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GET TO THE ROOT OF IT %

Galileo’s refracting telescope (1609)

Galileo’s refractor used two
lenses to concentrate the light
from celestial objects, delivering
mare light to the human eye than
it can gather on its own. The
light was refracted through a
spherical lens, forming an image.

Parallel light
rays from star

The spherical shape of Galileo's
primary lens made the images
blurry. The lens also split light Eyepiece
into colors, creating a fringe of i lens
color around bright objects. Primary lens
This convex spherical lens ... and this concave eyepiece
(called the primary lens) lens made the concentrated
collected and concentrated light rays parallel again.
the light ...

ool it Sl




GET TO THE ROOT OF IT %

Kepler’s design for an improved refractor (1611)

Any spherical lens brings light
rays to many focal points,
resulting in blurry images. Kepler

Convex
eyepiece
lens

envisioned a less curved spherical
primary lens with a longer focal
length than Galileo had used.
The less curved lens would make
light rays travel farther before ?
they crossed, bringing the focal 's Galileo’ Because the focal points would be
points closer together. This would :u Ir'.:‘sefd Kepler's g closer together, the image would
reduce, but not eliminate, image primary become clearer.

Lo L2 lens Kepler never actually made this
The convex eyepiece lens would ;?Lﬁﬁ:ﬁ:::mﬁfﬂrtur& mfrm.

give the telest?npe the ﬂddit.iﬂl'liil like those of Huygens and Hevelius.
benefit of a wider field of view.

Parallel light
rays from star
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GET TO THE ROOT OF IT'%

Reducing spherical aberration in lenses

Parallel light rays that pass through the center of a To get a clear image, all light rays need to focus at

spherical lens focus farther away than light rays that the same point, which is impossible with a spherical
pass through the edges of the lens. The result is many lens alone. Astronomers couldn’t grind non-spherical

different focal points, which cause a blurry image. lenses, but they could make lenses that had less of
a curve.
Spherical primary lens
Focal points
=
2
o
£
£
=)
v
=

Use the slider to

change the curve
of the lens

J171s1 3BMEHIIICHHS BIUIMBY C)eprYHOI adepallii TeIEeCKOIH
pedpakTopu MaroTh OYTH JOCTATHHO JOBTHUMHU.

O https://history.amazingspace.org/resources/explorations/groun

Airin/lacenn/hacirce/
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The achromatic refractor 36-A10iMMOBLIN pedpakTop

Jlukckon ob6cepBaTopumn
The Great Refractors took (ropa NlamunbToH, Kanucgopuun, 1888 r.)
Kepler's basic telescope design ' . ‘
and used a lens doublet as the
primary lens, resulting in the
achromatic refractor.

A lens doublet consists of a pair
of lenses of two different shapes
and two different kinds of glass.
Used together, the two different
shapes and types of glass bring
the light rays to a single focal Primary lens is a

point, eliminating both spherical lens doublet
aberration and chromatic

aberration.

Parallel light
rays from star

Eyepiece
lens
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(GET TO THE ROOT OF ITY
The lens doublet corrects chromatic aberration

Pairs of lenses, or
doublets, allow different
shapes and different
kinds of glass — in this
case, crown glass and
flint glass — to work
together to bend light so
its colors meet at only
one point. Each lens
cancels the other’s light-
bending effects to just
the right degree.

Use the buttons to see how ﬂ
the two lenses interact, lens

Without anything to
change its direction, light
travels in a straight line,

Incoming light

Only blue and red light
are shown, for simplicity.

OauHouHan nuHza

—_

Xpomatuzm

Axpomar




GET TO THE ROOT OF IT%

The lens doublet corrects spherical aberration

Pairs of lenses, or
doublets, allow different
shapes and different
kinds of glass — in this
case crown glass and
flint glass — to work
together to bend light
rays so that they meet at
only one point. Each lens
cancels the other’s light-
bending effects to just
the right degree.

Use the buttons to see how Add Add
the two lenses interact. lens lens

Without anything to
change its direction, light
travels in a straight line.

10
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Gregorian reflecting telescope (1663)

Long before the technology
existed to make it, James
Gregory envisioned a telescope
with a parabolic primary mirror.

The telescope’s images would
have been free of both chromatic
and spherical aberration. By
using a mirror, rather than a lens,
Gregory eliminated chromatic
aberration. The mirror's shape
was parabolic, not spherical,
eliminating spherical aberration.

Eyepiece
lens

Parallel light
rays from star

HbOTOH

peropwu

KaccerpeH
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GET TO THE ROOT OF IT %

Newton’s reflecting telescope (1668)

Newton used a metal primary
mirror to capture light and a
secondary mirror to direct the 1

light out the side of the Eyepiece lens < > Focal
telescope. point

Spherical
primary mirror

Newton avoided the problem of made of metal

chromatic aberration by using a {
mirror instead of a lens, but he ¢
could not clear up the blurry Secondary
images caused by the spherical mirror
shape of the mirror. This
problem, called spherical
aberration, occurs in both
spherical mirrors and lenses.

JiaroHanbHe
A3epKano

HopekTop

[onoBHe

¢‘0HVCEP A3epKano

Okynsap

Koma Ha Kparo nons sapeHus Omcymceue Kombl




GET TO THE ROOT OF IT'%

Correcting spherical aberration in mirrors Primary mirror

Parallel light rays that <

bounce off the central region h

of a spherical mirror focus Focal points

farther away than light rays ' N} . £

that bounce off the edges. Use the - l / l o

The result is many focal slider to I =

points, which cause a blurry change the 4 s =
* image. To get a clear image, curve of ; \ g

all rays need to focus at the the mirror m &

same point. =

Astronomers solved the \

problem by changing the |
shape of the mirror from I
a sphere to a parabola.

A parabolic mirror directs
the light rays to a single
focal point. This produces
a sharp and clear image.

!
§A
i
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GET TO THE ROOT OF IT%

Multi-mirror telescopes

In the 1970s, several research institutions designed telescopes with multiple mirrors.

The Multiple Mirror Telescope (MMT) in Arizona Keck | telescope in Hawaii
One group built a telescope using six individual Another group of astronomers,
mirrors held by a single mounting. The six mirrors at the Keck Observatory, pieced
created separate images that astronomers lined together 36 individual mirror
up by using joystick-like controls. Later, segments into one gigantic
computers were used to align the images. mirror for the Keck | telescope.
One mirror Keck |

{ e ~ segment mirror
N N ) T

() ()

original
{/’—'\‘ mirrors .f/
/, Keck | telescope plus Keck Il telescope
/ TN I\“ Eventually, scientists combined strategies 1 and 2. For

example, Keck | now has a twin sister, Keck Il. The
I'\__ Courtesy Dane Penland telescopes’ two separate mirrors can be used together

, to produce a single image.
Above, the six separate P g §

mirrors of the original
MMT are visible.

The Keck domes:
Cutaway view

KocMmiunmii Teneckorn />xetimca Beba

Keck Il

Courtesy HASASJPL-Caltech

Ontuunuii inTephepomerp Kek



CoHgYHMHT TeJIeCKOIl

GET TO THE ROOT OF IT%

The design of the Snow solar telescope

Because the Sun is so close and bright, solar telescopes do not need huge mirrors to
collect light. Instead, a solar telescope needs a very long focal length in order to
produce a finely detailed image. At the focal point, instruments study only a few

wavelengths of the Sun’s light at a time. The Snow Telescope is unigue for a solar
telescope in that it was laid out horizentally and it does not have a tube.

Primary mirror
is parabolic in shape.
It focuses the light.

(

@ Spectroheliograph Q
makes portraits of the Sun
using cnly a narrow range of
wavelengths. The pictures
help astronomers study the Focal

Sun’'s composition and point
structure.

Sun

Another mirror
reflects the rays
from the tracking
mirror to the
primary mirror

B

0 Coelostat
is a tracking mirror that
collects the Sun’s light. The
mirror rotates from east to
west to follow the Sun.

The McMath-Pierce Solar Telescope,
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Focal Length incm

Magnification= ———=————
Eyepiece Diameter in cm

116

resolution = ——

D

D = diameter of telescope in mm

v fér

w=width of image
f = focal length
& = apparent diameter (i.e. Moon=10.57)

m=2.7+5logD

D = objective lens diameter

18



TELESCOPIUS

ASTRONOMY PLANNING MADE EASY

- -
First time here? Quick 1-min Tour
OBSERVATORY PARAMETERS

Ternopil
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< Triangulum Galaxy - M 33 - Galaxy - Constellation: Triangulum

wm Telescope Focal Length 650mm  «» Camera Sensor Width 36mm

Q Barlow/Reducer 2x  § Camera Sensor Height 24mm
) Position Angle: 0° East
® equivaient to 180° -180° -360°

8% Mosaic Size 1 bd -

@ showPanes Coordinates

M Panes Overlap @) s 10%

RA 1hr 33' 52", DEC 30° 39" 29"

Q Go to object, e.g. M42

Size

Magnitude

Right Ascension
Declination
Surface Brightness
Redshift

Sub-class

Distance

1.1°x 416

57
01h33'52
30°39'29" &
230

-0.0006

Spiral -

2.9 M light years

@ couds:regular == seeing: excellent © External Research Links

’ 7-day hourly forecast
Find out more about Triangulum Galaxy - M
33

¥ Can you help maintain this free
site making a small donation?

O https://telescopius.com/

FoV: L6 x 1.1°

@@ show reticie

@ This tool was designed to check framing, not visual magnitude. Objects will look dimmer on your eyepiece and binoculars.
Views very near the celestial poles may result in inaccurste framing.

Google

Google images

SIMBAD Asironomical Database

Sky View

Fourmilab Virtual Telescope




IIpocBiT/IEHA OLITHKA

Imest 3MeHIIEHHS IHTEHCHUBHOCTI BI1IOHTOrO CBITIA
BiJi TMOBEPXHI  ONTHYHUX  JETajed  IOoNsrae B
iHTep(EepeHIIMHOMY TaciHHI ~ XBWJ, BIOOMTOI  BIJ
30BHIIIHBOI IMOBEPXH1 JeTail |, XBWICHO BIAOUTOIO Bif
BHYTpIIHbOI 2. Jlis 1poro amimnTyod 000X XBHIIb

NOBUHHI OyTH piBHI, a (a3u Biapi3HATUCA Ha 180°. VY
IbOMY BHIAJIKy 3a0€3I€4y€e€ThCsl TaCIHHS B1JIOMTOI XBUJIL.
X HeoOx11Ha CIIBBIAHOIIEHHS MUK (pa3aMu  BIJIOUTHX
k\\ XBWIb 3a0€3MeuyeTbCss BUOOPOM TOBIIMHMU IUIIBKH O,
>‘ KpaTHIi HEMapHOMY YHCIY YBEpPTEH JOBXKHHU XBHIII, SIKA
IPOXOIHTE Yepe3 pO3MISIHYTY AeTanb: & = (2m + 1)A/4.

A

/\

A

/] [/\
1171
/][] ]\
1171717A

n

O http://tntu.org.ua/conference/tezy/2015-02-23.pdf#page=123



IIpocBiT/IEHA OLITHKA

[Ipyn HanexxHOMY TMII00pPI PEYOBHHU 1 TOBIIMHHU
IUTIBKK JUIS TIEBHOTO KyTa MaJlHHSA 1 MEBHOI JOBXHHHU
I = XBHJI1 CBITJIA BIAOWTI CBITJIOBI XBHJI MOXYTh ITOBHICTIO

= moracuTu ojaHa ofHy. OCKUIbKKM HaWOUIbIA YyTJIUBICTH

JTIOJICBKOTO  OKa  BIANOBIJAA€ I[EHTPAIbHIM  YaCTHHI

BUAMMO]1 JUISTHKH CIIEKTPaA 3 A = 535 HM, TOBIIIMHY ILIIBKH

31e01IbIIOr0 OepyTh piBHOIO 1/4 BKazaHOI JOBXKUHHU

ABuie iHTepdepenii xsum. Jocnin FOHra xBuil. [Ipu npbomy BIAOUTTS Oyae MajauMm Jisl 3€JIEHOTO 1
HAWOUIBIIAM I  CHUHBO-(PIOJIETOBOTO Ta YEPBOHOIO
cBiTiIa (y BIIOMTOMY CBITJII MOBEPXHS ONTHYHOI JETall

H30TCPMHHUECKOEC C/KATHE

MaTUME MypITyPOBUM BIATIHOK).

s LR CMaKy.Ha IIPOIIOHYBaB HAHCCCHHA Ha OIITHKY IIapy

I i i~ I — Mg, F ToBmmHoO0 B 0,25 10BXKHWHM CBITIIOBOI XBUII.

~
-

/ \
BaHHA MOHOCJIOH

Cxema orpumaHHs 111BOK JIenrMropa-biomxer

O http://tntu.org.ua/conference/tezy/2015-02-23.pdf#page=123
O http://www.diagram.com.ua/info/engineering-and-technology/engineering-and-



AKTHUBHA Ta agallTUBHA OIITHUKA

GET TO THE ROOT OF IT™%

Why stars twinkle: Atmospheric distortion of light

Observing stars through the atmosphere

Look up at the night sky, and you’ll see that the stars This problem is called atmospheric distortion.
seem to be twinkling. Earth’s atmosphere causes this Astronomers avoid it as best they can by building
effect by bending the light in random directions. When ground-based observatories on mountaintops,

a telescope on the ground looks up at the night sky where the atmosphere is thin.

through the atmosphere, it gets a blurry image.

Light hitting the Resulting
ground-based image
telescope mirror

Light in the atmosphere
Parallel light

rays from star
Air pockets
acting like
lenses
0
SCA
ATMOSE . Ground-based telescope - -

4 The uneven heating and cooling 2 The light rays bent by 3 The result
of the atmosphere creates the atmosphere hit the is a blurry,
moving bundles, or pockets, of mirror at different shifting
air. These air pockets act like angles. The reflected image of
little lenses. The parallel light rays cross at many the star.
rays hit the bundles and bend shifting points, instead

in unpredictable ways. of at one focal point.




AKTHUBHA Ta anallTHUBHA OIITHUKA (22 )

Light From

'I:elescope
7
AdanmueHasi onmuka 7\@
Mirror ¥ / Wavefront
-/
: 7\ B litt
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Corrected
///W vefront

the last cycle '
( R Mnrxoro ;
‘:. " : High-resolution
'.E;E 3¢Pma :C Wavefront Camera
- -«
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7, L

Uncorrected Corrected

Cucrema
aKTUBHOM
ONTUKK

AKmueHasi onmuka

TToanepxaHue gopmer
rNasHoOro sepkana

Wavefront
sensor

U https://openedu.ru/course/msu/BASTRO/
O https://lwww.ucolick.org/~max/History AO_Max.htm




AKTHUBHA Ta aJaITUBHA OIITUKA

Multi-Object AC Multi-Object AO
Wavefront sensor in open loop

Reference
* )" *
Stars

-------------------
.
. o™

High
Altitude
Layer

Ground
Layer

Telescope

MnaxeTta YpaH

+
8
0
.
rC
.
.
o

.
0
.
.
b0
----
. )
---------------

Narrow field

meds DN P 1°Y" | | * Reference Star () WFS (+DM)
WFS ‘ ' Science target IFU+DM [o BknioYeHun Mocne BknOYeHUA

== WFS-DM control loop

Cucrema afanTUBHOM ONTUKK

HazeMHbin
Kocmuyeckun Teneckon
Teneckon “Kek” (10 m)

O https://www.eso.org/sci/facilities/eelt/owl/Blue_Book/8 A . . “Xa66n"
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KigpKa cJI1B Ipo MOHTYBAHHS

O http://terastro.te.ua/white-swan/



OcHoBu acTpodoTorpadii 06'eKTiB
rmnbokoro Kocmocy (deep sky object)




LLlo Take acTpodoTorpadisa, Ta aKi Niapo3ainm 8 cebe BKAOYAE?

* ActpodoTorpadia — ue cneuianizoBaHa ranysb dotorpadii,




TexHika ana actpodoTtorpadii Deep sky object

 ®otorpadyBaHHa Deep sky object moxknmBe gekinbKoma cnocobamu:



MaHiMmanbHUIM Ta AOCTATHIN HAbip TEXHIKM ANnA OTPUMAHHSA NPOCTOi acTpodoTorpadii




OTpuMaHHA BUCOKOTO piBHA poTorpadin ob6’exTiB
rMMboKoro Kocmocy.

* Teneckon 3 rigyBaHHAM, acTpokamepa (MoxnumBa m

J
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