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Simple	  Harmonic	  Mo6on	  (SHM)	

2.  The	  poten6al	  energy	  is	  propor6onal	  
to	  the	  square	  of	  the	  displacement	  

3.  The	  period	  or	  frequency	  (1/T)	  is	  
independent	  of	  the	  amplitude	  of	  the	  
mo6on	  

4.  The	  posi6on,	  x,	  the	  velocity,	  v,	  and	  
the	  accelera6on	  are	  all	  sinusoidal	  in	  
6me	

F	  α	  Δx	

U	  α	  (Δx)2	

x(t)	  =	  Acos(ωt)	  
	  
where	  ω	  =	  √k/m)	



•  We’ll leave it to our friends in math to show that 
these results actually satisfy the N2 equations. 

•  What do the various terms mean? 
–  A is the maximum displacement — the amplitude of the 

oscillation. 
–  What is ω0?  If T  is the period (how long it takes to go 

through a full oscillation) then 
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Interpreting the Result 
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Graphs: sin(θ)  vs sin(ω0t) 
•  For angles, θ = 0   and θ = 2π are the same  

so you only get one cycle. 
•  For time, t can go on forever  

so the cycles repeat. 

cos(θ) cos(ω0t) 

What does  
changing ω0 do 
to this graph? 



If curve (A) is   
 
 
which curve is 
 

A.  (A) 
B.  (B) 
C.  (C) 
D.  None of the above. 

Acos(ω0t)

Acos(2ω0t)?



If curve (A) is   
 
 
which curve is 
 

A.  (A) 
B.  (B) 
C.  (C) 
D.  None of the above. 

Acos(ω0t)

Acos(2ω0t)?

If	  we	  take	  the	  same	  amount	  of	  
6me,	  this	  equa6on	  tells	  us	  we	  
have	  to	  get	  2x	  the	  number	  of	  
oscilla6ons	  –	  so	  the	  graph	  
must	  be	  squished.	



Which of these curves is 
described by  
 
 
with φ > 0 (and φ << 2π)? 

A.  (A) 
B.  (B) 
C.  (C) 
D.  None of the above. 

Acos(ω0t + φ)



Which of these curves is 
described by  
 
 
with φ > 0 (and φ << 2π)? 

A.  (A) 
B.  (B) 
C.  (C) 
D.  None of the above. 

Acos(ω0t + φ)

The	  added	  angle	  shi`s	  
the	  graph	  to	  the	  le`.	  I	  
can	  see	  this	  because	  if	  I	  
put	  in	  t=0	  then	  I	  cos(#)	  
and	  not	  cos(0).	



Simple	  Harmonic	  Mo6on	  (SHM)	

2.  The	  poten6al	  energy	  is	  propor6onal	  
to	  the	  square	  of	  the	  displacement	  

3.  The	  period	  or	  frequency	  (1/T)	  is	  
independent	  of	  the	  amplitude	  of	  the	  
mo6on	  

4.  The	  posi6on,	  x,	  the	  velocity,	  v,	  and	  
the	  accelera6on	  are	  all	  sinusoidal	  in	  
6me	

F	  α	  Δx	

U	  α	  (Δx)2	

x(t)	  =	  Acos(ωt)	  
	  
where	  ω	  =	  √k/m)	



Energy?	

U = − F dx∫

U = 1
2kx2

U = − (−kx)dx∫

Poten6al	  energy	  
stored	  by	  a	  spring	

But	  we	  just	  established	  that	  this	  thing	  
is	  also	  always	  moving,	  so	  it	  must	  have	  
kine6c	  energy	

ETOT	  =	  ½	  kx2	  +	  ½	  mv2	

At	  the	  turn	  around	  point,	  v	  =	  0	  
and	  x	  is	  at	  it’s	  maximum	  (A)	  so	  
	  
ETOT	  =	  ½	  kA2	  



A	  s6ff	  spring	  and	  a	  floppy	  spring	  
have	  poten6al	  energy	  diagrams	  
shown	  below.	  Which	  is	  the	  s6ff	  
spring?	

A.  Pink	  
B.  Yellow	



A	  s6ff	  spring	  and	  a	  floppy	  spring	  
have	  poten6al	  energy	  diagrams	  
shown	  below.	  Which	  is	  the	  s6ff	  
spring?	

A.  Pink	  
B.  Yellow	

If	  k	  gets	  bigger,	  then	  for	  every	  x	  
you	  get	  a	  higher	  PE	  so	  a	  more	  
narrow	  PE	  well.	  	  
	  
S6ff	  spring	  =	  higher	  k,	  so	  Yellow	



Molecular	  Level	  

h<p://besocra6c.colorado.edu/CLUE-‐Chemistry/ac6vi6es/LondonDispersionForce/
1.2-‐interac6ons-‐0.html	  



You	  know	  that	  two	  atoms	  	  
that	  are	  far	  apart	  are	  barely	  interac6ng.	  	  	  
	  
How	  is	  this	  represented	  visually	  in	  the	  PE	  diagram?	  
	  
A.  The	  poten6al	  energy	  approaches	  

zero	  as	  r	  gets	  large.	  
B.  The	  PE	  curve	  is	  close	  to	  ver6cal	  as	  r	  

gets	  small.	  
C.  The	  poten6al	  energy	  has	  a	  well-‐

shape.	  
D.  More	  than	  one	  of	  these	  
E.  The	  PE	  diagram	  doesn’t	  

demonstrate	  this	  informa6on	  



You	  know	  that	  two	  atoms	  	  
that	  are	  far	  apart	  are	  barely	  interac6ng.	  	  	  
	  
How	  is	  this	  represented	  visually	  in	  the	  PE	  diagram?	  
	  
A.  The	  poten6al	  energy	  approaches	  

zero	  as	  r	  gets	  large.	  
B.  The	  PE	  curve	  is	  close	  to	  ver6cal	  as	  r	  

gets	  small.	  
C.  The	  poten6al	  energy	  has	  a	  well-‐

shape.	  
D.  More	  than	  one	  of	  these	  
E.  The	  PE	  diagram	  doesn’t	  

demonstrate	  this	  informa6on	  

If	  the	  atoms	  are	  barely	  
interac6ng,	  then	  it’s	  as	  if	  the	  
spring	  is	  really	  stretched	  far.	  This	  
corresponds	  to	  r	  geong	  very	  big	  
and	  the	  U=0	  at	  that	  point.	



These	  two	  atoms	  can	  end	  up	  bound	  together.	  	  
	  
How	  is	  this	  represented	  visually	  in	  the	  PE	  diagram?	  
	  
A.  The	  poten6al	  energy	  approaches	  

zero	  as	  r	  gets	  large.	  
B.  The	  PE	  curve	  is	  close	  to	  ver6cal	  as	  r	  

gets	  small.	  
C.  The	  poten6al	  energy	  has	  a	  well-‐

shape.	  
D.  More	  than	  one	  of	  these	  
E.  The	  PE	  diagram	  doesn’t	  

demonstrate	  this	  informa6on	  



These	  two	  atoms	  can	  end	  up	  bound	  together.	  	  
	  
How	  is	  this	  represented	  visually	  in	  the	  PE	  diagram?	  
	  
A.  The	  poten6al	  energy	  approaches	  

zero	  as	  r	  gets	  large.	  
B.  The	  PE	  curve	  is	  close	  to	  ver6cal	  as	  r	  

gets	  small.	  
C.  The	  poten6al	  energy	  has	  a	  well-‐

shape.	  
D.  More	  than	  one	  of	  these	  
E.  The	  PE	  diagram	  doesn’t	  

demonstrate	  this	  informa6on	  

Because	  the	  poten6al	  energy	  has	  
a	  well-‐shape,	  we	  can	  model	  two	  
atoms	  bound	  as	  like	  to	  objects	  
a<ached	  by	  a	  spring.	



Two	  atoms	  interact	  with	  a	  poten6al	  energy	  
between	  them	  that	  varies	  as	  a	  func6on	  of	  
their	  separa6on	  as	  shown	  in	  the	  graph	  at	  the	  
right.	  We	  take	  the	  zero	  of	  energy	  to	  be	  when	  
they	  are	  very	  far	  apart	  and	  at	  rest.	  They	  have	  a	  
total	  energy	  E1	  as	  shown	  on	  the	  figure.	  Which	  
of	  the	  following	  statements	  are	  true	  about	  
them?	  	  	  

NEXUS/Physics	  Clicker	  Ques6ons	  

A.  They	  are	  in	  a	  bound	  state.	  
B.  The	  total	  energy	  of	  the	  molecule	  is	  

posi6ve.	  
C.  The	  total	  energy	  of	  the	  molecule	  is	  

nega6ve.	  
D.  The	  total	  energy	  of	  the	  molecule	  is	  zero.	  
E.  More	  than	  one	  is	  true	  



Two	  atoms	  interact	  with	  a	  poten6al	  energy	  
between	  them	  that	  varies	  as	  a	  func6on	  of	  
their	  separa6on	  as	  shown	  in	  the	  graph	  at	  the	  
right.	  We	  take	  the	  zero	  of	  energy	  to	  be	  when	  
they	  are	  very	  far	  apart	  and	  at	  rest.	  They	  have	  a	  
total	  energy	  E1	  as	  shown	  on	  the	  figure.	  Which	  
of	  the	  following	  statements	  are	  true	  about	  
them?	  	  	  

NEXUS/Physics	  Clicker	  Ques6ons	  

A.  They	  are	  in	  a	  bound	  state.	  
B.  The	  total	  energy	  of	  the	  molecule	  is	  

posi6ve.	  
C.  The	  total	  energy	  of	  the	  molecule	  is	  

nega6ve.	  
D.  The	  total	  energy	  of	  the	  molecule	  is	  zero.	  
E.  More	  than	  one	  is	  true	  

See	  notes	  from	  11/14	  for	  
explana6on.	


