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FOURIER TRANSFORM SPECTROMETER IN ASTRONOMY

SOOJONG PAK”
Department of Astronomy and Space Science, Kyung Hee University
Yongin-si, Gyeonggi-do 446-701, Korea

ABSTRACT

The Fourier Transform Spectrometer (FTS), or Michelson interferometer, consists of a fixed beamsplitter and two
movable mirrors. The optical path difference (OPD) between the two mirrors produces the interference effect. We need
to calculate inverse Fourier Transforms of the measured data to get the source spectra. The FTS has advantages of high
spectral resolution and multiplex capability, as well as imaging spectroscopy. Because of the complex operation and data
calculations, however, the FTS has not been very popular, compared to a long slit grating spectrometer, for the
astronomical observations in optical and infrared-bands. Based on the advanced computer technologies, we expect more
usages of FTS in the future astronomical research. In this review, we describe the characteristics of the FTS and its

operation techniques.

Keywords: instrumentation: spectrographs — techniques: spectroscopic

Z1A] e o] fAb = R Ak FAbskE AW A E 2o, S 2l 9 HAFol| A, E olv A 5
AN B AUA S F5 B WEIT B37=

27t BT E AFEste] ek ~FER A A5 SA 5]
(L 19 1o} Ao BFol -8 &34 A& (LE
Aol =] o] E2-4 40 el of g zpd A A
WwEEh aea #3715 $F% 29 ER S 779 54T
gAYt 2E S S48 AsiAE = = oF g}, 33} 5l A o] upd ol A AL
&3k 37 2hs Al wet (1) of M2 FAxfolE o] &l TEF B37]; (2) o] 3 dy
WA a9E ol &ste AR 37 3) WY 1 aHE ol &ste Falo e 47| (Fourier Transform
Spectrometer; FTS)<} 3 2 2]-3| 2 3 7] (Fabry-Perot Spectrometer; FPS) 5 S 2 s 4= At} 7)o A FTS &
Uitk 5-o] 744 3}l (double-beam interference) FPS = 4!t} of 81 o] 714d $FCh(multi-beam interference).
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0}” AA o] HFel M= o2l A E3717F A sHA| & ATh A 9

E st Aol ofelf &9 Ao] Wy g2 o' AT
o] F5 Fofof sfar, mpebA A Q] FAL o %] o] W Fito] xekE T
*8H/\ = ¥/ 9] PSF (Point Spread Function)E =7 3lo] &4
shof A J"—L‘li TAE AT = Uk 109 d AFEHE 239 oA &=
Units) & AH&-ato] 12k 0= A A Fstal Aol o gk 4k tlolH & ¢+
SFCH(Weitzel et al. 1996).

73 Bg7)e F79 FTS 9} FPS = 8 S
T g oM AEA o= Oﬂ”‘:’%ﬂi T% Fo}, o] £33 7] b2 Alok Bt 0}‘43}55-8—
El (R>10,000)= ¥l a2 G &= Flo] vk et s @e] o] 24 A o) & & of shaL
A A o2 BabsithE g o] QlojA At #S5dA = I8 AR H A Ktk H2] AFH Ak e
9 Ao] 7] 3} wE ALke] 7hsate] ko R = FTS & FPS 7F o] B8] AR8-E = Utk FPS o] 5%
& ool tHgk Wi-&-& Pak (2000)°]l 1* 311, ko A= FTS o W8-S 7heFs] A g :Lﬂz il
FTS Al 2~8] AAZ 9Js) IDL 2 =33 ¥5 A Ed o)A .ﬁj_ﬂr HolFErh FTS 9 o A&E3 &80
AFA| g A v -2 Connes (1970) 2} Ridgway & Brault (1984)°1 31
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2.FTS &) 7| & H=

FTS & ulo] A<= 7H Al (Michelson interferometer) 2] ¥ 2] S o] &3t} 17 2 0] A
3 Ho F7bo)] Ql= F8] 7] (beamsplitter)ol]l o] & 9 = WhALE A} ggé,éggz_ =31 5)0] 7z}
o] Fia 7)ol A thA] mhdt), o] w o} gz o &7 HhALE] 7%‘% S = oS 7o) 3373 =4t (optical path
difference; OPD)°l| o] aff A = M @7do] 7] aL, obefj o] 7= 7]l A E/\P A71E SAgt sl ALS 2o
A FA oA WEsh= HAL A7 9] S E < Eiiﬂi:ﬂ” (lnterferogram)O]E‘r Eia=y
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J8 2. FTS 2 J|12 . NFE 212 F o2 SH0l= HEZ A5 UCH

QUAME o] 27 B2 I(o) 2 A3 228 Fp) = 53} o] Felol Wk 97} o
F(p) = % [ 1)+ cos(2a0p) o

o710l A p = Watsh= AE o] A4 f1x]e]aL, o= B 9] 94 (wave number, 1/4) 1t} oin 2t Omin =
gkl o] mao] WS ofn gtk AR ASel A= J)f"ﬂ A 7F Fo A E Al 7 39 2% A2
Ef 3} go] JAE 1l I(g) o] DEFSFRA 7178 w21 A (monochromatic line) o] 2, 4 ® QB H 213
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8 4, el 2082 9 2|0 HE6t 28 FTS AHEY, oIHHZ 3 dioIg e
JHERFEl A el (apod|zat|on)a SHAl 2OLAl J1D| ABEZ QN II&EO0| 2QICt

TP aL I 23S th o] o 2]l Wk (inverse Fourier Transform) &},

lers (0) = [ " F(p) cos(2rop)dp.,

FTS 2HER lers(o)= 72 o AT (LH 4 FX). A7]0H prax 2 pmin = FTS 72 2] 2270 ¥ 915 YERH L
o] t”—?%ﬂ 2 FFFTS 9 % 350l AXvh. = FTS 717129 E 7] ] FWHM (Full Width at Half Maximum)
Orwhv = B71 913 ALl 270 H = U2 Ao 7 XA ",

-1.22
min —
O rwhm
1.22
max =
O rwhm
Z7l= B AR HolHE ol 22 A2 A&H o7 SAHA =, H AFE Vs o w
OIS A5 A 2] Ao 2 kAR, 220 W9 kol A 2 8] 4 N, = Nyquist 2% 91502 b a1
o] 7-gttt.
N p— Pmax ’ (ZGmax) -S
o 7]el| Al 22} 2= Nyquist M E S 918 rolal, S+ A A o= F7hsk= A5 (over sampling factor)©] o,
B Aqo] FTS Al &g o] A oﬂxi S# o= 58 ALgelgitt

1 49 FTS 29 ERlo] Wol= 32 ABHA=IHS o Fejo] Mas & v A =23 doly 7}
F2e] A2 (apodization) & dF4] eyobA] LrEbdTE o] 3t o] UetuA] 5 Sheld Qe H| 2 1ol Fgkae
(Window Function or Apodization Function)S skl & SFejol]l M&k-3 sha vy, 32+ Hamming 3 &=
+= Gauss $5 Wol| AH&-ghrt
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3. FTS & Fx¥ &4

3.1. U= 33 A X (Multiplexing)

slueld 2 BY)e o o] @ vha Yo AR e AW FTS o] B3 B g e
29 wolEo s Fal wpgul o] mE B st B 0w Eahulo] ek o EW ALYl 2H 59 9
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FTS &= AR ol X €] 50%7} A& Tk o4 BA} A3 239 A 57} 24 5 e A
Aol ©] g FA} 35 (photon noise)o] A x4 W=7t whobd 4= Qith. 53] AEAlyE F H o) 5 A= AH
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3.4, Be A go]g o A A

FTS = W& #5 AlokE 7FA AL QlofA], I Alo] B CCD H+= 494 o] o] (infrared array) & AH8-&
Ack 1A AEHARIHE A7) A= AE7] T Zhzte] FAS w2 o) a1, Agste] o F
of Wy AR sfjoF dvt. Adie] B=57)7]= Aol B HAEVE ARt R, HE sl FTS o] Al z-E A
ghab= 7 A EA7EE 5 Sl
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S Z_]—Iﬂ‘:l—%ﬁ_]- azw %%%%% @'Zl: 9,10‘1/‘11 5194/‘\1 1,3__7_1:6]—%78152] %‘-Zﬂiﬂi g‘ﬂ A]—%%E}— 'LET—S]
LA g E A58k AE7= FA U Aol A HlolE Aldtel EAIHA ket A Ao 49
A 7914 AKARI 2] FIS (Far-Infrared Surveyor; Kawada et al. 2004, Takahashi et al. 2003)°ll &2 FTS 7} 914
Ao A Bl 952 53 QL n(LH 7), 49 2] A9l 4 091 Herschel ) SPIRE ol 4% FTS & A1 %
Tolth(24 8).
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A Blocking Filters
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(stressed Ge:Ga; < 1L.8K)

4 AKARI 2l FIS (Far-Infrared Surveyor) X T (2%)2 L0 B2 FTS
M AZUHA AIE 2#=2 ol ACH (Kawada et al. 2004, Takahashi et al.

(REZR). &

& 8. Herschel RFURAHO| XM 22|10 EXE FTS 9 &8 PXE (X, Swinyard
et al. 2003). LEZXE 28 AIEI2 Mach-Zehnder X8 20{=0}.
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