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ABSTRACT

We present the design specifictions and the performance estimation of the FUVS (Far
Ultraviolet Spectrograph) proposed for the observations of aurora, day/night airglow

and astronomical objects on small satelltes in the spectral range of 900~1750A. The
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360 RYU et al.

design of FUVS is carried out with the full consideration of optical characteristics of
the grating and the aspheric substrate. Two independent methods, ray-tracing and the
wave front aberration theory, are employed to estimate the performance of the optical
design and it is verified that both procedures yield the resolution of 2~5A in the entire
spectral range. MDF(Minimum Detectable Flux} is also estimated using the known
" characteristics of the reflecting material and MCP, to study the feasibility of detection
for faint emission lines from the hot interstellar plasmas. The results give that the
observations from 1 day to 1 week, depending on the line intensity, can detect such faint

emission lines from diffuse interstellar plasmas.
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¥ 2. FUVSY] A3 A ApeF

Field of View 8° x 5
Grasp 2x1073/107% cm?sr
Effective Area 0.06/0.3 cm?
Band Pass 900~1150/1335N1750A
Resolution 2~54
Mirror

f/no 2.2

focal length 125 cm

shape parabolic cylinder
Slit

distance to grating 17.74 em

slit width 150 pum

slit height 2.75cm / 1 mm
Substrate Scmx8cm

shape ellipse of rotation

A axis radius

C axis radius

18.00 cm
24.26 cm

Ruling
ruling type
Long wave band

Short wave band

Blazed Holographic
1500 lines/mm
2250 lines/mm

Diffraction Order 2 inside
Input angle 219°
Central diff. angle —5.28°
Detector 3cmx8cm
distance to grating 17.00 cm
tilt angle 10.33 °
width 2.5 cm
background rate 0.1 ¢/s/cm?
resolution 1024512

Long wave band

MgF; for mirror and grating

Csl for photocathode
CaF, fixed filter

Short wave band

SiC for mirror and grating

MgF, for photocathode

Filter
Open
Closed
Aperture

Survey
Detector Background
Bright Target
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2% 6 HEBEA (A4 o] night sides] HX)3 AL A$)e) MDF. ©oaH(a)7h 254 (b) the o)) MDF7}
RE U} glom, 2z EAE AI7He H4e] £3 Aotk

o) BAE JEHE factorol, FUVSS] B 1,9 Hol YAHE o, Ate] AIE w22 ANe] o
Jodqol s 24¢ s AnA 02 MCPAME T Aol ol FoIX & count® A2 Y & Ak

Counts = I), x Dy X AN x At (8)

714, Are ZEEe AE7] B4 &) Bz Ealeol dlBste A dFE v, B8
ﬁ}%q] ue} g2 ghS AT FUVSe A A2 2 ~ 549 ghg zteth &, Ate &% o] YA

AHE ou gt Ty & AE wole 7|18t8 A BT, o] WA Fehiel whal, F3 58
gz, A&7 FAESE 52 FAA dolAE FE 9FH o2 o] AZstE Zol A ¢ 80
shch. rdk 3 "o ols] ©EojAE ThE order?| Holut Lyman a8t Z-& 73t geocorona WEHNE
S AAs A AE2 28 g filterE Folof IR Z filterd] FI & A4t EH ok
gt} E, o Solwolut Ago] §33 A7 E 2] W Foll 2o uhel (field angle®] W2}) W] &
Bl Az EE&R 23t 3 ©E YER & vignetting factor= 3 #of st=dl, A7 € 1L
2 skAl gkt

HAE7E 4494 Ao F2 oz HAHE, MCP ¢ CsI(Martin et al. 1981, Martin &
Bowyer 1982)2 3:®slAl =™, MCPoA WwAF Azt ¥L delay line readout system(Siegmund
et al. 1989)0l} <& HFH oz AZH) Csl ZH S AEE, ALE M AFDH0l 19004 0]
Aoz AAAT. AL HAE L 5% 2, o Eolwte] v W F &S 42 64%, 25% 2 T
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‘4. FA 2] AFE Briste d ol 718t B3 3 ool o] =P o] FFE 2T
QL E7He Yel & MDF(Minimum Detectable Fulx)e F=7F @ o4 #&ste %o &
Z719 44 Busls 8¢ A=yt ok MDFE €438 $A29 £84d40S nejste A

29 & #Ae 7 259 sulvt Evte 2o 2R E 78 5 ok oAl L8k Signal to Noise
Ratio(SNR)7} 3% W} 9 signal gt-& MDF2}t 3 9 g}, A A 4 3 (net signal) S, % 4l 3 (total signal)
oM, A&7 F27t £l A ¥E FF 3 vl A 3 (background signal) BE # 2
24 47 Bk o) W, 4 W59 B9lE countsol 2, 2tzto] e REUAE 0, 0, 0p01ER
S ), B Poisson BEZ /1R & Qong FEAAE B A F20E F0]A| 0 net
signale] EFARE che3 2ok

ol=0l+0l=85+B=5,+2B (9)

u}a}A], SNRe] 3 o] AHel =& &3 o] T8 4= 9]

s, S,
on 2 >3 10
On /S5, +2B " (10)
A2 A4 2HER I, [phem s A se7loll th3l o] 2727 0] o} YA FolAl & 2] Lotr 7] 9
g F 29 Fo] MEFES B4 th o)W, net signal L AN (A\)QT7} ¥ I backgroundi= A&
7] Aol @9 AP HE FE Fojch welA, MDF IMPF = ohg-3 Zeo] Folxith
1/2
poor _ 91+ (14§ [Baf2QT(+ (T/To)?) + 1, Lisyrar(N A Aegs (M)TQAN]) a1
A 2 Ao rO)TQAN

o 2L Frg 2337 daie BHAT T background BEHAI L T
RE G F Atk B FEAUH S AU Z ste Zo] 1 Fasta YAz
ZE o] Bo] gtk AL &+ Ut

7 g ed el At A4S P, A& AHEF ] th3) line featureE 7 =3
2 & AL e A4 A9 e 2}A) 7} background & S stA H =8 MDF7} oh-g 3} o] A4t

& $Al0) gojo} Arh
Lo

S/ A AF

IMPF = 201+ (1+8/9[Buf?QT(1 + (T/Tp)?) + LiTers(NTAN
+ 32 Liegrat (i Vg (T AN) ] /(Do (NTBN) (12)

5% ol @t

$2 Uiro] MDFE ANtk Al 4ol a2 SehlHE 5 ob4 7]
5459 A9 NBFAY AT g, oA sl w Axe] AAH 4%

2 2AA oz BolaleE BV} §1S Ao QAT E, ANe B2} sol 2A17 9 % gl

£ diffuse source®] HETHZ(E 8°9] FOV Sl A EalFol 24 Hox|x] && 674 nal)E 7| &
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¥ 2. MDF Al 4bell A}-&¥ parameterS-.

W e

At AgeoTmir (A grat At gine (Ve ger (A)

AX bin size (can be greater than resolution limit)
Q field of view(sr)
T observation time(s)

Ts internal background measurement time(s)
I; geocoronal line i emission intensity

ggrat(A)  grating scattering efficiency

Tmir(X)  mirror reflectivity

rerat(A)  grating reflectivity

trin(M) filter transmission

Edet(A) detector quantum efficiency
By detector internal background(cm=2s1)
f objective focal length(cm)

o= g3t oo, 7429 Ajtel = w7 3] T (Meier 1991)& 1.2 3l & F MDFE A 4814
ot 28 6& A1F Ao} ATl 7t A U FFeAM AEBRSE FPue] MDFE el sz
A, CIv(A1663)9] 75 4000LU (line unit; ph cm?s~'sr~!), Om(A1401)9] 7 ¢ 3000LU, O1v(A1401)e)
73—?— <2500LU, 228l Nu(A1750)¢] 7% <1100LU % o] A 7 &4 diffuse emission?] 13 A
7NE HE2E F de e S HAE £ e 9% A =0 doh 4000LUE zhe Crv(A1663)2] 72
+ 15"”—’] HEZE02E HEo] B8N, IR (HAY &8 AIHE TE8ME P Zo) e, F
T b Nur(A1750)2] 73§ ek 29 o] S #&sjof HEo] 7158 Aoz Addrt

4. 248 ¥ ¥ o7 oA

2 =2edE FUVSS 2A % 398 458
A A2 Amste], A JQA 2 ~ 5Ae] Bos
1Av 9] Ba5 e Anith F bA wyel ¥
gozm A s e n& Rale S d

olu vk th4l Y& FOVE 7HA 1L image S
Ho 2 5 ojiie] ZHRe s & 5 AR, $+F74
"ot I, FUVSY HE A5S B4 Al 2 A
B85 2AEH T A F74A] &l A diffuse emission sourced] B x
Ao AZo] 7153 Ao AZHEY FosE B A7 HE)e
Ao B AT 4 9l = SMC(Staveley-Smith et al. 1997), LMC(Kim et al. 1997)% Ztzhe] #&) 4
o g SEAEAT &2 & 2t At 2o Ao, B =& AUt f85HA 2

o
N
-
ol

—"F— Sd © 1, field angle®
< ¢ F UM, HEZE tilt

&9ttt FUVSE 1 1

Zth g A AR

1T}, ray-trace W o ko] &
1
o]

a2

.1},
29,
=
2 to
i o
1,‘

M
>
it

Ni)l' % 3o O
deodr

ol

o
2o tlo tlo

'l
o off

e
o
fid 2

Je
2
wl
3
it

ok 34
>
oo
@

r T

o 2

e B Jm b

>
fo
U

g

)
-3
Kl
o

of o

ox 32
H’—fn )

)



OPTICAL DESIGN OF FUV SPECTROGRAPH 371

2 Aot} BetH o2 2o parameter’} FEAH AT ARA AN EXY AT 1 &
ed o

#n 28

ol 1985, 713+ 2 ¢ (& A7 Ak M F)

Blair, W. P., Long, K. S., Vancura, O. & Holberg, J. B. 1991, ApJ, 374, 202

Boggess, A. 1978, Nature, 275, 372

Boksenberg, A. E. 1973, MNRAS, 163, 291

Bowyer, S., Edelstein, J. & Lampton, M. 1997, ApJ, 485, 523

Bowyer, S. & Malina, R. F. 1991, Extreme Ultraviolet Astronomy eds, R. F. Malina, S. Bowyer
(Pergamon Press, New York)

Brinks, E. & Bajaja, E. 1986, A&A, 169, 14

Choi, I. W., Lee, J. U. & Nam, C. H. 1997, Appl. Opt., 36, 1457

Chrisp, M. P. 1983, Appl. Opt., 22, 10

Haber, H. 1950, J. Opt. Soc. Am., 40, 153

Hutley, M. C. 1982, Diffraction Grating (Academic Press: London)

Kamphuis, J., Sancisi, R. & van der Hulst, T. 1991, A&AL, 244, 29

Kim, S., Steveley-Smith, L., Sault, R. J., Kesteven, M. J., McConnell D. & Freeman K. C. 1997, Pub.
Astron. Soc. Aust., 14,1

Martin, C., Jelinsky, P., Lampton, M., Malina, R. F. & Anger, H. O. 1981, Rev. Sci. Inst., 52, 1067

Martin, C. & Bowyer, S. 1982, Appl. Opt., 21, 4206

Meier, R. R. 1991, Space Sci. Rev., 58, 1

Namioka, T. 1959, J. Opt. Soc. Am., 49, 446

Siegmund, O. H. W, Lampton, M. L. & Raffanti, R. 1989, SPIE Proc., 1159, 476

Smith, A. M. 1967, ApJ, 147, 158

Staveley-Smith, L., Sault, R. J., Hatzidimitriou, D., Kesteven, M. J. & McConnell, D. 1997, MNRAS,
289, 225



