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Chapter 10 (1, 2, 3, 4, 6) and Chapter 16 (1, 2, 3, 5, 6, 9, 10, 12): Simple Harmonic Motion and Elasticity / Waves and Sounds

Springs


Hooke’s Law Restoring Force of an Ideal Spring



The restoring force of an idea spring is
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where k is the spring constant and x is the displacement of the spring from its unstrained length. The minus sign indicates that the restoring force always pints in a direction opposite to the displacement of the spring from the unstrained length.

k represents stiffness.


Newton / meter

In general, the spring constant is inversely proportional to the number of coils in the spring, so shorter springs are stiffer springs, all other things being equal.

When the restoring force has the mathematical form given by 
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, the type of friction-free motion is termed, “simple harmonic motion.”

Amplitude – maximum excursion from equilibrium

Energy and simple harmonic motion
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Elastic potential energy – energy of a spring that is stretched or compressed
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Elastic Potential Energy

The elastic potential energy PEelastic is the energy that a spring has by virtue of being stretched or compressed. For an ideal spring that has a spring constant k and is stretched or compressed by an amount x relative to its unstrained length, the elastic potential energy is
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SI Unit of Elastic Potential Energy: Joule
Total Mechanical Energy
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Conservation of mechanical energy

If external nonconservative forces like friction do no net work, the total mechanical energy of the system is conserved:




[image: image9.wmf]0

E

E

f

=


Pendulum (Pen-dul-um!!!)
A simple pendulum consists of a particle of mass m, attached to a frictionless pivot P by a cable of length L and negligible mass.


Torque created from by gravity
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Physical pendulum – extended object opposed to a particle

Driven Harmonic Motion and Resonance


Driven harmonic motion – harmonic motion maintained by an additional force



Driving force – the additional force applied in driven harmonic motion


Natural frequency - frequency of a spring system
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Resonance

The condition on which a time-dependent force can transmit large amounts of energy to an oscillating object, leading to a large-amplitude motion. In the absence of damping, resonance occurs when the frequency of the force matches a natural frequency at which the object will oscillate.

Waves and sound


A wave is a traveling disturbance.


A wave carries energy from place to place.


Periodic Waves:

Transverse – the disturbance occurs perpendicular to the direction of travel of the wave (Radio wave)
Longitudinal – the disturbance occurs parallel to the line of travel of the wave (Sound wave)

Cycle, amplitude, period, frequency


Wavelength – the horizontal length of one cycle of the wave
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Speed of a wave on a string (Tin cans and a string!)


Linear density – mass per unit length

Tension proportional to velocity
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The Nature of Sound

Sound is a longitudinal wave created by a vibrating object.

Sound only exists in a medium.

Condensation – the region of increased pressure that travels at the speed of sound.

Rarefaction – the region where the air pressure is slightly less than normal that travels at the speed of sound.

Infrasonic frequency – a frequency less than 20Hz
Ultrasonic frequency – a frequency greater than 20kHz
Wavelength – the distance between two successive condensations or two successive rarefactions.

Cycle – one condensation and one rarefaction

Pure tone – a sound with a single frequency

Human audible range – 20 to 20,000Hz (Mosquito ring tone: 14.1kHz)

Pitch – brain’s interpretation of a particular frequency

Pressure amplitude – magnitude of maximum change in pressure, measured relative to the undisturbed or atmospheric pressure.
Loudness – attribute of sound that depends on the amplitude of the wave

The Speed of Sound

Speed of Sound – near room temperature, the speed of sound in air is 343 m/s (767 mi/h); generally significantly faster through liquids and solids.

air : water : steel :: 1 : 4 : 17

Speed of sound in an ideal gas (T in Kelvin)
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where 
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The expansion and compression is adiabatic which results in warming of condensations and cooling of rarefactions.

SONAR – sound navigation ranging

Speed of sound in a liquid
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Speed of sound through a solid bar
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Doppler Effect

Doppler Effect – the change in frequency or pitch of the sound detected by an observer because the sound source and the observer have different velocities with respect to the medium of sound propagation.

Source moving away from stationary observer
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Observer moving toward stationary source
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Observer moving way from stationary source
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Source and observer both moving
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NEXRAD – Next Generation Weather Radar
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