
UNCLASSIFIED

AD NUMBER

AD836192

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Foreign
Government Information; DEC 1963. Other
requests shall be referred to Department
of the Army Fort Detrick, Attn: Technical
Release Branch [TID], Frederick, MD 21701.

AUTHORITY

smufd d/a ltr, 8 Feb 1972

THIS PAGE IS UNCLASSIFIED



p

p

P
P
P
p
P
p
P

P

P

p

P

p

p

frederick, Mt7a0y.ad



DUZTRNZfhA N OF VERTICAL 03003 DISTRIBUTIOK

AT VARIOUS LATITUDZS DURING ZCLIPSES OF THI MOON

jFollowing is a translation of & paper which was sub-
mitted to the osone syaposiua in Brussels (30 August
through I September 1931) by 1. K. Pastzcld. This
paper was published in the German language in the per-
iodical JOarna of Allnmospnao and Terre.tria. Phyllos,
1952, Vol 2, page. ia3-188 Pergason Press Ltd, LonAoaý7

1. Abslrgect

ýThe vertical distribution of atmospheric ozone may bg deter-
mined from the distribution of intensity, measured at 6000 1, on
the darken•e moon, near the 6dge of the earth's shadow. It is a
obarseteristio of the method that the *sone distribution at var-
ions latitudes may be Aeteraliso regardlees of the point of ob-
servation. The uaefulmsea of the &ethod is demonstrated by
npeotrophotomotria aeasrements made during four eclipses of the
moon. The oxone distribution thus obtained aorrospond to remelts
obtained directly by balloon ascents.

2. Body Qf Paper

It is known that, during a lunar eclipse, sunlight which
passes through the earth's atmoepere is refracted into the area
of the earth's umbra. That light which passes through deeper
layerý if a1r l8 directed further into the shadow area on the
ae"'" eurfae, meaniag that the paint illuemnated by thin light
has a greater distance y' from the geometrical limit, of the dark-
esed area. A spree tral absorbig layer lying is the earth's at-
msaphere, and the vertieal limits of its extent, should therefore
be deteeted by asesuriag its abserption In dependence upon 1 '.
In this way we can deteraine the vertical osone dietributioa for
various geographic latituded of the earth according to the apex

engle at which the illuaitation distribution oan the darkened moon
are read perpendicular to the edge of the shadow, The senaurable
apex eagle depends upon the path of the moon thrfxugh the earth's
saedow, but Ise indepeadent of the geographical location of the
obeervatioa point on earth.
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In order to be able to determine ozone abeorption I= this
manner, we must know the normal distribution of illumination on
the periphery of the earth's shadow on the moon with the atmoa-
phere free of ozone. This can be calculated with a photometric
theory of lunar eclipses developed by F. Link (1). Accord.ug to
my own measurements (2), the agreement between observation and
theory in the apectral areas free of ozone absorption is so com-
plete that the latter can serve ae a basis for ozone measuring.
During theee observations and those of other authors (1), (3) and
(4),a additional reduction of the light by 9WA was actually
observed in the area of the Chappuis Bands, which can only be due
to ozone. (Note: as the author was able to show (3), this strong
absorption is also the reason for a oharecteristic greenish col-
orlng of a narrow zone along the edge of the shadow. Through this
"green sone" on the edge of the earth's shadow on the moon, the
atmospherio layer of ozone can be detected with the naked eye.)

Theoretically, therefore, the vertical ozone distribution
at latitudes of the earth waich were properly oriented to the
moon could be determined. Experinents which nave been undertaken
so faLr in this direotion (1), (3) have not been able to progress
beyond the starting stage, however, for the evaluation of the ob-
aorvationa 1a made difficult by the faot that the oun is not a
,wint light source, but rather appears as a disk 32' in diameter
tIrm %e4rh or the moon. A point lying in the area of shadow on
the surface of the moon is therefore not illuminated from a single
light ray, but rather by a pencil of. rays of considerable diameter,
which naturally tends to blur the calculation of the ozone dis-

tribution somewhat. ?Or an approximation of this latter influence,
the average osone mass 0* (Y') through which a penoil of light
rays travels was computed for three given ozone distributions c(h).
(Note* In the following, al. values referring to the pencil of
li4kt rays Will be A-diCtAted with * .)

These three ozone distribstions are shown on the left in
Illutrations 1. They have basoiclly differing obaracteristices
namely, subdued. pronoumced and double aarina. The eorrespoading
carvee on the right in Illustration I show the dependency of the
average o*one sama Q (y') upon the distance Y' of the respective
pont illvu&inated by the pencil of light rays from the edge of
the shaow (71 0). It can be seem that, despite the blurring
due to the divergence of the pencil of light rays mentioned above,
the difference in the Douroe of the plotted curves is a-. great
that to general eooditiot of cosoe •istribution can still be
doduced.

To be suire, the aetual derivation of the ukown oasone
distribution t(h) from the seasured function 00(-'1) in closed
analytical form is not possible. It would be solved if the ofone
sass 0(ho), through which a single ray passing through the ateos-
pher. tangentially at a sinia•u distance h0 from the earth's
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surface travelled were known (see Illustration 2). With a known

ozone distribution C(h), this ozone mass 0(h 0 ) in given by:

oho) - C(h) di, (1)

where d a indicates an eleaent of the path of the single ray

traveling from B to A in Illustration 2.

If the following value from the triangle drawn into Illustra-
tioz 2 is substituted for do we obtain: (refraction san be discounted
hare)

0

If, as in this case, V(h) is the sought function, then Equation
(2) represaents an abelian integral equation for G(h), the solu-
tion of which is:

(do

From the avereg ozone mass 0*(y', determined through ob-
servatiomw, it is now relatively easy to derive O(he) by meam of
the folleuowg teeonique: in the place of the variable yo' in
0e(1w), we introdcee he (the ajaimim destance from the surfea of
the earth for a single ra@ whbih travels throuAh tCe same air uoe

as does the seater of the peach of lUSht rayS), o0 that we have
the new ftctlem. Oa(h) is place of 0*(-'). This substitation
for I' is suggested b" the fact that, for low alti•tudes, the func-
tiona O(h ) and O5(h*) approach each other more and more. 'tr

at low allitudew, the entire pencil of light rays passe. the ozone
layer below it. asaxisa. In this case, computation show that the

mawam of ozone travelled through by each isdvidual ray in the
pencil of light rays vwry relatively little, in contrast to the
situatioa at greater altitudes. 7 or this reammo, the m of
esose travelled through by the single ray in the center of the
pencl of light rays is very nearly equal to the average osone
ass * OP(p'). The same applies in refeirene to the byleigLk ex-
Unction. This effect is further enpported by the fact that with

- 3-
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decreasing altitude the vertical diameter of the pencil of light
rays also decreases, so that it finally approxmLates the single
ray. lllutration 3 demonstrates this relationship for the three
ozone dietributions shown on the left in Illustration 1.

Below 10 kilometers, the ozone masses O*(h*) traversed
by the average ray in the pencil practIcally coincides with the
sought ftnction 0(ho), wherass for greater altitudes these two
function& very inoreasingly. It is therefore possible, when pro-
grssing from lesser to greater altitudes, to derive 0(ho) from
0*(h*) in stages by checking and improving the respective extra-
polation through back-computing.

In order to test the reliability of the method, the respec-
tive ozone distribution was derived in reverse via the above method
from the oeeputed mean omone sasses of curve I of the left hand
portion of Illustration 1. The control points obtained, which are
marked with stars in Illustration 1, can be seen to 24e well along
the assumed distribution curves. MAnute details are naturally
lost due to the above aentioned blurring.

An evaluation of a maeasurment of the lunar eclipse of 6-?
October 1942 (2) using tkim method indicated a dtiinishing amount
of ome above 45 kiloasters. This corresponds to the prevailing

theories as to the atmospheric ozone layer and agrees with the

measurements which were found with the American V2 rocket.

Alm availaile are spectral-photoasetric aeasuremeats by
ink (1), Danjon (3) and Barbler & associates (4) whieh could be

evaluated with the described method of deteraining osone dietrib-
utiod. The resulting seas aoone masees (?(-) are shown on the
left of Illustration 4. The corresponAing ozone distributions
derived with this &e*Mod are shown on the rigbt of Illustration 4.

Table I also gives the data for the total amouat of osone
(ozone value), for the altitude of the maXiNum concentration of
ozone and - particularly characteristic for the described method

the geographic latitudes to which the measurements apply , based
upoa the apex angle oh the moo*. Number 4 refers to the case
already evaluated by the author (2).

As we eaa see, the oSone distributions as obtained from
the luar ecllpses correspon4 to direct mesasurements made during
balloon amoents. The osoA* value of 0.22-0.33 cs agrees with
values obtained through other methods. According to Table 1, this
valu, averages higher in south polar latitudes than in equatorial

latitudes. At the time of these observations, the spring season
prevailed over the southern hesiasphere, so the higher osone values
of spring are indested here for the higher latitudes. Table I
shows no corelatioa between latitude and differeaces in mexisun
osone oonaentratiot.
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Table I

Mo in Date of Geographical Maximua Osone Altitude of
Illustr 4 eclipse lutitude height of sun value osone maxium

ca km

1 16 oct 1921 600 S 370 0.33 19

3 26 se-9 1931 00 90° 0.26 20

2 2 Mar 19I2 200 1q 630 o.2,2 18

6 Oct 1949 6508 ao 0.25 21

Vertical osone distribution, an it would be computed based
on the photo-chemical balance, is greatly disturbed by vertical
an& horizottal exchange of air. The vertical e%Change seeks to
establish a quantity ratio of osone/air which is constant with the
altitude. In Illustration 5, therefore, this quantity ratio osone/
air for the four distributionms obtained duriLng lunar eclipses (from
Table 1) ia presented. For comparison, distribution. obtined lm
three b&lloon maccets at Stuttgart and Wealenau (shout .8 N) are
shows n X"iusdtration G., ourve 41 in this illustration showing the
curve computed accardLag to the photo-ohesieal balanoe with the mum
at an elevation of 450, An can be meen, the variations in the ratio
osaoe/air were so great that they completely cancelled out any var-
intions due to the elevation of the sut.

The few measurements *houhere demonstrate the fact that the
described method can contribute to obtaining a sufficiently large,
widely distribLted amount of observational data on the vertical
distribution of case. For this reason, a few Instructions for
eoducting sumoh meaaurem-stm are gives.

Sufficient for the obes rvatioaa or* color filter photopraphs
of the darkemed msoo at 6000 X, the maxiaus for the Chappaus baend
of osono, and also for control and poesIble el1Aiaatl.on of addition-
al isfluenoee (maist, periodioal abnormal opaqueness of the strato-
spbere, etc), at 0 abd 4000 1. With these wave lengths, die-
turbances canoed by the bands of atmoepheric oxygen and the weak
blue-absurbing lyoer (1), (2) at 100 kilometers in altitude need
not be feared. The spectrallsy varying alibedo of the surface of the
mos meat of course be eliminated through comparison photgraphs
of the usiarkue4d Soos. A more detailed prese•tation of the maethod
and a dlsouAsion of the possibility of error* has appeared in

Itat•ubrft fitr Mateoruehmng (9).

-5-
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The distribution of atmospheric ozone can be deterained
from the distribution of illumination intensity on the darkened
soon )?.rpwALd:ulJar to the edge of the earth's shadow, measured at

6000 . A characte•istic of this method In that the ozone distri-

bution at various latitudes on earth can be deterained regardless

of the location of the observer. The usefulness of the method is

shown in connection with four measurements recently obtained by

spectral photometric methods during lunar eclipses. The ozone

distributions determaied in this way agree with thone obtained
directly In balloon ascents.
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FIGURE APPENDIX
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Illustration Is ,, b. a. esone distribution. 1 Goats (6), revere.
effect; 2 a Paetsold (2), lunar eclipse of 6
October 19491 3 u . and V. H. Regener (7),
31 JulY 1934.
b. Average otone aass 0*0('), which is trav-
ersed under various coaditions of oaone die-
tribution by the pencil of light rays in
fIUVstration I (*aoe numberlang meyet).
(!Iotel the eansiderable differenae "tween
eurves 1 end 3 oorreepomai to an istemity
facter of 2 at the maxlmm ObappuiA bau
(6000 I).)

6 pnubra U' abra4 inm=te of

AgleA; 6 ozone concentration

Illustration 2. Patt of a single ray in the atmosphere (achematic).
Legend, 1 moon Surftee of the emrth.
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13uustration 3. Curve8 la, 2m, 3a show the osone sse 0(ho) through
which a slngle ray pases, givea the masses 1, 2,
in Illustration 1, lft. C-rvea 1b, 2b, 3b show the
omose mass O(h0) traversed by the central ray of
0 penCil of light rays. t(ote the 81aoat GoaPlete
coiacidence of curves O(h ) and O(bh') below 10 ka.

IN -
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Illutration 4 & b. a. Average ozone mu0 O(70") accordIng to the
spectral photometric measurements on the suirface of
the darkened moon. I a 16 Oct 19al (3); 2 a 2 marah
19'42 M) 3 a Z6 Sept 1931 (1). b. Vertical ozone
distribution aceordiag to the average ozone masse.
in a. (Leg~4 &ex*t page)
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Legend to Illumtration 4a & b:

"1 AWetage omAn. masm
2 Umbra
3 Kinates of angle
4 Altitude
5 o0one concentration

Illiaetratiom 5 The quantity ratio czmon/air after lunar eclipses.
1 a 16 October 1921; 2 m 2 March 191.2; 3 m 26
Septembe~r 1931w 4 - 6 October 1949.

Illustration 6. The quantity ratio osone/air &tcording to balloon
saunata. 1 a 18 P.bruary 1930 (8). 2 - 26 JuNe 1934
(8); 3 m 31 July 1934 (7); curve 4 was copste6
according to the photochemical balance for a height
of sun of 45o.

Logendl Altitude
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