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Motivation:

Spectral analysis of celestial objectsis probably
the mostimportantmeans for learning
about the physics of these sources,
with large fraction of telescope time

used to get spectral data...
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Scheme of the talk

Introduction
.Dispersing el ements.
.Sp ectrographs design
Limiting resolution
.Condusions

.References
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Dispersion elements

We define the angular dispersion of an element as:

Fig. 12.1. Schematic of dispersive element. Angular dispersion 4 = dp/dA.
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Dispersion elements

When we use a dispersing element ih an optical system, It
gives a linear dispersion In the focal surface of:

FS

Fig. 12.2. Spectrum in focus on focal surface FS. Linear dispersion = f df/d .
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Dispersion elements

A dispersing element In an optical system can also produce
ah anhamorphic magnification:

Fig. 13.3. Change in beam width due to anamorphic magnification of grating. See Eq. (13.2.3).
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Prisms

Glass has a wavelength-dependant index of refraction:

A B C

Crown glass 1.477 32x1078 —2.1 x 1077
Dense flint glass 1.603 2.08 x 1078 485107

400 500 600 700
X (nm)

Fig. 13.1. Dispersion curves for three glasses from Schott glass catalog.
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Prisms

Prism are generally used in mimnimum deviation configuration
(minimum 0), where the rays are parallel to the base inside
it:
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Prisms

0=73.8776 ——e

At minimum deviation

configuration, we have:

In general, we have =

FIGURE 4.9 Variation of £ with angle of incidence for a dense flint prism,
for various apex angles, a.
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Diffraction Gratings

In asimple two-aperture grating, the angular distance from the central
maximum to the firstfringe is A/d, where dis the separation of the
apertures.
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Diffraction Gratings

In general, as weincrease the number of apertures:
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FIGURE 4.1 Small portion of the image structure for a single point sourcs
viewed through two apertures (broken curve) and three apertures (i
curve).
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Diffraction Gratings

In general we have: = z(ﬂb i 9) L (N'rr T 9)
d distance between apertures IR0 e\ ool A

0 * 2 ] 2 _—_
D aperture diameter (wD;m 9) S (ﬂdim 0)
N number of apertures

High order maximums overlap:

LLLL T T
OSSO S S S

XSS

>
&~
(2]
C
[0]
k3
ks
(0]
2
©
[¢)]
o

WZZZ
RIS
PO

Angular distance along the image plane

FIGURE 4.3 A portion of the image structure for a single bichromatic point
source viewed through several apertures.
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Diffraction Gratings

One can easily show that the angular dispersionis given by:

Where Bis the diffraction angle.
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Diffraction Gratings

The anamorphic magnificationiis:
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Diffraction Gratings

Volume - phase holographic gratings are currently starting tobe usedin
astronomical spectrographs.
The same diffraction theory applies toreflecting gratings, composed of
mirrors in stead of apertures.

Surface Relief Grating: Volume Phase Holographic
Reflection Grating (VPHG): Transmission

T
> |&

| OO > ()
=1 11 I I
| DO > ()

Cross section of photoresist Cross section of dichromated
or epoxy cast grating. gelatin (DCG) grating. Periodic
Periodic variation of thickness variation of refraclive index (n)
(T) with a constant refractive with a constant thickness (T).
index (n).
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Diffraction Gratings

Through blazing the grating, we can concentrate thelightin afew
interference maxima, thusincreasing the efficiency.

Incoming

light Diffracted light
concentrated in the
direction of normal
geometric reflection

Enlarged section through a blazed reflection grating,
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Diffraction Gratings

In an echelle configuration, a secondary (orthogonal) grating or prism
disperse thelight from the high order interference maxima. We can aso
immerse the gridin a medium of higher refractiveindex

Light path

Enlarged view of an echelle grating.
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Fabry-Perot interferometer

Incident
ray

Reflectivity 70% Reflectivity 90% Reflectivity 50%

Relative intensity —=

Emergent
rays
A

FIGURE 4.17 Intensity versus wavelength in the image of a white-light pes=
source in a Fabry-Perot spectroscope, assuming negligible absorption.

Partially reflecting
surfaces

t

FIGURE 4.15 Optical paths in a Fabry—Perot interferometer.
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Specrtometers:

There are several type of spectrometers and narrow band filter
configurations.

The basic types of spectrometers are
. Prism or grating spectrometers

. Fabry-Perotinterferometers

. Fourier transform spectrometer

They can be used in slit or slitdess mode and can alsobe feedby optical
fibers.

Note that most of the detectors are 2D arrays (CCD)
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Grating Spectrometers:

Thebasic design is: Image
(from

telescope,

etc.)
Collimator

Slit—=5 §

Diffraction
grating |

I (reflection)
Imaging

lens

Yellow/green

\
Spectrum
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Prism Spectrometers:

Thebasic design is:

Collimator

~ ~ Yellow/green
™ Blue

ifrom telescope, etc.)

FIGURE 4.12 Basic optical arrangement of a prism spectroscope.
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Fabry-Perot Spectrometers:

Thebasic design is:

Imaging
Collimator lens

Optical axis

Fabry—Perot
interferometer

| FIGURE 4.16 Optical paths in a Fabry—Perot spectroscope.
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Fourier Transtorm Spectrometers:

. . ‘ Mirror
Thebasic design is: st

Beam
splitter

Source E
o Movable
mirror

e

Imaging
element

[ ]
Focus

FIGURE 4.20 Optical pathways in a Michelson interferometer.
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Fourier Transtorm Spectrometers:

For monochromaticlight and apath
difference AP, we receive an

intensity:

AP

2'1TAP> :| : % m (m+1)2 (m+2)a (m+3)A

T ) =K {1 + cos( 5

FIGURE 4.21 Variation of fringe intensity with mirror position in a
Michelson interferometer.

So, for a given path difference AP we get:

IAR)= I J I(A) cos (ZT:\AP> dA
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Basic Properties:

Fig. 12.4. Schematic layout of slit spectrometer with dispersing clement of angular dispersion 4. See text, Section 12.2, for definitions of parameters.

Clearly:

And we should match w’ to the detector size...
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Limit Resolution

In order to be able toresolve to similar wavelengths, we should geta
separation of atleastw’in the detector tobe able to resolve them.

This condition gives:

Thus, we needlarger spectrometers (d1) if we want toincrease the
telescope size andkeep the resolution constant...
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Limit Resolution

A echell e configuration achieves high values of R:

The Light Path of the High-Resolution Echelle Spectrograph
" 2b. Collimator 3. Echelle Grating

/\

5. Correction Lenses

7. Field Flattener
8. CCD (hidden behind field flattener in this view)
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Limit Resolution
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Limit Resolution
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Diffraction limit

If we use a diffraction limit telescope

We get the maximum resolving power:

Thus, we have a theoretica maximum resolving power:
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Conclusion

Construction of spectrographs require careful analysis of several efficiency
and quality factorsin the design of the optical elements.

Larger telescopes requirelarger optical instruments.

There is amaximum (diffraction limited) attainable resolution.
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