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SYNOPTIC ANALYSES, 5-, 2~, AND 0.4-MILLIBAR SURFACES

POR JANUARY 1972 THROUGH JUNE 1973

By Staff,! Upper Air Branch
NOAA, National Weather Service, National Meteorological Center

SUMMARY

Data from meteorological rocketsonde and satellite radiance measure-
ments have Deen employed to analyze a series of high-altitude synoptic
charts. The methods employed for processing the wvarious types of data and
the analysis procedure used are described.

Broad-scale analyses for the Northern Hemisphere 5-, 2-, and 0.4-mb.
surfaces are presented weekly from September through April and monthly from
May through August during the period January 1972 through June 1973. A
brief -discussion of the height and temperature fields is also given.
.Circulation and temperature changes associated with a minor stratospheric
warming in January and Pebruary 1972 and a major stratospheric warming in
January and February 1973 are among the discussion items.

INTRODUCTION

This report is the sixth in a series of cornistant-pressure charts for
the upper stratosphere and lower mesosphere. Charts for 1964-68 (refs. 1,
2, 3, 4, 5) were analyzed at weekly intervals (ref. 6) and were based on
meteorological rocketsonde and very high level rawinsonde data obtained
over Northern America and adjacent ocean areas (ref. 7).

_ Since 1972 (pursuant to a bilateral agreement between the United
States and the Soviet Union), data from meteorological rocketsonde stations
of the Western and Eastern Meridional Networks have been exchanged on a
regular basis (ref. 8). Recently available data from Heiss Island and
Volgograd (Soviet Union) and Thumba (India) together with other data from
Ryori (Japan) and E1l Arenosillo (Spain) have made it possible to extend the
analyses over Eurasia. Figure 9 shows the locations of the 20 meteorologi-
cal rocket launch sites over the Northern Hemisphere for which data were
available. Because of improvements in the methods of routine transmission
and receipt of rocketsonde data by the teletypewriter-coded ROCOB messages,
charts could be constructed from these data rather than delaying until
publication of the rocketsonde observations.

lPersonnel actively engaged in this report were Manager, F. Finger;
Coordinator and Analyst, M. E. Gelman; Analysts, R. Nagatani and J. Laver;

- Research Consultants, R. S. Quiroz and A. J. Miller; and data processing,
D. ériffith,



Recently, data from satellite vertical temperature sounding instru-:

_-ments-"also have become avgi%abié{{égéﬁséétiqh{oﬁ;satgllite“dafé{ béTow ).
‘Ihese}?emote;OBServations;nWhﬁh?uséd‘together”With~the expanded number of

in situ observations, provide for greatly improved data coverage over the
entire hemisphere. A

The present series of analyses at the 5-, 2-, and 0.4-mb surfaces
(approx 36, 42, and 55 km, respectively) represent the broad-scale synoptic
conditions over the Northern Hemisphere on each Wednesday during January
1972 through June 1973. Charts are presented weekly during the winter
months (October through March) and transition periods (April and September)
and monthly during summer (May through August). The monthly frequency
appears sufficient to depict the slow, broad-scale changes that occur in '
summer. Small-scale time and space changes and planetary waves of small
amplitude (ref. 9) are observed during summer, but the horizontal resolution
of the analyses in most areas would not be sufficient to depict them.

During winter and the transition periods, however, larger changes are
evident from one week to the next. Sometimes, large changes occur within

a day or two, and these may be inferred from the sequence of up to three
observations plotted at each rocket station. Thus the user may expand

the utility of the weekly charts by noting any large changes during the
week in plotted temperature or wind direction. These changes frequently
indicate movements of the synoptic systems depicted in the Wednesday charts.

) Despite the omission of small-scale details, the maps are very useful
for a number of applications such as determining the trajectory of constant-
level balloons, relating variations in infrasound propagation to circula-
ation changes, and providing a data base for evaluating environmental
effects on aerospace vehicles. 1In addition, users have pointed to the N
increasing utility of these maps in studies of stratospheric-ionospheric’
interaction, for verification of the performance of numerical circulation
models, and in various other research efforts. . :

A

PROCESSING OF ROCKETSONDE.DATA

Temperature, height and wind information derived from routine meteor-
olagical rocketsonde observations comprised the basic data for analyses at
the 5-, 2-, and 0.Y4-mb levels. Rocketsonde information used for this pro-
ject were obtained from teletype coded ROCOB messages (WMO code FM39.E
ROCOB and FM4O0.E ROCOB ship). These data were usually transmitted from each
rocketsonde station within one day of the observation. Data from Heiss
Island, Volgograd and Thumba (The three stations in the Northern Hemisphere
associated with the Eastern Meridional Network), were available in ROCOB
format within one week of observation time.

The ROCOB message provides data in the form of temperature and wind
versus geometric height. The vertical coordinate must be transformed' from
height to pressure so that temperature, height, and wind information may

‘be eXtracted at the desired levels. -

The-procedufe for calculating pressure and extracting the required
information for the 5-, 2-, and 0.4-mb levels was as follows:

.' &.7 Pressure was calculated at each ROCOB reported.level by a computer
program .which integrated the hydrostatic equation starting at a base level
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near 50 mB., Temperature and height data obtained from a nearby rawinsonde
station were used as the reference-level data. The geopotential heights
and temperatures at the 5-, 2-, and 0.4-mb levels were interpolated in this
computer program. .

b. Wind direction and wind speed (in knots) were interpolated
manually at the calculated height of each analysis level. When temperature
data were not available for a particular sounding, the wind information
was extracted at 1nd1v1dua11y estimated heights of the 5-, 2-, and 0.4%-mb
levels.

¢. Time-height diagrams were plotted for each of the 20 rocketsonde
stations. The temperature and wind information on these diagrams provided
valuable verification of the sequence of meteorological changes. Erroneous
or questionable data could be quickly isolated in this manner. '

d. TFrom the wind information plotted on the time-height diagrams,
thermal winds were determined for approximately 6-km layers surrounding
each ana1y31s level. A somewhat subjective approach was necessary because
the calculations were performed manually and there were sometimes rapid
wind oscillations with height. Usually an unambiguous direction for the
thermal wind could be determined.

e. Special adjustments were made to the 0.4-mb data because ROCOB
data normally contain uncorrected temperatures. Thermistor rocket
soundings generally require correction above about 40 km. Temperature
adjustment values are given in Table la, b, and the basis for these
adjustements is, described below.

(i) Tor the U.S. Datasonde instrument used at the majority of
Northern Hemisphere stations, corrections have been derived by theoretical
and laboratory methods (ref. 10). The corrections account for aerodynamic
heating (which depends mainly on the fall velocity of the sensor), thermal
lag, emitted and absorbed radiation, and electrical heating. Precise
corrections based on these factors vary from sounding to sounding and
can only be calculated from auxiliary rocketsonde information. For our
purposes, it was deemed satlsfactory to derive a set of corrections based
on average sensor fall velocities and for sunlight and darkness conditions
(Table 1lc).

(ii) Application of the average corrections at 0.4 mb is not .
sufficient to achieve compatlblllty between U.S. and U.S.S.R. ROCOB
temperatures. Indirect comparisons between U.S.S.R. and U.S. uncorrected
rocketsonde temperatures indicate large differences 1ncrea51ng with height
above 45 km. An example of such an indirect comparison is shown in
Figure 1 for the U.S. rocketsonde station at Fort Sherman, C.%., and
Thumba, where the U.S.S.R. rocketsonde is used. Although these stations
are geographlcally distant, they are within one degree of the same
latitude c1rc1e, and there is no evidence (satellite data, thermal winds
etc.) supporting the existence of a real standing wave in temperature
throughout the year of the magnitude inferred from the data from these
stations. Comparisons were also made for the U.S. station at Thule and the
U.S.S.R. station at Heiss Island, both at latitudes near 80°N, with
results strikingly consistent with those in Figure 1.
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Although differences between the U.S. and U.S.S.R. temperature data
(shown in Table 1d) were derived indirectly, there apears to be little
doubt that temperatures from the U.S.S.R. observations are significantly
lower than those reported by the U.S. instrument. Correction of the U.S.
reports by values shown in Table lc would reduce the incompatibility only
partially.

Meanwhile, it is known that very large corrections dre applied by the
Soviet scientists in order to compensate for very large fall velocities.
Thus the residual uncertainty in their corrected temperatures near 55 km
may possibly exceed the uncertainty in corrected U.S. soundings.

(iii) There is a complicating factor when trying to rationalize
the seeming incompatibility between U.S. and U.S.S.R. temperature data.
This factor is the temperature change brought on by the real diurnal
temperature variation of the atmosphere. If all rocket observations were
taken at the same local time, this would not pose any problems. However,
The U.S.S.R. rockets are launched primarily during nighttime hours while
U.S. rockets normally are launched near noon. Thus,:the amplitude and
phase of the diurnal temperature oscillation are undoubtedly an important
factor. In order that a consistency in time be maintained in the analyses,
adjustments must include this factor. The adjustments for U.S. instruments
are based on an experiment held at Wallops Island, Virginia in October
and November 1972. A series of mid afternoon, pre-sunset and post-sunset
observations (uncorracted) indicate the day-night differences shown in
Table le. Real diurnal temperature change as well as instrumental radia-
tion error are the principal factors for these differences. Thus a total
adjustment to the U.S. measurements taken during the day to reduce them
to ambient nighttime values is the sum of the empirical day-night differ-
ence and the theoretical nighttime correction. However, even this total
adjustment (Table la) to the U.S. measurements does not account for the
entire observed U.S,—U.S.S.R. temperature differences. The remaining
portion has been assigned as an adjustment to the U.S.S.R. data (Table 1b).
All adjustments to U.S. reports result in temperatures lower than reported,
while U.S.S.R. adjustments result in higher than reported temperatures.

The calculated 0.4-mb heights from U.S. Instruments were lowered by 200
gpm. This represents the approximate integrated effect of the temperature
measurement being too high from OC degrees at 2 mb to 8C degrees at 0.U

mb. The 0.4-mb heights from U.S.S.R. instruments were raised by approxi-
mately 100 gpm. ' )

The rocketsonde data, temperature (C°), height (geopotential meters),
wind direction and speed (knots), were plotted on a polar stereographic
map base. On the charts presented for publication three .observations
closest to Wednesday are shown when available for each station. Reported
heights and calculated thermal winds have been omitted for the sake of
legibility. - The station model chart (Fig. 9) illustrates the symbols used
to distinguish data obtained on Wednesdays from off-time data.



SATELLITE DATA

For January to April 1972, Nimbus 4 Satellite Infrared Spectrometer
(SIRS) and Selective Chopper Radiometer (SCR) (ref. 11) data were used for
the analyses at 5, 2, and 0.4 mb. Nimbus 5 SCR (ref. 12) and NOAA 2
Vertical Temperature Profile Radiometer (VTPR) (ref. 13) data were used
for the 1973 analyses. The method of using the remotely sensed temperature
information for determining stratospheric thickness was developed by »
Quiroz and Gelman (ref. 14). 1In brief, the radiant energy sensed by a
satellite instrument in any spectral band is representative of the weighted
temperature from a substantial layer in the atmosphere. Single channel
relationships Were derived relating satellite measured radiances and the
radiosonde-rocketsonde thickness (or mean temperature) between the 100-
to 5-mb, 100- to 2-mb, and 10- to 0.4-mb levels. These thickness relation-
ships are shown in Figure 2a. A table was then constructed relating
observed radiance with thickness values at 320 meter intervals for each of
these atmospheric layers. Using this table, the radiance map containing
24 hours of satellite data was analyzed for the appropriate radiance
interval, with the radiance lines then being converted to thickness values.
This thickness field was then graphically added to the height field given
by the objectively-analyzed chart produced at the National Meteorological
Center (ref. 15) for the lower level (100 mb for the 5- and 2-mb charts,
and 10 mb for the 0.4-mb charts). The resultant field was used as a first
guess for the 5-, 2-, and 0.4-mb height chart.

Relationships between radiance and temperature at 5, 2, and 0.4 mb
were also sought. A weaker physical relationship exists between radiance
and the temperature at any particular level than exists between radiance
and the mean layer temperature or thickness. However, it was found that
SCR channel B and SCR channel A specified the temperature at 5 and 2 mb
to a good approximation (RMS error, approximately 8°C). These relation-
ships are shown in Figure 2b. The temperature patterns obtained by
relabeling the appropriate radiance charts were then used as a first guess
in deriving the 5- and 2-mb temperature analyses.

ANALYSIS PROCEDURE

The analysis procedure consisted of obtaining first guess temperature
‘and height fields and then adjusting these fields to conform with the
rocketsonde wind, height, temperature and thermal wind information. When
satellite data were available, first guess fields were obtained using the
methods discussed in the previous section. If satellite data were not
available, conventional techniques were used to construct the temperature
field, first at 5 mb; then differential analysis methods were used to
obtain the height fields. Once the 5-mb fields were completed, the fields
at 2 mb, then at 0.4 mb were built in a similar manner.

The analysis system consisted of the following steps:
! .

a. Isotherms were derived using as primary information the plotted
rocketsonde temperatures. Data acquired for the entire week were examined
to determine the synoptic changes that took Place during the week. Thus,
conditions pertaining to Wednesday, the analysis day, were deduced. The
SCR radiance data, when available, were especially useful in providing a
first approximation to the temperature fields. Computed thermal winds were
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very useful in determining horizontal temperature gradients and the rela-
tive location of warm and cold areas. Time-height sections of temperature
were consulted as a further aid in deriving the isotherms.

b. When satellite data were not available, a first guess height
field was derived by differential analysis. A mean temperature field
representative of the layer between the previously analyzed lower surface
and the slected surface was derived graphically. This mean field repre-
sents a geopotential thickness which, when added to the lower level height
field, yields a smooth, conservative first approximation to the contour
pattern at the upper surface. ' ' :

c. Reported winds and computed heights for individual stations were
then used to adjust the first approximation of the contour field, assuming
geostrophic flow. Winds were accorded the highest priority for this
adjustment. When large adjustments were made to the contour field, the
temperature field was then adjusted to maintain hydrostatic consistency.

d. The analyses were reviewed for vertical and temporal consistency.
For example, circulation centers, ridges, and troughs were examined with
the aid of all available data to verify vertical slope and movement with
time. Time-height sections and height-change charts were especially use~
ful for those purposes.

The above procedures appear to produce excellent results at 5 mb and
2 mb,. and were successfully applied to obtain the 0.4-mb charts. Generally
only slight adjustments .of the first-approximation height fields were
necessary at the 5- and 2-mb levels. However, rather formidable analysis
problems were evident at the '0.4-mb level. ‘ :

‘One problem arises from the apparent intersection of the stratopause
with the 0.4-mb level. Because the normal stratospheric temperature
inversion ceases at the stratopause level, the graphical method for
obtaining mean. temperature, which depends on the existence of a linear -
profile, is.no longer valid. -Large adjustments. must be made, especially
at lower latitudes, in the graphically derived height field to conform with
the .computed height at each station. ' This: difficulty is largely overcome
. when .satellite.data are available for use in deriving first guess fields.

T oo Anothertdifficulty was the'apparent occurrence of large day-to-day
temperature changes, at times exceeding 10°C (ref. 16), and persistent
oscillations in many wind profiles. In most cases, deviations of reported
temperatures and winds from one another could be accounted for by identi-
fiable rapid large-scale synoptic changes. Sometimes rocketsonde reports.
within a few hours of each other at a single station exhibited temperature
changes of 5° to 7°C over a limited height interval near the stratopause.
It has been shown that such small-scale subsynoptic changes are possible
at these levels (ref. 17). Thus, some intermediate value was chosen for
analysis to represent the value on the analysis day. Occasionally, it

was impossible to make a reasonable reconciliation of reported station
values. ' .

Although careful consideration of high-level data allows a broad-
scale depiction of circulation patterns up to 0.4 mb, the sparsity of
reports requires increasing subjectivity as the analysis proceeds to this
level. The justification for some analyses depends. on ‘the interpretation
" of ‘the limited amount of data in_such a way as to portray a coherent.t: ' "
sequency of ‘synoptic events. In spite of. these factors, surprisingly.:; -
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little alteration in the principal features of the circulation and tempera-
ture distribution shown in the final analysis can be made without inordi-
nately violating some of the data. In general the contours and isotherms
depicted are felt to be good approximations to the flow and temperature
patterns at this level. Even so, the same degree of accuracy that is found
customarily in the analysis, of charts at lower levels should not be
expected.

ar - :
A contour interval of 320 geopotential meters was used throughout
the year. In addition,:intermediate dashed contours were used to outline
areas -of relatively:weak gradient, especially during the spring and fall
changeover periods. . Isotherms were drawn and labeled at 5°C intervals.

\ DISCUSSION OF THE JANUARY 1972 - JUNE 1973 CIRCULATION

<. The temperature aﬁd circulafion,patterns during January and February
1972 are of considerableﬂinterest because of the large scale changes
associated with warmings.in the upper stratosphere. However, these

stratospheric warming events were not major warmings with respect to. their
influence on the circulation of the lower stratosphere. '

In the first week.of January, a significant warm area was apparent
over much of the Northern Hemisphere,.extending from eastern North America
at mid-latitudes .and spiralling around Eurasia northeastward to eastern
Siberia. The artic.cold center became.elongated at. 5 mb and developed
into a double center at 2 mb, while warm air prevailed over the polar area
at 0.4 mb. Strong temperature gradients characterized the situation at
each level; as much thermal contrast was evident longitudinally as' there
was with latitude. .The height field also reflected a strongly disturbed
wintertime situation, with an anticyclonic circulation in the northern
Pacific area at 5 mb intensifying and sloping westward at higher levels.
The Atlantic anticyelonic circulation remained somewhat less intense than
-the Pacific feature. The dominant polar vortex was constricted at 5 mb
and became elongated between the two anticyclonic circulations at higher
levels. Maximum westerly winds approaching 300 knots were reported by
rocketsonde stations:located in the area associated with the extreme
pressure contrasts.. The large wind shears associated with these strong
winds are further evideénce of the intense thermal gradients and the move-
ments and slope with height of the warm-air systems. :

During the seqop@;weekiin January a warm area at 2 mb was evident over
the polar region in.a constricted channel extending from southern Asia and
over the Pole to Hudson Bay. This warm area was a persisting feature
throughout the next two months at the 2 and 0.4 mb levels, with two intense
cold areas 1ogated‘ovq§ Europe and the northern Pacific region. The next
three weeks.remained very strongly disturbed at all levels with the two
opposing anticyclones over, the Pacific and the Atlantic oscillating both
An intensity and position.. At the end of January, a region of warm air
appeared west of Japan.at 5 mb.

On February 9 at(ﬁ mb, the Atlantic anticyclone showed a significant
increase in intensity, and, the polar vortex became strongly elongated
between Atlantic and.Pacific anticyclones. The region of warm air which
first appeared west. of Japan at the end of January made a rapid incursion
into the polar region by February 16, accompanied by a marked warming at
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5 and 2 mb. The temperature in the warmest areas at 5 mb increased from
-20C the previous week to +10C, with temperatures near the Pole increasing
about 50C degrees. At 2 mb, the warmest areas increased from -5C to +20C,
with polar temperatures increasing about 25C degrees. The changes at 0.k
mb were much less pronounced.

The sudden warm air incursion was followed on February 23 by a :
correspondingly sudden decrease in intensity of the warm air in the middle
stratosphere as the anomaly affected lower levels. .. The Pacific anticyclone
moved to northern Alaska in partial response to the warming at lower
lettéls. On March 1, the polar vortex at 5 mb, split into two cells with
the warmest air: cooling still further. By March 8, westerly circulation -
was once again dominant over the northern latitudes, with weaker anti-
cyclonic circulation still evident at middle and low latitudes. Through-
out all this activity, however, there was no major reversal of circulation
patterns in the lower stratosphere; hence the label of "minor warming"
for this period of activity. The temperature gradients became less intense
in March as the springtime changeover proceeded. By mid-April, at the
S5-mb level, anticyclonic circulation and warm air dominated the polar
region, with the reversal in temperature gradient and circulation occurring
at higher levels within two weeks. The westerly winds associated with
cyclonic circulation were displaced. equatorward, with a cellular structure

quite evident:‘during this period.

As the summer months approached, the easterly circulation became
the dominant feature and  the polar anticyclone intensified in response to
the solar radiational heating. Maximum temperatures as well as maximum
easterly circulation were observed in mid-July. Cocling was evident
thereafter in the polar latitudes-as perturbations in the easterly circula-
tions developed. A bicellular anticyclonic structure was evident at polar
latitudes on the charts for August 16, and by September 5 the developing
cyclonic system had formed. As the polar cyclone progressively cooled
and intensified, the easterly circulation moved equatorward in the form -
of cellular ridges. Throughout October, November and December, the polar
cyclone deepened, accompanied by increasing westerly winds. Temperatures
decreased markedly at 5 and 2 mb during this period but a warm region
remdined in middle latitudes at 0.4 mb. By December, however, the temperd-
ture’ pattern at the 0.4-mb level was characterized by two cold areas and
two warm areas from mid to high latitudes. This pattern persisted for
several weeks while the 0.4-mb circulation remained strongly zonal. At
low latitudes the sSubtropical ridge was apparent between 5 degrees and 25%
degrees north. ‘ : ¥

I

~

A major stratospheric warming occurred during late January and early
"February 1973. There were indications of minor pulses as early as
December 1972 when the two upper-VTPR channels showed significant radiance
increases from December 27 toc January 8 with the greatest change beginning
in*late January (ref. 18). Similarly, the maps which were drawn with the
aid “6f the same radiance data show thermal pulses through the end of ’
Janliary, with a major circulation change occurring at all levels on
January 31. Throughout the period leading up to the warming event, -
anomalously warm air was confined mainly at 2 mb and above in a constricted
channel observed over the polar region. Evidence of this is provided by
rocketsonde temperatures reported for Heiss Island and Thule. Poker Flat
obsérvations on January 16-18 show easterlies only at 0.4 mb while Primrose
Lake also showed a report of an easterly wind on January 16. This indi- -
cates' that the thermal anomaly at that time was strong enough for a weak
anticyclonic circulation only at that level. A shift of the Aleutian



antlcyclone occurred at S mb on January 24, extending easterly c1rculatlon
into the central U.S. but damping quite rapidly with height.

The period January 24 - 31 was an explosive one. Strong easterlies
near the Pole at all three 'levels on January 31 show that the c1rculatlon
had already reversed. High temperatures ev1dent upward from 100 mb
dominated the maps at 5 and 2 mb. Cooler air at 0.4 mb moving toward the
polar reglons was overrldlng the warmer air below. At 5 mb, a ridge of
warm ‘air in two’cells spiralled from low latitudes startlng near Mexico,
along ‘the Atlantic into Eurasia, over the Pole and into the north. Pacific:
A.region of cold air remained over the U.S. Similarly, at 2 mb, the ‘ridge
of warm air also spiralled in towards the Pole with the ridge at 2 mb-
lylng in more northerly latitudes than the one at 5 mb. The circulation
at 0.4 mb consisted of an anticyclone near the Pole with a discontinuous
trough made up of three cells of low pressures at mld-latltudes and- a
rldge of high pressure south of the trough. Cooler air was already moving
in towards the Pole at this level.

By mid-February, the polar vortex was re-established at the three
analys1s levels, with cooler temperatures prevailing and conditions
remaining somewhat static for the remainder of the period through mid-
April. It is noteworthy that at the 10-mb level, as shown by daily charts
(ref. '15), a very weak cyclonic circulation prevailed until early March,
when a moderately strong polar vortex was established. Minor thermal
pulses were evident at 0.4 mb during March-April, but the heights of the
0.4 mb surface were not significantly altered. By April 18, an anti-
cyclonic circulation appeared over the Atlantic, signifying the start of
the changeover period. The antiecyclonic circulation had become well
established by May 16 at 0.4 mb with indications of a more cellular

- structure at 5 mb. In June, easterlies were prevalent throughout the layer

from 5 to 0.4 mb.

The pr1n01pa1 features of the circulation durlng January 1972 to
June 1973 at six representative rocket launch.sites may be seen in the time
sections (Figs. 3-8) of analyzed height and temperature values extracted
from the weekly charts. The annual trend of the height and temperature
values is most pronounced at the middle- and high-latitude stations
(Figs. 3-6), with the largest range of values occurring in the more
norfherly stations. Superlmposed on this annual trend, characterized by

- maximum’ values in summer and minimum values in winter, are various pertur-
_ bations. The largest of these perturbatlons occurred’ during. January 1973

and January 1872 and were associated with the stratospherlc warmings.,
mentioned above. Smaller scale disturbances associated with movements of
the Aleutian anticyclone were seen throughout the winter period. At the
tropical station of Antigua, West Indies A55001ated State (W.I.A.S.), the
range of values is very small, with only very minor perturbations affect-
ing the station (Plg 8). There is a suggestion, however, of a double
maximum at the time of the equinoxes associated with the semiannual varia-
tion in temperature and wind and related to the seasonal migration of the
subtropical anticyclone as seen in the charts. At the subtroplcal station
of White Sands, N. Mex. (Flg 7), a combination of the major annual varia-
tion and the semiannual variation is apparent.

10



ACKNOWLEDGMENTS

We are grateful to D. Wark, M. Weinreb, and H. Woolf of the National
Environmental Satellite Service, NOAA for their assistance in the acquisi-
tion of satellite radiance data. .

Funds for the chart series were provided by the National Aeronautics
and Space Administration under the EXAMETNET program, contract P52774(G).

n



10.

12

REFERENCES

Staff, Upper Air Branch, National Meteorological Center, "Weekly
Synoptic Analyses 5-, 2-, and 0.4-Mb. Surfaces for 1964," ESSA
Technical Report WB 2, Weather Bureau, Environmental Science Services
Administration, U.S. Department of Commerce, Silver Spring, Md., Apr.
1867, 176 pp.

Staff, Upper Air Branch, National Meteorological Center, "Weekly
Synoptic Analyses, 5-, 2-, and 0.4-Mb. Surfaces for 1965," ESSA
Technical Report WB 3, Weather Bureau, Environmental Science Services
Administration, U.S. Department of Commerce, Silver Spring, Md., Aug.
1367, 173 pp. : i )

Staff, Upper Air Branch, National Meteorological Center, "Weekly .
Synoptic Analyses, 5-, 2-, and 0.4-Millibar Surfaces for 1966 "
ESSA Technical Report WB 9, Weather Bureau, Environmental Science
Services Administration, U.S. Department of Commerce, Silver Spring,
Md., Jan. 1969, 169 pp. :

Staff, Upper Air Branch, National Meteorological Center, "Weekly .
Synoptic Analyses, 5-, 2-, and 0.4-Millibar Surfaces for 1967," ESSA
Technical Report WB 12, Weather Bureau, Environmental Science Services
Administration, U.S. Department of Commerce, Silver Spring, Md., Jan. -
1370, 169 pp. : :

Staff, Upper Air Branch, National Meteorological Center, "Weekly
Synoptic Analyses, 5-, 2-, and 0.4-Millibar Surfaces for 1968," NOAA
Technical Report NWS 14, National Weather Service, National Oceano-
graphic and Atmospheric Administration, U.S. Department of Commerce,
Silver Spring, Md., May 1971, 169 PP.

Finger, Frederick G., Woolf, Harold M., and Anderson, Calvin E.,
"Synoptic Analyses of the 5-, 2-, and 0.4-Millibar Surfaces' for the
IQSY Period," Monthly Weather Review, Vol. 94, No. 11, Nov. 1966,
pp. 651-661. : S

World Data Center A, Meteorology, Data Report, Meteorological Rocket
Network Firings 1964-1968, Vol. I-V, National Weather Records Center,
Environmental Science Services Administration, U.S. Department of
Commerce, Asheville, N.C., 1967-1971.

FAAMETNET, Experimental InterAmerican Meteorological Rocket Network:
8th Annual Meeting Report, Oct. 30-Nov. 3, 1972, Mar del Plata,
Argentina, Comision Nacional De Investigaciones Espaciales, Argentina,
180 pp.. S

Muench, H. Stuart, "Large-Scale Disturbances in the Summertime Strato-
sphere," Journal of the Atmospheric Sciences, Vol. 25, No. 6, Nov.
1968, pp. 1108-1115.

Krumins, M. V., and Lyons, W. C., "Corrections for the Upper'Atmosphere
Temperatures Using a Thin Film Loop Mount," Technical Report 72-152,
Naval Ordinance Laboratory, White Oak, Silver Spring, Md., June 1972,
38 pp. :




11.

12.

13.

14,

18.

16.

17.

18.

Goddard Space Flight Center, "The Nimbus 4 User's Guide," Nimbus
Project, U.S. National Aeronautical and Space Administration,
Greenbelt, Md., 1970, 214 pp. :

Goddard Space Flight Center, "The Nimbus 5 User's Guide," Nimbus

_ Project, U.S. National Aeronautics and Space Administration, Green-
‘belt,

d., Nov. 1972, 162 pp.

McMillin, L. M., Wark, D. Q., Siomkajlo, J. M., Abel, P. G.,

Werbowetzki, A., Lauritson, L. A. Pritchard, J. A., Crossby, D. S.,
Woolf, H. M., Luebbe, R. C., Weinreb, M. P., Fleming, H. E.,

Bittner, F. E., and Hayden, C. M., "Satellite Infrared Soundings From
NOAA Spacecraft," NOAA Technical Report NESS 65, National Environmental
Satellite Service, National Oceanic and Atmospheric Administration,
U.S. Department of Commerce, Washington, D. C., Sept. 1973, 112 pp.

Quiroz, Roderick S., and Gelman, Melvyn E., "Direct Determination of
the Thickness of Stratospheric Layers From Single-Channel Satellite
Radiance Measurements," Monthly Weather Review, Vol. 100, No. 11,
Nov. 1972, pp. 788-785.

NOAA, National Oceanographic and Atmospheric Administration, "Constant
Pressure Charts 850-10 Mb," National Climatic Center MF-L94-72,73,
U.S. Department of Commerce, Asheville, N.C., 1972-1973.

Miller, Alvin J., "A Note on the Variability of Temperature as
Indicated by Rocketsonde Thermisotrs," Journal of Applied Meteorology,
VOl. 8, NO. l’ Feb. 1969’ ppo 172-17'4.

Milier, Alvin J., and Schmidlin, Francis J., "Rocketsonde Repeatability

-and Stratospheric Variability," Journal of Applied Meteorology, Vol.
10, N°o 2, Apr.o 1971, ppc 320-327-

Quiroz, Roderick S., (National Meteorological Center, National Weather
Service, NOAA, Marlow Heights, Md.), "The Abnormal Stratosphere Studied
With the Aid of Satellite Radiation Measurements," AIAA Paper No. 73-
493, presented at the AIAA/AMS International Conference on the Impact
of Aerospace Operations in the High Atmosphere, Denver, Colo., June

11-13, 1973, 8 pp.

13



‘PTPUI ‘BqUNYL pue *Z') ‘UBWISYS ‘3]

‘pueTsS] UOTSU3OSY 3B ZLGT BUTANp W §§ 3@ paJansesu aanjeaadws] °T 2an3tg
T461 230 AON 120 FED onv ne NOF AVW v ww 34 zL61 NI

st L I LU | | B} st [ i | Gl st 8 St w2y st
B Gl T R R el TR e el i SR - gy i o

-
[ ]
— . -
[ ]
o 5 L - >
- ~ [ ] L] 5 I Ll a . ]

- @ ; [ ] 2 * e W - L] - 4
oo o . % = * (o v lc v 3 s L] 8 . . *

. .o 2 v v v u 1. - = -
oo oo e ee L] he o 2 oc biid i Qo ‘o 4. ooo . o vt -

> . e 4 . ° & Ve QO‘ .y e o o ve oo
v s e v e “ v % ‘o«o‘ . . =~ e M o o v S 4 1 . ® . v
v v ? » . e » . v . . y v 4 b & 1’ ” 1‘ v .
v UK v
< = . C. v v v ‘1.. -
v . i

TTZ— = ¥SSN Nvaw
£— = SN NVaIW

S

|

1

W e

N Of o8 VAWNHL ®
N OZ o6 NVWHEINS 14 ¥
S 65 o NOISNIDSY ¢

s, S Wk RS ST e v e DR

JWNLYYIIWIL WX §§

Jo FUNLVYEIIWIL

14



Figure 2.

'(ster)';g

28—

THICKNESS, GEOPOTENTIAL KILOMETERS

A N

I |

AH
10-0.4MB

—+20

— +10

TEMPERATURE,C

| | l l

20 30

40 50 60 70 80 90
CHANNEL RADIANCE

100 110 120

Relationships between satelllte—measured radiances and thick-

ness (a);.and between radiance and temperature (b).
following relationships are shown:

The
VTPR channel 2 (NOAA 2)

and SIRS channel 7 (Nimbus 4) for thickness between 100 to 5 mb;
VTPR channel 1 and SIRS channel 8 for thickness between 100 to

2 mbj
thickness between 10 to

0.4 mbs

SCR channel A (Nimbus 4) and SCR channel 2 (Nimbus 5) for

SCR channel A and SCR channel 2

for temperature at 2 mb; and SCR channel A and SCR channel 2 for

temperature at:5.mb
(cm'l)‘1

‘-Radlance units 1077 J. em~?% . s

15 .



J¥NLVYYIdWIL

e

0§~
or—
og—
oz—
ol—

09—
os—
or—
0e—
oz—
o=

0§ —-

or—
og—
oT—
ol

R *ZL6T aaquadaqg
03 Agenuep JI0J S3JARYD qU-°'(Q pue ‘-z ¢-g 9Yy3 wouay pa3zoealz
-X® sanieA pazAreue A.B;mwou:ﬂ **N1L0oS9) ®BYSeTVY ‘3l Jaadjod

‘eg aan3dtg

434 TL61 NVT

9 T -1}

TL6t D3a AON 1250 435 ' onv nr NNF AYW udv yvw

oz 9 t£4 8 114 u @ e [+14 (1} zl i r4} 141 14} .14 st
T1 _____ 1 __ LI | ;_ R _ﬂww_ _ | _ I _
TS By N

’ S.e JPTLN - [
. ~oe?f S

I .__ L | .—-. | .— it 4- |

’
9

-
~
~————-
o,

Z .~

!—-_-._-—-F- ] —d el | I W AN T |

v

P T Y

re

11

9¢

LE

or

114

t44

€S

147

113

9

45

{WdO) IHOITH

16



37[k—] HGY
) TEMP
So/p—
55
s4— T o
.- " T e e m e TS St s ans - —10
53— 4=-20
B -1 —~30
520 < —40
-—50
sifp= 0.4 M8
44—
al-
H
o a2
- 4 10
] o= i
w
z b el
40/p~- -1 —20
4-30
-] —40
. 4-50
. = —s0
. k4 ol
; T o B S
R ___---" 4 —20
35lh . "I\\ . " \\" - — —ao
AN .- ; 440
34 p.. 4 \\ /’,fs\/, N s
—-—es 5 M8 4 —60
I TN T TN 1 N TNE § A T
I ¥ 4 3 14 28 14 28 n 25 16 e 13
JAN 1973 FEB MAR APR MAY JUN 1973

‘Figure 3b., Same as. 3a for January to June 1973,

TEMPERATURE °C



3¥NLY¥IdW3L

do

or—
oe—
oz—

o

or—
ot—
oz—

ol—

o1

*CL6T J2queda(g
01 Aaenuep J0F S3}JARUYD qU-H°*°(Q pPue ‘-z ¢-¢ 9yl wWOoJaF pailoeal
-x3 SonTeA pPIzZATRUBR (°M,6ho€6 ‘Nitho8SG) BPRURD TTTYDINYD 3II0J

‘eh 2an3Ti

TL61 D30 AON 100 43S onvy nr Z:: , AW udv AYW 834 TL61 NVT
oz 9 T 8 114 [ L2 AN 1) oc 9t E4} ri L L2 4 T 14 14} 1 9 z 61 S

— - v - _- - L q - L ﬂ d_ — -, — - —— — j — ﬂ — — — — — — L — L — ‘. A 4 _ L] — lu\J L] 4 L] — L] —
Seoe==sl a7 L BN . ' [ - wiow L. ’

- - - s ’ ’~ !

ve

(17

9€

L8

6t

or

1A 4

cr

144

s

€S

s

€S

9s

L8

1HOI3H

wdo}

18




\

7 Fvyryyyvivyvyyvgyrvyegyd | | 1
. HGT —
s68=—
55~
saf-
“q1 10
53 = ) - [
[ ”l\‘__"—-----_-_.__ -4 —10
524~ \ - 4-20
! o=
1 S £
5t D - —
™ N 0.0 Ms “
s .
e -
§ 1%
‘.‘ . -d —10
= 94-~20
- -30
4 -4
-4 - 50
< —60
l 4
KT o
-t —~10
M 420
.o 30
s SN , 4—«0
: " Nemoma e 4 so
e RSPt Sy SV -
--- l , 4 —¢0
1.1, ‘ 1 1 dJ 1.4 1.1 L ] I 1
3 7 N 4 28 14 .28 n 25 16 13
JAN 1973 FEB MAR APR MAY JUN 1973

Figure 4b.

Same as 4a for January to June 1973.

TEMPERATURE °C

19



3¥NLvIIdWaL

o

*ZL6T Jadquad3(Qq
03 Agenuep JO0J S3}drydD quU-f°Q pue ‘-z ‘-G 3yl WoaJ polIorIl

~-X9 sanTea pozATeue (°*J,TZohh *NiTho8h) “A°S°S°n ‘peadoldTop °*eG 2an3Tjg

zL61 230 AON 120 a1s onv nr NOr AVW Bav avw 834 zZ61 NVl
0Z ¢ zz 8 st W 4 € 0E 9l u r u 9T z1 6 St L 9 T 6§
-.-—.—-d—-.--—-q_-_q | _ ! _ T _ I __._-__._. L B LN LI §
| | ]
os— b~ lll \\\fv - . . . aw W - . / llll\\a
. p———— ’ N
o—F g b S e
oce— = _——
a—F 7 Y AN T T s e i
& B3
E 12
os— ) w z N
or— / \/4 . \\\ If'
T SR W2 S i -7 .
oz— tt\\s i I'llll.lll \III e
i -~ 7 ~ 7,
o1— —or
o S
-l ¥ [2)
X
-
b A4 °
h.d
2
b 144
os— b W r0 P
or— = ) : - 3 . . = Y
oe—F N . , . !
- s
M«.ll. 1l Y A R N e ——— P N VT u,
* L Seesmmmmoess s
o |
! s
-] ss )
Vv os
!_._._._._._ L ] 1 1 Ladatlalatatat it 1-ds

.20




HEIGHT (GPM}

57
56
55
54
53
52

5

44
. 43
42
43

40

37
3
33

34

Figure 5b,

SN I LI LR U A BLEN B AN A N2 LA R
HGT —
TEMP  =<== -

P I .

L LT Y,
-

-
-
" -t
e
-
o

LY

-
’ No e’

; PRL TP TP T
.4 ’ \X ”4
= \ 7 RUYRL 1 L P

5 Mmp

'R BN O I AP | A0 T N N T

3 17 M 14 28 14 28 n a5 -16- 13.-

-10
-20
-30
‘—40
—50

-10
-20
-30
—40
-50

-20
=30
—40
-50
—60

JAN 1973 FEB MAR T APR MAY JUN "973',

Same as 5a for January to June 1973.

TEMPERATURE °C

21



3UNLVEIdWIL

o

os—
or—
oc—
0T—

oc—
g‘l
o=

461 D30 AON . 1D0 438 onv
oz ¢ T 8 sz n £ €1 08 9

mr

NAf

*ZL6T asqued3(Q
] 03 Aaenuep 103 S3ARYD qU-f°(Q pue ‘-z ‘-g SY3} wouay pajoeal
-x9 SONTeA PIZATRUR (°M,6Z0SL “N,0SoLE) BTUTBaTA ‘pueyrsl sdoTTeM

AVYW

L1

udv

124 Tl

24

IYw

11}

*eg aandTJ

934 TLél
9 [4 61

NVI

H

._.;__.___q_.__._.__ T

T

_-._.__._ﬁ._.-.di-._

- PR
Pl TP

-—-

- ~~ -
SN T

.’ -

AME B B

i

[ I T |

1

141

117

9¢

74

r
[ 14

144

22



1

i

" HEIGHT'(GPM)

amat - - [ e e . .

<1 10
-t ]
53 = ; L 1 .
e TN “—---—-~~‘—_-‘o‘---——‘~~_—-“ s X0
N ] _30
' 04 MB
44 p-
al- o
) o
')
42 = g
=
- =
ap A ) 4 .
S N T Snetea . ———— 3
N, N Ihe. P anet® mmast - Se—mm 4 -0 z
. I S A St - ]
N i —4-20
<4 -30
,
2 M8
kY4 =3
36 b=
kL] = — o S 4 —20
34 ”‘\\‘ "”\\\--", ‘\\'—" N, LTSS =T -4 —30
- 4—40
. 5 mB - —s0
Lln‘llLd4lnll.l.lL 1 l N1
25

3 7 N 14 28 14 ° 28 "

JAN 1973

Figure 6b.

16 T
FEB  ©  MAR APR MAY  JUN 1973

Same as 6a for January to June 1973.

23



JANLVYBIIWIL

Jo

0§ —
or—
oc—

or—
ot~
or—
o1—

og—
oz—
oL

*2L6T aaquada(
03 Aaenuep J03J S3IARYD qUW-hH°*(Q Pue ‘-z ¢-¢ 2yl WO pooedl

-X® SONTPA DPIZATRUR (°M,62090T “Ni€lolf) OOTIXOW °N °spueg a3TyM °®, 2an3T1J3

TL6L D3a AON 120 43S onv nr NNT AVYW ¥dv AYW 934
ot 9 124 ] [14 it r24 €l ot [} T ri L\ 9T Zl (.14 11 t ot 14 6\ <
4—-—-.—-—-—.-.—-_.~,_.._ .- I — T .—~4-—‘—.,Hf—r..—-—.a..—._.
- ) v : o AN
B . ’
o L L T D ‘ ) . L . o eN - ’
SR : -3 :u-./u--nvlv'n:nlua|||||n|||r|||||||luluv'ov'nu,uo.\\l(\\,\.\|| P N4
o
\'\/})l/ . - -5t
) -1 9t
A . . - s
Wz - ’
- R
=
p— (4 - -
Pk R e S T L VP PSS S
- e e s T z
- . » Sao” - i . . ) e 134 nlv
: 3 E
q -y o
[2]
hd
b 134 z
- ry
W 7o
b 133
b 1413
L 117
-4 96 .
Lol o 82 ) o101 1 1 i | ! ¢+ 1ot te b gt el alalt

24




Ve - €9

Y v Ty E vy vyvyvegp’y I T
, HGT [aa—
6 remp  ----
ss- B
Sdjp— - /]
! 4 -0
53— B Ut DIEESE P
< 4-30
N 0.4 M8
. “ -
¥ al )
a L]
Q w
: . 42— 3
b < -
o =
. ] A= s ey e ——— . ™ 0 W
T P S NI T it Sae = -~ —10 ;
~ ~/ 420
4-30
-4 —40
N . 2 M8
EY =
T3
3sp-
: . e e N e ymmmmmmme=emmT 420
- U ',' e = .’ N, —4_30
; oy T~ . ’ 4
N : -5 M8 -1 50
Ll ‘ T ll s Lo U 1 a1 L i l L
3 17 3t 14 28 14, 20 1N 258 16 13
JAN 1973 FEB’ MAR APR MAY  JUN 1973
st e e PN aar . - . .

Figure 7b. Same as 7a for January to June 1973.

25



“3uNLvEIdWIL

o

2

*ZLBT asquedaq

‘03 Adenuep J0J S3JRUD qU-f°(Q pue ‘-z =g 9yl woaj pajoedai

-X® SanTeA pozZATRUR (*M,;LhoT9 ‘N.80oLT) 'S°'V°'I'M ‘enZTtjuy

‘eg w&sm..nm.,@ .

TL80 D30 AON 150 43s onv NAP . AVW ¥4V AYW 834 TL6L NV
0oz 9 ezt & ST Ul Lz €1 0t 9l : e 2 9z z1 ez St 1 oz 6L §
-—._—._.___1J~_ﬂ-_.__ 1 _ : L _ 1 __._._-_-.—_
N . T . * a o H.:ML ez, ;o G E '
o TN . -
= e T n Rl o ema__emmmmTTmmmmmmmmemmal BN o L P g
- et - - -
/\}.\I}‘ -
, AWz i -
. 1 k : * '
L \\\/\\.,I-r\)(\/\\-u:l-\\:.{-u-u---np--...uu---u------:----||M.i e . PO -
= [ - S P nw - -~
' t .
é i
. Yy
. . :
o
o aw ¥0
oz—r 'llIll\\lll\Illll\\\lllllll|!l\|Ollllllll!llll' \\\\\\\ lllllllll'll!\\lll! - PIaN
o1l— b= ~—— - l||ll\\llll\\\\'l N v
o F N
II\‘.l/\/\/\lll{}\\ \/\I/\/\/\/ cc
- T ' 95
[
P T v
—— 1981 ) e a1 1 ] ] Lol ba bt et b b alal

wdol J.Hola)i’

26



NEIGHT (OPMy

I BN S A A RERE B ] 1
HoT
'!“' owoe
B8
se}-
ssh- _w_/-\/\/%/\
“ [}
L1} g 22 - o -1-10
. SPTL DLt S R T <4 —20
“\ -t 30
0.4 MB
44—
I e N - v
]
ap : 2
<
]
PO 1 ° &
PRI i R, -
o’ —— —Zg 2
2 M
£ o
Iy = — N
’,, - ~~.----"a——s\_“,~‘-_’¢~~,¢r-,\‘"--_-_ ------ — - :::
P
S M8
(I T BT | A T 1 T
3 7 Nn 14 28 14 20 n 25 16 13

JAN 1973 fes MAR APR MAY JUN 1973

Figure 8b. Same as 8a for January to June 1973.

27



-1 [ SO RIUe TR A L qee WL Rbhadi i s £ J L* Bt » b

nodnoxe=t ° = aes_] —
o ‘ J21PuL AP PUM - U
wm = P.P\a\’. z<§WIW .—L ‘.—-m; —0>0-|m,&°
- S VNOINV] _ | S L&
ot o . . @ n,a.*,.u < e 4 =AY A Aopinjog
—_— \ 'AGINNIY 3dVD W Al e o B0
: . . G ) sany| @
> s A JSANVS ILHM o (opseny v
I ‘ 3 > Ngaeu Aopiowv
s “ % : | 8ZA L@ ’c« . ‘Aopuns v
: S| VM, N :
R D D SO S (Wnonm wos
=== _ 4

w, ’Aw .mwﬁ mmg_z_E_ ‘
auu<.“-=a..u§“.n=” hz“SMOu wu.hu..a.”z_%. u!“o-”nouo v ’AMJ_IUW\ ‘ M .ﬁ. K ‘ |
OTISONIYY ﬁbﬁ/ FounHD 1 «"‘ ‘V“
+ N 3 g VO 3 {
S Y Sty

- -y xv.d 5 F Ry ) ‘ S , - 4 A
\ nf:m_z_z_mw Em_.;n,w.::,_ 1V ¥DIO0d | | SONVS ONDRVE
b+ < TIEE S i~ N i I
A ﬂ\ N B 8\ 71 : e : w
rurﬁr« [ WA | .

P 34

+ x
| e, e
US~avio0910A
i y & x
¢ L

/__:m zwa émzﬂ:h > DP‘»’ kﬂﬁﬁzﬁ"

SNOILVIS L3908 ONILHO43Y NV TI0OW NOLLVLS

‘s
o

28



- T8 BUwoT &~ s T

- ansbos®
" da<qemOB

29



M in 9D
C R Y [mfc]

30



O
=

helhoC
<4080

L TL6L'S NVT

N b A REERS
| _aﬂ%&\‘“&\ LXK

/3

A
faah

R

N V2 X b
JJN D '\
” m,w.a@w.o..., < ;

N

3



32




doelo
d<dqomOR

TL6L ‘TLNVI
L ._HmE_N

W o

‘\\ o m Q \ \J) )
' 3N A
N . ) ObO6E N w‘
Row A 3
N\

33



AY / ! |
IR
<5y l% ».‘ 7 * P" .j

X

SI®
10
Sim
2@

14

TL61'TL NV

WA e
nwm‘ ¢ Sige
ey

34



35



36




37



d
/s
f

— ) ¢ X

!

i

38



39



30



4]



.42




. TL61'T 934
aw o

. i . . i) &
C T
- v 2N
i DY VEON S X X F
Py e VP e e /7 S > ol
'.ll. ~s \ L ’ : < : |
. ) . ) i \ " <} q
(= < TR S | &= < -
;s b S o Y y .
_ it 4 .
50 &
Lo ‘\
'«o 4
& [ 3
., =" a
) 2 ;.vl .\.\\
p b

Sy
(A

7

43



44




“\‘

AT
\ % KPS
N, i

3 J

Noha

\‘:l'ﬂ
\\:—. A

r‘." % W

3 o N5
SN
N

45



46



226191 934

47



48




49



50

£ x h A % ¥ Ny
(S \\% A \
LA 2z 3 A\ \
¢ ». 6
S0 4, N\ 5
\- 0 e y XA D 1t
A0 X
R A EY ‘_ 1 . \. lﬁ i
“ 3 ,L"i.h 4 & q
Vg -" ‘r
AP ’r:\ oY .:;
G
ZF 3

'
NI

5MB




need

: /& agl
, 2]
“

JdeomOR®

51



52




53



54



-

55



56




57, .



58




59



60




S 3
! : ",\' X Vo T ‘
A \\ .5 {1 B A J/ oy y
X Q“ [!: @ "/ & f
\ ' $ j WS, /G
%\ { " N :3"“5‘\ Y e 7 o/ ) /
| _ o, }ggé". A
_ 2% 1% 8.50 "4’ 4 %
3 23 R\ Nay LHS " 9 )
L & INSNNT ’1.'i o ' :
\ AR P et ¢ a
NS R
N o, v U] i d
0.4 MBS~ &i o e ‘
MAR 15, 1972~ /* ey - |
X
Al
[ 1S
m

Cann

61



62




63



64




A ] AR [ \B T e "
F I Sl o T

. \ | A % é:."'#‘!‘%, .".;/L e .
‘\’s TG ‘:;'ii'ﬁ;@!\ﬁ" il

nute Al

“ ' A v

R S g.“ﬂ‘&.ﬁé
s

5 MB




6

e d
ocll
w®
vV o
L ‘6T ¥YW
Wz

66




67°



68




69






71



72

2MB X
APR 12, 1972




73



74




75



76




77



78




79



80




e Sl :

A
&
;~4
- A S ,
‘ S (SRR I’.
A LR
{ ‘i— > ? ;‘ﬂ .3 o/
[ _)ﬁﬂ,ﬁpb

6
X

r
i i

81



82




83



84

2 MB -




85



86



87.






89



90

2 MB




91



92

1




/" T261'0E 9NV

P =X
“w o Q V:
o 200N 1v L ,f.u . &5 I~
2 ren
¢ .
. oL
N o .
& \ P
y b 0 7a
" S AT
0882V : 12 {} s \mz N
4 y " . = < @ %
! Ve &> Y,
o >
= 1”4 Y
g (< T 3 » "
9 $ i o 2 A
& S d\ A
] J s - i ) A
g . - { 3
& p
NS Y &
£ g B - N % \
) X 4
{ N N[N
URQ b
5 ‘ MUY {
{3 N P q
Y N
X

93



‘94




95



96




"o veoel ew

4 BORLLINY LY L HELIOINTIN SSTRICINDES VI

-y ron

>3 c eO
. . N |
o\ .o
: sV
s
- y <,
S -
A
H nrfo\. .

TL61°'9 43S
= L NI . anv'o

™ x
RN ) >
, + A
SR v . —/3 _
x e Tk x \O_ ~
et .
5
& . \
* o ()
* 7
% + > i
*
~
) ~ i
/ =
"
g b
R !. {er \Jal...u..

97



98




.99



3t ¥
KOV VeI W » v ,. :
T P N M AN : >
sy - ,
\ sz, ) 7 N
WESEER ] Jee N
1 R N .
) \ RPN - ;
i@ |- w X
R " .
-~ ol T
. M _
1 = _ ,
VaNVae 3,
N | \
N #0i-
+* > «
.\ . By A P L
| S ‘ s
. A 2 \
' / A ﬂ \ /
AR 2 o 2
\ \a //’ \J J.W N =X
o. = Zhih . A
¥ .&; 2 A =5
. — @ >
’ \1. - - \4.\\ %V
T | X A
& — — . o w.,/ . — > - - ’
A‘- \ LRV x Doosse 7
/ SR A o] L Bas
/ 7, x \ — 02 m.l,,,r.
x \ s AM %
7S N/ * / % M
T o/ . )
x T A\ = { o )
> X - .. P R
Xg 7 ootts / (L™
il
» + \
B ¢
,MO " \

TL61 €L 43S
anv'o

s
-
3

100



101



R
e

—11) _N .

(X
\V

o <
.-»rrv\ o/} s
\s b =01~ ™ 4» NNO—. ON mmm
~ TN
. R awe
= oSl- N/H N
4 & N
\ \ A 0882y S
+ h 002 =) - 088: /
/ * TN e
\ \ \\ X3 :
a H
¥ c2.~ ?
) 0032
4 / W\M\ /.. = ﬂ,\ A / *
R ‘I.W.r+ . . A ;/— . , M W/w
1 \
¥ o
! // A =l ) . |
x ; x * x 0882y,
x % e N S y \
/ a * 0952t / o
5% ] / * S . #
) + rd -V,
~ L _-
X
o +
» ~
/ w
3
$01- 35
y s ) &

102



103



104




. 105



106



107.°



108



109



110



2MB

y IS RIRER

o [ [ 5P ‘ \E K ﬁ\l‘y

. ARG -

3 4 2 s"‘zl.lal} ﬁﬁ

Smeday il g
S Owam Y Y

T

’—

m



112

l
X
0.4MBO ‘;
OCT 11, 1972/
@
2
N




n!...:..hh“l.th“:l: 78 - - ov
LN (g %o\ H / w_.“
o652 X o - wy
P T R wrﬂw. ; & T (%
P SN TN S
N o O ~ 5/
: ay 2 . h
DA T 7 NeL6l ‘81 10
- _ N g
,L.nn.n / % ) /./ b\
s,
/\ X\ 2
WA g 57 -
\ \ . . 06-7" & A 0)
l\l . e \ \_ ﬁv ¥, X
* N 56 Y, 7 <
- p N W \ %
-/ . A
o, N b N0 N ¢ Py 3 oV
o / o
vmvuy_.. '\ - .ﬁx_ o ) ) _.w
~7 > &3 \ A1) L..
.\ A it Y, 090 / =
&
| £ |
+ e p Zo%
| N , *
X K N T~ —
00258 g p
X
x \ /x * — S o 0919¢
X R e
* A ’
_\ : N\, 2 H
X / A\ X \ 4 ° \ ¥
23 < % Obgge +
/M/ - / / * * .
- £ //7\ .
+ +~
/ » * \
X ~ x
3 .
——t i N

113



'g‘%‘fg )
% ‘ﬁ?f.@%!A [ W

2 MB

114



115



116



"7



118



119



120



- 121



122



NOV ¢

123



' 124



125



126



& \.\ ‘44

=N

m\. .mvi.

127



128



: = T e 48]
1OV Ve dvw % o u. Nr.ﬂ“
" il R (A N 4 [
! o f(.v 0wV
S N .
¥ £ - [
— t— = S, ¢L61 'TT NON

Nk RN AWT

LAY 0 5, NSNS \

129

Sb. 2 1,/‘ ~

a : S T NG B\

[ f < 50896 A %5 y

,\.;; s @%vﬁ., PAR < 2 ’

R AN S T
i e A \ A2 ] &m e a
.. Av_+ _ iz s S . T _ H I
+ _ / ;/ X N = / _

2| 09g6E x b

TS a7 N ~




T

vy 0

N S N 4 A
i o]+ : 20
— S . < 12y
= N - v
s, & R ,,rw\ol,v M R -~
* , RN ) L >
o~ cnmmr_m\‘mm‘\ s .m_.@.,, ) ! ,
~ S ,
S R S . < L6l 'TT AON
e ; ) : .
e S aw ¥°0
=k 4 t Nva ’ .
09255 fUE| - 7
Zpziss $23 < :
R. = o o % /
< e SOF- \m».
. * // o bl ) A A / \
" \ Qv 6T &
2 y \ W N
i
J 4T 00315 { v\ ./m/o_./ \_ | A%u\ \
[~ ! A 2
' < 9505 y < / . = Omnw _
~ — \ \/ 3 T k ,‘
* N N N7 Z ..“_o_w.? B
74 A A .
) ] .
| 8805 1 | \
\ \ )
* \ | Yoa'k /s
“\ X\‘f 2516, x_ A /i / /
X / / XN viw,m.m.. \ /
/,,\ \.x.\ / X ST 092! 2 \ f/\m
VAN X NS o \
: N4 RN e P ¥ \
. x ‘ & X 01 - S \
A 7 0 a8
N\ P N o ,
(S oI :

130



131



132



_ » TL61'6T AON

133" .




_ 5 — o = : a
; oo —
w i v - D
) . ) I\ L
44 \ 9 .
d s L /%A v
29 N = X
- , A 7. = 9G¢
0 A R
’ S O /.a
-z 0F- - s~ s —
; ¥ p 0265€ t,i, AN e i ?
{ nm« -
g ’ ; ~E JAOTSX

]
MI
G2
A \BL6179 D10
. %

[A
{ >

X
52 2
! ) :

134



/ I .T261'9 21a
, Q awz

N, :
,le\.w.%.&%. oS- "
itk o swra e,
I
T R\
4, o.,,. \ G

| = N A A w, ), “

U o 77 o : 3 . X A N
,.mn.ur £55-% =zl / [ W

..a_m?/ ’ b ]

135



d 08 ..V
S AT NN
/ 5 NN
NAP,%% dm% %) mmm.«
7 /ALK N\

136



P4

oonY  vem) evw
24 ONUIVY 1Y ML NCUTIORS TIMRCILLE VIS
- v

p: el s\Q
. ‘ . : nil
~— ; e @
= S\ Y
el WV
', .\ =
H == o
\ \\ 4’f’¢\~ M/

> e /\TL61 €L 23a

d o 0Z6
g S )
.\\ p =55 // y
— ~
> \\ — i I/
VILFNR S B 8 < ,
\ \J\ \ 52! ) y y N a.\/ w
¥ / (4 A\ w 3 i
\ - %G9 \ \ ) / \ ) .
| o,\m 3 . . a
l | Y : | i ,/. /r . ~ \, # bt \o.qmnn/ﬁ
RV \
\ \ V] a /) \
ALY 3 N\ [ooeee x e \
X \$¢ - /e / = H
N NS % ¥ ; e 4
/ N o ., — ~ /
N /zﬂ e, \\ 7 = N 71\
W A "
N > //%/ - \ﬂ\\ 7 /u ~ ~
\\ ¥+ R s/ J N
~ z /
S = X p
e ST \ “
. _.— 1L .52 .
> W
G
s & 2 A i) A

137



I DAY YBODl dvw
£ ALY 1V WL NOUINOR IIVIBIINLIY WVY0S

" A
/. ° I\ﬁlI N )
o ' —r.—.,. w2 s o Of -
R \.4
b o
- _I-
gean=Z o 0952¥. - S
%) o5l
* \\ P > - o LR W e
P L - 4
\\ s s 02615 =82 Y ;
Vi 082IY 0%, &‘/
/ 0v90Y & -
= LS€ N N A
» / N ,
Ay 4
09%6E e \ -
* Y/ | e N /W\/ \
N oS b .V/ \ i B
/ v/l DA Bt L NN S v
] N -\
\ 4 AR
256 .
& .AW:.T i : \ 1 T w _w—_ m \ \ S &
[ -
/ ovose o - / [ - \
| ¥ . ™ A \\ \ \
! + \ \ . \ - s / o_\
X \ \ 96¢, 4 / / / o
AR W\ 0\ XN NS A T 17
/X // + P8 v \ =
& X // ~0ze0v ” / / A
/
// D\ NN 0560w 7 3 - 7 / w/
N == ’
x x N N 0537 _ / / N
N ~ \\\ -~ 7 )
L —
N 20
« ~ ov.NT +\\ Vi
N - \\
2 = - \,
\ .
/
o A i y AN Loz fa e

138



139



_ NMON@«?%

=

-
Lo

AT

<
~
@

Ao
; e

140 -



141



v, o r.LLLY NN\ D

e
oL @

A

=1 T.L61 0T D34

W v'o

"s0€-

142



143



e bz O
/ g1
e

2V

<

7" T261 2T D1a

144



o = b
s 71 B
i oW vemL dvw ¥ NuN.
lJ.E.!::!I..”“.:.”..-'II!I. ::Y.v!/l ....._\u B GN‘
< //ks A%
et ) T
N Vg s W
A "Wor. /o 052" N\ . co
\ PR AT =50 X, 26142 D30
—— e < ¢ d
\\ s fiiv} / AW V0
7 - 0bS ~\Y A — VA\
A ¥ P 2
25 R g d \
% 09123 = \
* 2515 \ y
% "
TN \
K \ 7051 W
& 02 4 3 ° 3
o ds 2 e i N
' N ’ O, % .
G /._, 4 e p ¥ - P # a
= + ~ S 09506 0 /] -l w s CC N ew _ + I
s 2 055
& £ \ oS .52~
e ‘07 ¥
K - ’ ~ T \ \
X 0v8iS, / o¢.
R 1) ‘ 7 A
| = ol %
X oy /X / x g2 /, / \
WEXN Vw_z Z#7 Z° H
f g 4 N
) Z
X AN x 7 85“ -7
\ A \ 7
,/V;/ > \ . 4
Xxu 1¢m +/ -
2 by o~ ¥
ov0sg . )
i - -
~ 7/

145



146



R
SO
v
0
(A4

N

.£261 'S NV

147



148



AN i
O
ﬁ

aw s

149



150



SIR
]
]

rFiog

Al

"
0@
*3 4

ROV

nww,w‘
r*w ><7 |
TS ASN
€261 °01 NV
\M«I

X

S S\
5’ g ,
p ot 7] ) ) ..“_.v\ ’ ¥
/ d i . S I &,?\ (| V\ ®
-7 00825 SlYe9' 7 ; \
£ (7 IS/ 7 p -
4 A xrv\\. 73 AN \
R o0 p N o R

151




152



(1]

n¥
«fﬁ

€L6l K—y NVr

153



154



SR3 e g
J<domOR

155



\ ‘,»,*
‘\ f /3\”
X5 Fe in ; (s

il
L ~ -A:

N
p

7 3
X!

W
N A
|

156



157



e S f// €61 °LE NVI

sl A, WS

7 7 I AN

\\\N&m\mﬂmﬁ%ﬁé’

57 T T /
R

02
ay’ - TR P\ A AP Ee
O\ L i r v .
y oges 3
~—0pBsE y ’ , IS IL g
~Opss N a4 5 .
N a dfe 7 2O
, 4 . L7 g h
\vl'..“
N / . i1, S :
2 { ) A 2 3 ‘
7700252 . 3o D 1o .
G ,. 4 . \J o
N e > 7 S NN
v ~ON

158



\ ) <&
\ = o = z 3 & 0
uw oy i_sﬁ.“ \ ) ¢ = ™\ vu_. : ) i i —MI“
i o, s v o Xy \,. \1,.. = .

& X aW'e

R . \ (i (! m.qu N\ / i -
A ’ SA Z LA S > ) / /\\
A\ ° ” 08, ch\_t. J o ) b, ’
ﬁ\ / \ L ./ (N —
| BKITRNEEEL 1l
d b 61v Ry . 3 < R B4
O

) R4 : N\ e 4 = —
\ . /ﬁ:, 582 N ,.\ _ — : _.,\ » #
! ‘mw..f =2/ /02 4 . /‘ se2 \ —. “ “..mr‘ \.«zm _
s PROLA H(
7 \ A% \,.m_u%f % / J. _
: AN N
,_ - .*/:/@k%.\/x./ LA /: A)
V / N1 P owsv/ anww LA . \ \ : g I_.. /e
X 7AW / —~— & s
\,\\ AR T =R /) 9T

N ‘ A, . ) Y SN \ //. /Iu.m_.

i \ ) o 7, \ «\A_\ .
X Y. ; )

A \ .. TN . ot”

159



160.



<+

ol ®
2 = v.1 b D
£
< ~ - . L
> 4 / S 59
[t — : S
\ ww/f V/Wo ] S -4
A R N, . , )
AL % O €461 ‘£ 934
— S\ . AN
o ST LE
K i > N \ 4
oG2- 7~ 3
N 25 X e B AN
& ; . G/
/ \ Now- ~ o»mtn“ [~ / » —
, 7 B WA\ /
. .55 ’ , 5
N .\ S i umcunn N by - - A b
: ( / vl. . V/ 4\r\ 3 v o / .4-» O\M‘ \I.ON\ \
) - h \ A i n
C A= _ = A b . M w ~ A 7 3
N .\ < ) ® /Ltlh\rms.*\
¥
V_/\ -\ P x...,. ‘, ” / \v\ \
LR " A\ st
p (= Jk 'Wl“ov.oonx / ol O ¥ ~
% . ¥ w7 H ¥ .
\\\\ X M * r 051 o AR
[§% o~
Yl x " / “Q /
7 e A e
S ¢ 3 )
+ ﬂ(\,
~ovesE ‘ &
)
AL+ b L i \
AR {7 & S Y
e s . A
/@/a ar ,f A p f_& /
Y, ) Tt S

161 -



J2162




:163



164

A\.
AD
o \4

nis

D0IG
® N



165



4OROR .

*

V€61 'yl 834

W0

166:



a23
R 24

/ > o~ NG -
%v - 3 o
3 # g / )
4 At \J . :
; NS 7
. 5 < { g Y. P L 4
IS . R ‘.Qv /] ‘ BN\ N ‘
S 4 - 4 4 ) > 3\ ‘ ~ ; ] ‘\!!
ey , y ‘x ' -45° 3 )
| , 4/'; + AVa Y Ly
oA ) ;171,:. % gj Na \ ﬂ,; ; X
' £ ) " ‘"-v.'g ¥ ;;.Q )
e W A W e | A S < O A e
18 | % ] Y
LY b
FEB 21, 1973
DN
A0
o2
"2

167



- P

it onv, Ve evw

00915} . ¢ ’/D/ /
. 7 XK 3
‘,\ + 1/ \ \ " » /
\ * \ . \ P = X “ / <
) /,“ 13 ) A . A\, ., \
. h% g . A._el%m < & = .
1 | N = 1 4 X / / ﬂd, .ﬁ
-+ = > 577 .» e i} ﬂ bt —H
w¢
N A ¥ ”‘M/ ///» & e % ) . \ \ \
- . S~ «Sb: X N ¥
X / N /8«// ov\*\ A
/ ; 3 L
¥ \.\; X/ /) . / / -oSE; ] R )
g ; N /e
P V/ /o«y eoe g 7P ¥ 2
x A x % ﬁ . Hommc ,\J// o \\
3 ) A * < v ¥

¥

ol T

=¥ il

= T ) _N\‘
: AL

/ \V

™ JA V N ¢
< * >
~ a

W CAN X E261 'IT 934
- AR Y aw ¢z

X
~
,
9

168



169



170

FEB 28, 1973
AN
028
;!
o



N
el
N

171.



o & 4
< '/,é}w,'
o ‘?4"“‘4

2%
oV

& 7
Vi

172



173



174

MAR 7, 1973/

A il D Y g™
N B o\ X v ‘
e _",7 h~ v
) . ~ - 2
>~ FZ o o
Py :

AG

on \

ms

0oa =



75



176



177



178



179



X 0)
1‘9‘?"‘“\*\%&{\:\_ .
’g“% e

A' :;L K 7( ”‘f&' " X \\
F o)
0 NI %\\::,*}f;T D) S
A ST

X l\ \ ‘ I'. L v / 7 'uﬁléﬂ

NN e el 7 LT

DRSNS Pf@%’%’%}i |
SN NN O,Qllg,;,-sw P

A
2 MB
MAR 21,1973

180



| /4‘ : l ’:;

"i‘i?\ X
Y A ‘%ﬁ’=i "\§\
5 S SR »
RN
p 4 .__...‘. X 9
7\ bf"" 39‘4;\

181



182

MAR 28, 1973

AN
028
w23

030




i = ~a L
2 IITE

-~
~4..’ a ,
{ X ' - “ ;
L)
S \ <«
SN \ |
R * 2 : \ R%X
i g YA § R\ B/ S \’"'& R _
) g PR A A q ﬂ
AR\, T
. l . !!\Q‘x:!(.‘ /3 Ay 3 “&‘l\\ by i b
oI ~J-§lr—.??n“ A P :
1\ L\ '
V) ” .

183



osO
b

L

A

zl
YA A
oV
61 ‘8T AVW

XEW ¥'0

184



185



*
4O0R[D

Jese
(AR
By aess
N
2 MB
APR 4,1973
S\

186



h oA LA /v/ \ 0 s Y
S ey
N i ‘

D D ‘ —.‘, :.‘
SRS A PA s N, X "g '
\\bw \_..“ 'F‘EQ_;Q;P‘;.‘%%;%?;’J
b LNVN Ny

XN

, ) d
0. A "
LN
0.4 MB
APR 4,1973

L

187



188



i
2 M
APR 11,1973~/

189



190

RG]
o ‘S" i
) PR g
h é§ Jy = TN
7 4 N ;
- - 2 / Wis
. 4 \\ P ) :
S 2 ek -
A4 WA 52 \
D o ~
A0 X ) N ' ' -
= - ¢ od, @ )
T, 1 ol X ‘“‘ _
' 2 - ;. v

ol



191



192



/9 c RS,

™,

'& .
m.i—

~ onQo
z“
< =

-
o'ﬁ.

<

193



194



195



196

0.4 MBY




197



198



199



200



\ TR ‘9 '
gr - Se ‘ -

S X
-M‘ s 6 |

09c VT

<<<<<<

200



X
'S
‘«Jb{ 'f{
1o,

_
3 24 (e
X o . N\
L X & Y 9 R K
* et e S AP bl
X 'y >
AT X y h\" % & A S | n;
K \& AR
% B[ 4 2 AR Y i ‘
) A5\ L W@V
Tt Sy (2 J_{;,/ ol
W< A4 Y. QY STVR il
g J R DR L IO St 8‘{! B
1: EA, " &
[/ / \ M‘“

N
Sy 2 1 (X i
/ 3
4 ) p. s
A\ » v' »
7, s 5
N\ . e {
. A 'f 85/
=3
A 7
9 Y, oD
o N
~Y,
I}

202



203



204



205

U,S5, GOVERNMENT PRINTING OFFICE: 1973 = 633=-051/80






NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

WASHINGTON, D.C. 20546

OFFICIAL BUSINESS

PENALTY FOR PRIVATE USE $300 SPEC|AL FOURTH-CLASS RATE a8
BOOK

POSTAGE AND FEES PAID
NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION
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*T'he aeronautical and space activities of the United States shall be

conducted so as to contribute .

. . to the expansion of human knowl-

edge of phenomena in the atmosphere and space. The Administration
shall provide for the widest practicable and appropriate dissemination
of information concerning its activities and the results thereof.”

—NATIONAL AERONAUTICS AND SPACE ACT OF 1958

NASA SCIEN TIFIC AND TECHNICAL PUBLICATIONS

TECHNICAL REPORTS: Scientific and
technical information considered important,
complete, and alasting contribution to existing
knowledge.

TECHNICAL NOTES: Information less broad
in scope but nevertheless of importance as a

contribution to existing knowledge.

TECHNICAL MEMORANDUMS:
Information receiving limited distribution
because of preliminary data, security classifica-
tion, or other reasons. Also includes conference
proceedings with either limited or unlimited
distribution.

CONTRACTOR REPORTS: Scientific and
technical information generated under a NASA

contract or grant and considered an important
contribution to existing knowledge.

TECHNICAL TRANSLATIONS: Information
published in a foreign language considered
to merit NASA distribution in English.

SPECIAL PUBLICATIONS: Information
derived from or of value to NASA activities.
Publications include final reports of major
projects, monographs, data compilations,
handbooks, sourcebooks, and special
bibliographies.

TECHNOLOGY UTILIZATION
PUBLICATIONS: Information on technology
used by NASA that may be of particular
interest in commercial and other non-aerospace
applications. Publications include Tech Briefs,
Technology Utilization Reports and
Technology Surveys.

Details on the availability of these publications may be obfained from:

SCIENTIFIC AND TECHNICAL INFORMATION OFFICE

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Washington, D.C. 20546
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