
Classical Mechanics 
Lecture 9

Today's	
  Concepts:
a)	
  Energy	
  and	
  Fric.on

b)	
  Poten.al	
  energy	
  &	
  force
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Some comments about the course

What	
  is	
  the	
  difference	
  with	
  macroscopic	
  and	
  microscopic	
  forces?	
  Is	
  one	
  
conserva;ve	
  and	
  the	
  other	
  non	
  conserva;ve?

Learning	
  fun	
  physics	
  Cool	
  demonstra;ons	
  are	
  the	
  Reason	
  to	
  wake	
  up	
  -­‐A	
  scien;fic	
  
haiku	
  

Are	
  we	
  done	
  with	
  springs	
  now,	
  or	
  will	
  they	
  come	
  back	
  to	
  haunt	
  us	
  !!?!	
  =D
	
  
Is	
  there	
  a	
  way	
  to	
  explain	
  the	
  concepts	
  without	
  using	
  so	
  many	
  formulas?	
  It's	
  kinda	
  

confusing	
  when	
  the	
  lecture	
  explains	
  with	
  deriva;ves	
  and	
  an;	
  deriva;ves.

What	
  is	
  spacial	
  deriva;ve?
the	
  equa;ons	
  are	
  so	
  scary,	
  can	
  we	
  go	
  over	
  them	
  in	
  English?
throwing	
  equa;ons	
  at	
  us	
  doesnt	
  help	
  our	
  understanding...
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https://ccrma.stanford.edu/~jos/pasp/Spatial_Derivatives.html 
http://wiki.answers.com/Q/What_are_spatial_derivatives

yes

Last year

No

not really

This year

https://ccrma.stanford.edu/~jos/pasp/Spatial_Derivatives.html
https://ccrma.stanford.edu/~jos/pasp/Spatial_Derivatives.html
http://wiki.answers.com/Q/What_are_spatial_derivatives
http://wiki.answers.com/Q/What_are_spatial_derivatives


HW	
  is	
  harder	
  than	
  lecture

Need	
  more	
  prac;ce	
  materials	
  

Don’t	
  know	
  how	
  to	
  prepare	
  for	
  exam

Material	
  is	
  geRng	
  harder

Common	
  Issues:

Things	
  we	
  can	
  do:

Do	
  some	
  HW	
  problems	
  in	
  class	
  

Provide	
  prac;ce	
  materials	
  to	
  prepare	
  for	
  exam

Post	
  formula	
  sheet

Make	
  sure	
  office	
  hours	
  are	
  u;lized
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Macroscopic Work done by Friction



Macroscopic Work:

This	
  is	
  not	
  a	
  new	
  idea	
  –	
  it’s	
  the	
  same	
  “work”	
  you	
  are	
  used	
  to.

Applied	
  to	
  big	
  (i.e.	
  macroscopic)	
  objects
rather	
  than	
  point	
  par;cles	
  (picky	
  detail)

We	
  call	
  it	
  “macroscopic”	
  to	
  dis;nguish	
  it	
  from	
  “microscopic”.
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Do	
  spinning	
  Heat	
  Demo

“Heat”	
  is	
  just	
  the	
  kine;c	
  energy	
  of	
  the	
  atoms!
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H

N1

mg

N2

mg

µ mg

must	
  be	
  nega.ve

m
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A	
  block	
  of	
  mass	
  m,	
  ini;ally	
  held	
  at	
  rest	
  on	
  a	
  fric;onless	
  ramp	
  a	
  ver;cal	
  
distance	
  H	
  above	
  the	
  floor,	
  slides	
  down	
  the	
  ramp	
  and	
  onto	
  a	
  floor	
  
where	
  fric;on	
  causes	
  it	
  to	
  stop	
  a	
  distance	
  r	
  from	
  the	
  bo]om	
  of	
  the	
  
ramp.	
  The	
  coefficient	
  of	
  kine;c	
  fric;on	
  between	
  the	
  box	
  and	
  the	
  floor	
  is	
  
µk.	
  What	
  is	
  the	
  macroscopic	
  work	
  done	
  on	
  the	
  block	
  by	
  fric;on	
  during	
  
this	
  process?

A)	
  mgH B)	
  –mgH C)	
  µk mgD D)	
  0

D

m

CheckPoint
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What	
  is	
  the	
  macroscopic	
  work	
  done	
  on	
  
the	
  block	
  by	
  fric;on	
  during	
  this	
  process?

A)	
  mgH B)	
  –mgH C)	
  µk mgD D)	
  0

B)	
  All	
  of	
  the	
  poten.al	
  energy	
  goes	
  to	
  kine.c	
  as	
  it	
  slides	
  
down	
  the	
  ramp,	
  then	
  the	
  fric.on	
  does	
  nega.ve	
  work	
  to	
  
slow	
  the	
  box	
  to	
  stop	
  

C)	
  Since	
  the	
  floor	
  has	
  fric.on,	
  the	
  work	
  done	
  by	
  the	
  
block	
  by	
  fric.on	
  is	
  the	
  normal	
  force	
  .mes	
  the	
  coefficient	
  
of	
  kine.c	
  fric.on	
  .mes	
  the	
  distance.	
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A	
  block	
  of	
  mass	
  m,	
  ini;ally	
  held	
  at	
  rest	
  on	
  a	
  fric;onless	
  ramp	
  a	
  ver;cal	
  
distance	
  H above	
  the	
  floor,	
  slides	
  down	
  the	
  ramp	
  and	
  onto	
  a	
  floor	
  
where	
  fric;on	
  causes	
  it	
  to	
  stop	
  a	
  distance	
  D from	
  the	
  bo]om	
  of	
  the	
  
ramp.	
  The	
  coefficient	
  of	
  kine;c	
  fric;on	
  between	
  the	
  box	
  and	
  the	
  floor	
  is	
  
µk.	
  What	
  is	
  the	
  total	
  macroscopic	
  work	
  done	
  on	
  the	
  block	
  by	
  all	
  forces	
  
during	
  this	
  process?

A)	
  mgH B)	
  –mgH C)	
  µk mgD D)	
  0

CheckPoint
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What	
  is	
  the	
  total	
  macroscopic	
  work	
  done	
  on	
  
the	
  block	
  by	
  all	
  forces	
  during	
  this	
  process?

A)	
  mgH B)	
  –mgH C)	
  µk mgD D)	
  0

C)	
  The	
  only	
  work	
  being	
  done	
  on	
  the	
  object	
  is	
  by	
  the	
  fric.on	
  
force. 
D)	
  total	
  work	
  is	
  equal	
  to	
  the	
  change	
  in	
  kine.c	
  energy.	
  since	
  
the	
  box	
  starts	
  and	
  ends	
  at	
  rest,	
  the	
  change	
  in	
  kine.c	
  energy	
  
is	
  zero.	
  

B)	
  work=	
  change	
  in	
  poten.al	
  energy	
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Potential Energy vs. Force
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Demo

Potential Energy vs. Force
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Suppose	
  the	
  poten;al	
  energy	
  of	
  some	
  object	
  U	
  as	
  a	
  func;on	
  of	
  x	
  
looks	
  like	
  the	
  plot	
  shown	
  below.	
  

Where	
  is	
  the	
  force	
  on	
  the	
  object	
  biggest	
  in	
  the	
  –x direc;on?
A)	
  (a)	
   	
  	
  	
  	
  	
  B)	
  (b)	
  	
  	
  	
  	
  	
  	
  	
  C)	
  (c)	
   D)	
  (d)

U(x)

x

(a) (b) (c) (d)

CheckPoint
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Suppose	
  the	
  poten;al	
  energy	
  of	
  some	
  object	
  U	
  as	
  a	
  func;on	
  of	
  x	
  
looks	
  like	
  the	
  plot	
  shown	
  below.	
  

Where	
  is	
  the	
  force	
  on	
  the	
  object	
  zero?
A)	
  (a)	
   	
  	
  	
  	
  	
  B)	
  (b)	
  	
  	
  	
  	
  	
  	
  	
  C)	
  (c)	
   D)	
  (d)

U(x)

x

(a) (b) (c) (d)

Clicker Question
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Suppose	
  the	
  poten;al	
  energy	
  of	
  some	
  object	
  U	
  as	
  a	
  func;on	
  of x	
  
looks	
  like	
  the	
  plot	
  shown	
  below.	
  

Where	
  is	
  the	
  force	
  on	
  the	
  object	
  in	
  the	
  +x	
  direc;on?
A)	
  To	
  the	
  le`	
  of	
  (b)	
   	
  	
  	
  	
  	
  	
  B)	
  To	
  the	
  right	
  of	
  (b)	
   	
  	
  	
  C)	
  Nowhere

U(x)

x

(a) (b) (c) (d)

Clicker Question
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L

v

Conserve	
  Energy	
  from	
  ini.al	
  to	
  final	
  posi.on
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mg

T
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Conserve	
  Energy	
  from	
  ini.al	
  to	
  final	
  posi.on.

hh
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r

Mechanics	
  	
  Lecture	
  9,	
  Slide	
  27

Suicide Pendulum


