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1.

Introduction

Thank you forpurchasing oupatent pendingn-axis guidetONAG®. Ours
producs havebeen designednd madevith care to give its user the highest
level of experience and satisfactidtieasedke a moment to read this

manual in order to get the most of y@dNAG®, refer tosection 11for

pictures of th®©ONAG® and its parts.

Please note this product was not designed, or intended by the manufacturer
for use by child 12 years of age, or younddso pleasalo not look at the
sun, or any bright 1 ight <®pevenatths b |
guider port.The ONAG® comes in severaversionsThe ONAG® SCuses a
M42 x 0.75mmthread(T mount, or T2systemat all optical portandit has

been ofimized forimaging camerassing large format APE chips(up to

28mm indiagona).

The ONAG® XM supports full framehips,such as the 24mm x 36mm
formatand mae, up to 50mm in diagonak lises a dovetail system for the
scope and imager optical portise guide port usa T2.

All ONAG® featurea cross slidbased X/Y stage as well ahealicalguider
focuser(the guider does not rotate) for fine focus of the guiding camera.

For more information concerning the ONAG® products and imaging camera
sersorilluminations pleaseontact owisit us at:

http://www.innovationsforesight.comsuipport/onagt-ccdcmoschip-
illumination/

Searching fosuitable guide stahasnever been easier thanks to the
ONAG® very wide field of view(FOV) andthe convenient quik setup
X/I'Y stage, providing an exploration
This ismore than 1.3 ardegrees foatwo meters focal length scopehe
ONAG® guider helical focuser supports Alclass of chips, which
provides a large FOV witho@venmoving the integrated/Y stagethis has
beendesgned and optimized wittoboticand remote operatisin mind.
This offers a fully solid state operation for guiding (rg&art in motion, no
rotation) it is alsothe only multistar guiding solution uisg the same scope
thanfor imaging.

Sincethere is naneed to rotate for searchiggide stag you can now reuse
your flat frames for many targets and nights.

Filters and filter wheels are placed in the imager optical jsauth therefore
they will notinterfere with he guidingcamera. Therefore even narrband
imaging will not make guide statso dim to use anymore.

The ONAG® is made of high qualitgluminum, and stainless steel material
Its opticaldichroicbheam splitte(DBS) s fully multi-coaed and protected
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with a transparentlyer of quartz for a long life.

The use of near infrared (NIR) for guiding desesthe effects of theEarth
atmospleric turbulence (seeingn the guide staifistar wandeyand
distortion), providingusuallya beter tracking and SNR. The seeing effisct
typically reducedat longerwavelengthsnaking auteguidingusing the
ONAG® smootherdepending of you scope aperture, local seeing, and
expasure time.

Our patent pending real time atftcus technologyharpLock'SL) keeps
your imager at best focus all the time, without any need of any imaging
interruption for periodic refocusing.

SL works with all models of the ONAG®, for further information on 8hd
FocusLock (FL) softwarelease visit us at:

http://www.innovationsforesight.com/education/réale-autofocus
sharplock/

This document @scribes the S&d XMversions of the ONA®. Most of
the functions and concepts are fagneandtherefore are presented together

. Description

The ONAG® is composed of 7 fundamental elemgnégerred to ONAG®
productamagessection 11, pages 30 and)31

(1) A fully multicoated dicha.oic bea

The DBSreflects typically 986 of the visible light, from 370nm to 750nm,
toward your imagewhich is placed at 90 degrees from the scope optical axis
on top of the ONAG® body, it works like a star diagonal would do.

More than 90% of the near infrared (NIR) pontiof the light, from 750nm

to 1200nm goes throughhie DBS to be used by your guidingmera.

Because the visible light is reflected, there is no optefehctionaberration
involved here.

The guide sir may looKike atight cross(with a dark center tnen alarge

scope secondary mirror obstruction is preserdggte there is some
astigmatism coming from the fact that the starlight traveled through the DBS
sets at 45 degreds$.doesnat impactmuchpopular auteguiding software,

like Maxim DL, TSX, PHDguidn g é, or sof t walgogthmss i ng
to track the guide star¥he guide stahalf flux diameter (HFD) is essentially
similar for the imaging and guidingameras, resulting to a negligible change
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in SNR, if any.

The guide star astigmatism iguaction of the scope focus position (in or
out), and this information is used by qatent pendingeal time autefocus
SL technology and related FL software

Using NIR for guidingusuallyreduces the seeing effect which in turn
providestighter guide stars and better SNR, this offsets also part of the
energy drop coming from the use NNRe alsorecommend to bin most
guiderstypically 2x2 or more, this will more than double the SNR (bin
2x2) and reduce the secondary mirror central obstnu effecton a
reflector. The former easilpore than double the guide star limiting
magnitude, which means thaP seconds exposure bin lislequivalenta a
2.5 to 3 seconds exposure when bin.2x2

As a general guideline watrongly suggest to uselte longest quide star

(and mount correction) exposure you can affordefore any drift starts to

be seemwhenever possibléhis advice goes for any guiding methods, not
only the ONAG®. It will improve your SNR, increase the limiting guide star
magnitude ad minimize the seeing effect. On permanent setups, with a good
polar alignment, one should be able to afford 5 to 10 seconds unguided for
most target, when using pointing and speed models (such a Tpoint and
Protrack) it can be extended up to 20 to 30 seso@na portable and

mobile setup a 5 second guiding exposure is a realistic value most of the
time.
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ONAG® Transmission coating
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(2) A scope port (SP).
The SP allows th©ONAG® SCto be attached to angape using a standard

T2 female connectionltmountM42 x 0.75) or a 59mm dovetail syem fo
the XM version We provides standard adapand spacers for both
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products, please visit our website at:
http://www.innovationsforesight.com/producategory/accessories/

If you own an adaptiveptics module(AO), such as the Orion SteadyStar
or the Starlight Xpress SXV, you can mount them directly between the SP
and your scope. Use tiiNAG® for guidingand controlling the AO unit as
well.

Since the oHaxis ports of both products are not usegmorethey should

be covered to avoid parasitight. We offer an adapter plate for the SBIG
AQO8 adaptiveopticsmodule(initial version, visit SBIG for more
information on the new version of the A®and related conversion plate)
This allowsyou tomount the AO8 in front of th®ONAG® (SC versions

The ONAG®XM provides 4 threagtlholes in its front to support the SBIG
AO-L.

Other adapter(such as for the AX) for any ONAG® can be made by
preciseparts (www.preciseparts.comthey havall ourproducts in file (he
SBIG AG-L is only supported bthe ONAG®XM).

(3) An imager port (IP).

ThelP is used to attach the imagiogmera and related accessorsesh as
a filter wheel, to th®©NAG® SCusing a standard maletiiread (M42 x
0.75mm), or a59mm dovetail system for theNKversion.

(4) A guider port (GP).

The GP is used to attach the guider camera tONMBG®, anyversion uses
a male T2 maléM42 x 0.75mm). A low profile T-threadedockingring is
provided to secure the camera at theiréel position.

(5) A helicalguider focuser (GRyithout any camera rotation

The GF provides up to 9 mm ohtrel to adjust the guider focus, one full

rotation move thguiderby 800 microns.

The focuser uses a heavy ddisign eliminatinginy flexure even with
heavyguidingcameras (such as the SSFT8300).The focuser can easily

handle serval kilograms of equipment at its back.

Please see section fids how to lock and secure the helical focuser.

Iltsdrawtubep r o v i d e s adiafretetopenimgttoesuppod &ny guider

with a 11 0 b-iploddgstaf) @auncyh satsanSdTar d 11 0 ac
There are two #4I0 set screwsteesc ur e any 1. 250 attach
Althoughthisisahandyo pt i on, especially with 11
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limitation, we recommend to mount guiders using the T2 thread whenever
possible, especially with heavy guiders, to avoid any play.

(6) A cross slide based/Y stage (XYS).

The XYS albws easy and quick search &uitable guide stawhen needed.
It is attachedo theONAG® bodyonone end, while it supports the guider
helicalfocuser on the other end. The XYS slidedoth directions (X, Y
axis)eah axis can be secenl with 4nylon screwgtwo screws and two
thumbscrews)vhen you have settled on your guide star. For convenience the
thumbscrewgan bemore or lessighteredto provide any level of friction
and comfortyou like, while moving the stagén normal operation only the
two nylon thumbscrews for each axis needédouched. The otherr/lon
screws are tightesd only once using a screwdrivétlen wrenchto insure
proper smooth motion and remove any play. Do not over tighten them.
Check them time to time.

. Setup

For proper operation it is required thwetth caneras, imager and guidere
made parfocal (same optical path distance from thi&Sboth). T2 spacers
or/and avetail spacers for the ONAG® XNf any, are used to conveniently
spacewhen needed, the cameras from@i¢AG® body.

Any spacers can be useyou mayalreadyown somelr2 ones, also you can
always order custom parts at preciseparts.com.

The ONAG® SC uses two low profile T2 lockiniggs for rotatingand
locking the camerato the desired positionalternatively the ONAGE&XM
dovetail system offers a total freedom of rotation for the IP &hdt 8ses
three#4-40 set screws$o securespacerand adapterd’he ONAG® XM GP
also uses a T2 locking ring.

Since the IP (ONAG® SC only) and GP malethfeadsare longer than
more spaers/adapterthread, it is recommended to u$e rings at those
ports. Althoughltey could be used with spacaswell, you may run out of
thread length to safely secure the cameras.

The ONAG® is connectedio your scope usinthe SP. It idighly
recommended to usa rigidassembly, such as th Thread (ONAG® SC),
a SCT adapte" adapter with a compression ring on the scope side
alternatively acustom adapters (for ai@NAG®) from precseparts
(www.preciseparts.com
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Innovations foresight offeivarious adapters for standard configurations.

The ONAG® DBS has beelaseraligned with care and precision for

providing the best results, however an inappropriate user set up could impact
significantlythe image quality.

Thumb screen set ups may result on poor optical alignment leading to tilt of
the camera focal plane addtorted star across the imadéerefore they are

not encouraged, we recomnaensing rigid connection, su@s threads,

compressig rings or boltd connections whenever possible for the scope and
imager.

Also it is not recommend that user touch any ofNAG® mirror
adjustmentmechanismour product have been aligned at factoimgrefore

please do not try to do so, you will upfiee factory adjustment arydu may
void the warranty.

. Back focus consideratiormnd calculations

Whenusing an ONA®, like with ary OAG, both the imaging and guiding
cameras need to Iparfocal. This means that when the imager is at best
focus the guider too.

Imager Port (IP)

Guider Port (GP)

Scope Port (SP)
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Imager Port (IP)

Guider Port (GP)

Scope Port (SP)

SN# XM1006

The wo above pictures show the ONAG@/ (same concept for the
ONAG® SC) optical ports and the optical paths for the imager and guider.
The ONAG® optical back focus distances from the SP to the IP are:

ONAG® SC OIBF = 66+/-2mm ONAG® XM: OIBF = 68+/-2mm

The ONAG® optical back focudistances from the SP to the GP are larger.
The values below assumed that the helical focuser GF is half extended
(+4.5mm):

ONAG® SC: OGBF= 90+/-Imm ONAG® XM: OGBF= 101/-1mm

The key value in the parfocal calculatioashedifferential back focus for
the cameraddBF). Its value should be eventually made equal to the
ONAG® back focus offset value, or BFOhe BFOis defined as th
difference between the ONAG® GBGBP) and the ONGAGP (OIBF)
opticalback focus distances:

BFO = OGBF-OIBF

Therdore theBFO values are:

ONAG® SC:| BFO = 24mm ONAG® XM : BFO = 33mm
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When using the optical astigmatism corrector (see setptihose values
should be reduced byr8n due to the optical effect of the corrector.

Guider
sensor
plane

‘IH%IHHEHII

To
scope
>>>

Imager
sensor
plane

To
scope
>>>
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The two above pictures show the imager optical back focus distance (IBF)

and the guider optical back focus distance (GBF).

The IBF is defined as thapticaldistance from the imager sensor plane to

the ONAG® IP, which includes any spacers/adapters, fikdr e e Jin €

this path.

The GBF is defined as tlopticaldistance from the guider sensor plane to

the ONAGRGP, which i ncl udes,tispath. spacer s/

The DBF is defined as the difference between IBP and the GBF back focus
distances:

DBF = IBF-GBF

When using our a@gmatism corrector at the ONAGG®P thisDBF value
should be increased by 3mm (see sectifn
Should you have a 6@l reducer FR, see sections 8 arie®w.

TheDBF valueshould come close, in-a+/-3mm range, to thONAG®

BFO valuesuch the integrated ONAG® helical guider focuser (HGF) can
be used to fine focus the guider.

When both values, the DBF from the caaseand accessories, and the BFO
from the ONGA® match the cameeare then parfocal.

The HGF can deal with back focus differences up te4fh, since it has

a travel ofat leasOmm.

In summary the condition for making the camera parfocal is:

DBF = BFO

Froman opical train and scope point of view, thaal optical back focus
(TOBF), including theONAG®, the imagerits accessaes (filter wheel,
spacer / 3 evemually imjstheé scope focusing mkanism ability
to reach focusThe TOBF does rtancludeaccessories before t@NAG®
such as a focusea rotatorand/or AO unit, can be estimated with the
following formula:

TOBF = IBF+OIBF

The ONAG® integragd X/Y stage requires a tiMn clearance from the top
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of the ONAG® body (at the IPjor full upper vertical trave{Y). If there is
interference wittihe imager/FW body,rany adapteryou may consider

using a spacer f@rovidingclearanceEven in the case @limited upper

Y travel (low profile configurationsee section)@he X/Y stage has still a
very large guiding FOV. The lower Y vertical travel, as well as the X travel
are fully available.

Most scopes, such as SCT, are designed for some optimal back focus
distances, for which they reach their nomir@gafications (such as focal
length, F number, field of view r e s o ). kot instance theéCelestron
EdgeHD SCT series have a Ituil corrector, and they will provide optimal
performance if the focal plane is at, or near, a predefined distance fom th
scope visal back. For further information in this topic please visit our
support page at:

http://www.innovationsforesight.com/support/celesteaiyehdbackfocus
tolerance/

In such case yomay everwant to adda spacgs) on the SP to reach the
right distanceThe tables below provide the lengit millimeter, of the
spacer/adapter required to make both camera pasrfersaisbothimager
(IBF) andguider(GBF) back focusRemember that the IBF and GBF are
the totaloptical back focus distances, theglude spacer/adapter, filters,
F W, ,ifé@any, locatetbetween the camera and the ONAGf®ical ports.

A green positive numbermeans a spacer/adapter of that length shoaild b
placed at the ONAG®P, in front of the guider

A red negative numbermeans a spacer/adapter of that length (sign
removed) should be placed at BIAG® IP, in front of the imager

ONAG SC spacer length table: 10mm £ IBF £ 30mm

Imager optical back focus distance (I1BF) in millimeter including spacer/adapter, FW, ...

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
10 24 23 22 21 20 19 18 17 -16 -15 -14 13 12 11 10 9 8 7 6 5 -4
11 25 24 23 22 21 20 19 18 -17 -16 =15 14 13 12 11 10 9 8 7 6 =5
12 26 25 24 23 22 21 20 19 -18 -17 -16 15 14 13 12 11 10 9 8 7 -6
13 27 26 25 24 23 22 21 20 -19 -18 -17 16 15 14 13 12 11 10 9 8 -7
14 28 27 26 25 24 23 22 21 20 -19 -18 17 16 15 14 13 12 11 10 9 -8
15 29 28 27 26 25 24 23 22 21 20 -19 18 17 16 15 14 13 12 11 10 -9
16 30 29 28 27 26 25 24 23 22 21 -20 19 18 17 16 15 14 13 12 11 10

Guider optical back focus distance (GBF) in millimeter
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llimeter

in mi

Guider optical back focus distance (GBF)

including spacer/adapter
]
g
&
]
&

ONAG SC spacer length table: 30mm < IBF £ 50mm

-
2 30 31 32 33
E 10 4 -3 2 -1
= 11 5 -4 -3 -2
E 12 5 -5 -4 -3
= 13 7 6 5 -4
= 14 8 7 s 5
] 15 K] -8 7 -
° 16 10 El E 7
o 17 -1 -10 -9 -8
£ 18 <12 -11 -10 9
o 19 13 12 11 .10
b=} 20 -4 13 12 -11
@5 21 -5 <14 13 12
38 22 -16 -15 -14 -13
Lo 2B 17 6 15 -1
E .;_“3_. 24 -18 -17 -16 -15
2 g 25 -19 -18 17 16
™G 26 20 19 18 17
9 g

S & 27 21 20 19 18
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T2 30 24 23 22 a1
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Imager optical back focus distance (IBF) in millimeter including spacer/adapter, FW, ...
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ONAG SC spacer length table: 50mm £ IBF £ 70mm

Imager optical back focus distance (IBF) in millimeter including spacer/adapter, FW, ...

o
[
A 50 51 52 53
£ 10 16 17 18 19
= 11 15 16 17 13
E 12 14 15 16 17
£ 13 13 14 15 16
o 14 12 13 14 15
a 15 1 12 13 14
= 16 10 11 12 13
] 17 9 10 11 12
H 18 8 8] 10 1
i 19 7 8 9 10
T 20 6 7 8 9
28 2 5 6 7 8
"3
g8 =z a 5 6 7
TT = 3 a 5 s
FIRCT 2 3 a 5
I~
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o 2 2 1 0 1
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T2 30 -4 -3 -2 -1
235
3£
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ONAG XM spacer length table: 10mm < IBF £ 30mm

Imager optical back focus distance (IBF) in millimeter including spacer/adapter, FW, ...
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ONAG XM spacer length table: 30mm < IBF £ 50mm

Imager optical back focus distance (IBF) in millimeter including spacer/adapter, FW, ...

-
2 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 a5 46 a7 48 49 50
g 10 13 12 -11 -10 -9 8 7 6 5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
= 11 14 13 -12 -11 10 9 8 7 6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6
E 12 15 14 -13 -12 11 10 9 8 7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5
£ 13 16 15 14 -13 12 11 10 9 8 -7 -6 -5 -4 -3 -2 -1 1] 1 2 3 a4
- 14 17 16 15 -14 -13 12 11 10 9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3
@ 15 18 17 16 -15 -14 13 12 11 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 1] 1 2
- 16 19 18 17 16 -15 -14 13 12 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1
2 17 20 19 18 17 16 -15 14 13 12 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0
E 18 21 -20 19 18 17 -16 15 14 13 12 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
E’ 19 22 21 20 19 18 17 16 15 14 13 12 11 -10 -9 -8 -7 -6 -5 -4 -3 -2
E o 20 23 22 -21 20 19 18 17 16 15 14 13 12 11 -10 -9 -8 -7 -6 -5 -4 -3
2 2 2 24 23 -22 21 20 19 -18 -17 16 15 14 13 12 11 -10 -9 -8 -7 -6 -5 -4
o % 22 25 24 -23 22 21 20 19 -18 17 16 15 14 13 12 11 -10 -9 -8 -7 -6 -5
5 E 23 26 25 -24 23 22 21 20 -19 -18 17 16 15 14 13 12 11 -10 -9 -8 -7 -6
E E‘ 24 27 26 -25 24 23 22 21 20 -19 18 17 16 15 14 13 12 11 -10 -9 -8 -7
T e 25 28 27 -26 25 24 23 22 21 -20 -19 18 17 16 15 14 13 12 11 -10 -9 -8
E o 26 29 28 -27 26 25 24 23 22 21 -20 19 18 17 16 15 14 13 12 11 -10 -9
g- En 27 30 -29 -28 27 26 25 24 23 22 -21 -20 19 18 17 16 15 14 13 12 11 -10
55 28 31 30 -29 28 27 26 25 24 23 -22 21 20 19 18 17 16 15 14 13 12 11
T2 29 32 31 -30 29 28 27 26 25 24 -23 22 21 20 19 18 17 16 15 14 13 12
5 E 30 33 32 -31 30 29 28 27 26 25 -24 23 22 21 20 19 13 17 16 15 14 13

ONAG XM spacer length table: 50mm < IBF £ 70mm

Imager optical back focus distance (IBF) in millimeter including spacer/adapter, FW, ...

-
2 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70
E 10 7 8 9 10 1 12 13 14 15 16 17 13 19 20 21 22 23 24 25 26 27
= 11 6 7 8 9 10 11 12 13 14 15 16 17 18 13 20 21 22 23 24 25 26
E 12 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
£ 13 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 13 20 21 22 23 24
- 14 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 13 20 21 22 23
=2} 15 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 13 19 20 21 22
g 16 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 13 20 21
3 17 0 il 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 13 19 20
H 18 -1 0 il 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 al:)
B 19 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
E o 20 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
38 a2 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
L % 22 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
= T 23 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
2 %"‘ 24 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 g 9 10 11 12 13
we 25 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12
E 2 26 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11
g- En 27 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10
55 28 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9
T2 29 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8
5 E 30 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

3. Examples of ONAG® parfocalalculations

Example #IONAG® SC

Imager DSLR Canon EOS (EF and-BFmounts)

Flange back focudistance = 44 mm

T-ring adapter for EF/EFS mount back focus = 8 mm

IBF =44 + 8 = 52 mm back focuglow profile configuration)

Notice T-ring adaptes for most cameras are designed and made to lead to
a 52mm back focus distance (like here for the GdE0S).

Guider SX lodestar (any versiomptical back focus= 12.5mm
C-to-T adapter back focus 6.4 mm (connetb ONAGO GPT?2)
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GBF=125+6.4=18.9mm ~ 19mm
Differential back focus DBF = 52 19 =+33 mm positive!
By calculation:

The ONAG® SCBFO is 24nm, therefore to be parfocal one neadpacer
at the ONAG® GRwith a length of:

331 24=9mm (ONAG® helical focuser half extended).
Using the table above (IBF =52, GBF = 19):

ONAG SC spacer length table: 50mm < IBF £ 70mm

Imager optical back focus distance (IBF) in millimeter including spacer/adapter, FW, ...

.
% 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 &7 68 [} 70
E 10 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
= 11 15 16 17 18 19 20 21 22 23 24 25 2 27 28 29 30 31 32 33 3 35
E 12 14 15 16 17 18 19 20 21 22 23 24 5 26 27 28 29 30 31 32 33 34
£ 13 13 14 15 16 17 18 19 20 21 22 23 24 5 26 27 28 29 30 31 32 33
o= 14 12 13 14 15 16 17 18 13 20 21 22 23 24 25 26 27 28 29 30 31 32
=) 15 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
8 16 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
9 17 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
£ 18 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
B 13 7 8 s 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
B 20 [ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
4% 2 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
88 =2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
3 23 3 4 5 3 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
B 2 3 4 5 3 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
2g 25 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
g = o 1 2 3 4 5 3 7 8 3 10 11 12 13 14 15 16 17 18 19 20
Eo 2 -1 o 1 2 3 4 5 [ 7 8 3 10 11 12 13 14 15 16 17 18 19
o ¥ 28 -2 -1 0 1 2 3 4 5 [ 7 8 9 10 1 12 13 14 15 16 17 18
5T 29 -3 -2 -1 0 1 2 3 4 5 [ 7 8 9 10 1 12 13 14 15 16 17
.'g =2 3 -4 -3 -2 1 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
0.

We found+9mmapositive(green)value therefore the spaaaust be
placed athe ONAG® GP.

The total optical back focus in this configuration (low profile) is:
TOBF = BF + OIBF =52 + 66 = 118 m

Be aware this configuration could prohibit access to some DSLR functions
and interface, if its body is too closethe ONAG®.

To insure full motion of the upper vertical travel of the ONAG® X/Y stage
we may consider adding a T2 spacer of 14mm long at the ONAG® IP to
clear the DSL body from the stage (s¢é@ndard antbw profile

configuration belowsections 5 anfl)

In this case the IBF becomes:
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IBF =52 + 16 = 68mm
Therefore the new DBF is:
Differential back focus DBF = 68 19 =+49 mm positive!

To be parfocal one nesdspacer at the ONAG® GWith a length of:

4971 24=25mm (ONAG® helical focusehalf extended).

Try with the above table to compare.

The new total optical back focustimis configurations:

TOBF = IBF + OIBF = 68 + 66 = 134 mm

For instancefithis configuration is used with a C11/C14 EdgeHD scope
you would need that the adapg#gracer connection to the scope visual back
(in front of the ONAG®Iis 1461 134 = 12mm longo meet the Celestron

nominal back focus recommendation.

Example #2 ONAG® SC:

Imager OSC SBIG STF83000C optical back focus = &ifrb
IBF = 17.5 mm back focus dilv profile configuration)

GuiderSBIG ST (monochrome) optical back focus = 13.36mm
1.250 filter thread to T2 adapter

GBF =13.36 + 7 = 20.36mm ~ 20un
Differential back focus DBF =17.51 20.4=-2.9mm ~-3mm negative!
By calculation:

The ONAG® SC BFO i24mmtherefore to be parfocadince theDBF is
negative one needs gpacer at the ONAGGEPIwith a length of:

24 - (-3) =27mm (ONAG® helical focuser half extended).

With a T2 2m long spacer at the IPette is enough clearance for the
camera body. We are in the standard profile configuration.
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Using thetable above (IBF ~ 17, GBF ~ R0

ONAG SC spacer length table: 10mm < IBF £ 30mm

Imager optical back focus distance (IBF) in millimeter including spacer/adapter, FW, ...

=
% 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
£ 10 24 23 22 21 -20 -1 -8 -7 -16 -5 -4 -13 -12 -1  -10 9 3 7 5 5 -4
= 1m 25 24 23 -2 21 20 -19 -8 -17 -6 -5 -14 -13 -2 11 -10 9 8 7 3 5
£ 12 26 25 24 23 22 21 -2 -9 -18 -7 -6 -15 -4 -13 12 -1 -10 9 3 7 -
£ 13 27 26 25 24 23 22 21 -20 -19 -18 -7 -6 -15 -4 -3 -12 -1 -10 9 3 7
o 14 28 27 26 25 -24 23 22 21 20 -9 -18 -7 -6 -5 -14 -13 12 -1  -10 9 -8
o 15 -2 28 27 26 -25 24 23 22 -2 -0 -9 48 17 -6 -5 -4 13 12 -1 -10 2
L2 16 30 29 28 27 -26 -25 -24 23 -2 21 20 -19 -18 -7 -6 -5 -14 -13 -12 -1 -10
o 17 1 30 29 28 27 26 25 24 23 22 21 20 -19 -8 47 -6 -15 -14 13 12 11
£ 18 32 31 30 -29 -28 27 -26 -25 -24 -23 22 21 -0 -1 -18 -7 -16 -15 -4 -13  -12
+ 19 -3 32 31 30 -29 28 27 26 25 -4 23 22 -2 20 -9 -8 17 -6 15 -14  -13
B 20 -4 33 32 31 -30 -29 -2 -27 -26 -25 -24 23 -2 21 20 -1S -18 -17 -16 -15 -14
%y 21 -3 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 -19 18 17 16  -15
58 2 3 35 34 33 32 -1 -0 29 -8 -27 26 25 24 23 22 -1 -20 -9 -8 -7 -16
5 2 7 -3 35 34 -3 32 81 30 29 28 27 26 -25 24 28 22 21 20 19 18 17
e 24 38 37 3 35 34 33 32 31 30 29 28 27 -26 25 24 23 22 21 20 -19 18
2g 25 3 38 37 3 -3 -4 33 32 31 30 29 28 27 -2 25 -24 23 22 21 20 19
©S 2 40 39 38 7 3 35 34 33 2 31 30 29 28 27 26 25 24 23 2 21 20
®e@ 27 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 2
oY 228 42 4 40 -39 38 37 36 35 -84 33 32 31 30 29 28 27 26 25 24 23 .22
55 29 43 42 41 40 -39 -3 37 -3 -35 -3 33 -32 31 -30 29 28 -27 26 25 -24 -23
2 S %0 4 43 4 4 40 33 38 37 3 35 34 33 32 81 30 29 28 27 26 25 -2
[CRS

We found-27mm anegative(red) value therefore the spacer must be placed
at the ONAG® IP.

With a new IBF of 17+2% 44mm the total optical back focus this
configurationis:

TOBF = IBF+ OIBF =44 + 66 = 110nm

Example #3 ONAG® XN

Imagertfilter wheel SBIG SK16803 & FW7STX¥ack focuss 68 mm
Customer adapter (preciseparts.com) back focus = 4mm (bolted)

4 mm
Eff. Len. ~H-
z. | | 23
E& 0E
w2 =
LS w @
SE o g
el o a
- D9

IBF =68+4 = 72nm back focus
Guider ATIK460EX(monoclome) optical back focus = h3m

GBF = 13mm
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Differential back focus DBF =721 13 =59 mm positive
By calculation:

The ONAG® XM BFO is33mm therefore to be parfocal one needs a
spacer at th®ONAG® GP with a length of:

59-33=26mm (ONAG® helical focuser half extended).

Using thetable above (IBF = 72, GBF =3

ONAG XM spacer length table: 50mm £ IBF £ 70mm

Imager optical back focus distance (IBF) in millimeter including spacer/adapter, FW, ...

E 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70
E 10 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
= 11 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 IP 70 to 72:
£ 12 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
£ 13 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
= 14 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
[ 15 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
8 16 1 2 3 a 5 6 7 8 9 10 11 12 13 1a 15 16 17 18 19 20 21
] 17 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
H 18 -1 0 1 2 3 a4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
k] 19 -2 -1 0 1 2 3 a4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
2 . 20 -3 -2 -1 0 1 2 3 a 5 6 7 8 9 10 11 12 13 14 15 16 17
28 2 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 5 10 11 12 13 14 15 16
8 g 22 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
< T 23 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
k] %" 24 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13
T8 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 a4 5 6 7 8 9 10 11 12
.E 2 26 -8 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11
g- En 27 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 (1} 1 2 3 a4 5 6 7 8 9 10
55 28 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 o 1 2 3 a 5 6 7 8 9
o3 29 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 a4 5 6 7 8
G E 30 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

IBF = 72mm is outside of the table.

To find the spacer length of &RF value larger than the maximum listed in
the atable subtract one millimetat the GBFvalue for each extra

millimeter abovehe IBFtable upper limit value, here 70mm.

With IBF=72mm we are two millimeters larger than the 70mm upper limit,
which means that fd6BF=13mm we need to loakt GBF=11mm, or two
rows up

Reciprocally for an IBF value smaller than the minimum listed in the table
add one millimeter at the GBF value for each extra millimeter below the
IBF table lower limit value (one row down).

We found+26mma positive(green) valuehterefore the spacer must be
placed at the ONAG® GP.

With IBF=72mm the total optical back focus in this configuration is:

TOBF = IBF + OBF =72 + 68 = 140nm
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When having a large imaging camera and/or filter wheel at the IP it is
important and strongly recommendedto check/plan fothe necessary
clearance distances with the scope visual back and accessories, such as
focuser, AO unit, ¢é, i f any.

Here is an example with the ONAG© XM and the above FW7STX +
custom bolted adapter (4mm thick):

SBIG FW5/7 STX
filter wheel

T
c £
£ - 3
% % ONAG XM |
Q E E = 34mm A
|5 :
e o {
— :g LIT ; @
g g O Qi )
x

& |3 N o/
A il E

[ - I all}_g' E | | a:j

In this example the ONAG® XM must be at least at 28mm from the scope
visual back(clearance for the FW)

Any spacer/adapter or accessory in between should have a maximum
outside diameter (OD) of 67mm for at least 28mm from the ONAG® XM
SP toinsure proper clearance. All ONAG® dimensions are in millimeter
with +/-1mm of tolerance.

. Standard versus low profile configuration

The ONAG® has threesffectivedegrees of freedom for exploring the field
of view in search for a guide star.
The X/Y stageXYS) provides two orthognal axis X and Y (see section
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11), while the rotation of th©ONAG® body, when usedadds a third degree
for freedom.

This gives an overall exploration circle up to 46 mm in diameter and allows
the ONAG® to be used in different drflexible ways.

There are two fundamental configurations, standard and low profile, which
can be used to optimize the-sgt

While the X(horizontal)stage axis can always be used attfalelrange,

there are maybgometravel limitations for the Yvertical) axisupper

travel please see the section below.

. Standard profile configuration

In the standard configuration the XYS can be fully extended iopgperY
axis portion (positive see, toward the IP, see sectibl). This is possible
only if there are at leaddmm ofclearancdrom the IP to the
imager/FWadaptebody.Otherwise the XYS will experience limited Y
travel toward theP (see low profile sectiont@&low).

With the standard configuration the XYS can be used dtmsearch for a
gude star across the full field of view. When used in conjunction with
ONAG® body rotation you can achieve up to 23 mm ofaxis offset
(both X and Y axis at travel ends)!

However this configuration leads to moogal optical back focus (TOBF).

. Low profile confiquration

In thelow profile configuration the Yipperaxis travel is limited, as follow:
Travel restriction [mm] = 1471 X

Where X is the clearance (X<Idm) of the imager/FW from the IPn the
low profile configuration the lower portion of thewérticalaxis travel, and
all the Xhorizontalaxis travel range, are fully usable.

Therefore a rotation of theNAG® up to 180 degrees will allow access to
thefull field of viewwhensearchinga guide star. What is left of axis

travel (at leashalf of its full travel rangecombined with the X axis and the
ONAG® rotation if any, provides again an exploration circle up to 46 mm
in diameter. The low profile configuration is recommended H@atsTOBF

Is desired
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7. Using theONAG®

The use of th®©NAG® is quite simple. First makeoth cameraparfocal,
this is done once, theselect a guidstar near your target (on/off axislext
focus your imaging camera as usuaad you are ready for a classical
iImaging session usingnyauto-guiding hardware and software.

With our patent pendingharpLock'SL) technology your ONAG®
provides an unique opportunity to also do continuous real timefacus
while guiding. SL and tl associated FocusLock (FL) software work with
any ASCOM compliant focuser. Visiur education page for further
information at:

http://www.innovationsforesight.com/education/réaie-autofocus/

Notice: You do not have to be concerned by the inversiteceof the
dichroic mirror for the autguiding calibration The guider uses the light
coming straight through the DBS, there is no reflection involved here.

The recommended focusing procediarenake both, imaging and guiding
cameras, parafocal asfollow:

Center the XY&nd gntly tighenthe nylon screws to insure an easy slide
of any axis in any direction when displaced by hand, while the stage does
not move under its own weight.

Loose the ONAG® helical focuser locking screw (see sedtipn

Selet a bright stafdo not over exposgehearthe zenithfor instanceand
center it on the imager. Then focus the imager using the scope focusing
mechanism, assual.

When the imager is at best focusing the XYS, center the same star and
focus itusing thehelical GF, thentightenthe GFlocking screw(see section
15for further information on how to use the ONAG® helical focuser).

If you camotreach focus with the guider using the GF you may have to
add/removespacer(s) at the IP and/or GP, seetiond above for parfocal
spacing calculations.

When theONAG® GF drawtubetravelsall the way, the guide star should
change form from a vertical ellipsoidal shape to a horizontal ellipsoidal
shape, or thepposite in function of your guideeference frame position.
If the guider is set with an angle relative to the RA/DEC axes the star
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elongation will be tilted, this is normal and does not impact FL.

The optimal focus point is achieved when both ellipsoallapse

becoming a spot, or dtle tight cross.This is normal and not a source of
concern. This feature becomes handy when manually seeking for best focus
and it is usedby our real time autofocus technolo§farpLockSL).

Sincemost scopes and optical components are not optiniizetie near
infrared (NIR)thereis maybeasmall distortion involved anyway.
Auto-guidingalgorithms are mainly based oantroid algorithms and are
not sensitive to this.

They average pixels from the all guide star aseahe maximum pixel
value orFWHM are not much relevant in this caselike for imaginglf

you usea computer assisted focusisgftware such hasaxim DL, the

right figure of merit should bthe half flux diameter (HFD), or ¥2 FDDhe
half-flux diameter is the diameter in pixelsaticontains half the energy in a
star image. In ¢ter words, if you add up the pixehlues (less the
background) inside the diameter, and outside the diameter, you will get the
same number. This measurement gives a very similar answer to FWHM,
but it is much more robtig the presence of seeintpise, and can handle
non circular distded images, even owff-focuslike "donuts".The HFD
varieslinearly with focus position makinig reliable to locate the best focus
regardless the star shape

If you use the PHR guiding software watch theNR valueyou should

seek for its maximumf you do not use angoftware, the best focus will be
achievedwvhen the guide star cross like shape is minimized and symmetric.
The two images below show the same guide star seen from the imager (IP)
on theleft or from the guider (GR)n the rightat best foaus same camera,
setup, and cropping.

Guide star seen from IP Guide star seen froGP
HFD=6.0px, FWHM=3.4px HFD=6.2px, FWHM=5.2px

Thecross like shape of the guidtar viewed from tb GPis clearly visible

Yet as far as the energy budgetoncernedoth cases have almost the
same HFD.TheGPlarger FWHM is due to thstarnon-circular shape
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During this focusing process avoid teen exposing the guide star. Doing
so will bias the HFD values, and make the star shape more difficult to guess
for accurate focus

Bright over expose stars maijsoresult in ghost images offset by few
millimeters(hundreds of pixels). Those are reflections from the DBS and
nearby surfaces, such as the CCD/camera windewsesMost optic are

not coated for NIR. The reflections are out of focus and will look like faint
starswith "donuts like shapes. This is na&tsue unless your imaging
camera, or filters when using a FW, does not block IR.

You could usea Bahtinov mask for the guider, however the resulting focus
will usually not lead to the best guider focus having a symmetric cross
shape guide star, as dissad above. You may want to fine focus using FL
for instance such as tigelidestar absolute roundness is near zero.

When using our optional astigmatism corrector at thelHeRyuide star can

be made round and near diffraction limited. This is usefulnfi@ging in

NIR, however SL/FL may not work anymore.

The corrector can then be rotated to dial back some level of astigmatism for
SL/FL operation.

We recommend to consider this corrector for fast scopes with F/#<6 and/or
large central obstructions (reflector 40%.

Should you keep your cameras attached t@XNAG® for the next

session, there should beo need to focus the guider again (if you did not
touch the GF).

You will just need to focus the imager and use the XYS to locate the guide
star, which wil be automatically on focus, saving time.

Alternately if you use SL/FL your cameras will be back at best focus as
soon as you have a guide star available. You stay at best focus while you
are imaging as well.

Although if the DBS has a high efficiency btbband antireflection (AR)
coating on its back, if you overexpose bright star(s) you may experience
dimmed ghost images of them offset by few hundred pixels, unless your
imager(filters when using a FWhas a near infrared (NIR) cutting filter.
Most, if not all, oneshot lor cameras and DSLR have UMIR blocking
filters. Monochrome ones usually do not, however the associated filters,
such as LRGBr narrow bandshould take care of this, cutting the NIR,
typically above 700 nnif not you may have to esider adding &UV)

NIR filter in front of the imager. Alternatively should you want to image in
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NIR, avoid overexposing your target. For scientific and research purpose a
ghost image may not be much an issue since it is dimmed and offset from
its sourceby about 3 mmor so

In any casaever place any NIR filter, or any other filters blocking the

NIR, in front of the ONAG®, otherwise you will not have any image of

any star on your guider camera!

. Focal reducers

Focal reducers FR can be used with@MAG®. Those reducers should be
located ator neara specific distancBFR from the imager focal plane,
please refer to your reducer specification and user manugie Bre two
options available:

You can place the FR in front of t@NAG®, atthe SP, if your TOBF
associated with your sep mdched the FR required back working distance
(BWD).

For instance mist popular 0.63x fwal reducer/correctors (such as Meade or
Celestron)kan be useth a range of +1" (+/- 25mm) to their nominal

BWD values without any significant alternation of their correction
performances.

However the actual reduction factoisha function otheoptical back focus
distance q from the FR optical centerthe imager focallpne.

Although the BWD is well defined, ig often not given and must be
guessed from the location of the lenses inside the FR hbéydistance O
(estimated) from the FR optical to the FR flange must be added to the BWD
to get Q:

q=BWD+O

Also if q is different fromits nominalvalue, so h.
In first approximation we have:

h=1-q/f and g=f (1-h)
Where f is the reducer effective focal length.

For instance the Celestridheade0.63x corector/reducefor SCThas a
focal of 325mm, therefore its nominal p value is:

Qo.sa= 325(20.63) = 120mm

The FR optical center is about 15mm inside the FR body leadeng to
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distance O=15mm ara BWD of:
BWDgg3x= 12015 = 105mm

If placed one inch further away from the imafgeal plane its reduction
factor h.;- becomes:

0+1=BWDg g3x+15+25.4=145./m
h.1-=1-130.4/284=0.55x instead of 0.63x, 4. 8ecrease

FR in front of ONAG® example#1:

Reduer Starizona SCT corrector 0.75

BWD = 90mm

Imager SBIG SH8300C

IBF =17.5mm

ONAG®SCin low profile configuration

Back focus= 66m.

One will need amxtraof 90-66-17.5=6.5mm to meet the Starizona DFR
value of 90mm.

A T2 spacer of 6.5mm could be placed at the ONAG® SC IP to insure the
proper FR BWD and also to provide extra travel range for the XYS (Y

axis).

FR in front ofONAG® XM example #2:

Reduce Celestron 0.63%f=325mm)
BWD= 105mm

ImagerOSC ATIK11000 (color)
IBF = 15mm (1.4")

ONAG®XM in low profile configuration
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Back focus = 681m
g=68+15=83nm

To reach the DFR of 105mm a 183=22mm spacer should be placed
between the ONAG® XM IP arithe ATIK11000 OSC.

Doing so will provide full travel of the XYS (standard profile
configuration).

A second option is tplace the FR at th@NAG® IP, before the imager.

This configuration may be necessary when the FR BWD is too short, or its
BWD tolerane is critical and tight.

In this case th®©NAG® back focus does not play any role anymore.

We arebackin the classical situation where the imagersseplane is

placed exactly at itsominal BWDdistance.

Howeverthe guiding camera does not see the effect of thedf®andone
will have to find the righspacing for reaching focwsith your guiderby
some trial and erroilhe table and calculationsom sectior4 above will
not be correct anymore.

Most likely ore will need to use extra T2 spato move the guider
further away from th©NAG® GP, or ourconvenientadjustable focal
reducer (AFR)see below section 9

Scope
focal
plane

Iimager
sensor

plane
Scope
sidep Focal Reducer FR Light direction
Opical
center
plane
Back Working
0 Distance BWD
-l p | -
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Thefollowing relatiors areuseful to guide you through thsocess:
p=qg/h
p=(BWD+QO)/h

Assuming you are in focus at thmmager sensgolane with the FR in place
then p is the distancom the FRoptical centeto the scope focal plane.
Thisis thedistane where you woulde infocus if the FR is removed and
the scope focus is left untouched. In sliorthaving a sharp image at the
sensor image plangith a FR you have to focus yoscope at a plane
behindthe sensor image platecated at the distance p frahre FRoptical
center

This is also the distance you need to consider for the guider, since in this
configurationthe FR is not part of its optical path

For instance with a Celestrdvieade0.63« focal reducer (f825mm,
BWD=105mm, O=15mn) p should be:

p=(105+15)0.63=190.5mmor 175.5mmifom the FRflange.

9. Adjustable focal reducer AFR

In order to minimize theesultingguider optical path associated wah-R
in front of the imager@QNAG® IP) and match the FOM$ offers an
adjustable FR (AFR) for your guider.

The AFRworks with almost any FR as well as most guidei$ has been
optimized for NIR imaging using fully multi-coatedaspheic optics

AFR adjustable FR for NIR
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