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Lesson 12. Resonance



1st Harmonic
• Frequency = 1 x Natural Frequency

• λ= 
𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙

(0.5 𝑥 ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐)

• λ = 
1

(0.5 𝑥 1)
= 2 units

2nd Harmonic
• Frequency = 2 x Natural Frequency

• λ= 
𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙

(0.5 𝑥 ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐)

• λ = 
1

(0.5 𝑥 2)
= 1 unit

3rd Harmonic
• Frequency = 3 x Natural Frequency

• λ= 
𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙

(0.5 𝑥 ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐)

• λ = 
1

(0.5 𝑥 3)
≈ 0.7 units





• In an English context, to “resonate” means to “agree with
harmoniously” – as in “Gen. Smith’s speech on national
defense resonated with the audience of graduating army
cadets”.

• Resonance – the ability of an object to vibrate by absorbing
energy at its natural frequency.

• Resonance is also the ability of objects to oscillate at a higher
amplitude at some frequencies than at others.

• An object will resonate, or vibrate at its natural frequency –
or at one of its harmonics - whenever something delivers
energy to it at that frequency.

• A singer like Jamie Vendera is able to use resonance to break
a glass when he sings at the resonant frequency (the
fundamental) of the glass at a high enough volume
(amplitude) so that the brittle glass shakes apart.



Natural Frequency and Resonance

Galloping Gertie

Standing Waves, Natural Frequency, & Resonance.ppt
Standing Waves, Natural Frequency, & Resonance.ppt
http://www.youtube.com/watch?v=j-zczJXSxnw


Natural Frequency and Resonance

• When any object composed of an elastic material is disturbed, it
vibrates at its own special set of frequencies.

• An object’s natural frequency depends upon its elasticity and its
shape.

• Most things from planets to atoms and almost everything else in
between – have a springiness to them and vibrate at one or more
natural frequencies

• A natural frequency is one at which minimum energy is required
to produce forced vibrations

• Applying energy to an object at its natural frequency produces
larger amplitudes.



Resonance: Forced vs. Sympathetic 
Vibration



• If you physically come in direct contact with an
item and cause it to vibrate – it will vibrate at
its natural frequency. This is a forced vibration.

• Resonance is when one object, vibrating at the
natural frequency of a second object, forces
that 2nd object into vibrational motion.

• Since resonance is accomplished through a
third party or proxy (like a singer’s vocal
chords sending energy through air particles at
the natural or resonant frequency to a glass)
we call the vibrations cause by resonance
sympathetic vibrations


