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We have devised a novel type multi-channel Fourier transform spectrometer
(MCFTS) incorporating an Wollaston prism polarizing interferometer combined
with two Savart plates and a phase retarding plate.  This original MCFTS
produces a number of lines of folded interferograms recorded with a two
dimensional imaging detector such as CCD detector.  These interferograms
comprise pairs of in-phase and anti-phase interferograms separated by the Savart
plates and given shifted path differences with respect to each other owing to the
phase retarding plate.

By subtracting the anti-phase interferograms from the in-phase interferograms,
one can double the amplitude of the interferograms and reduce non-interfering
components and noises due to the defects on the optical components such as
scratches and dusts. In this way, it is possible to enhance the signal to noise ratio
by more than a factor of v 2.

The enhancement of the resolving power is also expected by connecting the
interferograms with a newly developed method. The technique of Fourier
transform is applied to align the phase of the interferograms. The resolving
power of the spectrum reproduced from the connected interferogram is enhanced
roughly in proportion to the number of interferograms connected.

In the present novel type MCFTS, the total incident light is available except
for a small amount of reflection loss. The main factor for the light loss of the
present MCFTS is the Fresnel reflections at the boundary of each optical
component in the absence of the absorption of the optical materials. This
reflection loss can be dramatically reduced by coating the anti-reflection films at
the boundary of the optical components or by cementing the components
together.

We manufactured a prototype spectrometer implementing the concept of the
novel MCFTS. In this prototype MCFTS, two pairs of interferograms, namely
four lines of folded interferograms, are detected with a CCD detector. The
spectrum of the manufactured MCFTS was reproduced by performing the
Fourier transform of two pairs of connected interferograms. It was confirmed
that the resolving power of the spectrum was enhanced by approximately a factor
of two compared with that of the spectrum reproduced from one line of
interferogram.

The spectral calibration of the MCFTS was performed by using mercury,
cadmium and sodium emission lamps. The spectral calibration was performed
by fitting the spectra for these lamps with a dispersion curve calculated from the
refractive indices of the WP. The results indicate that the optical performance of
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the Savart plates, the phase retarding plate and the Wollaston prism is as
designed. By using these curves, the spectrum of the Jupiter was calibrated.

The doublet spectrum of mercury emission lines at 577 and 579nm can be
separated by a spectrometer with a resolving power exceeding 289. The
spectrum regenerated from a single line of the interferogram, which gives a
resolving power of 345 at 578nm, shows the doublet spectrum barely separated.
On the other hand, the spectrum obtained by connecting two interferograms,
which gives a resolving power of 668 at 578nm, shows the doublet spectrum
clearly separated. This result confirms that the resolving power is actually
enhanced by the implementation of the novel type MCFTS of our design. It also
means that the phase adjustment by the developed method successfully functioned
at the connected portion of the interferograms.

For astronomical observations, objectives often usually require spectral
information with wide band coverage, high resolving power, spatial information
with high resolution and wide field of view. As a result, a spectrometer for
astronomical observation requires high performance realizing high SNR, high
resolving power, broad wavelength coverage, high spatial resolution and wide
field of view.

The present MCFTS has no mechanical driving part and is assembled very
compactly for its potential high resolution. Therefore, the system should be
inherently stable against vibrations and easy to handle. In contrast, a scanning
Fourier transform spectrometer requires a high accuracy in fabrication and high
stability in driving the moving mirror and it is not easy to construct such a
spectrometer useful for visible region or for shorter wavelength region. On the
other hand, the present type of MCFTS will easily produce the interferogram
even in the ultraviolet region.

One of the advantages of the present MCFTS over scanning type FTS is that
the SNR does not depend upon atmospheric scintillation for astronomical
observations. However, since the influence of the background noise from the
sky reduces the merit of FTSs, there are not so many objects for which the
present MCFTS can exhibit its usefulness for ground based astronomical
observation. The real merits of the present MCFTS will be demonstrated for
astronomical observations from aircraft, balloons, rockets, and satellites rather
than for ground based observations, since the background noise is smaller for
those applications from space than for the ground observations and the spectral
resolution required is usually not very high and adequate for the present MCFTS.
Moreover, it will be possible to develop various scientific applications such as a
spectroscopy for fluorescence, plasma-emission, bio-luminescence, cathode-
luminescence and so on, since the MCFTS has a high throughput. Practical use
of the present MCFTS for various other fields such as fiber scope diagnostics for
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medical examination or meteorological spectroscopic observation may be also
worth farther investigation.
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AmXEB. RERLIrPOLHINTELRXASASEIRLD, ERFBFIIHIET
& BHHELELELULROREOENTLFBER - il A T7OHRE (M
CFTS) ORXBUHANDOICHA*CHILE O THEMREEZT-LERET EDLD
DTHYH, 2RTSHEEIOHBEINDG, F—ETHE, REOSAXABLOUEL &
UMCFTSO—HNEBIERZIN. E_ETR, #EXBOMCFTSODZ20
REZWMONLDIEFLRLEEPBRE LLFROFEREINEXOGN, EZETEHIOR
BRESEHMELILINRBOEBORIABIVERERNBEXSNA TS, ENE
TRIOHXBOFROEEFERNZT EDHON, BEAETRKXE~OLHICHET S
BEENPRINTL 5,

BRARXRXETHBEROCLONTLARTBRFRLEOLAHATELCCDHREEZEZMHS
bl NVFF R NAGREEGZ 2EERZRARICBU TS D RBEEMADOFE
BEZFIKKCVEVLHIFEELEBBNEBENREFLTRETHD LI EARH 5 —
He AHBICAY vy PZ2HC32DR0FBAHEIINXICELRZVELI REZE
o T 3, ThieH s, 7=V ZHERAYy bELEELEOZLHLDOF
AHEIGSORB. RKOT7 -V ZHBETR Y Y INVFy IV BREETT ) vV
VHHEEFTS L DOBBHNEHEZLELEL L. RBEELCOHEZZITIHZOLEL I REN
H - T MYBRHEFERIOBBELNFF +» R NVBREET )RR EOHZFOD
FAEZEZHEHE>ORETHEZNFF 2NV 7YV (MCFTS) ook
EFHUL. Ch2FERREFBITLIHFLOREREZEZER L I

KBXOBHELEF, VYN~ I, DAy TIVXLBEOERBRREEEFEEF
AHAILHMAEDLETHVAEIER T, RXBOBERBIWBAEMCFE T SN
T (1) bhoFMAREZHEEMEZIE., (2) BEESHEEZH 2 ZH L XE 5,
CENTEBIEEZRLILLED TH 5,

BEMBEZ2HEHNEIRZIDICHVLEZ ) VOBEREER., S S5IKHEET S
EWNHETHD, CCDOHAHRTREIBVRESEE (HBEES FL L) %,
EHRFTAELIFEEHICRTETHE I EE2FR LU

CHhOoRdRXRHEHOBMBOBRILLS DO THY., RIERE2ERT I LK
SO/ EOENBELTELLIER, AXBHEFORERREEROO 2
I B2ENEHETH %,

B, FRXEERAAROBEREZEBR L LDTHEN, 2FIXCbl- THX
REBIEREBL-STEDONLIDOT, RXBRHEFOFELRDTH S & H WX
N DHARZEESEZEFUCERERELBOT. XRXHVEL (FK) OFEMNEZZIT B
SATDbLVIDOELEHKH L. EEBRLEATABEHEL I
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