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BlackGEM Telescope 24” F/6

Harrie Rutten, CastoR Optical Design Fl5.5
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Gewijzigde (het ontwerp was helemaal klaar)

6 F ~3300
95 95 kx ka
350 - 990

- was geen TT

- 10 nm Ha - filter

- m = 23 in 5 minuten

- [athermaal]

- [parfocaal]

- [obstructie A-36% (@), L-60% (O)]
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Hasselblad 55x55mm

€ 25.000

Fingerlakes 36x36mm
€ 12.500

SURFRACE IMA' BEELDVLAK

FULL FIELD SPOT DIAGEAM

BLACK GEM TELESCOPE 24" F/t
24-12-2012

CRSTOR  OPTICAL DESIGN

HRREIE G.J. RUTTEN
RECEN - THE NETHERLANDS

CUSTOM ASTRONOMICAL OPTICS

De chip 95 x 95 mm, dure vergelijking
QE ~ 50%
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SN19616 Quantum Efficiency

Temp: -100C

Measured QE

e 650 750

Sy
.y

Wavelength (nm)




Wat nog meer?
Hoogvacuumaggregaat
Chipkoeling op — 100°C
En natuurlijk ook:

Filterwiel, 6 Astrodon Filters [ ]135 mm, Egaliteit ~ 1%
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Sluiter, elk pixel zelfde belichtingstijd
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500 MM A5 MM
288 | D D = 600 MM ‘_i =
l = ’! FM M
LAYDUT LAYOUT

SLACE CEM TELESCORE 29 CASTOR  OPTILAL DESIGN| | BLACK CEM TELESCORE 24 CASTOR  OPTICAL DESIGN

TOTAL AXIAL LENGTH: 1462, 49967 MM PAREIE Do d e R0 | | TOTAL AXIAL LENGTH: 1462.49967 MM FARELE _Dod e R 4R
CUSTOM ASTRONOMICAL OPTICS CUSTOM ASTRONOMICAL OPTICS
PRIMAIRAPERTUURSTOPR ., ZMX SECUNDAIRAPERTUURSTOPRP . ZMX

Apertuur bij primaire spiegel Apertuur bij secundaire spiegel
L-48% (A-23%) netto obstructie L-40,5% (A-16,5%)

Invioed van de positie van de apertuurstop op de obstructie
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LAYOUT

BLACE CEN TELESCHRE CASTOR  OPTICAL DESICN

‘ HARRIE &.T. EBUTTEM
TOTAL AXIAL LENGTH: 1433,943&63 MM ARCEN - THE NETHERLANDS

CUSTOM RSTRONOMICAL ORTICS

Het uiteindelijke ontwerp

3 lens — zelfde glassoorten, zelfs zelfde smelt
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LAYOUT

BLACE CEN TELESCHRE CASTOR  OPTICAL DESICN

‘ HARRIE &.T. EBUTTEM
TOTAL AXIAL LENGTH: 1433.3F4363 MM ARCEN - THE NETHERLANDS

CUSTOM RSTRONOMICAL ORTICS

Het baffle systeem

met corrector



IMA: @.60@, 8.00h HM

IHA: -B.0AL, 47.772 HA

CET: 0.5000, A.SPA@ (DEG)

IMAi 31.837, 31.348 MM
SURFACE IMA: BEELOWLAK

(ET: ©.6000, A.00AQ (DEG)

IMA: 1G6.%al, 15.5d1 HH

DET: 80008, @3589 (06

IHR! -B.0@B, 15,905 HH

OBT: A.S00A, ©.7500 (0BG)

¥
IWR: 31,6877, 97.813 HN

IHA: 1G6.%@2, 31,816 MM

QBT 0.0680, H.S00E (DEG)

InA: -@.082, 21.213 M

OBT: B.0@RE, @.7o0@ (DEG) DBT: B.25RBE, @200 (DEG) DBT: B.250R, ©,.5@@@ (ODEG) OBT: B, 208R, ©.7508 (OEG)

IMA: 16927, Y7.7HS HH

OET: @.75A@, A.7ShE (DEG)

INA: H7.87I, 47.57h MM
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=POT DOTAGEAM

BLACK GEM TELESCOPE 24' F/é

T e Gee i CASTODR  OPTICAL DESIGH
R | h ] y : i . i g p |HARRIE G.T. RUTTEN
WS MDILS: w22 DTl oM DA MG 0T 0D wlM e ey |ARCEMN - THE NWETHEELAMDS
O RTINS BRI BB BEAM  SENM G0 WS @b @5 AN 85I [CUSTOM RSTRONOMICAL OPTICS
CIFCLE DIAM! 1658 REFERENCE ! CENTROID ELACK GEM_TELESCOFE. 24 . ZMX

BLACK GEM TELESCOPE 24
2-12-2012
WALELBNGTH: ©,546000 p2

CASTOR [PTICA CEEI

HARRIE G.J. RUTTEN
RRCEN - THE NETHERLANDS

CUSTOM ASTRONDNICAL 0PTICS
ELRCK_GEN _TELESOOPE 28, 2!

Illuminantie veld



BlackGEM Telescope 24” F/6 = F/5.5

N

Het gezichtsveld voor de 60 cm F/5,5



DET: B.00BE, O, BOGA (DEG)

OBI: B.A0OR, @.2500 (DEG)

TR -B.A09, 15,643 I

CBT: @, BO¢d, B.50a8 (DEC)

IMA: -9, 820, 31.209 HH

OBI: @.B09d, @.7I89 (DEG) DET: @.25A, 9,250 (0E:) COET: @.23@9, #.5006 (DEG)

Y

IR B.00d, 4.5@3 HH [HA: 15.6“;. 15.646 HH

DET: @.COBD, ©.508@ (DEG) DBT: B.GEOB, ©.71B8 [(OEG)

IHA: 21.37, 49,557 MM

INA: 31,342, 31.3%3 W™
SIRFRCE: TMA

IHA: IE.659. 21318 K

087: B.z20d, @, 7198 (DEG)

¢

THA: I5.475. Y49.521 HH

0BT+ @, 7108, B.7IR8 (DEG)

TMR: 49, BB7, YY.50T KM

SPOT DIRGEAM

BLACK GEM TELESCOPE :

97-13-3812 UNITS Ake g, 400-700 nm
FIRD ! 1 2 3 L | § [ T 8
WENDS: 1% 1 2B 2@ L@ L% 1B 2%
WAIE: T K GE S IS W LR Gl bEl
CIRCLE DIAM: 18 REFERENCE : CENTROID

-~z

CASTDOR  OPTICAL DESICN

HARRIE G.J. RUTTEN
AECEN - THE MNETHERELAMDZ

CUSTOM RSTEONOMICAL ORTICS
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DET: @.2000, @.TIAG (DEC) OBT: @.25P8, @.758@ (DEG)

OET: B.5088, ©.5000 (DEG)

SIRFACE: IR

DBZ: D, Q0OD, ©.2580 (DEG)

0BX: B.5000, ©.7180 (DEG)

INA: 31.378. 449.567 MM

OET: .25, B.S00A (DEC) OAT: B.Z50@, @.7180 (DEG)

OBl : @.2000, B.5088 (DEG)

OBT: ©.7100, B, 7188 (DEC)

e}
L87

Y/

SPOT DIRGRAM

BLACK GEM TELESCOPE

27-12-2B812 UNITS ARE pw,

FRI 1 1 3 i
FIS OIS e Im 1% il
FED DS 0% L& BW 0k
CIRCLE DIAM: 18

350-900 nm

i f 7 g 9
M m 1s 1 e
5 Q@ uR ez aw
REFERENCE ' CENTROID

CASTOR  OPTICAL DESICN

g |HARRIE G.T. RUTTEN
@ |[ARCEN - THE NETHERLANDS
@

i CUSTOM ASTROMOMICAL OPTICS
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Astrodon Photometrics Gen 2 Sloan Filters
100 -

300 400 500 &00 700 800 900 1000 1100
Waveleng

Sloan filters bij de berekeningen

incl. silica, excl. AR-coatings
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LAYOUT
GHOST REFLECTION OFF SURFACE 8 THEN &, CASTODR  DFTICAL OESIGN
zb-12-2012 HERRIE =.J. RUTTEM LAYOUT
TOTAL RXIAL LEMGTH: 14H&L,¥5237 MM AECEN = THE HETHERLANDS || SHOST REFLECTION OFF SURFACE 8 THEN &. CASTDR  DPTICAL OESTGN
FETACTERTAL LewcTh: 197 3zu@1 MM HARRIE G, I. RUTTEN
CUSTOM ASTROMOMICAL OFTICE ARCEN - THE NETHERLRNDS
CUSTOM ASTROMOMICAL OFTICS

Worst Case Ghosting
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N

o

)

30 LAYOUT

30 LAYOUT

EHOET LI[MAGESZ ELACK GEM TELEZCOFE
26-12-201=2

CARSTOR  OPTICAL DESICGN

HAERIE G.J. REUTTEHN
AFCEN - THE METHERLANDS

CUSTOM ASTEONDMICAL OFTICE
BLACKGEM_NSE

GHOST IMAGES HBLACE GEM TELESCOFE
Ea-12-2Z01=2

CASTOR  OPTICAL DESICH

HARRIE G.J. FUTTEM
AFRCEN - THE WETHEELAMDS
CUSTOM ASTROMOMICAL OFTICS
BLACKGEM_NSC

Gebruikte geometrie brekening irradiantie van de CCD

ongecoate refractieve optiek

volledig absorberende mechanica
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\\
.
‘([ \\.
‘ll 1y
//////,
L i
1
20 LAYOUT 20 LAYOJT
GHOST IMAGES BLACK GEM TELESCOFE CASTOR  DPTICAL DESIGH |GHOST IMACES BLACK GEM TELESCORE CRSTOR  OPTICAL DESIGH
26-12-2012 HARRIE C.T. RUTTEM pa-12-2012 HARRIE G.J. RUTTEM
ARCEM - THE METHERLANDS ARCEN - THE NETHERLANDS
CUSTOM ASTEONMDMICAL OFTICS CUSTOM ASTROMOMICAL OFTICS
BLACKGEM_NSE BLACKEEM_NSC

Gebruikte geometrie brekening irradiantie van de CCD
- ongecoate refractieve optiek

- volledig absorberende mechanica
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LOG TMCOHERENT TREROTANCE

IEY

lE5

IE4
4.5

L
-A b

L L L L L L
-19 5.5 0 9.5 13 it A 7.5

¥ COCORDINATE VALLE

LOG TMCOHERENT TREADIAMCE

25-12-1012

GHOST IMAGES ELACK GEM TELESCOPE

[ETECTOR 17, WSCG SURFRCE 1: CCOROM GAL, ¥ = B.POMRE/GGR
SI7E % 200 N 3 9,800 W VOLLTIETERG, PRELS LBDY 0 IBL , TOTRL HITS = Litgupgg | ARGEM - THE NETHERLANDS

CASTOR  OPTICAL DESICH
HARRIE G, T. RUTTEN

FEAK TRRAILANCE * 4, 94EE+AD2 IATTSAH'D CUSTOM RSTROMOMICAL OPTICS
TOTH. PR+ Y. TLEE-3BL IATTS BLACKGEM_N3C-45MM. ZMX
Axiaal spookbeeld

(let op log. schaal)

1E-3

1E-H
1E-5

1E-&
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DETECTORE TMAGE! TIWCOHEREWT TIREADIANCE

CHOST IMAGES BLACK GEM TELESCAFE - ZM
20-1Z2-20L2

OET ) L: CCO
SIEE 95,000 W X 95,000 EEELLIHETEES. F‘D@l Wox 4Bl H, JOTACHITE: = 111647945 >
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LOC IWNCOHEREMT IEERDIAMNCE

-!I‘S o
¥ COORDINATE WALUE 1E-=
L0G _INCONERENT IRRADIANCE
T R 1E
1l ' |
STZE 5,0 1 % 95,800 § HILLINETERS, FIIELS ]N]H]E@lH TOTRL HITS = 7yapnyp [ FRGEN - THE NETHERLANDS
o, TRAIRAE 2 ] uﬂﬂsmnz CUSTOM ASTRONOMICAL OPTICS 1E-5
TOTRL PO ¢ 4, Y4S¢E-B UATTS ELACKGEH_NSC-45MHBRA. ZMX
1E-&
o
0,25° spookbeeld DETECTOR IMAGE ! INCOHERENT IRRADIANCE
CHDST IMACGES ELACK CGEM TELESCOFE - 24
(let op log. schaal) - L2-Z0 | 2

OETE
SIEi 95, 008 W X 55,000 HiﬂILLIHETERS FIMELS 1BE1 W X ]EDDTH‘ HIT= = THE@14A )




LAYOUT

BLACK GEM TELESCOFE 24°
19=-1-2814
TOTAL AXIAL LENGTH: 133&6.95262 MM

CASTOR OPTICAL DESICN

H.G.J. RUTTEM - RECEM
THE METHERLAMD=

Nieuwe uitdaging: F/6 moet F/5,5 worden
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B, EYe2an 2. EEL008 0. TEEae0 2., Fep0eg

SUREFACE! IHA

MATRIX SPOT DIAGRAM

BLACK GEM TELESCOFE 24 CASTOR OPTICAL DESIGH
19=-1-2014 UNITS HARE pam, CTRCLE = | ARCSEC H.C.T RUTTEN - BARCEM

THE NETHERLANDS

CIECLE DIAM: 16 REFERENCE : CENTROID

Homofocale spot diagrammen
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ADC

tmospheric
ispersion
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20000, 92000 (deg) - . 0. Ravelength-> [ . 350 .656000 0.705000 0.900000 0.990000
B . Fie H 5

0.0000, 0.0000 (deg)

1M 0008, 11522
BT 0,000

0.0000,

0.0000,

0.0000,

0.0000, 1.1000

Surface: IM: - IHA: 59.000, €3.F58'mm . 7 C Ll Surface: IMA

Spot ﬁiagram — ) ..Maﬁrix Spot Diagram
BLACK GEM TELESCOPE 24" CASTOR OPTICAL DESIGN || BLACK GEM TELESCOPE 24" CASTOR OPTICAL DESIGN
%jZe{gJS/ZOIM Units 1are ‘»llIl.2 i i : : i P —— 12/05/2014 Units are pm. 1 bgsec Py S
RS zadiug 408 4011 1,855 5,063 5,208 5,290 5,113 Arcen - The Netherlands Arcen - The Netherlands
GEO radius : 21,106 26.147 30.623 1197 34,833 .19 26.782
Circle diam: 18 Reference : Centroid Circle diam: 16 Reference : Centroid

Even ter herinnering het afbeeldingskwaliteit bij een polychromatische best focus positie van de chip



L.

3D Layout

BLACK GEM TELESCOPE 24"
12/05/2014

CASTOR OPTICAL DESIGN

Harrie Rutten
Arcen - The Netherlands

Even ter herinnering de lay out van het complete system

Opticadag
9 maart 2019
TNO — Delft




Opticadag
9 maart 2019
TNO — Delft

\m o

[ Brack cem TELESCOPE 247 CASTOR OPTICAL DESIGN | I_

12/05/2014
Harrie Rutten
Arcen - The Netherlands

3D Layout

BLACK GEM TELESCOPE 24" CASTOR OPTICAL DESIGN
| 12/05/2014 Harrie Rutten
Even ter herinnering de corrector | A

De corrector nu tevens als ADC



" oB:_0:2600; 0.2600 (deg) - OB

7800, 0,7600 (deg)

0BT: <0.2600, 0,360 (deg)

. -30.014, <30,08 m

(=TI — T — T = Y~ T~ T = T ~ |
I

Spot Diagram

BLACK GEM TELESCOPE 24"
12/05/2014 Units are pm.
i 1 i

Tield 1 i i f 1 i L S [
Woiis: 08 LW L0 W8 ST 5@ SO S S uE i
Moafw: 0 g.lﬁ £ v LR TR W U 26.9!! R IR I

Box width : 1 Reference : Centroid

CASTOR OPTICAL DESIGN

Harrie Rutten
Arcen - The Netherlands

1 bgsec

Polychromatische afbeelding 350 — 990 nm in het zenit

ADC in neutral (“0”) positie
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.- 0BT 02600, 5.2600 Tdeg) - 03800, =0 i omd: . L% -0.2600; 0.

m TR !B;,j :i_é.i:sza - ;
LAt . R i

of 083z “0.5200," 05200 fdeg) ; -

/. ZENITH
. DISTANCE

W Do 45756, ; TR ; 1 L7 m

Surface: IMA 3. g
Spot Diagram

BLACK GEM TELESCOPE 24" CASTOR OPTICAL DESIGN 1 bgsec
12/05/2014 Units are pm. : 9
e 1 1 j i 1 H / N i ] Harrie Rutten
Befs: i 0 S % 1M s M ik s sm |Arcen - The Netherlands
&) rafes : A B XN OB DM DB BW NI AM B 5
Box width : 18 Reference : Centroid

Polychromatische afbeelding 350 — 990 nm 70° afstand van het zenit (20° altitude)
ADC in correctieve positive = lens 3 ca. 3 mm excentrisch(!)
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Ghosting



BlackGEM Telescope 24” F/6 = F/5.5

Hier schrik je van
Dit is NIET de BlackGEM
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Detector Image: Incoherent Irradiance

Detector 23, NSCG Surface 1: CCD

= Size 200.000 W X 200.000 H Millimeters, Pixels 1001 W X 1001 H, Total Hits = 96473087
= o o Peak Irradiance : 1.0451E+003 Watts/cm~2

EE1 The Pleiades by the Canada-France-Hawaii Telescope : Total Power . 7.3437E-001 Watts

Controle van de strooilichtberekeningen

De foto De berekening met originale gegevens

Nu de juiste schaal in de foto gezet
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Complexe en zeer kostbare ADC
Met nare gevolgen voor ghosting
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I'1L Coatings for STA Detectors

| Broadband S SRR
Coating #11 h

-
-
= =
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N
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30% s ,\WK
20% e \1\;\

o
10% Fhrg measured refldctance | I i FL
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il T R i
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00 400 500
.

Reflectieve eigenschappen van het CCD-array

0%
3
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Detector Image: Inccherent Irradiance Detector Image: Inccherent Irradiance
Ghoating BlackGEM FIR BLACHGEM-FOR-F1-C1.2MK Ghoeting ElackSEM TR BLACKGEN-FDR-F10-C20. 24y
01272014 0&/1zr2014
Detactar 50, W3OG Sarface 1: Pall CCD 10 g Detsctor 50, MSOG Surfece 1: Pull OCD 10 g
Size 45,000 W X 45.000 H Millimetern, Pizels 1055 W X 1055 B, Total Hits = 10247852 Size 95.000 W X 95.000 H Millimeters, Pizels 1055 W X 1055 H, Tocal Bits = 40087524
Beak Irradiance : 3.514BE+003 Watta/em™2 Feak Irsadiases @ 1, 3466E+003 Hatcal/em*Z
Total Power = 3.BFT3E-000 Wacca Total Power t 3.7733E=001 Watea

s | 1 o & ]
'% - - wr
S 1 E =t : Grafiek diagonaal
E w b E 'g i
P owf e =t | LET OP:
- N j Rekenpixels zijn 95 x 95 um
o "l T i - ] =e ni k4 [ u : - =yl ma R a2l ] na a8 ui (53 £ ]
X coordinate value X coordinate value
log Incoberent Irradiscce lag Incoberent Irradiance
Telescope Optics Telescope Optics
Earrie Rut Harrie Rutcen

Arcen = The Hetherlands hrcen = The Necherlands
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Detector Image: Incoherent Irradiance

Ghost images Black Gem Telescope

12/05/201

Detector 21, NSCG Surface 1: CCD

Size 95.000 W X 95.000 H Millimeters, Pixels 1001 W X 1001 H, Total Hits = 486076249
Peak Irradiance : 4.6327E+003 watts/cm~2

Total Power : 1.7175E+000 Watts
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1E+5 1E+6
1E+4 1E+5
1E+3 1E+4
1E+2 ' 1E+3
1E+1 . 1E+2
1E+0 L B ) I I 1E+1
1E-1 ' 1E+0
1E-2 i 1E-1
1E-3 | 1E-2
1E-4 . 1E-3

i
1E-5 1E-4
Detector Image: Incoherent Irradiance N Detector Image: Incoherent Irradiance
Ghost images Black Gem Telescope Ghost images Black Gem Telescope
12/05/201 12;’05#’201%
Detector 21, NSCG Surface 1: CCD 1 Detector 20, NSCG Surface 1: detail CCD
Size 95.000 W X 95.000 H Millimeters, Pixels 1001 W X 1001 H, Total Hits = 486076249 |l Size 95.000 W X 2.000 H Millimeters, Pixels 5277 W X 111 H, Total Hits = 86342686
Peak Irradiance : 4.6327E+003 Watts/cm*2 Peak Irradiance : 1.0582E+005 Watts/cm"2
Total Power : 1.7175E+000 Watts il Total Power : 1.7045E+000 Watts
Ghosting in de Ghosting in de BlackGEM
BlackGEM voor hele voor hele CCD echter EE 5
CCD strook met hoge Resolutie >
10  Rekenpixels 95 pm Rekenpixels 19 um
(bin 2x2)
t.i. ruim 486 miljoen hits = gem. 486 p.px t.i. ruim 86 miljoen hits = gem. 147 p.px

10
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1.05*10° —
&
§ - 1 i 1E+3
- |
; e A=4.1*107 T 1E+2
— |
= w1 | = s
e BEO R ) B B |
% 1E+1
T owe | 19 mag 4
k- | 1E+0
E wi s I
I 1E-1
e | 4
L5 I
2.5*%103 _v I 1E-2
| = |
. 1E-3
i s -n -20.3 1§ 4.3 b 5.5 1% ns 3 s
X coordinate value Lzt
log Incoherent Irradiance Detector Image: Inccherent Irradiance
| ?Sﬁg;f&gﬁe: Black Gem Telescope CASTOR OPTICAL DESIGN M ?2333;53?3“ Black Gem Telescope
| Detect Center, Y = 0.0000£+000 Harrie Rutten Detector 20, NSCG Surface 1: detail CCD
| si 5277 W X 111 B, Total Bits = 86342686 Arcen - The Netherlands [l size 95.000 W X 2.000 H Millimeters, Pixels 5277 W X 111 H, Total Hits = 86342686
Peak I Peak Irradiance : 1.0582E+005 Watts/cm*2
| Total | Total Power + 1.7045E4000 Watts

Ghosting in BlackGEM voor het hele CCD
gemodelleerd maar een strook gerekend met @: 19 magnit@

pixels van 19 x 19 um (bin 2x2)
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