View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by NASA Technical Reports Server

High Dispersion Observations of Venus During 1972

© The €0, band at 78204

by

L. D. Gray Young
A. T. Young
Physics Department
Texas A&M University
College Station, Texas 77843

and
A. WOszczyk
Astronomical Observatory

Nicholas Copernicus University
. Torun, Poland

Report No 15
~ The research described in this report was
funded by the

National Aeronautics and Space Administration

Contract No. NGR 44-001-117

Department of Physics
Texas A & M University

January 31, 1975

‘A paper based on the material in this report has been submitted to Icarus.

7(NASA-CR-142023) HIGH DISPERSTION N75-1643
OBSERVATICNS OF VENUS DURING 1972, THE CO2

. BAND AT 7820 ANGSTROM (Texas AEM Univ.)

56 p HC $4.25 CSCL 033 Unclas

| 63789 08924 \


https://core.ac.uk/display/42890332?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

PRFCENING PAGE BLANK NOT F‘ILMEI‘)

Abstract

_Forty-seven well-exposed photographic plateﬁ of Venus which show thel
spectrum éf the carbon dioxide 5and at 7820A were obtained at-Table Mountain
Observatory in September-October 1972, fhese spectra shcwed a semi~regular
4~day variéfion in the_COz abundance.over the disk of the planet'(Young et.
a1.11974). We also find evidence for temporal variations in the rotational
temperature of this band gnd temperature variations over the disk., The two
Aquantities, 002 abundance and gemperatﬁre, do not show any obvious relation-
shipi‘howevér, an increase in the temperature usually is accompanied by a
decrease in the gbundancé cf ¢02.‘ The average temperafure, found from a

curve of.giowth analysis assuming a cbnstant CO2 line of width, is 249 * 1.4°K
tone standard deviation). This.temperature is noticeably higher thgn the ro-
tational témperature of 242 * 2°K found for this same band in 1967 (Schorn et.

“al. 1969) and of 242 % 1.2°K in 1968-9 (Young et. al. 1971).



I. " Introduction -

For the past 9 yearé there has been a spectroscopic patrol of Venus, to
monitor the.apparent abund;ﬁéé of carbon dioxide visible in reflected sunlight
abovér her ¢loud tops and to measure thé rotationalrtemperature of the co, (See
.Young, 197%). This ﬁatrol began, and continﬁes, at McDonald Observatory; |
observations havé also been made more recently at Table Mountain Observatory.
wTh.e 24~inch telescope at Table Mountain prﬁvides a relatively small image of
the ﬁlanet, compared to that of either the 82-inch or 107-inch telescopes at
McDonald Observatory. As a result the Table Mountain observations were mainly
intended to monitor daily changes at a few standard slit positions; areal
coverage over tﬁe planét was restricted. On the other hand, the dispersion of
the plates oﬁtained at Table Mountain (1.6&/mm) was somewhat higher than that of
the best plates previously obtained at McDonald Observatory k“EA/mm).

In September of 1972, an intensive spectroscopic patrol of Venus was

@ : ,
simultanepusly undertaken at both Table Mountain and HcDonald Observatories.
These oﬁservations were made in cooperat;pn with the Paris, New Mexico State
Uﬁivérsity and Lowell Observatories, where ultravielet photographs of cloud
marking were taken. Th%s ﬁas the first e#tensive effort méde to cobserve Venu§
in‘both the ultraviolet and infrared regions of the spectrum‘éver a fairly iong
time interval (3 weeks). One difficulty, in the past, had beeﬁ_the comparative
"lack of éverlap of the dates of observation for thé planetary patrols in the
two spectral regions, This paper will only be concerned with the resuits of the
Table Mountéin observations of the'CO2 bana at 78204, Wﬁen the results from the
other_observations are published, we shall see if any correlation exists between

_our results and theirs.



2. Observafioﬁs and Measurements

The spectrograms used in this study are listéd in Tabde 1. The plate
number is given in column 1. When more than one spectrum was taken on one
plate. (as w;s usually the case, to Coﬁserve plates) successive spectra are
deﬁoted by the suffixes a, b, and c. The spectra ﬁere takeﬁ at the coudé
focus of the éa—inch telescope. The spectrograph has been described by Young
- and Young (1972).  The 78204 spectra were taken in 4th order (1.6&/mm) through
a8 RG-715 filter. A typical exposure time of 30 minutes was re&uired. Colunng
2.and 3 of Table 1 give the date and iimé of the observations. Column 4 gives
the slit orienéation. We have followed the numbering schenme of Schorn et. al.

(1969) to_indicafe.the six standard® slit positions used in this set of obser-
‘cations:”:l)Ap01e~t0vpolé near the terminatér; 2) pole-to-pole mnear the limb;
3) parallel to the equator near the South Pole; &) parallel to the equator
near the sumeartﬁ Point: 5) #arallel to the equator near thg North pole;

6) Parallel to the line joining the cusps and midway between limb and terminator.
- The iastipésition of thé slit was adopted as "standard" because it produced
spectfaréf the greates£.widtﬁ and uniformity. On days when local weather
conditions were such that it appeared we would be lucky to get one spectrum of
Venus, we always used this "standard" slit'pbsition. Our seeing estimétes are
given in Column 5 (for comparison we note ;hat the diameter of Venus during

this period was about 18 seconds of arc).

* -
In Table 5, a slightly more refined scheme is used to indicate the

slit position on Venus. The information given in Table 1 is meant
- to facilitate a comparison of the present results with those of

‘Schorn et. al. (1969),



In our preiiminary paper, (Young et; 31:, 1974) the photographic and
photometrie procedures ve used were described in great detail. In summary, all
the Table Mguntain spectra Qére taken on ammonia~hypersensitized IV-N plates,
developed f;r 14 minutes in D-76 with vigorous agitation. Spot plates were
takey at the same time, for the samé length of exposure; and developed with the
Yenus plates. The spectra were traced in the density mode, which for IV-N
: plateé amounts to a direct intensity tracing.

All three authors measured the heights (in mm) of 11 solarilines and 25 C02
lines for each tracing of a Venus speétruﬁ. The average sum of the heights of
the solar lines in mm, is given in Column 6. Column 7 gives thé ratio, R, of
the éverage sum of.the heights of the C02 lines (in mm) to the average sum of
the heigﬁts of the solar lines (in mm). This guantity, R, was used in our pre-—
liminary_papgr as a measure of the re1a£ive abundance of COZ' The main reason
for using this ratio was to eliminate the ﬁncertainﬁy in the conversion from
square counts to mk for the equivélent widths of the carbon dioxide lines. The
heights of Lhe C02 1inés are directly:proportional to their equivalent widths;
tﬁe Venusian lines are narrow compared to the instrumental width so the apparent
"line Profile" is, in fact, the instrumental slit functiom.

On the other hand, the solar lines are generally much broad;r than the slit
widthAand their lipe shape is usually well resolved. Whethéf or not the solar

lines were completely resolved does not affect the €O, abundance ratio for the

o2
following réaspn: A1l thelVenué plates were taken with an identical slit width
for the spectrograph and were always traced using the same slit width for the
microdensitometer, Thus the ratios, R, were all affected by the same instrumental
effecf;, and are "good" measures of the co, abundance variations. dbviously the

choice of different instrumental parameters would affect the_nqmerical value of

the ratios, but not their usefulness in sensing small changes in the CO2 abundance,
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Because the height of the €O, lines is directly proportional to their

2
- equivalent width, one can-use¢ these heights directly to obtain the rotational
femperégure for a particular‘SPectrum. And that is what %as done in this paper.
However,” in order to compare these results with other measurements on the 78204
band3 it is necessary to convert the heights of the C02 lines to equivalent

widths in md. This calibration was done using ﬁhé solar lines given in Table 1I.
'We have used the equivalent widths of the solar lines given by Mocre et, al,
(1966}, out of necessity, but the equivalent widths measured by Barker and Perry
for integrated sunlight are in fact the appropriate ones for our Venus spectra.

As can be seen from Table II, the average rms difference in the two measuvrements
qf solér equivalent widthsris 13.4 percent, while the difference in the sum of

the five lines is 268.2 - 209.0 nd or only 0.4 percenf. Qur usual calibration
procedure.has been to use the—average of the conversion factors (from mmz of
chart;paper.to mi) found from the sum of tﬁelsolar lines and that obtained from
thg individual solar lines. In view of Barker and Perry's new measufements, it
would appear thgt the conversion factor obtained from the sum of the equivalent
widths is the.better one to use., This sum equals 429m& for the solar calibration_
lings giﬁen in Table I1I, TaBle I giveé the sum of the heighfs of these solar |

lines for each plate. The equivalent width of a Venus line ié given by

W =h (bg/b@)(zﬁ@/Ehé), _ (1

¥ ¥F

where h is the height of the line and b is the base of a. triangular shaped line
of equivalent width W. The ratio (b /b@) = 2/3 for our data.
III Determination of Rotational Temperatures and other parameters.

The rotational temperature can be found if we assume that the curve of

growth can be locally approximated by a straight line of slope, b, i.e.

V@) = s@?® @



where m is the rotational line index.. fﬁe iﬁdeﬁ b is;related_to the rotational
quantum number of the lower state, J", by m = <J" for the P branch of a band and
m=J"+ 1 for the.g branch, The intensity of a rotational line in the 78203
band of Coz-is given by

S5(m) = (Sv/Qrot)Im]éxp(—thm(m—l)/kT) (3)
where Sv is the band intensity (equal to the sun of the individual rotﬁtignéi
line intensities), Qrot is the rotational partition funetion, (@cB/k) = 0.5614
for this band and T is the rotational temperature. From equations (2) and (3)

we see that

in [W(m)/w®] = In W - [0.5614m (s-1)b/T]

where HO corresponds to the equivalent-width of the RO line; depending upon the
pressure,_ﬁempefature and amount of absorbing gas where the lines are formed, WO
will be a function of the amount of absorbing gas and may also be a function of
_Fpg‘é%fectiveﬁpressqre for line formation, ete.

In a linear least-squares fit té (@), therrotational temperature is deter-
‘ﬁined for a particular vélue of b; the quantlty W is merelv the intercept of
this line, and it will be equal to the measured equnvalent width of the RD 002

line only if the best fit to all the CO2 lines in the band goes through RO.
However, Wo is a convenient measure of the 802 abundance. .

For historical reasons, we first compute the rotational temperature assuming
a square-root absorption law, b_'= 0.5. The results of fhese éomputations are
given in Column 2 of Table 3, for each of the three authors' neasurements, The
individuals are identified by a single initial following the plate number given
in Column 1: G = LDGY, Y = ATY, and W = AW. In Column 3, the quantity W is
giveﬁ; thié has been converﬁed to md by the calibration scheme discussed

previously, 1In Figs. 1 to 16 each individual's measurements of the heights of.

the Venus lines, in mm, are shown. Ve have done this in preference to converting
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these heigﬁts to‘mﬁ, because we have come to-doubt the accuracy of our absolute
calibration and believe the relative measurements are more ‘accurate. In Column
_4 we give the percentage staﬁdard deviation in the heights (or equiwvalent widths)
as found from the square-root curve of growth temperature fit,

The assumption of a square-root absorption law is fhe first in a series of
iterations where b and hence T(b) are allowed to vary. The gquantity To.(givéh
in Colﬁmn 9 of Table 3) is the temperature for which line intensities are computed
from equation (3) to be used for the curve of growth indicated by equation (2).
As an examp;g of how this iterative scheme works, we show, in Table 4, the inter-
mediate results found for a typical plate.

The first colﬁmn of Table 4 shows what hapﬁens when we assume To = 240°K,
Columns é to 4 give the texperatures found from each author's measurements of
plate T660B. Columns 5 to 7 give the standard deviation of the heights (or
equivalent width} obtained from the temper;ture fit: Columns 8 to 11 give the
i "'d’i‘fff‘efeﬁces_'Betwe.en"T(b)'L—,m'd the assumed valué of T . The Values of T(b) are
géen to be higher than‘To, suggestingfthat To should be increased, When T0 is
iﬁcreased to 250°K, both the standard deviation in the heights and AT = T(b) -
To decrease, At this point é‘familiar problem crops up. One person's measure-
mentg.suggest that To should be increased further, while the other two individu—
als' measurements suggest it should be decreased slightly.r.We want to use the
‘same valug'of T0 for ény given gpectrum and not allow it“to vary from'one
person's meésurments to another, since all three measurments are combined to
find the average value pf T(b) from a least—wquares fit to all the data,
IncreaS?ng To from 250°K to 260°K gives a good fit to one person's measurments,
but a ﬁcpr'fit to the measurments of the other two people. The temperature, To’-
which shows,the minimum sum.of the standard deviations (or AT) is chosen as the

"best" value of T, ..
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The values of b (the slope of the curve of grdwth) and T(b) are given in
Columns 5 and 6 of Table 3. Column 7 giveé Wo(b), cqnverted from héights to mi;
the standard deviation Dfuﬂo(b) is given in Column 8. ' |

Table 5 summarizes ou¥ final results. The exactlslit position for each
spectrum is given in Column 2; thé remainder of Table 5 resembles Table 3 in
1ayout,

The histégfam of the final temperatures, Ttb), is shown in Fig. 17. We
ﬁote that the external spread of the individual §emperatute determinations,

o "is significantly larger than the average internal precision of a single

ext’

temperature determination, g, o which is given by the least-squares solutions
in : .

for T. These data are the first examples of a significant temperature spread

_detected'in the 78208 €O band; earlier data (Young et al., 1971; Schorn et al.,

2

1969) gave essentially equal values of ay.

and o .
nt e

Xt

At the end of Table 5 we give the errors in the mean found from both %int

.

and=g for each region on the planet. I1If o is markedly larger than o
ext . ext int

‘for a Tregion, a real variation in temperature is indicated. If dekg'i§”1ess*

than 0y,

which usually happens only if a few spectra cover that region, the
external agreement must be regarded as fortuitous, aﬁd the larger value (Uint)
must be taken as a more reliable estimate of the mean error. This is hecause
dint is baéeq on a large nuﬁber of degrees of freedom (the‘number of measured
Vlines)Awhile Uext has only a few degrees of_freedom (the‘number.of spectra for
‘a giveﬁ region.} For this reason, we have base& mean—-error estimates on Uint
in thexpast. We find that the average temperature at the equator is slightly
higher tﬁan temperature of the polar regions (and the average temperature over
-the plaﬁet). Since the temperatureé found for regions of Venus where the slit
was éligneﬁ parallel to the equator are siigatly warmer than the temperatures‘
found when the slit was aligned from pole—to-pole, this ﬁight suggest that the

average temperature distribution over the planet consists of three-warm zones

{N. polar, equatorial and‘S.-polar) separated by 2 cooler zones. The evidence

- for such a suggestion
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is rather wéak, as 'can be seen from Table- 6. lThe best data to conmpare withrour
present results are those of Young et ai. (1971) for the 78208 band and those of
Scﬁorn et al, (1974) for fhe 86893 band; the other spectra were taken at lower
dispersion, but are included in this comparison. With the exception of the pre—
sent resuits and those of Young ét al. (1969), the number of measurements (indi-
cated in parentheses in Table 6) was usually wuch greater for the pole-to-pole
observations than for those made with the slit aligned parallel to the eéuator.
The temperature differences, weighted inversely by the efror squared, indicate
the average temperature in the equatorial and polar regions is 2.3% higher than
that near the limb or terminator. | |

from Table 5 wg also find that greater than average amounts of CO2 are
found above the terminater and the north and south polar reéion; less than
average amounts are found above the limb? equatorial and standard slit positions.
Thus we do not find a correlation between h;gher than.average amounts of CO2 and.
higher “than average rotational temperatures (as one would expect for almost any
“ordifary model atmosphere). If we ignore the iisb aad terminator Tesults.
,beéause of the comparatively small number of measureﬁents at these lecations, the
-8ituation is not improved: A higherlthan average temperature (equatorial)} region
has a lower than average C02 abundance, but so does a lower than average tgmperature '
(standard slit position) region. Once again, we find no obvious relation between
COZ'abundance and témpgrature from our measurements of Venuél

Figure 18 shows the relation between the intercept of the linear least
squares fits to the temperaﬁufe, WO(O.S) and Wo(b), and the CO2 absorption ratio
relative to the solar lines R. We see that W0(0.5) is probably a better measure
of the CQZ abundance than Wo(b) since the former quantity shows less scatter
as a func;idn of R. Figure 19 shows the values of T as a fupction of the WO.
-Since T(b) is believed to be the actual value of the rotational temperature and
Wb(O.S)_the:best measﬁré of COé abundance, tbis quantity is also shoYﬁ. Once

-again, no relation between temperature and CO2 abundance is obvious.

L
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In Table 7. we give the differenées'ﬂwo(0.5) = (W;(O.S)i - ﬁO(O.S)i) and

AT(B) = {T(b)i - %(b)i), where i refers to the region on Venus; these are shown

as a function of date in Figure 20. While there was no obvious correlation be-
- -tween tempetatures and 602 abundances, it appears that these differences are

correlated in the sense that positive values of AW correspond to negative values

of AT. That is to say that %%-< 0 (or %% < 0, since W is related to the abund-

ance and hence the pressure, since CO, is a major, uniformly mixed constituent

2
of the Venus atmosphere). This result implies that the region of the atmosphere
we are observing is stable; since the warmer layers of the atmosphere are pre—
sumably at higher altitudes no convection is expected. Yet we observe quité

considerable temporal variations in the temperature and, to a somewhat lesser

extent, variations in the CO2 abundance.

IV. Conclusions

Me appear to be seeing real temperature variations in the atmosphere of

2 abhndaﬁéé’éﬁove"thé'blodd’tops”(or

. Yenus,” as well ds indications that the CO
optical depth t ~ 1) varies. The values of these two gquantities do not appear

to be related; however,.the derivatives of these quantities with respect to time,

daT dw ' dT daw S
EE and qt appear to pe related by dr = -G Y where C is presumably a constant.

The average temperature (249£1.4°K) found for this set of observgtions aﬁpears
to gé somewhat higher than the average temperature (242i2°ﬁ) found in the past

~ - {Young, 1972) for series of observations extendiné over a’longer time period.
It will belbf some interest ‘to éompared our results witﬂ those obfained at

McDonald Observatory during the same time period, when the latter become available.
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dioxide abundance. The quéntities TkE), Wib).
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" The quantities AWO(O.S) and AT(b) for the dates
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Table I.
Spectrograms Studied

*

Zh, R

HeigE;t Ratic; of
Time of obser- Siit Seeing of solar Co., to
Plate Date’ vation U, T, Orientation Sec, of arc lines, mm solar linss:
T622 17 1IX 72 13:06-13:36 6 1-3 228.7 2.04
T624a 17 IX 72 17:15-17:50 1 2-6 208.0 2.13
T624b 17 IX 72 17:52-18:27 2 2-6 208.3 - 2.00
T625a 18 IX 72 © . 12:56-13:26 6 36 2447 2.09
T625b 18 IX 72 .~ 14:06-14:36 3 3-6 219.0 2.15
T625¢ 18 IX 72 14:38-15:08 5 3-6 237.7 2.18
T627a - 19 IX 72 14:58-14:28 6 4-10 414.7 1.97
T630a 20 IX 72 14:51-15:21 6 -2 263.0 1.96
T630b 20 IX 72 © 15:26-15:56 5 1-2 220.0 - 1.89
T630c 20 IX 72 15:58-16:33 5 1-2 170.0 C2.17
T63la ~ 20 IX 72 16:45-17:05 4 2-3 242.0 1.85
T631b 20 IX. 72 17:05-17:35 3 2-3 250.3 - 2,01
T633a 21 1X 72 14:52-15:22 6 2-3 253.7 2.07
T633b 21 IX 72 15:45-16:15 4 2-3 258.7 1.98
T636a 231X 72 14:20-15:10 6 2--4 295.0 1.94
T636b 23.IX 72 © 15:16-16:08 3 1-3 276.7 2.03
T636c 23 IX 72 16:11-17:01 5 5-7 . 284,7 1.93
"T640aT 25 IX 72 0 777 14:31-15:01 6 T 2-4 254,3 -~ 2.15

T640b 25 IX 72 15:06~15136 4 2-6 245,0 2.08
T640¢ 25 IX -72 15:40-16:10 3 4-8 262.7 2.04
T64la 25 IX 72 16:34-17:04 3 3-10 255,7 1.94
T641b 25 IX 72 17:27-17:57 3 3-10 253,7 1.96
Té4lc 25 IX 72 18:16-18:41 2 6-10 221.0 3.99
T64ha 26 IX 72 14:19-15:09 6 2-4 279.7 1.97
T644b 26 IX 72 15:12-15:52 2 3-6 .. 262,0 1.92
T6h4c 26 IX 72 15:55-17:15 1 4-6 172.7 - 2.01
T645a 26 IX 72 17:41-18:11 4 4-6 251.3 2.07
T645b - 26 IX 72 18:28-18:58 5 5-10 179.3 2.04
T645¢ 26 IX 72 19:01-19:31 3 3-15 . 177.0 ' 2.09
T647b - 27 IX 72 15:01-15:31 4 1-3 240,3 1.86
T647c 27 IX 72 15:34-16:04 4 2-5 271,0 - 1.89%
T648a 27 1IX 72 16:10-16:40 3 . 2-5 216.0 - 1.97
T648b 27 IX 72 16:44-17:14 6 1-6 227.0 . . 1.93
T649b 28 IX 72 - 18:21-18:59 6 5-20 243,0 1.91
T650b 30 IX 72 13:09-13:49 6 1-2 261.7 2.12



Table I - Cont,

Page 2 '

Plate _ Date

T650c 30 1x

T651a 30 . 1X

T651b .30 1X
"T651c 30 1x
T654b I X
T655b 2 X
T657b 3 X
T658b 4 X
T660b 5 X
T660c 5 X
T661b 7 X
Téblc 7 X

72"

72
72
72
72

72
72
72
72
72

72

72

Time of obser-
vation U, T.

- 16 -

Slit
Orientation

Height
of solar
lines, mm

Ratio of
CO,. to
sola¥ lin:zs

13:52-14:22
14:32-15:02
15:05-15:35
15:40-16:05
16:53-17:23

13:17-13:52
© 13:46-15:27

13:27-14:08

12:56~13:27

13:33—14:03

14:17-14:56
15:03-15:31

O N O (AR LN VA R I

]

239.0

253.7
225.0
255.0
269.0

263.7
266.3
240.3
268.0
226.7

251.0
217.7

2.13
2,11
2.16
2.11
1.84
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Solar Lines used for Intensity Calibration
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Table 2

Wavelength, Equivalent mé
MMH* . Bp&# AW, percent

7800.000 61 ——— ———
7802.51 .12 —— ——
1807.916 64 ——— ——
. 7835.317 42 43.8 4.1
-7836.130 64 65.6 2.4
7849.984 66 54.9 -20.2
7855, 405 25 29.9 16.4
- 7861.045 12 14.0 14.3
7863.,799 15 - ———
« 7896.378 - 28 -— —_—
B0 I T

---------

* Moore et al_(1966)

. %% Barker and Perry (1974)
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Table 3

Results of Analysis of the 1972 data for the 78204

Band of Carbon Dioxide, assuming

a constant Coz;line width
‘ Square Root Absorption Law Curve of Growth Absorntion Law
‘Plate T(0.5) W (0.5) % T(b) Wo (b) ¢ T,
o 0 : ° [
Number K mA Percent b K mA Percent K
' ' 220 - 236
1622 G 212240 11.8 2.4 0.§§6 230225 8.5 1.8 240
221 ' ) 242 , "
Y 212204 . 11.6 2,5 0,@51 237232 8.0 1.7
) 234 243 "
W 220207 1;.0 3.6 0.?;8 238233‘ 7.5 1.6
219 : 238 '
average 214,15 11.3 1.2 0.5]7 236233 8.0 0.9 240
| | 223 x G 246 .
T624a G 213204 12.1 2.7 0.§§0 _ 238231 9.1 c 2.1 240
235 3 248 . Y
Y 225215 11,5 2.6 0.695 240233 9.3 2.1
241 : 252 o "
W 229219 C11.7 2.8 0.532 243235 5.8 2.2
average 222216 11.8 1.5 OTQOG - 2&1236 9.5 1.2 240
g 224 . 'i 241 |
T624b G 20875, 11,2 4.5 0.?46 23337 7.1 2.5 240
240 i, L, 2253 u
Y 218200 10.7 5.6 O.??Z 246239 6.1 2,5
o217 . r 238 . "
W 202189 ll.? 4.5 0.773 232225 _ 6.6‘_ 2,6 .
219 ‘ ) 242 :
average - 209201 : 11,0 2,8 0.?79 238234 6.5 1.5 240



Table 3 - Cont,

212 -

. 238

Page 2
Plate T(0.5) Wo (0.5) ¢ : T(b) We (b) e T,
. Number °K m& Percent b °K ni Percent °K
273 . : 268 : :
T623%a G 253237 10.9 3.7 0.?82 262255 7.9 1.8 260
254 . 270 ‘ "
Y 238224 11.0 3.6 0f260 265260 0.4 1.5
254 271 "
W . 238224 11.3 3.5 0.238 265259 7.0 1.7 !
| 252 a1n 267
average 243234 L1 2.1 0.?;4 263259 7.2 1.0 260
| 243 ; 250 |
T625b G 230218 11.7 3.1 O.ﬁéﬁ 244238 8.8 1.7 240
231 ' ' 245 | "
Y 218206 11.4 3.6 0.679 238232 8.1 2,2
W 235221 1.1 3.5 0.§§9, 2&92&2 8.4 2.2
' 235 : 247 ‘
average 227220 11,5 2,0 0.%55 243239 8.5 1,2 240
. . 233 i 242 -
T625¢c G f 220208 12,4 3.3 0.690 237231 8.7 1.8 240
f 239 5 : 248 "
Y 225,75 11,7 3,5 0.691 244} 8.1 1.5
| 233 L 242 ' .
W 223213 11.9 2.8 o.g%o 237232 9.1 | 1,6 A
. 229 : 243
average 222216 12,0 - 1,8 0.??8 A239236 8.6 . 1.0 240
229 g 235 o .
T627a G - .216204 11.1 . 3.5 J%.ﬁ?l 229223' 3,0 1.9 240
Y 211199 10.8 3.8 0.7}9_‘ _228222 773 1.8
w2262 10.6 3,8 0.703 - 24420 7.2 1.7 v
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Page 3 |
- v : T (b) W_ (b) d T,
| ok , °x m& & t
are T(g.S) WO(O.S) Perfént b K Pércen
Number I'4 : ‘
B ¢ 236 7.6 1.5 240
| 218231 10,9 3.6 0.694 232550 .
. 235 | 239244 7.0 1.6 b
225239 10,1 3.5 0.693 3925
w 225 | 35237 7.4 0.8% 240
223 10.8 1.6 0.703 23523 . |
average 219213 : 0. ‘ |
p 252 8.0 1.7 240
' 244 10.6 3.1 0.656 246772 .
T630a G 23157 - 10. ‘ 2o g y ”
220230 1 10.6 4.1 0.724 2635, : |
Y 24 ? 253 7.4 2.1 "
| 230242 10.4 4.0 0.679 2465 ‘
; 233 - 3 5246 7.5 1.1, 240
’ | 235 10.5 2,1 0.678 2430
average 227219 '3, .. |
:‘ 277 1 2.0 260
48261 10.4 2.8 - 0.601 26827 5.
T630b G 248207 . ‘, 26 > o "
226248 9.5 5.1 0.898  2702.¢ )
Y 260 ol 1268 5.8 2.2 L
2382%0 9.5 4.9 0.766 - 2615,
N 256 ; 272 5.7 1.5 260
o 250 9.8 2.7 0.780 266 .
"/ average 238227 9.
| ‘n 260 1.8 1.7 250
238 12,9 2.6 0.544 252,0, 1
T630c G 227227 : | ’
: 253263 9.3 2.1
923233 12.2 3.2 0.621 " - | |
Y ‘ 211 o . ‘ 250 12.0 1.9 ,
' 228228 12.3 2.6 0.2 26927) .
W 218 _ e rue | .
*0.55 248 11.2 1.2
' ;232 12.5 1.6 0.551 "
average 226220 . O ’
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" Page 4
Plate T(0.5) W, (0.5) “3 : T(b) W, (b) 7 T,
Number °K. mA Percent b °K nk Percent °K
246 . . 265
T63la G 236, 10.4 2.3 0.691 2607~ 7.0 1.3 260 .
233 “ 263 "
Y 221, 10,3 3.3 0.786 25753 5.7 1.8
237 ' 265 ( "
W 225,7; 10.2 3.1 0.760 259525 6.0 1.7
o234 s 263
average 227221 10,3 '1.7 0.733 260256 6.4 1.0 260
248 | L 24),
T63lb G 237,05 11.0 2.4 0.514 23352 11.0 2.0 240
: 252 259 "
Y 239,58 10.6 2.9 0.605 252, 8.6 1.8
‘ 259 | | 254 - ‘ "
W 24853, 10.6 2.4 o.?;? 246370 10.5 1.8
248 , 248 ‘
average 24155, 10.7 1.5 0.535 243, 3¢ 10,2 1.2 240
241 y 251
T633a G 2335, 11.2 1.9 0.626 246, 8.9 1.1 250
248 . L 255 "
Y 2365, 11,0 2.7 0.652 249,75 8.1 1.5
.. 225 243 "
W 21657 11.2 2.6 0.716 23853 7.4 1.6
234 . . ., 248
average 228,54 11.2 1.4 10.658 2453, 8.3 0.8 250
' 249 L 259
T633b 6 261553 11.2 1.8 0.590 25477 9.3 1.3 250
236° o pop 255 ' : t
Y 227550 11.0 2.0 _0.663 . 25037 7.9 1.2
222 : o ., 249 L o
W 213, 11.5 2.3 0.680 24475ng 7.7 1.5
233 | e 1256 "
G 2243 11.2 2.2 0.658 2y 8.0 1.5
W 22322 10,5 2.3 0.689 248353 7.2 1.5 "



Table 3 - Cont,

Puge § -
Plate 1(0.5) Wo(0.5) ° : T(b) Wodb) ° T,
Number °K mA Percent b K mA Percent °K
6229 ; 250 |
average l225222 11.0 1.0 0.%61 248246 8.0 0.6 250
262 . 274
lT636a G _ 249238 10,3 2.6 0.§57 268262 7.6 1.5. 260
| 252 ‘ : 271 "
Y 238226 10.3 3.2 0,714 266261 6.6 1.5
. 257 R 266
W 242228‘ 10.5 2.9 0.7;7 260254 6.8 1.5 "
245 ’ . 267
average ._238232 10.5 1.6 O.?Q& 264260- 6.9 0.9 260
..235 ; 252 |
?63§b G | 226219 10.9 2.1 0.530 247243 7.6 ‘ 1.3 259
248 ' 261 "
Y 238228 10.3 2.3 0.??3 256252 7.3 1.4
231 o 251 ' "
W 223215 10.7 2.1 0.6?0 24?243 7.2 1.3
234 ¥ cn2S3
_ average 22975, 10.7 1.2 0.682 250, 7.3 0.8 250
243 | ?' 253 ,
T636c G 233223 10.46 2.4 0.§§7 24.9246 7.7 1.1l 250
227 ' S 251 - ' T
Y ‘ 219211 10.5 2.2 0.?27 246242 6.7 1.3
B 224 ; . I 249 .
W 216, 0 10,5 2.2 0,731 246 6.6 11 i
i 242
. 227 ‘ :: 250
-average "2?2218 10.5 1.3 0.7}4_ 248245 -5.9 0.7 2?9
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260,

‘Plate T(0.5) W, (0.5) o : T(b) Wy (b) °e T,
Number K mi Percent b.. °K nd Percent °K
. L..236 ; 241
1640a G 226,75 12.0 2.4 0.628 237355 9.5 1.4 240
' 235 , 242 ‘ "
Y 22337, 11.6 3.0 0.660 23855 8.6 1.4
235 ; 244 "
W 223,75 11.§ 3.1 0.672 23954, | 8.4 1.4
g 230 , 242 ,
average . 2247 ¢ 11.7 1.6 0.65? 23954 | 8.8 0.8 240
B 262 ' ; 271
T640b ° G 247557 11.1 3.0 0.6?1 262 8.3 2.2 . 260
256 : Lo 266 o ,
Y 24357 10.8 2,9 o.o§7 25850, 8.0 2.1
262 p 269 1
W 247,24 10.7 3.2 0.667 2617 7.8 2.1
G 25335¢ 10.8 4.2 0.644 2605, 7 8.3 3.3
260 e o266
Y 245, 1 10f8 3.2 0.661 259,27 7.9 2,2 "
270 : 276 , "
W 252555 10,2 3.6 o.ﬁga 2665 ¢ 7.9 2,5
254 . 264 4 ‘
average 248242 10.8 1.4 0.6?2 260257 8.0 0.9 260
T640c G 2435, 11.0 4.1 | 0-7}3 2565¢7 7f1 1.5
‘ 253 : 274 "
Y 241230 10,7 2.8 0.686 ‘ 269263 7.1 1.4 :
257 : 274 "
W 23955, 10,9 3.4 0.7%5 2687 §.5 1.6 | |
250 : g, 267 - "
average 240231 ‘10.9 2.0 0.799 264261 7.0 0.9'. 260



Tablé 3 - Cont,
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Plate T(0.5) W (0.5) %2 T(b) W, (b) ° o
Number °K mfi Percent _ °K mi Percent °K
- Te4la G 256577 10.3 3.0 0.586 266322 8.7 2.1 260

Y 241278 10.0 3.5 o.ség 25320 7.2 2.0 z
W 249238 9.9 R 0.657 26221} 7.3 2.2 o
average 269570 10.0 2.0 o.§§7 260207 7.6 1.3 260
T641b G 249507 10.6 2.7 0.601 259550 8.8 2.1 260
Y 247252 10,1 3.2 0.650 260500 7.5 1.9 «
W 249552 10.3 2.6 0.585 261577 8.7 2.0 "
average - 24827® 10.3 1.7 0.618 261250 8.3 1.2 260
reie o 224235 1 2.9 0.609 23720 8.9 2.1 540‘
| Y 217232 10.4 3.4 0.682 241§§Z | 7.3 2.2 "
0 ppq238 0.4 3 0.643 245,33 7.9 2.3 "
average 2222%2 10.7 ‘z. 1.9 0.6%4 26124 8.0 1.4 240
T64t4a G‘_ 200752 11,3 4,2 0.8@7 24620 5.9 1.9 240
b 212527 10.8 4.6 o.7§7_ 240257 6.8 1.8 "
W 21022 10,8 4.7 .,@0.752 ;3;32@ 6.6 _;;3 "
average 207258 10.9 2.6 0.756 239233 6.6 1.0 240



" Table 3 - Cont,
Page 8

Plate T(0.5) W,(0.5) °g T(b) W, (b) %9 .
Number °K nh Percent °K mA Percent °K
T644b G 218550 10.9 2.8 0.6?7 23557 8.3 2.2 240
| Y 22633, 10.4 3.3 0.6%7 205552 7.5 2.2 n
w 22323% 10.3 3.4 0.673 24430 7.4 2.3 "
average - 22272 10.5. 1.8 0.660 24225 7.6 1.3 240
Tod4e G 230237 11.0 L 0.623 249§i§‘ 8.5 0.9 250
, Y 236550 10.4 2.2 0.669 251275 7.6 1.1 "
W 2 10.6 2.4 0.688 24437 7.4 0.9 "
average 230273 10.8 1.2 0.674. 2487, 7.6 0.6 250
T6452 G 24227 11.4 1.9 9.635 257202 8.6 1.3 260
| ¥ ; 262223 11.1 2.3 0.645 2612°7 8.2 1.4 "
W 23628 11.0 2 0.666 255,05 7.8 1.6 "
average 240530 1.1 1.3 | 0.6%6 25720 8.4 0.9 260
T64SD G 223220 11.5 1.6 o;sqi_ 230237 10.8 1,2 230
v 19720 11.3 2.2 0.661 - 22757 84 1.4 "
W 208203 11.3 1.9 "%.6i?_ 22822 9.0 1.2 "
average 209232 11,5 1.2 0.5%5 .?2§§§g 9.3 0.8 230
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Page 9 .
Plate T(0,5) W,(0.5) % : T(b) W, (D) %o T,
Number °K mik - Percent bf °K m& Percent °K
263 - 262
 T6uSe G 2525, 11,1 2.2 0.5§5 255,,% 10.0 1.7 240
. 239 | : y 251 "
Y 229,74 11.3 2.5 0.6;5 2453 8.9 1.8
229 : 247 RN "
W 220,75 11.3 2.3 o.s;o 24055 8.3 1.7
239 N 249 -
average 233228 11.3 1.4 0.5?7 245241- 9.3 1.0 240
. 249 : 268
T647D q 2347 00 9.8 3.7 o.egl 2565, < 6.7 2.9 260
248 : 261 : "
Y 235, 10.6 3.1 0.687 253, 7.2 2,2
258 ‘ . ‘ 269 ' . "
W 242534 9.7 3.4 0.691 2585, 6.6 2,5
246 ' 263 _
average .237229 10.0 2.0 0.6?9' 25?25l 6.8 _‘1.5 260
. 242 ) 260
T647c G 233,,¢ 10.4 2,2 0.639 2555 . 7.6 1.3 250
' 235 ' ; 256 "
Y ; 224377 10,2 2.8 0.736 251575 6.3 1.4
7 226 2!}9 n
W 2165 10,2 2.7 0.6§4 2447559 7.0 1.5
| 230 ‘ ‘ 255 ‘
average . 224219 10,3 1.5, 0.6?1 252249 6.9 0.8 250
- 245 g 2250 '
| T648a G . 238, 10.8 }.a’ o_szs__ 246757, 9,3 0.9 250
246 ‘ yo 257 q 11 "
¥ 2384, 10,5 1.7 0.6%2 o535, 8.2 1.1
nalll ' TR . 950236 _ 3 "
W 238555 10.3 2.0 0.63; 252, 7.9 1.0
average 2385, 10.5 1.0 0,603 250252 8.7, 0,7 250
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Plate - T(0.5) W, (0.5) %o . T (b) W, (b) 9 To
Number °K - mi Percent b °K Percent - °K
251 ” 257
‘T648b G 242535 10,3 2.0 o.sgo 25357 7.8 1.0 250
242 251 .
Y 233555 10.1 2.2 0.664 24857 7.4 0.7
| 232 | : 244 "
W 22237, 0.4 2.4 0.6?5 241540 7.1 0.9
237 -3 250 - |
average 232557 10.3 1.3 0.668 248246_ 7.4 0.5 250
235 : 246
T649b G 218577 0.8 L.k 0.735 24155, 6.9 1.7 240
) 228 . . ‘ 239 e n
Y 20935, 1041 5.2 0.832 2345700 5.4 1.9
W 203747 10.5 s 0.789 23655 5.9 2.2
219 : 240 :
average 210557 10.5 2.7 0.778 . 237, 6.1 1.2 240
. 242 ' ; 252 ' :
T650b G 2323 11.0 2,3 0.669 2483, 8.1 1.3 250
236 L 252 "
Y 229354 11.5 1.7 0.648 24957 8.5 1.1
W 22600 11.2 2.3 0.680 244325 7.9 1.0 "
253 | ) <256 |
T650c G 264735 11.8 2.0- 0.668 251 8.5 1.2 250
- 237 ' : 251 ‘ B t
Y 228,50 11.5 2,2 0.707 247575 7.5 1.1
. 246 ’ B P 251 ’ . . ’ ]
W 2365, 11.4 2.3 0.7%5 24657, 7.3 1.2
average 236551 1.5 1.3 0.687 249272 8.0 0.7 250
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Plate T(0.5) W,(0,5) o : T(b) W, (b) %0 To
Number °K mlk " Percent b °K md Percent °K
249 ; 264
‘T651a G 234220 11.5 3.7 0.797 259254 7.6 1.3 260
255 & iy 274 "
Y 238224 11.1 ‘3.6 O.??O 26926& 6.2 1.3
252 ' : 266 ; "
W 236231 ll,l. 3.7 0.7?4 261255 6.7 1.6
24 o, 264 -
average 2362 11.2 2.1 0.749 26200 6.9 0.9 260
242 , - 253
T651b G 232222 11.7 2.5 O.GQO 247242 .8.9 1.6 250
‘ 239 | : 257 "
Y 229221 . 11.5 2,2 0.6?3 253248 8.3 1.4
248 - P 264 - "
W | 237226 11,5 2.6 0.6?5 258253 8.0 1.5
238 ' | 255
average _233227 1L.5 1.4 D.6§9‘ 251248 8,5 0.9 , 250
', 246 ? 251
T651lc G 237228 11.4 2,2 0.5%2 244237 10.4 1.7 240
245 i 252 ",
b4 235226 11.3 2.3 0.533 245238 2.5 1.7
243 ‘ 249 - "
W . 233224 11.4 . 2.3 0.5?9 242236 9,6 1.8 .
240 ' 248
average 235230 11.4. 1.3 0.5?6 244240 9.9 1.9 240
. 251 ) e lB2
| 16546 G 238227 9.8 2.7‘ 0.651._ 255249 7.2 1.8 260
252 . ; 269 " S .
Y 238226 9.9 3.1 0.7%9 - 263257 6.2 l.s
ney 248 ' B  aen258 . "
W 234221 3.8 3.3 0.6?Q 252246 6.7 1.7
| 244 . 262 y
averége 23?230 9.8 1.7 0.6?2 : ?58255 6.7 1.0 260



Table 3 ~ Cont.
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Plate 1(0.5) W, (0.5) %0 'é T(b) W, (b) % To
Numbey °K mi ~ Percent b °K nd Percent °K
16555 G - 215328 10.6 2.8 0.705 258533' 7.0 1.5 240
Y 229527 10.4 2.5 0.6?9 264752 8.1 1.7 n
W 233%33 10.2 2.7 9.6?2 2&8§ii 8.0 1.9 "
average 226272 10.3 1.5 0.648  2442,7 7.7 1.0 240
TeST> G 23547 . 10,7 2.5 0.688 2502, 7.5 1.1 250
Y 231722 10,6 2.6 0.709 25123 7.0 1.1 "
v 22607 10.7 . 2.5 0.702 261730 1.3 Lo "
average 23033? 10.7 1.4 ' o.sés-“ zavggg 7.4 0.6 250
76580 G 23507% 11.3 2.5 ’o.ééa 257553 7.8 1.4 260
¥ 237520 11.1 2.9 0.7}2 260298 7.2 1.7 "
/ W 232723 11.1 2.6 0.705. 236202 7.2 1.6 "
average 234532 11.1 1.5 0.702 257200 7.4 0.9 260
T660b G 226570 10.8 2.4 0.634  255,. 7.2 L.5 250
x  anl 10.3 2.3 0,694 248222 7.3 1.2 "
W 222000 10.8 2.1 Co.70sT 20920 7.1 1.0, "
average zzz%i? 10,9 1.3 o.e?g 251227 7.2 0.7 250
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| 6 T
G o T(b) W, (b) Q To
e T(ng) Woég.S) Percent b °K nh Percent K
- ' 266, 10.0 1.7 250
267 9.8 2.0 0.488 25720 .
T660c G 257207 . : 2is o "
235244 9.7 2.0 0.610 24837 7.8 :
Y 227 ‘_ in | )
242 8.2 1.6
234,243 9.7 2.1 0.575 . KR
- 235 . 0.5 237 10.0 1.6 1
226233 10.6 1.9 0.526 231, .
G 245 | : 246 8.4 1.4 "
' 235243 9.7 1.9 0.577 261738 .
Y >227 | i 23 - 9 )
W 238247 9.3 2.3 0.622 24857 .
223 0576 245248 8.4 0.7 250
| 2 0.9 57 v
average 237233 9.8 0 :" 242
| ; 274 2.1 260
262 10.5 3.9 0.704 +. 2657 6.9
T661b G 244202 . : 256 . "
238225 10.3 3.9 0.711 260227 6.8 :
v 223 . V254 . i "
W 241427 10.5 3.9 0.720 262, ) )
226 et 256 | -
6.8 1.1
251 : 2 0.713 262 .
average 241232 10.5 2 2 258
.,-: . . ,252 250
234 1,8 10.679 249 8.1 0.9 0
227 11.6 . : 22 .
T66lc G L _ _ s > o ;
Y 208230 115 2.0 0.688 249773 :
‘ 226 " 243247 7.7 1.2 "
W 218220 11.5 2.2 0.694 ol | | |
' ggg 12 0.685 248220 7.8 0.6 250
A12 'S ‘ . 'I a ’ ;' ) ,
average 224,50 11.5 1.2 _ .. LI i



. Table 4
Temperatures found for different values of T,-.

. Heasuref of Plate T660B
-G Y W G Y W G Y

T,,°K T(b),°K Standard deviation - AT, °K
240 254 247 248 .0697 0561 .0489 CHE 47
250 - 255 248 249 L0663 .0540 .0465 +5 -2

260 = 260 251 253 . ' .0663 ,0570 ,0477 +0 -9



Tablé'S
Summary of Table 3

Square Root Absorption Law : Curve of Growth Absorption Law

Plate s1it T(0.5) W_(0.5) % - b T(b) wng) %2
Number Position °K md Percent °K Percent
1622 std 2;4313 113 L2 ; 0.677 2367 8.0 0.9
Té26a T 222228 21,8 L5 0 0.606 o 261332 9.5 1.2
T624b L | | 209332 1.0 . 2.8 f? 0.779 238247 6.5 1.5
76252 - Std 243752 11.1 21 0.4 2630 7.2 1.0
T625b s -28 227350 L5 2.0 0.655 243500 8. 1.2
T625¢ N +27 22232 12.0 - 1.8 % 0.678 239322 8.6 - 1.0
T627a  Sed 21977, 10.8 L6003 2355 74 0.8
1630a Sta+1ee 22755 10.5 21 & o018 243208 7.5 1.1
T630b N 426 2380 9.8 2.7 ?? 0.780 26657 5.7 1.5
Tele i M 4s4 22627 12,5 1.6 - 0.5s1 20808 112 1.2
T631a’ -+ Eq =9 22723? 10.3 1.7 li 0.733 250322 R 1.0
T631b = § ~17 261523 0.7 LS ﬁ. 0.535 203335 10,2 1.2
T633a Stdt30 223533 11.2 L4 0.658 245222 8.3 0.8
633 . Eq -6 25 1.0 L0 0esl 24820 80 0.6
T636a  Std+28 238742 10.5 L6 :? 0704 26400 69 0.9
Tei s -2 22920 107 12 0 o8z 2s0hp0 7.3 0.8
636¢ NS 22222 0.5 0 L3 o sl 69 07

245



Table 5 = Cont.

. T649b

233

Page 2 =~
Plate Stit T(0.5) Wo(0.5) % - b T(b) Wo(b) 7
Number Position °K mk Percent’ °K . Percent
T640a Std+l9 232 17 1.6 0.659 239557 8.8 0.8
Te40b.  Eq -2 24824 10.8 1.4 0.652 260507 8.0 0.8
640¢ s -33 240520 10.9 2.0 _; 0.709 264507 7.0 0.9
T641a Eq +8 ‘249523 10.0 2.0 0.647 2603?2 7.6 1.3
T641b Eq +10 24822° 103 1.7 0.618 26;222 8.3 1.2
T641c L +50 222757 10,7 1.9 . 0.6 241255 8.0 1.4
To4ba Sta+24 20755 10,9 2.6 076 29500 66 1.0
T644b L +47 2225?2 10.5 1.8 0.660 2425@?'~ 7.6 1.3
Tébbc T 40 230522 10.8 1,2 0.674 24827, 7.6 0.6
T645a Eq =6 240332 11.1 1.3 0.646 25720 8.4 0.9
T645b N H62. 200503 1L L2 ' 0.595 226050 9.3 0.8
Te4sc s -36 zsaggg 11.3 | 1.4 S 0.597 245273 9.3 1.0
T647b N 42 ';37333 10,0 - 2.0 : 0.689 25732% 6.8 1.5
T647c Eq =4 224229 10.3 L5 . 0.691 252220 6.9 0.8
T648a s -28 238003 10.5 1.0 o603 2502 LR
T648b Std+2l 232577 10.3 1.3 % 0.668 - 248220 7.4 0.5
Std 2027 105 27 I - 0778 237k 6.l 1.2



Tabla 5 « Cont,

Page 3
Plate - slit T(0.5) W, (0.5) % b T(b) Wo (b) %
Number Position °K mi Percent
| 234 : 250
T650b Std+l7 229225 11.3 1.2.; ) 0.669 247245 8.1 0.6
241 - ' 252
T650c Eq- ~6 2?6231 11.5 1.3 : 0.687 249246 8.0 0.7
. 252 : 264
+32 i
T651a N 3 | 236231 11.2 2.1 : 0.749 262259 6.9 0.9
' _ 238 : | 255
T651b s -~37 2335 11.5 1.4 0.649° 2517 8.5 0.9
' 240 o 248
T651lc Std+37 235230 11.4 1.3 . 0.566 244240 9.9 1.0
244 " 262
T654b Std+l2 237230 9.8 1.7 . 0.692 258255 6.7 1.0
‘ 232 . J 247 .
. T655b Srd+13 226220 10.3 1.5 ; 0.648 24&240 7.7 1.0
236 . 249
. T657b Std+15 230225 - 10.7 1.4 : 0.695 247245 7.4 0.6
241 . " 260
. T658b Std+15 234228'> 11.1 1.5 ﬂ 0.702 257254 ?.4 0.9
. 227 ' - - 253
T6G0b Std+lz2 222217 10.9 1.3 : 0.699 2512&8 7.2 0.7
' . 241 o 248
+
T660c Eq t1C | 237233 9.8 Q.9 : 0.574 245242 _8.4 0.7»
251 N 266
T661b Std 241232 10.5 2.2‘: 0.?13_( 262258 6.8 1.1
229 E 250
T661c“ Eq +0 224220 11.5 l.? " 0,685 248246 7.8 0.6
Tint Caxt ; ‘ Ofnt Zext
average Eq 23622.2 ° 3,3 10.7 0.5 0.659 254+1.3 2.6 7.7 0.3
average - N 227:3.2 4.0 11.1 0.8 . 0.679 249:1.8 5.2 7.9 0.5
average 5 234+2.6 2.1 11,0 0.6 - 0.633 249£1.5° 2.8 8.5 0.4
average L 218+5.4 4.3 10,7 1.6 - 0.694 240x3.1 1.,2- 7.5 1.0
average T 2265,5 4,0  11.3 L4 0.640 245:x3.6 3,5 8.6 0.9
average Std 228il.6 2.2 10.8 0.4 0.688 248:0.8 2.1 7.5 0.2
average  all 230¢1.3 1.5 10.9 0.25%  0.671 249:0.6 7.8 0.15



Table 6

Summary of Measurements of Temperatures
over different areas of Venus

L : Slit Alignment '
Band . : parallel to equator pole-to-pole AT

head, & reference _ (%) n "T(°K) m ‘ : °K
7820 Present results - 251+2 {24} _ 24712 (23) K 413
7820  Young et al, 1971 25024 (4) 24022 (11) 10+5
7820 ' Schorn et al, 1969 2534 (7) 24643 (11) 7£5
8689  Schorn et al, 1974 242+2  (7) 2482 (23) -6%3
8689 Young et al. 1969 239x3  (15) 2364 (15) 35
10488 Yqung et al, 1970 238:3  (6) 237+3  (25) 1.4
10%57 Schorn et 'al, 1971 ‘ l274tl$‘(6) 234+3  (25) 40+15

.. 30362 Schorn et al, 1970 . . . seeeeml ool 237330 (15) o it e
12030 '

© 12177 Young et al. 1970 m——— 2365 (10)



- Table 7 ‘

Variation in temperature and CO
Abundance from the average

value for Each region on Venus

Plate Slit Date W (0.5) T(b)
Number Position 1972 °nk g
T622 Std IX 17.556 +0.5 -12
T624a T IX 17.731 +0.5 - &
T625a Std IX 18.549 +0.3 +15
T625b S 1X 18.598 +0.5 -6
T625¢ N IX 18.620 ° +0.9 -10
T627a Std IX 19.634 6.0 - 7
T630a Std IX 20.629 -0.3 -5
T630b N . IX 20.653 -1.3 +17
T630¢ N “IX 20.677 +1.4 -1
T631la .Eq CIX 20.722 ~0.4 + 6
T631b S IX 20.759 ~-0.3 -6
T633a 5td IX 21.630 +0.4 -3
T633b Eq. IX 21.667 +0.3 -6
T636a Std IX 23.615 +0.9 +16
T636b -8 IX 23.654 ~0.3 +1.
T636c N IX 23.692 -0.6 -1
T640a Std IX 25.615 4+0.9 -9
T640b Eq “IX 25.640 +0.1 +11
T640¢& s IX 25.663 -0.1 +15
CT64la ... . Eq. JIK 25.701 . 0.7 +11
T641b Eq IX 25.738 -0.4 +12
T641c L - IX 25.770 0.0 + 1
T644a Std IX 26.614 +0.1 -9
. T644b L IX 26.647 -0.2 + 2
T644c T IX . 26.691 0.0 + 3
T645a Eq IX 26.747 +0.4 + 3
T645b N CIX 26.780 +0.4 + -23
T645¢ S IX 26.803 +0.3 - - 4
T647b N IX 27.636 -1.1 + 8
T647c Eq IX 27.659 -0.4 T -2
T648a S IX 27.684 -0.5 + 1
T648b std IX 27.708 -0.5 0
" T649b std IX 28.778 -0.3 -9
T650b Std IX 30.562 +0.5 -1
T650c Eq IX 30.586° +0.8 -5
T651a N IX 30.616 +0.1 +13
T651b s IX 30.639 +0.5 + 2
T651c 5td IX 30.662 +0.6 - 4
T654b Std X 1.714 ~I.0 +10
T655b Std X 2.565 ~0.5 -4
T657b Std X 3.608 -0.1 -1
T658b Std X 4.575 +0.3 + 9
T660b std X 5.550 +0.1 + 3
T660c Eq X 5.575 -0.8 - g
T661b Std X 7.609 -0.3 +14
. Teblc Eq "X 7.637 +0.8 -6
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