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CONFERENCE ON
INFRA-RED MEASUREMENTS FROM SATELLITES

Summary

A meeting of experte in the theoretical and instrumental problema of atmos-

pheric infra-red measurements was held at the U. S. Weather Bureau, Wash-

ington, D. C., May 1, 1959. Those on the accompanying list were in

attendance.

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 emphasited 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 сoneid

ered the radiation one would see coming out. He then outlined the be-

havior of a dimensionless quantity which is 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 a 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 could be determined from measurements

made in several carefully selected narrow wave-length intervals in the 15

micron carbon dioxide band. He mentioned a number of details of that

band and outlined 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 abo it five wave numbers in the 15 micron carbon-dioxide

band would be needed. He expressed his belief that ten temperatures

through the atmosphere,with an accuracy of one degree, could be found from

ten measures in difièrent parts of the band.

Kaplan next discusseo Goody's ground measurements of downcoming radiation

and pointed out that the only real window is the eight wave number inter-

val at 11.1 microns, ha 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 serious-

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 relations

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

Water vapor
Ozone
Temperature
Heat budget

Spectral Region
of Measurement
(Microns)

25
9.6
15
4-100

Resolution
Required
(cm.-l)

10 to 25; perhaps 2
1 to 2
5
broad

Dumber of
Intervals
in Band to
be Measured

?
5
10
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Commente 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 isolate 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

spectrometers 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 resolution and therefore no detail.

Next, a prism spectrograph with a resolution of 15 cm" , the spectrum show-

ing only broad features. Response time was 1 second with «etee 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 987., for use with grating spectrographs. Another instrument of 1/2

cm 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" 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" and a time constant of 1 second.

À 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 for 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 utied; 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 problemt in determining the heat budget were brought out; it was

pointed out that enpirical relations must be established, in the case of

TIROS, to translate individual measures into flux; further theoretical work

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

The following topics теге then brought up: a grazing incidence observation

of the sun, which would be useful but very difficult; measuring otone

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.

ï «
The meeting concluded with a resume of the points brought up and the con-

clusions reached.



IHFRA-RED MEASUREMENTS MEETING
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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 ie 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 оС

fact, we now have in the leather Bureau a Meteorological Satellite Section

which is growing rather rapidly which is financed entirely with NASA funds.

It is in this framework 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 instrumental 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 CO.

would be of interest. It is one thing to say that we would like to do it

and quite another thing to say Just how we do it. The present statue 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 is already pro-

duced, and the satellite may be launched for example toward the end of this

year.
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Goody: Could you give us cm idea of sizes and weights, please?

Frita: That ia 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 I said there will be some television cameras and there are

five radiation sensors which I will recite. There is one that has a trans-

mission in the region from .2 to 6 micron which is essentially the sola*

radiation reflected by the earth. The other one is fron 1.2 to 35 raierons

which is essentially the terrestrial radiation emitted by the earth with

certain limitations.

Question: What are the sensors?

Fritz: They are thermistor elements and they have various filters in front

of them in lenses. There is a window measurement from 8.5 to 11.3 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 is 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 1*5* to the axis of the satellite

which will be spinning. Each sensor lias a 5° field of view and so you will

sweep out an area on the earth.

Goody: Is this telemetered back?

Fritz: Ko, it is stored on tape and transmitted back on command. One« each

orbit, you can send the information back. There will be some orbits where

the Information cannot be read out. Títere are not enough read-out 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 one orbit. Isn't that

right?
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Fritz: 1C eraees. If you don't read out, the orbit information ie craeed

and it reada the next one* You can only «tore for one orbit. You von*t

get complete information, but this ie a technicality 1 guess. I am merely

bringing this up to show you what is being done now. For the future, I

think that we can expect eotae modification. For 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 thie one at any angle to

the axis, the figure axis of the thing.

Goody: When do you hope to have this?

Fritz: Say a year or so after TIROS is launched which might be two years

from now or something like that. How weight capabilities that we should be

thinking of are something like «ay 300 pounds at 500 miles. We can plan

on that kind of a framework. This is instrumental payload including the

necessary power supplies.

Goody: Approximate length or siée?

Johnson: I would say that we might be able to handle something as long as

six feet. This is still debatable.

Goody: Well 500 pounds in 2 meters is essentially all any of our equipment

would require.

Fritz: Well 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 serious limitation if you can

work within that kind of a framework. These are the state of the art and

something a little bit about the future as far capabilities are concerned.

We have to turn now to the question of what we want to measure and how to
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measure It. There are a great many problem« in these things. For example,

communications - how do you get the «tuff 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 separat* 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, communications-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 have already made substantial start.

Question: We are not limited by payload at this time?

Fritz: I think you can't figure on 50 tons, but I mentioned 500 pounds as

really Just an order of (magnitude?).
I think Goodys' point is that

Tepper: It realty doesn't matter. We can do everything we want to.

Fritz: But Morris 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.

K*pl»n ; Also you might want to do several things at one time.

Fritz: Yes, that's a possibility.

Elsasser: On« question. Do we expect that all these satellites will rotate?

Frit«: I don't understand, do you mean that it will rotate about it's own axis?

Elsaaser: Ye«.

Frits: Well we can make it rotate if we want it to, but we can also stop it

from r̂otating if we want to, and I think our plan is that we will not have it

rotate.

Elsasser: I am not so aure 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, von't It?

Fritz: Yes, there will be jet« or fly wheels, or things of that sort which will

stop it from spinning or rotating, if you want it to, but if you want it to spin,

you can make it 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 see space. You don't need to spin it, you can do it optically

with the mlla-system.

Elsvsser: Well you can keep it that way.

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

Frits: I think if for any reason we don't want to do it one way, we can do it

either way, that is, you can have It pointing directly towards the center of the

earth without rotating or spinning 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 ve could start with some sort

of theoretical guidance as to what we need to measure water vapor, osone, carbon

dioxide, temperature and the heat budget without regard to any practical limit-

ations. With 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
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for measuring something on the surface of the earth. Maybe we shouldn't even

consider those limitations. Without any regard to any limitations, «bat does

theory demand of us in order to be able to measure these things. I hope that

the people who are listed on the program will speak something like 15 minutes.

I don't think that we should consider this a scientific session in which 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 meet these requirements? Now, obviously, I think in

every case we will not be able to supply the Instruments to give the theoreticians

what they say they need. We will have to consider then, 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 f««l that we might make an attempt to finish this today. We have

made an attempt here to record the proceedings and I hope that it will make

enough sense so that we can actually reproduce it and make it available to

other than this snail group. There is a microphone at the end of the table for

people who give their formal talka, and if they would talk into that thing it

ahould 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 Plaaa on Water Vapor. What are the

theoretical requirements to measure water vapor from the satellite?
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Plasa: It has been pointed out Ъу many people that if you could measure with

infinite accuracy, the emieeion at an infinite number 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 obviously we can't do this,

so the question is «hat is practical to do.

In order to look at this problem a little bit, I would like to first consider

an idealised situation. Supposing we were in a satellite above the earth. We

could look down on the earth and somehow or another we could measure merely the

radiation that comes from the water vapor and we wouldn't see any of the radiation

that cooes from the surface of the earth, the clouds or the dust in the atmosphere,

or any of these other things that make life 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 measured the radiation that was coming out, in a number

of different frequency bands, and we plot our results. I would like to plot the

logarithm of the intensity that we observe, make this a dimenaionless quantity,

let me divide this by the black body intensity at the temperature that is approp-

riate to the top of the atmosphere where say the pressure is sero. Then the

largest I can ever be is the quantity IB «ав-Ъе so the limiting value here is where

this ratio is one and the lagarlthum is вето. How 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 theta

is the angle to the vertical, divided by two pi times the half width of the lines

times the acceleration of gravity. And if the concentration is varying with

height in something like water vapor, these quantities are to be evaluated at the
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surface of th« earth. You can choose 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 S. It is also proportional to the concentration* Now

if we have the water vapor distributed in some arbitrary way, and we make arrange*

mente in a number of different frequency bands so we get different line strengths

we're going to get some curve here. Ibis curve has several distinctive parts. If

you first of all look at the very weak lines where the absorption is very small at

all frequencies in the band that you are looking at,you will then get just a

straight line here which will have a slope of unity and this is what is often

referred to as the linear region. As you go to stronger and stronger lines, actually

the division comes roughly where ganas 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 absorption which is determining how this goes up and then eventaully as

you go to still stronger lines this curve will bend over and approach its limiting

value and somewhere in here the lines will begin to overlap and this is what

eventually causes the curves to bend over. Depending on how close the lines are

together, there may or may not be a square root region and the lines could start

overlapping somewhere down here* There isn't a linear region either (unintel-

ligible) with constant concentration you never have a linear region, except that

(unintelligible) a Lorents line.

Plasst No, that's not true. You have a linear region when gamaa is less than one

with constant concentration.

Reply: I don't think so.
Plass:
So this might be a typical sort of curve you would observe for a given amount
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of water vapor. The question is how will this curve change aa we change the variou*

parameters we «re interested in. The simplest thing is to ask how it changes if

you change the total amount of water vapor and that is essentially this factor С

hare and hare you would find that it would vary aa the concentration in thia region,

it would vary as the square root of the concentration in thia region, it would vary

as the concentration to some power K, where К is less than one half in thia region.

And thia indicates that it perhaps is nott to difficult to measure the total amount

of water vapor. The difficulties of course are that in the linear region, often

the emission is so small that you can't really measure it very well, but perhaps

you can find a region up here where it doesn't vary quite so rapidly with the

concentration and in that way determine the total amount of water vapor* How do

these curves vary when we actually change the distribution of water vapor? If we

now plot a number of these different curves» for different distributions of water

vapor but keeping the total amount of water vapor constant, we find first of sll

that the curve is absolutely identical down in this region. When you are in the

linear region it doesn't make any difference how the gas is distributed because

there is no appreciable absorption of the radiation that is emitted by one layer

by another layer* At the moment X am considering an isothermal atmospheric.

You get different 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 much can these curves vary and how easy is it to get information

about different distributions? One can actually show that these curves can never

vary by more than 41%, actually their ration can never be more than the sq. rt. of 2.

This is taking the two most extreme distributions that you could possibly flake,,
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neither one of which vill ever occur In nature. These two distribution» «re first

of «11 having all your water vapor at the surface of the earth compared to the

case where the water vapor is uniformly distributed througĥ  the whole atmosphere.

Seither one of these actually occurs. So in nature you are never even going to

gat ouch of a variation between these two curves. I think perhaps you would be

lucky to get a ten or 20 per cent variation in different water vapor distributions.

I am now always talking about keeping the total concentration С constant.

Now in addition, there is the question of what happen» as the température

changes with height. If you calculate or measure curves of this sort where you

«have différent temperature distributions with height you then will also get

somewhat different curve«, but «gain you always have these sane regions. If we

had a tenperature variation with height we might get a curve for example that

would look like thie «ad it might approach a different limit up here if we had

a different temperature distribution. There are a few such curves calculated in

en article which I have in the Quarterly Journal of the toys! Meteorológica!

Society in 1955. Actually, how mich of • variation hare you could get for dif-

ferent temperature distribution« t don*t know. Maybe some of the other speakers

can give more information. At least for the few eases I tried, you again don't

gat more than about a 20 or 30% distribution at moet for different temperature

distribution». So the main thing I would like to point out i» that even if we

could do this vary idealised experiment that it 1« relatively easy to find out

the total amount of water vapor but that it looks as though very accurate

meats would be necessary to get any information at all a« to the distribution.

Actually the situation, of course, is not nearly this simple, because we can't

sort out the radiation from the ground and the radiation from the cloud top«.

If you then ask what would be the total radiations you would actually «ее «t
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the tap of the atmosphere, and we made « similar plot here of the intensity over

some normalizing inteneity there will be two lind t ing value«. If for example we

are looking dam on a clear day whoa there are no clouds, for very weak lines we

vill joet »ее the black body radiation fron toe surface of the earth, which will

be some value appropriate to the temperature of the earth and this will be the

largest amount of radiation we will ever see* On the other hand, if you look

in a region where there are very strong lines we will *ee black body radiations

appropriate to the stratospheric tenperature. This will usually be a ouch lower

température and will give us some lover limit to our emission unless there were

some very unusual inversion conditions or something like that. If we again

plot this as a function of some parameter which varies as the line strength, for

the very weak lines of course we will see the radiation from the surface of the

earth, this curve will come down and approach the black body curve for the

stratospheric temperature for the very strong lines. Here this curve starts

down in a linear deviation from this limit corresponding to this curve, but the

trouble is that it is only a very email deviation from the total black body

radiation. Ibis is probably the region whar« it is easiest to measure dovaitiona

and then eventually the curve approaches this liadt. 1 haven't made any detailed

calculations about water vapor. I'm afraid I don't have any numbers to present,

I Just wanted to give the«« general idea« here.

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

Plaas: If you had cloud tops then you would Just get some different limit here.

If your sky were completely cloudy then you would get some limit appropriate

to the temperature of the cloud tops.

Dr. Frits: Do you have any feeling at all for what wave length and what

resolutions you would need within the particular (wave-length?) measurements?
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Or is it something that you haven't thought about? Maybe Lewi« can toll us a

little about that?

Plaaa: I really haven't thought about it.

Gatea? We know pretty well where the strong line» are and we know where the weak

llnea are.

Goody: Yee we have a good selection, there 10 no problem there.

Frit«: 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 three significant wave lengths bands. I think

Lewis will have more to say about this, but either you take an average of a

selection ofcloae lines in which case you will want to have a range which will

be at leaat 25 wave numbers, or you will go to a range which will include just

one line, so 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 impossible.

Frits: The other two that are possible, would you use the «ans in the strong

lines as in the weak or would you change this?

Elsasser: Are you thinking actually in ten» of measuring individual lines or

merely a region where you have individual strong lines.

Goody: Individual lines?

Elasassert Individual lines, then you would put actually a sprectroacope with

long tongs out there?

Fritx: That is an instrumental detail which maybe we should talk about. In

other words, the theoretical requireaeut would ask that you measure things down

to two wave numbers.

Goody: This weight and aiae is easy to do that.

Frita: Do we have any idea 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 a general remark

about water vapor? Putting a few numbers into this we nave when stopping to think

of what one can sensibly obtain by other means, there are ways of knowing the

total amount of water vapor up to about 15 kilometers, one can measure it very

precisely from aircraft we know quite a lot about this.

Frite: I would like to mention that this is world wide and it is difficult to

do things without a 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 really 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 one

mightsAajbt think in satellite use for example, were it ever to become operational

let us say, you might want to have measurements every day, and over essentially

the whole world. So It becomes difficult to do it with anything but satellites.

Goody: You may get certainly better results that way. But just let's remember

what we can do. We 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 number two. These water vapor concentrations have

pretty good correlations with temperature. Very high degree of correlation.

If you take partial regression coefficients you get a very good statistical

account, so 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 measurements. It;s no good to set up a measurement which

doesn't do as well aa this, because one can do this well already, so that the

key in KkxsxESSsscctsfldni all this, it seems to me, is, are these satellite
.,.,.,,,» ..,.„,..'.' badly
measurements going to give us auytkfcag information which is tsnaxjt observed
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which le to Mgr puah it down to tt'e lower liait, which ia aay about 10 kilometers.

So let's aak л queation, ею v« aay anything about the water vapor above 10

kilometer«, rather thaa the total amount? How ti-you eey that you have got to

deal with an amount which la approadraately 1,000th of the total. If you ara

going to do thia looking downward to the earth you are maaauring an amount of

water vapor which ia 1,000th of the total. Row two thing« about it. Firat

of all aa to how you meaaura it. You can meaaure it by either looking at the

aniaaion spectrum aa you've been auggeating or by looking at the absorption

epectrum. Thia ia an old technique. But the abaorption apectrum baa am

enormous advantage, namely that it doam*t involve the thermal propertiea of

the atooaphara where aa thia emiaaion dooa. And ao I think if one ware measur-

ing the total quantity, one would immediately, without any haaitation, chooae

abaorption not emiaaion aa the way to meaaure.

Frita: Doea thia require a aource?
Goody: To put it aimpleat you would aimply maaaure apectrograph in the viaible and
Goody: So I feel that in tMe ч5аа̂ «ва would go
take the reflected light off the earth, or off the cloud«, the reflective aolar

radiation, rather than the emitted radiation. So I fael that in thia caaa one

would go immediately to the non thermal region and in any caae aa 1 aay with

either method you would have to maaaura one part in 1000, ao I think, to get any

ueeful meteorological information and you can't do that. That ia really all there ia to

it. So that I would aay that there ia extremely little uaeful Information on water

vapor began by looking down except, the one thing, and that ia to tell ua how

ouch radiation cornea off it. In other worda, forget what information it telle

you about the water vapor and talk about in tham terme of telling about what

cauaea it. In that caaa we don't have to worry about analyalng it, we're than

collecting data on the outward radiation and we needn't worry about making a
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backward inversion. Lastly, I would say if one really vents to measure the water

vapor at these levels, of course one only hse one 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 sone sensible fraction with some conceivable chance of

measuring, from a physicist's point of view.

Q: Do you mean to look at the Sun?

Goody: No. look at the atmosphère sideways, take a look along the path sideways.

I'm not contending it is easy to analyze, but it*s at least possible.

Elsasser: Yes, but wait 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.

Frits: IB other words you would get an average of over 2000 miles or something

like that.

Goody: This is very necessary, but from a sheer «taatpoint of view of physical

practicability, this is conceivable, 1m at least in getting above the 10 kilometer

region.

Question: And how are you getting absorption measurements*

Goody: That's emission of course.

Kaplan: Or you can look at the sun in the

Adel ?: Would the residual water vapor above the cloud deck

absorption in 6.3 micron region? Ho, not in that connection, but suppose one

is looking straight down, because if significant absorption were produced one
might expect the center of that band to show through using the cloud deck as a

radiating source.

Goody: The center of the band is still completely blacked out above anything except

perhaps a high cirrus deck. A very, very high cirrus deck. With out aircraft

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

was just beginning to come out at about 25,000 feet.
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Gateet I chink that the 6 «tie band« la absorption from the *ua will be quit« weak

at 50,000 fact.

Goody: 50,000 ye«.

Frits: If I my gat aome feeling for а аишоагу on thla, if you feel that meaauring

the water vapor above 15 kilometere < ia that the number you mentioned) let'a aay

10 kilometer«, you feel that thia cannot be done by meaauring the emiaaion spectrum,

in б microne or anywhere elae.

Goody: 1 feel (1) that if" can be done better with the abaorption apectrum and (2)

it cain*t be done by either If you «imply look down.

Frit«: In abaorption you look down, don*t you?

Goody: That'a right, it cain* t be done by either iff' íyou look down. You «tend a

better chance with the abaorption than with the emiaaion, but neither of them i« any

good if you look down*

Kaplan: No I am not aa peaaiaiatic aa Richard.

Frit«: You aay you cain't do it in either caae if you look down, but I thought that

your radiating aource waa the cloud«, for inetanca in the caae of the near infra-red.

Gate»: Ria point waa that you couldn't with reflected light from the cloud» becavue

the atratoaphere moiature quantity la ao low and the «trength of the banda are not

atrong enough, ao that you cain*t do it with thi« technique.

Kaplan: What you* re meaauring mostly la the amount Juat above the cloud», which baa

the moat amount of water vapor.

Frit«: Are you «tying then that you cain't do it at all? Either by emiaaion or

abaorption? Той cannot meaaure the water vapor above 10 kilometer«.

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

Frita: Oh, yea, 1 understand now« Looking downwarda la not a queation of abaorption

or emiaslon, but you juat cain*t do it anyway.
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Goody: ТЫ« brings up many other problème. There's le a very active guidance

problem. This might turn on л tenth of a degree or something.

Frit«: 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 ha* high cloud

you can measure the * . Clearly you can, so if you cam acros t a cloud nicely

perched at 10 kilometers, obviously you can either by absorption or emission

measure the amount above that cloud.

Gates: There are other vays of doing this.

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

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

Frits: The balloons get you «way from the world-wide coverage, of course. I

think balloon and aircraft are very valuable for checkeng out procedures, if

you're getting world-vide coverage then you can use the balloon and aircraft

for checking, but you can't get everyday world-vide oeverage by any other means.

Goody: My remark was meant to apply to a cloud free atmosphere, but it* s true

if there is a conveniently placed cloud, this is wonderful. But of course we

cain't count on this sort of thing.

Frite: If one vented 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 too, or is this a possibility?

Goody: Oh no, obviously you can measure the amount below it.

Fritz: You can.

Goody: You can, certainly. This is exactly the same problem as measuring from*

down below, which has been done. The whole thing is quite reversible.

Frits: On that than, let me ask this, bet's say you wanted to measure the water

vapor in three layers, or something like that below 10 kilometers divided in some

way.
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Goody: Well let's hear what Lewis has to aay about this sort of thing, becauae

he's thought about just this sort of thing.

Fritz: I think this would still be important to conaider. I think we ahould wait

until he doea it, but I wanted to summarize your view that this is still a poaalbility.

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 1 now want to get to something

that maybe we can do. Sahll we proceed then to the next one, aa you see on the

agenda it says Ozone by R. M. Goody, but this should not be 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 ozone and maybe start

off Goody on some comments 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 1« very, very uniformely

distributed in the atmosphere and I think it ia impossible to measure the kind of

fluctuations that for example (Kaeland) at La Jolla has gotten or that other people

have gotten in the atmosphere. I am going to talk about the carbon dioxide band

and l'an going to show first of all a slide that will give the «smleaton in detail,

the eodaaion coming up with the top of the atmosphere due to carbon dioxide and

from thie I will indicate how I think one would go about or show that it might be

possible to go about getting the temperature from thia. Aa a matter of fact, I

think that from measurements in the IS micron carbon dioxide band we can get a

very good picture of the temperature distribution in the atmosphere.

The first slide is a schematic picture, not exactly a schematic picture, it

is very old picture using old values of carbon dioxide intenaity of what one

part of the carbon dioxide band looks like, and its from about 13,9 microns 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 labeled, according to their color hare.

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 is

sensitive, about 720 microns and there are various othera. Many of these bands
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which ere called bot bande in which it is a transition, in moet instances, from

one elevated vlbrational atate to another higher elevated vlbrational atate in

abaorption. The*« all overlap with one another. They have different apacinga,

if you follow any two pair» of colora, for example the yellow and the purple.

Here they are together, aa you nove out further in the band they become further

apart, their apacing ia different in each of these caaea. With each of theae

transitions there ia a very nice smooth dlatribution of intenaitiее given by the

Maxwell-Boltcmatm dlatribution and in a band of thla type it haa been found by

aeveral people and Koatkovski and I have uaed it even to analyae banda for

Intenaitiea further out in the high frequency end of thia where there are

overlapping banda and we get a perfect fit with obaervatlon. You canrepreaent

each of theae Intenaitiea by an Blaaaaer type band which haa linea of equal

intensity, equal apacing, deternined at any particular place, aay at 705 wave

пишЬега in here and we repreaent thia by an Elaaaaer band in which the error

due to the overlapping of the strong linea and the difference from the Blsasser

band would be almost exactly compensated by the effects of the weak linea on

the other aide. It can be shown (and I stated this in the Toronto meetings of

1953) that if 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 Elaaaaer type intensities. This can be

shown merely by making fourler 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 linearly independent of one another. This is the model that

waa uaed for my calculation and this can give homogeneoua path abaorption and I

calculate homogeneous path absorption in here and I treat the non-homogeneous

atmosphere with variations of temperature and preasure by the Introduction of

the Curtia approadmationa for treating the pressure into account.

In general the treatment of the Lorenta line ahape for example, but thia

doesn't have to apply just to a Lorents line shape, ia the intensity over pi,

Intensity ia a function of temperatura and actually a very atrong 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 region for determining the

temperature distribution, this temperature dependence la such in this region aa
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to cause a difference of a factor of about 4 in the intensities between the ground

level end the level of the tropopeuse. If we went 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 these lines

it is the wing effect that is important, that is near the center of the line. The

lines are so opaguq that practically no transfer takes place so 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

as a product with the mass, and the mass only appears as a product with the

absorption coefficient, the mass can be scaled instead of scaling the absorption

coefficient and it is Ignored. X claim that this not give an accurate picture

for the purpose of obtaining accurate température distribution. This would not

be precise enough for our purposes and the method X used is the method that in

the fundamentals is due to Curtis end that is you define an average half width.

If you define an average half width for the strong lines in which you can ignore

the transmission at the center, for these strong lines it doesn'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 vary weak lines gives precisely the correct

absorption» This was «..done. This is in the literature. It is the frequency

integrated optical path average of the 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 Boltsmann

factors and so on, taking temperature into account in great detail, these are

just incomplete ganas functions and they can be very easily programmed on the

machine. The next slide is just an illustration 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 at one pressure, the top is the

line shape at 1/3 that pressure and the optical path for effective mean pressure,

with essentially the integrated optical path at any frequency, is given by the1

solid line. And here a portion of the optical path, the effective mean as

determined by the Curtlee approximation, 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 Bossby

Memorial Volume, I have compared actually flux and flux transmission with the

Curtis model as obtained with accurately determined values and this I think is the

first time that an approximation of this sort has been used in which one can

actually set a reasonable upper limit to the maximum error that you can get in

calculating the transmission. Well, this Is introducing the carbon dioxide model

and the next slide shows the actual result. This is a picture of the radiation

received outside the atmosphere in the 15 micron band as a function of frequency

and the top curve in here is 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

so on. This is assuming a constant lapse rate for the whole atmosphere. It

goes up to 100 millibars and this is 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

hemispheric radiation at 100 millibars. This is done 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

goes on. How 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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Atmosphere, radiation from the very top of the Atmosphere, the top layer. What

you tee in the wing» of the band la the radiation from the clouda or from the
v ?•••

' ground. The atmosphere la practically transparent here 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

resolution and five wave numbers resolution I think would be Juat about w the most

efficient résolution to use in order to be able to get temperature from this.

Goody: This is equivalent to the ( ) of twenty five wave numbers 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 andxJKyou say you have a half

doaen transition« 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

atmosphere.

Goody: Could you be more specific aa to what I would actually aee? No, because

I haven't made calculations yet, I've Just gone up to 100 millibars. This is an

atmosphere that stops at 100 millibars. So what I have attempted isn't right at

all. It is approximately right. And that la the reason I've drawn i*x these

lines representing emiarfon from the top of the atmosphere that goes underneath

these curves. Because we don't really know what comes from the first 100

millibars, the second hundred or the atmosphere and so on. But now in this region

in between each layer has a different fraction of the total émission of the

atmosphère. This fraction changes with frequency/end because this fraction is

different it ia possible, I believe, to analyse this in actual terms of tern*

per ature. The condition in which say given ten frequencies in here, and I

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

in which given ten frequency one can get ten temperatures 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 hare should be different from that

at any other frequency. There are other conditions.in which it Is determined

the way the convergence should take place. But it turns out that the convergence

takes place In the right direction here. There are conditions on the temperature

dependence that turns out that the temperature is dependent in this case of the
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line and the relation between temperature dependent and the opacity of the atmos-

phere with frequency le in the direction to make it more poaeible to determine

a unique aolution to this thing. I «ill not go into detail here, later on if

anyone wants Z vill go into more detail. Given this it would be possible also

to analyse if there were no température dependence but as I an going to show in

the next slide, but not right this inimité, there is a tesnperatureddependence,

a very strong temperature dependence, but fortunately that is in the right

direction to accentuate the type of convergence that we have in this direction.

As a matter of fact, I think we have seen enough of this, X think we ought to

go to the next slide and actually look at the temperatute dependence. This ie

the absorption now in the atmosphere between 100 millibars and 1,000 miliber«

for the two top curves. For a lapse rate of S 1/2* centigrade per kilometer

as a function of temperature of the ground. And if the temperature of the ground

of АО* centigrade, temperature of the ground 0* centigrade. The two bottom

curves are the same thing but it ie the absorption between the 500 millibar

level and the 100 millibar level, again it is a function of temperature. You

see the temperature dependence in here is very appreciable and the further you

go out in the wing the more the temperature £• dependence is, and it is certainly

something that has to be taken into account and ae I say the actual way in which

a temperature dependent occurs in here will help the analysis of the band actually

in terms of temperature.

We had several different frequencies before which we measured the radtation and

from this I would say you can solve 10 simultaneous equations. Actually you

don't have ten simultaneous equations, because in a way the central portion of

the band are practically opaque to most of the atmosphere. You just see the

top of the atmosphere so they can be separated off/, or your matrlK has many zeros

in it, which is another way of putting it, you may solve these equations in 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 a most likely model. 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
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effect upon the outgoing radiation and then to solve your simultaneous equation

in terms of departures of temperature« from thi« standard atmosphere. I won't

say much more about this now but if you want I'll go into a little more detail

on the method. The point is I think that given theae ten measurements 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

accuracy to t which you had done your emission measurement.

Frit«: What were the accuracies?

Kaplan: Considering that Richard's emission data is correct, correct within
one per cent, the variation that ha ha d gotten in the emission data I think

would be enough to give 1 or 2 degree« in the temperature. The thing that I

want to definitely point out is that/order to get ten temperatures 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 temperature« thatn the number of measure«

ments that you have. Ну next slide illustrates this point. Next slide please.

This is a curve showing the infinite number of conditions in ground temperature

and, temperature increaae with height assuming the lapse rate constant all the

way up to the 100 mi libar level. It will give an outgoing radiation in the

whole band of carbon dioslde 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 is an isothermal lapse rate

or an adlahatic lapse rate, the temperatures ere from 25* at the ground to

temperatures of + 15* at the ground. If there are clouds with tops at 800

mi libara, 600 milibars, 400 mi libars, these curves are different and the

situation of clouds gats even worse« The slope of these curves is even

larger as far as determining the temperature is concerned. If you know that

you have a constant lapa« rate and you know what the temperature of the ground

1«, «ay by making measurements in a window than you can determine what the lapse

rate la* But If you doo*t know what the lapse rate ia you have no information

which will give you anything about the variation in lapse rate, except to

determina some sort of mean temperature, whoae interpretation would have to

depend oo a lapse rate. This llluatratea that if we do not get enough measure-

ments that the resulta ara quite vjffiiflsmisf *» *** •» interpretation is concerned«

Hext slide please . The next slide shows the emission spectra of Goody's that
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I have talked about. This Is done Around London. Looking up at the atmosphere

and this is done with about one wave number resoselution, now I'm talking about

five wave number resolution Instead of one nave number resolution and you see
that there Is tremendous détail In here. This Is very beautiful spectrum In

here, and I think that If we do as vail as this that we can lick the problem
ae far as temperature distribution Is concerned, aa I shall Indicate shortly

there are other Instrumental requirements that are necessary for this* '

Question: Would you mention the wave length Units on the lower diagram please?

Kaplan: This Is at 1400 wave numbers which Is seven microns and this Is 720 or

about 14 microns. This Is the window region and you see hare how little of
the window this actually Is. But, there Is a region of eight wave numbers In

here in which there are no lines. There are lines but they are lines that are

so very weak that they are completely trivial. * Goody has a window marked off
in here in which there were no lines listed in the Migeotte spectrum. Actually

S-Л

there are Unas in hare due to the 6 awl« band.

Elsasser: Could you give us some Idea of the ordinate, I mean what fraction of

blacknesaes is.

Goodyï This is through 3 air masses. I think if you looked at liquid air
that it would be displaced up here.
Elaasser: That's a 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
window anyway, because there are wings of lines, there is some background in
absorption which Mr. Goody has talked about, and talking with people the work

that they have just recently done at Johns Hopkins, that dependence 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
_., perllmeraaation. In other words one knows if it's the wings

of lines, for a constant path length, it should be proportional to the
aouare of the preasure. It is proportional to the square of the P*«»*«** v***-1

you get air saturation. Once you start getting air saturation then
It goes up very, very rapidly. «° there Is something else that comes in here,

perlimeriaatlon is what Benedict thinks is most likely.
Question: Those Unes in the H 20 region are largely water lines with N20

superimposed.
Goody: Yea, there are merely individual HjO lines there. Actually we have
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Kaplan: Now wbat I say it thet cr.o <5oee not. ntad t\-wt-!i better- th-jr; this. On«

does not need thii résolution. This wt» done I understand iroa Dr. Goody, with

a on« second time constant with u ground recorded, and that it was done with

a cone of 6°. Actually I think we want a etuuller cone, but 7. think

that Sig haa other idea». If one looked in a emailer cone then, on« could

still get the ваше amount of energy, because of the wider «lit in thie case.

However, we are looking down, part of the radiation we get is from th* ground,

part of it ia from cloud topa. We have to be able to determine where there are

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 clttste.

There should be a television picture of the clouds exactly at the ваше Clow

that this is made, but the ten frequencies from which measurements ar« mad«

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 don«

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

exit slits from the grating.

Assuming the carbon dioxide is analyzed and the next curve shows water

vapor spectrum in the rotational band, the read on that I am thinking about

the rotational band ia that there is more energy in the upper < part of th«

atmosphere and the stratosphere in the rotational band. Also there is this

clustering together of lines, (ШОПОЛХХ this also occurs at 6.3 but using

5 wave numbers resolution ycsjaxxsmin 15 microns 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 a crystal at 12 1/2 microns the photo cells would cover the entire band

and you would get the radiation out about 25 microns. The 50 gram series is

I believe is the condition. These are th« conditions something Ilk« th«

conditions in th« stratosphere. Average conditions in the stratosphere

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 contain« a series of lin*s
;
 л series of strong

lines. If you go from on« end of thie series of etronj;. lln«e to another

end of this eeriee of strong lines Г t í в the order of 2 r.e л wave, number».
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ïhl« w** don« with about 5 wave number resolution. If you use the ваше grating

and get fiv« wave number résolution «t 15 micron« tlym th« peak« of the« e line«

will be increased very greatly and at the center of the line«. You would have

coup let в absorption for the «tratoepheric layer. So for the region in which
Richard wa* «peaking about you actually by «etting on one of the«e line« can

really get radiation from the etrato«phere and given the temperature although

I have not nade an actual calculation for thi«, I believe you can actually

analyse the atrato«pheric content of water vapor, and of course a« you go

out further to a region or a «erie« of line« where the absorption i« lee«,

it i« »ore and «юге certain that we can determine the water vapor structure.

Question: Were you looking straight down at the earth*

Kaplani I am looking straight down at the earth now and these two curves

represent the «Mount of water vapor you have in the »tratoaphere.

Tat but «bat about _ ._.

Oh, but you look down aa long a« the stratospheric ________ -

The long wave length window ends at 24 microns.

КааДаш Ys«, but I aa talking about something else. I mean it ends at 24

depending on how high yon are in the atmosphere.

t It takes a small amount of water vapor to determine the spectrum

at 24 micron«.

Kaplan: Ye«, well what I aa «eying i«, when you look at « particular, or

yo* look at a aerie« of line« in which it i« t opaque below a certain level

y*» get th« ami •• ion, then this will tell you how much water vapor you have

this point. Do I make myself clear? I have not done the analysis on

but I think it is possible.

frit«: Wouldn't this same arguement that you are giving now work on the б

micron band* I«n;t that opaque right in the middle of the 6 micron band.

Kaplan: On« Of th« 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. 6 micron banda, there is more energy in this wave length, and if we

cain't u«e thi« line which i« comparible to absorption over a broad region

to а б micron bandln frequency could be picked at which it is opaque.

Frit»: In other wo tel в you are naying that there would be places in the

í pec. truta. What is 1;h« weve munbtr? Was it two wave number« you wanted

»» this too.

Кл)(Ап: Yft» about two wsvfi numbers.
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Fritz: To get to the middle of the band you want about two vave numbers, so
you want to make measurements at several «ave lengths in the vicinity say of

25 microns with résolutions of about two vave numbers.

Kaplan: Yes that's right.
more

Adel ?: When you say there is ran energy here you mean th* energy from a
black body at -65 degrees.

Kaplan: Yes that's right.
Gates: Well the main contribution to врак the émission to space in the strat-

osphere is from this region. This is the major contribution to the total

energy loss. I have forgotten the exact percentages, but it's well over
50%. It may be 70 or 80% or something like that.
Kaplan: And certainly all the contribution cones fron the rotational band.

Gates: We can use Co. ____ ____«». _____ the 9.6 ozone, isn't
that right, something like that. I have seen some figures on this once.

Pläse: l don't know what fraction of the total it is on hand.
Frit«: Lewis you vere going to say something now about the wave lengths and

the resolutions you would need to measure the water vapor below the stratosphere,

Kaplan: May I have the next slide please. This is 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. In
this batch of lines.

Goody: Suppose you have a line blacked out, what information does that give

you about the amount of water vapor above what level.
Kaplan: The emission is a function of the distribution of water and the

temperature, and from this distribution, and it is a different function of
the distribution and the temperature at different wave lengths, so getting

again a series of n measurements, what I am saying is that you can obtain
water vapor distribution assuming some sort of distribution within each layer
that you have for n layers.

King: I'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 a very big variation in your parameters it's very
difficult to solve the thing.
Kaplan: Yes, wall maybe we better talk later about the inversion technique

and from what Gene says, maybe we ought to wait until he is through. Well
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let me еду that I am very optimistic about the inversion techniques.

Gates: I voulu just like to say one thing while you have this in front of us.

Hext year by this tine or before novwa hope to have the absorption epectrum

in this region of the sun f rpm balloons up to high altitude«.

Fritz: Why don
1
1 you look up and town at the same time.

Gates: Okay

Frit«: All right what about thPuasalJUJtm other regions looking into the «ater

vapor below the stratosphère.

Kaplan: Oh yes, well if you're looking between lines you go further in here*

Fritz: In other words you* re using the same portion of the spec trim 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 a line that*s
strong enough then nearby there are lines that are weak.

Frit«: What would be the resolution for that. Say to measure the water vapor
distribution from the ground up in soee/wâ f*

Kaplan: If you have two wave number wave resolutions and I don't know any
reason why you shouldn't use it, except that it isn't required for the other
parts you undoubtedly you canuse a larger number of wave numbers resolutions.
Goody: If you do a 2 or 3 layer model in the troposphere you certainly
shouldn't need more than 25 to 50 wave numbers should you.
Kaplan: Well I think you would need better than that.
Fritz: Will you settle for 10.

Kaplan: Yes I would say 10*
Fritz: Well I guess it has to be analysed a little further • It should be

somewhere between 10 and 50.

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

Kaplan: But there are a few frequencies in which you should use two wave
numbers.
Frits: But, Richard, do you agree that you would use this portion of the
epectrum, too, or would you use another one? Or doaa't it make any difference?
Goody: On Water vapor, well certainly you want the region in which the
absorption properties change very rapidly. You can either go to very high
resolution and work on a single line with a quick change absorption character«
istlc this way or if you are going to have wider silts you want to go over
tm a spectral region in which the mean absorption characteristic vary and
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this is a good mreglon.

Fritz: For example, if you were going from õ to 8 microns, you wouldn't do

that, you would go rather in.

Goody: Well there Le more energy, and ve are much more certain of the lab-

oratory data.

Gates: Also of the theoretical data. Your theoretical data are much better

determined here, too, for the rotation bands.

Fritz: Are you going to say something about ozone?

Kaplan: Yes, the next slide is ozone. This is the Ozone Spectrum. It's very

ЮДЦСХКЩруущи» 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 maximum

completely at a random.

Frit«: What wave length are you at? Is 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 reqlons the Q branches fit

in xxsaKfcx beautifully and then some of these lines fit absolutely perfectly.

As you go out in here it gets worse, this is only going from maximum to
even

maximum. It already gets worse/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/there has just analyzed 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 resolution in here.

This is one wave number In here and you don't have a dip in-between. Now one

of the difficulties with carbon dioxide is that even in the strongest part

of the absorption you can see the ground. Some of the radiation from the

ground gets in. I mean in ozone. There is no place where ozone is really,

except again if you look really at very high resolutions at centers of lines.
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No, probably not even in cluster« like this, you can probably even in a cluster

like this «ее some thing cooing from the ground. So that, a* much information

can probably not be obtained from the окопе aa from the carbon dioxide. One

of the nice things about ozone ia that and as you recall carbon dioxide is

terribly temperature dependent in absorption, osone is not quite so temperature

dependent at all. Ocone is a very heavy molecule 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 te possible to use laboratory data in order to

determine what the absorption is. Now how transparent this for the txmx tiny

amount of oxone 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,,and.I will not go

into this because I ionobt have veil run over my time. If it «fc very хцшх

transparent so that you are in the linear region than you can not analyze,

because you set 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 a small amount of ozone in the region around 50 kilometers

the absorption is far from linear in the strongest ridge of these 3 wave

numbers here. The next elide which is the last slide I am going to show,

shows a fit of the random model to the region from maximum to maximum

essentially over the curve against observed values made by Valshaw. This

pressure goes from 30 to 730 milometers, a miss from .03 to .20 centimeter.

This is the average value as Goody and Walshaw have shown if you pick

particular regions 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 region in which

the fit to your model is good as compared to laboratory measurement or else

if it is not to try to apply some correction 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 is the end of the elides

and I want to give some numbers on osone and then I am through, and I am

sorry to have talked so long.
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Fritz: Oh that ia allright you are giving two talks and you are entitled to

a little more time.

Kaplan: Well what I wa* going to eay vaa that the ozone absorption in the

upper layer« of the atmosphere departs from linearity and I have gotten in

a hurry some figures of ozone concentration from Burch's Progress Report and

I'll even give Ms layer numbers* Here, 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 and 29. I don't the layer just above this which has Just small

amounts of окопе 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 I have written
IAKT»

down the pressure in millimeters also because Walshaw data one in this form.

Then the amounts reduced centimeters, the reduced path length 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, ,035m etc« 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 окопе. These are Umkehr problems.

Gates: What are your units here on the masses?

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

am going to take runs- 1*11 even give the number of the run, these are avail-

able at the R.M.S. I an taking two runs at low pressure and with the

smallest amount of mass, and it most closely comes to these conditions.

Actually it does not quite to these conditions, but now I have the mass in this

case is 0.216. 258 is the number of the run of Walehaw. in case you have to
elve

look up Idie data at the R.M.S. Cloud here 0.312. And now I am going

a P Infinity, and P infinity is the pressure as t-hĝ gK it were ocone mixed

with nitrogen for example, or ozone mixed with air. It's a pressure in which,

if a correction is made to eliminate the effect of ozone, ocone collision, so

it is essentially ozone-air collisions, unit this is 1.02 mm, 1.22 mm. and

now the absorption at 1056*8 wave numbers, and I am going to give you absorp-

tion also, at 1053.3 wave numbers and this is the region of the maximum

absorption, kk both of these in the region of maxim« absorption. Absorption

about the seme in both caaes as you will see, .072 in this case .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 if the absorption were linear, due to this,
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and it depends upon whether you иве toy method of extrapolation or Walsh««'s

method, extrapolation is slightly different in here, and wy method I am

multiplying the mass by 10, while Walshav is multilpying the ms.es by 9»

Essentially 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 is definitely higher than these

masses that we have. I am coopering this absorption with the absorption

that it would be if it were linear. This is the absorption right here, 10m

is the ваш coincidence. It is enough to compare this and now also since

the pressures are about the same, approximately the sane, we can actually

divide the masses and see what the departure is from linearity of these

things, and ratios that we get are 1.44 and 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 appears 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 a shame if these fre-

quencies would have to be used to determine the oaone distribution. I

think the bast thing to do is to determine the окопе distribution by the

Umkehr effect and reserve all frequencies in which you can make any kind

of measurements to determine the distribution of temperature between say

30 kilometers or 25 kilometers, you really can't go below this. Say 25

or 30 kilometers to 60 kilometers. I think the ozone can possibly give

this information.

Frit«: Which wave lengths would you use to measure either the temperature
or the oeone?
Goody: You would measure in the region near 10 microns.

Frits» What would be the Resolutionen this c*ae?

Goody: 2 wave numbers or something like that.

Kaplan: Yes, it would nice to get one wave number in a few places like

that I showed, something like that plateau. One would need one wave

number in order to get away from the dip. The better the resolution the

better off you are hare.
Adel ?{ Whan you rr"**"""

a
itV"

J
**

>
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t
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1
" say to use the Umkerh to measure

the «tsxdistribution you mean at 3,000 angstroms or so.

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

another advantage of being above.
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Fritz: You mean Singer*e technique for measuring or scanning the spectrum In

the ultra-violet, reflected ultra-violet.

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

Fritz: Well, he wrote about it.

Goody: The Umkehr is a notoriously inaccurate method of measurements, you

know that.

Kaplan: It doesn't have to he an accurate method of measurements. I «poke to

Sekera a month ago, and Sekera beleives the Umkehr can be a very accurate

method of measurement if it fat is done right, that is, if the calculations are

made correctly and that it would be a beautiful thing to do from a satellite.

It could be made much more accurate if it were done from a 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 ocone distribution

by the Umkehr method than you can by emission.

Fritz: Well I think that we have purposely stayed from solar radiation

because there is a whole spectrum of problems with that and maybe 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 ozone in a region

below, anyway you certainly can't get it by the methods I have been using

because the Curtis approximation is absolutely no good for a very large

variation of pressure and for an increase in concentration with height.

This is what you have when you are looking below the oeone д^Итяп, ï

think this method is good only for the region above the ozone maximum and

there we are only saved by the fact that the temperature is so low there
compared to the temperature around SO kilometers. So that is only a small
fraction of the energy that gets am out. But this is a little ticklish. I
am less sure of the окопе than I an 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/U least

be used for illustration, because several people here have been 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 long 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 se has been made
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Goody: (Showing Slides) I thought this might Illustrate. Without laboring

theoretical analysis, Walshav has done a lot of work on this band by the more
fruitful but perhaps esthetically less satisfying method of showing It through
an electronic computer. 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 resolution
one or perhaps two wave numbers. Actually for cartan you can get inbetween all
contaminating lines. This was most important for a really exact analysis. One

does know where these lines are, these water NCQ~ lines, and for example, you
can set your slits and get in there and be sure that you have no contaminating

line touched by your spectrum. Let me give you a few figures. I have picked

five useful points which are uncontamlnated with this degree of resolution,

and naturally one goes then to the problem of getting two component analyses,

ttrnr if 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 is a big effective change and not intensity. Ignoring the temperature
affect and assuming the that the ßlonk 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 either the abaorptlon£o-
efficient by looking first of all here, then here you can jeut squeece 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 all air masses
that the maximum range of absorption coefficient you can change the optical

depth in that band by about 50 to 1, so we used 5 points plu* scanners,

about 5 or б sir masses to gat the curve which effectively gave you the
emission. It could be just one point. It doesm*t make much difference

which point it is from the point of view of analysis, but If you ignore

the temperature effect you can effectively coalesce all your asaasttags

results and get a on« curve or an idealised region with a change of optical

depth 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. We certainly have absolute accuracy to about 1 percent

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

this out ••UsiiHMriUHiju fairly thoroughly. You can put it into a

digital computer and give it a multi layer model of the •>•••••• ocone,

give it the temperatures and let the machine think it over and pick
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out the least squares that best fit. It's pretty United in vhat it will do.

It will pick out «bout 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, vould be really satisfactory, but if you

are going to start looking down because you have theif —- ———- ï you
difficulty/«dam you normalige on liquid air, of course/Mi don't know about

any "nnf**•""• J continu! across this background and although you can measure

the continui and ve do measure in the/«*» and In there, and in here some

place we get the continuous background. One has to have information. This

is the kind of thing ваш you run into, that is, given the continui in here

and in here, what is the continuai in hare. That Is a necessary part of the

analysis and upon that particular rock I understand that Dr. Walshaw has
five jLtty&ir

completedly foundered. He can't even raake this/pott« if» tMs analysis and

so I mention this just as practical experience. About the limit to which

you can drive these things. Of course the analysis.can either be tarn»

perature or density. It can either be temperature/ax density or density

given temperature. Which way you take it depends upon your secondary data.

If a good Umkehr method has been developed, well and good, but as long as

it has been brought up that the Umkehr method is perhaps the least accurate

way to measure osone that is being used today. If there have some massive

improvements this is good; however, that is the state of the art as it is.

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 osone I would guess but this is a practicle problem which must

be worked out yet.

Kaplan: Veil this can not be done because the carbon dioxide cannot be

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

ozone and below the region of maximum ocone the path lengths are to large

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

even the Curtis approximation is vary impracticle for treating this problem.

Goody: True, but we can assume that we will get something better, presumably.

Kaplan: Row as far as the background is concerned, if you are looking down

yon 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 the atmosphere

which is not so 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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temperature of the ground le would be quite smell Indeed. /ftf you are looking

*t « background that you understand quite well as against a background which

you do not understand «hen you are looking in a upward direction.

Goody: You assume that the ground is a grey body which is probably quite

close to It but as a matter of fact this is A vary ticklish point. In the

case of a satellite of course you can*t scan an angle for obvious reasons*

You would be looking over one continent 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 cone to places like this and to find what of that is osone 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 a black body I wouldn't

want to say that it Is that gssBbt grey or that one can get a good analyses

out of such a simple assumption.

Question! Well you monitor the background in a transparent region wouldn't

you?

Goodyt Well, yes you would.

Kaplan) Then you would have to extravolate.
transmission

King: What sort of/txanfctibM did Walshaw?

Goody: Well we measure it in these regions. We know where the stuff isd

We know it is pretty accurate, say near 950 millibars and we know it's mean

emission temperature. We can measure that quite accurately, so by measuring

the emission in here we can tell it's absorption. So we have it's absorp-

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: Hay I make one point that I neglected to say in all of this, anything

that is done theoretically, should of course be compared wfchx with experi-

mental measurement and I think that in an early stage, way before equipment

is put In the satellite, and this is particularly true of background studies

in here, that this be done from say a 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 summarise on the окопе then. Osone 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
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centered more or lees around Che 9.6 micron band, that ve would need resolution«

of something like 1 to 2 «ave numbers in order to do us any good and with that

ve might be able to determine the ozone distribution in a few layers in the

vertical.

Kaplan: No, you would be able to determine a temperature given the окопе.

Frite: If you have five wave numbers can't you get two layers of ozone and

two temperature? Xnt

Goody: Hol 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.

Frits: Well what would we get? We would get neither ozone or temperature then.

What would we get?

Goodyí You still have to know one to get the other.

Fritz: But we don* t know either one of them.

Gates: You nay know the temperature from other information! oh from soundings

of the atmosphere.

Fritz: Not over the Southern Hemisphere or over the oceans in some places.

Question: By temperature do you mean distribution/ta the ozone* Suppose you
want to measure the total amount as well as the dL stribution.

Kaplan: The total amount is not so bad this can be done from £ reflected

radiation, probably from the earth in the ultra-violet.

Fritz: In the end then, we can measure 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 out and then let Jean King have a crack at us.

Jean you can have 20 minutes or so and then I think we should break up and

go 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 about measuring temperatures in

the atmosphere from satellites.

King: This work was done about three years ago, but because of diversion of

my Interests in other research 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.

Fritz: Would you take the hand mike please.

King: The basic idea starts from astrophysics really, and the well known
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litab darkening effect that one gate with «11 «tare in particular, the aim.

What you find is that a* you move from the center of the di»c to the limb

of the «un, the light intensity fall« off by a factor of about three and

t hi e le due to the fact that when you are looking at gracing incidence

at the linb, your eye« are intercepting only radiation from the outer

layer of the «olar atmosphère, wherever that is. While if you look at the

central point, then you are intercepting photon» from the deeper layer*.

So that, in principle, a knowledge of the variation of the • emergent

intensity from center to limb give* you Information on the vertical strat-

ification of the «olar temperature. If it get* darker toward« the limb

it i* obviou« that the atmosphère i* getting warmer a« you go down. This

was first used to check our certain radiative equilibrium theories which

give temperature distribution« for the «un and thi* was a way of checking

on variou« radiative equilibrium model*. Well, it is a natural appli-

cation to think of this in term* of an earth satellite where you have

roughly similar condition» of looking down from above, and presumably by

selective choice of wave length you could observe a limb darkening or a

limb brigthening effect. The basic equation le the intensity emerging

and I'll connect this up with what Lewi« 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 kernel in the gray

case 1* just the «impie Lambert function, and we can write this as a

Laplace transform, so essentially what the problem devolves into

inverting the transform and symbolically if we invert the tran*form we

can obtain В a« a function of depth, given the emergent intensity at

various angle«. Ksi here is the cosine of the senith angle or lambda

here 1« the mean absorption coefficient divided by the monochromatic

absorption coefficient, so that what I will talk about will be the

inversion over angle. In other word« we will vary the angle while what

Lewi« ha« concentrated on is inverting the varying intensity with

position in the spectrum» So either of these two methods is possible

and the way that one proceed« with this inversion is -there «re all kind»

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 1« the actual distribution of В with depth. I assume a broken



line segment here of given length, «ad then vhet you do ie take the intensity
«• * function, neeeured a« e fonction of the eu, here end if you have five
different measurement« thi» then determine« a «et of five equation« and the
unknown« in thi« cace would be the température here and the 4 «lope« of theee
line segmente which yon can get. 80 in principle it look« extremely f«vor«ble.
So in practice, for a «ynthetic example, it work« out pretty well here, I
easume a distribution of В with depth then aaw what intenaity «его tau would
be for «uch an a»«umed B. Then work backward« with thi« arc technique to

determine the «lope and it indeed dee« work out very well. Thi» however

turn« at* out to be falftely encouraging, for reaaon« which 1*11 proceed to

go into. In the firet place you kind of uncon*ciou*ly «et up a favorable

situation, «ad ia the «eeoad place, the whole problem of inversion 1« more

difficult than it «earn» becauae, well you are trying to get information

about a temperatura distribution here while you are looking through a lot

of intervening material which tend« to m«*k the effect of the deeper layer.

In other word«, it i« like trying to tell if it 1« raining out door» while

you are ia a «hover bath. You are having to look through something that

i« obscuring, which make« for a grave indetermlnancy of the value« at the

deeper layer«, although it doea determine, a« one would expect, «ince

ao«t radiation come« from here, the«« «lope» of the upper portion quite

well« Veil, what I wanted to do then we« to check thi« out with some

terrcatrial measurement« aad the firet thing that came to mind we« to talk

with Professor Adel. He ha», over the year«, on a routine basis, made

Extor measurement« of овоае and it «eemed to me that if I could get from

him thi« extor parameter a« a function of air rnaa«, well then I would be

able to work backward« and conatruct what the vertical temperature structure

of the oaone actually i«. Before I tell the remits, it i« worthwhile

mentioning Ju»t what thi* extor i«, what ie it Arthur, I never remember

the actual name. Effective radiation temperature of the oaone. Anyway,

«impie viewed, «ay if you are looking here, your radiation i« coming out,

now we're having the bottom of the oaone atmosphère right down here and
we are looking up« Thi» extor le, lets aasuna the oaone i* completely
Isothermal and that It has an optical depth of «ay tau «übt. If it i«
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isothermal, then, the era!selon coming down her«, just from Schwarsechild's
equation, it will be B tinte« l minua tranaivity and thia B than ia the
extor, eítvce for the Isothermal caae thia ia Just a emlssivlty. I can write
extor just aa I aero ou over the emiaaivity. Ordinarily thia extor ia
measured at the air maea where your sun ia, and ao I didn't know whether or
not he had made any acana of extor. Extor will be a function of your thick-
neaa of your medium. And phyaically it repreaenta aome aeaoa temperature,

for instance we know that the temperature atructure of the oaone ia increas-
ing, throughout moat of it, so it will represent a temperature weighted

towards the bottom of the ocone and I think you can aee, for inatance, why
it should change with position. If you are looking through a long air masa
traverse, your extor temperature will he eaaentially the temperature at the

haae of the окопе, and conversely if you are looking straight through, the
extor will he a represnetative temperature higher up in your oaone layer.

This fits our problem here and so let's put down just a few sets of valuea

which Professor Adel obligingly furnished me earlier thie week. Thia ia

the air mass thickness. 16.8 would correspond to looking through prac-

tically grating along the horiaon. M is one over e. I don't know the

date of this, р̂ р
|
М
|
"'""1"

|И
Т*'7 У°° didn't give it to me perhaps (1948).

Do you know what season? (Spring) Here is just one more for comparison, s

The air masses go 1, 2, 2.9, 3.8, 5.8 and if you calculate the extor values

from the data that Dr. Adel furnished me it ia worth noting that actually

I have the extor temperatures - actually all you need are the emisslvities

and the total optical depth. Thia ia in principle a aimple measurement

to take. You don't need much data to reconstruct thia vertical thermal

structure. Also, another thing, it turns out that the pattern you get

from the inversion is quite insensitive to not only the total thioknesa

that you assume but alao to the precise form of your transmission function.

It really doean't matter too much becauae all we are obtaining is sloe

profile here, we are not apecltying the thickness or the airmaae depth

at/****** these temperatures occur. The first thing that alarms you is

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

say from 25 to 35, something like that, we would expect that aa our air mass

travarae increases we would expect that our extor temperature should go

down and precisely the opposite effect is occuring here. The reason for



- 42 -

this I don*t think is bard to uncover, it le »imply that in this long parallel
r
>'r'-

to the horizon traverse, youtycertainly picktng up aome of the contaminating

water vapor radiation here, and it is all the йоге aerious because the temp»

erature of the vater vapor that you are pickcng up in that path would be ouch

higher than say the base of the ocone temperature that you are trying to discern,

so that is very upsetting. That is on« of the dlfficultiesd Trying to sep*

erate the two effects. It seens such a striking increase that it was hard for

me to think of it as being just exclusively the effect of tropospheric ocone

which is very slight. The same effect is shown here, that a slight warning

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 yon try to carry

out the inversion and this is really the discouraging aspect. You find that

the actual ocone structure, temperature is going to be something like this,

that the polygaaal 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, X feel, and this is something that I want to check into

more carefully, 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

indetermlnancy of the system, due to the fact that the upper part here is

essentially hidden, is such that the coefflcientea' are really not very well

tied down. I am not expressing this very well, but if you carry out a

calculation I think you would get a feeling for this indeten&inancy x of

the scheme. The only way that I think that one can Improve the measure-

ments, situation Is by making extremely sura and more careful measurements,

maybe it is actually the local inhomogenieties Uta the air mass. For in-

stance, all of this assumes, as a basis, a plane parallel atmosphere. May*

be in the course of the measurements, advection would be enough to render

this inapplicable.

The one good thing it is that it is an excellent self consisteiOJn check.

That is, if you do get a series of extor measurements, which do make sense,

and provide a meansigful close approximation to some reasonable distribu-

tion, then as I say, that is a 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 beneath. I think that the conclusions are that the water vapor
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masking le serious or we nuet look into this tropospheric osone possi-

bility. It is a good self consistency check. The satellite would be nor«

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 determinancy in the calculated lapse rate.

Fritc: I wonder if Dick would want to repeat his question of before? Namely,

when you look at large angles, which I presume what youheve 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 sub

satellite point.

Ring: You have 0 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 inhomogeneitiea.

Frit»: What 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

is a* to the say osone clouds or the failure of/pïîin of parallel assumption

this would automatically integrate out those effects. Any affective effects

would also be taken care of here because these observations at various angles

would have been made simultaneously.

Frits: The one looking put at far angles, you would look at Northern Canada

and Mexico for example and average those out? Look at 60* from 600 miles

you would probably see Northern Canda and Mexico and then you would average

those out.
Goody: I think it's important to realise that any kind of inversion like this

is an insensitive kind of inversion. You do need accurate data to get any-

thing sit out of it. You caln'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 a straight В to the minus tau over mu and it made very little

difference. The results are very insensitive/t&e form of the transmission

function. You take, that is as far as the coefficients that you get.

Frite: To aunmariBe this one I suppose you would be satisfied with rather

coarse spectral resolution. You look in a rather coarse part of the spectrum
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in t hl • absorbing ozone band but you would want to get angular resolution

over I should think at least three or four air nasses. Because the variation
from

as you go^ fron one to two is as you go/ixftm angle о to 60 is very slow but

after that is goes rapidly .d Then this question about the geographic thing

still remains * serious problem.

King: What is needed in all this is a mathematical analysis. If you put in

an error here, how does mm it get propogated in solving this metrId* of

sxkxnt, simultaneous equations.

Kaplan: One of the difficulties that you mentioned is that very little

radiation cooes 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 ay 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 is compensated by the

black body . This is the tax* big

advantage of looking down versus looking up in trying to get an 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 ten 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 was the one by Mr. Werk 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 toe 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, so 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 front a satellite. Just how rauch heating

goes into the atmosphere, because this is the thing meteorologists need in

radiation. After all it is the energy 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 «его. 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 moment, times 1 minus the

transmission through the entire atmosphere. Call this quantity H sublamba

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

The radiation entering at this angle and leaving at this angle. This 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 В nought times Т nought, plus the upward

radiation from the atmosphere itself. So that we have this equal to В nought

minus the observed intensity in the direction theta, wave-length lambda,

minus the downward radiation. This 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 is 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 larga amount of water vapor there is difficulty.

Wark: Now the only way that we can get these two quantities is 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

omet 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 simply the reverse of this probldm here. If

I had all the parameters 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, also, to get the ultimate quantity

that we want to get which is the flux divergence of the atmosphere as « a

whole, we have to integrate this over lambda and over theta, I don't believe

the wave length integration presents any particular problems, simply this

quantity times times of lambda integrated from zero to infinity. The other

problem, however, of getting the flux divergence in all directions, means

that we have to know the dependence on theta and here, again, if we know

what the atmosphere looks like we can calculate it. But this quantity here,

which is the observable quantity, is definitely dependent on theta, since

at large angles we are looking essentially at the top of the atmosphere.

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 number of angles and a number of wave lengths and I don*t think

it is really a much simpler problem as I will indicate with the following:

In the TIROS project, we have certain filters which we use to cover broad

bands. I'll discuss two of these. One covers the region from about 7 microns

up to about 35 microns. You can see the plot of this, the general nature of
. 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
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intensity. Call this I prime. This is the thing we hev* actually observed.
The quantity, the signal that we get fro» the ground, is something which is
proportional to this. We know this characteristic, but we don't know the
functional form of this. And without this functional form we can't get an
unambiguous answer to the quantity that we really want which is I of theta
which is equal to the integral of I of theta lambda, which is the total
intensity in direction theta over all wave lengths. There might be some SMODJ
means 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 is possible that we might be able to infer, with
some accuracy, the total emission from the earth 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 trans-
mission. You will see that it is less flat than the other. It has a shape
sonething like this.

As has already been pointed out, even in the clear parts of the window, we
are not looking just at the ground alone. To call it a window is only
partially correct. With the help of Mr. Popham in our office, I went
through an integration on a very simplified modal of the émission I would
get from the top of the atmosphere, assuming a sort of mean absorption
coefficients over wide bands, and I adopted the value in the window of about
0.1 centimeter squared per gram, which I think is a reasonable average value
within this region, I gat the following emission coming from the top il the
atmosphere. I plotted here pressure, starting at a thousand ailibars at the
top, going to sero here and this is the intensity plotted in this direction
and I have cut the atmosphere Into segments.
Kaplan: Is this water vapor you are talking about?
Wark: Yes, this is water vapor. I have ignored osone. Just speaking of
water vapor alone here, I think it Is important just to get this illus-
tration. Wow looking straight down, which is the black curve here, I got
3/4 of the emission coming from the surface and about 1/4 from a range
spread from the surface up to 500 mllibara, halfway through the atmosphere.
I think below 500 mi U bar» you are getting significant amounts of radi-
ation. This red curve is looking at an angle of 60* that is, sec о is 2
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and the radiation eoodng out of the top of the atmosphere was about equally

distributed between the surface and the atmosphere itself. This has an average

cloae to 700 яШЬагв. The other day we talked about this region with him and

I asked him what he expected to get from the measurements in this region ^

said he expected te determine txa whether there are clouds or not clouds. This

is also a handicap unless you have also on top of this the emission from the

окопе . It is a vary large property in this area. But you have something

coming from the ground, and I think now they think that what they are going

to get is the difference from the ground radiation and the cloud radiation.

They will be able to distinguish if they are over clouds or not over clouds.

Fritz: Well that waa the idea, the difference in the energy is greater when

you ara over clouds than when you are not over clouds. I think the point is

here that it is masked to some extent by the water vapor but you still may

be able to do it.

Kaplans But if you do get information that will be the only information you

get because there are so many constituents/in here.

Frits: In some areas you won*t be able to get that because of inversions and

things like that. But in the tropics it may work out.

Mark: This is about all I wanted to cover. I wanted to point out these very

strong limitations on the information we can gain from the broad band type

of observation and that we have to have detailed information on the entire

structure of the atmosphère, to gat the thing we are after, which is the
heat budget«

Frits: On the other hand Cave, I wonder if this would be so if you had

broad band filters which were flat, it still wouldn't give you all of the
things you need.
Unidentified! Ho, but might we get a cloae approximation that way.
War ki Wall you run into some difficulties In the window because the window
doen't cut off in a nice sharp fashion. Zf it were flat over the entire
spectrum then yes, you would be able to avoid this pitfall.
Frits: What X am really trying to ask is this: if we were to say what do
we want to measure, well what do we have to measure the heat budget»
Wark: To gat the neat budget of the atmosphere alone you would have to know

the details in the atmosphere.



Fritz: You mean you have to measure the spectrum in fine detail.

Wark: You have to do the eort of thing that Kaplan was describing with carbon

dioxide to get the temperature distribution.

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

Werk: If you have the temperature, that is finished. Then the rest of the

calculations are baaed on this. The calculations of the downward radiation.

Frits: No, I'm thinking of the upcoming. The upcoming radiation alone.

Wark: Any special measurements for the heat budget, alone, you need the

type of measurement« that he has descrived to get the structure of the at-

mosphere* There is nothing special needed here.

Fritx: 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 broad band it has to be flat ovar 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 radiation̂

that leaves a horizontal surface, the ftm hemispheric radiation that leaves

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 haight, 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 a 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 simple

angular dependence. How this may not be impossible to do. But I have a

question to ask. Why do you want heat 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 ax 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-yes,

I know, it is essentially the point in what you were saying» There la
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another point, and that IB if you want to determine flux divergence, the dif-

ference« between radiation, then you can not do it partly by calculation and

partly by measurement*, because you are going to have хввях instabilities

brought into your system. Particularly if it ia a numerical model it it

going to last a long period of time. You have to have a method for determ-

ing the heat budget that is internally consistent. Or at least you have to

convince yourself that any method that you have must be one that is internally

consistent.

Fritz: What if we have no reason, merely what if we just want to know the

heat budget of the planet?

Kaplan: If you can measure it from a satellite, good. If you can determine

the radiation coming in the vertical direction and from this introduce some

ssriot 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: Veil I think this is one of the things that Dave mentioned that he

had been working on.

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

over a long period of time, say, even an average of a day, then you can

make some sort of assumption about the ground. If you assume the ground has

a small heat capacity, then all you want for the heat budget is the radi-

ation leaving the top of the atmosphere. Over the ocean there would be

difficulty.

E°4tX Elsasser; There is this tremendously important problem of cloud

climatology and I just don't think (with my limited knowledge of the

atmosphere) but I feel and many people feel the same way, that the least

known variable in the atmosphere is the statistics of clouds. In middle

latitudes higher latitades, they cover a large fraction of the sky, I

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

of course, if you have a cloud your heat balance is radically altered.

Instead of getting outgoing radiation from some lower levels here and

from the ground you get if «asm from a high cloud which has a low temp-

erature and you get very substantial effects which are much bigger than

any of the differential effects as a 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. Wt Any differentiation will

immediately reduce your accuracy, and everybody knows that. A numerical

differentiation alwasy leads to a terrific loss in accuracy. I personally

feel, Z don't know if anyone ever calculated it, that as far as the grose

heat balance of the atmosphere is concerned a 5 or 10 per cent change in

cloud cover, ia 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 gives 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: We 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?

Elsaaser: All I'm saying is let's concentrate on the clouds, make an attempt

on the cloud problem before we go into specific details such as, letfs 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 measured directly

by broad sensors. We would have a broad sensor which would not pick out

whether there is one cumulus here or there or anything else that would actually

measure the energy emitted by the earth at least to the extent.
' very

Elsasser: What I am trying to say is that it would be вяхх valuable if 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

satt need infra-red measurements to get this. The cloud temperature I think

is the most thoroughly Important item in the stratification, the heat balance

and the dynamics of the free atmosphere. And this is the least well known.

If any 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 first 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 thia 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 is 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. How what Dr. Elsasser is saying is that the single

most 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 think it is a

very valuable one. Probably if we understood cloud heights and temperatures

and how they occur we would have something like at least half of the variables

taken out of the atmospheric radiation problems. Something like this all

but the one parameter if we can understand it.
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you said something like one or 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 bend and measure some specific region in the

spectrum, I've forgotten the Pi"*
1
"̂ • numbers now, I had it written down.

Kaplan: Well, throughout the whole band I 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 probably 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 CO- 13-micron band, with 5 wave number resolution and

using 10 measurements with resolution of 5 wave numbers at around 15m 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 tiie

question of what you do about looking at rather far distant points. So you

have the angle question. In the case of beat 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 tioock the whole spectrum and integrate over it, in order

to get tae resolution with angle. In other words, if we measure at яхт one

particular angle, we still have to get the distribution with angle and at

least, in taeory, we need to have complete spectral distribution to get that.

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

with 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, whereas we жну. may be

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

its as crude as that, because the emission from tue 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

maximum information you could get and I suspect «k* 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 regionsï

Fritz: You might have too many inversions* In other words, you might have
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cloudy . It doesn't matter as long as you know, but since you may not know

you may have trouble tolling whether you are looking at a cloud or an ocean

or a lake or what it might be.

Goody: You know you ar« looking at tue 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 leae 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 any tiling

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 specially is going to be very

crude. It is 30 miles or something like that, so that it will only tell us

roughly-i t will tell us large scale cloudiness, you might say, and then

in the xx 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 baoomes worse.

Question: Just to clear this up the present one that's on the Vanguard is

1*.

Frite: Oh, the Vanguard II, I'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 a«»a>ingx 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 proceeds much more rapidly under the 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 ve would expect fo find if you stop to

think about it.
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Elsasser: Well I think there should be some way of discriminating, even in the

Arctic combining optical and infra-red measurement«, whether you have cloud

top or ground.

Fritz: ï think we should turn now to the instrumental part; mainly we have

assumed the requirements. To measure vater vapor in the infra-red, we want to

measure them in the 25 microns with resolutions of something like 10-25 wave

numbers, to measure ozone vemnt to measure in the 9.6 micron band with 5

wave lengths, with resolutions of one to two wave numbers. 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 came in. Heat budget-hope fully we could get away with a

broad filter if the filter was flat. In the a;tratosphere a suggestion was

made that we might be able to measure the water vapor by looking with 1

wave number resolution in the region near 25 microns. It seems to me that

it is 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 a very quick

calculation which may be all wrong. But even assuming that what you are

looking at is -65°, if you considéra a one micron interval around 25

microns, 2.7 per cent of ha black body radiation would be there. Only

* 6 percent would be in the 1 micron region between 51/2 and ó 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

micron 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: I 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 detector« are much more sensitive down there. This ie true for even -65

degrees 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/lODRK of

detectors of using something other than a therrao detector, out to say ó

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 sice of a pencil, the cooling device-and could be run for a

month or so. You shouldn't exclude that. You are putting enough money in

this package so that the additional couple of thousand for one of these is

not much?

Goody: Are you sure of these figures? Are you sure if you take a thermo

detector and cool it to the same temperatures you get no worse noise,

you get better signal to noise xtant 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 at the same wave length, 6 microns. Are

you sure in fact that if you cool them both at the same temperature you get

a better£*UjpUd to noise out of the germanium? The end type germanium I
think is slightly ahead. 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: Is it ahead of a thermistor cooled to the same temperature? This

goes down with the square root of absolute temperature, the noise.
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Wormeer: I'm not sure I can answer you there.

Gate« ? A thermie tor is noisy compared with a thenao couple.

Goody: Yes, a thermistor is a 100 time» worse than a thermo couple.

Wormeer: I disagree with that.

Itoward: Noise equivalent power is signal to noise. A thermistor bolometer
-9is something like 7x10 , is what they liât as kind of a 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 least a 100 times worse then a first class

thermo couple*

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

Goody: Well a tkan bolometer and a thermo couple each one will run about

the same. About 10 per cent of.

Itoward: Doesn't the response 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.

Wormeer: Well actually if you take equivalent band widths, if 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 usually used with about 100 cycle or something like that,

chop rate and a thermo couple a very slow-

Goody: Well a good thermistor and a good lilger 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. 1н I

only suggest that before you get into other things one checks these things.

Howard: John Shaw didn't think the Hilger Schwartz was 10 times better

then anything else. Was it?

Shaw: I would like to make one point? Is 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.

Frits: I think this aa 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 milieecond 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 eulfide now. I know

that Flyler ie using lead sul f i do in the 6 micron region. ХШЖХНрСК

Howard: He is pushing things a little. Moat people would switch to lead

selanide in that region because it is about a factor of fiSfi better

Kaplan: He claims he's getting better response out of lead eulfide now.

Goody: At 6 «lierons.

Kaplan: At 6 microns, yes.

Greenfield ? Lead aulfide falls off roughly one decade per micron beyond

about three microns.

Kaplan: Yes he's using lead eulfide in the 6 micron region.

Wormier: With any sensitivity at all.

Kaplan: Yes, he claims to get better sensitivity with lead eulfide.

Frit»: What can we conclude here, if anything.

Gates: While we are speaking of the 25 micron region, in our experiment

we 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-1.

Goody: Wei two is worst that has bean 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 a 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 is a factor of 20. So we got 400 in one case.

Goody: Well, if you would like to calculate it, why network it for these

emission spoctrums which are much more directly the thing. You've only
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got to change a very small-

Gate«: 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 vas 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 regions our

filter technology is much better around 6 microns than it is at 25.

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

Gates: Oh, the spectrometer, the grating.

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

Wormeer: No one had made one that far out yet as far aa I know.

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

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

Howard: Oh yes, E. Strohm .

Fritz: But you used a grating you said. As I understand it in the & micron

region, we struggled with this on TIP-OS, 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 tenth of a micron or two tenths of a micron

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: Well I assumed that we got the best on Project TIROS.

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

Question: Who built this?

Wormeer: This is IR-Industries, this particular one, bet we have chocked.

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 taut hardware to be ready

in Hay. 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 me 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 filter« it might be poesible that it could be done, from what you said.

Wormser: Not two wave number«, 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.

Howard: This grating ig going to have to have window« and thing« and here you

are getting in trouble again. Perhaps tipfxe. it"s not so bad if its just a

little window, but if what are you going to use at 25 micron«?

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

Howard: KRS-5?

Kaplan: Why cain't you use KRS5?

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

Gates: You can use a number of things.

Fritz: Why cain't you leave it open?

Goody: You can leave it evacuated to space.

Fritz: John was raiaing the question that you need a window but if you don't

need a window I would think that you would be better off. 1 You don't need a

window so what's the.

Howard: These are not perfect vacuum where your satellite is however, and your

bolometer and such things are going to have to be enclosed.

Goody: You don't have any dynamic heating does it, this thing, otherwise it

would be down in the next few minutes.

Shaw: Goody made a point this morning when he «aid that the 500 pound payload

that it'« 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 leave« the first prism. Use the slit to limit the

band pa««. Then it would be combined into the «lit image and place that on

Goody: You get better performance out of a grating thought*. You can always

get better performance out of a grating, cain't you?

Greenfields 11 If it1• a« mechanically stabile a« the 2 prism combination/

Goody: I think that a« long a« John Shaw raised this question I cain't help

thinking that is the thing we can decide quite precisely, when you have got

an enormouf object like this with euch a weight, why make life difficult by
using anything but a good spectrometer, they don't cost anything.

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

have since when it 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 С micron region

*r the 25 micron region or anywhere, I have the feeling that filtere are out.

That filtere cannot produce, but that gratings can.

Barnes: Call it spectrometerя, 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

emission with a prism, not without a very very long time constant.

Gates: I think the other important 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 just the region you are isolating with the filter, you see. This

is 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.

Fritz: 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 abvious conclus-

ion that we have to 4 go th gratings if we are going to do the job at all.

Elsasser: Z 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 scratch?

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

and the electronics.

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 1 see it, that if we're going to meet this require-

ment we have no choice. The only choice we would have is grating or, for

instance, in another meeting, if it were decided that for engineering

purposes it couldn't .satisfied with filters. Then let me ask the question,
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engineering thing, I think we muet 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 epent their live* building

spectrometers, so we can »peak 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 is the time constant of the scanning spectrometer?

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

Goody: Shall I 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 siée, (shoving 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 blazed at 10 microns.

It has 60% 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, with prisms in, this instru-

ment would give you about 10 wave numbers resolution in emission with a

reasonable signal to noise. With gratings in it would give you about three

wave numbers, that is this half here. That will give you about three wove

numbers in emission (Next Slide) If you put it on the sun this is the

performance of that instrument vith 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 окопе band and here is the water lines, CO. band water

band here. This is about five wave numbers resolution. This is 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 bow many lines you have on your grating?



Goody: Oh, it's a hundred per ran. (Next Slide, please) That instrument with
rockett prisme in gives this performance. Now both Prof. Ádeland and Dr. Shaw

get a good deal better than this with prieme with slightly g* bigger instru-
ments, but this is that region looking at it emission with about IS wave
numbers resolution and better spectra than this have been obtained with
slightly bigger priests. The prisms are rather small in this instance and it
vans't too well adjusted. There is the ozone 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 hov long it k takes to scan the spectrum?
Goody: All these spectra 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 is virtually standard equipment we use and unless
I say something different. To get across there would take perftaps 30 to tá 45
seconds. This is just one region of that last spectrum! still at about 15

wave numbers resolution in emission at varying «ir atasses. This is roughly
what everything looks like at 15 wave numbers. We can go to 3 wave numbers
with the instrument I shoved you first and we can see something better in a

moment. (Hext 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 cent
transmission 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 4

prism, but it is another set of mechanical parts to go wrong, and it*a
conceivably worth economizing on this kind of thing in satellite work.
Next slide please. That Instrument, turned on the sun, that Instrument
about this big with a grating, turned on the sun, will give you approx-

imately this resolution in that region. It la about half a wave number.
That's for a little Instrument about this big with a 5 by 7 centimeter

grating in it. This is pretty good for solar work. All of these lines
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are completely isolated, 90, for studying absorption of lines, this ia quite a

good resolution if you were «working on the sun, but ve are not working on the

eun at the moment.
Goody: Let*a go now to the emission of the next instrument. This is the one
with which I would suggest we could scale down from because we know the per-

formance of this thing rather well. There la a six inch square grating with
an indium antimodide filter and you see the si»e of the thing, that ia a foot.
It is quite big. This raises the point that, with thie kind of Instrument, if

you want a reasonably small looking out angle it has to be rather long« The
energética of the instrument doesn't depend on the length of thiá throw here

or the length of this at all. It only dependa on the aise of that grating.
But if you want to natch it to looking at a snail part of the earth*s surface,

then you have to get that matching either by preliminary optics or, if you
want to do it directly, you «imply have to have your main mirrors here a

long way back. It baa the same signal to noise performance but it gives you
a small angle of view and a longer alit. They compensate precisely.

Frite: What angle of view is built into the one you have there?
Goody* That is aix inches at five feet, whatever that is 6*. That is
using a Golay cell. The important things on instruments of this sire
are, firat of all, the detector; secondly, the solid angle with which you
fill it; thirdly, the aise of the grating; and fourthly the time conatan t.

We can scale from these things and you can redesign this instrument Just
aa you wish, but you are stuck with this end of the thing. So that the
only things you can play with are the aise of the grating and the time
constant to go from the performance that we will show. (Next slide). We

can skip that, its not really relevant. That ia only the normalising equip-
ment. Presumably this instrument - you want to have something like this in
where the instrument can both look at the sky and than at black bodies. I
think this es essential. It is not difficult toacange. Hext alide. Well

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 wave number and a tine const-
ant of one second, with the instrument we had out. Now then we can go

from this to any other condition you like. If you go to say 3 wave num-
bers, that givea you - you can open the alit three times further that

»-•
gives you nina tinea the energy and you can come down to one thirs the
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size of the priem, i£ you like, and you can cone down to a two inch grating.

Then you can scale the whole thing down to that two inches and you can bring the
whole equipment down to & third of the size, getting with this ваше tine constant

the same signal to noise. If you want a more rapid tine constant then we could

go back to the six inch grating and 1 think we get five if we put the time constant

up by a factor f, them we can reduce the grating by b to the 5 over 2. I think

it's 5 over 2.

Question: Would you contemplate sweeping out a spectrum or would you have several

detectors in the exit plane to observe certain frequencies?

Goody: Well, that's for Lewis to say. He insists on, I think, that you actually

have to absorb five regions silultaneoualy. That could be done 1 suppose most

ideally with a Golay cmlti-slit, which I've never used. Have you ever used a

Golay multi-slit?

Kaplan: In any case, what you would want would be something like a single entrance

slit, the prism, then have detectors lined up in an array, as a series of exit

slits.

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

job?

Kaplan: No, he does not.

Goody: In that case you want a multiplicity of detectors. Well, this is no serious

problem.

Fritz: I personally think that it still would be possible - this is a detail - it

would be possible to use one detector and scan. It would not be simultaneous. If

we are going to look at areas like 50 miles by 50 miles, which we may have to anyway,

to do a quick scan you may have an overlap at both ends of five miles and you are

looking essentially at the sane area.

Dr. Goody: What is the tine constant of a second in miles?

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

Goody: Five miles in a second - if you've got a 50 mile resolution you can have a

one second tiras constant.

fritz: 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 constant. In

other words, there really is 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*e lighter then your weight end it has the tine constant. You could get this

performance, which is one wave number, which is twice as good as anyone has asked«

Kaplan: Is it much easier to scan than to have this multiplicity of detectors?

Fritz: As 1 understand it, if you have a lot of detectors which have to be

matched so carefully, you run into problems, whereas if you had a single detector

that problem is avoided.

Howard: You would always like to know what's going on between them, too, when

you go to interpret thedata. Whereas, if you scan you have some feeling on what's

going on between them* But now U there are variations in the emicsivity of the

surface, when you are getting contributions from that, you are going to have to

assume this is a much slower variation than your speed of «canning.

Frits: When you say one second time constant - probably everyone knows what you

mean except me * and you are scanning this spectrum which may be varying considerably,

does one second mean that it takes a second for it to get up to some fraction of

the displacement, or what?
Goody: Well it's got this unfortunate Brown recorder on it, which is not an exponential

device*

Gates: This isn't really the right number to use. The time constant of the detector

is a tenth of a second.
Frit«: This means more like it takes a second to scan over the spectrum.

Howeard* A second to com to 65$.

Frits: Well, if it did that, if that was the definition, if it took a second to come

to 65$ of its equilibriun balue and you have a spectrum that's doing this kind of

thinfc,then how will you ever get to the right value in the time of a second and

scan the whole spectrum.

Goody: Well, 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 scan.

Gates: As I understand, this is a second per data point. jThree to five cm-1.

Goody: Yes. It's probably, each wave number, a little bit of overlap is used,

each wave number is probably taken over 2 or 3 seconds.

Frits: Each wave number is taken 2 or 3 seconds?

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 ,

so perhaps it's not just one second for each wave number 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 thie one right here, but we covered from the visible to

2 1/2 microns in 6 seconds and this was fairly slow. We could have sppeded this up.

Question: This vas lead sulphide, you said?

Gates: Yes» ТЫ» is not degrading the resolution of the spectrometer, which is

10 cm . This is an awfully fast cell. You can do this with any photo-conductor.

Howard: That's why Z think you might better go back to thinking about 6 microns.

Fritz: You showed one slide which went from something like 9 to 11 microns, cut

off rather sharply at those two points. You mentioned in that one that It took

1*5 seconds to seen. The two micron region took k5 seconds.

Goody: That was at low resolution.

Frite: I sea, and with high resolution?

Goody: With high resolution you have to do more and more points.

Frit«: Let me ask this Question then. If you were going to get the five points

in something like one wave number résolution in your окопе bend, which I think was
the thing you mentioned would be required, how long would it take to get measure-

ments at those five wave lengths?

Goody: A few seconds.

Fritz: A few seconds for each point.

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.

Fritz: No, you can't stand that much.

Greenfield? : You would have goae 50 miles over the earth in that time.

Fritz: Yes you would have scanned over the whole region.

Barnes?: You have a battery of detectors, why does 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.

Goody: What X em 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

ie some territory in between, so it takes longer, five times as long to scan.
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Fritz: But you hove five detectors.
Gates: If you have five detectors, thats different.

Fritz: it takes you ibm three seconda to get one set of five pointe.
Greenfield: You're not going to worry about a blur of Iß miles are you?

Fritz: We might or we might not, that hasn't been decided.
Gates: The detector that Richard used was a Golay call. Now that is one
problem and one order of magnitude on tine constants and scanning rates and
is indeed what you might have to uae4 at 25 microns. But if you get into the
photo conductive region, then your time constant changes by another order of

magnitude or so«
Goody) But to take advantage of it, you've got to throw away signal to noise.
You see, this is energy limited, this noise is* So to take advantage, because

you haven't got more sensitive detectors, so what it means is, these spectra
with the Golay cell you couldn't speed up too much, because you would then

run into the fundamental tins constant of the detector which isn't so far off

from the one second that I'm using. With a photo conductor you wouldn't be
any better off with signal to noise, but by opening your slits you could drive

it farther in tine constant«
Gates: You might reduce it by, what, a factor of ten.
Goody: You couadn't drive this too far. It's no good ta saying we just open
the slits and have a shorter time constant. You should go to a quarter of a

second and than you would be finished. You arrive at the fundamental time con-
stant of the detector, but with the photo conductor you could go swapping reso-
lution for speed for much longer waves.

Fritz: Well if you went to a quarter of a second, even if that was the limit,

if you could do it, that would be satisfactory, wouldn't it.

Greenfield:? Wallt a minute, I think you're kidding yourselves on this. Yov've

got a fundamental problem of stabilising the vehicle. The problem of stabilising
it is probably not going t» give you better than a degree, one to three degrees,
which is going to give you a fundamental blur to start off with; and trying to
push this down do a quarter of a second because you want to get very detailed or
keep it fixed on a point on the ground within less than a adle, it's sort of

rediculous. If it is going to cost you anything in terms of your instrumentalities,
this might be a fundamental limitation on bow far you want to push this thing.
Fritz: If you had one degree stabilisation and if you were at 300 miles for
example, you would have a smear of six miles.
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Greenfield: Well, then why try to push it down below that*

Fritz: Well, I didn't. One itBgxa* will take you to six miles. If you take

three seconde which Is giving you three tines as mich. Well, now let me make

this clear. I'm not trying to act myself up es en authority on whether this

should be 50 tulles or 100. But if we take this «s some guide line and this

was the kind of thing I was talking about, it «9 might be that we would be

quite satisfied with having data over a hundred miles by 100 miles in which

case the smear would be substantially greater*

Greenfield: I should point out, that getting one degree stabilisation la just

one hell of a problem, «ad you're not going to get it in a 300 Ib. package.

ÎStaata : Yes but you will find that that tins constant of one second of that
one degree will be much longer than they're talking about here. During the
few seconds X don't think It will vary.
Fritz: Well I think anyway that the picture is somevhat clarified for me.

Namely, that with the instruments that Richard showed you can get measurements to

s craethlng like one or two wave ntsabers, certainly if you satisfy with measurement e
that «ta may take three seconds if you have a detector in each one of the wave
lengths that you want to send. It might be possible to do some«hat better by

revising the spacing between things or so on.
Goody: You could throw away resolution and cut the tive constant down to a half or
a third and get Information in a second. You could get that feu: with this thing.
Fritz: So it seems to me that you could say, fron that point of view, that it
would be possible to meat the theoretical retirements in that region with this
particular type of Instrument. Now Howard still feels that maybe we should go
to six microns sad I'm not all together clear if you use these photo conductive

surfaces whether or not this dummies things or not. You were 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

spectrum with somewhat more noise perhaps ..
Goody: Maybe John Is right, he should know more about this. It was my firm
impression that it Is a hell of a Job to beat the thermocouple if you treat it

in the same way as your photo conductor in this region.
Howard: Whan we say йоге sensitivity, we mean more signal to noise when we
talked about thermal detectors in this région the absolute liait of the

best kind of Golay Is КГ ' watte per cm~ . Then an actual detector Is maybe
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an order of magnitude «tray from thie absolute limit, so 10 say, ie about
what you can expect as a minimum signal detectable. With these gold doped

•12germanium sensors you can go perhaps to the 10

Wo eraser: You can go about one order of magnitude better for the end type gold

doped germanium at six microns»

Goody: With the same signal to noise.

Wormser: Cooled to liquid nitrogen.

Goody: What about vhen you cool Golaya to liquid nitrogen.
Frits: This gold doped germanium, is it going to give you the resolution we

need or does this have a broad bond?
Womeer: It's just a detector*
Fritz: I see. I thought maybe it had some kind of filter.

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

a havens' limit, it's the absolute thermo dynamic 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 question. If you cool all these detectors to the
same temperature iajt your gold doped germanium still there? It should be.

Wormser: We have had no good practical results yet on cooled thermistors.
Or. Goody: There are some possibilities, of course, of cooling these detectors
when you are out in space if you can simply by means of a mirror system, immerse
your detector that isn't looking at the spectrometer in the radiation field

just picked out from apace. You will get beautifully cold and this is a
practical point which we might latch onto for efficiency purposes.
Frite: I have raised this several tines at meetings and since I know nothing

about it, I always have to refer to the other people. I think Stroud, who
isn't here right now, Stroud and Suomi both object to this as not being practical,
I don't know why.

HsjBjtjdb Goody: It may be optically difficult, I quite agree with that.
Woraser: Do you have a cabity tclooklng out into space.
Johnson: That effect of the satellite itself, isolating it thermally from the
satellite body. Initially their feeling is that conduction within the satellite
will be the problem.
Howard: There it a group at Hughes which have soma kind of a metal foil bolometer
that they are very excited about. I have seen p}ots of the maximum possible
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efficiency of this end I think they have cooled it to liquid nitrogen. There
is no spectacular gain between the

Wormser: If II this thermistor will gain a factor of four with cooling with

practical materials presently available, the inpedence goes so high that we

have no good irapedence matching devices*

Goody; Well, I'm not saying it's not practical, but before one goes away from

thermal detectors there is always a great advantage that once you've got an

thermal detectors on the thing you can do any wave-length range, It is a

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

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

This is quite practical now. We have completed a 2l*-e lernen t unit for John

Howard's group which is matched within IQtper cent. This is a thermistor unit.

I think you could monitor your five wave lengths simultaneously, even some wave-

lengths in between if you wanted to through the use of multiple detectors.

Howard: It eliminates a 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: Ho.

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

amount.

Wormser: The gap is of the order of a 100th of a millimeter.

Howard: we need a calibrating device inside the machine, anyway, because it's

Just a relative measurement.

Gates: The main thing is having the sort of focal plane that gives you the

dispersion.

Howard: You could mount this on and stay on the focal plane/.

Elsasser: l£ want to wm make one more comment on this question of 6 rau versus 25

mu. If I remember right, unfortunately I don't have my data here, there is con-

siderably more absorption 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 is lower than we origi-

nally thought.

Fritz: You mean the absorption coefficients?

Elsaaser: Yes, the absorption coefficients. I want to have to verify this.
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If this le во, you might get another factor of 2 or 3.

Goody: To do Lewie' analysis you have to get on the wing of the bond and that

would happen to the long wave-length, wouldn't it?

Kaplan: Yea, the difference Is this really, if you are at 25 mu and you are

actually coopering absorption for the average intensity of something like this,

you can't compare this with the central portion where the maxinum portion of the

6 micron band, where there are a lot of lines. At 25 au you have alot of gaps,

and you can take advantage of the fact that you do have these clusterings of

lines and look at the clusters« While if you are looking at the same sort of

interval * X mean, look at a part of the 6 micron spectrum. The reason the

absorption nay go up relative to this, I feel, is probably because there are many

more lines per wave number. Also, you ж may be able togo out further in the

infra-red. 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 I see it, you are raising another objection to

using the 6 micron band. That is, even if the 6 micron band is aa good or

slightly better than the 25 micron, on theoretical ground you prefer the 25 micron

band.

Kaplan: Calculations should be madef for both bande. Both bands should be tt

looked into from this£i point of view. Both from the theoretical 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 X can make up a set of calculations*
Prlte: So in other words, on theoretical grounds we still have to have some
decision to make aa to which is preferable. On instrumental grounds maybe •

further
do you want to look into i this question/a» to relative merits - you are the one
who has raised the question moat - and it seene to me from what I've heard here
that it Jtx probably could be done in either one if the theory permits you to do

it in either one, although Richard has raised some question about the signal
to noise ratio, which, as X get it, is still unresolved.
Goody: I feel one could go ahead with the program without the slightest
difficulty here, one can build an Instrument which is equally well for waves in

both regions. One can build the thing with convertible detectors, making sure,
however, that it does take a thermal detector, which we know will work, and has



facilities for these others and the thing can be tested as it's brought
into the etege of putting it into the satellite» These don't seem to me

to be major problems*
Fritz: this is a very happy state of affair«. In preparing this agenda,

you notice, Z had assuoed 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 saying that since we can't get what we want what can
we do about using what we've got, but thing« have turned out much happier.
Apparently we can deliver what i« required, on an instrumental basis and
we don't have to discuss the other one, except if we want to go into
project TIBOS, which I think is really not our purpose. It seems to
me that it is possible that this is the direction in which to try.
Now if it turns out that it become* so difficult that we don't get it
then we should at that tine perhaps discuss what the interpretation would
be and what we can cone up with.
Gates: Of the five things you listed as conclusions from our first
theoretical session, Z think we will find out that there is an order of
delivery which you could do* Zn other words, certan ones will be easiest
to produce with the most confidence and certain ones less so, and so on down
the line. Z have the feeling that the cloud cover will be the one you
can produce with the most confidence* There is that sort of thing that

will come out of the experimental discussion.
Elsasser: There is also the logistics problem. Can you find somebody
that will build this thing? With the etepup in NASA activities, this

is q quite serious problem.
Frits: Z don't understand. Stepup in NASA activities? This is a NASA

activity.
Blsasser: Z knew, but everybody will be wanting instruments. Can you

find somebody who spent his time on this?
Fritz: Well, again Z think this is in the order of the difficult problems
which don't have to concern us here. Z don't know the answer to this.

ï want to find out waht we need and what principle can be delivered.

There are many other problems, as Z mentioned. Communications will be

very difficult if we get too many wave lengths and then data analysis
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ie going to be formidable. Lctte fight that battle another time.

Kaplan: Could we get an opinion? Ify feeling is that there has to be a

very good spectroscopiet involved in this and I wonder if we could get

the coneentus of these experimental people, on this.

Fritz: Would amdomty anybody disagree with this? I don't know. I would

think that йоге than one would be better. Do you want to ask somebody a

question?

Kaplan: Bo, Ho.

Goody: Hell this is a point you're going to have to watch. If you feed

this kind of thing to a firm along the specifications that you draw up they

could produce the thing but in the end it would have so many knobs and things

on it that is produced without a feeling for what they were supposed to do

that you could wait longer than for a voyage to the noon.

Fritz: Well 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 saaybe more than one group actually working on the

design or the specification that should finally be nade out, maybe even with

eorae pieces of hardware. Then when something, in sonebodles'laboratory,

became satisfactory, all this being directed by somebody, I don't know who.

It nay be that NASA, in its Vanguard Division or somebody else, would have a

major k hand or we might or soisebody here might. It might be donexslnultaneoualy

by several groups* When 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 they were made to specification. This is

what you have in mind, I suppose?

Goody: Yes. I've just heard harrowing stories about specifications being

passed out to big optical firms and what thereafter happens. It'a a long,
wait

long, long кву until you get ал instrument. This, one has got to watch,

that one doesn't fall into this trap.

Frite: I agree with you, and at the moment I don't know * what the course

of events will be to avoid it.

Goody: Well youv'e got to get a good speatroscoplst into the thing.

Fritz: Is идгувяЧ anybody going to suggest somebody? We'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: How ÍA discussing these requirements, we mostly were talking mostly

about 25 microns for a while, but is it exactly the sane problem now to do it in

the 9.6 micron band with one or two centiraeter wave numbers resolution and then

to go to the 15 micron band 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

áaxrf 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 micron CO«, since liquid helium carriers

are just not practical, this excludes all of the photo-conductive cells.

Fritt: Yes, it excludes them, but Also Are we saying then that this other detector,

the thermo-couple detector, is the one 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 instrument to do the job in anyone of these areas.

Kaplan: As a matter of fact, there is a big advantage 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 monitoring a window for example can give you a signal which can

be used as a comparison to the 9*6 micron ozone or the 15 micron CO-.

Ншооос Greenfield:? The cam would *xn turn the grating from one position to another.

Three sweep positions and three set detectors.

Kaplan: Or else to have some sort of prism in between to give a computer some dia-

cression about that and from the same *±pu± signal on the grating essentially that

is displaced to reach the detectors? .

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 if you stick to a relatively narrow wave-length band of course, you have

the possibility of using cutoff filters. But then if you go to more than an octave

of course, you are going to complicate the instrument.

Fritz: How we still have this question of the heat budget, unfortunately you were

out. Dave Wark 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'a xakt you want.

In principal 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

measurment at some angle and either empirically or theoretically 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 loribc basis of a measurment

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

to me that we have/now already detectors, the ones you showed.

(Some conversation missing here while changing tape.)

Elaasser: .... . doing something similar here (a) measuring the total ХПЕХЖ

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 spectrum, 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 so that we will be 100$ sure.

Howard: That sort of experiment is already on the proposed satellite.

Frite: Yea. On TIROS as I mentioned at the beginning, we have five sensors. One

of them has something like one micron wide centered around the six micron region.

There is one in the window from 8 to 12, rather broad, and there are theme two other

ones — one going from 7 to 30 or something like that. There is a цшж question

which Wark has mentioned,however. This experiment measure the radiation coming

from one angle.area. From one, for example, you measure it. IThe 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 somefthat 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 a 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: If we wanted to measure the energy coming from the whole earth, with-

out regard to its latitudinal or longitudinal distribution, it 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 a large area at the same time. You can get some out

of it, but if you see Northern Canada and Mexico at the same time, then it

is difficult to separate any special resolution from it. If you integrated

this thing over time as the satellite passes over the earth for a month or

so, I think you would get a pretty good estimate of the energy leaving the

earth as a whole. I think Suomi has proposed something Jdk like this. It

seems to me that you probably would. I think that we would like to try to

get this spacial tttnd&Jtoreaolution also.

Howard: Even this object you have which is 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 radiation from the earth. You are not worried about that kind of

variation of angle. You are only worrying when you are grazing over to-

wards

Dr. Fritz: Even when it is looking straight down, you are looking lets say

at an area and you want to know all the energy coining up throught that area.

It is essentially vertical.

Kaplan: You cannot measure the hemispheric radiation at the height the

satellite is ftoing. 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 it by airplanes, by balloons or something like this.

It can either be done this way or it can be calculated.

Fritz: Xk I think we should do both. I think we should have the balloon

хжжгжшшк 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 answer to this is.

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 have 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.

Frits: 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 self to esing only measurements at an angle

of 35 to 531.* The radiation at that angle, maybe, gives you a pretty good

estimate of the radiation from the hemisphere, 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 even 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 nqm purposes, but for

an understanding of the atmosphere one runs into some difficulties. This par-

ticular problem her« could be easily tackled if one has a spectrum. Because

one would use two different opacities on the spectrum 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
measuremente, 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

is so and you can deduce a whole lot of conditions given It. I do feel that

that this is where the effort should go, into getting this spectral infor-

mation if possible.

Fritz: I 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 should/discuss, but I think it is obvious almost immediately chat it

would be a formidable computation problem and a formidable conmmlcations

problem. I don't really want to go into this now. There does seem this

problem which would be almost obvious in this case. Perhaps we should

•ample 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 something that has to be done eventually any-

way. We have to do it in detail 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, I see.

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 a 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 at 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. So you would want to look out to the sides anyway

to get some more information. 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 «round the vertical.

As the satellite moves along, different seniors 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 discuss. Have I

finished the agenda?

Gates: Maybe you know the astronomers are talking about a somewhat different

type of measurement, but also related, of looking at the sun. The low sun

grazing incidence across the earth's atmosphere with an infra-red satel-

lite detector in water vapor, and CO» 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 are talking very seriously about

this. 1 think we just ought to be aware of this.

Goodyï The're doing this for meteorological purposes, aren'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.

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

Gates: Oh, I see that, I was thinking of another one. You know Goldberg

was talking about it.

Greenfield ? In what part of the spectrum was he?

Gates: Well, I think 9.6 окопе and .3 со» 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 pa*, juxta position. I don't

know how sensible this would be or not, but I thought how nice it would

be if there were a source at the earth's surface you see, which then you

could get the total amount of something by transmission tocha through.

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

self is not a very good source sinae it varies a lot in temperature. But

one possibility 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 aort 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 broad areas I would think the влага

ocean »•»•••*y surface can be considered pretty much of a uniform source

within a few degrees.

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

much.

Frite: Oh, that will vary very little.

Eleaaaer: Well, cm haa to be quit« careful. Right on the surface of the

ocean there ie a temperature gradient or there can be. In the window around

10 mu if you look at the old Bethe*Dorsey for water there ie more than
> ».» • t« t In this region covered by the bands,

which ie not surprising, thia le for liquid water. It ie not surprising,

there is juet a little логе than an .. than in the region of the window.

So if you don't watch out ....

Frit»: How deep does it go?

Gates: You see to a millimeter or a few millimeters don't you. Maybe at most.

Elsaseer: No, not even that. But there might be a very steep temperature

gradiant in the very surface layers of the ocean.

Frits: Yes, but not to ordere of a millimeter or a centimeter.

Blsaeaeri Well, we don't know that.

Fritz: We know something. There have been measurementa made by Woods Hole, for

example, in the Atlantic, where they had an instrument sensitive et 10 microns

and they had rowboats with thermocouples mounted along the bow and they claimed

that they could have reproduced thoae temperatures with the thermocouples to

something like 100th of a degree and they say that they followed very faithfully

with thia, flying close to the ocean. When they got high up they had trouble

because even in that region they had trouble with emission in the water vapor.

But flying close to the ocean. When they got high up they had trouble because

even in $that region they had trouble with emission in the water vapor. But
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flying close to the ocean they were very successful in measuring temperatures

the orders of 10the of a degree.

Eleasser: They duplicated the radiation temperatures with the

Fritz: They found what they call hot spots. Namely temperatures that differed

from other areas by a tenth of a degree they called hot spots.

Gates: They required huge optics, I think.

Fritz: I saw the instrument, but I don't know how much of it was optics and

how much was something else. But you are interested not in tenths of a degree.

You are interested in several degrees.

Gates: Mo, that's right and I was thinking in terms of a polar orbit and the

fact that over ocean areas you would be sweeping from polar regions right down

to equatorial regions 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 it? Supposing you had this uniform temperature surface and you

wanted to measure о «me?

Goody: If you took a point on the edge of the osone band you would have some-

thing close to а Ифеаг low and you know the/a£an°3m¥s*?on temperature of the

earth which/probably one does know. Then you have a direct law between the

total amounts.

Frite: In other words you would still need some idea of thetemperature of the

окопе layer.

Goody: You always have to know something about it.

Fritei You would have to ask the question how much of an error do you make if

you don't know the окопе temperature by 10 degrees, say, if it turns out that

it is not very important within a 10 degree interval then you might get away

with it. But if 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?

Frite; I would say that if you got the ts* total amount of oeone by that

method or any other method over a substantial portion of the nsodc 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 measurement that you would get would provide information

regarding not only the «otmt of ozone but the pressure distribution of огопе.

Goody: In the linear law region you wouldn't be as pressure effective, that

is the point.

Howard: 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 everybody that the

pressure is very important to see 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 parts of the spectrum.

Frite: 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 energy 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 think

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

огопе here, caln't be considered outside the context of what other methods

are now available.

Fritz: I eee 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 was said and attach each one of these elements separately.

In other words, we should/Save perhaps a meeting 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 окопе. I think if

we had gone into all the methods today we wouldnt hfgâ gen able to cover

each one of theelements. I agree with you that we 58fiffd think seriously

about other methods of measuring these elements and samnbc ̂ НиМ consider

them one at a time.



- Ok - A kind of
Goody: It would be well worthwhile seeing ш/integrated sum of the _____
using more .. of the spectrum and how they can re-enforce each other

before one goes blundering Into with a lot of money and effort.

Gates: What could you get with the sun and the ... of the ocean, having

the sun down and back through the овопе.

Kaplan: It doesn't have to be Just the ocean, It could be off of anything.

During the daytime the best way to measure the ozone would be In the ultra-

violet.

Goody; with a little spectrometer?

Frite: I didn't get the complete remarks.

Goody: Well, when the sun is shining you simply make a little light in a

light priem spectrometer a little faster. You Just pick up the earth's

surface. It doesn't natter what tt is as long as it doesn't have a nasty

absorption band as »any materials have.

Frite: 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 t enough into the spectrum so 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*

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

Goody: Net even that. You don't care what the source is just as long as

it doesn't have any nasty absorption band.

Frits: Dobeon doesn't go to 2,500 he looks at the sun which means you

have to go from 3,000 up to 3/300.

Kaplan: You have to get a reflection, if you catn't see the earth's

surface you caïn't get a reflection.

Howard: I think the onj.y other experiment that was on the original

thing which is now the one you are doing is the eolar X-ray and/or

Lyman Al/.Кл. s —>

Fritж: Looking at the sun?

Howard: That was the only thing that was not in infra-red experiment

proposed in the original.
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Frite: But that's no longer on the package.

Howard: well, that'a the only one that haa been proposed to be put on there.

Frlednmrm/ la checking the NRL Lyman Alpha solar X-ray package.

Frits: I don't understand. You man that was the one proposed In that region of

the spectrum. Look at the eun in that region of the spectrum.

Howard: That's right.

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

Fritz: No, that's not true, because we have two on the package now which are

not infra-red. Vie have .5 to .8 which is not infra-red and we have tone from

.2 to 6 which mainly is not infra-red.

Howard: The TV scan. That vas 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: Ot. The lead sulphite and the TV, but I mean apart from that —-

Frit«: I'm not talking about lead sulphite. I'm talking about .2 up to 6.

That's not lead aul/phite. That's a thermistor element. Я

Howard t 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-violet̂ . On this ultra-violet reflective radiation - do you

have to see the earth or does the experiment work with clouds? Or even if you

don't see clouds, suppose you go from .25 nierons up to 2000 angstrom units*

Goody: Well, about 3000 angstrom actually.

Fritz: 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 окопе and you compare a window with an absorption. You don't care at

all what your course ist

Greenfield:? Don't you get into some problems of scattering at this point2 Are

you sure when you are looking down as to where your radiation is coming from.

You're starting to get buildup in your beams from first second and third tertiary

scattering.

Howard: Shorter wave-lengths are lost as the light goes down through the first

time in any case, so they won't return, not from the reflected as surface.

Goody: There is an iodet«nainont±jpcy when you are looking at a scattering surface
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and It la a transfer problem but it ______ normal clouds and then most of the
atmosphere is Assoe down below here. Dust and all, now that doesn't have much to do

with жп&фипяат up here and the sun coming down and then coming up here at various
points in here. Now then it is quite clear that what has happened is all of this

region above about 10 ta kilometers, the radiation lias gone through it twice* There
is nothing more complicated than that. There ft-vpty is ЛИс no scattering/ «sjk up
here.

Shaw: The CO« content _ . . . , - -- atmosphere ______» - ...

depending on the opacity of the band they get different amounts of CO« in the atmos-

phere. In other words if you 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 ___ ,.
 L
 „

 T
 -

T
 _____»_, «cattered.

9aA Goody: Well, there is no question here you see. You pick a point in the solar

spectrum in this region, plotting it as an absorption spectrum against transmission

It goes like this. Where that's 3/000 angstroms. It doesn't particulasV matter.

Your spectrum may be Jofcax like that or it may be tax like that. You pick a point

where ДОф 50$ 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/** •* ••

Goody: This problem with the exception of a * slight ixfca* indetermlnancy as to

whether some of the radiation might not be coming from the upper end proportion

or not in proportion.

Greenfield:? You are still faced with the problem that you do not really know what

your path length ±ж& at various parts of the spectrum you are looking at. In sfcfca*

other words you are not goingsko get a constant path but &_£• it's going to be ——

Howard: It can be partially calibrated by examining the earth light on the moon.

Greenfield: ? Because you are getting «я scattering from all parts of the tropo-

pause fi troposphere.

Goody: Because 10$ is scattered in the troposphere and say Uo$ from the ground and

50$ is absorbed. Then ЕЯф 10$ of the osone is in the troposphere. So you know as

regard 90$ of the oeone, you know the path exactly. As regards 10$ of ttax it

you are uncertain to about 10$ of what's involved. 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.

Frit«: I see, you would not look at 2500.

Howard: It wouldn't come through.
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Fritz: No, but actas of it would be reflected, for example ..

Gates: You don't have clouds. Then you would hove trod) le.

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 flatten« out there.

Because you know that tJi this wove length will kg go through to the surface

and you are essentially coopering that with that»

Howard: Wouldn't you get something of this sort If you examined the earth's

light on the noon?/ That Is an even longer path UsIiniadbHqb: isn't It.

Goody; Yes, you can get ozone from earth light on the noon»

Howard: And that's virtually the same problem. That light which has come

through to the reflecting surface through the atmosphere to the noon and

then back through the atmosphere to the observer.

Kaplan: In this сам It doesn't even have to com back through the atmosphere.

Greenfield? 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 .__....._ ____
 r

 .

this really nasty change between 2 nine and 3 one hundred. If you chose some

really nasty lamb bumps It would upset and you would get an almost _ ̂
 r

. . - _ __ - «nd this would give satii a non-sensical answer. I don't

know what —

Frite: l should think over the ocean you might be pretty safe, but over land

where there is vegetation maybe you'll be in trouble. But if we can solve

problems over the ocean we have an awful lot of information right there.

Adel? All I 'a pointing out is that this is a region that neede a

little bit of exploring before we seize on it as a

Goody: I think It would be a good idea to look at some standard surfaces and

see.

Elsasser: I would have one concern about this particular method in the ultra-

violet, namely that you don't know whether the solar intensity is constant or

if it ж varies.

Adel? You man over tine?

Elsasser: Over tine.

Fritz: Well we maaa have made measurements with Dobeon instruments measuring

from 3100 to 3300 or there about s . As far as anyone can tell that is



not very important when you compare the tvo wave Lengths.

Goody: Apart from the ecattaring problem,the whole problem la just the »ame

aa the Dobson one and auch objections have k been tested in the Dobaon technique .

King: It аееша to me that we are running the danger of £a galloping away and
loosing eight 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 order of 10 miles out. It seems to me that the most you can

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 spectrometers, I'm not sure that

it will work in the first place and I'm not sure that they will give any added

information, because it will scan auch 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 tafca better be solved by means of balloons or sounding rockets because,

after all, 300 miles you are going 30 times on the other side of the atmosphere.

You get sometling that is certainly more accessible, in some ways, from the

surface of the earth.

F rite: May I ask how you measure this? Say over the whole â ***1* South Pacific

in the southern hemisphere?

King: Measure what?

Fritz: Temperature, окопе or water vapor, or the South Atlantic or even Л

the tropical regions.

King: I don'tknow, sounding rocket.

Frite: 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

cannot.

King: Theoretically, it can do anything, but when you see the beat data that

50 or 100 years of experimental finesse has produced on the earth under ideal

conditions, stable 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: Which data would you mean?

King: For instance, darkening, or trying to obtain some feeling for dst tempera-

ture by looking at different regions where your spectrum has 10 different

opacities.
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Fritz: We know something about the ozone distribution over the world. We have

done it by looking at the sun from fixed pointe of the earth* This has been

done. It think we do know something about it«

Howard: What Jean is sort of saying is that it ia 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 things which would check out

some of these ...

Fritz: If this ia what he aeons, I thoroughly agree. I think we should check

out everything from these. But if you mean that we are going to get world

widge coverage everyday with balloons or rockets or anything like that I

don't quite understand how you would do this.

King: Mo, I Just wonder if it can be done or if the information you would get

would be worth while.

Gates: I think you have no choice« If you do these things you get certain

approximations of the data you want, you get experience, you go ahead and refine

it and ten year» from now we'll have tornai pretty exciting results.

Howard: I think one has to be philosophic, that some of these satellites are

going to be put up anyway. We might as well put something on them that will

bring back useful data.

Fritz: I would like to be eat more positive. We spent all day today trying

to see what * we need to measure certain quantities. I assumed from the

beginning that meteorologists would like to have worldwide measurements of

water vapor and they would like to have worldwide measurements of ozone.

If I was wrong about that then of course we are wasting our time.

King: No, certainly I agree. But keep it simple* For instance, it is worldwide.

Your field of view is going to be vary broad, you can't get much fine structure

resolution from 300 miles out.

Fritz: Too can get anything you want really, but what do you want? Now I

was saying, myself, or some problem an area of, aay, 50 mile diameter was

something that we might strike for. I should think that we might occasionally

want much finer resolution than that over some areas. If you get much finer

resolution theft that over the whole world you will be swamped by the data.

Even at 50 miles you are going to be swamped* You are going to have 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 «top

adn think about. You may want to make it much larger or you may want to make
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selection!». But If we go on the premise that we do want thla kind of information,

end I personally 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 is enough optimisa
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 can
be done, and the instrumental people say they can give us the instruments to do

It, Mow why don't we go ahead.

Elsasser: Personally, I should make one suggestion, that you go up to the tadt

blackboard and make a list of the things, the meteorological things, that w

have no decided we can get. 1,2, 3 end so forth.

Fritz*. Well I think I can recite them very quickly. There was temperature,

Kaplan mentioned CO.. Now there may be some difficulty, but at least x he
showed us the first approximation of what you would do. There was temperature*

Elsasser: TJhat temperature? Effective radiative temperature.
Fritz: Ko, this was the temperature in 10 different layers of the atmosphere,

the mean temperature in 100 milibarrflayers.
Howard: Now these would be 10 layers though where there is a lapse rate* You
are not going to do the stratosphere and into - are you in this kind of pattern/
or
Kapare you down here where it's still - - - -

Kaplan: What I'm thinking mOL of is having 10 layers, including the stratosphere,
every 100 mi libers. You have to make some assumption as to what the disttibution

is in this layer. The simplest thing is a constant lapse rate.

King: This is impossible. I defy even to construct synthetically any kind of

model and then just from straight emissive scan to get out the information.

Kaplan: That's not what I'm going to try.
Goody: What information? You mean the temperature or the -—

Kaplan: The temperature.
Goody: We have set up models on digital computers with the others and worked

them backwards* You can get out the - - - «
Howard: The feeling was that CO- could be used to measure this because at

we could *flf**y tafedk barely assume that it is fairly uniformly distributed.
Frit«: We assumed that.

Howard: That's sort of implicit to tha whole calculation.

Kaplan: Here is an experiment for example. I calculated the outgoing radiation
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for two models, different from one another, a bit different from one another,

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 see how

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 feeling is that it is possible.

Frite: To go ahead. This is what he said and maybe we can't. Are you writing

down these things? Are you going to write down the meteorological elements or

what.

Gates: I'm going to write down the five things you mentioned two hours ago and

the additional ones you've mentioned since«

Howaae: Wouldn't it be » a bood idea to take out insurance in addition to sending

up the spectrometers and send up some filter devices. You would be reasonably

certain then of having something that would work*

у*тшици wormser: It works all the time with spectrometers.

Howard: We have taken out that insurance. We are not even considering the ones

that have already bean 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 measurements.

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 want to measure these elements, the feeling I have

is that you cannot do it with filters, kxx With what would уют гшаямде. вгглпл

in the TIM* pnnkaoe.

Howard: The UMK TIROS budget was intended to aim at the amount of ozone.

Fritz: Ozone. Ко not ozone. In TIROS?

Howard: In was in the earlier version«

Frite: With what would you measure огоне in the TIROS package?

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 3 to 11.

Howard: I see.

Fritz: Well you know the elements on the TI80S package. You were on the

ARPA committee.

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

Gates: I think these are the main classifications as 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 «re the

meteorological elements which you are going to measure. For instance for

IR 25 micron« with, what, vat e r vapor. That was the purpose of looking at it.

Goody: Now wait a minute. Let's get a little more „...„,_. about this. Juet

HpO. We'll measure HO as a function of temperature, not as a function of al-

titude.

Howard: Now wait 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 Lewis' scheue was for the distribution of: water vapor in the

stratosphère.

Fritz: There wore two things.

Goody: This is quite a little problem. This gives you 0. as a function of

temperature, end this gives you CQg. Now you've got to have something to sort

that lot out. And there are a number of things* You can assume you know the

COg and you can 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 properties of the atmosphere, one has got to incorporate other

measurements to make this sehen» complete* So this ought to be coupled either

with the assumption of CO,- 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 is

and what the temperature 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 and the assumption of CÔ , in order

to get that a* a consistent scheme, and then one can work it out. It is quite

a complex set up of experiments.

Greenfield:(?) We might be able to replace the Umkehr
ment. Goody: No that won't live you the distribution.

Greenfield: (?) Oh, you need the distribution first, vertical distribution. You

moot need the density aa a function of température. That seems to me to be the

critical limit and it ought to be part of this liât.

Frite: It seems to me that you called it Umkehr but Singer didn't. It seems

to ma that Singer in his article was trying to get the vertical distribution
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of oeone by looking at many wave lengths Including 2500 angstrom units. Hot?

whether this has any theoroticaly pitfalls, I don't know*

Kaplan: Z don't know how carefully Singer thought thle out, but Sekara believes

that If the Umkehr la treated elegantly that It can be done.

Goody: It certainly doaan't have much elegance If It requires too much Instrumental

accuracy, but It does seem to rae that If Sekera has Ideas on this, we ought to
it iscentral

ask him what they axe because It весят to me that/the aasjuiüüdt part of thle

interpretative ah scheme.ï
Kaplan: How as far к as water le concerned the measurement of temporature

In Co. Is eesentlal for all of thoao things. If anything Is going to be done first,

the single package, probably this would be the feet one.

Fritz: irhtch one?

Kaplan: The CO
p
 temperatute. 1 neon, getting terapeaature In the CO. 15 micron

band*

Fritz: That's nunber one you feel2

Kaplan: This hae to be number one if this achetae is going to be done in any way

cloee to what 1 have suggested.

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

to и* in private that you would have to т&Лштхяк make a water vapor correction

for instance for the CO. measurements. You would have to have a water vapor

correction.

Kaplan: In moat cases it would be very isjrtii small*

Fritz: You wouldn't have to have a water vapor measurement to make that correction.

Kaplan: It should be done sooner or later. It would not have to be done in

all cases, it would have to be done under conditions . _.
T
 ___ .,.,.._-..._-„ «*d in any

case you can get a pretty good approximation. You would just Increase your accuracy.

Barnes: (?) Can we check one more thing on that and that is these resolutions

that wehave been talking about at 25. What did you conclude? Is that whore

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 troposphère you needed 25« Therel are

two separate parts. Stratosphere and troposphere. Yes.

Kaplan:: And the two aa a matter of fact depends upon being able to really set

У
0
*
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-
t
 requires a critical adjustment of your cell relative to - - - .

Greenfield (?): When grou say two, what you are saying I believe 1$, when



you say two you really mean two. You don't roean to epill over.

Kaplan: No. You have to have a wave adjuataient. You have to know exactly

what wave length you are on. You can do this really by looking at the lines.

You can have an automatic adjustment on It.

Gcttea: S ig has reviewed tltoee resolutions earlier. That* e why I didn't put

them on the liât.

Fritz: It1 e mtvijjb* all alright. I think this is very good. Dr. Elsasser's

dealrea are useful, I didn't realize how useful it would be. КшэШЕйс

Uooaacr: May I ask an experimental question? What general order of magnitude

of weight and siée is pernieeable in this project?

Fritz: We started out the meeting by ••ynthrt saying that we could think in

terras of 500 pound» at 500 mile», but Dr. Tepper mentioned that that is even

not any limitation. You can go to (vice that, »ay.

Gates: T/hat did we call the earth's . ,.
ал
, ,..„.?

S King: It'a an angle scan, rather than a wave length »can.

Gate»: All three angle scene.

King: Ho, its J us t for their eenith angle».

Gates: This is for ozone.

Goody: It'» the »ama though in principal аэшшр* a» one through three except

that you are using angles in that way.

Gate«: How the thing that I was going to do, Sig, and the reason I really

got up here va» to discus» the ease and confidence of approach on 8* each of

(hese. Which one» are вяя± the easiest and which а*к are the most difficult

fron the experimental standpoint, and I rather gather that this Is what

Walter ba» had in mind«

Frite: Dr* Elaaaser you «»feed a question for this. What else would you like

to have up there? Is there anything in number k through 8 tliat we have to

put down.

Elsaseer: I merely think that leaving out 7 and 8 would .____ _^_ —— _—,

на Start out with ̂  and 5, 3 .

Gates: Well put 1, 2, 3 *nd k over here in the order ±я vhich we can do easiest.and

Is that what you had in mind?
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Elsasser: Easiest 1« most important first also. I think 3> V and 5 are the

most important.

Goody: Before we IBB become immersed in thie thing may I ask a question.

X± This has now crept on toe. I knew It vas going to hut you just can't do

It otherwise. You've got U V here, and Umkehr, I don't I HI вметшая и really

really think you can look at this whole thing unies« you look at the radiation

field as a whole and I'm not sure that start putting down the list we shouldn't

t at least try to put down the other things which fit in naturally with these.

To begin with there is the solar radiation of course. ЯХ The absolute Intensity

In the Ultra-violet is the key thing» It must be, otherwise its the

Also the solar constant.

Fritz: Does the heat budget include the things as a general category or not?

Do you want it broken down finer? I have no objections.

Goody: Well
4
 do you want us to stick to information in this half of the

region of the spectrum or do you want to __ - - -

Frits: We could talk about anything we want now because X feel that the basic

purpose of the meeting has been accomplished as far es I'm concerned. My

original feeling was that if we got into things other than the infra red we

would not get very Ar. Maybe I was wrong about that* Now that we have

finished what we really set out to do, I think the floor is un ( ).

Gates: Well I don't know but I would prefer to round these up. Thin is

being done anyway. This is something that already - - - -.

Fritz: 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 toenttoned,

would be launched later this year* There is one that goes from .26 to 6

sat microns which I call solar. There is another one from 7.2 to 33 Which I

call terrestrial. There is another one from 8.5 to 11.5 which is the window,

.56 to. 75 which may be cloud cover for want of a better name and then one

from approximately 5.8 to 6*8 which was the water vapor. It is in the water

vapor band anyway. The instruments are now being produced to do this.

Elsassart Do youg get those for the vertical bean?

Frits: Ho, 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 instant of time.

Elsasser: Then you need a 7C& for several years to - - - .

Frits: The program now calls for the tape of the original data to be
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those two tapes will be fed into the Weather Bureau and at the coat of about

h hours a day these tvo tapes will be married во that all the information will

he on one 7C& tape.

Goody: ft Then you buy a city block and etart storing it.

Frite: No it will tape 10 tapes« It will run 90 days so you will have 90

tapes.

Question: What will you do with the tapes then«

Fritz: This becomes a meteorological problem, I think, myself, what we will

do at the beginning will be to take the measurement at a particular angle and,

after some study of the kind we mentioned, try to go front: that to the flux

in all direction by ваше suitalbe trigometric transformation based on whatever

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

and during the time of the day that it saw it, and then we can from meteorolo-

gical 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 and look at the general

circulation in relation to it«

Greenfield(?): You will also include in your proper registration ASK

proper ___„__ factor*

Fritz: We will на know exactly where everything is located at all times, geographically.

Time is the élément they measure , the total time«
Johnson: On the radiation tape there is a __^ ,, ___.

Gates: Let's look for die relative importante.of cloud cover* I'm going to

stick my neck out and ——

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 see you can measure temperature and « heights —~-

Frits: I think we are getting into a pitfall which this meeting was designed

to overcome to a certain extent. There have bean certain meetings which

people who are meteorologists were present who made decisions in areas which
I £«lt «hey did«1
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I felt they didn't have any competence. And I think we are now getting to

an area where this group lias no competence. Namely the decision of what la

moat important. You sea the competence of this group la In spectra not In

Importance of meteorological elementa. So you con put it down but X don't

think it means шал anything.

Gates: Well we can suggest that you might like to have our advice on tills

sometime.

Fritz: I would ask a different group. If you «re going to ask what the

important is I would ask a completely different group from the people who are

in this room.

H/oward: since we would like to put down the relative ease

Fritz; Ease* That's another thing. Importance Is something else. You

can put It down. I just want to bring this & point out, that it lias no

weight.

Goody: Well you can't put the Importance up there.

Frite: Well, I a/self «fan em also not conpletely competent. I would have

sane ideas on it but other people sdq£dt like Bye re, Houghton and Haurtfritz and

other people like that might have completely different Ideas.

Goody: Let me ask this question. These can be marked in relativ̂  importance.

Used in the problem to solve the question to solve the general problem of the

atmospheric radiation field.

Frits: If you set an objective you might, but if somebody is interested in

ozone, he might feel that ozone is number one.

Kaplan: I agree that sooner or later we are going to get into an argument.

Frite: I have absolutely no objection to writing down things.

Gates: I ray sei f would keep away from Importance all the x?ay through tills,

but I think that we could write three categories or something.

Goody: v<hy don't you limit it to ease then.

Gates: Lets talk about ease then.

Fritz: Ease«

Gates: Cloud cover is easy.

Bast Goody: Cloud cover fcs. Is much more __ r_, ..__• You can't (six words ndssng)

Gates: Well let me ask this. Which is the most easy?

Goody: You mean of those you hve there?

Howard: Number 7.

Gates-. O.K. we'll put It number one.
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