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ABSTRACT 

This Is a sunnaxy report of a two-year effort ty the Butoan 

Kodak Company in cooperation with the Ohio State University Research Foundation 

to obtain and present astronomical data designed to show the nature and extent 

of the infrared space background. Bnphasls in the first phase of the contract 

vas placed on historical and theoretical considerations of the problem. A 

suanaiy table of the computed infrared magnitudes of 235 stars in three infra- 

red wavebands is presented, based on the assumption that stars radiate as 

blackbodies over their entire spectral range. 

The second phase of the contract was designed to test the 

foregoing assumption by observing and measuring in the Infrared a number of 

selected astronomical sources. To this end two infrared photometer systems 

were designed and constructed by the Eastman Kodak Company and employed on 

the Pterkins and Mount Wilson Observatories' telescopes. The results of the 

observations made with these photometers over the period from October, i960 

to September, 1961, are presented. 
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I.    IWIBODUCTION 
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The Bastian Kodak Coapany and its subcontractor, the Ohio 

State University Research Foundation, have been given fw asslgnarot to 

Investigate and characterise the space lackground problea as faced by 

optical space defense systeas, vlth priaary eaphasis on the infrared 

spectral region. This research is a part of Project Defender, sponsored 

by the Advanced Research Projects Agency, and directed by the Anay Rocket 

and Guided Missile Agency. 

The Important« of the role of optical sensors in the 

developoent of systems for space defense, surveillance, attitude control 

and navigation is generally recognised. One of the major problems 

associated vlth the development of these systems is that of discrimination, 

due to the great number of optically detectable objects in a typical space 

background. Detailed information on the space background in the infrared 

region has been lacking to the designer of optical systems for space 

application, and the research pursued under this contract has been directed 

to meet this urgent requirement. 

The first phase of the space background study was devoted 

to an Intensive literature search, and to the development of a theoretical 

model of the infrared stellar background (reference l). This model is based 

on computations which assume that the stars radiate as blackbodies over 

U 
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ttelr entire range of spectral «Ittance. A mmmry table preienting the 

theoretical Infrared Mgnltudei of 235 Unht «tar« is included in thia 

report. See Appendix XV. 

The second phase of the study has been designed to test the 

foregoing theoretical assvsvtions by laplMwntlng a prograa of observation 

and Masureaent of stellar infrared irradlances. The instruaentation of 

this project uas developed, designed and constructed by the Appsratus and 

Optical Division of the B&ttmn Kodak Coapany and is described in detail in 

references 2 and 3. This instruaentation is designed for use with existing 

large telescopes and ha« been eaployed on the 69-inch reflector of the Perkins 

Observatory, Belaware, Ohio, and the 60 and 100-inch reflectors of the 

Mount Wilson Observatory, Mount Wilson, California. The responsibility 

of conducting the prograa of observation and aeaaureaent has rested 

prlMurily on the aetonoaere of the Ohio State University Research 

Foundation. The results of this prograa to Septeaber, 1961, with emphasis 

on data recently obtained at the Mount Wilson Observatories, is the prlaary 

subject of this report. 

Personnel directly concerned with this research at the Eastman 

Kodak Company are: Dr. William H. Haynie, former project engineer and now 

consultant to the project; Charles F. GranB, present project engineer; 

Anthony J.G. Prasll, development engineer. For the Ohio State University 

Research Foundation, Dr. Walter E. Mitchell Jr. is the supervlslng astonooer 

with Mr. Philip E. Barnhart, associate astonomer. 
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II.    TECHHICAL gMjAM 

The mfim»U in thlt study has been placed on the detection 

of relatively cool (30O*K) purely self-eaitting tsrsrts sflslnst typical space 
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backgrounds. A target of this nature has aost of the emitted energy concentrated 

In the far Infrared, the Intensity aaxlBua falling In the Infrared near a 

wavelength of 10 microns. 

The literature survey perfoned In the Initial phasei of the 

study revealed a surprising lack of Infrared astronoaleal Inforaatlon. To the 

present tine only a fcv detectors of Infrared radiation such as the theraoeouple, 

lead sulflde and Golay cells have been directed to astonoalcal objects. The 

brightness of approximately 70 stars has been measured In the lead sulflde 

region but, beyond a wavelength of about 3 microns, the only sources studied 

optically have been the sun, moon, Mars and Venus. 

II 
II 
il 

Lacking Infrared astronomical data, the assumption has been 

made that the stars behave as classical blackbody emitters, and calculations 

have been made of the color Indices and Infrared magnitudes of 235 of the 

brighter stars. This represents an extrapolation Into the far Infrared 

employing stellar photosphere temperatures which were deduced from spectra 

of visible and near visible wavelengths. The extrapolation has produced 

very striking results in that the total number of interfering stars limited 

by given target characteristics is only on the order of several hundred when 

the detecting system Is confined to the infrared region beyond 7.5 microns. 

11 



A MMuroHnt procna deilgMd to test the reiulu of tho 

thtoretieal study hu been underway elnce October« I960. Ihle progna has 

been implmntM with two Infrared stellar photowters englaeered and 

conatxveted by the Caetaan Kodak Coapany for uae on the Perkins and Haunt 

WlaoR reflecting telescopes. Ibc perforaance of these equlpMnta has proven, 

on the whole, highly gratifying and oatlefactoiy considering the advanced 

and unexplored nature of the work. The latest photoaeter systea Is capable 

of detecting infrared irradiance at the aperture of the 69-inch Perkins 

reflecting telescope on the order of ID"  vatts/ca . 

During the observing period, to Septcaber 1961, aany hundreds 

of aeasuxeaents have been aade in the infrared of soae 77 selected stars. 

The telescopes eaployed during this period ranged froa the Perkins Observatoxy 

69-lnch reflector to the 60 and 100-inch reflectors of the Mount Wilson 

Observatories. 

An analysis of the data obtained to date indicates that 

certain types of stars such as the superglants and the latest spectral 

classes possess an excess of infrared esission in the wavelength bands 

observed. On the basis of the superglants alone more than 5 tines the 

number of stars of this type would be detectable than that predicted fron 

blackbody extrapolations. Fortunately, there are relatively few of these 

stars in a given volume of space. Cool giant stars present a more serious 

problem because of their excess Infrared emission and considerably greater 

population. Much more study of a fundamental nature is Indicated in this area 

12 



becauM thtr« It rtason to tolltvs, for exaaple, that eorraetlons to the 

aatuMd tcapermture seal« for these cool etari «ay be Justified. 

A nmber of abnonal objects have been observed such as 

1 Aurlpe, x Aquarl^and T Corona Borealls. Data obtained fro« Infrared 

photometry of these anoaolous objects have proven both useful and Interest- 

ing to the astrophysicists and continuing study Is in order. There Is a 

real possibiUty that the first "truly infrared" star has been observed in 

the case of the £ Aurlgae coapanion 

A theoretical study of the infrared characteristics of 

contracting protostars and dark globules of interstellar aatter is 

presented in Appendix III of this report. It is concluded therein that it 

My Just be possible to detect protostars of the Individual type in nearby 

young clusters using a telescope of large aperture. This assiaes a system 

detectivity of 10*1T vatts/cm , a conservative value in relation to the 

measured performance of the photometric equipments. 
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in.  TOggncAL APPROACH 

The initial pb««e of the space background study, devoted to 

the collection and presentation of existing infrared astronoaical data, 

revealed that little infomation was available     Lacking observational data, 

attention was turned to an investigation of astronomical fflagnitude systems 

in order to devise an appropriate systen for the interaediate and far infra- 

red.    Because atmospheric effects limit ground based observations in the 

infrared to so-called atmospheric "windows",   infrared magnitudes were com- 

puted for selected known stars with wavelength limits of 2.0   to 2,k microns 

(X-baod),  3.2 to «».2 microns (Y-band), and 7-5 to 13 5 microns (Z-band). 

The method of attack has been to assume that stars radiate 

as blackbodies over their entire range of spectral emission.    This 

assumption leals to the prediction of a "color Index" for every star 

whose temperature is known.    This color Index is a measure of the difference 

in irradiance in two wavelength bands within the stellar spectrum     If one 

of these bands Is In the visible,   for which data Is available on a great 

number of stars,   it Is then possible to establish each star on a magnitude 

scale for the Infrared wavelength band In question.    Knowing the limiting 

magnitude observable with a gjven Infrared sensor,   It then becomes possible 

to predict the number of stars of a given spectral type (temperature) 

which will constitute the space background interference.    It is also possible 

lli 
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to predict vhere theee interfering atar« wlU be in the eky, providing ttare 

are reatrieted to thoae «hoae teaperaturea do not fall below know» apectral 

elaaalficatlona. A detailed dlocus«ion of «agniiude ayatou, color indicea, 

and apectral claaaificatlona nay be found in reference 2. 

A moaaiy Uat of 235 stara calculated to have the brightest 

predicted Infrared aagnitudea has been reproduced In thia report and la being 

used presently as an observing list to teat the aaauaption that the atara 

emit as blackbodlci. 

The second phase of the space background study, a program 

of infrared steUar photometry, waa carried out under an extenaion of the 

original contract. Biglneere of the Eastoan Kodak Company have designed 

and conatructed two infrared photometers, using the best available cooled 

photo-conductive detectors and electronic techniques, for use with large 

aatronomlcal telescopes. They are small field instruments designed to 

measure the irradiance of individual stellar objects in three spectral 

wavebands: 2.0 to 2.U microns, 3.2 to U.2 microns and ?• 5 to 13.5 mlcrona. 

These wavebands have been isolated by the use of sharp spectral cut, aultl- 

layer interference filters. The early experimental photometer was Installed 

on the 69-inch reflector of the Perkins Observatory during the fall of i960. 

I       Experience gained In the operation of this Instrument proved Invaluable in the 

design of a more elaborate instrument completed for use at Mount Wilson over 

I      two observing periods in the summer of 1961. 

;. 
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The results of the recent ottasureaents oade at Mount Wilson 

are detailed In this report and Include a comparison of the observed color 

Indices of the stars selected for observation with the predicted color Index 

as a function of stellar surface temperature  A brief discussion of possible 

sources at temperatures below the presently calibrated stellar temperatures 

is included under a discussion of the results. 

There Is reason to believe that there are stars which depart 

strongly from blockbody emission. Among these are the long period variable 

stars which show very strong molecular blanketing and variable opacity in 

the visible region of the spectrum. Also evidence is available that some 

bodies in the universe have temperatures so low as to eliminate them fron 

the normal classification of teoperoture because of their extremely low 

photographic brightnesses. Typical of this kind of object is the supposed 

infrared companion of E* Aurlgae. 

The possible existence of normal stars at very early stages in 

their evolution may provide a component to the space background hitherto 

unobserved in the infrared. A number of known peculiar objects have been 

Included on the observing program to try to assess other possible additions 

to the background problem. 

The data obtained in the summer program at Mount Wilson is 

presented as well as some possible interpretations and recommendations based 

upon the experiences obtained in gathering these data. 

16 
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A theoretical study he« been aade of the infrered ehereeterlttics 

of protosUr« and dark globule», Including an evaluation of the possibility of 

observing objects of this nature with present day infrared sensors. Ihis 

^      study is presented in Appendix III. 
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IV.  UISTWMSWTATIOH 

In Bttklne the first neasureoents with the 69-Inch telescope at 

the Ftrklns Observstory, on experleentel infrared photoattter vas used which 

was designed, developed, and constructed by the Eastasn Kodak Coapany, Apparatus 

and Optical Division. After the Initial series of stellar aeasureaents was 

obtained, the instruaent was Dodified, and a substantial increase in sensitivity 

was realized. A description of the experinental photoaeter and the subsequent 

revision nay be found in references 1 and 2,  respectively. The experience 

gained in operating the revised photoeeter indicated the direction to be 

taken in evolving a oore sophisticated system, capable of greater sensitivity 

and precision. 

The inproved photometer system.olco designed and constructed 

by the Eastman Kodak Compony, was put into use at the Mount Wilson Observatory in 

July, ISKSl. It basically resembles the experimental photoaeter but embodies 

those features which experience and analysis of system parameters Indicated 

would be desirable. The considerations leading to the design of this Improved 

photometer are dlGcussed nt length in reference 2. They include the effect 

of ntmosphericb on the Infrared ctellar inage^ the selection of photoconductivc 

detectors, and methods of obtaining background-limited detector operation. 

A complete description of the detailed design may be found in reference 3. 

18 
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D 
r,      A. OPTICM. SYSTD« 

" H« arrangeoent of the photoaeter head Is ehown In Fljpir« 1. 

Stellar radiation enter» froo the teleecope tailpiece (l) or fro« the aide 

atOA) and is reflected alteriÄtely by the chopping »Irror (6) and the 

stationary »Irror (5) known as the "background alrror", to the visible- 

Infrared dichroic (8) (see also Figure 2). The visible light is transaitted 

through the dichroic to a diagonal mirror and then to the tracking eyepiece, 

Figure 1 (9) for visual observation and guidance purposes. The infrared 

radiation Is reflected froo the dichroic to an off-axis ellipsoid (10) 

which relasges the stellar loage onto nitrogen-cooled plumbide and heliun- 

II      cooled Cu:Ge photoconductlve detectors after splitting Into the proper vave- 

length bands at the HIR-FIR dichroic (ll). The radiation, before reaching 

the cooled pluablde detector, passes through multi-layer Interference filters 

which define the "X" and "Y" spectral regions. The effective "X" channel 

i      spectral response Is from 2.0 to 2.U microns as Illustrated In Figure 3,while 

the "Y" channel is effective from 3.2 to U.5 microns as shown In Figure U. 

The word "effective" is used because the curves In the figures are the products 

I       of filter transmlttance and normalized detector spectral response. Alternatively, 

the reference blackbody can be imaged on the detectors via the same optical train 

I       by interposing a diagonal mirror, Figure 1 (^). 

The method devised to effect a modulation of the stellar radiation 

is characterized by a very high degree of background discrimination. By 

1 
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wflecimg the radlatloo •lt«n»tlvely fro« the routing chopper mirror and 

the »totlooaiy «Irror, the detector« look alternately at the .Ur with «ur- 

rounding eky Uckground, or only the »ky background adjacent to the «tar. 

!hl« produces a periodic interruption of the etellar radiation vhUe «dlation 

fro» the background rcoalns essentloUy unwxlulatcd. 

B.   gMCTMTO sysrrm 
The electronic syete» makes u«e of an ac signal preamplifier 

and «pllfler, a synchronous demodulator, a reference signal generator, an 

integrator with timer, and a rcconier  This combination of chopper modulator 

and synchronous demodulator is sometimes called a homodyne amplifier. This 

system has the advantage that the electromechanical chopper demodulator does 

not produce a steady-state dc component vhen noise only is present, as would a 

diode demodulator. This allows signal integration to be performed to bring 

weak signals up out of the noise. Integration times of 10 to 15 minutes may 

be required for very weak signals. Automatically timed Integration periods of 

one and five minutes are provided. Manual operation is provided to obtain 

other Integration times. 

A schematic of the preamplifier is presented in Figure 5- It 

is of plug-in module form and is located, for minimum noise, in the photometer 

optical head along with the polarizing battery and detector ballast resistor 

and switching circuit. The signal amplifier, following the preamplifier, is 

shown in Figure 6 with the reference generator. 
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Iirtegratloo 1» perfomed by Phllbrlck plug-in ■odules Ihe 

circuitry uaed in coojuoctioo vlth thcte 1« given In Fl©jr« 7 

C PBRFOmAWCE 

Tbe «eccod photowter syste« provide» a considerable inproveaent 

in detectivity over the previous expertaental photoaetcr a« weU as In extended 

spectral response to longer wavelengths  Tbe experiaental photooeter had a 

■iniflUB electronic bandwidth of 0.2 cycles/sec and, for the 69-lnch Perkins 

reflector, a theoretical MEPO of 10'17 watts/ca2 for infrared wavelengths to 

1» microns. Ihe observed stellar signals were as saall as 5 x 10'  watts/ca . 

The new photometer, with the 69-lnch Perkins reflector, has a theoretical 

IIEPD approaching 7 x 10'19 watts/cm2 In the 3 to U alcron band or an laprove- 

ment factor In detectivity of about fourteen. This presumes the use of a 

twenty minute integration interval and effective bandwidth of about 0.001 

cycle/sec. The stellar irradiances measured with this photometer at Mount 

Wilson do not represent the observational threshold of the equiinent. 

A view of the photometer system set up In its operating position 

on the 60-inch telescope is shown In Figure 8. The instrument as it was 

subsequently set up for use in conjunction with the 100-inch Hooker reflector 

at Mount Wilson Is shown In Figures 9 and 10. 

As can be Inferred from the photographs, operation with the 

60-inch telescope was very convenient, since the observer could stand on 

the floor while looking through the guiding eyepiece. When working In 
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Figure 9. OVERALL VIEW OF THE INFRARED STELLAR PHOTOMETER 
SYSTEM ON THE MOUNT WILSON 100 - INCH REFLECTOR 
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Figure 10. OBSERVER AT THE VISUAL TRACKING EYEPIECE OF THE 
INFRARED STELLAR PHOTOMETER ON THE MOUNT WILSON 

100 - INCH REFLECTOR 

31 



conjunction with the 100'Inch telescope« however, the observer i» located 

on a saall platfora soee 10 feet above the floor.    As a result,loading of 

the liquid hell««cooled dewar Is rather difficult for it requires two people 

to remove and replace it, If it is to be reaotely filled    As an alternative, 

f1111ns the dewar while »ounted in the instrument not only requires the 

services of two people but also requires storage dewars of liquid nitrogen 

and helius, a gaseous heliuo supply, and a transfer tube. 
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V. THE OBfflHVnC PROGRAM 

the observing prosna vu begun In the auaner of I960, soon 

;      after the eoapletion of the calculations of the theoretical color indices 

for the infrared bands. An experiaental photoaeter vas designed and built 

by the Bsstasn Kodak Coapany for the purpose of making infrared aeasure- 

■ents and detemining the feaslbillty of a more sophisticated instrusent. 

In the course of use of the exporiaental instruaent nuaerous problems of 

technique were solved and scoe deficiencies of design overcooe. 

Observations were obtained on eleven nights between July 9, 

i960 and December 12, i960, using the experimental photometer on the 69-lnch 

telescope at the Perkins Observatory. The majority of these observations 

were nde in the 2.0 to 2.k micron region. The early detectors were not 

sensitive enough in the 3 to U micron band to produce usable signals. The 

now familiar problems of sine-vave interference arising from objects adjacent 

to or included in the cone of view of the detector were encountered in the 

Y-band to such an extent that the telescope and photometer were themselves 

producing signals far in excess of what we were trying to observe from the 

stars. As these problems were corrected more and more effort was devoted 

to the longer of the two wavelength bands toward the end of the i960 observing 

season. 
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Proa the alddle of Oeceaber i960 to the Middle of »torch 1961 

the weather vas unifomly poor and 00 opportunity to obtain further data with 

the experlaental photoaeter presented Itself Unfortunately when the weather 

did begin to clear toward the end of March the disaantling of the 69-inch 

telescope in preparation for its relocation in Flagstaff. Arizona, had al- 

ready begun and it was not possible to use tbe instrunent for aeasureaents. 

The period during wm-h the 69-inch telescope was shut down 

aarked the tine when work was started on the design for a new, two-channel, 

stellar infrared photoaeter by the engineers at Eastaon Kodak Ccapany. This 

instrument was coapleted in July 1961 and delivered Just after the start of 

the observing period 00 Mount Vilson. When it becaae apparent there would 

be no telescope time available at the Perkins Observatory before the terai- 

nation of the contract period, on observing period at Mount Wilson was 

generously arranged by the director of the Mount Wilson and Raloaar Observatories. 

The 60-inch run provided an opportunity to get the new photo- 

meter operating and give the observers experience before going to the 100-inch 

telescope. 

During the observing period on Mount Wilson, observations were 

made on 52 stars in both shorter wavelength bonds- There had been 33 stars 

observed at the Perkins Observatory in the last six months of i960, some of 

which were re-observed at the Mount Wilson Observatory. Of the 33 stars ob- 

served in Ohio, Ik were observed in both the X- and Y-bonds and of these only 
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8 vere oVMrved, also In both bände, at Mount WlUeo, TJma the Mount Wllaon 

trip Incnased by Wi the mmber of etara observed In both wavelength banda. 

Since the procedures Involved in the observlnc and reduction 

of the data obtained at both locations are the ease, a separate discussion 

of the two sets of data vill not be included in this report. A ccaplete 

discussion of the i960 observations is included in Reference 2 and the only 

reference to these data vill be in connection with a coaparison of the data 

obtained at Mount Wiloon. A sunaary table of the stellar neaaurcments aade 

at the Perkins Observatoiy has been reproduced in Appendix V. 

A. GATHERIHC OF DATA AHD OBSERVDC COltDITIOWS OH MOUWT W11S0H 

The Ohio State - B&staan Kodak observing tcaa vas assigned 

i      8 nights In July on the 60-inch reflector for the purpose of testing equip- 

ment and making whatever observations might be possible. As the new photo- 

meter had not arrived at the mountain at the start of the run (July IB) the 

experimental photometer was attached to the telescope and observations were 

begun with this Instrument. Considerable alignment difficulty was encountered 

on the telescope and during the first night on the telescope much time was 

spent In achieving optical alignment satisfactory for observing. The follow- 

ing afternoon was used to obtain a careful Internal alignment of the Instrument. 

Soon after the photometer was replaced on the telescope It was necessaiy to 

shut down operations due to high winds. When the wind in the mountains of 

southern California exceeds about 25 knots considerable quantities of dust 

I 
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and ash vaulting frot foreat flrea ia carried aloft and scattered about the 

countryside. If the dust content of the air becoMS too large It ia desirable 

to close down the telescopes to protect the optical surfaces. The observations 

were cut short the second night and aa the wind reaained high throughout the 

following day it was decided not to open the dome at all the third night. 

Juat before the tine to begin work on the third night the new 

photoneter arrived on the mountain. The night was spent in unpacking and 

assembling the new equipment on the telescope. The experimental photometer 

was put aaide aa a standby instrument throughout the rest of the Mount Wilson 

observing period. 

During the final asaembly of the new photometer at the 

telescope, an unfortunate accident occurred. The visual-infrared dichroic 

beamsplitter was mounted in reverse in the bracket provided for it and the 

result was a loss of nearly '* magnitudes In the Y-band due to the absorption 

in the glass of wavelengths longer than about 2.7 microns. As the glass is 

nearly transparent to the wavelengths shorter than 2.7 microns, the obser- 

vations in the X-band came through with the anticipated strength. This 

occurrence resulted in a considerable loss of telescope time with the result 

that the observing period was in the nature of a practice run. It was not 
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until the photooeter was bench-tested between the 60- inch and 100-inch runs 

that the reversal of the dichroic was discovered. 

The weather in southern California is usually veil suited for 

astroncnical observations, and the month of August is usually sfflong the best 

I      aonths in that part of the United States. It was felt, therefore, that w:.5n 

the project wan assigned 10 nights on the 100-inch telescope virtually all of 

these nights would prove useful. As a matter of fact the official record 

book kept for the 100-inch telescope shows that during the past 20 years only 

one month of August has had more than 5 nights in the entire month which could 

not be used for observation because of cloudy weather. Up to the time that 

the Ohio State University - Eastman Kodak run came to an end on August 23 

there had been 8 nights closed out by the weather and 5 of these had come 

during the 10 nights scheduled to the project. Despite the curtailed observing 

time, many observations were obtained on the good nights. 

In addition to the many nighttime hours spent by the members 

of the observing team during the telescope runs, much time was devoted during 

the afternoons to tiylng to place the liquid helium dewar In operating con- 

dition for the attempts at observing in the 8 to lU micron region. The main 

difficulty was obtaining and holding an adequate vacuum in the outer Jacket 

i       of the dewar. It was not until the ninth night of the 100-inch run that the 

first successful transfer of helium was made. Dr. A. Hlldebrand of the Jet 

Propulsion Laboratory very generously provided a transfer tube of his own 

I 
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coMtnwtioo «nd the Initial traiwfer waa carried out under hla peraonal 

direction. U»e loaded dewar waa placed on the teleacope on tvo niehta, 

both of which were Intemlttently cloudy, and no poiitlve reaulta vere obtained. 

There vaa conalderable difficulty in attaining sufficient alignaent of the 

longwave detector along vith the ehortuave detector in order to use the Inatru- 

■ent in the way in which It was intended, naacly, that the ahortwave detector 

signal be used for guiding by the observer while the signal free the longuave 

detector Is being integrated. 

There was a hopeful sign noted in connection with the operation 

of the hellua dewar. The supply of heliua In the dewar from a single filling 

lasted for a total of about 20 hours without being topped off during the 

interim. The nitrogen Jacket was fined twice during the period. Ohls seeas 

to Indicate the feasibility of filling the 1.2-llter dewar at a ciyostat and 

transporting It to the telescope rather than attempting to transport and 

store a 10- or 15-liter supply of helium near the telescope. 

B. ANALYSIS OF THE DATA 

In the Mount Wilson program it was decided to obtain as many 

observations of different stars as possible. It was felt that this would 

provide a more complete survey (though still provisional from the point of 

view of precision) of the nature of these objects in the Infrared. 
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A brief description of the techniques of data reduction used 

on this progrsa is given in Appendix I. The results of the reduction ore 

listed in Table I« and a catalogue of the observed nagnltudes end color 

indices for the prograa stars is given in Table II.# A casparlson of the 

results obtained at Mount Wilson with those obtained at Perkins Observatory 

for the stars observed at both locations in both the X- and Y-bands is given 

In Table III.« 

C. AtMOSPHKRIC BCTIKCTIOH 

The earth's ataosphere absorbs radiation to a greater or lesser 

extent over the entire wavelength range of the electrooagnetlc spectrun. In 

the visible region of the spectrun this absorption and scattering may amount 

to a few tenths of a stellar magnitude at the zenith and much more at directions 

far fron the zenith where the light must traverse a long path throughout the 

atmosphere. The exact amount of obscuration in a given wavelength band depends 

upon the amount and relative effectiveness of the atmospheric components con- 

tributing to the absorption. In the course of astronomical photometry the 

extinction measurements ordinarily are taken systematically along with the 

observations of the stars in question. 

The minimization of extinction effects in the Mount Wilson 

program suggested that the observations of each star be made near to the 

meridian, insuring that the star be as near the zenith as possible and its 

light thereby subject to a minimum of atmospheric absorption. In practice 

sane of the program stars could not be observed on or very near to the 

* Tables I, II and III follow page hi. 
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■eridUn. Scae of the« wer« located ao far «outto that even though they were 

ohserved on the ■erldlon they vere at very Urge zenith dletancet. Definitive 

corrections for ataospherlc extinction are not applied to the data in thie 

report. 

However, fro« Heference 3, po«e 51», and Reference 8, page 130>», 

one can estiaate the aize of the magnitude correctlona to zenith (i.e., to 

unit air maa)  resulting (prlsArtly) from continuous atmospheric absorption 

hy water vapor: -0?3(sec z-l), where z is the zenith distance. This cor- 

rection is negligible (i.e., less than 0?l) for all but 6 observations (stars 

Nos. 22, 136, IWJ, 2211, 229) and exceeds -dhk for only one observation (star 

Ho. 155). Correction of the measured x and y magnitudes to zero air mass is 

implicit in the adoption of m « m and m » m for a star at a temperature 

of 11000'. 

One attempt was made to determine the extinction character- 

istics of one night, but the results were complicated by another quite un- 

foreseen occurrence. The detectors which were used demonstrated a rather 

large fluctuation in sensitivity with time. In spite of the fact that the 

data intended for use as extinction measures were lost, due to the unstable 

sensitivity, there is some indirect indication that there may be serious ex- 

tinction effects in the infrared. Some of the bright infrared objects which 

were observed at consistently large zenith distances displayed the greatest 

dispersion in measured values. These objects, because of their greater 
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brightnes», should be observed with the greater precision. An sccount for 

this discrepancy may be given on the assuaption that these stars are Indeed 

| the ones aost readily affected by the variations in ataospheric extinction 

fro« night to night. TO test this asmaption is the first task assipied 

I to the observing program when the stellar infrared photooeter is again in- 

stalled on a telescope. 

D. DAYTIME OBSERVIHC 

On August 21,  1961, obBervations were nade on «.Tau continuing 

into the dawn, as planned in the observing schedule outlined in Heference 3, 

I       page 55. The telescope was lined up on the star before dawn and X and Y 

channel readings were taken,  et Tau, which is number 37 on our list, has 

a visual magnitude of 1.1, mx - 2.5, and my - 2.8. Headings were continued 

as the sky brightened and until it and the other first magnitude stars were 

no longer visible. The deflections obtained were constant over the entire 

observing period. More work is required in this direction to determine the 

daytime limit of the photometer. Only one star can be observed into each 

1       dawn as it is probably impossible, with the small field of view of the photo- 

meter, to find a star when it is not visible in the sighting telescope eyepiece. 

E. DISCUSSION OF THE RESULTS 

I The observed apparent magnitudes in the X- and Y-bands of all 

the stars measured at Mount Wilson are included in Table I. The table con- 

1       sists of the following infoimtion: the star designation, including the IR 
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TABLE I A 

mnw MUJSOU SIMMRY WTA SIIEST FOR X-BATID 

©!<J}3r«3S> h Ooqputad 

STA»       WR-i§    a/nnr  ^u.jy    d/i'MH   d/i^.»    a/gfl.gi      "« 

6 TV I sc 

8 5  tod 

> a aw 

lb A And 

PO ■/ Ard 

?l Ot ?.rl 

»'* T| Fcr 

25 a -ct 

?f. /» ier 

3" a "iTÄu 

bl t Aur 

15<', A 'oo 

I'iC ot "Tor 

155 CL Sco 

156 30eKer 

16V rf Her 

180 X oph 

182 R r.yr 

1^3 5 Lyr 

1% / Aql 

-1.7 

-0.8 

-0.6 

-2.9 

-1.9 

•0.1 

-1.8 

•0.8 

-3.1 

«0.1 

-1.6 

-1.9 

-2.7 

-3.': 

-3.9: 

-2.1» 

-0.3 

•0.2: 

-O.k: 

-2.2: 

-1.5: 

-1.5: 

-b.O: 

-2.7: 

-Lb:! 

♦1.8:: 

-2.3 

-3.7 

-2.3 

•0.5 

•1.7 

-2.9 

-1.6 

-3.1 

-0.8 

-3.b 

-3.5 

-1.9 

-3.5 

•1.5 

-2.1 

-1.3 

-1.0 

-0.2 

•0.8 ♦0.3 

♦0.2 

-1.9 -1.5 

-1.1 

-0.2:: -0.7 

-3.1:i -b.O 

«0.2:: ♦O.b 

-1.6:: -l.b 

-1.9 

-2.2:: -2.5 

-0.5 

-2.5 

-0.». 

-3.0 

-1.0 

-2.1 

-0.1 

-1.6 

-0.6 

-0.7 

h2 
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TABLE I A (Cont'd.) 

MOUlff WMMI aBHART DA!^ ™"' «» Tt.WKn 

OBSBtVED ■ 

^3 

flfMII gflcn B/lT-iB 8/19.» ^ 
omn 

10? * :« -0.8 •1.0 •0.6 

l«» x Cyg -1.7 •2.1 •2.1 •k.l 

19«? y s»» -0.5 •o.k 

190   onti -0.7 •0.7 -o.k 

199 * cyi 0.0 -0.1 

210   VQyg •1.1 -1.6 •0.1 

2U  « ?H -0.9 •0.7 

02/40*9 -1.7 -1.7 •1.9 -0.9 

213 ifiCtp 0.0 -0.1 

216^ Otp 40.2 -0.2 -0> 

29H X Aqr -0.3 .o.k •0.6 

225 /» Peg (-2.2) (-2.2) -1.9 (-2.2) (-2.2) (-2.2) •1.8 

229 X Aflp 42.0 ♦1.6 •0.5 

231 71 Big -0.2 40.3 
40.2 

+0.3 -0.5 -0.1 

231»  y^g 0.0 40.1 40.1 
40.2 

-0.1 -0.1 40.1 

235   R CM -1> -1.2 -1.5 -1.3 -1.1 •1.6 

<t Lyr (-0.1) (-0.1:) (-0.1) 

Ob Aql 

6 Ctp +2.3 +2.3 

€ Aur +1.3 

-. 



TABLE I B 

Nounr msc   SWWARY DATA SHH   FOR t-mm 

OHRffB 
^ Qavuted 

osu 8/iU4 8/15-10 fl/i«-n 0/n-iB B/19-80 Bfio.il 

6 W Ffce -0.1 *0.3:: •0.6 

8 6 And «0.5 ♦1.X «0.6: t *o.k «0.6 -0.3 

9 « OM ♦O.fcts 0.0 

1^ /» And -».3 -1.9 -1.6:: •2.0 -1.3 -1.9 

ao y A™» '1.2 •0.8 -0.8:: -l.fc 

n A Art .0.8 -0.5:: •0.2:: -1.0 

2?  o Ott -3.7 -3> -3.*:: -3.7 -2.2:: Jk.h 

St   «1 ?tr •0.2 0.0 0.0 

?'   i  ■'•t -1.6 -1.7:: -2.0 (-1.7::) •1.8 

^ /» i%r -2.2 
-2.2 

-2.0 -».3 

37 4 TTMI -2.« -3.2 -2.7:: •2.8 

ill 6 Aur -1.1 •0.8 

B6   d BOO -1.2:: -3.«» •2.7 

lU d. Str 

155 d Sco -3.9 -3.«. 

156 30«H«r -1.1:: -2.7 -1.2 

167 et Her -3.5 -3.0 -3.9 •2.«i 

ISC   X Oph -2.2 •0.3 

182   R Lyr -1.3 -2.8 -1.6 -2.1. -1.9 
-2.0 

-1.9 

183 6 Lyr -2.3 -1.6 •1.0 

188 / Aql -0.9 •1.0 

Uh 
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TABLE I B (Cont'd.) 

Nomg wiLsai mtas nwa SBl JOB X-MMD 

0BS8RVD i 

gaWj e/llu»    8/l5»l6     8/16.17     8/l7.lfi    8/1»»      SM»» 

^5 

180 « Spi 40.1 •1.1 .1.0 

I*»» es« .1.2 -8.9 »•*     . -*.3 

19« yagi .0.8 .0.6 

198  Utel .1.1 -l> .0.6 

199 € Gyg 0.0 -0.3 

210 vcyg -1.3 -2.1 -0.5 

m c tn -l.k -1.0 

212   u 0*p •2.0 
-2.0 

-2.1 
-2.2 

-2.5 .1.3 

213 18 top -0.1 -0.k 

216 ,£ top ♦0.1 40.3 -0.8 

2SH A A«r ♦O.k: -0.5 -1.1 

225/3 fc* (-2.3) (-2.3) -2.0 (-2.3) -2.1 (-2.3) .2.3 

229 XAqr 42.0 4l.ll .0.8 

231 TX B»g -0.1 40.1 .o.fc -0.3 -0.1. 

23>» Y P»f? -0.2 -0.1 ♦0.2 
40.2 

40.3 40.2 -0.3 

235   R CM -2.»» 
-2.3 -1.9 -1.9 -2.2 -2.0 -1.3 

dtyr (-0.1) (-0.1) (-0.1) (-0.1) -0.1 

A, Aql -0.9 

6 ^P 42.9 

t Atir 41.2 
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Star 

x9 {I Cas 

lit yd And 

20 y And 

21 (t Kri 

22 o Get 

23 a Cet 

26 /o Per 

37 öt Tau 

Ul t Aur 

136 ^6 Boo 

16? 0, Her 

188 y Agl 

190 X Cyg 

198 U Del 

212 // Cep 

231 71 Peg 

235 R Cas 

TABLE III 

COMBUaSOM OF PEWOIIS AHD MOUW WHSOK DATA 

PBridas 

\ 

+0.1 

-2.0 

-1.0 

i 
-O.3 

-1.6 

-o.J. 

-0.3 

-3.0    -3.5 

-1.7    -l'k 

-1.9    -2.1 

-2.9 

-0.1» 

-2.2 

-3.5 

+0.1 

-2.3 

-O.9 

-2.1 

-O.k 

-1.8 

-2.9 

Mount Wilson 

-O.J»     +0.«i 

-1.8     -2.0 

-1.0   -0.9 

-0.8 

-3.0 -3.6 

-1.6    -1.8 

-I.9     -2.2 

-2.9   -3.0 

-0.8 

-3.«* 

-3.6 

-1.0 

-2.0 

-0.7 

-1.8 

-0.1 

-1.3 

Periling 

+0.5 

-0.2 

0.0 

0.0 

-0.1 

0.0 

0.0 

+0.J» 

+.12 

+0.1 

+1.1 

-0.3 

-0.2 

-0.3 

-0.3 

-0.5 

Mount Wilson 

+0.1 

+0.'i 

+0.5 

+0.5 

+0.1 

+0.1» 

+0.1 

+0.1 

kQ 
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catalogue nwber (Appendix IV) and the camton designation of the star; the 

I      apparent ■•gnliude« Uhulated under the date upon which the individual Masure 

was mde; and finally the eoaputed apparent Mgniiude of the star based upon 

the asswptio» that the stars radiate as blackbodies. Table I is presented 

in two parts, A and B, for the X-aagnitudes and the Y-tagnitudes, respectively. 

In Table I are used several notatlonit to indicate soaething 

of the quality of the observation or of the aanner in which the nagnltude 

detemlnatlon was aade. A single colon (:) following the tabulated nagnltude 

indicates that the deflection used for the detemlnatlon of that «agnltude 

was not considered to be sufficiently steady or free fro« transparency or 

sensitivity changes to yield a reliable nagnltude  A double colon (::) 

following a nagnltude Indicates that the observation was taken outside the 

tine Interval covered by blackbody reference signals which were used to nonl- 

tor the sensitivity of the detector. As any reliance on these quantities 

would depend upon a rather drastic extrapolation of the sensitivity data, it 

was decided that these values would not be used in the determination of the 

mean values of the magnitudes entered In the sunmnry of the Mount Wilson 

observations given In Table II. A magnitude enclosed in parenthesis ( ) 

Indicates that star used on that night as a standard star and the value is 

that obtained on another night by a direct interccnparison with the primary 

standard Vega ( otLyrae). A further discussion of the system of standards 

is given in Appendix II. 

^9 



Tfcble II concUi« of the «e«n values of the «ppaxenl Mmltudes 

obtained on the nights listed in Table I. Fbr «any of the stars this value 

is the result of a single oheervatioo and there io no attoipt to veigh these 

results in coaparison to those stars for which there are four or »ore detemi- 

nations of asgnitude. An analysis of the aean deviations of the different 

observations of a given star indicates for the X-asgnltudes an average deviation 

of ±0.1 Mgnitude; for the Y-as^iitude it is about ±0.2 aaenuudc. 

Of the eight long period variable stars observed, only four 

have reliably detemined visual asgnltudes for the nights upon which they 

were observed. These asgnltudes are Included In Table II under the coluan 

headed a and are enclosee In parentheses. The reaaining long period variables 

have tabulated for their visual msgnltude the saxicaa value listed for thea 

In the Radial Velocity Catalogue (Reference 7) 

The observed X- and Y-color Indices are given In Table II as 

Is the temperature for each star observed, based upon the tcaperature cali- 

bration given by Morgan and Keenan (Reference 5)- This temperature is used 

to plot the observed colors against the theoretically calculated values, based 

upon the assumption that the stars radiate as blackbodles. Included are 

approximate values of stellar Irradlances H and H . The final column of 

Table II gives, respectively, the number of observations used to determine 

the X- and the Y-magnitudes. 
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Figure U, a plot of the X-lndex as a function of teaperaiure, 

indicates a aarked tendency for the points to lie above the theoretical curve 

for the coolest stars observed. Several of the points aost reaoved froa the 

theoretical curve are the variable stars observed far fit» the oaxiaua light. 

These large indices are the result of the fact that the visual aagnltude 

varies over a range corresponding to a light variation of two or aore orders 

of aagnltude while the teaperature and presuaably the infrared inadisace 

reaains nearly constant. It is also significant that the non-variable stars 

at these teaperatures also show a tendency to lie above the curve, vhich in- 

dicates that there nay be soae source of continuous opacity in the ataospheres 

of these stars which llaits the aaounts of visible radiation which can escape 

fron the stars. Suggestions have been made that the formation of clouds of 

condensed aolecular material may account for the wide variations in the visual 

brightness of the long period variable stars. It may be that a similar 

mechanism serves to decrease the visual irradiance of the non-variable stars 

In this temperature region although to a somewhat smaller extent. 

Below a temperature of about 3000% the observed points seem 

to cluster about the computed curve. The only group of stars which seem in 

any way to show a consistent trend are the superglant stars (represented by 

[      a (+) on the graph) which occur only above the curve at all temperatures. 

The plots of observed minus computed values of X-color index 

for the supergiants and nonvariable giants are in Figures 13 and 1^. I 
1 
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The Y-indiees plotted In Figur« 12 •hon a ilMlUr trend to 

pass above the eoeputed curve at teaperaturee below about 2500'K. It can 

he seen fit» the Y.I. curvet. Figures 15 and 16, that the noovarlable itart 

duster about a line about 0.$ aagnltude below the predicted values. This 

Is In essential sgreeaeot with eoae of the recent observations asde by 

Freeann Ball (Reference *»). 

The superglantS show a tendency In the Y-band to sgaln lie 

systeaatlcally above the coaputed curve. It seeas apparent that the super- 

giant stars possess an excess of infrared radiation eaission in the wavelength 

bands which we have studied. The coabinaticn of the two result« Just aentioned; 

i.e., the excess infrared eaission of both the superglants and the very latest 

spectral type stars, would lead one to underestiaate the severity of the back- 

ground problea if the assuaption of blackbody radiation is used. The «count 

of änderestlaatlon on the basis of the superglants alone would rvpreseol a 

factor of about 5 In the nuabers of such stars which would be detectable. As 

there are relatively few of these stars In a given volume of space this need 

not be considered a serious problem. Ihere are however many more very cool 

giant stars which show an excess of the infrared radiation. It would seem 

that more study is indicated for these objects in tenns of the nature of the 

excess and possible modification of the temperatures for these stars. It 

must be pointed out here that many of the very coolest stars on this program 

are plotted for temperatures which were of necessity extrapolated from the 
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l««perftture dat* of Morgan wrt Keeoaa. -mere 1» reaaon, therefore, to suppose 

that correction» to the aaswed tcaperaUire scale for these cool stars oay be 

i|      justified. 

TYie teaptatlon to »odify the tcaperature scale for any of these 

late type stars should be suppressed until the degree of blanketing in the 

visual region is more fully lowestsgatcd. There is also need for a more de- 

tailed study of molecular aboorption in the infrored which may have a direct 

bearing upon the determination of strictly 1R color indices, e.g., (mx - my). 

Such indices obtained with very accurate X- and Y-magnitudes could be used 

to provide accurate color temperatures for the late type stars. 

F. CONSIDERATION OF THE ABHOIKAL OBJECTS 

So far we have described only the normal stars in which were 

included the long period variable stars whose behavior is not particularly 

stable but at least predictable. There were in addition to these stars three 

others observed which deserve some additional and speclol comment. Ofcese stars 

are; T Corona Borealls, X Aquarli, and i Aurlgae. 

T Corona Borealis {T CrB) was included on the list of bright 

objects which should be easily observable with the infrared photometer. With 

a computed magnitude of about -3-0 for each wavelength band it lies about 6 

magnitudes above the limit of the photometer. Attempts were made on two 

nights to obtain infrared deflections for this star in both the X- and Y-bands 

L!       without success, A look Into the nature of this object indicates that it is 

y 
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not of the typical long period variable typ«? and indeed eeou to pouees 

■OM feature! that are entirely at variance with those of the loos period 

variahlee. The nature of the variation of T CrB ie euch that the star in 

its "noraal" state is at about 9th or 10th visual aa^iitude. Occasionally 

the star flares up to nearly 2nd asgnitude, such occurrences giving to the 

star its popular naae "the Blase Star". 

The calculation of the Infrared aagnitudes were aade on the 

basis of the aaxlwa magnitude. The result of this arbitrary treataent of 

the variable stars produced an infrared aagnltude about 7 or 8 aagnitudes 

brighter than the star actually possesses. Other stars of this type, when 

they are encountered, should be treated as if their noraal state is that 

of wlnlBua visual magnitude. 

X Aquarii (X Aqr) is another variable star which revealed an 

uncKpected result. At a temperature of about 2700*, the calculated X-nagnltude 

is -0.2 and the Y-magnitude is -0.7. The observed X- and Y-nagnltudes re- 

spectively are +1.3 and 4-1.7. This represents a deficiency of 2.0 and 2.h 

magnitudes In the X- and Y-bands. The observed values are obtained from 

observations made on two nights and, though they were taken at fairly large 

zenith distances, such deviations from the computed values have not been 

observed for any other star. The reason for this abnormally low irradlance 

Is not apparent. 
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During the ccurse of the progm of photoMtiy of the late 

type sUrs observation» ver« node of the eclipsing binary   < Aurigae ( I Aur) 

la both the X- and Y-wavelength regions.    These data are given below vith calcu- 

lated colors and Mgnitudes based upon the assuaptlon of blackbody ealssion of 

a single star of the spectral type of the prlaary coapooent of   £ Aurigae: 

Spectral Type 

X. I. (mv - mx) 

Y. I. (mv - my) 

m (calculated) 

m (calculated) 

T (IR) 

log R (IR) 

log Mass (IR) 

PO v 
(plus a nonvlslble companion)* 

+3«» 

+13  1 

+1.2 

+2.1 

+22 

♦   Kuiper, et al (Ref, 6) 

6l 

Rasarks 

Wilson (Reference 7) 

EX/OSU Infrared Stellar 
Photometer, Mount Wilson 
Observatory, August, 1961 

Blackbody assunptlon 
for FO I star alone 
T - 7200,K 

Kuiper, et al, Reference 6 



In their dMcrlption of the binary »y«i«i  € Aurl«ne, Kulper, 

atxuve, and Stra^ren (Reference 6) depleted a noraal F type supeigUat ec- 

coapenied by a large cool atar vhlch ecllpeea the P alar every 2? yeara. The 

cod coaponent with a derived teaperature of 13$0* doea not «ait enouiit. 

visible radiation io be uutlced «veu during the pria&ry ccllpae. As the 

priaaiy eclipse la evidently only an ataospberic eclipse there seeaa to be 

no possibility that a secondary alniaua can be detected in the visible region. 

If the coapanion of the P supergiant is indeed a atar of auch 

low teaperature, aoat of its energy will appear in the infrared and it thus 

becoaes an object of interest in any prograa of infrared stellar photoaetry. 

When it vaa noted that the aeasured infrared magnitudes of C Aurigae were 

acre than one magnitude brighter than predicted on the basis of the P-coaponent 

alone, efforts were mode to determine if the excess Infrared radiation could 

be reconciled with an object of the type described by Kulper, Strove and 

Straflgren» 

Taking the observed apparent Y-magnitude to be the combined 

magnitude of the system, and the calculated apparent magnitude for the FD I 

star to be +2.6, (m - YI . ), it is found that the apparent Y-magnltude of 

the Infrared component alone Is +1.6. 

The distance of € Aurigae is given by Kuiper et al (193?) 

as 1000 parsecs. This provides an absolute Y-magnltude of -8.U. From 

Appendix III the Y-luminosity of a star with M = -8.U is 8.U x IO2" watts. 
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The radius of a blaekbody emitter required to produce the observed Y-luainosity 

as a function of teaperature has been conputed as follows: 

Surface Area 
Radiant Energy of Blaekbody        (To produce 

Tenpcraturc (3.2 to k,2 microns) M« ■ 8.1») Radius 
R) (vatts/cag) (cag) (cm) 

820            0.U7 1.8 x 1028 3-8 x 1013 

1000            1.1 7-6 xlO27 2.5 xlO13 

1350             3-6 2.3 xlO27 l.UxlO13 

||        3100 26. 32 xlO26 5.2 xlO12 

The published radius of the Infrared component of £ Aurigae 

is 1.9 x 10  cm, about one order of magnitude greater than the calculated 

size of a 1350* blaekbody as shown above. However, from the photometric 

observations in the visible region of the spectrum it would seem the outer 

layers of the star are fairly transparent, producing a primary minimum of 

only 03 magnitude. We might thus picture a star with an infrared photo- 

sphere at the effective temperature of 1350° and having about 1/10 the 

radius of the atmosphere. If the atmosphere of the Infrared component proves 

to be quite opaque to the Infrared radiation of the PO component, thereby 

showing its nearly blaekbody character, then we would be led on the basis 

of the size detemination of the star to conclude a much lower temperature 

than 13500. 
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It beeoMS of great interest then to MMure the varletloo 

of the infrmred Irredinnce during the next eclipse of the tyum to tee 

Juet how opaque the ataosphere is to the infrared radiation of the PO star. 

Since the apparent Y-aagnitude of the IB coaponent alone is +1.6 and the 

Y-Mgnitude of the systea is ♦12 ve would expect on the basis of a totally 

opaque ataosphere a decrease of the Y-aagnltude of O.b as the FO star passes 

behind the ataosphere of the infrared coaponent. If the decrease in infra- 

red brightness is any less than this or if the TO coaponent passes behind 

the ataosphere of the infrared star without a decrease in the Y-irradiance, 

ve would then be certain that the outer layers of the star do not behave in 

the manner of a blackbody in the infrared and that the najority of the infra- 

red radiation probably coaes from a soaewhat saaller photosphere which does 

not participate In the eclipse. 

If we assume a star of absolute Y-magnltude of -8.1* at a 

distance of 1000 paroecs It is possible to calculate the visual irrsdiance 

of the some star if It radiates as a blackbody. Fbr a 1330* blackbody, the 

Y-lrradlance is about 700 tines the visual Irrsdiance. Thus a star having 

m » +1.6 and an irradiance at the earth of 7 x 10' ' watts/cm in the Y-bond 

-k -21 
(Reference 2) will have a V-irradlance*of (l.l x 10 )l or 7.7 x 10 

watts/cm . This corresponds to a visual magnitude of m ■ +19.2. In ccabi- 

nation with the P0 component the infrared star contributes essentially nothing 

to the visual magnitude of the system. 

* Visual irradiance 
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The observation of a truly lnrmred"iiar In the eyatea of 

€ Aurlgae aakes it all the aore iaportant to txy to Identify euch objects 

in the vicinity of the sun. Consider an Infrared star of this type in the 

vicinity of the sun, for instance, at 20 parsecs (instesd of 1000 parsecs). 

It would have a visual aagnliude of ♦10.7 but a Y-aagnitude of -6.9. Such 

a star, though visually 100 tiaes fainter than the faintest naked-eye star, 

would have an infrared brightness seven tlaes that of Betelgeuse, which is 

itself the eighth brightest naked-eye star. Even at this close range the 

linear extent of the star's enoraous disk would be well beyond the resolving 

power of the largest telescope. 

TWo methods suggest theaselves for the detection of such 

objects: (l) photographic, at wavelengths O.U-o.9 microns, wherein they 

would exhibit large color indices, and (2) Infrared scanning with a wide- 

field Instrument of moderate to high sensitivity. 
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APPEWPIX I 

mm gi Mouw WILSOH DMA RETOCTIOII 

1.   Raw dato «u taten fro« the tapes In the font of net deflection, (etar 
deflection ainue skgr deflection) as follows: 

Tiat of obeervation 
Star identification 
Filter used 
let deflection 
Gain setting 
Hour angle (if recorded) 
Temperature when recorded 
Blackbody Deflections 

2*   The blackbody deflections and star deflections were then noxmliied 
to gsin 19, the highest gain setting available. This «as aecoaplished by 
using the input attenuator calibration labelled "Ronaliied Fhctor". This ' 
served to place the observations on a canon basis for deteraining relative 
intensities. 

3.   It wu noted that the blackbody deflections, presuasd to have been taken 
froa a constant temperature source, varied in seas cases by factors sf 3 or fc, 
over the period of tlae covered by the observation. 

This has been interpreted as a variation in detector sensitivity; although 
the exact cause is unknown,it has been treated as if there has been introduced 
at each point during the night an arbitrary gain or attenuation factor. 

The determination of this factor would have been very straightforward had 
the blackbody eoaparisons been eade at the tine of each star observation. 
Unfortunately the variation in blackbody deflection was not recognised at the 
tiae of obssrvation and it was not considered necessary to take blackbody 
coaparlsons more than about once an hour. 

As a result it has becoae necessary to make certain assuaptions concerning 
the variation of system ssnsitivlty between the aeasured blackbody points as 
well as sons of the regions outside the aeasured points. 
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9M nomllMd btoekbody deflection» ar« plotted as a function of tim, 

a.   Tbe varUtlon of eenaltlvity batman polnta on the «raphi 
la aaaiaed to be continuous and Sooth. 

b. 

c. 

Ho attempt has been mde to infer peaka or dipt between polnta 
althoutfi there My be evidence of euch in the reduced data. 

Extrapolation has not been carried out aore than a nail 
fraction of an hour beyond end point«. Object! having 
Mgnitudee deteralned froa extrapolated aenaitivlty data 
have euch aagnltudee aarked with « double colon (::) on the 
•xwmry aheeta. Correction factora, tamed "sensitivity 
factor«/ vere obtained fro« the «aooth blackbody deflection 
versus tlae curves which «ere then used to convert the star 
deflection» to sensitivity cosqarable to that of the aystea 
at the tlae the «tandard «tar vaa Maaured. Thl« teshnique 
in e««ence aMothed the «««u»d blackbody curve to a 
flat curve through the point corresponding to the «enaitivity 
at the tlae of the obaervation of the «tandard «tar«. 

^#   Application of the aenaitlvity factor to the noraaliied deflection« yield« 
the value L», taken to be proportional to the inteneity of the radiation in the 
appropriate wavelength band. 

5. Ratio« are taken between the L« for the «tar« and the «tandard «tar 
chosen for the appropriate tlae interval. Theee ratios (L»/lt)) are then 
converted to differences in stellar magnitude between the «tar« and the 
chosen standard. 

6. By application of the standard star aagnitude it is then po««ible to 
arrive at the X- and Y-nagnitude of each star. 

7. These magnitudes are tabulated on the sunnary sheets in Appendix V. 
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APPEWDDC II 

OOWgBB OH SPUiDMID STARS 

In view of the uncertain nature of all the itart on the prograo It vaa 
decided to u»e aa few atandard itar« aa poMible, that ia, to observe the 
Mgnltude difference of the prograa itare with reapect to the MM itar aa 
often aa powlble.   The following considerations were dees^d l»portant in 
estabUshing the Mgnltude systea. 

1,        The tero point of the my and ■* »agnltude acales should be set by 
obMrwatlons on a star as near In spectral type aa possible for the epectral 
type used to Mt the »ro point In the theoretical calculations of the 
infrared color systew.   This type Is AO V and the only star obMrved 
this suner near this spectral type Is Lyrae at AS V. 

2. Since Jt LyrM could not be obMrved on every night, due for instance 
to clouds in the early part of the evening, a secondsry standard (or standards) 
should be Mt up to fulfill as isany of the following requireMnts as possible. 

a. It should be a well observed star; I.e., 
Mgnltude determined on several nights. 

a star which has a 

b. It should lie sooewhere in the middle of the region of the 
sky b^lng observed so that a minimum of time difference 
occurs between the observation of the standard and the star 
being measured. 

c. It should be relatively bright. 

d. It should have a Mgnltude well determined with respect to 
OS Lyrae, the primary standard. 

One star which was observed on most nights wns £ Pegasi. Besides being 
a star well observed during the previous fall and winter, it is a bright 
star producing large reliable deflections. 

There are however several drawbacks to the choice of ß Peg. Though it 
was observed on four nights with CtLyrae, only two can be used for direct 
comparison. 
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IkU (1961) 

Aug 15-16 

Aug 16-17 

Aug 17-18 

Aug 19-20 

Dtttetor changt oeeurad betvMn oba«rv«tlon of 
«t Lyr «ad /3 Bvg. 

Whole rd&t referred to ot Lyr. There la 
quBitlon M to the Mnsltlvity correction for the 
tiae A Lyr «• observed. Ihle night night better 
have been referred to /3 Peg alone. 

Direct conparleon: 
-2.2 

-2.3 

Ä Lyr was U 1/2 hours vest when observed and at- 
mospheric effects vere uncertain.   Only R Lyrae 
neasured at sane tine, was referred toöt Lyr. 

On the basis of the one reliable Interconparlson of cL lyrae and /6 Fag, 
It was decided to consider the values of the nagnltudes for /3 Peg as: 

«y   -   -2.3 

These values vere both measured for the two stars on August 17-18, 1961. 
The value for m Is about O.U magnitudes brighter than the calculated value 
ft-on the theory? but the value for n Is the same as the theoretical 
determination. 

As there is no way to determine the relative brightness of the star 
from one night to the next, independent of the sensitivity corrections, 
there is no way of telling how reliably the observations of yßPeg can be 
reproduced. 

In spite of the inherent danger of using /3 Peg for a standard, it is to 
be noted that there is no other star which fits the requirements set down 
above any better than does /3Peg. Therefore,with one exception, this star 
was used as a secondary standard at all times when d Lyr was not available. 
The one exception was the use of O, Ceti on August 20-21, 1961 for the stars 
observed with detector D-5 for which there were no deflections of fi Peg made. 
This.star was chosen at the time because it was thoughtto be the best observed 
of those under consideration. O Ceti might have been as good a choice but, 
due to the fact that it is known to be a long period variable star, it was 
decided that it would be best not to rely upon it for standardization. 
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AFPDfDIX III 

TUE IfEFRARED CUAMCTERISTICS OF 
PROTOSTARS AHD DARK GDDBUUS 

by 
Phi Up B. Barnhort 

Perkins Observatory, Dolavarei Ohio 

iwrRQDUcncw 
Since the application of hieh-oensitlvlty IR detectors to the 

field of stellar photoaotry, euch interest has arisen in the possibility of 

Bcosurine irrodiances of various objects in space which do not mit visible 

radiation (0.'» to 0.7 ederoo) but vhich,due to their teiq>erature or slse, my 

eoit considerable saounts of radiation in the longer wavelengths. Pressure 

is being applied by theoretical astrophysicists to attecpt the detection of 

contracting protostars, the existence of which is strongly supported by 

theoretical considerations of the requlrcnents of star fonnation and the 

observational evidence of the presence of such objects in very young galactic 

clusters. Interest is alco being shown in the fairly nuaerous, dense, dark 

globules of interstellar naterlal which appear silhouetted against lurdnous 

nebulae or star clouds so possible breeding grounds for these protostars. 

The present calculations are concerned with the Infrared 

characteristics of certain assiuoed types of protostars and the potential IR 

results based upon observed characteristics of dark globules. These 

calculations are based upon the experimental results on normal stars In the 

plumblde region (3 to U microns) for two reasons. 

1. Astronomical performance characteristics of the plumblde cell are 

well known so we can work from a well established limiting 

detectabillty. 
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2. For the Inteiwdlate toventures encountered in pre-mln aequeace 

contraction (000* to 2000*X the pluabide sensitivity is centered 

nearer the energy peek then that of the copper-doped genanlun 

detector. 

OTSKRWfflOg OF PWOTOgTARS 

Observations of ealoctic clusters in recent years have 

deaonstrated the fact that cluster ages aay be deterained vith fttir accuracy 

by observing the brightest cluster neabers still existing on the sain sequence. 

The luainosity thus obtained, coupled with the rate of nass to energy con- 

version for a "zero-age* star at that position on the nain sequence, yields 

an age of the cluster, assuming all stars in the cluster "foned" at the 

saw tine. 

Certain clusters shoving neaberohips consisting in part of 

very luadnous 0 and B stars vhose ages, because of their very high luminosities, 

must be very young (less than 500,000 years in cooe instances) led N. F. Ualker 

(Ref. 1-U) to nake photometric studies of the fainter stars in these clusters 

in hopes of detecting stars still in their prc-oain sequence contractions. 

These stars will not be emitting energy generated by thermonuclear reactions 

in the core, but will be radiating mostly energy generated' by the process of 

gravitational contraction first described by Hclnholtz in 1851». Walker has 

indeed detected such protostars in '» young clusters. 

If the energy radiated as well as the temperatures possessed 

by such stars comes about as the result of the physical contraction of the 

body, the supposition would be that the cooler body would, in general, be 

larger in size than the body arriving at the main sequence, where the star's 

central temperature is Just high enough to maintain the thermonuclear 

reactions necessary to establish the given mass as a stable star. This state 

Is one in which the gravitational attraction Inward is Just balanced by the 
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gßa and radiation prcooure outward resulting froa the Internal energy, gener- 

ation, and tbe nain aequenee represents the locus of points in the H-R 

dlagnn corxespondlng to such stable stars of different initial aus. 

Studies of Helaholts contraction indicate that the te^ezature 

of a contracting nass, assuaing hooologoua contraction, vlll vary inversely 

as the radius of the object (Ref. 5)- 

Calculations of late phases of gravitational contraction based 

upon the Belaholtz temperature increase have been carried out by Scfawanschild 

and others for objects of various oasoes. These calculations extend backward 

froa the zero-age nain sequence to points where the temperature Just places 

the star at the cool end of the H-R diagraa, which aeans a teoperature within 

a factor of 2 or 3 for the sun or a factor of about 8 for a star of 10 solar 

mases.   Atteqpts to extrapolate nuch further on the contraction hypothesis 

any possibly lead to serious errors due to a decrease In the opacity of the 

contracting cloud at auch low densities. Extrapolations of teq)eratures by 

factors of 100 and 1000 are considered, however, in the present calculations 

to obtain order-of-negnitude values for snail contracting clouds of the order 

of a few solar mosses. Table A indicates the surface areas and teqperatures 

of 3 "protostars" with masses of 1, 5> and 10 times the mass of the sun. On 

the basis of an Inverse dependence of temperature on the radius an increase 

of a factor 10 In temperatures will be produced by a decrease in the radius 

by the sane factor. 
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TABLE A 

IttlP 8<WjjBC< 

SoJjur Itoiei 

1 G2 

•K 

6000 

B8 15400 

10 BO 221*00 

felaholts 
T«MP> 

6000 

600 

60: 

6: 

15^00 

15^: 

15.»»: 

221(00 

221*0 

221»: 

22. U: 

Surftice 
ATM 
a? 

8.8 x lO21 

8.8 x ID23 

8.8 x 1025 

8.8 x DO27 

3.3 x 10 25 

3.3 x 10 

3.3 x 10; ,29 

k.k x 1023 

l».l» x ID25 

l».l» x 1027 

k.h x ID29 

Radius 
c« 

7 x ao 10 

7 x 10 11 

7 x 10 

7 x 10 13 

3.3 x ID23   2.1» x ID11 

2.1» x 10 
12 

2.1» x 10 

2.1» x 10 

(
13 

11» 

3.5 x ID 
U 

3.5 x 10 

3-5 x 10 

3.5 x 10 

13 

11» 

If wc know the surface area and temperature of a body. It Is 

then possible to determine the luminosity, either total or in a particular 

wavelength region if we assume the object radiates as a blackbody. In order 

to do this for the 3-1* micron region, a group of significant temperatures was 

selected to provide an indication in what direction the observations might 

tend. 

1. 620>K - The temperature at which the blackbody curve peaks at 

3.5 microns, the center of the 3-1» micron band. 
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2. 130O*K - The te^erature at which the bluckbody curve peaks at 

2.25 BlcroDS (center of the lead sulflde regloo, 2.0-2.$ 

■ieroD«), and also near the teaperature at which a 

percentage of the total radiation fails within 

3. 3100*K 

the 3 to <> nlcron hand. 

The teaperature of Betelgeuse, used to directly coopere 

the detectivity In tcnas of an object of known lualnoslty. 

The spectral character! atlca of the three teoperatures are 

sunmrlscd In Table B. 

TABLE B 

T 

820 

1300 

3100 

(ndcroo) 

3-5 

2.25 

0.'93 

Total Radiant 
Energy 

(watts/en^) 

2.6 

16.0 

520 

Fraction In 
3-1* microns 

0.18 

0.20 

0.05 

Radiant Energy 
3-lt nlcrona 

0.»i7 

3-2 

26.0 

With the data of Tables A and B It is now possible to compute 

the Y-lvuninosities of the selected protostars at the chosen tenperatures. 

Before doing this, it nay be well to estoblish the limiting Y-irradlance 

detectable with the nitrogen cooled plumbide detector. 
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UJQT OT DPECTABIUTY 
During the observlAg progrui carried out vith the photooeter 

on the 100-lneh telescope, the feintest signal aeasured «as due to £ Cephei 
at an apparent eagnitude, ■ ■ «»2.9. This corresponded to an apparent 

irradlance, h> 2 x 10"17 vatts/ca2.  On this basis ve can tabulate the 
absolute Y-Mffiltude M, which will produce the apparent Irradlance 
(lO"1"^ vatts/ca?) at the earth fron a given distance. This Is obtained fro« 

the relation: 

Hy-^+S-Jlogr 

where ^" +3.5 

TABI£ C 

(parsecs) log r y 

1 0 +8.5 

10 1 +3-5 
100 2 - 1.5 

1000 3 - 6.5 
loooo i» -11.5 

M  -  absolute Y-nagnltude of a star which is Just detectable 

from a distance, r. 

To calibrate our magnitude scale in terms of apparent 

irradlance, ve need but one object of known apparent magnitude and distance. 
The most reliably determined apparent magnitude in the Y-region is qf Orionis, 
the brightest star observed with the experimental photometer. 

• 
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The pertinent data for d[ Orl ie as foUowo: 

Distance (Ref. 6) r - 200 paraeca 

Apparent Y-Magnltude       Oy » -5.0 
hy ■ 3 x 10  vatto/ca Apparent Y-Irradlance 

The absolute nosnitude is then: 

M - -5.0 ♦ 5.0 - 5 log 200 

- -5(2.3) 

- -11.5 

This gives the distance aodulus: 

(Py - Hy) - -»6.5 

To determine the "Absolute" iriadlonce, H (- the irxadlsnce 

at the earth if C( Orlonis were at a distance of ID parsecs) we need the 

relation: 

log h^- O.Mmy - My) 

- 0.»» (6.5) 

- 2.60 

thus: 

11 » UOO h. 
11 

s 1.2 x 10'  watts/cn 

A plot of apparent irradionce, (h ), or apparent magnitude ny 

as a function of distance, r (in parsecs), for objects with various absolute 

magnitudes, H . is shown In Figure III 1. 
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Figur« HM. APPARENT IRRADIANCE OF OBJECTS HAVING VARIOUS 
MAGNITUDES AND DISTANCES 
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If we coqputc the Y-iuainosity of CC Orlonio, then we will be 

able to detctBlne the ahsolute lrr«dlance for any object whose Iwainosity and 

distance is known. 

The tesperature of a Ori is 3100* so the total power radiated 

per square centiaeter of surface, assuning emissivity - 1.0, is given by the 

Stefan-Boltcoonn law: 
k 

E - 0" T 

■ 5.2 x 10 vatts/co 

of which 5^ foils in the 3 to 1» nicron band. Therefore 

E ■ 26 watts/en 

The radius of <X Ori jo 295 tiaeo the radius of the sun, 

(Ref. 8), or: 

Rp - 295 (7 x 1010 cm) 

- 2.06 x 10l3 co, 

for which the surface area is: 

A- ^r2 

27  2 
« 5-35 x 10 ' co 

and at 26 watts/cm2 this gives a luoinooity of: 

L » 1.39 x 1029 watts 

= l.U x lo3» ergs/sec 

This value of the Y-luminooity agrees with the value obtained froo the ratio 

of the balckbody energies in the visual and Y regions of the spectrum and 

the visual luminosity of the star. 

Thus on object with an IR luminosity of l.U x 10J ergs/sec 

will have an absolute Y-magnitude of M = -11.5 and will Just be detectable 

from a distance: 

D 
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5 

, i ♦ (a»? ♦ a^i 

-1-1-3.0 

r ■ 10000 ptc 

With thli lAfonMtloo the audaua ditUnee at vblcb any 6bJ«ct 

vhote liaiBMlty can be coaputed can be deteiaiiwd.   The lualnoeity callbimtloo 

hu been Included on the plot of Flfure II1-1 and labelled, L . 

lamosiTr or HProanüo 
If ve nov eoapute the lualnoaity of the varlooa Individual 

protoatara deacrlbed above, we can get an idea of the aaxlaua dlatanea at 

vh.4ch thla particular 'type of object can be observed. 

Proa the teaperature-radiua data of Tkble A, It la poMlble to 

detexalne the surface area of each aodel protoatar at the tcaperatures of 

interest. This, ccablned with the data of Table B, will provide the 

Iwlnoslty of each contracting body at each significant teaperature. This 

la tabulated In Table D. 

Teap. 

820 

1300 

1 Solar Kass 
Area      L 

(watts) fea2) 

TABLE D 

5 Solar Masses 
Area L 

(car)        (watts) (cBg) 

10 Solar Maases 
Area L 

2,      . y (watts) 

If.8 x 1023 2.2 x 1023 1 x 1026 1*.? x 1025 3-5 x 1026 1.6 x 1026 

,26 1.8 xlO23   5.8 xlO23   UxlO25   1.3 xlO26   1.5 x 1026   ^.8 x lO1 

,22    023   8_xl02lf   2.lxl026   2>5X1025   6f5xlo* 3100     3.5 x 10"   9.1 x 10 
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■ ^       As can be seen fras Table D. the brlgbtest possible case is 

the 10 solar mass protostar at a tenperature of 3100*K This object will 

then already be on the H-B dlagraa eo cannot be considered an "unknown" object. 

However, if ve plot such an object on Figure III-l, we will have an upper llait 

of the distance to which a saall, discrete contracting protostar can be 

observed. The broken lines in Figure III>1 represent this upper limit to the 

detectivity of protesters  A look at Table D shows that, in general, the 

contracting mass has a much smaller radius at a temperature of 3100*, than a 

supergiant star like CtOri. Thus, we might expect individual protostar» 

of less than 10 solar masses to be detected in the Y-region at distances up 

to 1C00 parsecs. The nearest of Walker's young clusters (HOC 226k)  is 800 

poraces from the sun. 

The preceding calculation is based upon the assumption that 

stars form as individuals out of clouds having essentially the mass of the 

final product star on the main sequence. Such is most likely not the case. 

Where very young stars are found they are usually found in groups (open 

clusters, 0 associations, T associations) of apparent common origin and nearly 

conmon age. Thus, it would seem that the proper method of star formation 

might Involve the condensation of a cloud of Interstellar material of 

considerably greater mass than a single star and one which will fill a greater 

volume of space at a given temperature than one of smaller mass content, and 

thus have a much greater surface area from which to radiate at a given rate 

for a given temperature. 

The question now beccmes: what sort of object at the distance 

of the farthest young cluster studied by Walker (NGC 66ll, r = 3.3 kiloparsecs) 

would be required to be observable at the earth (h ■ 10'  watts/cm )? A 

glance at Figure III-l reveals that at the limit of detectability at 3.3 kpc a 

luminosity equal to that of & Orlonis is required; that is, M = -11.5. So 

any object to be observed at this distance must have a luminosity in the 

3-^ micron region of 

L > l.U x lO3^ erg/sec 
- y 
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TABU E 

Radius Rad. Energy 
To«. (3-* «10) 0 ^ 

820 
1300 
3100 2.6 xlO8 5.1. xlO27 2.1 xlO13 2.9x10« l-k 

w 1I.7X1D6 3X10^       1.1X10«        l^xlO1» 73 

1300 3.2 xlO7 J..1.X1020        l.UxlOW        2.U x 10^ 9.5 

In Urma of nstronooical alieo, the values given in the last 

colum of Table E ar« quite modemte. For the coolest object this is a 

radius dbout tvice the radius of the solar systea. For 1300* the radius is 

the sane as the radius of the orbit of Saturn, while d Orionis has a »dius 

Just under the radius of the orbit of Mars. 

On a published photograph of WCC 66lL(Ref. I) a nearly circular 

"dark globule" can be seen projected against the bright nebulosity associated 

with the cluster. According to the published plate scale, the globul« has 

a disneter of 17-U seconds of arc, which, at a distance of 3.3 kps, anounts 

to 5.8 x 10k astronomical .units. This rather typical blob then has a total 

surface area of about 9.6 x 1036 cm2. In order for this object to have a 

total luminosity of l.lf x 1036 erg/sec. It must emit 0.1»»6 ergs/sec/cm 

(= 1.1*6 x 10'8 watt/cm2). This rate of emission will occur for a body of 

this size at about 1500K. It seems quite reasonable to suppose that if 

material has condensed to a state where it is optically thick, that perhaps 

it has utilized enough gravitational energy to raise its temperature a few 

hundred degrees above the temperature of interstellar space (3.50K). Also, 

being in the vicinity of highly luminous 0 and B stars, the back side of the 

cloud may absorb a considerable quantity of ultraviolet radiation from these 

stars, raising the temperature above the mean temperature of Interstellar 

space. 
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If the globules were to reach a temperature, by any Mans what- 

ever, of Öao'K, they would then have a total lUHinosity of 2 x 10  ergo/oec. 

Thle would produce a y-luainosity of i>.$ x 10 3 ergs/sec (or 4.5 x 10* yatts) 

and an absolute y-sagnitude of M • -30.$. This total luainosity is of the 

order of 10  tloes the luainosity of the sun. However, should such tempera- 

ture be attained by so large an object, the visual lualnoalty would also be 

great. An object as that described above would have about 10  of its total 

luainosity in the visible region, and at a distance of 3 kiloparsecs would 

appear to have an apparent visual mgnitudc, ■ ■ +}. 3»  thus being a clearly 

observable object with the naked eye. As this is clearly not the case we 

oust conclude that the teapcraturcs of the presently known dark globules 

are considerably lower than 800*K. 

It is not ifpossible that at sooe stage in a possible contraction 

of a large globule that the total oass can attain teqperatures of several 

hundred degrees in the closing phases of cluster formt ion. At such tines 

the total energy release from the objects would rival the energy output of 

a supernova (about 10  to 10  ergs/sec) and would be observable in the 

infrared at a distance of over 10 negaparsecs. Therefore, if such fonations 

do exist they nay be observable in soae of the nearby external galaxies. 

If such large collections of matter tend to cool more rapidly 

than they can generate energy, or faster than energy can be fed into then, it 

nay be difficult to detect any save the nearest examples. At temperatures 

around 3000K or cooler, the 8 to l'« micron detectors may prove effective. 

In any case, the large surface areas of these relatively dense 

blobs make then prime targets for observation with infrared detectors. 
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COWCLÜSIOli 

It aay bt Just possible that the observation of jre-Herttsprung- 

Rüssel dlagraa protostars of the Individual type alfjht be observed In nearby 

young clusters using a telescope of larbe aperture. The answer to the question 

of whether a single cloud or blob could contract under Its own gravitational 

attraction If it contained only a few solar MSSCS of naterlal or whether a 

large conglomeration of aaterlal Is necessary to produce a nuaber of 

portostars asy provide the clue to whether any pre-stellar stage can be 

observed In the Infrared. Indeed, observations In the longer wavelengths 

my provide clues to the answer to that question. 
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APPBHDDCIV 

REVISED ) IR STAR LIST DICUJDIIIC STARS 

HOIEt Reading trm left to right, the coltans of the tablet i*lch 
  follow are to he interpreted as indicated below. 

Column 

let 

2nd, 3rd 

Uth 

5th 

6th 

7th 

8th 

9th 

10th 

11th 

12th 

IR catalog number In order of inereaaing Ri^it Aacenaion 

The 1950 coordinates of the stare 

Spectral classification given in Mt. Wilaon Radial Velocity 

Catalog 

Apparent visual aagnitude given in Radial Velocity Catalog, 
maxlaum value for variable stars. 

Calculated IR index for the 2.0-2.U micron region baaed upon 
the asswption of blackbody radiation and temperatures trcm 
the MKK spectral classification system. Brackets indicate 
values based on doubtful temperature assignments. 

The apparent IR magnitude in the 2.0-2.1» micron band obtained 
by subtracting column 6 from column 5 

Calculated IR Index in the 3.2-U.2 micron band 

The apparent IR magnitude in the 3.2-U.2 micron band 

Calculated IR index in the 7.5-13.5 micron band 

The apparent IR magnitude in the 7.5-13.5 micron band 

The star designation consisting of the Radial Velocity 
Catalog number and the conmon designation 
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NOTES OK SELEcTIOW 

1) Objtcu w choMn for inclusion on thli lUt which hav» caleulntod 
inflrarod nppnront Mgnltudes, ■ (in the ■poctnl roglon 7.5 to 13.5 
■lerons), brlghur than 0.0. Tnu 11»it van choMn on the aaswvtlon 
that It rapresente a valid Halt to the preaent detectablllty In thla 
region using available detectors on a 60-lnch telescope*. 

2) Color indices, Z.I., vere calculated as a function of leaperature 
(spectral type) assming blackbody radiation energy distribution, and I 
apparent visual aagnltudes as listed In the Mount Wilson Radial I 
Velocity Catalog. 

1 3) The list Is considered coaplete, except for searching errors or osds- 
slons, for stars earlier than spectral type Mb. The search excluded 
all stare fainter than visual aagnltude mv - -»6.0 due to the Incoa- _ 
pleteneaa of the Radial Velocity Catalog at these fainter aagnltudes. i 
The Radial Velocity Catalog vas used because of the greater reliability        ■ 
of the spectral types given therein. Stars later than Vk have Z-lndlces 
greater than -HS. 0 and therefore withhold a substantial statistical | 
contribution fTas the fainter objects on the list, but do not affect I 
the objects brighter than -1.5 apparent c-aagnltude. 

k)   Froo the number of objects omitted on the first search which were found 
on a re«-examinatlon of the Radial Velocity Catalog, it seeas reasonable 
to conclude that there is a deficit of about 2% in the total nuaber of 
objects listed; I.e., there should be expected within the Halts of the 
survey U or 5 aore stars, not included on the present list, plus, of -* 
course, any not Included in the Radial Velocity Catalog. 
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