ADC Compact ADC 1

The ADC
(Atmospheric Dispersion-Corrector)

necessary equipment or pure luxury ?
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What to do for esthetic and high contrast images ?

without ADC with ADC

Saturn June 2015 (Jorg Mosch, TEC 180mm)
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What is atmospheric dispersion ?

- There are 2 major disorders by the atmosphere

- Shifting and distorting of image by air turbulences: ,,seeing“
This is a stochastically process and the distortions can only be
compensated by very complex and costly technologies
-> adaptive optics

- The dispersive influence of the atmosphere depending on zenith
distance, air pressure, temperature and humidity
- this is a systematic effect and can be perfectly compensated
by opto-mechanical means
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Atmosphere characteristics:
Dispersion: ,,color refraction“ by the atmosphere

Result of this effect is, that the star images are
Dispersion: blue light will be higher elongated in the vertical direction in respect to the
deflected than red light horizon:

The diagram (Zemax) shows that already at 60°

zenith distance the star blue image is 1 of the red

star image
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Atmosphere characteristics:
Dispersion: ,,color refraction“ by the atmosphere

»Elongation of the star image in ,vertical direction*
(circle is airy disc)

-

e 0.000, -0.000 mm

0.0

Zenith

o 0,000, 0000 m

APO 150mm F 7.5

45° Zenith Distance
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Atmosphere characteristics:
Dispersion: ,,color refraction” by the atmosphere

Example Ganymed:
Wolfgang Paech
Namibia,

. Chamaleon Observatory
C14, Canon ES 60DA

ohne
ADC
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Dispersion by
atmosphere
causes color
fringes and leads
to loss of
contrast !

Moon with Petavius

(Wolfgang Paech 2015)
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How can be described the definition and contrast of an image ?

Jupiter without ADC Jupiter with ADC Compact

Martin Kaiser 2015, TEC 180 FL, F=5940mm, 7.3.2015
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How can we describe the definition of an image
guantitative ?
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By the contrast of defined structures which can be seen on the
Image

The MTF = Modular Transfer Function
describes the contrast depending on the structure

Contrast = (max Signal — min Signal) / (Max Signal + min Signal)

The structure size is defined by line pairs /mm (in image plane)
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0,15 x Cut-off frequency: Contrast 0.97

Grid as object
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MTF of cut-off frequency x 0,15

0,25 x Cut-off frequency: Contrast 0.93

Grid as object
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MTF of cut-off frequency x 0,25
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0,50 Cut-off frequency: Contrast 0.54
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Diffraction pattern of point source Grid as object MTF of cut-off frequency x 0,50

at Cut-off frequency: Contrast 10%
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Diffraction pattern of point source Grid as object MTF at cut-off frequency
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MTF of an APO 200/2800mm compared with an 11* Schmidt Cassegrain
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Why is the ADC now and has not been in the past in
discussion ?

- In the past the achromats had so severe bad color
corrections, that the atmospheric dispersion could
be neglected

- In the past the mirror systems (SC-Systems) had less
aperture and together with the high obstruction (37%)
again the atmospheric dispersion could be neglected
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Old telescopes had not enough performance regarding the color
correction or obstruction: atmospheric dispersion could be neglected
. (dashed lines show contrast for objects with 45° zenith distance)
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Today’s telescopes have higher aperture and better color correction
(dashed lines show contrast for objects with 45° zenith distance)
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Atmospheric dispersion has even for smaller telescopes with
excellent color correction an impact

(dashed lines show contrast for objects with 45° zenith distance)
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Gain of performance using an ADC

- Even for objects with high altitude (low zenith
distances) the atmospheric dispersion should be
compensated when seeing conditions are good !
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Loss of Contrast for a C11 F10 for different object altitudes
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Loss of contrast for an APO 150mm F 7.5
for objects with different altitudes

150mm APO F = 1400mm

\ 2“ Struktur 1“ Struktur

0.8 ! !
1 1
1 1
1 1
0.7 ! !
1 1
1 1
: l :
06 ] ] =7 enit
1 1
05 i i = +60° 0. Hor.
1
i 45° 0. Hor.
0.4 i .
E = +30° 0. Hor.
o3 | «+«+ 20° {I. Hor.
1
1
0.2 :
° 1
..... 1
01 e ;
° i
1
q
0
0 20 40 60 80 100 120 140 160 180 200

Line pairs / mm



ADC Compact Gain of Performance IV ADC 22

Overall summary:

» For today's telescopes the disturbance by the
atmospheric dispersion could no longer be
neglected!

* This is also the fact not only for objects with low
altitude but also especially for objects with high
altitude !

* The usage of an ADC is at good seeing condition
a must to achieve the maximum optical
performance of the telescope !
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Function and handling of the 2 ADC basic Concepts

- Concept with simple prisms

- Here the prisms deflects the main beam and introduce
besides the image shift image errors as astigmatism and
coma resulting in less contrast

- Concept with plane parallel dispersive elements

- Here the main beam is not deflected and so no additive image
errors are introduced. Additive there is no image shift
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Principal function of an ADC

Dispersive Elements
In opposite
orientation :

No dispersive effect

Operation of an ADC:
ADC has 2 dispersive i

Horizon
elements. t

Dispersive Elements
In same orientation:
maximum dispersive
effect

\L Horizont
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Two basic concepts for an ADC

ADC with simple prisms ADC with dispersive plan plates

main beam
main beam
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Two basic concepts for an ADC

ADC with dispersive plan plates ADC with simple prisms
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Two basic concepts for an ADC

ADC with simple prisms ADC with dispersive plan plates

- high price since more complex and

. .
low price costly system

- reduced optical performance du to deflected

. . . + optical performance of the telescope
main beam (coma, astigmatism)

is not reduced since the main beam is

. . . . . not deflected
- laborious adjusting of the dispersion correction

due to:
- Image shift by rotating the prisms
- Prism rotation is not coupled (each has to
be turned independently)

+ easy adjustment of the atmospheric
dispersion correction due to:
- no image shift during adjustment
procedure

) i - only one thumbwheel to turn

- no option for a simple remote control

+ Option simple remote control
(azimuth telescopes)
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Adjustment of ADC using refractors, Cassegrain's

ADC with prisms

1. adjust the two levels symmetrically to
the vertical orientation regarding horizon

2. Adjust the distance of the levels until
the color fringes of the object disappear.
Center the object regarding field of view
during the adjustment procedure.

ADC with dispersive
Elements

1. Shift Thumbwheel to vertical
orientation regarding the
horizon.

2. Now turn thumb wheel until
color fringes disappear.
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Adjustment of ADC for Newton telescopes

Requirement: Azimuthal Mount

for parallactic mounts the orientation for the dispersive
atmospheric error is hardly to get !

ADC with prisms ADC with dispersive elements
1. Move altitude axis while looking 1. Move altitude axis while looking
through the telescope star through the telescope.

movement show the direction Star movement show the direction
vertical to horizon vertical to horizon

2. Adjust the two levels symmetric 2. Adjust thumbwheel according to
regarding the direction getting direction the stars have moved.
from step 1

3. Turn thumbwheel until color

3. Adjust level distance until color fringes of the object disappear.
fringes of object disappearr.
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Construction of ADC Compact

Adjustment Button

EEHEKEE Mount with Gear

dispersive Elements
(plane plates)

Dove Tail with
T2 Thread
(female)

Dove Tail with
T2 Thread (male)

Screw to fix
“vertical position
Ball Bearing



ADC Compact Performance of ADC-Types| ADC 31

Comparison of optical performance between
the 2 ADC concepts
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Images with double star with / without ADC

Comparison of ADC
systems with simple
prisms regarding
ADC Compact:

by Jorg Mosch

Double star 14 Ori

(0,96” separation)

Image made on 17. 2.
2014 with Lumenera
LU165M and 180mm TEC

ADC Compact

Pierro Astro

Image

Simulation with Zemax
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Comparison optical performance of ADCs I:

point spread function

Object 45° above horizon, APO 150mm F 11.3 + Barlow 1.5x, Glass Corrector 1.7x, + bino

ADC with simple prisms:

Simple prisms show asymmetric image

disturbance

100.00

surface: IMA

IMA: 0.000, 0.000 m

ADC with dispersive plan plates
(ADC Compact):

Optical performance is not influenced. Only
minimal lateral color aberration which has no
imbact on the Strehl value

Spot Diagram

13.06.2014 UHltS are m.
Field

RMS radius : 10.632
GEQ radius : €9.727
Scale bar : 100

Airy Radius: 12.56 mm

Reference : Chief Ray

APO 150 F7.5

+ Barlow 1.5x + Glasweg-Korrekt 1.7x + Bino
ADC einfache Prlsmen

APO150-F18-achro-adc-Fel-bino-spiegel-einf-Prisy .mx
ConflguratLon 1 of 1

100. 00

Surface: IMA IMA: -0.000, 0.000 om
Spot Diagram

APO 150 FT.5

+ Barlow 1.5% + Glasweg-Korrekt 1.7x + Bino
ADC Compact

13.06.2014 Unlts are mm. Riry Radius: 12.48 mm
Field :
RMS radius : 7.195

GEQ radius : 66.502

RP0150-F18-achro-ade-felT-bino- pleuel znx

Scale bar : 100 Reference : Chief Ray Conflguratlon
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Optical performance of ADC: Impact on the Strehl value

Comparison ADC with simple prims in respect to ADC Compact:
Telescope APO 150mm F7.5 +Barlow 1.5x + Glass Corrector 1.7x + Bino (F18.7)
Object 45° above horizon

ADC with simple prisms ADC Compact

Point spread original 94.7% Strehl: now Point spread original 94.7% Strehl: now after
after dispersion correction 59.4% Strehl dispersion correction still 94.7% Strehl!

Polychromatic Huygens PSF Polychromatic Huygens PSF

13.06.2014 APO 150 F7.5 13062014 APO 150 F7.5
0.4358 to 0.7065 pm at 0.0000, 0.0000 mm. *A’ %0‘"15“ Glasweg-Rorrekt 1.7x + Bino 0.4358 to 0.7065 pm at 0.0000, 0.0000 mm. + Barlow 1. 5x+Gl syeg- »{orlektl Tx + Bino

einfache Prlsmen Compact

Image size is 213 10 pm square. Image size is 211 74 um square.

Strehl ratio: 0. RP0150-F18-achro-adc-felT-bino-spieqel-einf-Prism .om Strehl ratio: 0. RPO150-F18-achro-ade-fel T-bino- pleqel m

Center coordinates: 2 10330234E-013, 3.53845425E-013 Millimeters Conf:_gurat:_on 1 of 1 Center coordinates: 1 57639306E-012, 3.42528606E-012 Millimeters cOnf:_gurat:_on
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Optical performance of ADC: Impact on the contrast

Comparison ADC with simple prims in respect to ADC Compact:
Telescope APO 150mm F7.5 +Barlow 1.5x + Glass Corrector 1.7x + Bino (F18.7)

Object 45° above horizon

ADC with simple prisms

After dispersion correction the contrast is
reduced by 30% for 2” structures (dashed
line sagittal, normal line meridional)

ADC Compact:
After dispersion correction the original MTF is
achieved and leads to optimal performance

TS Diff. Limit
TS 0.0000, 0.0000 mm

TS Diff. Limit
TS 0.0000, 0.0000 mm

Modulus of the OTF

1 1
Q 13 26 39 52 [+ 78 91 104 117 130

Spatial Frequency in cycles per mm
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Polychromatic Diffraction MTF

13 06,2014 100 150 8.5 + Berlow 13 + Glastorr LT+ Bno
Data for 0.4358 to 0.7065 pm. ADC simpel

surface: Image

ConflguratLon

1P0150-F18-achro-adc-Fe1T-bino-spiegel-einf-Prisn .zmx
1 of 1

13 062014 AD0 180 17,5 4 Barlow 1.5 4 Glastorr 1,7 + Bino

Data for 0.4358 to 0.7065 pm. ADC Compact
Surface: Image

1P0150-F18-achro-adc-fel T-bino- pleuel JZIE
Conflguratlon 1 of 1
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General rules:

- The more far off the focus from the ADC position, the higher the dispersive correction:
-> For low altitude objects (< 15°) elongation tubes should be used
between ADC and focus (about 100mm)
- ADC with simple prims should be used only with setups with F-ratio > 20 to avoid to
high losses of contrast
- ADC with dispersive plan plates can be used with setup with F-ratio >10

ADC with simple Prisms, object 45°above horizon:

F11: Strehl 55% F20: Strehl 81%

Polychromatic Huygens PSF Polychromatic Huygens PSF
14.06.2014 APO 150 F7.5 14.06.2014 APO 150 F7.5
- Uo. Hare + Barlow 1.5x (F20)
0.4358 to 0.7065 pm at 0.0000, 0.0000 (deg). + Barlow 1.5x (F11.5) 0.4358 to 0.7065 um at 0.0000, 0.0000 (deg). - .
Image size is 128.72 mm square. (deg) ADC einfach Prismen Inage size is 226.36 pm square. ADC sinfach Prismen
Strehl ratio: 0.549 RP0150-F11-25-Achro-ADC-kamera-einfaches Prissa .o Strehl ratio: 0.808 . e APO150-F20-Achro-ADC-kamera .zmx
Center coordinates: 1.49812859E-001, 3.86326333E-001 Millimeters Configuration 1 of 1 Center coordinates: 1.50955541E-001, 6.46945294E-001 Millimeters Configuration 1 of 1
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Impact of Seeing condition on correction of
atmospheric dispersion:

To improve image contrast by using an ADC following
rules are given:

- For high altitude objects the seeing has to be good to
improve contrast using ADC's

- The higher the aperture the better seeing condition
are needed
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Jupiter, image sharpened, seeing condition moderate

Jupiter without ADC Jupiter with ADC Compact

Uwe Meiling 2019, Zeiss Cassegrain D=400, F=6635mm, 14.8.2019
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CMOS color camera, no derotation, seeing condition good

Jupiter without ADC Jupiter with ADC Compact

Martin Kaiser 2015, TEC 180 FL, F=5940mm, 7.3.2015
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Improvement of contrast by correction of
atmospheric dispersion depending on seeing and
wavelength

See figure on slide 41
(object 45° above horizon, telescope aperture 28cm,
Computed for 1” structures):

- The shorter the wavelength the higher the contrast
Improvement:
- blue factor 4
- green factor 2
- red no improvement

- The better the seeing, the higher the improvement
- 0.6“ improvement considerable
- 1.2* no improvement at all wavelengths
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Improvement of contrast depending on seeing and

wavelength
Contrast for 1" structures with
Schmidt-Cassegrain 280/F10
and object with 45° above horizon

30

25
g 20 — =} —
‘g 15
E /
8 10 /

5

500

550
nm

600

650

—+—Seeing 0,6" ohne ADC
-#-Seeing 0,6" mit ADC
Seeing 1,2" ohne ADC
=<Seeing 1,2" mit ADC
——Perfektes Bild und Seeing
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Astrophotography with ADC's
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Photography of planets:

- ADC + color camera (CCD oder CMOS):
- no filter wheel necessary !
- time to take image sequences at least factor 3 shorter
—> Derotation-correction no longer necessary !

- ADC + monochrome-camera + filter wheel (LRGB)
- improvement of contrast for blue channel by factor 4
- improvement of contrast for green channel by factor 2
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ADC Compact, a tool for RGB photographs too

Photos without and
with ADC Compact

Above:
Saturn Sum image

Below:
Saturn sharpened

by Wolfgang Pach:
Namibia

C14 F=3900mm
3.9.2015
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ADC Compact, a tool for RGB photographs too

MTF for visual observations with Schmidt-Cassegrain 280/F10.
System focal length 5600mm: 1“ = 37Ip/mm; Object 45° above horizon
Improvement of contrast by at least factor 2 !

TS Diff. Limit
TS 0.0000, 0.0000 mm

0.8 \

1“ structure
0.7 | \ =1

Modulus of the OTF
T

—
|

p o |
22 33 44 55 66 77 88 Q99 110

Spatial Frequency in cycles per mm

Polychromatic Diffraction MTF

25 a4 g RS Schnidt-Cassegrain 11z F10
Data for 0.4358 to 0.7065 nm. with Barlow effectiv F=5600mm
Surface: Image visuell, 1" = 37 1lp/mm

11-F20-ADC-45grd-zenit.zmx
Configuraktion 1 of A
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ADC Compact, a tool for RGB photographs too

Schmidt-Cassegrain 280/F10, B-Channel
System focal length 5600mm: 1“ = 37Ip/mm; Object 45° above horizon
Improvement of contrast by at least factor 4 !

TS Diff. Limit
TS 0.0000, O

.0000 mm

Modulus of the OTF
3
T

\

|

|

|

{
\

1“ structure

| | | 1 — .l i i i i

33 44 55 66 77 88 99

Spatial Frequency in cycles per mm

Polychromatic Diffraction MTF

Surface:

Lens has no title.
28.03.2015
Data for 0.4000 to 0.5000 pum.

Image

Schnidt-Cassegrain 11z F10

with Barlow effectiv F=5600mm
B-Channel, 1" = 37 lp/mm

11-F20-ADC-45grd-zenit.zmx
Configuration 1 of 1

ADC 46
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ADC Compact, a tool for RGB photographs too

Schmidt-Cassegrain 280/F10, G-Channel
System focal length 5600mm: 1“ = 37Ip/mm; Object 45° above horizon
Improvement of contrast by at least factor 1.5!

TS Diff. Limit
TS 0.0000, 0.0000 mm
|

0.9 —
=]
B
o L ]
0]
N 6 -
i)
% 0.5 | .
9 o | i
)
T 03 b i
0O
=

0.2 [~ -

0.1 — =

0.0 L

22 33 44 55 66 77 88 a9
Spatial Frequency in cycles per mm
Polychromatic Diffraction MTF
Lona has o Baele. Schnidt-Cassegrain 11z F10
Data for 0.4900 to 0.5600 pm. with Barlow effectiv F=5600mm
Surface: Image G-Channel, 1" = 37 lp/mm
11-F20-ADC-45grd-zenit.zmx
Configuration 1 of A
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ADC Compact, a tool for RGB photographs too

Schmidt-Cassegrain 280/F10, R-channel
System focal length 5600mm: 1“ = 37Ip/mm; Object 45° above horizon
Nearly no influence of atmospheric dispersion !

TS Diff. Limit
TS 0.0000, 0.0000 mm

|
| T T T T T T T T
|

|

| 1“ structure 7

Modulus of the OTF
T

0 11 22 33 44 55 66 77 es 99 110

Spatial Frequency in cycles per mm

Polychromatic Diffraction MTF

Lehs Has To miee. Schnidt-Cassegrain 11z F10
Data for 0.6200 to 0.6700 um. with Barlow effectiv F=5600mm
Surface: Image R-Channel, 1" = 37 lp/mm

11-F20-ADC-45grd-zenit.zmx
Configuration 1 of 1
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Overall summary:

- R-Channel is the best channel regarding the contrast

- Best seeing in R-channel
(proportional 1 / wavelength)

- Atmospheric dispersion has no impact in R-Channel
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Example |

Venus without ADC Venus with ADC Compact

2015 Wolfgang Paech, Namibia C14, 23.7.2015
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Example I

Uranus

Uwe Meiling

Zeiss Cassegrain
400 / 6635

with ADC Compact

October 2019

Zeiss Cassegrain 400 / 6635 , Zwo Asi 178mc Hubble Telescope
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Example Il

Image taken by
Jorg Mosch:

Jupiter and Europa, 9. 2. 2014,
monochrome camera
Lumenera LU165M,

TEC 180-mm-Refraktor

with ADC Compact

Note the good resolution in
the L-channel !




ADC Compact

Example IV

Image taken by
Jorg Mosch:

Saturn, 25.4.2014
monochrome camera
Lumenera LU165M,
TEC 180-mm-Refraktor
with ADC Compact

Note the good resolution in
the L-channel !

Experience IV

TEC 180 FL
@f317

Argus Optics ADC

L

23455 UT

23"53,6™ UT

ADC 53

Baader FFC
LU165M
LRGB, 4 x 240¢

23"49,5" UT

ZM 49
ZM 112031 23"57.6™ UT
ZM I 3111

2014 April 25




ADC Compact  Experience V ADC 54

Example V

Image taken by
Jorg Mosch:

Gassendi, 12.3.2014,
monochrome camera
Lumenera LU165M,
180-mm-Refraktor
L-channel

1500 Frames of 5928
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Final Summary:

« Telescopes with aperture above 140mm and high quality optics
achieve their full performance only by using an ADC

« Even for objects up to 60° altitude the use of an ADC will
Improve the contrast of the image

« The ADC shows advantages especially at good seeing

 For astrophotography the use of an ADC has advantages too:
especially for color cameras and for RGB systems in the blue
and green channel

« ADC's with dispersive plan plates (ADC Compact) has
considerable advantages in optical performance and handling
compared to systems with simple prims



