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- ABSTRACT

Radioactive ionization gages were used as sensors for pitot measurements
on two Spirrow-Arcas boosted payloads launched on 7 and 8 February 1969. Pres-
sure, temperature, and density were obtazined in the region 38 to 70 km. Both
graphical and tabulated data are presented.

Both the vehicle system performance and the payload performance were ex-
cellent. Mcdification >f the ionization gage sensitivity would permit dsts
acguisition to 1G5 km.
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2. TIHSTRUMENTATION :

The payload used in the Sparc program is similar in concept to that used
in the originel ARC research effort. In fact, the payloads, void of sensor
and sensor electirenics, were supplied by ARC as government furnished eguipment.
The major difference helween the Denpro and Sparc payloads is the sensor. The

Denpro used s diaphragm type pressure sensor with guestioneble reliability.

The Spars paylozd is instrumented with a radioactive ionization gage similar
to thezt used in other pitotl probe applications. In addition the Arcasonde IIX
instrument section {part of the ARC payload)} was modified in such 3 way that
would not be 2 limiting factor in outputting sensor data.

The Sparc peyload is showm in Figure 1.
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The ejectable tip is an ogive nose cone fabricated from s prenolic mate- :
rial {Figure 1}. It performs the dusl function of providing the necessary low
drag frontal configuration for the Sparrow-Arcas vehicle during the boost phase
and of sealing the pitot measurement charmber agzinst undesirable contaminetion
prior to its ejection after the second stage burnout {approxicstely k¢ zm in

titude}.

Zhe spring-lozded nose cone is held in place by three steel pins loceted
syrmetrically in a plane normal to the cone axis. Helease of the nose cone is
effected by 2 pyrotechnic gss generator which displaces three sealed pistous,
thus forcing the three steel retaining pins free of the payload. The concen-
trically loaded spring then ejects the nose cone and the separation assezbly
forward fro= the psyload at an initial relative forward velocity of spproxi-
rately 20 ft/sec. Upon ejecticn the nose cone acts as an unstable body =nd
will pitch-ysw away from th. vehicle flight path, thurs exposing the pitot or-

ifice to 8 previcusly undisturbed atmosphere.

& first motion mechsnical Iime provides the timing logic in the ejection
process, and the pyrotechnic generator is asctuated by a charged czpacitor

B. PITOT SEXIOR

The izpact pressure sensing device used with the Sparc system consists of
e radisactive-type ionizetion gage. IJoalzation gage devices are actuslly sen- -
sitive to ges density but are normally calibrated in terms ol pressure. For
data correction parposes, the gas texperature {gsge wall tecperzture} .!:.!.zst be

carefuily noted. The current-pressure characteristic for the gages used in

)

ARGy




DO IR D 2 )

ME ¥ s

this progrem are shown in Figure 2.

The linear current-pressvre {density} charscteristic represents, in effect,
the collection of positive ions resulting from alpha particle bocbardment and
ionization of the neutral gas in the gage volume. The emission element is an
Arericium 2L) source which ermits alpha particles. Appropriste internal gage
geozetry and electric field potentials provide the desired current-pressure re-
lation.

Radioactive ionization gage sensors have zn ultimate upper saliitude limi-
taticn for a2 pitot measurement on an sscending rocket probe of approximately
11% ¥m. The altitude capability of the two Sparc payloeds was on the order of
77 ¥m. This limitation was the result of a restriction placed upws. the physical
size of the ionizsation gage by the geormetry of the Sparc paylosd and does not
represent 2 limitation of the system for future spplicstion at the higher 2l-
titudes. ZRedesign of the Sparc payload, permitting the use of 3 more sensitive
ionization gage, would exteﬂd uhe measurvng capab’liz? of the

A
tion for = radicactiVﬂ ionizstion gage canablD of ais increasou nerfor:a ce.

£ linezr multirange electrometer acplifier is used to metch the impedance
t e low output current ionization gage to the rocket borne telemetry package.
integrzl amplifier sensitivity selection circuit maintains a voltage ocutput
rom the amplifier between O and 5 volts to be compstible with telemetry recuire-
wents. The arplifier signal is outputted through & five (5} channel cultipiexer
which periodically inssrts two (2) channel voltage calibrations along with gage
temperature and amplifier range data. The 168C MHz cavity oscillator trans-
mitter is rodulated with the multiplexed cutrut through a Vector Mcdel ¥80-11

sube
A AT,
-
=

I
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cr-ier oscillator {S.C.0.). & complete functional block diegram iz showm
in Figure L.

D. MAGRITIC ASPECT SERSCR

an ipportant reguisii: on & rockel payload system instrumented for a pitot
measurezent is vehicle stability. To isolate the gross aspects of vehicle at-
titude, 2 polarized magnetic aspect sensor was included in each of the two
Sparc psyloads. The ouilput from the magnetic sensor cen be interpreted in terms
of the sngle between the masgnetic field vector, B, and the vehicle thrust axis.
For a stable flight the vehicle thrust axis would, within a few degrees, be
to t ity vestor. Since the velocity vector changes very slowly
in both direction and magritude, fluctuations in &2 gunetic sensor cutput
indicate irregulsr flight characteristics. It is aot necessary
ve an azccurately calidbreted device to determine if and when an irregular
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The main purpose for using the magnetic sensor was to evaluate vehicle
stability during and after nose corie ejection. The initial Sparc flights gave
no indicated perturbation in vehicle attitude as a functicn of nose cone ejec-
tion. Changes in angle of 2-3 degrees would have been detectable.
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3. PROCEDURES

The basic atmospheric structure parameter derived from & pitot measurement
is erbient density. The equation used in the density reduction,

is one fora of the Reyleigh supersonic pitot tube ejustion using the relation-
ship
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Pz = amitient pressure,
o, azbient density,
¥ ¥ach mzber {V/a},
¥ ratic of specific heats, 1.5,
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ATMOSPHERIC wWIND EFFECTS

: Strong hor:.::ontal winds, in the plane of the flight path, can cause size-

asble errors in the resultant density profiles by their effect on the total ve-
locity vector. The Rayleigh density expression

AN

ARSI b I phigh

Hij

reguires 2n sppropriate value of Ve. In the presence of a horizontal atmospheric
wind, the ef’ective velocity component, Ve, is equal to

PR R AL

ivel = Iyl = §¥ﬂ} Sin

{~

Cos ¥

HiB I

T LT

= total inertial velocity,
cagnitude of horizontal wingd,

[—
]

4

: Z =90 - Q.E.
3 Q.E. = guadrent elevatiocn,

¥ = a2ngle between the flight path plsne and
wind directicn.

HHHORH I R

The guantity, ‘¥H§ Sin T Cos ¥, can be maintained negligibly szall compared to
¥ if £ is = reascnably small angle andfor ¥ is very nearly $0°. The magnitude
of the T sngle during the measurezent period {(37-70 x=} is & function of the
iritisl effective S.E. and, to 3 lesser degree, the altitude of vehicle at
apogee. The effective lsunch elevation angle i3.=.) for both Sparc payloads
::2s less than 82°. In the sltitude increment fvom 37 to 70 km, I angles ranged
from 20° to 23.5°. The flight path azimuth was 234°. The atzospheric wing
structure wes & typical Pt. Mugu winter profile, predostinately zonel winds

fror the west and increasing ronotonizally from 30 nfsec at 37 km to 80 mfsec

RRLIBLAEI AN b BT R
N

SN

5 8t 52 ro. Meridionsl winds were negligibly small. The angle, ¥, is sicply the
3 differencz angle between the flight path szimuth and the wind direction or 3€°.
Tne magnitude of Ve for the two Sparce flights is

ittt 1oyl

"
3
W

7] =|¥_] Sin = Cos 36°

[
»

files are shown in Figure 5. Density error profiles resulting
ic winds zre shown in Figure 6.

rror caused by these same horizontal winds has been
t cone order of magnitude less than wind effect cn the
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elexzeter date were recorded on magnetic tape st the Pt. Mugu Mobile

L
G.M.D, 2 Ground Station. The basic G.M.D. 2 systex was rmodified so as to per-
=it FM discririnstion of the two output deta channels. Eoth real time snd pley-
back paper records were obtained. Reduction of the detz to atmospheric strue-
ture inforzmaticn was accomplished entirely by manusal processes. The data could

.
easily be reduced by computer technigues if large guazntities of dsta were toc be

or trajectory determinastion were obtained from the FPS-16

cility st Pt. Mugn. Tatulaied reduced trajectsry data were furnished
&4 F

General flIgnt inforzsticn relating to the two Sparc launches are given

=

in Tables 1 and 2. The imunch of both payloads proceeded without difficuliy.
Zach Sparc lsunch was associzted with s corresponding Arcasonde 14 experigent.

For co=pariscn, these datz are graphed with the pitot deta.
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n3ity profiles are the direct result of izmpact pres-
sure —essuresenis on 2 pitot probe. The density profiles shown in Figures 9
azd 12 hsve been corrected for errors due to horizontal atmospheric winds. The
estimated accuracy of the density date are = 2% below €0 k= and 2 & above
¥=. %he assuzed wind structure 2tove 65 &= accounts for the increased density
error fiags.

&

ixbient tecperaiure {Figures £ and 11} 2nd pressure {Figures 7 and 10} are
3erived from the density profile by integration of the hydrostatic eguetion.
¥ I X £7
Integraiion takXes place:
T = 43 D= nadi + P
4T = -ogdH, P= -f ogdH + 2
B,
h >h
o
o s
o 1 3
” T = — - —F -,
°r 5 2o " om‘n_ 98

£ des. The boundary condition was essurmed eguel to
the fterperature from the ¥.S. Standard Atoosphere, 1952 at the starting sititude
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T ate at which temperature and/or pressure converge to their

ives during integration depends .apon the scale height. For the scale
gights found in this region, convergence of the data will be better than %

of the a2bsolute vslue after integrating over 15 km. Integration intervals were

selected to be 0.5 km.

The estimated accuracy of the temperature data are

3° X < 55 ¥m,
55 km < 5° X < €0 km,
60 km < 7° K < 65 ¥m,
65 km < 10° K

for the indicated altitude increments. The large error flags above 55 km are
the direct result of the unknown starting temperature value used in the integra-
tion process.

Accuracy of the pressure profiles, iike the temperature data, increases
as the downward integration continues. Estimsted accuracy of the pressure dats
sre

2% < 55 knm,
55 xm < 3% < 60 km,

60 km < 5% < 65 knm,
65 xm < 6%

for the indicated altitude increments.
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TABLE 1

STATISTICAL DATA - Sparc 813303

Sparc Pitot Probe
Table of Flight Parameters

Launch Time: 19:58:03.55 GMT
Launch Date: 07 February 1968
Location: Pt. Mugu Long: 119°07‘W

Lat: 34°07'N

Fayload Weight: 18.7 1lbs

Event Flight Time Altitude
(sec) (km)
Life-off 0
1st Stage Burnout 2 (est)
2nd Stage Ignition 8 (est) 4.5 (est)
2nd Stage Burnou: 39.5 20.5
Tip Ejection 45.3 38
Limit of Usable Data 72.5 70
Peak Altitude 182.5 129.2
15
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Launch Time:

Launch Date:

Location:

TABLE 2

STATISTICAL DATA - Sparc 81334k

Sparc Pitot Probe
Table of Flight Parameters

19:34:17. 43 GMT
08 February 1968

Pt. Mugu Long: 119°07'W
Lat: Z4°07'N

Payloed Weight: 18.7 1lbs
Event Fli%:chime Al?i;;de

Lift-off 0
1st Stage Burnout 2 (est)
2nd Stage Ignition 8 (est 4.5 (est)
2nd Stage Burnout 39 (est) 29 (est)
Tip Ejection L5. 4 3T7-5
Limit of Usable Data 74.9 13
Peak Aititude 185.4 130.8

17
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TABLE 3

AMBIENT DATA—SPARC 813303

7 February 1968
11:58 Local
19:58 GMT
Pt. Mugu

Long. 119°07'W
Lat, 3’-}°UT'N

Altitude Density “emperature Pressure p/ ) td P/ F ta
(Jam) (kg/m®) (°K) (torr) S °
37.5  5.76 247.3 3,06 x 10° .98 1.0
38.0 5.28 x 1072 250,14 2.8 .98 1.01
38.5 4,88 252.5 2.6 .98 1.00
39.0 L.57 252,7 2.48 .99 1.00
39.5 4,30 251.9 2.33 1.00 1.00
Lo.0 4,02 251.4 2.17 1.01 1.00
k0.5 3.74 253.3 2.0k 1.01 1.00
bi.o 3,46 255.3 1.90 1.00 1.01
§1.5 3,21 257.8 1.78 .99 1.01
2.0 2.97 260.4 1.66 .99 1.01
42.5 2,76 262.4 1.56 .99 1.01
43,0 2.57 264.5 1.k46 .99 1.01
43,5 2.40 266.6 1.38 .99 1.01
k%.0 2.23 268.7 1.29 .99 1.0
4.5 2,11 268.3 1.22 .00 1.01
5.0 1.98 267.7 1.1k 1.01 1.02
45.5 1.86 267.2 1.07 x 10° 1.01 1.02
46.0 1.7 266.7 9.98 x 197 1.01 1.01
46,5 1.64 266.8 9.5%0 1.02 1.01
47.0 1.54 266.7 8.83% 1.03 1.02
47.5 1.45 2€6.2 8.31 1.03 .02
8.0 1.36 265.7 7.78 1.03 1.00
48.5 1.28 265.2 7.30 1.03 1.02
3.0 1.21 264.,8 €.89 1.0k 1,02
49.5 1.1k 263.7 6.47 1.04 1.02
50.0 1.07 x 1072 252.5 6.05 1.04 1.01
50.5 9,93 x 1074 262.6 5.62 i.04 1.01
51.0 9.k2 262.6 5.32 1.04 1.00
51.5 8.83 262.5 k.99 1.0% 1.00
52.0 8.28 262.7 L.68 1.04 1.00
52.5 7.8% 261,0 L. ko 1.04 1.0C
53.0 7.37 259.k .1 1.04 1.00
53.5 6.91 260.1 3,87 1.03 1.00
5k.0 6.43 261.4 3.62 1.02 1.00
54,5 6.02 262.0 3.39 1.02 .99
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TABLE 3 (Concluded)

L4 & SR I A o Sl A A L A

Altitude Density Temperature Pressure ta / Ps td
(¥m) {kg/m>) (°k) (torr)
55.0 5,63 262.6 3.18 1.01 .99
55.5 5.30 261.7 2.98 1.00 .99
56.0 4,98 260.7 2.80 1,00 .99
56.5 4.68 259.5 2.61 1.00 .99
57.0 L.42 258.6 2.46 1.00 .99
57.5 L.,17 257.5 2.31 1.00 .99
58.0 3,91 256.7 2,16 1.00 .99
58.5 3.71 25%.2 2.02 1.00 .99
59.0 3.50 250.9 1.8 1.01 .98
59.5 3.33 246.7 1.77 1.02 .98
60.0 3.15 2u3%,2 1.65 1.03 .98
63.5 2.95 243%.2 1.54 1.0% .98
61.0 2.75 243.7 1.kh 1.02 .98
61.5 2.58 242.2 1.3 1.02 .98
62,0 2.k2 242.1 1.26 1.01 97
F2.5 2.25 242,k 1.17 1.00 7
63.0 2.11 2k1,2 1.10 97
63.5 1.98 239.2 1.02 97
6:.0 1.8 239.2 9.52 97
64.5 1.73 239.7 8.91 .97
65.0 1.61 239.7 8.29 .97
615 1.50 259'7 7073 09‘7
66.0 1.50 £%9.1 7.21 .97
£6.5 1.31 240.1 6.77 .97
67.0 1.21 242.1 6.30 .98
67.5 1.15 236.3% 5.5 .98
68.0 1.09 232.2 5.45 .93
68.5 1.02 x 167% 230.5 5.06 .98
69.0 9.78 x 10”° 223.5 L,70 98
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TABLE 4

AMBIENT DATA—-SPARC 813zkk

8 February 1968

11:34 Local
19:3% oMT
Ft. hugu
Long. 119°07'W
Lat. 34°07'N
Altitude Density Temperature Pressure o/p P/P
(m) (keg/u) (°K). (torr) std st
38.0 5.32 x 10~3 242,09 2.78 x 10° .59 .98
38.5 L.o4 2hh .3 2,60 .99 .98
39.0 4.57 2k6.0 2,42 .99 .98
39.5 4,18 250.3 2.26 .98 .98
ko.o 3.86 254.0 2.11 97 .98
ko.5 3.59 256.3 1.98 .96 .98
k1.0 3.31 259.6 1.8 .96 .98
kis 3.09 260.3 1.73 .56 .93
k2.0 2.87 262.9 1.62 .96 .98
k2.5 2.68 263.7 1.52 .96 .99
k3.0 2.51 265.1 1.h3 .97 .99
b3.5 2.37 2643 1.35 .98 .95
k.0 2.22 264.0 1.26 .98 .99
k.5 2.99 262.3 1.18 .99 .99
5.0 1.98 260.5 1.11 1.00 <99
5.5 1.8 260.5 1.0% x 10° 1.00 .99
6.0 1.7% 260.5 9.75 x 10-1 1.0 .99
46.5 1.62 26i.3 9.10 1.01 .99
k7.0 1.52 262.0 8.56 1.02 .98
k7.5 1. 263%.1 7.97 1.02 .98
L8.0 1.33 263.7 7.54 1.01 .98
: 48.5 1.23 267.9 7.08 .9 .98
] 4g9.0 1.4 270.8 €.63 .98 .98
kg.s5 1.08 271.1 3.30 .98 .98
50.0 1.00 x 1073 273.0 5.87 .97 .98
50.5  9.52 x 107* 270.3 5.53 .98 .98
51.0 8.98 268.7 5.18 .99 .98
51.5 8.45 267.6 4,86 .99 .98
52.0 7.97. 267.1 k.57 1.00 .98
P 52.5 7.53 265.3 k.30 1.00 .98
o 53.0 7.12 263.7 1,03 1.00 .98 -
. 53.5 G.67 262.6 3.77 1.00 .98
;o 5k.0 6.32 261.2 3-55 1.00 .98
= 6.5 5.97 258.8 3.32 1.00 .98 :
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TABLE k& (Concluded)

£ltitude Density Tenperature Pressure e/o p/P
(iam) (xg/o®) (°x} (torr) std std
55.0 5.65 256.6 3.12 1.01 .97
55.5 5.30 256.3 2.92 1.00 97
56.0 k.97 256.0 2.7k 1.00 97
56.5 k.71 256.3 2.50 .99 .97
57.0 k.37 256.5 2.k .99 97

7.5 k.22 251.3 2.28 1.00 97
58.0 3.98 2k6.7 2.11 1.0 97
58.5 3,77 2k2.3 1.97 1.01 .95
59.0 3.5k 2ke 2 1.83 1.02 .95
59.5 3.31 235.7 1.79 1.02 .95
60.0 3.09 239.2 1.59 1.0 G
60.5 2.58 239.6 1.48 1.06 .9k
61.0 2.68 240.2 1.38 .59 .93
61.5 2.51 238.5 1.29 .99 .93
62.0 2.35 237.7 1.20 .98 .93
62.5 2.20 235.9 1.12 .97 .93
63.0 2.65 235.1 1.04 x 1072 .95 .92
63.5 1.93 2343 9.7k x 1572 .96 .92
k.0 1.8 233.0 9.05 .6 .92
64,5 1.69 231.6 8.L2 .95 51
65.0 1.57 231.2 7.8 .94 91
85.5 1,48 228.¢9 7.28 .94 .91
66.0 1.k 22,3 .76 .95 .01
65.5 1.31 221.7 5.23 .95 .91
67.0 1.23 220.0 5.82 .95 .90
67.5 1.1k 219.3 5.38 .95 .50
58.0 1.07 x 10°% 215.8 k.97 .94 .8
48.5 9.95 x 10°° 215.0 L 50 .93 .89
£9.0 9.25 21L.3 k.27 .93 .59
69.5 8.57 213.0 %.97 .92 .89
70.0 7.98 2i2.0 3,64 .92 .88
70.5 7.38 2iz2.2 3.36 .91 .88
71.0 6.83 211.2 3.iC .90 87
71.5 6.31 211.k 2.37 .8 87
72.0 5.82 211,k 2.55 .88 87
72.5 5.%0 210.8 2.45 .88 .87
73.0 5.00 x 107> 210.0 2.26 .87 .87




MU

GEOMETRIC ALTITUDE (KM)

8
s

7

2 2 & 8 3
IIIT?

¥

a
»
|

3

1) ol

SPARC £13303
PT. MUGY

19:58 G.M.Y.

O7 FEBRIARY 968
LONG. 19®° OT'W
LAT. 34° O7'N

XY R Yy N
abadtassngtoeece XXX

‘0.....‘..0"""

""'0.0..O....

i 3 i

4 K

8 10 2 14

PRESSURE RATIO F/Pgyp arm.

Figure 7.

4ltitude vs. pressure - Sparc 813303.




GEOMETRIC ALTITUDE (KM)

724 SPARC 813303
PT. MUGU
70} 19:58 G.M.T.
O7 FEBRUARY 1968
csl- LONG. 119° O7'W
LAT 34°O7'N
66—
e}
2]
so}— 1
\
58— \i
se|- }
J
54—
s21—
so—
a3~  *——+ ARCASONDE
48—
1962 U.S. STD. ATM.
aq- .
IC/ - *
a2} Ay
i
aof- ..i/
38| o
] ] ] ] i i i L1 ] ] ]
180 200 220 240 260 280

AMBIENT TEMPERATURE °K

Figure 8. Altitude vs. temperature - Sparc 81330%.




R - ol

82}

S 8
?lT

GEOMETRIC ALTITUDE (KM)
[’ ]
[
!

L4

—

¢ s
Seet®

"

./'_.,.o. o unn Grusmn @
e
co®®

I oY

L L)
~,
\.\

Y .-":N'_-

SPARC 813303
PT. MUGU

19:58 G.M.T.

07 FEBRUARY 1968
LONG. 11S® OT'W
LAT. 34°O7'N

+—s— ARCASONDE
(2308 GMT)

i i

Figure 9.

8

0

12 t4

DENSITY RATIO €% Aru.

2L

Altitude vs. density - Sparc 8133(C3.

P g




g ey g

e ey e

v B 9 v s oy

REOMETRIC ALTITUDE (KM)

T ! 1 L i
T4
724~ : SPARC 813344
. PT. MUGU
70— . 19:34 G.M.T.
: 08 FEBRUARY i968
col- : LONG. 119° O7'W
: LAT. 34° O7'N
ool :
6a]- %
«2|- :
ol :
“T— .:
sef- :
sS4} E
sz} .
sa[ :
. :
a8} ;
o ]
a2} o
ao}- E
8} .
{ t H ; i ]
4 S E 10 12 4 1.6

PRESSURE RATIO P/Pgyp arm.

Figure 10.

Altitude vs. pressure - Sparc 81334k,

———T e s
Eee =




wi ot iy

T4
24 % SPARC 813344
. PT. MUGU
70— : 19:34 G.M.T.
. 08 FEBRUARY 1968
8- % LONG. 11I9* O7'W
% LAT. 34°O7'N
“ — ¢ 'Y .
“ - *
€2}
SO}—
se}—

)
!

s—e—e ARCASONDE
(i7:12 G.M.T)

GEOMETRIC ALTITUDE (KM)

43

— 1962 U.S. STD. ATM.

a
l

$

»
»
1

IR N NN SRS TN NN T N NN N B |

&

180 200 220 240 260 280
AMBIENT TEMPERATURE °K

Pigure 11. Altitude vs. temperature - Sparc B8133kL.

,.;,
|
|
1
|

1] B T A e




| | l l | | | | 1 1 | l [
r !!m
o &
v 23
fon u.v Y..T.“ iu
] Tumm nvww
auuw@co «
ICECE IR
CRg ™ ]
o O .. w
~ - "NeoZh -18
Gae2cS 4
P RARE | X e T, .o.ooooo o w -e-.d...lll!m
et ove 000? * .\.oululnol...\ollol'ol!o!..ubla.n..o.b..o.\olzo
oo’ PR Lt e
ve®’ ...lo..l.\.llailo
pone l..‘
- e
. —*
il | )| ] 1 ] 1 ] % | | ] ]
T Z R S N S A .

(W) 3aNLIDV DIMLINO3D

DENSITY RATIO Plem_ ATM.

v - Sparc B133Lk.

34
R %

Altitude vs. dens

5

Figure

i vk v by i v WA




2 TNI6 N (e % BN

MAMIET Y Srar e

auA A M- &

5. DISCUSSION

The Sparrow-Arcas venicle combination proved to be & completely adequate
propulsion system for researching the meososphere by the pitot technique. Sim-
ple modification of the paylosd [_ometry would permit data acquisition to ep-
proximately 105 km.

The density data obtained from the two Eparc firings were zorreccted for
rether large errors due *c horizontal wind structure, as much as 4%. This was
due to the excessively low effective lsunch elevation angles (>80° Q.E.) =nd
is not representative of a typic. . data reduction error source. An effective
Q.E. of 83° would have reduced the maximum error to less than 2%. The tem-
perature derived from the density orofile is dependent on its slope, not on
the absolute magn’tude. The maximum tempersture error resu.ting from an un-
corrected density profile would have been less than L°K.
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