Announcements

* Planetarium grades on D2L
e Stargazing tonight, Wednesday Feb 12 8:00-9:00 pm
* First midterm is Wednesday Feb 19 in class

— Will cover Lectures 1-8 (through Feb 10 + a bit of
today)

— Textbook up to Chapter 2
— Problems will be similar to those on quizzes

* Problems on material through Chapter 2 —
includes parts of quiz 4

— No book, notes or calculator

* Sheet of formulas will be given

 Calculations will be doable without a calculator
— Review in class on Monday Feb 17



Light and Matter

Chapter 2 wrap-up



Doppler Shift

When a source of light (or sound) is moving away
from you, its wavelength, seen by you, is longer.

When a source moves toward you, its
wavelength, seen by you, is shorter.
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This observer sees blueshift This observer sees redshift

Source moves from position S, to position S,



The Doppler Effect for sound waves




Doppler Shift

The change in wavelength is proportional to the
speed at which the source is moving relative to you.
Here’s the formula as in the textbook:

apparent wavelength recession velocity

— 14
true wavelength | wave speed




Recap: Light and Matter

Light is electromagnetic radiation, carried by the electric
field at the speed of light, c = 300,000 km/s

Light is characterized by its wavelength and its
frequency: C
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The electromagnetic spectrum ranges from radio waves
with very long wavelengths to x-rays and gamma rays
with very short wavelengths

Visible light has wavelengths between 400 and 700 nm

Astronomical objects emit light over the entire
electromagnetic spectrum



Recap: Light and Matter

* All objects emit continuous, thermal radiation because
of their temperature

— Hot objects emit more radiation at all wavelengths,
and emit their peak radiation at shorter wavelengths
than cooler objects

* Atoms create emission or absorption lines by absorbing
or emitting light
— They emit light when an electron moves to a lower

energy level, and absorb light when an electron
moves to a higher energy level

 The Doppler effect: light or sound moving toward you is
shortened in wavelength (blueshifted), and light or
sound moving a way is longer in wavelength (redshifted)



Astronomy 103

Telescopes
Please read chapter 3



Why Telescopes?



analogy

4 4 4

telescopes are light buckets
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Figure 3.1

Optical Telescopes

Images can be formed through reflection or refraction.

Reflecting mirror

Note that the incoming
light rays are parallel. This
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Light travels fastest in space (in a vacuum), and
slower in matter. The direction of light changes
when it goes from one material to another in which
its speed is different. This is how a lens focuses
light.
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By curving the sides of a piece of glass, one can
make it into a lens -- something that takes the rays
of light from a single point of an object and
focuses them to a single image point at the focus.
This is true of curved (reflecting) mirrors as well

Focusing light with a lens

© 2004 Thomson - Brooks Cole

Image is inverted (upside down)



Image formation
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Two types of optical telescopes:

Reflecting and refracting telescopes
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Modern telescopes are all reflectors:

e Light traveling through a lens is refracted differently
depending on wavelength (chromatic aberration).
Mirrors don’t suffer from this.

e Some light traveling through lens is absorbed
(especially IR and UV light). Mirrors can be made to
reflect this IR and UV.

e Large lens can be very heavy, and can only be
supported at edge. Mirrors are supported at the back.

e Lens needs two optically acceptable surfaces, mirror
only needs one, though mirror surfaces have to be more
precise.



Yerkes Observatory, Williams Bay, WI - 40 inch telescope (1893), world’s largest refractor
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60 inch reflecting
telescope, Mt Wilson, CA

Built by George Ellery Hale
in 1908 — world’s largest
telescope at the time

Because large lenses, held at
the edges, sag from gravity,
the largest telescopes are
reflectors and have been for
the last century.



100 inch reflecting
telescope, Mt Wilson, CA

Built by George Ellery
Hale in 1917 — world’s

largest telescope until
1948

Used by Edwin Hubble to
discover galaxies outside

the Milky Way and the
expanding universe
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Hale 200 inch Telescope, Palomar Observatory, CA (1948)

Built by George Ellery Hale, who built the world’s largest telescope
four times! Largest in the world until Keck Telescopes in 1993
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Hale Telescope Dome, Palomar Observatory, CA (1948)







Segmented mirror

Computer-controlled thrusters Support structure

@ 2004 Thomson/Brooks Cole

The largest telescopes now (in the last 20 years or so) have
segmented mirrors, each segment computer-controlled for
proper alignment.

Segmented mirrors are lighter, allowing for less structural
steel to support everything.



Keck Telescope Mirror, Mauna Kea HI (1993)

The largest optical telescopes on earth use segmented
mirrors.



Keck Telescopes, Mauna Kea, HI (1993-1996)
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Gran Telescopio Canario, Canary Islands, Spain




S Other large mirrors use

*™ honeycomb structure — to
me reduce weight — and are

= spun while cooling to create
; ‘ a curved shape that uses less

University of Arizona |
Mirror Lab



” Hereis an example of
~ such lightweight

" mirrors: the Subaru
Telescope, Japanese
telescope on Mauna

Kea, HI.
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The Future

Above is the planned design of the Giant Magellan Telescope
at 25 meters. Being built in Chile, perhaps in operation
around 2018? Will use seven Subaru-size mirrors. One of
three new large telescopes currently planned.



Bigger is Better in Astronomy

A larger
telescope
gathers more
light and so can
see dimmer
objects.




Light-gathering power:
Improves detail

The figure, part (b) was taken
with a telescope twice the
size of (a).

Twice the diameter means
four times the light, since the
area of the telescope is four
times larger.




Because the stars and collections of stars (galaxies) that we
look are at immense distances, they are very faint. To see
them, what is crucial is to gather as much of their light as
possible:

First by having a mirror (or a lens) that is as large as
possible, and second by adding up all the light that comes
to the telescope over a time of minutes or hours — long
exposures, in other words.

You add up the light by using a camera — we used to use
photographic plates that were exposed for minutes or
hours, nowadays use a digital camera. Astronomers use
CCDs (charge-coupled devices) to detect light — very similar
to the detector in your digital camera.
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be quickly read out and reset

Also CCDs can be made sensitive to different

wavelengths of light.



Angular resolution
The second major advantage of a

large telescope is its ability to see a
separation between two objects that
are nearly in the same direction. In
optical astronomy, one typically wants
to see two distinct stars when looking
at a binary system in which the two
stars orbit their common center of
mass. The resolving power is the
smallest angle one can see with a
given telescope.

Large telescopes have greater resolving power than small
telescopes, but the resolving power of all earthbound
optical telescopes is limited by the turbulence of the air.




The effect of improving angular resolution

Low resolution

i
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The resolving power of all ground-based optical telescopes is
limited by the blurring effect of turbulence in the atmosphere.

#




To avoid the problems with turbulence one places

optical telescopes on mountains to get above most
of the atmosphere, or, more expensively, on
satellites.




Many of the world’s best optical telescopes are on the summit of
Mauna Kea on the Big Island of Hawaii, with elevation 14,000 feet.







The Orion nebula,
M42,

from the Subaru
Telescope




Most of the other premier optical observatories are in the
mountains of Chile. These are the Very Large Telescopes (8.2 m
each), operated by the European Southern Observatory.
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Las Campanas Observatory, north of La Serena, Chile. Site of several
telescopes now, and future site of the Giant Magellan Telescope.

It’s very important to have telescopes in both the northern and
southern hemispheres in order to see the whole sky: both northern

and southern stars!



