Chapter 3:
How We See What We See
(Light & Telescopes)
What do you think of when you hear the word telescope? This?

Or this?
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Or this?

Or even this?

Most of you probably thought of the 1st image; the type of optical telescope one buys at any big store –
WalMartTM, CoscoTM, SearsTM, Burger KingTM. However, real astronomy telescopes come in all shapes, sizes, and
purposes. The 1st one imaged is called a refractor. It is the same type Galileo used 400 years ago and we have a
few of these at GHS. It uses glass lenses to produce an enlarged image. The 2nd one imaged is the famous Parkes
Radio Observatory in New South Wales, Australia. It is designed to pick up and interpret radio waves, not visible
light like the typical refractor. The Parkes Observatory is famous for being the one radio telescope in the world
capable of receiving direct radio communication from the Apollo 11 moon landing when Neil Armstrong decided
to take his moonwalk early.
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Images from Parkes:

Chapter 3 P a g e | 3

Chapter 3 P a g e | 4

The 3rd telescope pictured above is the famous Hubble Space Telescope, HST. It is the size of a school bus and
doesn’t operate quite like a typical telescope. It has revolutionized our understanding of the Universe and our
place in it. It operates through the visible spectrum (optical, the same as a refractor) and infrared (heat). Some
images it took:

Image: http://hubblesite.org/gallery/
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Image; Eta Carinae: http://hubblesite.org/gallery/

Image; Crab Nebula: http://hubblesite.org/gallery/
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The last telescope image is the Fermi telescope; Fermi is the mission I work on for NASA. It was originally named
GLAST for Gamma Ray Large Area Space Telescope. It takes “images” of gamma ray sources. It is a marvel of
modern science and technology. Gamma rays are the most energetic electromagnetic energy in the Universe
and this telescope can see them.
What does each of these telescopes have in common? Each observes a specific band or range of the daunted
electromagnetic spectrum. We humans can detect only a small position of this large spectrum of waves. Simply
put, all electromagnetic waves are the same. They all travel at the speed of light because they are light. The only
difference between a radio wave and a beam of green visible laser light is the frequency. Frequency of a wave is
exactly what you would think it is; the number of times the wave jumps up and down each second. A green laser
beam will jump up and down about 550 x 1012 times every second. That’s 550 THz. Gamma, meanwhile has a
frequency of about 10 EHz (ExaHertz) or 10 x 1018 Hz.

Image stolen from Flickr: http://www.flickr.com/photos/advancedphotonsource/5940581568/
The above image shows the EM spectrum using sizes of common items. Notice radio waves are large and have
very little energy. Visible light, the stuff we can see, is just a tiny teeny itty-bitty section jammed in between
infrared and ultraviolet. Gamma is all the way to the right; the smallest and most energetic waves in the
Universe. Note that as the frequency increases, so does the energy.
Historically, it wasn’t till the 1950’s that we even had anything other than optical telescopes to gather our
information. So, everything we knew about the Universe was gathered basically through just enlarged images of
what we could see with our own eyeballs. As you have seen, the visible spectrum is a very small part of what’s
available. So, why do we need other parts of the spectrum? Take a look at images of the Crab Nebula in different
wavelengths of EM.
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Go to ClassZone for a cool interactive on this.
Each image tells us something new about the seemingly ordinary nebula. It wasn’t till 15 years ago when
Chandra X-Ray satellite found a glowing pulsar at the center of the nebula (shown center bottom row). Till then,
the only view we could even see was the visible one by the Hubble located top right. Putting all these together,
we get:
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Take a look at the following image. It represents views of our own Milky Way disc in different wavelengths. Full
size poster is in my classroom 945.

Telescopes We Use @GHS We have both refractors and reflectors. A refractor uses glass lenses to focus distant
light waves to a sharp enlarged image. Reflectors use curved mirrors to do the same. Only the Honors group
needs to know the math involved.
Optics of a reflector V. refractor:
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Each has advantages and disadvantages comparatively speaking. The reflector, ours pictured below, is 10” in
diameter. It has the same magnification as a reflector that uses an objective lens of only 8” but the tube would
have to be 5 feet long! Refractors must get longer and fatter to increase power. Take a look at the reflector
below:
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U of Chicago’s Yerkes Telescope
The above telescope is the largest refractor even made. It boasts a 1m (40”) wide lens and is 66 feet long.
So, reflectors are more powerful for the size. However, the mirror used is quite flexible and fragile. One drop
and it’s out of alignment or even broken. A refractor is tougher in the long run. So, please, don’t drop our
reflector…
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Chapter 3 Resources
Powerpoint: http://dtfizzix.com/AstroPPTs.html
Homework:
Complete List: http://dtfizzix.com/AstroHWSchedule.html
Chapter 3 Specific:
LABS:
Invisible Universe
Crawl of the Crab: Examination of the incredible Crab Nebula!
(TEACHER INTRO: Pages 15-18 & STUDENT WORKSHEETS: Pages 19-24 )
(TEACHER Review of Crawl of the Crab LAB in PPTX)
(TEACHER Review of Crawl of the Crab LAB in PDF)
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