means	
  that	
  air	
  tries	
  to	
  move	
  from	
  the	
  outside	
  to	
  the	
  inside.
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Hurricane explanation

5)	
  Since	
  the	
  earth	
  is	
  rotaKng,	
  all	
  of	
  these	
  lines	
  will	
  turn	
  to	
  the	
  
right	
  as	
  they	
  move	
  toward	
  the	
  center.	
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Hurricane explanation

6)	
  All	
  of	
  these	
  “right	
  turns”	
  make	
  the	
  hurricane	
  rotate	
  CCW.
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CheckPoint
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A	
  box	
  of	
  mass	
  m	
  is	
  hung	
  with	
  a	
  string	
  
from	
  the	
  ceiling	
  of	
  an	
  elevator	
  that	
  is	
  
acceleraKng	
  upward.	
  Which	
  of	
  the	
  
following	
  best	
  describes	
  the	
  tension	
  T	
  
in	
  the	
  string:

A)	
  T < mg	
  
B)	
  T = mg	
  
C)	
  T > mg

a



CheckPoint

A	
  box	
  of	
  mass	
  m	
  is	
  hung	
  by	
  a	
  spring	
  
from	
  the	
  ceiling	
  of	
  an	
  elevator.	
  
When	
  the	
  elevator	
  is	
  at	
  rest	
  the	
  
length	
  of	
  the	
  spring	
  is	
  L	
  =	
  1 m.	
  	
  If	
  
the	
  elevator	
  accelerates	
  upward	
  
the	
  length	
  of	
  the	
  spring	
  will	
  be:

A)	
  L < 1 m
B)	
  L = 1 m
C)	
  L > 1 m
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I don't like elevators. They are either hot, smelly, and 
icky or really cold. They give you motion sickness if 
they go to fast, but if they don't they take forever. And 
they have to stop at like every other floor. They are 
usually always cramped and enclosed. You can die in 
there or get trapped in there, or both. If you move up, 
you get squished, but if you move down you fly. Talk 
about elevators please.



Clicker Question

You	
  are	
  traveling	
  on	
  an	
  elevator	
  up	
  
the	
  Willis	
  tower.	
  As	
  you	
  near	
  the	
  
top	
  floor	
  and	
  are	
  slowing	
  down,	
  
your	
  acceleraKon

A)	
  is	
  upward

B)	
  is	
  downward

C)	
  is	
  zero
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Clicker Question

You	
  are	
  traveling	
  on	
  an	
  elevator	
  
up	
  the	
  Sears	
  tower,	
  and	
  you	
  
are	
  standing	
  on	
  a	
  bathroom	
  
scale.

As	
  you	
  near	
  the	
  top	
  floor	
  and	
  
are	
  slowing	
  down,	
  the	
  scale	
  
reads

A)	
  More	
  than	
  your	
  usual	
  weight
B)	
  Less	
  than	
  your	
  usual	
  weight
C)	
  Your	
  usual	
  weight
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CheckPoint

A	
  block	
  sits	
  at	
  rest	
  on	
  a	
  horizontal	
  fricKonless	
  surface.	
  	
  Which	
  of	
  the	
  
following	
  sketches	
  most	
  closely	
  resembles	
  the	
  correct	
  free	
  body	
  
diagram	
  for	
  all	
  forces	
  acKng	
  on	
  the	
  block?	
  Each	
  arrow	
  represents	
  a	
  
force.	
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The	
  only	
  forces	
  acKng	
  on	
  the	
  box	
  
are	
  gravity	
  (acKng	
  downward)	
  and	
  
normal	
  force	
  (acKng	
  upward).	
  



Clicker Question

A	
  block	
  slides	
  down	
  a	
  fricKonless	
  inclined	
  plane.	
  	
  Which	
  of	
  the	
  
following	
  sketches	
  most	
  closely	
  resembles	
  the	
  correct	
  free	
  body	
  
diagram	
  for	
  all	
  forces	
  acKng	
  on	
  the	
  block?	
  Each	
  arrow	
  represents	
  
a	
  force.	
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Clicker Question

A	
  cart	
  with	
  mass	
  m2	
  is	
  connected	
  to	
  a	
  mass	
  m1	
  using	
  a	
  string	
  
that	
  passes	
  over	
  a	
  fricKonless	
  pulley,	
  as	
  shown	
  below.	
  	
  
The	
  cart	
  is	
  held	
  moKonless.	
  

Mechanics	
  	
  Lecture	
  5,	
  Slide	
  21

The	
  tension	
  in	
  the	
  string	
  is
A)	
  	
  m1g
B)	
  	
  m2g
C)	
  	
  0

m2

m1

g

a



Clicker Question

A	
  cart	
  with	
  mass	
  m2	
  is	
  connected	
  to	
  a	
  mass	
  m1	
  using	
  a	
  string	
  
that	
  passes	
  over	
  a	
  fricKonless	
  pulley,	
  as	
  shown	
  below.	
  	
  
IniKally,	
  the	
  cart	
  is	
  held	
  moKonless,	
  but	
  is	
  then	
  released	
  
and	
  starts	
  to	
  accelerate.	
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Aler	
  the	
  cart	
  is	
  released,	
  the	
  tension	
  in	
  the	
  string	
  is

A)	
  	
  = m1g
B)	
  	
  > m1g
C)	
  	
  < m1g

m2

m1

g

a



Clicker Question

A	
  block	
  weighing	
  4	
  N	
  is	
  hung	
  from	
  a	
  rope	
  aHached	
  to	
  a	
  
scale.	
  The	
  scale	
  is	
  then	
  aHached	
  to	
  a	
  wall	
  and	
  reads	
  4	
  
N.	
  	
  What	
  will	
  the	
  scale	
  read	
  when	
  it	
  is	
  instead	
  
aHached	
  to	
  another	
  block	
  weighing	
  4	
  N?
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A)	
  	
  	
  	
  0	
  N.	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  B)	
  	
  	
  4	
  N.	
   	
  	
  	
  	
  	
  	
  	
  	
  C)	
  	
  	
  	
  8	
  N.

m m m

?


