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Telescopes!

* Itis agreat time to be an
astrophysicist right now!

 Lots of new observatories
operational or coming up
soon

Very Large Telescope
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So many pretty pictures!

Perseus Cluster (Euclid) Crab Nebula (JWST)
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The Oversimplif

New Telescope

led Story

Pretty Pictures

SPACI

A Space Bxploration  The Universe ecraft

TRENDING  SpaceXStarshiplaunch  Solareclipse2024  NextFulloon

Arare nova ignites a 'new star' in the sky
this year. Here's how to see it

Anova outburst visble o the naked eye s ex
this year, offering a rare skywatching

ealls,also known as
hf “The outburst s expected
ang September 2024 and appear as bright as the

ar

Videos  TheMoon  More v

BestTelescopes  Best Binoct

1. Colliding neutron stars hint at

new physics that could explain
dark mater

2 Speck oflight glimpsed by
Hubble s trly an enormous
old galaxy, James Webb Space
Toloscope reveals.

NASA's James Webb Space
3
Telescope mission — Live
updates

2] Watch SpaceX's Starship
reenter Earth's atmosphere in
this flery video

5 Scientists may have just caught
7 exoic ‘ghost particles’as.
they pierced through Earth

Discovery

@ CHICAGO Arthur H. Compton Lecture Series



The Oversimplif

New Telescope

led Story

Pretty Pictures

SPACI

A Space Bxploration  The Universe ecraft

TRENDING  SpaceXStarshiplaunch  Solareclipse2024  NextFulloon

Arare nova ignites a 'new star' in the sky
this year. Here's how to see it

Anova outburst visble o the naked eye s ex
this year, offering a rare skywatching

ealls,also known as
hf “The outburst s expected
ang September 2024 and appear as bright as the

ar

Videos  TheMoon  More v

BestTelescopes  Best Binoct

1. Colliding neutron stars hint at

new physics that could explain
dark mater

2 Speck oflight glimpsed by
Hubble s trly an enormous
old galaxy, James Webb Space
Toloscope reveals.

NASA's James Webb Space
3
Telescope mission — Live
updates

2] Watch SpaceX's Starship
reenter Earth's atmosphere in
this flery video

5 Scientists may have just caught
7 exoic ‘ghost particles’as.
they pierced through Earth

Discovery

@ CHICAGO Arthur H. Compton Lecture Series



Not just about pretty pictures
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More than just telescopes

IceCube
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What is this series going to be about?

“How do we find out about things in space?”

Introduction & Telescopes
Spectroscopy

Distances

Microwave & Radio Astronomy

BoOb=

Cosmic Rays
Gamma Rays
Neutrino Astronomy
Gravitational Waves

©ONO O
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Galileo Galilei

museo
galileo




Galileo Galilei
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Galileo Galilei
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Tycho Brahe & Johannes Kepler




Tycho Brahe & Johannes Kepler

Tycho Brahe
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Tycho Brahe & Johannes Kepler

Johannes Kepler




Kepler’s Laws of Motion

1. Orbits are ellipses, with the sun
at one focus.

2. The line between sun and planet
always sweeps the same area
per time.

3. The square of the orbital period
is proportional to the cube of
the distance.
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Isaac Newton

e Newton’s Laws of Motion:

* An object moves in a straight line,
at constant speed, unless a force
acts on it.

- F=mT"a

» For every force, there is an equal,
but opposite, reaction force.

* Newton’s theory of Gravity:

F=G*m,*m,/d

THE
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Isaac Newton

e Newton’s Laws of Motion:

* An object moves in a straight line,
at constant speed, unless a force
acts on it.

- F=mT"a

» For every force, there is an equal,
but opposite, reaction force.

* Newton’s theory of Gravity:

F=G*m,*m,/d

The planets are following the same
laws as things on earth!

THE
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Telescopes
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What is Light exactly?




What is Light exactly?
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Electric Fields
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Electromagnetic Waves
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Electromagnetic Waves
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Electromagnetic Waves

<— Increasing frequency (v)
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Interference
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http://www.youtube.com/watch?v=Sug0iBjTmtc
http://www.youtube.com/watch?v=Sug0iBjTmtc

Wave optics
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Refraction




Refraction




Ray optics and lenses




Ray optics and lenses




Ray optics and lenses




Chromatic Aberration
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Reflector Telescopes

Focus

| Secondary Mirror Primary Mirror
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What Wavelengths do you want to see?

<— Increasing frequency (v)
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' Visible spectrum '
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What Wavelengths do you want to see?

In 5 Weeks Today + 2 weeks  In 3 Weeks

<— Increasing frequency (v)
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What Wavelengths do you want to see?

Crab Nebula: Remnant of an Exploded Star (Supernova)

Radio wave (VLA) Infrared radiation (Spitzer) Visible light (Hubble)

Pixel Size

— -—

Ultraviolet radiation (Astro-1) Low-energy X-ray (Chandra) High—energy X-ray (HEFT) WI | | lam Parso ns

*** 156 min exposure ***
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Atmospheric Absorption

Visible light Y atihe Long-wavelength
isible li ; =
; observagle infrared spectrum Radio waves observable  radio waves
Gamma rays, X-rays and ultraviolet absorbed by from Earth: blocked
light blocked by the upper atmosphere fr9m Earth, atmospheric aeked.
(best observed from space). with some ;o565 (best
atmospheric  Jpcorved
distortion. from space).
100 %
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What about space telescopes?




Telescope Sizes

Yerkes Observatory
refractor (40" Iens
at the same scale
Williams Bay, Wlsconsm
{ UsA (1893
° @ Large Sky Area
Mum -Object Fiber

Great Paris Exhibition i
Spectroscopic . s
(49" lens at the same scale) LAMOS" Canarias
Paris, France (1900) ( b h‘ﬂ La Palma, Mauna Kea, Hawaii,
Hetel, Chingt Canary Islands,
(2009) ry 3 USA (1993, 1996)
Spain (2007)
Hooker Telescope (100") S8
Wilson, eesesesesal
Callfomla USA (1917) fﬁg}g&gﬁgﬁ
. Gemini North Subaru
Q ’_'\'Aauna 5%1 Jelesczpe Thirty Meter Telescope
: lawai launa Kea, Mauna Kea, Hawaii, USA
Hale .releswpe !200 )  Hobby-Eberly  Southern African (1099) Hawail, USA (planned)
Mt Palomar, California, Telescope Large Telescope (1999)
USA (1948) Davis Mountains, Sutherland,
Texas, USA South Africa.
(1996) (2005)

Gemini South
Cerro Pachén,

(1979-1998)  (1999-) Chile (2000)
Multiple Mirror Telescope
Mount Hopkins, Arizona, USA -
Large Binocular
Telescoﬁe
Mount Graham,
Arizona, USA (2005) <
Vera C. Rubin
BTA- 5 La,ge Observatory
(Larg Cerro Pachén, Chile
Altazlmulh Telescope (planned 2025)
Telescope) British
Zelenchuksky, Columbia,
Russia Canada
(1975) (2003)
- Y

Extremely Large Telescope
Cerro Armazones, Chile
(planned 2028)

epler
(Eanh)_sun Lz"a“‘ﬁl‘?ﬁl’ﬂg Very Large Telescope
(2009) Cerro Paranal, Chile
(1998, 1999, 2000, 2000)

\
Human 0 5 10 m
Hubhle Space at the 0 10 20 %0 ft
James Webb Telescope Magellan Telescopes same scale
SpaceTelescope __Low Barth i JIR9F 20 PR2CORiS Giant Magellan Telescope
Earth-Sun Lzpoint orblt (2000 200'2)
(2022) (1990) . (planned 20305)
I | e
anCe
cibo ( Dbservatory 305 m radio telescope at the same J scale
— FAST (Five-hundred-meter Aperture Spherical [radio] Telescope)
I S| at the same scale
Basketball court at the same scale

Tennis court at the same scale
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Telescope Sizes
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lann
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Hale Telescope f200)
Mt Palomar, California, Telescope Large Telescope (1999)
USA (1948) Davis Mountains, Sutherland,
Texas, USA South Africa.
(1996) (2005)

Gemini South
Cerro Pachén,
Chile (2000)

(1979-1998)  (1999-)
Multiple Mirror Telescope
Mount Hopkins, Arizona, USA

Large Binocular ({5 SEOSOOOSS GO
Telescope
Mount Graham,
Arizona, USA (2005)

Space

telescopes T

P

Russia
(1358

James Webb
pace Telescope

Vera C. Rubin
BTA-6 Large Observatory
(Large enith Cerro Pachon, Chile
Altazimuth Telescope (planned 2025)
Telescope) British
Zelenchuksky, Columbia,

anada
°

solar ort

Gai Kepler
(Eanh)—sun Lopéiatth-trailing

Hubble Space
Telescope
Low Earth

Earth -Sun szumt(orbn

Tennis court at the same scale
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(2009)

Very Large Telescope
Cerro Paranal, Chile
{998, 1999, 2000, 2000)

Magellan Telescopes
Las Campanas, Chile
(2000, 2002)

Giant Magellan Telescope
(planned 20305)
Ned)
anCe
rwhe'""ﬂyly Large TelescoP® (C

FAST (Five-hundred-meter Aperture Spherical [radio] Telescope)
at the same scale
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A ;
recibo Dbservatory 305 m radio telescope at the same J scale

Extremely Large Telescope
Cerro Armazones, Chile

(planned 2028)
\
Human o s _dom
a‘lheaj 0 10 20 3 ft
same scale

Basketball court at the same scale



Plane waves from distant point source

Tarbulent layer
in atmosphere

Perturbed
wavefronts

Compton Lecture Series



Adaptive Optics

@& THE UNIVERSITY OF

® CHICAGO  Arthur H. Compton Lecture Series



Adaptive Optics

Light from

telescope
Deformable

IITOF Distorted
1

Command wavefront
system >
>
[
>
-
-

Corrected
wavefront

Camera

Wavefront

|
|
|
|
I
I
|
|
|
I
|
|
|
I
I
I
|
|
! analyser

High
resolution
image
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Adaptive Optics

VLT+MUSE Wide Field Mode VLT+MUSE Narrow Field Mode
without Adaptive Optics with Adaptive Optics
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Instruments: VLT Unit Telescope 4

« High Acuity Wide-field K-band Imager
 Near infrared
 Wide field of view
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Instruments: VLT Unit Telescope 4

« High Acuity Wide-field K-band Imager
* Near infrared
» Wide field of view
« Multi Unit Spectral Explorer
» Visible to near infrared
» Integral field spectroscopy

%
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Instruments: VLT Unit Telescope 4

« High Acuity Wide-field K-band Imager
* Near infrared
» Wide field of view
« Multi Unit Spectral Explorer
» Visible to near infrared
» Integral field spectroscopy
 Enhanced Resolution Imager and
Spectrograph
* Near infrared
» Integral field spectroscopy
* Imaging
« Coronagraph

EE THE
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Charge Coupled Devices

s

® CHICAGO! Arthur H. Compton Lecture Series



Diffraction
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Diffraction




Airy Disk

VAN

Airy disc

T
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Airy Disk

. - 4

Airy disc Airy disc




Rayleigh Criterion

 Resolution limit from diffraction:

0=122A/D

Unresolved
Resolved Rayleigh

Criterion
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Rayleigh Criterion

@

Resolution limit from diffraction:

0=122A/D
Angular size of object:

0=r/d

THE
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Resolved

Rayleigh
Criterion

Unresolved




Rayleigh Criterion

» Resolution limit from diffraction:
0=122A/D
* Angular size of object:
0=r/d
« Example: Nearby star with VLT
* 8m mirror diameter

~ 1pym wavelength

» 10 lightyear distance

@
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Rayleigh Criterion

 Resolution limit from diffraction:
0=122A/D
* Angular size of object:

0=r/d

Required size: 1.4*10'°m

« Example: Nearby star with VLT
* 8m mirror diameter
~ 1pym wavelength

» 10 lightyear distance

@
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Rayleigh Criterion

 Resolution limit from diffraction:
0=122A/D
* Angular size of object:

0=r/d

Required size: 1.4*10'°m

I . * 9
« Example: Nearby star with VLT Sun diameter: 1.4*10°m

e  8m mirror diameter
~ 1pym wavelength

» 10 lightyear distance
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Rayleigh Criterion

 Resolution limit from diffraction:
0=122A/D
* Angular size of object:

0=r/d

Required size: 1.4*10"°m

I . * 9
« Example: Nearby star with VLT Sun diameter: 1.4*10°m

«  8m mirror diameter Distance earth-sun: 1.5*10"'m

~ 1pym wavelength

» 10 lightyear distance
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See you next week!
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