2.3 SITE SURVEY FOR AN INFRARED OBSERVATORY:

A. BHATNAGAR
VEDHSHALA (Astronomicdd Observaiory), Navanpura, Ahmedabad.
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The Infrared reglon is generally ric gases like; Oy, O4, NyO, CO,. Figures
divided in three or four hroad wavelength I(a) and (b) show the opacity at sea level
regions as: for 1 cm of precipitable water in a verti-

N cal column. In Figure 1(2) the spectrum
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-+ Mid Infrared between 8 pm-25xm Figure 1 (b} it extends from 4.0 pm lo
3. Far Infrared between 26 pm-30"um °  indows”
4. Submilimeter region hevond 0.3mm 100 pum.  There are number of “windows
. in this portion of near and mid-infrared
Ihese regions of the clectromagnetic regions of the spectrum, where absorption
spectrum have strong absorption bands due due to water vapour is minimum. The
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Fig | (a) — Infrared band absorption of atmospheric gases &t sea level.
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dominated by the pressure-induced wings
of lines and under these conditions the opa-
cre (k) is proportional to WP, where
W is the amount of absorber and P the gas
pressure. Thus if one observes from dry
and higher altitudes, one could d.ecre.ase
or eliminate the absorption contribution
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due to the water vapour. From high moun-
tain and dryer sites say with T mm of pre.
cipitable water, H,0 opacity is reduced In
a factor of about 10 over Figures 1(a) and
{b)y. The opacity due to CO,, Oy retain
almost the same strength as at sea level
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Fig 1 (b) —Infrared band absorption of atmospheric gases at sea level,
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Fig 2 (b}~ Laboratory spectra of 1.4 and L9 fum bands of H,0, total air path length2.4 meters, 940
mb, 0.014 m precipitable H 0 (equivalent to typical aireraft altitade of 40,000 ft)

I Figures 2 (2) and (b) ave shown
the laboratory water vapour speclrmm in
1.4 pm and L9 pm wavelength bands (after
Kuiper 1970). In Figure 2 (3) the absorp-
tion spectrum is equivalent to observations
made from a height of about 9000 fr with
1.8 mm precipitable water. Kuiper (1970)
has obtained number of laboratery atmos
pheric absorption spectra with various pres-
sure and cquivalent water vapour content
In Figure 2 (b) the spectrum corresponds
to airplane altitudes of about 40,000 ft and
precipitable water of 0.006 - 0.0l mm,
conspicuous decrease in H,0 absorption
p 14 pm and 19pm bands is achieved
a8 the alttude and dryness incicase. It is
generally accepted that a useful criterion
is to demand that the telluric absorption
be less thau 0.5, i give a reasonable preci-
sion in observations. Even at 40,000 it level,
the COr, contribution does ot decrease
appreciably.

There are nwmber of platforms
from which infrared  (JR) chservations
have been and can be conducted, with
peculiar advantages and disadvantages, for
example from:

1. Ground basedrom high and
dry mountain sites, say bet-
ween the height of 12,000
14,000 £t, above sea level.

2. Airplane (height of 40,000
ft),

3. Balloon altitudes (100,000 ££)
4. Rockets (100 kms), and from
5. Satellites.

As one goes down this list, one is
faced with the limitation of the flexibility
of programme and instrumentation while
gain in wavelength and transmission in in-
[vared is achieved. Lauge telescopes and spe-
ctrographs cannot be flowa in airplane,
balloon and rockets. Stratospheric airplanes
can make observations in all spectral bands.
However, the most accessible altitudes of
35,000-40,000 fr are maxginal for 25-700, um
region. The airplane windows yestrict the
view and only a limited programme of
observing few objects rather than for survey
work could be conducted during each flight,
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that may last for say 24 hours. In case of
balloons, specialised instrumen'tat{on has
to be developed and lack of pointing and
guiding accuracy could be a serious draw
back, one should also  be pl‘epz}re(l for
damage and loss of equipment. 'lhe? num-
ber of flights that could be flown with in
reasonable budget are also generally Timi-
ted to say 2-3 per year. Rockets are b?sl
compromise, as they attain near §;xtelht<r
height and are relatively less expensive, but
give short observing time. They are gf)(')d
for exploring the back-ground flux in diffe-
rent spectral bands in IR survey work,
Satellite platforms are undoubtedly hest
in view of what has heen achjeved from
the Sky-lab missions.

The chservations from the ground
ave restricted to certain spectral bands with
one large gap from 25 to 700 pm, Atmos
pheric emission is large and fluctuating. In
part, these disadvantages are cpmpenszncd
by relatively low cost of a major installa-
tion and by the flexibility of programmes,
those are available from ground bhased
stations,

The requirements for the near and
mid-infrared ground hased ohservatory site
are:

1. High alitude site should have
low water vapour content over a ppreciable
time during the observing period.

2. “Seeing” in IR should be good,
as image bluring would decrease the
signal-to-noise ratio for IR detectors,

3. “Sky noise” should be minimun
at IR wavelengths. For a NASA sponsored
IR site survey programme, Westphal (1672)
has developed a wseful criterion {or ‘sky
noise’ at 8 1o 14 un wavelength band. He
measured the average of the rms power
difference hetween two fixed sky beams of

BILVTNAGAR,

4 are minutes dimneter separited by Toan
minutes, I the noise power difterence was
Tess than O -TW om=2 gtepadt it
was comsidered good for TR work fanger
than 8.5 pm i the noise power dithrence
was fesx than L x 167 Woom seradt
the sky wnditions werd consisdered eseellens
for IR obseriation iy I8 1w 20 p;y wine
dows. Sky noise In ndnoned may be cansed
due o mixing of ditferent oy masses ove
the site and would ciuse Hacinatins e
sion in infraned,

Ao SRy Brishuness acdt nn aned Y0
witdows has to be vers Tow o detection
of faint infrved sorvces, Since the hak..
grownd Hux due (o abnosphe depends on
e tewperature and optical depth of e
atmosphere, it s espected that Tl ad iy
mountains will have low fevels of the ok
brightines.

B Aecessibiling is i very fmportan
consiklovation which invobies probuin
collepe, mivensing wiable Uit Lation,
nearhy support Geiliies, availibiting ol
coolant, housing elr,

Comideting te the TR worndbas
ed obiserving site Sl Te within the seousa
plical bBowndries of Indin, an amalseis of
the vadiosonde dut obuined by the hidia
Meteoralogival Departinont over prerical
ol i to 7 vears (Mokishi 1968) Has been
matle for prelimine poteniial TR« sites,
where the precipitable water vigour wouhl
be minimum over apprecable fraction ol
time during e ven. These nehiosonde
obsercations are made wice daily by nime
her of stations i Inedin,

I Figuee 3 (o) and 3 (hy g shown
the dsopleth comtonrs of the sucar queds
pitable water in grons ov ons for e
month, over the Indian subcontinent. Even
during the dryest moniten ol Decemlbar,
Jawuary, February cnd Manch the podigi-
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Fig, 3 (a) - Isopleth contours of mean precipitable wateringrm for sach month aver Indian sub-continent.
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MEAN PRECIPITABLE WATER (gm)

Fig. 3 (b)~Isopleth contours of mean precipitable water in grm for each month over Indian sub-continent.



SITE SURVEY FOR AN
table water remains above 2.5 cms south
of 15° latitude. In the north and northwest
regions the mean precipitable water re-
mains between 1 to 2 cms, during the dry
seasons. Of course, this is a very coarse and
averaged out data, and does not take
account of the local low humidity condi-
tions that might be present at a particular
location. Generally in the upper atmos-
phere above 3,000-4,000 {t the atmosphere
becomes pretty mixed up, thus interpola-
tion for any particular place may not be
too bad an approximation.

Considering the accessibility aspect
and present available support facilities in
the country, we have compnted the average
precipitable water for each month that
may be present over 12 potential sites from
the India Meteorological Department data.

INFRARED OBSERVATORY

TABLE
TOTAL PRECIPITABLE WATER IN MM (MONTHLY AVLERAGE)
INFRARED SITES IN INDIA,

OVER SOME POSSIBLE

!

LFS)

In Table 1 is given the height ol the station
in feet, mean atmospheric pressure in milli-
bar, mean precipitable water for each
month, except for the monsoon months
(July and August) when it is expected
that astronomers will close the observatory
and analyse the data. In computing the
total precipitable water over each station,
integration over only those isobaric layers
is made which are above the station. The
radiosonde data of the nearest station is
considered representative of the site. In this
table, except for the Afarwat peak which
is about 4 kms from Gulmarg all other
stations are accessible during major portion
of the time. Even Afarwat Teak at 14,000
ft, could he developed, if a ropeway is
provided from Gulmarg, which could serve
as a base station at 9,000 f{t. Mt Abu s
selected as there is alreadv a field station

1

STATION

(h/fy mb JAN FEB MAR APR MAY JUN SEP OCT NOV DEC
Mt Abu ¢ . N .
(Ahmatabad) * 5500 85 58 56 71 93 1§ 157 180 105 78§ 1.3
Nainital e } <
(Dethiy 6200 805 5.1 52 80 &% 104 175 186 &8 S48
Mukteswar (@ 8500 740 2.6 30 46 42 55 90 98 41 27 26
(Delhi)

Srinagar 6,400 800 7.0 6.6 100 102 0.2 107 106 100 64 6.8

(Srinagar) .

Gulmarg 5 5 c 5

e, 9000 725 28 37 68 74 63 90 90 52 3l 43

Khelinmarg - . ,

Srinagay 10500 680 27 27 57 65 55 88 73 45 27 15

Afarwat Peak \ ,

(Srinaaar) 14000 600 LI 11 28 37 23 39 32 18 12 16

el

{Serilna gar) 11,500 660 23 23 49 55 47 77 68 383 23 30
daikana

(Mogneanal 7,500 770 7.5 7.0 7.0 100 139 187 179 154 124 89

Oot

(T,iﬁandmm) 8500 740 63 59 58 84 116 157 144 133 104 7.8

Kavalur

(Bangalore) 2,500 930 18.2 19,1 200 273 326 353 344 331 251 228

Rangapur

(Hyderabad) 2,230 910 13.6 13.3 154 190 241 356 352 248 156 136

* H : P . . . . -
Station name in parenthesis indicates the nearest radio-sande station available for this report.

(@ This should refer to China Peak, Naini Tal.
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TABLE 1
Precipitable H,0 in vertical column (mm)

Palomar (California)
Kitt Peak (Arizono)
Mt. Agassiz (Arizona)
Mauna Kea (Hawaii)
Jungfravjoch (Swit)
Tenerife (Canery Is.)

hin p January
feet (mb) 5% 509

5,600 325 1.8 3.4
6,750 789 1.7 2.7
12,356 639 0.6 1.5
13,800 600 12 1.5
11,500 650 0.5 L5
12,000 645 1.1 34

of the Physical Research Laboratory and
is easily accessible from Ahmedabad. Naini-
Tal has already an established observatory
and an IR field site at nearby Mukteshwar
or at China Peak could be operated.
Srinagar has an established Atomic Energy
laboratory and at Gulmarg a high altitude
Iaboratory is already functioning. Gulmarg
and Srinagar stations could be used as base
camps for high altitude IR field sites at
Leh, Kelinmerg and Afarwat Peak. Kodai-
kanal, Ooty, Kavalur and Rangapur sites
have already established ground based
astronomical facilities, thus IR site survey
at these sites could be conducted easily.

From Table I one could notice that
none of the stations show 1.0 mm preci-
pitable water level, except for the Afarwat
peak. In fact this table gives you the worst
possible situation that could exist, as we
have given here only the average values of
all data and no consideration is taken of
the days when precipitable water content

was very low and separated out from the
average.

In Table II is shown corresponding
figures for some IR sites in America and
Europe obtained by Kuiper (1970).

From this table you will notice that it is
only 5 percentiles of the “average hest”
during the dryest season, that even at
Mauna Kea (13,800 ft) (Morrison ef. al.
1973), the precipitable  water remaing
about 1.0 mm, Jungfraujoch is better g5
one could reach 0.5 mm but cloud coverage
at Jungfraujoch is large,

I am sure that if a thorongh site
survey is made of some of the promising
sites in India, it is possible that laree mum-
ber of usable nights would be available
where the precipitable 15,5 would he less
than or about 1.0 mm at high and dry
mountain sites. These data refer to day
time observations, we would sot further
reduction in humidity during the night
for high altitude statians,

The radiosonde observations are
perhaps acceptable for a preliminury IR
survey for potential sites, but it would be
essential that actual water vanour content
be measured from each site. An instrument
to measure the warer vapour absorption

n 1.2 um H,0 bhand has heen developed
at YTM Poona.

It is also necessary to obtain csti-
mates of “seeing”, this could T dane by
measuring  micro-thermal fuctuations  of
the air mass above the site by a very sensi-
tive low time constunt thermometer.

Simultaneously sky noise and sky

emission in 10-14 uny hand should be mea-
sured at each site.

It is evident that high altitude and
dry mountain site would be necessy for
an infrared observatory for near and ‘mid-
infrared region studjes, Very high altitudes
create physiological problems too. To give
you an example of the loss of efficiency
due to high altitude expostre, Armsn'unfg

(from Kuiper 1970 has given the folle
wing data:
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Exp LOSS OF EFFICIENCY
£19 : .
(nrs) 0% 0 40, 0% 80% 100%
1 g* 12 14 16 20
6 9 12 14 15 18
18 9 11 14 15 16
» Elevations in 100X L
With 604 efficiency one could work for give a true representiv
6 hours at 14,000 ft alitude. This figure tion of water vapour
wems 1o be a good compromise between content ?
gain obtained from high mountain  alti-
tudes and efficiency. Bhatnagar (1) Yes. (%) No, only
to a first approximation
In the end I would say that, it is and good guide for
essentinl that a thorough Tnfraved site sur- further investigation.
vey progriamme on i national basis should
he undertaken for any  serious ground Bhattachar;;i 1 think that the role of

Laused IR observations in Indin
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Discussion

Aganthakeishpan: (1) Is the  divrmal
variation of the atmos-
pheric  water  vapour
content important? (2)
Does the average reud-
ing from radio sonde

precipitable water con-
tent in the air is being
overemphasised. In the
near infraved region
windows can be used
with 34 mm of preci-
pitable water without
much absorption. Obr
servation in the ahsorp-
tion band is not possi-
ble from any ground
based site. Another
point, in your chart
the mnorthern parts ol
India appear very suit-
able for IR observatory
site. But due to the
western,  disturbances
sweeping across this re-
gion in winter, the
clear skies are not very

common. This makes
near IR studies not

quite possible in these
locations.
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