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6 incoming beams @ 20mm

CHARA 6-BEAM™ "5 "' 12 "7 " "4 "" )0 oo Input beams: arrange

e o
:

CONFIG. - .
123456789010 into 6-element non-

11,-,13,14,15,--,19 :
(deahas max=17y fedundant linear array

Optical Fan: 2-mirrors

to effect beam spacings
6x Cylindrical

"% fenses; f~6m, . .
“diam~25mim Cylindrical Lenses:
2-lens anamorphic
beam focus

2m

Dispersion: weak

For the 6-beam .
/Prism (Sapphire Wedge?). prism

sampling, the final

focal length seen by : {2~

the chip must be {42

about 42m. This [/ “_ Cylindrical lens. 50mm
implies that the final -

Magnification x20:
Spatial Filter / Narcissus mirror? Takes final focal |ength

to about 40m required

to Nyquist sample 19-

Cold Stop. Note: different it |Ongest baseline.
from 3T (or use a single

compromise oversize)

Or maybe

magnification
provided by the
Image Relay Camera
must be about a 1
factor of X20. R 20m S S

Microscope objective
appropriate here?

/ diam. 0.75m focal length.

~e-—— Lens. 10mm.diamf<2Zcm

40cm

Senso
CRed-1




6 incoming beams @ 20mm

CHARA6-BEAM™ "5 12 " 1'7 " "4~
CONFIG. : B C

1,2,3,4,5,6,7,8,9,10
11,-,13,14,15,-,19
(ideal has max=17)

~ 0.8m

Mx2x0) 2
Z2UXZxU.2)

How many pixels, where 1 unit = hole sep?

| 1 |
e e '
| 20 ¢ '. 19 ~ 6x Cylindrical
i J ~_lenses: f~6m,
; | +.5 diam~25mm
= 20 spacings X 3 pixels per fringe
= 60 pixels X 2.4 diffraction of hole
= 144 pixels.
2m
Now multiply by number of spectral For the 6-beam
. . . sampling, the final _Prism (Sapphire Wedge?).
Channels for in cross dispersion ... focal length seen by | f,
say X 10 pix gives LOTS of pixels. the chip must be -
Y PIX g P about 42m. This [ "_Cylindrical lens. 50mm
Ir:'\“apg;'r?;gz:):\he final : / diam. 0.75m focal length.
Compromise reqwred to deliver ALL ngzege?g;rgamera Spatlial Filter / Narcissus mirror?
15 baselines takes us away from the mustbeabouta
] . . ey e factorof X20. _____“° o we-— Lens. 10 diam. f~2¢
main point: sensitivity. Microscope objective o hens. Tumm clam. fmeem
appropriate here? )
Cold Stop. Note: different
But there is a clue here 40cm fom 37 {or use a single

compromise oversize)
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Or maybe
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6 incoming beams @ 20mm

CHARAB-BEAM'. 512 CT A T e02)
CONFIG. a8l ' -

3,45,6,7,89,10
,13,14.15,--- 19
al has max=17)

How many pixels, where 1 unit = hole sep?

| 1 |
| =
® 0 o O O | ) L /.
| - 19 - 6x Cylindrical
i Q +5 : enses: f~6m,
; : . diam~25mm

= 20 spacings X 3 pixels per fringe
= 60 pixels X 2.4 diffraction of hole
= 144 pixels.

2m

Now multiply by number of spectral
Channels for in cross dispersion ...
say X 10 pix gives LOTS of pixels.

For the 6-beam
sampling, the final
focal length seen by :
the chip must be
about 42m. This ‘
implies that the final
magnification

| (Sapphire Wedge?).

drical lens. 50mm
. 0.75m focal length.

. . . L
Compromise required to deliver ALL provided by the Spatial Filter / Narcissus mirror?
. Image Relay Camera '
15 baselines takes us away from the mustbesbouta
. < L. s e factorof X20. _____° o e i ~
main point: sensitivity. Microseope objective - Lons. 10mm diam. f~2cm
appropriate here? Cold Stop. Note differenl
But there is g cIue here. 40cm from 3T (or use a single

compromise oversize)

What if we only try for 3 beams?
Factor of X 5 fewer pix ....
Design of CLASSIC++
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CHARA 2x3
BEAM CONFIG.

CL1 6xCylindrical |

lenses: f~2m, —

diam~25mm. .
**This focal length
can be set to
whatever space
you have (1m
probably still fine)

zml'.

MAY be possible to
put all optics starting :
with the prism in the !
cold dewar. This
would prabably
require an internal
microscope
objective.

0.3m

6 incoming beams @ 20mm

.1- -2-A- P g
oe ;

1
.o

2 0.4m (20x2x0.2)
[ ]

2x3 config
[1.2,3]: [1.2,3]

Best 1x4 config
[1234867]

Best 1x5 config
[1.123456.7,738]

Best 1x6 config
[112233456,7778
,9,10]

(Non redundant 3,4
beam. Some
redundancy for 5 beams
and 6 beams)

Prism (Sapphire Wedge?).

o ——

Cylindrical lens CL2. Focal

\Iength 4x shorter (or more)
than CL1 50mm diam - e.g.
f~0.3m focal length is fine.

Spatial Filter / Narcissus mirror?

T

20x2x0.2)

3 config
2,3): [1.2,3]

st 1x4 config
2,34,6.7]

st 1x5 config
1,2,3,456,7,7,8]

st 1x6 config
122334567778
10]

»n redundant 3,4

am. Some

lundancy for 5 beams
16 beams)

(Sapphire Wedge?).

rical lens CL2. Focal
4x shorter (or more)
L1 50mm diam - e.g.
| focal length is fine.

ar / Narcissus mirror?

nm diam. f~8cm

ild Stop. Note: different
m 3T (or use a single
mpromise oversize)

Or maybe

Beams: 1,2,3
Beams: 4,5,6



Bi commg bekms @)20mm Beams. 1 2 3 4
Pixels now CHARA 2x3 T BT 4 B2 dam (20x2x02) S
BEAM CONFIG. sole | q* Beams: 3,4,5,6

C - " | 2x3config
1 2 : [1,2,3]: [1.2,3]

Best 1x4 config

CL1 6xCylindrical [1.2,34,6.7]
';::’fzg::;n BN Best 1x5 config
“*This focal length [1123456.7,78]
3.5 BEF D 26540 Best 1x6 config
whatever space
you have (1m ‘ [;,}62,2.3 34567778
probably still fine) : 9.10]
Calculations now means we only ; (Non redundant 3,4
. . . ! beam. Some
need abOUt 45 Spatlal pIX, mUItIply i redundancyfoereams
2mk'
; and 6 beams
by number of spectral Channels for : )
IN Cross dlsper5|on. MAY be possible to
put all optics starting : \_ ~Jrism (Sapphire Wedge?).
with the prism in the : N — i
cold dewar. This | Cylindrical lens CL2. Focal
would prabably ; 1 \Iangth 4x shorter (or more)
require an internal : than CL1 50mm diam - e.g.
microscope ' 0.3m f~0.3m focal length is fine.
objective. : Spatial Filter / Narcissus mirror?
Magnifying image relay 10 . LA | one 1omm ciam. f~8em
camera (IRC). Basically !
this lens (or compound : )
result in a focal length ~ 33°M from 3T (or use a single
of 7m total. So if CL1 is - compromise oversize)
2m (say) then this -
needs to be X3.3 i
(ilustrated). SR, S SR S Or maybe

Design of CLASSIC++ CRed-1



Add Go-Faster Stripes! crarazcs

BEAM CONFIG.

CL1 6xCylindrical
lenses: f~2m, -
diam~25mm. .

**This focal length

can be set to
whatever space
you have (1m
probably still fine)

all optics startingf
with the prism in the !
cold dewar. This
would prabably
require an internal
microscope
ohjeclive.

camera (IRC). Basically

this lens (or compound
P

Magnifying relay optics now only
X3.3 acting on 2m = 7m focal
length. Simplify and remove?

result in a focal length
of 7m total. So if CL1 is
2m (say) then this
needs to be X3.3
(illustrated).

Design of CLASSIC++

Magnifying image relay _

33cm

6 incoming beams @ 20mm

T2

2x3 config
[1,2,3]: [1.2,3]

Best 1x5 config
[1,1,2,3,4.56.7,7.8]

Best 1x6 config
[1122334567,77.8
,9,10]

(Nen redundant 3,4
beam. Some

redundancy for 3
and 6 bea

ams

/Prism (Sapphire Wedge?).

‘I

0.3m

10cm

Sensor

CRed-1

~~than CL1 50mm diam - e.g.

“—)al Filter / Narcissus mirror?

. 10mm diam. f=8cm

cld Stop. Note: different

om 3T (or use a single
mpromise oversize)

Or maybe

Consolidate: 1 flat mirror + 1
cylindrical lens = 1 cylindrical
mirror. However supplier for
very weak 7m focal length
cylinder (stress polish?).

Prism only needs to be very
weak (sapphire wedge ~few
degrees)

Second anamorphic cylinder
may be consolidated with fold

" mirror
Cylinggi ns CL2. Focal
% ngth 4x shorter (or more)

Note the simpler 7m focal
length system does not have a
common focus (e.g. spatial
filter) before the image plane.




Feature Summary

e Configurable

e Cando1l X 3 beams1 X4,
simultaneous 2 X 3 ...

* Very few optical elements:
minimum is 1 fold mirror, 2
cylinders, 1 prism = 4 total.

* Dispersed channel
spectrum: any resolution.

* Economical on pixels.

 100% duty cycle on fringe.

* Tracking: Direction +
distance to W.Light fringe!

 Measures longitudinal
dispersion.

Design of CLASSIC++

CHARA 2x3
BEAM CONFIG.

CL1 6xCylindrical
lenses: f~2m, —

diam~25mm. g

**This focal length
can be set to
whatever space
you have (1m
probably still fine)

2ml;

MAY be possible to
put all optics starting :
with the prism in the !
cold dewar. This
would prabably
require an internal

microscope 0.3m
ohjeclive.
Magnifying image relay ___ 10em |
camera (IRC). Basically
this lens (or compound
lens/abjective) must

33cm

result in a focal length
of 7m total. So if CL1 is
2m (say) then this
needs to be X3.3
(illustrated).

6 incoming beams @ 20mm

.1 2 ‘:'1' 12 “ 1‘[\ “,'.)’,1,»
se o | ee 0

2x3 config
[1,2,3): [1.2,3]

Best 1x4 config
[1,2,34,6.7]

Best 1x5 config
[1.123,456,7,78]

Best 1x6 config
[1122334567,77,8
.9,10]

(Non redundant 3,4
beam. Some
redundancy for 5 beams
and 6 beams)

(,_Prism (Sapphire Wedge?).

iy
L\ { Cylindrical ocal
l I w len shorter {(or mor
“~theh CL1 50mm diam - ¢40.
~0.3m focal length is ffie.

atial Filter / Narcissus mirror?

tommm-E23 o4 - Lens. 10mm diam. f~8cm

Cold Stop. Note: different
from 3T (or use a single
compromise oversize)

Senso
CRed-1

Or maybe

Finally, cold stop system.
Two elements, oversize stop
in cold chamber, warm
Narcissus mirror upstream.
Any experience with
Narcissus mirrors please let
us know how it went!
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Possible beam-path for the proposed image-plane combiner

Layout: Laszlo o . |
cylindrical mirrors -, = equiphase line
fold mirrors (steering) ‘

focal plane

cnels o\o®!

Beam combiner is mostly
open space!

HJ * Very few optical elements
4 2 * Dispersed over whole lab.

\ \ non-redundant beam arrangement

single fold mirror
(Cylinder 2 ?)
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MROI: Free-space Optical multi-apertUre combineR for IntERferometry (FOURIER)

Beam 1

M1

PROCEEDINGS OF SPIE

SPIEDigitalLibrary.org/conference-proceedings-of-spie

SAPHIRA Beam 2
L1
Prism

First laboratory results from Window
FOURIER, the initial science
combiner at the MROI

Spatial Filter
M2

Mortimer, Daniel, Buscher, David, Creech-Eakman, Frlnges
Michelle, Haniff, Chris, Ligon, Edgar, et al.

1 500 mm

1.0 —— Fringes
Beam 1
= Beam 2
0.8 A
Daniel J. Mortimer, David F. Buscher, Michelle J. Creech-Eakman, Chris
Haniff, Edgar Ligon, James Luis, Christopher Salcido, Eugene Seneta,
Xiaowei Sun, John Young, "First laboratory results from FOURIER, the initial >
science combiner at the MROI," Proc. SPIE 11446, Optical and Infrared e
Interferometry and Imaging VII, 114460V (13 December 2020); doi: T
10.1117/12.2561472 c
SPIE. Event: SPIE Astronomical Telescopes + Instrumentation, 2020, Online Only -g 06 ]
e
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6 incoming beams @ 20mm

s 52,7 .« But most importantly.... what is in a name?

“Classic++’

Weywot — Tongva Eagle god of sky, stars
(Used for dwarf planet. Appropriation?)

Balerion — Dragon ceated the iron throne

Aeolus / Aether — Greek god of
Air / personification of Space

sensor * Varda, Gwaihir, Aegon....
CRed-1
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So long, Farewell, Amen to SUSI ...
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