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Recap: Newtons Laws
• Newtons First Law - a body stays at rest or 

moves in a straight line at a constant 
speed unless acted on by an outside force

• Newtons Second Law - F=ma
– F=force, m=mass, a=acceleration

• Newtons Third Law - Whenever one object 
exerts a force on a second object, the 
second object exerts an equal and 
opposite force on the first object.  If not - 
acceleration
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Recap: Newtons Law of 
Gravitation

3
G = universal gravitational constant



Newton’s Law and  Gravitation
• All my favorite Projectiles behave like this!!!  
   

Force

Velocity

Acceleration



Light
• What is the nature of light

– What we see is more appropriately called visible light
– Visible light is one form of “light”
– Light is a form of electromagnetic radiation

• How do we describe light
– Light behaves as both a wave and a particle
– Wave: electromagnetic radiation
– Particle: photon

• What are the various forms of light
– Microwaves
– Radio waves
– X-rays, etc.



But, what is light?
• In the 17th Century, Isaac Newton argued that 

light was composed of little particles while 
Christian Huygens suggested that light travels in 
the form of waves.

• In the 19th and 20th Century Maxwell, Young, 
Einstein and others were able to show that Light 
behaves both like a particle and a wave 
depending on how you observe it.



It’s a wave! (Huygens)



Examples of other Waves
• Sound waves
• Ocean waves
• Atmospheric waves



In 1905 Einstein calculated the energy of a 
particle of light (photon) and proposed the 

photoelectric effect.  
Ephoton = hf

e-
photon

It’s a particle!! (Newton)



Light comes in many 
“flavors”: Gamma rays, X-
rays, microwaves

€ 

c = λf
c= speed of light
f=frequency of light
   = wavelength of light�

Different “flavors” of light tell 
us different information

Different “flavors” have 
different wavelengths and 
frequencies and 



Which flavor has 
longest wavelength (use 
white for E)?

A

B

C

D

E



What is the Speed of Light?
Galileo’s Experiments (early 1600’s)
 Humans holding lanterns signaling each other
 Inconclusive, light could be infinite/finite

Ole Roemer
 Danish Astronomer
 Recorded eclipse timings of Jupiters’ satellite Io - 

periods appeared to be shorter when Earth was 
approaching Jupiter than when it was receding from it

 Demonstrated that light moved at a fast, but finite 
speed

 was within about 10% of modern value

Speed of Light = 3 x 1010 cm/s
=670 million mph



All “flavors” of light travel at 
the same speed of light!!!
670 million miles per hour
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Particle Nature of Light
• Light has wave/particle duality.  Acts like 

waves and like particles.
• The quanta of light is called a photon 
• The energy of the photon depends on its 

frequency (or wavelength)

€ 

E = hf
c = fλ

E =
hc
λ



Video: More than your eyes can 
see
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http://www.youtube.com/watch?v=2--0q0XlQJ0

http://www.youtube.com/watch?v=2--0q0XlQJ0
http://www.youtube.com/watch?v=2--0q0XlQJ0


Microwave image 
from Nobeyama 
radio observatory, 
Japan

Imaging the Sun at different 
Wavelengths



Infrared image from 
National Solar 
Observatory at Kitt 
Peak, AZ

Imaging the Sun at different 
Wavelengths



Imaging the Sun at different 
Wavelengths

Visible wavelengths 
from SOHO



Ultraviolet 
observations taken 
with SOHO

Imaging the Sun at different 
Wavelengths



3 wavelength 
composite ultraviolet/
x-ray images from 
SOHO

Imaging the Sun at different 
Wavelengths



X-ray images from 
Yohkoh

Imaging the Sun at different 
Wavelengths



Which of the following travels the 
slowest?

A)radio waves
B)visible light
C)x-rays
D)infrared light
E)The all travel at the same speed
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Lecture Tutorial – EM Spectrum (p.47)

• Work with a partner!
• Read the instructions and questions carefully.
• Discuss the concepts and your answers with 

one another.  Take time to understand it 
now!!!!

• Come to a consensus answer you both agree 
on.

• If you get stuck or are not sure of your 
answer, ask another group.



Which of the following would be true 
about comparing gamma rays and radio 
waves?
a) The radio waves would have a lower energy and would 

travel slower than gamma rays
b) The gamma rays would have a shorter wavelength and a 

lower energy than radio waves
c) The radio waves would have a longer wavelength and 

travel the same speed as gamma rays
d) The gamma rays would have a higher energy and would 

travel faster than radio waves



Luminosity is the total energy (light) 
emitted by an object in each second.

Stefan-Boltzmann law
Luminosity depends on an surface area (A), and its 

temperature (T4)

Luminosity = 5.67x10−8(Α)T4

Big and Hot objects have greater luminosity than 
small cool objects 



Lecture Tutorial – Luminosity, 
Temperature and Size (pg 55)

• Work with a partner!
• Read the instructions and questions carefully.
• Discuss the concepts and your answers with 

one another.  Take time to understand it 
now!!!!

• Come to a consensus answer you both agree 
on.

• If you get stuck or are not sure of your 
answer, ask another group.



Imagine you are observing two stars.  On star 
is hot and small and the other star is cooler 
and larger.  Which star is more luminous?

a) the hotter star
b) the larger star
c) they have the same luminosity
d) there is insufficient information to answer this question



Summary
• Light acts like a wave AND a particle

– wave shown by double slit experiment interference
– particle shown by photoelectric effect

• Light has a finite speed, = 3 x 1010 cm/s
• The energy of a photon (light) is directly 

proportional to its frequency, inversely 
proportional to its wavelength

• The wavelength and frequency of light are 
inversely related, by the speed of light


