!'_ Chapter 2

Light & Matter



i Wave Motion

A Waves are a mechanism of transferring
energy from one place to another
without physical movement

A Think of a ripple formed in a pond
A A wave Is not a physical object

A Really, waves transfer a pattern of up-and-
down motion across a medium (surface)



i Characteristics

A Waves are classified by four major
components:

1. Frequency
2. Period

3. Wavelength
2. Amplitude




i Definitions

A Frequency (f): the number of waves
passing by a point every second

A Measured In Hertz (Hz)

A Period (T): =1/f or the amount of time
required for a single wave to pass by

A Measured In seconds (S)




i Definitions (cont.)

AWavel engt h (I = | an
for a wave to repeat itself
A Measured In meters

A Amplitude (A): The maximum
displacement from rest position
A Also measured in meters

A An indicator of the amount of energy being
carried by a wave
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i Charged Particles

A All of matter iIs made up of electrons
and protons

A Electrons carry a negative charge

A Protons carry an equal (but opposite)
positive charge

A Charged particles create an electric field
extending outward in space



i Advanced physics

A In short, a changing electric field
creates a magnetic field

A So If a charged particle moves (like In
liguids & gases) it creates both kinds of
fields

A Combined, these fields create and
electromagnetic wave
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i Light & Matter

A An electromagnetic (EM) wave Is a form
of energy transfer

A EM waves travel at the speed of light
and can travel through a vacuum
(space)

A By comparison, sound waves are much
slower and cannot_travel in space




i Speed of Light

A The wavelength of EM Radiation can be
related by the following equation:
ic = f * ]
» frequency is measured in Hertz,

4 lambda in meters
A C (speed of light) ~3 x 10 8 m/s



i Example Calculation

Suppose a radio wave has a wavelength
of 5 meters. What would its frequency
be?
c = f * ]
3x108m/s=f*5m
f = 60,000,000 Hz or 6 x 10 “ Hz or

60 MHz




i Electromagnetic Spectrum

A EM waves cover a wide range of
wavelengths

A Radio, Infrared, Visible, UV, X-rays, and
Gamma Rays
A Note: Visible light Is just one (very
small) portion of the EM spectrum
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i Examples of EM Waves

A Radio: Broadcast signal (TV & Radio)
A Infrared: Heat, remote control signals
A UV: Ultraviolet 1> sunburns

A X-Rays: Can travel through skin, but not
bone

A Gamma: created the Incredible Hulk




i Opacity

A Definition: the extent to which radiation
can pass through a material

A The more opaque a material Is, the less
radiation can get through

AEart hos at mosphere
everything except radio and visible light

A Nothing else gets through very well



i Temperature Scales

A Absolute Zero = the temperature at
which all atomic motion stops

A OK = -273° Celsius =-459° Fahrenheit



Hydrogen 18,000,032
fuses

Water boils 212 100 3l
Water freezes 32 0 273
All thermal -459 -273 0
motion stops
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i Thermal Radiation

A Allobjects emit thermal radiation at al/
rimes

A By observing the radiation being
emitted, we can determine the
temperature of an object




i Blackbody Radiation

A A Blackbody is an object that absorbs
all radiation falling upon it and reemits
the same amount of energy

A No real object Is a perfect blackbody



Radiation Laws

1. Peak wavelength is inversely proportional to
temperature
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i Stefand Law

A The total energy radiated Is
proportional to the temperature raised
to the 4™ power

A Energy ~ Temperature?
A This Is an exponential relationship



i Why bother?

A Astronomers use blackbody curves to
determine how hot distant objects are

A Stars, Interstellar dust, nebulae all have
very different temperatures



i Spectroscopy Laws

1. Luminous objects create a continuous
spectrum



