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What is the name for all these things.... 

 
 

http://www.acoustics.salford.ac.uk/feschools/waves/shm.htm  

http://www.acoustics.salford.ac.uk/feschools/waves/shm.htm
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Differential Calculus Rules  Cos & Sin 
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We can also extend the idea with 
angle functions. 
 
This derivation is particularly nice 
as it shows the relation between 
cos and sin. If you then plot the 
two graphs on the same axes you 
can see by inspection that cos is 
the gradient of a sin function. 
 
It also relies on a simple 
substitution of a double angle 
formulae... 
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3.1 Oscillations 

Specification link-up 3.4.1: Simple harmonic motion  
 
What is meant by one complete oscillation?  
 
How are amplitude, frequency and period defined?  
 
What is the phase difference between two oscillators that are out of step? 
 
http://en.wikipedia.org/wiki/Simple_harmonic_motion 
  

http://en.wikipedia.org/wiki/Simple_harmonic_motion


3.1  Oscillations 

Make a list of things which oscillate or vibrate 

tides 

Skate boarder in a half pipe 

pendulum 

Sun spot activity 

Mass on a spring 

Describe what happens  
 to the displacement from the 

equilibrium position 
  when the mass is raised  

up 2 cm and let go 



3.1  Oscillations 

Make a list of things which oscillate or vibrate 

tides 

Skate boarder in a half pipe 

pendulum 

Sun spot activity 

Mass on a spring 

Describe what happens  
 to the displacement from the 

equilibrium position 
  when the mass is raised  

up 2 cm and let go  

Equilibrium position  
2 cm 



3.1  Oscillations 

Describe what happens  
 to the displacement from the 

equilibrium position 
  when the mass is raised  

up 2 cm and let go  

Equilibrium position  
2 cm 

The displacement: 
 
 
1. Decreases while going down 

2. Increases while going down 

3. Decreases while going up 

4. Increases while going up 



Amplitude: max displacement from equilibrium( m) 

Free oscillations: occur when no friction is  present, so amplitude is constant 

Time period T : time for one complete oscillation       ( seconds) 

Frequency : the number of complete oscillations each second   ( Hertz) 

Angular frequency  w : the number of radians each second ( rad/sec)   
  =  2π/T  



T = 2.4 seconds  for both children on their swings 
 
But the red one lags behind the green by 0.6 sec 
        =  0.6  T     or ¼ T 
            2.4 
 
¼ T =    2 π      =     π  
               4               2 

PHASE DIFFERENCE 

 
Phase difference in radians  =    2 π     t 
                                                                       T 
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Application of Maths.... 

 
 

http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html
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Maths puzzling.... 

Construct an excel spreadsheet to 
explore and prove the concept 
that for the situation where  
<10 and measured in radians; 

 

 sin

Degrees Theta Rad Sin Theta Difference 

0 0.00 0.00 0.00 

1 0.02 0.02 0.00 

2 0.03 0.03 0.00 

3 0.05 0.05 0.00 

4 0.07 0.07 0.00 

5 0.09 0.09 0.00 

6 0.10 0.10 0.00 

7 0.12 0.12 0.00 

8 0.14 0.14 0.00 

9 0.16 0.16 0.00 

10 0.17 0.17 0.00 

20 0.35 0.34 -0.01 

30 0.52 0.50 -0.02 

40 0.70 0.64 -0.06 

50 0.87 0.77 -0.11 

60 1.05 0.87 -0.18 

70 1.22 0.94 -0.28 

80 1.40 0.98 -0.41 
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Amplitude, Period & Frequency  
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Graphical Example of Phase Difference 

 
 

-1.50

-1.00
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SI
n

 

Angle in Degrees 

Graph of Function sin  to show phase difference 90  

Sin Theta

Sin(Theta-90)

Sin(Theta+90)
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Raw Data in Part... 
Degrees Sin Theta Sin(Theta-90) Sin(Theta+90) 

0 0.00 -1.00 1.00 
10 0.17 -0.98 0.98 
20 0.34 -0.94 0.94 
30 0.50 -0.87 0.87 
40 0.64 -0.77 0.77 
50 0.77 -0.64 0.64 
60 0.87 -0.50 0.50 
70 0.94 -0.34 0.34 
80 0.98 -0.17 0.17 
90 1.00 0.00 0.00 

100 0.98 0.17 -0.17 
110 0.94 0.34 -0.34 
120 0.87 0.50 -0.50 
130 0.77 0.64 -0.64 
140 0.64 0.77 -0.77 
150 0.50 0.87 -0.87 
160 0.34 0.94 -0.94 

Here I have used the 
idea of advancing on 
a circle to show the 
time shift or phase 
shift 
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Plenary 

 
 

Write a sentence to explain what is meant by one 
complete oscillation?  
 
Draw a diagram to show sow are amplitude, frequency 
and period defined?  
 
Think of an example of two oscillators out of phase 
 
How can we mathematically describe what is the phase 
difference between two oscillators that are out of step? 
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3.2 SHM 

Specification link-up 3.4.1: Simple harmonic motion  
 
What are the two fundamental conditions about acceleration that apply to 
simple harmonic oscillations?  
 
How do displacement, velocity and acceleration vary with time?  
 
What is the phase difference between displacement and (i) velocity (ii) 
acceleration?  
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How to s, v, a vary with time.... 

 
 

Use this diagram or the one in your book. Use a ruler and move it across each 
diagram as a three. Try and explain what is happening in the context of a 
linked variable 
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How to s, v, a vary with time.... 

 
 

Imagine a rope swing and the points on 
the diagram 



3.2  Principles of SHM 



3.2  Principles of SHM 

The variation of velocity with time = gradient of the displacement v time graph  



3.2  Principles of SHM 

The variation of velocity with time = gradient of the displacement v time graph  



3.2  Principles of SHM 

The variation of velocity with time = gradient of the displacement v time graph  



X =  x0 cos(w) t 

Displacement X: 

x0 



X =  x0 cos(w) t 

Displacement X: 

       dX =  
        dt 
 
 

Velocity   V: 

x0 



X =  x0 cos(w) t 

Displacement X: 

       dX =  - x0w  sin(w) t 
        dt 
 
 

Velocity   V: 

x0 



X =  x0 cos(w) t 

Displacement X: 

       dX =  - x0w  sin(w) t 
        dt 
 
 

Velocity   V: 

        
Acceleration  a: 

x0 



X =  x0 cos(w) t 

Displacement X: 

       dX =  - x0w  sin(w) t 
        dt 
 
 

Velocity   V: 

       d2X = 
        dt2 

Acceleration  a: 

x0 



X =  x0 cos(w) t 

Displacement X: 

       dX =  - x0w  sin(w) t 
        dt 
 
 

Velocity   V: 

       d2X =  - x0w2  cos(w) t 
        dt2 

Acceleration  a: 

x0 



X =  x0 cos(w) t 

Displacement X: 

       dX =  - x0w  sin(w) t 
        dt 
 
 

Velocity   V: 

       d2X =  - x0w2  cos(w) t 
        dt2 

Acceleration  a: 

x0 



 
 
 

Conditions for SHM: 

x0 

x0 

acceleration 

Acceleration is out of phase 
with displacement by 
1800   ,   π radians  or T/2  



 
 
SHM occurs when the acceleration (hence force) is : 
 
1. Proportional to displacement 
2.  Always in the opposite direction to the displacement 

Conditions for SHM: 

x0 

x0 

acceleration 

Acceleration is out of phase 
with displacement by 
1800   ,   π radians  or T/2  



 
 
SHM occurs when the acceleration (hence force) is : 
 
1. Proportional to displacement 
2.  Always in the opposite direction to the displacement 

Conditions for SHM: 

x0 

acceleration 

         Acceleration  = - (constant)X X 
 
         Acceleration  =       - (w)2  X   X 
 
         Acceleration  =       - (2πf) 2 X X 
        
  Max Acceleration =       - (2πf) 2 X X Max 

 



 
 
SHM occurs when the acceleration (hence force) is : 
 
1. Proportional to displacement 
2.  Always in the opposite direction to the displacement 

Conditions for SHM: 

x0 

acceleration 

         Acceleration  = - (constant)X X 
 
         a  =       - (w)2  X   X 
 
         a  =       - (2πf) 2 X X 
        
    a Max =       - (2πf) 2 X X Max 

 



 
 
SHM occurs when the acceleration (hence force) is : 
 
1. Proportional to displacement 
2.  Always in the opposite direction to the displacement 

Conditions for SHM: 

x0 

acceleration 

         Acceleration  = - (constant)X X 
 
         a  =       - (w)2  X   X 
 
         a  =       - (2πf) 2 X X 
        
    a Max =       - (2πf) 2 X X Max 

 



 
 
SHM occurs when the acceleration (hence force) is : 
 
1. Proportional to displacement 
2.  Always in the opposite direction to the displacement 

Conditions for SHM: 

x0 

acceleration 

         Acceleration  = - (constant)X X 
 
         a  =       - (w)2  X   X 
 
         a  =       - (2πf) 2 X X 
        
      amax =       - (2πf) 2 X X Max 

 



EQUATION OF SHM xa 2

x 

a 

Acceleration – Displacement graph 
xmy

Gradient = - ω2 

+ A 

- A 

MAXIMUM ACCELERATION   =   ±  ω2 A    = ( 2πf )2 A  
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Plenary 

 
 

Use the book pages 36/37 & the slides 
you have seen to make a simple 
concept map for SHM and the 
simple principles that objects must 
obey that exhibit SHM 
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3.3 More About Sine waves 

Specification link-up 3.4.1: Simple harmonic motion  
 
What equation relates displacement to time for a body moving with 
simple harmonic motion?  
 
At what point must the oscillations start for this equation to apply?  
 
How can we calculate the velocity for a given displacement?  
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Starter 

 
 

Think back to previous work completed. 
 
 
1. What is the velocity of the ball? 

 
 

2. What is the angular velocity? 
 
 

3. Can you describe the forces on the hand? 

T

r
v

2


f
r

v
 2

rm
r

mv
maF 2

2
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Maths again! 

 
 

0



if

dx

dy

x

y
We can use a function as an 
example to look at 
differentiation and gradients. 
 
Imaging your wave has a 
changing gradient based on the 
function of cosine or sine wave. 
 
We find the following results by 
mathematical analysis.  
 
You will need these rules for the 
maths in these lessons! 

axa
dx

dy

axy

if

axa
dx

dy

axy

if

sin

cos

cos

sin

;
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Formulae... 

 
 

For any oscillation we can express the 
displacement as a wave function of 
time, frequency. With a constant of 
amplitude as a multiplying factor 

If we then look at the gradient of the 
function at any time we determine the 
velocity of the object at any time. 
 
If we take the gradient of the velocity at 
any time we determine the acceleration 
of the object at any time. 

 

 

 

   

  xfa

ftAfa
dt

xd

ftAfv

ftAfv
dt

dx

ftAx

2

2

2

2

2

2cos2

2sin2

2sin2
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Simply differentiate or find 
gradient of function....... 

axa
dx

dy
axy

axa
dx

dy
axy

sincos

cossin







Plan view of ball P 
on turntable P 

Ps 

Shadow of P 

Acceln of P 

Acceln of P 

Acceln of P 

Shadow of Ps acceln   = 
acceln of P parallel to x 

And this is the acceln  
of the pendulum bob!  

- sign as acceln is towards the centre  



Plan view of ball P 
on turntable P 

Ps 

Shadow of P 

Acceln of P 

- sign as acceln is towards the centre  
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3.4 Applications of SHM 

Specification link-up 3.4.1: Simple harmonic systems  
 
What conditions must be satisfied for a mass-spring system or simple 
pendulum to oscillate with simple harmonic motion?  
 
How does the period of a mass-spring system depend on the mass?  
 
How does the period of a simple pendulum depend on its length? 
 
http://hyperphysics.phy-astr.gsu.edu/hbase/shm.html 
  

http://hyperphysics.phy-astr.gsu.edu/hbase/shm.html
http://hyperphysics.phy-astr.gsu.edu/hbase/shm.html
http://hyperphysics.phy-astr.gsu.edu/hbase/shm.html
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Graphing...  

g

l
T

k

m
T





2

&

2



Your task is simple. You have these 
two formulae. 

 
Can you rearrange them and 

identify what you would change 
to see a change in another 
variable in each case.  

 
Then clearly identify what the 

gradient of such a graph would 
be? 

kxF 
For a spring 
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Investigate.... 

g

l
T

k

m
T





2

&

2





Here are two relations that describe oscillations. Use the equipment to hand to 
investigate their relations. You need to consider all the factors that you would 
in an ISA. Use the booklet I gave you to ensure you think about errors etc.. In 
full. 

kxF 
For a spring 



L 

m 

θ 

mg 

mg sinθ  

x 

Some trig:                       sin θ   =   x  
                                                       L 
For small angles ( < 5 0)       θ   =   x  
in radians                                        L 
     
 
 

Restoring force            =  - mg sinθ 
 
( -ve sign indicates a left displacement 
and a right restoring force) 
 
Restoring force            =  - mg x 
                                                 L 
 
From Newton’s second law    F=ma 
 
                                ma =  - mg x 
                                                  L 
 
 

+  



L 

m 

θ 

mg 

mg sinθ  

x 

Some trig:                       sin θ   =   x  
                                                       L 
For small angles ( < 5 0)       θ   =   x  
in radians                                        L 
     
 
 

Restoring force            =  - mg sinθ 
 
( -ve sign indicates a left displacement 
and a right restoring force) 
 
Restoring force            =  - mg x 
                                                 L 
 
From Newton’s second law    F=ma 
 
                                ma =  - mg x 
                                                  L 
 
 

+  



L 

m 

θ 

mg 

mg sinθ  

x 

Some trig:                       sin θ   =   x  
                                                       L 
For small angles ( < 5 0)       θ   =   x  
in radians                                        L 
     
 
 

Restoring force            =  - mg sinθ 
 
( -ve sign indicates a left displacement 
and a right restoring force) 
 
Restoring force            =  - mg x 
                                                 L 
 
From Newton’s second law    F=ma 
 
and                             a =    -  g x 
                                                 L 
 
 

+  



L 

m 

θ 

mg 

mg sinθ  

x 

Some trig:                       sin θ   =x  
                                                       L 
For small angles ( < 5 0)       θ   =  x  
in radians                                        L 
     
 
 

Restoring force            =  - mg sinθ 
 
( -ve sign indicates a left displacement 
and a right restoring force) 
 
Restoring force            =  - mg x 
                                                 L 
 
From Newton’s second law    F=ma 
 
and                             a =    -  g x 
                                                L 
Compare with SHM equation: 
                                   a  =   - (2πf)2 x 
 
 

+  



L 

m 

θ 

mg 

mg sinθ  

x 

and                             a =    -  g x 
                                                L 
Compare with SHM equation: 
                                   a  =   - (2πf)2 x 
 
                          - (2πf)2    =  - g  
                                               L 
 
                 f  =  1       g 
                       2π      L 
 
                  
                 T =  2π    L 
                                 g 
 
 

+  

Discuss: 
 

effect of length, 
mass, 

gravity, 
angle of swing. 



T =  2π    L 
                g 
 



Put in the form:   y =  m x  +  c 

T =  2π    L 
                g 
 



Put in the form:   y =  m x  +  c 

T 2   =   4 π 2   L        +    0 
              g   

T =  2π    L 
                g 
 



Put in the form:   y =  m x  +  c 

T 2   =   4 π 2   L        +    0 
              g  

T 2 

/s 2 

L / m 

T =  2π    L 
                g 
 



Put in the form:   y =  m x  +  c 

T 2   =   4 π 2   L        +    0 
              g  

T 2 

/s 2 

Max force on pendulum bob occurs as it passes through the equilibrium: 

T =  2π    L 
                g 
 

L / m 

m 

mg 

Ts 



Put in the form:   y =  m x  +  c 

T 2   =   4 π 2   L        +    0 
              g  

T 2 

/s 2 

T =  2π    L 
                g 
 

L / m 

mv2    =  Ts  - mg 
  r 

m 

mg 

Ts 

Max force on pendulum bob occurs as it passes through the equilibrium: 



Put in the form:   y =  m x  +  c 

T 2   =   4 π 2   L        +    0 
              g  

T 2 

/s 2 

T =  2π    L 
                g 
 

L / m 

mv2    =  Ts  - mg                        but r = L  so             mv2    =  Ts  - mg  
  r                                                                                  L 

m 

mg 

Ts 

Max force on pendulum bob occurs as it passes through the equilibrium: 
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SHM – Springs... 

Simple harmonic motion is typified by the 
motion of a mass on a spring when it is 
subject to the linear elastic restoring force 
given by Hooke's Law. The motion is 
sinusoidal in time and demonstrates a 
single resonant frequency.  

k

m
T 2

Thinking? 
 
What happens if m is larger – T is 

longer 
 
What happens if k is smaller – T is 

shorter 
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SHM – Pendulum 

A point mass hanging on a massless string is an idealised 
example of a simple pendulum.  
 
When displaced from its equilibrium point, the restoring force 
which brings it back to the center is given by: 
 
 
For small angles θ<10, we can use the approximation and 
simplify to... 
 
 
Now we know that F/a = m so... 
 
Which if we divide through by m... 
 
If we think of the pendulum swing of a circular displacement s 
we can say that s/L = .  So..... 
 
We also know that a= g = mv2/r  or g = v2/r = 2r=(2 f)2r 
 

Hence this simplifies if <50 as r and L cancel... 

sinmgF 

mgmaF 





ga
m

F

mgmaF





s
L

g
a




sfa 2)2( 

g

l
T 2
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Errors 

 
 

You have conducted one of two experiments.  
 
For that experiment prepare a short speech/talk can you 

explain to the class; 
 
• What your errors where 

 
• How you controlled or minimised them? 

 
• How could you improve the method? 

 
• How close was your value to the accepted value (for g) 

 
• Is that consistent with your error prediction? 



Equilibrium position 

x 

F 

Resultant force or Restoring force  

displacement 

If the resultant force  is directed  
towards and  proportional to the  
displacement from equilibrium,  
 
then so is the acceleration, 
and the object executes SHM. 
    



If the resultant force  is directed  
towards and  proportional to the  
displacement from equilibrium,  
 
then so is the acceleration, 
and the object executes SHM. 
    



 Effect on the time period 
 of : 
1. increasing the mass 
2. using stiffer springs ? 



Mass on a spring 

Equilibrium position 

Downward displacement  x 

x 

Restoring force  F   

F   

Laws used: 
Hooke’s law     F  =  k  ΔL 
 

Newton’s 2nd    F =   ma 
 

SHM                 a =  -(2πf)2  x 

When the mass is displaced a small distance x 
the resultant upwards restoring force F:  

F =  - k x 

ma = -  k x 

 Compare this with the 
 SHM  equation;  
 
   a =  - k x 
             m 
 
   a =   -  (2πf)2  x 
 
 
  -k  =    - (2πf)2  
   m 
 
   k  =     4 π 2 f 2  
   m 
 
    f  =   1         k 
            2π       m 
 

   a =  - k x 
             m 

m 

T =  2π    m 
                k 
 

or :  - ve sign shows that 
for a downward displacement 

there is an upward  
restoring force! 



Mass on a spring 

T =  2π    m 
                k 
 

Put in the form:   y =  m x  +  c 

T 2   =   4 π 2   m        +    0 
              k   

T 2 

/s 2 

m / kg 

Max spring tension   =   mg +  kx 

Min spring tension    =   mg  -  kx 
x =  A  ( amplitude ) 



Mr Powell 2009 
Index 

Final Washup.... 

 
 

1. What conditions must be satisfied 
for a mass-spring system or simple 
pendulum to oscillate with simple 
harmonic motion?  
 

2. How does the period of a mass-
spring system depend on the 
mass?  
 

3. How does the period of a simple 
pendulum depend on its length? 

g

l
T 2

k

m
T 2
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3.5 Energy & SHM 

Specification link-up 3.4.1: Simple harmonic systems  
 
In simple harmonic motion, how do kinetic energy and potential energy 
vary with displacement?  
 
How do these energies vary with time, if damping is negligible?  
 
What is the effect of damping on the characteristics of the oscillations?  
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Recap... 

 
 

Think about the energy changes in a mechanical oscillator.  
 
As it passes through its equilibrium position, its speed and hence its kinetic 
energy are a maximum.  
 
At the maximum displacement, the speed and hence the kinetic energy are 
both zero.  
 
The potential energy will be a maximum when the speed is zero and vice versa. 
Assuming that there is no friction or air drag the total energy input E of the 
oscillator must remain constant 
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KE & PE... 

 
 

For a mass and spring system, the work done stretching a 
spring by an amount x is the area under the force extension 
graph = 0.5kx2. (as  area = 0.5Fx  & F = kx 

 
This means that the PE graph is a drawn as a parabola. 
 
The Kinetic Energy is the opposite of this and every way as 
they interchange as the mass or pendulum oscillates 
 
We can express the idea  of Total Energy = ET = KE+PE 
 
The total energy of the system must in fact be TE = 0.5kA2 as 
it is proportional to the amplitude of the oscillation. 
 
Hence   EKE = ET – EPE   or EKE = 0.5kA2 - 0.5kx2 = 0.5k(A2-x2) 
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KE & PE...continued... 

 
 

Now we can further develop this by saying that KE = 0.5mv2  

 

Which means that... 
 
Hence   EKE = 0.5k(A2-x2) = 0.5mv2 
                        k(A2-x2) = mv2  
 
We also know for a mass on a spring that... 
 
So we can now use this  in the form... 
 
(2 f)2m(A2-x2)2 = mv2   or    (2 f)2(A2-x2) = v2 

 

So using the idea of roots to solve   
 
 
 
We can also look at the idea where x= 0 at maximum 
velocity to simplify to... 
 
 
 

m

k
f 2

  kmf 
2

2

)(2 22 xAfv  

fAv 2max 
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Real Data 

Mass = 300g - long 
spring  

No Card 
Medium Card 83mm 

x 83mm 
Large 170mm x  

167mm 

Time (s) 
Distance (m) No 

Card 
Distance (m) 

Medium 
Distance (m) Large 

0 0.329 0.354 0.438 
0.03 0.318 0.358 0.428 
0.06 0.315 0.368 0.421 
0.09 0.317 0.374 0.406 
0.12 0.328 0.387 0.398 
0.15 0.335 0.394 0.385 
0.18 0.356 0.407 0.373 
0.21 0.368 0.413 0.359 
0.24 0.393 0.424 0.35 
0.27 0.406 0.427 0.342 
0.3 0.431 0.432 0.337 

0.33 0.442 0.432 0.332 
0.36 0.459 0.43 0.332 
0.39 0.465 0.427 0.338 
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Graphing.... 

0.3

0.32

0.34

0.36

0.38

0.4

0.42

0.44

0.46

0.48

0.5

0 0.5 1 1.5 2 2.5

Distance (m) No Card

Distance (m) Medium

Distance (m) Large
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More on damping..... 
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Damping.... 

 
 

A - rod, 
B - the piston with 
seals, 
C - the cylinder, 
D - oil reservoir, 
E - floating piston, 
F - air chamber.  
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A 

=v/r = (6400 x103 x 2 / 24 x 602)/ (6400 x 103) 
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B 

Reason out what is happening to M on 
spring about a point. Time for cycle is 
down, up past zero to top and down 
to zero. i.e. 0.5s x 4 = 2s  A is only 
halfway down 
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3.6 Forced Oscillations & Resonance 

Specification link-up 3.4.1: Forced vibrations and resonance  
 
Under what circumstances does resonance occur?  
 
What is the difference between free vibrations and forced vibrations?  
 
Why does a resonant system reach a maximum amplitude of vibration?  
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Main 

 
 

Think of the mast on a boat or a ruler on a 
table 
 
If you flick the mast / ruler it will oscillate and 
have a natural frequency dependent on its 
length. 
 
Change the length and the frequency changes. 
 
You find that if we drive the system with an 
oscillator the greatest response will be at a 
certain frequency. This is resonance! 
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Real Results... 
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Frequency in Hz 

Amplitude (cm) 

100gram mass, 20cm string either side, two 
springs k = 30Nm 

Frequency (Hz) Amplitude (cm) 

2.50 0.30 

3.00 0.50 

3.30 1.20 

3.37 1.70 

3.44 3.90 

3.80 1.10 

4.10 0.70 

5.00 0.40 

6.00 0.30 

7.00 0.20 

NB: You can change 
resonance freq if mass 
is changed... 

 
100g = 3.44Hz 
200g = 2.5Hz 
300g =  

f0 

http://www.acoustics.salford.ac.uk/feschools/
waves/shm4.htm 

http://www.acoustics.salford.ac.uk/feschools/waves/shm4.htm
http://www.acoustics.salford.ac.uk/feschools/waves/shm4.htm
http://www.acoustics.salford.ac.uk/feschools/waves/shm4.htm
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Main 

 
 

We can avoid the effects of resonance by using 
damping which leads our amplitude response to 
reduce. 
 
An example is soft soundproofing in cars. 
 
Phase difference between displacement (x) and the 
force is /2 (at resonance) 
 
At larger frequencies than resonance, amplitude 
decreases, and phase difference increases from /2  
-> . 
 
For system with little or no damping, at resonance, 
applied freq = natural freq.  

 
 

http://en.wikipedia.org/wiki/Resonance 
 
http://en.wikipedia.org/wiki/Damping  - very good but complex formula 

http://en.wikipedia.org/wiki/Resonance
http://en.wikipedia.org/wiki/Damping
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Barton's Pendulums... 
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IR Spectroscopy 

 
 

When infrared radiation from a hot source is passed through hydrogen chloride gas it 
is found that infrared of wavelength 3.34 μm is absorbed. 
 
The hydrogen chloride molecule can be treated as a very large Cl atom linked by a 
spring to a much smaller H atom.  
 
Any electromagnetic wave, such as infrared, makes the H atom and the Cl atom in the 
molecule vibrate and energy is absorbed from the wave.  
 
When the frequency of the infrared matches the natural frequency of the spring in the 
hydrogen chloride molecule, a large amount of the infrared is absorbed. A similar 
effect occurs in resonance. 
 
The mass of the Cl atom is so large that the Cl atom hardly moves in the oscillation. 
Thus the vibration may be taken to be just that of a single mass, a hydrogen atom on a 
spring. 
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How Science Works – Questions... 

1) Calculate the frequency of the infrared radiation absorbed. 
 
2) Explain what is meant by resonance. 
3) a) Calculate the spring constant k of the bond between the H atom and the Cl atom. 
     b) Suggest one other property of a substance, other than its absorption spectrum, which is related to the spring 
constant k. 
 
4) Suggest, without calculation, what happens to the frequency of the infrared absorbed, when the hydrogen atom 
is replaced by deuterium, an isotope of hydrogen. 
 
5) Suppose the H atom vibrates with an amplitude of 10−10 m. a) Calculate the maximum speed of the H atom.  b) 
Calculate the maximum stored potential energy in the spring. 
 
6) Sketch a graph to show how the maximum energy stored in the spring varies with the displacement of the 
oscillation. Label the x-axis ‘Displacement/m’ and mark the values 5  10−11 m and 1  10−10 m on the scale. Label the 
y-axis ‘Energy in spring, E/J’ and mark the maximum potential energy. 
 
7) The infrared radiation can only be absorbed in small packets of energy or quanta. Calculate the energy of one 
quantum of the infrared radiation that is absorbed. (Hint: you may need to look at the AS textbook, Topic 3.1 on 
‘Photoelectricity’.) If the spring was not oscillating and then was given one quantum of the energy, calculate the 
amplitude of oscillation of the hydrogen atom. Why is this likely to be less than the distance between the atoms. 
Since infrared radiation can only be absorbed in small packets of energy or quanta, what does this tell you about the 
actual amplitudes that are possible for the vibration of the spring? 

 
 
Use speed of light = 3 × 108 m s−1, mass of hydrogen atom = 1.7 × 10−27 kg, Planck constant, h = 6.6 × 10−34 J s. 
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Answers 1 

Use speed of light = 3 × 108 m s−1, mass of hydrogen atom = 1.7 × 10−27 kg, Planck constant, h = 6.6 × 10−34 J s. 

Hz100.910982.8
1034.3

100.3 1313

6

8









c
f (2 s.f.) 

2) When an oscillating force (in this case the infrared radiation) is applied to another 
oscillating system (in this case the H atom on the spring), then the system will start to 
oscillate.  
 
If the applied frequency of the force is equal to the natural frequency of the system then 
the amplitude of the oscillating system will be a maximum and a considerable amount of 
energy is absorbed from the oscillating force. 
 
 

1) 

m

k
f

2

1


  122132722 mN5406.541410892.8107.14   mfk

3) a) frequency of a mass–spring system 
  

 

  

(3 s.f.) 
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Answers 2 

Use speed of light = 3 × 108 m s−1, mass of hydrogen atom = 1.7 × 10−27 kg, Planck constant, h = 6.6 × 10−34 J s. 

3) b) The spring constant is related to the amount of energy needed to break 
the molecule into its component atoms and also, for a solid, to the value of 
the Young modulus. 

 

 

  

4) Deuterium has a higher mass and so the natural frequency of the mass–spring 
system is decreased and so is the frequency of the infrared radiation that is 
absorbed. 
 
5) a) 
 
b) 
 
 
 
or  

141310 sm1064.510982.82102   fAv

J107.2106.5415.0
2

1 18202   kAE

  J107.21064.5107.15.0
2

1 1824272   mvE
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Answers 3 

Use speed of light = 3 × 108 m s−1, mass of hydrogen atom = 1.7 × 10−27 kg, Planck constant, h = 6.6 × 10−34 J s. 

 

  6) A square relationship with an energy of 2.7 × 10−18 J when the amplitude is 
10−10 m. 
 
7) 
 
a) 
 
b) 
 
 
 
 
 
 
c) As energy can only be absorbed and emitted in quanta then the energy levels 
can only exist as multiples of this quantum and only certain amplitudes of the 
vibration are possible. There are a maximum of 45 possible amplitudes.  
 

J109.510982.8106.6 201334   hfE
2

2

1
kAhfE 

6.541

10982.8106.622 1334
2 




k

hf
A

m105.11048.1 1111  A

 

 
 

 

 (2 s.f.)  

If the amplitude is larger than the 
distance between the atoms then 
the two atoms will collide and the 
bond is unlikely to be stable. 

45
109.5

107.2
20

18
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Loudspeakers – extension reading... 7 

m
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m
T 2



Mr Powell 2009 
Index 

Loudspeaker Basics 

An enormous amount of engineering work has gone into 
the design of today's dynamic loudspeaker. A light voice 
coil is mounted so that it can move freely inside the 
magnetic field of a strong permanent magnet. The speaker 
cone is attached to the voice coil and attached with a 
flexible mounting to the outer ring of the speaker support. 
Because there is a definite "home" or equilibrium position 
for the speaker cone and there is elasticity of the 
mounting structure, there is inevitably a free cone 
resonant frequency like that of a mass on a spring.  
 
The frequency can be determined by adjusting the mass 
and stiffness of the cone and voice coil, and it can be 
damped and broadened by the nature of the construction, 
but that natural mechanical frequency of vibration is 
always there and enhances the frequencies in the 
frequency range near resonance. Part of the role of a good 
enclosure is to minimize the impact of this resonant 
frequency. 
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Types of Enclosures 

The production of a good high-fidelity 
loudspeaker requires that the speakers be 
enclosed because of a number of basic 
properties of loudspeakers. Just putting a 
single dynamic loudspeaker in a closed box 
will improve its sound quality dramatically.  
 
Modern loudspeaker enclosures typically 
involve multiple loudspeakers with a 
crossover network to provide a more nearly 
uniform frequency response across the audio 
frequency range.  
 
Other techniques such as those used in bass 
reflex enclosures may be used to extend the 
useful bass range of the loudspeakers.  
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Use of Multiple Drivers in Loudspeakers 

Even with a good enclosure, a single loudspeaker cannot be 
expected to deliver optimally balanced sound over the full 
audible sound spectrum. For the production of high 
frequencies, the driving element should be small and light to 
be able to respond rapidly to the applied signal. Such high 
frequency speakers are called "tweeters". On the other hand, 
a bass speaker should be large to efficiently impedance 
match to the air.  
 
Such speakers, called "woofers", must also be supplied with 
more power since the signal must drive a larger mass. 
Another factor is that the ear's response curves discriminate 
against bass, so that more acoustic power must be supplied 
in the bass range. 
 
 It is usually desirable to have a third, mid-range, speaker to 
achieve a smooth frequency response. The appropriate 
frequency signals are routed to the speakers by a crossover 
network.  
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Back-to-Front Cancelation 

While the front surface of the cone of a loudspeaker is pushing forward to create a 
sound wave by increasing air pressure, the back surface of the cone is lowering the air 
pressure. Since the wavelengths of low frequency sound are large compared to the size 
of the speaker, and since those low frequencies readily diffract around the speaker 
cone, the sound wave from the back of the cone will tend to cancel that from the front 
of the cone. For most bass frequencies, the wavelength is so much longer than the 
speaker diameter that the phase difference approaches 180°, so there is severe loss of 
bass from this back-to-front cancelation.  
This is one of the reasons why even the best cone-type loudspeaker must have an 
enclosure to produce good sound. 
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Loudspeaker Resonance 

Direct-radiating cone-type loudspeakers must be mounted so that they are 
free to vibrate. This mounting is elastic, so there is an inherent resonant 
frequency of the speaker cone assembly -- like a mass on a spring.  
 
This free cone resonant frequency distorts the sound by responding more 
strongly to signals near its natural vibration frequency. This non-uniform 
response changes the frequency content in terms of the relative intensities of 
the harmonics and thus changes the timbre of the sound.  
 
Since the cone is undamped, it tends to produce "ringing" or "hangover" with 
frequencies near resonance. If the resonance is in the bass range, the bass will 
be "boomy".  
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Ported Bass-Reflex Enclosure 

The bass-reflex enclosure makes use of a tuned port 
which projects some of the sound energy from the back 
of the loudspeaker, energy which is lost in a sealed 
enclosure. But care must be taken to avoid the back-to-
front cancelation of low frequencies which characterises 
unenclosed loudspeakers. This is avoided by tuning the 
cavity resonant frequency of the enclosure to the free-
cone resonant frequency of the loudspeaker. This has 
the effect of projecting bass frequencies from the port in 
phase with the sound from the front of the cone, at 
least at the resonant frequency. The overall effect is the 
increasing of bass efficiency and the extension of the 
bass response to lower frequencies.  
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Simple Harmonic Motion Frequency 

The frequency of simple harmonic motion like a mass on a spring is 
determined by the mass m and the stiffness of the spring expressed in 
terms of a spring constant k ( see Hooke's Law):  
 

 = sqrt (k / m )  
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Mass on Spring Resonance 

 A mass on a spring has a single resonant 
frequency determined by its spring constant k 
and the mass m.  
 
Using Hooke's law and neglecting damping and 
the mass of the spring, Newton's second law 
gives the equation of motion:  
 
  


