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ABSTRACT 

The Flying Infrared Telescope (described in Serai- 

Annual Technical Report No. 1) has been operational during 

the six-month period ending 31 May 1970 with twenty-eight 

high altitude raissions being flown.  We have measured the 

total infrared luminosities of the galactic center and the 

Seyfert galaxy NGC-1068, the first extragalactic object 

to be observed at far-infrared wavelengths.  Likewise, the 

galactic nebula M-17 and the IR object(s) in the Orion 

nebula have been observed.  Observations of the planets 

Jupiter, Saturn, Mars and Venus have been made at several 

wavelength intervals between 60 microns and 300 microns. 
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I.    INTRODUCTION 

The concept of operating a far infrared astronomical 

telescope system in the stratosphere above most of the 

obscuring water vapor was proven during a series of high 

altitude flights^ ' made during October, November and 

December 1968.  At that time, when the Rice- University 

Flying Infrared Telescope became operational, it was evi- 

dent that by combining these new techniques with information 

gained from ground-based observations it should be possible 

to provide needed information on the number and spatial 

distribution of astronomical far infrared sources that are 

above a given level of flux. 

A dual approach to the problem was proposed using 

ground-based facilities at the University of Arizona, Cata- 

lina Station (separate Arizona Proposal) for the basic survey 

and the Flying Infrared Telescope (Rice Proposal) with its 

unique ability to operate beyond the 25 micron atmospheric 

cut-off as a supporting facility.  It is expected that a 

number of new LWIR sources will be discovered by the Arizona 

survey.  Some of these expected new sources will be observed 

from the stratosphere and thus extend the scientific useful- 

ness of the ground-based observations. 

The work reported herein represents the first three 

series of research flights totaling twenty-eight altitude 

missions.  Emphasis has been placed on structuring the 

Flying Infrared Telescope missions to aid in understanding 

the nature of the far infrared sources located in the region 

near the center of our galaxy and in a broad sense the 

infrared galaxy phenomenon. 

* '  The Internal Powers and Effective Temperatures of Jupiter 

and Saturn, H. H. Aumann, C. M. Gillespie, Jr. and 

F. J. Low, Astrophysical Journal, 157, L69-72, 1969. 
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Tho opt*rattonal plan ovtablishod at the start of this 

contract provided for modifications and improvements to the 

''lyitvi Infrartvl T.'loBc?opo to be followed by several series 

of high altitude research fliqht« aboard a NASA operated 

Learjet. This plan has boon followed and the results of 

fliqhts conducted between the commencement date (I September 

1969) and 31 May VHO  are reported herein. 

The time remainlnq in the contract period will be 

utilized as follows: 

(1) There will be a down period of at least two 

months while NASA negotiates for the lease of a different 

Learjet.  Rico University will use this time to perform some 

additional modifications to the telescope system. A new 

guide telescope and gyrostabilization of the yaw axis are 

the most important of these modifications. 

(2) There will be at least one additional series of 

research flights. The successful measurement of the galac- 

tic nebula M-17 on 20 May 1970 suggests the advisaoility of 

looking for LWIR radiation from other galactic HII regions. 

(3) Data reduction and analysis. 
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iii. oeicmPTioii or Tur WSEMCM mm 

T«bl« 1 list« ohronoloqleally th« »Isslons flown by 

iho rivitvi inff »fo i 7°l°#e"t>" turinq th« period 1 SeptPtÜMt 

1969 (contract coppencafiont 4«t«) and 31 May 1970. Th«s« 

11 »Ittlon« wore dlvldod Into four •ories M follow«t 

S«ri«t 1# Septewbor 1969i 

The«* three fltqhta (althouqh technically flown within 

the period of thla contract) actually came at the end 

of a aeries of nistiona priMrily con?erned with the 

galactic center and the planet Mars in late August 

1969 and are Mentioned here only for the sake of 

coupleteness. 

Series 2,  February 1970t 

The aeries had three objectivest  (a) observation of 

the Seyfert galaxy NGC-1068: (b) observation of the 

comet Tago-Sato-Koska; and (c) planetary observations. 

Series 3, March-early April 1970t 

The objectives during these missions were to observe 

Comet Bennett, make a study of the in-r]lght system 

noise characteriatics« and to flight test and debug 

some instrumental improvements in preparation for a 

systematic survey of the galactic center region. 

Series 4, late April-May 1970t 

Seven of the nine irittsions in this last series were 

devoted to galactic centei observations. One flight 

was made to obtain data in four wavelength regions 

from Venus and Jupiter so that it will be possible to 

directly establish the LWIR flux ratios for the four 
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pltrwt« Jupiter, M4irs# Saturn, and Venus. The 

»l. M* rwbuU M-17, an II 11 reqion, was observed 

for th«* first tine at far infrared wsvelenqths with 

tn-flitht c*s*lbrvtion of the radiometer on the planet 

tupii« ». 

Th'*  ln«tmsMntatlon used' ' and the observational 

technttfuos'  unique to the Kivin.* ^nfrared Telescope have 

• lr^4dv b«»r»n l^scrib«?»l. The successful execution of a 2, 

j, or 4 tKHly mission requires careful anO extensive prc- 

Uqht plannini by the observers, the pilots and a navigator 

(who does not fly on the Learjet). 

(21 

(3) 

Investiqation of Briqht Sources of Long-Wave Infrared 

Radiation, P. J. Low, n. H. Aumann and C. M. 

willfspie, Jr., Tomi-Annual Technical Report No, 1, 

1 Docember 1969, Contract No. F19628-69-C-0302. 

Closinq Astronomy's Last Frontier — Par Infrared, 

P. J. Low, H. H. Aumann and C. M. Gillespie, Jr., 

Astronautics and Aeronautics, Vol. 8. No. 7, July 

1970. 
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TABLE 1 

Flying Infrared Telescope 

Flight Record 

1 September 1969 - 31 May 1970 

Mission 
Number 

(32) 

(33) 

(34) 

(35) 

(36) 

(37) 

(38) 

(39) 

(40) 

Date 

2 Sept 69 

3 Sept 69 

3 Sept 69 

3 Feb 70 

4 Feb 70 

5 Feb 70 

11 Feb 70 

11 Feb 70 

12 Feb 70 

(41) 17 Feb 70 

(42) 18 Feb 70 

(43) 19 Feb 70 

(44) 19 Feb 70 

(45) 24 Feb 70 

(46) 25 Feb 70 

(47) 24 Mar 70 

(48) 26 Mar 70 

Mission Objectivo 

NGC-1068 

Engineering Test Flight 

NGC-1068  (2nd Flight) 

Engineering Test Flight 

Saturn and Comet Tago-Sato-Koska 

Saturn and Comet Tago-Sato-Koska 

Jupiter 

IR Object in Orion and Jupiter 
(2nd Flight) 

NGC-1068 and Saturn 

IR Object in Orion and Jupiter 

NGC-1068, Mars, Saturn and IR 
Object in Leo 

NGC-1068, Mars, Saturn and IR 
Object in Leo 

Jupiter and Altitude Dependence 
Study of the Received IR Signal 

NGC-1068, Mars, Saturn and IR 
Object in Leo 

Study of Noise Characteristics 
at High Altitude 

Engineering Test Flight to 
Evaluate Noise Characteristics 

Orion Nebula - Jupiter 

Obsorvor ^s) 

Low 

Low 6. Aumann 

Low 

Low & Gillospio 

Low & O'Doll 

Gillcspift & 
O'Dell 

Gillcspie & 
Cauthon 

Gillcspie & 
Cauthen 

Gillcspie & 
Cauthen 

Gillespio 6. 
Cauthon 

Low & Gillcspie 

Low & Cauthen 

Gillcspie & Low 

Gillespio & Low 

Gillespie 

Gillcspie & 
Cauthen 

Cauthon 
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TABLEl, Continued i 

Mission 
Number Dato 

(49) 27 Mar 70 

(SO) 31 Mar 70 

(51) I Apr 70 

(52) 2 Apr 70 

(53) 3 Apr 70 

(54) 22 Apr 70 

(55) 23 Apr 70 

(56) 24 Apr 70 

(57) h May 70 

(58) 7 May 70 

(59) H May 70 

(60) 19 May 70 

(61) 20 May 70 
(Mornlnq) 

(62) 20 May 70 

Mission Objective 

Comet Bennett - Jupiter 

Comet Bennett - Jupiter 

Comet Bennett - Jupiter - Moon 
with Investigation of LWIR 
Attenuation vs Altitude 

Orion Nebula - Jupiter 

Galactic Center Region - Jupiter 

Galactic Center Region - Jupiter 

Galactic Center Region - Jupiter 

Galactic Center Region - Jupiter 

Galactic Center Region 

Galactic Center Region - Jupiter 

Galactic Center Region 

Galactic Center Region - Jupiter 

Galactic Nebula M-17 - Jupiter 

Venus - Jupiter 

Observer(a) 

Gillespie 

Gillespie 4 
O'Dell 

Low a O'Dell 

Gillespie 

Low 

Aumann 4 
Gillespie 

Aumann & 
Gillespie 

Aumann 4 
Gillespie 

Low a Aumann 

Low 4 Aumann 

Low & Harper 

Aumann 4 
Gillespie 

Aumann 4 Cauthen 

Gillespie 4 
Cauthen 
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IV.   SCIENTIFIC RESULTS 

Far infrared observations have been made of the 

qalactic nucleus,of two discrete sources near the galactic 

nucleus, of two sources associated with H II regions and of 

cwo extragalactic rources.  In addition, a considerable 

body of planetary data (Venus, Mars, Jupiter and Saturn) 

have been obtained in the wavelength region beyond 2S 

microns. The planetary and omotary data arc still being 

analyzed and will be covered in the final report.  Following 

is the analysis of the galactic and extragalactic data. 

The Qalactic Centor t<«-^ion 

With a beam diameter of 7 arcminutes we can distin- 

guish three discrete sources in an area oxtendina Sl*S 

degrees along and tl degree to the north and «outh of the 

qalactic plane, centered on Sgr A. 

Table II lists the positions of these sources, 

referred to as 5qr IRA, Sgr IRB and Sqr IRC. Observations 

with beam sizes ranqlnq from 1.5 arcirinuteft to 14 arcminutes 

(full width »t 1/2 peak) are listed in Table III in terms 

of the total flux directly observable between 50.. and 300u, 
2 

F,0,00(watt/cm ). The observed deflections relative to 

Jupiter increase with increasinq beam diameters. We inter- 

pret these beam size effects as due to the extended nature 

of the sources.  Fiqure 1, shows that the flux ^50.300 

increases for Sgr IRA as (beam diameter) *  * .  The fluxes 

from Sgr IRB and Sgr IRC increase at slower rates, approxi- 

mately as (beam diameter)     . 

Typical scans parallel to the chopping direction 

through Sgr IRA, Sgr IRB and Jupiter are shown in Figure 2. 

The scan through Sqr IRA was made at an angle of approxi- 

mately 60° to the qalactic equator and extends from near lr 
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TABLE III 

BEAM SIZE EFFECT 

Beaa Dianeter 
(arcninutes) 

3.5t.5 7tl dtl Ii»t2 

Chopper Throw 
(arcninutes) 

9 9 9* Ik 

Ggr IRA 2.9t.3 5.«it.2 6.0tl.2 1112 

F50-300 

(lO-13»ratt/c.2) 
Sgr IRB S.kt.2 U.8i.5 6.Uli.2 - 

Sgr IRC - 2.51.9 - ykt.9 
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to the east to 1° to the west of the galactic center.  The 

extended nature of the source, deduced from observations 

of beam size effects, is not immediately apparent from 

scans; nor is there evidence of the large 2° x 6° source 

reported by Hoffman and Fredrick*  .  However, the gradient 

of the radiation from such a source may be sufficiently low, 

so that the signal produced by our differential chopping 

technique is lost in the noise level.  The scan shown in 

Figure 2a could thus be compatible with a 10-15 arcminute 

diameter source superimposed on a much more extended source 
-13       2 with a flux gradient of the order of 4 x 10   watt/cm 

degree.  Assuming a width of 2 degrees the luminosity of 
g 

the extended source could be near 4 x 10 L , comparable 
(4) to Hoffman and Fredrick'sx  result. 

Observations of Sgr IRA and Cgr IRB with 20% spectral 

resolution at 65u and 105u are still in preliminary analysis 

but suggest continuum radiation rather than one or a small 
12 number of emission lines.  For frequencies between 6 x 10 

12 Hz  and 10  Hz a continuum distribution given by: 

. ,   .-3.5*.5 
(v/W        v * vmax 

F "  ^Vrnax ' (l) 

(v/v  )3.5*.5   v < v 1 ' max' max 

can be fitted to the observations.  (Fv) m , v max, the max 
extrapolated integrated flux between 10u and 300ii, Fi0_3oo* 

and the total infrared luminosity, t-ir«^«. ior  observations 
with a 3.5 arcminute beam are listed in Table II. We have 

assumed that all three sources are at a distance of 10 kpc. 

Far Infrared Observations of the Galactic Center Region 
at 100 Microns, vr. F. Hoffman and C. L. Fredrick, 
Aatrophysical Journal. 155. L9, 1969. 
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Figure 3 shows the spectral power distribution for 

Sgr IRA with the 3.5 arcminute beam.  Observations at 5, 

10 and 22p reveal the existence of a source e» 15 arc- 

seconds in diameter.  Recent observations at 10|j show 

structure smaller than 15 arcseconds but less tnan 20 

percent increase in flux with beam diameter from 2 5 to 120 
.    (5) arcseconds.  Therefore, the published   5 to 24.5u flux 

densities are plotted.  The spectral power distribution of 

Sgr A at cm-wavelengths is taken from the literature and 

is based on beam diameters «s 3 arcminutcs.  The upper limit 

at 1 nun was obtained with a 1 arcminute beam. 

We have failed to detect Sgr IRB at 10 microns with 

a 2 arcminute beam, indicating an upper limit well below 

the flux density of Sgr IRA,  This is consistent with the 

results based on narrowband observations which show that 

the peak flux density occurs at a significantly lower 

frequency than for Sgr IRA. 

Scans were made with the 3.5 arcminute beam between 

Sgr IRA and Sgr IRB and no detectable flux was observed. 

The Trapezium Region in Orion 

Observations of the Trapezium region in Orion with 

an 8 arcminute beam and 9 arcminute chopper throw have 

resulted in F50_300 = (1.5*.2) x 10   watt/cm  (Table III). 

Although our beam contains at least three IR objects, the 

Bocklin-Nougebauer   point source at 2.2u> the 

(5) 

(6) 

The Infrared Spectrum, Diameter and Polarization of the 
Galactic Nucleus, F. J. Low, D. E. Kleinmann, F. F. 
Forbes and H, H. Aumann, Astrophvsical Journal. 157, 

L97, 1969. 

Observations of an Infrared Star in the Orion Nebula, 
E. E. Beck1in and G, Nougobauer, Astrophvsical journal, 

147, L99, 1967. 
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(7) (8) 
Ney-Allenv ' source (Ori IRA) and the Kleininann-Lowv ' 

source (Ori IRB) and the radio source Orion A, we believe 

that the cool wings of Ori IRB dominate the far infrared 

emission. Observations at 60M with 20% spectral resolu- 

tion indicate that the peak of the spectral power distri- 
12 

bution falls near 4.5 x 10  Hz,  Assuming the spectral 

power distribution given in Equation 1 we calculate 

L10-300 =: I»6 x 10 L(T) at a distance of 500 pc. Obser- 

vations with a 3 arcminute beam and passband from 1.5|j - 
(9) 

SOOji   result in a total IR luminosity for Ori IRA plus 
5 

On IRB of 1.5 x 10 LQ .  Figure 3 shows the far infrared 

spectrum and the 10n and 20[i  flux densities for a 2 arc- 
(9) 

minute beanr '.  From 10u to lOOu the spectral distribution 

can be approximated by a 750K blackbody.  Beyond 100M the 

deduced spectrum falls off much steeper than a blackbody 

in agreement with the 100 F.U. which was observed at 1 mm 

with a 1 arcminute beam centered on Ori IRB. 

(7) 

(8) 

(9) 

The Infrared Sources in the Trapezium Region of M42, 

E. P. Ney and D. A. Allen, Astrophysical Journal, 

155, L193, 1969. 

Discovery of An Infrared Nebula in Orion, D. E. 

Kleinmann and F. J. Low, Astrophysical Journal. 

149. LI, 1967. 

In preparation, H. H. Aumann, D. E. Kleinmann and 

F. J. Low. 
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M 17 

M 17 Is a galactic H II region which has been resolved 

at cm-wavolength into a double source about 5 arcminutes by 

12 arcminutes by Schraml and Mezger*  '.  Observations with 

a 7 arcminuto beam and a 9 arcminute chopper throw result in 
-13        2 

a 50u - 300u flux of (7±2) x 10   watt/cm .  In order to 

calculate the flux density and total luminosity given in 

Table II wo have assumed the continuum spectrum defined by 
12 

Kquation 1 with  v _  = 4,5 x 10  Hz and a distance of 
(11) 

1.8 kpc   ,  The spectral power distribution is plotted in 

Figure 3 including the 5, 10, and 22^ flux densities for 
(12) the double source given by Kleinmanr.  ', 

NGC-1068 

Observations of the Seyfert galaxy NGC-1068 with a 

7 arcminute beam and a 9 arcminute chopper throw produced 
-14 

an integrated 50u - 300n flux FC^OQ = (2.5±.7) x 10 

watt/cm .  The 7 arcminute beam contains essentially the 

whole galaxy.  Assuming that the spectral power distribution 
12 

can be approximated by Equation 1, and v_a = 4.5 x 10  Hz, 

we obtain a luminosity    Lio-300 = 2 x lO12 L© »  of which 
1.2 x 10 LQ is radiated between 60u - 300u .  This is based 

on a distance of 13 mpc, assuming a Hubble constant 

(10) 

(11) 

(12) 

Galactic H II Regions.  IV. 1.95 cm Observations with 

High Angular Resolution and High Positional Accuracy, 

J. Schraml and P. G. Mezger, Astrophysical Journal. 

156. 269, 1969. 

Astrophvsical Quantities. C. W. Allen, Athlone Press, 

1962. 

1970 Boulder, Colorado Meeting of AAS, D. E. Kleinmann, 

1970. 
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H = 75 km/sec mpc     .  The measured total infrared 

luminosity of NGC-1068 is a fac'.or 3 below the luminosity 
(14) deduced by Kleinmann and Lowx   under the assumption that 

the ratio of the 10u flux density to ehe total infrared 

flux is the same for all galaxies including the galactic 

nucleus.  This is clearly not the case when there are 

large beam size effects.  At 5, 10 and 22u Kleinmann and 
(14) Low    found no beam size effects down to 5 arcseconds 

and Lc ot = 2 x 10 L^. .  The spectral power disttibution 
j —ä j CD 

of NGC-1068 is plotted in Figure 3. 

M 82 

Observations of M 82 established only an upper limit 

of F_0_-00 6 x 10   watts/cm , using a 7arcminute beam. 

This upper limit is a factor 3 above Lhe flux observed for 

NGC-1068. Again assuming the validity of Equation 1 with 

v   = 4.5 x 10  Hz and a distance of 4.3 mpc, we calculate max ,, ^  ' 
L,n -no < 6 x 10  Lo •  It is interesting to note that the 

fluxes measured at 5, 10 and 22u for M 82 and NGC-106a arc 
14). 
(15) 

(14) quite similarv  '.  At 10[i  M 82 extends 15" x 30" along its 

galactic plane 

(13) 

(14) 

(15) 

A New Determination of the Hubble Constant from 

Globular Clusters in M 87, A. R. Sandage, Astro- 

physical Journal. 152. L149, 1968. 

Observations of Infrared Galaxies, D. E. Kloinmann 

and F. J. Low, Astrophysical journal, 159. L165, 1970, 

In preparation, D. E. Kleinmann and F. J. Low. 
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SuHMri/inq( there are far infrared sources in H II 

reqions which omit  a larq«1 fraction of the total luminosity 

of the galactic system,  Ori IRA and Ori IRB are so close 

to-iothor that the far infrared observations cannot be intor- 

preted unambiguously but it appears that Ori IRP, which is 

not an II II reqion, may account for most of the flux.  Sgr 

IRU is near but not coincident with the H II region Sgr B2. 

All five of the galactic sources reported here are associated 

with sources of molecular line emission in the microwave and 

millimeter wave spectrum.  This implies a direct physical 

. 1 • .  - . • wc r. L;v two rlassei of phenorru>nti an! :ni i i'- ;t :. 

thy» oxi-Htance of many additional far infrared sources. 

The luminosity of Sqr IRB appears to be greater than 

10 L-. .  Comparable pouer may be emitted by ^Car, a much 

hotter infrared sour •« observed by Westrhal and Neugebojer   ' 

It is possible that thermo-nuclcar energy released by one or 

more massive stars is reradiated by dust as in the sources 

imbedded in 11 II regions.  Tor a temperature of 750K the far 

infrared emissivity is only about one percent or less for 

all the galactic sources, indicating that they are optically 

thin. 

In audition to the radio source Sgr A and the ensemble 

of stars observed by Becklin and Neugebauer   , the galactic 

nucleus contains at least two infrared components:  (a) the 

small diameter complex at an apparent temperature of 230oK 

embedded in (b) an extended halo at an apparent temperature 

(16) 

(17) 

Infrared Observations of Eta Carinae to 20 Microns, 

J. A. Westphal and G. Neugebauer, Astrophysical 

Journal. 156, L45, 1969. 

Infrared Observations of the Galactic Center, E. E. 

Becklin and G. Neugebauer, Astrophysical Journal. 

151,  145. 1968. 
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of 750K.  Outside the immediate region of the nucleus there 

are the two luminous infrared sources colder than 700K and 

a diffuse background extending along the galacti? equator 

observed by Hoffman and Fredrick   .  The infrarei lumino- 

sity of the nucleus increases nearly linearly with diameter 

over the range 10 to 40 pc. 
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V.    SUPPORTING lJ\BORATORY RKSF-AKCH 

A.  Far Infrared Filter Program 

The primary goal of our filter development program 

has been the construction of high throughput, moderate to 

wide passband filter systems to be used for photometry of 

faint far infrared sources with the Flvimi Infrared TcleHcope 

system.  We are concerned with the spectral region from 

- 30-300um.  The 30-100wgn interval is particularly important 

since most of the sources we have observed radiate their 

peak flux in this region. 

Conventional thin film technology begins to fail 

between ?)um and 30ijn because of the dearth of suitable di- 

electric materials and the difficulty of depositing increasingly 

thick films in durable multilayers.  On the other hand« tech- 

niques which are applicable at submillimeter wavelengths 

(e.g., multilayer low pass filters constructed from capacl- 

tive meshes deposited on thin plastic films) become extremely 

difficult as the characteristic dimensions of the systems 

drop below lOOun.  Extension of either the thin film or sub- 

millimeter technology would require a complex and expensive 

development prooram and would probably result in extremely 

fragile filters unsuitable for the demanding experimental 

environment of the Flying Infrared Telescope system. There- 

fore, we have concentrated on utilizing the natural absorp- 

tion characteristics of plastics and crystalline materials 

and on those submillimeter techniques which can be readily 

scaled down to the 30-l00un wavelength region without sacri- 

ficing simplicity and durability (i.e., interference filters 

constructed from commercially available electroformed metal 

mesh). 
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Emphasis has been placed on integration of the various 

filter techniques into the infrared radiometer in such a 

manner that the overall signal-to-noisc ratio of the system 

is maximized.  The required filter characteristics are 

determined by the following considerations: 

(1) Since it xa  necessary to use the planets as 

calibration objects, the stopband blocking below 30um must 

be quite effective, particularly for systems with narrow 

bandwidths or low pass cutons beyond lOOum.  The problem is 

especially acute for Jupiter which has an anomalous peak in 

its spectrum at ~ 4-5um in a region which is difficult to 

attenuate due to a scarcity of materials which absorb in the 

iesired interval yet tiünsmit cfticiently beyond 30^.  For 

instance, 0.1 mm thick black polyethylene transmits 4% of 

the radiation at Sum but only 50% at 40um. Crystalline 

materials which are transparent beyond BOym are, as a rule, 

also transparent at Sum (e.g., quartz, sapphire, silicon, 

and germanium). 

(2) The major source of noise in the Flying Infrared 

Telescope system has been vibrational modulation of the 

instrumental thermal background radiation.  Thus the lowest 

intrinsic system noise will be achieved with helium cooled 

filters with narrow bandwidth or long wavelength cutons. 

Ambient temperature filters will attenuate the signal while 

resulting in noise at a level greater than or equal to its 

broadband value. 

(3) In the far infrared, the most useful calibration 

objects (Saturn, Jupiter and Mars) have approximately black 

body spectra with characteristic temperatures greater than 

950K.  Most of the objects observed thus far have spectra 
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which peak at a wavelength between 30\m  and lOOum.  Thus, 

to obtain the maximum amount of information about the 

spectra of the sources, the filters should have sharp high 

frequency cutoffs. 

We have found that satisfactory solutions to the 

problems stated above can be achieved by the following means: 

(1) We have developed efficient low pass filters for 

blocking 4-5um wavelengths.  These filters consist of a layer 

of high refractive index particles (diaaond dust) deposited 

on a polyethylene substrate and bonded with plastic spray 

paint.  The diamond scatters wavelengths smaller than the 

particle size with high efficiency.  The layer rapidly becomes 

transparent at longer wavelengths, however.  For an equiva- 

lent amount of attenuation at Spin, the diamond dust filter 

is more than twice as efficient as black polyethylene at BOpm. 

Since the properties of the filters are dependent on the 

refractive index and size of the particles rather than absorp- 

tion, they can be tailored to meet a wide range of specifica- 

tions.  An additional advantage of the process is that the 

required blocking may be achieved by treating the surface of 

the polyethylene vacuum window of the radiometer dewar, 

eliminating an extra element from the optical path.  Such a 

window has operated in the Flying Infrared Telescope system 

for more than ten flights without sign of deterioration. 

(2) A helium cooled filter turret has been designed 

and installed in one of the flight radiometer systems.  The 

device allows us to restrict noise and bandwidth simultaneously. 

It also permits the use of crystal filter materials which dis- 

play sharp low pass cutons when cooled to cryogenic tempera- 

tures.  Such materials are useful as low pass filters, as 
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blocking filters for Fabry-Perot interference filters, 

and in conjunction with multilayer metal mesh high pass 

filters as medium bandwidth filters.  A system having 

interchangeable CaFj and BaF- elements has been used for 

observations of the planets and galactic H II regions, 

(3)  J^n single band radiometers a useful technique 

for maximizing overall system transmission is to mount th« 

crystalline materials used to hlock thermal background 

radiation and provide a low pat.s cuton in optical contact 

with the*  silicon field lens used to focus the radiation 

from the telescope secondary onto the bolometer,  pv this 

means we avoid the Fresnel reflection losses associated 

with the separate filter elements. 

In addition to the work mentioned above, we have 

constructed a series of metal mesh interference filters 

having narrow band and high pass characteristics.  Several 

of these filters were used to make measurements of the 

galactic center, Venus, and Jupiter.  However, they wero 

operated at room temperature.  Similar filters will be 

incorporated into the cold filter turret for a series of 

planetary measurements in January 1971.  The reduction in 

noise realizable with the cooled filters and the use of 

cooled crystals as low pass elements should allow higher 

resolution in the narrow band filters and improved charac- 

teristics for the medium bandwidth filters. 
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B.  Dcwar Pfsearch 

The Flying Infrared Telescope has successfully 

evolved, in part, because of the availability of a liquid 

helium instrument dewar sufficiently ruqged to permit 

operation in the 20K temperature region imdor all conditions 

aboard hiqh performance military (Dcuqlae A3-D and civilian 

(Learjet Model 23) jet aircraft.  A small continuing program 

of dewar development (mostly supported by other programs) 

has concentrated on increasing cryogenic Kiuid hold time 

by trstinq various tyv»« of material»: for .;d8 r^oled ra''i*i . 

tion shields and neck tubes.  A system is now being fabri- 

cated for use on the Flying Infrared TVloscopo which will 

permit up to six helium cooled LWIR filters to be switched 

in flight.  This mechanical system, taken together with the 

work reported In A above, will provide a powerful new tool 

for LWIR spectral studies. 


