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Simply Amazing:
Video clip:
https://www.youtube.com/watch?v=CGqp_cli9Ow

Is it Simple Harmonic Motion?
Video clip:
https://www.youtube.com/watch?v=gZ_KnZHCn4M
Follow the SHM Checklist!
It is SHM if…….
· Angle does not affect the period
· Sinusoidal motion
· F and x are directly proportional and oppositely directed
· Video clips: Foucault Pendulum
1. https://www.youtube.com/watch?v=se84vG6bzoA
2. https://www.youtube.com/watch?v=aMxLVDuf4VY
https://www.youtube.com/watch?v=iqpV1236_Q0
Simple harmonic motion or periodic motion?
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Video clip: TAKE NOTES AND SUBMIT VIA SCHOOLOGY
https://www.youtube.com/watch?v=tudxily5Qu0[image: ]
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How can you recognize Simple Harmonic Motion from a Displacement vs Time graph?
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All periodic motion is not Simple Harmonic Motion.
Example Periodic but NOT Simple Harmonic Motion:
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Periodic motion Example
[image: ]
[image: ]
[image: ]



*Common Difficulties
· Students are easily distracted by the mathematics of oscillations. It is important to keep the mathematical models connected to graphs, pictures and demonstrations of real oscillating systems.
· Unfamiliar with radians 
· Thinking that sin and cosine are two distinct functions rather than the same oscillatory function with a different phase constant
There is some vocabulary worth committing to memory here.
Simple Harmonic Motion serves as the model for many kinds of oscillations.
Mention: Torsional Pendulum, oscillations of a (saw blade) meter stick clamped at one end, vibrating machinery and oscillating circuits. Engines, electric machines (washing machine, earthquake).














· Five Easy Lessons -Knight
image1.png
= Periodic motion is motion of an object that
regularly repeats
= The object returns to a given position after a fixed
time interval
= A special kind of periodic motion occurs in
mechanical systems when the force acting on
the object is proportional to the position of
the object relative to some equilibrium
position
= If the force is always directed toward the
equilibrium position, the motion is called simple
harmonic motion
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Example of SHM

* A simple
pendulum
swinging with a
small angular
displacement.
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Examples of SHM

* The prongs of a
tuning fork
vibrating.

* A floating test-
tube oscillating
vertically on the
water surface.
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SHM
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Example of SHM

* A loaded spring
oscillating about
an equilibrium
position.

It is SHM as long as
Hooke’s law is
obeyed.
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The variation of the vertical displacement
of the oscillator with time.

Simple Harmonic Motion is one whose
displacement-time graph is like a sine curve
(A sinusoidal graph).

It is called ‘simple’ because it is the most
fundamental of any periodic motion.
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Position vs time: e graph of Consider this graph, if the "clock” is started at 0.05 (where the
) mass is at it's maximum stretch) seconds then there would be a
position verse time is a sine wave with
: phase shift of 90 degrees (or we could replace the sine function
a possible phase shift. The phase shift b
h for a cosine). If the "clock” is started at 0.1 seconds (where
is how much the ahead or behind the
aition is on the sine wave Imass moves down instead of up; left instead of right) then the
P phase shift would be 180 degrees (a negative sine function).

Velocity vs time: Consider the position verses time graph, at any

dfidx
point were the mass has reached the amplitude (maximum distance from
from the equilibrium point) the speed of the mass at these point is zero.
When the position is at zero then the speed is at a maximum (if you don't
believe it, consider conservation of energy). This "shifts" the position graph
by 90 degrees "creating” a cosine graph for velocity. The other way of
thinking about is velocity is the change in position with respect to time, the
change in a sine wave with respect to time is a cosine graph

Acceleration vs time: The accsleration verse time
graph is the easiest of the graphs to make. The simple
harmonic motion is based on a relationship between position
and acceleration; x = - Ka. So the graph of position and
acceleration should look alike, except for the negative sign. In
fact position and acceleration are the same shape just mirror
copies of each other.

peak height: itis important to note that the shapes of each graph is simular, that each graph has the same frequency, period and wavelength, but they don't have
the same amplitude, for common simple harmonic motion, the height the peak of the function (not to confused with the amplitude, amplitude refers to the height of the
position graph alone, i'm talking about the height of the position, velocity and acceleration graphs) tend to get smaller and smaller starting with the position graph being
the tallest and the acceleration being the shortest.
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Position vs time

Velocity vs time

At any specified time the
velocity is 90° out of phase
with the position.

Acceleration vs time

At any specified time the
acceleration is 180° out of
phase with the position.




image10.png
Periodic Motion

time/s

An example of perlodic motion
that Ils NOT SHM
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Periodic Motion

displocement

An example of perlodic motion
that ls NOT SHM




image12.png
Periodic Motion

An example of perlodic motion
that Is NOT SHM
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More examples of periodic
motions that are NOT SHM

Rt
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Investigating SHM
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Investigating SHM

Motion of paper
Fig. 15.4 Trace of oscillatory motion of mass
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Equation of Motion (Solution)
Depends on the initial condition for the oscillator:
x=x sina¢ (ifx=0,whenr=0)

o

X =X, Cos x (if x = +x, when t = 0)

(if x is neither at the equilibrium point nor
the extreme points when ¢ = 0)

X =x,sin(ax +¢@)
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Definition of Terms

* Period T displacement

the time

required to X
complete one
full
oscillation or
cycle of

motion.
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Definition of Terms

* Frequency f displacement

* the number of
complete
oscillations
per unit time.
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Definition of Terms

* Equilibrium
Position O

displacement
ampltude

the position X
at which no

net force acts

on the S| I, Y A
oscillating
object.
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Definition of Terms
Displacement x displacement
ampitude

the linear
displacement of
the oscillating
object fromits ()
equilibrium
positionatany 3 |-----M--.
instant. Itisa
vector quantity.
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Definition of Terms

Amplitude x, displacement

ampltude

the maximum
distance of the %
oscillating

object 0
measured from

the equilibrium % F------%---
position. Itis a
scalar quantity.
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Definition of terms

displacement

* Angular
frequency, @
defined as the *
product of the
frequency of
oscillations

and 2x radian.

amplitude

time
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Angular frequency and
speed

Angular

()]
In the context of
SHM, we refer

as ‘angular
frequency’.

angular

@

In the context of
circular motion is
defined as the rate
change of angular
displacement.
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Phase
angle 6

Phase
difference
AB

Phase

is a term used to describe
the stage of a particle in its
cycle of SHM oscillation. It
is measured in radians.

is the difference in phase
between two oscillators
when they oscillate at the
same frequency. Itis
measured in radians.
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in phase

out of phase

completely out of phase
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sum of two periodic mofions

o B i 15 » 25 e 35 )
does not generally give a periodic mofion
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Energy of the Simple Harmonic
Oscillator
* Assuming that:
— no friction
— the spring is massless
* Then the kinetic energy of system spring-body
corresponds only to that of the body:

=1 2 — 1 2 A2 32
K =gmv® = gmw* A® sin*(wt + )

* The potential energy in the spring is:

U= jhx? = JkA% cos®(wt + @)
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+ The total mechanical energy of simple
harmonic oscillator is:

5 ” )T i o ¢
E=K+ U= ;kA"’[smz(a)l + ¢) + cos®(wt + b)]

— L
E—QkA

» That is, the total mechanical energy of a simple
harmonic oscillator is a constant of the motion
and is proportional to the square of the
amplitude.





