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ABSTRACT

Reduction of the groundbased sky survey observations made at a
wavelengtn of 10u has heen continued. In order to increase the sensi-
tivity and speed of the groundbased observations, extensive modifica-
tions to the 28" telescope have been made. A preliminary report on the
raesults of these modifications is given. The absolute calibration of
infrared photometry is of fundamental interest. We have been able to
improve the calibration now in use significantly and an experiment will
be described which is under way to make further improvements. It is
shown that the present calibration is uncertain by about 220%. Our ob-
Jective is to reduce this uncertainty to $5% or better. As part of this
program, we have carried out cxtensive photometry at 10 and 20u on the
nuclei of galaxies and quasars. Mcre than 75 such objects have now been
observed at flux levels on the order of 3 x 10-19%/eme/u. These results
will be summarized. In addition, we report the results of pnotometry
on a numver of nighly variavle infrared stars which contribute to a
fluctuating component of the sky background.
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I. UiY SURVEY DATA REDUCTION

In Semi-Annual ‘‘echnical Report lio. 2, dated 28 February 1971,
the observatioral results of our 10 micron groundbassd sky survey vere
summarized.l This summary vwas dbased on preliminary reductions of about
nalf of the total observations. Reduction of these data has bLeen con-
tinued, but results; given in the previous report have not een sipgni-
ficantly altered.

II. M4ODIFICATIGIS 10 'y 28" TELESCONE

The ultimatc sensitivity of the groundbased infrared telescope
is determined by the total background pover falling on the detector. It
has been shown that for all telescopes used for 5, 10 and 20 mieron pho-
tometry, the radiation emitted by the teleascope itself is far preater
than the radiation emitted by the sky. OSince it is poasible, in prin=-
ciple, to raduce the telescope edission to a level belovw the eminsion
of the 3ky, significant improvement in sensitivity should be achievable.
Since the 28" telescope is used principally for {nfrared observations,
we have undertaken a program to cniiance the infrared performance Ly
minimizing the cnission of the telescope.
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Optical telescopes are generally constructed vith large central
obscurstion by the secondary optics. In Cassegrain telescopes, there
is usually & large hole in the center of the primary mirror vhich permits
access to the Cassegrain focus behind the primary. In order to reduce the
emission from this source, vz changed from a large over-sized F16 second-
ary to a slightly under-sized Fi5 seccndary. The diameter of the nev gec-
ondary is 2.40", vhich obscures less than 1% of the primary. The central
hole in the primary has been reduced to 2.0". The three spiders support-
ing the secondary add about 20% to the obscurstion. The focusing mech-
anism and the mechanism which actuates the secondary for modulation pur-
Poses have been designed so that they cannot be secen by the detector array
at the Cassegrain focus. Since the secondary mirror is slipghtly under-
sized, it serves as a "cold stop". In the usual telescope design, the
secondary is somevhat over-sized, vhich permits the infrared detector to
see beyond the edge of the primary, which is generally a highly emissive
part of the telescope. llov these edge rays look directly at the sky,
vhich has & surface brightness lers than that of the least emissive parts
of the telescope.

Once the above changes vere made, it Lecame apparent that the re=
sidual emission from the telescope vould be determined by the emissivity
of the mirror coatings. Formerly, these costings vere standard optical
coatings of thin aluminum. Aluminum coatfings vere replaced with vacuum
deposited silver. Ve are nov in the process of evaluating the lifetine
and exissivity of these silver costings under sctual teleacope conditions,
Laboratory measurements indicete cizeable reduction of enissivi &,

During the same pericd that the optical chanees vere bein- sade, a
nunber of changes in the mountins vere carried out. Hoth the declimation
and right ascension drives nov utilize high speed, hiigh resolution disital
rotors vhich are capable of producing all trecking and slevins omerations.
It is now possitle to position the telescope o an accurscy of Letter than
¢) arcminute by cimple digital seans. These chanse: also faellitste o=
erating the telescope in the scanning mnde,

In tne Jeml-/nnual Teennical Feport #2, terformasce of the Four
detector systems vhich liave been developed wnder this sroaram vers sum-
marized and compared. The mOst sensitlive system vas Uhe foup-detector
array opersted on the G1™ telescore at Fh5, This systen cen sov be wied
directly on the 25" telescope wnd should have comparable semsitivity iw-
raaae of thw lover Lackgrownd. £ larger field of viev {: realised teesuse
of the saaller scale of the 28 relative %o the 41° (7 apsseconds /mm ws.

3 arcseconds/mn).

i1,  ABGOLUTE Chuddiays G

Jomnson's (1%) ealitration of L% KWFG aframed shotomersie Sratams

=%



ves based on observations of stars similar to the swa. At the time of

his work, sufficiently sensitive spparatus vas not available to Beasure
these stars at H(5y) or N(10y); the M and N nagnitudes had to be extre-
polated from messuremsents at shorter vavelengths and froa observations

of brighter stars at N and N. Direct observations of stars similar to

the sun have nov been obtained; the results are summarized in Table 1.

The messurements differ by about 24§ from the values adopted by Johnson
at N.

The mathod used by Johnson 1is based on an analogy betveen the sun
and other stars of similar spectral type utilizing the knovn absolute flux
of the sun; a measuresent vhich refers directly to a black body source
vill be carried out soon. The data presented in Teble 1 {ndicate that a
fairly substsntial revision of Jonnson's calibration will result from this
experizent.

TABLE 1
Color
V=¥, ¥ ¥auli
Jonnsoa 1.0 i 1.0 1.4
Sev (bservations 143 ¢ .02, .56t ,05| 1.69 2 .03
Di flerente ! 0.0 ¢ B2 l 0.1k ¢ .05 | 0.21 1 .03
1Y, EFIPAGALACIIC SUPRAR)Y SoeBoRs

e most poverin] infrered scurees in e universs are. fouvd (e Ve
tpuwriel of palniies and jJulsard. =53 e Gbe arevious rm:n.m' we summariped
the stotes of our chservaLions of sainsies avd AUABATS. Tae guher oF @b
Jeela chserved and ne quklity of Lhe ebserealiony have smen pems{dersdly
inproved whé Lee foliowiag oaide Ritts hese pesalis. dote Yhat WhiE tatle
#ives Uhe pame af Lue Falany, (ta pareneieeionl Lrre, 10 1y Thay dmEity,
the epror €f Ve frasurerokl Sleled iP5 i WAV wmd compted A § Slands
ard devialith, Vie besl eslinale of Lie Glslwmes, ded §n Ve 168N T8I
s Juniasslly 6F Lve Eming W [Jy relerred 1o Yo i aaEiyy aft 10w of
Yy patieus oF our o N es

o SILERRLE demd B4 e andersiend the BRFEE e, Adlate & 1n@te ahEF:
mout iy pawerful LnfPaged sourtan. CawReRE, 8% b4 wiad IFROMIMEYL 16 WAV
whal eamUFIbILiY Jelaled mmie 19 Tie senFeRll RENET DAk fIREG.  Ae e
e seen (oG Vi presedt ciervation . Yie Shedsnedh 4 whSRED stel iU
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SXTRAGALACTIC SOURCES AT 10u

L at 10y

10s Flux Den. St. Dev. Distance (L of gal.
— lane Typs (flux upits)® (flux untts)® (Mpc) center)
IZv 1 Seyfert galaxy .ho Ok 240 k.5 x 107
NGC 1275 Seyfert galaxy 1.03 .03 10 1.0 x 10;);
Markarien 9 Seyfert galaxy .21 .05 150 9.3 x 10,
X 120 Seyfert galaxy .28 .05 120 8.0 x 10,.
NGC 1068 Seyfert galaxy 22(v) 13 7.3 x 10,
NGC Th69 Seyfert galaxy .78 .05 67 6.9 x 10,
NGC 55A8 Seyfert galaxy .18 .06 67 1.6 x 10Y
NGC 2782 Seyfert galaxy .26 .06 3 5.9 x 103
25C M1S1 Seyfert galaxy 1.2h .0k 13 ka1 x 103
RGC 327 Seyfert gealaxy o34 .06 14,5 1.4 x 10
NGC k0S) Seyfert galaxy ) | .05 9.3 530 A
Markarien 10 Seyfert galaxy £.20 110 sV.7x 10,'
NGC 3516 Seyfert galaxy ¢ .6 k1 <2.4 x 10
woe E814 Seyfert galax: $.15 25.1  <1.9 x 103
¥C » T_ig??'—‘o 27 1 L.0 TJ SL_x 103
S5C Tk sb P .29 .0k %.8 6.6 x 103
¥GC 1052 £k .19 .03 19 1300
%0e AR3 Sve .2k .06 1k.5 1000
N3t 253 Se 6.2 0.5 2.5 760
ue VN 0p 2.3 1.5 1.3 100
e 4569 Seb A7 .03 1k, 700
NEC TS 1Y 28 .10 10 550
NoC L3959 $ .10 .03 .5 410
8¢ 5503 Sue .3 .05 6.8 00
N 5198 to ¢ 29 .06 6.3 220
00 60 Sed .5 .0k k. 190
e AT Sed P .06 5.2 170
it 525 ge .55 .09 L0 170
Ne LAeE Sab 0% 026 7.2 9%
WIC SAST Sed .07 4.0 63
Iaffei 1 0 033 1.0 1.4
Galaciie Cester 510 L] 010 1.00
NG 238 &2 Loy 019 0.7 0.9
Wit Mpe /e €5 1 ¢1.8x ot
¥C 5713 Sae 1.8 1L ¢G a0
NS 5253 in €35 L3 .0 k103
NIC 1% ée €. 33 23 €1.1 x 192
Y Wik sed € .23 1.5 eass
WA £ € .49 .y <443
WP WS S t.35 .5 ¢«
A A b~ ) € .54 1.y ¢5%p
9 Yay § € o0 17 ¢ 510
WHE W ] € .52 iy €530
WL Lge a9 €. 12 % «%a0
RO £3 €, 4P .y e
wae Wiy iw £.43 jhy  eddn

il wnss ¢ 5

»

S e = 205 o 150V wpen iy
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EXTRAGALACTIC SOURCES AT 10u (cont.)

L at 10p
10p Flux Den. St. Dev. Distance (L of gal.
Name Type (flux units)* (flux units)* L?e) __center)
NGC 5055 Sbe £.30 < 380
NGC 4382 SO $.12 10.5 <260
NGC L4278 El <.13 8.2 <170
NGC 628 Se < .08 10 €160
NGC 2683 Sb <.07 10 < 1ko
NGC 519k Sbe €.17 6.3 €130
iGC 7331 Sbe < .06 10 £120
NGC L2s8 Sbe <.21 L.k < 80
iGC 3115 S0 <.11 5.6 <68
HGC 24T Sa <.12 2.5 <15
NGC 185 dEO <.13 0.7 <1.3
NGC 205 dEG <.12 0.7 <1.2
NGC 147 dEd €.11 0.7 <1.1
1GC 224 Sb $.0T2 0.7 €0.7
lGC SY8 Se < ,0k9 0.8 <0.6
Cyg A radio galaxy 18 .03 220 1.7 x 100
Cen A radio galaxy 3.38¢ 0.9 k.o 1000
oJ 287 var. radio object .68 .0l
8L Lac var. radio object .52 .02
11 2w Lo compact galaxy .13 .06 T 120
1V 2v 149 compact galaxy <.13 43 <k,7 x 103
YV _2s5k interacting galaxy _ $.11
3 232 quasi-stellar object .16 .0b 1600 8 x 106?
3C 323.1 quasi-stellar object .10 .03 920 1.7 x 106
i 273 quasi-stellar object .23 .02 580 1.5 x 106
3¢ 351 quasi-stellar object €.05 1200 <1.b x 106
3] L8 quasi-stellar object <.08 1200 €2.3x10

*Wlus wnitz = 3 x 10770 w/2?fis = 00y x 10713 wren

**Centaurus A vas observed by becklin, &. E., Frogel, J. A., Kleinmann, D. E., Neugebauer,
G., Yef, a. Py and Strecker, D. W., Ap. J. (Letters) 170, L15 (1971).
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V. VARIABLE INFRARED STARS

The variable star V1057 Cyg has been observed intensively. Some-
time in late 1969, this object changed from a T-Tauri-type star with :p
V16" to & high luminosity Al-type star, with a blue magnitude ~1087 (Welin,
1971; Herbig and Harlan, 1971). Observations after this brightening show
the object to have a strong infrared excess with a magnitude at N of 02,
No infrared data are available for the time before the star brightened;
hovever, the observed infrared flux is considerably stronger than would be
expected from an ~160 T-Tauri-type star. Thus, V1057 Cyg may repre-
sent a class of otggcts which can brighten considerably at 10u.
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