Light

Light has wave-like characteristics.

Light has particle-like characteristics.

Light can identify the elements present.

The motion of a light source affects wavelengths.

Emitted light depends upon the object’s temperature.




Wave-like Characteristics

(a) A history graph at one point in space Wavelength: Distance between successive

D Amplitude crests (L).
Period T

Inm = 10°m
1A =01nm = 109m

Frequency: Number of crests that pass a

(b) A snapshot graph at one instant of time speciﬁc point in one second (V or f)
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Wavelength A Crest  Wave
= speed v
AA /\ /\ /\—> Speed: Frequency times Wavelength (c)

,A\/ \J UV U ¢ =Av=3x10"kms

Trough = 3x 103 m/s
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Example

Yellow Light
v =60 x 10%/s
cC=VA SO A=cl/v
= (3x 108 m/s) / (6.0 x 104 /s)

= 50x10"m = 540 nm




Visible Light

700 nm
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Range from 700 nm (Red) to
400 nm (Violet)

White light is a combination of
these colors. Newton’s experiment
proved that prisms do not add

color.
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Wavelength Ranges
Gamma 0.01 nm
X-rays 0.01 to 20 nm
Ultraviolet 20 to 400 nm
Visible 400 to 700 nm
Infrared 700 nm to mm
Microwave mm to cm
Radio wave cm to km




Measuring the Speed of Light

Jupiter

Jupiter

Olaus Roemer (1675) timed when
moons disappeared into Jupiter’s
shadow.

Eclipses were retarded when Earth
was far away.

Showed light did not travel infinitely
fast.

Did not know the Earth-Sun distance,
so0 he could not compute the speed of
light.

Measuring the Speed of Light
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Jean Foucault (1850) used a rapidly
rotating mirror.

One must measure the deflection
angle and know the speed of the
rotating mirror.

Accuracy was better than 1%.

Modern Value
¢ =299,792.458 km/s




Propagation of Light

Apparent Brightness

Flux = Luminosity / 4 n d°

Inverse Square Law

Flux, 4 1 d,? d,?

Flux, 4md? d,?

Light

Light has wave-like characteristics.

Light has particle-like characteristics.




Photoelectric Effect

Einstein (1905) analyzed the Photoelectric
- Effect. He assumed that light can be
energy hf considered a stream of photons. Each
@ photon has an energy equal to:

E=hv =hc/A

h=6.625x10347Js

Electromagnetic Spectrum

Wavelength Ranges
Gamma 0.01 nm
X-rays 0.01 to 20 nm
: Ultraviolet 20 to 400 nm
- '”f’,:'n‘ Visible 400 to 700 nm
Infrared 700 nm to mm
ol Microwave mm to cm
e Radio wave cm to km




Light

Light has wave-like characteristics.
Light has particle-like characteristics.

Light can identify the elements present.

Spectra of Different Elements

Molecular
hydrogen

Neon
Lithium
Iron
Barium
Calcium

The Sun
Incandescent
lamp
Fluorescent
lamp

Each element has its own unique set of spectral lines.




Solar Spectrum

Fraunhofer (1814) Shined sunlight through a prism and
highly magnified the spectrum. He saw 600 dark lines.

Light

Light has wave-like characteristics.
Light has particle-like characteristics.
Light can identify the elements present.

The motion of a light source affects wavelengths.




Doppler Shift

If a light source is approaching or
; receding from the observer, the light
waves will be, respectively, crowded
closer together or spread out. The
Doppler effect is only produced by
radial velocities.

AL/ A=v/c
O‘obs - krest) / )\‘rest =v/c
v=CcAA/ A
Example

The motion of the Earth in its orbit produces a Doppler Shift. Assume
one is observing a star while moving directly at it. Therefore, the Earth’s
v=-30 km/s. Let’s use A = 600 nm. Calculate AA and the observed A.

AMIA=V]c
AL = (600 nm) (-30 km/s) / (3 x 105 kmy/s)

AL =-0.06 nm =X A

observed — /“rest

A -0.06 nm+ A, =599.94 nm

observed Test




Light

Light has wave-like characteristics.

Light has particle-like characteristics.

Light can identify the elements present.

The motion of a light source affects wavelengths.

Emitted light depends upon the object’s temperature.

Color Indicates Temperature
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Temperature Effects

Temperature determines the type of
electromagnetic radiation emitted.
Temperature is a measure of the average
motion of the gas molecules.

Electromagnetic radiation is emitted when
electric charges accelerate — that is,
whenever they change either the speed or
the direction of their motion. Each
collision results in the emission of
radiation.

Temperature Scales

Kelvin Celsius ~ Fahrenheit Kelvin Temperature Scale

Sun’s core temperature

oldest Temperature = 0 K
[S.527, ﬁ; Sun’s surface temperature C d p
(no atomic motion)

No negative temperatures

Boiling point of water
Freezing point of water

No degree symbol — just K

Absolute zero
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