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CONFERENCE ON-
INFRA-RED MEASUREMENTS FROM SATELLITES

Summary

A meeting of experts in the theoretical and instrumental problems of atmos-
pheric infra-red measurements was held at the U. 8. Weather Bureau, Wash-
ington, D. C., May 1, 1959. Those on the accompanying list were in

qttendance.

Dr. Sigmund Fritz, chairman, outlined briefly the purpose of the meeting,
which was to obtain guidance in planning programs for satellite measure-
ments in the infra-red. The need for this was emphasized by discussions
at the meetings of the Space Science Board-Committee on Meteorology and
of the Advanced Research Projects Agency-Committee on Meteorological
Satellites. He outlined the TIROS satellite instrumentation and indicated
that subsequent satellites would probably be stabilized and would be
capable of carrying about 500 pounds, with a payload length up to about

six feet.

Theoretical Requirements

The theoretical requirements without regard to satellite instrument
limitations were discussed. The first speaker, Dr. Plass, discussed a
simple isothermal atmosphere, without clouds, dust or earth, and consid
ered the radiation one would see coming out. He then outlined the be-
havior of a dimensionless quantity which 1s dependent on line strength
‘and concentration. He showed how the quantity changed with concentration
and indicated that a measurement of total water vapor amount might be
possible; however, the determination of the distribution of water vapor
would be very difficult and would require extremely accurate measurements.
He went on to explain that complications due to & non-isothermal atmos-
phere and the presence of the earth and clouds added to the difficulties.

The second speaker, Dr. Kaplan, discussed a method by which the temper-
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ature distribution in the atmosphere cculd be determined from measurements
made in several carefully selected narrow wave-length intexvals in the 15
nmicron carbon dioxide band. He mentionad a number of details of that

band and outlired most of the theory and the requirements for the calcu~
lation of outgoing radiation for clear skies and for various overcast
cloud conditions. In order to determine temperature distribution, a
resolution of aboit five wave numbers in the 15 micron carbon-dioxide

band would be need:d. He expressed his belief that ten temperatures
through the atmosphere,with an accuracy of one degree, could be found from

ten measures in difierent parts of the band.

Kaplan next discussed Goody's ground measurements of downcoming radiation
and pointed out that the only real window 18 the eight wave number inter-
val at 11.1 microns. he went on to discuss the measurement of water

vapor and pointed out the advantages of the 25 micron region over the 6,3

micron band in determining concentration.

He then discussed the 9.6 micron ozone band, mentioning the relative trans-
parency of the band, its low temperature dependence, the details and the
behavior of the band, some figures on ozone concentration and the limita-
tions in ozone distribution determinations using this band. Resolutions
of the order of 2 wave numbers would be needed in this band if several

intervals were examined.

Dr. King spoke next. He described the general principles of limb~-darken-
ing and showed how the intensity of an emergent beam varies with angle
for a given temperature distribution. He suggested that an inversion of
this process might be possible. He explained, then, the shortcomings of
the inversion technique. Then, using the ERTOR measures of Adel, he went
through a method of determining the vertical temperature distribution for
the ozone region. The results, he found, were not encouraging. Contam-
inating water vapor radiation was a serious factor in introducing errors

in the results; small errors of measurement upset the results. He indi-
cated that looking down from above would be an improvement. He felt that
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the entire problem should be examined more closely to check the gerious-

ness of the indeterminacy.

Dr. Wark began the afternoon session with an outline of the infra-red heat
budget. He pointed out that the only quantity directly observable from a
satellite is the upward intensity from the top of the atmosphere. To
determine the heat budget of the atmosphere alone, one would have to

calculate the upward and downward radiation at the surface from a model of
the atmosphere inferred from the upward intensity. This means that details
of the atmosphere must be determined by a method such as that proposed by
Kaplan.

To determine the planetary heat budget one would have to develop a means
of getting the flux, or intensity integrated over all directions in a
hemisphere, from a single intensity measurement taken at some arbitrary
angle. This would probably best be done through empirical relatioms
between intensity and flux. He then showed the filter characteristics of
some sensors to be used in TIROS and explained the difficulty in inferring
the heat budget from measurements made through them. He concluded by
showing the results of some calculations of intensity; these showed the
regions of the atmosphere from which the emission arises for various parts

of the spectrum,

"During and between the talks there was a great deal of discussion on a
wide variety of topics relating to satellite observations. A summary of

the requirements is shown in the table:

Atmospheric Quantity Spectral Region Resolution Number of
of Measurement Required Intervals
(Microns) (cm.-1) in Band to

be Measured

Water vapor 25 10 to 25; perhaps 2 1

Ozone 9.6 1 to 2 5

Temperature 15 5 10

Heat budget 4-100 broad __
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Comments by Howard dealt with the amount of energy available in 6.3 and 25
micron bands and on the resolution to be used. He felt the 6.3 micron

region should not be abandoned too quickly.

The relative merits of several detectors was discussed by Goody and Shaw,
The positive superiority of the grating spectrometer over a filter system

to iaol#te a region of the spectrum, to compare regions and to get details
was brought out by Howard, Goody and others. It was pointed out that the
principal problem lay in the detectors, not in the spectrometer; that
spectrometera of the type envisagedhave been built; that ultra-violet
spectrometers have been flown in rockets; but no decision was made regarding

prism spectrometers.

Dr. Goody next showed several slides. The first was a grating spectrograph
and a solar spectrum, with about 5 cm-1 resolution and therefore no detail.
Next, a prism spectrograph with a resolution of 15 cm-l, the spectrum show-
ing only broad features. Response time was 1 second with neise signal to
noise ratio about 100, with scanning time 45 seconds. He indicated that
indium antimomide filters bloomed with lead chloride can give transmissions
up to 98%, for use with grating spectrographs. Another instrument of 1/2
cm'1 resolution was shown. He then showed an instrument with a 6 X 6 inch
grating, 5 feet long, with a 6° angle of view and using a Golay cell de-
tector; it was suggested that this sort of instrument might satisfy the
needs put forth in this meeting. This instrument has a 1 cm'1 resolution
and a 1 second time constant; the time constant and the grating size are
the things which can be adjusted. He showed a slide of a spectrum, with

a resolution of 1 cm-1 and a time constant of 1 second.

A discussion followed on the merits of scanning with a single detector,
rather than having several fixed detectors; on the time constant require-
ments; on the type of detector; and on the relative merits of observing in
the 6.3 and 25 micron regions fof water vapor determination. No final

decisions were made on any of these questions, although it was indicated
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that fixed detectors might be used; a time constant of 1 second was satis-
factory; a thermal detector was probably best; and that 25 microns is a

better region in which to work.

Fritz then remarked that present instrumental capabilities seem to be with-
in the range of theoretical requirements. In the ensuing discussion, how-
ever, the problem: in determining the heat budget were brought out; it was
pointed out that eipirical relations must be established, in the case of
TIROS, to translate individual measures into flux; further theoretical work

should be done, but 3pectral detail would solve much of the problem.

The following topics were then brought up: a grazing incidence observation
of the sun, which would be useful but very difficult; measuring ozone
amounts from mean surface temperatures over the ocean, which was not
thought feasible, but which should be looked into; problems in scattered

light in the ultra-violet; and the use of balloons and rocket soundings.

King then raised some questions about the ability of the experiment pro-
posed by Kaplan to determine atmospheric temperatures and also to determine

water vapor distribution.

/ [}
The meeting concluded with a resume of the points brought up and the con-

clusions reached.



INFRA-RED MEASUREMENTS MEETING
MAY 1, 1959

Introduction

Dr. Fritz: To begin with, I though I might outline some of the things that
have happened and maybe give you a clear idea why this meeting is necessary.
Of course, meteorologists are interested in sampling the atmosphere as
thoroughly as they can and the satellite is sort of a natural instrument
with which to make these observations. Organizationally, the NASA is in
charge of the national meteorological satellite observation program and has
designated the Weather Bureau as its. meteorological agent. As a matter of
fact, we now have in the Veather Bureau & Meteorological Satellite Section
which is growing rather repidly which {8 financed entirely with NASA funds.
It is in this [ramework that we felt that it is necessary to have guidance
from the experts in planning programs for satellite measurements in this
field. I felt that we had here a very good group who can tell us about
both the theory and instrumentel capabilities and requirements. Of course,
among the things that we would like to measure are, obviously, temperature,
atmospheric composition, in particular water vapor, ozone and perhaps 002
would be of interest. It is one thing to say that we would li{ke to do it
and quite another thing to say just how we do it. The present status of
satellite measurements is that we have a fairly good program in progress
now, called project TIROS. This is a fairly large satellite on which there
will be more than one television camera and several radiation sensors. The
hardware for this is far along in production now, some of it 1is already pro~
duced, and the satellite may be launched for example toward the end of this

year.,



-2 -

Goody: Could you give us an idea of sizes and weights, please?

Fritz: That is mostly classified, Dick. I think for planning purposes

here we can say what we can expect, but on that package I just can't tell you.
The name is project TIROS, maybe meaning Television Infra-Red Observations
Satellites. As 1 said there will be some television cameras and there are
five radiation sensors wvhich I will recite. There is one that has a trans-
migssion in the region from .2 to 6 microm which is essentially the solar
rad{ation reflected by the earth. The other one i¢ from 7.2 to 35 nicrons
which {8 essentially the terrestrial radiation emitted by the earth with
certain limitations.

Question: UVhat are the sensors?

Fritz: They are thermistor elements and they have various filters in front
of them in lenses. There i{s a window measurament from (.5 to 11.5 microns.
There is another measurement which is parallel to the TV in a way from .56

to .75 microns which will measure cloud cover, say in the southern hemisphere.
And something which i{s8 related to water vapor in 5.8 to 6.8 microns. In addi-
tion, there are two other sensors with bands similar to the first two. Now
these five that I mentioned are mounted at 45° to the axis of the satellite
which will be spinning. Each sensor has a 5° field of view and so you will
gweep out an area on the earth.

Goody: Is this telemotered back?

Fritz: No, it is stored on tape and tramsmitted back on command. Once each
orbit, you can asend the information back. There will be some orbits where
the information cannot be read out. There are not enough read-cut stations
to read out all the orbits. The satellite will have about a 51° inclination
to the equator. I think in this case we just get ome orbit. Isn't that

right?
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Fritz: It erases. If you don't read out, the orbit information is erased
and it reads the next one. You can only store for one orbit. You won't
get complete information, but this is a technicality I guess. I am merely
bringing this up to show you what is being done now. For the future, I
think that we can expect some modification. Por one thing, say a year
after this one is launched, or something like that, there will be a stabilized
satellite. Namely, one that looks continuously down at the earth and will not
be spinning. And of course you can mount sensors on this one at any angle to
the axis, the figure axis of the thing.
Goody: UWhen do you hope to have thia?
Fritz: Say a year or so after TIROS is laumched which might be two years
from now or something like that. Now weight capabilities that we should be
thinking of are something like say 500 pounds at 500 miles. Ve cam plan
on that kind of a framework. This is instrumental payloasd including the
necessary power supplies.
Goody: Appreximate length or size?
Johnson: 1 would say that we might be able to handle something as long as
8ix feet. This is atill debatable.
Goody: Uell 500 pounds in 2 meters is essentially all any of our equipment
would require.
Fritz: Wwell I would say that in our thinking here today we can assume that
this will be available. These numbers are merely to give that kind of a
feeling. This should not be considered a serfous limitation if you can
work within that kind of & framework. These are the state of the art and
something & little bit about the future as far capabllities are concerned.

Ve have to turn now to the question of what we want to measure and how to
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measure it. There are & great many problems in these things. For example,
commmications - how do you get the stuff down. Data reduction, data analysis -
these are formidable when you deal with large quantities of data as we will
inevitably have to do. I think we should set all the questions aside today
because those are topics for a completely separate meeting. And I think today
" we should just consider the optical system. What are the optics that you need
and perhaps this includes detectors too? Forgetting about how you would get
it down, commmications-wise and how you would analyze it. If we can get any-
where with this question, what optics do we use to solve the problem. I
think we would hsve already made subatantial start.
Question: We are not limited by payload at this time?
Fritz: I think you can't figure om 50 tons, but I mentioned 500 pounds as
really just an order of (magnitude?).

I think Goodys' point is that
Tepper: It really doesn't matter. Ve can do everything we want to.

Fritz: But Moxris feels that we can carry a ton or two tons, or whatever you
want, but I think he is right, we shouldn't consider that a serious limitation,
especially since 500 pounds is anyway enough.

Kaplan ; Algo you might want to do several things at one time.

Fritz: Yes, that's a possibility.

Elgasser: One question. Do we expect that all these satellites will rotate?
Frite: I don't understand, do you mean that it will rotate about i{t's own axis?
Elassser: Yes.

Fritz: Well we can make it rotate {f we want it to, but we can also stop it
from (votating if we want to, and I think our plan is that we will not have it
rotate.

Elsasser: I am not so sure that we can stop it from rotating.

Frits: Why not? They say they can,
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Goody: This thing will be doing this, won't it?

Fritz: Yes, there will be jets or fly wheels, or things of that sort which will
stop it from spimning or rotating, if you want it to, but 1f you want it to spin,
you can make 1t spin., You can put jets on it for example which will make it
spin. Let me ask you this, do you want it to rotate or don't you want it to
rotate.

Elsasser: It will be a darn sight better to have it rotate so you can calibrate
it against vacuum, because you have the ideal calibration here.

Goody: I think we should mention here that the second satellite of yours is a
directive satellite. It points toward the middle of the earth.

Fritz: That's what I meant.

Goody: So you look out one end and you see the earth, you look out the other
end and you ses space. You don't need to spin 1t, you can do it optically

vith the pila-system,

Elsssser: Well you can keep it that way.

Goody: Thst's the intention. This is very valuable I think,

Fritz: I think if for any reason we don't want to do it one way, we can do it
either way, that i{s, you can have {t pointing directly towards the center of the
earth without rotating or spimning in any way, or you can have it spin or rotate
or anything you want, so that again is something we can use as a frame work.

Now I think we should start the program. What I had in mind initially in
sending this out to the people involved was that we could start with some sort
of theoretical guidance as to what we need to msasure water vapor, ozone, carbon
dioxide, temperature and the heat budget without regard to any practical limit-
ations. Vith this I really had myself in mind. Although I don't know if this

needs to be considered, I had in mind no more limitations than you would have



for measuring something on the surface of the earth. Maybe we shouldn't even
consider thoss limitations. Without any regard to any limitations, what does
theory demand of us in order to be able to measure these things. 1 hope that
tha people who are listed on the program will speak something like 15 minutes.

I don't think that we should consider this a scisttific session in vhich we

have to prove completely to everyone's satisfaction what they are saying. But
if they give us a brief, very brief, guide lines as to how they arrived at their
results, and then come up with a definite recommendation as to what they think
is required in order to measure these things. This would give us the frame-
work about which we could then proceed to the next question. What instruments
are now available to wmest these requirements? Now, obviocusly, I think in

evary cass we will not be able to supply the instruments to give the theoreticians
vhat they say they need, We will have to consider them, what is available in
the way of instrumentation and then return to the universe question. With the
instrumentation that is now available what will theory enable us to deduce from
the measurements in terms of atmospheric parameters. This is quite a big project
but I still fesl that we might make an attempt to finish this today. We have
made sn attempt here to record the proceadings and I hope that it will make
enough sense 80 that we can actually reproduce it and mske it available to
other than thisamall group. There is a microphone at the end of the table for
people who give their formal talks, and if they would talk into that thing it
should work all right. For others, these mikes here will, I understand, will
pick up everything around the table. We may have to hand the hand mike around.
We will now hear a discussion by Gilbert Plass on Water Vapor. What are the

theoretical requiremsents to measure water vapor from tha satellite?
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Plass: It has been pointed out by many people that if you could measure with
infinite accuracy, the emission at an infinite mumber of frequencies then you
could find out all you wanted to know about the distribution of water vapor in
the atmosphere and the temperature distribution. Now obviocusly we can't do this,
80 the question is what is practical to do,

In order to look at this problam a little bit, I would like to firet coneider
an idealized situation., Supposing we were in a satellite above the earth. Ve
could look dowm on the earth and someliow or another we could measure merely the
radiation that comes from the water vapor sand we wouldn't see any of the radiation
that comes from the surface of the oarth, the clouds or the dust in the atmosphere,
or any of these other things that make 1life more difficult. So for the moment

clet's just ask what we would see if we could just look at this water vapor radiation
by itself. Supposing we mesasured the radistion that was coming ocut, in & mmber
of different frequency bands, and we plot our results., I would like to plot the
logarithm of the intensity that we observe, make this & dimensionless quantity,

let me divide this by the black body intensity at the temperature that is approp-
riate to the top of the atmosphere vhere say the pressure ia zero. Then the
largest I can ever be is the quantity m)cu—be 80 the limiting value here is wherae
this ratio is one and the lagarithum is gero. Now supposing I plot the different'
points that I get in different frequency bands as a function essentially of the
strength of the lines in that band. I like to use a dimensionless quantity which

I call gamma, This is defined to be the intensity of the lines times the concen~
tration of the gas times the pressure times the secant of the angle, where thata

is the angle to the vertical, divided by two pi times the half width of the lines
times the acceleration of gravity. And 1{f the concemtration is varying with

height in something like water vapor, these quantities are to be evaluated st the
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surface of the earth. You can chooses any standard level you want. But the important
thing to notice is that gamma is proportional to the strength of the line through
this line strength quantity 8. It {s also proportionsl to the concentration. KNow
if we have the water vapor distributed in some arbitrary way, and we make arrange-
ments in a mmber of different frequency bands 80 we get different line strengths
ve're going to get some curve here. This curve has several distinctive parts. If
you first of all look at the very weak lines whare the absorption is very small at
all frequencies in the band that you are looking &t you will then get just a
straight line here which will have a slope of unity and this is what is often
refaerred to as the linear region. As you go to stronger and stronger lines, actually
the division comes roughly where gamms is unity, you find that this curve bends
over and there may be a portion where the slope is one half and this is called
the square toot region. Physically of course, the thing that distinguishes the
two regions is that here the centers of the lines are black and you are getting
the wing sbsorption which is determining how this goes up and then eventaully as
you g0 to still stronger lines this curve will bend over and approach fts limiting
value and somewhere in here the lines will begin to overlap and this is what
eventsiflly causes the curves to bend over. Depending on how close the linea are
together, there may or may not ba a squars root region and the lines could start
overlapping somevhera down here. There isn't & linear region either (umintel-
ligible) with constant concentration you never have & linear region, except that
{unintelligible) & Lorente line.

Plass: No, that's not true. You have a linear region vhen gamma is less than one
vith constant concentration.
Reply: I don't think so.

Plasse:
So this might be & typical sort of curve you would cbserve for a given ammmt
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of wvater vapor. The question is how will this curve change as we change the various
paramsters we are interested in, 7The simplest thing is to ask how it changes if
you change the total smowmt of water vapor and that is essentially this factor C
hmjmd here you would find that it would vary as the concentration in this region,
it would vary as the square root of the concentration in this regiom, it would vary
as the concentration to some power K, where K is less then one balf in this regiom.
And this indicates that it perhaps is not® to difficult to measure the total amount
of water vapor. The difficulties of course are that in the linear regionm, often
ths emigsion is so small that you can't really measure it very well, but perhsps
you can find & region up here vhere it doun't\ vary quite so rapidly with the
concentration and in that way determine the total smount of water vapor. How do
these curves vary vhen we actually change the distribution of water vapor? If we
now plot a nusber of these different curves, for different distributions of weter
vapor but kesping the total amount of water vapor constant, we find first of all
that the curve {s absolutely identical dowm i{n this region. UWhen you are in the
linear region it doesn't make any difference how the gas is distributed becauss
there 1s no sppreciable absorption of the radiation that is emitted by one layer

by snother layer. At the moment I am considering san isothermal atmospheric.

You get differemt curves when you come up in this region and for some other
distribution you might get a different curve which would come up in some other
fashion. How such can these curves vary samd how easy is it to get informmtion
about different distributiona? One can actually show that thess curves can never
vary by more than 417%, sctually their ration can never be more than the sg. rt. of 2.
This is taking the two most extreme distributions that you could possibly fiake,,
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neither one of which will ever occur in nature. Thase two distributions are first
of all having all your water vapor at the surface of the sarth coupared to the
case vhere ths water vapor is uniformly distributed throughf the whole atmosphers.
Neither one of these actually occurs. S0 im nature you are never even going to
mﬁchofamiutonbnm thess two curves. 1 think perbaps you would be

‘lueky to get & ten or 20 per cent variation in different water vapor distributions.
1 am now always talking about kesping the total concentration C constant.

Now in addition, there is the quastion of what happens as the temperature
changes with heaight. 1If you calculate or messure curves of this sort where you
have different tenperature distributions with height you then will also get
somevhat different curves, but sgain you salways have these same regions. If we
had & temperature wariation with height we might get a curve for example that
would look like this and it might approsch a different limit up here {f we had
a different tamperaturs distribution., There are a feow such curves calculated in
an article which I have in the Quarterly Journal of the Royal Mateorological
Sociaty in 1955, Actually, how much of & variation here you could get for dif-

' ferent tempersturs distributions I don't know. Maybe some of the other speakers
can give more information. At least for the few cases I tried, you again don't
get more than about a 20 ox 30% di-trifution at most for different temperature
distributions. S0 the main thing I would like to point ocut is that even {f we
could do this very idealized expariment that {t is relatively easy to find out
the total smount of water vapor but that it looks as though very accurate messure-
ments would ba necessary to get any information at all as to the distribution.
Actually the situation, of course, is not nearly this simple, becsuse we can't
sort out the radiation from thse ground and the radiation from the cloud tops.

If you then ssk what would be the totsl radistions you would sctuslly ees at
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the top of the atmosphere, and we made 2 similar plot here of the intensity over
some normelizing intensity there will be two limiting values. If for example we
are looking dowm on & clear day when there are no clouds, for very weak lines we
will just see the black body radiation from the surface of the earth, which will
be some value appropriate to the temperature of the earth and this will be the
largest amount of radistion we will ever see, On the other hend, 1f you look
in a region where there are very strong lines we will see black body radiations
appropriate to the strattapheric temperature. This will usually be & much lower
temperature and will give us some lover limit to our emission unless thare were
some very unusual inversion conditions or something like that. If we again
plot this as a function of some paremeter which varies as the line strength, for
the very weak lines of course we will see the radfation from the surface of the
earth, this cxxrve will come down and approach the black body curve for the
stratospheric tempersture for the very strong lines. Here this curve starts
down in 8 linear devistion from thie limit corresponding to this curve, but the
trouble {s that it is only a very small deviation from the total black body
radiation. This is probably the region where it is easiest to measure devaitions
and then eventually the curve approaches this limit. I baven't made any dstailed
calculations about water vapor. I'm afraid I don't have any mumbers to presemt,
I just wvanted to give these general ideas here.

(Question) Where did you say the cloud tops would be in this graph?

Plass: 1If you had cloud tops them you would just get some differemt limit here.
1f your sky were completely cloudy then you would get some limit appropriate

to the temperature of the cloud tops.

br. Fritz: Do you have any feeling at all for what wave length and what
resolutions you would need within the particular (wave-length?) measurements?



-12 -
Or is it something that you haven't thought about? Maybe Leowis can tell us a
little about that?
Plags: 1 really haven't thought about it.
Gates? We know pretty well where the strong lines are and we know where the weak
lines are.
Goody: Yes we have a good selection, thore is no problem there,
Frite: What would be the width of a band or measurement? The wave length width
and the measurement that you would need?
Goody: There are essentially thres significamt weve lengths bands. I think
Levis will have more to say abcut this, but either you take an average of a
selection ofcloee lines in which case you will want to have & range which will
be at least 25 weve numbers, or you will go to a range which will include just
one line, 80 you know which line you are talking about, and that's on the average
of about 2 wave numbers, or you could resolve this line, in which case you want
about 100th of a wave number. That's iopoasible,
Fritz: The other two that are possible, would you usc the seme in the strong
lines as in the weak or would you change this?
Elsasser: Are you thinking actually in terms of messuring individual lines or
merely a reagion where you have individual strong lines.
Goody: Individual lines?
Elasassex: Individual limes, then you would put actually a sprectroscopea with
long tongs out there?
Fritx: That is an instrumental detail which maybe we should talk about. In
other words, the theoretical requirement would ask that you measure things down
to two wave numbers.
Goody: This weight and siza is easy to do that,
Fritx: Do we have any idas how many wave lengths we would like to look at?
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Goody: I think we ought to hear Lewis' contribution. Can I make s general remark
about water vapor? Putting a few numbers into this we have whan stopping to thiuvk
of what one can sensibly obtain by other means, there are ways of knowing the
total amoumt of water vapor up to about 15 kilometers, ome can measure it very
precisely from aircraft we know quite a lot sbout this,
Fritz: I would like to mention that thig is world wide and it is difficult to
do things without & satellite on a world-wide basis,
Goody: Well it has been pretty good coverage between tropics in African and polar
region by aircraft, it's reslly quite easy to go backwards and forwards in a jet.
Frits: You say there is good coverage now? Is it being done today? I think ome
mightmight think in satellite use for example, were it ever to become operational
let us say, you might vant to have measurements every day, snd over essentially
the whole world, %0 it becomes difficult to do 1t with enything but satellites.
Goody: You msy get certainly better results that way. But just let's remecber
vhat we can do. Ve can do it from 13 kilometers, how accurately, with not too
serious difficulties from jet aircraft, you can't do it over enemy territory or
something like this. Point mumber two, These witer vapor concentrations have
pretty good correlations with temperature. Very high degree of correlation.
1£f you take partial regression coefficients you get a very good statistical
account, 80 that in fact if you merely have the climatology or the measured
temperature then up to perhaps the lower stratosphere you can get pretty good
information on the amount of water vapor and this is the datum against which
one has to judge the measuremants. It;s no good to set up a measurement which
doesn't do as well as this, bacause one can do this well already, so that the
key 1n sikipxzssmuxtaxiex all this, it seema to me, is, are these satellite

1AMyt Su mly
measuressnts going to give us anyxickng information which is kmwmiky observed



- 14 -
which {8 to say push it down to it'e lower limit, which is say about 10 kilometers.
80 let’s ask a question, can we say anything about the water vapor sbove 10
kilomsters, rather then the total amount? Now #R you say that you have got to
deal with an amount which is approximately 1,000th of the total. If you are
going to do this looking downward to the earth you are measuring an swoumnt of
water vapor which is 1,000th of the total. Now two things about it. First
of all as to how you messurs it. You can messure it by either looking at the
emlgsion spectrum as you've besn suggesting or by looking at the absorption
spectrum. Thig fs an old technique. But the absorption spectrim has am
enormous advantage, namely that it doesm't involve the thermal properties of
the atmosphere where as this emission does. And so I think if one were moasur-
ing the total quantity, one would {muedistely, without sny hesitation, choose
absorption not emission as the way to measire.

Fritz: Does this requirs a source?

: 7o put it simplest you would simply measure spectrograph in the visible and
: S0 1 fael that in-this-case one would go

take the raflected light off the earth, or off the clouds, the reflective solasr
radiation, rathsr then ths emitted radiatiom. 80 I feel that in this case one
would go immediately to the non thermal region and in any caese as I say with
elther method you would have to measure ome part in 1000, g8 I think, to get auy
useful meteorological information and you can't do that., That is really all there is to
it. S50 that I would say that there is extremely little useful informetion on water
vapor began by looking down except, the one thing, and that is to tell us how

much radiatiom comes off it. In other words, forget what informatiom it talls

you about the water vapor and talk sbout in shamm terms of telling about what
causes it., In that case we don’t have to worry about analysing it, we're then

collecting data on the cutward radiation end we needn't worry about msking a
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backward inversion. Lastly, I would say if one reslly wants to measure the water
vapor at these levels, of course one only has oue choice. I think and that is
not to look down but to look sideways., This is the only way in which your one
part in a thousand becomes nome senzible fractiom with some conceivable chence of
measuring, from a physicist's point of view.

Q: Do you mean to look at the Sum?

Goody: No, look at the atmosphere sideways, take a look along the path sideways.
I'm not contending it {8 easy to analyze, but it's at least possible.

Elsasser: Yes, but wvait a minute you're up at 600 or 700 kilometers.

Goody: Yes, but you would have to choose a path that goes something like this.
Frite: In other words you would get an average of over 2000 miles or sowmething
like that.

Goody: This {s very neccssary, but from & sheer zkmmipoint of view of physical
practicability, this is conceivable, Jm at least in getting above the 10 kilomoter
region,

uestion: And how are you getting absorption measurements.

Goody: That's emsmission of coursa.

Kaplan: Or you can look at the sum in the

Adel. 7: Would the residual water vapor above the cloud deck

absorption in 6.3 micron region? Ko, not in that commection, but suppose one

is looking straight down, because if significant absorption were produced one
might expaect the center of that band to show through using the clowd deck &s a

radiating sourca.
Goody: The center of the band {s still completely blacked out above anything except
perhaps a high eirrus deck. A vary, very high cirrus deck. With out aircraft

the center was just begioning to come out in our middle latitudes. This radiation

was just begimning to come out at about 25,000 feet,
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Gates: I think that the 6 mmula bands in sbsorption from the sun will be quite waak
at 50,000 feet.

Goody: 30,000 yes.

Frite: 1If I may get some feeling for a summary on this, 1{f you feel that measuring
the water vapor above 15 kilometers ( i{s that the mmber you mentioned) let's say

10 kilomaeters, you feel that this camnot be dome by measuring the emission spectrum,
in 6 microns or anywhere else.

Goody: 1 feel (1) that {¥ cam be done better with the absorption spectrum and (2)
it cain't be done by either L{f you simply look down.

Fritz: In absorption you look down, don't you?

Goody: That's right, it cain't be done by either 1§ fyou look down. You stand a
better chance with the gbsorption than with the emission, but neither of them is any
good 1if you look dowm,

Eaplan: Ko I am not ss pessimistic as Richard,

Fritz: You say you cain't do it in either case if you look down, but I thought that
your radiating source was the clouds, for instance in the case of the near infra-red.
Gates: His point was that you couldn’t with reflected light from the clouds because
the stratosphere moisture quantity is so low and tha strength of the bands are not
strong enough, so that you cain't do it with this techuique.

Kaplan: What you're messuring mostly is the amount just above the clouds, which has
the most amount Oof water wvapor.

Fritz: Are you saying then that you csin't do it at all? Either by emisaion or
sbgorption? You camnot weasure the water vapor sbove 10 kilometers.

Goody: Not by looking down, you could by looking sideweys.

Frits: Oh, yes, I understand now. looking dowwards is not a question of absorption
or emission, but you just cain't do it anywaey.
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Coody: This brings up many other problems, There's is a very active guidance
problem., This might turn on & tenth of a degree or something.

Fritz: And now this includes the 6 micron thing that Art was talking about,
Goody: Well I suppose you're suggesting that you get above a nice dmt high cloud
you can measure the - ., Clearly you can, 80 1if you came acrost a cloud nicely
perched at 10 kilometers, obviously you cam either by absorption or emission
measure the amount above that cloud,

Gates: There are other ways of doing this.

Goody: You can still do this in the visible light, I suppose.

Gates: No, I mean I would do 1t from a balloon looking up.

Fritz: The balloons get you awsy from the world-wide coverage, of course. I
think balloon and aircraft are very valuable for checkeng out procedures, if
you're getting world-wide coverage then you can use the balloon and aircraft

for checking, but you can't get everyday world-wide ocverage by any other memms.
Goody: My remark was meant to apply to a clouwd free atmosphere, but it's true

1f thers i3 a conveniently placed cloud, this is wonderful. But of course we
cain't count on this sort of thing.

Yritz: If one wvanted to measure the water vapor below that from a satellite,

say the total amount of water or some distribution in say three layers, or
something below 10 kilometers, Did you rule that out oo, or is this a possibility?
Goody: Oh no, obviously you can measure the amount below it,

Fritz: You cen.

Goody: You can, certsinly. This ig exactly the same problem as measuring from'
down below, which has been done. The whole thing i{s quite reversible.

Frite: On that then, let me ask this. Let's say you wanted to measure the water
vapor in three layers, or something like that below 10 kilometers divided in some

Vay .
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Goody: Vell let's hear what Loewls has to say about this sort of thing, because

he's thought about just this sort of thing.

Fritz: 1 think this would still ba important to consider. I think we should wait
until he does it, but I wanted to summarige your view that this is still a possibility.
Goody: Well, my personal bias is that the really valuable thing to do would be to
measure this high level water vapor.

Fritz: But you also say that you cain't do it, so I now want to get to something

that maybe we can do. Sahll we proceed them to the next one, as you see on the
agenda it says Ozone by R. M. Goody, but this should not ba changed to not even

carbon dioxide but the Measurement of Temperature by Looking at Carbon Dioxide

by Dr. Lewis Kaplan who will also, I hope say a little about orzone and maybe atart

off Goody on soma couments about that,

Kaplan: The reason I have refused to talk about measurement of carbon dioxide
is that present opinion seems to be that carbon dioxide iz very, very umiformely
distributed in the atmosphere and I think it is impossible to messure the kind of
fluetuations that for exmmple (Keeland) at La Jolla has gottem or that other people
have gotten in the atmosphere. I am going to talk about the carbon dioxide band
and I'am going to show first of all a slide that will give the emission in detail,
the emigsion coming up with the top of the atmosphere dus to carbon dioxide and
from thig I will indicate how I think one would go about or show that it might be
possible to go about getting the tamperature from this, As a matter of fact, I
think that from messurements in the 15 micron carbon dioxide band we can get &
very good picture of the temperature distribution in the atmospherae.

The first slide is a schematic picture, not exactly a schematic picture, it
is very old picturs using old valuas of carbon dioxide intensity of what one
part of the carbon dioxide band looks like, and its from about 13,9 microms to
14.3 microns, its on the high frequency end of the carbon dioxide band. The
individual lines give the intensity or really the square root of the intensity
of various transitions, all of which are labsled, according to their color hera.
The yellow lines, for example, are the fundamental, Then there are various
other transitions. There is the pruple lines here which is the band that i
sensitive, about 720 microns and there are various others., Many of these bands
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which are called hot bands in which it is a transition, in wost instances, from
one elevated vibrational state to another higher elevated vibratiomal state in
abgorption. These all overlap with one another. They have different spacings,
1f you follow any two pairs of colors, for exsmple the yellow and the purple.
Here they are together, &s you move out further in the band they become further
spart, their spacing is different in each of these cases. With each of these
transitione there is a very nice emooth distribution of intensities givem by the
Maxwell~-Boltzmaun distribution and in a band of this type it has been found by
several people and Kostkowsk! and I have used it even to analyse bands for
intensities furthar out in the high frequency emd of this where there are
overlapping bandes and we get & perfect fit with observation. You can r epresent
each of these intensities by an Elsssser type band which has lines of equal
intensity, equal spacing, determined at any particular place, say at 705 wave
numbers in here and we represent this by an Elsasser band in which the arror
due to the overlapping of the strong lines and the difference from the Elsasser
band would be almost exactly compensated by the effects of the weak lines on
the other side, It can be shown (and I stated this in the Toronto mestings of
1953) that 1f you obtain a series of Elsasser transmission (this is a fractional
transmission) for eachoof these intensities, then the total intensity is equal
to the product of all the individual Elsasser type intemsities. This can be
shovn merely by meking fourier analysis at both of these sides. This is under
the condition that the spacing is different and essentially that the reciprocal
to the spacings are linsarly independent of one another. This is the model that
vas used for my calculation and this can give homogeneous path absorption and 1
calculate homogeneous path absorption in here and I treat the non-homogeneous
atmosphere with veriations of temperature and pressure by the introductionr of
the Curtis approximations for treating the pressure into account,

In general the treatment of the Lorentz line shape for example, but this
doesn't have to spply just to a Lorents line shape, is the intensity over pi,

intensity is a function of temperatura and actuslly a very strong function of
temperature in regions of the atmosphere. In this region which gives a lot of
the emission to space and would be a very important regilon for determining the

temperature distribution, this temperature dependence is such in this region as
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to cause a difference of a factor of about 4 in the intensities between the ground
level and the level of the tropopaussa. If we want to get accurate pictures of
temperatures from this spectrum it has to be taken into account. This is a half
width of the line., Scaling approximations essentially assumes that in thesa lines
it is the wing effect that is important, that is near tha cemnter of the line. The
lines are so opaguq that practically no transfer takea place s0 that we can ignore
the half width in here compared to the distance from the center of the lines
especially when we take the square of these things so that the half width is
proportional to the pressure and since the absorption coefficient only appeared
a8 a product with the mass, and the mass only appaars as a product with the
absorption coefficient, the mass can be scaled instead of scaling the absorption
coefficient and it s ignored. I claim that this not give an accurate picture
for the purpose of obtaining sccurate temperature distribution., This would not
be precise enough for our purposes and the method I used {s the method that in
the fundamentals {s due to Curtis and that 1is you define an sverage half width,
If you define an average half width for the strong lines in which you can ignore
the trensmission at the center, for these strong limes it dossn't matter whether
you ignore this or whether you take an average value of this.s But, you can pick
this average half width so that the very weak lines gives procisely the correct
absorption. This wvas cdome, This is in the literature. It is the frequency
integrated optical path average of tha half width. If you divide the layers in
the atmosphere now, into regions in which you have a constant lapse rate for
carbon dioxide, then it turns our that these, introducing all the Boltmsann
factors and so on, taking temperature into sccount in great detail, these are
just incomplete ganma functions and they can be very easily programmed on the

machine. The next slide is just an illustrstion of the Curtis approximation
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for an atmosphere in which S does not change. The intensity does not change with
altitude and the bottom curve is the line shape st one pressure, the top is the
line shape at 1/3 that pressure and the optical path for effective mean pressure,
wvith esgsentially the integrated optical path at any frequency, is given by the'
golid line. And here a portion of the optical path, the effective mean as
determined by the Curtiss approximatiom, is given by the circle, and it seemed
that even for a variation of the factor of three in pressure it is a very good
thing. In this paper that I referred to and which will appear in the Rossby
Memoriel Volume, I have compared actually flux and flux transmission with the
Curtis model as obtained with accurately determined values and this I think {8 the
first time that an approximation of this sort has been used in which one can
actually set a reasonable upper limit to the maximwm error that you can get in
calculating the transmission. Well, this is {atroducing the cerbon dioxide model
and the next slide shows the actual result, This is a picture of the radiation
received outside the atmogphere in the 15 micron band as a function of frequency
and the top curve in here ig the radiation that would be received if there were
no clouds, The other curve and various curves that appear down here, as if
there were clouds with tops at 900 millibars, 800 millibars and 700 millibars and
s0 on, This is asmming a constant lapse rate for the whole atmosphere., It
goes up to 100 wmillibare and this i3 hemispheric radiation and this is not what
would really be measured by the satellite but in the general picture it is very
similar to what would be measured by the satellite. Hemispheric radiation is
hemi spheric radiation at 100 millibara, This is dome for quite another purpose.
it is done for a meteorological purpose to get a scheme to introduce into dynamic
models of the atmosphere, but at least you get some sort of an indication of what
goas on. Now again here is an illustration of one of the points that Gilbert

mentioned., In the center of the band, what you see is the very top of the -
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atnosphere, radiation from the very top of the stmosphere, the top layer. What
you see in tha wlnas of the band is the radiation from the clouds or from the
ground, The at:molphere is practically transparent hare and the atmosphere is
practically opaque, In between there are different fractions of the radiation
and they come from different layers of the atmosphere. This is five wave numbers
regolution and five wave mumbers resolution I think would be just about w the most
efficient resolution to use in order to ba able to get temparature from this.
Goody: This is equivalent to the ( ) of twenty five wvave mumbers in water
vapor. It contains about how many lines?

Kaplan: It depends upon what part of the spectrum you are in. Each transition
contains about three lines for five wave numbers md:éiyou say you have a half

dogen transitions about twenty lines.
(In reply to a question): Yes, this the Q-branch. If you look really at the

Q-branch at 15 micron you would see the radiation just from the top of the
atmosphera.

Goody: Could you be more apecific as to what I would actually see? No, because
1 haven't mada calculations yst, I've just gome up to 100 millibars. This is an
atwosphare that stops at 100 millibars. So what I have attempted isn't right at
all, It is spproximately right. And that is the reason 1've dram Xikx thaese
lines representing emigdon from the top of the atmosphere that goes umderneath
these curves. Because we don't really know what comes from the first 100
millibare, the second hundred or the atmogphere and s0 on. But now in this region
in between each layer has a different fraction of the total emiseion of the
atmosphere. This frection changes with fthtuncyfmd bacause this fraction is
different it is possible, I believe, to analyse this in actual terms of tem-
perature, The condition in which say given ten frequencies in here, and I

have picked out the 10 arrows representing the 10 frequencies, ths condition

in which given ten frequency one can get ten temperstures from this or ten
hundred millibar layers is that at each of these frequencies there is one layer
and a different layer in each case in which the ratio of the emission to space
of this layer to that of any other layer in here should be different from that
at any other frequency. Theare are othar comditions.in which it is determined
the way the convergence should take place. But it turna out that the convergence
takes place in the right direction here. There are conditions on the temperature
dependence that turns out that the temperature i{s dependent in this case of the
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line and the relation between temperature depandent and thecpacity of the atmos-
phere with frequency is in tha direction to make it more possible to determine

a unique solution to this thing. I will not go into detail here, later on if
anyone wants I will go into more detail. Givem this it would be possible also
to snalyze if there were no temperature dependence but as I am going to show in
the next slide, but not right this minute, there is a temperuturafdependma,

a very strong temperature dependence, but fortunately that is in the right
direction to accentuate the type of convergence that we have in this directiom.
As a matter of fact, I think we have seen enough of this, I think we ought to
go to the next slide and actually look at the temperatute dependence. This is
the absorption now in the atmosphere between 100 millibars and 1,000 milibarxs
for the two top curves. For & lapse rate of 5 1/2° centigrade per kilometer
as & function of temperature of the ground, And 1if the temperature of the ground
of 40° cent?gtnde, temperature of the ground 0° centigrade, The two bottom
curves are the same thing but it is the absorption between the 500 millibar
level and the 100 millibar level, again it is a function of temperature. You
see the temperature dependamce in here 1s very appreciable and the further you
80 out in the wing the more the temparature 48 dependence is and it is certainly
something that has to be taken into account and as I say the actusal way in which
a temperature dependent occurs in here will help the analysis of the band actually
in terma of temperature.

We had several different frequencies before which we measured the radbation and
from this I would say you can solve 10 simultaneous equations. Actually you

. don't have ten simultaneous equations, because in & way the central portion of
the band are practically opaque to most of the atmosphere. You just see the

top of tha atmosphere so they can be separated off or your matriX has many zeros
in 1it, which is another way of putting it, you may solve these equations i{n terms
of departure in temperatures from some standard atmosphere. This requires a
linearization in the departures of temperatures. It is not obvious from what I
have done so far that linearization can be made but at the very worst you can
pick & most likely modél. A model can be set up to calculate the emission going
out at the top of the atmosphere and you can make a fit, a least squared fit

or a least difference fit, to the best possible atmosphere that will give you
the different amount of outgoing radiation at the top of the atmosphere. Prob-
ably the best thing to do is to make some sort of a fit like this, close enough

so that you know that departures of temperature that would have a linear



-2 -

affect upon the outgoing radiation and then to solve your simultaneous equation
in terms of departures of temperatures from thig etandard atwmosphere. I won't
say much more about this now but {f you want 1'11 go into a little more detail
on the method., The point is I think that given these ten measuremsnts you can
actually determine uniquely and temperatures that will give the outgoing radiation.
From preliminary calculations I‘ve made I think that it is not impossible to
determine within one degree if you can measure the radiation accurately, to the
sccuracy to t which you had done your emission measurement,
Frits: What were the accuracies?
Kaplan: Considering that Richard's emission data is correct, correct within
one per cent, the variation that he hs d gotten in the emission data I think
would be enough to give 1 or 2 degrees in the temperature. The thing that I
vant to defimitely point out is that;‘order to get ten temperstures or in order
to get any sort of a real distribution of the atmosphere you must have ten
measurements. You can't get any more temperatures thatn tha mmber of measure-
ments that you have. My next slide {llustrates this point. Next slide please.
This is & curve showing the infinits mmber of conditions in ground temperature
and, temperaturs increase with height assuming the lapse rate constant all the
way up to the 100 milibar level. It will give an outgoing radiation in the
whole band of carbon diozide out of five calories per centimeter squared per
hour. The bottom curve is for cloudless condition and this will occur for
temperatures, depending upon lapse rate whether it {s an isothermal lapse rate
or an adiabatic lapse rate, the temperatures are from 25° at the ground to
temperatures of + 15° at the ground, If there are clouds with tops at 800
milibars, 600 milibars, 400 milibars, these curves are different and the
situation of clouds gets even worse. The slope of these curves is even
larger as far as determining the temperaturs i{s concerned. 1f you know that
you have a constant lapse rate and you know what the temperature of the ground
is, say by making measurements in a vindow then you can datermine what the lapse
rate is, But 1f you don't know what the lapse rate is you have no information
which will give you amything sbout the variation in lapse rate, except to
determina some sort of mean temperature, whose interpretation would have to
depend on & lapse rata. This illustrates that {f we do not get encugh measure-
ments that the results are quite a8 far as interpretation is concerned.

Next slide please ., The naxt slide shows the emission spectra of Goody's that



I have talked about. This is done around London. Looking up at the atmosphere
and this is done with sbout one wave nuober resoselution, now I'm talking about
five wave number resolution instead of one wave number resolution and you see
that there is tremendous detail in here. This is very beautiful spectrum in
here, and I think that 1f we do as well as this that we can lick the problem
as far as temperature distribution is concerned, as I shall indicate shortly
there are other instrumental requirements that are necessary for this. !
Question: Would you mention the wave length limits on the lower diagram plesse?
Kaplan: This is at 1400 wvave nmmbers vhich i{s seven microns and thie is 720 or
about 14 microns. Thie is q: vindow region and you see here how little of

the vindow this actually is. But, there is a region of eight wave numbers in
bere in which there are no lines, There are lines but they ars lines that are
80 very weak that they are completely trivial. * Goody has a window marked off
in here {n which therc were no lines udntod in the Migeotte spectrum, Actually
there are lines in here dus to the 6 :uh band,

Elsasser: Could you give us some idea of the ordinate, I mean what fractiom of
blacknesses is.

Goody: This is through 3 air casses., I think if you looked at liquid air
that it would be displaced up here.

Elsasser: That's & few percent, let's say of the black body emission.

Goody: Oh, as much as 20 or 30 percent, this is at three air masses.

Kaplan: And one thing that I would mention at this time, this isn't a real
vindow anywsy, because thers are wings of lines, there {5 some background in
absorption which Mr. Goody bas talked about, and talking with people the work
that they have just recently done at Johns Hopkins, that dependeance on mass
and pressure in here of the absorption, indicates that it is not really
entirely wings of lines, but indicates that there might be something like
perlimerasation. In other words one knows 1f it's the wings

of lines, for a constant path lemgth, it should be proportional to the

square of tha pressure, It 1s proportional to the square ©f the pressure until

you get alr saturation. Once you start getting air saturation then
S0 there is something else that comes in here,

it goes up very, very rapidly.
perlimerisstion is what Benedict thinks is most likely.

Question: Those lines in the ¥ 20 reglon are largely water lines with N20

superimposed.
Goody: Yes, there are merely individual nzo lines there. Actuslly we have



better renolutions pow., We can got thalindlvidu&l 007 lines in hare now.
Kaplan: Now wbat I say ls that cre does not need wurﬂ better thaon thals. One
does not need this resolution. This was done I understand frow Dr. Gaody, with
a one second time constant with a ground recorded, and that it was done with
anxuxgkn a cone of 6°, Actually I think we want &8 smaller cone, but Y thini
that Sig has other ideas. If one looked in 8 smaller come then, one could
stil)l get the same amount of energy, because of the wider slit in this case.
However, we are looking down, part of the radiation we get is from the growad,
part of it is from cloud tops. We have to be able to determina where there ars
clouds of course, This thing won't tell us, I mean to some extent tell us
whether, probably measurements will tell us whether there are clouds or not,
but it will not tell us what faction of the field of view is covered by clouwds,
There should be a television picture of the clouds exactly at the same time
thet this is made, but the ten frequencies from which measurements are made
should be done simultaneously so that they are all from the same background.
This thing that we want done in 15 micron band can probably best be done

with a grating and {t can be done say with a series of cells all acting as

exit slits from the grating.

Asguming the carbon dioxide 1s analyzed and the next curve shows water
vapor spectrum in the rotational band, the read on that I am thinking about
the rotational band is that there is more energy in the upper < part of the
atmosphere and the stratosphere in the rotational band. Also there is this
clustering together of lines, XEMUENMYXX this also occurs at 6.3 but using
5 wave numbers resolution ysmxgmnin 15 microms better resolution would be
obtained from the same grating out in this region., If you had some sort
of & cut off here, a strong cut off by reflection, or something. Reflection
by & crystal at 12 1/2 microns the photo cells would cover the emtire band
and you would get the radiation out about 25 microns. The 50 gram series is
I believe is the condition., These are the conditions something like the
conditions in the stratosphere, Average conditions in the stratosphare
are as the amount of water vapor is concerned, these are the various pressures
marked in centimeters on here 02 centimeters, 6 etc. Now take the 25 micron
band for example, this band contains a series of lines, & series of strong
lines, If you go from one end of this series of atrong lines to another

end of this series of strong lines [t 18 the order of 2 to 3 wave numbevs,
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Yhis was done with about 5 wave number resolution. If you use the same grating
and got five wave number resolution at 15 microns then the peaks of these lines
wvill be increased very greatly and at the center of the lines. You would have

complete absorption for the stratospheric layer. 8o for the region in which
Richard was speaking sbout you actually by setting on one of these lines can

really get radiaticn from the stratosphere and given the temperature although
I have not made an actual calculation for this, I believe you can actually
analyze the stratospheric content of water vapor, and of course as you go
out further to a region or a series of lines where the absorption is less,

it is move and more certain that we can determine the water vapor structurae,
Question: Were you looking straight down at the earth,

Kaplan: I am looking straight down at the earth now and these two curves
represent the amount of water vapor you have in the stratosphere.

Qoedy: Yes dut what about .

Eaplan: Oh, but you loek down as long as the stratospheric
Bleasser: The long wave length window ends at 24 microns,
Xaplan: Yes, but I am talking about something else, I mean it enda at 24
winrons depending on how high you are in the atmosphere.

Coumant: It takes & small amount of water vapor to determine the spectrum
&t 24 micrens.

Kaplan: Yes, well what I am saying is, when you look at a particular, or
you look at & serias of lines in which it is k opaque below a certain level
you got the emission, then this will tell you how much water vapor you have
above this point, Do I make myself clear? I have not done the analysis om
this, but I think {t is possible.

Fritz: Wouldn't this same arguement that you are giving now work on the 6
microm band, Isnjt that opaque right in the middle of the 6 micron band.
Kaplan: One of the things about this band is that we can pick series of
lines like this, it is difficult using the same grating. We get the same
resolution as the for the 6 micron bands; however, there is less energy in
the & micron bands, there is more energy in this wave length, and {f we
cain't use this line which is comparible to absorption over a broad region
to & 6 micron bandls frequency could be picked at which {t is opaque.
Frits: In other words you are saying that there would be places in the
spectrum, What {8 the wave number? Was it txfo vave numbers you wanted

gn this too.

Yapian:  Yes aboul two wazve numbers,



Fritz: To get to the middle of the band you want about two wave numbers, so
you want to make measurements at several wave lengths in the vicinity say of
25 microns with resolutions of about two wave numbers.

Kaplan: Yes that's right. more

Adel ?: When you say there is immm energy here you mean the eunergy from a
black body at -65 degrees.

Kaplan: Yes that's right.

Gates: Well the main contribution to mpmx the emission to space in the strat-
osphere is from this region. 7This is the major contribution to the total
energy loss. I have forgotten the exact percontages, but it's well over
50%. It msy be 70 or 80% or something like that.

Kaplan: And certainly all the contribution comes from the rotational band.
Gates: Ve can use c::2 the 9.6 ozone, ism't
that right, something like that. I have seen some figures on this once.
Plass: I don't know what fraction of the total it is on hand.

Fritz: Lewis you were going to say something now about the wave lengths and
the resolutions you would need to measure the water vapor baslow the stratosphere,
Kaplan: May I have the next slide plegse. This ig the situation for the
stratospheric temperatures. The argument is the same. Here you have about
50 percent to go about 100 percent if you have twice the resolution., Imn

this batch of lines,

Goody: Suppose you have a line blacked cut, what information does that give
you about the amount of water vapor above what level.

Kaplan: The emission is a function of the digstribution of water and the
temperature, and from this distribution, and it is a different functiom of
the distribution and the temperature at different wave lengths, so getting
again a2 series of n measurements, vhat I am saying is that you can obtain
water vapor distribution assuning some sort of distribution within each layar
that you have for n layers.

King: 1I'll discuss this in version technique in a different context and also
show some of the pitfalls.

Goody: We've tried out this inversion technique and found it a very tricky
business., Unless you get & very big variatiom in your paramsaters it's very
difficult to solve the thing,

Kaplan: Yes, wall msybe we bettsr talk later about the inversion technique
and from what Gene says, maybe we ought to wait until he {s through. Well

”e



let me say that I am very optimistic about the iunversion techniques.

Gates: I would just like to say one thing while you have this in fromt of us.
Next year by this time or before nowwe hope to have the absorption spectrum
in this region of the sun frpm balloons up to high altitudes.

Fritz: Why dom't you look up and Wiowm at the same time.

Gates: Okay

Fritz: All right vhat about thexxmwsimgim other reglons looking into the water
vapor below the stratosphere,

Kaplan: Oh yes, well if you're looking between lines you go further in here.
Fritz: 1In other words you'’re using the same portion of the spectrum for this
too,

Kaplan: Yes you can use the same., The difficulty in any portion of the
spectrum is to find a line that's strong enough. Once you find & line that's
strong enough then nearby there are lines that are weak,

Fritz: Vhat would be the resolution for that. Say to msasure the water vapor
distribution from the ground up in some/Shy *

Eaplan: If you havs two wave mumber wave resolutions and I don't know any
reason why you shouldn't use it, except that it im't required for tha other
parts you undoubtedly you u:{na a larger mmber of wave numbers resolutions.
Goody: 1If you do a 2 or 3 layer model in the troposphers you certainly
shouldn't need more tham 25 to 50 wave mmbers should you.

Kaplan: Well I think you would need better then that.

Frigz: Will you settle for 10.

Keplan: Yes I would say 10.

Fritz: Well I guess it has to be analyzed a little further . It should be
somevhere between 10 and 350.

Goody: 1t's easy, not difficult, I think that's the main thing here.

Raplan: But there are a few fraquencies in which you should use two wave
mumbers,

Frite: But, Richard, do you agree that you would use this portion of the
spectrum, t00, or would you use ancther one? Or doen't it meke any difference?
Goody: On Water vapor, well certainly you wvant the region in which the
absorption properties change very rapidly. You can sither go to very high
resolution and work on a single line with a quick change absopption character-
istic this way or if you are going to have wider slits you want to go over

tm & spectral region in which the mean absorption characteristic vary and
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this is a good mregiom,

Fritz: For example, if you were going from 6 to 8 microms, you wouldn't do
that, you would go rather in.

Goody: Well there is more energy, and we are much more certain of the lab-
oratory data.

Gates: Also of the theoretical data. Your theoretical data &£e much better
determined here, too, for the rotation bands,.

Fritz: Are you going to say something about ozone?

Kaplan: Yes, the next slide 1s ozone. This is the Ozone Spectrum. It's very
BXBNEXSRXETKENX  messy as you can see in here, this is Migeotte measurements
from Jungfraujoch of ozone and above this is my analysis of the measurements
broken down, but there are txregularities in the band, but very much like

some sort of a random model. I have treated it going from maximum to maximam
completely at & random,

Fritz: What wave length are you at? 1Is this the 9.6 micron band?

Kaplan: Yes, this is the 9.6 micron band. The center of the 9.6 micron band.
The analysis if you look is quite good, but in some reqions the Q branches fit
in wkemky beautifully and then some of these lines fit absolutely perfectly.
As you go out in here it getl msa, this is only going from maximum to
maximm, It already gets worn/at a J, less than 20, and here it's very,
very bad and that is because lines are coming back on themselves in here.
There is a very strong corriolous inter-action between this and the 9 micron
band and somebody, Dr. Howard/Ehers has just analysed the 9 micron band and
he will shortly have out an analysis which will tell us what the positions are
I hope. But this is know and calculations can be made for the band. The region
which I am going to discuss very shortly as far as the absorption is concerned
in trying to measure the ozone the distribution of temperature in the atmos-
phere from the ozone is the 3 wave number region in here and the 3 wave
number region in here. These are two regions in which Walshaw has made
measurements. There would be advantages to using high regsolution in here,
This 18 one wave muber in here and you don't have a dip in#between. Now ome
of the difficulties with carbon dioxide is that even in the strongest part

of the absorption you can see the ground. Sowme of the radiation from the
ground gets in., I mesan {n ozone. There i{s no place where ozone is really,
except again L{f you look really ativery high resolutions at centers of lines.



No, probably not even in clusters like this, you can probably even in a cluster
like this see some thing coming from the ground. So that, as much information
can probably not be obtained from the osone as from the carbon dioxide. Ome
of the nice things about ozone is that and as you recall carbon dioxide is
terribly temperature dependent in absorption, ozone is not quite so temperature
dependent at all. Ozone {s a very heavy molocule and because of this, even

for high J's the lowest state energy is not so very large, so that over a

large part of the band the temperature dependence is much less less important
than for carbon dioxide, and because of this using for example, the Curtis
method it is possible it-Le-—pessible to use laboratory data im order to
determine what the absorption is. Now how transparent this for the xkmx tiny
amount of ozonme that is up near the top of the atmosphere is that it is so
transparent that you can not get any information, because really at the very
top layers you are in the linear regions of the spectrum, ,.ndd will not go
into this because I kmnix have well run over my time. If it f very impmx

transparent so that you are in the linear region than you can not snalyze,
because you get up your equations and equations all dependent upon one
another, you don't have independent equations. I will give some figures to
show that even for & small amount of oxone in the region sround 50 kilometers
the absorption is far from linear in the strongest ridge of these 3 wave
numbers hore. The next slide which is the last slide I am going to show,
shows & fit of the random model to the region from maximum to maximum
esdentially over the curve against observed values made by Walshaw. This
pressure goes from 30 to 730 milometers, & miss from .03 to .20 centimeter.
This 13 the average value as Goody and Walshaw have shown if you pick
particular ragions and try to fit them with a random model, then the depart-
ure is very very great. This shows you that if you go over a large enough
region you have cancellation of area, but what this indicates is that in
making the analysis you have to be careful to either pick a ragion in which
the fit to your modal is good as compared to laboratory msasurement or clse
1f it i3 not to try to apply some corraoction somewhat along the line to
perhaps what Jean King is going to talk about, the work that he has done
in the spottiness of the spectrum. But now, yes this is 23,7 wave number,
the dot this didn't show up. Well I think this {s the end of the slides
and I want to give some numbers on ozome and then I am through, and I am
sorry to have talked so long.



Fritz: Oh that ia allright you are giving two talks and you are entitled to

a little more time,

Kaplan: Well what I was going to say was that the ozone absorptiom in the
upper layers of the atmosphere departs from linearity and I bave gotten in

a hurry some figures of ozone concentration from Burch's Progress Report and
1'11 even give his layer numbers., Hexe, layer 10, 9, 8 and 7, the height in
here in which the ozone curve in here is in 5 kilometer heights from 44, 39,
39, 34, 34, 29 end 29, I dom't the layer just above this which has justsmall
amounts of ozone because I don't have any data to compare with it, This is the
mean average pressure in mb and it is 1.2, 2.4, 4.7, 9.4 and 1 have uritten
down the pressure in millimeters also because Walshaw data ome in this form.
Then the amounts reduced centimeters, the reduced path lemgth in these

layers are 005, 010, 020, 040 about, and sum of the masses, which is used

to get, using your laboratory data, is .005, .015, .035p etce in here. And
now mean pressure defines our Curtis for these layers, are again .9 which

is the same as this, 1.5, 3.7, 6.0, this is just ot give you an indication

of the distribution of omone. These are Umkehr problems.

Gates: What are your units here on the masses?

Kaplan: The masses are in centimeters of ozome reduced to STP. And now I

an going to take runs- I'll even give the number of the run, these are avail-
able at the RM.S. I am taking two runs at low pressure and with the
smallest amount of mass, and it most closely comas to these conditions,
Actually it does not quite to these comditions, but now I have the mess in this
case is 0,216, 238 is the number of the run of Walshaw, in case you have to
look up the data at the R.M.S., Cloud here 0.312. And now I am going tolm:
a P infinity, and P infinity is the pressure as though it were ozone mixed
with nitrogen for example, or ozone mixed with sir., It's a pressure in which,
if a correction is made to eliminate the effect of ozone, otone collisiom, so
it is essentially ozone-air collisioms, unit this is 1.02 mm, 1,22 mm. and
now the absorptiom at 1056.8 wave mmbers, and I am going to give you absorp-
tion also, at 1033.3 wave numbers and this is the ragion of the maximum
absorption, kk both of these in the region of maximmm absorption, Absorption
about the same in both cases as you will see, .072 in this cazse .083 in this
case, .075 in this case, and ,086 in this case., And now I am going to give
the absorption that would occur 1if 'thc absorption were linear, due to this,



- 33 -

and it depends upon whether you use my method of extrapolation or Walshaw's
method, extrapolation is slightly different in here, and my method I am
sultiplying the mass by 10, while Walshaw is multilpying the mass by 9,
Essantially this is very close to it and it doesn't make an awful lot of
difference, but this is the linear absorption in this region and you see
that it is way below the limit, The mass {s definitely higher than theae
messes that we have. I am comparing this absorption with the absorption
that it would be if it were linear. This is the sbsorption right here, 10m
is the mam coincidence., It is enough to compare this and now also sinca
the pressures are about the same, approximately the same, we can actually
divide the masses and see vhat the departure is from linearity of these
things, and ratios that we get are 1.44 end despite the fact that the
pressure is larger in here we get 1.15 here. So there is enough of a
departure from linearity in here that it appeare likely that you can get
some information from it. However, probably only a few frequencies can
be used to deduct their temperature., It would be & shame {f these fre-
quencies would have to be used to determine the omone distribution. I
think the bast thing to do is to determine the omone distributiom by the
Unkehr effect and reserve all frequencies inm which you can make any kind
of measurements to determine the distributiom of temperature between say
30 kilometars or 25 kilometers, you really can't go below this., Say 25

or 30 kilomaters to 60 kilomaters. I think the ozone can possibly give
this informatiom,.

Fritz: Which wave lengths would you use to messure either the temperature
or the osone?

You would measure in the region near 10 microms.

Fritz: What would be the Ruoluumﬁn this case?

Goody: 2 weve mumbers or something like that.

Kaplan: Yes, it would nice to get one wave nuxber in a few places like
that I showed, something like that plateau, Ome would naed one wave
nurber in order to get away from the dip. Tha better the resolution the

¢

better off you are hare.

Adel 7: When you msxmsxextinxitstxiimtiss say to use the Umkerh to measure
the skxrdistribution you mean at 3,000 angstroms or 80.

Kaplan: Yes, sctually you can go further in the ultra violet. That's

another advantage of being abova.
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Fritz: You mean Singer's technique for measuring or scamning the spectrum in
the ultra-violet, reflected ultra-violet.

Kaplan: I wouldn't say that it's his technique.

Fritz: Well, he wrote about it.

Goody: The Umkehr {s a notoriously insccurate method of measurements, you
know that.

Kaplan: It doesn't have to be an &ccurate method of meagsurements. I gpoke to

Sekera a month ago, and Sekera beleives the Umkehr can be a very accurate
nethod of measurement if it i is dome right, that is, i{f the calculations are
made correctly and that it would be a beautiful thing tc do from a satellite.
It could be made much more accurate if it were dome from & satellite, but it
is certainly something that should be looked into and it is my feeling now

is that you can probably determine more accurately the osone distribution

by the Umkehr method than you can by emission.

Fritz: Well I think that we have purposely stayed from solar radiatiom
because there is a whole spectrum of problems with that and meybe this is
subject we should leave. Now, in using these particular wave lengths you
wouldn't use these to determine temperature, would you?

Kaplan: Well in any case I don't think you can get the ozome in a region
below, anyway you certainly can't get it by the methods I have been using
becauge the Curtis approximation is absolutely no good for a very large
variation of pressure and for an increase in concentration with height,

This 1{s wvhat you have when you are loocking below the ozome maximm. I

think this method is good only for the region above the ozone maximmn and
there we are only saved by the fact that the temperature is so low there
compared to the temperature around 350 kilometers. So that is only a small
fraction of the energy that gets sm out, But this is a little ticklish., I
am less sure of the ozone than I am of the temperature through the carbon
dioxide, or even of the water vapor.,

Goody: I think that this question that we are concerned with might/BE least
be used for illustration, because several people here have basen involved in
this, It is the one case of the type of inversion which will have to be used.
Adel has worked on this for a lomg time, so has Jean King and the rest of us
can speak with some familiarity of the type of problem which is involved, that
it is perhaps the one case of analysis which =x has been made .

i
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Goody: (Showing Slides) I thought this might illustrate. Without laboring
theoretical analysis, Walshaw has done & lot of work on this band by the more
fruitful but parhaps esthetically less satisfying method of showing it through
an alectronic cowmputer. What he has done is this, first of all this resolution
and this is quite an important point, you have to go to this kind of rxesolution
one or perhaps two wave numbers. Actually for certan you can gat inbetween all
contaminating lines. This was most important for & really exact analysis., Ome
does know where these lines ars, these water H(:O2 lines, and for example, you
can set your slits and get in there and be sure that you have no comtaminating
line touched by your spectrum. Let me give you a few figures. 1 have picked
five useful points which are uncontaminated with this degree of resolutiom,

and naturally one goes then to the problem of getting two compoment analyses,
Zxkux 1f possible. Now the second thing is that as you work with your digital
computer it rapidly becomes clear that with this kind of resolution what you
want {8 a big effective change and not intensity. Ignoring the temperature
affect and assuming tha that the Plunk function is the same all acrost the
band, the value you will really want to vary is the optical density. Now,

you can change that in two ways. You can change sither the abaorptioo.‘o-
efficient by looking first of all here, theam here you can jsut squeexe out

a change of 10 to 1 without being unreasonable about this, and the other way
you can change optical depth is by viewing the strong air masses, perhaps 6
air masses. At any rate I think that intoto by looking at gll air masses

that the maximum range of absoxptiom coefficient you can change the optical
depth in that band by about 50 to 1, so we used 5 points plus scanners,

about 5 or 6 air masses to get the gurve which effectively gava you the
emigsion. It could be just one point. It doesn't meke much difference

vhich point it is from the point of view of analysis, but if you ignore

the temperature effect you can effectively coalesce all your smmtkxgs

results and get a one curve or an idealized region with a change of optical
daepth of about 50 to 1. Now what will you get out of that? Well, the
accuracy of these is about 1 percent and the noise is somewhere about the

1 percent level. Ve certainly hava absolute accuracy to about 1 percent

by looking at different air surfaces and water surfaces. Now we tried

this ocut xaxhmxdnexkinkyx fairly thoroughly. You can put it into a

digital computer and give it a multi layer model of the mixxzmma ozone,

give it the temperatures and let the machine think it over and pick
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out tha least squaraes that best fit., It's pretty limited in vhat it will do.
It will pick out about five layers from this amount of noise. Given no
other information this is with about 1 percent noise and 50 to 1 change in
optical density. This, however, would be really satisfactory, but 1f you
are going to ﬁazt looking down becwu you have the
difficulty/whsm you normelize on liquid air, of cource/u don'l: know about
any cmmxiwuxk continui across this background and although you can measure
the continui and ve do measure in the/ and 1n there, and in here some
place we get the continuwous background. One has to have information. This
is the kind of thing mam you run into, that is, given the continui in here
and in here, what is the continum in here, That is a necessary part of the
analysis and upon that perticular rock 1 undersuud that Dr. Walshew has
completedly foundered. He can't even make tbia/rl::xlglh analysis and
80 I mention this just as practical experience. About the limit to which
you can drive these things. Of course the mlyaigis& either be tem-
perature or density., It can either be temperature/mx density or density
given temperature. Which way you take it depends upom your secondary data.
1f & good Unkehr method has been devd oped, well and good, but as long as
it has been brought up that the Umkehr method is perhaps the least accurate
way to measure oszone that is being used today. If there have some massive
improvements this is good; however, that is the state of the art as it 1is,
Without improving the Umkehr method one would be much better advised to
use the carbon dioxide to get the temperature and use the temperature to
get the orone I would guess but this is a practicle problem which must
be worked out yet,

Kaplan: Well this can not bae dono because the carbon dioxide camnot be

used to give you the temperature in the region where you have maximmm

ozone and below the region of maximmwm orone the path lengths are to large

and with a distribution of ozome increasing with height I am afraid that

evan the Curtis approximation is very impracticle for treating this problem.
Goody: True, but we can assume that we will get something better, presumsbly.
Esplan: Row as far as the background is concerned, 1f you are looking down
you have much less trouble with background looking down than if you are
looking up because background is partly immerged with the ground., The
background would come mostly with the bottom layers of tha atmosphere

which {8 not 80 very much different from the temperature of the ground and
the change between that in the radiation between that and what the background
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So that

temperatura of the ground 18 would be quite small indeed. /%£f you are looking
at a background that you understand quite well as against a background which
you do not understand when you are looking in a upward direction.
Goody: You assume that the ground is a grey body which is probably quite
close to 1t but as 3 matter of fact this is a very ticklish point. In the
case of a satellite of course you can't scan an angle for obvious reasoms.
You would be looking over ome comtinent at one angle and over another con-
tinent at another angle so you can only do this wave length business so
this wave length business is really important. Now to get your 10 to 1 you
have to come to places like this and to find what of that is omone and what
is background you have to know the background with a fairly high degree of
precision and although you can probably regard it as & black body I wouldn't
want to say that it i1is that gamix grey or that one can get a good analyses
out of such a simple aseumption.
Question: Well you monitor the background in a transparent region wouldn't
you?
Goody: Well, yes you would,
Kaplan; Then you 1d extravolate.
King: What sort o:?wmm.fgndd Walshaw?
Goody: Well we measure it in these regions. We know where the stuff {sd
Wa kunow it is pretty accurste, say near 950 millibars and we know it's mean
emigeion temparature. We can measure that quite accurately, so by measuring
the emission in here we can tell it's absorption. So we have it's sbsorp~
tion at these points and we have information on the balance of the spectrum
but it's got to be exceedingly good information you get in here.
Kaplan: May I make one point that I neglected to say in all of this, anything
that {s done theorstically, should of course be compared wmkix with experi-
mental measurement and I think that in an early stage, way bafore equipment
is put in the satellite, and this ie particularly true of background studies
in here, that this be done from say & balloon or reconnaissance aircraft
in which simultaneous radiosonde measurements are made in the below condi-
tions. It has to be calibrated.
Dr. Frits: X Lewis to hear you say that warms the cockles of my heart!
Well let me summarisze on the ozome then. Ozone may be more difficult but
still suggestions are as I see it, I think we are going to stick to the infra-
red, that we can hope to get something like 5 positions in the spectrum



centered more or less around the 9.6 micron band, that we would need resolutions
of something like 1 to 2 wave numbers in order to do us any good and with that
we might be able to determina the ozone distribution in a few layers imn the
vertical,

Kaplan: No, you would be able to determine a temperature given the ozone.
Frite: 1f you have five wave numbers can't you get two layers of ozone and

twvo temperature? NAX

REXEMRNY XML

Goody: No! you have to be given one of the two.

Kaplan: As bad as the Umkehr method is I would bet that it is better than the
emission,

Fritz: Well what would we get? VWe would get neither ozone or temperature then,
What would we get?

Goody: You still have to know one to get the other.

Fritz: But we don't know either one of them,

Cates: You may know the temperature fmm other information, oh from soundings
of the atmosphere.

Fritz: Not over the Southern Hemisphere or over thcogcenna in soms places,

Question: By temperature do you mean distribution/sm the ozone. Suppose you
want to measure the total amount as well as the disetributiom.

Kaplan: The total amount is not so bad this can be done from £ reflected
radiation, probably from the earth in the ultra-violet.

Fritz: 1In the end then, we can messure in five wave lengths perhaps but we
would not be able to separate out the thé ozone from the temperature unless
we could get one or the other by some other means. I would suggest that

we take 5 minutes cut and then let Jean King have a crack at us,

Jean you can have 20 minutes or so and then I thipk we should break up and
g0 to lunch, we have to be at this place a little after 12:00., I would like
to ask Jean King if he would tell us his ideas sbout measuring temperatures in
the atmosphere from sataellites,

King: This work was done about three years ago, but because of diversion of
my interests in other rasearch areas it hasn't been with the vigor that I
think it deserves, so at least here I think we can decide to follow through
it or at least give the work a decent interment,

Fritez: Would you take the hand mike please.

King: The basic idea starts from astrophysics really, and the well knowm
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limb darkening effect that one gets with gll stars in particular, the sun.
Vhat you find is that as you move from the center of the disc to the limb
of the sun, the light intensity falls off by a factor of about three and
this is due to the fact that when you are looking at grazing incidence

at the limb, your eyes are intercepting only radiation from the outer
layer of the solar stuwosphere, wherever that 1s. While {f you look at the
central point, then you are intercepting photons from the deeper layers.
So that, in principle, & knowledge of the variation of the m emergent
intensity from center to limb gives you information on the vertical strat-
ification of the solar temperature. If it gets darker towards the limd
it 19 obvious that the atmosphere is getting warmer s&s you go down, This
was first used to choeck our certain radiative equilibrium theories which
give temperature distridbutions for the sun and this was a way of checking
on various radiative equilibrium models. Well, it {s & natural appli-
cation to think of this in terms of an earth satellite where you have
roughly similar conditions of looking down from above, and presumably by
selective choice of wave length you could observe a limb darkening or a
1imb brigthening effect., The basic eguation {s the intensity emerging
and I'1l connect this up with what Lewis and Richard Goody discussed,

The emergent intensity is seen to be a linear transform of the planck
black body function as a function of depth. The kermel in the gray

case is just the simple Lambert function, and we can write this as a
Laplace transform, so essentially what the problem devolves into
inverting the transform and symbolically {f we invert the transform we
can obtain B as a function of depth, given the emergent intensity et
various angles. Msi here is the cosine of the zenith angle or lambda
here {s the mean absorption coefficlent divided by the monochromatic
absorption coefficient, so that what I will talk about will be the
inversion over angle., In other words we will vary the angle while what
Lewis has concentrated om is inverting the varying intensity with
position in the spectrum. So either of these two methods is possible
and the way that one proceeds with this inversion is -there are all kinds
of ways of doing it - the simplest one that I came up with was a broken
line segment - we call it a polygamel arc-where you assume-lets say

this 1is the actual distribution of B with depth. I assume & broken



line segment here of given lemgth, and then wvhat you do is take the intensity
as & function, measured as & function of the mu, here and if you have five
different measursments this then determines a set of five equations and the
unknowns in thie case would be the teaperature hers and the & slopes of theee
line segments which you can get. 8o in principle it looks extremely favorsbdle,
80 in practice, for a synthetic example, it works out pretty well here, I
assume a distribution of B with depth then saw vhat intensity sero mu would
be for such an assumed B. Then work backwards with this arc technique to
detormine the slope snd it indeed does work out very well. This however
turns sty out to bde falsely encouraging, for ressons which 1°11 proceed to
g0 into. In the first place you kind of uncousciously set up a favorable
situation, amd in the second place, the whole problem of inversion is more
difficult then it seems because, well you are trying to get information
about a temperature distribution here while you are looking through & lot

of intervening saterial which tends to mask the effect of the deeper layesr.
In other words, it is like trying to tell if it is vaining out doors while
you are {n a shower bath. You are having to look through something that

is obscuring, which makes for a grave indeterminancy of the values at the
deeper layers, although it doess determine, as one would expect, since

most radiation comes from here, these slopes of the upper portion quite
well, Well, what I wanted to do then was to check this out with some
terrestrial messurements and the first thing that came to mind wvas to talk
with Professor Adel. He has, over the years, on & routine basis, made

Extor measurements of ozone and it seemed to me that if I could get from
him this extor psrameter as & function of air mass, vell then I would be
able to work baclards and comstruct what the vertical temperature structure
of the osone actually is. Befors I tell the results, it is worthwhile
mentioning just vhat this extor is, what ig it Arthur, I never remember

the actual nawe, Effective radiation temperature of the osone. Anyway,
simple viawsd, say if you are looking here, your radiation is coming out,
nov we're heving tha bottom of the ogons atmosphere right down here and

ve are looking up. This extor is, lets assume the osone is completely
isothermal and that it has sn optical depth of say tau subt. If it is
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isothermal, then, the emission coming down here, just from Schwarzschild's
equation, it will be B times 1 minus transivity and this B them is the
extor, since for the isothermal case this is just a emissivity. I can write
extor just as I zero mu over the emissivity. Ordinarily this extor is
measured at the air mass where your sun is, and so I didn't know whether or
not he had made any scans of extor. PExtor will be a function of your thick-
ness of your medium. And physically it represents some means temperature,
for instance we know that the temperature structure of the ozone is increas-
ing, throughout most of it, so it will represent a temperature wei ghted
towards the bottom of the ozone and I think you can see, for instance, why
it should change with position, If you are looking through a long air mass
traversa, your extor temperature will be essentially the temperature at the
base of the oxone, and conversely if you sre looking straight through, the
extor will be a reprasnetative temperature higher up in your osone layer.
This fite our problem here and so let's put down just a few eets of values
vwhich Professor Adel obligingly furnished me earlier this week. This is

the air mass thickmess, 16,8 would correspond to looking through prac-
tically grasing along the horizon. M i@ one over e. I don't know the

date of this, ximathmxxyxampiwy you didn't give it to me perhaps (1948).

Do you know what season? (Spring) Here is just one more for comparison. e
The air messes go 1, 2, 2.9, 3.8, 5.8 and {f you calculate the extor values
from the data that Dr. Adel furnished me it is worth noting that actually

I have the extor temperatures - actually all you need are the emissivities
and the total optical depth. This is in principle @ simple mesagurement

to take. You don't need much data to reconstruct this vertical thermal
structure, Also, another thing, it turns out that the pattern you get

from the inversion is quite insensitive to not omly the total thiakness

that you assume but also to the precise form of your transmission functiom.
It really doesn't matter too much because all we are obtaining is sime
ptosﬂ:h here, we are not specifying the thickness or the airmass depth
at/shwkuk these temperatures occur., The first thing that alarms you is

the following: If the omone temperature goes up throughout the layer,

say from 25 to 35, somathing like that, we would expect that as our air mass
traverse incresses ve would expect that our extor temperature should go
down and precisely the opposite effect is occuring here. The reason for
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this I don't think {s hard to uncover, it is simply that in this long parallel
to the horizon traverse, yout?;éatumly pickeng up some of the contaminating
water vapor radiation here, and it is all the more serious because the temp-
erature of the water vapor that you are pickeng up in that path would be much
higher than say the base of the ozone temperature that you are trying to discemm,
so that is very upsetting. That is one of the difficultiesd Trying to sep-
erate the two effects. It seems such & striking increase that it was hard for
me to think of it as being just exclusively the effect of tropospheric ozone
which 18 very slight, The same effect is shown here, that a slight warming
as you get down to the bottom, and cools off, then rises again which is the
behavior you would expect. All this is well and good, until you try to carry
out the inversion and this is really the discouraging aspect. You find that
"the actual osome structure, temperature is going to be something like this,
that the polygamal fit you get varies wildly and in very little meaningful
sense here, you can get huge slopes which of course are patently unreal and
the whole trouble, I feel, amd this is something that I want to check into
more carsfully, is the extreme sensitivity of these temperatures to a slight
variation in your emergent radiation here. In other words, if you would

just make a slight error in the determination of these quantities here, the
indeterminancy of the system, dus to the fact that the upper part here is
essentially hidden, is such that the coefﬂcients# are really not very well
tied doun. I am not expressing this very well, but if you carry out a
calculation I think you would get a feeling for this indeterminancy & of

the scheme. The only way that 1 think that one can improve the messure-
ments, situation is by meking extremaly sure and more careful measurements,
maybe it is actually the local inhomogenieties ign the air mags. For in-
stance, all of this assunes, as a basis, a plane parallel atmosphere. May-~
be in the course of the measurements, advection would be enough to render
this inapplicable.

Tha one good thing it is that it is an excellent self consistenth check.
That {s, if you do get a series of extor measurements, which do make sense,
and provide & meansigful close approximation to some reasonable distribu-
tion, then &s I say, that is & good self consistency check., Now certain
things will be improved by looking down from above, rather than the
reverse, in that you wouldn't have a contaminating effect of the atmos~
phere from benmeath., I think that the comclusions are that the water vapor
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masking is serious or we mast look into this tropospheric ozone possi-
bility. It is & good self consistency check. The satellite would be more
favorable, and as for a proposal for future work, I think what is needed

isi more observations of this extor type and a complete checking out of how
serious is this lack of daterminancy in the calculated lapse rate.

Fritz: I wonder if Dick would want to repeat his question of before? Namely,
when you look at large angles, which I presume what youlave in mind here,

you might have to look 60°, for instance, from the sub satellite point as
your air mass 2., That you might be looking very very far away from the sudb
satellite point.

King: You have == a satellite rotating vertical axis with ports at various
angles here and if it is spinning you would integrate the effect, presumably
and smooth out the horizontal inhomogeneities.

Pritz: UWhat was this? I didn't understand.

King: Well if you would have a satellite which would rotate above a vertical
axis with ports at various angles it's clear then that if part of the failure
ie ﬁ:eto the say osome clouds or the fallure of/f:kin of parallel asspumption
this would automatically integrate out those effects. Any affective effects
would also be taken care of here because thasse observations at various angles
would have beon made simultaneously.

Fritx: The one looking put at far angles, you would look at Northern Canads
and Mexico for exemple and aversge those out? Look at 60° frow 600 miles

you would probably see Northarn Canda and Mexico and then you would average
those out,

Goody: I think it's important to realisze that smy kind of inversion like this
is an insensitive kind of inversion. You do need accurate data to get any-
thing mt out of it. You cain’t do this kind of inversion roughly,

Kaplan: Did you assume a grey atmosphere like you had in the other thing?
King: First I took the transmission functions that Epstein, Adel and
Osterburg report which was the usual averaging over several lines. Then

I took just & straight E to the minus tau over su and it made very little
difference. The results are very humitivolfgo form of the transmission
function, You take, that is as far as the coefficients that you get.
Fritz: To summarize this one I suppose you would be satisfied with rather
courge spectral resolution. You look in a rather couwrse part of the spectrum
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in this absorbing ozone band but you would want to get angular resolution
over I should think at least three or fag o:ir wesses. DBecause the variation
as you go¢ from one to two is as you go/fxm angle o to 60 is very slow but
after that is goes rapidly.d Then this question about the geographic thing
still remaing a serious problem.

King: What is needed in all this is & mathematical analysis. If you put in
an error here, how does mmm it get propogated in solving this metrids of
sikxxat, simultanecus equations.

Kaplan: Ome of the difficulties that you mentioned is that very little
radiation comes out from the top of the atmosphere. If you look at a real
atmosphere we have lines and lines broaden out as you go down with height

so that actually from my slide on the carbon dioxide this shows up. You get
about an equivalent amount in the middle part of the spectrum from each of
the layers as you go up. There is a decrease but this i{s compensated by the
black body « This {is the kig big
advantage of looking down versus looking up in trying to get sn analysis,
Adel: This particular parameter has rather interesting variations.
Apparently short period variations and a satellite might be a good vehicle
from which to monitor them. Ertor varies with a period of 18 days and also
with a period of 10 days and the tem day periodisity appears to be confined
to the upper portion of the stratosphere. The 18 day one appears to prevade
the entire stratosphere. The total ozone amount varies with precisely the
same periods and the westerly component of winds aloft apparently has the
18 day period. Three completely different sets of observations all happen
with the same periods,

Fritz: Let's break up for lunch now

LUNCH
Dr. Fritz: We might as well start. We have one remaining talk left and
that vas the one by Mr, Wark from the Weather Bureau, who has been thinking
about how we would use the TIROS measurements for example to get the heat
budget of the atmosphere, and also he had some other thoughts along these
lines.
Wark: Well before I get into the problem I wanted to state exactly what we
are trying to accomplish here in the heat budget and we are not concerned
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with the visible part of the spectrum today, 80 when I speak of the heat budget
I'm speaking only of the infra-red portion. This is probably one of the most
important things we are going to get from a satellite, Just how much heating
goes into the atmosphere, because this is the thing meteorclogists need in
radiation. After all it is thaemergy that is absorbed that drives the atmos-
phere and causes the weather. So we want to find out just what this quantity
is. Now, the heat budget of the atmosphere itself as a whole is the total
inward and outward radiation from the top plus total inward and outward radi-
ation from the bottom. The total downward amount at the top is zero. The
total going out of atmosphere itself, not the amount of radiation seen from
above, but the total amount coming out, I'll simply indicate as I'll just
write it symbolically like this, the upward radiation at a given wave length
and in the direction theta. This is a loss so it would be minus. The loss
from the bottom of the atmosphere would be the downward radiation of the

same sort. And the amount going into the atmosphere would be that contributed
from the ground, which would be the emission from the ground, Bo, whether it
is the black body or not is of no concern at the mowment, times 1 minus the
transmission through the entire atmosphere. Call this quantity H sublamba

of theta. This is in a given dirvection, just an arbitrary direction here.

The radiation entering at this angle and leaving at this angle. Thig is
monochromatic. This is actually the quantity that we want to obtain. How-~
ever, we can't observe this from the satellite. It is not observable. What
we do observe, though is the amount leaving the surface and getting through
the top of the atmosphere, which is B nought times T nought, plus the upward
radiation from the atmosphere {tself. S0 that we have this equal to B mought
minus the observed intensity in the direction theta, wave-length lambda,

minus the downward radiation. Thie much is known, These two things are

not known. Unless there is a particularly clear part of the spectrum which
we can't observe this emission from the surface, although perhaps this-what was
it-8 wave number region.

Kaplan: That's 11 microns i{s the best window that you have, I think in the
spectrum but even there near the ground particularly or in regions where there
is a large amount of water vepor there is difficulty.

Wark: Now the only way that we can get these two quantities i{s to calculate
them. The only way we can calculate them is by knowing the structure of the
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atmosphere, knowing the temperature and humidity distribution. The temperature
must be know with some considerable accuracy. I am not sure just what the
accuracy would be in the water vapor in contributing to this factor here. This
thing has to be calculated, it is siwply the reverse of this probldm here., 1If
1 had all the parsmeters put in I could calculate this upward quantity and I
could also calculate this downward quantity. Before we can get this we have
to go through the calculation. This might be done by some method such as
Dr. Kaplan has suggested of going through some typical model atmospheres and
getting a good fit finding deviations and try to get this quantity by dif-
ferential methods. This then has to be, 8lso, to get the ultimate quantity
that wve want to get which is the flux divergence of the atmosphare as w a
vhole, we have to integrate this over lambda and over theta, I don't believe
the wave lemgth integration presents any particular problems, simply this
quantity times times of lambda integrated from gero to infinity. The other
problem, however, of getting the flux divergence in all directions, means
that wve have to know the dependence on theta and here, again, if we know
vhat the atmosphere looks like we can calculate it, But this quantity here,
which is the observable quantity, is definitely dependent om theta, since
at large angles we are looking edsentislly at the top of the stmosghere.

In summary here, I might say, that to get the heat budget you have to
have data of the type which Dr. Kaplan spoke of which would get the exact
structure of the atmosphere. Without it we cannot get this quantity. We
have one other problem, we might want to get the planetary emission, which
would be only this quantity here. This would be the emission from the
ground and from the atmosphere, And to get this, however, we have to mea-
sure over a mumber of angles and & number of wave lengths and I don't think
it is really a mch simpler problem as I will indicate with the following:

In the TIROS project, we have certain filters which we use to cover broad
bands. 1'l1l discuss two of these. One covers the region from about 7 microns

up to sbout 35 microns. You can see the plot of this, the general nature of
it. What we want to get is the intensity in one direction in which we are

observing. The thing that we observe is equal to the integral of S-lambda,
This would be the sensitivity of the sensor or the transmissions of the
filter, which ever, it would be a combination of the two. Times the true



intensity. Call this I prime, This is the thing we have actually observed.
The quantity, the signal that we get frow the ground, is something which s
proportional to this. Wae know this characteristic, but we don'‘t know the
functional form of this. And without this functional form we can't get an
unambiguous answoer to the quantity that we reslly want which ie I of theta
which is equal to the integral of I of thaota lambda, which is the total
intensity in direction theta over all wave lengths. There might be some mumxy
neans of approximating the true values here but I want to point out that the
use of this sytems does not give an unambiguous answer. In the window we
have even more trouble. It {s possible that we might be able to infer, with
some accuracy, the total emission from the asrth and atmosphere from this
broad band here. In the window as I indicated, we are in much greater trouble.
I have here a filter characteristic for the 8.5 to 11.5 micron window trens-
mission. You will see that it is less flat than the other. It has a shape
something like this.

As has already boen pointed out, even in the clear parts of the window, we
are not looking just at tha ground alons. To call it s wvindow is only
partially correct. With the help of Mr. Popham in our office, I went
through an {ntegration on a vexry simplified modsl of the emission I would
get from the top of the atmosphere, sasuming a sort of mean absorption
coefficients over vide bands, and I adopted the valus in the window of about
0.1 contimeter squared per gram, which I think is a reasonable average value
within this region, I get the following emission coming from the top &k the
atmosphers. I plotted here prassure, starting at s thousand milibars at the
top, going to sero here and this is the intensity plotted in this direction
and 1 heve cut the atmoephare into saegments.

Kaplan: 1Is this water vapor you are talking about?

Wark: Yas, this is water vapor. I have ignored osone. Just spesking of
water vapor alons here, I think it {s important just to get this illus-
tration. WNow looking atraight down, which is the black curtwe here, I got
3/4 of the enission coming from the surface and about 1/4 from a range
spread from the surface up to 500 milibars, halfway through the atmosphere.
1 think below 500 milibars you ars getting significant amounts of rxadi-
ation. This ved curve is looking at an engle of 60° that is, sec o {s 2
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and the radiation coming out of the top of the atmosphere was sbout equally
distributed between the surface and the atmosphere itself. This has an average
close to 700 milibars. The other day we talked about this region with him and
1 asked him what he expected to get from the measurements in this regton‘ He

said he expected to determine thum whether there are clouds or not clouds. This
is also a handicap unless you have also on top of this the emission from the
osone . It is a very large property in this area. But you have something
coming from the ground, and I think mow they think that wvhat they are going
to get is the difference from the ground radiation and the ¢loud radiatiem.
They will be able to distingmish {f they are over clouds or not over clouds.
Fritz: Well that was the idea, the differemce in the energy is greater when
you are over clouds thas when you are not over clouwds. I think the point is
here that it is mssked to some extent by the water vapor but you still may
be able to do it.

Kaplan: But if you do get information that will be the only information you
get becsuse there are 30 many ccuutmu/ln here.

Pritz: In some axreas you won't be sble to get that becsuse of inversiens and
things like that. But in the tropics it may work out.

Wark: This is about all I wanted to cover. I wanted to point out these vary
strong limitations on the information we cen gain from the broad band type
of observation and that ws have to have detailed information on the entire
structure of the atmosphere, to gat the thing we are after, which is the
heat budget.

Fritz: On the other hand Dave, I wonder i{f this would be 80 1f you had
broad band filters which were flat, it still wouldn't give you all of thse
things you need,

Unidentified: No, but might we get a close spproximation that way.

Wark: Well you run into some difficulties in the window because the window
doen't cut off in a nice sharp fashion. If it were flat over the entire
spectrum thon yes, you would be able to svoid this pitfall.

Fritz: What 1 am really trying to ask {s this: if we were to say what do

ve want to measure, well what do we have to measure the heat budget.

Wark: To get the heat budget of the atmosphere alone you would have to know
the details in ths atmosphere.
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Fritz: You mesn you have to measure the spectrum in fine detail.

Vark: You have to do the sort of thing that Kaplan was descridbing with carbon
dioxide to get the temperature distributiom.

Fritz: Except you have to do it throughout the spectrum.

Wark: If you have the temperature, that is finished. Then the rest of the
calculations are based on this. The calculations of the downward radiatiom,
Fritz: No, I'm thinking of the upcoming. The upcoming radiation alome.
Wark: Any special measurements for the heat budget, alone, you need the
type of measurements that he has descrived to get the structure of the at-
mosphere. There is nothing special needed here.

Fritz: So what do we need to measure the upcoming radiation from the earth
and the atmosphere using a broad band filter.

Wark: If you are satisfied with a brosd band it has to be flat over the
spectrum in order to get the total radiation from both the earth and the
atmosphere.

Kaplan: If you want the actual outgoing radiation, from the top of the
atmosphere from the point of heat budget, what you want is the ndiat!.on@
that leaves a horizontal surface, the m hemispheric radiation that lesves
a horizontal surface at the top of the atmosphere and the top of the at-
mosphere is for all effective purposes, as far as measurements are con-
cerned, considerably lower than the height of the satellite. If you are
at the satellite height, then the radiation that you receive is partly
from the earth, partly from the weighted from the earth and you are not
getting the actual integrated radiation at s horizontal surface,

Wark: What you have to do is find out what this angle dependence. It has
to be done by measuring the same area from different angles.

Kaplan: You had to convince yourself that there is some sort of a simpls
angular dependence. Now this may not be impossible to do., But 1 have a
question to ask. Why do you want hesat balance? Do you want it for fore-
casting purposes? Do you want it to stick into a numerical model? If so,
then I think the thing to do is to determine the structure mx of the at-
mosphere by looking down from a satellite and then actually calculate the
outgoing radiation. Because in any case, if it is going to be used-yeas,

1 know, it is essentially the point in what you were saying. There is
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another point, and that is if you want to determine flux divergence, the dif-
ferences between radiation, then you can not do it partly by calculation and
partly by messurements, because you are going to have immax instabilities
brought into your system. Particularly if 1t is a numerical model it is
going to last a long period of time. You have to have a method for determ-
ing the heat budget that is intemally consistent. Or at least you have to
convince yourself that sany method that you have must be one that is internally
congistent.

Fritz: What 1if we have no reason, merely what if we just want to know the
heat budget of the planet?

Kaplan: If you can mesasure it from a satellite, good. If you can determine
the radiation coming in the vertical direction and from this introduce some
smkx sort of a factor or some sort of an empirical relationship, it would
give you a radiation coming out side the atmosphere. This is good too.

This is something that should be looked into.

Fritz: Well I think this is one of the things that Dave mentioned that he
had been working omn.

Kaplan: Now there is also a question of time scale. If you are going

over a long period of time, sey, even an everage of s day, then you can
make some sort of assumption about the ground. I1f you sssume the ground has
a small heat capacity, then all you want for the heat budget is the radi-
ation leaving the top of the atwosphere. Over the ocean there would be
difficulty.

EXufX Elsasser: There is this tremendously important problem of cloud
climatology and I just don't think (with my limited knowlegdge of the
atmosphere) but I feel and many people feel the same way, that the least
known varisble in the atmosphere is the statistics of clouds. In middle
latitudes higher latit&des, they cover a large fraction of the sky, I

don't know if its 50 per cent, but something of that general oxder. And,

of course, if you have 2 cloud your heat balance is radically altered.
Instead of getting outgoing radiation from some lower levels here and

from the ground you get if xfsm from a high cloud which has & low temp-
erature and you get very substantial effects which are much bigger than

any of the differential effects as & rule, which Lewis has calculated.
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The differential effects are important, but you have to remember that when
you look down in the atmosphere, any result about the stratification of the
atmosphere which you get, thermal or otherwise, is the result of a differentia-
tion, in the mathematical sense of the work. XX Any differentiatiom will
immediately reduce your accuracy, and everybody knows that. A numerical
differentiation alwvasy leads to a terrific loss in accuracy. I personally
feel, I don't know if anyone ever calculated it, that as far as the gross
heat balance of the atmosphere ls concerned & 5 or 10 per cent change in
cloud cover, is probably more important than a change in the water vapor
content of mean temperature of the cloudiness atmosphere. It would be

very easy from a satellite, this is the one thing I'm sure you can do, is

to measure with the simplest instrumentation and get cloud statistics both

in effective radiative temperature of the cloud, and just a gross distribution
of the cloud. You know the albdeo of the earth all these things are very
crudely determined, so if you can get for weeks at a time cloud statistics
and correlate there with the general circulation, I think you have really

got something. What I suggest as a possibility, for discussion let's say,

to start out with a scheme in which the first thing you measure is to
measure cloud properties from satellites. You get the experience how the
thing will go. This giwas you, instead of having to do differentiation, you
merely have to do it in steps and then after one got the experience of how
this works then you go on to the finer details which you have been talking
about.

Fritz: Ve are going to have TV cloud pictures, of course, but for another
purpose than the heat balance. But why can't we measure the heat balance

in the way Mr. Wark has just mentioned, which integrates the

you don't have to know the details of the cloud statistics, but it tells

you the reflectivity, the energy reflected by the clouds. As far as the

heat budget is concerned, that's what you want, isnjt it?

Elsasser: All 1'm saying is let's concentrate on the clouds, mske an attempt
on the cloud problem before we go into specific details such as, let!s say, the
slope of the atmosphere.
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Fritz: I'm afraid I don;t understand. To measure the temperature distribution,
the water vapor distribution and things like that, they could be done for quite
a different purpose than the heat budget. We just want to know when maybe a
thunderstorm is going to occur someplace. We probably won't get the satellite
to get us that detail but we want to know the general distribution of these
properties in the atmosphere aside from any contributions to the heat budget.
We have the heat budget problem and this we are hoping can be meagured directly
by broad sensors. We would have a broad sensor which would not pick out
vhether there is one cumulus here or there or anything else that would actually
measure the energy emitted by the earth at least to thevgggen:.

Elsasser: What I am trying to say is that it would be mmxx valuable i{f you could

get a statistics for a function of latitude, cloud height and effective cloud
temperature., This would be about the most valuable datum and 1 think you do
xex need infra-red measurements to get this. The cloud tempersture I think
is the most thoroughly important item in the stratification, the heat balance
and the dynamice of the free atmosphere. And tiils is the least well known.
I1f eny one wants to contradict me on .

Fritz: That it is not well known, I think I would agree, I am not in but owe
my mind clear that it is necessary to measure that for the heat budget, but
for some other purpose perhaps.

Goody: The firast thing is what we do propose to do. If you're just going to
send a satellite to measure the radiation as a function of latitude, this is<
fine. You can do thig obviously, directly with good enough instrumentation. .
But now science doesn't stop at this point. You have to understand to some
extent, you have to understand what i3 going on in the earth's atmosphere.
And these detailed analyses which we have been discussing, we ought to get
some understanding of the problem to interpret this in terms of some other
atmospheric parameters. Now what Dr. Elsasser 1is saying is that the single
mogt important one is probably cloud amount. Let's concentrate on that first
and I think there is a lot to say for this point of view, I tihink it is a
very valuable one. Probably 1f we undarstood cloud heights and temperatures
and how they occur we would have something like at least half of the variables
taken out of the atwmospheric radiation problems. Something like this all
but the one parameter if we can understand it.
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you said something like one gr two wave numbers, tnere would be some hope of
getting the water vapor in the stratosphere too. In the case of ozone, we had
better look somewhere in the 9.6u band and measure some gpecific reglon in the
spectrum, I've forgotten the mumkmxx numbers now, I had it writtem down.
Kaplan: Well, throughout the whole band 1 think Goody mentioned 5 positions.
1 or 2 wave numbers in the vicinity of the 9.6 micron band, no worse than 2
wave numbers,

Kaplan: The number of frequencies would prbbably be somewhat different looking
down than it would be looking up.

Dr. Fritz: There were two suggestions, one was Kaplan's suggestion looking
straight down in the co2 l5-micron band, with 5 wave number resolution and

using 10 measurements with resolution of 5 wave numbers at around l5mm microns.
Jean King suggested doing this with perhaps a broader type of spectral resolution,
but looking at different angles, but didn't,as far as I know, resolve the
question of what you do about looking at rather far distant points. So you

have the angle question. In the case of heat budget, it had it's own little
problems, but I had the feeling that we were thinking maybe that if we had

a broad filter with very flat characteristics that this might be one way that

we would at least get an estimate of the heat budget, although theorectically

we really need to have tioexk the whole spectrum and integrate over it, in order
to get tine resolution with angle. In other words, if we measure at amr one
particular angle, we still have to get the distribution with angle and at

least, in tueory, we need to have complete spectral digtribution to get that.

But perhaps empirically we could hopefully make a measurement at one angle,

witii a filter which was broad but flat, and then hope to get the angular
distribution from emperical results made with some theoretical guidance.

Then there was the discussion just now on clouds and, whercas we mmy may be

able to detect the presence of clouds with the window type thing even if

its as crude as that, because the emigpion from tne ground and from the

clouds would be rather different, especially when the clouds are high, even
though water vapor mask distribution. Still this would probably be the

meximum information you could zet and I suspect mkx that it wouldn't work

very well in polar regions but it might work in the tropics.

Question: Why doesn't it work in the polar regions¥

Fritz: You might have too many inversions. In other words, you might have
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a reversal for example. It might be colder in the clear areas than in the
cloudy . It doesn't matter as long as you know, but since you may not know
you may have trouble telling whether you are looking at a cloud or an ocean
or a lake or what it might be.

Goody: You know you are looking at the surface, which has a certain temperature.
Fritz: Which is different from the temperature from the surface near it. You
wouldn't know which was cloudy and which was clear, for example. In the tropics
it seems like it might be lees ambiguous., If you look with

Goody: You would assume ultimately that you would record them visually at
the same time.

Fritz: Well at night you wouldn't. In the daytime. for the present at least
we are going to have TV pictures which will surely be superior to anythking
we can get with this kind of a filter., But at night we would depend on this
for some idea of the clouds. The resolution spacially is going to be very
crude. It is 30 miles or something like that, so that it will only tell us
roughly-it will tell us large scale cloudiness, you might say, and then

in the kn polar regions I susgpect you might have trouble.

Question: What is this 30 miles? Is it infra~red or television?

Fritz: No it's not television. The angular opering is 5 degrees. This is
a tenth of the height so that is 30 miles. For 300 miles it is 30 miles.
That's looking straight down. If you're looking an angle it beoomes worse.
Question: Just to clear this up the present one that's on the Vanguard is
1°.

Fritz: Oh, the Vanguard II, 1'm talking about the TIROS package. Your
angular opening is 5 degrees. Of the 8 to 12 micron thing you're television
is entirely different.

King: Trying to get in a last word here to buttress up Dr. Elsassers
arguement this paragraph surprised me. It says mxmiyiwgx studies of the
drifting station alpha in the Arctic ocean indicate the great importance of
long wave radiation from the overcast skies on melting snow and ice. During
the melt season nothing procesds much more rapidly umder tle overcast than it
does with clear skies and bright sunshine. With clear summer skies we found
freezing frequently occured,

Fritz: Well of course this is what we would expect fo find if you stop to
think about it.



-~ 56 -

Elsasser: Vell I think there should be some way of discriminating, even in the
Arctic combining optical and infra-red measurements, whether you have cloud
top or ground.

Fritz: I think we should turn now to the instrumental part, mainly we have
assumed the requirements. To measure water vapor in the infra-red, we want to
meagure them in the 25 microns with resolutiong of something like 10-25 wave
numbers, to measure ozone weswant to measure in the 9.6 micron band with 5
vave lengths, with resolutions of one to two wave numbera. To measure the
temperature we would like to measure, in the 15 micron band, 10 wave lengths
which resolutions of 5 wave numbers. The question of doing it at one wave
length with angles cam:in. Heat budget-hopefully we could get away with a
broad filter if the filter was flat. In the gtratosphere a suggestion vas
made that we might be able to measure the water vapor by looking with 1
wave number repolution in the region near 25 microns. It seems to me that
it i8 up to the instrumental people to tell us whether or not they can
deliver this kind of thing.

Howard: I would start with the very first point. I made & very quick
calculation which may be all wrong. But even agssuming that what you are
looking at is -65°, if you considera a one micron interval around 25
microns, 2.7 per cent of km black body radiation would be there. Only

X 6 percent would be in the 1 micron region between 5 1/2 and 6 1/2

microns, which is only 1/4 as much, But detectors must be at least 100
times better, which means that one should not so quickly abandon the 6
mnicron region.

Shaw: Which detector is the better?

Howard: Well I would say gold doped germanium or something like that.
Goody: worse signal

to noise don't we.
Howard: Oh no, I would think in absolute sensitivity.
Goody: The sensitivity is terriffic, but the noise is .

Fritz: Now you are suggesting a certain type of filter with a -.
Howard: 1 am saying that you shouldn't abandon the six micron region just
because there is only 1/4 as much energy roughly in the same wave length

interval.
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When detectors are much more sensitive down there. This is true for even -65
degreaes kelvin. For any higher temperature it would be better. I gave what
I thought was the worst case.

Fritz: Now you are talking about detector. Do you mean also to include some-
thing like a thermistor?

Howard: No, this detector has uniform sensitivity we can say throughout this
region. By going to 6 microns there is hope now with the preeent/kiﬁﬂ of
detectors of using something other than a thermo detector, out to say O
microns.

Question: Provided it is cooled too?

Howard: There is hope for satellites that live for only a month or so, of
cooling something that does not require liquid helium. I would exclude zinc
doped things or arsenic doped which go farther out, but gold doped or some-
thing which can be cooled just with liquid nitrogen, which could be packaged-
it's about the size of a pencil, the cooling device-and could be run for a
month or so. You shouldn't axclude that. You are putting enough money in
this package so that the additional couple of thousand for one of thase is
not much?

Goody: Are you sure of these figures? Are you sure {f you take a thermo
detector and cool it to the same temperatures you get no worse noise,

you get batter signal to noise ximn with gold doped germanium. I mean is
this thing measured?

Howard: What you have to compare is the gold doped germanium at 6 microns
compared to a thermistor at 25.

Goody: No, let's take them both st the same wave lemgth, 6 microns. Are
you sure in fact that 1f you cool them both at the same temperature you get

signal
a bettutp:§§=cd to noise out of the germanium? The end type germanium I
think 1l'llisht1y shead. An enormous sensitivity but how about the noise?

The noise is terrible.

Wormser: The signal to noise, the noise equivalent is slightly ahead of
thermistors, or golay cells.
Goody: 1Ia it ahead of a thermistor cooled to the same temperature? This
goes down with the square root of absolute temperature, the noise.



Wormger: I'm not sure 1 can answer you there.

Gates ? A thermistor is noigy compared with a thermo couple.

Goody: Yes, a thermistor is a 100 times worse than a thermo couple.
Wormeer: I disagree with that.

lloward: Noise equivalent power is signal to noise, A thermistor bolometer
is something like 7x10™°, is what they list as kind of & haven's limit or
something like that. I am sure that these are at least an order of magnitude
better.

Goody: And a thermistor is at leasst a 100 times worse then & first class
thermo couple.

Wormser: He was talking of a very slow time response.

Goody: Well a tiunmm bolometer and a thermo couple each one will run about
the same. About 10 per cent of.

Howard: Doesn't the respomse time enter or are you taking advantage of the
fact that the thermistor responds very much more quickly.

Goody: Well it loses a bit on that,

Wormser: Well actually if you take equivalent band widths, 1if you integrate
the output from the thermistor, you get within a factor of two of the per-
formance of that of a thermo couple. The difference comes in that the
thermistor is ususlly used with about 100 cycle or something like that,
chop rate and a thermo couple & very slow-

Goody: Well a good ______ thermistor and a good Milger Schwartz thermocouple
best thermocouples, we have thermocouples 10th second per erg which can be
chopped to ten to the minus second just an order of 10 times better. ¥m I
only suggest that before you get into other tbings one checks these things.
Howard: John Shaw didn't think the Hilger Schwartz was 10 times better
then anything else. Was 1t?

Shaw: I would like to make one point? 1Is it feasible, I don't know. Was
it feasible to put the thermocouple into something which suffers these
tremendous accelerations] initially or not these things are very fragile.
Maybe you can,

Fritz: I think this an engineering thing which probably we should not
consider here. Let's just consider it on the optical merits.

Goody: Can we bring one thing into focus. There is one real advantage in
being in the six micron region. No one can argue against that. That if
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you use indium antimodide you can get really fast response. You don't need to
cool it, You can go to milisecond response and so for satellite applications
this is important. Indium antimodide has about the same signal to noise as the
thermocouple.

Kaplan: What is the latest on gold vapor lead sulfide now. I know
that Flyler is using lead sulfide in the 6 micron region. NEMEREYXK

Howard: He is pushing things & little. Most pcople would switch to lead

selanide in that region because it is about a factor of iigﬂ betterx
Kaplan: He claims he's getting better response out of lead sulfide now.
Goody: At 6 microms.
Kaplan: At 6 microms, yea.
Greenfield 7 Lead sulfide falls off roughly one decade per micron beyond
about three microns.
Kaplan: Yes he's using lead sulfide in the 6 micron regiom.
Wormser: With any sensitivity at all.
Kaplan: Yes, he claims to get better sensitivity with lead sulfide.
Fritz: What can we conclude here, i1f anything.
Gates: While we are speaking of the 25 micron region, in our experiment
ve are immaging the sun on the slant. We are using half a wave number
resolution. This is 4 times less resolution than we are think of here.
Oh, it's a good deal less than that. You weren't speaking of 2 and -1
10 or 20 cm-l.
Goody: Wel two is worst that has been mentioned.
Frite: It depends on the problem. To measure it in the stratosphere
Lewis is suggesting something like 2, but to measure it in the tropo-
sphere 10 to 25.
Gates: We find that with half a wave number at 25 microns, the sun as a
source, we are pushing signal to noise to the limit with a thermocouple.
Now, if you want to make a comparison we can open up the slits here so
that we have the 10 wave numbers, so there is a gain or factor of 20 times.
So squared there is & gain of 400. Now you go from the sun to the earth,
in sources. So you go from a 6,000* black body to a 300° black body.
So there 18 a factor of 20. So we got 400 in one case.
Goody: Well, if you would like to calculate it, why notwork it for these
emission spectrums which are much more directly the thing. You've only
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got to change a very small-

Gates: Well this would indicate that it might be feasible with a thermocouple,
except for time constant considerations,

Fritz: To measure in the 25 micron region, but Howard was suggesting that we
might do it better in the &6 micron region.

Howard: Am going to say that you not only detectors to think about but if you
want filters that are going to isolate these narrow spectral reglons our
filter technology is much better around 6 microms than it is at 25.

Fritz: What did you use with your quarter wave number in the sum.

Gates: Oh, the spectrometer, the grating.

Fritz: In other words you may not be able to use filters.

Wormser: Ho one had made one that far out yet as far as I know.

Pritz: But you don't use a filter, you use a grating

Gates: You can use filters, R. Strohm techniques or something.

Howard: Oh yes, R. Strohm .

Fritz: But you used a grating you said, As I understand it in the & micron
region, we struggled with this on TIROS, if you want to get something like,

we didn't discuss what wave number you need, but if you need something like

10 wave numbers we are not able to do this in the ¢ micron region at the moment.
Hoard: You are lucky to get a temth of a micron or two tenths of a microm
filter and that is pushing the state of the art.

Wormser: If you want to see the best available table I have it right here.
Fritz: Vell I assumed that we got the best on Project TIROS.

Wormser: It's more like a micron I think.

Question: Who bullt thie?

Wormser: This is IR~Industries, this particular one, bet we have checked.
Howard: Have you checked with this fellow in Santa Rosa? He claims that he
can do a tenth of a micron or so around 6 microns, but it's an art still to
make one of these things,

Wormser: I think you will have to remember that TIROS project, the infra-red
part that was initiated around December of January with kxi hardware to be ready
in May. This is not necessarily representative of the best state of art, but
it is representative of what could be put together in three or four months.
Fritz: Let wme ask this. If we needed this kind of resolution at 6 microns
apparently with gratings it can be done, as I understand it, is this correct?
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With filters it might be possible that it could be done, from what you said.
Wormser: Not two wave numbers, no I think we might appraoch a tenth of a
micron,

Fritz; If we need 2 or 10 wave numbers then we have to go to a grating.
Howqrd: This grating is going to have to have windows and things and here you
are getting in trouble again. Perhaps kxyxmx it"s not so bad if its just a
little window, but if what are you going to use at 25 microns?

Fritz: 1 don't know, what did you use in a balloon?

Howard: KRS-57

Kaplan: Why cain't you use KRSS5?

Fritz: Just a minute, what did you use in your balloon?

Gates: You can use 8 number of things.

Fritz: Why cain't you leave it open?

Goody: You can leave it evacuated to space.

Pritz: John was raising the question that you need a window but if you don't
need @ window I would think that you would be better off. 1 You don't need a
vindow so what's the.

Howard: These are not perfect vacuum where your satellite {s however, and your
bolometer and such things are going to have to be enclosed.

Goody: You don't have any dynsmic heating does it, this thing, otherwise it
would be down in the next few minutes.

Shaw: Goody made a point this worning when he said that the 500 pound payload
that it's easy to build a spectrometer with that limitation very easily.
Greenfield? Why couldn't one use a double prism monopromoter and recombine
the radiation after it leaves the first prism. Use the slit to limit the
band pass. Then it would be combined into the slit image and place that on

Goody: You get better performance out of a grating thoughﬁ. You can always
get better performance out of a grating, cain't you?

Greenfield: H If it's as mechanically stabile as the 2 prism combination/
Goody: I think that as long as John Shsw raised this question I cain't help
thinking that is the thing we can decide quite precisely. When you have got
an enormoug object like this with such a weight, why make life difficult by
using anything but a good spectrometer, they don't cost anything.

Pritz: This is really what I am trying to get at. This is the feeling I

have since when {t comes to instruments, I am sitting on the outside listening.
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Fritz: I have this feeling that if these are the requirements that you are
trying to meet, namely something like 10 wave numbers, in the (¢ microm region
#r the 25 microm region or anywhere, I have the feeling that filters are out.
That filters camnot produce, but that gratings can.

Barnes: Call it spectrometers, whether its a grating or a prism spectrometer.
Fritz: I don't know if prisms can or not, but let's say that prisms can.
Goody: Well I don't think you will manage the one or two wave numbers in
emigssion with a prism, not without a very very long time constant.

Gates: I think the other importamt thing is that you get a lot more infor-
mation with a grating spectrometer. More than with a filter system. You
learn a heck of a lot more because you have a lot to check points through
the spectrum. You get the details. You get the envelope. You get a lot
more than :ust the region you are isélating with the filter, you see. This
18 very valuable in the experiment, because by scanning across a section of
the spectrum this information givew you a much better basis on which to
give good interpretation to the data.

Fritez: There seems to me that nobody is disagreeing then with the thought
that filters cannot do the job but that the spectrometer, gratings for

sure and prisms maybe, can do it. Therefore, it seems an sbvious conclus-
ion that we have to ¢ go th gratings if we are going to do the job at all.
Elsagser: I want to raise one point to the experimentalists. How long
will it take to design a spectrometer that will withstand 50 years? Do

we have to start from ascratch?

Gates: The spectrometer is no problem. The only problem is the detector
and the electromics.

Elsasser: Can you make it mechanically stable enough to withstand 50 g's?
Gates: Oh, yes, I think so, Yes let me put it this way Grating spectro-
meters have been flown in the ultra-violet by rocket, many times.

Goody: They weren't double slit adjustment, but this is a small matter.
Fritz: I think we're getting to the engineering problem again. The
important thing is, as I see it, that if we're going to meet this require-
ment we heave no choice. The only choice we would have is grating or, for
ingtance, in another meeting, if it were decided that for engineering
purposes it couldn'eﬂnatilfied with filters. Then let me ask the questiom,

b i RPN SUR/ AN R
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"How can filters be interpreted? As of right now, not having looked into tlie
engineering thing, I think we wust conclude that we have to certainly look
very hard to try to get a grating spectrograph.

Goody: You've got three or four people who have spent their lives building
spectrometers, 80 we can speak with some engineering certainty that this
instrument can be made.

Fritz: If there are any questions let’s refer that to another meeting,
Question: What i3 the time constant of the scanning spectrometer?

Fritz: This 18 an important point which I thought to bring up.

Goody: Shall 1 show a picture of a spectrometers performance?! Then we

could talk about that if you modified it you could sppeed it up if you brought
it down in size. (showing slide) This was built as a prism spectrometer

and this is why when it converted to gratings it had to have two gratings in
it. This is an essentially small grating spectrometer in which that is

about 18 inches and that is about a foot. There is a typical size instru-
ment using a 7 by 5 centimeter Merton grating, which is blared at 10 microms.
It has 607 reflectivity at 10 microns, and one's working on the one octave
delineated by the filter here, which is indium antimodide and a golay cell,
and the performance of this instrument varies. yjith prisms in, this instru-

ment would give you about 10 wave numbers resolution in emission with a
reagonable signal to noige. With gratings in it would give you about three
wave numbers, that i{s this half here. That will give you about three weve
numbers in emission (Next Slide) If you put it on the sun this is the
performance of that instrument with the prisms in and it gives you about
five wave numbers resolution and this is what this region of the spectrum
looks like, whether in emission or absorption with five wave numbers
resolution, for those of you who are not use to this region. Many of us
look at this kind of thing day and night. Perhaps some of you are not
familiar with the ozone band and here is the water lines, 002 band water
band here. This is about five wave numbers resolution. This i{s actually
taken looking at the sun with a prism spectrometer. If you put gratings
in that other spectrometer, the one that we just had up, and look for the
sky you would get about this performance, roughly. You notice it doesn't
pick out any detail.

Question: Did you say how many lines you have on your grating?
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Goody: Oh, i{t's a bhundred per mm. (Next Slide, please) That instrument with
rockett prisms in gives this performance. Now both Prof, Adeland and Dr. Shaw
get a good deal better than this with prisms with slightly gk bigger instru-
ments, but this is that region looking at it emission with about 15 wave
numbers resolution and better spectrs than this have been obtained with
slightly bigger priems. The prisms are rather small in this instance and it
vans't too well adjusted. There {s the ozome band. There is all you've got
left of the water structure. That's one blob of water there. (Next Slide
please)

Fritz: Are you going to tell us how long it k takes to scam the spectrum?

All these apectra are being taken. Virtually we standardize. We

do almost everything. But the time comes to about 1 second and the signal

to noise is about 100. This i{s virtually standard equipment we use and unless
1 say sowething different. To get scross there would take perhaps 30 to §f 45
seconds. This is just one region of that last spectrum, still at about 15
wave numbers resolution in emission at varying air masses. This is roughly
what everything looks like at 15 vave numbers. We can go to 3 wave numbers
with the instrument I showed you first and we can see something better in a
moment, (Next slide, please) That instrument using gratings, of course,
only embraces one octave. Now you can, of course, put in 4 prisms. If you
are very short of energy a filter has its advantages. This is the cutoff

of an indium antimodide filter at 7 1/2 microns and we have now filters
bloomed with lead chloride to give us 98% transmission here and complete

the metallic cutoff here. With a one layer blooming we can 98 per cemnt
transmiggion at one point along here. It will be over 60 per cent for

the whole of the actave and 98 percent at the major points, perhaps up

to 70 per cent over the whole octave. Now I think they are pretty handy
filters for some of this work. There is no difficulty in building a &

prism, but it is another set of mechanical parts to go wrong, and it's
conceivably worth ecopomizing on this kind of thing in satellite work.

Next slide please. That instrument, turned on the eun, that instrument

about this big with & grating, turned on the sun, will give you approx-
imately this resolution in that region, It 1s about half s wave number.
That's for a little instrument about this big with & 5 by 7 centimeter
grating in it. This is pretty good for solar work., All of these lines

{



are completely isolated, so, for studying absorption of lines, this is quite a
good resolution if you were working on the sun, but we are not working on the
sun at the moment.

Goody: Let's g0 now to the emission of the next instrument. This is the omne
with which I would suggest we could scale down from because we know the per-
formance of this thing rather well. Thera is a six inch square grating with
an indium antimodids filter and you see the size of the thing, that {s a foot.
It is quite big. This raises the point that, with this kind of instrument, if
you wvant a reasonably small looking out angle it has to be rather long. The
energetics of the instrument doesn't depend on the length of thid throw here
or the length of this at all. It only depends on the size of that grating.
But if you want to match 1t to looking at a small part of the earth's surface,
then you have to get that matching either by preliminary optics or, if you
wvant to do it directly, you simply have to have your main mirrors here a

long way back. It has the same signal to noise performsnce but it gives you
a small angle of view and & longer slit. They compensate pracisely.

Fritz: What angle of view is built into the one you have there?

GoodyY That is six inches at five fest, wvhatever that is 6°. That is

using a Golay cell. The important things om instruments of this size

are, firat of all, the detector; secondly, the solid angle with which you
£111 it; thirdly, the size of the grating; and fourthly the time constan t.
Ve can scale from these things and you can redesign this instrument just

a8 you wish, but you are stuck with this end of the thing. So that the

only things you can play with are the sise of the grating and the time
constant to go from the performance that we will show. (Next slide). Wa

can skip that, its not really relevant. That {s only the normalizing equip-
ment., Presumably this instrument ~ you want to have somathing like this in
where the instrumant can both look at the sky and then at black bodies. 1
think this es essantial. It is not difficult tomange. Next slide. Vell
this brings us back to this spectrum which we can get with the signal of
noise of 100 to one with a resolution of one wvave number and a time const-
ant of one second, with the instrument we had out, Now then we can go

from this to any other conditiom you like., If you go to say 3 wave num-~
bers, that givaes you - you can open the slit three times further Sgut
gives you nine times the energy and you can come down to one thirs the
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size of the prism, if you like, and you can come down to a two inch grating.

Then you can scale the whole thing dowvm to that two inches and you can bring the
vhole equipment dowm to a2 third of the size, getting with this same time constant
the sane signal to noise. If you want a more rapid time constant then we could

£o back to the six inch grating and I think we get five 1f we put the time conatant
up by a factor £, then we can reduce the grating by b te the 5 over 2. I think
it'’s 5 over 2.

Question: Would you contemplate sweeping out & spectrum or would you have several
detectors in the exit plane to observe certain frequencies?

Goody: Vell, that's for Lewis to say. He insists on, I think, that you actually
have to absorb five regions gilultaneocusly. That could be done 1 suppose most
ideally with a Golay multi-slit, which I've never used. Have you ever used a
Golay multi-glit?

Kaplan: In any case, what you would want would be something like & single emtrance
glit, the prism, then have detectors lined up in an array, as a serles of exit
slits.

Goody: Do you mean to say that Golay does not rxecomaend his multi-slit for this
job?

Kaplan: No, he does not.

Goody: In that case you went a multiplicity of detectors. Well, this 18 no serious
problem.

Fritz: 1I personally think that it still would be possible - this is a detail - 1t
would be possible to use one detector and scan. It would not be simulteneous. If
we are going to look at areas like 50 miles by 50 miles, which we may have to anyway,
to do a quick scen you may have an overlap at both ends of five miles and you are
looking essentially at the same area,

Dr. Goody: Uhat i{s the time constant of & second in miles?

Fritz: Well - it depends on the height end so forth.

Goody: Five miles in a second - 4f you've got a 50 mile resolution you can have a
one second time constent.

Eritz: You can scan, in other words, with a single detector provided if you do

it in something like ....

Goody: You could have this time constant too, one second time comstant. In

other words, there really 48 no reason for everything you've been saying. You coul
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put exactly that instrument I showed in your satellite. It's about the right size
it's lighter than your weight and it has the time constant. You could get this
performance, which is one wave number, which 18 twice as good &8s snyone has asked.
Kaplan: Is it much easier to scan than to have this multiplicity of detectors?
* Fritz: As I understand it, if you have a lot of detectors which have to be
natched so carefully, you run into problems, whereas if you had a single detector
that problem is avoided.
Howard: You would alweys like to know vhat's going on between them, too, when
you go to interpret thedata. Whereas, if you scan you have some feeling om what's
going on between them. But now if there are varistions in the emicsivity of the
surface, wvhen you are getting contributioans from that, you are going to have to
assume this is a much slower variation then your speed of scanning.
Fritz: When you say one gecond time constamt - probably everyome knows what you
mesn except me - and you are scamning this epectrum which may be varying considerably,
does one secoud mean that it takes a second for it to get up to some fraction of
the displacement, or what?
Goody: Uell it's got this unfortunate Brown recorder on it, which is not an exponential
device.
Cates: This isn't really the right number to use. The time constant of the detector
is a tenth of a second.
Fritz: This means more like it takes a second to scan over the spectrum,
Howeard; A second to come to 65%.
Frite: Uell, if it didthat, if that was the definition, if it took a second to come
to 65% of ite equilibrium bslue and you have a spectrum that's doing this kind of
think, then how will you ever get to the right value in the time of a second and
scan the whole spectrum.
Goody: Uell, it comes to 90% in a fraction of a second, with this detector. Not
the whole spectrum, of course. The whole spectrum takes about an hour to scam.
Gates: As I understand, this is a second per data point. Three to five cm-1.
Goody: Yes. It's probably, each wave mumber, a little bit of overlap is used,
each wave nuuber is probably taken over 2 or 3 seconds.
Fritx: Each wave number is taken 2 or 3 seconxls?
Gates: If I get the definition right, it takes one second.
Goody: Yes, that's right. There's a bit of overlap. The resolution is one cm"l,
8o perhaps it's not just one second for each wave mumber but two seconds.
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Gates: On our balloon equipment, in the near infra-red using lead sulphide, which
is a different problem from this one right here, but we covered from the visible to
2 1/2 microns in 6 seconds end this was fairly slow. Ue could have sppeded this up.
Question: This was lead sulphide, you said?
Gates: Yes. This is not degrading the resolution of the spectrometer, which is
10 cn™l, This is en awfully fast cell. You can do thie with any photo-conductor.
Howard: That's why I think you might better go back to thinking about 6 microms,
Fritz: You showed one slide which went from something like § to 11 microns, cut
off rather sharply at those two points. You mentioned in that one that it took
45 seconds to gscan. The two microm region took 45 seconds.
Goody: That was at low resolution.
Fritz: 1 ses, and with high resolution?
Goody: with high resolution you have to do more and more points.
Fritz: Let me ask this question then. If you were going to get the five points
in acoething like one wave mumber resolution in your omone band, which I think was
the thing you mentioned would be requirsd, how long would it take to get measure-
ments at those five wave lengtha?
Goody: A few secounds.
Fritz: A few seconds for each pefnt.
Howard: So it would be better to bave a band of detectors.
Fritz: You have to have a band of detectors and even then it would take a few
seconds. You would go maybe 15 miles.
Howard: You can stand probably 10 seconds.
Pritz: No, you can’t stand that much.
Greenfield?: You would have godke 50 miles over the earth in that time,
Fritz: Yes you would have scenned over the whole region.
Barnes?: You have a battery of detectors, vhy doeg it take you a few seconds
if you have a battery of detectors? You get your answer pretty quick.
Fritz: No, he says it takes a few seconds per j point.
Coody: What I am saying is that we have a detector with a time constant of
one second, and with a time constant of one second you need two of these seconds
to get a nice ..
Barnes?: You get all g five points simultaneously so the whole job takes you just
three seconds.
Gates: Furthermore, am I notcorrect, these five points are spaced apart so there
is some texritory in between, so it takes lomger, five times as long to scam.
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Fritz: But you have five detectors.
Gates: If you have five detectors, thats different,
Fritz: It takes you £hwm three seconds to get one set of five points.
Greenfield: You'ré nmot going to worry about a blur of 15 miles are you?
Frite: Ve might or we might not, that hasn't been decided.
Gates: The detector that Richard used was a Golay cell. Now that is one
problem and one order of magnitude on time constants aad scanning rates and
is indeed what you might have to used at 25 microns. But if you get into the
photo conductive region, then your time constant changes by another oxder of
magnitude or so.
GCondy: But to tnh: advangage of it, you've got to throw away signsl to noise.
You see, this is emergy limited, this noise is. So to take advantage, because
you haven't got wmore somsitive detectors, so what it means is, these spoctra
with the Golay cell you couldn't speed up too much, because you would then
run into the fundemental time constant of the detector which isn't so far off
from the one second that I'm using. Uith a photo conductor you wouldn't be
any better off with signal to noise, but by opening your alits you could drive
it farther in time constant,
Gates: You might reduce it by, what, a factor of tem.
Coody: You couddn't drive this too far. It's no good xm saying we just open
the alits and have a ghorter time constant. You should go to a quarter of a
second and then you would be finished. You arrive at the fundamental time con-
stant of the detactor, but with the photo conductor you could go swapping reso~-
lution for spead for much longer waves.
Fritz: Vell if you went to a wuwarter of a second, even if that was the limit,
if you could do it, that would be satisfactory, wouldn't it.
Greenfield:? Waig a minute, I think you're kidding yourselves on this. Yov've
got a fundamental problem of stabflizing the wehicle. The problem of stabilizing
it is probably not going to give you better than a degree, one to three degrees,
vhich is going to give you a fundamental blur to start off with; and trying to
push this down do a quarter of a secend because you want to get very detailed or
keep it fixed on a point on the grouad within less than a mile, it's sort of
rediculous. If it is going to cost yeu anything in terms of your instrumentalities,
this night be a fundasental limitation on how far you want to push this thing.
Fritz: If you had one degree stesbiliration and if you were at 300 miles for
exanple, you would have a smear of six miles.
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Creenfield: Vell, then why t&ggdpush it dowm below that.
Pritz: Vell, I didn't. One sdsgxmm will take you to six miles. If you take
three seconds which 1s giving you thres times as much. Vell, now let me make
this clear., I'm not trying to set myself up as an authority on whether thig
should be 50 miles or 100. But if we take this as some guide line and this
was the kind of thing 1 was talking sbout, it mmy might be that we would be
quite satisfied with having dates over a hundred miles by 100 miles in which
cagse the smear would be gubstantially greater.
Greenfield: I should point out, that getting one degree stabilization is just
one hell of a problem, and you're not going to get it in a 500 1b. package.
?Staatg : Yes but you will find that that time constant of one secomd of that
one degree will be much longer than they're talking about here. During the
few seconds I don't think it will vary.
Fritz: Well I think anyway that the picture ia somevhat clarified for me.
Namely, that with the instruments that Richard showed you can get measurementg to
s omething like one or two wave mmbers, certainly if you satisfy with measurements
that maks may take three secomds L{f you have a detector in easch one of the wave
lengths that you want to send. It might be poasible to do someshat better by
revising the spacing between things or so on.
Goody: You could throw away resolution and cut the time constant dovn to a half or
a2 third and get information in & second. You could get that fer with this thing.
Fritz: So it seems to me that you could say, from that point of view, that it
would be possible to meat the theoretical requirements in that region with this
particular type of imstrument. Now Howard still feels that maybe we should go
to six microns snd I'm not all together clear if you use these photo conductive
surfaces vhether or not this demsfiges things or not. You wers saying, I think,
that you could go to that other region and get perhaps faster time constant if
you needed it. If you needed to go faster you could go to that region of the
spectrim with somewvhat morve noise perhaps ..
Goody: Maybe John is right, he should know more about this. It was my fimm
impression that it is & hell of a job to beat the thermocouple if you treat it
in the sane way as your photo conductor in this region.
Howard: When we say more gensitivity, we mean more signal to noise when we
talked about themsal detectors in this region the absolute limit of the
best kind of Goley is w0 watts per e . Then an actual detector 1s maybe
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an order of magnitude away from this sbsolute limit, so 107'° gay, is about
what you can expect as a minimm signal detectable. With these gold doped
germanfum sensors you can go perhaps to the 10712,

Wormsar: You can go about one order of magnitide better for the end type gold
doped germanium at six microns,

Goody: With the ssme signal to noise.

Wormger: Cooled to liquid nitrogen.

Goody: What about when you cool Golays to liquid nitrogen.

Fritz: This gold doped germanium, is it going to give you the resolution we
need or does this heve a broad band?

Wormesar: 1It's just a detector.

Fritz: I see. I thought maybe it had some kind of filter.

Dr. Goody: It has non-black characteristice but that doesn't matter too much.
Howard: Now when we talk about the sensitivity of a bolometer this ia sort of

a havens' limit, it's the absolute thermo dynanic sensitivity which is « - -,
Goody: So you are not talking about what the BTL actually attains.

Wormser: And what is presently being attained in the .
Goody: 1 still ask this guestion. 1f you cool all these detectors to the

same temperatura isy your gold doped germmnium still there? It should be.
Vormser: We have had no good practical results yet on cooled themistors.

Dr. Goody: There are some possibilities of course, of cooling these detectors
vhen you are out in space 1f you can simply by means of a mirror system, immerase
your detector that fsn’t looking at tha spectrometer in the radfation field

just picked out from apace. You will get besutifully cold and this 1s a
practical point which we might latch onto for efficiency purposes.

FPritz: I have raised this several times at msetings and since I lknow nothing
about it, I always have to refer to the other psople. I think Stroud, who
isn't here right now, Stroud and Suomi both object to this as not baing practicdl,
1 don't know why.

Gamiyk Goody: It may be optically difficult, I quite agree with that.

Wormser: Do you have a cabity xlooking out into space.

Johnson: That effect of the satellite itself, isolating it themmally from the
satellite body. Initially their feeling is that conductioe within the satellite
will be the problem.

Boward: There is a group at Hughes which have some kind of a metal foil bolomater
that they are very excited about. I have seen plots of the maximm possible
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efficiency of this and I think they have cooled it to liquid nitrogen. There
is no spectacular gain between the ==,

Vormser: JXf M this thermistor will gain a factor of four with cooling with

- practical materials presently available, the impedence goes so high that we

have no good impedence matching devices,

Coody: Well, I'm not saying it's not practical, but before one goes away from
thermal detectors there is always & great adventage that once you've got su
thermal detectors on the thing you can do any wave~length range, It 1s a

nice feeling if you've got it set up this way.

Wormser: I wanted to comment on the practicability of multiple detectors.

This i3 quite practical now. We have completed a 24~-element unit for John
Howard's group which is matched within 10iper cent. This is & thermistor unit.
1 think you could monitor your five wave lengths aimultaneously, even some wave-
lengths in between if you wanted to through the use of multiple detectors.
Howard: It eliminates & lot of m oving parts, too, and certainly decreases

the time considerably.

Fritz: There is no question about one changing relative to the others, for
instance, over some period of time?

Wormser: No.

Howard: These can each be perhaps a half a millimeter wide, but there has to
be a little gap between them, but you can't bring them closer than a certain
smount.

Wormeer: The gap is of the order of a 100th of a millimeter,

Howard: Ve need a calibrating device inside the machine, anyway, because it's
just a relative measurement.

Gates: The main thing ie having the sort of focal plane that gives you the
disperaion.

Howard: You could moumt this on end stay on the focal plane/.

Elsasser: If want to mm make one more comment on this queation of 6 mu versus 25
mu, If I remember right, wumfortunately I don't have my data here, there is com-
s iderably more sbsorption at 6.3 mu than at 25 mu, After revising these I found
that the 6.3 mu band is now higher and the rotational band {s lower than we origi-
nally thought.

Fritz: You mean tha absorption coefficients?

Elsasser: Yes, the absorption coefficients. I want to have to verify this.
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If this 18 80, you might get another factor of 2 or 3.
Goody: To do Lewis' analysis you have to get on the wing of the band and that
would happen to the long wave-length, wouldn't 1t?
Kaplan: Yes, the difference 1s this really, if you are at 25 mu and you are
actually comparing absorption for the average inteneity of something 1ike this,
you can't compare this with the central portion where the maximum portion of the
6 micron band, where there are a lot of lines. At 25 mu you have alot of gaps,
and you can take advantage of the fact that you do have these clusterings of
lines end look at the clusters. While if you are looking at the same sort of
interval -~ I mean, look at a part of the 6 micron spectrum. The reason the
absorption may go up rslative to this, I feel, is probably because there are many
more lines per wave number. Also, you a may be able togo out further in the
infraered. Sooner or later you come to a place which is marked, opaque. At 35
microns you can't measure anything. It's more opaque than some of the clusters.
Fritz: So in other words, as 1 see it, you are raising snother objection to
using the 6 micron band. That {8, even if the 6 micron band ie &8s good or
slightly better than the 25 microm, on theoretical ground you prefer the 25 micron
band.
Kaplan: Calculations should be madef for both bands. Both bands should be %k
looked into from thisys point of view. Both from the theorstical and instru-
mental point of view. I mean I don't think a decision should be made today.
Fritz: Would you be prepared to make this calculation? Say if you had some help
or something like that?
Kaplan: I think I can make up a set of calculations.
Fritz: 80 in other words, on theoretical grounds we still have to have some
decinsion to make as to which is praforab%s}t h% instrumental grounds maybe -~

do you want to look into % this question/as to relative merits - you are the one
who has raised the question most - and it seems to me from what I've heard hare

that it jax probably could be done in either one if the theory permits you to do
it in either ons, although Richard has raised some question about the signal

to noise ratio, which, as I get it, is still unresolved.

Goody: I feel one could go ahead with the program without the slightest
difficulty here, one can build an iunstrument which is equally well for waves in
both regions. One can build the thing with convertible detectors, making sure,
however, that {t does take a themmal detector, which we know will work, and has
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facilities for these others and the thing can be tested as it's brought
into the stage of putting it into the satellite. These don't seem to me
to be major problems,
Fritz: This 1is a very happy state of affsairs. In preparing this agenda,
you notice, I had assumaed that what the theory required would not be
deliverable by the instrument people and therefore we would have to marry
the two at the end s&ying that since we can't get vhat we want what can
ve do sbout using vhat we've got, but things have turned out much happier.
Apparently we can deliver what is required, on an instrumeantal basis and
we don't have to discuss the other one, except if we want to go into
project TIRDS, which I think is really not our purpose. It seems to
me that it 1s poesible that this is the direction in which to try.
Now 1f 4t turns out that it becomes so difficult that we don't get it
then we should at that time perhaps discuss what the interpretation would
be and what we can come up with.
Gates: Of the five things you listed as conclusions from our first
theoretical session, 1 think we will find out that there is &n order of
delivery which you could do. In other words, certan ones will be easiest
to produce with the most confidence and certain ones less so, and go on dowm
the line. I have the feeling that the cloud cover will be the one you
can produce with the most confidence. There {s that sort of thing that
will come out of the experimental discussion.
Elsasgser: There is also the logistics problem. Can you find somebody
that will build this thing? With the stepup in NASA activities, thie
is q quite serious problem.
Fritz: I don't understand, Stepup in NASA activities? This is & NAFA
activity.
Elsasser: I know, but everybody will be wanting instruments. Can you
find somebody who spent his time on this?
Fritz: Well, again I think this is in the order of the difficult problems
wvhich don't have to concern us here. I don't know the anwwer to this,
1 want to find out waht we need and what principad can be delivered,
There are many other problewms, as I mentioned., Commmications will be
very difficult if we get too many wave lengths and then data analysis
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is going to be formidable., Lets fight that battle another time.
Kaplan: Could we get an opinion? My feeling is that there has to be a
very good spectroscopist invokved in this and I wonder if we could get
the consensus of these experimental people, on this.
Fritz: Vould smikmty anybody disagree with this? I don't know. I would
think that more than one would be better. Do you want to ask somebody a
question?
Kaplan: No, No.
Goody: Uell this is & point you're going to have to watch. If you feed
this kind of thing to & firm along the specifications that you draw up they
could produce the thing but in the end it would have so many knobs and thingsa
on {t that is produced without a feeling for what they were supposed to do
that you could wait longer than {or a voyage to the moon.
Fritez: Vell I think you are right. 1 think somebody who knows what he is
doing will have to have some hand in it. As things are now set up, I would
think that there would be maybe more than one group actually working on the
design or the specificetion that should finally be made out, maybe even with
some pleces of hardware. Then when something, in somebodies'laboratory,
became satisfactory, all this being directed by samebody, I don't know who.
It may be that NASA, in its Vanguard Divisiom or somebody else, would have a
najor k& hand or we might or somebody here might. It might be donessimultaneously
by several groups. VWhen finally something that competent people thought was
adequate came about, then I should think you could draw up the specifications
and follow through and see that thsy were made to specification., This 1ia
wvhat you have in mind, I suppose?
Goody: Yes. 1've just heard harrowing stories about specifications being
passed out to big optical firms and what thereafter happens. It's a long,
long, long -‘:’#tm:u you get an instrument. This, one has got to watch,
that one doesn't fall into this trap.
Fritz: 1 agree with you, and at ths moment I don't know £ what the course
of events will be to avoid it.
Goody: Well youv'e got to get a good spectroscopist into the thing.
Fritz: Is =apgmilt snybody going to suggest somebody? Ue'll have to
try, anyway.
Shaw?: The problem is simplified somewhat, because you're going to build
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a semi~rigid machine.
Fritz: Now im discussing these requirements, we mostly were talking mostly
about 25 microns for a while, but 18 it exactly the same problem now to do it in
the 9.6 micron band with one or two centimeter wave numbers resolution and then
to go to the 15 micron bemd with something like five wave numbers resolution. Is the
problem about the same in each one of these? Do we use more or less the same in-
struments, with the same detectors?
Howard: With those two we are certainly going to have to be restricted to thermal
dntd detectors. Only for water 6.3 microns was there a possibility of anything else.
Fritz: You were going to try to get some information resolving that versus 25.
Howard: For the 9 micron ozone or the 15 microm 602, since liquid helium carriers
are just not practical, this exclwdes all of the photo~conductive cells.
Fritz: Yes, it excludes them, but also are we saying then that this other detector,
the thermo-couple detector, is the ome which will deliver the goods, so to speak, for
these requirements in these wave-lengths. I kind of feel that it would be about the
same instrimaent to do the job in anyone of these areas.
Kaplan: As a matter of fact, there is a big advantege of having the same optics for
all of these things, since these are related and the data that you are getting are
going to be cross~used in order to obtain other data. I would think from this point
of view it would be better.
Howard: Something momnitoring a window for example can give you a signal which can
be used as a comparison to the 9.6 micron ozome or the 15 micron CO,.
Reuzxx Greenfield:? The cam would sxam turn the grating from one position to another.
Three sweep positions and three set detectors.
Raplan: Or else to have some sort of prism in between to give a computer some disg~
cression about that and from the same ztgaxk signal on the grating essentially that
is displaced to reach the detectorsy .
Fritz: Well I really wasn't thinking of that, it could be done of course, but we may
for other reasons want not to put everything on the same package and then you
would still use the same instruments but slightly modified to measure the various ...
Goody: Well 1if you stick to a relatively narrow wave-length band of course, you have
the possillity of using cutoff filters. But then if you go to more than an octave
of course, you are going to camplicate the instrument.
Fritz: HNow we still have this question of the heat budget, unfortunately you were
out. Dave Vark gave us a talk on this. While in principal if you make a measurement
with a certain angular detector, a detector looking at a certain angle, you still dont
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get the flux coming out of a high level surface. Let's say that's wakx you want.

In principdd you should have the whole spectrum and integrate wave length by wave
length, But this may become unbearably complicated. But I have a feeling and

Dave agrees, maybe he doesn't, but if you had a broad filter you could make a
messurment at gome angle and either empirically or t:heoruically)or probably on

the basis of both some empirical rules guided by theory, you would attempt to find
the angular distribution of the radiation in this broad filter and compute the
energy coming out of a horizontal surface on the kxkx basis of a measurement

in one single direction. This direction may vary. If this is so, then it seems

to me that we hwaf' gos‘nready detectors, the ones you showed.

(Some conversation missing here while changing tape.)

Elgasser;: =~ - =~ -~ = doing something similar here (a) measuring the total xemita
radiation going out all over or in vertical from the earth and (b) taking say 2
stretches of the spectrum and comparing their relative intensities.

Fritz: When you say 2 stretches of the spsctrum, what parts of the spectrum do

you have in mind?

Elsasser: Oh, let's say at 6.3 mu and in the window at 10 mu. Just to measure
these have a simple gadget go that we will be 100% sure.

Howard: That sort of experi{ment is already on the proposed satellite.

Fritz: Yes. On TIROS as I mentioned at the begimning, we have five sensors. Omne
of them has something 11& one micron wide centered around the eix micron reglom.
There is one in the window from 8 to 12, rather broad, and there are these two other
ones -~ one going from 7 to 30 or something like that., There is a gpmmk question
which Wark has mentioned,however. This experiment measure the radiation coming

from one angle.area. From one, for example, you measure it. 1The angle may vary
from vertical down to the horizon. An if you want the flux coming out in the vertical
through a& square centimeter then you still have somethat of a problem in integrating,
in finding theangle of dependence. We will have to do the best we can on that.
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Wark: This is particularly important where you have clouds present, as you
usually do over the ocean, and there is & much bigger variation with scat-

tered, with clear skies or with an overcast. This is the normal condition
you are going to encounter over the larger part of the earth.

Fritz: 1f we wanted to measure the energy coming from the whole earth, with-
out regard to its latitudinal or longitudinal distribution, 1t would be pos-
sible to mount a horizontal surface, which is black, let's say, having some
of these other characteristics, on this stabilized satellite that we will
eventually have. But this gives you no spacial resolution because of the
fact that you see such a8 large area at the same time, You ceén get some out
of it, but if you see Northern Canada and Mexico at the same time, then it
is difficult to separate any spacial resolution from it. If you integrated
this thing over time as the satellite passes over the earth for a month or
80, I think you would get a pretty good estimate of the energy leaving the
earth as a vhole. I think Swom{ has proposed something xk like this. It
secems to me that you probably would. I think that we would like to try to
get this spacial xmamkkgoresolution also.

Howard: Even this object you have which 1is spin stabilized and looking down
at 45°, there are certainly times when it is looking more or less straight
radially down. At that time the entire 5° you accepted is practically
normal rediation from the earth. You are not worried about that kind of
variation of angle. You are only worrying when you are grazing over to-
ward®.sesso

Dr. Fritz: Even when it is looking straight down, you are looking lets say
at an ares and you want to know all the energy coming up throught that area.
It is essentially vertical.

Kaplan: You cannot measure the hemispheric radiation at the height the
satellite is going, Because it won't see what you would essentially see

at the top of the atmosphere. If you want to get an empirical relation
from this you must do {t by airplanes, by balloons or aomething like this,
It can either be done this way or it can be calculated.

Fritz: 2x I think we should do both., I think we should have the balloon
inxxzumax measurements with sensors mounted at various different angles and
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also calculated and see to what extent we get,
Goody: To some extent the matter is not purely theoretical. The question of
the relation between the emission at this angle and this angle is dependent
on the temperature structure which is simply not reproducable
Fritz: Temperature andalso composition.
Goody: Which you just don't know. I don't know what the anewer to this 1s.
I don't see how an empirical investigation can help you too much. A careful
theoretical investigation would tell you how much the various factors affect
you to see whether it is tolerable or something like that.
Wark: I think that in any empirical relation you bave you would put in cloud
information which would have to be gained separately from TV or
Goody: Unless it is a simple theoretically predictable then anything else is
impossible because it will depend on the air donditions, you don't know them.
Fritz: I agree with you. I think that theoretical work is req uired. Per-
sonally I feel that I would like to check this simehow with an empirical one.
I think that the important thing here is not that we are going to get the
exact answer. We won't, no matter what you do. But to get some feel for
the error that we would make. In other words, lets say in the first approx-
imations we assume that the radiation of isotropic. How much of an error do
we make with that?
Goody: If you can assume that it's fine, but.,.
Frite: No, I mean supposing it turned out that the error if you assume that
supposing that you confine your gself to uwsing only messurements at an angle
of 35 to 558.° The radiation at that angle, maybe, gives you a pretty good
estimate of the radiation from the hamisphere, if you assume that radiation
coming from that angle is isotropic. I don't know, but maybe that turns out
and if we made an error of 3 percent, we'll say, with that, maybe this is
tolerable. Maybe 3 per cent isn't evan tolerable. In that case we would
probably be in rough shape. I think some error analysis have to be made.
Goody: I think this brings up again the difficulties one runs into with
integrating devices. They are of course handy for some mmpm purposes, but for
an understanding of the atmosphera one runs into some difficulties. This par-
ticular problem here could be easily tackled if one has a spectrum. Because
one would use two different opacitias on the gpectrum to tell you how the
thing would look at different air masses. One could infer one from the
other with a little intelligence. This is the difficulty of using photo
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absolutely
measurements, you have just one measurement and/any adjustments has to be made
theoretically. You've got no cross-checks inside the thing; whereas, the
spectrum is absolutely stuffed full of cross-checks. If this is so than this
ie 80 and you can deduce & whole lot of conditione given it. I do feel that
that this 1e where the effort should go, into getting this spectral infor-
mation if possible.
Fritz: 1 agree with you to a certain extent. If we were going to get the
heat budget of the atmosphere, for example, and do it by integrating over the
spectrum over every 50 miles square area over the earth, this is a problem I
said we 'houldlgzgcuns, but 1 think it is obvious almost immediately that it
would be a formidable computation problem and a formidable communications
problem, 1 don't really want to go into this now. There does seem thie
problem which would be alwost obvious in this case. Perhaps we should
sample it in some places and do the whole spectrum and the other job at the
same time, somehow, maybe from balloons.
Kaplan: Of course is somathing that has to be done aventually any-~
way. We have to do it in daetall over the whole earth. I mean when we make
long range forecasts and things like that, this will have to be done. Es-
sentially you calculate it.
Fritz: Oh, you calculate it, 1 sea.
Goody: One thing on this total radiation you're talking about that just
might be worth doing is not only to have a downward, but also & sideways
pointing sensor. It would give you the other end of your non-isotropic
curve. You would have two point on it instead of one point and you would
guess the whole of the rest.
Fritz: You are thinking of a satellite which points continuously towards
the center of the earth, I think in that case we would want the sideways
looking ones st some angles anyway, because we want to get coverage more
than just under the satellites as the satellite goes around the earth in
a total orbit, then the areas in the equatorial regions it would be a very
wide gap, on the order of 1000 miles or more between successive measure-
ments in that region. 8o you would want to look out to the sides anyway
to get some uore Iinformation, Say the satellite is going that way you
could put a fan this way and you could also put a fan the other way you
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would get some idea empirically about the distribution around the vertical.
As the gatellite moves along, different sensors that come into view over the
same area. So this would in any case want to be done, We don't have to stay
until 5:00 o'clock. Is there anything else you want to digcuss., Have I
finished the agenda?

Gates: Maybe you know the astronomers are talking about a somethat different
type of measurement, but also related, of looking at the sun, The low sun
grazing incidence across the earth's atmosphaere with an infra-red satel-
lite detector in water vapor, and 002 and ozone and so forth. I don't like
this experiment very well because I think it is terribly difficult to know
just what you are looking at. But they sre talking very seriously about
this. I think we just ought to be aware of this.

Goody: The're doing this for meteorological purposes, arem't they?
Greenfield? This is a wonderful experiment for example for scattering and
this is one of the for example, you know Derminjian is very interested in
this experiment.

Gates: This sounds like an experiment on transmission.

Greoenfield ? I'm talking about the visible part. They weren't.

Gates: Oh, I see that, I was thinking of snother one. You know Goldberg
was talking about it.

Greenfield ? In what part of the spectrum was he?

Gates: Well, I think 9.6 ozone and .3 co, and 6.3 water to try to get the
amounts of these constituents as distributed through the upper atmosphere
by getting the path as it slices down through the atmosphere or up. You
see this is the sun and the sun coming into pumk juxta position. I don't
know how sensible this would be or not, but I thought how nice it would

be if there ware & source at the earth's surface you see, which then you
could get the total amount of something by transmission xximm through.

Well, there aren't any real nice sources, even the earth's surface it~

self is not a very good source sinee it varies a lot in temperatura. But
one poseibility if you knew within a few degrees say, the earth's mean
surface temperature of the ocean for Arctic Ocean middle latitudes and
equatorial or something, whether or not you could use the radiant energy
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of the surface of the ocean as transmitted through the 9.6 ozone band to get
some sort of a broad monitoring of ozone. I just put it out as a thought,
because I can see that it is important. Howard, what do you use as a light
source,

Fritz: The ocean, the ocean at night say. Wall what about that. I think in
the tropics, I'm not familiar enough with the various ocean currents, but in
the absence of currents and over rather brosd areas I would think the szmx
ocean EMXXEMER gurface can be considered pretty much of a uniform source
vithin a few degrees.

Howard: The absolute temperature, which is what matters, isn't going to vary
much.

Frite: Oh, that will vary very little,

Elsasser: Uell, one has to be quite careful, Right on the surface of the
ocean there is a temperature gradient or there can bes, In the window around

10 mu if you look at the old Bethe~Dorsey for water there is more than .
MiNX. In this region covered by the bands,
vhich 1is not surprising, this is for liquid watexr., It is not surprising,

there 1s just & little more than an , than in the region of the window,
So 1f you don't watch out ...

Fritx: How deep doas it go?

Gates: You see to a millimeter or a few millimeters don't you, Maybe at most,
Elsasser: No, not even that, But there might be a very steep temperature
gradisnt in the very surface layers of the ocean,

Fritz: Yes, but not to orders of & millimater or & centimeter,

Elsasser: Well, we don't know that,

FPritz: Ve know somsthing, There have been measurements made by Woods Hole, for
example, in the Atlantic, where they had an instrument sensitive at 10 microns
and they had rowboats with thermocouples mounted along the bow snd they claimed
that they could have reproduced those temperatures with the thermocouples to
something 1ike 100th of & degree and thay say that they followed very faithfully
with this, flying close to the ocesn., When they got high up thay had trouble
because even in that region they had trouble with emission in the water vapor.
But flying close to the ocesn, Whan they got high up they had trouble because
even in Xthat region they had trouble with emission in the water vapor. But
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flying close to the ocean they ware very successful in measuring temperatures
the ordars of 10the of a degree.

Elesasser: They duplicated the radiation temperatures with the .........

Frits: They found what they call hot spots. Nsmely temperatures that differed
from other areas by a tenth of & degree they called hot spots.

Gates: They required huge optics, I think.

Fritgz: I saw the instrument, but I don't know how much of it was optics and
how mich was something else., But you are interested not in tenths of a degree.
You are interested in several degreas.

Gatea: No, that's right and I was thinking in terms of & polar orbit and the
fact that over ocean araeas you would be sweeping from polar regions right down
to aequatorial ragions south and all the time remaining over water.

Frite: Well supposing you had this temperature where you like it, can you still
do anything with 1t? Supposing you had this uniform temperature surface and you
wanted to measure ozone?

Goody: If you took a point on the edge of the ozone band you would have some-
thing clogg ggeqwkkggar low and you know the/$£B§°§$E'Sfon temperature of the
earth which/probably one does know. Then you have a direct law betweem the
total amounts.

Pritz: In other words you would still need some idea of thetemperatura of the
ozone layer.

Goody: You always have to know something about it.

Frite: You would have to ask the question how much of an error do you make if
you don't know the osone temperature by 10 degrees, say, if it turns out that
it 18 not very important within a 10 degrea interval then you might get away
with it. But 1if 10 degrees was important there might be trouble, not knowing
the temperature.

Gates: Well it's simply a first crude approximation to the problem but the
important question is, is it worth something?

Fritz: I would say that if you got the sm& total amount of ozone by that
method or any other method over a subatantial portion of the wmxk world, it
would be very nice, very important to have. If this method provides that

over the ocean areas, which cover enormous regions of the earth, I would

think that it would be very important to go ahead and try something like this.
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Howard: (?) But the measurament that you would get would provide information
regarding not only the sount of ozone but the pressure distribution of ozone.
Goody: In the linear law region you wouldn't be as pressure effective, that
ig the point.

Hioward: Up near the edge I see.

Fritz: The idea of measuring pressures in the atmosphere we don't know how
to do this, but personally I feel that we should tell averybody that the
pressure is very important to sece that we could come up with an idea of
doing this. I just pricked up my ears when you said something about that.
Howard: No, I am just afraid that would be acomplicating factor.

Goody: Since we've run out of the subject of the infra-red could we ask by
chance if you would tell us or discuss what your plans are in the ultra-
violet visible and other psrts of thae spectrum.

Fritz: Well we don't really have any firm plans. In the solar radiation we
do have in the TIROS package this raw filter which is going to measure the
reflected solar emergy looking at certain angles. Other than that I don't
know of any specific plan to do anything. Does anybody know any? We've
heard about things. It seems we had a proposal about measuring the
scattered radiation in the ultra-violet, and I thinkesecocsncosoass

Goody: This should be coordinated. You see it's very difficult to discuss
this program entirely by itself and in Dave's suggestion of getting total
ozone here, cain't be considered outside the context of what other methods
are now aveilsble.

Fritz: I see this meeting as one meeting to get together with people whom
I consider to be leading in this while field and then perhaps now we should
think about what wvas said and attach each one of these elements separately.
In other words, we sbould/we perhaps a mweeting which is going to try to
solve the while thing but now, say talk about ozone and not limit our-
selves to infra-red but just say how would we measure ozone. I think if

vwe had gone into all the methods today we wouldnt hggg pgen able to cover
each one of theelements. I agree with you that we B4 enink seriously
about other methods of meagsuring these elcments and sawmix skwwkst consider
them one at & time.
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Goody: It would be well worthwhile seeing am/integrated sumof the
using more of the spectrum and how they can re-enforce each other

before one goes blundering into with a lot of momey and effort.

Gates: Vhat could you get with the sun and the of the ocean, having
the sun down and back through the ozone.

Raplan: It doesn't have to be just the ocean, it could be off of enything.
During the daytime the best way to measure the ozone would be in the ultra-
violet.

Goody: With a little spectrometer?

Fritz: I didn't get the complete remarks.

Goody: Well, when the sum is shining you simply make a little light in a
light prism spectrometer a little faster. You jJust pick up the earth's
surface. It doesn't matter what g‘ﬁ s long as it doesn’t have a nasty
sboorption band as many materials have.

Fritz: You are talking now about the ultra-violets and you say photograph
the earth's surface.

Howard: Just get a spectrum and absorption spectrum. Ultra-violet by
ozone using reflection from any portion of the earth's surface.

Goody: It doesn't matter what it is.

Fritz: Would you go far & enough into the spectrum go you would see the
earth's surface?

Goody: You picked the point, you photograph the range just where you go
from transparency to opasity using standard techniques.

Fritz: From 25,00 down to 3,300 or something like that.

Goody: Not even that. You don't care what the source is just as long as
it doesn't have any nasty sbsorption band.

Fritz: Dobson doesn't go to 2,500 he looks at the sum which means you
have to go from 3,000 up to 3,300.

Kaplan: You have to get a reflection, 1if you ca$n't see the earth's
surface you cain't get a reflection.

Howard: I think the on]y other experimemt that was on the original

‘eeva thing which is now the cme you are doing is the solar X-ray and/or
Lyman “d"“‘ S et S oY,

Fritz: Looking at the sum?

Howard: That was the only thing that was not in infra-rved experiment
proposed in the original.



Fritz: But that's no longer on the package.

Howard: (ell, that's the only one that has been proposed to be put om there.
Friedmann/ is checking the NRL Lyman Alpha solar X-ray psackage.

Fritz: I don't understand. You mean that was the ome proposed in that region of
the spectrum. Look at the sun in that reglon of the spectrum.

Howard: That's right.

Goody: That's the only nom-infra-red.

Fritz: No, that's not true, because we have two on the package now vwhich are
aot infra-red. Ve have .5 to .8 which is not infra-red and we have kone from

«2 to 6 which meinly 1is not infra-red,

Howard: The TV scan. That was separate. You have one now which goes from .2
to 6 which is reflected solar radiation which will cover gh the infra-red also.
But it covers the infra-red and the visible.

Howard: £2 The lead sulphite and the TV, but I mean apart from that ~=--

Fritz: I'm not talking about lead sulphite. I'm talking about .2 up to 6.
That's not lead sulfphite. That's 2 thermistor element. R

Howard: I see.

Fritz: I mean its true, but the packages have been called infra-red radiation
but I've insisted all along that tk that is a mis-nomer because it includes
visible and ultra-violet. On this ultrawiolet reflective radistion - do you
have to see the earth or does the experiment work with clouds? Orxr even if you
don't see clouds, suppose you go from .25 microns up to 2800 angstrom units.
Goody: Well, about 3000 angstrom actually.

Pritz: Well with 3000 you would get down to the eartHs surface. Is this desirable
or not?

Gates: It doesn't matter what you look at, because all the light is coming from
below the ozone and you compare a window with an absorption. You don't care at
all vhat your course is.

Greenfield:? Don't you get into some problems of scattering at this point? Are
you sure wvhen you are looling down as to wvhere your radiation is coming from,
Yodre starting to get bulldup in your beams from first second and third tertiary
scattering.

Howard: Shorter wave~lengths are lost as the light goes down through the firat
time in any case, so they won't return, not from the reflected ss surface.
Goody: There is an indetermineantiycy when you are looking at a scattering surface
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and it 1s a transfer problem but it normal clouds and then most of the
atmogphere is dsmm down below here. Dust and all, now that doesn't have much to do
with whdExgasam up here and the sun coming down and then coming up here at various
points in here. Now then it is quite clear that vhat has happened is all of this
region above about 10 km kilometers, the radiastion has gone through it twice. There
is nothing more complicated than that. There wimpmiy is sk no scattering/ smph up
here.
Shaw: The 602 content atmosphere
depending on the opacity of the band they get differemt amounts of CO2 in the atmos-
phere. In other words ifyou had a weak band where you see through the entire
atmosphere you see a lot more co, than if you look in a very strong band in the
infra~-red where you get scattered.
@Gl Goody: Well, there is no question here you see. You pick a point in the solar
spectrum in this regiom, plotting it as an absorption spectrum against transmission
It goes like this. Uhere that's 3,000 angstroms. It doesn't particulary matter.
Your spectrum may be &imx like that or it may be lmx like that. You pick a point
where 308 507 absorption occurs. You never look at an opaque region.
Shaw: You have to be careful now. 50% absorption I think. After all, as you say
you have/212Pins
Goody: This problem with the exception of a % slight iwxmt indeterminancy as to
whaether some of the rediation might not be coming from the upper emd proportion
or not in proportiom.
Greenfield:? You are still faced with the problem that you do not really know what
your path length #=f at various parts of the spectrum you are looking at. In mtisf
other words you are not going#to get a constant path but ixém it's going to be ---
Howaxd: It can be partially calibrated by examining the earth light on the moon.
Greenfield: ? Because you are getting =m scattering from all parts of the tropo-
pause p troposphere.
Goody: Because 10% is scattered in the troposphere and say 40% from the ground and
50% is absorbed. Then 28 10% of the ozone is in the troposphere. S0 you know as
regard 90% of the ozome, you know the path exactly. As regards 10% of xhmx it
you are uncertain to sbout 10% of whet's invelved. About 1% uncertainty.
Fritz: Could you write down what you would consider to be the wave length region
that you would be looking at.
Goody: 3,000, 3100.
Fritz: 1 see, you would not look at 2500.
Howard: It wouldn't come through.




Fritz: No, but some of it would be reflected, for example .,

Cates: You don't have clouds. Then you would have trauble.

Goody: Then you would have this objection that the point you are looking

at would vary with the opacity. You deliberately pick a point. You know

that is the earth's surface there, because the thing flattens out there.
Because you know that £k this wave length will kg go through to the surfsce
and you sre essentielly comparing that with that,

Howard: Wouldn't you get something of this sort 1f you examined the earth's
1ight on the moon?7 That is en even longer path iwwktxtectwnix isn't it.
Goody: Yes, you can get ozone from earth light on the moon.

Howard: And that's virtually the same problem. That light which has come
through to the reflecting surface through the atmosphere to the moon and

then back through the atmosphers to the observer.

Keplan: In this case it doesn’'t e¢ven have to come back through the atmoaphere.
Gresnfield? Are there any problems as far as reflectivity versus wave length
of the earth's surface in this region,

Goody: Well you would have to be moat Machiavellian to
this really nssty change between 2 nine and 3 one hundred. If you chose some
really nasty sk bumps it would upset and you would get an ailmost —
and this would give mw¥ & non-sensical answer. I dom't

know what «--

Fritz: 1 should think over the ocean you might be pretty safe, but over land
where there 1is vegetatiom maybe you'll be in trobble. But if we can solve
problems over the ocean we have an awful lot of informatfion right there.
Rixust Adel? All I'm pointing out is that this is & region that needs a
little bit of exploring before we geize on it as & ~=~~

Goody: 1 think it would be a good idea to look at some astandard surfaces and
see.

Elsasser: 1 would have one concern about this particuler method in the ultra-
violet, namely that you don't know whether the solar intensity is constant or
if it a varies.

Adel? You mesn over time?

Elsasser: Over time.

Fritz: Well we mmiam have made meagsurements with Dobson instruments measuring
from 3100 to 3300 or there abouts. As far as anyons can tell that inm



- 88 -
not very important when you compare the two wave lengths.
Goody: Apart from the scattering problem,the whole problem is just the same
as the Dobson one and such objections have x been tested in the Dobson technique .
King: It scems to me that we are running the danger of £ galloping away and
loosing sight of one very important fact. First off, if you think of a 300
mile orbit, that's pretty far out, all that you can get will essentially be
a global picture. The fine structure of the atmosphere, which has been discussed
here, in on the orxder of 10 miles out. It seems to me that the most you cam
expect from a 300 mile object is some simple monitoring device of the nature of
looking down at the earth. Looking straight down, nothing complicated. It
seems to me that all your grating or prism spactromsters, I'm not sure that
it will vork in the first place and I'm not sure that they will give any added
information, because it will scan such a big area. It seems to me that the problems
of the earth's atmospheric circulation and so forth, heat budget and so forth,
would hmta better be solved by means of balloons or sounding rochets because,
after all, 300 miles you are going 30 times on the other side of the atmosphere.
You get sometling that is certainly more sccessible, in some ways, from the
surface of the earth,
Fritz: May I ask how you measure this? Say over the whole fmmukk South Pacific
in the southern hemisphere?l
Kinght King: Measure what?
Rtxkx Fritz: Temperature, ozone or water vapor, or the South Atlantic or even th
the tropical regions.
King: I don'tknow, sounding rocket.
Fritz: Where would you mount them, from ships? That is the advantage of the
satellite, that it can give you world wide measurement whereas the others
camnot.
King: Theoretically, it can do snything, but when you see the best data that
50 or 100 years of experimental finesse has produced on the earth under ideal
comditions, stadble platforms and all that, and you see how poor it is in giving
us any information as to, for instance,this subject wer are talking about.
Fritz: Vhich data would you mean?
King: For instance, darkening, or trying to obtain some feeling for thm tempera-
ture by looking at different regions where your spectrum has 10 different
opacities.
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Fritz: Ve know something ebout the ozone distribution over the world. Ve have
done it by looking at the sun from fixed points of the earth. This has been
done. It think we do know something sbout it.
Howard: that Jean is sort of saying is that it is a pity that the big money
that is available for these satellites couldn't be partly diverted into con-
current studies from balloon platforms and other thimgs which would check out
sone of these ...
Fritz: I1f this is what he means, 1 thoroughly agree. I think we should check
out everything from these. But if you mean that we are going to get world
wvidge caverage everyday with balloons or rockets or anything like that I
don't quite understand how you would do this.
King: No, I just wonder if it cam be done or if the information you would get
would be worth while.
Gates: I think you have no choice. I1If you do these things you get certain
approximationa of the data you want, you get experience, you go ahead and refine
it and ten years from now we'll have somed pretty exciting results.
Howard: 1 think one has to be philesophic, that some of these satellites are
going to be put up anywvay. We might as well put something on them that will
bring back useful data.
Fritz: I would like tc be mxm more positive. Ve spent all day todey trying
to see vhat x we need to measure certain quantities. I assumed from the
begimming that meteorologists would like to have worldwide measurements of
water vapor and they would like to have worldwide measurementa of ozone.
1f T was wromg about that then of course we are wasting our time.
King: No, certainly I sgree. But keep it simple. For instance, it is worldwide.
Your field of view is going to be very broad, you can't get much fine structure
resclution from 300 miles out. -
Fritz: You can get anything you want reslly, but what do you want? Now I
vas saying, myself, or some problem an area of, say, 50 mile dismeter was
something that we might etrike for. I should think that we might occasionally
want much finer resolution than that over some areas. If you get much finer
resolution thatt that over ths whols world you will be swamped by thes data.
Even at 50 miles you are going to be swamped. You are going to heve to make
selections. I am not going to sit here and decide that 50 miles is the thing
you want but, it's a practical type of thing that we ought, at least to stop
adn think about. You msy want to make it much larger or you may want to make
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selections. But if we go on the premigse that we do want thig kind of informationm,
and I persounaly feel that we do, then we spent all day today saying how would
we do it. The consensus of opinion that I had is that there i3 enough optimism
about it. The theory suggests that one might get these results, to get the world-
wide distribution of these quantities, with maybe even some vertical resolution,
and this is what I gathered from the meeting, that theoreticians say that this camn
be done, and the instrumemtal people say they can give us the instruments to do
it, Now why don't we go shead.
Elsasser: Personally, I should make one suggestion, that you go up to the mk
blackboard end make a list of the things, the meteorological things, that w
have no decided we can get. 1,2, 3 and so forth.
Fritz: Wall I think I can recite them very quickly. There was temperature,
Kaplan mentioned 602. Now there may be some difficulty, but at least x he
showed us the first approximation of what you would do. There was temperature.
Elsasger: Vhat temperature? Effective radiative temperature.
Fritz: No, this was the temperature in 10 different layers of the atmosphere,
the mean temperature in 100 milibarjlayers.
Howard: Now these would be 10 layers though where there is a lapse rate. You
g;e not going to do the stratosphere and into ~ axre you in this kind of patterny
Mapare you down here vhere it's still « ~ -~ =
Kaplan: what I'm thinking w£f of is having 10 layers, including the stratosphere,
every 100 milibars. You have to make sowe assumption as to vhat the diasttibutiom
is in this layer. The gsimplest thing is a constamnt lapse rate,
King: This {8 impossible., I defy even to construct synthetically any kind of
model and then just from straight emizsive scan to get out the information.
Kaplan: That's not what I'm going to try.
Goody: What information? You mesn the temperature or the -~--
Kaplan: The temparature,
Goody: We have get up models on digital computers with the others and worked
them backwards. You can get out the - ~ = -
m%:d: The feeling was that c02 could be used to measure this because at
sk we could £xixiy kxtxk barely assume that it is fairly umiformly distributed.
Fritg: VWe sssumed that.
xpinooinanbooimrsmcomtx
Howard: That's sort of implicit to tha whole calculation.
Kaplan: HNere is an experiment for example. I calculated the outgoing radiation



-91 -
for two models, different from one another, a bit different from one smother,
then I solved my ten simultaneous equations with one model in terms of the departures
in the other model, the coefficient in the departures of temperature, and sec hLow
closely it represents the other model. This can actually be set up. You can
actually try this out with different calculations. You may be right that it is
impossible. My fecling is that it is possible.
Pritz: To go shead. 7his ie what he said and maybe we can't, Are you writing
down these things? Are you going to write down the meteorclogical elements or
vhat.
Gates: I'm going to write dowm the five things you mentiomed two hours ago and
the additional ones you've mentioned since.
Hovast: Vouldn't it be ¥ a hood idea to teke out insurance in addition to sending
up the spectrometers and send up some filter davices. You would be reasomably
certain them of heving something that would work.
Kxmeumx Vormser: It works all the time with spectrometers.
Howard: Ue have taken out that insurance. We are not even considering the ones
that have already been settled on for your TIROS experiment. These are the
crude experiments that will be coming out in the meantime. Supposedly we are
only considering more advanced measuremsnts,
Fritz: Yes, I think that the TIROS package was not designed to measure these
specific meteorological elements, except for the heat budget, clouds, or
something like that, but if you went to measure these elements, the feeling I have
1s that you camnot do it with filters. itk Kith-Jhat-sould-Pou-Neasuseoione

do-the-TLROL--packago.
Howard: The ZRRER TIROS budget was intended to aim at the samount of ozone.

Fritz: Ozone. No not ozone. In TIROS?

Howard: 1In was in the earlier versiom.

Fritz: With vhat would you messure ozone in the TIROS packagel

Howard: There was to be one sensor looking at 9.6 microns and one looking aroudd
11 microns.

Fritz: There isn't now. There is one from & to 11.

Howard: 1 see.

Fritz: Well you know the clements on the TIROS package. You were on the

ARPA committee.

Howard: Yes, well they seem to have changed a bit gince then.

Gates: I think these are the main classifications a# you reviewed them down to
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this point and then we will have additions.
Fritz; I would like to put in parentheses after these things, what are the
meteoyologicel elements which you are going to measure. For imstance for
IR 25 microns with, vhat, water vapor. That was the purpose of looking at it.
Coody: lNow wait a minute. Let's get a little more ______ about this. Just
H,0. Ue'll measure H,0 as a function of temperature, not as & function of al-
titude.
Howard: Now weit a minute, is this the temperature of the water in the stratos-
phere?
Goody: The best you can get out of the inversion is the density of water vapor as
a function of the temperature in which that water vapor lies.
Howard: But now Leuvis' scheuwe wes for the distribution of water vapor in the
stratosphere.
Fritz: There wore two things.
Goody: This is quite & lift}e problem, This gives you 03 as a function of
temperature, and this gives you CO,. Now you've got to have something to sort
that lot out. And there sre a number of things. You can assume you know the
002 ard you csn work back to this or you can measure the ozone Umkehr as was
suggested. The thing's got to be planned out, it doesn't just automatically
settle the propexties of the atmosphere, one has got to incorporate other
messurements to make this scheme complete. So this ought to be coupled either
with the assumption of (:O2 or else Umkehr,
Kaplan: As a matter of fact you have to have both, because you do get emission
from below the ozone. So you have to know what the temperature distribution {s
and what the temparature of the ground is.
Goody: In otherwords, these temperatures which are important in these don't
overlap at all. So we need both the Umkehr send the assumption of coe, in order
to get that as a consistent scheme, and then one can work it out. It is quite
a complex set up of experiments.

reenfield;(?) W ht b to re e
o crncilti(]) G Sl B e el e s,
Gmnfield (?) Oh, you need the distribution fi.rat, vertical dutt!.butim. You

mean noed the density as a function of temporature. That seems to me to be the
critical limit and Lt ought to be part of this list,

Pritxz: It seems to me that you cslled it Usmkehr but Singer didn't. It geems
to me that Singer in his article was trying to get the vertical distribution

sty
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of ozone by looking at many wave lengths including 2500 angstrom umits. Now
vhether this has any theoreticaly pitfalls, I dom't know.

Kaplan: I don't know how carefully Singer thought this out, but Sekera beliaves
that {f the Unkehr is treasted olegantly that it can be dome.

Goody: It certainly doesn't have much elegance if it requires too much instrumental
accuracy, but it does seem to me that if Sekera hl?.tldi:::n gtrl'a{hh’ ve ought to

ask him what they are because it seeme to me that/the ssmmmkiak part of this
interpretative sk scheme.

Kmla; - Now as far m eas wvater is concerned the measurement of temperature

in Co, is easentisl for all of these things. If smything is going to be dome first,
the single paskage, probably this would be the ‘ent one.

Fritz: Uhich one?

Kaplen: The 002 temperatute, 1 mean, getting tempemature in the (:02 15 micron
band.,

Fritz: That's number one you feell

Kaplan: This has to be number one if this scheme is going to be done in any way
cloge to vhat 1 have suggested.

Fritz: You need the temperatures in all the others. But you already mentioned

to me¢ in private that you would have to wmajalaxmx make a water vapor correction

for instence for the 002 mgasurenents. You would have to have a water vapor
correction.

Keplan: 1In most cases it would be very ammtik small,

Fritz: You wouldn't have to have a water vapor measuresent to maske that correction.
Kaplan: It should be done sooner or later. It would not have to be dome in

all cases, it would have to be done under conditions end in any
case you can get & pretty good approximation. You would just increase your accuracy,
Barmes: (?) Can we check one more thing on that and that is these raesolutions

that wehave been talking sbout at 25, Uhat did you conclude? Is that vhore

you needed one to two wave numbers.

Fritz: There were two separate parts of it. One was the stratosphere where you
needed one to two wave numbers, and in the troposphere you needed 25. Thered are
two separate parts, Stratosphers and troposphere. Yes.

Kaplan:: And the two as a matter of fact depends upon being able to really set
your ___ it requires a critical aljustment of your cell relative to -~ - -
Greenfield (?): When you asy two, vhat you are saying I bLelieve i3, when
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you spy two you really mean two. You don't mean to spill over.
Kaplan: HNo. You have to have a weve adjustment. You have to know exactly
wvhat wave length you are on. You can do this really by looking at the lines.
You can have an gutomatic adjustment on it.
Getea: Sig has reviewed those resolutions earlier. That's why I didn't put
them on the list.
Fritz: It's mkxigkt all alright. I think this is very good. Dr., Elsasser's
desires are usaful, I didn't realizc how useful it would be. NHomtaxxmbosws
toomating
Vormser: May I ask an experimental questiom? Uhat general orxder of magnitude
of weight and size is permissable in this pro¥ject?
Fritz: Ve started out the meeting by mxmyxximt saying that we could think in
terns of 500 poumds at 500 miles, but Dr. Tepper mentioned that that is even
not any limitation. You cam go to twice that, say.
Gates: Vhat did we call the earth's (]
% RKing: 1It's an angle scen, rather than a wave length scan.
Gates: All three angle scmms.
King: No, its just for their zenith angles.
Gatea: This 18 for ozome,
Goody: 1It's the same though in principal mxespk as one through three except
that you are using angles in that way.
Gatea: Now the thing that I was going to do, Sig, and the reason I really
got up here was to discuss the ease and confidence of approach on 81 each of
these. Vhich ones are maxt the oansiest and which =tm are the most difficult
from the experimental standpoint, amd I rather gather that this is vhat
Valter hes had in mind,
Fritz: Dr., Elamreser you asked a question for this, Vhat else would you like
to heve up there? Is there anything in number 4 through 8 that we have to
put dowm.
Elsasser: I merely think that leaving out 7 and 8 would .

Ba 8tart out with 4 and 5, 3 .

Gates: Well put 1, 2, 3 and 4 over here in the order = vhich we can do easfest,and £ix

Is that vhat you had in mind? flrst.
~einssser:
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Elsasser: Easiest is most importent firat also. I think 3, 4 and 5 are the
wost importent.
Goody: Refore we hmm become immersed in this thing may I ask a question.
2% This has now crept on me. I knew it was going to but you just can't do
it otherwise. You've got U V here, and Umkehr, I don'’t sicteocpmsiemmcrantiy
really think you can look at this whole thing umless you look at the radiation
field as a whole and I'm not sure that start putting down the 1list ve shouldn't
%t at least try to put downm the other things which fit in naturally with these.
To begin with there is the solsar radietion of courss. &2 The sbsolute intemsity
in the Ultre-violet is the key thing. It must be, otherwise its the

Also the solar constant.

Pritz: Does the heat budiget include the things as a general category or not?
Do you want it brokem down finer? I have no objections,

Goody: Vell, do you went us to stick to information in this half of the
region of the spectrum or do you want to _ ~ ~ -

Frite: We could talk sbout anything we want now because 1 feel that the basic
purpose of the meeting has been sccomplished as far as I'm concerned. My
original feeling was that if we got into things other than the infra red we
would not get very far. Maybe I weas wrong sabout that, Now that we have
ci{nished whet we really sst out to do, I think the floor is wn ( )e
Gates: Vell I dou't know but I wuld prefer to round these up. This is
being done sanyvay. This 1s something that already - - ~ -,

Pritz: If you want you can put down on the side, if you like, the wave
lengths that are now going to be on the TIROS package which, I mentioned,
would be launched later this year. There is one that goes from .26 to &

mx microns vhich I call solar. There is enother oms from T.2 to 35 which 1
call terrestrial. There is snothex one from 8.5 to 11.5 which is the window,
.56 t0.75 which may be clowd cover for want of a better name and then one fmxm
from approximately 5.8 to 6.8 vhich was the water vapor. It is in the water
vapor band amywey. The instruments are now being produced to do this.
Elsassax: Do youg get those for the vartical beam?

Fritz: Ko, this is a spinning satellite and we will have to take what we
get. It will be looking at all different angles and presumably we will know
the angle at every instamt of time,

Clsasgser: Then you need a 704 for several years to ~ ~ - .

Pritz: The program now calls for the tape of the original data to be
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processed in a certain way, the orbital elements to be produced by the Vanguard,
thogse two tapes will be fed into the Veather Bureau and at the cost of about
4 hours & day these two tapes will be married so that gll the information will
be on one TOL tape.

Goody: & Then you buy a city block md start storing it.

Fritz: No it will tape 10 tapes. It will xun 90 days so you will have 90
tapes.

Question: Vhat will you do with the tapes then.

Fritz: This becomes a meteorological problem, I think, myself, wvhat we will
do at the begimming will be to take the measurement at a particular angle and,
after some study of the kind we mentiocned, try to go fromk that to the flux

in all direction by some suitslbe trigometric tramsformation based on vhatever
we can get. This will give us the distribution of the heating over the

whole earth, at least over that protion of the earth which the satellite saw
amd during the tinme of the day that it saw it, and then we can from meteorolo-
glical studies. I would think that one of the first things that we would try to
do would be to take that average property over some days snd look at the general
circulation in relatiom to it.

Greenfield(?): You will also include in your proper registration __ ____ them
proper factor.

Fritz: We will mm know exactly where everything is located at all times, geographically.,
Time is the element they measure , the total time,

Johnson: On the radiation tape there s a2 _ .

Gates: Let's look for the relative {mportamte.of cloud cover. I'm going to
stick my neck out and =ewe

Fritz: Importance is a very difficult word to use. I don't know, it depends
on the purpose and so on.

Kaplan: No wait a minute, Cloud cover, does that --- and temperature and
height.

Elsasser: Cloud amount and height?

Gates: No I mean cloud cover and cloud temperature.

Kaplan: You ses you csn measure temperature snd & heights ~---

Fritz: I think we are getting into a pitfall which this meating vas designed
to overcome to a certain extent. There have been certain meetings which
people who are meteorologists were present who made decisions in areas which

1 felt they didn'
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I felt they didn't have any competence. And I think we are now getting to
an arca where this group has no competence., Nanely the decision of what 1s
nost important. You see the competence of this group is in gpectra not in
importance of meteorological elements. So you can put it down but I don't
think it means ssma anything.
Cates: Uell we can suggest that you might 1ike to have our advice on this
samet.ime.
Pritz: I would ask a different group. If you are going to ask what the
important is I would ask a completely differemt group from the people who are
in this room.
Hfowerd: Since we would 1like to put down the relative ease ~---
Fritz: Ease, That's another thing. Importance is something else. You
cam put it down, I just want to bring this £ point out, that it has no
veight.
Goody: VYell you can't put the importante up there,
Fritz: Well, X myself akmm am also not completely coupetent. I would have
some ideas on it but other peopls might like Byars, Houghton and Haurditz and
other people like that might have completely different ideas.
Goody: Let me ask this question. These can be marked in relativel importance.
Used in the problem to solve the question to solve the general projlem of the
atmospheric radiation field,
Fritz: If you set an objective you might, but if gsomebody is interested in
ozone, he might feel that ozone is mumber one.
Kaplan: 1 agree that sooner or later we are going to get into an argument.
Fritz: 1 have absolutely no objection to writing down things.
Gates: I myself would keep away from importance all the way through this,
but I think that we could write three categories or something.
Goody: thy don't you limit it to case them,
Gates: Lets talk about ease then.
Tritz: Ease,
Gates: Cloud cover 1is eesy.
Bse Goody: Cloud cover ks is much more ____. You can't (3ix words missng)
Gates: Vell let me ask this. Which is the most easy?
Goxxly: You mean of those you lwe there?
Hovard: NHumber 7.
Gates: O.K. we'll put it number one.

<.,
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