Refraktory

Coékové teleskopy

Palatka SLO/PA 2021



Prvni Refraktory

1609 - Galileo

plankonvexni + plankonkavni  ¢oc¢ka

Fig. 3.41 Galilean telescope (fashioned after the first telescope).

1611 - Kepler

nahrada rozptylky spojnym  €lenem

1630 ...

rozSireni na ukor Galileovy konstrukce

1670 - délka & 45 m

Obijektiv

jednoducha ¢ocka

Johannés Hevelius
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Prvni Refraktory
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Objektivy refraktor

Limitujici aberace — barevna vada polohy
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Objektiv

jednoducha ¢ocka

Druha polovina
18. stoleti

Obijektiv

achromaticky
dublet



Optické materialy

Indexy lomu

disperze
N(A)

_ Crown glass L
\ ) optické sklo
(,korunove®)
« plexisklo

Fused quartz

1.50|

1.48

1.46| 3 kifemenneé sklo

200 300 400 500 600 700
A, nm

zavislost hodnoty indexu lomu na vinové délce
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Optické materialy

,mira“ disperze - Abbeovd@islo

disperze | | | |
N Rtzné materialy majiiiznou disperzi
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Fod C Mala disperze = velké Abbeovdaislo
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Optické materialy

diagram - ,mapa"“ optickych skel

2 2.004 = /)
t | ,korunova“skla:
1.80- n> 16, V > 50
“flintova “ skla:
1.70- n< 16, V < 50
nd 1.604
PSK
1.504 | PK
1.45.+ a
90 < Vd = nd -1 20
Ne —N¢
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Korekce barevné vady polohy
barevna vada polohy tenkéocky O>

f . .
c > cervena

! — modra

of K = 1/8f

Ky = (n g —:I.)(C1 - Cz) Lamavost ( pro sedniA)

oK =K -K ¢ =(ng-1)(c,—-¢,)—(nc—1)(c,— ¢,
oK =(ng—n¢)(c,— C,)
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n,—1 Korekce barevné vady polohy

B N. — N,
cervena
modra
_ _ _ 1 1/V K
oK =(ng—n¢)(c,—C,) ) A . e
( \ r N
n,—1 n-— N, ,
3K =(n.—n.)(c,—¢c,) —4— |=| —F (- 1)(G- 6.
n,—1 n,—1
Zména lamavosti (ohniskovée deélky) K ; f ;
tenkécocky v rozsahu barev F- C oK =—%; =
(, ervena - modra") : V V
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Korekce barevné vady polohy

?26f=07? dvé ¢ocky v kontaktu D

cervena

V1 Vz achromaticky dublet
K, — _ K, podminka V. = n,—1
-1’ d =
\'A V, ,<achromacie n. — N,

Kombinace spojky +K a rozptylky -K vyrobenych ze
dvou materiad s riiznou disperzi - Abbeovyifisiem
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Korekce barevné vady polohy

dve ¢ocky v kontaktu

Kombinace spojky +K a rozptylky -K vyrobenych ze K1 3
dvou materiddi s niznou disperzi - Abbeovyidislem V -
1
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Casto pouzivana skla pro
achromaticky dublet v
katalozich:

BK7 - F2;
BK7 - SF2;
SK11 - SF5
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Achromaticky dublet — sekundarni spektrum

sekundarni*
barevna vada

plohy

Snaha aby o&fy;-=0
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Achromaticky dublet — sekundarni spektrum

velikost
sekundarniho
spektra zavisi
na tzv.
relativni
caste’né
disperzi skel

viditelna oblast spektra :

[ P = nd_nC
dc B
n. — N
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Achromaticky dublet — sekundarni spektrum

velikost sekundarniho spektra zavisi na teslativni ¢aste’né disperzi

Pro eliminaci sekundarniho barevné vady je nutné pdube skla, ktera
maji rozdilnou velikost Abbeovéisla (podninka achromacie), ale se
,stejnou” relativni ¢aste®nou disperzi (viditelna oblast spekitra).

P = Ny — Ny P = N,y = N,e
1dC ~ _ 2dC _
an nlC nZF nZC
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Achromaticky dublet — sekundarni spektrum

Pro eliminaci sekundarniho barevné vady je nutné pdud skla, ktera
maji rozdilnou velikost Abbeovéisla (podninka achromacie) ale se
,Stejnou” relativni ¢astatnou disperzi(viditelna oblast spektra).

Ny — N

Pac =

N =N

Podminka korekce sekundarni barevné vady

K K

1 2 _
N7 PldC T PZdC_ G

Vi \Z

Lze odvodit:

Nn,,—n
P —_l2d 2C
e N,r = Ny
f (PldC_ 2dC) cl:
©Ov,-V,) WV
6fdc :6KdC:APdC:O
f K AV
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Diagram — definice relativni ¢astetne disperze

index Relativni ¢aste’na disperze

Standard Wavelengths and Their Sources

Line Wavelength (nm) Element Color Ve Ve .
lﬂmu h 404.66 He violet ( Obecny Zap|S)

g 435.83 Hg violet

F” 479.99 Cd blue

F 486.13 H blue

e 546.07 Hg green —

d 587.56 He yellow n n

C’ 643.85 Cd red — X y

\ C 656.27 H red —
\ r 706.52 He deep red Xy
n.— N,

Relativni ¢aste’na disperze
( pro usek d - C)

vinova délka \

|||]|l]|l|l|ll|!]]4]|]l
‘4uu‘ 600 800 1000

| n,—n
I a9 F &d © s t PdC: d C
n_n
. @

IIII|IIII|'[IIIIII

A I 2 N e I I I

Viz. katalogovy list optického skla

g
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ng=151680  v4=64.17 ng-Ng = 0.008054
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Diagram - relativni éastatna disperze - Abbeovaislo

031

BK7
CaF2
o.-d._._. -— . 4 0305
FK52 ~— T = et
s, +03
of° AP §
£ AV Vybér ske,I pro ozs ¥
achromaty :
stupei korekce Vétdina skel 029
sekundarni
barevné vad VY T 1 0285
y ldealni pripad = vodorovna @Fimka
; t -+ f ; t 028
90 80 70 60 50 40 30 20
V-number
BK7 F2 FK52 KZFSN4 LAK10 | [CaF2- fluorif
V,=64.17;| |V,=36.7; Specialni V, =81.80; ||V, =44.29; Vy=50.4;| |V, =95.23;
Bézny P=0.3075] |[P=0.293} P P=0.3054||P=0.3004| |P=0.3024 |P=0.3046
achromat e skla AP AP
2 — =0.00013 — =0.00005
0.0005 AV AV
AV

Nizko disperzni skla
Palatka SLO/PA 2021

Fluorit- anomalni disperze
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Wavelength (nm)

Barevny posun ohniskadf ( chromatic focal shift).

Blue and Red Blur
Green Focus

OSLO

CHROMATIC
FOCAL SHIFT (mm)

- 0.7

+ 0.6

LU I T B )
1000 1002 1.004 o 1.006
—_—
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Barevny posun ohniskadf ( chromatic focal shift).

SEM| APOCHROMAT

WAVE LENGTH T
,ACHROMAT
656.3
Stupei  APOCHROMAT _389.3
korekce - 486.1
sekundarmmni . \\f(t
barevné
vady
| I N T N 1 !
0.0005
of /f RESIDUAL CHROMATIC

ABERRATION (4f/f)
Palatka SLO/PA 2021

bez
korekce

N~
= o
achr APO
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Korekce sekundarniho spektra — ,korigovany“ 3 vinoveé clky

Apochromat

dublet

drahd& nizko-disperzni specialni skla
ED (Extra-low Dispersioh

nebo

krystalicky fluorit CaF2

(,anomalni disperze*)

Apochromaticky dublet prakticky

triplet

bézna opticka skla

SEM| APOCHROMAT

WAVE LENGTH T
ACHROMAT

APOCHROMAT

neexistuje — vzdy hAstava néjaka
minimalni sekundarni barevna vada

of /f’

Palatka SLO/PA 2021

|
0.0005

RESIDUAL CHROMATIC
ABERRATION (4f/f)
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Zavislost otvorove vady a komy na tvarucoéek

Podélna otvorova vada spojné&ocky Zavislost velikosti otvorove vady na tvaru¢ocky

AN

Zavislost velikosti
1> coma | kOMy na tvarwocky 4
~ —— Lens Shape h
o L, =
Value N T I *"'\“\\ .....

Podobna zavislost na tvaru
plati i pro pripad rozptylné
¢ocky ale sopacnym smerem

Longitudinall
Spherical
Aberration

NI
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Zavislost otvorove vady a

Podobna zavislost na tvaru plati i pro
pripad rozptylné ¢ocky
ale sopacnym smérem

Kkomy na tvarutocek

Longitudinal
Spherical
Aberration

- ——Lens Shape

“Coma

Value

DOD0 00

Palatka SLO/PA 2
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Korekce otvorove vady — Achromaticky dublet

+

Height Height
<LA_ LA
Positive Element Negative Element
¥ ~ — 1.0
E\ u\\\
T S — 0.75
—_— —— .
e N\ 05
- ._,_______‘ : \.\
\
.\ 0.25
- I
________________________ '
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White

Light 7 T

Achromaticky dublet — clonovacisla

Green
Focus

White

Red + Blue
Red + Blue g oon S _Z__ . _Focus ____
Light Focus “Blur Spot
Green \ Red + Blue Radius
Light / 4, Focus
I
[}
e 5 f '/%\
Light ,
[}
1

gt~ |

Image
T_Blur Spot

Surface
Radius (R)
Image

[}
Red + élue Surface

ed st Velikost obrazu bodu — spotu je nepimo
| umeérna velikosti clonovéhocdisla objektivu

velké clonovédislo (Ghel paprskového kuzele)

White \ [
Light

Achromatické dublety :

malé clonovecislo Green /\
Eeﬂﬁ?lue Green Focus
L Fos
! Red + Blue
'/ Red+Blue \} _4-Focus
]y Foous == Blur Spot
1. Blur Spot \ Radius
\ Radius (R)

Image \/
Image Surface

E;:: Bue  Surkce VétSi korekce sekundarnho spektra

moznost mensiho clonovéhdisla

clonovacisla cca /20 - f/8 (specialni skla)
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Achromaticke dublety pro astronomi
zakladni typy

Steinheil

Cemented

Tmelena verze jen pro mensi piiméry.
Fraunhofer — nejpouzivangSi stavba.

Steinhel — pouzivana stavba v ¥fipadé pouziti specialnich skel — (CaF2 — fluorit)

Spojna cocka z materialu s mensim indexem lomu a disperzi (et Abbeovodéislo)
+ Rozptylna ¢ocka — material s velkym indexem lomu i disperzi
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Achromatickeé dublety pro astronomii

[E—
O

[E—
oo
|

587.6 nm)

FK
PK
PSK

BakK
SK

LaK
SSK
BaLF
KF
LaSF
LaF
BaF
BaSF
LLF
LF

SF
ZK
KzSF

fluorite crown
phosphate crown

dense phosphate crown
borosilicate crown
barium crown

dense crown

crown

lanthanum crown

very dense crown

barium light flint
crown/flint

lanthanum dense flint
lanthanum flint
barium flint

barium dense flint
very light flint

light flint

sd@ KiFsi2
[]

flint

dense flint

zinc crown
special short flint

< | BaSF,

L]
KIFENS

i 15
sie |ise @@ | ez L KaESa

velmi mnoho
raznych kombinaci
skel

e~—"[ssK| BaF s

1.6 | 1 e s |
Ba R £~ 2 |Bal E | Potieba maximalni eliminace velikosti

i 5 T(K =T F —— otorové vady, komy a barevné vady

‘ polohy véetné sekundarniho spektra :

Refractive index n; (A

PKI 7 o
1.5 _— | mBKiss —ul KF ]

E—1 | | | |
90 80 70 60 50 40 30 20
Abbe number V

®sia

- kombinaci materiala,

- kombinaci tvara éocek,
- zménou poradi ¢ocek,
korunova“ skla:

n>1.6:V>50 - velikosti mezery + tlousgk .

spojna otka rozvptylné ¢ocka
mensi index lomu “flintova “ skla: VétSi index lomu w
| disperze < 1.6V < 50 i disperze PRIKLADY />
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O
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)
I
<
S 171
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2
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Achromatickeé dublety pro astronomii

fluorite crown
phosphate crown
dense phosphate crown
borosilicate crown
barium crown

dense crown

crown

lanthanum crown

very dense crown
barium light flint
crown/flint

lanthanum dense flint
lanthanum flint
barium flint
barium dense flint
very light flint

light flint

flint

dense flint

zinc crown
special short flint

3 priklady

I L

‘\__
Ne) wn

60 50 40 30
Abbe number V'
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BK7/F3

bézna skla

<
N«

FK51/KZFSN2

ED

nizkodisperzni skla

@ @
LaK10/CaF2
Fluorit
s anomalni disperzi

C O
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Jednoduchacocka - Achromaticky dublet

A

4

A

White Blue Focus
Light
l— Green Focus
Red Focus
- - 3 NI’ -
Blur Spot
\E Radius
Image @
— Surface
White :
b Purple Halo
Light rgen Core|
(a) Singlet Lens
White
Light R.Ed + Blue Green
Light Focus
Green Red + Blue \y
Light / / , Focus

White \ {
Light

(b) Achromatic Doublet Lens
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Red + H
Light

IT
v

3 1[Blur Spot
\ Radius (R
Im

Surface
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Jednoduchacocka — BK7
pramér D = 200 mm

FULL FIELD _
0.5deg L.
ohniskova vzdalenost f'= 3000 mm,
s 0.7 FIELD
clonovécislo 1/15 0.35deg O

poloviéni zorné pole 0.5°
ON-AXIS E
w"E ® ® | @
q— P
0

-0.5 -0:25

0.25 0.5
FOCUS SHIFT

SPOT SIZE & FOCUS SHIFT: UNITS = m ‘ 100 mm, f/30 Single lens refract

Pavel Kuba
19 XI 11
10:46 AM

WAVELENGTHS (pm) SPOT DIAGRAM ANALYSIS

WW1: 0.588 W2: 0.486 W3: 0.656

spot diagramy

CHROMATIC
FOCAL SHIFT (mm)
SEM|I APOCHROMAT
WAVE LENGTH T T . 7
ACHROMAT
APOCHROMAT
0.6
| +0.5
| ooos ' ' Airyho disk
RESIDUAL CHROMATIC
ABERRATION (Af/f) = 1m lm
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Achromaticky dublet — BK7/F3

pramér D = 200 mm

ohniskova vzdalenost f'= 3000 mm,
clonovécdislo 1/15,

poloviéni zorné pole 0.4°

WAVE LENGTH T

SEM|I APOCHROMAT

0.0005

RESIDUAL CHROMATIC
ABERRATION (Af/f)

FULL FIELD
0.382deg @ e Q
0.7 FIELD
0.267d0 @ @ ®
S =
ON-AXTE & (O ® e
Odeg — %\W_/ ©'\Airyh0
o -0.5 0 0.25 0.5 “disk
FOCUS SHIFT
SPOT 5125&&@“3@%“’(“ )WITS = 200mm Fraunhofer Doublet /15 -
W1: 0.585 W21 0.486 WV3: 0.656 SPOT DIAGRAM ANALYSIS 01:16 PM
CHROMATIC spot diagramy
FOCAL SHIFT (mm)
T 0.7
+ 0.6
f05 Airyho disk
\
20| N, 2
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pramér D = 200 mm
ohniskova vzdalenost f'= 2000 mm,

clonovédéislo 1/10,

polovi¢ni zorné pole 0.5°

ED

W

1]

WAVE LENGTH T

SEM|I APOCHROMAT

ACHROMAT

APOCHROMAT

|
0.0005

RESIDUAL CHROMATIC
ABERRATION (Af/f)

FULL FIELD
0.567deg
0.7 FIELD
0.397deg

ON-AXIS &
Odeg —

o 0.5

Achromaticky dublet — FK51/KzFSN2

* ®

0 0.25
FOCUS SHIFT

o
[&)]

WAVELENGTHS (um)

SPOT SIZE & FOCUS SHIFT: UNITS = mm |
W1: 0.588 W2: 0.486 W3: 0.656

CHROMATIC
FOCAL SHIFT (mm)

[/

/0.6

N |

- 0.5
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osLo
17 XI 1
01:43 PM

200mm Apoklaas Doublet /10
SPOT DIAGRAM ANALYSIS

spot diagramy

/.

Airyho disk
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Achromaticky dublet — LaK10/CaF2

FULL FIELD
0.5deg

pramér D = 200 mm
ohniskova vzdalenost'= 1600mm,
clonovécéislo 1/8, 0.7 FIELD

@
= ‘

Y . 0.35de
poloviéni zorné pole 0.5° .
%‘ ON-AXIS & .
| ® | - o
E od k.
1 - — :
, !
; o -0.5 -0.25 0 0.25
CaF2 \ FOCUS SHIFT
SHHESTIE e EDOLS, SHIET: LNLTS.=/nm Fluorite Doublet Refractor Ob jec Pavel kiiba
Wiz 0,588 Wor 0,488 Wis: 0,858 ‘ SPOT DIAGRAM ANALYSIS 1015 AN

spot diagramy
CHROMATIC
FOCAL SHIFT (mm)

T 0.

+ 0.6

@]
Airyho disk ——

0.0005
RESIDUAL CHROMATIC

ABERRATION (4£/f ) _:I L [~ 1-
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BK7/F3

F/15

0.35°

Achromatické dublety D = 200 mm

CHROMATIC
FOCAL SHIFT (mm)

- 0_7

|
[

+ 0.6

+ 0.5

\ 20

FK51/KZFSN2
~ F/10
CHROMATIC
FOCAL SHIFT (mm
-.0‘?
¢ /
"06
'. 10.5
(
o3
@)

O O o

Airy disk

\ X / "

LaK10/CaF2
- F/8
\ CHROMATIC
FOCAL SHIFT (nm)
& 17
:4/6.5
x’f
( +0.5
@ I
Airy Disk for Various Focal Ratios
Focal Ratio Airy Disk (mm)
120 0.026
O 15 0.020
0.013
0.011
16 0.008
5 0.007

Palatka SLO/PA 2021



BK7/F3

bézna skla

FK51/KZFSN2

ED
nizkodisperzni skla

LaK10/CaF2

Fluorit
s anomalni disperzi

Achromatickeé dublety D = 200 mm

Off-axis Distance (mm)

L)
System =
= 0 10 20 30
S
Fraunhofer s S
200mm f/15 o "
Rfie1a=—875 mm » - e'
Airy Disk O
0.025 mm
L | ‘
Apoklaas
200 mm f/10 . - -
Rﬁe[d= —735mm . . #
Airy Disk PR '_.: :
0.025 mm
- ? i s
&
Fluorite
200 mm f/8 . ' @
o i
Rfi1g=—576 mm @ @ ‘E @
13
. . Blur Diameter=0.2 mm
Airy Disk
o O
0.025 mm

Palatka SLO/PA 2021

Predchozi p Fiklady

Telescope optics
Evaluation and design
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Korekce sekundarniho spektra — ,korigovany“ 3 vinoveé clky

Apochromat

dublet

drahé nizko-disperzni specialni skla
ED (Extra-low Dispersioh

nebo

krystalicky fluorit CaF2

(,anomalni disperze*)

Apochromaticky dublet prakticky

triplet

,bézna“ opticka skla

SEM| APOCHROMAT

WAVE LENGTH T
ACHROMAT

APOCHROMAT

neexistuje — vzdy hAstava néjaka
minimalni sekundarni barevna vada
of If
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|
0.0005

RESIDUAL CHROMATIC
ABERRATION (4f/f)
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Apochromaticke triplety pro astronomi

K
: >

K, K, podminka
N e — O - 1 + 2 + 3 — O
V, V, ,<achromacie V, V, V,
ﬁP_I_&P: q Podminka korekce ﬁP+&P+& o
1 2 sekundarni barevne 1 2 3
\4 V, V, V, V,
vady

Stejnou nebo lepsSi (Uplnou) eliminaci sekundarnihopektra Ize
ziskat nahradou dubletu tripletem bez nutnosti poui velmi

Viz. drive draha skla.
Of 4 — K g :APdC:O
f K AV
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Apochromaticke triplety pro astronomi
vyb ér vhodnych skel

Diagram - relativni ¢astatna disperze - Abbeovaislo

031

+ 0305
draha
skla 03
. BaFN10 g
achromat a F2 s S
(piFimka) _ £
TiF2 0 -
apochromaty
(trojuhelniky) | 0285
VétSina skel
- - — + t + 028
90 80 70 60 50 40 30 20
V-number

stupei korekce sekundarni barevné vady tripletu <<=> plocha trojahelniku

Palatka SLO/PA 2021
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Apochromaticke triplety pro astronomi
zakladni typy

Stejnou nebo lepsi (Uplnou) eliminaci sekundarnihopektra
|ze ziskat nahradou dubletu tripletem bez nutnostpouzit
velmi draha skla.

T¥i ¢ocky dovoluji také dokonalejSi korekci otvorové
vady a komy diky vice konstrukénim parametram ktere
|ze ménit a kombinovat.

Triplety dovoluji konstrukce s clonovymi ¢isly v rozsahu /10 /6 .
U dubleti to jen /15 — 1/10.

Netmelena
verze

nejlepsi
korekce

Cemented First Glass Broken Last Glass Broken Broken
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587.6 nm)

Refractive index n; (A
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(@)}
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Apochromaticke triplety pro astronomi
piriklady

FK
PK
PSK

fluorite crown
phosphate crown
dense phosphate crown
borosilicate crown
barium crown

dense crown

crown

lanthanum crown

very dense crown
barium light flint
crown/flint

lanthanum dense flint
lanthanum flint
barium flint
barium dense flint
very light flint

light flint

flint

dense flint

zinc crown
special short flint

LaSF
e [ ® 40
‘; ‘:?.;3
218 ﬁ o |

gd@ KiFSi2
3

1A

BaSF ,
O 7

"K4FSNS

®
KLFEII‘!

\O
-

Abbe number V'
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BK7/KzFS1/BaFN10

BK7/KzFS1/TiF2

superachromat

FK51

/KzFSN2

dublet

40



Apochromaticky triplet— BK7/KzFS1/BaFN10

FULL FIELD
0.45deg

pramér D = 200 mm

- 2 2 - 0.7 FIEL
OhnISkC,)\ﬁi vzdalenost f'= 2000 mmnr 0. 315d6g Q o
clonovédéislo 1/10, -
polovi¢éni zorne pole 0.45° "
ON-AXIS "
S _
0.5 =0.25 0 0.25
FOCUS SHIFT
SPOT SIZE & FOCUS SHIFT: UNITS = nm 200 mm, f/'lo Apochromat Chr lsten Pavel Kuba
T O TS 5 s e ‘ SPOT DIAGRAM ANALYSIS o
spot diagramy

SEMI APOCHROMAT

WAVE LENGTH T

0.0005
RESIDUAL CHROMATIC _1
ABERRATION (4f/f) L

CHROMATIC
FOCAL SHIFT (rm)

T0.7

¥ 0.6

+ 0.5

Palatka

SLO/PA 2021

Airyho disk B
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jedno velmi
drahé sklo

b éznd"“ skla

Achromaticky dublet— KzFSN2

FULL FIELD
0.567deg ‘ . . . .
0.7 FIELD
0.397deg @ ® [ .
ON-AXIS —
ey @ & o e @
-0.5 -0.25 0 0.25 0.5
FOCUS SHIFT
SPOT SIZE & FOCUS SHIFT: UNITS = mm 200mm Apoklaas Doublet f/10 ‘ 0SLO
S ..y ‘ SPOT DIAGRAM ANALYSIS ok

Apochromaticky triplet— BK7/KzFS1/BaFN10

~

Srovnatelné

FULL FIELD .
0.45deg
0.7 FIELD =
0.315deg ““Hglf‘_“-‘ K s i .
ON-AXIS - ; " i O
Odeg ©
-0;5 -0.25 0 0.25 0.5
FOCUS SHIFT
SPOT SIZE & FOCUS SHIFT: UNITS = nm 200 mm, f/ ’|O Apochromot Chr lsten Pavel Kuba
s .50 W3 D85 WU D088 ‘ SPOT DIAGRAM ANALYSIS SEL
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Apochromaticky triplet— BK7/KzFS1/ TiF2

3 vinoveé délky

FULL FIELD -
0-35des - ¢
pramér D = 200 mm
ohniskova vzdalenost f'= 2000 mr  ; 1,
clonovecislo 1/10, 0310040 - L

poloviéni zorné pole 0.45° =
ON-AXIS = "
Odeg H Q O
—0.5 0 0.25 0.5
FOCUS SHIFT
SF:DT1 SIZE%%%?S;?%L:‘IT ;:m - nTTgPOfT/ 1DDIASC;JFEAQPVIr G;NTLO‘TSGItS s pzéf’léékgza
spot diagramy
CHROMATIC
FOCAL SHIFT (mm)
170.7
+ 0.6
Airyho disk
/10.5
1 1
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pramér D = 200 mm

Superachromat - triplet— BK7/KzFS1/TiF2

FULL FIELD
0.45deg

ohniskova vzdalenost f'= 2000 mmnr

clonovédislo 1/10,

poloviéni zorné pole 0.45°

0.7 FIELC

0.315deg E
ON-AXIS H
Odeg O

4 vinové délky

0 0.25 0.5

-0.5 -0.25
FOCUS SHIFT
SPOT SIZE & FOCUS SHIFT: UNITS = mm 200 mm, f/10 Superachromut Chr i s Pavel Kuba
St A R, T T ‘ SPOT DIAGRAM ANALYSIS Ry
CHROATIC spot diagramy
FOCAL SHIFT (rmm)
SEMI APOCHROMAT 70.7
WAVE LENGTH T
+ 0.6
Airyho disk
+ 0.5
0.0005 RESIDUAL CHROMATIC
> ABERRATION (4f/f ) -2 / 2
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Apochromaticky triplet— BK7/KzFS1/BaFN10 Y

Modifikaci apochromati
tripletu Ize ziskat
superachromat

(zménou materialu jedné ¢ocky)

!

Superachromat -
Table 4.2
Standard Wavelengths and Their Sources
Line Wavelength (nm) Element Color
h 404.66 Hg violet
| g 435.83 Hg violet |
F’ 479.99 Cd blue
[ F 486.13 H blue |
e 546.07 Hg green
d 587.56 He yellow
C’ 643.85 cd red
C 656.27 H red |
r 706.52 He deep red

Palatka

LONGITUDINAL
SPHERICAL ABER. (mm)

ckého -
4 vinové délky
0

triplet— BK7/KzFS1/TiF2

LONGITUDINAL
SPHERICAL ABER. (mm)

&

4 vinove deélky

SLO/PA 2021
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Achromat — apochromat - superachromat

Sekundarni barevna vada

superachromat
Table 4.2
Standard Wavelengths and Their Sources
Line Wavelength (nm) Element Color SEM| APOCHROMAT
h 404.66 Hg violet WAVE LENGTH T
| g 435.83 Hg violet |
F 479.99 cd blue { ALHROMAT
[ F 486.13 H blue |
e 546.07 Hg green
d 587.56 He yellow APOCHROMAT
C’ 643.85 Cd red
C 656.27 H red |
r 706.52 He deep red

| I Y T ! !
0.0005

RESIDUAL CHROMATIC
ABERRATION (4f/f)
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Teleskopy - Zorné pole

velké FOV malé clonové malé FOV

[ ¢islo velké clonovédislo

Dva teleskopy s rozdilnym clonovyn&islem (ohniskovou délkou) maji v ipadé
shodné velikost senzoruiiznou velikost zorného pole — FOV.

Uvedené Fiklady refraktor ii:
- aperturni pruméry D = 200 mm,
- ohniskové vzdalenosti v rozsahu f'= (3000 — 1600) mm,

- prriklady se zornym polem cca 0.5° (polownim) ... z divodu porovnavani aberaci
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Teleskopy - Zorné pole 40°

Vizualni pozorovani :

polni clona

N\

uhel zorného pole o
(realny)

entrance

pupil

Fotografovani :

Palatka SLO/PA 2021

VétSi zvétSeni

vétSi zdanlivé
zorné pole

"N/

slozitéjSi okular

Film, CCD
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Cockové teleskopy (refraktory)
shrnuti

Ruazné kombinace materiaf a tvari
¢ocek pro korekci otvorove vady, komy a
barevné vady polohy.

Triplety dovoluji konstrukce s clonovymi ¢isly v rozsahu /10 /6 .

U dubleti to jen /15 — f/10 (u kombinaci &znych skel radji vice nez F/15)

= AN

Takahashi TSA 102S .
D=102 mm f/8 (ED s¥edni)

Takahashi FET-300

Takahashi SKY-90

D =300 mm Il
F=2400mm ... f/8 i

F

IR

—

150 kg

Konstrukce s CaF2 ...fluorit

Palatka SLO/PA 2021

108mm

D=90mm {/5.6 (dublet — Caf2)
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Cockové teleskopy (refraktory)
shrnuti

Vyhody:

- mohou mit pomérn é velké zorné pole
- ¢o¢ky objektivu uzaviraji tubus , ochrana pired vrnéjSim prostiredim, minimalni adrzba
- velmi dobry az vyborny kontrast obrazu, zadné centralni cbnéni,

Nevyhody:

- konstrukce je dlouha, WtSi hmotnostéocek na konci tubusu, deformace ploch

- vzdy maji néjaké zbytkove barevné aberace,
- ztraty svétla absorpci ve skle a odrazy na plochach,
- vysoky pomer cena/pramér objektivu ,

Palatka SLO/PA 2021
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