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Periodic Motion

Motion that repeats after regular intervals is called periodic. When a particle retraces its
path to and fro around an equilibrium position, it’s referred to as oscillatory or vibratory
motion.

Key Parameters of Harmonic Motion

e Amplitude (A): Maximum displacement from mean position.
e Time Period (T): Time taken to complete one full oscillation.

e Frequency (f): Number of oscillations per second.
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Simple Harmonic Motion (SHM)
Displacement as a function of time is:
z(t) = Asin(wt + ¢)

The SHM differential equation:

d*z
F+w2m—0

For a mass spring system: w = ﬁ

Energy in SHM
e Kinetic Energy: KE = jmw*(A* — %)
e Potential Energy: PF — %mc..:";r2

e Total Energy: Constant: F = %rm.:’A2

Simple Pendulum

An ideal pendulum executes SHM for small angular displacements.
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Damped Oscillations

Amplitude decays exponentially:

z(t) = Age /™ cos(w't + @)

Forced Oscillations and Resonance
e Oscillations under an external periodic force.

e At resonance: external frequency = natural frequency —> maximum amplitude.

Waves and Types

e Transverse: Particle displacement | wave direction.

e Longitudinal: Particle displacement || wave direction.



Wave Equation and Velocity
y(z,t) = Asin(kzr —wt +¢), v= % = fA

‘Wave Speeds
e On string: v = ﬁ
e In fluid: v = , /2
P

e Insolid: v = \/g

Superposition Principle

Resultant displacement = vector sum of individual wave displacements.

Standing Waves

Formed by superposing two waves of same amplitude/frequency traveling in opposite
directions.

e Node: Zero amplitude.

e Antinode: Maximum amplitude.

Standing Sound Waves
Open Pipe:

fi=ar

T f2=2f, f3=3H=>fa=nh

Closed Pipe:

v
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Decibel Scale

Beats
Joens = |1 = fol
Doppler Effect
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Use + for motion towards and — for motion away.



