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ABSTRACT 

Preliminary results of a groundbased survey of the sky at 10 
microns are reported.    Four different detector systems have been used; 
their performance is discussed.    On the basis of partial reduction of 
the data, we can state that the space density of stara at 10 microns 
is no greater than 0.01 per square degree at flux levels above 3.5 x 
10"lb w/cnr/u.    A celestial |tar chart and catalog is given for 100 
stars brighter than 3 x lO"1^ w/cm /y.    Extragalactic sources have been 
observed down to a flux limit of 3 x 10    ^ w/cm /y. 
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SEMI-ANNUAL TECHNICAL REPORT 
CONTRACT NO.   F19628-70-C-00U6 

Frank J.  Low 
University of Arizona 
Tucson, Arizona 85T21 

I.     INTRODUCTION 

In the Annual Technical Report dated 30 September 1970, may of 
the technical aspects of the Groundbased Infrared Sky Survey were dis- 
cussed.    Since that time, new apparatus has been constructed which has 
lead to further information on the perfomEnce of groundbased infrared 
systems  and has yielded considerable improvement in sensitivity.    These 
modifications will be briefly described.    Basically, we have operated in 
four different modes utilizing different detector systeirs  and three dif- 
ferent telescopes.    This has given us practical information showing bow 
the performance of an infrared sky survey changes with various  funcsjnental 
parameters.    It has  also yielded a considerable amount of survey data 
which will be summarized in this report.    Unfortunately, the reduction of 
much of the digital data has been delayed by scarcity of funds and is not 
complete.    However, the principal results  and conclusions should not be 
greatly altered in the final data reduction. 

In our first Semi-Annual Technical Report dated 15 March 19T0, we 
published a list of 5<  10 and 22 micron photometry of celestial objects, 
mostly bright stars.    In this report, we have recompiled these data and 
added to them from recently published photometry of similar nature ob- 
tained by other workers.    This  compilation is a useful digest of 10 micron 
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photometry  covering the known sources brighter than N magnt^ndc ain'Jls  1.0 
(flux density greater than 3.0 x lO"1" w/cm /u).    Theüe data have been 
plotted on a celestial sky  chart to show the distribuV.. >n of thes?: bright 
objects.     When combined with the results of our groundb; v-id survey, it is 
possible  to reach fairly  firm conclusions  concerning the true density of 
sources  in  the brightness   level covered. 

As  a part of this program, we have undertaken to investigate the 
infrared endssion from extragalactic sources, principally quasars and the 
nuclei of galaxies.    More than fifty sources have been well observed with 
flux limits  typically  less  than 1 x 10~2^ w/m2/H2  (3 x lO"1^ w/cm2/y). 
Apparently half of these sources have been detected and it is now possible 
to make a rough approximation concemihg the contribution of extragalactic 
sources to the overall cosmic background at 10 microns.    A preliminary 
review of these results will be given in this repo:«.t. 

II.    The Technical Aspects  of the 10 Micron Survey 

Table I shows the four different systems that have been used.    Sys- 
tem I was used only for a short time and served as the prototype for System 
II, which was described in some detail in the 30 September 19T0 Annual 
Technical Report.    The same eight detector,  four channel array was operated 
whenever scheduling permitted on the 60-inch metal mirror telescope at the 
Catalina Observatory.    It can be seen that the increase in sensitivity when 
the apparatus was switched from the 28-inch to the 60-inch was approximately 
a«? predicted on the basis of increased area.    System IV represents a new 
effort to extend the sensitivity to lower flux levels in order to obtain in- 
formation at a flux level not covered previously.     It utilized techniques 
developed for the single channel high sensitivity photometer used for multi- 
band photometry on discrete sources.    Utilizing the high resolution of the 
6l-inch telescope and the Fl+5 modulating secondary, a four detector, four 
channel array was constructed with a field view of about 10 arcseconds  for 
each detector.     It was  found that this system was  largely background limited 
rather than sky noise limited and sensitivity on the order of 1 x 10"   ' 
w/cm /p was  achieved.     Unfortunately, only a limited amount of observing 
time was  available because of the heavy commitment of the telescope to other 
programs.    Nevertheless, the results were rewarding in that the rate at 
which previously unknown sources were seen by this system is substantially 
greater than by the lower sensitivity survey. 

As part of this program, we are now in a position to analyze the ef- 
fects of sky noise on the groundbased survey.     It appears that System IV is 
much less susceptible to sky noise than the wider field Systems II and III. 
For this reason, it now appears that the most efficient use of groundbased 
telescopes in this application requires  large collecting areas and small 
field of view. 
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i'hia  follows  from the result taut aky noise is  directly propor- 
tional to the background flux, whereas photon noise  is proportional to 
the square root of background flux.    At the out.-.et of the survey program, 
we did not know that the sky noise increases  during the daytime to a 
value several times greater than the nighttime minimum.    This dirunal ef- 
fect means tnat an apparatus optimized for nighttir» surveying will not he 
optimized for daytime work and that quiet sky  conditxcis seiden occur 
during daytime. 

ill.    Observational Results of the 10 'llcron  Iroundbaus   j Survey 

Again referring to Table I, we have sunroarized the area of the sky 
that was covered and the number of possible sources that were seen.    Of 
the thirteen possible sources seen by System IV, only one source has been 
definitely confirmed. 

1971 coordinates for the new object in Canelopardalis are a ■ 03h 
26m 26!Ui2) and 6 ■ 58° Ul.'nitofl).    The N magnitude is minus 0.8 or 
2 x 10"^ w/cm2/w.    Photometry was carried out from 2.2 to 25 microns 
showing a spectral distribution quite similar to the bright infrared stars, 
NML Cyg and VY CMa.    There is an extremely faint red star coincident with 
the Infrared coordinates.    This object is about 100 times fainter than 
NML Cyg; therefore, we conclude that it is about 10 times more distant. 

Several of the possible sources seen by System IV a;o*ar tc be 
brighter than magnitude plus 1.    However, we have discovered a serious 
difficulty in confirming them.    The coordinates deduced from the Wescope 
position are found to change by several minutes of arc during the cavtime 
as a result of solar heat within the dome.    All of these data were ob^dned 
during daytime.    This has generated considerable ar.biguity in the positionb 
of the sources, a problem which is not readily solubl». 

We are now in the process of re-reducing all of the data from Sys- 
tems II and III on a uniform basis.    This will yield more precise infor- 
mation on the source density at the higher flux levels.    This task should 
be complted in a few months.    However, when the present preliminary  re- 
sults are combined with the data presented in the following section  on the 
number of bright stars, we can reach important conclusions about the  »pace 
density of sources.    These conclusions will be discussed in the final sec- 
tion of this report. 

IV.     Infrared Stars Brighter than 3 x Id"16 v/cr.P/u 

In Table II, we have compiled a litt of stars which are bright at 10 
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niLcrons.     L'he  tabulated quantity  is   the N nagnituda  (10.ly) based on the 
photometric system  introduced by  Low  and Joh:-?.;r.  ■ i l^Sk   (ref,   l).     This 
photometric system is  such that  zero r.a^nituc'f   .. rr:-.>pcnds  to an  absolute 
; iux density of l.L3  x   I0~ltJ w/cm^/u.     It is  thought   r.h ■ ■•  this  aJasolxrte 
calibration  is   accurate  to within   415%.     Table  III   lists  ths  standard stars 
and  the  current  bejt  values   for their magnitudes.     The  reason that these 
stars  were   adopted ai;  standards   for our photometry  is  that most of the 
brighter stars  in Table  III  have been shown to be variable and hence un- 
suitable   for  this  purpose. 

"Jote  tnat nearly  all  of the stars  in Table II  are bright enough to 
be  included  in the  IRC 2.2 micron  catalog  (ref.   8) which  lists  approximately 
5,000 stars,  all brighter than  K magnitude = +3.0.     It is not known as yet 
how many more stars  in the IRC Catalog are brighter than N magnitude minus 
l.U.     However,   it  is   thought that Table II  is  fairly complete in this respect. 

Figure  1 shows  the brightness  distribution of the stars  in Table  II 
as  a function of magnitude.    This  distribution clearly shows  that the sample 
is  incomplete at the  fainter end.     Note,  for examnle, that the only peculiar 
infrared stars  included in Table  II  are at the bright end of the distribution. 

figure 2 shows how these stars  are distributed on the celestial sphere. 
Die dashed curve  in  Figure 2  represents  the plane of the Milky Way.    The most 
interesting  feature of this map is  the almost random distribution of the 
sources,  a  result which would be expected only if the spatial distribution 
of the objects  is  uniform.     This  is  true at visual wavelengths  only  for the 
brightest  stars. 

V,     Extragalactic Sources  at 10 Microns 

For the  last,  three years, we have been studying the infrared emission 
from   luasars  and the nuclei  of galaxies  and discovered that these extremely 
luminous  sources  arc  surprisingly  common.     It  is now thought that a univer- 
sal mechanism accounts  for the extraordinary infrared luminosity of these 
extragalactic sources.     The  physical mechanism by which  the  radiation is pro- 
duce^ is  not  understood, nor do we understand the sources  of the enormous 
energies   that  are  involved.     However, we  do know that these sources,  like 
all extragalactic sources, are uniformly  distributed on  the sky and it is 
important  to  ascertain what  contribution  they make  to the  cosmic background. 
.'he  cosmic background can be  treated in  two ways.     First, we know that the 
sky   contains  many  discrete sources.     Most of these will  appear as  point 
sources  or star-like bodies because we have  all  ready seen  that only the 
nuclei   of galaxies   are emitting appreciable  infrared  radiation.     Second, we 
can expect  a diffuse  isotropic cosmic background generated by  the integrated 
sur. of all   the  infrared photons  emitted by  all of the  sources  in the uni- 
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verse.    The present study is aimed at gaining quantitative information 
about both  the number of discrete extragalactic sources  and about  their 
contribution to the isotropic background. 

Table  IV summarizes the results  that have been obtained so far. 
^ote that none of these sources  are bright enough to be detected in the 
groundbased survey with Systems  II or III.     However, the uurvey with Sys- 
tem IV would be  capable of detecting several of the brightest extragalac- 
tic sources.     Of the  fifty galaxies  and quasars that, hve been observed, 
about twenty-five have been detected.     These are all brighter than  3 x 10" 
w/cm2/w   (note that one flux unit equals  1 x lO-26 w/m2/Hz = 2.5 x lO-18 

w/cm2/u).    By far the most populous  class of galaxy which is bright in the 
infrared are the spiral galaxies.    No elliptical galaxies have so far been 
detected. 

Work is now in progress to relate the observed infrared emission 
of galaxies  and quasars to their radio emission.    Once this  relation is 
made quantitative, it will be possible to determine  ohe number of extra- 
galactic infrared sources per unit area of the sky as  a function of mag- 
nitude or brightness.    It will then be possible to solve the problem of 
the isotropic background produced by these sources  (see,  for example, 
"Contributions of Infrared Galaxies to the Cosmic Background", ref.  9). 

VI.    Conclusions 

1. From the results of Table II shown in Figure 1, it is clear 
that the mean density of stars brighter than 3 x lO"1" w/cm2/ij is  at 
least 0.005 per square degree.    These stars  are almost randomly distri- 
buted across the sky. 

2. The results of the survey with System II, as given in Table I, 
are incomplete but are compatible with a mean star density at 3.5 x lO"^-" 
w/cm /w, no greater than about 0.01 per square degree. Further data pro- 
cessing and further observations  are needed to confirm this  conclusion. 

3. The results of the survey at higher sensitivity with System IV, 
as given in Table I, suggest that the density of stars increases  as bright- 
ness decreases  faster than a factor of k per magnitude, at least in the 
galactic plane. 

h.    At flux levels below 1 x 10"^° w/cm /u extragalactic sources, 
which are randomly distributed, may become significant.    Work in progress 
will test this hypothesis. 
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TABLE II 

SAME 
T Cas 
R And 
3 And 

And 
Cet 
Per 
Cet 
Per 
Eri 

a Tau 
R Lep 
W Ori 
a Aur 
119 Tau 
Klel.nmann- 

Low Object 
Becklin's 
Object 

Y Tau 
a Ori 
U Ori 
17 Oem 
TV Gem 
n Gem 
U Gem 
HD U5677 
UU Aur 
a CMa 
VY CMa 
Y Lin 
U Mon 
ß Gem 
R Cnc 
Y Cnc 
RS Cnc 
R LMi 
R Leo 

CIT 6 
Y1  Leo 
u  UMa 
U Hya 
VY UMa 

IRC 
+60009 
+1*0009 
+U0019 
+U0034 
00030 

+60088 
00038 

+U005U 
-10055 
+20087 
-IOO8O 
00066 

♦50139 
+20112 

+20121 
+10100 
+20127 
+3019U 
+2013U 
+20139 
+201UU 

+1+0158 
-20105 
-3OO87 
+50180 

+30191* 
+10185 

+30209 
+30215 
+10215 
+10216 
+30219 
+20219 
+U0218 
-IO2U2 
+70100 

R.A.   1950 DEC. 
otm^s 
00 21. U 
01 06.9 
02 0.6 
02 16.8 
02 19.3 
02 59.7 
03 02.0 
03 55.7 
OU 33.1 
OU 57.3 
05 02.8 
05 13.0 
05 29.3 

05h32.8 
05 1*2.7 
05 52.5 
05 52.9 
06 02.7 
06 O8.8 
06 11.9 
06 19.9 
06 25.7 
06 33.1 
06 U2.9 
07 20.9 
07 2l».6 
07 28.U 
07 1»2.2 
08 13.8 
08 18.9 
09 07.6 
09 '♦2.6 
09 1*1*. 9 
09 U5.3 
10 13.2 
10 17.2 
10 19.1* 
10 35.1 
10 1*1.6 

+55T73rr 

+38 18 
+35 21 
+1*2 05 
-03 02 
+58 22 
♦3 53 

+38 39 
-13 39 
+16 25 
-1U 53 
+01 07 
+U5 56 
+18 3l* 

REF. 2 

05h32.8     -5° 28» 

?) 

-5° 21*' 
+20 1*0 

+7 21* 
+20 10 
-16 29 
+21 53 
+22 31 
+22 i? 
-1205 i 
+38 
-16 
-25 UO 
+U6 06 
-09 1*0 
+28 09 
+11 53 
+17 27 
+31 10 
+ 31* 1*5 
+11 1*0 
+13 31 
+30 1*9 
+20 06 
+1*1 1*5 
-13 01 
+67 1*0 

-2.6O 
-2.O6 
-1.20 
-U.7U 
-2.01 
-1.73 
-2.O6 
-I.36 
-3.11 

■0.83 

-2.6I 

-2.90 

-5.25 

-1.37 

-1.1*7 

-6.08 

•1.32 

-U.26 
-7.18 
■U.50 
-1.15 

-1.21 

REF.  3 REF.  1* 
-2.69 

-2.00 
-1.78 
-2.2I* 

-5.28 
-1.87 
-I.78 
-2.21* 

-2.91 
-2.29 
-1.57 
-2.01* 
-1.17 

-2.29 
-1.57 

-1.12 

-I.65 
-5.27 
-2.70 -2.70 

-.92 
-1.68 

-.91 
-1.68 

-I.98 

-1.51 
-6.3 

-2.35 
-3.53 
-2.85 
-2.58 
-l*.3l* 

-2.35 
-3.53 
-2.80 

-1*.1H 
-7.09 

-1.76 
-1.21 

REF. 5      REF. 6    REF. 7 
-2.50 

-2.00 

-5.25 
-2.33 
-1.97 
-2.23 

-2.98 

-2.00 
-1.26 

-5.30 
-2.1*8 

-1.08 
-1.68 
-2.1I* 

-1.53 

-1.30 
-1.3 
-1.33 
-2.30 

-2.60 
-2.60 
-U.63 

-5.22 

-1.03 

-5.3 

-6.3 
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'r.M.IJ; II  (cont. ) 

^JlAI'ffi _ 
V Hya  '"' 
VY  Leo 
V CVn 
5 Vir 
KY Dra 
SW Vir 
V CVn 
R nya 
W Hya 
P. CVn 
0 3oo 
a Boo 
HA boo 
RS Vir 
RV Boo 
RB UMi 
s crs 
RS Lib 
TU Sei? 
V Crü 
R Ger 
ST iler 
A iler 
CIT-Ö/RU 
'J Her 
a 3co 
g iier 
a. tier 
"!W iier 
V Dra 
T Dra 
v Sgr 
UY Set 
T Lyr 
X Oph 
XY Lyr 
&d Lyr 
R Lyr 
V Agl 
R Agl 
r. Cyc 
V Agl 
X Cyg 
K3-50 

iier 

IRC R.A.   1950 DEC. miff ? REF,  3 REF,  1* REF.  5 REF,6 R] !•. 1   . 
■-2Ü218 10 1*9.2 -20 59 -3.90 -3.9? -3.92 
+10325 10 53.1* +06 27 -1.13 -1.19 
♦50219 12   1(2.8 +1*5 1*3 -2.22 -I.96 

00226 12 53.1 +03 1*0 -1.55 -1.55 
+Y0116 12 5^.5 +66016' -1.15 

Ü0230 13 11.5 -02 33 -2.85 
+50226 13 17.3 + 1*5 1*7 -1.G8 -1.12 
-2025^ 13 27.0 -23 01 -3.37 -3.91 -It-, 11 -1..31 
-30207 13 1*6.2 -28 07 -5.16 
+i*02Uü 13 I16.6 + 39 1*7 -1.09 
+2026? 13 52.3 +18 39 -2.76 
+20270 ll» 13.1* +19 27 -3.28 -3.27 -3.21* -3.3 
+302Ö7 ll*h22?0 +25°56' -3.37 -3.37 -3.3^ 
002 U3 ll* 2l4.6 +01* 55 -1.01 

+ 30261 Ik 37.2 + 32 1+5 -1.23 
+70126 lh 56.8 +66. 08 -1.02 -1.02 
+ 30 372 15 19.1+ +31 33 -2.GI -2.81 -2.51* 
-20206 15 21.1+ -22 1*1+ -1.1*1 
+20282 15 3lt.2 +15 16 -1.88 -1.88 
+1*0273 15 1+7.7 + 39 1+3 -I.60 -.60 
♦20285 15 W.I* +15 1+7 -1.03 
+5 021+6 15 1*9.3 + 1*6 30 -1.1*8 
+5021*8 16 01.1 +1+7 23 -2.68 -2,6*? -2.99 
+30283 16 06.2 +25 12 -1.67 
+2029Ö 16 23.6 +19 00 -2.25 -2.26 
-30265 16 26.3 -16  Ql* -4,91 -1*.66 
+1*0283 16 27.0 +1*1 59 -2.55 -2.72 -2.72 -2.55 
+1032U 17 21.1* +ll* 27 -i*.oo -3.0T -3.97 -l*.l 
+20320 17 33.1* +15 37 -I.96 
+50271» 17 55.1* +5103ü, -1.1*1* 
+60255 IT 55.6 +58 ll* -I.78 
-30353 18 02.6 -30 26 -1.1*3 
-101*22 18 2l*.8 -12 30 -1.71+ -1.71* 
+1*0321 16 30.7 + 36 58 -1.1+5 
+10^66 18 35.9 +08 1*7 -2.50 
+ 1*0323 18 3u.5 + 39 37 -.58 -1.19 
+1*0331 18 52.7 + 36 50 -1.10 -1.65 -I.60 
+ 1*0331* 18 53.8 +lt3053, -2.17 -2.31 -2.32 -2.75 
-101*86 19 01.7 ,501*7« -1.1*0 
+101*06 19 Ol.O +08 09 -2.50 
+50301 19 35.5 + 50 05 -1.07 
+101*39 19 1*3.9 +10 29 -1.13 
+30395 19 1*8.6 + 32  1*7 -3.73 -3.89 -3.71+ -3.5?    1 

19 59.8 + 33 ?.k -1.1+ 
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TABLE II  (cont.) 

icj HA:E IRC P.A.  1950 DSC. REF, 2 RJ3F.   3 W,  k TOP.   5 PEP. 6 REP.   7 
ü Cyg~" + -0321»    i    20 18.1 +I17 hU -1.1+1 -1.12 
'-I Cyn +hoUoQ 20 19.5 +36 U7 -2.28 -2.3 
BC Cyg +k0hQ9 20 19.8 +37 22 -2.U8 -2.6 
;:v: cyg *k0k2k 20 27.9 +39 ho -2. Ill -2.17 
;^C-3'J9 +hoh3l 20 31.1 +1+0 35 --1.73 
'   Kr g +50338 20 39.7 +1+7 58 -3.53 . 

U Del +201+81 20  1+3.2 +17 51* -1.39 
frML Cyg +i+oitliO 20  1+U.7 +39 56 -5.I6 -5.57 -5.3 
AZ Cyg +50351 20 56.3 +1+6 17 -1.2 
;;oc TO?? 21 05.1 +1+2 02 -0.20 -l.lf 
T Cep +7016B 21 08.9 +6S 17 -3.01 
n Cep +8DOi+3 21  35.9 +78 ?h -2.95 -2.80 
ViiCO Cep +hokQ9 21  39.9 +35 17 -1.00 
u  Cop +60325 21 1*1.9 +58 33 -3.61 -3.59 -3.61» -3.8 

*. 

TW Peg +30i+3l 22  01.1 +28 07 -2.12 
W Ceo +6036? 22  31». 5 +58 10 -1.26 
3 Pig +3050U 23 01.ll +27 1(9 -2.1+0 -2.28 -2.30 -2.1+6 
•■ Peg 10527 23 Oli.l +10 16 -I.58 
R Agr -206U2 23 Ul.2 -15 31+ -3.62 -1+.22 
rnX Fsc 00532 23 1<3.8 +03 13 -1.19 -1.17 -1.32 
P cm +50U8U 23 55.9 +51 07 -3.75 -3.87 
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TABLE III 

CURRENT STANDARD STARS 

K L M N      <*.... 
a Ari -.67 -.78 -.60 .% -.9I4 

o Aur -1.79 -1.89 -1.91 -2.01 -1.9^ 

a Ilya -1.19 -1.30 -1.20 -1.1+5 

a Boo -3.00 -3.15 -3.0U -3.30 -3.?7 

Y Dra :   -1.33 -1.50 -1.30 -1.60 -I.50 
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