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TECHNICAL MEMORANDUM X-53994

A COLLECTION OF LOWER THERMOSPHERIC
(100 TO 300 KM ALTITUDE) CHEMICAL COMPOSITION,
TEMPERATURE, AND MASS DENSITY DATA

SUMMARY

This report contains atmospheric data that have been obtained by
various investigators from 38 rocket-probe flights and two satellite-
borne absorption spectrometers. The data sample is by no means
complete but should provide valuable inputs to studies concerning the
structure and variability of the atmosphere.

Atmospheric temperature, mass density, and constituent number
densities of N3, 02, O, He, and H as calculated from the MSFC Modi-
fied Jacchia Model Atmosphere, 1967, for the conditions of a particu-
lar observation are tabulated from 120 to 1,000 km for most of the
observations. These data should also provide valuable input to various
studies. In using these data, however, the investigator should con-
sider the limitations (constant 120 km boundary conditions, empirical
temperature, etc.) of the MSFC Model Atmosphere.

INTRODUCTION

In conducting studies for the development of an improved descrip-
tion of the upper atmosphere, it is necessary that a very large amount
of data be considered. As these data are scattered through numerous
technical reports and scientific publications, this document was devel-
oped to provide a compilation of rocket-probe data and also to provide
a listing of the various source references. It is anticipated that this
report will be very useful to investigators concerned with the develop-
ment of an improved upper atmospheric model.

The report may also be useful to investigators concerned with the
finite structure of the atmosphere. These investigators, however,
should obtain the original source references, so that proper considera-
tion may be given to the assumptions made in reducing a particular
set of data.



MEASURED DATA

The conditions under which the measurements were made are
given for each of the observations in Table 1. Tests 10 and 35, how-
ever, consist of observations taken under different conditions. The
flight conditions for these tests are provided with the data.

All of the tests except tests 10, 28, 29, and 35 consist of measure-
ments that were made by rocket-borne mass spectrometers. Some of
these mass spectrometers measured N only, while others also mea-
sured Oz, O, He, H, or Ar. Test 10 consists of atmospheric mass
density deduced from the NRL 1965-16D satellite, Tests 28 and 29
consist of data deduced from the OSO-III satellite, and Test 35 is a
collection of O/O; ratios at 120 km altitude.

The data sample contained is by no means complete, but the
document will be updated on a continuing basis and will finally include
all available data.

THE MSFC MODIFIED JACCHIA MODEL ATMOSPHERE (1967)

The MSFC Modified Jacchia Model Atmosphere (1967), which is
basically a computerized version of Jacchia's Static Diffusion Model [1],
is used to calculate the gas properties of the atmosphere between 120
and 1, 000 km altitude for the conditions under which each of the obser-
vations were taken.

In developing the MSFC model, the diffusion equation was inte-
grated by a technique given by Walker [2], and the temperature
dependency of the thermal diffusion factor for hydrogen was obtained
from the hydrogen profiles of Jacchia's model. The contribution of
hydrogen to the total mass density, however, is very small (approxi-
mately one percent at 500 km) and could be neglected without any
serious consequences,

The MSFC model is simpler and better defined than the other
existing models. However, as in other current models, constant
boundary limitations do not allow the atmospheric composition and
temperature to be realistically defined. These quantities represent
only one of the many combinations of temperature and composition
that may be associated with the mass density. This weakness does
not limit the accuracy of the mass density that is defined by the MSFC
model.

2




Another limitation of the MSFC model is that it does not adequately
represent the atmosphere at high latitudes. From the analysis of
satellite drag data, it has been established that a polar bulge exists
in the winter hemisphere between about 60 and 80 degrees latitude.

The atmospheric density at the center of this bulge may be a factor of
2 or 3 higher than the density at the lower latitudes. This polar
bulge has not been incorporated into the current MSFC Model Atmos-
phere.

Even though the MSFC model is seriously limited as described
above, the calculated gas properties which were obtained from its
application may be of use to some investigators. Tabulations of the
gas properties from 120 to 1, 000 km altitude were developed using the
MSFC model and are given following the respective test condition
for which the calculations were made.
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Reference [ 3], Test #1.
ETR 1474, MUMP 8

January 24, 1967
09:00 2

04:00 Local (EST)

Cape Kennedy, Florida molecular nitrogen

ALTITUDE TEMPERATURE DENSITY

(km) (°K) (part/cc)

140 504 3.75 x 1030

145 544 2.57

150 596 1.78 10

155 639 1.29 x 10

160 676 9.61 x 109

165 707 7.33

170 736 5.67

175 762 4,45

180 785 3.53

185 802 2.84

190 817 2.30

195 828 1.88

200 840 1.54

205 847 1.27 9

210 855 1.05 x 10

215 860 8.72 x 10

220 865 7.25

225 868 6.05

230 872 5.05

235 873 4,23

240 876 3.54

245 877 2,97

250 879 2.49

255 876 2.10

260 879 1.76

265 879 1.48

270 884 ‘ 1.24 8

275 888 1.04 x 10,

280 885 8.80 x 10

285 885 7.42

290 884 6.26

295 884 5.28

300 885 4.45

305 884 3.76

310 882 3.18

315 883 2.68 7

320 885 2.26 x 10

6




CATE JANUARY 24, 3967

ALT
M)

3,
L

LI

100,
119,
130,
140,
153,
1e2.
173,
183,
194,
208,
216,
2er.,
e3¢,
Tas,
299,
/0.
zeoy .
201,
sog.
353,
3za.
338,
348.
3se.
3er.
Sre.
3o,
3.,
410,
ar1.
a8,
L2
%3,
464,
4r9,
486,
406,
s07.
Si18.
9.
440.

ALT

(L}

120,
140.
160.
100,
200.
220.
240.
260,
280.
11408
3zo.
340,
380.
380,
400,
420.
440 .
480,
400,
son.
5g0.
340 .
60 .
880 .
600.
o2y .
640,
80 .
00,
100 .
/20.
740 .
160 .
(£ 1
800 .
€025,
84,
860,
880 .
200 .,
#20.
240,
9240,
*80.
1000.

DENSITY
(GM/CH3)

2.45948-11
4.,03%40-32
1.32243-132
8.57178-13
2.06594-13
1.37884-33
7.83260-14
4.29317-14
2.53320-14
1.93870-14
9.57045-19%
6.08561-13
3.93307-18
R.57942-1%
1.71079-15
1.140089-13
1.15927-16
5.29394-16
3.84142-108
2.52683-16
1.78796-16
1.24898-16
8.95703%-17
S.44478-27
4.72132-27
3.51385-27
2.65640-127
2.04897-17
1.60994-~37
1.283%08-17
1.04799-21¢
8.7023%4-18
7.%4062-18
$.29042-10
S.47106-19
4.830694-18
4.26343-18
3.811%3-18
3.42997-18
3.10320-38
2.81991-18
2.57369-30
2.35223-10
2.1%674-18
1.981%0-18

TENP
oK)

3s5s8.0
379.9
705.0
r15.0
814.2
836.3
848.08
855.8
2%9.8
862.1
863 .4
864.2
864 .6
884.9
665.0
865.1
aes.2
863.2
865.2
86s5.2
865.2
865.2
365.2
865.2
865.2
865.2
885.2
8683 .2
863.2
265.2
8635.2
285.2
265.2
06s.2
s6s5.2
82865.2
865.2
865.2
865.2
865.2
865.2
865.2
863.2
865.2

Test No. 1

MSFC MOOIFIED JACCHIA MODEL ATNOSPHERE (3967)

M TINE 9 KRS  © NINS
126.00000 AP 3.

FRESSURE MOL. WT  SCALE W
(DYNE/CH2)  (UNITLESS)  (KM)
2./0030-02 26.9 11.6
1.57567-03 28.7 20.0
3.15571-03 24.6 25.6
1.53031-03 23.8 29.6
8.06774-04 22.4 32.8
4.49706-04 21.3 35.6
2.61349-04 20.3 38.1
1.57017-04 19.5 40.4
9.69415-08 18.7 az.s
6.12208-08 18.0 4a.5
3.94014-05 17.58 46.3
2.57684-05 17.0 4r.9
1.70878-05 16,5 49.5
1.14/2/-08 16.2 51.0
7.19229-06 15.0 52.5
5.35273-06 15.4 54.1
3.71982-06 15.0 55.9
2.63718-06 14.6 $8.0
1.86642-06 14.0 60.4
1.35959-06 13.4 63.8
1.00278-06 12.7 6r.7
7.53343-07 11.9 2.4
S.77284-0¢ 11.1 8.1
4.51602-0¢ 10.3 85.1
3.60725-07 9.4 93.3
2.94060-07 8.6 102.6
2.44366-07 7.8 113.6
2.06675-07 7.1 125.5
1.71542-01 6.5 138.1
1.54602-07 6.0 181.2
1.36177-0¢ 5.5 164.2
1.21103-07 s.2 118.8
1.00553-07 s.9
9.79387-08 4.0
o.00253-08 a4
8.09116-08 4.3 218.7
7.39644-98 a1 226,/
6.78122-08 4.0 233.8
6.23243-08 4.0 240.1
5./3996-08 3.9 245.0
5.29587-08 3.8 250.9
4.89380-08 3.8 235.6
4.52858-08 3.7 260.0
4.19594-08 L 264.2
3.89229-08 3.7 268.2

865.2

LAY 28 .46000 DECS

1000 EXOS TEWP

T
N(N2)

4.00000+11
6.33488+10
1.96465+10
7.68893+09
3.34801+09
1.54211+09
7.31999+08
3.54360408
1.73689+08
8.58849+07
4.27562407
2.140%2+0/
1.07693+07
5.44289+06
2.76277+06
1.40821+06
.2069/+05
3./0311+05
1.91024+05
9.89217+04
5.14237+04
2.68340¢04
1.40554+04
7.38989+03
3.69946+03
2.06529+03
1.09783+03
5.85670e02
3.13362+02
1.68473+02
9.08372+01
4.91483+01
2.66841+01
1.43373001
7.94674+00
4.35669¢00
2.39868+00
1.32443+00
7.33682-01
4.07757-01
2.27352-01
1.2/170-01
7.13596-02
4.01606-02
2.26819-02

N(O2)

7.50000+10
9.79147+09
2.64172+09
9.16503+08
3.56891+08
1.47607+08
6.31701+07
2.76027+07
1.22223+07
5.46948+06
2.46518+06
1.11814+06
$.10006+08
2.33330+08
1.07735+05
4.98742+04
2.31956+04
1.08370+04
5.08583+03
2.39739+03
1.13507+03
5.39746+02
2.5r76 7402
1.23628+02
5.95443+01
2.67994+04
1.39872401
6.82130+00
3.34022+00
1.64226900
8.10882-01
4.01780-01
1.99912-01
9.90592-02
$.06752-02
2.52074-02
t.273¢7-02
6.46093-03
3.28950-03
1.68108-03
8.62251-04
4.43893-04
2.29348-04
1.18926-04
6.18066-05

LONG

865.2216 HOUR ANG

-80.%3000 O€CS

-127.999%9

NUMBER DENSITY (CM-3)

N(O)

7.60000+10
2.34866+10
1.01213+10
5.68615+09
3.461/6+09
2.19672+09
1.42647+09
9.39038+08
6.23528+08
4.16472+08
2.793808+08
1.88080+08
1.26991+08
8.59749+07
5.83533+07
3.97010+07
2.70741+07
1.85054+07
1.26771+07
8.70375+06
5.98889+06
4.12981+08
2.05396+06
1.97646+06
1.371884+06
9.53950+05
6.64813+08
4.64266+05
3.24879¢08
2.27600+08
1.60051+0%
1.12675+09
7.94790+04
$.61/30+04
3.97782+04
2.82226+04
z2.00622+04
31.42883+04
1.01953+04
7.20826+03
5.2:19/6+03
3.74517403
2.69204+03
1.93853¢03
1.390842+03

N(KE)

3.40000+07
2.057%4¢07¢
1.50254+0/
1.32171+07
3$.14579%0¢
1.01230+07
9.03632+06
8.11389+06
7.31338+06
6.60302+06
5.972308+06
5.40800+08
4.,90130+06
4.44543+06
4.03488+06
3.68418+06
3.32970+06
3.02752+06
2.75432+06
2.50737e06
2.268345+06
2.008083+06
1.89721+06
1./3072+06
1.57967+08
1.44257¢06
1.31804+06
3.20489¢06
1.10201¢06
1.00842+08
9.23240°058
8.4%608908
7.73%30279+08
7.10617+08
6.58876008
5.902784+05
$.49349405
$.046604+05
4.63824905
4.26491 08
3.92343¢058
3.61095+05
3.32487+05
3.08282¢05

2.82269008

N(H)

0.00000
o.00000
0.00000
0.00000
0.00000
0.000u00
0.00000
0.00660
U .00000
0.0Dvoo
0.u0000
0.00000
0 .00000
0 .00000
0.00000
0.00900
0.ULLLO
u.0v000
o.00000
7.14708e02
7.12G84¢004
6.95:35+0a
6./79852+08
6.64419+04
6.49423¢04a
€.34848¢04
6.20683+04a
S8.06908%04
$.93516+04
$.80493°04
S.6/8c70048
3.5%55U6°04
$.43%20+04
5.31:3%,204
8.29%u804
5.09a62¢00
4.v98/710+04
4.00243+04
4./6088 04
4.6812/+04
4.58463 04
4.4954 004
4 .3yar6e0a
4.30940¢08

4.2223%+04



Reference [ 3], Test #2.
ETR 1828, MUMP 6

January 24, 1967
11:51 2

06:51 Local (EST)

Cape Kennedy, Florida molecular nitrogen

ALTITUDE TEMPERATURE DENSITY

(km) (°K) (part/cc)

140 573 3,25 x 1020

145 625 2.29

150 669 l1.68 10

155 698 1.28 x 109

160 724 9,90 x 10

165 743 7.80

170 759 6.20

175 768 5.00

180 781 4,02

185 787 3.27

190 801 2.64

195 808 2.16

200 819 l.76

205 824 1.45 9

210 833 1.19 x 108

215 837 9.85 x 10

220 844 8.13

225 847 6.75

230 851 5.61

235 854 4,67

240 862 3.87

245 859 3.25

250 863 2.71

255 868 2.26

260 876 1.88

265 877 1.58

270 876 1.33 8

275 875 1.12 x 104

280 882 9.35 x 10

285 880 7.90

290 880 6.65

295 873 5.65

300 880 4.72

305 880 3.98

310 882 3.35

315 884 2.82

320 885 2.38 x 107
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CAtl saMUARY 24, 1967
710 152 .00000
ALT ALY CENSITY
(L 0] L H) (CM/CM3)
L1 120, 2.45948-11
/8. 140, 4,03493-12
6. 180, 1.32274-32
LN 180, 5.9793%2-13
108, 200, 2.680687-13
119, 220, 1.300/5-33
130, 240. /.54344-14
140. 2é0 . 4.30173-14
151, Zs, 2.53092-14
162, 300, 1.%4202-14
173, 320, 9.60456-15
183, 3a0. 6.103%€6-13
194, 3e0. 3.94334-15
09, 380, 2.%507137-15
218, 400, 1.71698-13
e, 420, 1.13130-18%
237, 440. r.79081-18
244, 480, 5.33681-16
2%¢9. 480, 3.6%7/6-16
zro. s00. 2.53843%-16
2ot . seo. 1.77632-16
201 . 540 . 1.253%10-16
3qe. Seu. 8.96321-17/
313, se0. e.40798-37
328, $00. 4.74568-17
33s. €20, 3.%52978-17
348, 640. z2.66969-1/
3se. 660 . 2.033%588-1/
387, s00. 1.61340-27
3re. 00. 1.29072-17
3. /20 . 1.05234-17¢
308, 740, 8.73638-18
410, 160. r.37333-18
a2y, /700. ¢.3200a-10
432. #00. S5.40921-18
a8}, 24, 4.802142-28
53, 845 . 4.2/%64-10
LT Y 88, 3.82202-18
49, 885, 3.4390/7-18
408. P00, J.tt122-18
496, %20. 2.82/06-38
%07, o4n ., 2.5/813-18
318. 40, 2.335808-38
sge. 80 . 2.16209-10
$40. 1000, 1.98642-18

Test No

2

NEFC MOGIFIED JACCNIA MODEL ATMOSPHERE (198/7)

N TIME 11 HAS 51 NINS LAY £8.46000 DECS LONG -80.53000 DECS
F108 128.00000 AP 3 .8000 TXACS TEHP €2 4777 HOUR ANG -04.17209

TEWP FRESSURE MOL., WT SCALE NHT NUMBER DENSITY (CM-3)
tox) (DYNE/CH2) (UNITLESS) ({3 }] N(N2) N(O2) N (O} N(HE) N
355.0 2.79030-02 26.9 11.6 4.00000+31 7.30000+10 /7.60000+10 3.40000+0/ 0.00000
580.1 r.51829-03 28.7 20.0 6.33425+10 9.79102+09 2.14810+10 2.05/03+07 0.00000
708.5 3.15625-03 24.6 25.6 1.96524+10 2.64286+09 1.01204+10 21,.58213+07 0.00000
173.% 1.53219-03 23.% 29.6 7.69498¢09 9.17418+08 5.68705+09 1.32142+07 0O0.00000
814.8 8.080/5-04 22.4 32.8 3.3523/7+09 3.5/459¢08 3.46327¢09 1.14561¢+0/7 0.00000
838.9 4.50564-04 21.3 35.6 1.54393+¢09 1.47931+08 2.19632+09 1.01221+07 0.00000
849 .4 2.61938-04 20.3 38.1 £.33723+08 6.33470+07 1.42794+09 9.03609¢06 0.00400
8%6.5 1.5/434-04 19.5 40.4 3.55383+408 2.7696/+0/ 9.40284+08 8.11427+06 0.00000
860.5 9.72814-03% 18.7 42.6 1.74282+08 1,22763+0/7 6.24542+08 (.31226+06 0.00LHDO
862.8 6.14062-03 18.0 44.5 B8.62236+407 5.49474+068 4.1/275+08 6.60431+06 0.00000
864.1 3.95300-035 17.5 46.3 4.,29473407 2.47805+06 2.80010+08 5,97398+06 0.00000
864 .8 2.58584-0% 17.0 47.9 2.15121+07 1.12465+06 1.88555+08 3.40966+06 0.00U00
863.3 1.71513-08 16.6 49.5 1.008237+G7 5.13279+05 1.27349+08 4.90335¢06 0.,00000
865.5 1.151/8-05 16.2 51.0 3.47574+06 2.35469+03% 8.62431+07 4.44761¢06 D.000G0L
865./ 7.82453-06 15.8 52.5 2.700808+06 1.08554+05 5.85523+0/ 4.03695+06 0.0000D
86s.8 5.37%509-06 15.4 54.1 1.41816+06 5.02826+04 3.98481+0/ 3.66632+06 0.00000
86%.8 3.73654-08 15.0 55.9 7.26158¢05 2.33991+04 2.¢1823+0/7 3.3320/+06 0.00000
865.8 2.62930-06 14 .6 58.0 3.73306+05 1.09384+04 1.85847+07 3.,02988+06 0.00000
e6s5.9 1.8/525-06 14.0 60.5 1.92665+05 5.13635+03 1.273%1+07 2./566/+06 0.00CGU0
883.9 1.36602-06 13.4 63.8 9.98213+G4 2.42259+03 8./4606+406 2.50949+406 /.108/4+04
883.9 1.00731-06 12.7 67.7 5.19171404 1.14765+03 6.01970+06 2.285/73+06 7.08242+04
865.9 /.56847-07 11.9 2.4 2.710468+04 5.46035+02 4.15222+06 2.08305+06 6.91993+04
865.9 3.79902-07 11.1 r78.1 1.42042+04 2.60916+02 2.8/025¢06 1.8993/+06 6 ¢208+04
865.9 4.353576~-07 10.3 85.0 f.47147+03 1.25208+02 1 98632+06 1.73281+08 6.6U870+04s
865.9 3.62231-07 9.4 93.2 3.9445/+03 6.03388+01 1.36028+06 §.56169+06 6.45965+04
865.9 2.95%5224-07 8.6 102.7 2.09019+03 2.91990+01 9.60194+08 1 .44450+06 6.314/8¢04
863.9 2.45280-07 7.8 113.5 1.11160+U3 1.41694+01 6.69347+053 1.33990¢06 6.1/39/+04
865.9 2.074013-07 r.1 125.3 5.93297+G2 6.92368+00 4.6/7560+05 1.2066/+06 6.G37:6+04
265.9 1.70135-07 6.5 137.9 3.17/7/96+02 3.392194+00 3.2/272+05 1.10371+06 5.90393+04
265 .9 1.5%086-07 6.0 151.0 1.70828¢02 1.66871+00 2,29340+085 1.0100%+06 $.//450+04
8e5.9 1.36582-07 5.9 164.0 $.21502+401 8.243178-01 1.6131/°05 9.24802¢08 5.6ac00:204
8283.9 1.23447-07 5.2 17¢6.6 4.,98820+01 4.08686-01 1.13596+05 0.4/168003% 5.52¢1%¢04
863.9 1.08830-07 4.9 188.6 2.70930+08 2.03456-08 8.01500¢04 /./764340035 3.4.¢88 e
985.9 9.01954-00 4.6 199.¢ 1.478/9+01 1.01683-031 5.66621+0¢ /.11954+05 3,.23:0%04
065.9 8.90551-08 4.4 209.7 8.07651+00 35.10164-02 4.01350¢04 6.33145+08 4.1 APY.uas
865%5.9 6.11166-08 4.3 218.6 4.43108+00 2.56945-02 2.64032+04 5.99482+03 3.0U684200¢
865.9 7.41491-08 4.2 226.6 2.4400/7+00 1.29905-02 £.0252/+04 3.50490¢03 4.9¢61354+04
865.9 6.79796-08 4.0 233.7 1.34788+00 6.59259-03 1.44277+04 5.035741085 4.85/48+04
86s.9 6.24769-D8 4.0 240.1 1.47010-081 3.336235-03 1.02973¢04 4.8484/¢05 4./5616+04
885.9 5./%393-08 3.9 245.7 4.15380-D1 1.73705-D3 7.363106+03 4.2/7459+085 4.65/50+04
865.9 5.30871-98 3.8 25%0.9 2.31688-03 8.31164-04 5.27/469+03 3.93258°U5 4.5€140008
865.9 4.90562-08 3.8 255.6 1.29653-01 4.53856-04 3./78554+0) 3.61960¢05 4.4¢c #U+04
865.9 4.53949-08 3.7 260.0 7.27843-02 2.34614-04 2.72174+03 3.33304+08 & ." ~¢2+04
865.9 4.20602-08 3.7 264.2 4.09885-02 1.21/18-04 1.96040+403 3.0/054¢03 4.23./8+04
865.9 3.90162-08 5.7 2¢8.2 2.31548-02 6.33/25-05 1.414535+03 2.02998+085 4.2 718
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Reference [ 3], Test #3.
ETR 1165, MUMP 3

January 24, 1967
15:09 2
10:09 Local (EST)

Cape Kennedy, Florida
molecular nitrogen

ALTITUDE TEMPERATURE DENSITY
(km) (°K) (part/cc)
140 630 3.52 x 10%°
145 654 2,65
150 678 2.02
155 694 1.57 10
160 715 1.22 x 109
165 735 9.56 x 10
170 753 7.57
175 770 6.03
180 784 4.85
185 800 3.90
190 810 3.18
195 822 2.59
200 832 2.12
205 843 1.74
210 855 1.43 9
215 866 1.18 x 108
220 874 9.80 x 10
225 881 8.16
230 893 6.77
235 906 5.63
240 917 4.70
245 924 3.95
250 933 3.32
255 940 2.80
260 950 2.36
265 956 2.00
270 959 1.70
275 968 1.44
280 969 1.23 8
285 982 1.04 x 107
290 976 8.97 x 10
295 . 983 7.64
300 982 6.56
305 986 5.61
310 988 4.81
315 991 4,12 2
320 990 3.55 x 10
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Test No. 3

MSFC MODIFIEDR JACCHIA MODEL ATMOSPHERE (196/)

OATE JANUARY 24,1967 M TINE 15 HRS 9 MINS LAT 20.46000 CECS LONG -80.53000 DEGS

fio 1%2.00000 fFi108 128.00000 AP .0000 EX08 TENP 935.0228 HOUR ANG -35.0933

ALT ALT DENSITY TEWF FRESSURE MOL. WT  SCALE HT NUMBER DENSITY (CM-3)

(NM) M) (EM/CH3) oK) (DYNE/CM2) (UNITLESS) (KM) N (N2) NtO2) N(O) N(HE) LXCH

L1 % 120. 2.439408-11 385.0 2.70030-02 26.9 11.6 4.00000+12 7.50000¢30 7.60000+10 3.4QG000+07 0.00000
‘8. 140, 3.98642-12 608.3 /.83929-03 25.7 20.9 6.267744¢30 9.73939+09 2.09221+10 2.00/01+0/7 0.00000
8. 160, 1.3%136-122 750.3 3.43651-03 24.17 27.1 2.02045+10 2.75201+09 1.00137+30 1,54140¢0/7 0.00000
LY 130, $.92014-13 630.3 1.72759-03 23.7 31.5 8.28925+09 1.00861+09 5.76305+09 1.29189+0/ 0.00000
108. 200. 2.94264-13 87%.4 9.45684-04 22.7 34.9 3.79415¢09 4.18025+08 3.60460+09 1.12601+0/7 0.00000
119, 220. 1.5/686-13 901.0 $.45170-04 21.7 3r.7 1.83800+09 1,82461+08 2.353304+09 1.00181+0/7 0.00000
134, 240. B.09634-14 915.9 3.26353-04 20.7 40.3 9.19252+08 8.28447+137 1.5/290+09 8.99/20+06 0.00000
140. 26u. 5.219/3-14 923.8 2.01666-04 19.9 42.7 4.68678+08 3.84123+0/ 1.06621+09 8.13588+06 0.UGG00
151, 280, 3.16191-14 928.5 1.27/28-04 19.1 44.9 2.41944+08 1.80554+07 /.29120+08 7.38409+06 0.00000
1e2. 300. 1.96//3-14 931.35 8.26378-0% 18.4 4r.0 1.25989+08 8.%56834+06 5.01556¢08 6./172/+06 O.00000
173, 3zo. 1.25310-14 932.8  5.44389-08 17.9 48.9 6.60406+07 4.0966/+06 3.46504+08 6.12015+06 0.00LUL
183, 340. 8.13907-15 933.8 3.64199-05 17.4 50.6 3.48042+07 1.97048+06 2.40197+08 5.58233+06 0.00000
194, 380. 5.37604-15 934.3 2.46921-05 16.9 52.3 1.84286+07 9.52837+05 1.66981+08 5.09622+06 U 0V0OVUOC
208, sau. 3.60203-15 934.6 1.69388-08 16.5 $3.8 9.7/996/+06 4.62995+05 1.316379+08 4.65381+06 0.00000C
218, 4u0. 2.44208-15 934.8 1.47445-08 16.2 55.4 5.23218¢06 2.26009+05 8.13034+07 4.25620+06 0.000G0
227, a20. 1.87407-15 934.9  8.22504-06 15.8 56.9 2.80438+06 1.10814405 5.69271+07 3.89320+06 U.0G0L .
237, 440, 1.18765-15 934.9 5.81697-06 15.5 58.6 1.508/9+06 5,45673+04 3.99460+07 3.56355+¢06 O.uuthh
248, 46U, #.0/034-16 933.0 4.15511-06 15.1 60.4 8.14/50+05 2.69837+04 2.80898+07 3.26285+06 0 .00000
2%9. 420, s.66612-16 93%.0 2.99928-06 14.7 62.4 4.415/72+05 1.33991+04 1.9/939+D7 2.98943+06 0.00000
20, 00, 4.01000-16 935.0 2.19491-06 i14.2 64.9 2.40181+05 6.68089+03 1.39768+07 2./4034+06 4.1823/00¢e
28y, s20. 2.05689-16 93s5.0 1.62351-06 13./ 6.8 1.31105+08 3.34469+03 9.88933¢06 2.51330+06 4.15443+04
291, sS40, 2.0%029-16 935.0 1.21/34-06 13.1 1.3 7.18172+04 1.68122+03 7.01131+406 2.30622+06 4 .G6E60/ 04
sue. seo. 1.40294-16 935.G  9.26486-07 12.4 75.4 3.9477/6+04 8.48439+02 4.98076+06 2.11/26+06 3.98011+04
313. se0. 1.00176-16 935.0 7.16496-07 1.7 80.4 2.17757+04 4.29864+02 3.54529+06 1.94475+06 3.89643+04
32a. $00. 1.96379-1¢ 935.0 5.63527-0/ 11.0 86.4 1.20526004 2.16646+02 2.52646¢06 1./8/16906 3.81498+0¢
3ns. e20. s.92¢074-17 935.0 4.50902-07 310.2 93.4 6.69363403 1.11644+02 1.806/7+06 £.64314+06 3.73569+0C4
349, es0. 4.46300-37 938.0 3.67255-0/ 9.4 101.6 3.72995+03 5.7/2263901 1.29355¢06 1.5114€6406 3.65848+04
3%, ¢60. 3.4030/-2/ 235.0 3.04195-0¢ 8./ 111.0 2.08542¢03 2.94451+01 9.27881+05 1.39099+06 3.358330°04
ser. 680, 2.63287-17 935.0 2.%6056-07 8.0 121.5 1.16982403 1.52079+01 6.66639+05 1.2807/2+06 3.5100/ 04
Jre. 100. 2.06740-17 938.6 2.18/67-0/ 7.3 133.0 6.56365+02 /7.88412+00 4.80134405 1.1/975+06 3.4%8/4+0a
. 7e0. 1.64917-17 935.0 1.89432-07 6.0 145.1 3.71729+02 4.30251+00 3.46347+08 1.08723+06 3.36ag6+04
LTI a0, 1.33689-17 935.0 1.65982-0/ 6.3 157.8 2.10564902 2.14262+00 2.50299+05 1.,0024%¢06 3.30153¢04a
a10. 160. 1.10128-17 935.0 1.46933-07 5.8 1/0.5 1.19655002 1.12312+00 1.8521703 9.24698°03 %.23988¢04
at. 7e0. 9.21310-10 335.0 1.331210-07 8.3 183.6 6.82107+01 $.90654 01 1.31440+05 #.53358°G5 3.1.°28cua
as2. #00. 7.8215%4-18 9235.0 1.18636-07 5.2 195.0 3.90066+01 3.11956-01 9.355064+04 /.8/878+05 3 {01861 00
443, 29, 8.7/3033-18 935.0 1.06845-07 4.9 206.3 2.23757¢01 1.65292-01 6.93203004 /.2/143¢05 3.04/32+04
483, 840. 5.86201-18 935.0  9,7209/-08 s, 21€.7 1.28753001 8.78907-02 5.06941¢04 6./2495408 2 9879604
460, eso. s$.160/1-18 935.0 8.800/1-08 4.5 226.1 7.43136+00 4.68983-02 3./0308+04 6.21714+085 2.92988004
ars. 880, 4.58571-18 935.0 8.14243-08 4.4 234.6 4.30227+00 2.31316-02 2./09/1+04 5./301/+05 2.8/324+04
486 s00 . 4.107129-18 935.0 7.48/40-08 4.3 242.2 2.49825+00 1.34924-02 31.98624+04 5.32056¢05 2.61800+04
406, 206, 3./0381-18 935.0 6.90195-08 4.2 249.0 1.45503+400 7.27425-03 §.45841+04 4.928516+03 2./6412+04
so/. 240. 3.358%0-t8 935.0 6.3/543-08 4.1 2535.0 8.49933-01 3.93512-03 1.07267+04 4.56306¢03 2. /15604
s1e %60. 3.05992-18 935.0 5.89945-08 4.0 260.4 4.97960-01 2.13592-03 7.90276+03 4.22566¢03 2.66u7/04
sze. 900. 2./9683-18 935.0 5.46729-08 4.0 265.3 2.92590-931 1.16321-03 5.83198+403 3.91633+05 2.63:0234+04
s40. 1000, 2.%56838-18 935.0 $.07351-08 3.9 289.7 1.72417-71 6.355/78-04 4.31093+03 3.63153¢03 2 9613904
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Reference [3], Test #4.
ETR 0381, MUMP 1

January 24, 1967
19:34 Z

14:34 Local (EST)

Cape Kennedy, Florida molecular nitrogen

ALTITUDE TEMPERATURE DENSITY

(km) (°K) (part/cc)

140 618 3.70 x 10%°

145 687 2.61

150 743 1.94

155 788 1.49 10

160 834 l1.16 x 109

165 872 9.24 x 10

170 905 7.47

175 93¢ 6.08

180 963 5.03

185 986 4.19

190 1007 3.51

195 1021 2.97

200 1039 2.51

205 1051 2.14

210 1068 1.82

215 1072 1.57

220 1080 1.35

225 1091 1.16 9

230 1089 1.01 x 108

235 1090 8.76 x 10

240 1092 7.60

245 1094 6.60

250 1098 5.72

255 1095 4.99

260 11c1 4.32

265 1102 3.76

270 1105 3.27

275 1105 2.85

280 1098 2.50

285 1103 2.17

290 1104 1.89

295 1104 1.65

300 1104 1.44

305 . 1110 1.25 o

310 1102 1.10 x 10,

315 1104 9.58 x 10,

320 1110 8.33 x 1¢
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CATE JANUARY 264, 5967

710

ALT

1NM)

[1

ré.
8.
L
108.
119.
130,
140.
181,
102,
173,
t1e8.
194,
2us,
ri8.
L1 10
237,
249,
299.
eio.,
zet.
2913 .
Joe.
313,
3zs.
339,
349,
3se.
8.
37e.
300,
3oe.
430,
arx.
4.
4ey .
493 .
46a .
ars.,
LY 1
496,
%07,
S18.
s29.

%40,

132 .00000
ALY DENSITY
({1} teM/sCcus)
120, 2.45940-13
140. 3.92145-12
160. 1.37970-12
180. 6.31540-13
200. 3.28039-13
220. 1.83332-13
240, 1.0/562-13
260. 6.54201-14
280. 4.09%43-14
3p0. 2.62/02-14
3zo0. 1.72099-14
340. 1.148635-14
360. 1.70637-18
380, 3.353604-15
400. 3.re872-18
420. 2.62011-13%
440, 1.85948-35
480 . 1.33027-35
490 . 9.5%8520-36
300. 6.95229-16
sz0. 5.07346-16
540 . 3./2430-16
3e0. 2.73023-16
300. 2.04319-16
600. 1.32760-36
oo, 1.14991-16
840 . s.7201 7~
060 . 6.66656-1/
$80. S.14201-47
700, 4.00400-17
20, J.15218-37
740. 2.950938-17
780, 2.0R110-37
re0. 1.64928-17
#00. $.38873-117
82n. 1.14G42-37
840, 9.6639%-18
880G . 8.29037-38
280 . 7.18905-38
9200. 6.30134-18
°20. 5.57550-18
40, 4.9/542-10
260 . 4.47327-10
60, 4.04813-18
1000. 3.68434-18

[ ]

TEWP
o)

358.0
644 .0
810.1
904 .8
999.2
990.8
1008.8
1019.3
1029.4
1029.0
1033 .1
1032.3
3033.1
1033.5
1033.8
1033.9
1G34.0
1034.1
1034 .1
1034.1
1034.1
1034.1
1034.1
1U34.1
1034.1
1034.1
1034.1
1034.3
1034.1
1034.1
1034.1
3034.1
1034.1
1034.1

1034.1

1034.3
1034.1
3034.3
1034.3
1034.4
1034.1
1034.1
1034.1
1034 .1
1034.%

Fi08

MSFC MODIFIED

TINE 19 HRS 34 NINS
128 .00000

PRESSURE MOL . WT
(DYMNE/CM2) (UNI TLESS)
2./0030-02 26.9
8.15961-03 25.8
3.74693-03 24.8
1.98979-03 23.9
1.13916-03 23.0
6.84059~-04 22.1
4.25263-04 21.2
2.71728-04 20.4
1.77627-04 19.7
1.18391-04 19.0
8.02414-05 18.4
$.51801-08 17.9
3.84293-03 17.4
2.70633-05 17.0
1.924931-05 16.6
1.38159-05% 16.3
1.00008-05 16.0
7.29876-06 15.7
$.3/038-06 15.3
3.98776-06 15.0
2.98562-06 14.6
2.25646-06 14.2
1.72280-06 13.7
1.32980-06 13.2
1.03879-06 12.6
8.21705-07 12.0
6.580665-07 11.4
5.35263-07 106.7
4.4196/-0/ 10.0
3.68492-07 9.3
3.12007-07 8.7
2.67560-0/ 8.1
2.32374-07 7.5
2.03655-07 /.0
1.80376-0/ 6.5
1.61130-07 6.1
1.45016-0/ $.7
1.31358-07 5.4
1.19640-07 5.2
1.09482-07 4.9
1.00385%-07 4.8
9.27225-08 4.6
8.57186~-18 4.5
7.94353-08 4.4
7.37640-08 4.3

Test No. 4

JACCHIA MODEL ATMOSPHERE (1967)

LAT  28.46000 DEGS
1.4000 EXOS TEMP
SCALE HT
(kM) N(N2) N(Oo2)
11.6  4.00000+3% 7/.350000+20
22.2 6.17651+10 9.635753+09
29.1 2.07736+10 2.87207+09
34.0  8.98326+09 1.11935+09
37.7  4.35097+09 4.92905+08
40.7  2.23496+09 2.31267+08
43.4  1.18670+09 1.12469+08
45.9 6.42785+D8 5.58939+07
48.2 3.52651+08 2.81689+07
S0.4  1.95188+08 1.43349+07
52.4 1.08743+08 7.34814+06
54.4 6.09U14+0/ 3.78886+06
56.2 3.42605+07 1.96349+06
57.9  31.93530+07 1.02217+06
59.5  1.09707+07 5.34391+08
61.1  6.24180+06 2.80514+08
62.7/ 3.56353+06 1.47827+0%
64.3  2.04132+06 7.82026+04
66.1 1.17321+406 4.15266+04
68.0 6.76480+05 2.21333¢04
0.2  3.91320+05 1.18403+04
r2.1  2.2/08/405 6.35714+03
75.6  1.32197+05 3.42550+03
79.0  7.71982+04 1.85241¢03
83.0 4.852207+04 1.00528+03
87.8 2.65705+04 5.47465+02
93.3  1.56596+04 2.99182+02
99./  9.25707+03 1.64064¢02
107.2  5.48862+03 9.02/60+08
115.6  3.26392+03 4.908428+01
125.1 1.94667+03 2.76116+01
135.5  1.16442403 3.53471¢D1
146.8  6.98525+02 8.55642+00
180.7 4.20840+08 4.78832+00
178.3 2.893540402 2.68771+00
183.6  1.33390+02 1.51349+00
196,15  9.30690¢01 6.54993-01
208.3 5.66230+01 4.84530-01
219.9  3.45441+01 2./5449-03
230.9 2.11319¢01 1.5/078-03
243.0 1.29621+0% 8.98523-02
250.4 1.9¢21¢+00 5.15583-02
258.8 4.91622¢00 2.96712-02
266.5  3.03970+00 1.71280-02
273.4  1.88437+00 9.91686-03

LONG

1034.1417 HOUR ARG -3

NUMBER DENSITY (CM-3)

N(O)

7.60000+10
2.02363+10
9.84504+09
5.81563+09
3.74812+09
2.52639+09
1.74590+09
1.22441+09
8.66821+08
8.17140+08
4.41400+08
3.16766+08
2.2r953+08
1.64438+08
1.18882+08
8.61256+07
6.25192+07
4.54711+07
3.31345+07
2.43901+0/
1.76927+07
1.29640+07
9.51635+06
6.99804+08
5.155268+06
3.004394+08
2.81239+0¢
Z2.06264+0¢
1.54487+0¢
1.14791+08
6.%54383+03
6.3697/1+03
4.750684+08
3.55/794+03
2.68362+09%

2.00031+05
1.350345+08
1.33179+05
$.533352404
6.44413+0s
4.873844+04
3.69385+04
2.800753+04
2.12794+04
1.61918+04

-80.53000 DEGS

N(HE)

3.40000¢07
1.94683+07
1.49079+07
1.25319+07
1.09820+07
9.82977+06
8.90075+06
8.11316+06
7.42463+06
6.81143+06
6.25913+06
5.7/5828+06
5.3021/+06
4.8856/7+06
4.%50466+06
4.15567+06
3.83872+06
3.54217406
3.27265+06
3.02507+06
2.79732+06
2.58027006
2.39575%¢06
2.21054+06
2.05535+06
1.90499+06
1./6641406
1.63861¢0U6
1.52071+08
1.41188¢+060
1.33140+06
1.21887¢06¢
1.13279+06
1.03347+08

9.80102+08%

9.12213+08
$.49364+05
7.911359+03
7.372331+0%
6.8/247¢08
6.40899+05
5.97906+08
5.58006405
5.20969+03

4.865/0+08

LX{ 3]

0.00000
o.00000
0.00000
0.0apouv
0.00000
0.00000
o.00000
0.0a6000
0.00000
0.00000
0.00000
a.gaguo
0.00000
0.00000
0.00000
a.0%4000
0.00000
0.00000
0.00000
2.37699+04
2.186187+04
2.12026+04
2.07989+04
2.04032<04
2.0G152+04
1.96387+04
1.92/714008
$1.69129+04
1.8363104
1.8221/74+00
t.78883+04
1.75832+04
$.7248304
1.693354 04
1.6632%04
1.6536/¢04
1.604/ 04
$.57454<04a
1.5489¢ 04
1.52201+04e
1.495604+04
1.46994+04
3 .444/7 /008
1.42010.04

1.39631.04
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Reference -{ 3], Test #5.
ETR 0611, MUMP 2

January 24, 1967
22:50 2
17:50 Local (EST)

Cape Kennedy, Florida molecular nitrogen

ALTITUDE TEMPERATURE DENSITY
(km) (°K) ‘part/cc)
140 656 3.53 x 10%°
145 671 2.72
150 690 2.10
155 706 1.64
160 733 1.27 10
165 754 1.00 x 109
170 769 7.99 x 10
175 785 6.40
180 805 5.13
185 826 4.13
190 840 3.37
195 861 2.74
200 877 2.25
205 896 1.85
210 907 1.54
215 922 1.28 ,
220 934 1.07 x 12,
225 940 9.02 x 108
230 948 7.60
235 957 6.41
240 964 5.43
245 969 4.61
250 974 3.92
255 978 3,34
260 981 2.85
265 986 2.43
270 988 2.08
275 990 1.78
280 995 1.52
285 992 1.31 8
290 997 1.12 x 10°
295 1000 9.61 x 10
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X,

HSFC MODIFIED JACCHIA MODEL ATMOSPHERE (1967)

CATE JaMUARY 24, 1967 O TIME 22 HRS 30 MINS LAT  20.46000 DEGS LONG -80.53000 DECS

fFi9 [.LLLL] Fior 128.00000 AP 2.0000 EXO08 TEMF 1005.1955 HOUR ANG -£/9.52/76

ALY aLt CENSITY TENP FRESSURE WOL.. WT  SCALE WY NUNBER OENSITY (CN-3)

[LLIRT TN (CM/CH3) oK) (DYNE/CHZ)  (UNITLESS) (KM) NN} Neo?) N(O) N(HE) N(H)

5. 120, 2.45948-33 358.0 2./0030-02 26.9 11.6  4.00000+11 7.50000+10 7.60000+10 3.40000+0/ 0.00000
e, 140.  3.939/5-12 634.6 8.07280-03 2s5.8 21.8 6.20242+10 9.68195+09 £.04227+10 1.96304+07 0.00000
se. 160, 1.37204-32 793.3  3,65574-03 24.0 28.5 2.06324+310 2.64123409 9.89545+09 1.50466¢07 0.00000
/. 160, €.23198-33 893.6 1.91598-03 23.8 33.3  8./9992+09 1.08938+09 5.80630+09 1.26404+07 0.00000
108, 200, 3.18900-13 935.2  1.08365-03 z2.9 36.9 4.19867+09 4.71547+08 3.71289¢09 1.10624+0/ 0.00000
119, 220,  1.76213-13 964.7  6.43508-04 22.0 39.9 2.12340+09 2.17298+08 2,48152+09 9.864/3+06 0.00000
130, 240, 3.02206-13 981.7/ 3.93985-04 21.1 42.5  1.10953+09 1.03747+08 1.69975+09 8.93301+06 0.00000
140.  260. 6.18976-14 991.6  2.50649-04 20.3 45.0 5.91272+08 5.06047+07 1.18123+09 8.12539+¢06 0.000U0
191, 280, 3.82114-14 997.2  1.62423-04 19.5 47.2  3.19103+08 2.50278+07 8.28341+08 /.41943¢06 0.00000
162.  300. 2.43054-14  1000.%5  1.0/3731-04 18.8 49.4  1.’3729408 1.24982+0¢ 5.84391+08 6./9124+06 0.0U000
173, 320, 1.37962-14 1002.%  7.22052-08 18.2 51.4  9.52033+¢07 6.20679+06 4.14074+08 6.22624+06 0.00000
183, 340, 1.04634-34 3003.6 4.92/99-05 17,1 $3.3  5.24467+07 3.16108+06 2.94379+08 5.71477+06 0.00V00
194,  36D. /.04388-13 1004.2  3.40685-05 17.3 58,1  2.90234+07 1.61784+U6 2.09867¢08 5.24968+08 U.00000
208, 380. 4.809311-1%  1004.8  2.38201-08 16.9 56.7 1.61268+(7 8.26614+05 1.49984+00 4.02626+08 U.00O00
zie.  e0D.  3.32341-15 1004.9 1.68239-03 16.5 58.3 8.9950/+06 4.24182+05 1.0/429+08 4.43958+06 0.00000
2er.  ag0. 2.32086-15  1008.0  1.19933-0%5 16.2 59.9 5.03548+06 2.185/6+085 /.71110+07 4.00619+06 0.00000
237. €40, 1.635%6-15 10U5.1  6.62511-06 15.9 61.5 2.82885+06 1.13084+05 $.54623+07 3.76293+06 0.00000
S48,  460. 1.16189-35 1005.1 6.25628-06 15.5 63.1  1.59470+06 5.87367+04 3.99707+07 3.46/00+06 0.00000
239, 480. 6.31389-16 1003.2 4.5//54-06 18.2 64.9  9.02029+05 3.06268+04 2.88624+07 3.19593¢06 0.00000
270. 300, 5.90863-16 1005.2 3.38318-06 14.8 67.0 5.11936¢05 1.60308+04 2.08812+0/ 2.94/48+06 2.6U390+04
283. 320. 4.34100-16¢ 1005.2 2.352271-06 14.4 69.3 2.91507+0% 8.42269+03 1.51356¢0/ 2.71963+06 2.58466+04
z91. 540, 3.16623-16 1005.2 1.900/4-06 13.9 72,0  1.66534+05 4.44193+¢03 1.09916+07 2.51058+06 2.53352¢G4
s02.  360. 2.32397-16  1005.2  1.44837-06 13.4 75.2  9.54482404 2.35126+03 7.99694+06 2.3186/+06 2.48366+04
1. 360. 1.71699-16 1005.2 1.11/24-06 12.0 79.0  5.48815¢04 1.24918+03 5.82009+06 2.14242+06 2.43505+04
d24. S00. 1.2774%-16 1005.2 8./3199-07 12.2 83.5 3.16569404 6.66086+02 4.25635+06 1.96046+06 2.38/6/+04
339, 60, 9.5//00-1/ 1005.2  6.92028-07 11.6 88.7 1.83161+¢04 3.56452402 3.11367+06 1.83156+06 2.34148+04
348. 840. 7.2400%-17 1005.2 5.36433-07 10.9 94.9  1.06329+404 1.91436+02 2,.26104+06 1.69464+06 2.2964304
386. 660.  $.3239€-1/ 1005.2 4.54104-07 10.2 162.1  6.19110403 1.03176+02 1.6/520406 1.56864+06 2.23250+04
367,  G8U.  4.29/51-17 10OS.2  3./6089-07 9.5 110.4  3.61593403 5.58054+01 1.23200¢06 1.45263+06 2.20965+04
3re. 700, 3.317/80-1/ 100%.2 3.15988-07 6.8 119./ 2.11835+03 3.02805+401 9.07634+05 1.34561406 2.16/85+04
so0. /20. 2.616/2-17/ 1003.2 2.69152-07 .. 130.0 1.24476+03 1.64960+01 6.69826+05 1.24/38+06 2.12/06¢04
390. re0. 2.09011-17 1005.2 2.32199-07 7.3 141.2  7.33629¢02 9.01507+00 4.951/2005 1.15663+06 2.08/28+04
0. 760. 1.69179-17 1003.2 2.02662-07 7.0 183.1  4.33669402 4.94349+00 3.66681¢03% 1.0/Z95+08 2.04546°04
YT 700.  1.36812-17 100S.2  1./8732-07 6.8 165.5 2.5/110402 2.71995000 2./1969¢05 9.98738+08 2.0103/+04
a3f. €00, 1.15438-17 100%5.2  1.390/6-07 ..1 178.3  1.528/9¢02 1.50154+00 2.02086+05 9.24489°05 1.9/350+04
443. 820,  9./32%4-16 1005.2  1.4271%-00 s.1 190.6  9.11668+01 8.316/2-01 1.50G400+0% 6.58656+03 1.93/49¢04
43%3. 840, 6.309/0-18 1005.2 1.28912-07 5.4 20%./ 5.45222401 4.62161-01 1.32116¢05 7.9/855+03 1.90224404
4e4. o0, /.18063-18 1005.2 1.17123-07 5.1 214.3 3.26999¢03 2.57/661-01 6.37137¢04 . 41662405 1.86/92+04
4/9. 860, 6.2/386-318 1005.2 1.0693/-0/ 4.9 225.2  1.96674+03 1.44114-03 6.260/4+04 6.89/05+08 1.03621+04
8. 900. 3.93850-180 1005.2  9.80414-D8 4.2 235.3 1.10622+01 8.08641-D2 4.689/5+04 6.43645+035 1.803139¢04
498.  920. 4.92944-18 1005.2 9.02000-08 4.6 244.5  7.17447¢00 4.55181-02 3.51855+04 5.9/1/0+05 1./6933+04
S0/.  940. 4.42312-16 1005.2 9.32296-08 4.4 252.8 4.35123+400 2.5/028-02 2.64400+04 5.5599/+05 1./3801+04
$18. 960, 3.99562-18 1005.2 /.69882-08 4.3 260.3 2.64619400 1.45591-02 1.98994¢04 3.37865¢05 1./, 41004
sze. 960. 3.63036-18 100%.2 /,13643-08 4.3 26/.0 1.61364+¢00 8.27243-03 1.49999¢04 4.82535405 1.6/.51+04
440. 1000. 3.314//-18 1005.2 6.62/00-08 4.2 273.0  9.86649-01 4.71484-03 1.13241+04 4.40789+0% 1.64630+04
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Reference [3], Test #6.
ETR 0851, MUMP 7

January 24, 1967
03:00 2z
22:00 Local (EST)

Cape Kennedy, Florida molecular nitrogen

ALTITUDE TEMPERATURE DENSITY
(km) (°K) (part/cc)
140 594 3.59 x 1010
145 635 2.60
150 665 1.95
155 685 1.50 10
160 707 1.16 x 10g
165 718 9.18 x 10
170 731 7.27
175 743 5.78
180 754 4.63
185 762 3.73
190 774 3.00
195 786 2.42
200 794 1.97
205 800 1.61
210 811 1.31 9
215 823 1.07 x 104
220 831 8.79 x 10
225 845 7.20
230 850 5.97
235 855 4.96
240 863 4.11
245 866 3.43
250 875 2.85
255 877 2.39
260 881 2.00
265 883 1.68
270 887 1.41
275 894 1.18 g
280 890 1.00 x 10
285 894 8.41 x 10/
290 894 7.10
295 894 6.00 ;
300 895 5.07 x 10




Test No. 6

MIFC NODIFIED JACCHMIA MODEL ATHMOSFPHERE (1967)

OATE samuary 23, 1987 CH TINE 3 HRS O MINS LAT  20.46000 DEGCS LONG -80.353000 DECS
F1o 152.00000 Fio8 126 .00000 AP 2.5000 €XOS TEMP  926.1764 MOUR ANG -217.9032
ALY ALT cEus:TY TEMP PRESSURE MOL. WT SCALE HT NUMBER DENSITY (CM-3)
(N (kM) (eM/CcM3) (oK) (DYNE/CMZ)  (UNITLESS) (xM) N(N2) NcoR) N(O} N(HE) N(H)
€3. 120. 2.435948-11 385.0 2./0030-02 26.9 11.6  4.00000+21 /.50000+10 7.60000+1D 3.40000+07 0.00000
‘6.  140. 3.99251-12 604.0 7.807%8-03 2s.7 20.8 6.27636+10 9.74634¢09 2.09899+10 2.01303+07 0.00000
88. 160. 1.340313-12 744.7  3.38463-03 2e.7 26.9  2.01413+10 2.73925+09 1.00281+10 1.54635+0/ 0.00000
9/, 180, 5.07919-33 623.4 1.70303-03 23.6 31.2 8.21823+09 9.97545+08 5.75531+09 1.29555+07 0.00000
108, 200, 2.90922-13 867.7 9.20088-04 22.¢ 34.6  3.73579+09 4.08707+08 3.58851+09 1.12851+0/ #.00000
139. 220, 1.35240-13 092.8 5.326/9-04 21.6 37.5 1.80086+09 1.78023+08 2.33482+09 1.00262+0/ 0.00000
1306, 240, 8./2464-14 90/.1  3.18035-04 20.7 40.0  8.935235+U8 6.G2698+0/ 1.55543+09 9.00366+06 0.00000
140. 260. 9.10313-14 915.2  1.95756-04 19.8 42,4  4.53656+08 3.69592+07 1.030/5+09 8.13503+06 0.00000
1%1. 280. 3.08026-14 919.9  1.23605-04 19.1 44.6  2.32762+08 1.725312+07 7.186056+08 /.37/10+06 0.00000
162. 300. 1.911331-14 922.%  7.97389-05 18.4 46.6 1.20469+08 8.13016+06 4.90861+08 6./0519+06 0.00000
173, 320,  1.2138%-14 924.3  5.23832-03 17.8 48.5 6.2/634+07 3.85995+06 3.3/939+08 6.10389+06 0.00000
183, 340,  /.06342-18% 924.9  3.49500-0% 17.3 50.3  3.28/68+U/ 1.84377+06 2,33450+08 5.562/2+06 0.00000
t94. 360. 5.180%/-13 925.5 2.36330-03 16.9 51.9 1.73031+07 8.85425+05 1.61732+08 5.0/395¢06 0.00000
208.  380. 3.462314-153 925.8  1.61705-0% 16.5 53.5  9.14599+06 4.27290+D5 1.12334408 4.63150+06 0.00000
216. 400, 2.34198-33 923.9  31.11840-0% 16.1 55.0 4.05404+06 2.07159+05 /.82096+0/ 4.2303/+06 0.00000
Z27. 420, 1.60073-13 926.0 /.81400-06 15.8 56.6 2.58627+06 1.00883+05 5.45/50+07 3.86626¢06 0.0000C
37, 440,  1.30409-19% 926.1  5.51419-06 15.4 58.2 1.38323+06 4.93423+04 3.81663+D7 3.53553+06 0.0000C
240. 40, 7.7737-10 926.1  3.93115-06 15.0 60.0 7.42568+405 2.42364+404 2.67483+07 3.23483+06 0.00000
480. 5.37/843-16 926.1  2.83293-06 14.6 62.1  4,00104+408% 1.19547+04 1.8/85/+0/ 2.96129+06 0.000V0G0
soo. 3.7/96801-16 ]®6.2 2.071313-06 14.1 64.7 2.16364+05 5.92123+03 1.32209+07 2./1230+06 4.45926+04
520. 2.e982/-16 926.2  1.53083-06 13.6 67.7  1.17423+05 2.94485+03 9.32362+06 2.46552¢06 4.43066+04
Se0. 1.93247-18 926.2 1.34759-06 13.0 71.3  6.39530404 1.47054+03 6.58856+06 2.2/886+06 4.33555+04
Se0. 1.39522-36 926.2 8.73688-07 12.3 75.6  3.49548¢04 7.37269+02 4.66520+06 2.09044+06 4.24302+04
%60. 1.01830-16 926.2 6./6263-07 11.6 60.8 1.91717+04 3.71132+02 3.30990+06 1.91855+06 4.15298¢04
3g4. €00, /.47604-37 926.2  5.32624-07 10.8 87.0  1.05515+404 1.87557+02 2,35296+06 1./6166+06 4.06535¢04
338. e20.  5.36083-1/ 926.2 4.27030-07 10.0 94.3  5.62/16+03 9.51565+01 1.67598+06 1.61640+06 3.96005+04
343. s40. 4.18028-17 926.2  3.40498-07 9.3 102.8  3.22904+03 4.84650+01 1.19609+06 1.46/53+06 3,89/01+04
3%¢.  ee0. 3.19483-17 926.2 2.89336-07 .5 112.5  1.79536+03 2.47793+01 6.55253¢03 1.36/86+06 3.8161/+04
367.  Ge0. z.4r380-17 926.2 2.44133-07 1.8 123.3  3.00156+03 1.2/176+01 6.12/0/¢03 1.25644406 3.73/45404
378.  /00.  1.94509-37 26.2 2.09068-07 1.2 135.0 5.60585+02 6.55163¢00 4.39777¢05 1.15832+06 3.660/8¢04
300, g0, 1.55%65-12 o26.2 1.81429-G7 6.6 147.4  3.14797+02 3.38606+00 3.18247+05 1.06666+06 3.5061104
390. 740,  1.26632-17 926.2  1.359203-0/ 6.1 160.1  1.773504G2 1.75654+00 2.2/638+03 9.62710403% 3.5133/+04
4310,  (e0.  1.08440-1/ 26.2  1.41243-G7 5.7 $/2.8  1.00230402 9.16523-01 1.64448¢03 9.035/86003 3.44230+04
42s.  se0.  8.76310-10 226.2  1.26311-07 3.3 183.2  5.68360+G1 4./9008-01 1.16911005 6.35263¢08 3.3/ 44+04
432.  #0D.  7.46094-18 226.2  3.13763-07 5.3 $97.0  3.23289¢01 2.51368-01 8.61397¢04 7.70563408 3.30e19004
as 824, €.43785-18 926.2  1.03668-07 .. 208.3  1.84470+01 1.32382-01 6.25123¢04 /.11230+05 3.2405640¢
493,  e40.  5.82105-18 926.2  9.38369-08 4.6 218.2  1.05587¢01 6.99604-02 4.54466¢04 6.36/43+05 3.1/662+04
444. 88D,  4.9%952-16 926.2 6.57/94-08 4.5 227.3  6.06238¢00 3.71115-02 35.30902+04 6.06694+05 3.1142904
#80. 4.41530-18 926.2  7.86//6-98 a3 235.5 3.49145+400 1.97532-02 2.41473¢04 5.60707408 3.03352+04
900.  3.96090-314 926.2 /.236%7-08 4.2 242.8 2.01692¢00 1.05506-02 1./64//+04 5.16431+05 2.99426+04
920. 3.5/615-18 926.2 6.6/162-08 4.1 249.2 1.16865+00 5.65472-03 1.29198+04 4./9549¢03 2.93647+04
940,  3.24014-18 926.2 6.16296-08 4.1 255.0  6./9166-01 3.04111-03 9.4/471+03 4.43//2+05 2.88010+04
260. 2.959/5-18 926.2 5./0273-08 4.0 260.3 3.95874-03 1.64106-03 6.96003+03 4.10839+05 2.62511+04
900. 2./0883-18 926.2  5.20461-09 3.9 263.0 2.31428-03 8.08543-04 5.32141+03 3.80510¢05 2.//146+04
1900,  2.40644-18 926.2 4.90344-08 3.9 269.3  1.35689-01 4.62704-04 3.//477+03 3.5256/405 2./1911+04
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Reference [3], Test #7.
ETR 1942, MUMP 4

April 25, 1967
06:30 2
01:30 Local (EST)

Cape Kennedy, Florida molecular nitrogen

ALTITUDE TEMPERATURE DENSITY
(km) (°K) (part/cc)
145 591 . 3.70 x 1030
150 628 2.74
155 658 2.04
160 690 1.55 1o
165 720 1.18 x 10
170 747 9.19 x 10
175 774 7.22
180 796 5.77
185 816 4.61
190 831 3.74
195 846 3.07
200 860 2.51
205 875 2.06
210 887 1.70
215 898 1.41 o
220 906 1.18 x 10
225 915 9.82 x 10
230 922 8.27
235 927 7.00
240 931 5.92
245 935 5.00
250 937 4.23
255 939 3.60
260 940 3.06
265 941 2.60
270 941 2.21
275 942 1.88
280 942 1.60
285 942 1.36 .
290 942 1.17 x 108
295 942 9.90 x 10
300 942 8.45
305 942 7.20
310 942 6.08
315 942 5.19 ;
320 942 2.41 x 10
18




CATE AFRIL 28, 1967

fio0

ALT
(L [}

as,
e,
s,
LN
08,
119,
130,
140,
193,
182,
173,
183,
194,
8.
ri16.
2.
237,
248,
259,
20,
203,
291,
3oz,
313,
3ga.
3389.
a8,
3%e.
38,
3re.
3o,
0.
430,
a2: .

ade.

453,
484,
4r9.
480,
a0e.
so0r.
Sie,
529 .

340,

131.00000
ALT CENSITY
(XM (EM/CH3)
120, 2.45948-11
140. 3.92602-12
160. 1.37807-12
180. 6.29022-13
200. 3.25788-13
220, 1.801563-13
z40. 1.06243-13
260, $.44508-14
200. 4.02609-14
300, 2.5/713-14
320, 1.68300-14
340, 1.12220-14
3e0. 7.3595089-19
380. S.21383-15%
400, 3.62194-13
ago. 2.%42/1-18
440, 1.80140~-13
460, 1.20848-15
480, 9.23360-16
300. $.70039-18
sz0. 4.081408-16
540. 3.57768-16
360, 2.63/80-16
Sa0. 1.95690-16
800, 1.46130-16
20. 1.09883-16
840 . 8.32508-17
860 . 6.36343-17
880. 4.90%2/-17
00, 3.0208%/-22
0. 3.00830-137
740. 2.39652-17/
160 . 1.93281-3¢
‘0. 1.%57006-37
so00. 1.306%9-1/
025, 1.09534-~-1/
840, 9.29950-38
880. /.9900/-18
885, é.9431/-18
9006. $.09639-18
*20. 5.402/0-18
940. 4.82822-18
9¢0. 4.3483/-38
980, 3.93751-18
1000, 3.5866/-18

oM TINE

TENP
{OK)

3%5.0
642.2
805.9
899.5
953.2
964.1
1002.0
t1012.3
1018.3
1023.8
1023.9
102%.1
1028.8
1026.2
1026.5
1028.6
1028.7
1026./
1026.8
1026.8
1026.8
to26.8
1026.8
1026.8
1026.8
1026.0
to026.0
1026.9
102¢8.8
1028.9
102¢.9
1026.9
1028.9
1026.8
10z6.8
162¢.8
1026.8
1026.9
1026.8
1026.0
1026.8
1026.8
102¢6.8
1026.8
1026.8

FPRESSURE MOL. WT SCALE HT

Test No. 7

NSFC MOCIFIED JACCHIA NODEL ATMOSPHERE (19067)
$ HAS 38 MINS LAT 26 .46000 DEGS LONG ~80.33000 DECS
2000 Exos TEMP 1026.6204 HOUR ANG 198.3433

NUNBER DENSITY (CM-3)

{DYNE/CM2) (UNITLESS) (kM) N(N2) N(OZ) N(O) N(HE)

2.70030-02 26.9 11.6 4.00000+11 7.50000+10 7.60000+10 3.40000+0/
8.13818-03 25.8 22.1 6.18299+10 9.663/3+09 2.02824+10 1.95081+07
3.72430-03 24.8 29.0 2.07397+10 2.86458¢09 9.85784+09 1.49423+07
1.9/136-03 23.9 33.8 8.93838+09 1.11202+09 5.81370+09 5.25590+0/
1.12522-03 22.9 37.5 4.31336+09 4.87598+08 3.73970+09 1.10023¢07
6.73024-04 22.1 40.5 2.20714+09 2.27/65+08 2.51548+09 9.84379+06
4.17839-04 21.2 43.2 1.16731+409 1.10264+06 1./3457+09 8.90919+06
2.66359-04 20.4 45.6 6.29743+08 5.45459+07 1.21374+09 8.11665+06
1.73/39-04 19.6 48.0 3.44096+08 2./3620+407 8.57300+08 7.42379+06
1.15563-04 18.9 50.1 1.896/7+U8 1.38594+07 6.08951+08 8.80685+06
/.817/24-08 18.4 52.2 1.05242+08 7.07130+06 4.34535+08 6.25137+06
5.36364-05 17.8 4.1 5.87009+07 3.62915+06 3.113116+08 5./4/785+06
5.72999-08 17.4 55.9 3.28086+07 1.87200+06 2.,23388+08 5.20952+06
2.82209-08 17.0 57.6 1.85010+0/ 9./0036¢U5 {.60/39+08 4.8/7121+06
1.86175-08 16.6 59.2 1.04466+07 5.04803+03% 1.15955+068 4.40875+06
1.33400-05 16.3 60.8 5.91980406 2.63770+05 8.38126+07 4.13864+06
9.64064-06 16.0 62.4 3.36623+006 1.38371+05 6.0/016+07 3.81782+06
/.02309-06 15.6 64.0 1.92066+G6 7.2868/+04 4.40491¢07 3.52364+06
5.16170-06 15.3 65.8 1.09952+06 3.852031+04 3.20261+07 3.253/0+06
3.82821-08 14.9 67.8 6.31505+05 2.04390+04 2.332835+07 3.003587+06
2.86315-06 14.6 10.G 3.63881+U5 1.08853+04 1.70245+07 2./7821+06
2.16213-06 4.1 2.5 2.10346+05 5.81052+D3 1.24468+07 2.56898¢06
1.64987-06 13.7 5.5 1.21980¢05 3.12148+03 9.11657+06 2.3/658+06
1.27325-06 13.4 9.0 7.09592+04 1.68062+03 6.68937+06 2.190959+06
$.94610-07 12.5 83.1 4.14078+04 9.08061¢02 4.91714+06 2.03666+06
/.8r857-07 11.9 88.0 2.42381+04 4.92395¢D2 3.62082+06 1.8866/7+06¢
6.31324-07 11.3 93.7 1.42313¢04 2.67931+02 2.87092+06 1.740846+06
5.33537-07 10.6 100.3 8.38122403 1.46298+02 1.97365+08 1.62111+06
4,23666-07 9.9 107.9 4.95083+03 8.U1584+01 1.46091¢06 1.50366+06
3.54434-07 9.2 116.6 2.93323+03 4.40697¢01 1.08323¢06 1.39532+06
3.00539-07 8.5 126.2 1.74300+03 2.43100+01 0.04544+05 1.29533¢06
2.58107-07 1.9 136.9 1.03878¢03 1.34560+01 5.90560+03 1.20302+06¢
2.24296-907 r.4 148.3 6.20080+02 /.47265+00 4.480%4+03 1.11/77406¢
1.9/0383-07 .. 160.4 3.72382¢02 4.18357+00 3.32953+40% 1.03894+068
1.74132-07 e.4 172.6~ 2.23739+02 2.32743+0C 2.48936+05 9.86066+0%
1.56244-G¢ 6.0 185.4 1.34803+402 1.30526+00 §.86422¢05 6.987/06+05
1.40753-07 5.6 19¢7.8 $.15445+03 7.34363-01 1.39832+05 #.36365+05
1.2/596-0¢ 5.3 209.9 4.94361+01 4.14486-01 1.05052+05 /.78656+05
1.16292-0/ $.3 221.3 3.00535+0% 2.34863-01 7.90480¢04 /.25216+05
1.06473-07 4.9 232.1% 1.83205+01 1.33296-03 $.957/42¢04 6./5/0805
9.70584-08 4.7 242.0 1.11985¢01 7.59452-02 4.49676+04 6.298244+05
9.02342-08 4.6 25%1.12 6.86368+00 4.34D35-02 3.39948+04 5.87283+05%
8.34332~-08 4.4 239.3 4.21808+00 2.48815-02 2.57368+04 5.470244+05
1.13249-08 4.3 268.7 2.%9912+00 1.43069-02 1.951/74+04 5.13211+08
/.18061-08 4.3 273.4 1.60576+00 8.25129-03 1.48221+04 4./7/224+08
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Nin)

0.00000
2.00000
0.o00000
0.00000
0.00000
o guagoo
0.00000
0.00000
a.ouo0vo
a.00000
ag.00000
u.00000
g.00ovo
¢.oooo0
0.00000
0.00000
0.06000
0.00000
a.a0000
2.27595+04
2.25980+04
2.23160)+0e
2.17330+04
2.13166+04
2.09305+04
2.05143+04
2.01279+04
1.9750904
1.93830+04
1.9024004
1.06/36+04
$.683316+04
1.79978+04
1.¢6718¢04
1.¢%338404
1.7L427+¢0D8
$1.6/591004
1.64426004
1.61529+04
$.58698¢04
1.8%933+04
31.53231¢04
1.5Us89 D4
1.48007+04

1.4%494+04



Reference [3], Test #8.
ETR 4803, MUMP 5

April 25, 1967
19:00 2
14:00 Local (EST)

Cape Kennedy, Florida molecular nitrogen

ALTITUDE TEMPERATURE DENSITY
(km) (°K) (part/cc)
140 616 4.81 x 10%°
145 654 3.56
150 693 2.65
155 736 2.00
160 777 1.54 1o
165 814 1.20 x 10
170 848 9.54 x 10
175 880 7.69
180 907 6.24
185 931 5.13
190 951 4.26
195 969 3.55
200 983 2.99
205 997 2.52
210 1010 2.14
215 1021 1.81
220 1030 1.54
225 1037 1.32 .
230 1044 1.13 x 10)
235 1049 9.66 x 10
240 1053 8.34
245 1057 7.20
250 1060 6.21
255 1062 5.38
260 1065 4.63
265 1067 4.01
270 1069 3.47
275 1071 3.01
280 1072 2.61
285 1073 2.27
290 1075 1.97
295 1076 1.70
300 1077 1.48
305 1078 1.29 .
310 1080 1.12 x 10
315 1081 9.60 x 10.
320 1082 8.29 x 10

20




CAtE AFAIL 29, 198/

Fso

ALY

()

L1

e,
s6.
.
108,
139,
3130,
140,
131,
182,
173,
183,
194,
209,
23168,
[ 2 20
237,
240,
z99.
2/0.
288,
98 .
soe.
3313,
3ge.
339%.
348,
388.
367.
3re.
309.
309,
430
401 .
art.

8.

3131.00000
ALY DENSITY

(XM {GU/CH3)

120. 2.45948-11
140. 3.83754-12
160. 1.399863-12
180, 6,70%99-13
200. 3.65495-13
220, 2.314342-33
2a0. 1.31769-13
260, 8.37717-14
280, S.48745-14
300. 5.64590-14
320. 2.47092-34
340. 1.71046-14
3e0. 1.1984/7-14
380. 8.350872-18%
400. 6.10/98-15%
420. 4.43064-15
440. 3.24311-15
460. 2.39290-183
480. 1.77833-15
%00, 1.33008-15%
520. 1.000%4~18
$40. 7.56685-16
$60. 5.75120-16
so0. 4.39203-16
600. 3.36963-18
es0. 2.99728-16
840, 2.01129-16¢
600 . 1.3%6306-16¢
680 1.22407-16
/00. 9.62575-27
2G. /.61340-~37
140. 4.05040-1/
169, e.8%%0/-37
780, J.e1027-27
800. J.18673-17¢
829, 2.61308-17
840. 2.16124-11
680 . 1.80383-37
480 . 1.51913-27
200 . 1.29147-17
#30. 1.10822-17
#40. 9.%59/25-18
960 . 6.38551-18
s80. f.3892/-18
1000, 6.56374-18

Test

No. 8

HeFC NODIFIED JACCHIA WODEL ATHOSPHERE (1947)

6N TINE 39 HRS O MINS
FioB 345.00000 AP
TEMP FRESSURE MOL. WY
10K} (DYNE/CHMZ)  (UNITLESS)
355.0 2./0D03p-D2 26.9
689.4 8.32186-03 5.8
888.0 4.14432-03 24.9
1006.4 2.32667/-03 24.1
1077.2  1.40387-03 23.3
1139.6  8.83592-D4 22.5
1145.1 5.76445-04 21.8
1160.%  3.84438-04 21.0
1169.8 2.61560-04 20.3
1179.% 1.81023-04 19.7
1178.9  1.27163-04 19.1
1163.0 9.0%50%50-08 18.6
1162.3 6.51656-08 18.1
1183.1  4.74064-05 17.7
1183.6 3.48059-05 17.3
1183.9 2.5/6/5-08% 16.9
1184.3 1.92212-0% 16.6
1184.2  1.44391-0% 16.3
1184.3  1.09190-05 16.0
1164.3 8.31193-06 15.8
1384.4  6.36676-06 15.8
1184.4 4.90822-06 15.2
1184.4  3.8G891-06 14.9
1184.4  2.9/629-06 14.5
t1184.4 2.34270-06 14.2
1184.4 1.83632-06 13.8
1104.4 1.48629-06 13.3
1104.4 1.19917-06 12.9
1184.4 9.76474-07 12.3
1184.4 0.02845-0/ 11.8
5184.4 6.66706-07 11.2
1104.4 $.39318-07 10.7
1184.4 4.74059-07 10.1
1184.4  4.03093-0/ ».s
1184.4  3.350990-D/ s.9
1184.4  3.06409-07 8.4
1164.4  2.69907-0/ 7.9
1104.4  2.39/3%4-0¢ ‘.4
t184.4  2.14617-07 7.0
1184.4 1.93467-0/ 6.6
1104.8  1./5%04-07 6.2
1184.4  1.60105-07 5.9
11684.4 1.467/85-07 5.8
1104.4 1.35161-07 s.s
1164.4 1.24934-07 5.2

LAY

C]
»

L]
k-4
2

SCALE HT
(KM}

11.6
23.6
3.2
37.4
4.7
45.1
48.0
50.7
53.2
55.8
s¢.7
53.9
61.9
63.8
65.6
67.4
69.1
70.7
rz.s
r4.1
15.9
77.8
9.9
82.3
84.9
8r.9
91.3
95.2
99.7
104.8
110.7
157.3
124.8
133.1
1ag.3
152.4
163.¢2
t74.¢
186.7
199.0
211.6
224.1
236.4
248.4
289.9

28.46000 DEGS

o EXOS TEWP

N(NZ)

4.00000+11
6.05558+10
2.12294+10
9.69306+09
4.98870+09
2,73428+09
1,55353+09
9.02161+08
5.31305+08
3.15902+08
1.89133+08
1.130844+08
6.88288+07
4.37/28+07
2.54405+07
1.55441+0/
9.52684+06
5.85642+06
3.61064+06
2.23244+06
1.38422+06
8.60676+05
5.36628+05
3.35500+08
2,10323+05
1.32204+05
8.33217+04
5.26518+04
3.33582+04
2.11892+04
1.34940+04
8.61535+03
$.51442+03
3.53042+03
2.2/616+03
1.48778+03
9.48804002
6.14813¢02
3.99348+02
2.60012+02
1.69691+02
1.11005+02
r.27/831+04
4.78323+01

3.13064+01

N(O2)

7.50000+10
9.53245+09
2.98307+09
1.23968+09
5.85926+08
2.96339+08
1.55808+08
8.38809+07
4.58533+0/
2.53293+0/
1.40992+07
7.89502+06
4.,44283+06
2,.51098+06
1.42473+06
8.11377+05
4.63706+05
2.65915+05
1.5300G+05
9.83206+04
5.11486+04
2.97159+04
1.73187+04
1.01250+04
5.937608+03
3.4927/7+03
2.06082+403
1.21960+03
7.239231+02
4.30971+02
2.%7323+02
1.54009+02
9.28372+01
$.57337+01
3.36804.01
2.038722+01
1.23824001
1.54141+00
4.60865+00
2.82039+00
1./3180+00
1.06623+00
6.58191-01
4.07377-01
2.52798-01

LONG

1184.3997 HOUR ANG

NUMBER DENSITY (CH-3)

N{(O)

7.60000+30
1.94432+10
9.50334+09
5.80322+09
3.85638+09
2.69007+09
1.92871+09
1.40874+09
1.03519¢09
7.67537+08
$.71807+08
4.275068+08
3.20523+08
2.40882+06
1.01410+08
1.36883+08
1.03473+08
7.83529+0/
5.943t4+0/
4.51537+07
3.43616+07
2.61908%07
1.99944+07
1.52879+07
1.17073+07
8.9/912+06
6.89714+06
$.3050808+06
4.08784+068
3.15408+06
2.43710¢06
1.08597¢06
1.46153+08
1.13423+08
8.8147G+083
6.86003+08
5.34626¢05%
4.17229405
3.26057+05
2.55154+08
1.99939+05
1.56882+05
1.23260+08
9.69719+04

71.63897+04

-80.353000 DECS

N(HE)

3.40000+0/
1.87905¢0/
1.43002+07
1.20290¢0/
1.05838+0/
9.531%50+06
8.69395+06
7.99414+06
7.38296+06
6.83039+06
6.34613+06
5.89709+06
5.48313+06
5.105/9+06
4.75564+06
4.43190+06
4.13221+06
3.85453+06
3.59711+06
3.35828+06
3.13659+06
2.93072+08
2.73945+06
2.56166+06
2.39834¢06
2.2423%5+06
2.09943+06
1.96610+08
1.84207+08
1.72644¢08
1.61866+06
1.51816+06
1.424434+08
1.33693+0¢
1.25%526+06
1.1/900+06
1.30/776+08
1.04110+06
9.70940+05
9.20733+03
8.862/8+05
8.15316+05
7.8676D7+08%
7.22927+0%

6.310/70+05

21

z26.38687

Nit)

0.00000
a.o00000
0.00000
v.00000
a.o0000
0.00000
o0 .oo000
0.00000
o.00000
0.00000
v.00000
0.00000
v.00000
o.00000
0.00000
o.o00000
0.00000
0.00000
0.00000
9.r/857140”
9./4808+02
9.5841G+0G3
P.42378+0%
9.26/05+03
9.11379e0
8.96392+03
8.81733.+03
8.67398403
$.9337%+03
9.39638+0
0.26232003
9.1309703
$.00243.03
7.87863+0G)
1.7%389400)
7.63294908
7.51493.03
1.39837+03
7.28822-03
r.37543 53
7.066084+0G3
6.9605/7+05
6.85643+03
6.7/544003

6.63444 U5

IS




Reference [4], Test #9.
NASA 18.01

March 19, 1965
18:09 2
13:09 LOCAL
Wallops Is., Va.

molecular nitrogen

ALTITUDE DENSITY TEMPERATURE
(Km. ) (part/cc) ("Kelvin)
168 7.29 x 107 693
170 6.62 697
175 5.21 706
180 4,12 714
185 3.29 723
190 2.63 732
195 2.10 750
200 1.69 48
205 1.37 756
210 1.11 x 103 764
215 8.94 x 10 ' 772
220 7.27 779
225 5.92 786
230 4, 82 793
235 3.91 800
240 3.18 806
245 2.59 812
250 2,12 815
255 1.74 823
269 1.45 828
265 1.21 8 832
272 1.00 x 10, 836
275 8.34 x 107 8ho
280 6.95 842
285 5.78 845
290 4,83 846
295 4,05 848
300 3.38 849
305 2.84 859
310 2.38 x 107 850
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CATE mamcu 19, 1968

710

ALY

8.
re.
se.
.
100.
119,
130,
140,
131,
iex.
113,
183,
19s.
208,
e,
287,
23,
240.
299,
200,
281,
L1 2N
Joe.
313,
3gs.
333,
343.
3%e.
3.
Sre.
See.
L1 1N
810,
art.
asr.
4e3,
3y,
a%s.
479,
486.
a0s.
sor.
Ste,
s29.
S40.

77.00000
ALY OENSITY
X)) (Y2 744 )
120, 2.49948-11
140, 4.0%441-12
180. 1.30932-12
100, 5.42484-13
200. 2.93398-13
220, 1.30149-13
240, r.01871-14
£e0. 3.95129-14
200, 2.30052-14
300. 1.38722-14
3z0, 6.55370-19
340, 5.30446-19
380. 3.44798-18
380. £.2395¢2-15
400, 1.47215%-13
4p0. 9.77739-18
440, ¢.53408-16
400. 4.43209-18
400, 3.02290-16
so00, 2.08109-18
sgo. 1.44714-16
540, 1.01892-16
360, 7.23870-27
$80. S.21969-87
$00. 3.szeuR-17
e20. 2.085429-17/
40, z2.10049-17
$60. 1.68422-1/
s90. 1.33819-27
r00. 1.07674-27
20, 8.89379-18
740. 7.403%96-1%0
r60. $.38934-190
rs0. $.%51081-18
800, 4.023353-10
420, 4.26808-12
040, 3.80642-18
8806 . 3.437715-18
LY 1% 3.08370-18
200, 2.7983¢-108
20, 2.%701-18
%40, 2.32%11-18
*60. 2.12772-18
s80. 1.95105-18
1G00. 1./9212-18

Test No. 9

HEFC WODIFIED JACCHIA WODEL ATHOGPHERE (i9ér7i

M YINE 16 HRS ® NINS LAT 37.83000 DEGS LONG ~-75.48000 DEcS

Fi08 78 .00000 AP 5.0000 EXOS TEMP 838,.7550 HOUR ANG ~-343.80t8
TEuP PRESSURE HOL . WY SCALE HT NUMBER DENSITY (CM-3)
(oK) (DYNE/CH2) {UNT TLESS) (KM} N(N2) N(o2) N(O) NINE) N(H)
385.0 2.r0030-02 26.9 11.6 4.00000+11 7,50000+10 7.60000+10 3.40000¢0¢ 0.0000C
ses.¢ 7.46801-03 25.7 19.8 6.36052+10 9.80921+09 2.17183+10 2.07852+07 0.00000
687.3 3.05176-03 24.5 25.0 1.93979+10 2.59409+09 1.01582+10 1.59938+07 0.00000
783.6 1.45393-03 23.4 28.9 7.43819409 8,78899+08 5.64600+09 1.33355+07 0.00000
7190.7 7.%4%19-04 22.3 32.0 3.16994+09 3.33878+08 3.39779+09 1.15328+07 0.00000
811.5 4.14740-04 21.2 34.8 1.42755+09 1.34663+08 2.12997¢09 31.01607+07 0.000600
223.3 2.38037-04 20.2 3r.3 6.632681+08 5.61942+07 1.36607+09 9.043235+06 0.00600
829.9 1.41396-04 19.3 39.5 3,.14090+08 2.39425+07 8.88103+08 8.09350+08 0.000U0
#33.7 8.03799-038 18.5 45.6 1.50598+08 1.03422+07 5.82369+408 7.27241+06 0.00U00
8335.9 5.40052-05 17.9 43.5 7.26511+¢07 4.513164+06 3.04149¢08 6.54753+08 0.00000
837.1 3.44207-08 17.3 45.3 3.54840+07 1,.98332+06 2.54512+08 5,90388+06 0.00000
837.8 2.22983-08 16.8 46.9 1.7382%+07 8.77508+05 1.69221+08 5.32946+06 0.00000
a38.2 1.46505%-08 16.4 48.4 8.55838+06 3.904831+05 1.12856+08 4.81529+06 0.000G0
838.4 9.74910-06 1.0 49.8 4.23349406 1.74684+085 7.54729+07 4.33404+06 0.00000
638.6 6.356624-06 15.8 51.4 2.10345+06 7.8%5420+04 5.06034+407 3.93970+0¢ 0.00000
838.0 4.47812-08 15.2 3.0 1.04960+06 3.54871+04 3.40129+07 3,.56709+06 0.0vONO
83e8.7 3.09003-06 14.8 $5.0 5.25936+05 1.61106+04 2.29167407 3.231714+40¢ 0.00000
8368.7 2.16253-06 14.3 s7.2 2.64621+05 7.34835+403 1.54769+017 2.929614+06 0.UVA0O0
838.7 1.53650-0¢ 13.7 59.9 1.33682+05 3.36726+403 1.04767+07 2.63730+06 0.006GG0
838.7 1.120%8-06 13.0 63.8 6.78050+04 1.550068+03 7.10816+06 2.41170+06 8.92908+04
a38.7 8.27602-07 12.2 €8.2 3.45278+404 7.16780+02 4.83364+406 2.19003+06 8.90911+0U4
838.0 6.23961-07 11.4 73.6 1.76513+404 3,.32941¢02 3.29431+06 1.98986+06 8.69819+04
838.8 4.80878-07 10.5 80.2 9.0580609} 1.55338+02 2.25019+06 1.80899+06 8.49343¢04
838.8 3.79018-07 9.6 88.2 4.667/03+03 7.27943+01 1.54038+08 1.64546+08 6.29462+04
a838.8 3.G5407-07 8.l 9r.5 2.41360+403 3.42619+401 1.05678+06 1.49754406 6.10187+0a
a38.0 2.51319-07 r.9 106.1 1.25294+403 1.61957+01 7,26574+03 1.36364+06 7.91407+04
838.8 2.10837-07 r.g 126.90 6.52088+02 7.68887+00 3.00627+05 1.24239+08 7./31953+04
838.8 1.79933-07 .5 132.7 3.414535%5¢02 3.66361+00 3,.45663+03 1.13252+06 7.535:G3+04
836.8 1.35853-G7 6.0 145.9 1.79243+02 1.75497+00 2.39174+05 1.03290+08 7.38312+04
83s.8 1.36696-07 5.5 159.2 9.44360¢01 8.43736-01 §.65638+05 9.42544+08 7.216U7+04
838.0 1.2%348-07 5.1 tre.1 4.99350+01 4.07327-03 1.15226+05 6.60335+08 /.08370+04
30.8 1.06288-07 4.0 184.3 2.64992+01 1.97451-01 8.02230+04 7.86064+08 6.093588+04
838.0 9.74668- 08 4.8 19s5.6 1.41120+01 9.61049-02 3,.59696+04 7.16404+08 &./a24a°0s
38.8 8.02210-00 4.4 208.7 7.54231+00 4.69660-02 3.91263°04 $.56809+03 ¢.3593238+04
a3e.0 8.02197-08 4.2 214.0 4.08324+00 2.30441-92 2.74066+04 6.00960+08 ¢.44r17+9
833 .8 1.32165-08 4.1 222.9 2.27712400 1.13516-02 1.92357¢04 5.50087°08 6.30706%04
838.0 6. 10308-08 4.0 230.1 1.17575400 3.61393~-03 1.35274+04 5.03714°03 6.16980°04
838.8 6.15259-08 3.9 236.6 6.37132-01 2.78721-03 9.53157+03 4.61500+408 6.03626+04
e38.8 5.6596/7-08 3.8 242.4 3.46430-01 1.38917-03 8.72909+03 4.23029+03 5.90633+04
838.8 5.21606-08 3.7 24r.7 1.88999-01 6.95033-D4 4.75973+03 3.87930+08 5.77988+04
838.8 4.63527-08 3.7 2%2.¢ 1.03455-01 3,49068-04 3.37314+403 3.55950+05 5.65602+04
838.8 4.4%192-08 3.6 2s57.2 5.68169-02 1.75976-04 2.395004+03 3.26744%05 5.53/,.3¢04
830.8 4.12163-08 3.6 r61.7 3.13059-02 8.90479-05 1,/70369+03 3.00074905 5.42%541+04
838.8 3.82071-08 3.8 266.0 1.73056-02 4.52279-05 1.21418+03 2.75709+05 $.30686+04
a3s.s 3.54604-08 3.5 2r0.2 9.59723-03 2.30563-05 8.66910+02 2.53439+085 5.19629+04
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Test #10
Reference [21]
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Fre. 3. Map of the ofbits within which occurred the eclipees bere studied. The crossss indigate the sub-
salellite polats sosvesponding to the beginning of the eveat.
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Test #10 (Cont'd)
Reference [21]
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Test #10 (Cont'd)
Reference [21]

. MR.L. 1965-16-D sateltite
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Test #10 (Concluded)
Reference EZI]

U NAL. 1965-16-0 satellite | -
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Fre. &, Valuss of the demsity obtained from 44-60, 8-14, 8-12 X measurements of July 8, 1985, The twe

vortionl Sasw ase the erver of the measurements at two differont heights.
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Reference [4], Test #11.

NASA 18,03
(upleg)

November 9, 1965
19:16 2
13 :16 LOCAL
Fort Cht;:@h‘.ln._ Manitoba

molecular nitrogen

ALTITUDE DENSITY TENPERATURE
Km, part/cc Kelvin
( /cc)
9
173 7.50 x 10 715
175 6.86 719
180 5.46 729
185 4,35 737
190 3.49 744
195 2.82 751
200 2.27 757
205 1.84 762
210 1.50 9 767
215 1.22 x 103 771
220 9.95 x 10 775
225 8.12 779
230 6.63 782
235 5.43 785
240 4,45 788
245 3.64 790
250 2.98 792
255 2.45 794
260 2,02 796
265 1.66 8 797
270 1.36 x 10 799







Reference [4]? Test #11 Concluded.

NASA 18.03
(downleg)

November 9, 1965
13:16 2Z
13:16 LOCAL

Fort Churchill, Manitoba

molecular nitrogen

ALTITUDE DENSITY

Km. (part/cc)
147 2.68 x 10%°
150 2,04
155 1.69
160 1,21 15
165 1.00 x 10
170 7.80 x 127
175 6.15
180 4,87
185 3.6
190 3,08
195 2.47
200 1.99
205 1.60
2310 1.2
215 1.05 x 1gg
220 8.52 x 10
225 6.96
230 5.65
235 4,67
240 3.8
ous 3.11
250 2.55
255 2.0 g
256 2.01 x 10

30

TEMPERATURE
OKelvin

608
629
652
669 -
684
696
707
717
726
734
742
748
754
769
766
770
7775
779
783
787
790

- 793

796
797




sars

(L}

ase.
a3,

483,
464 .
are.
408,
e0e,

Test No. 11
Twere men3reEB sicinDh BIIEL ATROSPMERE (1967)
NOVEMBER §,39688 o TINE 39 WRS 16 NINS LAY  $8.73000 DEGS LOWG -93.02000 DEGS
22,0088 rio8 17.90000 ap 4.0000 RXOS TENP  $02.4E65 NOUR ANG 20.8700
ALY oENeLTY ®we . PRESSURE MOL. WT  SCALE WY NUNBER DENSITY (CN-3)
[ {1 (GM/CHS) oK) OYNE/CHE)  (UMITLESS)  (KM) LT ) nNgoe) No! ning) "ewd
120, 2.49948-33 395.0 2.70090-0f z26.9 11.6  4.00000%18 7. 10 7. 10 3, 0r o.
140, 4.00073-1%2 882.7  7.%31377-0% z25.0 9.1 6.39550+10 9.83124+09 £.20522+10 £.10900+07 0.00000
100, s.8003R-32 042.6 2.90528-03 g4.8 £4.1  1.90219+10 2.52346+09 1.02043¢10 1.62£3566407 0.00000
$60. 9.21038-13 ?®™B.6 1.34847-03 23.3 27.9  7.07461¢09 $.25212+06 §.50303+09 1.35088+07 0.00000
200. £.39503-13 780.3  6.03778~04 2.1 31,0 £.81970+00 3.02108+08 3.30083+09 1.16340+07 0.00000
220. 1.194319-13 7.3 3.68286-04 2.0 33.7 1.27264+09 1.17372+08 £.03180+00 1.02072+07 0.00000
240. 6.31393%-14 768.8 2.07549-04 19.9 36.1  5.7P234408 4.71741407 1.27921+09 9.04448+08 0.00000
800. 3.49821-14 74,3  1.21204-04 19.0 36.3  2.62241¢08 1.93398+07 8.16313¢08 8.09997+06 0.00000
280, 2.00077-14 197.8  7.204856-08 18.3 40.4 1.21807+08 $.08897+0¢ 5.25432+08 7.R0738+06 0.00000
300. 1.te078-14 798.8 4.40379-03 17.6 42.8 5.698359+07 3.38601+00 3.40283+08 6.48921+06 0.0000G
0.  7.26103-18 000.9 £.82343-05 17,3 43.9 R.68724+07 1.43442+06 R.C1264+08 §,.79753+06 0,.00000
340, 4.69013-19 803.8  1.80388-05 16.0 45.4 1.87469+07 6.13721+08 1.44448+08 $.20986¢06 0.00000
300. £.03905-18 801.9 1.19911-08 1e.8 40.9  $.070244D¢ £.62428+08 9.45009+07 4,08849+06 0.00000
360, 1.019%3-19 00g.1  7.67987-08 15.8 46.3 2.91246+06 1.13204¢03 6.21106+07 4.821748+06 0.00000
400, 1.17938-18 o02.2  5.11007-08 18.4 49.9 1.40200406 4.90011+04 4.00020+07 3.79893+06 0.00000
D,  F.7RS04-16 002.3  3.44723-06¢ 18.0 S1.7  6.77917+085 R.13971+04 2,70023+¢07 3.42421+06¢ 0.00000
440,  5.10090-1¢ 0g.4 2.35092-08 14.5 $3.8  3.29230+08 9.37280+08 1.70709+07 3.08844+08 0.00000
400. 9.41103-16¢ 802.4  1.64023-08 13.9 $6.4 1.60376405 4.12563+¢03 1.10366+07 2.78732+08 0.00000
480. 2.29903-16 802.4 3.18114-08 13.2 59.6 7.66¢516+04 1.82498+D3 7.88546+06 2.51710+08 0.00000
0Wn. 1.96773-18 s0g.4  8.52278-0/ te.3 4.5  3.88853+04 0.11090+02 $.£5695+06 2.27445+06 1.23621+08
$20. 1.08070-1¢ s0L.4  8.32727-07 13.4 $9.9 1.91069+04 3.92192+02 3.51291+06 £.05640¢0¢ 3.23533¢05
sav. 7.94900-17 s02.4 4.03108-07 10.9 76.8  9.47536+03 1.82495+02 £.35290408 1.00035+¢06 1.20497+08
se0. 9.38808-17 s0L.4 3.75083-07 9.5 84.5 4.71017+03 7.32417+01 1.57971+06 1.68387+0¢ 1.37833+08
$60. 3.s062e-317 80g2.4 £.99640-07 8.8 $4.1  £.35684+03 3.31644+01 1.06300+00 1.52510¢06 1.14689+08
600, g.88008-17 e0g.4 £.45033-07 7.8 108.1  1.18401+03 (.$0887+G1 7.16854+05 1.50216+06 1.311671+08
e20. 2.140%38-17 802.4 2.04698-07 7.0 117.4 5.96001+02 6.09319+00 4.04020408 1.235320+08 1.00166+08
0. 1.04032-17 0.4 1.74145-07 e.3 130.7  3.031858+02 3.163808+00 3.28327+05 1.13701+08 1.06842+08
e40. 1.29842-t7 202.4 1.50884-07 8.7 144.4  1.53308+08 1.45804+00 2.22931+08 1.03212+0¢ 1.03988+08
0D,  1.04889-37 2.4 3.31892-07 s.3 198.0 7.81625+01 6.79440-01 1.51701+08 9.37486¢08 1.01823+08
.  e.9r0p-10 S02.4 1.16803-0G7 4.9 173.82 4.00029+01 3.14139-01 1.03496+03 0.351681+05 9.91227+04
mo. r.10mr1-98 902.4 1.04381-07 4.0 183.6 2.05508+01 1.46736-03 7.07072+04 7.74801+08 9.678¢ 1404
M8,  o.12847-10 802.4 9.38000-08 4.4 194.9 1.08973+01 6.88585-02 4.64287+04 7.04636408 9.45300+04
0. S.29990-10 802.4 85.49%14-08 a0 ROS.0  5.40904200 3.24293-D2 5.32403+04 6.41306+05 9.238¢0404
200,  4.03%44-30 2.4 7.72804-08 4.8 $36.9  2.84949+00 3,.93424-02 2.20030¢04 5$.04064+408 9.01003+04
Ws. 4.09070-16 o02.6  7.08303-00 3.9 B2R.3  $.40574400 7.26099-03 1.97500004 $.32196+08 6.01049°04
20, 3.65300-19 802.4  $.44042-00 3.8 229.4 7.72494-01 3.47730-03 1.00047+04 4.88120+00 8.61007+04
840, 3.27030-18 802.4 5.9178¢-0¢ .7 2385.9  4.88332-01 1.88573-03 7.53332+03 4.42008+00 §.41510+04
860. 2.9%¢79-18  902.4  35.44208-Cs 3.8 241.9  2.15219-01 8.01193-04 5.22474+03 4.03037+08 8,.28400¢04
880, 2,e7818-10 002.4 5.01489-08 3.6 247.4  1.13837-01 3.069235-04 3.63086¢03 5.66756¢05 0.03992+04
%00. 2.434131-18 802.4  4.02945-08 5.4 RIR.7  6.04244-02 1.87612-04 E.S20R8+03 3.36019+05 7.80009¢04
0. 2.21844-18 8G2.4  4.2005¢-00 3.8 857.6 B.216040-02 9.13514-05 1.78403+03 3.07034+08 7.68824+04
®40. 2.02635-16¢ 60z2.4 3.96396-08 3.4 202.8  1.72026-02 4.48370-05 1.23323+03 £.81462+08 7.f%spseme
000. 1.854835-30 802.4 3.67804-00 .4 Rer.f  9.28615-03 £.19013-09 9.63033¢02 2.57912+08 7.54904404
s80, 1.,70047-18 80g.4 3.41374-08 3.3 ore. 4.96804-03 1.07077-08 6.00262+08 2.38607+00 7.10098+04
1600. 1.36120-19 002.4 3.17440-06 9.3 BI7.7 2.00095-03 5.33410-06 4.26311¢08 2.18035+08 7.05249+04¢

n






Reference [4], Test #12.

NASA 18,02
(upleg)

November 10, 1365
07:00 2
01 :00 LOCAL
Fort Churchill, M:nltoba

molecular nitrogen

ALTITUDE DENSITY

K. (part/cc)
144 2.74 x 101V
145 2.59
152 1.91
155 L3 9,
160 1.09 x 10
165 8.32 x 107
172 b 41
175 4,98
180 3.85
185 3.00
192 2.33
195 1.81
220 1.41
205 1.09 x 127
212 8.49 x 109
215 6.62
220 5.17
225 4,03
230 3.13
235 2.45
240 1.23
2u5 1.52 p
250 1.20 x 19
225 9.50 xs07?
260 7.53
265 5.97 X 109

TEMPERATURE
Oxelvin

33



Reference [4], Test #12 Concluded,

NASA 18.02
(downleg)

November 10, 1965
07:90 2
01:00 LOCAL
Fort Churchill, Munitoba

gpgsleq'\_xhr‘mni'tro gen

ALTITUDE DENITW

K, (part/cce)

142 3.36 x 10%°
145 2.78
150 £, 04
155 1.52 .
160 1.15 x 1519
165 8.7 x 1,7
175 6.69
175 5.13
180 3.95
185 3.06
190 2.38

195 1.86
200 1.45
205 1.13 x 107
210 8.60 x 10°
215 6,87
220 5.37 8
221 5.13 x 10

TEMPE: ATU E
O%elvin

546
501
576
588
598
6\)()
613
619
224
023
632
635
038
641
043
045
o477
647




0ATE NOVENEEA 10,1968

fi0

ALT
()

$5.00000
ALY DENSITY
(M (GM/CNH3)
120,  2.45848-11
140,  4.15908-12
160, 1.21404-12
180,  4.48378-13
200,  1.89339-13
200. S.74788-14
240,  4.32509-14
fe0. 2.25022-14
280. 1.22027-14
300,  6.0180¢-13
s20.  3.99041-19
340.  2.36020-18
380.  3.430/5-18
Se0.  8.e2408-18
400. 3.31606-16¢
420,  3.31720-38
4s0. 2.09970-18
400.  1.34449-18
asC.  8.r67137-17¢
W6,  3.00007-37
s20.  4.03e87-17
se0.  2.835029-17
960. 2.0$984-17
380.  1.543er-17
0.  1.19488-17
e20.  9.33287-18
0.  7.01338-10
ss0.  8.33390-18
ss0.  S.00212-18
100, 4.s0190-18
20.  4.27019-18
740,  3.70837-38
760.  3.31809-18
0. 3.0349e-18
s00. 2.r3192-18
820. 2.s87030-38
840.  2.29049-18
sec.
080,  1.50000-18
200,  1,71003-18
220,  1.56693-18
240,  1.436%0-18
0.  1.32298-18
%00,
1000,  1.12494-18

" Ting

3.1
3.1
3.1
3.1
3.1
03.1
093.1
693.1
3.1

Test No. 12

NSFC MODIFIED JACCHIA WODEL ATNOSPHERE (1967)

id8 rr.oo

PRESSURE
(OYNE/CHE)

2.70030-02
$.01000-03
2.44802-03
1.03480-03
4.63394-04
2.42369-04
1.26106-04
7.08421-08
4.02389-08
2.35085-03
1.40204-08
8.52021-06
8.27198-08
3.31738-08
2.12766-06
1.39453-0¢
9.37101-07
6.47796-07
4.81969-07
3.77496-07
2.95980-07
2.39252-07
1.99006-07
1.69522-07
1.47200-07
1.29702-07
1.88713-07
1.04224~07
9.44999-08
6.61/708~08
7.09392-00
r.25932-08
$.69797-08
$.19807-08
8.75067-08

5.34862-08
4.90611-08
4.6%63%3-00
4,36116-00
4.09120-08
3.04544-08
3.82127-00
3.41643-08
3.22087-08
3.05e87-08

7 HRS

ann
oo

WOL . WT
(UNT TLESS)

2é.9
29.0
24.2
280
21.8
20.2
19.1
18.2
12.8
16.9
14.4
19.9
14.8
18.0
14.4
13.7
12.9
1¢.0
10.9

4.0

7.9

6.8

».0

s.2

a2

sz

-3
3.1
3.0
2.9
2.8
2.7

- .

2.7
2.6
2.9
2.9
2.4
2.3
2.3
2.2
2.2
2.1

LAY 88 ,.735000 OKCS LONG -93.82000 DEGS
0000 £X08 TENP 693.0915 NOUR ANG ~-183.9562
SCALE MT NUMBER DENSITY (CM-3)

(KM) NINE) Noe) N(O) N(HED) N
1.8 4. 11 7. 10 7. 10 3. or o.

17.4 6.49708+10 9 .87672+09 £.31629+10 2.21242+07 0.00000
21.8 1.76431¢10 £.27535+09 1.03017+10 1.70807+07 0.00000
24.9 5.86561¢09 6.53427+08 3,31394+09 3.40371+07 0.00000
er.7 2.15093+00 £2.08825+08 2£2.94383+09 1.19252+07 0.60000
30.2 8.31573+08 7.07066+07 1.69411+090 1.02994+07 0.00000
32.5 3.31554+08 2.47633+07 9.96428+08 8.97740+06 0,00000
34.0 1.354771+08 0.86083+08 5.93943¢08 7.88733+06 0.00000
36.4 $.55040¢07 3.21682+08 3.5715335+08 6.91757+06 0.00000
38.0 2.30004+07 1.10037+06 2.16111+08 6.09569+06 0.00000
39.5 9.67183+06 4.36921+05 1.31398+08 5.38024+06 0,00000
40.9 4.07980+08 1.62939+08 8.02317+07 4.75435%5+06 0.00000
42.4 1.73120406 6.11753+04 4.93383+07 4.20548+06 0.00000

44 .0 7.306968+08 2.31138+04 3.02004+07 3.72326+06 0.00000
46.1 53.16877+05 6.78804+03 1.06184+07 3.29899+06 0.00000
48.7 1.34632+03 3.35945+03 1.15123+07 2.92531+06 0.00000
2.1 5.92109+04 1.29194+03 7.13901+06 2.59587+06 0.00000
56,5 2.57672+04 4.99661+02 4.43963+08 2.30519+06 0.00000
s2.1 1.12050+04 1.94329¢02 2,.766870406 2.04850+06 0.00000
7%.9 4,.98322403 7.59979+02 1.73143+06 1.0821635+08 3.875/72+05
8r.% £2.29317¢03 2.90842¢01 1.08574+06 1.62104+06 3.84517¢03
101.2 9.73738+02 1.1‘196001 6.826853+053 1.44350+06 3.73528°03
118.8 4.34363402 4.60036+00 4.30411+08 1.28627+06 3.62913+05
133.3 1.94664¢02 1.87672+00 2.72083+03 1.14693+0¢ S5.52650+03
180.4 6.76442+0% 7.339235-01 1.7245140% 1.02336+06 3.42730+03
167.2 3.96413401 3.04458-01 1.093509+405 9.13700+05 3.33175¢03
183.0 1.80112+01 1.23589-01 6.98219+04 $.16319+03 3.23919+05
197.6 8.22037+400 5.04270-02 4.435999+04 7.29768+08 3.14971+05
£10.7 3.76657+00 2.008035-02 2,85616+04 6.352841+08 3.06318+08
gee.7 1.73533+00 8.52415-03 1.83370404 5.84378+08 2.9:931+08
£233.6 8.02582-01 3.53116-03 1.180P21+04 5.23422+05 £2.898387+08
243.7 3.72808-01 3.47008-03 7.61505+03 4.69116+09 £.02027+09
£293.2 1.73921-01 6.15042-04 4.92885°03 4.20703+08 2.74481+08
zeR.4 $.14848-02 2.958376-04 3.19D372+03 3.77/53708 £.6/119+08
er.$ 3.03390-02 2.090839-04 2.0/7382+03 3.30080¢08 £.00023¢08
280.5 $.61146-02 4.63713-09 1.35247+03 3.04539+08 2.53183+08
209.5 $.994635-03 1.97784-08 8.63270¢02 2.73770408 £.46501+0¢
298.8 4.09470-03 8.473585-08 5. 76221¢02 2.46235¢08 £.40039+08
308.2 1.95862-03 3.64930-06 3.79400¢02 2.21635+:08 2.33820+09%
387.9 $.40078-04 1.57053-06 2.49933+02 1.99592+08 £.27776+08
327.9 4.53796-04 €.85859-07 1.64494¢02 1.79040005 2.219020+098
338.2 2.19709-04 2.994352-07 1.00684+02 1.62143¢03 £2.16246+08
348.0 1.06806-04 1.313868-07 7.319720+01 1.46289+03 £.10/46+08
3%9.0 5.21284-05 5.78458-08 &4_.77661+01 1.3P022+03 2.03415+09
373.8 2.55387-05 2.55951-08 3.17746+01 1.19229+08 2.00247+08
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Reference [5], Test #13.

TABLE 1. Number Densities®, number/ocm?

Altitude, Molec. Molec. Atomic

km Nitrogen Oxygen Oxygen Argon Helium Total

120. 2.36E + 111 3°94E 410 1.30E + 10 7.84E + 08 2.18E + 07 2.80E + 11
125. 1.32E +'11 2.02E 410 9.60E +4- 09 4.42E 408 1.49E + 07 1.62E + 11
130. 8.20E +10 1.17E +10 7.18E +09 2.70E 4-08 1.09E + 07 1.01E + 11
135. 5.53E + 10 7.40E 409 5.47E +09 1.73E + 08 8.45E + 06 6 83E + 10
140. 3.93E + 10 5.00BE 409 4.27E + 09 1.145 408 6.86E + 06 4 87E 4 10
145. 2.90E + 10 3.53E +09 3.42E +09 7.70E 4 07 5.78E + 06 3.60E + 10
150. 2.19E + 10 2.56E 4+ 09 2.81E +09 5.24E 4+ 07 5.0lE + 06 2.73E + 10
155. 1.67E + 10 1.89E 409 2.36E + 09 3.62E 4 07 4.45E + 06 2.10E 4- 10
160. 1.28E 4+ 10 1.41E 409 2.02E 409 2.53E 4 07 4.03E + 06 1.63E + 10
165. 9.94E + 09 1.068E +09 1.74E +09 1.80E + 07 3.60E + 06 1.28E + 10
170. 7715E + 09 7.97E +08 1.51E 409 1.30E 4+ 07 3.42E 4-06 1.01E + 10
175. 6.10E + 09 6.06F + 08 1.30E 409 9.23E 406 3.20E 4 06 8.01E + 09
180. 484E + 09 4.66E + 08 1.12E 4 09 3.01E 4+ 06 6.44E + 09
185. 3.88E + 09 3.62E + 08 9.57E +4- 08 2.85E + 06 5.21E 4 09
190. 3.12E + 09 2.85E 4 08 8.28E 4 08 2.70E 4+ 06 4.24E + 09
195. 2.50E 4+ 09 2.26E 4 08 7.37E + 08 2.58E 4+ 06 3.47E 4+ 09
200. 2.0E + 08 1.70E 4 08 6.86E -+ 08 2.52E 4+ 06 2.93E + 09

* Number densities probably accurate to 20% with the following exceptions: argon not reliable above
175 km., helium and atomic oxygen possibly only accurate to within a factor of 1.5.
1 Read as 2,36 X 104.

Mass Density and Number-Density Ratios*

. Total Number-Density Ratios Separation Ratios
Altitude, Mass
km Densityf 0 / (08 0 /N P 0:/N, Ar-N, HE-N,
120. 1.34E-11 0.33 0.055 0.167 0.278 14.
125. 7.48E-12 0.48 0.073 0.153 0.281 17.
130. 4.64E-12 0.61 0.088 0.142 0.275 20.
135, 3.12E-12 0.74 0.099 0.134 0.262 23.
140. 2.22E-12 0.85 0.109 0.127 0.243 26.
145. 1.631-12 0.97 0.118 0.122 0.222 30.
150. 1.23E-12 1.10 0.129 0.117 0.201 34.
155. 9.41E-13 1,25 0.142 0.113 0.181 40.
160. 7.27E-13 1.43 0.157 0.110 0.165 47.
165. 5.65E-13 1.65 0.175 0.106 0.152 55.
170. 4,43E-13 1.89 0.194 0.103 0.140 66.
175, 3.51E-13 2.15 0.213 0.099 0.127 78.
180. 2.80E-13 2.40 0.231 0.096 93.
185, 2.25E-13 2.64 0.247 0.093 109.
190. 1.82E-13 2.90 0.265 0.091 129,
195. 1.48E-13 3.27 0.295 0.090 153.
200. 1.24E-13 3.84 0.332 0.087 182.

3%

® Mass denaity probably accurate to 20%, ratios have same accuracy as composition as given in Table 2.

t g/cm.




CATE APRIL 18, 1968

[£1.]

ALY
(NM)

s,
re.
as.
o,
108,
119,
130,
140,
198,
162,
173,
103,
194,
208,
216,
.
83,
240,
209,
gro,
281,
201 .
3o,
1.
3%e.
338.
348,
3%s.
3.
3re.
309,
9.
L21.
a1,
8.
aa3,
(13
468
ers.
406
avs.
sar.
s,
(119
$40.

7 .00000

ALY oENs1TY
xm) (EM/CHY)
120,  2.48948-11
140.  4.15299-12
100. 1.22281-12
160.  4.85749-13
200,  1.94078-13
280, 9.03¢70-14
240.  4.40094-34
260, 2.36122-14
260.  1.29p66-14
son,  r.31790-13
320.  4.23373-38
34n.  2.324690-13
sen. 1.32378-18
380,  9.32891-16¢
e00. S.77902-18
az0.  3.e2389-18
440.  2.30099-16
460. 1.48080-18
480. 9.87018-17
sS00.  6.30173-17
sPn.  s.esppR-17
940, 3.13481-17
se0. 2.24082-17
90,  1.e7819-12
0. 1.zeeRi-17
s20. 1.01823-17
ee0. s.20479-18
6s0.  6.90303-18
0. S.06734-18
o0,  s.ceeri-ts
20,  s.43438-18
ran. 3.91898-18
r60.  3.49071-18
108. 3.12838-18
00, 2.e1r22-10
e2c, 2.3%4895%-12
840, 2.31001-3¢
%80, 2.10000-18
80,  1.91504-18
000.  1./4940-18
*20. 1.80287-20
%40,  1.46017-19
%60. 1.34856-18
900. 1.24077-38
1000, 1.14349-18

TENe
oK)

358.0
308.0
593.3
41.2
000.1
683.2
”i.0
98.7
9.5
704 .1
rog.o0
rog.8
roe.s
103.0
r03.1
r03.¢
ros.e
r03.2
703.2
103 .2
r03.2
ros.2
703.2
r03.2
r03.3
703.3
ras.s
r03.3
103.3
708.3
103.3
703.3
103.3
193.3
703.3
103.3
763.3
103.3
703.3
703.3
703.3
703.3
703.3
703.3
103.3

rioe

Test No. 13

HEFC NOBIFIER JACCHIA MODEL ATWOSPHERE (1967)
N TIME ® MRS 45 NINs

74 .00000 AP
PRESSURE MOL. WY
(DYNE/CHE) (UNITLESS)
2.70030-02 26.9
6.83965-03 25.6
2.49993-03 24.2
1.04316-03 2.9
$.00966-04 2.8
2.53039-04 20.3
1.34711-04 i19.2
7.47095-03 18.3
4.27063-08 17.8
2.51383-08 17.0
1.50825-0% 16.9
9.21444-08 16.0
3.72478-06 15.¢
3.61730-06¢ 15.1
2.32765-0¢ 14.8
1.92084-0¢ 13.9
1.02800-08 13.2
7.10009-07 12.2
5.05208-07 11.2
4.04376-07 9.4
3.14423-07 8.3
2.52060-07 r.e
2.07993%-07 6.3
1.7%904-07 s.¢
1.91790-07 5.0
1.33100-07 4.5
1.18190-07 4.1
1.05984-07 3.0
9.57703-08 3.4
8.70675-00 3.4
7.95436-08 3.3
7.29643-08 3.3
6.71594-00 3.0
€.20037-00 5.0
$.73938-0¢ 2.9
$.32993-08 2.8
4.95338-08 2.
4.61730-08 2.7
4.51201-96 e.6
4.03648-08 2.5
3.78519-08 2.8
3.55625-08 2.4
3.54730-08 2.4
3.35628-08 2.3
2.96130-06 2.2

LAY

$.000

SCALE MY
(KM}

11.6
17.6
21.8
2s.1
28.0
30.6¢
3z2.9
35.0
36.8
38.4
39.9
41.3
42.8
44.4
46.4
40.9
s2.1
s6.2
61.6
3.0
04.5
7.1
111.7
12r.e
144.1
160.5
176.2
190.7
203.9
215.8
228.7
238.6
248.9
2880
2603.3
1.7
zec.2
288.8
297.6
3086.6
3318.8
8.4
338.3
348.9
3%¢.0

32.30000 DPEsS

o EXOS TEMP

N(NE)

4.00000+11
6,40808+10
1.77669+40
5.98398+09
2.22204+09
8.700687+08
3.51320+08
1.44637+08
6.03355+07
2.54077+07
1.07813+07
4.60476+06
1.97829+08
8.54375+08
3.71094+05
1.61965+05
7.10424404
3.13138+04
1.38691+04
6.17210+403
2.75973+03
1.23974+03
5.99507+02
2.53673+02
1.1553¢+02
5.283593+01
2.42921+01
1.12134+01
5.19692+00
2.42094+00
1.13222+00
5.31706-01
2.50835-01
1.100814-01
$.635180-02
2.69933-02
1.29489-02
6.23417-03
3.01424-03
1.46324-03
7.13151-04
5.489435-04
1.71407-04
6.45280-05
4.18416-05

N2}

7.%0000+10
9.87403+09
2.30056+09
6.69801+08
2.17167408
7.46153+07
2.65188+07
9.682718+06
3.54390+06
1.32009+06
4.95603+08
1.87502+08
7.14000+04
2.73588+04
1.05460+04
4.08877+03
1.59427+03
6.26110+02
2.46489+02
9.77008+01
3.89398+01
1.56031+01
6.26528+00
2.54517+00
1.03602+00
4.23094-01
1.74327-01
7.20565-02
2.99359-0¢2
1.24972-02
5.24337-03
2.21071-03
9.36618-04
3.90734-04
1.70360-04
1.33037-05
3.16529-05
1.37316-08
5.98461-06
£.62022-06
1.15242-06
$.09144-07
2.259468-~07
1.00717-07
4.50922-08

r03.2511 HOUR ANG

LONG -106¢,49000 DEGS

NUNMBER DENSITY (CM-3)

N(O)

7.60000+10
2.30532+10
1.02988+10
5.34417+09
2.98114+09
1.72792+09
1.02369+09
6.14637+08
3.72279¢08
2.26888+08
1.38941+08
8.5%54219+07
5.27013+07
5.26187¢07
2.02502+07
1.26088+07
7.872974086
4.92980+08
3.09%42+08
1.94892+06
1.23038+08
7.70840+08
4.94316+09
3.1455084+05
2.00690+05
1.28372+09
8.23237+04
5.29272+04
5.413133+04
2.20419+04
1.42773+04
9.270814+03
6.03425+03
5.93717+03
2.957502+03
1.68813+03
1.10930¢03
7.30640¢02
4.82347402
3.19362+02
2.11664402
1.40690+02
9.37231+01
6.25738+01

4.18690+01

N (HE)

3.40000+07
2.20207+07
1.689696+07
1.39856+07
1.18994¢07
1.02948+07
8.980885+08
7.89144+06
6.95122+06
6.136852+06
5.425768+068
4.80352+06
4.25613+08
3.r7r472406
3.35044+06
2.9r76809+06
2.64349+06
2.35329+06
2.09481+08
1.666800+06
1.68331+08
1.48362+08
1.32423+06
$.18273+06
1.057044+08
9.45318+08
8.45944+C"
7.5749%¢08
€.78/21+08
$.08587+08
5.43911+08
4.90047+08
4.40168008
3.95600+08
3.58799+08
3.20319+05
2.08219+05
2.59649+05
2.34046+08
2.131088+08
1.90490+05
1.71999+08
1.58390+08
1.40462+08
1.27038¢05%

37

2820. 7480

NiH)

0.00000
a.00000
0.00000
0.00000
a.oo0000
0.00000
o.o0a00
0.00000
o.cooo00
0.00000
0.00000
a.oo000
a.00000
o.oaa00
o.00a00
0.080006
0.00000
a.o00000
0.0u6060
3.44396+05
3.428408+058
3.328030408
3.234704+08
3.14488+05
3.08738+08
2.97337+03%
£.809195+08
2.61320+0%
2.73r702408
2.84332+08
2.59201408
2.352299+08
2.45618°09
£.3014903
2.32084¢09
Z2.20021408
2.20940°08
2.18254+08
2.09740+08
2.04395¢08
1.990216¢08
1.9419044+08
1.89328+09
$1.848004°08

1.80027¢08



Reference [6], Test #14.

Total
Mean Mass Number Density Ratios Separation Ratios
Altitude, Molec. Density, t
km Weightt g/cmd © 0/0:t O/Nst Oy/N, Ar-N, He-N,
120 0.150 0.416 103
125 27.5 9.60E—12 0.69 0.106 0.153 0.306 139
130 27.1 6.08E—12 1.03 0.150 0.146 0.238 181
135 26.6 4.13E—12 1.46 0.199 0.136 0.197 225
140 26.2 2.95E—12 2.00 0.251 0.126 0.173 272
145 25.7 2.17E—12 2.65 0.308 0.117 0.157 320
150 25.3 1.64E—12 3.39 0.370 0.109 0.146 370
155 24.8 1.26E—12 4.22 0.436 0.103 0.138 424
160 24.4 9.92E—13 5.13 0.506 0.099 483
165 24.1 7.92E—13 6.10 0.577 0.095 550
170 23.7 6.41E—13 7.12 0.650 0.091 626
175 23.4 5.25E—13 8.21 0.723 0.088 713
180 23.1 4.35E—13 9.36 0.796 0.085 812
185 22.8 3.62E—13 10.59 0.871 0.082 924
190 22.5 3.03E—13 11.87 0.947 0.080 1048
195 22.2 2.56E—13 13.17 1.027 0.078 1183
200 22.0 2.15E—13 14.73 1.111 0.075 1331
205 21.7 1.82E—13 16.36 1.199 0.073 1494
210 21.5 1.55E~13 18.12 1.292 0.071 1683
215 21.3 1.32E—13 19.96 1.394 0.070 1916
220 21.0 1.12E--13 21.82 1.515 0.069 2227

® Mass density probably accurate to 259 and mean molecular weight probably accurate to 207,.

t Assuming no wall loss. For y = 0.14 (see text)

other results accordingly.

Ntitwde,
km

120
| AN
130
135
[RI\)
| B INY
150
155
© 160
165
170
175
180
185
190
195
200
205

multiply the atomic oxygen by 1.25 and modify the

Molecular Molecular Atomict
Nitrogen Oxygen Oxygen Argon Helium Totalt

300065 411 A51E + 10 . 1.49E 4- 09 2.07E 4+ 08 -

16615 -4 11 2.54K 410 1.76E + 10 6.10E - 08 1.65E + 08 2.10E + 11
1.OHS - 11 1526 + 10 1.56E 4 10 2.96E 4 08 1.26E + 08 1.35E + 11
6.990 4- 10 9.50L% 4 09 1.39K + 10 1.65E 4 08 1.06E +- 08 9.35E + 10
40115 4+ 10 6.17E 4 09 1.23E 4+ 10 - 1.0IE 4+ 08 8.96E 4 07 6.78E <+ 10
3.5615 4- 10 4.14K + 09 1.10E + 10 8.67E + 07 7.64E 4- 07 5.08E + 10
2.6315 4- 10 2.87E + 09 9.74E 4 09 4.59E + 07 6.54E - 07 3.90E 410
1981 +4- 10 2.05E 4 09 8.65E + 09 3.27E + 07 5.64E -+ 07 3.06E 4 10
1.52K 4 10 1.50E +- 09 7.68E + 09 4.92E + 07 2.45E + 10
1.181% + 10 1.12E 4 09 6.83E - 09 4.36E + 07 1.98E + 10-
9.33E + 09 852E 4-08  6.06E <4 09 ‘3.92E 4 07— 1.63E + 10
74515 + 09 6.56E -+ 08 5.39E + 09 3.57E 4+ 07 - 135E 410
6.0155 + 09 5.11E 4 08 4.79E 4 09 3.28E + 07 1L.14E + 10
4,881 + 09 4.02E 4 08 4.25E + 09 3.03E 4- 07 9.58E + 09
3.99E + 09 3.181 + 08 3.78E + 09 2.80E +07 - 8.12E + 09
3.271 4+ 09 2.55E + 08 3.36E + 09 2.50E + 07 6.91E + 09
2.68E + 09 2.02E +- 08 2.98E + 09 2.40E + 07 5.90E + 09
221E + 09 1.62E 4- 08 2.65E + 09 221E + 07 5.05E + 09
1.82E + 09 1.30E + 08 2.35E + 09 2.06E + 07 4.34E + 09
1.50E + 09 1.05E <+ 08 2.09E + 09 1.93E + 07 3.73E + 09
1.23E 4 09 8.51E 4 08 1.86E +- 09 . 1.83E + 07 3.20E 4+ 00

® Number densities probably accurate to 25% with the following exceptions: argon not-reliable above-
155 km, helium possibly only accurate to within a factor of 1.5. . ..

t Assuming no wall loss. For y = 0.14 (ses text) multiply the atomic oxygen by 1.25 dnd medify the
other results accordingly. -




OATE NOVEMBER 50,1966

(41

ALY
(M)

8.
e.
se.
or.
108,
119,
180,
3140,
183.
108,
173,
103,
194,
209,
218,
20,
87,
f40.
299,
L 240
L LI
291 .
jop.
313.
3te.
388.
343.
3%e.
der.
0.
o9
309,
430,
s .

.
483.

493,
als .,
a’s,
48¢.
ave.
for.
58,
ey,
840,

$7.00000

ALt DENSTTY
(KM) LeM/7CNY)
120. 2.43%40-11
140.  4.08102-12
160, 1.28910-32
100, 3.20815-13
200, 2.39339-13
220. 1.19330-13
240. 6.30685-34
200. 3.49087-14
R0, 2.00883-14
300, 1.10085-14
320. 7.22827-19
340. 4.40734-38
360, 2.83402-18
380, 1.01521-198
400. t.1708590-19
420,  7.70837-16
440, $.009135-16
460. 3.401%8-16¢
400. 2.29240-18
800. 1.56305-1¢
820. 1.07r739-18
$540. r.52020-37¢
$60. $.33098-17
s60.  3.8%423-17
e00. 2.03747-37
eR0.  £.13401-17
840 . 3.84184-17
[ T2 0% 1.89203-27¢
¢80. 1.04008-17
700, 8.55130-10
0. 1.16771-18
140. $.31083-38
760.  s.pessg-16
re0. 4.62780-120
000. 4.00214-1%0
820. 3.04801-10
840, 3.27333-18
860, 2.93253-19
880, 2.67439-19
00, z2.430711-10
920. 2.21537-3%0
940, 2.02378-18
960, 1.85227-38
%00, 1.69812-18

1000, 1.59904-19

TENP
oK)

355.0
8sz2.5
eee.3
723.5
871.7
rrr.o
r87.8
793.9
97.4
799 .4
800.5
801.2
801.5
801.90
801.9
201.9
#02.0
e02.0
aog.0
802.0
s0g.0
e02.0
602.0
s02.0
80g2.1
soe.1
sog.1
s02.1
802.13
802.3
so0e.8
o02.12
e0R.1
02.1
s02.3
802.1
802.1
sog.
s02.1
80g.1
002.4
802.1
802.3
s0g.1
802.1

Test No, 14

HEFC MODIFIED JACCHIA MODEL ATMOSPNERE (1967)
M TINE 310 HRS 43 MINS

Fio8 112.00000 AP
PRESSURE MOL. WT
'(DV'ICMD (UNITLESS)
£.70030-02 26.9
7.331216-03 25.6
2.90377-03 24.4
$.34740-03 23.3
$.03084-04 22.1
3.67796-04 21.0
2.07249-08 19.9
1.21067-04 19.0
7.2015¢-08 18.3
4.48808-03 17.6
2.81753-05 17.1
1.79964-08 16.6
1.16633-05 16.2
7.66035-06 15.0
S.09748-08 15.4
3.43778-08 14.9
2.35224-06 14.4
1.63548-08 13.9
1.18778%-0¢ 13.2
8.49880-07 12.3
6.30995-07 11.4
4.79842-07 10.8
3.74120-07 9.5
2.9895G-07 8.8
2.44303-07 r.7
2.04248-0G7 r.0
1.73022-07 6.3
1.80298-07 5.7
1.31681-07 $.3
1.18826-07 4.9
1.04201-07 4.8
9.37878-08 4.3
8.40390-08 4.2
7.71224-08 4.0
7.03¢93-08 3.9
$.44066-08 3.8
$.91030-08 s.7
5.43579-08 3.6
§.00923-08 5.6
4.62433-08 3.5
4.27%92-08 3.5
3.95978-08 3.4
3.67224-08 3.4
3.41030-08 3.3
3.37130-08 3.3

LAY  32.30000 DEGS
10.0000 EXOS YEMP
SCALE HT
KM N(NZ) noe)
11.6  4.00000+11 7.50000+10
19.1  6.39593+10 9.63145+09
24.1  1.90179+10 2.52271+09
27.9  7.07080+09 8.24655+08
31.0  2.91713+00 3.01786+08
33.6  1.27107¢09 1.17200+08
36.1  5.71332408 4.70860+07
38.3  2.61736¢08 1.93159+07
40.35  1.21420408 8.03454+06
42.2  5.66368+07 3.37567+06
43.8  2.67026+07 1.42948408
45.4  1.27048+07 €.09314+05
46.8  £.03612+08 2.61319+05
48.3  £.90088+06 1.12683+09
49.9  1.39596+06 4.68460+04
51.7  6.74768+08 2.12821+04
53.8  3.27592+08 9.31891+03
$6.4  1.99726+05 4.10056+08
59.8  7.82087¢04 1.81310+03
€4.5  3.84549+04 8.05819+02
€9.9 1.80666+04 3.39570+02
76.5  9.41204+03 1.61260402
84.8  4.68533+03 7.26382+01
94.2 2.341768+03 3.28882+01
108.2  1.17307+03 1.49346+01
117.5  5.91970+02 6.83084+00
130.8  £.99391+02 3.13414+00
144.3  1.520G7+02 1.44441+00
150.2  7.74753+01 6.88616-01
171.4  3.96390+01 3.10888-01
163.7  2.03376+01 1.48181-01
195.0  1.04943+01 6.80664-02
205.1  3.43018+00 3.20868-02
214.2  2.82014+00 1.31610-02
222.2  1.47000+00 7.20032-03
229.4  7.69026-01 3.43383-03
236.0  4.03765-01 1.64435-03
241.9 2.12749-01 7.90842-04
247.5  1.12498-01 3.81702-04
252.8  5.96960-02 1.85017-04
257.9  3.17878-02 9.00367-0%
262.9  1.69834-02 4.39907-08
267.8  9.10706-03 £.15771-08
272.8  4.89956-03 1.06246-08
277.8  2.64484-03 5.25173-06

802.0813 HOUR ANG

LONG -106.49000 DEGCS

-3 .3749

NUMBER DEMSITY (CM-3)

N (O}

7.60000+10
£2.205%57+10
1.02048+10
5.568232+09
3.29979+09
2.03078+09
1.27830+09
8.185735+08
5.24653+08
3.39780+08
2.20983+08
1 .442044+08
9.44108+07
6.19077+07
4.08092+07
2.69339+07
1.78236+07
1.16230¢07
7.86183¢+06
5.24007+06
3.50098+06¢
2.34438+0¢
1.87376+08
1.05681+06
r.13977+03
4.02540+08
3.26855+08
2.21892+08
1.50968+08
1.02938+08
7.03400+04
4.01091+04
3.350564+04
2.27331+04
1.506¢5+04
1.00190+04
7.48624¢03
$.19142+03
3.60710+03
2.5113203
1.75191+03
1.22455+03
8.57615+02
6.01799+02
4.23104402

NHE)

3.40000+07
2.10932+07
1.62391+07
1.38043+07
1.16330+07
1.02076+07
9.04444¢08
8.05955+06
7.206644+06
6.45824408
5.79638+08
S.go08ge+08
4.88410+08
4.21603+06
3.79744¢06
3.42270408
3.08693+08
£.78383+06
2.51564+06
2.27302+06
2.03501+08
1.83901+08
1.68208+08
1.52395+08
1.38098+068
1.25213U8
1.13594+0¢
1.03110+0¢
9.36454+09
4.309000+08
7.73690¢08
7.03614+08
$.408560+08%
$.633324+08
$.31808+09
4.84320+0)
4.41915+05
4.03262+08
3.68176+08
3.36311+08
3.07387+08
£.81034+03
£2.57092+05
2.35303+08
2.15483+08

f”?

N

o .00000
0.00000
0.00000
4.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0,.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
1.24046+03
1.23979+08
1.20911+08
1.17936+08
1.1850%0+08
1.12252+03
1.09530+058
1 .06902¢08
1.04343%4+08
1.018683+09%
P.9434484+04
P.71188+04
P.40443+04
9.263684+04
9.04980404
8.8414008¢
8.63022+04
$.4427004
8.25170¢04¢
8.06604+04
7.88333+04
1.71008+04
7.53940+04
7.37342+04
7.231197+04

7.05490+04



Reference [ 6], Test #15,

40

Total
Mean Mass Number Density-Ratios™ ~ -~ :. Bepatation Retios.
Altitnde, Molec. _ Density, t e =~
km Weightt g/cm? 0/0.t O/N,t —O4/N, Ar-N, He-N,
L
120 27.8 1.61E—11 0.46 0.060 0.132 0.353 263
125 27.6 9.76E—12 0.69 0.084 0.122 0.233 309
130 27.3 6.18E—12 0.97 0.113 0.116 0.203 366
135 26.9 4. 11E—12 1.30 0.145 0.111 0.187 422
140 26.6 2.85E—12 1.70 0.179 0.105 0.169 469
145 26.3 2.06E—12 2.14 . 0.211 0.099 0.150 507
150 26.1 1.55E—12 2.62 .0.242 0.092 - 0.136 539
155 25.8 1.19E—12 3.13 0.270 0.086 0.127 872
160 25.6 9.30E—13 3.65 0.297 0.081 609
165 25.4 7.37E—13 4,18 0.322 0.077 656
170 25.2 5.89E—13 4.71 0.349 - 0.074 716
175 25.0 4.72E—13 5.26 0.377 0.072 787
180 24.8 3.80E—13 5.83 0.407 0.070 870
185 24.6 3.07E—13 6.44 0.438 0.068 962
190 24 .4 2.50E—13 7.11 0.469 - 0.066 10681
195 24.2 2.06c—13 7.83 0.499 0.064 1168
200 24.1 1.71E—13 8.60 0.524 0.061 1286
205 23.9 1.43E—13 9.41 0.546 0.058 1423
210 23.8 1.20E—13 10.28 0.568 0.055 1589
215 23.6 1.00E—13 11.26 0.601 0.053 1784
220 23.3 8.08E—14 12.58 0.667 0.053 1976

* Mass density probably aceurate to 25%, ratios and meéan molecular weight probably accurate to 2077,
t Assuming no wall loss. For ¥ = 0.14 (see text) multiply the atomic oxygen by 1.25 und modify the
other results accordingly.

Altitude, Molecular Molecular Atomict

km Nitrogen Oxygen Oxygen Argon Helium Totalt

120 Y 29016 4+ 11¢ 3.84E 4+ 10 1.76E + 10 1.23E 4- 09 5.13E + 08 3.49E + 11
125 1.7615 + 11 2.15E + 10 148E 4 10 491E + 08 3.65E + 08 2.13E 4+ 11
130 1.11E 411 1.29E + 10 1.25E 4 10 2.695 4- 08 2.72K + 08 1.37E 4 11
135 7.28E 4 10 S.09E + 09 1.06E 4+ 10 1.63E + 08 2.064 4 08 9.18E 4- 10
110 5015 +10 H.28E 409 8.95E + 09 1.01E + 08 1.58E. +- 08 6.43E 4+ 10
145 3.5k + 10 3.50E + 09 7.59E + 09 6.46E 4 07 1.22E 4 08 4.72E + 10
150 2.6715 + 10 2.47E 4+ 09 6.45E + 09 4.32E + 07 9.65E 4 07 357TE 410
155 2.03) + 10 1.76E 4 09 5.50E + 09 3.09E +- 07 7.80E + 07 2.77E 4+ 10
160 1.5815 + 10 1.29E 4 09 4.60E + 09 6.46E 4- 07 2.19E 4+ 10
165 1.245E + 10 9.60E 4- 08 4.01E + 09 548E + 07 1.75E + 10
170 9.8415 + 09 7.28E + 08 3.43E + 09 4.73E + 07 141E + 10
175 7.82K 4+ 09 5.60E -+ 08 2.94E + 09 4.13E + 07 1.14E 410
180 6.2215 + 0Y 4.34E 4 08 2.53E + 09 3.63E + 07 9.23E + 09
185 4.97E + 09 3.38E + 08 2.18E + 09 3.21E 4 07 7.52E + 09
190 4,005 4 09 2.64E + 08 1.88E 4- 09 2.85E + 07 6.17E + 09
195 3.25E + 09 2.07E + 08 1.62E 4 09 2.55E + 07 5.11E 4 09
200 2.68E + 09 1.63E 4- 08 1.40E + 09 2.31E + 07 4.27E + 09
205 2.231% 4 09 1.29E + 08 1.22E + 09 2.13E + 07 3.60E 4+ 09
210 1.861 + 09 1.03E + 08 1.06E + 09 1.98E + 07 3.04E + 09
215 1.53E + 09 8.17E + 07 9.20E -+ 08 1.83E + 07 2.55E + 09
220 1.20E 4+ 09 6.38E + 07 8.02E 4- 08 1.59E 4 07 2.09E + 09

* Number densitics probably accurate to 259% with the following exceptions: argon not relinble above
155 km, helium possibly only accurate to within a factor of 1.5.

t Assuming no wall loss. For y = 0.14 (see text) multiply the atomic oxygen by 1.25 and inodify the
other results accordingly.

1 Read as 291 X 10n,




BATE CECENOER £, 1866

710

ALY
(M)

3.
re.
e,
or.
108,
119,
130,
140,
193,
teg.
173,
108,
194,
208,
e,
t £ X4
237,
248,
289,
2m,
281,
ro1 .
soz.
313,
3ge.
338.
3a8.
3se.
3er.
370,
3P,
399,
430,
azv.
a2,
445 .
433,
464,
479,
s,
496,
sor.,
st1e,
ey .
940,

#7.00000

ALY OENSITY

(M) (GM/CHS)

izo. 2.4%948-11
140, 3.98974-12
160, 1.34415-12
180, S.029065-13
200, 2.08932-33
220, 1.92326-13
240, 8.901829-14
260. 4.90138-14
280. 2.98450-134
300. 1.843942-14
3z20. 1.10816-14
340. 7.5435%4-13
3¢0. 4.93440~45
380, 3.30074~18
400. 2.22503-15
420, 1.91003-15
440, 1.04280-13
480, 7.22001-360
440, 3.04892-10
s00. 3.58327-36
S0, £.51004-18
340, 1.79967-160
Se0. 1.29000-18
$80. 9.42960-17
00, c.o00087-17
e20. 3.18%073-17
440, 3.87088-17
€60. 2.982%4-17
980, 2.29783-17
ron, 1.01193-27
720, 1.45832-17
140. 1.18832-17
160, 9.01580-10
reo. s.20323%-18
800. 7.0€132-18¢
029, 6.§1236-186
8406, 5.352¢0-18
860. 4.73462-18
880, 4.22430-18
200, 3.79603-18
20. 3.43208-18
940, 3.11869-18
960 . 2.04576-18
980, 2.60370-18
1000. 2.39273-18

Test No. 15

MIFC MODIFIED JACCHIA MODEL ATMOSPHERE (19€7)
& TINE 20 MRS 9 Mins LAY 32,.30000 DECS
fine 112,00000 AP 4.0000 EXOS YEWP

TEMNP PRESSURE HNOL. WY SCALE HT

{OK) {DYNE/CMZ) (UNITLESS) ({1 }} N(NZ} N(Oo2)
355.0 2.70030-02 26.9 11.6 4,00000+11 7.30000+10
6co.8 7.76949-03 25.7 20.7 6.28615+10 9.75443+09
738.0 3.34€55-03 24.7 26.7 2.00641+10 2,72373+09
818.2 1.67388-03 23.8 31.0 8.13244+09 9.84251+08
858.6¢ 9.07293-04 22.8 34.3 3.67476409 3.99992+08
885.2 5.18428-04 21.6 37.1 1.75679+09 1.72764+08
897.1 3.08084-0U4 20.6 39.7 B8.669494+08 T7.72560+07
908,13 1.,88868-04 19.8 42.1 4.36097+¢08 3.852726+07
909.6 1.18817-04 19.0 44.2 2.22108+08 1.63255+07
o12.2 7.63841-08 18.3 46.3 1.14110+08 7. 62932+06
13.7 5.00118-08 17.7 48.2 5.90152+07 3.59184+06
934.5 3.32594-08 17.2 49.9 3.06879+07 1.70141+06
15.0 2.24188%-03 16.8 51.% 1.60337+07 8.10278+03
918.3 1.32921-08 16.4 83.1 8.41382+06 3.87798+08
918.8 1.035449-08 16.1 54.6 4.43336+08 1.96469+08
919%.6 7.34875-086 15.7 56.1 2.34325+06 9.00661+04
918.7 $.17099-06 15.4 sr.8 1.24541+06 4.36940+404
913.7 3.87800-08 18,0 59.7 6.63856+053 2.12888+04
*15.7 2.64542-06 14.5 61.8 3.55180+05 1.04166+04
918.7 1.93201-06 14.0 84.5 1.90/29+05 $.11819+03
18.7 1.42693-06 13.4 67.68 1.02792+05 2.52328+03
*18.7 1.0¢958-06 12.8 71.3 5.55905+04 1.25108+03
15,7 8.147506-07 12.1 5.8 3.01795+04 6.22337+02
918.7 ¢.31425-07 11.4 81.3 1.84398+04 3.10826+02
918.7 4.96229-07 10.6 87.8 8.98646+03 1.556863+02
2185.7 4.00392-07 9.8 95.5 4.92933+03 7.84670+01
91s.7 3.27642-07 9.0 104.3 2.71320+403 3.963584+01
918.7 2.re008~07 8.3 114.4 1.49649+03 2.01221+01
18,7 2.308%8-07 r.¢ 125.9 8.304085+02 1.02491+01
”"s.7 1.90254-07 7.0 137.8 4.81721+02 5.24036+00
15,/ 1.72490-07 6.4 130.1 2.57579+02 2.68958+00
"15.7 1.51783-07 S.9 162.9 1.44160+02 1.383559+00
918.¢ 1.34836-07 8.3 t75.8 8.09554+01 7.16406-0)
15,7 1.20800-07 S.t 4.50064+03 3.71065-03
”1s.7 1.00945%5-07 4.9 2.57731+01 1.93713-014
815,/ 9.88075-08 4.7 1.48135¢01 1.05275-02
933.7 9.00296-08 4.5 219.8 8.31149+00 5.31398-0¢
9138.7 8.23472-08 4.4 z28.6 4.74201+00 2.79823-02
9t5.7 7.5%5603-08 4.3 236.4 2.71389+00 1.47873-02
215.7 6.95162-08 4.2 243.3 1.55797+00 7.84191-03
”1s5.7 6.40979-98 4.1 249.3 8.97127-01 4.1732D-03
8.7 5.92136-08 4.0 255.1 5.18148-01 2.22633-03
915.7 5.47902-08 4.0 260.1 3.00167-01 1.19414-03
3.7 5.07689-00 3.9 264.6 1.74407-03 6.42053-04
918.7 4.71014-08 3.0 260.8 1.01636-01 3.46379-04

LONG

915.7340 HOUR ANG

-306.49000 DEGS

~340.8734

NUMBER DENSITY (CM-3)

N(O)

7.60000+10
2.10713+10
1.00447+410
$.74544+09
3.56878+09
2.31271+09
1.53439+09
1.03223+09
7.00800+08
4.78188+08
3.27838+D8
2.25528+08
1.55595+00
1.0r7825+08
7.46229407
5.18593+07
3.61196+07
2.52116+07
1.76352+07
1.236186+07
8.60299+06
6.11162+08
4.31049+06
3.04629+06
2.185717+086
1.53056+08
1.08813+06
7.75085+08
5.831674+05
3.9358%42408
2.833/0+03
2.03390+08
1.48237+03
1.08387+09
7.604844+04
5.49878+04
3.98310+04
2.89038+04
2.10115.08
1.53011+04
1.31621+04
8.15683+03
$.97091+03%
4.37822+03
3.21579+03

NINE)

3.40000+07
2.02028+07
1.53230+07
1.2999g+a7
1.131408+07
1.,00438+07
92.01076+06
8.13334+08
7.386808+06
6.69006+06
6.08381+06
5.53867+06
$.04678+08
4.80395+06
4.19905+08
3.83373+08
3.830220+06
3.20510+08
2.927408+06
2.67882+08
2.45222+06
2.246114+08
2.05838+06
1.88727+06
1.7312¢¢08
1.58693+06
1.45902+06¢
1.34038+08
1.23198+08
1.13289+0¢
1.04227+0¢
9.59340+0%
6.83424083
8.138091009
r.501 7809
6.91763108
6.38163+08
5.80018+08
5.43081+03
5.024244+08
4.64330+08
4.29309+08
3.97100+08
3.67464+03

3.40182+05

41

N{H)

0.00000
0.00000
a.00000
0.e0000
0.00000
0.00000
¢.00000
0.00000
a.00000
0 .00000
a.o0000
0.,00000
o0.00000
0.00000
0.00000
0.00000
¢.a00000
0.00n000
0.00000
4.81632+04
4.18720404
4.68329+04
4.58221+04
4.48387+04a
4.30019404
4.29%084+04
4.20446+04
4.11826504
4.03038+048
3.948/6+04
3.68538°0s
S.78807+04
3.r70884-04
3.83380¢+04
3.9e030+06
3.4888/+04
3.41926408
3.35141+04
3.20827+04
3.22080+04
3.35793+04
3.09662.04
3.03683+04
£2.97651 04

2.92162+04



Reference [7], Test #16.

Mean Total Number Density Ratios
Altitude, Molee. Mass - Separation Natios
km Weightt Density, 0/0:t O/N:t 0:/N: Ar-N; We-N,
. g/em?

120 27.8 1.533E —~ 11 0.55 0.070 0.129 0 260

125 27.4 922K — 12 0.85 0.690 0.116 0 265

130 27.1 6.158 — 12 1.30 0.120 0.007 0.242 0
135 26.8 4.39E — 12 1.84 0.150 0 NS2 0 216 7
140 26.6 3.27E - 12 2.39 0.173 0.073 0 195 8
115 26.1 2. 49E -- 12 2.88 0.196 0.068 0.190 8
150 26.2 1.03F — 12 3.31 0.219 0.066 n 187 9
155 26.0 1.5218 — 12 3.72 0.243 0.065 0.187 11
160 25.8 1.20F - 12 4.15 0.2066 0.064 0 186 12
165 25.6 9.65L — 13 4.67 0.259 0.062 0 180 13
170 25.5 7.82F — 13 5.32 0.312 0.059 0.170 15
175 REP 6.39E ~— 13 6.09 0.333 0.035 16
180 25.1 5.27FE -~ 13 6.97 0.353 0.0 18
185 25.0 4.37E — 13 7.88 0.373 0.047 20
100 21.4 3.66E -- 13 8§.74 0.393 0.045 22
105 21.7 3.08E -- 13 9.49 - 0.411 0.043 25
2010 207 2.62E ~ 13 10,12 0.42% 0.012 28
205 21.6 2.2%6F — 13~ 10.77 0.437 0 ntl 32
210 247 2.018 — 13 11.69 0.432 0.037 34

* Aass density probally acerrate to 2375 ratios and mean moleeular weight probably acemate ta £207%
t Assuming no wall loss. For v = 0.14 (see text), multiply the atomic oxygen by the facter 1.2 and
modify the other results accordingly.

O
TABLE 2. Number Dcnsmes* (number/em?) for Flight NASA 4.170 UA ( 1249 \l~’l‘)

* Altitude, Molec. Molec. Atomicit

km Nitrogen Oxygen Oxygen Argon Heliam Tord e

120 2.76E -} 111 3.306% 4-.10 1.94E 4+ 10 8.C0EK - 08 33 11
125 1.606% 4 11 1.93 --10  1.65E + 10 5.27E 408 202). t
129 1.12K 4- 11 1.08E 4-10 1.41E 4 10 3.22% 4 OR 100 I 137 11
135 7.98% 4- 10 6.52E -+ 09 1.20F 4-10  2.00E 4-08 3.~ P Goseld 10
140 5.03% 4 10 4.308 +4- 09 1.03E + 10 1.41E 4-08 & 01, - o6 Tl 4 1
145 4,491 + 10 3.05 - 09 8.80E -+ 09 10266 - 08 2.°m10 4 b 5 G in
139 3.451 -- 10 2280 -+ 00 7.561 4-00 7.74E 07 2,201 ¢ 06 1 0
l-?5 2,680 4- 10 1.75I5 +09  6.50E 409  6.011; 4 07 T O+ o 5 5 10
]b(} 2.111 - 10 1.35E 4- 09  5.61E + 09 4.6S15 4 07 ) N EY D | 1R AN tn
19:) 1.6 + 10 1.04E -+ 00 4.8 409 3.61E + 07 1 ISE Vos 227k 1 10
170 1.350 -+ 10 7.00L + 08 4.2010 09 2.74F + 07 ) A A 1) 1S5l 4 1o
175 1.10E 4- 10 5.98E 4+ 03 3.65L8 - 09 1 19 06 | BSd B 1)
180 S.985 + 09 4.558 -+ 08 3.17E 4- 09 1 ONEF 1 06 L 26k 10
1‘13 7.4115 + 09 3.51F% + 0S8  2.76% -} 09 9 a6l + 05 1 o3 - In
1’.”} 6.151 -+ 09 2,761 4+ 0S8 2.411 4+ 09 G261 1 05 S.SBl s un
195 5. 1485 4- 09 2.28F 403 2.11K 00 S.T0E §oeh oAbl an
200 431K 4+ 09 1.8 + 08 1.8505 4-09 . B R Y DA | W (R Y] DR A T
205 3.73E + 09 1.5015 4+ 08 1.635 -+ 09 RS DR S 1 ) RS DA L]
210 3.32E + 09 1.2510 +4- 08 1.4405 4 09 TusE oo tatk @t

* Number densitics probably sceurate to 23% with the following excepfionn = argon v velible abw -
170 km, kelinn only aceurate to within a factor of 1.5.

T}\m 1276 ¥ 1om,

t Assuming no wall loss, Fory = 0.11 (see tr‘\t)multlpb the atomis nxyzont e Tt L8 Piiedis
other resulis ‘.ccmdmg\v

42




OATE JuNE 23, 1087

ALT
1404)

110.00000

ALT DENSTTYY
(KM {ten/Cus)
120, 2.459408-12
140, 3.94040-12
180. 1.3/033-12
180, S.17247-13
200, 3.315473-13
220. 1.73580-13
240. 1.003%8-13
260. 6.02149-14
ze0. 3.72280-14
3oa, 2.30065%-14
320. 1.52996-14
340, 1.01093-14
380. $.78478-13
380. 4,02008-18
400. 3.10446-13
420. 2.21001-18
440, 1.53%098-19
480, 1.10499-13
480 . r.00307-16¢
soo, 3.66400-1¢
sz0. 4.09339-1¢
340. 2.98022-1¢
sen. 2.10085-168
ssp. 1.80%40-18
00 . 1.19539-19
20, 6.94981-17
40, s.79927-2¢
00 . 5.1%48%-17
480, 3.ormr8-11
700. 3.097684-37
20, 2.44360-17
740, 1.99%¢80-87
700 . 1.90008-17
700, 1.308168-37
200 . 1.08049-1?
a2% . $.20130-18
840G, 7.67836-10
840, 6.82099-19
880, S.98052-18
906, 5.29033-18
s20, 4./2021-38
940, 4.24316-18
960, 3.s83898-18
80, 5.49245-18
1000, 3.19208-t8

TEWP
{ox)

385.0
630.9
rer.a
875.9
926.5
955.4
972.0
981.8
987.12
990.3
992.2
993.3
993.9
994.3
994.5
994.6
94./
994.7
994.0
99¢.8
994.8
994.8
o94.0
994.8
994.8
994.8
994.8
994.8
994.8
994.8
9%4.0
994.8
994.0
94.0
”?a.0
994.8
994 .8
994.8
994.8
994.8
99¢4.0
994.8
994.8
994.8
994.8

PRESSURE
(DYNE/CM2)

z.10030-02
8.04030-03
3.62193-03
1.88890-03
1.06349-03
6.28926-04
3.85547-04
2.43193-04
1.57008-04
1.03526-04
6.94191-05
4.724%8-05
3.25732-08
2.27139-08
1.60009-08
1.13780-08
8.16303-06
5.90769-06
4.31389-06
3.18316-06
2.37029-06
1.70414-08
1.35880-0¢
1.04810-06
8.19538-07
6.50121-07
5.23489-07
4.27964-07
3.55169-07
2.990r6-07
2.55329-07
2.20768-07
1.93093-67
1.70621-07
1.52110-07
1.36671-07
1.23603-07
1.12411-07
1.02713-07
3.42236-08
8.67231-08
8.00424-G8
7.40%04-08
6.86436-08
$.37401-08

Test No. 16
NSFC WODIFIED JACCHIA MODEL ATHOGPHERE (1987)
CM TINE 18 HRS 49 MINS

MOL. WT
(UNITLESS)

26.9
25.8
24.8
23.8
22.9
21.9
21.0
20.2
19.3
t8.8
18.2
1r7.7
17.2
16.0
16.3
16.1
15.8
15.5
15.2
14.7
14.3
13.8
13.3
12,7
12.14
11.4
10.7
10.0

9.3

8.6

r.9

7.3

s.»

6.3

5.9

S.¢
5.3
$.0
4.0
4.6
4.5
4.4
4.3
4.2
4,1

AP

LAT  32.30000 DEGS
4.0000 EXOS TENP
SCALE HY
(KM} N(N2) N(oe)
11.6 4,00000¢11 7.50000+10
21.7 6.21188+10 9.69065+09
28.3 2.05769+10 2.82934+09
33.0 8.73029+09 1.07837+09
36.6 4.14212+09 4.636350+08
39.5 2.08240+409 2.12214+08
42.2 1.08156+09 1.00621+08
44.6 5.72863+08 4.87376+07
46.9  3.,07272+08 2.39353+07
49.0 1,66259+08 1.18685+07
$1.0 9.05499+07 5.92810+06
52.9 4.95772+07 2.97855+06
54.6 2.72677+07 1.50425+06¢
56.3 1.50%90+07 7.63233+058
57.9 8.34860+06 3.88947+0S
59.4 4.64542+06 1.99040+08
61.0 2.59408+06 1.02271+08%
62.7 1.45363+06 5.27589+04
64.5 B8.17363+05 2,732368+04
66.7 4.61132+05 1,420858+04
€9.1 2.61051+05 7.413724+03
71.8  1.48268+05 3.88380+03
75.1 8.44856+04 2.04222+03
79.1 4.82985+04 1.07786+03
83.7 2.77001+04 5.70972+02
89.2 1.59372+04 3.03565+02
95.7 9.19052+03 1.61979+02
103.1 5.32579+03 6.67399+01
111.7 3.09313+403 4.66146+01
121.3 1.80199+03 2.51393+01
131.9 1.05301+03 1.36051+01
143.4 6.17199+02 7.386424+00
155,35  3.62847+02 4.0261/7+00
166.0 2.13951+02 2.20146400
180.6 1.2¢526+02 1.20780+00
193.0 7.504689+01 6.64863-02
205.0  4.4641540% 3.67206-01
216.4 2.66314+01 2.03476-0¢
226.9 1.59328+01 1.13120-01
236.6 9.55910+00 6,.30915-02
245.5 5.7312%.00 3.53016-02
253.4 3.46991+00 1.90193-02
260.5 2.09929+00 1.11576-02
266.9 1.27335+.00 6.30252-03
ere.7 7.74715-01 3,%7108-03

994.8324 HOUR ANG

LONG ~106.49000 OEGS

NUNBER DENSITY (CM-3)

N (O}

7.60000+10
2.049234+10
9.91336+09
5.80181+09
3.69896+09
2.46429+09
1.68231+09
1.16511+89
8.14206+08
5.72414+08
4.04187+08
2.86331+08
2.03417+08
1.44868+08
1.035405+08
7.39670+07
5.30106+07
3.80793+07
2.740344+07
1.97588+07
1.42741+07
1.03313+07
71.49168+06
5.44262+0¢
3.96127+06¢
Z2.66837+06
2.10987+06¢
1.%4398+0¢
1.13185+0¢
8.31198+08
6.11473+08
4.50612+03
3.326¢39+08
2.45970+08
1.02190¢08

1.35174405
1.00457+08
7.47799+04
5.57567404
4.16401+04
3.1147%+04
2.33380+04
1.75112+04
1.31608+04

9.90664+03

N((KE)

3.40000+07
1.96913+07
1.%0983+07
1.26802+07
1.10915+07
9.90410+06
8.94383+086
8.12873+06
7.41631+06
6.70261+06
6.21297+4086
5.69764+06
5.22961+06
4.80346+06
4.42478+06
4.05987+06
3.73548+06
3.43878+06
3.16722+08
2.91834+06
2.69087+068
2.48177+08
2.290164+08
2.11433+06
1.985290+08
1.80461+06
1.680344+08
1.54305+0¢
1.42760+0¢
1.32174408
1.22409+06¢
1.13415+0¢
1.05127¢+0¢
9.7483%08+08

9.04381008

8.39351+05
r.79320+08
7.23881+03
6.728394+08
6.28315+05
5.81536+05
$.41037+08
5.03850+08
4.6883%90+05

4.36719+08

43

-3.0011

N(H}

©.00000
0.00000
a.00000
0.00000
0.00000
0.00000
o.6oo00
0.00600
0.00000
0.00000
0.00000
0.000006
0.00000
0.90000
0.00000
a.00000
o.uun00
0.00000
a9.00000
2.78282+04
2./6211+04
2.r70687+04
2.63305+04
2.60039+04
2.54947+04
2.49983+04
2.4%3104+04
2.4038/7404
2.35747+04
2.31242+08
2.2688474+04
2.22560-04
2.1837804
2.14207404
2.11v31404
2.06427+04
2.Nge3204
1.98928¢04
1.9%%12+04
1.91781+04
1.68332+04
1.84964+04
1.816/74:04
1.70460+04

1.75320+04



Reference [ 7], Test #17.

Aiede, Mol Molee, Atonne

b Nitvogen Oaveen Oxygend Argon Helium Total}

1260 PO 1y 2521 - 10 1.031 | 10 6.00 + 06 2 051 1Y
[ FUE SN DRI 1} O.6uF < 09 5.450%% -}- 09 3.03E - 08 3.71LL 4 Oi 100k + 1t
150 o0k - 10 Sl 409 41315 409 1571 408 2.73104-06 7GR ¢ i
155 1208 1o SOOMC R 0Y 3.0015 4 09 8,021 4+ 07 2.21E -+ 006 5.01F @ 1
14y S PR DR R DATH A 00 3.001S -}- 09 5.0000 + 07 1808 4 06 3 sk 4 v
(P 24081 - 10 oN0 409 2.521F 4- 09 4.411 4 07 1.671 -+ 06 2 84k + 10
150 LSGE S 100 1401 4- 09 2,108 -1 09 3.371 4+ 07 1,518 4- 06 2 21E 4 10
150 1461 410 17031 -+ 09 1.775 -- 00 2,541 - 07 1.40E +06 1 751 + 10
160 IT1 - 10 787 4+ 0SS 15415 409 1,901 + 07 1.331 406 ) 40k 4 10
160 (USRS D B 1] H.0TE 0S8 1.37TE 409 1.4918 4+ 07 1.271 -+ 06 1.14E 4 10
170 TLOTE 00 457 408 1,248 09 1.32E 407 1.23E 406 9 38 4 09
17 6,251 -F (0 B3 -+ 08 1,138 4 09 119 4+ Q6 7.78T 4 -
IS0 HHE 09 2.7 - 0SS 1.0218 4 09 134K 406 6.47k 1 0
ISH 42415 -+ 0b 201015 4 08 9,071 -+ 08 1.09E 406 5.391 ; 0
100 3,508 - 09 1.735 - 08 8.02E -+ 08 1.05FK + 06 4 5317 + G0
1495 2,038 4+ (m 14631 - 08 7.2215 4 08 1.03E + 06 3.87K -+ 09
20 2520 + 0y 1.2815 -+ 08 6.7515 + 08 1.02I5 +- 06 3.3SE 4 (0

* Number demsities probably aceurate to 25%, with the following exceptions: argon not reli-hL. shove
170 ks heliim ouly aeatrate to within a factor of 1.5.

T Read 167 ¥ 101,

i A=suming no wall loss. Fory == 0.14 (sec text), multiply the atomic oxygen by the factor 1.2 and nwodify
other resnlts accordingly.

TABLE 7. Mean Moleeular Weight, Mass Density, and Number Density Ratios*
for NASA 4.212 UA (0200 MsT)

Meun Total Number Deusity I2atios Separation Ratios

Altitnede, Muolee. Mass o - :

km Weight 1 Density, t 0/0:t O/N.1 0:/N. Ar-N; JIe N:
Co g/emd

120 274 042K — 12 0.41 0.061 0.151 5
125 27.8 504K - 12 0.56 0.058 0.103 0.270 6
150 27.6 324k - 12 0.77 0.05% 0.0S9 0.215 7
135 275 22800 — 12 0.98 0.0S2 0.0S84 0.174 8
110 203 1601 — 12 1.16 0.69, 0.0St 0.157 9
1 272 1,201 — 12 1.33 0.103 0.079 0.154 10
1N 271 00Tl — 13 1.50 0.113 0.076 0.152 12
155 27.0 7.8 — 13 1.69 0.121 0.072 0.146 14
161} 26 62610 — 13 1.95 0.132 0.068 0.137 17
165 RN 307 — 13 2.29 0.146 0.063 0.133 20
170 26,6 FHE — 13 2.72 0.162 0.0060 0.144 24
175 26,5 3.0 - 13 3.21 0.180 0.056 28
180 263 28218 — 13 3.72 0.198 0.053 33
185 26.2 2,308 - 13- 4.21 0.214 0.051 38
199 26,1 1.0710 — 13 4.65 0.229 0.019 45
1905 26,1 1.68E -~ 13 5.00 0.216 0.040 52
200 23.9 1,461 — 13 5.51 0.26S 0.019 60

* Mas density probably accinate to 250% ratios and maean moleeular weight probubly aceurate to 2:207,.
§ Aeiuning no wall Josss For o == 0.1 (sce text), mulliply the atomic oxygen by the faclor 1.2 and
madity other resuits accordingly. .




DATE JUNE 20, 1987

rio

ALY

(1 )]

13 7.00000
ALT OENSITTY
(L. ] (GM/CNS)
120, 2.45948-11
140, 4.03337-12
160. 1.32378-12
180. 3.58102-13
200, 2.67770-13
220, 1.3800-13
240, 7.58803-314
280, 4.33013-14
200, 2.35%5700-14
300, 1.55539-14
3g0. 9.69133-13
340, 6.18323-19
360 . 3.98/02-15
380. 2.81626-13
400, 1.737%8-15
420, 1.165968-13%
440, 7.89393-16
480, 3.39220-16
), 3.r71230-~18
800, e.57rr780-18
S20. 1.60312~-16
340, 1.27598-16
S60. 9.11403-17
ss0. e.58803-17
€00, 4.8270%-17/
s20. 3.5%58900D-37
40, 2.71419-27
400, 2.00909-17
680, 1.63830-17
190, 1.30969-17
rgo. 1.00093-27
60, 8.84972-18¢
760, r1.48477-138
780, 6.39253-10
000, 5.34762-18
e20. 4.86903-18
846, 4.31644-10
$e0. 3.85695-18
[ 11 3.46943-18
o0, 3.13797-10
°020 ., 2.85090-18
940, 2.%9959-19
oe0 . 2.37756-18
980, 2.17990-18
1a00. z2.00280-18

GM TINE & HRS O MINS
F108  131.00000

TEWP PRESSURE  MOL. WT
(OK) (DYNE/CM2)  (UNTTLESS)
385.0  2.70030-02 26.9
501.0 7.58695-03 28.7
706.9  3.16667-03 24.6
7717.3  1.53844-03 23.5
816.7 8.12388-04 22.4
838.9  4.93494-04 21.3
551.5  2.63894-04 20.4
#58.6 1.58733-04 19.5
s62.6 9.81087-03 18.7
264.9 6.20227-05 18.0
866.3  3.99378-0s 17.8
807.0  2.81360-05 17.0
667.4 1.r3628-08 6.8
26r.7 1.16662-08 16.2
se7.6  7.93203-06. 15.8
867.9 5.45514-06 5.4
se8.0  3.79231-06 15.0
968.0  2.e6976-06 4.8
068.0  1.90475-06 t4.1
0e8.0 1.38751-06 3.4
068.0  1.02332-06 12.7
088.0  7.68%68-07 12.0
066.0  5.88860-07 11.2
8688.1 4.80163-07 10.3
ags.1 3.672r1-07 9.%
aga.s 2.99119-07 8.7
s68.1  2.48333-07 7.9
s68.1 2.09831-07 7.2
888.1 1.80103-07 8.6
8668.1 1.96704-02 8.0
860.1 1.3579338-07 5.8
ees.1  1.22598-07 5.2
868.1 1.09842-0/¢ 4.9
s68.1  9.s0626-08 ar
s6s.1  s.98218-08 a8
s6s.1  a.18012-08 ..
888.1 1.47655-08 4.2
868.1  6.88385-068 ..
868.1  6.29863-06 a0
86s.1  5.80057-08 3.9
86s.1  5.35136-08 3.8
868.1 4.943%10-08 3.8
866.1  4.57593-08 3.8
860.1  4.23971-08 3.r
#68.1  3.93200-0s 3.2

MSFC MODIFIED

ne
<o

t No

.

JACCHNTIA MODEL

17

ATNOIPNERE (1967)

LAT 32.30000 DECS
7.G0G0 Exos TEMP
SCALE HY
(KM) N (NR) N(Oo2)
11.6 4.00000+13 7.%50000+10
20.0 6.33214+10 9.78950+09
25.6 1.96719+430 2.64663+09
29.7 7.71501+09 9.20443+08
32.9 3.36680+09 3.59339+08
3s.7 £.55326+09 1.49005¢08
38.2 7.394464+08 6.39344+07
40.3 3.58781+08 2.80095+07
42.6 1.76256+08 1.243968+07
44.6 8.73517+407 5.57896+06
46.4 4.35847+07 2.%2102+06
48.0 2.18690+07 1.14641+06
49.6 1.10272+07 5.24236+0%
51.1 5.58565+06 2.40965+05
2.6 2.84151+06 1.11303+08
54.2 1.45153+06 5.16554+04
$6.0 7.44489+405 2.40840G+04
$8.0 3.83368+05 1.12800+04
80.5 1.98186+05 5.30681+03
63.8 1.020651+05%5 2.50770+03
67.6 5.35806+404 1.19019+03
72.3 2.80189+04 5.67334+02
78.0 1.47070+04 2.71395+02
84.8 7.74040+03 1.30873+02
92.9 4.09733+03 8.30392+D1
102.3 2.,17439+03 3.05621+01
113.0 1.15831+03 1.46763+01
124.8 6.19205+402 7.272600+00
137.3 3.32192+02 3.56963+00
150.3 1.78845+02 1.7%913+00
163.4 9.66239¢01 8.70375-01
176.0 5.23841+01 4.32352-01
188.0 2.84976+01 2.15614-01
199.1 1.55561+01 1.07947-03
209.2 8,.52041+400 $.4252/-02
218.3 4.68250+00 2.73715-02
22¢.4 2.358191+00 1.38621-02
233.9% 1.42836+00 7.04683-0G3
239.9 7.92781-01 3.5%59571-03
245.6 4.41448-01 3.64156-03
250.8 2.46606-01 9.48639-04
255.5 1.38202-01 4.88391-04
260.0 7.76959-02 2.52884-04
284.1 4.38174-02 1.31412-04
268.3 2.47883-02 6.85318-08

LONG

$68.0523 HOUR ANG

-106.49000 DECS

~165.7320

NUMDER DENSITY (CM-3)

N{(O)

7.60000+10
2.14624¢10
1.0t172+10
5.69000+09
3.46827+09
2.20361+09
1.43278+09
9.44407+08
6.27903+08
4,19936+08
2.82074+08
1.90132+08
1.268%40+08
B8.713444+07
S.92147+07
4.03378+07
2.75427407
1.88491+07
1.292885+07
8.88722+06
6.12259+06
4.22712+08
2.92473+08
2.02792+06
1.40906+08
9.81106¢+05
6.843444+08
4.78805+08
3.35303+08
2.35302+0%
1.65568+08
1.16693+08
8.24067+04
5.63081+04

4.313366+04

2.93612+04
2.00940+04
1.48978+04
1.06418+04
7.61583+03
5.48030+03
3.9220G+03
2.82218+03
2.03442+03

1.46916+03

N(HE}

3.40000¢07
2.05535+07
1.58077:07
1.32046+07
1.14499+07
1.01188+07
9.03830+06
8.11550+08
7.31515+06
6.60854+06
5.97928+06
5.415908+068
4.91009+06
4.45481+06
4.08447+08
3.67423+08
3.33987+06
3.03770+06
2./6444+08
2.51715+08
2.293244+08
2.09039+0¢
1.90680+08
1.73971+06
1.58035+08
1.43092+06
1.32607+0¢
t1.21g584+08
1.10938+0¢
1.01843+0G¢
9.29949+08
8.52071+08

7.610968+08

7.163086+05

$.37383+08

6.03474°05
5.54274905
5.09325+05
4.60240+05
4.306869¢08
5.96295¢+05

3.64831+08

3.36017+03
3.09617+08

£.83419+08

NH)

0.00000
¢.00000
0.00000
0.00000
©.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.000006
0.00000
0.00000
J.00000
a.gooon
¢.00000
0.0000G
4.60000
0.a90000
6.90359+U4
6.95691+04
8.797704+04
6.643024+04
6.49271+04
6.34664+04
5.20466404
$.06684+04
$.93248¢ 08¢
3.80197+04
$.87%0A+04
5.55185+04
3.,43180+04
35.314/6°04
S.20109°04a
$.09046+04
4.98278404
4.87796+04
4.77391+08
4.67854+04
4.5719r7004
4.46551+04
4,.39370+04
4.30423+04
4.21710004

4.13217+04

45



Reference [ 7], Test #18.

Ahtitude, Molee. Molee. Atomie

km Nitrogen Oxygen Oxygent Argon Heliam Totalt

123 2,100 + 111 278K -+10 1B 410 S.13E 408 1Yol oy 200 + 1
125 1.601 + 11 2.2215 + 10 S.30E 409 6.24E 408 1.2k 5 o7 2 ot 41
130 9.70L + 10 1.20E + 10 5.44E 4- 09~ 3.46L 4 08 1021 + 07 1 sl 1
135 6.20E -1- 10 GO -F00 4311 400 2. 11E 405 S0 o6 7ok 510
140 4,458 + 10 4476 4+ 09 3.68L2 4-09  1.3018 4 0S . 665 405 5 N1 - 10
145 3.39 + 10 3.92018 4+ 00 3.1610 4 00 9.83E 407 5 60E Fou 4 otk oy 0
150 2715 4+ 10  2.46E - 00 2,70 + 09 7.36F 407 479K 06 3 24 ok 10
155 2.221 + 10 1.0510 4- 09 2.311 409 5.7315 -+ 07 1.2018 4 06 2 651 1o
160 1.835 -+ 10 1.55F 009 1.O8F 400 4.39F 407 379910 4 06 2 1wl 4 1o
165 1.5t1K 4+ 10 1.235 409 1.7212 400 3.74E-4 07 3 521 + 00 1.SHE 410
170 1.235 4- 10 9.55F -+ 08 1.52 309 3.00E + 07 43k 4006 (S AN DR {4
175 9.99E - 09 7.4105 4+ 08 1.3515 400 3.16L + 06 S R D [
180 §.08E + 09 5.80L - 0S8  1.20§5 409 2991 406 9 NS 4 00
185 6.505E + 09 4.625 - 08 1.0515 409 2.8010 06 8 oSk 4 09
190 5.34K - 09 3.714E + 08 9.4E 403 2 61F £ 06 6 6l 4 00
195 4.39E 4- 09 3.051s 4- 0S8  8.1013 4+ 03 24515 £ 06 5 a0V
200 3.65E 4 09 2.48F 4- 08 7.18E 4 08 2.361L + 06 4 6213 {09
205 3.0S8 +09 1.98E 4-0S 6.47E + 08 3.93E + 09
210 2.618 4+ 09 1.615 + 03 5.8 4-0S 339k 409

* Number densities probably aceurate to 239, with the following exceptions: argon not reliable abeve
170 km; heliwn only accurate to within a factor of 1.5.

1 Read 2.19 X 101,

{1 Assuiaing no wall loss. For ¢ = 0.14 (sce text), multiply the atomic oxygen by the [ tor 12 and
modify other results accordingly.

TABLE 5. Mean Molecular Weight, Mass Density, and Number Deasity Ratios*
for Flight NASA 4.211 UA (1224 MST)

Mean Total Number Density Rutios Separation Ratio-
Altitude, Molec. Mass -— ——— e -
km Weight Density, 0/0:1 O/N.{ 0./N. Av-N.  1le N,
g/cmd

123 27.9 1.208 — 11 0.41 0.052 0.127 0.310 12
125 25.0 9.328K — 12 0.38 0.050 0. 131 0 305 12
130 27.9 5.3215 — 12 0.45 0.056 0.121 0.208 1w
135 27.7 3.411 — 12 0.62 0.069 0.111 0.2%2 v
14D 27.5. 2,418 — 12 0.82 0.033 0.101 0.262 o
115 27.4 1.845 — 12 0.99 0.093 0.091 0.213 25
150 27.3 1.475 — 12 1.10 0.100 ¢.091 0.227 26
155 27.3 1.2086 -- 12 1.18 0.10t 0.0=8 0.216 28
160 27.2 9.89 — 13 1.28 0.108 0.0s5 0.210 B3|
165 27.1 8. 145 - 13 1.41 0.115 0.081 0.208 15
170 27.0 6.6l — 13 1.5% 0.123 0.078 0.208 40
175 26.9 5.411 — 13 1.82 0.135 0.674 47
180 26.8 4. 40K — 13 2.00 0.148 0.072 Y
185 26.7 3.581 — 13 2.28 0.161 0 o7l 61
190 26.6 2,03 - 13 2.47 0.173 U. 07 o
195 26.5 2.4215 — 13 2.65H 0.185 0.070 B
200 26.3 2,020 — 13 _  _ 2.9 0.197_ . 0_0BN_ "
205 26.2 1.715 - 13 3.26 0.210 0.065

210 26.1 14715 — 13 3.63 0.220 0 011

* Mass density probably secrirate to 2555 tatios and mean moleentar weizht probebly wecmee - 206,

o Acsuaming no wall loss. For vy = 0.11 (sce text), multiply the atomic oxveer Lo the fooor 12 e d
modify the other results accordingly.
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CaTE JunE 20, 1967

rie

ALY
(2]

o8,

re.
se.

7.
soe.
119,
130,
140,
194,
168,
178,
103,
194,
209.
218.
.
237,
240 .
9.
210,
20 .
298 .
3oe.
313,
3ge.
339.
349,
3se.
3.
0.
9.
..
410,
.
a3e.

(TR
493.
404,
ars,
488,
ane.
s07.
s10.,
9.
340,

$17.00000
ALY oENsITY
M) (emsCn3)
120.  2.48048-13
140.  3.95899-12
160.  31.36489-12
100.  ©6.09848-13
200,  3.00967-13
230. 1.ese32-13
240. 9.67680-14
260. 5.76509-14
200.  3.84235-14
300. 2.23319-14
320,  1.43950-14
340,  S.495879-18
380.  8.331884-15
380, 4.28152-18
400,  2.93e82-15
4g0. 2.03320-18
440,  1.42330-18
460. 1.00383-18
480.  7.12088-18
s00. 3.09e01-1e
820. 3.eer7e-16
Ss0. 2.es723-180
s60.  1.93829-1¢
900.  1.42413-16
0. 1.0%461-16
L0,  r.07740-17
40.  5.94069-17
ss0. s.sEriz-1v
680,  3.49118-17
0.  2.72009-1¢
0.  2.18763-17
tes.  1.73208-17
rea. 1.e1081-17
rs0.  1.16603-17
¢00. 9./7002-18
e20.  5.30904-318
s40.  7.15301-18
se0.  6.23023-18
ss0. 5.48375-18
900, 4.87160-18
s20. 4.36277-18
%40,  3.934231-18
se0,  3.56873-10
ss0.  3.28337-18
1000, 2.07835-18

G TIWNE 10 URS 28 MINS

rio8 131.00000 AP
TENP PRESSURE MOL . WT
o) ‘(ovuczcu!) (UNT TLESS)
358.0 2.70030-02 26.9
623.9 7.97864-03 2s.7
775.6  3.55026-03 24.7
861.3 1.63832-03 23.8
910.3 3.02614-03 ee.8
938.1  6.02005-04 21.8
984.0 3.66472-04 20.9
963.2 2.29654-04 20.1
900.4 1.47440-04 19.3
#71.5 9.66180-0% 18.7
973.2  6.44329-035 18.1
974.3 4.36211-08 17.6
9724.9 2.99395-08 37.1
978.2 £.07386-08 16.7
975.4 1.45519-08 16.4
975.5 1.02989-08 16.0
975.6 7.35374-06 15.7
978.6 3.30186-08 15.4
$75.7 3.85679-0¢ 15.0
978.7 2.83771-06 14.6
975.7 2.10799-08 14.1
91%.7 1.58437-08 13.6
978.7 1.20563-08 13.0
9r8.7  9.3021¢-07 12.4
978.7 7.26208-07 11.7
o18.7  5.18973-07 11.0
978.7  4.67599-07 10.3
o15.7 3.83672-07 9.0
18,7  3.19722-0G7 .9
8.7 £.70399-07 0.2
978.7 2.31886-07 r.e
*18.7 2.01318-07 7.0
ors.7 1.rer62-0r¢ [ ]
9715.7 1.350743-07 s.0
s18.7 1.40170-02 $.¢
975.7 1.26260-07 $.3
975.7 1.18428-07 s.1
975.7 1.04240-07 4.9
$75.7 9.53697-08 .7
975.7 8.71%5669-08 4.5
875.7 $.00490-08 8.
975.7 7.44644-08 4.3
97%.7 8.89012-08 4.
975.7 6.30897-08 8.
978.7 5.92901-08 4.1

Test No. 18

WIFC NOBIPIED JACCHIA MODEL ATHOSPHERE (1960)

LAY 32.30000 DEGCS
3.00006 Ex08 TEMP
SCALE HT
(KM} N(N2) N(o2)
11.6  4.00000+11 7.50000+10
21.5  6.22948+10 9.70650+09
27.9 2.04679+10 2.80630+09
32.3 6.59682+09 1.03705+09
36.0 4.03480+09 4.48815+08
39.0 2.00576+09 2.02782+08
41.6 1.02987+09 9.48896+07
44.0 5.39180+08 4.53837+07
46.3 2.85845+408 2.19774+07
48.4  1.52865+08 1.07527+07
50.3 8.22666+07 5.29937+06¢
52.2 4.485301407 2.82735+06
53.9 2_.42086+D7 1.30936406
85.8 1.352187+07 €.53617+08
57.1 7.24278+06 3.29735+08
50.6 3.98420+06 1.663543+05
60.2 Z2.19963+06 6.44686+04
61.9 1.21871+06 4.30133+04
63.8  6.77591+05 2.19914+04
66.1  3.78035+05 1.126879+04
68.8 2.11629+05 5.81651+03
71.%5  1.18873+03 3.00676+03
5.1  6.69951+04 1.56232+03
79.3  3.768826+04 8.34317+02
84.3 2.14912¢04 4.28036+402
90.3  1.£2319¢04 2.23724402
97.2 6.98433¢03 3.17917+02
105.3  4.00078+0% 6.23776+01
114.4 2.29901+03 3.31171+01
124.86  1.32525403 1.76455+01
135.8 7.66321+02 9.43542+00
147.7 4.44491+02 3.06313+00
160.1 2.50610+02 2.72647+00
172.7 1.80920402 1.47320+00
16S.3  $.83391+01 7.90052-01
197.8 S.10629+01 4.34638-01
209.3 3.08384401 £.37279-01
219.9 1.60348+01 1.29971-01
229.8 1.06817+01 7.14298-02
238.8 6.34486+00 3.93863-02
247.0 3.77962+00 2.17837-02
254.3 2.25791+00 1.20928-02
260.8 1.35266+00 6.73321-03
ze66.¢ B.19616-01 3.76100-03
271.9 4.89835-01 2.10746-03

LONG

$7r3.7115 HOUR ANG

NUMBER DENSITY (CM-3)

N(O)

7.60000+10
B.06243+10
9.94601+09
5.79189+09
3.67147+09
2.43099+09
1.64901+09
1.13462+09
r.87682+08
5.50098+08
3.85834+08
2.71831+08
1.91627+08
1.353573+08
9.61358+07
6.83186+07
4.86522+07
3.471708407
2.48240+07
1.77847+07
1.27665+07
9.168188+08
6.61640+06
4.776877+08
3.45200¢068
2.50378+06
1.83771+08
1.32206+086
9.6330208
7.03159+08
5.14182+08
3.76658+09
2.76399+08
2.03179+08
1.4906134+08

1.10357+05
$.15391+04
6.03476+04
4.47380+04
3.32207+04
2.47088+04
1.84077404
1.37356+04
1.02657+404
7.68450+03

-1068.49000 DEGS

NHE)

3.40000+07
1.98070+07
1.51958+07
1.27548+07
1.11451+07
®.939017+06
8.96260+06
8.13332+06
7.40873+06
6.78470+08
6.18642+06
5.66396+06
5.19014¢08
4.75936+08
4.38709+08
4.00945+06
3.64310+06
3.38508+08
3.11275+06
2.86373+08
2.63597+08
2.42747+08
2.23654+08
2.08180+0¢
1.90123+0
1.75416+08
1.61920¢06
1.49832+068
1.38153+08
1.276984+08
1.10088+00
1.09246400
1.01212000
#.38246008
8.67208408

8.03749+08
7.45103.08
6.9117008
6.41343+08
$.95380+08
5.52885+08
5.13654+05
4.77400+08
4.43882+08
4.12080+08

A

-

-9.3049

NH)

0.00000
0.00000
0 .00000
a.00000
0.00000
0.00000
¢.00000
0.0o000
0.,00000
0.00000
0.00000
a.00000
0.00000
0.,00000
0.00000
0 .00000
0.00000
0.00000
0.00000
3.13479+04
3.13143+04
3.087359+04
3.0034t+04
2.94484+04
2.88582+04
£.8283¢2+04
fR.772284048
R2.71768+04
£2.08441°048
£2.61231+048
2.50100+04
£2.51284+04
g.48441004
2.41746°04
2.37108°0a
2.32097+04
2.20337404
£.240080404
2.19930+04
e.15876+04
2.11919+04
2.08058+04
2.04283¢04
2.00590¢04
1.97001+04




Reference (8], Test #19.

48

. Altitude, km Number Densitics, em= Total Mass
: Density, g ‘em®
"N 0: o Ar
115 443E11* S4E10 S.0E10 2.47E09 2.75E-11
120 .2.6E11  3.65E10 5.6SE10  1.07E00 1.36E-11
125 1.25E11 2.02E10  3.9E10  5.86E08 7.96E-12
130 7.30E10 1.a3E10  2.71E10  3.26E0S 4.73E-12
133 5.60E10 9.31E0 2.1EI0 26E® 3.67E-12
140 "3.ME1I0 4.63E00 1.60E10 1.39E 08 2. 14E-12
145 1.6iE10 22009 1.32E10  {6.86E07) 1.23E-12
150 1.IGE10  1.49E00 110510  (4.11E07) 9.14E-13
153 9.02E09 1.14E0 9.0°E0 .21E-13
©3.00E 10 = 1 X 10'
Altitude, km * Number Density Ratios ‘Meat: Molecular Weight
%(0),n(0:) ~ w(0Ln(Ny) 100 X n(Ar)/m(Ns) . . _
ns 1.00 0.19 0.56 . 26.94
120 1.56 0.26 0.50 2.32__ <=
123 1.95 0.32 0.47 25.02
130 2.40 0.37 0.45 25.58
135 2.26 0.38 0.47 . 25.55
* 140 3.46 0.51 0.44 24,71
145 6.01 0.81 (0.42 23.33
150 7.33 0.94 (0.35) 22.82
155 7.97 1.01 . 22,58
1.19 28.96

Zeveral assumptious con-
cerning the molecule-wall interactions have been
made in Hedin's model, the most important being
that of complete thermal accommalation (a = 1)
of all atoms and mialecules at the ion source walls,
This assumption has been made in our data

sevaluation as well. although it is not absslutely

-sure whetber it holds for all atmespheric specics.
Indeed a recent measurement of accommodation
cocflicients a by Grosacr {1966} indicates that a
may be well below 1 for N; and O:, and hence
the respective density values in Table 1 might

“be somewhat low (10€0).




OATE OECEMBES 11, 31968

ALT

. L}

488,

498,
sar.
818,
29,
‘940,

78 .00000
ALY DENSITY
xm (6M/CH3)
120,  2,45948-31
140,  4.13963-12
1.23600-12
180. 4.e8273-13
200. 2.02464-13
220.  9.85583-14
240.  4.801373-14
260.  2.85301-14
200. 1.41119-34
300, 0.06302-18
320. 4.72992-1%
340. 2.83330-19
3en. 1.72598-15
3s0. 1.06019-15
400.  6.80889-16
420,  4.21660-18
400.  2.697¢9-30
480, 1.r4743-168
480, 1.14709-16
s0o. r.71116-17
s20. 5.26292-17
340.  3.67490-17
se0. 2.63372-17
se0. 1.94183-17
s00. 1.47418-17
eg0. 1.1533-27
€40,  0.2383%4-18
se0. r.62498-18
e80.  e.41404-18
700.  5.49344-38
r20.  4.77240-18
re0.  4.19414-10
160.  3.71919-18
780,  3.32144-19
s00. p.9s2s0-18
820. 2.69083-18
840, 2.433¢0-18
260. 2.21132-18
#e0. 2.03270-18
sa0, $.03388-18
920. 1.67781-18
040. 1.53606-18
960. 1.40839-18
%80. 1.29372-18
1006,  1.19002-18

TENP
oK)

385.0
516.2
606.0
656.3
684.5
700.4
09.4
714.5
17.4
719.0
720.0
r20.5
re0.8
’21.0
721.1
e1.2
res .g
res.e
re1.3
res.3
r21.3
re1.3
721.3
re1.3
7£21.3
2t.3
re1.3
res.s
723.3
721.3
21.3
re1.3
re1.3
723.3
re1.3
res.3
r121.3
r721.3
1.3
721.3
721.3
721.3
721.3
121.3
7721.3

N TIME

MSFC MODIFIED JACCHIA

4 HRS 43 MINS
oL e _anoon AP
PRESSURE MOL. WT
{DYNE/CHE) (UNJTLESS)
2.70030-02 26.9
6.94535-03 25.6
2.56654-03 24.3
1.11423-03 22.9
$.32734-04 21.6
2.72%521-04 20.4
1.468720-04 19.4
8.22216-03% 16.4
4.75537-05 1.7
2.82089-05 17.1
1.70810-0% 16.6
1.08288-03 16.1
6.59%69-086 15.7
4.19832-06 15.2
2.737713-06 18.7
1.7923%0-06 14.1
1.20770-06 13.4
8.336847-07 12.6
5.91243-07 11.6
4.59752-G7 10.1
3.52885-07 8.9
2.19126-07 7.9
2.271300-07 6.9
1.89882-07 6.1
1.62069-07 5.5
1.407278~07 4.9
1.24007-07 4.5
1.10445-07 4.1
9.92202-08 3.9
8.97466-08 3.7
8.16207-08 3.8
7.43599-08 3.8
6.063614-02 3.3
6.287359-00 3.2
5.79904-00 3.1
5.36178-08 3.0
4.96884-08 2.9
4.61457-08 2.9
4.29430-08 2.8
4.00409-08 2.8
3.7405%8-09 2.7
3.50087-08 2.8
3.268243-08 2.6
3.08305-08 2.5
2.90079-08 2.5

Test No. 19

MODEL ATWOSPHERE (196N

LAT 39.60000 DEGS
16.6000 EXOS TEMP
SCALE HTY
(KM) N (N2) N(O2)
11.6 4.00000+11 7.50000+10
17.9 6.47179+10 9.86842+09
22.8% 1.80342+30 2.34422+09
es.7 6.19132+09 6.987r12+08
28.3 2.34875+409 2.32182+08
31.1 9.39301+08 8.17652+07
33.5 3.87918+08 2.93000+07
35.8 1.63208+¢08 1.1Gylé+07
37.5% 6.95591+07 4.18697+06
39.1 2.99277¢07 1.53/46+06
40.6 1.29733+07 6.146568+05
42.0 5.65978+406 2.38213+05
43.5 2.48336+06 9.29235+04
45.1 1.09%48+06 3.64693+04
47.0 4.85719+U5 1.43965+04
49.3 2.16430+05 5.71535+03
52.2 9.69066+04 2.28155+403
55.9 4.35973+04 9.15762+02
69.71 1.97065+04 3.69546+02
7o.r B8.94905+03 1.49921+02
80.0 4.00267+G3 6.11410+01
91.2 1.87107+03 2.50G55+01
104.2 8.61386+02 1.,03290+01
118.7 3.98335+02 4.27817+00
134.2 1.85023+02 1.78099400
150.0 8.63204+01 7.45154-01
165.4 4.04477+01 3.13325%5-01
179.9 1.90349+01 1.32400-~01
193.2 8.99633+00 5.82224-02
205.3 4.2 L3+00 2.39904~02
216.1 2.03528+00 1.02863-02
225.9 9.74158-01 4.43150-03
234.9 4.68203-01 1.93822-03
243.3 £2.2%985-01 6.342292-G4
2%1.2 1.09491-01 3.84496-04
259.0 5.32707-02 1.59994-04
2¢8.8 2.%0218-02 7.05%510-08
2714.2 1.276168-02 3.12517-035
281.9 6.20342-03 1.39059-0U5%
289.8 3.10%82-03 6.21529-06
297.9 1.5%4113-03 2.79027-06
306.2 7.67661-04 1.25917-06
314.8 3.83844-04 5.€9800-07
323.7 1.92656-04 2.59168-G7
332.9 9.7U0590~-05 1.18386-07

LONG

721 706 HOUR ANG

NUMBER DENS|TY (CW-3)

N{(O)

7.60000+10
2.26619+10
1.02836+10
5.39505+09
3.043525+09
1.78675+09
1.0r7168+09
6.51446+08
3.99462+08
2.46458+08
1.52r76+08
$.50730+07
5.936866+07
3.71888+¢07
£.3352¢8"
1.47196+07
9.29991+06
5.89181+406
3.74272+06
2.38387+08
1.52237+06
9.74737+03
6.25716+05
4.02896+408
2.59824+08

1,68083+08
1.08960+08

7.08423+04
4.61639+04

3.G1555404

1.97459+04
1.2960%¢04
8.52r02+03
5.62320403
3.71101+08
2.462644+0)
1.63531+03
1.08839+03
7.26017+402
4.85376+02
3.25216+02
2.13382+02
1.46063+02
9.831149+01

6.69882+01

N(HE)

3.400C0+07
2.184008+07
1.68285+07
1.38951+07
1.18529+0/
1.028374+07
9.00628+06
7.93081+08
7.0071271+086
8.20490+06
5.50295+08
4.88620+086
4.34281+06
3.86314+08
43014408
3.06393+06
2.73160+086
2.43699+06
2.11563+06

1.94360+06
1.73747+08

1.55420+06
1.39117+06

1.24803+08

1.116875+08

1.00180¢06
8.987144+03
8.069/71+08

7.25086+05

6.51819+05

5.806348+08

5.27765+08

4,75310+08
4.28334408
3.86219408
3.48446403
3.14547+05
2.04106+08
2.567571+08
2.32169+08
2.10052+05
1.90147+03
1.r72221+08%
1.56070+09

1.41309+08

49

~27.30880

N{H)

0.00000

o.00000

o
[+]
o
o
[s]
o
a
o
a
a
]
2]
n
(3]
o
o
o
2
2
2
2
2
2
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Reference [ 9], Test #20.
% Composition Total No. Dens./cc Mass Dens., g/cc
Altitude, Mean
km N' 0’ 0 Mol. Wt. T,' b T, T( - T‘ T.' - T,, T‘ bl T,-
110 80.7 13.6 5.7 27.9 8.8 +11* 9.4 411* 4.1 =11* 4.4 -~-11*
120 78.3 12.2 9.5 27.4 2.6 +11 24 411 1.19 -11 1.09 -1t
130 75.8 10.1 14.1 26.7 9.9 410 6.4 +10 4.4 -12 2.8 -12
140 73.2 8.2 18.6 26.1 4.8 410 3.0 +10 2.07 -12 1.31 —-12
150 70.5 6.8 22.7 25.6 2.7 +10 1.54 410 1.14 -12 6.5 -13
160 66.4 5.7 27.9 24.9 1.69 410 9.0 49 7.0 -13 3.7 -13
170 61.6 4.9 33.5 24.2 1.14 +10 5.8 49 4.6 -13 2.3 -13
180 56.0 4.2 39.8 23.4 80 49 4.0 49 3.1 -13 1,57 -13
190 52.7 3.8 43.5 22.9 6.0 -+9 29 49 23 -13 1.12 -13
200 49.8 3.5 46.7 22.5 46 49 225 49 1.72 -13 8.4 -14
210 49.2 *3.0 47.8 22 .4 39 49 1.8 <49 1.44 -13. 6.9 =14

* Power of 10 by which preceding number must he multiplied.
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Fig. 6. Variation of O, particle density with altitude determined from nodal points of a
plot similar to Figure 3 drawn for Os peak heights. Solid and dashed curves are based on same
assumptions as those in Figure 5.



Reference (9], Test #20 Concluded.
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Fig. 7. Variation of O particle density with altitude determined from nodal points of a
plot similar to Figure 6 drawn for O peak heights. Solid and dashed curves arc based on the
same assumptions as those in Figure 5.
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Flg 5. Variation of Ny particle density determined from nodal points of Figure 3 and com-
panion plot for N (not reproduced in this paper). Solid curve assumed ne = n¢ in (1). Dashed

curve assumes all particles ionized in electron beam have adjusted to temperature of ion source
parts.
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DATE ;K o,

10

ALY
(N%)

.

6.

8e.

.
108,
119.
130,
140,
191,
102.
173,
18).
194,
08,
218,
e,
237.
248 .
299 .
2710,
201,
293 .
J0R.
313,
ge.
338.
349.
3%e.
8.
Jre.
380,
e,
910,
" .
BT 38
a8,
493,
484,
ar3.
eas.
6.
[ 1 9
310,
2.

$40 .

1983
17.00000
ALY DENSITY
(RM} (EM/CH3)
120, 2.45940-11
140, 4.17654-132
3160, 1.19564-12
180, 4.31020-13
200, 1.78329-13
220, 8.08462-14
240, 3.93227-14
o0, 2.02148-14
200, 1.08559-14
00, 8.03228-18
3g0. 3.44160-18
340, 2.00490-13
360, 1.18739-19
380, 7.13303-16¢
400. 4.341%9-%6¢
420, 2.87078-160
440, 1.67900-16
480, 1.00018-t0
480, 6.92008-17¢
soa. 4.00420-17/
sg0., 3.228%1-37
$40. 2.2048%-17
$60. 1.69108-17
seQ. 1.20093-17
€00, 1.01099-17
0. s.20727-19
840, 8.91382-18
80, 3.800830-130
80, 3.09689-10
1700 . 4.4/208-18
20 . 3.96312/7-19
re0. 3.%3873-18
160 . 3.17481-120
190, 2.08432-29
000 . 2.59423-18
s20. 2.357135-18
846G, 2.14017-18
LY 1 1.962%5-18
206, 1./9787-18
09, 1.64935-190
20, 1.51689-10
940, 1.39793-18
960, 1.29088-18
260, 1.19438-18
1000. 1.1072%-18

oM TINE

TENP
o)

669.5

¢69.5
669.9
409.5
669.5
669.9
669.5
669.5
69.53
69 .5

Fioe

NSFC MODIFIED
33 HRS 30 wiNS

82.00000

PRESSURE HOL . WY
(DYNE/CHME) (UNITLESS)
2.70030-02 26.9
6.69997-03 25.%
2.34568-03 24.1
9.69038-04 22.7
4.43602-04 21.3
2.18492-04 20.0
1.137138-04 18.9
6.317051-03 16.1
3.406921-05 17.3
1.99959-03 16.7
1.17764-08 16.2
7.06074-06 15.8
4.32143-08 15.3
2.69322-0¢ 14.7
1.71498-08 14.2
1.11951-06 13.3
7.52019-07 12.4
5.21694-07 11.4
3.740695-07 10.3
3.2€¢484-07 8.0
2.61610-07 6.9
2.16042-07 5.9
1.032784-07 s.1
1.58857-07 4.3
1 .40022-07 4.1
1.25021-07 3.7
1.12738-07 3.4
1.02438-07 3.2
9.36433-08 3.0
8.60219-08 z.9
7.93415-08 2.0
7.34386-08 2.7
6.01758-08 2.6
$.34009-08 2.3
$.92377-08 2.4
$.54206¢-00 2.8
5.19664-08 .3
4.88322-08
4.3%9812-08 -
4.33821-08 z.1
4.10074~-08
3.88332-06
3.68385-08 2.
3.50047-08 .
3.33157-00 3.

Test No.

20
JACCHIA WODEL ATMOSPHERE (1967)
LAT  32.30000 OE€GS
3.0000 ExOS TEMP
SCALE MT
(kM) N(NE) N(oe)
11.6  4.00000+11 7.50000+10
17.1  6.51762+10 9.88160+09
21.0  1.72968+10 2.21522+09
24.2 5.56714+09 6.15200+08
27.0 1.98715+09 1.89850+08
29.5  7.44743+08 6.20340407
31.8 2.87823+08 2.09658+07
33.8  1.13415+08 7.23929+06
35.5  4.52863+07 2.53674406
37.1  1.82614+07 8.98734+05
38.5 7.42211+406 3.21283408
39.9  3.03715+06 1.15716+08
41.4  1.25045+06 4.19724404
43.2  5.17794+05 1.53239+04
45.5 2.153591+05 5.62976+03
48.4  9.02441+04 2.08091+03
52.3  3.79r27+04 7.73752+02
57.4  1.60603+04 2.89399+02
63.9 €.82710¢03 1.08870+02
82.7 2.91671+03 4.11909+01
96.8  1.25229403 1.56732+01
113.0  5.40314+402 5.99720+00
130.8  2.34262+402 2.30757+00
149.4 1.02039+02 8.92601-01
167.86 4.46762+01 3.47317-01
185.3  1.96498+01 1.335847-01
201.4 9.68321+00 5.34198-02
216.1  3.6$500+00 2.11187-02
229.4 1.71936+00 8.39509-03
241.7  1.70367-G1 3.33312-03
253.1  3.467350-01 1.34637-03
263.9 1.56775-01 5.43552-04
£74.4  7.11993-02 2.20530-04
204.0  3.24703-02 6.99271-08
£95.1  1.48606-02 3.66343-08
309.3  6.94735-03 1.31792-08
316.1  3.16463-03 6.20277-06
327.0 1.46882-03 2.61321-06
338.1 6.84633-04 1.09221-06
349.5 3.20460-04 4.50694-07
361.2 1.350627-04 1.93858-07
373.2 7.10931-035 5.20646-06
388.5  3.36927-05 3.49572-08
398.0 1.60329-08 1.49602-08
410.9  7.08022-06 6.43193-09

LONG

669 .4985 HOUR ANG

~106.49000 DEGS

NUMBER DENSITY (CN-3)

N(O)

r. +10

N(HE)

3. +07

NH)

o.

2.34223+10
1.03126+10
5.23938+09
2.683%8+09
1.61396+09
9.32666+08
9.,46192+08
3.22698+08
1.91865+08
1.14638+08
6.87767+07
4.14127+07
2.50197+07
1.51639+07
9.21881+08
5.62133+06
3.43780¢06
2.10854+08
1.29696+06
8.00023+05
4.94070+053
3.06973+08
1.90941+08
1.19093+03
7.44012+04
4.67081+04
2.93667+04
1.851335+04
1.17018+04
7.41343+03
4.71132+03
3.00093+03
1.91432+03
1.22676+03
r.87313.082
5.06521+0¢2
3.26670+02
2.11191+02
1.36862+02
8.890854+018
5.76895+01
3.77828+08
2.47167+01
1.62067+01

2.23703+07
1.72434407
1.41580¢07
1.19837+07
1.03075+07
8.946024+06
7.80376+06
6.83346+08
5.99550+06
5.26884+06
4.635680+08
4.08281+08
3.59920+06
3.17552+06
2.80392+06
Z2.47770+068
2.19108+06
1.93900+08
1.717168+06
1.52179+08
1.34959+08
1.19771+08¢
1.08366+08
9.45235+093
8.408004+05
7.46033+08
6.68103+03
3.95538+08
$.20223+03
4.72184+08
4.2156¢44+08
3.76810+08
3.366082¢+03
3.01141+08
2.69834+08
£2.41304+08
2.16324408
1.93975+08%
1.74040+08
1.56248¢05
1.40358+08
1.26154+08
1.1345%+08

1.02094+08
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0.00000
0.00000
0.00000
0.00000
0.00000
0 .00000
0.00000
0.00v00
0.00000
0.00000
0.00000
0.0a006
0.00000
0.00000
0.00000
©.00000
0.00000
0.00000
5.1346/7+08
$.076844+08
4.92672+08
4.78188408
4.84208+08
4.50709+08
4.37680+08
4.23099+08
4.329408+08
4.01250+08
S.890/70.08
3.78911°08
3.e83p0+08
3.5s08208
4
3.4e184.08

3.3%8¢12+08
3.29354-08

3.203929+08
3.11735.08
3.03382-08
2.95238+09
2.8/364+05
Z2.r9r78G+08
g. . r241/-08
z2.635z8/-08

2.%8381 08



Reference [10], Test #21.

54

#(N3), g em™? n(N3), particles cm™3 ™, °K Te, °K No No. cm=3
Altitude,

km Upleg Downleg Upleg Downleg Upleg Downleg Upleg Downleg {pleg Downleg
110 628 233 +4

120 749 3.12 +4 137 + 4
130 3.65 — 12 7.77 + 10 470 823 3.84 +4¢ 177 4+ 4
140 1.1t —- 12 1.72 ~ 12 243 +10 3.66 410 569 528 860 434 44 2.78 1+ 4
150 6.22 —13 840 —13 133 +10 179 410 623 620 887 866 4.63 + 4 347 + 4
160 3.50 ~13 459 - 13 746 + 9 9.78 + 9 674 712 908 908 491 + 4 3.53 + 4
170 2,13 - 13 271 —13 454 +9 5.77 +9 719 779 013 939 534 +4 4.06 + 4
180 133 - 13 175 —13 284 + 9 373 +9 757 820 924 966 7.56 +4 7.03 + 4
190 8.43 - 14 1.18 -~ 13 1.80 49 251 +9 780 845 945 992 2.14 + 5 122 + 6
2 539 —~14 800 —14 115 +9 1.70 + 9 807 855 960 1013 3.25 +6 197 + 6
210 347 - 14 550 ~— 14 740 + 8 1.17 +9 822 860 082 1045 3.79 + &6 299 + 5
220 228 ~ 14 382 —14 486 +8 814 48 834 862 1018 1071 4.08 + 5 3.66 + 5
230 1.50 ~ 14 2,66 — 14 3.20 + 8 567 + 8 843 865 1082 1092 4.16 + 5 398 + 5
24 9.80 - 15 1.86 — 14 2,00 + 8 3.96 + 8 848 867 1145 1119 404 + 6 403 + 35
200 1.31 — 14 279 + 8 870 1214 1140 3.77 + 5 3.00 + 5
260 . 015 — 15 1.956 4 8 874 1293 1187 349 +5 3.62 4+ 5
270 1383 1230 3.22 45 337 + 5
280 1462 1277 293 +5 3.13 +5
290 1520 1325 267 +5 290 +5
300 1557 1388 243 + 5 271 + 5
310 1583 1467 222 +5 2582 +5
320 1599 1536 202 +5 234 + 5
330 1615 1588 183 +5 217 + 56
340 1620 1625 167 + 5 202 + 56

]
V
)
I




Test No. 21

MSFC MCOIFIED JACCHIA MODEL ATMOSPHERE (1967)

OATE NOVEMBER 20, 31962 6% TIME 21 HRS 41 MINS LAT  37.83000 DECS LONG ~73.48000 DEGS

rio ®7,00000 L4111 #8.00000 AP 4.0000 €XOS TEMP  837.1548 HOUR ANG -283.2114

ALY ALY oENSITY TEMP PRESSURE MOL. WT  SCALE HT NUMBER DENSITY (CH-3)

(L L L (GM/7CND) (oK) (DYNE/CHZ)  (UNITLESS) (XM N(N2) N(oe®) N(O) N(NE) NIH)Y

es. 120, 2.45946-11 355.0 2.70030-02 26.9 11,6 4.00000+11 7.50000+10 7.60000+10 3.40000+07 0.00000

re. 140, 4.08387-12 567.9 7.46136-03 28.7 19.6 6.36207+10 9.61024+09 2.17327+10 2.07982+07 0.00000
oe. 100, 1.30049-12 688.2 3.04539-03 24.5 24.9 1.93822+10 2.59113+09 1.01604+10 1.60042+07 0.00000
o, 100, 8.43870-13 752.3  1.44930-03 23.4 28.9 7.42263+09 8.76502+08 5,64432+09 1.33428+07 0.00000
108, 200, 2.54708-13 789.2  7.51374-04 22.2 32.0 3.15904+09 3.32401+08 3.39374+09 1.315370+07 0.00000
119, 220, 1.29675-13 810.0 4.12653-04 21.2 34.7 1.42069+09 1.33668+08 2.12581+09 1.03629+407 0.00000
1%0. 240, 0.98459-14 821.7  2.38635%-0s 20.2 37,2 6.59182+08 3.57825+07 1.36233+09 9.04351+06 0.00000
140. ge0, 3.93080-14 828.4 1.40477-04 19.3 39.5 3.11718408 2.37296+07 6.84961+08 8.09420+06 0.00000
101, o0, 2,.29306-14 832.1 8.57617-08 18.5 41.6 1.49255+08 1,02341+07 5.79867+08 7.26963+06¢ 0.00000
1e2. 300, 1.378208-14 834.3  5.35651-05 17.8 43.8 7.21023¢07 4.45747+06 3.82199+08 6.354395+06 0.00000
173. 320, 6.49392-19 835.5  3.41323-05 17.3 45.2  3.50713+07 1.95645+06 2.53024+08 5,.89950+06 0.00000
tes. 340, 5.34%49-19 836.2 2.20963-05 16.8 46.8 1.71570+07 8.64275+05 1.68101+08 5.32450+06 0.00000
194, 3e0. 3.41979-19 $36.6 1.45108-08 16.4 48.3  8.43594+06 3.83996+05 3.12D22+08 4.80986+06 0.00000
208, 380, 2.21990-35 836.8 9.65077-06 16.0 49.8  4.16732406 1.71521+05 7.48578+407 4.34830+06 0.00000
e, 400, 1.45638-15 837.0 6.49665-06 15.¢ 51.3 2.06781+06 7.70018+04 5.01527+07 3.93375+06 0.00000
R/, az0. 9.68042-10 837.0 4.42681-06 18.2 $3.0 1.03045+06 3.47384+04 3.36844+07 3.56103+08 0.00000
ey s, 440, 6.488368-16 #32.1 3.0%484-06 14.0 54.9 5.18656+05 1.57469+04 2.26762+07 3.22561+06 0.00000
[ 2T 400, 4.358320-16 837.14 2.13710-08 14.3 $7.2 2.59108+08 7.17169+03 1.33044+07 2.92353+06 0.00000
299, 480, 2.96008-1¢ 637.1 1.51813-06 13.7 9.9 1.30726+05 3.28141+403 1.035Z1+07 £.65130+06 0.0000D
R0, soo, 2.035¢93-16¢ 837.3 1.10735-06 12.9 63.9 6.62197+04 1.50830+403 7.01646+06 2.40380+06 9.05333+04
ces ., sgo0. 1.42924-10 837.1  8.17945-07 12.2 68.3 3.36770+04 6.96441+02 4.76912+06 2.16428+06 9.03406+04
2. 840, 1.00404-~18 83r.1  6.16833-07 11.3 73.7 1.71943+04 3.23020+02 3.24796+406 1.96426+06 8.81977+04
soe. sen. 7.94374~27 837.2  4.7339¢-07 10.8 60.4 8.81307+03 1.50469+02 2.21691+06 1.6038/+08 8,611 76+04
319, s60. s.13p36~17¢ 837.2  3.75045-07 9.6 68.4 4.53465+03 7.04201+01 1.51650+406 1.64024+06 8.40980+04
LTT e00. 3.70703-17 837.2  3.02384-07 e.7 97.8  2.34216+03 3.30966+01 1.03965+06 1.49251+06 8.213690+04
338, ez0. 2.63044-17 637.2 2.48984-07 r.9 106.5 1.£1434+03 1.56225+01 7.14283+08 1.35803+06 6.02325+04
348. e40. 2.14409-17 837.2 2.09003-07 r. 120.4 6.31967402 7.40399+400 4.91/97+05 1.23776+06 7,83027+04
3se. ee0. 1.80400-17 837.2 1.78466-07 6.5 133.2 3.30114+02 3.52584400 3.39333+0%5 1.12611+08 7.63588/7+04
ver. ee0. 1.33947-17 837.2 1.54661-07 5.9 146.4 1.73076+02 1.68568+00 2.34629+05 1.02671+08 7.48397+04
e, 100, t.06788-27¢ e37.2 t.3%3710-07 5.8 159.7 9.10752+401 8.09289-01 1.62572+035 9.38551¢08 /.31432+04
0. rg0. 0.00774-38 637.2 1.20317-07 5.1 172.6 4.80993+01 3.90182-03 1.12870+05 6.56/40+05 7.14943¢04
0. 140, 7.39060-18 63r7.2 1.075¢7-07 4.8 1684.6 2.%4941+01 1.08064-01 /.85361+04 /.82402+09 6.9881 /404
a0, re0. ¢.31585-18 837.2 9.683%03-08 4.3 196.0 1.35630+01 9.17986-02 5.4/3536+04 7.14900¢035 6.833138+04
ags. ren. 5.468/52-18 837.2  6.78807-08 4.3 206.12 7.23901+00 4.48002-02 3.02503+046 $.53664°03 6.68107004
a3, a0, 4.r0904-18 837.2  7.97396-08 4.2 218.1 3.67785+00 2.19515-02 2.6/746404 5.9/699¢08 6.5343¢°04
4e3. 020. 4.23834-18 037.2 7.278¢8-08 4.1 223.2  2.08455+00 1.07988-0F 1.877944+04 5.47163¢05 6.39129004
45y, 40, 3.76006-18 837.2 §.66436-08 3.0 230.3 1.12443¢00 5.33334-03 1.31976+04 5.0097/9+05 6.25193¢04
a0e, oe0. 3.39559-19 837.2 6.311750-08 3.9 236.7 €.00611-01 2.64436-03 9.20297¢03 4.36010+03 $.1163604
ars. 00, 3.08622-18 837.2 S5.62773-08 3. 242.5 3.30837-01 1.31821-03 §.355620+03 4.20592+03 3.90445°04
400, [ LT 2./8104-18 837.2 3.18691-08 3.7 247.98 1.60120-01 6.57661-04 4.63442+03 3.83651+05 $,85610+04
o0, ’20. 2.53143-18 837.2 4.7685/-08 3.7 252.7 9.84809-02 3.29864-04 3.R8217403 3.53783+08 5./3117+04
07, 40, 2.351090-18 837.2 4.42743-08 3.8 297.4 5.40232-02 1.66077-04 2.32089+403 3.24701+05 $.60938+04
18, %00, 2.11404-18 837.2 4.09914-08 3.6, 261.8 2.97327-02 8.39293-035 1.65558+03 £.98149+05 5.49121+04
sz9. ve0. 1.93823-18 837.2  3.80008-08 3.8 268.1 1.64173-02 4.25730-08 1.17913¢03 2,/3096+05 5.3/596+04
$40. 1000. 1./6123-18 837.2  3.52705-08 3.8 270.4  9.09435-03 2.16749-05 8.41342+02 P2.51/33+08 5.26374+04
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Reference [10], Test #22.

56

»(Ns), gcm™? n(Na), particles cm™? Tng °K Te °K Ve No. cm™2
Altitude,

km Upleg Downleg Upleg Downleg  Upleg Downleg Upleg Downleg Upleg Downleg
100 897

110 - 924 840 -+ 4
120 939 1.02 + 5
130 971 117 + 5
140 924 1029 165 + 5 135 + 5
150 1050 1103 1.90 + 5 1.58 + 5
160 5.81 - 13 494 — 13 1.2¢4 +10 1.05 410 666 686 1208 1182 2.10 + 5 1.85 + 5
170 3.44 - 13 2.97 - 13 734 -+ 9 633 + 9 716 736 1351 1277 228 +5 208 + 5
180 2,12 -~ 13 183 — 13 4.52 + ¢ '3.90 4+ 9 760 781 1467 1372 248 45 230 + 5
190 1.36 - 13 1.18 —13 290 + 9 252 +9 799 821 1573 1467 2 75V+ ) 255 +3
200 888 ~14 787 —14 189 49 1.68 +9 832 840 1668 1573 3.12 + 5 2985 + 5
210 5903 ~ 14 531 — 14 126 +9 113 +9 864 873 1747 1694 3.70 + 5 3.50 + 5
220 401 —14 363 —14 855 +8 774 +8 890 863 1784 1773 435 4+ 5 430 + 5
230 277 -14 253 —-14 591 48 539 + 8 905 908 1794 1831 515 +5 515 + 5
240 1.98 —~ 14 1.977 — 14 422 +8 3.77 + 8 914 017 1800 1858 590 + 5 590 + 5
250 142 -~ 14 1.26 — 14 3.03 + 8 269 + 8 920 924 1794 1863 6.50 + 5 6.50 + 5
260 101 -14 912 ~15 215 +8 195 + 8 924 928 1789 1852 700 +5 7.00 + 3
270 720 -15 6.556 —15 154 +8 140 48 026 932 1768 1842 740 + 5 740 + 5
280 ‘512 -15 468 —15 100 +8 9.98 + 7 929 935 1747 18156 775 + 5 73 +5
290 367 -15 338 —15 783 +7 718 +7 930 938 1726 1773 8.00 45 8.00 + 5
300 > 931 941 16909 1731 830 4+ 5 830 4+ 6
310 1668 1689 840 4+ 5 840 + 5
320 1641 1647 840 4+ 5 840 + 5
330 1598 1598




DATE APRIL 18. 31903

ri0

ALY
(1}

[ 1

re.
se.
[ I
108,
139,
130,
140,
191,
108,
173,
183,
194,
fos.
2.
e,
237.
[T
299 .
R0,
zo1.
291
300,
318,
3se.
338,
4.
se.
367,
8.
389,
.
ao.
.

a3e.
443,

433,
484 .
478,
s00,
496,
sor.
18,
"ne.,

sS40,

#8.00000

ALY OENSITY
(XN) ({2 744} })
120, 2.49940-11
140, 3.97952-32
160, 1.38490-12
180, 5.90981-33
200, 2.08022-13
220, 1.004%54-~13
g40. 9.09184~24
260, 8.35847~14
200, 3.23878-14
so0o, £2.03200-14
3g0. 1.20885-14
340. 8.43924-18
3e0. 3.603/72-185
380, 3.78%41-19%
400. 2.%9€107-18
420, 1.78010-18
440, 1.22072-18
400 . 8.%53462-16
480, 6.01t118-168
$00. 4.20432-30
$20. 3.04804-%0
340, 2.19108-16
s00. 1.50904-18
580. 1.16041-16
U0 . 8.333591-17
80. 0.37870-37
840. 4.79018-37
060. 3.0%700-27
00 . e.02817-37
100. 2.2183¢-17
20. 1.76318-17
740, 1.42530-17
160. 1.170%-17
+80, ®.76140-130
$00. $.26020-16
820, 7.08562-128
LY L. $.19387-18
860, 5.40347-18
200, 4.79083-38
%00, 4.20289-18
20, 3.85577-18
940. 3.49217-t8
60, 3.176r1~-18
290, 2.90549-18
1000, 2.66501-38

TEne
[{- 3]

35s5.0
e12.2
r%6¢.7
838.1
684.1
9t0.2
925,13
233.8
938.9
941.3
942.9
943.8
944 .4
P44.7
44.9
945.0
945.0
945.1
943.1
945.1
%45.1
945.1
945.1
945.1
45,1
945.12
948.%
948.13
9435.1
945.1
9249.1
943.1
943.1
948.1
943.1
949%.1
945.3
945.1
945.1
945.1
945.1
945.1
945.1
9481
45,1

Test No. 22
MSFC MOOIFIED JSACCHIA WODEL ATMOSFPHERE (1987)
M TINE 21 MRS 4 Riws LAY 37.83000 0EcS
ri08 79 .5G500 14 _0an0 EXOS TENP

PRESSURE MOL. WT SCALE HY

(DYME/CHE) (UNITLESS) (KM) N(NR) Ntoe)

2.ro030-02 28.9 11.6 4.00000¢11 7.50000+10
7.07493-03 25.7 21.4 $.25815+10 9.7313%5+09
3.45249-03 24.7 2r.3s 2.02740+10 2.76618+09
1.75545-03 23.7 3.7 8.36884+09 1.02102+09
9.05763-04 2e.7 35.2 3.85542+09 4.24312¢08
5.59265-04 21.7 38.0 1.68019+09 1.87529+08
3.38367-04 20.8 40.6 9.46741+08 8.58099+07
2.083502-04 19.9 43.0 4.859968+08 4.00983+07
1.352514-04 19.2 45.2 2.52608+08 1.89965+07
8.80142-03% 18.5 47.3 1.32444+08 9.08628+06
5.88406-05 7.9 49 .2 6.98999+07 4.37809+06
3.91422-0% 17.4 $1.0 3.70094+07 2.12228+086
£2.593¢66-08 1.0 32.7 1.972720+07 1.03421+06
1.76441-03 16.6 54.3 1.08851+07 5.06420+08
1.24009-03 168.2 55.6 8.68955+08 2.49108+08
o.71214-08 15.9 57.4 3.06992+06 1.23074+05
é.17678-06 15.5 59.0 1.66263+06 6.10648+04
4.42200-08 15.2 e0.¢ 9.03762+08 3.04231+04
3.19804-08 14.8 2.7 4.93033¢085 1.52215+04
2.34322-08 14.3 e5.2 2.69925+085 7.64628+03
1.73483-0¢ 135.8 68.0 1.48296+05 3.85643+03
1.30132-08 13.2 .3 8.17600¢04 1.95278+03
9.90176-07 12.¢ 5.3 4.82317+04 9.92710+02
7.65113-07 11.9 80.14 2.51090+04 5.00632+02
6.00916-07 1.2 85.8 1.39858+04 2.595¢3¢02
4,.79983-07 10.48 9.5 7.816827+03 1.33493+02
3.09973-0G7 .7 100.4 4.38287+03 6.09169+04
3.22190-Q7 .9 109.4 2.46575+03 3.57133+01
2.70484-07 8.2 119.6 1.39175+03 1.857¢2+01
2.304088-07 r.6 130.7¢ 1.88098+02 9.69823+00
1.99086-07 1.0 142.7 4.41709+02 5.08199+00
1.74049-07 .4 155.2 2.55150+02 2.67203¢+00
1.53788-07 8.0 167.9 1.43%870+02 1.41080+00
1.37082-07 5.6 180.8 8.56386+01 r.arz3e-01
$.25148-0C7 5.3 198.7 4.81283+01 3.9/227-09
1.11340-07 $.0 204.2 2.77710+01 2.11909-02
1.01206-07 4.8 214.9 1.60750+08 1.13442-01
9.24066-08 4.6 224.7 $.332689+00 6.09408-02
8.46852-08 4.4 233.6 5.43482+00 3.28494-02
7.78487-08 4.3 241.8% 3.17431+00 1.727676-02
7.17490-08 4.2 248.68 1.8%980+00 9.64269-03
6.62710-08 4.1 254.9 1.09249+00 5.25076-03
6.13242-08 4.1 260.8 5.43126-01 2,88872-03
5.68364-08 4.0 265.7 3.803972-01 1,.57249-03
5,27495-06 4.9 2720.3 2.2%4322-01 0.84778-04

LONG

945.1342 HOUR ANG

~79.40000 DECS

NUNBPER DENSITY (CM-3)

N{O}

7.680000+10
2.08459+10
9.99718+09
5.77125+09
3.62231+09
2.37331+09
1.59247+09
1.08364+09
r.43915+08
5.13727+08
3.56295+08
2.47943+08
1.73034+08
1.21082+08
8.48995+07
5.96718407
4.20308+07
2.96874407
2.09839+07
1.46723+07
1.05620407
7.513582+08
5.335074+06
3.8p822+08
£.14014+068
1.96508408
1.41193+06
1.01640+0¢

7.33042+08
5.296480¢03
3.93410+08
2.700408+08
2.02008+08
1.47021+0%
1.07194+08

7.82933+04
5.72846+04
4.19839+04
3.08238¢04
2.26707+¢04
1.670135¢04
1.23243+04
9.10930+03
6.74441+03
5.00183¢03

NHE)

3.,40000+07
2.00026+07
1.853883+07
1.28774407
1.12314+07
9.99362+06
8.98933+06
8.13821+08
7.39134+08
§.73029+06
6.13790+08
$.60392+06
5.12084+08
4.68280+06
4.28497+06
3.92324+06
3.59404+08
3.294234+06
3.02101+06
2.77187%08
2.54456¢06
2.337086¢08
2.147354408
1.97435+08
1.81801+08
1.67117+06
1.53081490¢
1.41723+08
1.30004+08
1.20413+06
1.11068+08
1.02498.06
#.402/704+03
$.7401 7408
6.07830+08
7.46631+05
6.90333+08
$.38926+08
5.91430+03
$.47698¢03
5.07454+08
4.70289+08
4.39062+08
4.08493+08

3.75362+03

57

62.1938

NH)

0.00000
0.00000
o .00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
o.ac000
0.00000
0.000060
0.00000
0.00000
0.00000
a.poooa
0.00000
3.89178+04a
3.86473+048
3.r78342+04
3.r704z8+04
3.62723+04
3.55221+04
3.47916404
3.40801°04
3.338/2+04
3.27121+04
3.20344¢04
5.14136404
3.0/7890+04
3.01803+04
2.9%6609°04
2.90084 0y
2.84443+04
2.70943+04
2.73579+04
2.60346+04
2.63242+04
2.58282+04
£.53402¢04
2.48660+04
2.44032+04

2.39515.08



Reference [10], Test #23.

* #(N1), iz em™3 n(N3), particles cin ? Tn. °K T, °K No Todosonde,
Altitude, ———— . e o T T e - e e e e e e Nu. e *
km Upleg Downleg Upleg Downleg Uplex  Downleg Uples Downleg —
120 (60 4.80 - 4
130 0627 722 560 -1
140 701 770 610 -4
160 1.20 — 312 2,74 + 10 648 65 817 720 +4
160 790 — 13 164 + 10 656 817 874 8.00 + 4
170 4.68 — 13 999 + 9 667 865 960 B0 4 4
180 294 ~ 13 6.28 +9 675 920 1064 950 + ¢
1) 181 - 13 301 49 682 a8y 1139 1.12 -4
200 1,14 =13 243 «9 (i3] 1028 1154 eyt 5
0 720 -~ 14 1564 49 [i113] 1 1160 5
220 4.00 — 14 .82 + 8 609, 08 1131 %
230 236 — 14 2402 —~ 14 5.0t + 8 6238 + 8 777 703 OR8 1116 5
240 150 —~ 14 1.89 — 14 3.0 + 8 403 + 8 769 706 ons niz M
250 1.07 - 14 121 — 14 208 + 8 2.58 -8 760 T 1031 107 o
260 786 - 15 TH7 - 15 157 + 8 1.70 + 8 TG T 1069 1oz 3
270 502 - 15 312 - 16 107 + 8 1.09 + 8 732 718 1102 1003 B}
280 337 ~ 15 342 —- 15 709 + 7 7.00 +7 716 714 1121 1083 520 « 5
290 222 - 15 2.16 - 15 474 +7 461 +7 m 715 . 1131 1078
300 HE R ¥4 1069
30 1003 1064
320 . 1071 1061
330 1059 10556

58




BATE
ri10

ALY
()

9.
re.,
8.
o7,
s0e,
119,
180,
140,
181 .
1en.
178,
183,
19e.
208 .
eie.
Ry .
237.
248 .
299.
270,
z2os .
re3 .
0.
313.
igs.
sis.
348.
»5e.
3er.
Sre.
3o,
399.
410.
a1,

a3 .
443

483,
46s.
ars.
486,
ave.
sor,
318,
see.
840,

JULY 20, 1963
/6 .00000
ALY OENS1TY
(KM) (eN/CN3)
120, 2.08949-11
140, 4.00877-32
160, 1.30021-12
160, $.352579-13
200, 2.47993-13
2820, 1.2%110-43
240. 6.08417-14
ze0, 3.7%5402-14
200, 2.10442-14
300. 3.29309-14
3g0. ’.92243-18
340, 4.98%01-1%
380, 3.18397-18
380. 2.038387-18%
400, 1.38944-15
420, 8.77300-18
440. 5.84818-1¢
460, 3.02000-16
480, 2.683501-10
300. 1.8%000-18
sgo. 1.204359-18
840. 0.0%968-17
$60. 6.29219-17
$00. 4.9%0713-37
400 . 3.33167-17
20 . 2.49328-147
040 1.90494-37
S0 . 1.40714-17
480, 1.1683%0-137
o0, 9.804402-10
20, 8.0g037-18
140, 6.70014-18
re0. S.82900-%0
180, $.07222-18
$00. 4.480283-29
826, 3.982/0-10
640, 3.9%4491-10
080, 3.19034-18
680, 2.0832%-18
900, 2.01982-16
20, 2.38607-18
940, 2.17904-18
260, 1.99430-18
200, 1.82837-18
1000, 1.6/7923-18

M TINE 21 HRS 54 WINS
1) 83,00000 AP

TENP PRESSURE MOL . WT
ton) (DYNE/CH2)  (UNITLESS)
3ss.c  2.70030-02 z6.9
se1.2 7.39637-03 25.7
€75.7 2.98337-03 24.5
739.6  1.40438-03 23.3
175.4 7.21076-04 2e.2
793.5  3.92¢42-04 21.4
606.8 £.2£3469-04 20.1
813.2 1.31733-04 19.2
es8.0 7.99089-08% 16.4
818.9 4.96193-08 17,7
620.1 3.314176-08% 17.2
820.7 2.02223-D8% 16.7
821.1 1.32056-05 16.3
o21.4  8.73406-06 15.9
021.5  5.84989-06 5.5
921.6¢ 3.96792-06 19.1
sRs.8 2.72771-06 14.6
o21.6 1.90288-016 14.1
821.6 1.34937-06 13.58
82y.7 9.86240-07 12.7
oLy .7 r.29768-07 11.6
eg1.7  5.%z082-07 11.0
621.7 4.27%42-07 10.1
821.7 3.38969-07 9.1
621.7 2./4929-07 8.3
821.7 2.27762-07 r.5
s21.7 1.92329-07 s.8
oz1.¢ 1.65131-07 6.2
821.7 1.437198-07 5.6
e21.7 31.26702-07 s.2
s2t.7 1.12721-07 4.9
sg1.7 1.01071-07 4.6
s22.7 9.12007-08 4.4
1.7 8.271%0-08 4.2
221.7  7.33328-08 4.0
821.7 6.80431-08 3.0
821.7  6.30916-08 3.9
821.1 5.79581-08 3.8
821.7  3.33328-08 3.7
821.7 4.92026-08 3.6
821.7 4.54491-08 3.6
$21.7 4.20444-08 3.8
821.7 3.89487-08 3.8
821.7 3.61283-08 3.8
821.7 3.35543-08 3.4

NSFC MODEIFIED

Test No.

23

JACCNTA MNOBEL ATHOSPHERE (1967)

LAY 37.63000 DEcS
10.8000 EXOS TEMP
SCALE HT
({3 }} N(NZ2) N(O2)
11.6 4,00000¢11 7.350000+10
19.4 6.37705+10 9.81993+09
24.8 1.92261+10 2.56183+09
268.4 7.26991+09 8.353929+08
31.5 3.05297+09 3.18945+08
3¢.3 1.35446+D9 1.26451+06
38.7 $.19929+08 5.18665+07
39.0 2.89181+08 2.17218¢07
41.0 1.36592+08 9.22339+06
42.9 6.50962+07 3.95547+06
44.6 3.12390+407 1./70953+06
46.2 1.50785+07 7.43700+05
ar.7 7.31563+06 3.25423+05
49.1 3.56623+U6 1.43168+05
5G.¢ 1.74635+06 6.33111+404
52.4 8.58909+05 2.81369+04
S4.4 4.242444+05 1.25657+04
s5¢.8 2.10429+05 5.63887+03
59.7 1.04806+05 2.54224+03
64.0 5.24137+04 1.15155+03
66.9 2.63182+04 5.24025+02
4.8 1.32680+04 2.395537+02
82.0 6.71548+¢03 1,10030+02
90.7 3.41236+03 5.07466+01%
100.8 1.74070403 2.35133+01%
112.2 8.91369+02 1.09430+01
124.7 4.358220+02 5.11515+00
137.9 2.36444+02 2.40139+00
153.4 1.22466+02 1.13223+00
164.7 6.36683¢01 5.36114-0t
177.4 3.32226+01 2.54926-03
te9.2 1.73997+03 1.28729-01
199.9 9.34587+00 35.83679-02
209.6¢ 4.82475+00 2.8102%-0p
2.935433+00 1.33859-02
1.35712+00 6.59469-03
232.6 7.23579-01 3.21398-03
238.7 3.87339-~01 1.57261-0)
244.3 £.07650-08 7.72%533-04
249.8 1.11975-01 3.80990-04
254.5 6.08300-02 1.80624-04
259.2 3.28310-02 9.37466-03
ze3 .8 1.78669-02 4.67707-03
268.3 9.75564-03 2.34227-0G3
ere.9 $.34430-03 1.17743-08

LONG

821.6678 HOUR ANG

-75.48000 DEGS

NUMBER DENSITY (CM-3)

N{(O)

7.60000+10
2.10731+10
1.01806+10
3.861833+09
3.38352+09
2.084744+09
1.32576+09
8.543578+08
5.55625+08
3.63401+08
2.38733+08
1.57396+08
1.04092¢08
6.50327¢07
4.%9026+07
3.05996+07
2.044844+07
1.36977¢07
9.19735+08
6.19003+0¢
4.17%68+06
2.82320+08
1.91323+0¢
1.29943+08
8.84317+03
6.03417+083
4.12532+08
2.826/71+08
1.94096+05
1.33560+05
$.20993+04
$.36422+04
4.40693+04
3.05789+04

2.12615+04
1.48131¢04

1.03412¢04
7.23369¢03
5.07000+03
3.56046+03
2.50823+03
1.76615+03
1.247494+03
8.82011+02
6.25916+02

NHE)

3.40000+07
2.09261407
1.61063+07
1.34135+07
1.158048+07
1.01834407
9.04508+06
8.08034+08
7.24385+06
6.50781+06
8.85570+06
S5.27408+08
4.75897+086
4.29145+06
3.873502+06
3.50129+06
3.16559+06
2.86383+06
2.359237+08
2.34803+06
2.12795+08
1.92980+08
1.7%5073+08
1.58934¢+08
1.44363+08
1.31199+06
1.19302¢06
1.08342¢08
9.08087+08
8.0990684+08
8.20083+083
7.47827+03
$.82043+08
6.22491+08

53.68429403
$.319325¢03

4.74701+08
4.34120408
3.97219+08
3.63625+08
3.33038+08
3.08168+08
2.79761+08
2.56593408
2.354344+08

59

-

735.1333

NH)

a.00000
a.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.000006
a.00000
0.00000
0.00000
a.00000
0.0000CG
0.00000
0.00000
0.00000
0.00000
0 .00000
1.03745+08
1.03803+058
1.01100+08
9.88/09+04
9.63139+04
9.40241+04
9.18054°04
8.96493+N4
8.75838+04
8.35228+04
8.3%477+04
8.16293+ 048
7.07633°04
7.19%404+04
7.61936404

r. az3-0a
7.20108+04

7.12037+048
6.96290+04
$.80993+04
6.661135+08
6.51840+04
6.37387+04
6.23853.04
6.10515.04

3.97%33+04



Reference [4], Test #24.
NASA 18.05

August 26, 1966
18:31 2
Wallops Is., Va.

molecular nitrogen

ALTITUDE TEMPERATURE DENSITY

(Km) (°K) (part/cc)
280 982 2.69 x 108
275 979 3.16

270 or7 3.70

265 T4 4,35

260 971 5.10

255 968 6.00

250 964 7.08

245 960 8.30 8
240 956 9.80 x 104
235 952 1.17 x 10
230 L8 1.37

£25 943 1.63

220 938 1.94

215 933 2.30

210 927 2.75

205 920 3.27

200 913 3.90

195 905 4,65

199 696 5.55

185 5856 6.70

180 87 8.10

175 860 9.80 x 102
170 il 1.0 x 1019
165 825 1.48

160 804 1.85

155 182 2.33

150 159 2.95

145 734 3.75

140 708 4, 85 '
135 680 6.30 x 1010

60




MSFC MODIFIED JACCHIA MODEL ATHMOSPHERE (1967)

DATE AUSUST 28, 1966 N TINE 18 HRS 3 NINS LAY 37.83000 DECS

(41} 127.00000 : Fio8 isz.o0000 a» 3.0000 EXO8 TEMP

ALT ALT ogENs1TY ZMP PRESSURE MOL.. WT  SCALE KT

(W) (kM) (eH/CHI) tox) (DYNE/CHZ)  (UNTTLESS) (KM) NIN2) N(O2)

.5, 120, 2.49940-11 355.0 2.70030-02 26.9 11.6 4.00000+11 7.50000+10

re. 140, 3.04909-12 629.4 8.02744-03 25.7 21.6 6.21559+10 9,69402+09
s, 160, 1.36800-12 784.7 3.80861-03 24.8 28.2 2.05546+410 2.82459+09
.. 180, 6.15674-13 ere.8 1.87028-03 23.8 32.9 8.70261+09 1.07394+09
08, go0, 3.14117-43 $25.0 1.03561-03 22.8 36.5 4.11971+09 4.60541+08
119, 220, 1.78%43-13 9851.7  6.23244-04 21.9 39.4 2.06630+09 2.10225+:08
130. 240. 9.90016-14 968.2  3.81494-04 21.0 42.1 1.07064+09 9.94047+07
140, 200. 5.96750-14 9r7.1  2.40309-04 20.2 44.5 5.65709+08 4.801354+07
191, 280, 3.884%3-14 983.2  1.53%023-04 19.4 46,8 3.02697+08 2.35149+07
1e2. soo. 2.333%4-134 986.3 1.02047-04 18.8 48.9  1.63385+08 1.16276+07
173, 3go. 1.%1087-14 986.2 6.83461-03 18.2 50.9 8.87676+D7 5.79160+06
183, 340. 9.96713-19 909.2 4.64636-05 17.6 52.8 4.84833+07 2.90168+08
194, se0, 0.08498-15 969.9  3.20000-08 17.2 54.3 2.66015+07 1.46148+06
s08. 380, 4.547%9-18 990.2 2.22913-08 16.8 56.1 1.46557+07 7.39486+05
.. 400, 3.13112-19 990.9  1.350871-05 16.4 87.7 8.105%0+06 3.75812+08
[ 1T 420. 2.17801-19 990.6 1.11438-05 16.¢ 59.3  4.49939+06 1.91794+05
23, 440, 1.529/0-18 990.7 7.90789-06 t15.8 60.9 2.50657+06 9.82806+04
48, 480, 1.00272-19 990.7 5.771%78-06 15.4 62.5 1.4D128+06 5,03636+04
299, 480, 7.71908-36 990.7 4.21411-06 t8.1 64.4 7.86077405 2.61164+04
2o, s00., 5.54088-16 990.7 3.10760-06 14.7 66.5  4.42466+05 1.33417+04
20t szo. 4.00245-~16 990.8 2.31281-06 14.3 68.9 2.49892+05 7.048356+93
291 . 840, 2.90976-16 990.86 1.74025-D6 13.8 71.8  1.416031+05 3.68277+403
sos. 960. 2.32923~168 990.8 1.32513-06¢ 13.2 73.1  5.05027+04 1.93144+03
313, [ 118 1.50002-18 990.8 1.02214-06 12.6 79.1  4.359166+04 1.01873+03
sga. 000, 1.10449-16 990.8 7.99420-07 12.0 83.8 2.627434+04 5.37198+02
338. eg0. 8.71383-17 990.8  6.34424-07 11.3 89.4 1.50829+D4 2.64673+402
3a3. 40, e.57892-17¢ 990.8  $.11151-07 10.6 $6.0 8.,80580+03 1.351615+02
se. (TN 3.01620-37 990.8 4.18163-07 9.9 1G63.6 5.01777+03 6.09638+01
ser. .80, 3.00631-17 990.8  3.47342-07 9.2 112.2 2.90279+D3 4.34109+01
3re. ro. 3.03839-37 990.8 2.92748-07 8.8 122.0  1.69028+03 2.33527+01
see. 0. 2.30178-17 9%0.8 2.%0152-07 r.s 132.7 9.85563+02 1.26085+01
.. 140, 1.90¢/2-37 990.8 2.16483-07 7.3 144.3  5.76410+D2 6.02910+00
a0, 160, 1.850779-17 890.8 1.09301-07 6.7 156.5  3.38133402 3.712317+00
ans. 10, 1.07620-1¢ 990.8 1.6/5/2-07 6.3 169.0 1.98980+08 2.02477+00
ave. s00. 1.06308-17 990.0  1.49498-07 s.9 301.8 1.174035+02 1.10814+00
443, s2a, 9.00342-10 990.8  1.34391-07 s.5 194.6 6.94870+01 6.08520-01
433, san . r.71783-18 990.0 1.21598-07 s.2 £08.9 4.12467+01 3.35274-01
aes. 080 6.69499-18 990.0 1.10628-07 s.0 217.1 2.45544+01 1.83336-01
479, se0, 3.8/084-18 $90.8 1.01113-07 4.8 227.6 1.46593+401 1.,02208-04
[T s00, 5.190068-18 990.86 9.2775%-08 4.6 237.3 8.77677+00 5.71924-02
400, 20, 4.64168-18 990.90  8.3%54027-08 4.5 245.8 5.26963+00 3.19251-02
07, 940, 4.17542-18 990.0 7.88309-08 4.4 253.6 3.17278400 1.768778-02
818, 290, 3,.77988-18 990.8 7.29327-08 4.3 260.6 1.915%39+00 1.00432-02
29, #80. 3.44030-18 990.9 6.78079-98 4.2 2¢6.9 1.515974400 5.65976-03
408, 3000. 3.14858-18 990.8 6.27re7-08 4.1 2r2.5% 7.04053-01 3.19946-03

LONG

990, 7680 HOUR ANG

-19.48000 DEGCS

23.z287

NUMBER DENMSITY (CM-3?

N{O)

7.60000+10
2.05198+10
9.92031+09
5.79990+09
3.69334+09
2.45741+09
1.67539+09
1.15875+09
8.08648+08
5.67718+08
4.00296+08
2.83196+08
2.00911+08
1.42087+08
1.01851+08
7.27561+07
5.207994+07
3.7554740¢
2.6843%8+07
1.93310407
1.39463407
1.00809+07
7.30081+06
5.296824+08
3.85016+08
2.80374408
2.048%42+08
1.49469+0¢
1.09449+06¢
8.0274840%
5.89808¢09
4.34103+08
3.20038+08
2.30374408
$1.74088+08%
1.29583+08%
9.61859+04
1.15141¢04
5.32878+04
3.97265+08
2.98809+04
2.22130+04
1.68475+04
1.24971404
9.39614¢+03

NHE)

3.40000+07
1.97154+07
1.51185+07
1.20959+07
1.11028+07
9.91139+08
8.94793¢+08
8,12987+08
7.41491+06
6.77904+06
6.207%8+06
5.69073+06
5,22149+08
4.79438+06
4.404914+06
4,049414+06¢
3.72460+08
3.42780+06
3.15587+08
2.90710+06
2.67924+06
2.47041+068
2.27894906
2.10328+06
1.94206+06
1.794082+06
1.85002+068
1.93301+0¢
1.41606+06¢
1.31231408
1.214984+08
1.12536+08
1.04200+0¢
$.66702+08

8.96341°03
8.31823+03

7.72098+08
7.18953+08
6.688022+03
6.18961+09
$.7%545¢4+08
$.33223+03
4.98001+085
4.63549+03
4.31049+083
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NiH)

0.00000
0.00000
0.00000
0.00000
©.00000
a.o0000
0.00000
0.00000
a.00000
a.00000
0.00000
0.00000
0.00040
0.00000
0.00000
0.00060
0.00000
a.00000
0.00000
2.85673+04
2.863545+04
2.27032+04
2.r2304+04
2.66699+04
£.81630+04
2.506493¢04
2.51490+04
2.40409¢04
2.41830+04
2.37210+04
2.52883+04
2.28268+04
2.23001+04
e.19780404

2.18084004
2.11656+04

2.072180+04
2.03937°04
2.00214+04
1.96580+04
1.93031+04
1.095844+04
1.083179+04
1.82872+04

1.70641+04



Reference [4], Test #25.
NASA 18.22

August 28, 1966
ol4:03 3
Wallops Is. , Va.

molecular nitrogen

ALTITUDE TEMPERATURE DENSITY
(Km) (°K) (part/cc)
320 797 2.27 x 107
315 797 2.76
310 796 3.34
305 796 4,03
300 795 .90
295 794 5.92
290 793 7.15 7
285 792 8.70 x 10§
280 791 1.05 x 10
275 790 1.28
270 789 1.55
265 788 1.89
260 787 2.29
255 786 2.79
250 785 3.39
245 T84 4.14
240 782 5.01
235 780 6.15
230 778 7.46 8
225 776 9.10 x 10§
220 TTh 1.12 x 10
215 772 1.37
210 770 1.68
205 768 2,06
200 766 2.52
195 764 3.10
190 761 3.81
185 757 4,70
180 753 5.81
175 U7 7.20 9
170 741 8.98 x 107
165 737 1.12 x 101
160 722 1.41
155 711 1.79
150 696 2.28
145 676 2.93
140 65 3,82
135 62 5.18 x 1010

62




DATE AUGUST 28, 1966

710

ALY
{NN)

' .
soz.

1.
Ske.
339.
348.
386.
Ser.
Jre.
309 .
3oe.
410,
ot
a32.
44y,
453,
40,
475,
488 .
496,
sars.
210,
(14N
TeqQ.

130.00000
ALY CENSITY

M) (6M/Cn3)

120, 2.45948-11
140, 4.03801-12
160, 1.32g02-12
180. 5.96r711-13
200, 2.68234-13
226, 1.37633-13
240, 7.51871-14
200, 4.20191-14
280. 2.52869-14
300, 1.83374-14
320. 9.54417-15
340. ¢.06206-15
380, 3.91670-18
300, 2.56694-19
400, 1./0267-33
420, 1.34838-18
440. r.71792-%6
480 . 3.20423-168
480, 3.62000-16
soo. 2.31118-16¢
820, 1.1%074-16
$40. 1.24081-18
$60. 8.0%8489-17
s80. 6.40137-27
00, 4.00949-17?
20, 3.40039-17
40, 2.63902-%7
680, £.03300-17
080 . 1.59619-17
19006, t1.27783-%7
20. 1.04230-17¢
140, 8.63030-18
760 . 1.31309-10
190, S.273140-19
(1.1 $.4400%-10
026 . 4.18738-18
8405, 4,.24744-18
260, 3.79185-18
80, 3.4100%-1228
200. 3.09270-18
220. 2.61054-18
940, 2.%6325-18
960, 2.34437-18
200, 2.14973-18
1000, 1.97303-19

TENP
o)

38s.0
579.9
104.3
174.3
813.4
835.5
847.9
8%s.0
839.0
8681.3
asz.6
863.3
863.0
864.0
884.2
864.2
064.3
884.3
864.3
864.3
064.4
884.4
864.4
864.4
864 .4
884.8
864.4
884.4
8c4.4
864.4
064.4
864.4
864.4
864.4
86s.4
864.4
864.4
864.4
864.4
864.4
864.4
864.4
8684.4
884.4

864.4
N

NSFC MODIFIED
3 MiNs

oh TINE

-
-
i3
[
-
Q
[
N
(1]
(43

PRESSURE
(DYNE/CH2)

2.70030-02
7.57223-03
3.15236-03
1.52783-03
8.05064-04
4.48354-04
2.60576-04
1.56496-04
9.65872-05
6.09776-05
3.92328-08
2.56504-08
1.70048-05
1.14136-08
7.75004-06
$.32239-06
3.69793-06
2.60132-06
1.83487-06
1.35116-00
9.96592-07
7.48759-07
5.73860-07
4.49019-07
3.88735-07
2.92538-07
2.43175-07
2.05/25-07
1.76778-01
1.53969-07
1.35847-07
1.20652-07
1.00184-07
9.75958-08
s.05240-08
0.06430-08
7.3r226-08
6.75930-08
6.21244-08
5.72166-08
s.27906-08
4.67832-08
4.51429-06
4.18273-08
3.88007-08

4 HRS

HOL . WT
(UNITLESS)

26.9
25.7
24.6
23.9
22.4
21.3
20.3
19.5
i18.7
18.0
17.4
17.0
16.5
16.2
15.0
15.4
15.0
14.5
14.0
13.4
12.7
11.9
11.1
10.2
9.4
8.6
r.e
I.1
[ 2% ]
$.0
5.3
5.2
4.9
4.8
4.4
4.3
4.1
4.0
4.0
3.9
3.8
3.8
3.7
3.7
3.7

SCALE HT

(1.3 })

11.6
20.0
25.6
29.6
32.0
35.6
38.1
40.4
42.3
44.5
46.2
4ar.9
49 .4
50.9
52.4
54.0
55.8
57.9
80.4
63.8
67.7
rz.4
r8.2
es.2
3.4
103.0
113.6
128.7
130.4
151.4
164.4
1rr.2
189.0
g20G.0
210.0
218.9
2z6.8
£233.9
240.2
2as.8
250.9
235.7
280.1
2684.3
2¢0.3

LAY

JACCHIA MODEL ATNOSPHERE (1967)

37.83000 DEés LONG -75.48000 DEGS

nann E¥N. TEMS 864.3500 HOUR ANG

NUMBER DENSITY

N{NZ2) N(oe) N (O}

4.00000+11 7.50000+10 7.60000+10
6.33572+10 9,79207+09 2.14940+10
1.96387+10 2.64022+09 1.01226+10
7.68095+409 9.15299+08 5.68498+09
3.34227+09 3.56144+408 3.43976+09
1.53741+09 1.47182+08 2.19460+09
7.29732+08 6.29379+407 1.42454+409
3.53017+408 2.74793+07 9.37399+08
1.72910+08 1.21629+07 6.22193+08
8.54406+07 5.43639+06 4.15417+08
4.25057+07 2.44833+06 £2.785370+08
2.12651+07 1.10963¢06 1.87455+08
1.06915+07 5.05728+05 1.26520+06
5.39991+06 2,31688+05 8,.56229+07
2.73911+06 1.06666+05 5.80916+07
1.39521+406 4.93413+04 3.93080+07
7.13566+0% 2.29302+404 2.69322+07
3.66404+05 1.07049+04 1.84014+07
1.88883+05 5.02003+03 1.26011+07
9.77490+04 2.36480+03 8.64834+06
5.07809+04 1.11871+03 5.94854+06
2.64814+404 5.31573+402 4.310048+06
1.38617+04 2.53876+02 2.83263+06
7.20311+03 1.21877+02 1.96099+08
3.04082+03 5.65137+01 1.36044+06
2.03294+03 2.62803+03 9.457688+053
1.07993+03 1.37253+01 6.58887+08
S.73772+02 6.6007¢+00 4.59963+05
3.0807D0402 3.27299+00 3.21793+09
1.63420+02 1.60006+00 2.25329+0%
8.913681+01 7.93242-01 1.356399+05
4.81964+01 5.92001-05 1,11473+08
2.61324+401 1.95338-01 7.86038+04
1.42390¢01 9.795070-02 5.55351+04
1.77898+00 4.80820-02 3.93129+04
4.28412+00 2.45790-02 2.76830+04
2.34524+00 1.24321-02 1.98140+04
1.29415¢00 6.291353-03 1.41068+04
7.16488-01 3.20109-03 1.00623+04
3.97968-01 1.63477-03 7.19083+03
2.21764-01 8.379356-04 5.14626+03
1.23973-01 4.31098-04 3.69265+03
6.95254-02 2.22592-04 2.65341+03
3.91137-02 1.15347-04 1.91009+03
2.20736-02 5.99870-03 1.37746+03

N(RD)

3.40000+07
2.05820+07
1.358307+07
1.32209+07
1.14604¢07
1.01243+07
9.03662+06
8.11338+06
7.31021+06
6.60132+06
3.97028+08
85.40356+06
4.09861+08
4.442355+08
4.03188+08
3.66111+0D8
3.32659+06
3.02440+08
2.75122+06
2.50412+406
2.260046+068
2.07791+08
1.89438+08
1.72798+068
1.87702+08
1.44002+06¢
1.31859+08
1.20234+08
1.08976+06¢
1.00828+06
9.21208+05
0.437444+08
r.13876+08
7.,00000+08
$.30208¢05
$.96696+08
5.47050+08
5.03240+053
4.62480+03
4.25220+05
3.95141408
3.599394+08
3.31413+08
3.0352864+05
2.81312+05
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(Cn-3)

~194.2300

N(H)

0.00000
6.00000
0.00000
0.00000
6.00000
0.00000
0.000009
0.00000
0.c0000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

-
o.00000
o.00v00
0.00000
0.00000
7.19r80+04
r.171 73404
7.00691+048
6.846879+04
6.69122+04
6.540044+08
6.39312004
6.28031+04
€.131148+04
5.97049¢04
S.s48522¢04
$.71758+04
$.89338<04
$.4r287:04
$.33803+04.
9.24084+04
S.12932+04
5.02096+04
4.91847+08
4.81277+04
4.71278+04
4.61838+04
4.52040+04
4.4200604
4.33802¢04

4.23029+04



Reference [4], Test #26.
molecular nitrogen

ALTITUDE DENSITY
(Km) (part/cc)

130 9
131 8
132 7
133" 7
134 6
135 6.
136 6
137 D
138 5
139 5
140 4,
141 L
142 4
143 4,
144 L,
145 3
146 3
147 3
148 3
149 3
150 3.
151 2
152 2
153 2
154 2.
155 2

207
208

3

3

209 3.
3

2

x 1010
X 109

210
211
212 2
213 2
214 2
215 2
216 ‘ 2
217 2.
218 2
219 1
220 1
221 1
222 1
223 1
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Test No. 26

MSFC MODIFIED JACCHIA MODEL ATWOSPHERE (1967)

CATE AVGUST 26, 1966 oM TIME 38 HRS 51 NINS LAY  37.83000 DEGS LONG ~-75.48000 DECS
¥10 i#7.00G00 Finn 102.00000 AP 3.0000 €XOS TEMP  992.1973 HOUR ANG 28.2404
ALY ALY DENSITY T1EMP PRESSURE MOL. WT  SCALE WY NUMBER DENSITY (CM-3)
() (xM (EH/CH3) (ox) (OYNE/CHE)  (UNITLESS)  (KM) NINE) N(O®) N(O) N (HE) N
5, 120, 2.45948-11 385.0 2.70030-02 26.9 11.6 4.00000+11 7.50000+10 ?.60000+10 3,40000+07 0.00000
76. 140, 3.94816-32 €30.0  0.03200-D3 25.7 21.7 €.21427+10 9.69263+09 2.05101+10 1.97068+07 0.00000
s6. 160, 1.38940-32 765.5 3.61332-03 24.8 28.3 2.086285+10 2.82628+09 9.95766+09 1.52113+07 0.00000
160, 6.106232-13 e73.9%  1.88204-03 23.8 32.9 6.71243409 1.07551+09 $.80058+09 1.26903+07 0.00000
108. 200. 3.14897-13 924.3 1.05840-03 22.0 36.8  4,12765+09 4.61642+08 3.69534+09 1.10988+07 0.00000
119, 220,  1.72910-13 953.0  6.25252-04 21.9 39.5 2.07200+09 2.10928+08 2.45985+09 9.90894+06 0.00000
130, 240, 9.90691-14 969.6 3.82926-04 21.0 42.1 1.07450409 9.98343+07 1.67784+09 8.94649+08 0.00000
140. 200,  5.90639-14 979.1  2.41320-04 20.2 44.5  5.68236+408 4.82703+07 1.16100+09 8.12948+06 0.00000
151. 200, 3.69603-14 984.6 1.55750-04 19.4 46.8  3.04312+08 2.36631+G7 8.10614+08 7.41541+08 0.00000
ter. 300. 2.34311-14 987.7 31.02569-04 18.8 48.9 1.64398+08 1.17125+07 5.69380+08 6.78032+06 0.00000
9. 320,  1.81748-14 909.6 6.67257-05 18.2 0.9 8.93983+07 5.83963+06 4.01665+08 6.20950+06 0.00000
183, 340. 1.00159-14 990.7 4.67405-03 17.7 52.8 4.88683+07 2.92803+06 2.84304+08 $.69320+06 0.00000
194. 360.  6.72036-13 991.3  3,22024-05 17.2 84.5 2.68338+07 1.47630+06 2.01796+08 5.22437+06 0.00000
208. 380. 4.37/302-38 991.7 2.24401-08 16.8 856.2 1.47974+07 1.47819¢05 1.43586+08 4.79758+0¢ 0.00000
216, 400,  3.14992-18 991.9 1.5/976-0% 16.4 7.8 £.19006+06 3.80416+05 1.02399+08 4.40841+06 0.00000
227, 420, 2.19249-15 992.0 1.12262-03 16.1 59.3  4.55062+06 1.94331+08 7.31831+07 4.08312+06 0.00000
#37. 440,  1.54003-18 992.1  5,04924-06 15.8 60.9 2.353725+06 9.967/72+04 5,24108+07 3.726846+06 0.00000
248,  460.  1.09042-18 992.1  5,82224-08 18,3 62.6 1.41962+06 5.13311+04 3,76100¢07 3.43156+08 0.00000
480 . r.rrere-16 9ee.2 4,24919-0¢ 1%.1 64.4 7.97028+05 2.65381+04 2,70422+07 3.15989+068 0.00000
500. 9.38409-16 992.2  3.13415-06 14.7 66.6 4.49001+03 1.37734+04 1.94816¢07 £.91115+06 £.83033¢04
$20.  4.03321-16 992.2  2.33300-06 14.3 69.0 2.83791+0% 7.17588+03 1.40617+07 2.686329+06 £.60925+04
940, 2.93493-16 92.2  1.75566-06 13.8 71.8  1.43929+08 3.75280+03 1.01690+07 2.47443+06 2.75292+04
$60. 2.14801-36 292.2  1.33695-06 13.3 75.1  8.18924+04 1.97000¢03 7.36771+06 2.20291+06 £.69804+04
s90.  1.38300-16 992.2  1.03125-06 12.7 79.1  4.67470+04 1.03799+03 5.34803406 2.10719+06 2.84485+04
0. 1.17834-16 992.2 6.06461-07 12.0 63.8 2.67710+04 5.48934¢02 3.86918+06 1.94500¢06 2.50843¢04
20, 8.79661-17 992.2  6.39932-07 11.3 9.3 1.53603+404 P2.91362+402 2.83345¢06 1.79777+06 2.°4162+04
040,  6.eapPR-37 992.2  5.135480-07 10.6 95.9 6.06422+03 1.55210+02 £.06804+06 1.66167+06 £.49209+04
e80. 5.0e4ra-1? 292.2 4.21014-07 9.9 103.4 5.12485¢03 8.29706+01 1.51210+06 $.53656406 £.44360¢04
080,  3.90300-37 992.2  3.50008-07 9.2 112.0 2.97217+03 4.45203+01 1.10759+06 1.42151+06 £.39¢71+04
100,  3.04624-17 292.2 2.94967-07 a.s 121.7 1,.72905+03 2.39706+01 6.12716+05 1.31365+06 £.39078+04
120,  2.40416-17 sep.2 2.51968-0/ 1.9 132.4  1.00896+03 1.29517+01 5.07396¢405 1.21821+08 2.30599+04
r40.  1.92837-17 992.2  2.17906-07 r.3 144.0  5.90548¢02 7.02231+00 4.39604+09 3.12047¢06 £.26230+04
160,  1.Set49-17 o9g.2  1.90762-G7 (] 156.1 3.40693+02 3.02055+00 3.24460408 1.04879¢0¢ 2.219¢7°04
100, 1.20838-17 992.2  1.68643-07 .3 168.6 2.04142+02 2.08571+00 2£.39/51+05 9.693506+08 2.1 760004
006G, 1.0r2%1-137 e92.82 1.%50418-07 S.9 181.2 1.20580¢02 1.14248+00 1,77428408 5.99313¢08 2.13740+04
4as. 820.  s.n/2s8-18 992.2  1.38192-07 s.s 193.6  7.14087¢01 6.27919-01 1.31538+05 6.34463¢U8 2.09789+04
483,  840.  7.774t8-10 992.2  1.22303-07 s.2 205.6 4.24192401 3.46260-01 9.76786404 7.74649¢0S 2.05922+04
404. 800. .74128-18 92.2  1.1125%-07 5.0 216.9 2.52713+01 1.91573-01 7.26549+04 7.19401¢08 2.02148+04
ars. 80, 5.909331-18 2.2  1.01676-07 4.8 227.4 1.50986+01 1.06337-01 5.43304+04 6.60367+03 1.90464+04
as6. 900. 3.23048-18 992.2  9.32849-08 4.6 237.0  9.04641+400 5.92173-02 4.03944+04 6.21206+03 1.94866+04
08, 920,  4.ee923-18 992.2  8.%6672-08 4.8 245.7 5.435%51+400 3.30031-02 3.01926+04 5.77604+05 1.91383+04
86/, 940,  4.19922-18 992.2 7.92872-08 4.4 253.8 3.273505+00 1.85418-02 £.26034+04 5.37277+08 1.8/922+04
s18. 80, 3.80084-18 992.2 7.33260-0G8 4.3 260.6 1.97878+00 3 ,04249-02 1.69486¢04 4.99964+08 1 .845704+04
sz . ve0, 3.45863-18 o92.2 6.r9724-08 4.2 265.9 $.19886+00 3.87968-0D3 1.27284404 4.65424+08 1.01297+04
$40. 1000, 3,16192-18 992.2  6.31158-00 4.1 272.6  7.28326-01 3.32651-03 9.57398¢03 4.33439¢05 1.78098+04
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#(N3), g cm™? n(N3z), particles ecm~? TN, °K Te °K N4, No. ecm™3
Al
km Upleg Downleg Uplég Downleg Downleg Upleg Downleg Upleg Downleg
110 400 +3
120 640 + 3 4.10 4- 3
130 6.00 +3 425 +3
3140 580 -3 520 43
150 440 — 13 440 — 13 9.38 49 938 + 9 608 6.20 + 3 6.00 + 3
160 241 - 13 238 ~- 13 514 +9 5.08 49 638 780 +3. 720 +3
170 141 —-13 140 - 13 301 49 299 +9 649 108 +4 . 870 +3
180 857 — 14 835 ~ 14 183 4+ 9 1.78 4+ 9 855 816 1.56 + 4 120 + 4
190 5.16 ~ 14 508 -~ 14 1.10 4-9 1.08 +9 8567 786 240 + 4 1.95 + 4
200 319 - 14 3.15 ~ 14 680 + 8 6.72 + 8 657 776 833 - 4.20 44 3.65 + 4
210 184 ~ 14 414 +8 657 774 838 6.60 +4 560 + 4
220 122 ~ 14 2.60 + 8, 657 772 858 8.20 -4 7.80 + 4
230 657 772 892 9.50 44 9.30 -4
240 784 012 1.06 4+ & 1.00 4 5
250 812 024 1.10 + 5 100 + 5
260 843 048 1.10 4 5 1.00 46
270 - 872 1000 105 4+ 5 1.00 + 6
280 910 1072 1.00 +5 9.70 + 4
200 963 1144 9.60 -+ 4 040 + 4
300 1047 1160 8.80 + 4 9.00 + 4




Bave

ALY

[} ]

..
8.
86.
..
108,
i1s.
130,
tev.
181,
102.
173,
163,
194.
208,
r1p.
ee/.
237,
2as.
299,
ero,
283 .
298 .
soe.
313,
324,
339.
ses.
3se.
3er.
3re.
so0.
399.
410,
2.

432,
443,

453,
404,
4ar,
486,
408,
$07.
838,
see.

540,
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ALY
119

320,
140,
160,
180,
200.
220 .
240,
260,
290,
300.
3z20.
J40.
3e0.
380,
400.
agzo,
440.
400,
480,
son .
ag0.
980,
se0.
$00.
$00.
0.
$40.

oD,
0.
r20.
140,
80
80,

200,
820,

$40 .
e .
480,
900,
°20.
%40 .
60 .
200 .

1006,

DENSITY
(GM/CHI)

2.45940-121
4.10532-12
1.26800-12
4.999982-13
2.24292-13
1.09429-13
8.67557-14
3.08073-14
1.74797-34
1.02129-14
6.12382-153
3.74974-19
2.33%41-1%
1.47307-13
9.42850-18
6.093117-18
3.97313-16
2.08000-10¢
1.74700-1¢
1.10168-16
8.09830-137
8.83822-17
4.00283-17
2.90290-17
2.135026-17
1.84131-17
1.28170-37
1.02308-17
$.40207-18
7.023503-190
$.979¢8-18
S.18/707-18
4.52090-10
3.99401-10
3.%%820-10
3.16986-19
2.87413-18
2.60016-186
2.38007-18
2.14790-18
1.95020-19
1.790980-18
1.83905-18
1.80264-18
1.5/945-18

Test No. 27

MSFC WODIFTED JACCHIA MODEL ATMOSPHERE (1967)

G TINE 3 MRS 9 HINs

F108 78 . 00000
TEMP PRESSURE MOL . WT
(oK) (DYNE/CM2) (UNITLES
388.0 2.70030-02 268.9
83r.7 7.16423-03 25.6
639.2 2.78%590-03 24.4
5.9 1.25045-03 23.1
2r7.6 $.19526-04 21.9
745.4 3.26931-04 20.7
755.4 1.80952-04 19.7
781.3 1.03994-04 18.8
164.3 6.15975-03 18.0
766.7 3,73877-0G5 17.4
167.2 2.31536-08 18.9
7¢7.8 1.45843%-03 18.4
ree.2 9.32633-06 16.0
768.4 6.04907-06 15.6
788.5 3.97972-06 15.1
100 .8 g.65822-06 14.6
768.8 1.80530-06 14.1
r768.68 1.24966-06 13.4
r88.0 8.83501-07 12.6
r66.¢ 8.57644-07 11.8
768.8 4.92902-07 10.8
r68.¢ 3.79539-07 9.5
r768.¢ 3.00318-07 8.3
res8 .8 2.43080-07 r.8
768 .6 2.02695-07 6.8
res . ¢ 1.71940-07 6.1
768. 8 1.4837%-07 .9
r768.6 1.296%8-07 5.0
re0.8 1.1495%-07 4.7
768.6 1.02693-07 4.4
r66.6 9.24078-08 4.1
ree.e 8.38343-08 3.9
788.6 r.e0821-08 3.8
r68.6¢ 6.94205-C¢ 3.7
760 .8 6.33633-08 3.8
768 .68 5.63697-08 3.8
188.6 $.37222-08 3.4
768 . ¢ 4.95493-08 3.4
768 .6 4.57880-08 3.3
168 .8 4.2389/7-08 3.2
r768.6 3.93097-08 3.2
168 .6 3.6%5130-08 3.1
168 .6 3.39689-08 3.1
r168.¢ 3.18511-08 3.0
768 .6 2.953562-08 3.0

LAY

AP 20 .000

SCALE HT
L} (KM}

11.6
18.6
23.4
27.0
30.0
32.6
35.0
37.2
39.2
40.9
42.5
44.0
45.5
47.0
48.6
s50.6
s2.9
55.9
59.6
66.0
2.6
80.8
90.8
102.0
114.8
128.7
143.0
187.3
170.9
183.7
3198.3
205.7
2185.0
223.3
230.9
237.0
244.3
250.4
256.4
2ee.2
268 .1
274.0
279.9
206.t
292.4

37.83000 DEcs

a EXOS TEMP

N(N2)

4.00000+11
6.42777+130
1.86359+10
6.71807¢09
2.68308+09
1.13120+09
4.91933+08
2.18050+08
9.76848+07
4.43481+07
2.02359+07
9.29034+06
4.28843+406
1.98955+06
9.27473+08
4.343784+05
2.04388+05
9.65826+04
4.58482+04
2.18576+04
1.04659+04
5.03281+03
2.43043+03
1.17864+03
5.739644+02
2.80660+02
1.37601+02
6.793414+01
3.36255+01
1.67101+08
8.33698+00
4.17578+00
2.09969+00
1.95985+00
3.3/7028-08
2.7334%-01
$.39431-01
7.34808-02
3.67552-02
1.89741-02
9.83068-03
$.11176-03
2.66753-03
1.39698-03
/.34169-04

N(o2)

7.50000+10
9.84891+09
2.45242+09
7.73493+08
2.72688+06
1.01974+08
3.94478+07
1.55833+07
6.24294+06
2.52671+06
1.03094+08
4.23536+08
1.75078+08
7.276060+04
3.04265+04
1.27068+04
5.40170+03
2,29360+03
9.768802+02
4.19798+02
1.80936+02
7.83669+01
3.41071+01

1.49186+01

6.55396+00
2.89343+00
1.28338+00
5.71883-01
2.56010-01
1.15129-01
3.20083-02
2.3%997-02
t1.075e5-02
4,92431-03
2.26422-03
1.043561-03
4.84948-04
2.25869-04
1.05647-04
4.96224-05
2,34047-0%
1.10845-03
$.27113-06
z2.51682-06
1.20655-06

LONG

768.6490 NOUR ANG

NUMBER DENSITY (CM-3)

N(O)

7.60000+10
2.23786+10
1.02417+430
5.51272+09
3.20106+09
1.93398+09
1.19405+09
7.48176+08
4.7255%52+08
3.002r0+08
1.91669+08
1.22804+08
7.89369+07
5.08904+07
3.2900/7+07
2.13278+07
1.38616+07
9.03236+08
5.90046+08
3.86416+08
2.33686+08
1.86953+08
1.10143+408
7.28374408
4.82020+08
3.206804+08
2.136544+09
1.420224+08
9.542484+04
6.39919+04
4.30100+04
2.89725+04
1.95800404
1.32349+04
8.97412+03
6.09843+03
4.153135+0)
2.83440+03
1.938458+03
1.32853+03
9.12398+082
6.27901+02
4.32997+02
2.991908+0¢2
2.07160+02

-75.48000 DE6S

N(HE)

3.40000+07
2.13907+07
1.64744+07
1.36630+07
1.17266+07
1.02440+07
9.03802+06
8.01518+086
7.13390+086
6.36350+0¢
5.6a8500+06
5.08470+08
4,355208+06
4.07054+06
3.65697+08
3.28127+06
2.94812+06
2.64693+06
Z2.37984¢08
2.14088+08
1.92691+08
1.73855+0¢
1.56414¢06
1.41030+08
1.27272+06
1.14907+08
1.038044+08
9.38280+08
6.483%06+08
7.6/922+08
6.95309+08
$.29915+08
$.r0909+08
5.17880+08
4.69930¢08
4.26668+03
3.87597+03
3.852290+08
3.20369+08%
Z2.91493+05
2.65356+05
2.41690+05
2.20249+08
2.00008+093

1.83175+08
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-230.8260

NH)

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
o.og000
0.00000
0.00000
0.00000
a.goo00
o.o0000
0.00000
0.00000
0.000049
0.00000
1.71084+05
l.l!a‘atﬂ’
1.66654+05
1.62377+09
1.58234+08
1.5422G+08
1.50330+08
1.463%594+08
1.42903+09
1.393%6+08
1.38921.08
1.3288/7+098
1.203%4+08
1.2621¢4+09
1.231 72408
1.20217+08
1.17349+089
1.14563+08
1.11862+08
1.09237+08
2 .00688+05
1.04212+08
1.01006+09
9.94843+04
9.71968¢04

9.49893 +D4a

.



Test #28
Reference #11

Alt N, 02 0 e

156 - 3.5x 10 - -

200 3x10° 2.5x108 8x10° 5x10°13
250 6 x 108 1,5 x 107 3 x 107 8.5x 10714
300 8.5 x 10 2.0x 106 9 x10® 4 x 10-14
320 5x 107  7.5x105 7 x10% 2.5x 10-14
350 1 x 107 2.5x10° 4 x 10 8 x 10-15

400 2x10% 3.0x104 1x10 4 x 10-15
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214

fi0

ALY
het)

MARCH 19, 1967

137.00000
ALY OEns1TY
%M (en/CH3)
120. 2.49040-11
140. 3.93/27-12
160, 1.57%82-12
100, 6.22835-13
200. 3.20158-13
220 . t.77183-13
240, 1.02999-13
260. 6.21109-14
280, 3.85773-14
300. 2.45663-14
320. 1.59848-14
340, 1.09977-14
3e0. 7.34330-13
380, 4.88D31-13
400. 3.37503-15
420. 2.3%974-353
440, 1.08480-13
400, 1.168363-13
480. 8.47/24-16
300. s.11228-168
sg0. 4.43463-36¢
$40. 3.23737-368
360 . 2.37830-36¢
$00. 1.75827-16
600 . 1.30901-16¢
oRO. 9.81087-17
$40. r.42586-37
e80. . S.06874-17
80. 4.36r73-1¢
0. 3.40320-17
g0 . 2.68313-17
740, 2.14200-17
160 . $.7388r-17
100, 1.42030-17
800, 1.18029-127
820, 9.93903-18
840G, 8.47716-18
860 . 7.31780-10
880 . 6.38749-18
900. 5.63179-18
20, $.010510-18
240, .4,49241-18
60, 4.03978-18
260, 3.60319-18
1000. 3.36160-18

TENP
10K )

383.0
636.0
198.6
886.5
938.4
968.2
985.4
995.3
1001.0
1004.3
1008.3
1007.4
1008.1
1008.9
1000.7
10008.9
1008.9
1009.0
1009.0
1009.0
1009.0
1009.0
1009.1
1009.1
1009.1%
1009.1
1009.1
1009.1
1009.1
1009.1
1009.1
1009.1
1009.1
1009.1

1009.1
1009.1

1009.1¢
1009.1
1009.1
1009.1
1009.1
1009.1
1609.1
1009.1
1009.1

PRESSURE
(DYNE/CH2)

2.r0030-02
8.08471-03
3.06817-03
1.92%98-03
1.09112-03
6.48931-04
3.99878-04
2.53438-04
1.64425-04
1.083817-04
r7.32551-05
5.00480-08
3.48342-08
2.42394-05
l.llS."DS‘
1.22275-08
8.80126-068
6.30933-06
4.67840-06
3.45985-06
2.%01823-06
1.94%5%8-06¢
§.48287-06
1.14391-08
8.93919-07
7.08225-0¢r
5.89202-07
4.64219-07
3.84184-07
3.22831-07
2.7449¢-07
2.38613-07
2.0835%-07
1.01857-07

1.61788-0G7
1.45037-97

1.30948-07
1.18928-07
t.08552-07
9.94992-08
9.15282-08
8.44441-08
7.81070-08
7.24000-08
8.72324-98

Test No. 28

MSFC MODLIFIER

oM TINE t2 HRS 0 Wing

MOL. WT
(UNITLESS)

2e.9
2s.8
24.8
23.8
22.9
2e.0
21.1
20.3
19.5
18.9
18.3
17.7
17.3
16.9
te.8
16.2
1.9
15.3
15.2
14.8
14.4
14.0
13.8
12.9
12.3
11.6
10.9
10.2
9.5
s.9
s.2
7.6
r.0
..

5.4
s.2
4.9
4.7
4.8
4.5
4.4
4.3
4.2

JACCHIA MODEL ATMOSPHERE (1967)

LAT 32.00000 DEGS
20.0000 EXOS TENMP
SCALE KT
(kM) N(NZ) N(O2)
11.6 4,00000+11 7.50000+10
21.9 6.196892+10 9.67871+09
28.6 2.06524+10 2.84554+09
33.3 8.82531+09 1.09367+09
3r.o0 4.21970+09 4.74455+08
40.0 2.13853+09 2.319380+08
42.6 $1.11990+09 1.04911+08
45.1 5.98133+08 5.13039+07
47 .4 3.23535+08 2.54392+07
49.8 1.76540+08 1.27365+07
51.5 9.69629+07 6.42326+08
83.4 5.35367+¢07 3.25853+06
55.2 2.96933+407 1.66149+068
56.9 1.65361+07 8.51095+08
58.5 9.24391+06 4,37858+08
60.0 5.18627+06 2.26196+05
61.6 2.91999+06 1.17321+085
63.3 1.64969+06 6,10907+04
63.1 9.35172+08 3.19338+04
67.1 5.31899+05 1,.675644+04
€9.5 3.03528+05 8.82562+03
2.1 1.73774+05 4,66383+03
5.3 9.96097+04 2.47581+03
79.0 5.75111+404 1.31854+03
83.4 3.32436+04 7.04763+402
88.6 1.92766+04 3.760354+02
4.7 1.12126+04 2.03322+02
101 .8 6.54216+03 1.09951+02
109.9 3.82885+03 35.96090+01
119.1 2.24768+03 3.24287+032
129.3 1.32343+03 1.77028+03%
140.4 7.81386+02 9.69897+00
152.2 4.62948+02 3.329064+00
164.5 2.75019+02 2.93914+00
170.1 1.63654+02 1.62624+00
189.6 9.79049+01 9.02700-02
201.9 5.86672+03 35.02006-0t
2135.6 3.82549+01 2.80949-0%
224.8 2.32454+01 1.57409-01
234.7 1.28388+01 8.8356408-02
244.1 7.78009+00 4.99626-02
252.3 4.72757+00 2.82743-02
260.1 2.88034+00 1.60508-02
28r7.0 1.75988+00 9.13964-03
273.1 1.07809+00 5.22033-03

LONG

1009.0589 HOUR ANG

~-3107.00000 DEGS

-107.9484

NUNBER DENSITY (CM-3)

N(©O)

7.60000+10
2.03972+30
9.88876+09
S5.80781+09
3.71790+09
2.48778+09
1.70611+09
1.18714+09
8.33547+08
$.88818+080
4.177474+008
2.97373+08
2.12274+08
1.51898+08
1.08938+08
7.082933+07
5.63837+07
4.068857+07
2.94183+07
2.13076+07
1.54638+07
1.12438+07
8.19028+08
5.97704+08
4.36979+06
3.20049+08
2.34823+08
1.72599+0¢
1.27085+08
9.373%44+03
6.92564+03
3.125744+08
3.800044+08
2.6219%+05

2.09909+05
1.96398¢03

1.16718+08
8.72474+04
6.93227404
4.09857+04
3.87927+04
2.76780+04
2.08537+04
1.57363+04
1.18929+04

N((HE)

3.40000+07
1.96081+07
1.8%0276%07
1.28257¢07
1.10816+07
9.87747408
8.92888+06¢
8.12400+08
7.42042+08
6.79427+06
6.23098¢06
8.72093+06
5.25722+06
4.83434+06
4.44881+068
4.09580+06
3.77298+06
3.47733408
3.20645+08
2.95809+06
2.73027+06
2.5251 7406
2.32916+08
2.15278+06
1.99063+08
1.84153+08
1.r10436+08
1.578104+08
1.46183¢08
1.3%472+08
1.25¢00+0¢
1.1649 /7408
1 .08099+08
1.00349¢0¢

0.3t1027+08
#.858284+05

8.04748+08
7.48276403
6.98049+08
$.47726+05
6.02996+08
5.61578+03
$.23203+08
4.87641+093
4,.3%4670+058

69

N(H)

0.00000
0.00000
0.00000
0.00000
0.00000
a.ooo00
0.00000
0.00600
0.00000
0.00000
0.00000
0 .00060
0.10000
0.00000
0.00000
0.00000
a.00600
0.00000
o.00000
2.54109+04
2.52242+04
2.4728084+04
2.42420+04
2.37694404
2.33086+04
Z2.20594+04
2.24213+04
2.1994G+04
2.185772+08
2.11706+04
2.077359+04
2,.03868+048
2.0009G«04
1.96840G3-04

1 .02804-04
1.89290+04

1.,8508004
1.02%10+04
1.79238+04
1.76043¢04
1.72921+04
1.69872+04
1.88093+04
1.88982+04

1.631837+04
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Alt
156
200
250
300
320
350

400

3.5
6.5
1.5
8.0
4,5

8.0

10°
10
108
10
10

10

1.0
2.0
2.5
3.5
1.5
8.0

2.0

0,
X

X

Test #29
Reference #11

10°
108
107
10°
100
10

10°

9.0
4.0
1.5
9.5
8.5

4.0

- 5.0

1.0

6.0

4,0

2.0

7.

5



CATE MARCH 19, 1867

ALY

(L }}

.8,
/8.
6.
.
108,
139,
130,
140,
188,
102,
173,
103,
194.
208,
rte.
ger.
237,
za0.
299.
IO,
281t .
291,
sog.
3.
3gs.
33s.
348,
3se.
367,
Sre.
ses.
399,
a0,
azr:.

432,
a3,

483,
404 .
4’8,
408,
498,
sar,
S1e.
see.
sS40,

ALY

i

120,
140,
160,
180,
200,
220,
240,
260,
280,
300,
g0,
340,
360.
300,
400,
420,
440,
400,
480 .
s0Q.
%0,
840.
$60.
880,
[ 1
g0 .
640,
o0 .
0.
r90.
ec.
ra0.
160,
r90.

200.
23,

0sn,
284,
040 .
%00 .
s20.,
940,
60,
900,
1000.

OENSITY
(eM/CH3)

2.45940-11
3.04341-12
1.39933-12
$.60124-13
3.43952-13
2.12909-13
1.30683-13
8.29085-14
5.40003~14
3.59442-14
2.43787-14
1.00080-14
1.17972-34
8.33276-13
5.97436-13
4.3279%0-~19
3.16312-18
2.53009-15%
1./2997-18
1.290175-13
9./r03¢08-16¢
r.32043-16
3.%e23%-16¢
4.26213-16
3.235044-18
2.5U283-168
1.938540-16
1.9504351-16¢
1.17%68-16
9.2373%0-17
7.30848-17
$.000847-17
a.65279-17
3.7%484~37

3.0%433-37
2.%0882-17

2.0738%6-117
1./73189-27
1.46017-17
t.24281-17
1.06r783-17
$.28013-128
8.10231-18
7.14974~-18
6.350¢/-t8

Test No. 29

MSFC MODIFIED SACCHEIA MODEL ATMOSPHERE (1967)

&M TIME 13 MAS 0 MiNg * LAY -20.00000 DEGS
rio08 149 .00000 AP 22.0000 E£X08 TEMP
TEMNP PRESSURE MOL. WT SCALE HY
o) IDYNE/CHE) (UNT TLESS) (kM) N(NZ) N(O®)
38s5.0 2.70030-02 26.9 11.8 4.00000+33 7.50000¢10
7.4 8.50653-03 25.8 23.6 6.06124+10 9.53869+09
884.4 4.12700-03 24.9 31.6 2.12155+10 2.97909+09
100%.5 2.31122-03 24.1 37.2 9.68542+09 1.23478+09
1071.3 1.39129-03 23.3 43.8 4.96182+09 3.81869+08
1113.1 08.75808-04 22.5 44.9 2.71198+09 2.93335+08
1138.2 5.66787-04 21.7 4r.8 1.53630+09 1.53701+08
1183.3 3.78570-04 21.0 50.4 8.89405+08 8.24334407
11e2.4 2.57084-04 20.3 52.9 5.22135+08 4.49092+07
1167.9 1.77609-04 19.7 53.2 3.09450+408 2.47163+07
1171.3 1.24553-04 19.1 57.% 1.84668+08 §.37066+07
1173.3 8.85041-058 18.9 359.6 1.10793+08 7.64851+08
1174.6 6.36253-05 18.0 61 .8 6.67648+07 4.28687+06
1175.3 4.62156-05% 17.6 €3.5 4.03876+07 2.41377+06
1375.8 3.308813-05 17.2 €5.3 2.45166+07 1.36446+06
1176.1 2.50466-0% 18.9 67.1 1.49309+07 7.74160+05
1176.3 1.88570-08 1e.6 68.7 9.12137+06 4.40803+03
1176.4 1.39959-03 10.3 70.4 5.58909+06 2.51851+08
1176.3 1.05699-0% 18.0 re.1 3.43477+06 1.44377+05
1176.9 8.03¢08-08 18.7 73.8 2.11694+06 8.30391+04
1176.9 S.14817-08 15.4 5.8 1.30844+06 4.79156+04
117¢.3 4.73456-08 15.1 rr.s 8.109914+08 2.77374404
1176.8 3.er0%8-06¢ 14.8 9.7 5.D04064+05 1.61076¢04
13176.6 2.86583-06 14.5 82.0 3.14159+05 9.38342+03
117¢.¢ 2.23424-08 14.1% 84.7 1.963344+09 5.48333+03
117¢.6 1.78727-08 18.¢7 a8r.7 1.23030+05 3.21415+03
1176.6 1.42904-060 3.3 o1.2 7.73021+04 1.80977+03
1217¢.6 1.15288-06 i12.8 95.2 4.86991+04 1.11448+03
1176.6 9.38099-07 12.3 99.8 3.07604404 6.359233+02
1176.6 r.72209-07 1.7 105.0 1.94802+04 3.91110+02
t17¢.68 ¢.41606-07 11.1 111.0 1.23683+04 2.32723+02
117¢6.6 5.30643-07 10.6 117.9 7.67322+03 1.30084+02
1176.8 4.50926-07 10.0 125.9 $.02447+03 8.31234+01%
1176.6 3.91608-07 9.4 134.90 3.23436+03 4.989030¢01
1176.8 3.30908-07 s.e 143.4 2.08176403 3.00335+01
117¢6.¢ 2.96250-07 8.3 153.7 1.32563+03 1.81299008
1176. ¢ 2.61240-97 r.e 164.8 8.54446+02 1.097490t
1176. 8 2.32299-07 7.3 1716.3 $.52075+02 6.66220:00
1176.6 2.081%1-07 6.9 188.4 3.57570+02 4.05938+00
1176.6 1.87811-07 6.5 200.8 2.32147+02 2.473344+00
1176.6 1./0514-07 6.8 213.3 1.51076+02 1.51501+00
13178.8 1.95666-07 S.8 22s5.8 9.85490+01 9.29747-01
1178.6 1.42805-07 $.6 238.18 6.443%1+031 5.72103-01
1176. 6 1.31566-07 5.3 249.9 4.22278+08 3.52966-01
1176.6 1.21663-07 5.2 261.2 2.77379+03 2.18339-01

LONG

1176.5750 HOUR ANG

NUMSER DENSITY

N(O)

7.60000+10
1.94777+10
9.59661¢+09
$.80588+09
3.85342+09
2.66415+09
1.92144+09
1.39808+09
1.02774+09
7.60640+D8
5.65629+08
4.22104+08
3.15683+08
2.36953+08
1.78119+08
1.34151408
1.01219+08
7.68085+07
5.79239+07
4.39281+07
3.33683+07
2.53878+07
1.93467+07
1.47682407
1.12078+407
6.64211+08
6.62663+08
$.00890+06
3.91388+06¢
3.03463+08
2.32543+06

1.790444+08

1.38079+06
1.07674+06¢
$.35391408
6.49060+05
5.04997¢05
3.93458.08
3.069735+08%
2.39831+05
1.87827008
1.46984+083
1.15299+03%
$.05638+04

7.312264+04

42.00000 DECs

-263.90073

N(HE)

3.40000+07
1.88195+07
1.43274407
1.20328+07
1.06036+07
9.54723+08
8.70774+06
8.00216+068
7.36749+06
6.83972+08
€.34459+06
5.89302+08
5.47083+08
$.09760+06
4, 745082906
4.42071+08
4.11988+08
3.84128+06
3.58309+08
3.34366+08
3.121534+08
2.91533+06
2.723844+06
2.54593+06
2.380S57+08
2.22885+06
2.08377+06
1.95067¢00
1.82675+08
1.71134+08
1.60381+08
1.50350+0¢
1.41018%+06
1.32298+0¢

1.24165+06¢
1.16573+068

1.09484¢08
$1.02861+06
9.86724+03
9.00812+08
6.54773¢08
6.04163+09
1.56803+08
7.12468+08
6.70980+08

71

(CH-3)

M)

0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
a.0G6000
o.oo000
0 .00000
a.00000
0,00000
a.00006¢
G.00000
a.00000
a.00000
1.01266+04
1.08136+04
9.94233+03
9.77492+03
®.81327+03
9.4%127+03
9.29483+03
9.14184+0)
8.99222+03
8.843084+03
8.70R73+03

8.502¢8-03

6.291580)

8.16037+°03

$.031960)
7.90626°03

r.78321 03
7.60274+0)
7.54479+03
7.42929+03
7.31618+03
7.20839+03
7.09488.03
6.0008 /7903

6.80843+03
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Alt
150
200
250
300
350

400

9.0
9.0
1.2
2,0
4.0

8.0

Test #30
Reference #12

ALT.
150
160
180
200
250

270

2.0
1.2
4.5
1.7
2,2

1.0

X 1010

b4 1010



Test No, 30

NSFC MODIFIED JACCHIA MODEL ATHNOSPHERE (1967)

DATE MARCH 2, 1966 6t TINE 18 HAS 0 MINS LAY 37.63000 OEGS LONG -75.48000 Dfcs
(21 ] 18 .00000 Fio0e 84 .00000 AP 3.0000 EXOS TEMP SEL. 7062 HOUR ANG -347.29828
ALY ALT oENSITY TEnP PRESSURE MOL., WT SCALE HT NUMBER DENSITY (CM-3)
[} (kM) (EM/CHS) [{ 3] (DYNE/CHE) {UNITLESS) ({3}] N(N2) Noe) N(O) N(HE) N
. 120, 2.45040-11 3s55.0 2.70030-02 2¢.9 11.6 4.00000+31 7.50000+10 7.60000+310 3.40000+07 0.00000
e, 140, 4.06602-12 561.6 7.40077-03 z2s8.7 19.4 6.37604+10 9.81929+09 2.18636+10 2.09175+07 0.00000
ae. 160, 1.350070-122 6r6.4 2.967%5%-03 24.5% 24.68 1.92368+10 2.36364+09 1.01793+210 1.60994+07 0.00000
LI 100, 9.33109-13 740.5% 1.40740-03 23.3 20.5 7.20027+09 8.5%5461+08 5.82014+09 1.34088+07 0.00000
108, 2o0. £.48445%-13 rre.3 7.23100-04 22.2 31.8 3.08012+09 3.19853+08 3.35620+09 1.13775+07 0.00000
119, 220. 1.2%417-13 796.4 3.93973-04 21.1 34.3 1.35889+09 1.26946+08 2,08753+09 1.01620+07 0.00000
130, 240. 6.70425-14 07.8 2.24343-04 20.1 36.7 6.22538+08 5.21253+07 1.32824+09 9.04503+06 0.00000
140. 260, 3.74768-14 8314.2 1.32311-04 19.2 39.0 2.90669+08 2,18534+07 8.58626+08 8.008134+06 0.00000
191. 200, 2.1729%-14 ot7.0 8.02915-05 18.4 41.1 1.37422+08 9.28917+06 5.57252+08 7.24339+06 U.00000
ton. 300. 1.20073-14 819.9 4.98797-03 17.8 42.9 6.55523407 3.96789+06 3.64638+08 6.51032+06 0.00000
173, 3g0. 7.96009-18 821.1 3.15954-05 17.2 44.8 3.14870+07 1.72536+06 2.39685+408 5,858 72+06 0.00000
183, 340, 4.98131-153 ag1.8 2.03448-05 16.7 48.2 1.52121+07 7.51373+05 1,.%50106+08 5.27829+08 0.00000
194. 360. 3.47103-183 sze.2 1.32889-08 16.3 ar.r 7.38718+06 3.29123+03 1.04616+08 4.735967+06 0.00000
208, 3sn, 2.04744-15 822.4 8.7935%59-06 15.9 49.2 3,060438+06 1.44946+05 6.94162+07 4.293534+08 0.00000
2. 400. 1.353705%-19 822.3 5.89177-08 18.5% 50,7 1.76662+06 6.41633+04 4.631813+07 3.67902+06 0.00000
RP. 420, a.83292-16 aze .o 3.99755-08 15.1 52.4 8.69657+05 2.85448+04 3.08011+07 3.350536+08 0.00000
440, 5.80873-16¢ oze.e 2.740771-06 14.7 84.4 4.29936+05 1.,27609+04 2.05936+07 3.16967+06 0.00000
480, 3.9%040-1¢ L. 7 1.93793-06 14.1 56.0 2.13440+05 5.73203+403 1.38019+07 2.66788+06 0.00000
400. z.60387-160 ore.7 1.36019-0¢ 13.5 59.7 1.08400+05 2.58693+03 9.27198+06 2.39637+06 0.00000
300. 1.84349-16 oze.7 9.93979-07 12.7 64.0 5.32572+04 1.17296+03 6.24338+06 2.35194+06 1.02788+05
$20. 1.27535-16 ege.? 7.33388-07 11.9 68.0 2.67650404 $5.34301+02 4.21376+06 2.13176+06 1.02642+GS
fa0. 8.93837-27 age.7 3.56203-07 11.0 4.7 1.350494+04 2.44498+02 2.85044+06 1.93330+06 1.00166+08
960, 6.34640-37 sge.7 4.305968-07 10.1 81.9 6.84127+03 1.12389+02 1.93250+08 1.75430+06 9.77681+04
$80. 4.8rr79-17 seR. 7 3.41280-07 9.2 90.5 3.47925+403 5.18944+401 1.31321+06 1.59277+06 9.54297+04
00 . 3.39995-17 eep.? 2.reer2-07 8.3 100.6 1.77633+03 2.40685¢01 8.94334+05 1.44692+06 9.31658+04a
e20. 2.91309-27 eze.’ 2.29114-07 r.s 111.9 9.10404+402 1.12122+01 6.10406+0% 3.31515+06 9.09681 04
o40. 1.92008-17 ege.7 1.93389-07 6.8 124.4 4.60380+02 $.24602+00 4.17532+05 1.196803+06 6.88344+04
[ 1.49836-17 oze.7 1.65979-07 6.2 137.6 2.41893+02 P.46318+00 2.86220+05 1.00829+08 6.67623+04
900 . 1.19070-17 see. 7 1.444089-07 s5.7 151.1 1.25392+02 1.16341+00 1.96628+05 9.90785+08 8.47502+04
o, 9.72039-19 see.? 1.27277-07 5.2 164.4 6.52434+01 5.51390-01 1.35305+05 9.02496+03 $.2/93¢+04
720. 8.02704-20 sgp.? 1.13206-07 4.9 1r7.1 5.40727+08 £.62440-01 9.33876+04 6.22511+035 8.00968+04
140 . e.02000-10 e, 1.01487-07 4.0 108.9 1.70594+01 1.235433-01 ¢.45626+04 7.50006¢08 7.90318+04
190 . 3.906003-10 oee.7 9.15620-08 4.4 199.7 9.39512000 G.02001-02 4.47274+04 $.84247+08 /. r2800G+04
700, $.09743-10 ogR. 7 $.30335-08 4.2 209.3 4.90024+00 2.90214-02 3.104 04 6.2435744+08 7.39%5164+00
#00. 4.40377-18 aee.? 7.50149-00 4.3 Rixn 2.82817+00 1.40382-02 2.159069¢04 $.7039/7+08 /.30227+04
824, 3.98039-18 sze.7 $.90954-06 5.9 2‘;.6 1.39746+00 6.82045-0)3 1.50550¢04 5.21182+08 7.21783+04
s40 ., 3.%6011-18 222.7 $.33182-08 3.8 232.4 7.45882-01 3.32702-03 1.05140¢04 4.78453+05 7.05750+04
464 ae0, 3.203560-18 e22.7 5.61637-08 3.8 238.6¢ 3.99280-0% 1.62940-03 7,35848+03 4.35779¢03 6.90180+04
4rs. 880, 2.098972-18 a2e.7 5.35395-08 3.7 244.2 2.14537-01 8.01145-04 3,15977¢03 3.90774+08% 6.75037+04
486. 900, 2.83010-10 e22.7 4.93725-08 3.6 249 .4 1.15668-01 3.95453-04 3,62512+03 3.65090+05 6.60307+04
a8, 920, 2.39%92-18 az2.7 4.56040-08 3.6 254.3 6.25747-02 1.95989-04 2.55186+03 3.34413¢03 $.49970r+04
sor. 940, z2.18763-18 a2e.7 4.21859-08 3.5 259.1 3.39662-02 9.74778-03 1,79981¢03 3.06462+035 6.3203%+04¢
ste. 900, 2.00216-38 e22.7 3.90780-08 3.5 263.6 1.84989-02 4.86749-03 1 .27182+03 2.80980+05 €.18485+04
sge. 00, 1.63%70-18 see.7 3.82465-00 3.5 26s8.2 1.01084-02 2.43977-05 9,.00428+02 2.57740+05 6.03239+04
840 . tooo, 1.603%08-18 s2e.7 3.36624-08 3.4 ere.r 5.54177-03 1.22750-05 6,30884+02 P£.368532+05 5.92405%+04a
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Reference [14], Test #31.
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ALTITUDE IN KILOMETERS

Smoothed O, number densities. Our data are uncorrected for dyna.mic effects.

TABLE 1. Number Densities in Jon Source

Number Densitics in Ion
Source, in units of

10 per cc
Altitude,  Velocity,
km m/ecc o O, N, Ar
108 (up) 753 32 72 290 2.5
111 (down) 716 17.4 34.8 152 1.05
123 (up) 530 4.8 29 19.0 0.12
127 (down) 452 3.6 1.82 13.0 0.07
133 (up) 301 2.3 0.8 6.4 0.03

| S B LR AAS

T

-l MASS DENSITY
§ NASA 1091UA
o NIER E7 AL. (1964)

i RARLL

] !
100 1o 120 130
ALTITUDE IN KILOMETERS

Fig. 7. Total mass density versus altitude.
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OATE MaY 18,

rio

ALT
(1}

o,

re.

se,

er,
108,
119,
130,
140,
191,

.

1e2,
1,
183,
v,
208,
PITR
LTI
.
TITH
PITH
2r0.
TR
ros.
so8.
M3,
3ta.
333,
ey,
sse.
ser.
Sre.
see.
0.
aa.
TR

a3e.
LLE

433,
494,
4rs,
486,
496,
so7.
$14,
s2e.
$40.,

%4 .00000
ALY OENSITY
KMy 16M/CHU3)Y
{
3120, t;QQQJl—ts
140, 3.99216-12
100.  1.34832-12
100. 5,08159-13
200.  2.91117-33
220.  1.59382-13
240, §.73401-14
200, $.10798-14
280, 3.08499-14
300. 1.91496-34
sgo. 1.21011-14
340, 7.87928-38
sen. 8.19180-19
380, 3.47017-38
400, 2.34774-183
420, 1.00498-13
aa0, 1.10713-18
400, 7.09983-16
400. 8.3949¢-16
sc0. 3.80021-16
sg0.  2.70730-168
840. 1.93918-16
60. 1.40020-16
880, 1.02001-36¢
800, 7.80328-17
[T 9.38101-17
640,  4.20189-17
e60.  3.20643-17
800,  2.40R03-17
o, 1.99273-17
re0, 1.96091-17
140, 1.060481-27
re0.  §.04760-17
re0.  6.708a8-10
000 . 1.48120-10
.20, 6.454G0-18
840, $.63447-18
880,  4.97G91-18
080,  4.42498-16
000,  3.98922-18
s20, 3.38340-18
940, 3.252%4-18
960,  2.pES4¢-18
980, 2.7113718-18
1000, 2.49313-38

Test No. 31

MSFC MODIFIED JACCHA MODEL ATWOSPHERE (1967)

e TINE 18 HRsS 2 NINS
F108 $7.00000 AP

TENP PRESSURE MOL . WT
(oK) (CYNE/CMZ) (UNITLESS)
385.0 2.70030-02 26.9
603.0 7.80943-03 8.7
745.0 3.38049-03 24.7
ers.e 1.70448-03 23.¢
86s.2 9.29109-04 22.6
093.3 5.33591-04 21.¢
907.6 3.18527-04 20.7
918.7 1.9609/7-04 19.8
920.4 1.23842-04 19.1
923.0 7.99055-08 16.4
°24.6 $.25012-05 ir7.8
928.8 3.50342-05 17.3
92¢.0 £.36936-035 16.9
926.3 1.62144-08 16.5
926.4 1.12160-05 16.1
926.95 7.8374%-06 15.0
928.6 5.53144-06 15.4
926.6 3.94389-06 15.0
o26.7 2.04238-06 14.6
oRe.7 2.07815-06 14.1
’28.7 1.53608-06 13.8
oRe.7 1.15154-0¢ 13.0
ore.7 8.76676-07 1e.3
*®e.7 6.78536-07 11.6
see.? 5.34370-07 10.8
*Re. 7 4.20384-07 10.0
oge.7 3.493%5%8-07 9.3
9ge.7 2.90175-07 8.5
*2e.7 2.44807-07 r.e
o26.7 2.09616-07 r.2
ee. 7 1.01882-07 &.6
Re.7 1.59662-07 6.1
’28.7 1.41585-07 5.7
*26.7 1.26589-07 3.3
26.7 1.14003-07 5.1
2°26.7 1.03282-07 4.8
26,7 9.40284-08 4.6
26.7 8.59519-08 4.5
928.7 1.88342-08 4.3
028.7 7.25087-D8 4.2
926.7 6.68476-08 4.1
926.7 §.17508-08 4.1
v20.7 $.71395-08 4.0
926.7 $.29503-08 3.9
92¢.7 4,91314-08 3.9

LAY

2.000

SCALE HT
(L2 )]

11.6
20.8
26.9
31.2
34.6
37.5
49.0
42.4
44.6
46.7
46.6
50.3
s1.9
's3.8
55.0
86.6
$8.2
€0.2
62.1
(.Y
sr.r
7.3
5.8
80.8
8r7.0
94.3
102.8
112.4
123.¢2
134.9
147.2
160.0
1r2.?
188.1
198.9
208.0
218.1
227r.2
235.4
242.7
249.2
255.0
260.3
265.0
269.3

37.43000 DECS

0 EXOS TEMP

NIN2)

4.00000+11
6.27567+10
2.01451+10
8.22237+09
3.74296+09
1.80302+09
8.96626+08
4.54323+08
2.33290+06
1.20785+08
6.29508+07
3.29867+07
1.73671+407
9.183044+086
4.87541+408
2.59856+086
1.39029+06
7.46612+05
4.02420+08
2.17690+05
1.18183+08%
6.43894+04
3.52046+04
1.93151+04
1.06340+04
5.874634+03
3.25641+03
1.81116+03
1.01071+03
5.65085+02
3.178r4402
1.79141¢02
1.01262+02
3.74460+01
3.20081+01
1.8638%5+01
1.06020+0%
6.13504¢00
3.353437+400
2.04234+00
1.18373+00
6.88139~01
4.01224-01
2.34626-01
1.37804-01

N(O2)

7.50000+10
9.74594+09
£.74000+09
9.96192+08
4.09132+08
1.78280+08
8.041835+07
3.r70428+07
1.72973+07
8.15523+086
3.87343+086
1.85096+06
8.89238+05
4.29303+05
2.08218+08%
1.01439+05
4.96339+04
2.43092+04
1.20348+04
$5.96321+03
2.96688+03
1.48211+03
7.43374+402
3.74337+02
1.89248+02
9.60503%+01
4.,89386+01
2.50307+01
1.28514+01
6.62321+00
3.aze21+00
1.77099+00
$.27109-01
4.84927-01
2.54382-01
1.34113-0¢
7.09083-02
3.768232-02
2.00326-02
1.07035-02
5.7138€66-03
3.087351-03
1.66656-03
9.02657-04
4.90537-04

926.6082 HOUR ANG

LONG -75.48000 DEGS

17.3249

NUMBER DENSITY (CM-3)

N(O)

7.60000+10
2.09089+10
1.00272+10
5.75577+09
3.58946+09
2.33580+09
1.556485+09
1.05165+09
7.16816+08
4.914082+08
3.38436+08
2.33040+08
1.62035+08
1.12567+08
1.83876+407
$.47101+07
3.82683+07
2.68251+07
1.88433+07
1.326404+07
9.353683+00
6.61260+08
4.68311+06
3.32324+06
2.36291+06¢
1.68337+08
1.20159+08
8.593444+05
6.15731+03
4.42043+03
3.17934+093
2.290954+03
1.65383+0)3
1.19610+08
8.6863 74904
6.29022+04
4.573081+04
3.33164+04
2.43107+04
1.77702+04
1.30117+04
9.54578+03
7.01198+03
5.16056G+03
3.80422+03

NHE)

3.40000+D7
2.01268+07
1.54607+07
1.29534407
1.12837+07
1.00p83+07
92.00329+06
8.13509+06
7.377152+08
6.70591+06
8.10485+08
5.56387+06
5.0r526+06
4.63293+06
4.23188+06
3.86786+0¢
3.53714+08
3.23647408
2.96293+086
2.71393¢08
2.48714408
2.28046+08
2.09200+06¢
1.92008+06
1.76315+06
3.61984+06
1.40890+06
1.36921+06¢
1.25973+06
1.159%8+06
1.06785+08
9.8303%6+08
9.08883+05%
8.38314+093
7.713884+08
7.121872403
6.57853+08
$.07564.08
5.61535%.08
S.19219+08
4.80298+08
4.44483+03
4.31517+08
3.81154+08
3.533/78+08

75

N(H)

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
a.,00000
0.00000
0 .00000
0.00000
0.00000
0.o00060
0.00000
a.00000
0.00000
a.00000
0.00000
0.00000
4.44259+04
4.41402+04
4.31933+04
4.22719+04
4.13/783+04
4.0302 704
3.96534+04
3.a8286+04
3.80218+04
3.723¢7+04
3.84242+04
3.957306+048
3.80042+04
3.43008¢04
3.38188¢04
3.2942 706
3.22898404
3.18%28+04
3.10321+04
s.oaz.-ooa
2.9838/+04
2.92611+04
2.8099 /404
2.815p04+04
2.181 77408

2. 70964404




Reference [14], Test #32.
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Reference [14], Test #32 Concludéd,
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Test No. 32

MSFC MODIFIED JACCHIA MODEL ATHOSPHERE (1967)

DATE NOVENBER 20, 1983 M TIME 18 HRS 16 MINS LAY 37.83000 DECS

rio 82.,00000 Fioe 84.00000 AP $.0000 EX08 TEWP

ALY ALY DENSITY TENP PRESSURE MOL. WY SCALE HT

(NM) {xm) (6M/CH3) (oK) {DYNE/CH2) (UNITLESS) (KM) N(N2)
(10 120. 2.45048-11 335.0 2. r0030-02 28.9 11.6 4.00000+11
’e. 140, 4,09920-12 565.6 7.43995-03 28.7 19.8 6.36704+10
e, 160. $.30879-12 6ee.7 3.02490-03 24.5 24.8 1.93312+40
7. 180, 5.30818-13 r48.1 1.43441-03 23.4 28.7 7.372412+09
108, 200, 2.52491-13 784.6 7.41208-04 2e.2 31.8 3.12398+09
119, 280, 1.20163-13 80s5.2 4.05978-04 21.1 3a.8 1.39869+09
130. 240, $.88470-14 83¢.8 2.32245-04 20.14 37.0 6.46080+08
140, 2e0. 3.883%40-14 823.3 1.37545-04 19.2 39.3 3.04160+08
181, 200, 2.25006-14 ogr.o 8.37941-08 18.% 41.4 1.449088+08
162, 3o00. 1.,34974-14 az9.2 3.22499-03 17.8 43.3 6.97307+07
173. g0, 8.30185-13 030.4 3.32165-08 17.3 45.0 3.37681+07
183. 340, 5.21314-18 031.1 2.14643-05 16.8 46.6 1.64470407
104, 300, 3.33000-18 831.5 1.40602-05 16.4 48.1 8.05155406
pOY, 380, 2.15704-19 831.7 9.33979-08 16.0 49.6 3.96018+08
21e. 400, 1.414/79-13 $33.8 8.27603-068 15.6 51.1 1.956834+06
s, 420, 0.37341-16  831.9 4.27043-08 15.2 s52.8 9.70819+08
s, 440. e.20825-16 32.0 2.94312-06 14.7 S54.7 4.83745+08
840, 480. 4 .22080-38 832.0 2.08707-06 14.2 57.0 2.42043+05
299. 480. z.0/802-18 #32.0 1.46037-06 13.8 59.8 1.21602+08%
2o, snn, 1.9783%-168 832.0 1.06%80-06 12.8 63.9 6.13396+04
281, s20. 1.37292-16 832.0 r.87682-07 12.1 68.5 3.10652+04
202, sa0, e.83372-17 a32.0 5.94875-07 11.2 4.1 1.57951+04
g, Se0. $.8300%-17 a32.0 4.39052-07 10.3 80.9 6.06255+03
313. 300, 4.94131-27 asz2.0 3.62617-07 9.4 89.1 4.13149+93
Jga, 00. 3.62362-1/ a3z.0 2.92924-07 8.8 98.7 2.12526+03
33s. 0. 2.r70629-17 832.0 2.41673-07 r.r 109.7 1.09742+03
3a9. 640, 2.08182-17 832.0 2.03280-07 r.0 t121.8 9.68018+02
3se. 80, 1.0033%0-17 832.0 1.73877-07 6.4 134.7 2.95939+02
ser. ¢80 . 1.273548-17 $3¢2.0 1.50925-067 5.9 148.1 1.54543+02
e, r00. 1.03263-17 83z2.0 1.32613-07 5.4 161.4 8.09996+01
389, g0 . 8.953%078-10 832.0 1.47210-07 5.0 174.2 4.26099+01
090, 140, 7.10021-18 a32.0 1.08346-07 4.7 166.2 2.24983+01
410, r60. 6.14833-18 #32.0 9.49240-08 4.3 197.3 1.19198+02
agt. 100, $.331/3-10 a32.0 8.89798-08 4.3 gor.2 $.33830+00
ez, 800, s.00227-30 #32.0 7.82302-00 4.1 216.1% 3.38229+00
a4, LY 19 4.14396¢-18 832.0 7.14380-08 .0 224.0 1.81121+00
%3, sa0. 5.r70036-30 93z.0 $.54283-08 3.9 z23t.1 ®.73270-02
a84. 880, 3.352871-18 832.0 6.00722-08 3.0 237.4 $.24800-01
ars. 480, 3.60471-%08 832.0 5.52739-08 3.8 243.1 2.83947-01
486, °00. 2.7262%-10 832.0 3.09534-~08 3.7 248.3 1.54152-01
496, 20, 2.48216-19 832.0 4.70479-08 3.7 2%3.2 8.39693%-02
so7s. 940 . 2.26830-18 e32.0 4.35085-08 3.6 25%71.9 4.50923-02
818, 940, 2.07404-18 832.0 4.02870-08 3.6 282.4 2.51647-02
1129, 0, 1.90178-18 632.0 3.73538-08 3.5 266.8 1.38442-02
840. 1000, 1.74071-18 832.0 3.46/786-08 3.5 2r1.t 7.64105-03

Noe)

7.50000+10
9.81381+09
2.581485¢09
8.69114400
3.27994+08
1.31409+08
5.44702+07
2.30831+07
9.89174+08
4.28653+06
1.87194+08
8.22799+05
5.635748+085
1.61670+408
7.22216+04
3.24222+04
1.46254+04
6.62864+03
3.01833+03
1.38073+03
6.343503+02
2.92900+02
1.38815+02
6.323559+012
2.93913+01
1.39033+01
6.560687+00
3.10912+00
1.47969+00
r.07184-01
3.39395-01
1.635¢0-01
7.91459-02
3.84348-02
1.07394-02
9.10015-03
4.51834-03
2.23049-03
1.10544-03
5.49984-04
2.74683-04
1.37710-04
6.93012-08
3.5%0059-08
1.77482-08

LONG

832.0171 HOUR ANG

-75.48000 DEGS

NUMBER DENSITY (CM-3)

N(O)

7.60000+10
2.17789+10
1.016872+10
$.63593+09
5.30061+09
2.11233+09
1.35029+09
8.74937+08
5.71634+08
3.75951+08
2.48260+00
1.64523+08
1.09364+08
7.29003+07
4.87207+07
3.26423+07
£2.19231407
1.47589+07
9.95910+06
6.73560+06
4.56615+08
3.10238+06
2.11284+08
1.441 72406
9.88082+08
6.75912+03
4.84307+08
3.19632+09
2.20504¢08
1.524394+08
1.05605+08
7.33110+04
5.099/71+04
3.35472+04¢
2.40279+04
1.737%0+04
1.21046+04
6.56113+03
6.026968+03
4.23115+03
3.00433+03
2.12/723+03
1.50904+03
1.07251+03

7.838744062

NHE)

3.40000+07
2.08403+07
1.60378+07
1.336862+07
1.15515+07
1.01698+07
9.04423+06
8.08984+08
7.26138+08
6.53224+08
5.80526+06
5.30832+08
4. 79228+06
4.32970+08
3.91451+08
3.54143+0¢
3.20890+08
2.90391+06
2.63191+0e
2.38678+08
£.16571+08
1.96624+06
1.78813+0¢8
1.62343+0¢
1.47635+08
1.343344+0¢
1.22296+08
1.11397+08
1.01823+08
9.23734408
8.448365¢+0%
r.10911+08
7.04042+08
6.43300+08
$.60005+08
$.37096+08
4.92226+08
4,506356+08
4.12797+08
3.78302+08
3.46856+08
3.108175+08
2.92003+08
2.68110+08

2.46288405

79

22.9885¢

NH)

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
a.00000
0.00000
0.00000
0.00000
0.00000
0.a0060
0.00000
0.00000
0.00060
0.0v000
0.00000
0.c0000
0.00000
9.46756+04
9.44974+048
9.22423+04
9.00834+04
s.r79287+04
6.58830+04
».3882/404
8.198 74404
0.00294+04
7.01924008
?.64090+04
7.487Q0004
7.29918-04
7.1384 7+ 008

$.97032°04

2158004
6.67110004
6.52478+04
6.358240+04
6.24392004
6.10918+04
$.97606+04
5.85048+04
S.72824404
$.6033304

S.48 80404






Reference [14], Test #33.
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CATE mamCH 20, 1963
Fs0 13.00000
ALY ALY oENSITY
My (L1} (CM/CH3)
[ 19 120, 2.43048-11
re. 140, 4.10000-12
se. 180, 1.19050-12
0. 180, 4.271268-13
108. 200, 1.15451-13
119, 220. 7.913608-14
130, 240. 3.032068-14
140, zeo. 1.90210-14
181, o0, 1.04984-14
jee. 300. S.61291-15
173, 3g0. 3.30440-153
183, 340, 1.98773-19
194, 300, 1.13109-18
208, 300, ¢.77381-18
e, 400, 4.10889-3¢
/. 420, 2.32042-18
237. 440, 1.97008-18
zas, 400 . 1.00144-16
289, 480, 6.49412-17
R0, s00. 4.40889-17
201, sgo. 3.043308-17
t 1 2 $40, 2.17338-137
302, 3eD. 1.009%3-17
3. 300 . 1.238%4%-17
ne. 00, 9.80847-18
338. 20, 8.01763-18
349. ¢40 . 6.71986-16
3ve. 60 . 3.74083%8-18
Jer. 680 . 4.99231-18
310, oo, 4.39032-10
9. 20, 3.09733-18
00, 140, 3.40490-10
s10. re0. 3.13397-18
421 . 190, 2.03124-18
e, 000, 2.56¢740-16
443, 824 . 2.33%62-198
83, 845, 2.130715-16
484, 860 . 1.94083-18
4r9. 880, 1.78862-18
a08. 900 . 1.64161-18
496, 920, 1.5%1162-18
07/, %40, 1.59484-18
S1e. 200, 1.28973-18
sze. 200, 1.19496-18
340, 1000, 1.10937-10

M TIME 7 HRS 55 MINS

Fioe re 0000 AP
TEMP FRESSURE  MOL. WT
(oK) (DYNE/CH2)  (UNITLESS)
355.0 2.70030-02 26.9
489.6  6.66560-03 2s.8
se3.1  2.31948-03 24.1
€07.6 9.52097-04 22.7
631.6 4.33427-04 21.3
€45.2  2.12453-04 20.0
€52.9 1.10119-04 18.9
e57.3  5.93808-0s 18.0
€39.9 3.33266-05 17.3
661.3 1.,91378-05 18.7
ee2.2 1.12307-08 16.2
e62.¢ 6.71851-06 15.7
es2.9  4.09495-0¢ 18.2
63,1 2.54570-06 16,7
e63.2 1.61820-06 14.0
e63.2  1.08547-06 13.2
®83.3  7.09173-07 12,3
€63.3  4.92624-07 11.2
€63.3 3.54616-07 10.1
€63.3  3.15641-07 1.7
663.3 2.54515-07 6.6
€63.3 2.11448-07 s.7
€63.3  1.80341-0/ 4.9
€63.3  1.5/042-07 4.3
083.3  1.38968-07 3.9
€63.3  1.24494-07 3.6
€63.3 1.12580-07 3.3
€63.3  1.02851-0¢ 3.1
063.3  9.39546-08 2.9
€63.3  8.64824-08 2.8
6e3.3  7.99170-08 2.7
€83.3  7.41000-08 t.6
€63.3  6.89126-08 e.s
663.3  e.42834-08 2.4
€63.3  .00706-06 2.4
€83.3  5.62988-08 2.3
$63.3  s5.28745-08 2.2
€63.3  4.97640-08 2.2
663.3  4.69315-08 2.1
663.3 4.43481-08 2.0
663.3 4.19811-G8 2.9
€63.3  3.98131-G8 1.9
€63.3  3.78215-08 1.9
€63.3  3.59882-08 1.8
©63.3  3.42971-08 1.0

Test No.

33

MSFC MODIFIED JACCHIA WODEL ATMOSPHERE (1987)

LONG

LAY 37.83000 DEGS
.0000 EXOS TEMP
SCALE HT
(kM) N(NE) N{oe)
11.6 4.00000+11 7,50000+10
17.0 6.52289+10 9.88256+09
20.9 1.72033+10 2.19912+09
24.0 5.51349+09 6.05290+08
26.8 1.94466+09 1.64982+08
29.3 7.22650+08 $.98576+07
31.8 2.76914+08 2.00338+07
33.5 1.08192+08 6.85054+06
3.3 4.28368+07 2.37740+06
36.8 1.71289+07 8.34224+0%
38.2 6.90389+06 2.95357+08
39.6 2.80172+08 1.05383+08
41.2 1.14403+08 3.76652+04
43,0 4.696854+05 1.369553+04
45.4 1.940435+05 4.984754+03
468 .4 8.05673+04 1.82349+03
52.4 3.36287+04 6.72585+02
52.7 1.41095+404 2.49256+02
64.4 $.95023+03 9.29182+01
84.9 2.52204+03 3.48389+01
99.8 1.07434¢03 1.31374+01
116.8 4.59923+402 4.98216+00
138.3 1.97661+02 1,90003+00
154.3 8.55380+01 /.2686%1-01
173.0 3.71563+03% 2.80978-01
190.7 1.62178+01 1.08943-01
208.9 7.11231+00 4.24693-02
22:.7 3.13379+00 1.66455-02
238.1 1.38724+00 6.55857-D3
247.5 6.16936-01 2.59792-03
23%9.1 2.75626-01 §.03446-03
2r0.2 1.23700-01 4.14099-04
261.0 5.57068-02 1.66365-04
291.7 2.52535-02 6.73644-03
3o02.4 1.14063-02 2.7/3793-08
3ty.2 5.24764-03 1.11839-05
324.3 2.40786-03 4.59120-08
335.6 1.10961-03 1.89410-08
347.1 5.13%38-04 7.85242-07
358.9 2.38661-04 3.27124-07
371.0 1.11402-04 1.38934-07
303.4 5.22133-05 5.75930-08
398.13 2.45736-08% 2.43396-08
409.0 $.16129-0% 1.03343-08
a22.2 5.51040-06 4.40832-09

663 .3207 HOUR ANG

NUNMBSER DENSITY

N

7.60000+10
2.34914+10
1.03148+10
5.218834+09
2.82972+09
1.59262+09
9.15895+08
5.33781+08
3.13848+08
1.85708+08
1.104314+08
6.59390+07
3.95171+07
2.37620+07
1.43381+407
8.67485+06
$.26520+06
3.20529+06
1.95700+08
1.19831+06
7.35686+05
4.53153+08
2.790444+0%
1.73299+05
1.07615+08
6.70092+04
4.18382+04
2.61926+04
1.64434+04
1.034768+04
$.52069+03
4.13109+03
2.62031+053
1.66429+03
1.06230¢03
6.70942+02
4.35009+082
2.79407+02
1.79902+02
1.16116¢02
r7.%51262+01
4.87223+01
3.16732+01
2,063844+01

1.34794+01

-75.48000 DEGS

N(HE)

S.40000+07
2.24361+07
1.72949+07
1.41900+07
1.19987+07
1.03088¢07
8.93665+06
7.78829+06
6.81001+06
5.96778+06
$.236804+06
4.80321+08
4,04981+06
3.58563+08
3.14228+08
2.77134+06
2.44609+08
2.168063+06
1.90909+06
1.689468+06
1.49387+06
1.32488+08
1.17446+06
1.04188+08
9.24059+08
8.21563+08
7.30299+08
6.49609+08
5.78219+08
$.1%014+08%
4.59019+08
4.09377+08
5.683394+0s8
3.26240903
2.91820+08
£.60653+08
z2.33202+03
2.08769+08
1.87011+08
1.67622¢03
1.50333+08
1.349068+08
$1.21138+08
$.08837+08

9.78420+04

83

(CH-3)

222.9308

N{{M)

o.goa00
0.00000
0.00000
0.00000
0 .00000
0.00000
0.00000
0.00000
0.00000
a.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.060000
0.00600
a.00000
0.00000
5.568960%
5.47133+08%
$.308085+08
5.15084+03
4.99857-03
4.68192+08
4.71038408
4.92373+08
4.441 79908
4.31438408
4.19132+08
4.02243+08
3.93753+03
3.84¢83°08
3.73823-08

3.63%49¢0y
3.53918-08

3.43016°08
3.34433-08
3.2535908
3.18576+03
3.08077<08
2.99651+08
2.918080808
2.84178+083

2.76711+08
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ALT.
110
120
130
140
150

155

Test #34

Reference [15]

Number Density (cm=3)

NZ
1,78 x
3.78 x
1,25 x
6.24 x
3.41 x

2.60 x

1011

1011
1010

1010

1010

1.56
1,22
1.02
7.81
6.46

5.76

He

X
X
X

X

X

108
108
108
107
107

107
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ALT
(L]

ALY
1K)

120,
140.
160,
100,
200,
220 .
240.
260 .
280,
soo.
3g0.
340,
360,
360.
400,
420,
440,
400.
400,
s00.
20 .
$40.
s60.
800.
00,
20 .
40,
680 .
680,
700,
r80.
740 .
760 .
780 .

L1
s2q.

840,
8680,
980,
00,
*20 .
%40 .
600,
200,
1000 .

DENSITY
16Mm/CN3)

T.45948-11
3.06176-12
1.36343-12
6.07927-13
3.07508-13
1.67932-13
9.99730-14
$.70093-14
3.5029/-14
2.20950-14
1.41994-14
9.31940-18
6.21070-19
4.20004-13
2.00%01-18
1.99030-15
1.39402-15
9.02139-1¢
¢.9¢r711-16¢
4.97087-16¢
3.5/020-18
2.90988-160
1.88740-10
1.30872-16
1.0e952-16
r7.e8682-17
S.rress-t7
4.39932-27
3.39278-127
2.88%036-17¢
2.09900-17
1.80048-17
1.37903%-17
t.337078-27
9.5%070-18
8.12134-18
7.00%15-18
6.10831-18
5.38193-128
4.70%48-18
4.28095-18
3.8/018-18
5.51245-18
3.20339-18
2.93351-10

M TINE 19 HRS 20 MNINS LAT 58.73000 DE6S

TEne
(on)

385.0
6g2.3
r713.0
839.3
°08.7
9354.3
980.1
99.1
964.3
967.3
969.1
970.1
#r0.7
971.0
o .2
o71.4
7.4
9r3.8
71.8
on.s
1.5
971.95
.8
or3.3
71.8
°r7n.3
7.3
971.9
*r:.3
”71.8
.S
71.5
1.3
*71.3

1.9
*71.5

*rn.s
1.5
971.5
9r1.5
7:.5
or.s
971.5
9rt.9
?r71.8

Test No. 34

HSFC NOBIFIED JACCHIA NODEL ATHOSPHERE (1981)

rioe 113 _nnonn a» £.0000 €X08 TEWP

PRESSURE MOL. WT SCALE HWT

(DYNE/CHE) {(UNITLESS) (KM NINE)

2.70030-02 2¢.9 11.6 4.00000+11
7.96482-03 2s8.7 21.4 6.23337+10
3.54407-03 24.7 27.9 2.04420+10
1.82713-03 23.7 32.4 8.56688+09
1.01792-03 22.0 38.9 4.01081+09
$5.96227-04 21.8 38.0 1.98878+09
3.62321-04 20.9 41.5 1.01852+09
2.20722-04 20.3 a3.9 5.31840+08
1.43381-04 19.3 468.1 2.81219+08
9.51342-05 18.8 46.2 1.49997+08
6.33661-03 18.1 50.2 8.05308+07
4.28402-03 17.8 s2.0 4.34661+07
2.93856-03 17.1 3.7 2.35686+07
2.03444-03 16.7 5.3 1.28330+07
1.42480-03 16.3 5¢.9 7.01489+08
1.00737-08 16.0 58.3 3.84893+06
7.18038-08 18.7 60.1 2.11953+06
5.17475-08 15.3 61.8 1.17135+08
3.7e8149-08 15.0 63.7 6.49619+05
2.7¢591-06¢ 14.5 3.9 3.61520+08
2.05363-06 14.1 68.5 2.01879+08
1.54284-06 13.6 7.3 1.13118+08
1.17408-08 13.0 5.2 6.35931+04
9.089¢9-07 12.4 9.4 3.58708+04
7.09528-07 11.7 84.5 2.03003+04
$.64307-07 11.0 0.9 1.15261+04
4.58152-07 10.2 9r.6 6.56348+03
3.74604-07 9.5 10s.8 5.75188+03
3.12463-07 8.0 118.1 2.15002+03
2.64322-07 8.t 125.4 1.23690+03
2.27039-07 7.5 138.7 7.313%47+02
1.971337-07 6.9 148.7 4.12911+02
2.73403-07 6.4 161.2 2.39677+02
1.53878-07 §.0 1713.8 1.39847+02
1.37698-07 5.6 18¢.3 $.314942+01
1.24007-07 $.3 198.4 4.77340+01
1.12517-07 5.0 200.9 2.80437+01
1.02535-607 4.8 220.6 1.65240401
$.38330-08 4.0 230.4 9.76483+00
8.61736-08 4.5 239.3 $.78721+00
7.93734-08 4.4 247.3 3.43979+00
7.32915-08 4.3 254.4 2.05038+00
6./8174-08 4.2 260.0 1.22561+00
6.28642-08 4.1 268.9 7.34877-01
5.83621-08 4.1 ers.7 4.41619-01

N(oe)

7.%0000+10
9.70994+09
2.80105+09
1.05226+09
4.45518+08
2.00706+08
9.36400+07
4.462208+07
2.35383+07
1.05160+07
5.16719+08
2.5354168+0¢
1.26010+08
6.33874408
3.47710+05
1.59999+08
8.09111+04
4.10833+04
2.09441+04
1.07198+04
5.50791+03
2.04108+03
1.47108+03
7.64618+02
3.989019+02
2.08904+02
1.09803+02
5.79284+01
3.08702+01
1.62978+01
8.69119+00
4.65132+00
2.49803+00
1.346208+00

7.28083-01
3.98088-01

2.18127-01
1.17832-01
6.44274-02
3.54383-02
1.95526-02
1.08243-02
6.01174-03
3.34959-03
1.87226-03

LONG

971 .53506 HOUR ANG

NUMBER DENSITY (CM-3)

N(O)

7.60000+10
£.06538¢10
9.95309+09
5.78943+09
3.66513+09
2.42342409
1.64152+09
1.12781+09
7.81789+08
5.45189+08
3.81806+08
2.60295+08
1.89062+08
3.33561+08
9.45692407
6.71060407
4.77193+07
3.40028+07
2.42777+07
1.73683+07
1.24499+07
8.94150+06
6.43410406
4.63865+06
3.35082+08
2.42481406
1.25703¢08
1.27675+08
9.29023.08
6. 77220408
4.94548+08
3.61790+08
2.6513¢+408
1.94042+08

1.43130+09
1.05443+08

7.78083+04
$.78108+04
4.29799+:04
3.18777+04
2.34369+04
1.74530+04
1.30088+04
9.70879+03
r.25685%8+03

-93.82000 DEGS

N(HE)

3.40000+07
1.98330+07
1.352178+07
1.27713+07
1.11569+07
9.94675¢068
8.96680+08
6.13408+08
7.40874+06
6.78042+08
6.18023+08
5.65621+06
5.18111+086
4,74933+08
4.35628+08
3.99807+06
3.67330+06
3.37301+08¢
3.10084+06
2.651350+06
2.6237%+08
2.41536+08
Z.224804+08
2.04967+08

8+06
1.742974+08
1.80832+08
1.40478+08
1.37131%08
1.28710+08
1.17133+08
1.00329+08
1.00230+0¢8
o.27708¢09%

8.591470008
7.93945:08

7.37708+08
6.04053+08
$.34497+08
5.88000+08
5.4668344053
5.07687+08
4.731706208
4.38450+08
4.07701+08

85

~340.8490

NH)

0.00000
0.00000
0.00000
0.00000
0.00000
o.00000
0.00000
0.00000
0.00000
0.00000
0.00000
a,000060
0.00000
o.g0000
0.,00000
0.00000
0.00000
0.00000
0.00000
3.244408+04
3.22056+04
3.55483+04
3.090414+04
3.0gr786+04
2.96892+04a
2.90758+04
2.84969+04
2.71933104
2.73635+04
R.0047 /704
2.8328%4+04
2.58161+04
2.53194404
2.48330:04

2.43629+04
£2.39015¢04

2.34510.04
£.30129+04
2.25046404
2.21665+04
2.11985+04
£2.13601+04
2.09712+04
2.099013+04

£.02204+04






Test #35

A e~n

Na £
NC LT LTLILT

rig’
L

LA

Number Density Ratios at 120'km as Measured by Rocket-Borne Mass Spsctrometers

Date of R n(Ar)/n(Ny), n(He)/n(Ns),
Flight Time  Latitude n(0,)/n(0s) X 10— X 10~ Reference
Nov. 20, 1956 2321 CST 59°N 0.50 Meadows and Town-
send [1960]
Feb. 21, 1958 2002 CST 59°N 0.70 Meadows and Toun-
send {1960]
Mar. 22, 1958 1207 CST  59°N 1.13 Meadows and Town-
send [1960])
July 1959 Sunrise  ‘middle’ 0.71)* Pokhunkov [1962]
Sept. 23, 1960 0056 LT ‘middie’ 0.72 0.63) Pokhunkov (1963a,
: b, c]
Nov. 15,1960 1141 EST  38°N 0.58 Meadows-Reed and
Smith [1964]
May 18, 1962 1302 EST 38°N. (1.2) 0.53 Schaefer and Nichols
- .-————————IIM ———a e
Mar. 28, 1963 0255 LT  38°N 1.2 0.52 Schaefer [1966)
June 6, 1963 0730 MST 33°N 1.1 0.31 Hedin et al. [1964)
Nov. 26, 1963 1316 LT 38°N 1.2 0.47 Schaefer [1966]
Feb. 18, 1965 1409 LT 59°N 0.75 0.60 Schaefer [1966]
Feb. 19, 1965 0317 LT 59°N 0.75 0.53 Schaefer [1966)
Apr. 15,1965 0345 MST  33°N 0.33 0.33 9.2 Hedin and Nier
{1966) .o
Dec. 11, 1965 0505 MET 40°N 1.56 p 0.50 Mauersberger el al.
) {1967}
Dec. 12, 1966 1320 CST  59°N 0.87 0.37 Gross et al. [1967)
Dec. 12, 1966 1320 CST 59°N . 25 Hartmann et al.
[1967]
Mean value: 0.97 0.56

i

® Values in p;renthesea are calculated by the author from published ion current ratios.
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Test #36
Reference [17]

SPEC. II SPEC. I

ALT. Upleg Downleg - Argon Helium
110 - 1.7 x 1012 - - 1.6 x 108
115 8.3x 1011 s5.8x1011 9.2 x10!l 4.6 x 10 1.5 x 108

120 4.3x101 3.1 x10ll 42x10ll! 1.5x109 1.3 x 108
130 1.4 x 101! 1.0x 101! 1.2 x101!  2.3x 108 1.1 x 108
140 6.7 x 1010 56 x 1010 5.7 x100 8.0x10 7.6 x 107
150 3.4 x 1010 33x100 33x100 3,1x10 6.3c 107

155 2.6 x 1010 2.6 x 1010 2.7 x 1010 - 5.8 x 10/

L‘Molecular Nitrogen 4
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f10

ALY
)

e,

re.

8.

..
108,
119,
1%0.
140,
181,
1e8.
173,
183,
194,
208,
216,
ser.
e .
48 .
90,
tro.
81 .
293 .
30p.
3.
3ge.
38,
349,
3se.
ser.
Jr8.
300.
Joe.
10,
oi.

.
aa3.

433,
4048,
ars.
406,
490,
sor.
810,
e,
a0,

162 .00000
ALY OENSTTY
({1 4] (6M/CH3)
120, 2.45948-18
140, 3.96817¢-12
180, 1.36343-12
180, 6.07927-13
200, 3.07908-13
220. 1.87532-13
240. 9.997%0-14
260. $.70903-14
280, 3.50297-34
300, £.205%0-14
3g0, 1.41994-14
340, 9.351940-18
360, e.21070-18%
380, 4.20904-15
400, 2.80301-18
420, 1.99630-19
440, 1.38408-13
400, 9.02199-18
480, . 00718-18
00, 4.07887-160
§20. S.$r020-1¢
sS40, 2.98008-1¢
f60 . 1.00740-19
$00, 1.30872-19
000 . 1.02982-16¢
20, r7.605662-17
40, 8. rres9-17
460 . 4.39092-87
080, 3.99274-17
roe. 2.88034-17
”o. 2.09%08-37
780, 1.68648-17
60, 1.37808-17
80, 1.19000-17
200, 9.98074-18
20, 8.127%4-18
840, 71.00855-18
480, . 6.10831-19
890, $.38193-190
900 . 4.70546-18
20, 4.28005-18
940. 3.81015-18
f68. 3.95124%-18
s80. 3.2033¢0-10
1000, 2,93388-18

TENe
{Ox)

385.0
e22.3
773.0
898.3
906.7
34.3
930.3
99.2
984.3
967.3

969.1

9710.1
970.7
o71.0
o1 .2
71 .4
ort.4
°71.8
.9
or: .3
o71.8
1.9
1.8
ors.8
971.5
.
1.8
*r1.9
ors.8
o71.8
ors.9
or.5
*n.s
1.8
3.8
orn.s
71.9
*r.s
' .0
°n.s
”71.8
o7s.9
*71.8
*71.9
973.5

Test No. 36

NSFC “l"l»u JACCHIA NOBEL ATMOSPHERE (1967)

PRESSURE
{DYNE/CH2)

2.70030-02
7.96462-03
3.54407-03
1.02713-03
1.01792-03
S.96227-04
3.62323-04
2.26722-04
1.45361-04
9.51342-038
6.33681-0%
4.20402-03
£.93536¢-05
2.03444-08
1.42400-05
1.00717-08
7.10638-06
$.17475-08
3.76149-06
2.76%91-06
2.05383-08
1.54204-06
1.17408-0¢
9.059¢9-07
7.09528-07
5.64%97-01
4.56152-07
3.74004-07
3.12483-07
9.043522-07
2.20039-07
3.97317-07
1.73403-0¢
1.53876-0r
1.37608-07
1.24097-07
1.12537-07
1.02835-07
9.38330-Gs
8.61736-08
71.93734-08
7.32915-08
¢.718174-00
6.28642-08
S.83621-08

Gh TINE 19 HRS 20 MINS

coasaa AP

not. . WY
(UNT TLESS)

26.9
9.7
24.7
3.7
g2.8
21.8
20.9
20.3
19.3
18.6
10.4
17.8
tr.1
16.7
16.3
16.0
18.7
15.3
1.0
14.5
14.9
13.¢
$13.0
2.4
11.7
11.0
10.2
9.8
8.0
8.1
r.s
6.9
e.a
e.0
5.6
3.3
3.0
4.8
4.8
4.9
4.4
4.3
4.2
4.1
4.1

LAY ¥8.r3000 DECS LONG -93,.92000 DESS
2.0000 X083 TEMP  §71.5308 HOUR ANGC -340.8490
SCALE WY NUMBER DENSITY (CNH-3)
(X N(N2) N(oe) N(O) N(NE) N¢H)
11.6  4.00000¢13 7. 10 7. 10 3. or o.
21.4 6.23337+10 9.70994¢09 2.06538+10 1.98330+07 0.00000
27.9 2.044268+10 2.80105+09 9.95309+09 1.52172+07 0.00000
32.4  0.56665+09 1.03226+09 5,76943+09 1.27713+07 0.00000
35.9 4.01081+09 4.435538+08 3.66513+09 1.11569+07 0.00000
38.80 1.98878¢09 2.00706+06 2.42342+00 9.94675+06 0.00000
41.9 1.01852+09 9.38400+07 1.64132+00 8.96650+08 U.00000
43.9 §,351840+¢08 4.462284+07 1.12781+09 8,13405+06¢ 0.00000
46.13 2.01219+08 2.15583407 7.81789+08 7.40674+06 0.00000
48.2 1.49997+08 1.05160+07 5.45189+08 6.78042+08 0.00900
50.2 8.05308+07 5.16719+06 3.81606+08 6.10023+06¢ 0.00000
82.0 4.34661+07 2.55416+06 2,68295+08 $,65621+06 0.00000
$3.7 2.35886+07 1.26910+08 1.69062+08 5,18111+0¢ 0.00000
55.3 1.28330+07 6.33574+03 1.33561¢08 4.74933+06 0.00000
56.9 7.01489+06 3.17710+05 9.45692+07 4.356£6+06 0.00000
88.5  3.84893+08 1.59999+05 6.71068+07 3.99807+06 0.00000
0.1 2.119534+06 8.09111+04 4,77195+07 3.67130+06 0.00000
61.8 1.57135+06 4.10033+04 3.40028+07 3.37301+06 0.00000
63.7 6.49619+05 £2.09441+04 2.42777+07 3.10054+06 0.00000
e5.9 3.61520+05 1.07195¢04 1.73685+07 2.85150+06 3.24448+04
68.5 2.01879+085 5.507914+03 1.24499+07 2.62373+06 3.22088+04
7% .8 1.13116+405 2.84105+03 $.94150+08 £.41536406 3.135483+04
5.1 $.35931+04 1.47106+03 §.43410+06 2.L22460+08 3.09041+04
9.4 3.58708+048 7.64616+02 4.83083+08 2.04987+06 3.02786+04
64.5% 2.03003+04 3.98919+02 3.35032+08 1.389076+06 2.96692+04
920.95 1.252601+04 2.08904+02 2.42461+08 1.74297+08 £.90755+04
97.6 $.56546+03 1.09803+02 1.73783+08 1.60832+06 £.649¢9404
105.8 3.75105+03 3.792684+01 1.27478+06 1.48476°06 2.r9353104
115.3 £.15082+03 3.06702+01 9.29025+05 $1.37131+06 2.73035+04
125.4 1.23690+03 1.62975+05 $.77220+08 1.26710+06 2.68477+04
138.7 7.13547¢02 8.09119+00 4.94%548+09 1.17133¢06 2.63284+0s
148.7 4.12031402 4.65132+00 3.63 790008 1.00320¢06 2.50161¢06
162 .2 2.39€77+02 2.49803+00 2.69138+089 1.00230¢06 2.53104+04
179.8 1.59847¢02 1.34028+00 1.94042°08 9.27788+08 2.46390+04
188.3 8.14942+D3 7.20083-01 1.43136+08 8.59147¢08 2.43025+04
198.4 4.77340401 3.95088-01 1.09443508 7.95945+08 2.39013+04
208.9 2.80437¢01 2.15187-01 7.76065+04 7.37708405 2.34510:04
200.6 1.65240¢03 1.17832-01 §,.75105+04 6.04015+08 £.30129°04
2350.4 9.76483¢D0 6.44274-02 4.25799404 6.34497¢05 2.20640404
239.3 S5.78727400 3.34343-02 3.18777+04 $.60800+03 2.29665+04
247.3 3.43979+00 1.95528-02 2.34569+04 5.46634+095 2.27563+04
254.4 2.05035400 31.08243-02 1.74530+04 5.07687+08 £.13601+04
260.8 1.22563400 6.01174-03 1.30080404 4.71706+05 2.09712+04
266.9 7.34677-01 35.34959-03 9.70879+03 4.304%0+08 2.09933+04
| 22 0% 4 4.41619~01 1.87226-03 7.23058403 4.0/701+08 £.02204°04

89



Reference (18], Test #37. -
) ' TABLE 4. Molecular and Atomic Oxygen Number Densities

* Altitude, km n(03), cm™* n(0), @" n(01)/n(Ny) #(0)/n(0y)
Calculated from raw data:
120 .83 E 10 4.5 E 10 0.144 0.86
150 58E 9 1.1 E 10 0.189 1.9
,/ Corrected for recombination of O to O, and COy:
120 / . 42 E 10 8.2E 10 "~ 0.118 1.9
150_"'_ 34E 9 20E 10 (0.100%) 6.0
® Valus chossns by authors (see text). - -

TABLE 3. Nitrogen and Argon Number Densities*

AMitade, km  a(Np),om™  a(Ar),cm™*  n(Ar)/n(N)

118 8.59 E 11 397TE 9 4,62 E3
120 364 E 11 14 E 9 3.96 E3
125 221 E 11 6.14E 8 2.78 E3
130 101 E 11 206 E 8 2.04 E3
138 6.7 E 10 116 E 8 1.71 E3
140 5.15E 10 748 E 7 1.45 E3
145 397TE 10 B5.06E 7 1.27 E3
150 3.06 E 10
185 _ 2.35E 10
® Number densities probably accurate to +15%, Read
8.00 E 11 a0 8.59 X 104, : )
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DATE DECENBER 12, 1968

r10

ALY
M)

s,
re.
se.
.
108,
119,
130,
140,
101,
168,
173,
183,
194,
208,
216,
207,
asr.
tes.
8.,
200,
W,
20t .
soe.
313,
3ga.
339.
349.
ss.
3er.
Sre.
3o9.
309,
410,
ans.

438,
a4y,

LRI
404,
ars.
ass.
a9é.
L1 %
a1e,
ze .
$40,

1 62 .00000
ALT oENsTY

[L.3}) . 1eM/7CMI)

180, Z.45048-11
140, 3.96176-12
160, 1.56343-12
190, 0.07027-13
200, 3.07800-33
20, 1.67832-13
240. 9.99730-14
geo. S.70998-14
200, 3.%0297-14
300, 2.20880-14
3g0. 1.419004-14
340. $.31946-19
380, 6.21878-153
3s0, 4.209004-13
400, 2.08301-19
480, 1.99630-18
440. 1.3%462-38
400, f.02139-18
490, ¢.96731-19
200, 4.97007-18
sp20. 3.57020-13¢
$40. R.30905-1¢
se0. 1.88748~16
s80. 1.30572-16
600, 1.023352-10
o20. 7.68602-17
$40. S.r1088-37
$60. 4.39932-37
80, 3.39274-22
0. 2.05038-13¢
[ {1 2.09902-27
re0. 1.0804%-27
0. 1.357908-1¢
0. 1.13778-22
800. 9.88074-30
920. 6.1275%4-18
640 . 7.0G%15-18
860. 86.:0833-18
280, 5.38193-18
200, 4,78%40-18
220, 4.20893-1»
40, 3.8701%-18
60 . 3.81245-16
980. 3.20339-18
1000. 2.93351-10

oo T

TENP
oK)

3ss.0
o22.3
rr3.0
2%.3
906.7
934.3
93%0.1
959.1
964.3
987.3
969.1
#70.4
sro.¢t
971.0
1.2
971 .4
97r1.4
1.3
73.8
9Mm.5
971.8
1.5
ors.8
1.3
Pr7s.8
*rn.s
7.8
ors.8
ern.s
rs.8
*r71.9
*n.s
ori.s
®11.3
*rs.
7.3
7.8
*r1.5
°n1.3
7.5
7.9
971.9%
9rt.8
*°rn.s
or:.8

Test No. 37

NSFC NODIFIED JACCHIA NODEL ATNOSPHERE (1067)

PRESSURE
(DYNE/CH2)

2.70030-02
7.96482-03
3.84407-03
1.02713-03
1.01792-03
S.96227-04
3.62321-04
z.26722-04
1.45301-04
9.51342-03
$.338081-08
4.20482-05
2.95556~038
2.03444-08
1.42400-05%
1.00717-08
7.18836-06
$.17473-08
3.76149-0¢
2.76%91-08
2.083683-0¢
1.54204-06
1.1 7408-06
9.03989-07
7.09328-07
$.64387-07
4.58132-07
3.74604-07
3.12463-07
2.64522-07
2.27039-07
1.97327-07
t.73403-07
1.538708-071
1.3709%-07
1.24092-07
1.12517-07
1.0253%-07
9.38330-06
8.6173¢-00
7.93734-08
7.32915-08
6.78174-06
6.28842-08
5.63621-08

MOL. WY
(UNTTLESS)

26.9
8.7
2e.7
23.7
ee.8
21.8
20.9
20.%
19.3
18.6
10.1
17.5
17.1
16.7
16.3
16.0
18.7
15.3
15.0
14.5
14.1
13.6
13.0
12.4
13.7
11.0
10.2
®.5
8.9
8.1
r.8
s.9
6.4
6.9
3.6
3.3
8.0
4.9
4.6
4.5
4.4
4.3
4.2
4.1
4.1

LAT 58.73000 DECS

2.0000 EXOS TEMP
SCALE KT
(KM} N(ND) N(O2)
11.¢ 4.00000+18 7.50000+10
21.4 6.23337+10 9.70994+09
27.9 2.04428+10 2.,080105+09
32.4 8.56668+09 1.05228+09
35.9 4.01081+09 4.453518+08
8.8 1.98878+09 2.00706+08
4.9 1.01852+09 9.36400+07
43.9 5.31848+08 4.46228+07
468.1 2.81219+08 2,15563+07
40.2 1.49997+08 1.05160+07
0.2 8.035308+07 5.16719+08
52.0  4.34661+07 2.55416+08
53.7 2.35688+07 1.26050+08
55.3 1.28330+07 6.33574+05
56.9 7.01469+06 3.,17710+08
s6.5 3.84893+08 1.59999+08
60.1 2.11953+06 6.09111+04
61.8 1.17135+06 4.10033+04
63.7 6.49619+05 2.09441+04
65.9 3.61520+08 1.07198+04
88.5 2.01879+405 5.50791+03
n.s 1.13116+05 2.84105+03
5.1 $.35931+4D4 1.47108+03
9.4 3.58708+04 7.64016+02
64.5 2.03003+04 3.98919+0¢2
0.5 1.15261+04 2.00904+02
er.8 $.56546+03 1.,09803+02
1085.9 3.73183+03 5.79264+01
115.1 £2.15082+03 3.06702+01
125.4 1.23690+03 1.62975+08
136.7 7.13547+02 6.69119+00
148.7 4.12911+02 4.83132+00
182.2 2.39877+02 2.49803+00
t73.0 1.39847+02 1.34628+00
186.3 8.214942403 1.20065-01
198.4 4.77348+01 3.95000-01
209.9 2.80437+01 2.13127-08
220.8 1.65240¢01 1.17532-01
230.4 9.76483+00 6.44274-02
239.3 5.78727+00 3.54343-02
241.3 3.43979+00 1,.9532¢-02
254.4 2.08035+00 1.08243-02
280.8 1.22561+00 6.01174-03
2e6.3 7.34677-01 3.3493%9-03
zrL.7 4.41619-01 1.87226-03

LONG

971.5306 HOUR ANG

NUNBER DENSITY (CM-3)

N(O)

7.60000+30
2.06538+10
9.95309¢09
5.78943+09
3.86513+409
2.42342+09
1.64152+09
1.12783+09
7.81769+08
5.451689+08
5.81808+08
2.66295+08
1.89082+08
1.33581+08
9.45692+07
6.71068+07
4.17195+07
3.40028+07
£2.42717+07
1.713683+07
1.24499+07
8.94150+08
6.434310+08
4.83863+08
3.35082+08
2.424014+08
1.75783¢06
1.27078+08
9.20029+08
6. 77220+0%
4.94340+03
3.01790408
£2.05138+08
1.94042+08

1.431304+08
1.05443+08

7.78063+04
$.753105+04
4.257994+04
3.18777+04
2.354569+04
1.74530+04
1.30068404
9.708794+03
7.25638+03

-93.02000 DEGS

NHE)

3.40000+07
1.98330+07
t1.521 7007
1.27713+07
1.11569+07
9.94673¢+06
8.968650+08
6.13405+08
7.40674+06
6.76042+06
6.18023+068
5.635621+08
5.18111+08
4,.74933+08
4,.35628+08
3.99807+08
3.67130+08
3.37301+068
3.100%4+06
2.85150+06
£.62373+06
£2.41536+08
2.22480+08
£2.04987+068
1.80070+08
1.742897+08
1.60832+08
1.408478+0¢
1.37131+08
1.26710+08
1.17133+0¢
1.080320+08
1.00230+08
9.27788+08

0.59147+09
7.95945+08

1.37708+08
$.84033+08
6.344974+08
5.98808+053
5.46634+085
5.07687¢08
4.71708+08
4.38450+08
4.07701+08

91

-~

~340 .8498

Nn)

0.00000
0.00000
0.00000
0.v0000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
©.00000
©.00000
©.00000
0.00000
0.00000
0.00000
a.00000
0.00000
0.00000
3.244484+04
3.22036+04
3.15463+04
3.09041+04
3.02786+04
2.98692+04¢
2.90755+04
2.04989+04
2.79331+04
2.73833%+04
2.684r7%04
2.63284¢04
2.50181+04
2.8319404
2.48390408

2.43828° 08
£.39015404

£.354810¢04
2.30129+04
2.25040404
2.21688+04
e.17508¢04
£.13601404
z.09r12404
2.05913404

2.022044+06
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ALT,
115

120
130
140
150

155

6.5
4.0
1.2
5.8
3.4

2.9

Test #38

Reference [19]

1011

10ll
1011
1010
1010

1010

1.5
9.0
2.9
1.7
1.0

9.0

1011

1010

1010

1010
1010

10

9.8
7.8
3.9
2.8
1.9

1.7

1010

1010
1010
1010

1010




OATE oECEwBER 12, 1966

710

ALY
(L}

8.
re.
8.
..
100,
110.
130.
140,
181,
102,
173,
183,
104,
208 .
218,
0.
237,
268,
299,
g0,
203 .
291 .
3og.
333,
aga.
$38.
368,
3se.
Jer.
3r0.
309,
I,
a0,
483 .

a3,
LT XIS

433,
404 .
ars,
a6,
408,
2067,
ss18.,

$40 ,

162 .00000
ALT DENSITY
("M (E6M/CNY)
120, 2.45948-21
140, 3.96176-12
160, 1.56343-32
180, ¢.07927-13
200, 3.07508-13
220, 1.67532-13
240. 9.59730-14
260. 8.70993-14
200. 3.50297-14
300. 2.20930-14
3g0. 31.63994-14
340, 9.31940-13
360. e.21078-13
sso0. 4.20004-18
400, 2.00%01-13
420. 1.99630-18
4an. 1.39402-18
a0, 0.02139-28
480, e.90715-18
so0, 4.97687-18
s20. 3.87820-1¢
840. 2.50988-1¢
s60. 1.00746-18
se0. 1.350872-10
000. 1.02532-1¢
o20. r.ese82-17
040, s.rre98-1¢
$60. 4.39932-17
¢80, 3.39274-3
roo0. 2.63034-17
0. 2.09902-17
re0. 1.60049-17
180, 1.31908-17
rea. 1.13778-27
e00. 9.58074-10
826, 8.12/54-18
840, 7.00838-38
se0. 8.10031-19
[T]. $.38193-18
s00, 4.78546-18
920, 4.20895-18
940. 3.87015-1¢
*60. 3.51245-10
0. 3.20330-16
1000, 2.93381-18

Test

No. 38

HSFC MODIFIED JACCHIA NOBEL ATNOSPHERE (31967)

M TINE 19 HRS 20 MIMS LAY $8.73000 DEGS
F108 13135.00000 AP 2.0000 Ex08 TEMP
TEuP PRESSURE MOL . WT SCALE HTY
ox) (DYNE/CMR)  (UNITLESS) (KM) N(NZ) N(O2)
35s5.0 2.70030-02 26.9 11.6 4.00000+11 7.350000+10
7.96402-03 28.7 21.4  6.23337+10 9.70994+09
3.%4407-03 24.7 2r.9 2.04428+10 2.80105+09
1.82733-03 23.7 32.4 8.566668+09 1.035226+09
31.05792-03 2z. 35.9 4.,01081+09 4.45518+08
5.96227-04 21.6 38.8 1.98878+09 2.00708+08
3.62321-04 20.9 41.5 1.016852+09 9.36400+07
2.26722-04 20.1 43.9 5.31848+08 4.46228+07
1.45361-04 19.3 46.1 2.81219+08 2.15%583+07
9.51342-05 18.8 40.2 1.49997+08 1.05180+07
969.1 6.33661-08 18.1 50.2 8.05308+07 5.16719+06
oro.1 4.26482-0% 17.5 s2.0 4,54685¢07 2.55416+08
970.7 2.93858-08 17.1 $3.7 2.35686+07 1.26910+06
971.0 2.03444-08 16.7 5.3 1.20330+407 6.33574+085
ors.e 1.42460-05 16.3 j¢.9 7.01489+06 3.37710+08
771 .4 1.00717-08 16.0 8.5 3.84893+06 1.59999+05
o°rt .4 7.10836-08 18.7 60.1 2.11953+06 6.09111+04
971.%5 5.1747%5-0¢ 18.3 61.8 1.17135+06 4.10633+04
7.8 3.70149-06 1%.0 63.7 6.49619+05 2.09441+04
1.5 2.76591-06 14.5 63.9 3.61520+405 1.07195+04
$74.8 2.035363-06 14.1 68.5 2.01879+05 5.50791+03
o71.5  1.354204-060 13.8 71.5 1.13116+08 2.84105+03
971.5  1.17400-08 13.0 5.1 6.35931404 1.47100+03
9r1.5 9.05989-07 12.4 79.4 3.58708+04 7.64618+02
1.8 7.09528-07 1.7 84.8 2.03003+04 3.98919+02
971.8 5.64387-07 12.0 90.5 1.15261+04 2.08904+02
.3 4.56152-07 10.2 9.6 6.56548+03 1.09803+02
orn.s 3.74604-07 9.5 105.9 3.75165+03 5.79284+01
$71.3 3.12463-07 e.8 118.1 £.15002+03 3.06702+01
971.5 2.54322-07 0.1 123.4  1.23090+03 1.62975+01
971.5 2.2r039-07 r.s 136.7 7.13547+02 8.693119+00
973.9  1.97317-07 s.9 146.7 4.12911+02 4.65132+00
2.5 9.73403-07 6.4 161.2 2.39677+02 2.49803¢00
$71.% 1.353076-07 ..0 173.8  1.39347+02 1.346204+00
or3.8 1.357898-0¢ s.8 166.3 9.14942+01 7.28065-01
971.%  1.24097-07 .3 4.77348+01 3.95%006-0¢
271.5%5 1.,12%17-07 5.0 209.9 2.80437+01 2.15%5327-01
$71.5 1.0253%-07 4.8 220.6 1.63240+01 1.17532-08
971.5 9,30330-08 4.6 230.4 9.76483+00 6.44274-02
9r1.8 8.61736-08 4,8 239.3 5.78727+400 3.354343-02
971.8 7.937134-08 4.4 247.3 3.43979+00 1.95326-02
971.5 7.32915-08 4.3 2%4 .4 2.05035+00 t.08243-02
971.5 6.70174-08 4.2 260.8 1.22561+00 6.01174-03
971.5 ¢.28842-08 4.1 266.5 7.34877-01 3.34989-0%
971.9  5.83621-00 4.1 271.7 4.41619-01 1.87226-03%

LONG

973.5306 HOUR ANG

NUNBER DENSITY (CM-3)

N(O)

7.60000¢20
2,083368+10
9.95309+09
5.78943+09
3.68513+09
2.42342+09
1.64152+09
1.12781+09
7.81789+08
5.45169+08
3.81806+08
2.68295+080
1.89082+08
1.33861+08
9.45892+07
6.71088+407
4.7719%+07
3.400284+07
2.42777407
1.736805+07
1.24499+07
8.94150+08
6.43410¢08
4.638635+08
3.35052+08
2.42461406
1.75783+08
1.27675+06
9.29023+09
6.77220+08
4.94348+03
3.81 790408
2.65138+09
1.94842+03
1.43130008
$.05443+083
7.78085+04
$.75103+0¢
4.25799¢04
3.45777+04
2.345694+04
1.74530+04
1.30068+04
9.70879+03
7.258358+03

~93.02000 DEGS

N(HE)

3.40000+07
1.98330+07
t.852172407
1.22213+07
1.115689+07
9.94675+06
6.98650¢06
0.13405+06
7.40674+06
6.76042+06
¢.18023+08
5.65621+06
S5.18111+08
4.74933+06
“4.33628+08
3.99807+06
3.67130406
3.37301+06
3$.10054+08
2.85150+D6
2.62375+06
2.45536408
2.22460+06
2.0498 7406
1.88978+068
1.74297+06
1.800382+08
1.484 70006
$.37131+06
1.26r10+06
1.17133+06
1.00320406
1.,00230+08
$.27788:08
e.39147¢09
71.95948+08
7.37108+08
6.04018008
6.34497¢08
5.80808+0s
5.48634003
5.07607¢08
4.71708+08
4.30450+08
4.077101+08

93

~340.0400

NiH)

0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
o.00000
0.00000
0.00000
o.00000
0.00000
0 .00000
0.00000
0.a0000
G .00000
a.00000
0.00000
3.24448+04
3.22056+04
3.15463+04
3.090414+04
3.02786+04
2.96692+04
2.9075%8+04
2.8496004
R.79331+04
2.73%038+048
2.68477+04
T.6323%44+04
2.50163 004
2.8319408
2.48380404
2.4302%°04
2.3901504
2.349%18+04
2.30129+0s
2.29846+04
2.21663+04
2.17%583+04
2.13803+04
2.09712+04
2.039013+04

2.02204+04



94

ALT.
115

120
130
140
150

155

3.2
2.1
7.3
3.0
1,2

1.0

Test #39
Reference [19]

N, 02

x 1011 s5.8x100 7.3

x 1011 3.5 x 100 5.5
x 1010 1,2 x1010 2.7

10

x 10 3.3 x 109 1.7

x 101 (5.5 x10%) 1.1

1010
1010
1010
1010
1010

10




Test No. 39

MSFC MODIFIED JACCHIA MODEL ATNOSPHERE (19687)

OATE CECENBES 11, 1968 oM TINE 4 MRS 43 MINS LAT  39.60000 DECS  LONG 9.40000 DEGS
rio 76.00000 rios 78 .00000 AP 16.0000 EXOS TEMP  T21.2706 HOUR ANG  -97.3880
ALT ALY ogNs1TY TENP PRESSURE MOL. WP SCALE HTY NUMSER DENSITY (CH-3)
[ TRENT T (GH/CHS) (oK) (DYNE/CH2)  (UNITLESS) (KM} NIN2) N(o2) N(O) NHE) NeH)
65. 120, 2.45948-11 385.0  2.70030-02 2e.9 $11.6 4.00000+11 7.50000+10 7.60000+10 3.40000+07 0.00000
76. 140, 4.13965-12 516.2  6.94533-03 2s.¢ 17.9 6.47179+10 9.86842+09 2.28619+10 2.18408+07 0.00000
ss. 1e0. t1.23600-12 606.0 2.56654-03 ze.3 22.3  1.80342+10 £.34422¢09 1.02036+10 1.68283+07 0.00000
®7. 180. 4.e827/3-13 656.3  1.11423-03 22.9 25.7 6.19132+09 6.98712+08 5.39505+09 1.38951+07 0.00000
108. 200, 2.02464-13 684.5  5.32734-04 21.6 28.5 2.34873+09 £.32182+08 3,04325¢09 1.18529+07 0.00000
119, 220,  9.55833-14 ro0.s  2.72521-04 20.4 31.1  9.39901+08 8.17832+07 1.78675+09 1.02637+07 0.00000
130, g4p. 4.81371-14 709.4 1.46720-04 19.4 33.5 3.87910+08 2.96000+07 1.07168+09 9.00628+06 0.00000
140, 260, 2.53301-14 714.5 8.22216-05 18.4 35.8 1.63206+08 1.10904+07 6.51446+08 7.93081+06 0.00000
191, 200. 1.41118-14 717.4  4.75537-08 17,7 37.5 6.95591+407 4.18897+06 3.99462+08 7.00727+06 0.00000
1e2. 300. 8.08302-13 719.0 2.02069-05 17.1 39.1 2.99277+07 1.59746+06 2.46438+08 6.20490+06 0.00000
178, 380,  4.12992-1% 720.0  1,70810-08 16.6 40.6 1.29733+07 6.14658+08 1.52776+08 5.5029%+06 0.00000
363, 340, 2.93330-13% 720.5 1.08286-0% 16.1 42.0 5.65978+06 £.38213+05 9.50730+07 4.88620+06 0.00000
ted. 380, 1.72990-1% 720.8  6.59589-D6 15.7 43.5  2.48336+06 9.29235+¢04 5.93666+07 4.34261+06 0.00000
208. 300, 1.06619-18 721.0  4.19832-06 15.2 45.1 1.09546+06 3.64693+04 3.71068+07 3.86314+06 0.00000
218, 400.  6.66809-1¢ 21,1 2.11103-08 14.7 47.0  4.85719+05 1.43965+04 2.53626+07 3.43914+08 0.00000
27, 4go.  4.21660-18 7e1.2  1.792%0-06 14.1 49.3  2.16430+085 5.71535+03 1.47196+07 3.06393+06 0.00000
a0,  2.69769-18 721.2  1.20770-06 13.4 82.2 9.69066+04 2.28155+03 9.29991+06 2.73160+08 0.00000
480, 1.74743-16 21,2  8.33647-07 12.6 85.9 4.35973+04 9.15762+02 5.89181+06 2.43699+06 0.00000
a80. 1.14789-18¢ 721.3  3.91241-07 11.6 60.7 1.97065+04 3.69346+02 3.74272+06 2.17563+06 0.00000
s00. r.71116-17 721.3  4.597%2-07 10.1 70.7  6.94905403 1.49921+02 2.38387+06 1.94360406 £.81138+08%
sz0.  S.peRee-17 721.3  5.52865-07 8.9 80.0 4.08267+03 6.11438+01 1.82237¢08 1.73747+06 £.60356+05
540.  3.erave-17 721.3  2.793126-07 7.9 91.2 1.67107+03 2.50655+01 9.74737+05 1.35420+06 2.72634+08
sen. 2.e33r2-17 21.3  2.21%00-07 6.9 104.2 8.61366+402 1.03290+01 6.25716+05 1.39117+06 2.65204+08
380. 1.94163-17 1.3 1.89682-07 s.1 118.7 3.98335¢02 4.27817+00 4.02696+05 1.24603+08 2.57999+08
0.  1.47413-17 721.3  1.62069-07 5.8 134.2 1.83023+02 1.78099+00 2.59824+05 1.11675+06 !.5!0300051‘
o20.  1.13233-17 721.3  1.40770-07 4.9 $150.0 6.63204+01 7.45154-01 1,68063+08 1.00150+06 2.44267+08
040,  9.23834-10 r21.3  1.24000-07 4.5 165.4 4.04477+01 3.13325-01 1,06960+08 e.37762408
ee0.  I.62493-16 r21.3 1.10445-07 4.1 179.9 1.90349+01 1.32400-01 7.08423+04 6.06971408 2.31447+08
690, 6.e3400-18 721.3  9.92202-0¢ 3.9 193.2  6.99639+00 3.62224-02 4.61839+04 /.235038+03 2.23334+08
100,  S.4934e-10 21.3  8.97/466-08 .7 205.3  4.27003¢00 2.39904-02 3.01355+04 6.51819+09 2.19416+08
r20. a4.rree0-1s 721.3  8.16207-08 3.8 216.1  2.05526+00 1.02663-02 1.97450¢04 $.66348+D3 2.13666+08
740.  4.19418-18 1.3 1.43599-08 3.4 £225.9 9.74156-01 4.43150-03 1.20603+04 5.2/765¢03 2.08136+08
160.  3.71919-18 1.3 6.83614-00 3.3 254.9 4.68203-01 1.91622-03 §.32/702+03 4.78316+03 £.0pre0+08
190.  3.32144-18 1.3 e.207%8-08 3.e 243.3 2.29955-01 6.34229-04 5.62529+08 4.26334+09 1.9/083:09
€38, 800, 2.segre-te r21.3  5.79904-08 3.1 £51.2  1.09491-01 3.64498-04 3.71/01403 3.862190+08 1.92807.08
443. 820, 2.69083-18 121.3  $.36178-08 3.0 £250.0 S.3E707-D2 1.59994-04 2.46264°03 3.48448¢05 1.87616408
€83,  84C. 2.43%60-18 121.3 4.96804-06 2.9 266.6 2.80218-02 7.05530-05 1.63531¢03 3.14547+05 {.62877¢08
404, 860, 2.21132-18 121.3  4.61457-08 z.9 276.2 1.27618-02 3.128517-05 1.08839¢03 2.04106+08 1./6282:08
479, 880, 2.03273-18 721.3  4.29430-08 2.8 281.9  6.28342-03 1.390859-03 7.26017+02 £.36787+08 3.7362/+08
488, 96O, 1.83%88-18 121.3  4.00409-08 2.8 289.8 3.10582-03 6.21529-06 4.85376+02 2.352160+05 1.6850/408
4%6. 920, 1.67701-18 121.3  3.74058-08 2.7 297.9 1.54113-03 2.79027-06 3.25216+D2 2.50082+05 1.85316.08
$07. 940, t.53606-18 721.3  3.50087-08 2.6 306.2 7.67661-04 1.235617-06 £.18382+02 1.90147+05 1.61234-08
S1e.  960. 1.406%9-18 721.3  3.28243-08 2.6 314.8  3.63844-04 5.69800-07 1.46963+02 1.72221+05 1.57311+08
SE9.  985.  1.293/2-18 721.3  3.08303-06 2.8 323.7 1.92656-04 2.59168-07 9.91149+01 1.56070+03 1.53485.08
$40. 1000. 1.19002-18 7e5.3  2.90070-08 2.8 332.9 9.70590-08 1.18386-07 6.69882+01 1.41509+08% 1.497/3+08
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Test #40

Reference [ 20]

ALT (km)

110
120
130
140
150

0,(cm™3)

1.9 x 101!
’ 10

8.0 X 10
2.3 x 1020
9k X 10°

3.8 X 10°




Test No. 40
MSFC MODIFIED JACCHIA MODEL ATMOSPHERE (19671
CATE Malim 183, 1967 M TIME 1 MRS 0 MINS LAT -31.00000 DEGS LONG -136.00000 DEGS

rio 133.00000 F108 ids . HOOGO A7 £.0000 ExOs TEMP 1146.4636 HOUR ANG -302.6895

ALY ALY DENSITY TEMP PRESSURE MOL. WT  SCALE MT NUMBER DENSITYY (CM-3)
(NS)  (KM) 1EM/CM3) oK) (DYNE/CMZ2)  (UNITLESS) (XM) N(N2) N{O2) N (O} N (HE) N
es. 120, 2.43948-11¢ 355.0 2.76030-02 26.9 11.6  4.00000¢11 7.50000+10 7.60000+10 3.40000+407 0.00000
7e. 140, 3.8%084-12 679.4 8.44410-03 2s5.8 23.3 6.08369+10 9.56309+¢09 1.96169+10 1.89369+07 0.0000C
o, 160, 1.39690-12 870.0 4.05636-03 24.9 31.1 2.11531+10 2.96211+09 9.64823+09 1.443668+07 0.00000
[T 180, 6.62919-13 982.2 2.24959-03 24.1 36.6 9.55013+09 1.21459+09 5.81436+09 1.21463+07 0.60000
100, 200, 3.57609-13 1048.6  1.34153-03 23.2 4.7 4.85204+09 5.65446+08 3.83957+09 1.06806+07 0.00000
t1e, 220, 2.07512-13 1088.0 8.368508-04 22.4 44.0 2.62223+09 2.81349+08 2.65893+09 9.60773+06 0.00000
130, 240, 1.26239-13 1111.4 8.39003-04 21.6 46.9 1.46785+409 1.45408+08 1,89125+09 8./75219+06 0.60000
140, 200, 7.94530-14 112%.4 3.55917-04 20.9 49.5 8.39332+08 7.69002+07 1.36681+09 8.03145+06 0.00000
183, 280, 9.13549-14 1133.8 2.39908-04 20.2 $1.9 4.86531+08 4.12793+07 9.97706+08 7.40278+06 0.00000
sop. 300, 3.39366-14 1138.8 1.64504-04 19.5 54.2 2.684660+08 2.23856+07 7.33096+08 6.84234+06 0.00000
173, szo0. 2.28990-14 1141.8 1.14652-04 18.9 56.4 1.67683+08 1.22309+07 5.41165+08 6.33891+06 0.00000
183, 340, 1.56387-14 1143.6 8.09499-08 10.4 58.5 9.92992¢07 6.72219+06 4.00874+08 5.8/441+06 0.00000
3e0. 1.08877-14 1144.7 5./6366-05 17.9 60.5 8.90625+07 3.71282+06 2.97779+08 5.45163+06 0.00000
380, 7.87109-18 1145.4 4.17594-08% 17.5 62.3 3.52656+07 2.05961+06 2.21721+08 5.06300+06 0.00000
400, 8.400830-13 1145.8 3.04354-05 tr7.1 64.18 2.11309+07 1.14709+06 1.65438+08 4./0496+66 0.0DCOOC
420, 3.93899-18 1146.1 2.23706-08 16.8 65.8 1.27034+07 6.41272+05 1.23683+08 4.37460+06 0.000010
440. 2.56207-19% $146.2 1.65707-08 16.5 67.5 7.66119+¢06 3.59793+05 9.263/4+07 4.06944+06 0.0000G
400, 2.09/743-13 1148.3 1.23836-05 18.2 69.1 4,63454+06 2.02574+05 6.95079+07 3.78733+06 0.00000
400, 1.54779-19 1146.4 9.28857-06 15.9 .8 2.81205+06 1.14447+05 5.22437+07 3.52634+06 0.00060
so0. 1.14953-13 1146.4 7.02748-06 15.6 r2.s 1.71128+06 6.48769+04 3,93341+07 3.28476+06 1.1/336+054
seo. 8.3%0728-16¢ 1148.4 5.35196-06 15.3 74.4 1.04444+06 3.68995+04 2.96641+407 3.06102+06 1.1/039+04
840. 6.44903-10 1146.5 4.10421-06 15.0 76.4 6.39289+405 2.10562+04 2.24082+07 2.853/0+06 1.14986+004
sen. 4.08890-18 114¢.5 3.1/024-06 14.6 78.6 3.92417+0%5 1.20546+04 1.69546+¢07 2.66151+06 1.130G0+048
se0. 3.69378-16 1346.% 2.467%9-06 14.3 81.1 2.41559+05 6.92347+03 1,208492+07 2.48327+06 1.11059+04
s00. 2.01801-36 1146.53 1.93635-08 13.9 84.0 1.49512+05 3.98917+03 9.7%339406 2.31789+06 1.09162+04
e20. 2.15749-16 1146.5 1.83273-06 13.4 87.2 9.23000+04 2.30576+03 /.41517+06 2.164384+08 1.023062404
040, 1.66143-18 1148.5 1.22452-06 12.9 91.0 8.72906+04 1.33693+03 5.64635+06 2.021A3¢06 1.03496+004
s60. 1.28633-16¢ 1146.5 9.87939-07 12.4 95.4 3.56571+04 7.77591+02 4,30615¢06 1.88940408 1.037244+G4
¢80 . 1.00163-1¢ 1146.%5 8.05206-07 11.9 100.4 2.22526+04 4.353662+02 3.26912+06 1.76633406 1.01992+04
700, r.84r82-1¢ 1146.35  $.8634/0-07 11.3 106.2 1.39243+904 2.65486+02 2.51613+06 1.65191+06 1.00299+01a
0. 20, 6.18931-17 1146.% 8.52640-07 16.7 112.8 8.73616+03 1.55835402 $.927/3406 1.,54548406 9.8642/+03
3. re0. 4.91800-17 1146.% 4.8%426-07 10.1 120.3 5.49550+403 9.17471+01 1.47914406 1.44645+08 9./0231¢93
et0. r00. 3.938312-17 1146.5 3.96280-07 9.5 126.7 3.463598+03 5.41760+01 §.13663¢06 1.35426+06 9.543904+0)
a2 . re0. S.17743-17 1146.3 3.41017-07 8.9 137.9 2.19182+03 3.20861+01 6.74725405 1.26844+08 9.3AA92-:3
a3, €00, 2.90700-17 1146.5 2.96466-07 8.3 140.1 1.36937+03 1.90506+01 6,.74153+408 1,16848+06 9.257%a+ 3
a3, 820, 2.12134-17 1146.5 2.65224-07 7.8 159;0 6.83029+02 1.13834401 5.20327¢05 1.11397¢08 9.089:2.03
3. 440, 1.76887-17 1146.5 2.3C457-07 1.3 176.8 5.62633¢02 6.78286¢00 4.02179+05 1,04450906 8.94388003
48e. 860, 1.4808%0-17 1146.53 2.957167-07 6.9 182.6 3.89385+02 4.06386¢00 3.11302¢085 9./9711+05 8.80184:03
48, 890, 1.25361-17 13146.5 1.85080-07 6.5 195.1 2.30129+02 2.44171+00 2.,.41302+05 9.19269405 6.66283-03
4se. 900, 1.07253-17 1146.5 1.67572-07 6.1 207.6 1.47724+02 1.47119+00 1.87304+05 0.62856+05 6.352676203
496, 920. 9.26%02-18 1148.5 1.52607-07 5.8 220.1 9.50578+01 8.88902-01 1.45593+05 8.10191+085 8,39355+03
sas, 940, 8.07960-18 1146.8 1.39609-G7 5.8 232.3 6.13158+01 5.38565-01 1.1332/7¢05 7.61002+08 6,26314+03
S1e, 960 . 71,10936-18 1146.5 1.28437-07 5.3 244 .0 3.96460+01 3.27199-01 8,83322+04 7.1%5043+¢05 8.13546+03
sze. 280, 6.30832-18 1146.5 1.18548-07 $.1 255.2 2.56956+01 1.99327-01 6.89439+04 6./2049+08 8.0174303
s40. 00O, 5.64103-18 1146.3 1.09786-07 4.9 265.8 1.66933+01 1.21756-01 5,.38838+04 6.3192/+68 /7.8879A¢U3
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