SHM (Simple Harmonic Motion) Basics 10th Jhly

Definition: Motion for which the ACCELERATION of the object is
DIRECTLY PROPORTIONAL to the DISPLACEMENT, and is always in
the OPPOSITE DIRECTION to displacement.

Alternative wording: Motion for which the acceleration of the object is directly proportional to the
displacement, and always acts towards the equilibrium (rest) position.

X < O X >0

(negative displacement) (positive displacement)

v G O,

A =0
(equilibrium or rest position)

Note that if acceleration is proportional to displacement and in the opposite
direction, then so is the resultant force causing the motion (according to N2L)

In SHM: O ok — DC
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The graph above is a displacement time graph for an object undergoing SHM.
It has the equation: > = /X ¢ ff  (where Ais AMPLITUDE)
We know that: w= 9 b= wik
*
Hence X = P\ £ 0! wt (where t is time elapsed)
—given in data sheet — -
Note tﬁis is often used in coﬁju nction with: | &) = ?,‘(}L ) ]ﬁ = -‘/-r
V= — winwt || |
Magnitude of maximum velocity: Vi = W A | given
a= -0k cos 0 €
o = —w &L |given
Magnitude of maximum acceleration: = |, A& = | given

mape witH
ZITeBO3RD



https://ziteboard.com

ass on a Spring 8th Sep

|Useful equations: £ = kAL , F=rmo , a=-u'x , u="lf = I=x
T
1
7 ' M illating horizontall friction
— | dSs osciiatin orizontally on a 1rictioniess pilane.
///(Jwﬂm | | g | ally on a fri s plane.
X== : X=A
x=0 F A R
When the mass has its maximum positive displacement: < $
Assuming that the spring obey's Hooke's law: ] | WV

. M(j

= —kA]

: F' = -—i K x| ()i: is displécement, Whi:h is the sa mé aS cha 1gé
in length here. | The minus|shows the|force is

acting-to the left in this instance).
From NRL| | ' M@K = — kL
a=z —Kx
m| |
We alsg know thatinSHM{ | | & = |- W't >
Nwix s K KN
4 .mn
W=k,
7
g ?;'_ 'hence: | "ZJ(XL - k/
T =)™
: . — c)scillat]n; rﬁaés
period of _H_,___._—,—--*'"T: Ux ’ ol .
ascillation | | | VK | I |
[ force per [unit displacement
(force required to displace the system |
by 1 'm) aka[the "spring constant’ '
mape WiTH
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Period of a Pendulum | | | | | ~15th Sep

SONS NS AN N Free Body Diagram Resolving the weight into two components;
\ parallel to string and normal to string:
My LOS l}
W0 150 J
1=0

™
Ma sin0
The restoring force acts tangentially to the arc that the pendulum moves through.

We are going to assume a small angular displacement, which means the chord
length is the same as the arc length.

We know, in radians; H= ¢ so s= U}
l L (
Our restoring force: - _ k=
. | | E ke
= k(0
We also know that: = mﬁf:;\ 9
Hence; -kl = 'mojslr\!:}
At small angles: )
Giving » KLY = 4 M@@
Moo= L
—l:{ C)

We know that for an oscillating mass on a spring: T -1 \WK

mass on end of string

. length of pendulum measured
Which then becomes: /T = U= | l/ﬂjt from attachment point to CoM of

gravitational field strength
period of

oscillation
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Energy in SHM 29th Sep

In a FREE OSCILLATION (one with no resistive forces) the total energy of
the oscillating system remains constant.

Total energy = potential energy + kinetic energy

Total energy

Ep: O
Ekf"\(r’lx

The work done to displace the pendulum to its amplitude tells us the total
energy stored in the system.

A
W = f{:—c’\i where [ kx

A
:] K. dx [H({LJ
6 3
s
= J-iKA

T
Total energy = 'li KA

I

] ) = L s L «] 2k
Therefore: IZ'KP\ = zkx A 2M\I (”:4«5

This equation tells us the velocity of a freely oscillating object at any displacement.
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Free and Forced Oscillations 2nd Oct

Free oscillations have NO RESISTIVE FORCES and DISSIPATE no energy
to their surroundings.

Free oscillations have a constant amplitude.

A system oscillating freely will do so at its NATURAL FREQUENCY.

This natural frequency depends on the physical properties of the sustem i.e.
pendulum length, spring constant, mass etc

A FORCED OSCILLATION is driven by a PERIODIC DRIVING FORCE (an

external force with its own frequency, the driving frequency).

If the frequency of the driving force matches the natural frequency of
the oscillating system we get RESONANCE.

At resonance we get a sharp and sudden increase in AMPLITUDE. This is due
to energy being put into the system.

A Note: you may see the natural frequency
referred to as the 'resonant frequency'.

This graph shows how the amplitude of
oscillations varies when we change the
frequency of the driving force.

72 We get resonance when:

(driving frequency)
][D
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Damped Oscillations 6th Oct

For most oscillations in the real world there are RESISTIVE FORCES.

These resistive forces (friction, drag etc) remove energy from the oscillating
system. This energy is usually dissipated to the surroundings (and increases

the thermal store of the surroundings).

Total energy  « (Amplitude)*

So, as energy is dissipated, the amplitude decreases over time.

This process of decreasing the amplitude is called DAMPING.

' Heavily damped
) N
~ lightly damped
N Critically damped
>
— k
- - 7T
— Returns to equilibrium in the
N shortest possible time
‘ Over-damped, where the
damping force is similar in
magnitude to the restoring force
’\

A - Damping lowers the amplitude at ALL
frequencies, as energy is dissipated from
the system

/\ . Damping reduces the maximum amplitude
. Can slightly reduce the natural frequency

- Reduces the sharpness of resonance, giving
a broader peak
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