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visible & invisible

RiFIVIUIXIG R1VUXG

~10° degrees ~5500 degrees
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Prism (=) & Spectrum

A prism breaks white light into its
component colors or spectrum

refraction (J75) > &% (58

Screen lets only one

color pass through
White ligh A T —

First prism breaks \
light into its spectrum . Second prism on!y :
changes light’s direction

Figure 3-1
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Sunlight comes rai n bOW

from the other

side of the rainbow
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Examples of Refraction
¥4+ % (index of refraction)# K » Hik MK

Index of refraction = 1.33 Index of refraction = 2.41
Diamond Action

N Refractions &
d . eiracuons

S.I-\.L.'-rr][!.ghz. o Total

Reflections.

B
-l_' 1111

oL White
L Water

: Light
Violet drgp[et
http://sol.sci.uop.edu/~jfalward/refraction/refraction.html http:/boomeria.org/physicslectures/secondsemester/light/refraction/refraction.html
4C’s
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Light is Electromagnetic Radiation
BRI

Magnetic field Electric field

Wavelength,
- /&:F;l

Figure 3-3
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company

wavelength= speed of light x period

= speed of light / frequency
speed of light in vacuum = 3x108 m/s

speed of light is slower in other media determined by index of refraction
2006/10/18 St - A2E - A5 - K 6



Music & Sound waves

Note that sound waves require a medium to propogate.

Frequency
Chart

N

Relation

'O The
PiaNo
Keyboard

Frequencies compiled from Wikipedia

i
Him

2671 6Hz

LR i

130.8Hz

Frequency

=
B

-+

Hertz (Hz - #k) = how many vibration per second

4186.01
37203 N 2 395107

3520.00
ey
3322.44 2113596

2950.56 NN ;5

2489.02 NN 2637.02
2349.32

46 I
2217.46 2093.00

1864 N 197553

1760.00
-
1e61 2= 1567.98

I
1479.98 1396.91

124451 I 131851
1174.66
1108.75 | 1045 50

03232 N 2 937.767

880.000
600 I
s 783.991

J [
739.989 698.456

622.254 R 699255
587.330

T
554 .365 523 251

466.164 F 493.883

415.305 Il 40000
391.995

I‘
369.994 349 228

311.127 Il 329.628
293.665

233082 NN 246 ﬁm

207.652 I 220000
195,998

||1
184.997 174614

155.563 I‘ 164.814
146.832
I|

116541 N 123.471

103.826 pEm——— | 10.000
97.9989

4986 NN
St IG 87.3071

777817 IR 524069
73.4162

L L
69.2957 65.4064

582705 NN 2 61.7354

51.9130 p— | ©°-0000
48.9995

I
46.2493 436536

38.8900 NN 412035
36.7081

; T —
34.6479 32.7032

201353 N 2 30.8677
27.5000
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10 nm 4
10->nm ¢ Gamma
SpeCtrum 104nm + rays
- 103nm+ l
of light 102 0m
10-Tnm 4 X ;'a;ys
jt\ Z Ejé& Thm+ Ultraviolet 400\"?""' .
10 nm 4 radiation lole
£ v Blue
Radio Int:su:.ed Vlslble Uliruwolei (UV) X rays Gummu (y) g 100 nm ¢ Green
wu/ves raaiarion % 103 nm - 1 Mm 31 Ye"ow
> Orange
: 10pm 1 Visible light N pegy
E"\ 100 pm N\ Infrared 700 nm
S 1000 um =1 mm+ radiation
-~ 10mm=1cm+ Microwaves
10cm + M
| 100cm=1m+ Taiwan
R | major
100m " Radio waves| contribution:
1000m =1 km Millimeter &
gas Astronomers don't 10y Sub-millimeter
like water and ozone ® 100 km + ERDIR
Remark: how does a microwave oven work? BhaNg
Figure 3-4 ’k%*

Discovering the Universe, Seventh Edition
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wavelength & frequency

Hertz (Hz ;- #k) = how many vibration per second

THE ELECTROMAGMETIC SPECTRUM

{-AATS Uy  WISSBLE  INFRARED

TAREW S
TYMCAL SIZE PROTOMNS BACTERIA TV SIGRALS DIAMETER

WAVELEMGTH

e e

g b i L i i 1 i [1] (1] 0.1
GHz GHz iz iiHz fiHz ; Hr

FHEQUENCY

FHIEE ~ 1 GHz=10° Hz
=1000 MHz

=1000 JK#Hi ?

=
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refraction

Curved
Refraction lens 5%

T E
light rays

Flat glass
Refraction

d b ™ "
Figure 3-16ab

Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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AN\
NN
I
Il

Parallel light rays from
distant objects

AREEREZRE

But do you remember
“parallax” (1, £)?

Essentially parallel
light rays
Focal point

Primary
mirror

Figure 3-10
Discovering the Universe, Seventh Edition
© 2006 W.H. Freeman and Company
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Extended objects
> extended image [

2006/10/18 Z=hE 2R - H

Figure 3-17
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company



Essentials of a refracting telescope (F78f =, EiR )

_~Objective lens Focal Iength
L of eyeplece

I
B >!

7

Eyepiece lens
B4

i

Figure 3-18
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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3 basics for a telescope

« Light-gathering power (£2)%38) o [[1{X2

&

1%

o Magnification (ﬁ&jﬁi_%) _ focallength of the objective

il

» Angular resolution (SZRI[£4 ) o

focal length of the eyepiece

Angular Resolution: brighten, resolve, & magnify

1 circle=360° - . '
1° (%)= 60°(£53) -> bigger is better!

1'= 60" (£579)

2006/10/18 s B - HE o K
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mirror

<

Figure 3-12
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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__Light-gathering power

4 i

Primary
mirror
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Angular resolution (worse

2( Figure 3-13a
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company




Angular resolution (better

Figure 3-13b
Discovering the Universe, Seventh Edition
) 2006 W.H.Freeman and Company




Sunday Afternoon on the Island of Grand Jatte by Georges Seurat
81x120 inches; 2 years to complete; ~ 4 megadots (Pointillism)

Seurat uses the viewer’s eyes
to create the colors of his art.

2006/10/18




Chromatic (t27) & Spherical (Ek[fA#:)aberration

Focal point . :
for blue light y ‘ Focal point
for both colors

N

Focal point
for red light

3
i
¥
i
3
b |
]
i}
o
)
X
2
k4
¥
%
o
:
|
|
3
£
3

__ Focal point




Largest refractlng telesqope

Yerkes observatory
102 cm in diameter
19.33 m long

Nowadays, people
don’t bulid refracting
telescopes for
professional uses:
difficult to deal with
a big lens (hard to
make, aberration,
distortion due to
weight), too long....

Bid made for Yerkes
Observatory: Aurora
University's bid to buy the
historic Wisconsin
observatory would yield an
astronomy outreach center
and expand AU's campus.

http://www.astronomy.com/asy/default.aspx?c=a&itr=

Flg ure 3 19
Discovering the Universe, Seventh Edition

© 2006 W.H.Freeman and Company
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Reflection

=2-4)

2006/10/18

Perpendicular
to mirror
surface

Incident
light ray

Reflected
light ray

/i\

% 1 5 Figure 3-9a
HHn Discovering the Universe, Seventh Edition

© 2006 W. H. Freeman and Company



Stealth
fighter

.
.

Wa Lockhood F-117K Stoaith Fighter -

Reflect incident radar
sighals up and down,
rather than back to
the radar station

2006/10/18




Spherical a The problem

aberration A

Spherical
mirror

S TAREEEROE

Parabolic | 7/ 3 One focal point
mirror b for all light rays

Spherical | " Correcting
mirror

2006/10/18 5 Figure 3-21

"~ Discovering the Universe, Seventh Edition
© 2006 W. H. Freeman and Company



Reflecting telescopes (7 5= 27 52)

Focal
Flat point Curved Curved
secondary secondary secondary
mirror mirror mirror

Rt
B
it
A T

Rt -. a5 b | "ocal
A 2nd : , point
mirror | | i F 08

FAT
a7

(a) Newtonian (b) Cassegrain (c) Coudé focus (d) Prime focus
focus focus
2006/10/18 e 24

Discovering the Universe, Seventh Edition
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2nd mirror does not
create a hole in the
image

Just reduce the
amount of light
coming into the
telescope tube.

2006/10/18

Secondary
mirror

Eyepiece

Complete
image
Primary
mirror

Figure 3-20
- ' Discovering the Universe, Seventh Edition
SN © 2006 W. H. Freeman and Company
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JE#?FLLI HYYCER RS (F] ROE)

EEM—KERF(SE R K)

http://www.lulin.ncu.edu.tw

PRAZEHERE _R(ALFABERE)

scientific goal?

ExMEsE (Taiwan-America

Occultation Survey, a.k.a.
TAOS):
http://taos.asiaa.sinica.edu.tw/
R 7

HIRAER

SE B2 T Y R X B B =
EBEMNAE

FRBIAE T K2R

™ 4 telescopes

= 0.5m in diameter

.. Search for Kuiper belt

& objects(the source of comets)
* K 27
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Light pollution (%)
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Effects of twinkling (turbulence)

Ground-based Hubble (#A-14) Space telescope

Figure 3-23b
Figure 3-23a Discovering the Universe, Seventh Edition
Discovering the Universe, Seventh Edition © 2006 W.H.Freeman and Company

© 2006 W.H.Freeman and Company

Stars twinkle, but planets don’t. A 35 e g ?

2006/10/18 e BE - HE - K 29
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Adaptive Optics (G EE)

Gemini telescope animation (http:/www.tmt.org/tmt/adaptive-optics)

Use a known object as a reference to
correct the distortion due to atmospheric turbulence

Ground, no adaptive optics Hubble space telescope

Figure 3-26
e b i Ground, with adaptive optics
2006/10/18 =2hE 2R 2 H5S o K5 31



two 10-m
Keck telescopes

Mauna Kea, Hawaii

36 hexagonal mirrors
Easy to build
Less expensive

Dome: protect
telesocpes from
rain/snow, dusts.

& reduce day-night
temperature variation

telescopes on the
top of mountains:
less light & air pollution
less twinkling
good weather
less CO, & H,O
-> can see infrared

Air pressure is low > _
Inside is pressurized I

Figure 3-27
Discovering the Universe, Seventh Edition
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Charge- coupled devnces (CCD)

Figure 3-15a
Discovering the Universe, Seventh Edition

© 2006 W.H.Freeman and Company Neg ative
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Figure 3-15b Figure 3-15c¢
Discovering the Universe, Seventh Edition Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company © 2006 W.H. Freeman and Company

Negative CCD A series of CCD

photographic image images with different

image

2006/10/18

colored filters
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IR EHY r : radio telescope

Can do
day-time
observation

Because of
longer
wavelength,
needs bigger
mirror to
achieve bette
resolution.

Golden
Eyes (007
Movie)

| Arecibo
alEAy =)l 305m
REH Telescope. . - = oz A
ERHY Puerto Rico#f:+ 2% =

2006/10/18



Interferometer (F¥#4&)

Can reach the
Simulated large- , £ el <o same resolution,
diameter telescope § o even though the
light-gathering
power is not
significantly
improved.

et
i

Beams combined to Precision optical
produce final image paths in tunnels
2006/10/18 =ZhhE BE - Hig c KG 35



Very Large Array (VLA)

b2 BMAKX&ERF] in New Mexico

27 dishes
26m in diameter
36km

AR &R E
A R &Y B RN
Ffr ¥A zoom 1n
2 zoom out

i RS

Figure 3-30
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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A message from deep space.
Who will be the first to go?
Aj mrnty to the heart of the universe.

'l;'... :

HAE (Vega)

25.3 lyrs away
1.5 solar masses
2585 million year old




Sub-millimeter Array (SMA)

RE X EFEF http://www.asiaa.sinica.edu.tw/~SMART/

Smithsonian institution (6) + ¥ J= 5} % k2 X X Fr (2)
Mauna Kea, Hawaii

Observe dust & molecular emissions in star forming regions
or dying (evolving) star regions.

I

2006/10/18 s - 22 - HE - K5 38



ESO VIDEOCLIP 08/99

ALMA
Cover wavelength: A I_ I“ A J\v"‘O\I E S !

0.3 -9 mm
angular resolution:
0.004”

OCTOBER 1999

Atacama Large Millimeter Array (ALMA) is one of the largest ground-based
astronomy projects of the next decade. It will be comprised of some sixty-
four 12-meter (North America & Europe) and 12 7-meter+4 12 meter (Japan
& Taiwan), submillimeter-quality antennas at the high-altitude (5000 m)
Llano de Chajnantor, possibly the world's best site for millimeter
astronomy, close to San Pedro de Atacama in northern Chile.

http://www.eso.org/outreach/press-rel/pr-1999/vid-08-99.html
2006/10/18 =N BE - B oK 39




ALMA-T (T here means Taiwan)

http://alma.asiaa.sinica.edu.tw/

invest 16M USD
(5% of

Enhdmed ALMA bmﬁu en NI | contribution)

What are we
doing now?

1) Integration

- center

#2) circuit

3) data archive

2006/10/18 s - 22 - HE - K5 40



S AR

East Asia VLB_I’7 Japa_q_+Korea+Ch|na

'A'sla na

raghand
qtabhragganda]?’

\ZAKHSTAN ;

E:’kha#i

.H:.frtqln .:, F ﬁi

Changflﬁn;: A Vtadlmsmk

.zrw mDUN”‘?wa
"-‘r hndlin Elarm g i

T S R R i
sokial TAELIT ' QG 246 A0V LAl

5

\ VLBI:

R

{_;r e
o
o
Philippine
Sea
Can Taiwan
participate in?
Ishigakijima
s or bujld one
ANDAMAN in South China
L laffna otk 0 Mfim Sea?
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Orion in UV, IR, & visible

s R
R | |
REER

dust

hot (ionized) gas

& stars
RILIVIUIXIG A RIVUXG
Infrared (actually Prs S
- . Betelpeuse ..
everything glows in dark A N
/ e *pellatrix \

/ . . ' ® . . . \
F o B ) . '. ¢ % \
L
, © Mintaka 5 ¢
Alnilame ¢ *
+ Alnitak ® ¢ ,

\. i -/
\ C, . /
N Rigel /
~ KoSar‘pb ;3./
U'X G e I

Figure 3-28
Discovering the Universe, Seventh Edition

© 2006 W.H.F dC
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Paraboloid

(] T surfacel-slyperboloid
Focusing X-ray
X-ray is so energetic that ’ .
it can penetrate a normal surface.  #g4 poi{t
AR

X ray Four nested
: hyperboloids

Doubly
* Reflected

X ray Focal
surface

Four nested Doubly j o
paraboloids Reflected >
X ray

10 meters Field-of-view
-.5 Degree

X-ray from high energy sources:
Supernova remnant, black hole,
cluster of galaxies

C

2006/10/18 %l:ll:ll:l_f B . H;’% * j\(l? Figure 3-34

Discovering the Universe, Seventh Edition
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X-Rays From Tycho's S

7,500 light-years
in the constellation

Cassiopeia ({llIi5 )
T=107 degrees
Image taken

by Chandra X-ray
observatory

upernova Remnant

2006/10/18 s - 22 - HE - K5 45



Multi-wavelength investigation

Remember that some wavelengths cannot be seen on the ground.

A, *IH:E"

¥ N
#
—

visible

uv 2 | — .. | A-Fay
' \ ) it -ray

mm & sub-mm

radio
2006/10/18 =ZiE 2R - HE - KBS
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Light & energy level of atoms

Gives line spectra

2006/10/18 s B - HE o K
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Energy level of H atom

4 Ultraviolet ! Visible i Infrared

n=co 13.6 eV
7
= X X i}
'\ T T ¢ ‘l' ,I, 12.8 eV
n=3-2 T i 12.1eV
4 Paschen
o series
Vi
0
<L
n=2 - YYVY 10.2 eV
Balmer
series
c|§ You don'’t have
Ols worry about
vl s “eV” in this class.
El<
wio
n=1 Y YYYY Groundstate .y

Lyman
series

Figure 4-11
2006/ 1 O/ 1 E Discovering the Universe, Seventh Edition 48
© 2006 W.H.Freeman and Company



Different atoms have different line spectra

e I N N T e S R s iy

A00 nm 450 nm A00 A 550 nm BOO nim BA0 nm FOO nm

Bright Line Spectra

http://heasarc.gsfc.nasa.gov/docs/xmm _Ic/edu/lessons/student-worksheet-spectragraph2.htmi

I

2006/10/18 s B - HE o K
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temperature & color

Figure 4-1
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company

arg 1| PAPI P

temperature

N P A HYBH

Z_‘IE'(II]L BZE/J (m\ El':
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The higher the temperature of a blackbody, the
shorter the wavelength of maximum emission
(the wavelength at which the curve peaks).
Visible light

e

Stars have The higher the temperature
| of a blackbody, the more light
colors! it emits at all wavelengths.

12,000 K

Intensity ——

1 1 e ————
0 500 1000 2000 3000

Wavelength (hm) ——

Figure 4-2
Discovering the Universe, Seventh Edition

© 2006 W.H.Freeman and Compan
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Continuous & Line Spectra

Hot blackbody

Prism Y 7'53:‘3(5%&?&7'5?3)

I

Absorption line spectrum
(atoms in gas cloud absorb
light of certain specific
wavelengths, producing
dark lines in spectrum)

CE St )
Continuous spectrum Emission line spectrum

(blackbody emits light at (atoms in gas cloud re-emit
all wavelengths) absorbed light energy at the

same wavelengths at which
they absorbed it)

Figure 4-10
Discovering the Universe, Seventh Edition
© 2006 W.H. Freeman and Company
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Diffraction Grating (S¢:Hi)

In reality, people don’t use a prism but a grating to get spectra.
Prism is more difficult to make.

2006/10/18 s - 22 - HE - K5 93



radial & proper motions of a star

Can you recall
“Barnard’s Star”

in the “astrometry”
lecture?

Figure 4-15
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company
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Examples:
rotating astronomical disks

Doppler effect (&} NEIRXIE)
1

N ginaries (E£8)
FEW B Y- 2 diSwant galaxies(FHRZHE)

o] o\

This observer This observer

sees blueshift sees redshift
Frequency increases Frequency decreases

Figure 3-6
Discovering the Universe, Seventh Edition
© 2006 W. H.Freeman and Company
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Summary
o AR RO R T

+ WHARHEAAE AL ERGH?
+ A EEHR?

- ATBEEARERRERA?

+ B ERERE OB RMEIF?

+ AHEBERABRXEZREGHERM A MIEHH X ?

* AHBAXZERGRREZASGLLEY

- B EHadaptive optics?

+ AHEAKRTEERERREKT
* FERXEBFEHNRRIIE B TFR?

+ —ETTRAAZRETUR RBA 28 E K Hx-rayH?

+ BAHEBGAZEFRRFIZMTRETF RS TF?

+ BAREFAEATAR?

- BEFBRER MB?

* AR P ERE?

s BAlG—RBEESHEARKREY T L BH?
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