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Data was obtained with the Seeing Monitor, Star Sensor, microthermal probes
and/or acoustic sounder on more than twenty occasions during the period.
Much of this data was of a simultaneous nature. A detailed canparative
analysis of the data has not yet been conpieted.

Twenty—one nights of Seeing Monitor data yielded values of r0 in the range
fron 4.7 cm to 15.9 cm with an average of 9.8 cm. ~~.. ~~~~~~~ j
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. - ~~~~~ •• . c c  ri - - -/ / Twelve nights of Star ~~~~~~ data y ielded values of the log—~~piitude variance
/ / in the range fran’ 3 x l0~~~ to ~t~2~~J9~~ with an average of(5 I1..~~T1O~4. ,Jhis

~‘ f device is a new mode of the original instrument built by NQAA which was
I I stalled at AMOS in June 1977. The much shorter data collection cycle has

/ j virtually eliminated the nonstationari ty problems encountered previously.
However, there are significant differences between the data obtained with the
two devices.
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PREFACE
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1.5_ March 1977 to 30 Septembt’i 1977. E a r t i t r w o r k  is  repo t~~~ j~j !A!~

(
~-T R — 7 7 — ~~~~~~~~ ch 19Th and BA D C -T W ~77- .’ ~~ (~!ulv ~~~~~~ 1~ t ’1~I t t d  \ v ’ t ~~

Ü~~~~i~i previous cóifi~act (F3O60~~.~~~~~~~OOF ~~ is  ~ t p t o t t I in  1~~\~~ ( -  1 1 ~ -7~~-
185 (July 1975) and R A D C - T R - 7 6 -  1S~ (June 1 976~.

We would like to thank the s t a f f  of the AMOS Ob s er v a t o ry  t o~ a ~-

tance in collecting the dath . We also a c k n o w ledg e  t h e  a st~ (i~~’ .1 ‘i~~ 
— ‘ i t

of D. Ta razano of RADC and B. Lawre’n ~
- and j . (~~~~}i~ of t b .  N &  ~A .•\ I-
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1.0 INTRODUCTION

1. 1 BACKGROUND AND OBJECTIVES

The objective of th is  p rogram , Turbulence  E n v i r o n m e n t  Charac ter i -
zation , is to provide data re levant  to atmospheric turbulence at the AMOS
Observatory. Of primary interest are the effects of turbulence on propa-
gating electromagnetic waves in the visible portion of the spectrum. Such
information is desirable for several reasons. From a fundamental point of
view, it can provide data of use in verifying propagation theory  and specif y-
ing those parameters  which  are not de termined by theory .  From a practi-
cal point of view , this  measurements  p rogram can provide a data base use—
ful in specif ying the operational environment for a variety of optical systems.
One of the most important  of these is the Compensated Imaging Field Sys-
tem which is cur ren t ly being desi gned and fabr ica ted  and will be deployed at
AMOS.

During the period covered by this report , a variety of activities were
carried out. These included: deployment and testing of new or modified in-
strumentation ; instrument calibration and characterization tests : routine
data collection; and reduction and analysis of the resulting data. The pro-
gram status, accomplishments and the most significant results and conclu-
sions are given below. Section 2. 0 summarizes the experimental operations
and in s t rumen ta t i on  status .  Included is a brief discussion of the new ver-
sion of the NOAA Star Sensor. Section 3. 0 summarizes the data obtained
and processed during this reporting period.

This report assumes a reasonable familiarity with the instrumenta-
tion deployed and previously obtained results. A more detailed discussion
of these topics will be found in Ref. 1 through 4.

1. Miller , M. C. and Kellen , P. F . ,  Turbulence Charac te r i za t ion  and Con-
trol , Interim Technical  Report , Contr act F30602-75-C-0012 (Avco
Everett Research Laboratory,  Inc. ) , Rome Air  Development Center ,
Technical Report #RADC-TR-75-185 (July 1975 ).

2. Miller , M. C., Zieske , P. L. and Dryden , G. ,  Turbulence Character i -
zation and Control, Final Technica l  Report , Contract F30602-75-C-00 12
(Avco Everett  Research  Laboratory, Inc. ), Rome Air  Development
Center , Technical Report  #RADC-TR -76-189 (June 1976).

3. Miller , M. C. and Zieske , P. L . ,  Turbulence Environment  Characteri-
zation, In ter im Technical  Report , Contract F30602-76-C-0054 (Avco
Everett Research Laboratory, Inc. ), Rome Air  Development Center ,
Technical Report #RADC-TR-77-70  (March 1977).

4. Miller , M. C.,  Zieske , P. L. , Sofia , A. J. and Pepe , R. J. , Turbulence
Environment Characterizat ion, In ter im Technical Report, Contract
F30602-76-C-0054 (Avco Everett  Research Laboratory, Inc. ), Rome
Air Development Center , Technical Report #RADC-77- 232 (Jul y 1977) .

4
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1 . 2  PROGRAM STA I ’IJS

As of the date of th i s  repor t , the  s t a tu s  of the i n s t r u n w n t a t  i on  i s  as
follows:

• The Seeing M o n i t o r  has c o n t i n u e d  to o p e rat e  r e l i a b ly .

• • A new model of the S t a r  Senso r  has be e-n  i n s t a l l ed  a n d  i s  o p e r a —
tional . . -

• Th e P D P — S  Pro. , ’s s i n t z  S v st e n ’  h a s  r e q u ir e d  so m e  ti ~.u nt t ’n an c t ’ .
A new t e l e typ t’  has  be e  n or  (I. ’  red

• The new we a t her  res I s ten t  m i cr o t  ~~ r r i i . i l p rob es  .epp &’a r t o  1)0
w o r k i n g  s a t i s f a c t o r i l y .

• The acoust ic  sounder  is o p e r a t i o n a l .  Ho~v e v e r , data p r o c t ’ss ~i ic
ha s become t h e pa c i n g  i t em  for the measurement p r o gr a n i .

• A b a r o m e t r i c  sensor  has b v o n  added to 11w routine f l i e t  c. ~~ 1’.) ’ ’ j —

cal in s t r t  .v tent at ion .

• A data logger  has been i n s t a l l e d  in th e  obse  r v a t o r v  to p r o v i d e
hard copy rou t i ne  meteorolog ica l ( 1 , 1 1 0 .

1 .3  RESULTS A N D  CONC LUSIONS

Data was collected wi th  the Seeing M o n i t o r , Star Sensor , micro-
thermal probes and/or acous t i c  sounder  on a n u m b e r  ot . l cc , I s  i on s .  ~ t o s t  of
these operations were  s imultaneous.  A det a i l e d  con ’t p ar a t i ~ c .malv  s i s  of
this data has not yet been completed.  However , some of t h e  r e su l t s  ar e  as
follow s:

• Microtherrnal data obt a i n e d  on t h i r t e e n  n i e z h t s  y i e l d s  ‘~ am es of
C~~2 f rom 0 .4  x l O 1 ~ n t 2 -

~ to ~~ x l O 1~~ ~~~~ ‘ w it h  a n  a v e r —
I s  , /

~~age of 6.4 x 10- -

• Seeing Monitor data obtained on twent v -one  ni g h t s  y i e l d s  v a l u e s
of r0 f rom 4. 7 cm to I ~~~. 

Q cm w i t h  an av e r a i ’ e of ‘~~. 5 cm.

• Star Sensor data o b t a i n e d  on t w e 1~ e o c c as io n s  y i e l d s  v a l u e s  f o r
the log—amp litude v a r i a n c e  f r o m  x 1 ~~~~~~~ t o  7. ~ x I ~~~~~~~ w i t h  an
average of 5. 1 x l O ~~ .

• The three minute data col lec t ion  cyc le  of the new Star Sensor
has vir tual ly el iminated the n o n s t a t i o n a r i t y  p r ob l~~m seen it h
the previous model.

S
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• The profiles obtained with the new Star Sensor indicate substan-
tially hig her turbulence at the lower two levels. This conflict
casts doubt on the validi ty of one or both of the ins t ruments.

• Prel iminary  analyses of the available simultaneous data sug-
gests that a si gnif icant  and variable  amount of turbulence exists
in those reg ions not covered by the present ins t rumenta t ion.

C
’
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2.0 OPERA TIONS AND INSTRUMENTA TION

2. 1 OPERA TIONS SUMMARY

Several types of operationb and activities were carr ied out during
this reporting period. Some routine data was collected with the Seeing
Monitor during March and Apri l .  In addition , acoustic sounder ann micro-
thermal data was collected with the objective of establishing final calibra-
tion of the acoustic sounder.  These activities we re followed by a period
of ins t rument  maintenance and modification which lasted until mid-July.
In addition to routine maintenance , a new model of the NOAA Star Sensor
was delivered , installed and tested with the assistance of NOAA personnel.
This new device is discussed in more detail in Section 2. 3.

Routine operations were resta rted in mid-July and continued to the
end of this reporting period. Operations were sch eduled on a two ni ght per
week basis. The instrumentat ion used included routine meterorological
sensors , mic rotherrnal probes , acoustic sounder , Star Sensor and Seeing
Monitor. While several nights of scheduled operations were curtailed by
bad weather , data was collected with some or all the instrumental systems
on the  majority of occasions . A number of ope rational failures were en-
countered but were corrected within a reasonable period of time .

Several other test and hardware implementations were also accomp-
lished. A data logger was procured and installed allowing hard copy print-
out of routine meteorological data on a continuing basis rathe r than the
sporadic data obtained previously. Several ni ght s of operation with the
Seeing Monitor were devoted to investigating thermal pollution effects asso-
ciated with observatory cooling equipment. The results were inconclusive.

Measurements and data collection operations are summarized in
Tabl e 1. All missions for which data collection was attempted are included;
howeve r , for a variety of reasons , useful processed data did not result
from all missions. In addition , not all of the data is included in this report.
There are several reasons for this. Because the routine meteorological
data is only peripheral to the main objective s of this program and is now
reported via a different  mechanism, none of this data is included. Much of
the early rnicrothermal and acoustic sounder data was for calibration, check-
out and training purposes; therefore , it is not reported. Because of time
and manpower restrictions, much of the later acoustic sounder data has not
been processed and hence cannot be reported. The remaining data has been
reduced and is reported in Section 3. 0.
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TAB LI’ I. OPERATIONS SUMMARY

RME ’i’  11T A S SS SM

fl MAR 77 X
3 1 X X X
07 APR 77 X X N
08 X N N
12 X X N X

x N X X

08 JUN 77 X X N
09 X X
14 X X N
i s  x x
1 4 J U L 77 N X X

x x x x x
22 X X X N X

x x x x x
x x

02 AUG 77 X X X X X
O3 AUG X X X X X
12 X X X x
18 X X x x
19 X X X x
26 X X X x x
01 SEP 77 X X X X
02 X X X
08 X N X X X
09 X X X X X
I S  X X X X X
16 X X X X X
22 X X X X X
23 X X X X

RMET = Routine Met

gI T = Microthermal  Probe

AS = Acoustic Sounder

SS = Star Sensor

SM = Seeing Monitor

L - - • • •~~~~~~~~~~~ ~~~~~~~~~~~~~~~
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2 . 2  INSTRUMENT STATUS

Several additions and modifications to the ha rdware systems were
made during this period . The most important was the installation of a new
model of the NOAA Sta r Sensor which is discussed in the next section .

In order  to provide for a routine and continuing collection of meteoro-
logical data , a Keithly model 70 data logger was procured and installed in
the observatory. The seven routine meteorological signals (north tower wind
speed and direction , south tower wind speed and direction , temperature,
dew point and pressure)  a re  sampled each hour and printed out on a continu-
ous pape r tape . These output voltages require  only a sample scaling to pro-
vide the appropriate physical units.  The advantage of this system is that
this data can be collected on a non- in te r fe rence basis because the PDP-8
processing system is not involved.

All other instrumentat ion is in substantially the same configuration

L as reported previously, however , several upgrades have been started. The
PDP-8 teletype has become more unreliable, pr imar i ly due to its age; there-
fore a new or rebuilt  device will be procured . The additional playback
electronics for  the Bell and Howell VR3700B tape recorder  which will allow
more latitude in acoutic sounder data record ing  and playback have been
received . Weather resistant probes have been installed on one tower. The
other tower is still equipped with the older design. Finally, a new and im-
proved cuff for the acoustic sounder has been received but not yet installed.

• 2. 3 NOAA STAR SENSOR

In early Jul y, NOAA personnel  were on site to install a new model
of the Star Sensor. The device is mounted on the 36 cm Schmidt-Cassegrain
Celestron telescope which is located in the Teal Amber dome. Outwardly,
there is little difference between Model I and II , but internally several si gni-
ficant changes have been made. Reference 2 includes a discussion of Model I.

Both models of the Sta r Sensor produce a seven level C~
2 profile

based on an identical theory of atmospheric propagation. In Model II, the
nominal altitudes of the seven levels are sli ghtly d i f fe ren t  (2. 2 , 3. 4 , 5. 2 ,
7. 3 , 9. 4, 14 and > 18. 5 km) . These C~

2 estimates are  developed from the
same four analog voltage which are  proportional to a1f, the standard devi-
ation of the spatially filtered signal; a~, the aperture averaged log-irradiance
standard deviation;  d , the wavelength of the spatial f i l ter;  and I, the aperture
averaged i r radianc e.

The principal d i f fe rences  between the two models are in the spatial
filte r and the speed at which it is scanned. Previously, twenty minute s
were required to scan the rotating, linear picket fence reticle. In the new
model, a two dimensional checkerboa rd reticle is used. Only 45 second s is
required to scan over the ent i re  f requency  range of Interest .  Because of
the speed of the scan , four  data collection run e are  averaged in each cycle.
Thi s requi res  approximately three minutes and p roduces , In addition to the
estimates of Cn’, the ave rage  value of the ape r ture  averaged  log-amplitude

9

i.
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variance and a quality factor. Thi s latter qua ntity yields a measure of the
amount of atmospheric non- stationarity which occurred during the three
minute collection pe riod. While different  in definition , its function is the
same as the standard deviation to mean ratio calculated by the Model I device
for each twenty minute collection cycle. A more detailed description and
discussion of the Model II Star Sensor can be found in Ref.  5.

(5) C. B. Ochs, Ting-i Wang, and F. M e r r e r n , Stellar Scintillometer
Model II for Measurement of Refractive-Turbulence Profiles. NOAA
Technical Memorandum ERL WPL-2 5  (April 1977) .

10
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TABLE 2. MICROTHERMAL DATA

2 .151 -2/3C x l O  imn

Date No. of Points Range

21 July 14 2 .8  0.8 - 5 . 1

Z2 July 17 ‘~.2  1 . 0 -  8 .4

26 July 8 6.8 2 .7-30. 0

Z August 23 1 .7  0 . 5 -  5 . 1

3 August 27 1 .2  0 .4  - 4.0

18 August 28 15. 7 7. 3 - 24.0

19 August 24 6. 5 4 . 8 - 1 0 . 4

26 August 20 8. 0 1. 4 - 34. 0

8 September 24 3.8 2 . 4 -  6 . 0

9 September 26 10. 5 3 . 6- 3 9 . 0

15 September 25 6.5

16 September 23 5. 3 2. 7 - 8. 8

22 September 24 11.2

I

12
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TABLE 3. SEEING MONITOR DATA

r at 5000 R (c m )0
Date No. of Points Mean Range

23 March 12 6.4 -

7 April 7 7. 7 7. 0 - 5

8 April 10 8.6 7.7 -

12 April 10 5 . 4  4 . 7 - t ’  3

13 April 3 4.8 4.7 - 4 ~1

21 July 14 9.7 I - 1 0 . I

22 July 17 8.6 7 4  - ° 4

25 July 14 10 .9  8 °  - i i .

26 July 10 9. 1 S . ~ - 10 . 4

2 August 25 10 . 0 ‘1.0  - l O t

3 August 27 9 . 8  S~~~~- l l ,’

l2 August 14 1 3. 2 11 . 0 -  V~. °

18 August 28 7 .9  6. .~ -

19 August 25 10 . 6 8 .4  - I ~~~. “~

Z6 August 26 9. 0 6. ’; - 1 1 . 4 -

‘

8 September 24 12. Z I I .  3 - 13 . 0

9 September 26 1 1 . 2  8, 0 - 14.  5

1 5 September 24 11. 8 ~~~ . 6 - 1 3 , 3

16 September 22 10.5 7. 1 - l .~. 4 - -

22 September 24 10. 3 8. 1 - l .~. 0

23 September 10 5. 5 4. 7 - t~. 0
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f i rm objective conclusion , there appears to be a correlation between poor
seeing conditions and the existence of crater mist near the observatory .

In general , these data also tend to show more uniform behavior tha n
prev-iously . Few large fluctuations from cycle to cycle or large variances
within a sing le cycle were observed- during this pe riod. It is not known if
these observations have any real physical significance.

Since the beginning of this program , Seeing Monitor data of this type
has been collected on fifty-five occasions with two different  telescopes. A
comparison of data is given in Table 4. As can be seen, the results for the
two telescopes are nearly equivalent. The average value of r0 at 5000 R for
the entire collection of existing data is 9. 8 cm.

3 . 3  STAR SENSO R DATA

Data was collected with the new Star Sensor on twelve occasiuns dur-
ing this period. The results are given in Table 5 and Figures 8 through 10.
In total , four hundred and twenty-five, three minute profile s were obtained.
Nightly averaged log-amplitude variances ranged f rom 3 x i~~~4 to 7.2 x i04
with an average of 5. 1 x iO-~~. These results are quite consistent with prev-
iously reported results.

The three minute cycle time associated with the new device has vir-
tualiy eliminated the non-statioriarity problems seen with the previous device
which required twenty minutes of data collection f o r  eac h profile. Based on
t’ie criteria that the quality fac tor for a given profile must be between 0. 5
and 2. 0, no profiles were eliminated.

The ave rage profile s shown in Figures 8 th r ough 10 are significantly
different from those obtained with the previous model of the Star Sensor.
All show relatively strong turbulence at the lowest level (~ 

iO-1& m 2/3). A
drop-off of approximately two decades occur s over the four lower levels. In
all cases , the three higher levels show only a rather slow drop-off of the
order of a factor of two. In contrast , the previously collected nightly aver-
aged profile s show a wide range of behavior. Some have virtually no turbu-
lence at intermediate levels while others show relatively strong turbulence
at inte rmediate levels. In add ition , no typical drop-off can be associated
with the lower levels.

Signif icant differences  are also seen in the average profile obtained
from the complete data sets collected with each instrument. These two pro-
file s are shown in Figure 11. The major differences are in the strength of
tur bulenc e observed a~~the lowest two levels. The new instrument (profile II)
indicates values of C~ larger than those obtained with the old instrument
(profile I) by a factor of 8. 3 and 3. 1 at the first and second levels, respec-
tively. In addition , the new profile does not sta rt to flatten until an altitude
of 7. 5 kin whereas the old profile starts to flatten at an altitude of 5. 25 in
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TABLE 4. SEEING MONITOR DA TA SUMMARY

-
~~ r at ~ooo A (cm)

Telescope No. of Nights  No. of Points Mean Range

-
~ 1 .2  M 24 228 9 .6  5.3 -  17. 8

1 . 6  M ~l 442 9. Q 
~.6  - 17. 6

-
~~ 1 . 2  M +  1 . 6  M ‘ S  670 9 . 8  3 .6  - 17. 8

_ _  - - - ‘  
.
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above the site. The dashed line indicated the maximum value profile associ-
ated with the entire set of one hundred and sixty , twenty minute profile s ta~ en
with the f i rs t  device. It was generated by taking the maximum value of C~
seen at each level in the 160 samples. Therefore, it is only a mathematical
result which does not represent a physical profile obtained on a specific occa-
sion. As can be seen, the average profile derived from four hundred and
twenty-five, three minute profiles obtained with the new devic e exceeds the
maximum value profile at the lowest level.

Another comparison is given in Table 6. Included are  the value s of
integrated turbulence associated with each of the three profiles of Figure 1!
and the average Seeing Monitor result .  These values of integrated turbule nce
should be assoicated with all turbulence above 1. 2 km and are derived from a
calculational algorithm based on the half-maximum width of the weig hing func-
tions used in the processing of the raw Star Sensor data .(6

~ Also included is
the value of r0 associated with this value of integrated turbulence.  As can be
seen , the new profile has approximately three time s the turbulenc e of the old
profile.

These results and comparisons cast serious doubt on the operation
and/or validity of the data associated with one or both of the models of the
Sta r Sensor. While it is possible that significantly different  conditions may
have existed during the two data collection periods , it is not felt that this is
a likely conjec ture .  Further  data collection and analysis is required to reach
a firm conclusion regard ing  this apparent inconsistency.

3.4 DATA COMPARISONS

The main objective of the data collected during this period was to pro-
vide sufficient simultaneous data to carry out a comparison between the re-
sults of the profiling instrumentat ion (microtherma l probes , acoustic sounder
and Star Sensor) and the direct optical measurement provided by the Seeing
Monitor. The desire to do this is stimulated by two interests.  The first is
to check the internal consistency of the data and potentially inc rease the level
of confidence in the application of the theory of propagation through the verti-
cal atmosphere to a real site such as AMOS. The second is of a more prac-
tical nature . If the profiling instruments have sufficient accuracy and altitude
coverage to confidently predict a value of r0, then operations with the Seeing
Monitor can be suspended. Because the profiling ins t rumentat ion is of a
stand-alone nature, it can be operated on a non-interference basis whereas
the Seeing Monitor requires one of the large telescopes and operations crew.
If the latter instrument could be eliminated , an obvious operational advantage
would be gained.

(6) R. S. Lawrence, private communication.
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TABLE 6. IN TEGRATED TURBULENCE LEVELS 
1

:

(c 2 dz: ~~~~~
Instrum ent ____________________ ~~~~~~ 

at 5000 A cm

Star Sensor I - Average 0.913 33. 9
Profile

Star Sensor I - Maximum 5.85 11. 1
Value Profile

Star Sensor II - Average 2. 96 16 . 8
Profile

Seeing Monitor 7. 24 9. 8
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The basis for this data comparison is the integrated value of turbu-
lence from ground level to the “top” of the ~ mosphere. The value of r0 de-
rived from Seeing Monitor data is related to the integrated turbulence by

2 2 -3/5
r = [0.42 (2~r/~ ) f dz C (z)] ( 1)

path

Assuming a wavelength ( X )  of 5000 A yields - -

dz C 2 (z )  = 1.508 x ~~~~~~ r~~~~”~ (2)
path

where r0 is in units of meters and the integral of C~~
2 is in units of rn l/3 .

NOAA has provided a simple calculational algorithm based on the
half-maximum width of the weig hing functions associated with the seven de-
rived values of Cn

2. The resulting integral is appropriate for the altitude
range above 1.2 km (above the site).

f  dz C 2(z)  = 1O~~~1.4 C 2
(l) + 1.7 C

2
(2) + 2.0 C~

2
(3) + 2.0C

2(4)
> 1 . 2 km

2 2 2 (3)
+ 3 .2  C (5) + 4~~5 Cn (6)  + 4 .0  C (7) }

The integral is again in units of m1/3 if the values of C 2 
are in units of

m 2/3 . If the area of the weighing functions is used ra~~er than the ha lf -
maximum width, the result is almost the same.

Because the microthermal probes yield a value of Cn
2 at a sing le

height (18 in), a value of integrated turbulence cannot really be associated
with it. In the past a path length of 10 in has been used. This is obviously
only a rough approximation and really only means that it is probably not 1 in
or 100 m. For this assumed 10 in path length

2 2J dz C~ = 10 C~ (p T) (4)

where the units are the same as previously.

For a more accurate estimate of the low altitude contribution, acoustic
sounder data is required. Obviously, until processed data is available, such
an estimate cannot be obtained. Even when available , this data will not cover
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the entire altitude range up to 1. 2 km (lower limit of the Sta r Sensor data).
The maximum range of the acoustic sounder is 300 in but past experience
indicates that noise often dominates the results above a height in the range
of 150-ZOO in. Henc e , the profile derived value of the integrated turbulence
will not include the range from approximately 200 in up to 1. 2 km.

A possible method of estimating the contribution under  300 m is to
fit the slope of the combined rnicrotherma l and acoustic sounder data with a

* power low dependence on altitude and then integrate . For example , the data
taken in August 1974~~~ indicated an average slope of ( - 1 . 4 ) .  Matching the level
of the power law to the rnicrothermal result yield s

300 mf  dz C 2(3) 30 C 2 (gj T) (5 )

18m

This result would indicate that the average behavior of the acoustic
sounder and microthermal data can be associated with a layer 30 in thick of
strength equal to the microthe rmal. value. This result is obviously only an
approximation which is probably not adequate for the detailed comparison
desired. However, it is useful for the purpose of estimating the level of
contribution to be anticipated.

Table 7 contains results for integrated turbulenc e levels for  five
selected data sets. These sets were selected for a variety of reasons , most
important being the subjective judgment as to the quality of the data. Included
are the average value of integrated turbulence seen by the Seeing Monitor and
Sta r Sensor and the integrated turbulence associated with the average micro-
thermal value for a slab of 10 m and 30 in thicknesses.

The data in this table indicates tha t the contribution to the total inte -
grated turbulence for altitude s above 1. 2 km range s from 26% to 88% with
four of the values under 50%. The ~‘3O in” slab represents from 5% to 24%
with four of the value s under 15% . Adding the Star Sensor value to the “30 rn”
slab yields values from 37% to 95%. The high value is for 2 August and is
almost all due to high altitudes. If these limited and rough estimates are at
all representative of the result s to be expected when the processed acoustic
sounder data is available , one conclusion is quite obvious. The altitudes not
covered by the profiling instrumentation (under 18 in and from approximately
ZOO m to 1. 2 kin) can have a significant and varied contribution to the total
integrated turbulence. If this is indeed the case , additional instrumentation
covering these mi ssing altitudes will be required or elBe Seeing Monitor
measurements will have to be continued if accurate estimates of r0 are re-
quired in the future.

- “  (7) D . P. Greenwood , D . 0. Tarazano , D .A . Haugen , J. C . Kaimal ,
J . Newman , P.F . Kellen , and M .G. Miller , AMOS Seeing Quality
Mea surements, Rome Air Development Center In-House Tech . Report
#RADC-TR-75- 295 ‘January 1976) .
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