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Espectroscopia ll
* Grating (Rede de difragdo)
* Filtros (blocking order filters)
* Dichroics (espectrografos duplos ou multiplos)
* Dispersdo linear do espectro
* Disenho basico de espectrografos
* Wavelength calibration lamps
* Grisms

Prof. Jorge Meléndez



Interferéncia de ondas de luz
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Active Figure 37.2 (a) Schematic diagram of Young's double=lit experiment. Slits S,
and Sy behave as coherent sources of light waves that produce an interference pattern
on the viewing screen (drawing not to scale). (b) An enlargement of the center of a
fringe pattern formed on the viewing screen.

(b)

2
© Physics for Scientists and Engineers



max

min

Interferéncia de
ondas de luz
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Figure 37.4 (a) Constructive interference occurs at point Pwhen the waves combine.
(b) Constructive interference also occurs at point (). (c¢) Destructive interference
occurs at Rwhen the two waves combine because the upper wave falls half a wavelength
behind the lower wave. (All figures not to scale.) © Physics for Scientists and Engineers



Dispersion by a diffraction grating

Topography - Scan forward

(rede de difracao)

Line fit S0nm

Topography range

CD-Blank
(10 pm scan)
Track pitch = 1.57 pym

Type -------- Capacity --- Track pitch how many per mm (1 mm = 103 um)?
CD -----—mmm - 0.7 Gb --- 1.6 pm = 103um/1,6um = 625 lines/mm
DVD ------------ 4.7 GB --- 0.74 um = 103um/0,74um = 1351 lines/mm

Blu-ray Disc --- 25 GB ---- 0.32 um = 103um/0,74um = 3125 lines/mm



~ Rede de difragao

+

Normal
Order -1 Foto microscopica de parte de uma rede

de difracdo de 1180 linhas/mm
- rder 0 © Gray, Stellar Photospheres, 3™ ed., Fig. 3.2 (p. 55)

Luz branca

o)

o: distancia entre os sulcos

This microscopic picture shows the rulings on a plane reflection
grating having 1180 lines/mm. {Courtesy of Jarrell-Ash.)



Interferéncia construtiva em redes de reflexao

Fig. 11.3 (a) A reflection X

grating. Grating facets
are tall, narrow mirrors
extending perpendicular
to the plane of the paper.
Light striking between
the facets is not reflected.
The figure traces three
parallel rays that strike
the centers of adjacent
facets. (b) A transmission

© To Measure the Sky

Y -.__..-

A .
AB =G sin o

CD=ocsinp

Ao sairem da rede, o caminho optico dos raios X e Y diferem por
At=AB-CD=csina—osinp2>At=csina+ocsin0

Interferéncia constructiva quando At=m A ,

o sino + o sin 6 = mA

Equacao da rede :

=0, %1, £2, ...



Interferéncia construtiva em redes de transmissao

© To Measure the Sky

(a)

Equacao da rede :
c sino+ o sin 0 =mA

orderm=0, ¥1, 2, ...

A light bulb of a flashlight seen through a transmission grating,
showing three diffracted orders. The order m = 0 corresponds
to a direct transmission of light through the grating. In the first
positive order (m = +1), colors with increasing wavelengths
(from blue to red) are diffracted at increasing angles. 7


http://www.thefullwiki.org/Incandescent_light_bulb
http://www.thefullwiki.org/Flashlight

Angular dispersion of a grating
c(sin o + sin 0) = mA
sin @ = mA/oc —sin o
Differentiating the grating equation :
do m

d/ g cos ()

- cos 0 changes only slowly with A, entdao a dispersao

angular da rede é aproximadamente constante com o
comprimento de onda

- Dispersao pode ser aumentada usando ordens maiores



Poder Resolvente de uma rede de difracao
(o poder resolvente do espectrografo sempre € menor)

Comparison arc lamp

R B /\ i ' Collimating
A
R = Nm

N: numero de linhas
(iluminadas) da rede

Camera
mirror

m: ordem

A Schematic Diagram of a Slit Spectrograph ’



Poder Resolvente de uma rede de difracao
(o poder resolvente do espectrografo sempre € menor)

A
R = R: poder resolvente
AA N: numero de linhas
R = Nm (iluminadas) da rede
m: ordem

Exemplo: rede 600 linhas/mm e largura de 100mm.
N = 600*100 = 60000

Para ordem m=1,
R(maximo) = 60 000



Superposicao angular de ordens da rede

A_=320 nm
g
Grating :,‘A m=0
%.
NS
m = —
\ \ A1=320nm
m=2
—_— A =640 nm, /12= 320 nm
A =960 nm, A,=480 nm, A,=320 nm
m=4 1 2 3
Fig. 11.4 The angular \ A1=1000 nm, A y=500 nm, A,=333 nm
overlap of grating orders. :
Positions of the blue A,=640 nm, A1,=480 nm, 1,=320 nm
edges (taken to be at o o
320 nm) of orders -1 Sin e o mk/G — Sin (1
through +4 are shown.
The thick gray arc shows }\'1 —_ 2}\.2 —_ 3}\:3 — ces — m}\:m
the free spectral range
of the second order, }\'m - }\'1 /m

Ko 11
assuming Amax = 640 nm. © To Measure the Sky



Free spectral range

order 0

Rede de difrago '

m
(m + 1)

Aom+1

/~m.

sin 0 = mA/oc — sin a

Por exemplo, teriamos
o mesmo angulo 0 para

A, =8000 A
A, = 4000 A
A, =2666 A

A=A /m
A1 = Aq /(m+1)

(M+1) A ., =mA_

12



Exemplo ' n

Aiia§ = A
m+1 (17‘2 I 1) m

e Para o comprimento de onda 480nm em ‘segunda

ordem, qual o comprimento de onda de
superposicao da terceira ordem?

* Meétodo 1:

* A, =480nm

* A3 =X, =480nm * 2/(2+1) =320nm

* Método 2:

* A, =480nm. Como A, =A,/2, entdo A, =960nm
* A;=A;/3=320nm




Cobertura “pratica” de uma ordem
sin 0 = mA/o —sina
order 0 }'1 - 2%2 - 3%3 — cee — m}\/m
b Ader g L, Se queremos observar
maximoem A = A, qual
0 A da seguinte ordem
qgue afetara meus dados ?
n .
(m + 1) A

Y |
)~111+1 _

Rede de difragdo ¢ (}71 + 1] )
Por exemplo, para A = 9000 A na 1a ordem teremos

contaminacdo para A = 4500 A da 2a ordem. Introduzindo um filtro
para bloquear A < 4500 A, podemos observar em 4500-9000 A.

L+l —

m

/~max

14



Filtros

* Espectrografos que usam prismas nao
precisam de filtros

* Espectrografos que usam redes de difracao
podem precisar filtros para bloqueiar a luz de
outras ordens
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Transmissao

Order blocking filters
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Exemplo:

Filtros para
espectrografo
Cassegrain do
OPD

(corte no
azul)

Filtro - Espessura

RG780-3

RG9-3

RG715-3

RG695-3

RG645-3

RG610-3

0G590-2

0G570-3

0G550-2

0G530-2

O0G515-3

GG495-2

GG475

GG435-2

GG385-1

Corte (1) Verm/Azul A .. (- 1%) (nm)

Azul

Azul

Azul

Azul

Azul

Azul

Azul

Azul

Azul

Azul

Azul

Azul

Azul

Azul

Azul

750

705

695

675

630

595

555

530

510

500

475

460

425

355

A Transicio (—90%)(nm)
815
750
730
715
665
625

600

545
530
510
490
450

400




Red blocking filters

-~ KG—2, Z2mm

100
..... _CUQCML Bmm
pe ;f}ﬁ’“ﬁ
/ "

60 — |
| |'l Illgll
% [ Transmite
III I;llll'
4{] I |I I'll|II
II llllI
[
I _
|I |I
20 [/ .':i.'l P 4—-96, S5mm —
'I | |I
/ |
// I B
3000 4000 2000 6000 7000 8000 9000
Wavelength (A)
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Exemplo:

Filtros para espectrégrafo Cassegrain do OPD (corte no vermelho)

Filtro - Espessura Corte (1) Verm/Azul ) . (~1%) (nm) A Transigio (—90%0)(nm)
BG38-3 (2) Vermelho 725 535

BG39-1 (2) Vermelho 705 5b5

BGI18 (2) Vermelho 700 525

BG28-1 (2,3) Vermelho 645 460 (80%)
BG23-3 (2) Vermelho 625 480 (80°%%)
BG25-3 (2,3) Vermelho 500 400 (85%0)
BG12-1 (2,3) Vermelho 340 400

UGII-1 (3) Vermelho 400 350

UGI1-1 (2,3) Vermelho 415 365 (85%0)




@ m_ Free spectral range (Al z)

d/ ocos ordero

A faixa espectral livre
(free spectral range : FSR)
é a cobertura em A nado
blogueiada pelo filtro

Lambda minimo: 7y
£, { Zm+l — /‘max
(m+ 1)
Rede de difrac;é
m /max

A/vFSR — Zmax 1) /Amax

(m + (m + 1)

21



@ m_ Faixa espectral livre (AL )

d/i 0 COS 0 order 0

A/:FSR L /A~maX
L (m + 1)

Rede de difracao

Exemplo: para A, = 900nm na 1a ordem
teremos Al iz =450nm.

Isto €, podemos observar de 450 - 900 nm
(serd necessario bloqueiar A < 450nm)

22



@ m_ Faixa espectral livre (AL )

d/i 0 COS 0 order 0

A/:FQR L /A~maX
L (m + 1)

Rede de difracao

Exemplo: para A, = 900nm na 2a ordem
teremos Az = 300nm.

Isto €, podemos observar de 600 - 900 nm
(serd necessario bloqueiar A < 600nm)

23



Blazed gratings
(redes com blazing)

Uma desvantagem da rede de difracao €
gue a luz e perdida na ordem 0 e em
outras ordens.

Nas redes com blazing a face de cada risca
tem um dado angulo que concentra a
maior parte da luz em uma dada ordem

Incoming
light

Diffracted light

concentrated in the
direction of normal
geometric reflection

v/

|

Figure 4.1.5. Enlarged section through a blazed reflection grating.

© Kitchin
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l‘)"":l

jruion

(|_ll'l|
SUNDAT)

Blazed gratings

Melhor “tilt” para ter toda a luz em
umaordem: 5 = f + ¢

0=2n+¢e—p
o + 0 = 2¢

I])l

-

© To Measure the Sky grating equation, (11.2), but

| | i f+e=oaand (e—f) =0
sinfl + sina = =

" e v o . —I_ i . / ) = —
No livro “To Measure the%ﬁ) SN ( /) ap “) - m}\'/c
Sky” é o, mas esta errado

sin g cos 3 - sin%s g+singcos P+ sin/B/{os € =mA/o

2 sin € cos B = mA/o

25



- Blazed gratings
| Melhor “tilt” para ter toda a luz em
umaordem: 5 = f + ¢

O=2n+e—pf
o + 0 = 2¢

© To Measure the Sky

2 sin € cos = mA/o
A=2csingcosf3/ m

: 20 . . . | .
Ap = —sSIn (&) cos (o — &)
m

A, : comprimento de onda do blazing

26



Exemplo

Diffraction

Gratings

available for LCS

grating
number

40
41

42
43
44
45
46
47
48

http://www.as.utexas.edu/mcdonald/facilities/2.7m/lcs.html

Grat
in fir

5t order.

ings are blazed for use

lines/mm

300
300

300
600
600
600
1200
1200
1200

blaze

4200
/500

10000
4000
/500
10000
4000
6000
/500

effective
blaze (R)

3900
6000

9200
3700
6900
9200
3700
5500
6900

dispersion
A/ one-
pixel A\

(TI1 CCD)

550
550

550
1100
1100
1100
2200
2200
2200




Exemplo: redes do Cassegrain/OPD

Rede® .eiﬂgu]o Blaze A® de Blaze Dispersio®® Resolucio
1/mm — (graus,min) (nm) (nm/mm) (FWHM, nm)
blaze(nm) blaze efetivo

Lina 0300-300 02° 30 275 19,6 0,90
Lina 0300-300 04° 18’ 455 19,4 0,90
Lina 0300-640 05° 31 580 19,2 0,90
Lna 0300-1000 08° 38 910 18,5 0,45
Lna 0600-300 08° 3¢° 455 9,25 0,45
Lina 0830-820 199 42 740 5,89 0,31
Lna 0900-350 14° 200 500 5,73 0,26
Lina 1200-400 13° 53 365 4,24 0,18
Lna 1200-500 17° 21 455 4,09 0,18
Lna 1200-600 21° 00° 545 3,85 0,18

Lna 1200-750t 26° 42 680 3,48 0,18




Cobertura util devido a eficiéncia do
blazing

A eficiéncia maxima € para A,, com a eficiéncia
decrescendo a 50% para aproximadamente:

* }\‘inferiorz 2/3 kb

* }\‘superiorz 3/2 7\‘b

Exemplo, A, = 6000 A, entao podemos cobrir
com eficiéncia > 50% (da eficiencia maxima):
4000 — 9000 A.



Important points

1. Due to blazing, the grating is optimized for a particular
region of the spectrum (although you can observe
different regions using different gratings).

2. Devido a superposicao de diferentes ordens a cobertura
espectral é limitada ao free spectral range (AA ).

3. Diversos elementos (e.g. CCD) podem ser otimizados para
uma determinada regiao espectral
E complicado cobrir todo o espectro “visivel” (300-1000nm)

com apenas um espectrografo
“Double

spectrograph” ©



Espectrografo doble (2 bracos)

PUBLICATIONS OF THE ASTRONOMICAL SOCIETY OF THE PacirFic

94:586-594, June 1982

AN EFFICIENT LOW- AND MODERATE-RESOLUTION SPECTROGRAPH
FOR THE HALE TELESCOPE

J. B, OKE AND J. E. CUNN"
Palomar Observatory, California Institute of Technology, Pasadena, California 91125

Double spectrograph para o telescopio

Palomar (5m).
O lado VERMELHO cobre 550-1000 nm
O lado AZUL é otimizado para 300-550 nm




Dichroics : dividem a luz para os bracos
do espectrografo multiplo

espelhos refletem um intervalo espectral e transmitem em outro

Exemplo : Palomar Double Spectrograph Dichroic D55
Blue — st 100
side /AN I ~dichraic
" -
|/ r Red Side o
L ' I\I ——filter § |
—/ | =Jcoallimators ~ 760 |
8 “l
e 4@
k= |
£ | '
| W] G 20 Reflete Transmite
Pl B E |
[ ] - .

0 - | i | | y
Upper portion of Double Spectrograph 3000 4000 5000 6000 7000 8000 9000 10000
(after Oke and Gunn, 1982) Wavelength (A)

32



Gratings for the Palomar double spectrograph
(F) GRATING SPECS (lines/mm, blaze, dispersion) R~ 1 000 to 10,000

1st Order Useful Range (A) Red Camera Blue Camera
. o to blaze 1/2- Dispersion Dispersion
lines/mm Blaze (A) ( intensity; (AF}mm) (AF;mm)
158 [a] 7560 5000-11300 201 1st [c] 135 2nd [d]
300 [b] 3990 2700-6000 - 140 1st
316 [a] 7150 4800-10700 102 1st -
600 [b] 3780 2500-5700 - 71 1st
600 [a] 9500 6300-14300 54 1st -
1200 [b] 4700 3100-7100 - 36 1st
1200 7100 4700-10700 27 1st 36 1st
1200 9400 6300-14100 26 1st 35 1st

NOTE:

"Useful Range" gives the wavelength limits at which diffracted intensity drops to 1/2 of its peak
value (2/3 and 3/2 of the blaze wavelength, by a common rule of thumb).

[a] silver coating...can be used only longward of 3500 A.

[b] can be used only in blue spectrograph.

[c] first order.

[d] second order.



X-shooter no VLT/ESO  UVB, covering 300-559.5 nm

3 bracos: 300 — 2500nm VIS, covering 559.5-1024 nm
oferecido desde 2009 NIR, covering 1024-2480 nm

] 2100

Wavelength (nm)




Dispersao linear do espectro
(valido para prismas e redes de
drifracao)

Dispersao angular do prisma

do _1R80A4RB N Dispersao angular da rede
e m do B m

d/ g cos 0

d\ " ()= )2



Dispersao linear dx/dA

Prism
| CCD
Collimator Imaging lens
AN o ": \ \
. A% \‘"-»." e _
Sllj — e S . ‘/;
RS "i--.‘ Spectrum
7 A e LA “*. —-Red
A\ _ - T o - Yellow/green

'---a.

~ Blue

The linear dispersion of a prism is obtained in a similar way to that for
the grating. If x is the linear distance along the spectrum from some reference

point, then we have for an achromatic imaging element of focal length 75,
e

image dx . df

(from telescope etc) . . .
Linear dispersion — = f, —
Figure 4.1.12. Basic optical d)\ Vs d/\

36



Example for oo = 60°

Prism

apex angle of 60

| ing lens & , B
maging 1= 1.39 x 10’ °m™"

\ ] do  —180A4B .
I . T ~ — m
R — e dA  w(\— C)*
R k Spectrum
e W %/ Red Valor tipico para

-/ Yellow/green d@/d}L =1,39 x 107 °m1

/™~ Blue

QualodOparadi=1A?
do=1,39x10’x1x1010°
d0=1,39x103 ©
dO =5 arcsec

Linear dispersion no CCD ?

37



Linear dispersion dx/dA

Prism

_ o Linear dispersion:
Imlugmg lens

B dx - déo
_:::::_‘:‘ e i . . 2 (1A (1/\
RN S /P valor tipico para

e e [N NS R dO/dA=1,39x 107 Om?

R N —~-Yellow/green

Example for f, = 50 cm e

Estimate dx in d7\=2A.d9/ dA = 1,39 x 107 °m-2

1 degree = 0,0174 radians
- dO6/ dA = 2,426 x 10° radians m1

38



Linear dispersion dx/dA

Prism

_ o Linear dispersion:
Imaging lens

dx  do
IR ! YA _ :.fz _
_::::::':'_"d "‘-.h_‘ i e "1.“ 2 (1A (1/\
_______ “ = \‘*‘ Spectrum

. : N _-Red Exa m p I e fO r f o 50 cm
ee-ige e Yellow/gr

e Estimate dx in dA=2A
d6/ dA =2,426 x 10° radlans m-!
dx/dA =f,d0/dA =0,5m x 2,426 x 10 > radians m1

=1,21 x 10°
dx =dA x 1,21 x10° = 2A x 1,21 x 10°
=2,42 x 10°> x 10%um
dx =24 um. Se o pixel for de 12 um, cabem 2 pixels




Disenho basico de espectrografos

Lensazis

- ; Principal \.ﬁjms :
( i Focal plane
— : N image on slit Collimator

] Slit

fCO[.

:

T
]
g
S =
LR
8 3
R
S =
SR
L
]
ShS
g 8
S
=
S
Q
3
0
Q

Raz3o focal do colimador e do telescépio devem ser similares: “*
JcoL  JTEL

~J

DCOL DTEL

40



Properties of the basic spectrograph

S
S éx” Fig. 11.12 A simple,
o35 all-transmission slit
- g g spectrometer. An
Focal plane a 23 alternative input is the
image on slit Collimator \[\_x\Q 2 Disperser end of an optical fiber,

which would replace the
slit at the focus of the
RS collimator. The opening
N of the slit or fiber is w,
measured in the vertical

Qection in this diagram.
“CAI

DteI
ft

Alternative input: Camera

end of optical fiber

Largura da fenda (slit): w,
D.., f.oi: @bertura e distancia focal efetiva do telescopio- " 4

41
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Qual a distancia angular. da fenda no céu ?

ay
(&)
o .
g5 The angular size of the
SR . .
Focal plane p” '§§ slit on the sky IS .
image on slit Collimator T Q& @ Disperser Wy

DteI
ft

Alternative input: Camera

end of optical fiber

Largura da fenda (slit): w,

w, pode ser tb o diametro da fibra A

42
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Resolugao oA, do espectrégrafo

Q . . .
© To Measure the Sky 5.9 anamorphic magnification
o b © m —
FO‘-G(I;[“”"_I Collimator - i Qg) 'LED{S‘ erser "an i d()/dy — €03 l/COS ()
D image on sli T /s

fCOL

6(1)
Alternative input: Camera

-~

end of optical fiber \\ L
O /) DTEL d/g_ \ A+AA
- > Deor d0 \ B Drgp 6 cos0
do m 040 an(/ D( oL m

Rede de difragdo: — =
d/ g cos ()

43



Poder resolvente R (= A/oA,) do espectrografo

Focal plane

D image on slit Collimator lf( _ Disperser
tel | '
— 9
tel o
] Slit = <
.fCO[‘ \
f

Alternative input: Camera

end of optical fiber

A A DC() L m

5)1,() ranqbs DTEL g cos 0
Para fontes pontuais (p.ex. estrelas) o dngulo da fenda no céu ¢, < (/)Scci,w

Se o seeing (FWHM) for menor que Gs usar d)sccing parao R

R =

Na verdade podem existir varios tamanhos de fendas
© To Measure the Sky
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Poder resolvente do espectrégrafo em
funcaodem, o, f

col”
P = A . A DCOL m
520 ran¢s DTEL g cos 0

/ ‘.“S
., — =— 1 1 .

> JrEL ~R _ 4 _ 4 DcoLfrp_ ™

0/ Yan Ws DTEL g cos 0
f;CDL B fTEL o y) B , m /C()L
* D »

oL TEL 0y  ramacoslO Ws

m: ordem, o: distdncia entre riscas da rede .

f.., : distancia focal do colimador, w,: largura da fenda



Poder resolvente do espectrografo

/. i m  fcoL
R= — = :
040  Tanocos O Ws
m: ordem, o distdncia entre riscas da rede

f.o;: distancia focal do colimador, w: largura da fenda

Focal plane p
image on slit Collimator — Disperser
>< /
CO[ \
f

Alternative input:
end of optical fiber

Camera



Resolution vs. slit width w,

Phoenix spectrograph  p _ / A m /( OL

at Kitt Peak (2m & 4m) (5/”0 Fan O COS 0 Wq

« EXAMPLE with PHOENIX spectrograph, slits available:
2 pixel (54 um), 3 pixel (81 um), and 4 pixel (107 um)

* w, =4 pixels on detector = R =50 000
* w, = 2 pixels on detector - devia ser R =100 000

* w, =3 pixels on detector > devia ser R =75 000



Resolution vs. slit width w,

HIRES spectrograph on

10m Keck telescope

Deckname

Bl
B2
B3
B4
BS5
C1
C2
C3
C4
C5
D1
D2
D3
D4
D5
El
E2
E3
E4
E5

Length (")

3.5
7.0
14.0
28.0
3.5
7.0
14.0
28.0
3.5
7.0
14.0
28.0
7.0
14.0
0.119
1.0
3.0
5.0
7.0
1.0

Width (")

0.574
0.574
0.574
0.574
0.861
0.861
0.861
0.861
1.148
1.148
1.148
1.148
1.722
1.722
0.179
0.400
0.400
0.400
0.400
0.800

P A J m  fcoL
N . A
esolutior 040  Tamacosl Ws
(calculated) (measured*) (measured+)
72,000 67,000 66,400
72,000 67,000 66,400
72,000 67,000 66,400
72,000 67,000 66,400
48,000 49,000 50,000
48,000 49,000 50,000 * Using UV cross-disperser.
48,000 43,000 >0,000 Average of 5 Th/Ar lines near
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36,000 37,000 37,500 4100 A.
36,000 37,000 37500  + Using Red cross-disperser.
36,000 37,000 37,500 Average of 4 Th/Ar lines near
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pinhole |
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51,000 52,000 52,000
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Resolution vs. slit width w, - Coude OPD

i m  fcoL
0 A*-O Fan O COS 0 Wi

Regule a largura da fenda
(250Um correspondem a aproximadamente 17)

Figura 3.5 Botdes de controle do espectréografo na ante-sala do
espectrografo Coudé.

01 - Controlador do CCD de guiagem

02 - CCD de guiagem

03 - Chave liga/desliga lampada halégena do flat field interno
04 - Fenda do espectrografo

05 - Espelho das lampadas de comparacéo

06 - Controle da abertura da fenda

07 - Seletor do angulo da rede de difracéo (ajuste fino)



Calibration lamps (a.k.a. arcs)

(para calibrar o comprimento de onda)
NEON arc (observed with a 600 lines/mm grism)

Neon Arc Lamp {600 lines/mm Red Grism)
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He-Ar, espectrografo Cassegrain do OPD
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Além de prisms e gratings, o dipersor
também pode ser um grism

mcident

0%
light >

H —




Grism = Grating + Prism

Para uma faixa de comprimento de onda, o

desvio do feixe de luz to prisma é contrarestado
pelo desvio da rede, portanto o feixe segue reto

.

beam from

telescope
bearm ta ;
guide ; THE NICKEL
Camera b SPECTROGRAPH

[sfze and saparation

of components not
| to scale)

|

Y

aperture wheel @
filter wheel éﬁ

‘./ & shutter

C0|imad0r I! collimating lens
incident '
beam

Grismas "
1 *
Camera lens [ camera lens
O instrumento pode servir para imageamento | CCD

apenas retirando o grisma do caminho otico.

http://mthamilton.ucolick.org/techdocs/instruments/nickel_spect/hw_overview/
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