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Typical Imager Installation Arequipa
(1994 — 2000)




Imaging Spectrographs Installed at
Tromso( winter 2002-2003)




Optical path of an All Sky imager
built at Boston University

1st Objective Lens
FOV 180, 90, 45, 20°

Field Lens

300 mm Collimator

6 Narrow Band Filters
6300,5577, 7774, 4278 A

90 mm f 0.95 Lens

Intensifier Limit

and Switches

CCD Camera Head
in Cold Chamber




Collimating vs Telecentric Systems
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Details of Collimating System

Simple Field Lens Field Lens with Field Flattener



Details of Collimating System
(cont.)




Details of Telecentric System
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Some Basic Characteristics of
Interference Filters
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Some Basic Characteristics of
Interference Filters (cont.)
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Design Choices

 How does the size of the detector, the
choice of the front objective lens, and the
size of the filter affect the sensitivity of the

complete system?........ OR........

Does Size
Matter?



Design Cholces (cont)

A few terms to be familiar with:

F ratio or F number (F/) = Focal Length/ Diameter
Angle-aperture product or Grasp

Chromatic aberration (focus shift with wavelength)
Astigmatism

Field curvature

Back focal length



Design Cholces (cont)

* Consider two systems:

Systeml:

16mm fl F/2.8 fisheye (40mm dia. image)
1k by 1k, 24 micron pixel CCD

System?2:

8mm fl /2.8 fisheye (23mm dia. Image)
1k by 1k 13 micron pixel CCD



Design Cholces (cont)

In both systems the images from the fisheye lenses are re-
Imaged to just fit onto the CCDs.

In both systems the angular size of the pixels are the same
when projected onto the sky.

In System 1 and System 2 the F/ of re-imaging lens will be
~F/1.64

However, System 1 has an aperture of 16mm/2.8 = 5.7mm
while System 2, has an aperture of 8mm/2.8 = 2.8 which is 2
times smaller ( 0.25 in area) and therefore, 4 time less
sensitive!



Design Cholces (cont)

What if the smaller chip i1s used with the
larger fisheye?

40mm dia. Image has to be reduced to
13mm to fit

F/ of the re-imaging lens has to be 13/40 x
2.8 or {/0.9

Same sensitivity as previous example with
larger chip



Design Choices (cont.)

What Is the filter size and bandwidth
needed In a collimating system?

Angle at filter (and therefore bandwidth) Is
a function of size of image and the focal
length of collimator

Size of filter I1s a function of F/ and focal
length of collimator

Once filter diameter is fixed, all other
parameters follow



Design Choices (cont.)

Choose 100mm dia. Filter

Both systems need an F/2.8 100mm dia.
Collimator FL=280mm

Max angle for system 1= arctan(20/280)=
4.1 deg. Minimum filter bandwidth = 12A
or so

Max angle for system 2 = arctan(12/280)=
2.5 deg. Minimum filter bandwidth = 4A or
so (this filter is beyond the state of the art

and would be prohibitively expensive!)



Design Choices (cont.)

e If collimator in system 2 Is reduced to
50mm dia. and 140mm FL, the angles are
the same as system 1 and the filter can be
50mm dia. 12A FWHP (much less
expensive!) Remember system 2 is 4
times less sensitive than system 1.

 If 75mm dia. filters are used In system 1
the angle at the filter would increase to 5.4
deg. and the FWHP to 18A or so.



Design Choices (cont.)

* Telecentric systems have filters the same
Size as the image.

» Typical 24mm fl F/4 system uses 20A
HPFW filters

e “grasp’ is similar to system 1 above



Imaging Spectrograph Schematics

1st Objective ! \ 35mm F.L. F/2.8 Lens
FOV: 180,90,45,20,4.5° E

Field Lenses
Order Sorting Filter(s) -

Stepping Motor —
340 mm F.L. F/3.4 Achromatic
Collimator

300 mm F/2.8
Collimator

Shutter

~——58mmF.L. F/12Llens

Dual Grating Table g \
teppi .
Stepping Intensified CCD Camera
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"COTIF” SPECTROGRAPH




Parameters for COTIF
Spectrographs

ANGLE OF INCIDENCE = -11.0 BLAZE ANGLE = 11.5
ANGLE BETWEEN THE INCIDENT AND THE EXIT BEAM = 45.0
LINE DENSITY = 600.0 lines/mm

DIFFRACTION ANGLE RANGE = 8.0

MAX DISP (A/DEG) DISP (A/pix) OCURRENCE

5153.2 7080.9 240.9615 1.8825
2576.6 3540.4 120.4807 0.9413



Grating Equation

For reflection Gratings:

mA=d (sinf’ + sin)
For Grisms:

mA=d (n-1) (sinB’ + sinf)



Slit Curvature
mA=d (sinf’ + sinf}) (cosa)

cos afsin f -+ sin i) = mija
where a is the grating spacing (instead of (a -+ 5) as previously).

- Grating normal

F1GURE 5.7(a). Radiation at oblique incidence from a straight slit not on the
grating normal.

!

r1GURE 5.7(h). Radiation at oblique incidence froma straight slit. Mercator pre-
jection of the unit sphere, showing the formation of a parabolic image of the slit.
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HITIES Schematic
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HITIES (cont.)




HITIES (cont.)




HITIES (cont.)

Wavelength




Some Really Useful Books!

R o 1 ST . BE—— i SR AT

|OPTICAL & ELECTRO-OPTICAL
IENGINEERING SERIES

Diffraction ROMETERS or M

v /Llie

Grating 7 g

Gl 00
s

- 0 THUA

>

CHAPMAN AND HALL LTD
NDON EC4

11 NEW FETTER LAN

RICHARDSON b
GRATING LABORATORY




Don’t hold you breath for this book!

“The Complete Idiot’s
Guide® to Learning Spanish
on Your Own, Second
Edition is an easy-going,
self-teaching guide that
provides students

with the necessary tools
to learn Spanish.”

—Gregory D. Lagos-
Montoya, Ph.D,, Rutgers
University and Universidad
de Los Lagos, Osorno-Chile

Brand-new edition!

Completely revised
and updated!

Building

ALL-SKY IMAGERS

And

IMAGING SPECTROGRAPHS

FIRST EDITION

> ldiot-proof step by step instructions
> Guaranteed results

> NSF/CEDAR proposal template

> Automatic JGR paper generator

JEFF BAUMGARDNER
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