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Chapter 15 Oscillations  

Chapter Goal: To understand systems that oscillate with 
simple harmonic motion. 
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Oscillatory	  Mo-on	  
We	  began	  Physics	  191	  with	  the	  observaMon	  that:	  

“Everything	  Moves”	  
And	  our	  goal	  has	  been	  to	  analyze	  and	  understand	  this	  moMon.	  Chapter	  12	  was	  
devoted	  to	  the	  observa-on:	  

“Some	  Things	  Rotate”	  	  
Now,	  in	  Chapter	  14,	  we	  want	  to	  include	  the	  observa-on	  that:	  

“Some	  Things	  Wiggle”	  
For	  example,	  take	  a	  meter	  sMck,	  hold	  one	  end	  firmly	  clamped	  to	  a	  table,	  and	  with	  	  
your	  other	  hand,	  push	  the	  other	  end	  down	  (not	  far	  enough	  to	  break	  it),	  and	  let	  it	  go.	  

This	  is	  an	  example	  of	  damped	  oscillatory	  moMon	  which	  we	  will	  get	  to.	  

Most	  of	  this	  chapter	  is	  devoted	  to	  developing	  	  a	  simple	  model	  of	  oscillaMng	  systems,	  
Simple	  Harmonic	  Mo-on.	  

Of	  course,	  a	  more	  technical	  	  
term	  than	  wiggle	  is	  oscillate!	  	  
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Oscillatory Motion 
§  Objects that undergo a repetitive motion back 

and forth around an equilibrium position are 
called oscillators. 

§  The time to complete one full cycle, or one 
oscillation, is called the period T. 

§  The number of cycles per second is called the 
frequency f, measured in Hz: 

1 Hz = 1 cycle per second = 1 s-1 

Sine-Cosine Oscillation is very, very, very,  
very Important for Music and Electronic  
Industry b/c of Fourier Theorem. 
Go to Wikipedia “Fourier Series”. 

Amplitude	  A	  

Amplitude	  A	  

Amplitude	  A	  

§  Maximum displacement from the equilibrium 
 position is called the Amplitude A. 
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QuickCheck	  14.1	  	  

D. 	  	  	  A	  and	  B	  but	  not	  C.	  
E. 	  	  	  None	  are.	  

Which oscillation (or oscillations) is SHM? 
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Simple	  Harmonic	  Mo-on	  
Some	  abbreviaMons	  that	  I	  use	  all	  the	  Mme:	  

SHM	  =	  Simple	  Harmonic	  MoMon	  
SHO	  =	  Simple	  Harmonic	  Oscillator	  

In	  the	  first	  three	  secMons,	  your	  author	  introduces	  SHM	  from	  an	  empirical	  point	  of	  
view.	  He	  defines	  things	  like	  period,	  frequency,	  angular	  frequency,	  amplitude,	  the	  
relaMon	  to	  uniform	  circular	  moMon,	  and	  energy	  consideraMons.	  

Read	  these	  secMons	  carefully.	  I’m	  going	  to	  jump	  ahead	  to	  the	  dynamics	  treatment	  
of	  SHM	  –	  since	  we	  know	  how	  to	  do	  Newtonian	  dynamics.	  Aaer	  that,	  we’ll	  come	  
back	  to	  some	  of	  the	  basic	  ideas.	  

Important	  Ques-on:	  In	  this	  context,	  what	  does	  Harmonic	  mean?	  
MathemaMcally,	  it	  means	  that	  the	  moMon	  is	  describable	  in	  terms	  of	  Harmonic	  
Func-ons	  which	  are	  sines	  and	  cosines.	  

Why	  sine-‐cosine	  oscilla-ons	  are	  important…	  
Fourier	  Theorem:	  You	  can	  build	  any	  arbitrary	  oscillaMon	  by	  superposing	  	  
(i.e.,	  adding	  and	  subtracMng)	  sine	  and	  cosine	  oscillaMons	  of	  different	  frequencies.	  	  
Go	  to	  hfps://en.wikipedia.org/wiki/Fourier_series,	  and	  look	  at:	  
•	  Square-‐wave	  oscillaMon	  
•	  Triangle-‐wave	  oscillaMon	  	   CHAPTER15_LECTURE15.1	   6	  



SHM	  Dynamics	  
A	  useful	  Model	  of	  SHM	  is	  a	  mass	  on	  a	  linear	  spring.	  There	  are	  many	  many	  others,	  but	  
we	  have	  worked	  with	  this	  system	  and	  know	  how	  to	  analyze	  it.	  

fricMonless	  surface	  

(spring	  equilibrium	  posiMon)	  

What	  happens	  when	  the	  
mass	  is	  released?	  
It	  oscillates	  between	  +x	  
and	  –x.	  What	  force	  causes	  	  
the	  mass	  to	  go	  back	  and	  	  
forth?	  
	  

Remember	  Hooke’s	  Law	  for	  the	  Spring:	  
So	  the	  spring	  always	  pushes	  
or	  pulls	  the	  mass	  back	  to	  x=0,	  	  
the	  equilibrium	  posiMon	  
of	  the	  spring.	  	  

This	  is	  known	  as	  a	  “Linear	  Restoring	  Force”.	  Linear	  because	  the	  force	  is	  proporMonal	  
to	  the	  first	  power	  of	  the	  displacement	  and	  restoring	  because	  the	  force	  always	  returns	  
the	  system	  to	  its	  equilibrium	  posiMon.	  

Important	  Point:	  AnyMme	  you	  have	  a	  linear	  restoring	  force,	  you	  have	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  simple	  harmonic	  moMon.	  

-‐	  
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SHM	  Dynamics:	  Obtaining	  the	  Equa-on	  
Free	  Body	  Diagram	  for	  m:	   We	  know	  how	  to	  do	  this:	  

(Nothing	  real	  interes8ng	  here.)	  

(Is	  this	  constant	  accelera8on?)	  

So,	  to	  describe	  the	  moMon	  of	  the	  block,	  we	  have	  to	  solve:	  

(What	  kind	  of	  animal	  is	  this?)	  

This	  is	  a	  second-‐order	  linear	  differenMal	  equaMon	  for	  the	  funcMon	  x(t).	  

What	  do	  most	  people	  do	  when	  they’re	  faced	  with	  a	  differen8al	  equa8on?	  
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SHM	  Dynamics:	  Solving	  the	  Equa-on	  

So,	  our	  task	  is	  to	  solve	  the	  differenMal	  equaMon:	  

First:	  What	  is	  a	  differenMal	  equaMon?	  

“A	  differenMal	  equaMon	  is	  a	  mathemaMcal	  relaMon	  between	  a	  funcMon	  
	  	  	  	  and	  some	  of	  the	  funcMon’s	  derivaMves.”	  

Second:	  What	  does	  it	  mean	  to	  solve	  a	  differenMal	  equaMon?	  

“Solving	  the	  differenMal	  equaMon	  means	  that	  you	  find	  the	  funcMon	  
	  	  	  that	  saMsfies	  the	  relaMon.”	  

Third:	  The	  mathemaMcally	  sophisMcated	  way	  to	  solve	  a	  differenMal	  equaMon	  is	  to:	  

Guess	  a	  func-on!	  

Fourth:	  Then	  you	  can	  plug	  your	  guess	  into	  the	  differenMal	  equaMon	  and	  see	  if	  it’s	  correct.	  

FiYh:	  If	  our	  guess	  works,	  how	  do	  we	  know	  it’s	  the	  only	  soluMon?	  

MathemaMcians	  have	  proved	  the	  Uniqueness	  Theorem	  which	  says	  that	  
	  “linear	  differenMal	  equaMons	  have	  only	  one	  unique	  soluMon.”	  So	  if	  our	  
	  	  guess	  works,	  it’s	  the	  only	  soluMon.	   CHAPTER15_LECTURE15.1	   9	  



SHM	  Dynamics:	  Solving	  the	  Equa-on	  

So,	  for	  our	  equaMon,	  we	  are	  looking	  for	  a	  funcMon	  x(t)	  	  
whose	  second	  derivaMve	  is	  the	  negaMve	  of	  the	  funcMon	  	  
Mmes	  some	  constants.	  

And,	  we	  remember	  from	  calculus	  that	  trigonometric	  funcMons	  have	  this	  property,	  i.e.	  

So,	  here	  is	  our	  guess	  for	  the	  funcMon	  that	  obeys	  the	  differenMal	  equaMon:	  

By	  the	  way,	  in	  our	  guess,	  there’s	  a	  cosine;	  where’s	  the	  angle?	  
There	  really	  isn’t	  one.	  This	  is	  an	  example	  of	  using	  trig	  funcMons	  because	  
of	  their	  oscillaMng	  nature.	  There’s	  more	  to	  trig	  funcMons	  than	  right	  triangles.	  

What	  are	  these	  constants	  trying	  to	  tell	  us?	  A	  is	  in	  m,	  w	  is	  in	  rad/s,	  f0	  is	  in	  rad.	  	  	  
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SHM:	  Mass	  oscilla-ng	  on	  a	  spring	  

fricMonless	  	  
surface	   -‐	  

A	  -‐	  A	  
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SHM:	  Mass	  oscilla-ng	  on	  a	  spring	  

fricMonless	  	  
surface	   -‐	  

A	  -‐	  A	  
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WB	  Problem	  1:	  What	  is	  w in	  SHM	  of	  mass-‐spring?	  

Show	  by	  direct	  subsMtuMon	  that	  our	  guess:	  

is	  a	  soluMon	  of	  the	  differenMal	  equaMon:	  

For	  x(t)	  a	  soluMon,	  must	  have	  	  

Next	  up….what	  is	  the	  constant	  	  	  	  0 ???	  
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WB1	  SoluMon	  
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SHM – Initial displacement and Phase constant  

§  Remember, SHM is simple 
harmonic motion. 

§  In figure (a) an air-track glider is 
attached to a spring. 

§  Figure (b) shows the glider’s 
position measured 20 times every 
second. 

§  SHM:  
 At t = 0, 
So...Initial Phase  

Slide	  14-‐23	  

Start	  measurement	  at	  t	  =	  0.	  	  
Displacement	  at	  t	  =	  0	  is	  the	  	  
IniMal	  displacement	  x0	  
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!!x(t)= Acos(ωt +φ0)
!!x(t =0)= x0 = Acosφ0

!!φ0 = cos
−1(x0 /A)



SHM / Circular Motion: Important insight into    !! 

§  Figure (a) shows a “shadow 
movie” of a ball made by 
projecting a light past the 
ball and onto a screen. 

§  As the ball moves in uniform 
circular motion, the shadow 
moves with simple harmonic 
motion. 

§  The block on a spring in 
figure (b) moves with the 
same motion. 
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!
Let’s	  watch	  a	  video…	  

f0 x0	  

Important insight into     …	  con-nued.	  And	  	  	  	  	  	  !	  

q
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SHM:	  The	  Basics	  
The	  model:	   The	  differenMal	  equaMon:	  

The	  soluMon:	  
(Note:	  be	  careful	  using	  these	  
	  equaMons	  in	  your	  calculator.	  
	  The	  argument	  of	  the	  sine	  and	  
	  	  cosine	  is	  in	  radians,	  and	  your	  
	  	  calculator	  has	  to	  be	  set	  
	  	  to	  radians.)	  
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SHM:	  The	  Basics	  
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Whiteboard	  Problem	  2:	  #	  15-‐2	  
Will	  help	  with	  HW	  problems	  6,	  11	  	  
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Energy	  and	  SHM	  
Since	  the	  spring	  force	  is	  a	  conserva-ve	  force,	  the	  mechanical	  energy	  of	  SHM	  
is	  conserved:	  

Both	  the	  kineMc	  and	  potenMal	  energies	  change	  with	  Mme,	  but	  their	  sum	  	  
is	  constant.	  The	  above	  expression	  is	  for	  any	  Mme.	  	  There	  are	  two	  special	  Mmes	  
that	  give	  us	  two	  valuable	  equaMons	  for	  the	  total	  energy:	  
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SHM	  Energy	  Plots	  
Mechanical energy is conserved in Simple Harmonic Motion 
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Whiteboard	  Problem	  3:	  #	  14-‐16	  
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Whiteboard	  Problem	  4:	  #	  14-‐41	  

Hint!	  Note	  the	  problem	  only	  specifies	  “speed”,	  never	  the	  velocity.	  	  
Which	  SHM	  formulas	  deal	  with	  the	  speed,	  not	  velocity?	  
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