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    Simple Harmonic Motion

    Guiding Questions

    
      	What are the characteristics of periodic motion? How can we study and
        describe such motion?

      	How can circular motion be related to simple harmonic motion (SHM)?

      	How do we analyse simple harmonic motion?

    

    [image: ]

     Learning Outcomes (LOs)  

    
      	describe simple examples of free
        oscillations.

      	investigate the motion of an
        oscillator using experimental and graphical methods.

      	understand and use the terms
        amplitude, period, frequency and angular frequency.

      	recognise and use the equation a
        =  - ω2 x as the defining equation of simple harmonic motion.

      	recall and use x= x0
        ω sin( ωt )as a solution to the equation a =  - ω2 x

      	recognise and use v = v0
        cos ( ω t )  , 
          
            v
            =
            ±
            ω
            
              
                
                  (
                  
                    
                      x
                      
                        0 
                      2  
                  -
                  
                    x
                    2 
                  )      

      	describe with graphical
        illustrations, the changes in displacement, velocity and acceleration
        during simple harmonic motion.

      	describe the interchange between
        kinetic and potential energy during simple harmonic motion.

      	describe practical examples of
        damped oscillations with particular reference to the effects of the
        degree of damping and the importance of critical damping in cases such
        as a car suspension system.

      	describe practical examples of
        forced oscillations and resonance.

      	describe graphically how the
        amplitude of a forced oscillation changes with driving frequency near to
        the natural frequency of the system, and understand qualitatively the
        factors which determine the frequency response and sharpness of the
        resonance

      	show an appreciation that there
        are some circumstances in which resonance is useful and other
        circumstances in which resonance should be avoided.

    

     Learning Experiences 

    
      	Examine representations used in oscillations
        
          	Examine how different graphs are used to represent SHM. Draw links
            between the different graphs highlighting the positive and negative
            values and their interpretation. These will help students to
            understand SHM as a function of two variables (space and time) and
            understand the treatment of vector and scalar quantities .

        

      

      	Investigate factors affecting period of oscillations using experiments
        or a simulation
        
          	Design and carry out an
              experiment  to build a pendulum or spring-mass system to
            obtain a prescribed period. Present the experimental design,
            explaining the factors that determine the period of the oscillating
            system. This provides an opportunity for students to predict and
            collect data to ascertain the properties of a system and determine
            whether a motion is considered to be SHM. Students are also to
            understand that it is necessary for oscillations to be small for the
            motion to be considered as SHM. Students can also be shown other
            systems that demonstrate SHM
            . Simulations [1]
            [2]
            [3]
            ,  can also be used for students to investigate these factors. 

        

      

      	Investigate phase using a turntable or a simulation
        
          	Investigate phase using a turntable 
            or a simulation 
            to associate each position in an SHM with a position on a uniform
            circular motion. This idea can be extended to the phase difference
            between different positions in an SHM. The association of SHM with
            uniform circular motion helps students to visualise many aspects of
            SHM. Students are to make mental links between three related ideas:
            physical position and velocity of the oscillator, angle in the
            associated uniform circular motion and the position of the
            oscillator on a displacement-time graph .

        

      

      	Build a model for SHM using a datalogger or simulation
        
          	Investigate the motion of a SHM system (pendulum, mass-spring
            system) using a datalogger 
            or a simulation
            . Students are to practice observing the motion and interpreting
            graphs before getting into the mathematical details of the
            equations. Compare the relationship between the different variables
            particularly note the values of these valuables at equilibrium
            position and at endpoints. Students should practice converting one
            graph into another.

        

      

      	Explore modelling of oscillation in molecules as SHM
        
          	Explore how oscillations of molecules bounded by the van der Waals
            interaction can be SHM if the amplitude is small [4]
            .

        

      

      	Explore benefits and danger of resonance
        
          	Explore various examples of resonance 
            and discuss the benefits 
            and dangers 
            of resonance.

        

      

    

    

    1. Simple examples of free oscillations LO(a)

    1.1 YouTube of many examples of oscillators 

    http://youtu.be/VKtEzKcg6_s
      This video can be used at the start of the first lecture (while students
      settle down for lecture) to introduce oscillations, to show various modes
      of oscillations and to interest them.

    1.1.1 Example 1: Simple pendulum

    [image: Image]

    

    Static picture of a pendulum bob given an initial horizontal displacement
    and released to swing freely to produce to and fro motion 

    

    Dynamic picture of a pendulum bob given an initial horizontal displacement
    and released to swing freely to produce to and fro motion

     1.1.2 Run Model: 

    
      	 Run
          Sim 

      	http://iwant2study.org/ospsg/index.php/67

    

    

    1.1.2.Q1: what is the maximum angle of release before the motion is not
    accurately described as a simple harmonic motion for the case of a simple
    free pendulum?

    

    1.1.2.A1: : 10 degrees for error of , depending on what is the error
    acceptable, small angle is typically about less than 10 degree of swing from
    the vertical.

    
    

  
    

    

  
    1.1.3 Introduction to terms used LO (c)

    
    

      1.1.3.1 Q1: Consider an object P oscillating between point A and B about
      the origin (0,0), assuming the usual Cartesian Coordinate System apply. 
      Observe the Model and suggests possible meaning of the following points
      with the most suitable descriptions.

    Central equilibrium position
      
        _

        B

        O

        P

        A

      

        

    Instantaneous position
      
        _

        B

        O

        P

        A

      

        

    Maximum amplitude
      
        _

        B

        O

        P

        A

      

      m 

    Minimum amplitude
      
        _

        B

        O

        P

        A

      

      m 

    Given the equation x = x0 sin ( ω t ) can describe SHM,
      suggests the usual symbols associated to the physical quantity

    Central equilibrium position 
      
        _

        0

        x

        x0

        -x0

        w

        t

        T

        f

      

        

    Instantaneous position or displacement given by vector OP 
      
        _

        0

        x

        x0

        -x0

        w

        t

        T

        f

      

      m 

    Maximum amplitude 
      
        _

        0

        x

        x0

        -x0

        w

        t

        T

        f

      

      m 

    Minimum amplitude 
      
        _

        0

        x

        x0

        -x0

        w

        t

        T

        f

      

      m 

    Time taken for one complete oscillation, for example Path from O→A→O→B→O
       
      
        _

        0

        x

        x0

        -x0

        w

        t

        T

        f

      

      s 

    Number of oscillations performed per unit time
      
        _

        0

        x

        x0

        -x0

        w

        t

        T

        f

      

      1/s. Hence, f and T are related by the equation 
        
          
            f
            = 
          
            
              1 
            
              T     

    Angular frequency
      
        _

        0

        x

        x0

        -x0

        w

        t

        T

        f

      

      rad/s. Since one complete oscillation is 2π radians, ω and f are related
      by ω = 2π f

       

       

     1.1.3.2 Example

    

    

    

      1.1.3.2.1 The displacement of a spring mass system from a fixed point is
      as shown. From the graph, determine the

      (a)     amplitude,   

      (b)     period,      

      (c)     frequency,       

      (d)     angular frequency, of the oscillations. 

      [2.00 m, 6.28 s, 0.159 Hz, 1.00 rad s–1]

    1.1.3.2.2  Model:

    
      	Run
          Sim 

      	http://iwant2study.org/ospsg/index.php/69

    

     Suggested Activity Q1: run model with different starting x to explore
      the meaning of amplitude

      Suggested Activity Q2: run model with different mass m and spring constant
      k to explore different period T, frequency f and angular frequency ω

        

  
    

    

  
    1.1.3.2.3 Understanding Phase Difference through Uniform Circular Motion

    Simple harmonic motion can in some cases be considered to be the
      one-dimensional projection of uniform
        circular motion. If an object moves with angular speed ω around a
      circle of radius A centered at the origin
      of the x−y plane, then its motion along each coordinate is simple harmonic
      motion with amplitude A and angular frequency ω.

      

    

    Q1: given that, a circular motion can be described by x = A cos(ω t) 
      and y A sin(ω t) what is the y-component model-equation that can describe
      the motion of a uniform circular motion?

    A1: y = Asin (ωt)

    Q2: When the x-component of the circular motion is modelled by x = A
      cos(ω t)  and y A sin(ω t) suggest an model-equation for y.

    A2: y = Acos (ωt) for top position or y = - Acos (ωt) for bottom position

    Q3: Explain why are the models for both x and y projection of a uniform
      circular motion, a simple harmonic motion?

    A3: both x = A cos(ω t)  and y A sin(ω t) each follow the defining
      relationship for SHM as ordinary differential equations of   
        
          
            
              
                d
                
                  2  
              x 
            
              
                
                  d
                  t 
                
                  2    
          =
          -
          
            ω
            
              2  
          x   and  
        
          
            
              
                d
                
                  2  
              y 
            
              
                
                  d
                  t 
                
                  2    
          =
          -
          
            ω
            
              2  
          y   respectively.

    Q4: In, the diagram above, what is the phase difference between blue and
      magenta color y direction motion? 

    A4: the phase difference is 90 degrees, or more precisely blue lead red by
    90 degrees angle.
    1.1.3.2.3.1 YouTube:

    http://youtu.be/0IaKcqRw_Ts
      This video shows how a pendulum's oscillations and the shadow of rotating
      object are related. This could be used to demonstrate that the projection
      of a circular motion is actually a simple harmonic motion.

    1.1.3.2.3.2 Run Model:

    
      	 Run
          Sim

      	 http://iwant2study.org/ospsg/index.php/89

    

  
    

    

  
    1.2 Definitions, equations and graphs  

    1.2.1 Definition of Simple Harmonic Motion (SHM):           LO (d)
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      A motion where the  acceleration a of
      an object is always directed towards a
        fixed point ( the equilibrium position O ) and proportional
        to its displacement x from the fixed point is said to be  be
      simple harmonic. 
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              Defining equation of SHM

     a =  - ω2 x 

    Observe from the model or the animation, suggest the reason for the
      negative sign.

    The negative sign means a is always directed towards the equilibrium
      point while x is pointing away from equilibrium point O.

      

      In other words a and x are in the opposite direction.
                                               

    1.2.1.1 Model:

    
      	Run
          Sim

      	http://iwant2study.org/ospsg/index.php/70
      

    

  
    

    

  
    1.2.3 Velocity LO (f)

    From x = xo sin ω t 

    differentiating we get

    
        
          v
          =
          
            
              d
              x 
            
              d
              t  
          =
          
            x
            0 
          ω
          
            (
            s
            i
            n
            ω
            t
            ) 
          =
          
            v
            0 
          c
          o
          s
          
            (
            ω
            t
            )   

    where   v0 = x0 ω    is the maximum velocity

      

       

      Variation with time of velocity   

     In terms of x:

                 

      From mathematical identity     cos2 ωt + sin2 ωt =
      1, 

    rearranging

    cos2 ωt       = 1 - sin2 ωt 

    
        c
        o
        s
        ω t
        =
        ±(
          1
          −
          s
          i
          
            n
            
              2  
          ωt
          )  

            

      since

    v       =  x0ω cos ωt 

    where x0 is the maximum displacement 

    
        v
        =
        ±x
          
            0  
        ω(
          1
          −
          s
          i
          
            n
            
              2  
          ωt
          )       

       
        v
        =
        ±x
          
            0  
        ω(
          1
          −
          (
          
            x
            
              x
              
                0   
          
            )
            
              2  
          )  
        

    v
        =
        ±ω(
          
            
              
                x
                
                  0   
            
              2  
          −
          
            
              x 
            
              2  
          )   

    

           

    
    Variation with displacement of velocity
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    1.2.3.1 Model:

    
      	Run
          Sim

      	http://iwant2study.org/ospsg/index.php/72
      

    

  
    

    

  
    1.2.4 Acceleration

     

    From v = vo cos ω t = x0 ω cos ω t

    where xo is the maximum displacement

    differentiating we get

     
      a
      =
      
        
          d
          v 
        
          d
          t  
      =
      −
      
        ω2  
      (
      
        x
        
          0  
      s
      i
      n
      ω
      t
      )
      =
      −
      
        ω2  
      x  

      Variation with time of acceleration   
     In terms of x:

     

    Therefore,  a = - xo ω2 sin ω t

                       = - ω2 (xo sin ω t)

    which is the defining equation for S.H.M. !

                   a     = - ω2 x

     

      

    Variation with displacement of acceleration  

    

    since  

        

            a = – a0sin ω t          

    

    where ao is the maximum acceleration

    where by a0 = ω2 (xo)   
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    1.2.3.1 Model:

    
      	
          Run Sim

      	http://iwant2study.org/ospsg/index.php/74
      

    

  
    

    

  
    1.2.5 Example

    
    The graphs show how the variation with time of the velocity, v and the
      acceleration, a of a body when it is oscillating with simple harmonic
      motion. 

      (a)    Determine the period, T.

      (b)    Sketch the variation with time of the displacement, x, of the
      oscillating body

      [ 2.09 s, x = 2  sin( 3t )]
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    1.2.5.1 Solution:

    a) maximum velocity , v0 = x0ω = 6 m/s

    maximum acceleration a0 = x0ω2 = 18 m/s2

    thus dividing the 2 equations, we get ω = 3 rad/s

    therefore since
      
        
          ω
          =
          
            
              2
              π 
            T   

    
        
          3
          =
          
            
              2
              π 
            T   

      

      
        
          T
          =
          
            
              2
              π 
            3   

      

      
        
          T
          =
          2.09
          s  

      

      b) since maximum velocity , v0 =
        x0ω = 6 m/s and we now know ω = 3 rad/s earlier

        

        x0(3) = 6

          

          x0 = 2 m

      

    

    

    using the model to test check out your answer!
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    1.2.5.2 Model:

    
      	Run
          Sim

      	http://iwant2study.org/ospsg/index.php/73
      

    

  
    

    

  
    1.2.6 Example  

    
    The diagram shows the displacement-time graph for a body performing
      simple harmonic motion. Suggest in terms of period T the following

      (a)    range of time where the velocity and acceleration are in same
      direction.

      (b)    range of time where the velocity and acceleration are in opposite
      directions

    suggested answers

    
        
          
            T
            4 
          <
          t
          <
          
            T
            2 
          a
          n
          d
          
            
              3
              T 
            4 
          <
          t
          <
          T

    0
          <
          t
          <
          
            T
            4 
          a
          n
          d
          
            T
            2 
          <
          t
          <
          
            
              3
              T4    

    1.2.6.1 Solution:

    
    1.2.6.2 Model:

    
      	Run
          Sim

      	http://iwant2study.org/ospsg/index.php/75

    

  
    

    

  
    1.2.7 Example

    

      A body moves in a simple harmonic motion and the following graph gives the
      variation of its displacement x with time t.

       

      

      

      a)    Write an equation to represent the given simple harmonic motion.

      b)    Find the time duration in the first cycle when the body is located
      above a displacement of 0.25 m.

    [ x = xo sin (1.05 t) , Δt = 1.9 s ]

    The hint can be found in the model

    [image: ]
    1.2.7.1 Solution:

    a) x0 = 0.5 m

    
        
          since ω
          =
          
            
              2
              π 
            T   
      
        
          , ω
          =
          
            
              2
              π 
            6.0 

    ω = 1.05

    x = x0sin(ω t) = 0.5 sin(1.05t)

    

    b) At x = 0.25 m,

    

    substituting back into the equation,

    

    0.25 = 0.5 sin(1.05t)

    

    
      
         solving for t gives 

    

    0.5 = sin(1.05t)

    

    
       

    solving of the ranging of time, t

    

    1.05t = 0.524 and π - 0.524

    

    t1 = 0.5 , t2 = 2.4 s

    

    looking at the graphical form of the solution of the 2 times, t1
    and t2.

    

    giving the range to be t2 - t1 = 2.4 - 1.5 = 1.9 s
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    1.2.7.2 Model:

    
      	Run
          Sim

      	http://iwant2study.org/ospsg/index.php/76
      

    

  
    

    

  
    1.2.8 Example

     

      A particle moves in a simple harmonic motion between O to A and B and back
      to O as shown. The positions B, B1, O, A1 and A are equally spaced. The
      time taken to travel from A to B is 5.00 s and the distance AB is 4.00 m.

      

      a)    Write an equation to represent the given simple harmonic motion.

      b)    During one cycle, find the time that the particle stays in the
      region:

      i)     A-A1     

      ii)     A1-B1      

    [ x = 0.200 sin (0.628 t) , 0.833 s , 3.33 s ]

    Hint:

    [image: ]
    1.2.8.1 Solution:

    a) since x0 is half of AB = 4 m

    x0 = 2.00 m

    the equation is x = x0 sin(ωt)

    to find ω, and we can given T, we use

    
        
          ω
          =
          
            
              2
              π 
            T 
          =
          
            
              2
              π 
            
              
                (
                5
                ) 
              
                (
                2
                )   
          =
          0.628   

    thus the equation is x = 2.00 sin(0.628t) 

    b) the strategy is to find the time which all the points B, B1, O, A1 and
      A occurs.

    to find time from A to A1,

    when x = A1 = 1.00, imply 1.00 = 2.00 sin (0.628t), therefore tA1
      = 0.833 s

    similarly, when x = A = 2.00, imply 2.00 = 2.00sin (0.628t), therefore tA
      = 2.50 s

    time from A1 to A = tA -tA1 = 2.50 - 0.833 = 1.66 s

    therefore time from A1 to A to A1 = (1.66)(2) = 3.33 s

    b) since we know t 0 to A1 = 0.833 s

    by comparing the 4 equal sections of OA1 = A1O = OB1 = B1O = 0.833 s

    the total time spent inside A1B1 = (4)(0.833) = 3.33 s 

    

    1.2.8.2 Model

    
      	Run
          Sim

      	http://iwant2study.org/ospsg/index.php/77
      

    

  
    

    

  
    1.2.9 Example

    

      A body undergoes a simple harmonic motion with amplitude 3.0 m and period
      4.00 s. Find the

      

      a)    angular frequency,

      b)    maximum speed,

      c)    maximum acceleration,

      d)    acceleration of the body when it is 1.0 m from the equilibrium
      point, and

      e)    speed of the body when it is 1.0 m from the equilibrium point.

    [ 1.57 rad/s, 4.7 m/s , 7.4 m/s^2 , -2.5 m/s^2, 4.4 m/s ]

    Hint:

     [image: ] 

    1.2.9.1 Solution:

    a) angular frequency , ω =
      
        
          
            
              2
              π 
            T 
          =
          
            
              2
              π 
            4 
          =
          1.57
          
            
              r
              a
              d 
            s   

    b) maximum speed, v0 = x0ω = (3.00)(1.57) = 0.047 m/s

    

    c) maximum acceleration, |a0| = x0ω2 =
    (3.00)(1.57)2 = 7.4 m/s2 

    

    d) when x = 1.00, acceleration, a = -ω2x = (1.57)2(1.00)
    = -2.5 m/s2 

    

    e) when x = 1.00, speed, v = x0ω = (3.00)(1.57) = 4.4 m/s

    1.2.9.2 Model:

    
      	Run
          Sim

      	http://iwant2study.org/ospsg/index.php/78
      

    

  
    

    

  
    1.2.10 Example

    

      The graph of velocity against displacement of a body is shown below.

      

      

      

      

      a)     Explain why there are two values of velocity for zero displacement.

      b)    Explain why there are two values of displacement for zero velocity.
      

      c)    Using the maximum value of the velocity, determine the period of
      oscillation.

    [when x =0, v =8(moving right) or -8(moving left),when v =0 , x = -2(at
      left) or 2(at right),1.6]

    Hint:

    [image: ]

    1.2.10.1 Suggested Solution:

    a)    An oscillating body moves through the
        equilibrium position (zero displacement) alternately
        in opposite directions. 

      

      b)    An oscillating body has zero velocity when its displacement is
      maximum which occurs at the  maximum
        amplitude positions. Hence, there are 2 values of displacement.

      

      c)    vo = xo ω       

          

      (8.0) = (2.0) ω

    ω = 4.0 rad/s         

    thus  

      
        T
        =
        
          
            2
            πω  T  = 1.57 s = 1.6 s  
      (to 2 s.f.) 

    1.2.10.2 Model:

    
      	Run
          Sim

      	http://iwant2study.org/ospsg/index.php/79
      

    

  
    

    

  
    1.2.11 Example: Spring-mass system

     

      A mass suspended from a spring, displaced vertically and released to move
      freely to produce up and down motion 

    [image: ]
    The model view of a mass suspended from a spring, displaced vertically
      and released to move freely to produce up and down motion with right panel
      showing the displacement, velocity and acceleration.  

    
     Q1: under what conditions would this vertical spring mass system’s
      motion be not well modeled as a simple harmonic motion?

    

      H1: the model assumes the restoring force by the spring is F = -ky, it is
      always correct for any magnitude of oscillation y in real springs. Is it
      always valid in the real spring motion when the spring is hyper extending
      beyond the linear limits of Hooke's Law ?

    Q2: change the simulation y=0 m and Play the model. In the your model Y
      = _________, suggest your own suitable model that can describe the motion
      y.

    Q3: in this same motion, propose the velocity and acceleration model(s)

    Q4: carry out some other conditions, verify that the general equations
      for displacments if can be model by Y = Y0sin(ωt+φ)+Yshift
      where the usual symbols have the usual meaning. Hence or otherwise,
      Suggest with reasons, the meaning of Y0 , ω , φ , and Yshift.

    Q5: similarly, suggest whether the model(s) for velocity, vY
      =ωY0cos(ωt+φ) and 

    aY = - ω2Y0sin(ωt+φ). Test them out
      using an example of your choice. 

    1.2.11.1 YouTube

    http://youtu.be/P-Umre5Np_0
    MIT Physics Demo -- Spray Paint Oscillator. A can of spray paint is attached
    to a spring oscillator. A roll of paper is run past the oscillating can. The
    result is a sine wave - http://en.wikipedia.org/wiki/Sine_wave - on the
    paper.Watch the original video on MIT TechTV - http://techtv.mit.edu/videos/803-spray-paint-oscillator

    

    1.2.11.2 Tracker activity:

    http://weelookang.blogspot.sg/2012/08/tracker-modeling-in-spring-mass-system.html

    

    1.2.11.3 Model:

    
      	 Run Sim

      	http://iwant2study.org/ospsg/index.php/90
      

    

  
    

    

  
    1.2.12 Example  

    
    A mass undergoes an oscillation where the maximum/minimum amplitude is
      16.0 m mark and 2.0 m mark on a rule respectively. It was found that the
      particle only takes 3.14 s to move from X = 16.0 m to Y = 2.0 m during the
      oscillations as shown. Determine the    

      (a)     amplitude,       

      (b)     period,      

      (c)     frequency,       

      (d)     angular frequency, of the oscillations. 

      [ 7.0 m, 6.28 s, 0.166 Hz, 1.00 rad/s ] 

    1.2.12.1Model:

    
      	Run Sim

      	http://iwant2study.org/ospsg/index.php/91
      

    

    1.2.12.2 Inquiry

     Q1: run model with different mass m and spring constant k to explore
      different amplitude x0, period T, frequency f and angular
      frequency ω.

      Q2: setup your own initial conditions and test your understanding of with
      is the physical meaning of amplitude x0, period T, frequency f
      and angular frequency ω. 

  
    

    

  
    1.2.13 Experimental Investigation of Vertical Oscillator              LO
      (b)

    Here is an illustration of how the oscillation of a basic spring-mass
      system can be investigated using motion sensor.

      

      [image: ]

    
      	Setup the experiment as shown

      	Displace the mass vertically downwards and release it with initial
        velocity =0 m/s so that it can oscillate freely in an up and down
        motion.

      	Start the data logger when the oscillations are steady.

      	The motion sensor detects the variation with time of height h.

    

    

       Example of data collected is shown

      

      

      Information of the oscillation can be drawn from Fig. 13.14 as follows:

    
      	Equilibrium height         h    =   

      	Amplitude            x0     =             

      	Period                T     =             

      	Frequency            f    =            

      	Angular frequency        ω     =                  

      	Displacement when t = 5.7 s    x    =     

    

    [ 10.0 m , 2.0 m , 3.14 s , 0.32 Hz, 2.00 rad/s, +1.0 m)   

       

    1.2.13.1 Model:

    
      	Run Sim
      

      	 http://iwant2study.org/ospsg/index.php/92

    

    

      Q1: setup the model to represent the conditions in the example hint:
      select sensor?,  y = 2.0m, k = 4 N/m   etc.

    Q2: setup the model with different conditions of your choice and
      recalculate the point 1 to 6.

    Q3: a student suggests that the conditions of getting the same period of 
      T = 3.14 s is to ensure the following equation is valid.

    
        
          
            m
            k  
        =
        
          1
          2  collect some data on your own, to verify
      this claim by this student. Suggest with reasons, whether the claim is
      supported by the evidences you can collect from the model. 

  
    

    

  
    1.3 a)    Variation with time of energy in simple harmonic motion

    

      If the variation with time of displacement is as shown, then the energies
      should be drawn as shown.

      

      

      recalling Energy formula

    KE = ½ m v2

    PE =  ½ k x2 

    in terms of time t,

     x = x0 sin(ωt) 

    differentiating with t gives

     v = v0 cos (ωt)

    therefore, KE = ½ m v2= ½ m (v0 cos (ωt))2=
    ½ m (x02ω2)cos (ωt))2

    

    similarly
    

      PE = ½ k x2= ½ (mω2 )(x0 sin (ωt))2=
      ½ m (x02ω2 )sin (ωt))2

     

      therefore total energy is a constant value in the absence of energy loss
      due to drag (resistance)

    

      TE = KE + PE = ½ m (x02ω2 )[cos2(ωt)
      + sin2(ωt))] = ½ m (x02ω2)

    

    

    this is how the x vs t looks together of the energy vs t graphs

    

    

    

    1.3.1 Summary

    the table shows some of the common values 

    
      
        
          	general energy formula
          	SHM energy formula
          	when t = 0
          	when t = T/4
          	when t = T/2
          	when t = 3T/4 
          	when t = T 
        

        
          	KE = ½ m v2
          	½ m (x02ω2)cos
            (ωt))2
          	 ½ m (x02ω2)
          	0
          	 ½ m (x02ω2)
          	0

          
          	 ½ m (x02ω2)
        

        
          	PE =  ½ k x2
          	½ m (x02ω2)cos
            (ωt))2
          	0
          	½ m (x02ω2)
          	0
          	 ½ m (x02ω2)
          	0 
        

        
          	TE = KE + PE
          	TE = ½ m (x02ω2)
          	 ½ m (x02ω2)
          	 ½ m (x02ω2)
          	
            ½ m (x02ω2)

          
          	 ½ m (x02ω2)
          	 ½ m (x02ω2)
        

      
    

    

    1.3.2 Model:

    
      	Run
          Sim

      	http://iwant2study.org/ospsg/index.php/80
      

    

  
    

    

  
    1.4 (b)    Variation with Displacement of Energy in Simple Harmonic
      Motion

    

    Consider a spring of spring constant k connected to a mass m as shown. When
    the mass is displaced from its equilibrium position by some speed, it will
    oscillate to the right and left. 

     

    

    

    At the beginning x=0, t = 0, the energy of the system will consist totally
    of the mass spring’s kinetic energy (KE). 

    From 0 < t < T/4, as the mass moves away from x = 0, the spring pulls
    the mass towards equilibrium position, this KE is converting to PE as stored
    spring potential energy.

    At the maximum amplitude, x = x0, t = T/4, the all the energy of
    the system will consist totally of the spring’s potential energy (PE).

    From T/4 < t < T/2 as the mass moves towards x = 0, the spring pulls
    the mass toward the equilibrium position, the potential energy is
    transformed back into kinetic energy (KE) until at the equilibrium position
    the kinetic energy will reach a maximum. 

    similarly, from T/2 < t < 3T/4, the similar energy conversion occurs
    but now for negative values of x moving away from equilibrium position .

    similarly, from  3T/4 < t < T, the similar energy conversion occurs
    but now for negative values of x moving towards equilibrium position .

    

    The constant exchange between
    potential energy PE and kinetic energy KE is essential in maintaining
    oscillations. The total energy TE, which is the summation of kinetic and
    potential energy, will always add up to a constant value as shown.

    

    

    

    

    

    this is how the x vs x looks together of the energy vs x graphs

    

    

    

    recalling Energy formula

    

    KE = ½ m v2 

    PE =  ½ k x2 therefore, total mechanical energy TE is both KE and
    PE, can be written as

    

    TE = KE + PE = ½ m v2 + ½ k x2

    since 
    
      
        v
        =
        ±
        
          
            (
            
              x
              0
              2 
            -
            
              x
              2 
            )    

    

    KE = ½ m v2 = ½ m ω2( xo2- x2)

    

    from the simple harmonic motion, we also can get
    
      
        ω
        =
        
          
            
              k
              m     

    

    PE =  ½ k x2 = ½ m ω2x2

    

    therefore, 

    

    TE = KE + PE = ½ m ω2( xo2- x2)
    + ½ m ω2x2 = ½ m ω2x02

    

    hence or otherwise the table below shows the various formula and their
    values 

    1.4.1 Summary

    

    
      
        
          	general energy formula
          	SHM energy formula
          	when x = -x0
          	when x = 0
          	when x = x0
        

        
          	KE = ½ m v2
          	KE = ½ m ω2( xo2-
            x2)
          	0
          	 ½ m ω2x02
          	0
        

        
          	PE =  ½ k x2
          	PE = ½ m ω2x2
          	 ½ m ω2x02
          	0
          	 ½ m ω2x02
        

        
          	TE = KE + PE

          
          	TE = ½ m ω2( xo2-
            x2) + ½ m ω2x2 
          	½ m ω2x02
          
          	½ m ω2x02
          	½ m ω2x02
          
        

      
    

    

    

    If no energy is lost during an oscillation, then total energy
    remains constant.

    

    1.4.2 Model:

    
      	 Run
          Sim

      	http://iwant2study.org/ospsg/index.php/81
      

    

  
    

    

  
    1.4.3 Example

       

      The mass is displaced to the left from its equilibrium position through a
      small distance d and is released. The mass undergoes simple harmonic
      motion.

      The graph shows the variation with displacement x from the equilibrium
      position of the kinetic energy of the mass.

      

       

      Use the graph to

      (a)     determine the distance d and the greatest acceleration through
      which the mass was displaced initially,

      (b)    determine the period, frequency and angular frequency.

    (c) determine the corresponding equations of displacement, velocity and
      acceleration.  

    (d) determine the corresponding equations of elastic potential energy and
      the total mechanical energy and sketch them on the graph above.

    (e) determine the corresponding equations of kinetic energy, potential
      energy and total energy

    [0.8m, 0.79 s, 1.26 Hz, 7.91 rad/s]

    [ x= - 0.8 cos(7.91t), v= 6.32 sin(7.91t), a= 50 cos(7.91t)]

    [KE = 2.6 sin 7.912t, PE = 2.6 cos 7.912t, TE =2.6
      J]

    [KE = 4.06 (0.82-x2), PE = 4.06 x2, TE =
      2.6 J]

    Using the model, this graph can be shown

     

    the velocity maximum value can be found in the model as well

    

    

    

    1.4.3.1 Model:

    
      	Run Sim

      	http://iwant2study.org/ospsg/index.php/82
      

    

  
    

    

  
    1.5 Example of investigate the motion of an oscillator using
      experimental and graphical methods

    

    1.5.1.Q1: what is the maximum angle of release before the motion is not
      accurately described as a simple harmonic motion for the case of a simple
      free pendulum?

    Example 1: Simple pendulum A pendulum bob given an initial horizontal
      displacement and released to swing freely to produce to and fro motion

    1.5.2 Suggested Inquiry Steps:

    
      	     Define the question in your own words

      	     Plan an investigation to explore angle of release to record the
        actual period T and theoretical period 
        
          
            
              T
              
                t
                h
                e
                
                  
                  or
                   
                y  
            =
            2
            π
            
              
                
                  L 
                
                  g      
        where L is the length of the mass pendulum of mass, m and g is the
        gravitational acceleration of which the mass is experiencing, on Earth's
        surface  g = 9.81 m/s2

      	     A suggested record of the results could look like this    

    

    
      
        
          	angle / degree
          	 T /s  
          	 Ttheory / s
          	
              
                e
                r
                r
                
                  
                  or
                   
                =
                
                  
                    
                      (
                      T
                      -
                      
                        T
                        
                          t
                          h
                          e
                          
                            
                            or
                             
                          y  
                      )  
                  
                    T  
                100
                %  
        

        
          	05
          	

          
          	

          
          	

          
        

        
          	10
          	

          
          	

          
          	

          
        

        
          	15
          	

          
          	

          
          	

          
        

        
          	20
          	

          
          	

          
          	

          
        

        
          	30
          	

          
          	

          
          	

          
        

        
          	40
          	

          
          	

          
          	

          
        

        
          	50
          	

          
          	

          
          	

          
        

        
          	60
          	

          
          	

          
          	

          
        

        
          	70
          	

          
          	

          
          	

          
        

        
          	80
          	

          
          	

          
          	

          
        

        
          	90
          	

          
          	

          
          	

          
        

      
    

      

              With the evidences collected or otherwise, suggests what the
      conditions of which the angle of oscillation can the actual period T be
      approximated to theoretical period such that  T  ≈ 
        
          
            T
            
              t
              h
              e
              
                
                or
                 
              y  
          =
          2
          π
          
            
              
                L 
              
                g      

    1.5.3 Suggested Answer 1:

     angle θ  ≈ 10 degrees for
      
        
          e
          r
          r
          
            
            or
             
          =
          
            
              
                (
                2.010
                -
                2.006
                )  
            
              2.010  
          
            (
            100
            ) 
          =
          0.2
          %  , depending on what is the error
      acceptable, small angle is typically about less than 10 degree of swing
      from the vertical.

    1.5.4 Conclusion:

    Motion approximates simple harmonic motion when the angle of oscillation
      is small < 10 degrees..

    1.5.5 Other Interesting fact(s):

    Motion approximates SHM when the spring does not exceed limit of
      proportionality during oscillations.

    1.5.6 Real Life Application of Small Angle Approximations:

    Astronomical
        applications of the Small Angle Approximation

    1.5.7 YouTube

    http://youtu.be/BRbCW2MsL94?t=2m16s
      This video shows many pendulums that goes in phase and out of phase with
      each other pendulum to creating a visually stunning effect.

    1.5.8 Model: 

    
      	 Run
          Sim 

      	http://iwant2study.org/ospsg/index.php/93
      

    

    

    
      

  
    

    

  
    1.6 Degrees of damping                    LO (i)

    

      If no frictional forces act on an oscillator (e.g.  mass-spring system,
      simple pendulum system,  etc.), then it will oscillate indefinitely. 

      [image: If no frictional forces act on an oscillator (e.g.  mass-spring system, simple pendulum system,  etc.), then it will oscillate indefinitely. ]

      In practice, the amplitude of the oscillations decreases to zero as a
      result of friction. This type of motion is called damped harmonic motion.
      Often the friction arises from air resistance (external damping) or
      internal forces (internal damping). 

    1.6.1 if the motion is x= x0 sin(ωt), the following are the x
      vs t graphs for 2 periods, as an illustration of the damping.

    [image: when b=0.0 no damping, system oscillates forever without coming to rest. Amplitude and thus total energy is constant]

    1.6.1.1
        No damping

    when
      b=0.0 no damping, system oscillates forever without coming to rest.
    Amplitude and thus total energy is constant

    

    [image: when b=0.1 very lightly damp, system undergoes several oscillations of decreasing amplitude before coming to rest. Amplitude of oscillation decays exponentially with time.]

    

    1.6.1.2
        Light damping

    when
      b=0.1 very lightly damp, system undergoes several oscillations of
    decreasing amplitude before coming to rest. Amplitude of oscillation decays
    exponentially with time.

    

    [image: when b=2.0, critically damp system returns to equilibrium in the minimum time, without overshooting or oscillating about the equilibrium position amplitude.]

    

    1.6.1.3
        Critical damping

    when
      b=2.0, critically damp system returns to equilibrium in the
    minimum time, without overshooting or oscillating about the equilibrium
    position amplitude.

    

    [image: when b=5.0, very heavy damp, system returns to equilibrium very slowly without any oscillation]

    

    1.6.1.4
        Heavy damping

    when
      b=5.0, very heavy damp, system returns to equilibrium very slowly
    without any oscillation

    

    1.6.2 a more typical starting position, is  x= x0 cos(ωt),
      the following are the x vs t graphs for 2 periods, as an illustration of
      the damping.

    

    

    

    

    1.6.2.1 No damping

    when
      b=0.0 no damping, system oscillates forever without coming to rest.
    Amplitude and thus total energy is constant

    

    

    1.6.2.2 Light damping

    

    when b=0.1 very light damping, system undergoes several oscillations of
    decreasing amplitude before coming to rest. Amplitude of oscillation decays
    exponentially with time.

    

    

    

    1.6.2.3 Critical damping

    when
      b=2.0 critically damp, system returns to equilibrium in the minimum
    time, without overshooting or oscillating about the equilibrium position
    amplitude.

    

    

    

    1.6.2.4 Heavy damping

    when
      b=5.0 very heavy damp,  system returns to equilibrium very slowly
    without any oscillation.

    

    1.6.3 Model:

    
      	 Run
          Sim

      	http://iwant2study.org/ospsg/index.php/84
      

    

  
    

    

  
    1.6.4 Applications of Critical Damping

    Factors that affects the damping coefficient b includes the drag in the
      oscillating spring-mass system that takes energy out of the system as heat
      loss etc.

    therefore, the higher the viscosity of the medium the system is in, the
      greater the drag coefficient b.

    1.6.4.1    Car suspension

    

          The spring of a car’s suspension is critically damped so that when a
          car goes over a bump, the passenger in the car quickly and smoothly
          regains equilibrium.

    

    

    

    

    1.6.4.1.1 No Damping 

    the picture shows no damping case b = 0

    

    

    1.6.4.1.2 Light Damping  

    the picture shows light damping case b = 0.1

    

    

    1.6.4.1.3 Critical Damping  

    the picture shows critically damping case b = 2.0

    However, car suspensions are often adjusted to slightly under critical
    damped condition to give a more comfortable ride. Critical damping also
    leaves the car ready to respond to further bumps in the road quickly.

    

    

    

    1.6.4.1.4 Heavy Damping  

    the picture shows heavy damping case b = 5.0

    

    1.6.4.1.5 Model: 

    
      	Run Sim

      	http://iwant2study.org/ospsg/index.php/85

    

  
    

    

  
    1.6.4.2    Moving-coil meters

    

          Critical damping is an important feature of moving-coil meters which
      are used to measure current and voltage. When the reading changes, it is
      of little use if the pointer oscillates for a while or takes too long to
      settle down to the new reading. The new reading must be taken quickly in
      case it changes again. 

      

    again the model can be used to understand the effects of increasing
      levels of damping.

    
    1.6.4.2.1 No Damping

    the picture shows no damping case b = 0

    

    1.6.4.2.2 Light Damping

    

    the picture shows light damping case b = 0.1

    

    

    

    1.6.4.2.3 Critical Damping

    the picture shows critically damping case b = 2.0

    Thus, a pointer is critically damped to allow it to move to the correct
    position immediately whenever a current flows through it or a voltage is
    applied across it.

    

    

    

    1.6.4.2.4 Heavy Damping

    the picture shows heavy damping case b = 5.0 

    1.6.4.2.5 Model:

    
      	Run Sim

      	http://iwant2study.org/ospsg/index.php/86

    

  
    

    

  
    1.7 Forced Oscillations and Resonance                LO (j)

    

      When a system performs oscillations without any applied force, the
      frequency of the oscillation is a characteristic of the system and is
      called the natural frequency, fo
      . In the example above, the fo
      = 0.161 Hz.

    1.7.1 Spring Mass System initially at Rest

    Consider a spring mass system initially at rest. 

     

    1.7.1.1 No driving force

    When the driving force is at f = 0, that means the driving force is  Fdriver
      = (0.5)sin(2π f t ) = 0.

    the result is as shown on the picture where x = 0 for all time since
      there is no external driving force acting on the system.

    
    1.7.1.2 Slow driving force

    However, when f = 0.1 , the Fdriver = (0.5)sin(2π (0.1) t ),
      it results in a motion that seems to irregular reaching a maximum
      amplitude of A and B (see picture).

    
    1.7.1.3 Driving force equal Natural frequency

    However, when f = 0.159 , the Fdriver = (0.5)sin(2π (0.159) t
      ), it results in a motion that seems to increase to a very large maximum
      amplitude of A and B (see picture, when t = 55.8, A and B are greater than
      the screen display height). Theoretically, is should be infinitely large.
    

    
    1.7.1.4 Driving force greater than Natural frequency

    However, when f = 0.2 , the Fdriver = (0.5)sin(2π (0.2) t ),
      it results in a motion that seems to also reach some smaller maximum
      amplitude of A and B (see picture reaching about 1.8 ).

    
    1.7.1.5 Driving force much greater than Natural frequency

    However, when f = 0.3 , the Fdriver = (0.5)sin(2π (0.3) t ),
      it results in a motion that seems to also reach rather maximum amplitude
      of A and B (see picture reaching about 0.5 ).

    
    Lastly, when f = 0.4 , the Fdriver = (0.5)sin(2π (0.4) t ), it
      results in a motion that seems to also reach even smaller maximum
      amplitude of A and B (see picture reaching about 0.3 ).

    These oscillations in which a periodic force is imposed are called forced
        resonance. Systems will then some what influenced to vibrate at
      the frequency of the periodic force, f,
      but only when f = fo =
      0.161 Hz , in this example, the maximum amplitude is the greatest happens
      in this case when damping is zero as has similar maximum amplitude effects
      for different damping levels occurring near f = fo
    

    1.7.2 Examples include the 

     1)    Vibrations of a pendulum clock.

      2)    Vibrations of a tuning fork when exposed to the periodic force of a
      sound wave.

      3)    Vibration of a bridge under the influence of marching soldiers or
      periodic wind.

    1.7.3 Model: 

    
      	Run
          Sim

      	http://iwant2study.org/ospsg/index.php/87
      

    

  
    

    

  
    1.7.4 The response of the oscillatory system depends on the value of the
        frequency of the periodic force (also known as the driving
        frequency).                LO (k)

    When the driving frequency f  is
      close to or equal to the
        natural frequency fo of the oscillating system,
        maximum energy is transferred from the periodic force (driver)
      to the oscillating system which will vibrate with maximum
        amplitude.  This phenomenon is called resonance.
              

    
     A more accurate and complicated picture could be found on Wikipedia.

      
    

    This computer model can be used to generate a similar data representation
      when using the instruction found on the html below the model.

    
    1.7.4.1 Case 1: b=0 no damping.

    All 100 spring mass systems oscillates forever without coming to rest.
      Notice when the ratio of driving frequency to
        natural frequency fo of the oscillating system  f/fo
        = 1  maximum energy is
        transferred from the periodic force (driver) to the oscillating
      system which will vibrate with maximum
        amplitude (extended beyond 10).  This phenomenon is called resonance. 
        

       

    1.7.4.2 Case 2: b=0.1 very light damping

    Notice when the ratio of driving frequency to
        natural frequency fo of the oscillating system  f/fo
        = 1  maximum energy is
        transferred from the periodic force (driver) to the oscillating
      system which will vibrate with maximum
        amplitude (equal 10 m).  This phenomenon is called resonance. 
        

    1.7.4.3 Case3: b=0.3 light damping

    Notice when the ratio of driving frequency to
        natural frequency fo of the oscillating system  f/fo
        slightly less than 1,  maximum
        energy is transferred from the periodic force (driver) to the
      oscillating system which will vibrate with maximum
        amplitude (about 3.3).  This phenomenon is called resonance. 
        

    1.7.4.4 Case4: b =0.6 moderate damping

    
    Notice when the ratio of driving frequency to
        natural frequency fo of the oscillating system  f/fo
        slightly less than 1 about 0.9 in this case,  maximum
        energy is transferred from the periodic force (driver) to the
      oscillating system which will vibrate with maximum
        amplitude (about 1.8).  This phenomenon is called resonance.
        

    1.7.4.5 Case5: b = 2.0 critical damping

    Notice the resonance does not occur anymore. 
      

    
    1.7.4.6 Case6: very heavy damping

    Notice the resonance does not occur anymore. 
      

    1.7.5 Model:

    
      	Run Sim

      	http://iwant2study.org/ospsg/index.php/88
      

    

    1.7.6 YouTube explanation:

    http://youtu.be/tl4hfZ3TR6U

    
    1.7.7 YouTube

    http://youtu.be/LV_UuzEznHs 
      How is this video related to resonance? Hint: consider the shaking support
      table is the driver, moving an driver frequency f, and the natural
      frequency of the left, middle and right structure each have their own
      natural frequency f01, f02, f03. 

    http://youtu.be/17tqXgvCN0E
      This video shows the oscillating of a wine glass by playing sound (driver)
      at its(wine glass) natural frequency resulting in resonance.Note
      stroboscope is used to observe the resonant effect better.

    http://youtu.be/M8ztJGT6AHc
      Marina Bay Sands cantilever - real world application of resonance. 

      Note that video ends at 5.40 min. 

    http://youtu.be/1yaqUI4b974
      Though not really in A-Level Physics syllabus, the experiment shows the
      beauty of physics where sound at certain frequencies can produce detailed
      2 dimensions patterns of sands that tends to be deposited at positions
      where the displacement is zero and areas of resonances (high amplitudes)
      the sand tend to be disturbed and move away from these position, resulting
      in the detailed patterns of sands. 

  
    

    

  
      Copyright and conditions of use

      
      This ePub was created by its author using the Easy Java/Javascript Simulations modeling and authoring tool,       and has been released under a Creative Commons Attribution-NonCommercial-ShareAlike license.       [image: Creative Commons Attribution-NonCommercial-ShareAlike]
      

      
      This material is free for non-commercial purposes and lets others remix, tweak, and build upon this work non-commercially,      as long as they credit the author and license their new creations under the identical terms.       For other uses, permission must be obtained both from the ePub author and from the creators of the EjsS authoring tool and code library.
      

      
        For more information on Easy Java/Javascript Simulations, please visit the EjsS website.
      

      
        [image: EjsS logo]
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OEBPS/models/_ejs_library/scripts/textresizedetector.js
/** 

 *  @fileoverview TextResizeDetector

 * 

 *  Detects changes to font sizes when user changes browser settings

 *  <br>Fires a custom event with the following data:<br><br>

 * 	iBase  : base font size  	

 *	iDelta : difference in pixels from previous setting<br>

 *  	iSize  : size in pixel of text<br>

 *  

 *  * @author Lawrence Carvalho carvalho@uk.yahoo-inc.com

 * @version 1.0

 */



/**

 * @constructor

 */

TextResizeDetector = function() { 

    var el  = null;

	var iIntervalDelay  = 200;

	var iInterval = null;

	var iCurrSize = -1;

	var iBase = -1;

 	var aListeners = [];

 	var createControlElement = function() {

	 	el = document.createElement('span');

		el.id='textResizeControl';

		el.innerHTML='&#160;';

		el.style.position="absolute";

		el.style.left="-9999px";

		var elC = document.getElementById(TextResizeDetector.TARGET_ELEMENT_ID);

		// insert before firstChild

		if (elC)

			elC.insertBefore(el,elC.firstChild);

		iBase = iCurrSize = TextResizeDetector.getSize();

 	};



 	function _stopDetector() {

		window.clearInterval(iInterval);

		iInterval=null;

	};

	function _startDetector() {

		if (!iInterval) {

			iInterval = window.setInterval('TextResizeDetector.detect()',iIntervalDelay);

		}

	};

 	

 	 function _detect() {

 		var iNewSize = TextResizeDetector.getSize();

		

 		if(iNewSize!== iCurrSize) {

			for (var 	i=0;i <aListeners.length;i++) {

				aListnr = aListeners[i];

				var oArgs = {  iBase: iBase,iDelta:((iCurrSize!=-1) ? iNewSize - iCurrSize + 'px' : "0px"),iSize:iCurrSize = iNewSize};

				if (!aListnr.obj) {

					aListnr.fn('textSizeChanged',[oArgs]);

				}

				else  {

					aListnr.fn.apply(aListnr.obj,['textSizeChanged',[oArgs]]);

				}

			}



 		}

 		return iCurrSize;

 	};

	var onAvailable = function() {

		

		if (!TextResizeDetector.onAvailableCount_i ) {

			TextResizeDetector.onAvailableCount_i =0;

		}



		if (document.getElementById(TextResizeDetector.TARGET_ELEMENT_ID)) {

			TextResizeDetector.init();

			if (TextResizeDetector.USER_INIT_FUNC){

				TextResizeDetector.USER_INIT_FUNC();

			}

			TextResizeDetector.onAvailableCount_i = null;

		}

		else {

			if (TextResizeDetector.onAvailableCount_i<600) {

	  	 	    TextResizeDetector.onAvailableCount_i++;

				setTimeout(onAvailable,200)

			}

		}

	};

	setTimeout(onAvailable,500);



 	return {

		 	/*

		 	 * Initializes the detector

		 	 * 

		 	 * @param {String} sId The id of the element in which to create the control element

		 	 */

		 	init: function() {

		 		

		 		createControlElement();		

				_startDetector();

 			},

			/**

			 * Adds listeners to the ontextsizechange event. 

			 * Returns the base font size

			 * 

			 */

 			addEventListener:function(fn,obj,bScope) {

				aListeners[aListeners.length] = {

					fn: fn,

					obj: obj

				}

				return iBase;

			},

			/**

			 * performs the detection and fires textSizeChanged event

			 * @return the current font size

			 * @type {integer}

			 */

 			detect:function() {

 				return _detect();

 			},

 			/**

 			 * Returns the height of the control element

 			 * 

			 * @return the current height of control element

			 * @type {integer}

 			 */

 			getSize:function() {

	 				var iSize;

			 		return el.offsetHeight;

		 		

		 		

 			},

 			/**

 			 * Stops the detector

 			 */

 			stopDetector:function() {

				return _stopDetector();

			},

			/*

			 * Starts the detector

			 */

 			startDetector:function() {

				return _startDetector();

			}

 	}

 }();



TextResizeDetector.TARGET_ELEMENT_ID = 'doc';

TextResizeDetector.USER_INIT_FUNC = null;







OEBPS/models/_ejs_library/scripts/common_script.js
var _isEPub = false;
var _isApp = false;

var __base64Images = [];
__base64Images["./images/SHM001lookang.gif"]="data:image/gif;base64,";
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__base64Images["./images/image3.png"]="data:image/png;base64,";
__base64Images["/org/opensourcephysics/resources/controls/images/window.gif"]="data:image/gif;base64,";
__base64Images["/org/opensourcephysics/resources/controls/images/close.gif"]="data:image/gif;base64,";
__base64Images["/org/opensourcephysics/resources/controls/images/stepforward.gif"]="data:image/gif;base64,R0lGODlhEAAQAKL/AP///5mZzGZmmTMzZgAAAMDAwAAAAAAAACH5BAEAAAUALAAAAAAQABAAQAM6WLrcO0GAAoUYYL444XDKYHUZSA0fZYYcFV1O1QWYtt54HASdsMoumE4StKQ2xEqtAUSVQBmNLWdKAAAh/k9Db3B5cmlnaHQgMjAwMCBieSBTdW4gTWljcm9zeXN0ZW1zLCBJbmMuIEFsbCBSaWdodHMgUmVzZXJ2ZWQuDQpKTEYgR1IgVmVyIDEuMA0KADs=";
__base64Images["/org/opensourcephysics/resources/controls/images/play.gif"]="data:image/gif;base64,R0lGODlhEAAQAKL/AP///5mZzGZmmTMzZgAAAMDAwAAAAAAAACH5BAEAAAUALAAAAAAQABAAQAMsWLrcPkHIAYBTUIzbBrXcMghhF01l9pUFyBbbiwUxm2n2iXL3ytMVW1BWSgAAIf5PQ29weXJpZ2h0IDIwMDAgYnkgU3VuIE1pY3Jvc3lzdGVtcywgSW5jLiBBbGwgUmlnaHRzIFJlc2VydmVkLg0KSkxGIEdSIFZlciAxLjANCgA7";
__base64Images["./images/thumb.png"]="data:image/png;base64,";
__base64Images["./images/image4.gif"]="data:image/gif;base64,";
__base64Images["/org/opensourcephysics/resources/controls/images/reset.gif"]="data:image/gif;base64,";

_isEPub = true;
__base64Images["./SHM04/images/SHM001lookang.gif"]="data:image/gif;base64,";
__base64Images["./SHM04/2015-02-16_1059.png"]="data:image/png;base64,";
__base64Images["./SHM04/2015-02-16_1059s.png"]="data:image/png;base64,";
__base64Images["./SHM04/images/image3.png"]="data:image/png;base64,";
__base64Images["./SHM/image16.gif"]="data:image/gif;base64,";
__base64Images["./SHM04/images/image4.gif"]="data:image/gif;base64,";
__base64Images["./SHMcircle/16px-Counterclockwise_Arrow.svg.png"]="data:image/png;base64,iVBORw0KGgoAAAANSUhEUgAAABAAAAAPCAYAAADtc08vAAAABmJLR0QA/wD/AP+gvaeTAAAA60lEQVQokZXTsUpDQRCF4c+YSAorC5tUoq3RRzAE8iCKENBKfIY0Wgk2voBgqY1VjKKFlXYGJEVAQRAhgiASJCk2WygXvXu6md1/9gw7w0/NoIkOnlGXoBX08IUz7GIhL7yMAS5SoKgSHnAptJBHNczHYF2wvZjw6C32Y3COkwS4gRE+oosXbCUUuJkUGKFVxBzecsKzOJ3cf0U/OthOcABP2IEC7rGWAC+hgruYSP2FQ2FKizFRQhdXKP8DNzDE5u+DKt5xLXsSC9jAJ44xlVU9axea2MMjvnGA6b8sxm1sC30OhPaOsJoFjAFm3jN/6ZFCHAAAAABJRU5ErkJggg==";
__base64Images["./SHMcircle/2016-01-05_1400.png"]="data:image/png;base64,";
__base64Images["./SHMcircle/vinyl-883199_960_720.png"]="data:image/png;base64,";
__base64Images["./SHMcircle/2015-02-16_1150.png"]="data:image/png;base64,";
__base64Images["./SHMcircle/32px-Clockwise_Arrow.svg.png"]="data:image/png;base64,";
__base64Images["./SHMcircle/2016-01-05_1400s.png"]="data:image/png;base64,";
__base64Images["./SHMcircle/32px-Counterclockwise_Arrow.svg.png"]="data:image/png;base64,";
__base64Images["./SHMcircle/16px-Clockwise_Arrow.svg.png"]="data:image/png;base64,iVBORw0KGgoAAAANSUhEUgAAABAAAAAPCAYAAADtc08vAAAABmJLR0QA/wD/AP+gvaeTAAAA9ElEQVQokZXTMS9EQRQF4M/uYyPREaWEjU7lF2yC0l8gGtHINvsfJBKNRCd6hY5SIRF0JEiESmE1CgURK6zizciLLXbe6c6dOefemXtvVX/M4RSLqOEa3wm6P0yihUN84gEzZQyKmMI5Xv+bjKORaDIsf9ItshjcwkWJSqbRwXLM/o4uFkqYHOAINoK4i5MSButoZ3jEHsZwhhG8JRi8YDSSVjAqgybalUCuMCHveSoauIxkEM/YThTHLiwVg2v4wnwfcZyDG1SLBwPYxwdWUOmRUpd/dM8kRmTYwQ/usRkqi7vQkbgLs9jFXcj2hGOsYqh48RdVIDQ7EH9noAAAAABJRU5ErkJggg==";
__base64Images["./SHMcircle/circularSHM2014-02-24_1610small.png"]="data:image/png;base64,";
__base64Images["./SHMcircle/2016-01-05_1426.png"]="data:image/png;base64,";
__base64Images["./SHMcircle/477px-Vinyl_LP.jpg"]="data:image/jpeg;base64,";
__base64Images["./SHM07/2015-02-16_1207s.png"]="data:image/png;base64,";
__base64Images["./SHM07/image27.gif"]="data:image/gif;base64,";
__base64Images["./SHM07/2015-02-16_1207.png"]="data:image/png;base64,";
__base64Images["./SHM09/2014-12-17_0948.png"]="data:image/png;base64,";
__base64Images["./SHM09/2016-01-22_1026s.png"]="data:image/png;base64,";
__base64Images["./SHM09/2015-02-16_1218.png"]="data:image/png;base64,";
__base64Images["./SHM09/2014-12-17_0948_001.png"]="data:image/png;base64,";
__base64Images["./SHM09/2015-02-16_1224.png"]="data:image/png;base64,";
__base64Images["./SHM09/SHMvvsx.gif"]="data:image/gif;base64,";
__base64Images["./SHM10/2016-01-22_0941s.png"]="data:image/png;base64,";
__base64Images["./SHM10/2015-02-16_1358.png"]="data:image/png;base64,";
__base64Images["./SHM10/2015-02-16_1345.png"]="data:image/png;base64,";
__base64Images["./SHM10/SHMavsx.gif"]="data:image/gif;base64,";
__base64Images["./SHM11/2015-02-16_1430.png"]="data:image/png;base64,";
__base64Images["./SHM11/2016-05-30_0944s.png"]="data:image/png;base64,";
__base64Images["./SHM11/2014-12-17_1440.png"]="data:image/png;base64,";
__base64Images["./SHM11/2015-02-16_1410.png"]="data:image/png;base64,";
__base64Images["./SHM12/2015-02-16_1438.png"]="data:image/png;base64,";
__base64Images["./SHM12/2015-02-16_1436.png"]="data:image/png;base64,";
__base64Images["./SHM12/2016-05-30_0948S.png"]="data:image/png;base64,";
__base64Images["./SHM13/2016-01-22_1306s.png"]="data:image/png;base64,";
__base64Images["./SHM13/2014-12-17_1520.png"]="data:image/png;base64,";
__base64Images["./SHM13/2015-02-16_1542.png"]="data:image/png;base64,";
__base64Images["./SHM13/2015-02-16_1523.png"]="data:image/png;base64,";
__base64Images["./SHM14/2015-02-16_1613.png"]="data:image/png;base64,";
__base64Images["./SHM14/2014-12-17_1552.png"]="data:image/png;base64,";
__base64Images["./SHM14/2015-02-16_1644.png"]="data:image/png;base64,";
__base64Images["./SHM14/2015-02-16_1622.png"]="data:image/png;base64,";
__base64Images["./SHM14/2016-01-22_1350s.png"]="data:image/png;base64,";
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__base64Images["./SHMverticalsensor/Nikon_70-300mm_f4-5.6G_AF_Zoom-Nikkor_with_lens_hood,_2013_November.jpg"]="data:image/jpeg;base64,";
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