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Module 5.4: Oscillations
Oscillatory motion is all around us, with examples including atoms vibrating in a solid, a bridge swaying in the wind, the motion of pistons of a car and the motion of tides. (HSW1, 2, 3, 5, 6, 8, 9, 10, 12) This section provides knowledge and understanding of simple harmonic motion, forced oscillations and resonance.
	Specification reference
	Checklist 
questions

	5.3.1 a
	Can you describe displacement, amplitude, period, frequency, angular frequency, and phase difference?
	

	5.3.1 b
	Can you calculate angular frequency ω = 2π/T or ω = 2πf?
	

	5.3.1 f
	Can you understand isochronous oscillators (the period of a simple harmonic oscillator is independent of its amplitude)?
	

	5.3.1 c i
	Can you calculate simple harmonic motion, a = −ω2x?
	

	5.3.1 c ii
	Can you describe techniques and procedures used to determine the period and frequency of simple harmonic oscillations?
	

	5.3.1 d
	Can you calculate solutions to the equation a = −ω2x?
	

	5.3.1 e
	
Can you calculate velocity v = ±ω , hence vmax = ωA?
	

	5.3.1 g
	Can you explain graphical methods to relate the changes in displacement, velocity, and acceleration during simple harmonic motion?
	

	5.3.2 a
	Can you describe the interchange between kinetic and potential energy during simple harmonic motion?
	

	5.3.2 b
	Can you describe energy–displacement graphs for a simple harmonic oscillator?
	

	5.3.3 b i
	Can you explain the effects of damping on an oscillatory system?
	

	5.3.3 a
	Can you define free and forced oscillations?
	

	5.3.3 c
	Can you explain natural frequency and resonance?
	

	5.3.3 b ii
	Can you describe observing forced and damped oscillations for a range of systems?
	

	5.3.3 d
	Can you describe amplitude-driving frequency graphs for forced oscillators?
	

	5.3.3 e
	Can you explain practical examples of forced oscillations and resonance?
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Homework and Independent Study
HW:
Assessed past-paper questions.
Kerboodle online task(s)
Revision: As part of first half-term test (
Module 5.3 and 5.4
)
IS: 
Textbook summary questions on each 
sub-
topic, to self-assess.
Zig-zag
 booklets for revision and IS.
 
Answers distributed at end of topic.
Use of online resources including physicandmathstutor.com, Seneca L
earning and Kerboodle textbook, Chapter 17.
Read back through module 3 and 4 notes on Mechanics and Waves to complement this topic. Make sure comfortable with Module 5.1 “Circular Motion” terms.
Practise past-paper questions at the end of topic (textbook pages 333-5).
)
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Key Terms
Angular Frequency: 
A measure of an object’s angular displacement per unit time.
Critical Damping: 
The form of damping that reduces the displacement of an
oscillating
 object to its equilibrium position in the quickest time possible and
without
 further oscillation.
Damping: 
The dissipation of energy from an oscillating system. The consequence
is
 that the amplitude of oscillation will decrease. Damping occurs when a force
opposes
 the system’s motion.
)
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Key Terms
 (continued)
Forced Oscillations: 
Repeated up and down oscillations, at the frequency of a
driver
. The amplitude of oscillation is small at high frequencies and large at low
frequencies
.
Free Oscillations: 
Oscillations that are not caused by a driver. An object will
naturally
 oscillate at its natural frequency.
Isochronous Oscillator: 
An oscillator whose frequency is independent to
amplitude
.
Natural Frequency: 
The frequency that a system naturally oscillates at when
there
 is no driving force.
Overdamping
: 
A type of damping where the system is damped more than
required
 to stop the oscillations. It takes longer for the system to return to
equilibrium
 than for critical damping.
Resonance: 
Resonance occurs when the frequency of oscillations is equal to the
natural
 frequency of the oscillating system. The rate of energy transfer is at a
maximum
 during resonance.
Simple Harmonic Motion: 
Motion where the acceleration of an object is directly
proportional
, and in the opposite direction, to its displacement.
Underdamping
: 
A type of damping where energy is gradually removed from the
system
 and the amplitude of oscillations slowly decreases.
)
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