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Summary

Measurements of atroospheric neutral density over the altitude region from

160 to 300 km are given. These in situ n’ieasurement~ w ere performed over the

norther n hemisphere during the period from November 1974 to January 1975. In

addi tion to the density results , the experiment , theory , method of measurement ,

and reduc tion procedure have been described in detail .  It is recognized that cer-

ta m subj ects may have been entirel y omi tted while other areas , for instance

gauge calibration and sensitivities, have been treated in a general manner. This

was done in order to facilitate the completion of the report. It is intended that

these subjects will be discussed in detail in a second report that will comp lete the

L compilation of result s and provide a complete and unified density file for use in

further studies , correlations , and analyses. As this  is the case , no attempt has

been made to interpret the data nor have any conclusions been presented concerning

the results.
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Ionization Gauge Measurements of Atmosp heric
Densit y From a Low Alt itude Satellite

5-

~ 1. IN TRODUCT ION

One of the experiments flown onboard an Air Force satellite launched in Oct-

ober 1974 was a cold cathode ionization gauge. Measurements were acquired over

a 7-month period , the life of the satellite , in to May 1975. At mospheric densities

deduced from the measurement s performed in the period from November 1974 to

Ja nuary 1975 have been processed and are given in Appendice s A and B. Mea-

surements performed after January 1975 ar e currently being processed a nd will be

presented in a future report. The density results are for an altitude region near

peri gee covering a symmetric altitude range centered around the perigee and

‘ 
extending in height up to approximatel y 300 k m (see Figure 1) .

Depending upon the location and altitude of perigee, a recorded perigee pass

could vary in time from 15 to 20 mm and cover a latitude span of approximatel y 70

Section 2 of this report.
Other sections include a description and discussion of the satellite , the experi-

• ~~ deg. Flight operations and the data acquisition plan are more full y describ ed in

ment, theory of measurement , and the processing and reduction technique used to

obtain the results. Density results are given in A ppendic es A and B. The re-

sults are presented. however, without any attempt to analyze or interpret them in

71 terms of atmospheric structure , as that is planned for a future date.

~ 
~ , 

(Received for publication 24 May 1976)
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2. SATELLITE ~NL ) FLIGHT OPERATIONS

The primary objective of the Air  Force satellite mission was to invest igate

and perform measurements of thermospheric properties that  influence upper

atmospheric structure. To accomplish this objectiv e , the spacecraft was instru-

mented with a complementary pay load consisting of densi ty ,  composition , and

energy-source experiments.
The spacecraft payload was placed into an elliptical polar orbit inclined at

96. 98 deg. with perigee and apogee height s of 158. 6 and 3761.8 km respectively.

Initial perigee location was at 44. 9 deg north latitude, and it precessed northward

at a rate of 2. 22 deg per day. Following injection of the satellite into orbit , the

satellite was maneuvered into its operational attitude, which was spin stabilized

and oriented to have the spin axis directed within 5 deg of the normal to the orbit

plane.
The maneuvering and maintenance of the satellite ’ s attitude were accomplished

by means of mag.ietic torquing coils that interacted with the earth’s magnetic field

to provide the forces needed to control or maintain the desired orientation. The

magnetic torquing system functioned smoothly throug hout the satellite ’ s l ifet ime.

The adjunct to attitude control is att i tude determination, and this information

was provided by a combination of earth and sun sensors whose outputs served as a

primary source of reference data. Backup capabilities were provided by a three—

axis magnetometer. This backup capability was uti l ized very early in the flight as

the earth sensor responded erratically when the vehicle was sun-lit. The opera-

tional attitude was then determined from a sun sensor-magnetometer combination

during day light hours, and fro m an earth sensor-magnetometer combination when

the satellite was occulted.

L 

Figure 2, a photograph of the satellite, shows the spacecraft ’ s magnetometer

boom, some solar panels , and some pay load sensors mounted in their flig ht con-

figuration. The earth sensor can be seen located about midpoint  on the surface.

8
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Figure 2. Spacecraft Shown lVi th  Solar Panels and Thermal  Blankets Installed .
On the forward surface some experimental  sensors can be seen in t h e i r  f l ight
configurat ion

at the right of the f igure , embedded in the solar panels . The solar panels were

the principle power source, operating satellite systems directl y dur ing  day l ig ht

hours .  For nig ht operation , systems were powered by bat ter ies  that  had been

charged from the solar cells. Normal on-orbit suppo rt consisted of payload

operation during alternate orbits. Where a payload operation consisted of recorded

j measurements over a perigee pass (which is an orbital segment centered at pen -

gee) , the pass was automatically cycled to occur at a predetermined heig ht before

perigee arid to terminate at the same predetermined heig ht af ter perigee. Onc e
per week, in addition to perigee pass coverage , a full orbit  of pay load operation

was recorded.

~~ In the event of an atmospheric  d i s tu rbance—for  instance , magnetospheric

storms or strong solar flare act iv i ty ,  a plan for addi t ional  suppo rt was formulated.

Cri ter ia  had been established that involved setting up alert indices  with threshold

values that  when exceeded would iden t i fy  the onset of the act iv i ty  event . With the

- ) triggering of the threshold value , additional support coverage was ini tia ted and

continued as long as the event was in progress. Other criteria had been established
to identify when the event had subsided; once this  occurred , special coverage would
ceas e and support would revert to normal orbital operations. In actual prac t ice ,

9
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the additional support plan meant that a maxim um number of perigee passes con-
sistent with the spacecraft ’ s power and thermal  system ’s constraints  and limita-

tions would be obtained. Both plans , for normal and special coverage, functioned

without a major disruption throughout the satellite ’ s l i fe t ime.

I

3. iNS TRUMENTATION

Figure 3 shows the ionization gauge experiment that was flown on the Air  Force
• I satellite. The unit shown on the rig ht of the f igure  houses the electronic c i r c u i t ry

required for the operation of the gauge sensor. Included in this  unit are high and
- low voltage po wer supplies , monitor , calibration and conditioning circuits, and a

linear automatic-range-switching amplifier. The unit with the reflective front

surface is the sensor unit ; it is shown with the gauge uncapping mechanism in place ,

as it is before activation. Figure 4 shows the ionization gauge sensor and its mag-
net after calibration but before installation into a flig ht package. The ionization

~~~~~~~~ -

.

Figure 3. loni zat ion Gauge ~~~~~t Unit;  ~~~~~~~~~~ Packaged in the t n P  Shown

10
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Figure 4 . Cold Cathode Gauge

gauge is a cold cathode magnetron type. The connection with an attached demount-

abl e f lange located to the left of the gauge bod y is Icr calibration purposes. Follow-

ing calibrat ion , the gauge is evacuated and sealed preparatory to being assembled

into a flight unit .  ihe sealing off process is performed by ‘ p inching off ” the copper

calib ’-ation stem , which can be seen to the left of the flange at tachment . Extending

from the rig ht -hand side of the ga i lge  bod y is the sampling tabula t ion. This ‘s

connection that  is opened to the a tmosp here once the gauge has been placed in orbit .

The gauge opening or uncapping mechan i sm fi ts  about the sampl ing  tube and is

-‘ f i rmly attached to the tube by means  of a lever arm that is fastened onto the tube

~1 end cap. U pon act ivat ion of the lever a rm , a torque is created tha t  ruptures the

sampling tube and exposes the gauge to the environment . The break-off  i n t e r f a c e

for the samp ling tube is def ined by the groove located j ust to the rear  of the end

cap (Figure  4) . At the midpo in t  of t h i s  groove the wall th ickness  has been reduced

from 0. 125 in. to 0. 005 in.

• ~ 
- The gauge is opened to the ambient atmosphere by means of explosive bellows

- that  are enabled arid f i r e d  by ground command some 24 hr after  orbit has been ob-

tained.  The gauge end cap together with the break-off mechanism are ejected ,

11
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leaving a 2 ~r steradian viewfield at the sampling aperture. The delay in opening
• and operating the gauge allows time for the atmospher ic  gases. brought aloft by

the booster and spacecraft, to vent into space — a precaution taken to guard against

the occurrence of corona inside the payload.

Normal dat a acquisition, as described in Section 1, begins after evaluation

and confirmation of experiment operation. The gauge sensor located in the spin

plane on the spin equator rotates with the satellite so that  the sampling aperture

alternately faces int o and away from ram. As a consequence of this , the gauge

internal pressure is modulated , increasing to a maximum at ram and subsequently

• I decreasing to a minimum at wake . Ram is that portion of the spin cycle where the

angle between the velocity vector and the sampling tube axis is less than 90 deg,

with maximum ram occurring at a zero degree attack angle . Within the gauge , the
• internal gas is ionized and a plasma forms that is confined to the discharge region.

Positive ions extracted from the plasma produce a current output that varies

in magnitude in proportion to gauge pressure. The gauge internal pressure, in

turn, is a function of ambient density and attack angle, defined as the angle between

the velocity vector and the axis of the gauge sampling tube. A typical modulated

gauge response is shown in Figure 5. The angular resolution of the gauge response

is determined by the sampling rate. That rate for this flight was 16 samples per

sec, which was approximately I measurement every 2 deg of rotation.

F \ 4. THEORY

A number of investigators1’ 2 , 3 have developed the theory relating ambient

density to ionization gauge measurements under the conditions of satellite flight.

The expression relating ambient pressure to gauge pressure is:

Pg 1’a ~~~~ D, cy)

where

• 

‘ 

1. Pond . H. L. (1962) The effect of entrance velocity on the flow of a raref ied  gas
through a tube , J. Aerospace Sci. , 29 :917-920 .

2 . Ivanoskii, A. 1. (1964 ) Interaction between an ins t rument  cavity and a flow of
rarefied gas , Trud y. ~~,:49-96.

t ~ 3. Hughes , P. C. ( 1965 ) Theory for the Free Molecular  Impact Probe at an Arbi-
t ra ry Angle of Attack . Universi ty of Toronto UT IAS Report No. 103.
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GAUGE RESPONSE
REV59 215—208k m

-1
I

4

-
~

Figure  5. Gauge Response
H Curves Showing Var ia t ion of

- Gau ge In te rna l  Pressure• Over Two Satell i te Spin
Cycles. M a x im u m  r am
points are at a l t i tudes  of

~~ ia4 - 2 l 5 k ni and 208 km

~~ I~~~ 
i i  l i i i  I i !  I i

705 707 709 7 11 713 715 717 719 72 1 723
76705256 SYSTEM TIME (UT)

Pg~ Pa = gauge internal pressure and ambient pressure , respectivel y

Tg• Ta = absolute temperature of the gauge and ambient gas , respect ively

R( S . D, a) = gauge sampling tube factor , a func tion of t ransmission
- — probabilities

S = speed ratio u / v m
u = satellite velocit y

V m = most probable velocity of the ambient gas

- • D = diameter to length ratio of the sample tube
j  a = attack angle.

Tabulated values and the derived theory for the R(S , D, a~ funct ion are given in
reference 3. Ambient pressure is related to ambient density by means of the ideal
gas law:

M 1

~a ’~~~ ~ç 
P (2 1
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where
T = ambient densi ty , p ressure , and absolute temperature .

- t  respectively

= mean molecular  mass of ambient  gas

R = gas constant.
m

~\lthoug h ambient temperature appears in Eq. ( 2 1 . the use of a model compu-

tation for this parameter is not as cr i t ical  as would fi rst appear.  Subs t i tu ting

Eq. ( 1)  into Eq. (2 )  gives:

~ ~~ I

I ~ a = T ~ g ~ R(S , fl , a) ‘ 

(3)

With D and a fixed , II is a linear function of S at large speed ratios , as occur in

satellite flight. Thus ,

R = a S ± b  
(4 )

I —
or

L

~~f 2 R T 
+ b ,  

(5)

k 

where a and b are  constants and the other symbol s r ema in  as p rev iousl y defined.

Hence , the dependence of the dens i ty  calculation upon ambient tempera ture  is less

- than  a square root dependence; knowledge of T a 
is st i l l  needed to de t e rmine  s and ,

consequentlY . the samp ling funct ion.  However, that dependence can be made less

sensitive to changes in T a 
with the proper choice of samp ling geometry. wh ich  wi l l

determine the coefficient  of s in Eq. (4 ) .

r ~4: 

In practice  Eq. ( 1) is modified with an addi t ive  term becoming:

* .J Pg = ‘J~ ~ a 
R ( S , D , a)  + rout 

(6)

where rout = residual gauge pressure and the other symbols r em a in  as define d in

Eq. ( 1) . Th e residual pressure is the pressure wi th in  the gauge volume ft t does

not van i sh  as the gauge rotates through wake and enters the ram phase of the  sp in

• 

cycle-

14 
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I. I ( ian H ,.-nmhinal

t o  - l l I~ 
- ‘ I :  th e  in t e r n a l  gauge fir ’- t- s ur e . we have assumed a tomic  oxv i’e  n

h i n in g  to  orIl l  m o l e c u l a r  ~ \ V L ’ n. Th i s  is considered a reasonable  i s s u m p —

I t Oll in v ’ ’ ’ .t ct l I ~ lIi~ elI~ 1I re sul t s  obta ined from m ass sp ec -t r om l C t t - r  m i-a ~~’I r t - —

I ’ ’  I~ . I ll ’ I l f I i j i lt t of I I  on — 1 ) 1  n a t  ion has  been trea ted  in som e detail  by

I U - n i ’ ’ . a rId his  r .~~l I I t s  aLo e ,~~~ f i  t h e  approximat ion  given below. Vt e assume

• ‘ I i  it ~ to I ’  C r - t X V f l e m l  t-~~t e m - i ’  the f i a t l O t  rI t - I t I t  h i  nt - s  to  lor r i -  molecular  oxy g e n  before

i n f l l 7 i  ‘ H .  I IIIIIltiIIn t h e  I1I1I her of n a r t i c l e s  en t e r i n g  and leav ing  the  gauge r e s u l t - c

i n ie f O I l o m - i n L ’  ~ X p r - -’ s iOI I:

n (o)  V ( o )  H IS , I . a) A 0 ( 0 ) ) V ( 0 ,) ) \
,i a = 

— -. ( 7 )

2 \ T 2~~f~~

whe r e

n b )  - number  d e n s i t y  of ambient  a t o m -  o \v~’en

fl g (O •t ( = number  densi ty  of n olecular  ox izen in  the  g z t i i g e

v ( o ) ,  v (o ) = m oH probable v e loc i ty  of ambient  a tonal  o x V f i Pf l
a g 2

R( S . I i , a) tubular  fac t o r
~ 

and gauge molecular  oxyg en , r e sp e c t i v e ly .

A = tube aper ture  area .

I So lv inu  for ng :

= 

n v f l ( S . l ) , o)) 
(8)

4 . Phi lbr ick , C .  H . ( 1 9 7 4 )  Satellite measu remen t s  of neutra l  atmospher ic  compo-
sition in the al t i tude range 150 to 450 km . Space Res.  • 15:15 1-156.

5. I l edin . \ .  1- . , I l in ton , B. B. , and Schmitt , G. A . ( 1973 )  Role of ga s- su r f ace

‘ 
i n t e rac t ions  in the reduct ion of ()GO-6 neutral  par t ic le  mass  spectrometer

• da ta , .1 . Geop hys. Res. ~~~4 6 5 l - 4 66 8 .

6. von 7 ah n . U . .  Fr icke , K. H . ,  and T r i n ks , H. ( 1 0 7 3 )  ESR() 4 gas : I n a ly 7 e r

•1 
results , .1 . Geoph ys. Re s . .  7~~:7 560-7 562 .
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f 2 R  T
and 2 51(o) = 51(0 2

1 . then

ng = 0a ~~~~~~R( S , 1) , a) ~~ . 
(9)

S ince  p = nkT . Eq. (6)  in terms of pressure is:

~

g = P~~[~~~ R( S , 0. a)  . 
( 10)

Thus , for the case of total recombinat ion, the internal  gauge pressure  is increa ’ ’t d

by a factor equal to the square root of two. Introducing a factor for recombination

effects into E q. (6 ’) gives the following expression:

U—
P = P H I S, D, a) ô -4- P ( 11 )

g V a a out

where

I ‘~ ô = recombination factor; for  no recombinat ion ô equals u n m t \ ’  and

for total recombinations equals

The above expression is used to reduce the data in the manner  discussed in the

following section.

5. I)-~T~ REDUCTION

I’.- The f i rs t  step in processing the ionizat ion gauge measuremen t s  was to o bt a i n

internal gauge pressure measurements as a funct ion  of attack og le for each spin

) cycle. Following this a l inear least squares fit of the form

P~ = m HI S , 0, a) + c ( 1 2 )

.1
was performed twice  per spin cycle , once for values  entering r n  and again  f o r

values leaving ram.  An example of a f i t  obtained d u r i n g  revolution ~9 i s shown in

Figure 6. The values of the parameters  used in Eq. (9) for both the into and out of

ram fi ts  are restricted to attack ang les in the interval from 70 deg to 20 deg. This

interval is further reduced at low altitudes, due to the occurrence of gauge satura-

tio o. In that event , the fit interval is compressed in the direction away f rom ram

to whatever value is required to exclude the  saturat ion level. The slope of the

least squares fit involving Pg 
and R is: 
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20
R(S ,D,a)

5! = 
~ a 6 . ( 13)

From this equation two values of ambient  pressure are computed , one from data
obtained as the gauge approaches ram and the second as it moves away from ram.
For each spin cycle , a mean pressure value defined in E q. ( 1 4)  is also calculated :

~ A V G  = 

[~~ a
)
in 

- ( P )
] /2  . ( 14)

where 
~~~~ 

in and 
~~~~ 

out are the ambien t  pressure associated with the i~~o and
out of rams slopes respectively. The a l t i tude  assigned to the mean pressure found

• j  above is the altitude of maximum ram (that  is , min imum attack angle) . In order

~~ for  Eq. (10) to be valid , the satellite spin period must be suff ic ient ly short such
that gauge temperature, ambient temperature,  ambien t  pressure, and the recom-
bination factor will not vary significantly over the fit interval.

The variation was tested by generating the appropriate Jacchia 197 1 ( .7 7 1)

~~~~ model values over spin cycles at altitudes of 300 km . 200 km . and perigee. The
variation of ambient pressure over a quarter  spin cycle (that is, 20 deg to 70 deg
attack angle int erval) for the model calculated values  was less than 2. 5 percent at
300 km.  1. 8 percent at 200 km, and 0. 10 percent at perigee. Two model values
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computed under  the condit ions appropriate  to the  45 deg a t tack ang le occurrence

entering and leaving ram were averaged and the result  compared with the model
value computed direc t ly  for m a x i m u m  ram occurrence ,  t h e  agreement between
the two results  wmi s wi th in  0. 10 percent  over the a l t i t ude  region f rom 300 km to

perigee. Ambien t  t empera tu re  va r i a t ion  over a spin cy c l e  as de te rmined  f rom

model computations was also less than  0. 10 percent over the same a l t i t ude  region ,

300 km to perigee . The small v a r i a t i o n s  in  the above pa rameters  a re  not surpris-

ing , as for this flight the t ime  span for an a t t a c k  angle var ia t ion  of 50 deg was less

than 2 sec.
Before ambient pressures could he computed from Eq. ( 10)  a method had to be

developed for assessing the value of delta , the recombinat ion factor.  This was

performed in the following manner: For each slope de t e rmina t ion  an adlustment
was performed wherein delta (6 )  was taken as equal to the  square  root of the ratio
of the molecular weight of oxygen to that  of the mean molecular weig ht of the am-
bient gas as given in the J7 1 model atmosphere. 10 , 11 It higher al t i tudes (above
300 km)  a lower l imit  of 16 would have to be imposed upo n the .J7 1 mean molecular

weight. This ad just ment , of course, assumes  all atomic gas ~pe c-ies recombine
inside the gauge and that the internal  gas is predominant l y molecular oxygen. It

perigee altitudes where the ni trogen content of the  a tmosphere  is s i gn i f i can t , the
numerator of the delta ratio should be computed to include the  molecular weight  of -

•

nitrogen as well as oxygen; however , th i s  was not u n d e r t a k e n  in the calculation of
delta. A t  an a l t i tude of 160 km the effect  of inc luding molecular  n i t rogen  into the
delta computation was to reduce its value by less than 3 percent .  For the pu rpose
of this report , a 3 percent change was  not considered large enough to j u s t i f y  the
additional analysis procedures that would be required for an inc lus ion  of a model
composition factor. Also ,  it was desirable to fo rmula t e  a delta factor  that  is
amenable to later modification, par t icular ly  as current atmospheric models do not

reflect the results obtained from more recent mass spectrometer m e a s u r e m e n ts .

5.1 Processing

It was stated earlier , in the abstract,  that  the reduction technique simpl i f ied
and reduced large data files to a more manageable s ize  and format .  To i l l u s t r a t e

,
~~~~~ this , consider a perigee pass of 20 mm duration. •-\t  a sp in rate of 5 rpm a total

of 100 spin cycles would be accumulated. Processing only ram an g les  (between

10. .Jacchia , L .G . . Slowey, J. W .,  and von Zahn. U. ( 1975 )  L a t i t u d i n a l  Changes of 
-

Composition in the Disturbed Thermosphere From ESR() 4 S t e is u r e m e n ts .
Smithson. Astrophys. Obs. RepoiFNo. 309.

~~ 

- 11. Jacc hia , L.G. (19e  1) Revised S ta t i c  Models of the Thermosphere  nd Exosphere
- - With Empirical Temperature Profiles, Smithson. As tr ophvs . I~ 1~s, R oort

No. 1332.
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± 90 deg at  the  - - c l l i j t \  v e c t o r )  would produce a file of 9000 measu rement s .  One
compu te r  pass l i s t i n g  of these po i nt by point measurements  would require  128 pages.
The tt - ( l ii~~I Ie  described in this re- --t reduces that pass l i s t i n g  s ize  from 128 pages
to a total of 2 pages . without a sig ant loss of data q u a l i ty  or accuracy . A~ a
result a I t  , base is created that is eas i l y  manageable and adaptable to fu rther
(- a m n p m I t ( -  m analysis.

The u n i f i e d  data processing system (DPS ) that  w a s  developed is i l lu s t r at e d  in
F igure 7 . In t h i s  f i g u r e  the d a t a  f low is depicted f rom i t s  o r i g i n  00110 NI the
spacecraft  to * 5 t e r m c i m i [ I t i o n  point ,  the creation of a d a t a  base. The satellite data
t t : t n s i m m i s s i O n s  Ire  pulse code modulated ( 1 ’ ( ’ \ l ) a nd ‘ t l ’ m m e t e r e - I t n t r a c k i n g  -it , t i o n s

-
• where the signals a re  recorded on tape. The sta t ion  raw tapes are  t li n forwarded

to a ce n t r a l  p rocess ing  station vher e  t h ey  are processed and put in to  a computer-
compatible format . R e f e r r i n g  to F igure  7 , t h e  d a t a  flow app ear s  in f o u r  d i s t in c t
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branches.  The f i r s t  branch is a routine that  processes the spacecraf t  at t i tude

i nformation , per forms t ime correlations, and relates spacecraft  at t i tude to pay-

load sensor position. The second branch examines the experimental  data outputs ,

unpacks . sorts , q u a l i ty  checks and edits experimental outputs , and converts and

correlates these outputs to universal  t ime.  The thi rd  branch  is a routine that

receives t racking data as an input and generates an ephemer is  f i le  con ta in ing  all

per t inent  position parameters as well as the appropriate  geomagnetic parameters
associated with that position. The fourth branch is an ind ices  fi le created for use

in the computation of atmospheric model (J7 1)  values. This  fi le contains quant i t i es
such as solar decl inat ion . K~ . F 10 7 indices , and other geophys ica l  parameters .

The density gauge processing routine requires the usage of the data bases
created in the four branches as inputs . F igure  8 is a func t iona l  flow diagram of
the density gauge processor. All necessary i n i t i a l i z a t i o n  occurs in the f irst  phase —

of the program. Frames of raw data are then input , and ins t rument  parameters
are calculated on a point for point basis. The attitude fi le is interrogated and

instrument attack angles are computed. The data are then separated into the de-
creasing and increasing attack ang le portions of the ram cycle. The instrument

sampling f u n c t i o n , R(S , D, a) , is computed and gauge pressure is fit  as a func t ion
of RN , 0. a) for each spacecraft spin cycle. The slopes of the fi t ted curves are

ram po rtions of the spin cycle. These two pressures are then averaged. Ephemer-

determined and a value of ambient pressure is obtained for both the into and out of

is parameters are then computed and , finall y, atmospheric neutral density and
model densi ty are calculated. After  all raw data has been processed , the densi ty
gauge data base is created and t I e  associated listing and plots are generated.

6. GENERAL OBSERVATIONS

There are several general observations worth mentioning in regard to the data
processing technique described in th is  report.

(A) The tube sample funct ion H(S , 0. a) is determined wi th  the assumption of
dif fuse  reflection of particles entering the sampling tube. If , however , the par-

j tid es undergo specular reflection , then the H factor would increase in proportion

~~ to the amount of specular reflection. At large speed ratios and small attack ang les
some specular reflection is possible , and measurements under these condit ions
would result in lower density values being obtained. The slope anal ysis  technique
avoids this difficulty by restricting the fit int ervals to angles greater than 20 deg
of maximum ram . However, although not shown here , results that were processed
at small attack angles did not produce conclusive evidence of specular  reflection.

I
’
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Figure II . Systems Flow Diagram

(B ) As in s t rumen t  response is processed as a func t ion  of t i m e , undetected

variations in spin axis p osi t ion will have their greatest impact  at small at tack angles .
as the spin period is unaffected by the d i rec t ion  of the spin axis. F’or example,
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consider the instrument attack angles of 10 deg and 40 deg occurr ing at t imes
and t 2, respectively; then, a 10 deg spin axis misalignment produces  a 40 percent
change in the attack angle occurring at t ime t 1, changing from 10 deg to 14 . 1 deg,
whereas at t ime  t 2 the change is about 3 percent — from 40 to 4 1 . 2  deg. Of course,
this  result  is dependent upon the mode of orientation and may not apply in the event
of a d i f fe ren t  satellite or ienta t ion .

( ( 1  Another  consideration along with the two already mentioned is the relation-
ship  of the R factor to the gauge sampling geometry. The data shown in Table I

were obtained from reference 3 and shows the sampling function (R ( S , 0, a) )  for

two tubulation racios as a func t ion  of attack angle. These sampling functions are
applicable ~o cylindrical tubes defined in terms of the i r  diameter  to length ra t io .
However , there are cases where a gauge tubulation ratio cannot be precisely de-
fined in terms of the sampling tube dimensions, result ing in an equivalent  or
effective ratio in place of a geometric one. The uncer ta in ty  between the two tubula-
tion ratios would result in a significant effect at small attack angles , hut the effect
would rapidl y diminish as the attack angle increases. This can be seen from

Table 1 where the differences in H factors at 0 deg is 26 percent , while at 30 deg

the difference is 3 percent . and these differences are for gauge tubu~ation ratios

that differ by 40 percent.

~~ Table I . Tubutated Gauge Sampling Functions

= 10)

R(S , Dt , a) R( S . D, a) Attack Ang le (a)

(D = 0. 30> (D = 0. 50) (Deg)

110. 3 87.7 0

82 .7  74 . 1 10
1 50. 3 52 .4 20

34. 5 35,7 30

25. 0 25. 6 40

18. 1 18.3  50

12.4  12 . 4 60

7 .53  7 . 49 70

~~~ 3.43 3. 38 80

0.515 0. 504 
- 

90

S’~ = speed ratio , U / V m~
Dt = diameter/ length ratio of sampling tube
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(0) ~\ f ina l  observation concerning the anal ys is  techni que is its tendency to

m i n i m i z e  the effects of certain types of systematic  errors. An example of this

would he a change in the spin frequency that produced a mislocation of the mini-

mum ram angle. If the angular  offset were in the direction leaving ram ,  then the

out of ram gauge values would be processed with R factors  that were too large;

consequent ly , a smaller value of slope and ambient  pressure would be obtained.
( o n v e r s i - l v , the H fac tor  values used to process the gauge pressures entering ram

would be too small. The subsequent averag ing of the two pressures would have the

effe ct of compensat ing for the aspect erro r. The same may be said of hysteresis

effects present in the gauge response, where slight d i f ferences  in response can

occur depending upon whether  the internal  gauge pressure is increas ing  or de-

c r e a s i ng. -15 approximately the sam e  pressure region is being covered during

the enter ing and leaving phases of the spin c yc l e , the hysteresis effects will also be

reduced by the  averaging process.

7 I) - \ I\  RI~~
( 1.T~

Data shown in Appendices A and B were obtained during the period from 5

November 1974 to 17 January 1975. The 250 orbits shown are not all inclusive;

additional orbits from this period are awaiting processing, and others require

reworking to remove excessive noise. The orbits presented here, however, are

a representative sample of the data obtained. Shown in A ppendices A and B

are two sets of density plots and a chart of satellite positional data. Fi gure -1 1

shows the satellite position in terms of perigee location where the local time ,

latitude, and altitude are given as a function of t ime and revolution number.  In

A ppendix -A , plots of density (gm/cc> vs universal t i m e  are shown. The circles are

values of density obtained from gauge measurements, and the crosses are the

appropriate Jacchia 71 model values (calculated under the same conditions as the

measurements) . In the upper portion of the same plots, the crosses denot e the

ratios of the measured densities to the J7 1 model values. The shade-sun nomen-

~~~- clature shown in the legend represents the t ime (U . T .)  when the satellite was in

- - darkness and sunlight , respectively. Other designations shown in the ordinates ,

abscissa , and legend are self-explanatory.

The ratios of measured/model  density values are generally higher than unit y.

This is partially due to the method of processing gauge pressures wherein the sen-

sitivity factor for nitrogen gas was used and , therefore, the results are given in

terms of equivalent nitrogen pressures that have subsequently been converted to

mass densities. As the atmosphere consists of a mixture of gases . the s en s i t i v i t y

factors for the individual gas species should properly he included in the pressure
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conversion process. h owever , to accomplish this the relative concentrations of
each gas specie roust be determined . Hence , for the purposes of this report ,
such processing was not attempted as it was felt that the use of equivalent nitrogen
pressures provided a more consistent data base that can later be modified to

— 
accommodate compositional data. The relative sensitivity factor for molecular
oxygen (H = S0 fS N 2

) is 1. 09. Thus , if the atmosphere were total oxygen , the
pressures would be correspondingly reduced by 9 percent. Gauge sensitivity
factors and their application will be discussed in more detail in a second report
covering the data obtained during the period from February to May 1975.

In the altitude plots given in Appendix B, the circle and cross symbols denot e
gauge measurements, where the circles are for measurements performed when
the satellite descended in altitude towards perigee and the crosses are for measure-
ments performed when the satellite ascended in altitude away from perigee. The
solid lines shown are least squares fi ts  throug h the data points. In some altitude
plots fur ther  processing is required to remove noise values. It is readily seen

,
‘ from examination of the density vs t ime plots which values are noise, and refer-

ence to the corresponding altitude plot will show the dis tor t ion the noise value has
upon the least squares fit . At higher altitudes the downleg (ci rc les)  and upleg
(crosses) profiles diverge. A major portion of this  divergence is due to the spatial

• 
~ separation of the measurements. Perigee is initially located at midlatitudes in the

northern hemisphere and precessing northward to the pole. The downieg measure-
nients are performed at high northern latitudes , whereas the u~ leg measurements
are taken at middle and equatorial latitudes nearer to the sub-solar point . The
upleg measurements therefore reflect the higher densities associated with the larger
temperatures due to the proximity of the solar bulge.

•1
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