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Olaus Rgmer in 1676 presented the first argument that light
does not travel instantaneously.

When Earth is near Jupiter, we
observe eclipses of Jupiter's
moons earlier than expected.

Jupiter

Jupiter

When Earth is far from Jupiter,
we observe eclipses of Jupiter’s
moons later than expected.
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Wavelength

102 cm’™” 10* cm’™
33 THz
1.2 eV 1.2 keV 1.2 MeV

Radio wave Microwave infra-red | Ultra-violet X-ray - ray
Medium Short Far IR Near IR |[: VUV XUV

Atomic Atomic transistions

and Molecular rotation lonic transitions

molecular Molecular vibration-rotation Inner shell transitions
phenomena Mol. electron transitions

Transparent
materials

LiF, MgF,, CaF,

“Spectrophysics” by Thorne et al.

Fig. 1.1. The electromagnetic spectrum.
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Light from a distant object

Objective lens

: Focal length
Focal plane < of eyepiece
I

of objective

i | Eyepiece lens
Objective forms an | magnifies the image
image in the focal plane ! for easier viewing
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Focal length of objective Observer’s eye



T
‘)i:;n
?}ii%

bj

%)Z

i%c

ZE%[

\;O

PE€;

o)

éijzlesc

t

f

\

g

r

1}‘?




Mount allows telescope Motor drive rotates telescope
Objective lens to be pointed to any to follow the motion ut Tl'h

‘ {(1nside tube) part of the sky =stial 'phr re
Light . '

rays
enter
here

Floor can be raised or lowered to = Astronomer E veplece
keep the eyepiece within reach




Refleted
light ray

Perpendicular
to mirror
surface

Incident
light ray
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A reflecting telescope; a reflector



Incoming parallel rays from a distant object
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L HE y ' (a) The problem: Different focal points for different light rays
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The Central Region of the Active Galaxy NGC 1068

Hubble Space Telescope
Faint Object Camera

Pre-COSTAR With COSTAR

1994 NASA press release
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Using a lens or a mirror to collect light
or to form an image

e 10 collect light (actually EM waves)
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a) A large objective mirror



Keck
Telescopes




United Kingdom \
Infrared Telescope \

University of Hawaii
2.2-meter Telescope



e [0 form an image (interference from different
parts on the aperture)
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s/ N A E (4HE7) 6 =1.22 A/D radian
TiZZGW ' G g3 PE | (diffraction limit)
X & Dawnes’ limit

#31% 7) (resolving power) o« D

(What does resolving power mean anyway?)
0" =AD=A(um)/4D(m)
e.g., A =500nm =0.5um, 6 =1/8D (m)
.D=1m,06=0.125"




A single Gaussian

Without noise, one can have
an infinite resolving power!

Two well separated, Two nearby A double-star image

noisy (aussians Gaussians .
Grayscaling is an art!



Diffraction Limit 6 oc A/D

D [m] ©[“] ~1/ 8D
10 0.01
4 0.03
2 0.06
1 0.12
0.2 0.62
0.1 1.2
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Comet C/2013 Al (Siding Spring) passed Mars, 19 October 2014



Seeing a comet from the surface of Mars



A NASA Hubble Space Telescope composite image shows the positions of comet Siding
Spring and Mars as the comet streaked by the red planet, at 2:28 p.m. EDT on Oct. 19, 2014.






Jupiter

Earth

APOD: AR 2192: Giant on the Sun (2014 Oct 24)
Image Credit & Copyright: Randall Shivak
and Alan Friedman (Averted Imagination)
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Sun in white light (type Il filter) 10 Earth
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In a good site, seeing ~0.5"



Observing in Space
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Hubble Space Telescope (HST) D=2.4 m,

Subaru Telescope D=8 m;
Keck I and I, D=10 m
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Radio window

Atmosphere Atmosphere Atmosphere
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FHubble Space Telescope




Spitzer Space Telescope




James Webb Space Telescope (JWST)
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Charge-coupled device
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a) Two representations of an absorption line spectrum
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(b) Two representations of an emission line spectrum
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http://www.noao.edu/kpno/kpcam/index.shtml

Al A T4 (interferometry) 3 & A 47 /)
15| 4u & % ¥ 3% 45 [ %] Very Large Array (VLA)

27 X 25 m antennas
in New Mexico, USA

Sensitivityasa 130 m | ,»‘;;
dish

Resolution as 36 km
across




Atacama Large Millimeter/submillimeter Array
(ALMA) BEX W EKEX B L APEMHT -
REFSTAREE (50x12m+ 12 x 7 m)
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Very Large Telescope (VLT)
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XMM-Newton X-ray Telescope

Compton Gamma-ray Telescope



