
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	  	  
Ini;al	  displacement	  x0	  
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!φ0

!!x(t)= Acos(ωt +φ0)
!!x(t =0)= x0 = Acosφ0

!!φ0 = cos
−1(x0 /A)



!
Let’s	  watch	  a	  video…	  

f0 x0	  

Important insight into     …	  con&nued.	  And	  	  	  	  	  	  !	  

q
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ω !φ0



Finding	  the	  Phase	  Constant	  from	  the	  Ini&al	  Condi&ons	  
Recall	  what	  we	  had	  for	  the	  basic	  SHO:	  

What	  if	  we	  have	  something	  like	  this	  for	  the	  ini&al	  condi&ons?	  

How	  can	  we	  use	  the	  ini1al	  posi1on	  and	  velocity	  to	  find	  the	  phase	  constant?	  	  
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QuickCheck	  14.2	  

A.  	  -π /2 rad. 
B.  	  0 rad. 
C.  	  π /2 rad. 
D.  	  π rad. 
E.  	  None	  of	  these. 

This is the position graph 
of a mass oscillating on a 
horizontal spring. What is 
the phase constant   0? 

Q:	  What	  if	  the	  velocity	  vector	  above	  was	  
poin;ng	  to	  the	  leG	  at	  t	  =	  0,	  instead	  of	  right?	  
What	  would	      0	  be	  then?	  

-‐	  

φ

φ
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How	  to	  figure	  out	  the	  phase	  constant	  
for	  different	  loca;ons	  of	  	  
the	  oscillator	  at	  t	  =	  0:	  
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QuickCheck	  14.3	  

-‐	  

A.  	  -π /2 rad. 
B.  	  0 rad. 
C.  	  π /2 rad. 
D.  	  π rad. 
E.  	  None	  of	  these. 

This is the position graph 
of a mass oscillating on a 
horizontal spring. What is 
the phase constant   0? φ
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Oscilla;ons	  described	  by	  the	  phase	  constants	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  rad	  	  

The	  Phase	  Constant…three	  more	  examples	  

!φ0 =π /3,−π /3,π
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Prac;ce	  Ques;on:	  

The figure shows four oscillators at t = 0. For which 
is the phase constant                  ?  
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!φ0 = −π /4
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Whiteboard	  Problem	  5:	  like	  #	  15-‐7	  

We	  can	  get	  some	  info	  from	  the	  graph:	  

What	  does	  your	  
calculator	  say?	  

Which	  one	  is	  it?	  We	  
need	  a	  way	  to	  figure	  	  
this	  out.	  

Use	  T/2	  =	  2	  s	  

Shown	  
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Finding	  the	  Phase	  Constant	  from	  the	  Ini&al	  Condi&ons	  
Your	  author	  presents	  a	  nice	  way	  to	  do	  this	  that	  is	  a	  visualiza&on	  tool	  based	  on	  
uniform	  circular	  mo&on	  (UCM):	  

The	  x-‐component	  of	  the	  object’s	  posi;on	  vector	  is:	  

What	  if	  the	  object	  started	  somewhere	  else?	  

Now,	  the	  x-‐component	  of	  the	  object’s	  posi;on	  
vector	  is:	  

Here’s	  a	  video	  
(they	  use	  the	  y-‐axis,	  
	  but	  it’s	  the	  same	  
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Finding	  the	  Phase	  Constant	  from	  the	  Ini&al	  Condi&ons	  
How	  do	  we	  use	  the	  UCM	  tool	  to	  find	  the	  phase	  constant?	  

So,	  if	  we	  know	  x(0)	  and	  v(0),	  we	  can	  find	  what	  quadrant	  the	  phase	  constant	  is	  in:	  

Let’s	  see	  how	  this	  works	  
For	  Whiteboard	  problem	  5	  
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Whiteboard	  Problem	  5:	  (what	  we	  had)	  

For	  our	  problem:	  
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Vertical Oscillations 

Motion for a mass 
hanging from a spring is 
the same as for 
horizontal SHM,  
but the equilibrium 
position is affected. 
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Example 15.6 Bungee Oscillations 
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VISUALIZE 
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Example 15.6 Bungee Oscillations 
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Example 15.6 Bungee Oscillations 
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Whiteboard	  Problem	  6:	  #15-‐64	  

A	  penny	  rides	  on	  top	  of	  a	  piston	  as	  it	  undergoes	  ver;cal	  simple	  harmonic	  mo;on	  with	  an	  
amplitude	  of	  4.0	  cm.	  If	  the	  frequency	  is	  low,	  the	  penny	  rides	  up	  and	  down	  without	  difficulty.	  
If	  the	  frequency	  is	  steadily	  increased,	  there	  come	  a	  point	  at	  which	  the	  penny	  leaves	  the	  surface.	  
a)  At	  what	  point	  in	  the	  cycle	  does	  the	  penny	  first	  lose	  contact	  with	  the	  piston?	  
b)  What	  is	  the	  maximum	  frequency	  for	  which	  the	  penny	  just	  barely	  remains	  in	  place	  for	  the	  

	  full	  cycle?	  	  
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Whiteboard	  Problem	  6:	  #15-‐64	  
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Whiteboard	  Problem	  7:	  #	  15-‐65	  

On	  your	  first	  trip	  to	  Planet	  X	  you	  happen	  to	  take	  along	  a	  200	  g	  mass,	  a	  40	  cm	  long	  spring,	  
a	  meter	  s;ck,	  and	  a	  stopwatch.	  You’re	  curious	  about	  the	  free-‐fall	  accelera;on	  g	  on	  Planet	  X,	  	  
where	  ordinary	  tasks	  seem	  easier	  than	  on	  Earth,	  but	  you	  can’t	  find	  this	  informa;on	  in	  your	  	  
Visitor’s	  Guide.	  One	  night	  you	  suspend	  the	  spring	  from	  the	  ceiling	  in	  your	  room	  and	  hang	  the	  
mass	  from	  it.	  You	  find	  that	  the	  mass	  stretches	  the	  spring	  by	  31.2	  cm.	  You	  then	  pull	  the	  mass	  	  
down	  10.0	  cm	  and	  release	  it.	  With	  the	  stopwatch	  you	  find	  that	  10	  oscilla;ons	  take	  14.5	  s.	  
Based	  on	  this	  informa;on,	  what	  is	  g?	  	  	  	  	  
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The	  Simple	  Pendulum	  

A	  simple	  pendulum	  is	  a	  point	  mass	  
on	  a	  massless	  string	  or	  rod	  that	  can	  
swing	  around	  a	  pivot	  point.	  
Your	  author	  has	  one	  way	  to	  show	  that	  
this	  is	  SHM;	  here’s	  another	  way:	  

Free	  Body	  Diagram:	  

This	  is	  not	  SHM,	  but	  if	  we	  consider	  only	  small	  angles:	  

So,	  for	  the	  simple	  pendulum:	  

+	  
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The	  Physical	  Pendulum	  
A	  physical	  pendulum	  is	  a	  real	  object	  that	  can	  rotate	  about	  some	  pivot	  point:	  

Pivot	  
point	  

Center	  of	  
mass	  

Your	  author	  uses	  the	  same	  steps	  that	  
we	  used	  for	  a	  simple	  pendulum	  to	  show	  
that	  for	  small	  angles,	  this	  is	  also	  SHM	  where:	  

Example:	  HW	  problem	  #	  57	  
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Whiteboard	  Problem	  8:	  #	  15-‐58	  

Your	  solu&on	  should	  contain	  only	  g,	  L,	  and	  numbers.	  
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Damped	  Oscilla&ons	  
In	  real	  life,	  there	  is	  always	  some	  fric;on	  and	  the	  amplitude	  of	  a	  SHO	  will	  decrease	  
with	  ;me.	  We	  call	  this	  damping.	  

Here’s	  one	  model	  of	  a	  damped	  oscillator:	  
FBD:	  

This	  is	  not	  such	  an	  easy	  differen;al	  equa;on	  to	  guess	  a	  solu;on	  for;	  
	  	  we’ll	  just	  jump	  to	  the	  solu;on.	  

b	  =	  damping	  constant	  
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Damped	  Oscilla&ons	  –	  the	  Solu&on	  
The	  solu&on	  for	  this	  model	  of	  a	  damped	  oscillator	  is:	  

oscilla;ng	  part	  decaying	  part	  

The	  angular	  frequency	  
of	  the	  undamped	  

oscillator.	  
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Whiteboard	  Problem	  9:	  #	  14-‐71	  

Note:	  the	  damping	  constant	  0.015	  kg/s	  is	  the	  constant	  b.	  
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Whiteboard	  Problem	  9:	  #	  14-‐71	  
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Forced (or Driven) Oscillations and Resonance 

§  Consider an oscillating system that, when left to itself, 
oscillates at a natural frequency f0. 

§  Suppose that this system is subjected to a periodic 
external force of driving frequency f. 

§  The amplitude of oscillations 
is generally not very high if  f 
differs much from f0. 

§  As f gets closer and closer to 
f0, the amplitude of the 
oscillation rises dramatically.   

A	  singer	  or	  musical	  instrument	  can	  shaper	  a	  crystal	  goblet	  
by	  matching	  the	  goblet’s	  natural	  oscilla;on	  frequency.	  
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Forced	  (or	  Driven)	  Oscilla&ons	  and	  Resonance	  
What	  about	  an	  applied	  external	  force	  on	  an	  oscillator?	  

For	  most	  external	  forces,	  this	  is	  
rather	  uninteres1ng,	  e.g.	  a	  	  
constant	  force	  just	  shiHs	  the	  
equilibrium	  point.	  

But,	  a	  periodic	  external	  force	  can	  do	  some	  interes;ng	  things:	  

With	  no	  damping,	  the	  solu;on	  is	  of	  the	  form:	  
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Forced	  Oscilla&ons	  and	  RESONANCE	  
Imagine	  pushing	  a	  child	  on	  a	  
swing.	  Note	  
1)  You	  apply	  a	  periodic	  force!	  
2)  Timing	  of	  your	  periodic	  

	  pulses	  is	  very	  important!!	  

Periodic	  Force:	  	  
	  
Expected	  response	  of	  oscillator:	  
	  
Note!!	  There	  are	  two	  frequencies	  in	  the	  problem!	  	  
They	  are	  the	  	  ___________________	  	  and	  the	  _______________________	  .	  
	  
Q:	  What	  is	  the	  Amplitude	  of	  the	  forced	  oscilla;on??	  
A:	  Use	  Fnet	  =	  ma!!	  
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Some	  Examples	  of	  Resonance	  

A	  forced	  oscillator	  showing	  resonance	  –	  this	  kid,	  like	  any	  kid,	  really	  
	  	  	  	  	  	  	  	  	  	  	  understands	  resonance!	  

Resonant	  Sound	  Vibra&ons	  

hhps://www.youtube.com/watch?v=BE827gwnnk4	  	  

A	  famous	  example	  of	  an	  unplanned	  resonance	  –	  The	  Tacoma	  Narrows	  Bridge	  
	  
A	  well-‐known	  tragic	  consequence	  of	  resonance:	  The	  Challenger	  shuhle	  
hpp://www.spaceflightnow.com/challenger/;meline/	  	  
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