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Introduction to Astronomy




A Few Quick Things...

Mary Hinkle, Graduate Teaching Assistant:
Office Hours: Mon 1:30-3:30pm. PSB 316 (this week only)
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My office hours: Mon 3:30-4:15pm. PSB 308 (this week only)
Tue 3-4 pm. PSB 308

First Mid-term is this week, Friday 9" February.
https://ucfsqga.com/services/free-scantrons-and-blue-books/

Exam Tips... Go over lecture slides! ... On Wednesday will give a
better idea what to expect for exams... material from Today will be on
the first mid-term!



Today: Light

Last Time:

 How does gravity cause tides?

« What is light and matter, and how do they interact?
* Three types of Spectra

Topics Covered Today:

* \What can we learn from light (composition,
temperatures, and speed/distance)

 Collecting light with telescopes



Tides and Phases

Size of tides depends on the
phase (relative position) of the

Moon.

Spring Tides

Solar Tides
Lunar Tides

https://oceanservice.noaa.gov/education/kits/

tides/media/supp_tide06a.html

Spring tides occur at new moon and full moon:

new
moon

to Sun

Tidtal forces from the Sun (gray arrows)
and Moon (black arrows) work together,
leading to enhanced spring tides.

Neap tides occur at first- and third-quarter moon:

third-

@ quarter
moon

to Sun

Tidal forces from the Sun (gray arrows)
and Moon (black arrows) work against
each other; leading to smaller neap tides.
first-
@ quarter
moon

full
moon



Why does the moon always show us the
same face?

There is no tidal
friction on the moon
anymore as it has a

If Earth didn't rotate, tidal bulges e ‘ synchronous orbit!
would be oriented along the Friction with the rotating Earth

Earth—Moon line. pulls the tidal bulges shightly
E ahead of the Earth—Moon line.

) The Moon's gravity tries to Al
W\ .-~ pull the bulges back into line, |
' slowing Earth’s rotation.

The gravity of the bulge§ pulls Mon
the Moon ahead, increasing
its orbital distance.

Not to scale!

Energy is being transferred from the Earths rotation to the Moon’s orbit






Wavelength, Frequency, and Energy

Relationship between frequency and

wavelength:
A X f = C .
A = wavelength, f =frequency | nm=1x102m Wave Comparison
¢ =3.00 x 10°m/s (speed of light) o Red Light

* Low frequency / ; ; \ /\ /\

Relationship between frequency and |-L length
Seiocshe auency and -Lagvamnan | X 7N/ X7

h =6.626 x 10734 joule x s « High frequency /\ };\ }\ /\ /\ /\ /\ /\

(h = Planck’s constant) «Short wavelength \/ \/ \/ \/ \/ \/ \/

3000 nm

& |

g . |1E|'“s
« Qur eyes are sensitive to changes in

wavelength (or frequency). Red-shifted: Longer wavelength,

« We (cag )see from ~400 nm (violet) to ~700 lower frequency, lower energy
nm (re

) 8“5368/ %sma)re most sensitive to green light Blue-shifted: Shorter wavelength,

higher frequency, higher energy



Atomic Terminology

Atomic Number = # of
protons in nucleus

Atomic Mass Number = #
of protons + # of
neutrons

Isotope: same # of
protons but different #
of neutrons

(“He, 3He)

Molecules: consist of
two or more atoms (H,0,
CO,)

atomic number = number of protons
atomic mass number = number of protons + neutrons
(A neutral atom has the same number of electrons as protons.)

Hydrogen ('H) Helium (*He) Carbon ('2C)

atomic number = 1 atomic number = 2 atomic number = 6

atomic mass atomic mass atomic mass
number = 1 number = 4 number = 12
(1 electron) (2 electrons) (6 electrons)

Different isotopes of a given element contain the same
number of protons, but different numbers of neutrons.

Isotopes of Carbon

carbon-12 carbo_n-13 carbon-14
120 1BC 14C
(6 protons (6 protons (6 protons

+ 6 neutrons) + 7 neutrons) + 8 neutrons)



Visible spectrum
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Molecular rotations don’t require much
energy (microwave region)

Molecular vibrations require a bit more
energy (infrared region)

Electronic transitions require more
energy still (visible light and UV light)

Higher energy levels causes bonds to
start breaking and ionization to occur
(X-rays and

Too much energy
Leads to ionization
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Energy Levels in Matter Are
Quantized (specific energy levels!)

A fundamental part of the rules that govern the universe
Electrons in atoms have distinct energy levels.
Each chemical element, ion, molecule, has a unique set of energy levels.
« Distinct energy levels lead to distinct emission or absorption lines.
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level 2 __ hJ ,:f:, P
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Emission Spectra of the Elements
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These actually indicate a combination of emission and absorption processes




iClicker Question #1

(Code = BC)

Question: Put the following kinds of light in order,
according to wavelength, short to long:

A. Visible light, ultraviolet (UV), infrared (IR), radio,
microwaves, X-rays, gamma rays

B. Gamma rays, X-rays, UV, visible, IR, microwaves, radio
C. X-rays, UV, visible, IR, radio, microwaves, gamma rays,
D. UV, visible, microwaves, radio, IR, gamma rays, X-rays
E. Radio, microwaves, UV, Visible, IR, X-rays, Gamma rays



iClicker Question #1

(Code = BC)

Question: Put the following kinds of light in order,
according to wavelength, short to long:

A. Visible light, ultraviolet (UV), infrared (IR), radio,
microwaves, X-rays, gamma rays

B. Gamma rays, X-rays, UV, visible, IR, microwaves,
radio

C. X-rays, UV, visible, IR, radio, microwaves, gamma rays
D. UV, visible, microwaves, radio, IR, gamma rays, X-rays
E. Radio, microwaves, UV, Visible, IR, X-rays, Gamma rays



iClicker Question #2

(Code = BC)

Question: We can't see infrared, but we can perceive it as:

A. Microwaves
B. Radar

C. Sound

D. FM

E. Heat



iClicker Question #2

(Code = BC)

Question: We can't see infrared, but we can perceive it as:

A. Microwaves
B. Radar

C. Sound

D. FM

E. Heat



What types of light spectra can we observe?

continuous spectrum absorption line spectrum
o |[IE T o | NN |

A

hot light source C

T

o |

emission line spectrum
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Black-Body Radiation

15,000 K star

108 - - the Sun (5,800 K)
D ! :
>
2 o6l ﬁ 3.000 K star
@ ] :
3 1
§ I ;
= 9 3
10 = 310 K human
-IG’.'} 1 1 1 1 1 L 1
101 102 108 104 10°

wavelength (nm)

The origin of the ‘continuous spectrum’

Hotter objects emit more light at all frequencies per unit area.
Hotter objects emit photons with a higher average energy.
We can determine from the 4,,,, the temperature of an object

The ‘ideal black-body’ represents an ideal case treating all wavelengths
equally, and adheres to both the ‘Two Laws of Thermal Radiation’ perfectly.



The Two Laws of Thermal Radiation
#1) The Stefan-Boltzmann Law

The Stefan-Boltzmann Law: As you heat an

object, it emits more light at all wavelengths ' B i

per square meter. /

* For example a 15,000 K star emits more e ,.
light at every A than a 3,000 K star per [ stetan-
square meter of its surface e ew

. _ temperature
emitted power(Wm™2) = oT*
g Watts

o is the Stefan Boltzmann constant, ¢ = 5.7 X 107° ——
m+<xK

Example: What is the power emitted per square meter for an object at 10,000 K?

Watts »
emitted power = oT* = 5.7 X 10‘8—F x (10,000 K)*

m?2 X

w
=57 x 108 —
m



The Two Laws of Thermal Radiation
#2) Wien’s Law

Wien’s Law: Hofter objects will emit photons
with a higher average energy.

« For example, the peak A for a 3,000 K star
is in the infrared, for our sun at 5,800 K is in
the visible region, and for a 15,000 K star is
in the UV region.

2.898 x 1073 (mK)
Amax = T (K)

108

104

102

100

10

1
1001, v

Themmnal radiation (Wm-2 pm-1)
) 6000 K (Sun)
3000 K

Wien’s Law

S00 K

300K

195K

— 79K

1
01 WIg 1 10 100 1000
Wavelength (pm)

Note: this could equally be written as 2,898,000 (nm K)/T (K)
Example: What is the wavelength of peak intensity for an object at 10,000 K?

. 2.898 x 1073 (mK)
max 10,000 (K)

Amax = 2.898 X 1077 m, or 289.8 nm

Thought question:
Can we see this?




Intensity ————»

0.5

I' = 6000 K, Asgax = 0.48 um

Making an object
hotter makes it
more luminous...

...and shifts the peak of
its Planck spectrum
to shorter wavelengths.

I = 5000 K. -’D!')ak =058 um

-

\ I = 4000 K, }Dﬁak =0.73 um

’\\ T =3000 K, Apqx = 0.97 pum

\\ T = 2000 K, Apgqx = 1.45 pm

1.0 15 2.0 2.5 3.0
Wavelength, A (um)

Yellow/Green Star,
T =5,000 K

Blue Star,
T=10,000 K



Spectrum of Solar Radiation (Earth)
2.0

UV | Visible | Infrared >

EEarth’s atmosphere absorbs very strongly in the mid-IR

_— 2
=
E Sunlight without atmospheric absorption
o
£ 1.5
—
2 5778K blackbody
Q
O 1 N
(T Sunlight at sea level
= H,O
m w
= 0.5 Atmospheric
- absorption bands
H.O
2 CO, H.O

500 /50 1000 1250 1500 1750 2250 2500

Wavelength (nm)

2000



What types of light spectra can we observe?

continuous spectrum absorption line spectrum
o |[IE T o | |

a0k
. | B}- o

hot light source Y

T

o |

emission line spectrum
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Clouds of Dust & Gas

Horse Head Nebula in Orion

.:-ThIS IS a b|g cloud of dusi ,
Obscurlng the background I|ght

Alnilardil

Alrjitak

Betelgeuse Barmard's Loop




2"d Example of a Molecular Cloud - Barnard 68

We an see through the dust could at infrared wavelengths,
but the light is scattered more at visible wavelengths that are
comparable to the size of the interstellar dust grains...

“evi] 3dexample - P
.. Eaglenebula
2o pillars




Absorption spectroscopy can tell us the

composition of Interstellar Clouds
James-Webb R ——

Photons corresponding to discrete
vibrational levels of molecular species
present within the ices absorb the
infrared light. Clouds are often 10-30 K

Orbiting spacecraft detect a continuous
spectrum of the field star with dips in
intensity where light was absorbed

continuous spectrum

W thin cloud of
hotlight source . cooler gas

emission line spectrum

Flux (Jy)

=

3

- ® iy e
V2 o s
it it

o

Background

Inté'r-ste.ll'ar cloud field star

(e.g. B6S, W33A)

o

Subftract

R
b
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Wavelength (um)
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TR (K)

Emission Spectroscopy from Interstellar Clouds

continuous spectrum absorption line spectrum
Stars and other hot objects often give off a ’W”—T\Wn
combination of continuous, absorption and m R $@om o | I
emission lines | o . Y
. hotlig;ysourceé -“’;,'{,‘;L?“" &r :
Most interstellar clouds are too cold (<200 K) G\
to observe anything but rotational levels
(L1
t4r 2 2% Unidentiod Features o | I |
\_}: E _ - =& lines pcrllUDhrnfs . emission line spectrum
12k T o =+ x = % 1oy, = 0003 K (heorctical)
g 53 1T, 8 § £ & z z| We have observed >150
wob || 7 78|, 153587 o 2 3 35| molecules in interstellar
TNalsg:5| 5] : = e e
! e ftsz| 3] &2 §|.5.%% 7 58 || clouds
| ez [z5 2128897 17 224 B R
( [+ o L o L | i &) 5 A
aal | = ERE AR o \E Radio telescopes are
il | T L S| | | very large, e.g., ALMA
02 | |!
n.nF‘/J i

231200 231400 231600 231800
Frequency (MHz)




intensity

Putting it all Together - Interpreting
an Actual Spectrum

What object is this spectrum from?

object reflects red sunlight:
rust-colored surface

emission lines

(UV): hot upper eun CO. absorption thermal emission peak in

aimosphere g~ bands: carbon infrared indicates surface
£ “n dioxide atmosphere . temperature about 225 K

object absorbs
biue light from Sun

ullraviolel blue green red nfrared ————

wavelength

These features are consistent with MARS!




What is the Doppler Effect?

train stationary

The pitch this . . Is the same as
person hears . . . the pitch this
person hears.

a The whistle sounds the same no matter
where you stand near a stationary train.

train moving to right

In front of the train,
sound waves bunch up

Behind the train,
sound waves streich

to longer wavelength to shorter wavelength
(lower frequenc V o (higher frequency
and pi ch} g i and pitch).

\/\/

b For a moving train, the sound you hear
depends on whether the train is moving
toward you or away from you.

light source moving to right

The light source is The light source is

moving away from this moving toward this
person so the light persan so the light
appears redder appears bluer

(shorter wave/engrfw).

(fqnger wavelength).

LAV T

¢ We get the same basic effect from a
moving light source (although the
shifts are usually too small to notice
with our eyes).

Objects moving away from you appear to have longer wavelengths - Red-shifted

Objects moving towards you appear to have shorter wavelengths - Blue-shifted



How Can We Use the Doppler Effect to
Determine the Speed of an Object?

Laborat t . . . .

Lines ot st mevelongihs. -- Objects with this spectrum are stationary
Object 1 Lines redshifted: . . . .

Ubjelcz‘movmgawayfrom us. -- Red-shifted. Object IS moving away

Object 2 (Greater redshift: . . .

Sk vl sty -- Very red-shifted. Object moving away fast
than object 1.

Object 3 Lines blueshifted: . . . .

Objel)crmoving/?gsvarcufejs./ ’ _ Blue-shifted. Object is moving towards
Object 4 Greater blueshift: . . .

Object moving toward us -- Very blue-shifted. Object moving towards fast
faster than object 3.

Example Calculation: One of the visible lines of hydrogen has a rest wavelength of
656.285 nm, but it appears in the spectrum of the star Vega at 656.255 nm. What is
the velocity of Vega relative to us?

Asnirt = Arest 656.255 nm — 656.285 nm

Vrad = Xc¢  Vrad = 656.285 nm

X (3.00 x 10°km s~ 1)
Arest

Orange part is just Vypgg = —4.6 X 107° x (3.00 X 10°km s~ 1) = —=13.8 km s~ !

% difference.

Units cancel.. Negative value indicates Vega is moving towards us



Doppler shift tells us ONLY about the part of
an object's motion toward or away from us.

This is conveyed by use of the term ‘radial velocity’, V., in the equation

Ashi t Arest
Vrad = ! Xc Wi, Star 1 is moving directly

Arest 1 e away from us, so the Doppler
shift tells us its full speed.

1:. ........... Star 2 is moving across our
" line of sight, but not toward
Earth ‘1 ......................... ) or away from us. The Doppler

shift measures no speed at all.

Star 3 is maving diagonally
away from us. The Doppler

3 shift tells us the part of the
g, star’s speed away from us.. . .
/> . . . but not the part of the
P e speed across our line of sight.

¥



The Bending of Light

What Telescopes do is to collect and focus light, just like your
eye....

oy focus i o) T,
i - — T — | b
Y— e 3 Cogt ol Eo 0 kY
— : = -J'*P e
__.;:H__..-_-- g ' 'I'ﬂ"""l;.t i — = 5

— 4 = e P—— F i
— |ﬁ — e
o . ] - —— o — -
- - e — — -

Y

3 2005 Pearson Education, Inc., publishing as Addison Wesley

Light rays which come from different directions converge
at different points to form an image.



Basic Telescope Design

* Refracting: lenses

© 2005 Pearson Education, Inc., publishing as Addison Wesley

Refracting telescope Yerkes 1-m refractor



Basic Telescope DeS|gn

 Reflecting: mirrors

* Most research telescopes
today are reflecting

secondary
mirror
y

to eye or
instruments

primary
mirror

Gemini North 8-m

Reflecting telescope



Refracting or Reflecting Telescopes?

Refracting telescopes Reflecting telescopes

» Telescopes that use lenses to . TeIescoFe that uses a curved
gather and focus light (parabolic) mirror to gather

- Objectve ons thatbends ight 0 VSO

at passes 1nrougn 1t an is reflected from a large curved

focuses the light to be mirror to a flat mirror -
magnified to an eyepiece  Flat mirror focuses the image

- Disadvantages: and reflects the light to be

« Chromatic aberrations magnified

. Size limited due to objective of ¢ Advantages
lens « Mirrors can be very large

* Prevents light from entering the
glass

 All colors have the same focal
point

« Disadvantages

« Can’t see vampires




Reflection vs. Scattering

screen, |

projection
booth

Mirror reflects light in a Movie screen scatters light in all directions.
particular direction.

Mirrors must have less surface
) r%u%hness (t?ey ?rr]ezla ﬂ?t’iﬁ_r) to rtetflectf

: ¢ shorter wavelen ight, this matters far
—— less for IR and r%icrogvaves/radiowaves

i « Surface finish should be ~ order of A

reflections in VIS spedrum
Ry 0.05pm 0.1pm 02pym 0.4pm 0.8pm 1.6 pm

_ We dont have mirors or XUV or .
oNS | We don’t have mirrors for XUV or X-
i s rays! (See Chandra Observatory later)




Important Considerations for
Telescope Design

In order of Importance:

1. Light Gathering Power
2. Resolving Power

3. Magnifying Power, M

M=30x M=60x M=120x

Magnifying Power is actually the least important of these three. Why?

Focal Length of Objective

Magnifying Power Equation, M = Focal Length of Eyepioce

 The same # of photons are collected, but are dispersed over a wider area
« This leads to fainter, more blurry looking images



Resolving Power

()

Resolving Power: The ability of an
optical instrument to produce two
separate images of two objects very
close together.

* The resolving power, a (in arc
seconds) is given by:

=
———

Where D is the diameter of the
telescope in centimeters.

This is also wavelength dependent,
so the resolving angle, d6 may be
given as:

1.222

19 —_— GROUND BASED IMAGE HUBBLE SPACE TELESCOPE
- LAS CAMPANAS OBSERVATORY WIDE FIELD/PLANETARY CAMERA

D CARNEGIE INST. OF WASHINGTON




Light Gathering Power

Astronomers often refer to telescopes as “Photon-buckets”

The bigger the bucket, the more photons you collect.

Your pupils dilate when it is dark to gather more light

Based on the surface area
» Most telescopes are circular

 E.g., a 40 cm telescope collects 4x as much light as a 20 cm telescope!

Light spreads out with the square of the distance.
Through a sphere twice as large, the energy covers an
area four times larger. Through a sphere three times
as large, the energy covers an area nine times larger.

If 1-meter telescope has
area =1 and if it can see
an object at 1 AU

THEN:
2-meter telescope has

area = 4; can see same
object at 2 AU

3-meter telescope has
area = 9; can see same
object at 3 AU



1979-1998) _ (1999
(I'hlli ) (
Mount

anldns. Arizona




Some Very Large Telescopes

China’s 500m FAST radio telescope



Interferometry

1.22A
Recall ¢ = —

» Radio telescopes typically
have very poor angular
resolution, since A'is large.

Interferometry Combines the
S|?nals from Several smaller
telescopes to simulate one
larger one.

Has the same resolving power
as the larger telescope.




Problems Observing Space from Earth

Problem #1: Stray light causes air-glow which makes it
harder to see dim objects. Light pollution from city lights
often overwhelms telescopes, particularly making
spectroscopy much more difficult




Problems Observing Space from Earth

Problem #2: Microchanges in air density due to movement
of packets of warm/cold air causes turbulence in the
atmosphere. The light takes slightly different paths causing
its position to seem to vary, or twinkle, blurring images

Why do Stars

Light'\ )
from \ Twinkle?
a star |\

<

The

Earth's E
Atmosphere
{with moving
pockets of cold
and warm air) -~
-G =)

.

s iy

ety .
ool

Star viewed with ground- View from Hubble Space
based telescope Telescope



Adaptive optics: Neptune

Adaptive Optics

without with

Uses a feedback system
and rapidly changes the
mirror shape to -
compensate for

atmospheric distortions




Problems Observing Space from Earth

Problem #3: The Atmosphere - absorbs most of the
electromagnetic spectrum, including all UV and X ray and
most of the infrared.

P s & : |
major space R, % S o & q *'Qﬂ"" J &@.
3 O - " A o -:'-

observatories

Fermi Chandra Hubble Spitzer Planck

gamma ray X ray ultraviolet visible infrared

100 km

10 km

sea level g






Telescopes in space solve all three
problems.

» Location/technology can help Chandra X-Ray Observatory
overcome light pollution and

turbulence.

* Nothing short of going to space
can solve the problem of
atmospheric absorption of light.

X-rays graze metal sheet mirrors
slowly being guided into focus

The first set of nested mirrors
X rays deflects X rays to the second set . . .

...andthe secor:jd set deflects
X rays a second time to the a Artist's illustration of the Chandra X-Ray Observatory, which

focus point.

orbits Earth.

b This diagram shows the arrangement of Chandra's nested,
cylindrical X-ray mirrors. Each mirror is 0.8 meter long and
between 0.6 and 1.2 meters in diameter.



James Webb Space Telescope

The James Webb Space Telescope, a full-scale model of which is shown here,
is set to launch in October 2018.



Summary of Space Borne (or
High-Altitude) Telescopes

i ; b ,

: Herschel ':-g' R
i . gktr-
i Hubble 2

45

Chandra s
7 - % e
iy i Spitzer 8 Planck

NuSTAR GALEX
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gamma ray |
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X-ray ultraviolet  visible infrared  microwave radio







