ﬂlstronomy 101 Lecture #9

Today: Spectrograph Basics

Reading: Ch. 12



ﬂlstronomy 101 Lecture #9

RELATIVE INTENSITY
fuv)

._E
el
2
=
B
E
.
fa -

Keelr HIRES Speetrum of Q530 1425+6038

WAVELENGTH (4)

EALD 8004
WAVELENGTH (a)

Image Credit: Wallace Sargent



ﬂlstronomy 101 Lecture #9

Basic Spectrograph Design

detector

Types of dispersers:

A e e Prism
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Basic Spectrograph Design

A CCD vecords a 2-D
image with posifion along the
slit perpendicular to the
dispersion axis,

Arcsec

detector

Co00

BEO0

Angstroms

G700

2003-02—-168Td0:47:5

slit
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Image Credit: STSCI



Comparison arc lamp

mirrar

Collimatin
| slit 9

Light from

telescope Focal plane

of telescope

Diffraction
grating

Detector
eq CCD camera

A Schematic Diagram of a Slit Spectrograph

Keck spectrometer (HIRES)
$4 million, 8tons, 5 m length

Credit: Adapted from a diagram by James B. Kaler, in
"Stars and their Spectra," Cambridge University Press,
1989.
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Multiple Object Spectroscopy
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Image credit: ESO

Mask design for VIMOS

(Visible Imager and Multi-
Object Spectrograph).

VIMOS MOS mode: first faint galaxy spectra, 2 March 2002
Quadrant 1: 93 spectra Quadrant 3: 134 spectra
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Spectrograph Properties

. . . dA dx
Linear dispersion: — or —
dx dA
Reso\vinq power: R:L M83 2003 Feb 12—13 2003—02—16T00:47
W : IIIIIIIIIIIIIII 4:I”t IIIIIIIIII _I“s“i IIIII :
A 100 F : i —
dA : o
where W,=W.— )
dx .
and W is the physical size of TIER R b
the point source image in TR L

the detector plane. 6500 6600 6700

Angstroms



Spectrum Formation in a Grating Spectrometer

Single Slit Diffraction
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Single Slit Diffraction
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Double Slit Interference
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Multiple Shit Interference

3—Slit Interference

G-w
MM”MMW%I
o 505
COUUR RN LY
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6 [in units of A(500nm)/d]

sin’(1r asin(0)/A)

10-Slit Interference

d/a = 40

DU

| I | | I K
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— A= 0295 nm |
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6 [in units of A(500nm)/d]

sin’ (N1t d sin(0)/2)

(1rasin(0)/A)’

Single slit diffraction

sin” (1t d sin(0)/A)

N-slit interference




Multiple Shit Interference

sin’(1r asin(0)/A) o sin’ (N1t dsin(6)/A)

(Trasin(0)/A) sin” (1 d sin(0)/2)

Positions of the principle A
maxima ((m=0,1,...): Omax=sin_l(dm’
A

Positions of the minima

(n=1, 2, ...): é’min=sin_1 ——n
Nd

Angular width of the 22
principle maxima: W=
N d cos(0)
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Selecting Spectrum Order

10—Slit Interference
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Blazed Gratings

10—Slit Interference
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