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FOREWORD

The UV Spectrop hotorn eter used in this work was fabricated
for use in the Dept . of Transportation’ s Atmospheric Monitoring and
Experiments Subprogram, managed by Mr.  Samuel C. Coronit i, af major element of the Climatic Impact Assessment Program (CLAP).
Funding was accomplished thru the Offic e of Naval Research.
Design and fabrication of the original Low-background B etagoncl e was
supported directly by ONR.

The modification and fli ght of the UVS and Low-backgroun d
B etasonde, as reported herein, was carried out under Contract No.
DAADO7-75-C-0l24 with the Atmospheric Sciences Laboratory of
Whit e Sands Missi le  Range. The Contracting Officer ’s Technical
Repres entative was Mr. Harold N. Ballard , whose guidance through-
out the course of this work contributed significantly to the success
achieved. The TJVS was integrated int o the Stratcom VI-A payload
as a cooperative effort between Sandia Laboratories and Whit e Sands
Missile Range. The Low-background B etasonde was installed in the
Arcas payload by Mr. Miguel Izquierdo and his associate. of the
University of T exas at El Paso (UTEP). Much of the basic data

- - retrieval was also carried out by the UTEP group.
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1. INTRODUCTIO N

The upper atmosphere analytical instrumentation which was flown
under USAECOM sponsorship consists  of an atrnosnheric density gauge
and a UV Spectrophotometer. The density gauge was flown on an Arcas
met eorolog ical sounding rocket whereas  the Spectrophotom eter was

flown on a balloon-borne scient ific instrumentation payload, identified

as Stratcom VI-A.

The density gauge is based on the principle of forward scattering

and attentuation of b e ta - rays  in air. An early version Betasonde incor-

porated 10 standard Geiger-Mueller  (GM ) tubes arranged in a circular

pattern to detect the beta-rays (Ref. 1. 1). Flight results in 1967 showed

that the sensitivity of this gauge Was limited by cosmic ray background
in the 60 km region, and that 3bove ‘—25 km the Betasonde-derived density

exceeded that derived from temperature and pressure by as much as

40-50%. Summaries of work with the various versions of this type Beta-

sonde - all using the standard GM tubes - have been presented (Ref. 1. 2 -
1.4), and will not be repeated here. It is important to not e however, that

investigations of the cosmic ray effect (Ref. 1.3 and 1.4) confirmed the

original assertion (Ref. 1.1) that although this background does , in fact ,

ult imately limit the accuracy obtainable at high altitudes , it does not

account for the 40-50% error observed above 25 km in the 1967 fli ght.

Rather it is the fact that vacuum calibration chambers can, in some

cases , contain much larger fractions of water vapor than is pres ent at

a comparable pressure  lev el in the atmosphere. When this is measured

and properly taken into account (Refa .  1.4 and 1.5) in the calibration

procedure, a dens ity calibration curve will be ob’ained that applies to

all pressure altitudes at which the difference in composition between

atmosphere and calibration chamber is otherwise negligible. With the

exception of variations introduced by water vapor , the composition of

r the atmosphere is essentially altitude-invariant up to about 100 kin.

- 
- 
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U - A similar s ituation probably prevails in most vacuum chambers at
‘ 

~

‘ 

pressures above those requiring use of a diffusion pump or other type

pump that could, by it s pumping action, cause the composition to vary

s ignificantly from that in the atmosphere at comparable pressure.

Thus , provided the water vapor fraction is measured in the chamber,

it should be possible to calibrate down to pressures  equivalent to at

least 80 km - perhaps even higher - without additional composition
measurements.

Thus, in all sub sequent work the water vapor fraction has been

measured in the chamber and the calibration procedure describ ed in

Ref. 1.4 has been followed, eliminating that source of error. Addi-

tionally, the cosmic ray effect  has been very substantially r educ ed

with desi gn and fabrication under ONR sponsorship of an improved

low-background Betasonde. The new design essentially replaces the

standard GM counters with a type that has very much smaller volume,

so that the back groun d is 10-20 times less. The beta detection effi-

ciency is almost as good as the larger  volum e type flown before, oince

the betas are  stopped just inside the window anyway. There is a sig-

nif icant  problem with these tubes , however. Namely, the plateau is

very short and it shifts slightly with temperature. At -60°C the shift

is sufficient to cause the count rate to change very si gnificantly unless

the voltage is chosen j~~~ right initially (so that it still operates in the

plateau reg ion).

A sonde with 2 GM tubes of the above design was flown on a

balloon in September 1970 from Palastine, T exas. Very good data was

obtained up to the 10 km reg ion. At the 30 km float altitude however,

the operating temp erature dropped to -70°C which produc ed erroneous

• data due to the excessive plateau shift  at this low temperature. This

phenomenon was discovered after the fli ght and examined carefully.

It was found that the plateau shift versus temperature plot exhibits

4---
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an inversion point for one particular bias voltage. Thus , it is possible
to minimize the change of countrate with temperature by selecting the
proper bias. This information and the fact that the balloon sonde was
already configured to fit into an Arcas  nosecone led to the pres ent
effort to fl y the density gaug e on an Arc  as sounding rocket . The work
to accomplish this and the results of this fli ght are reported here. A
general descr iption and the necessary  modifications of the sonde are
given in Section 2. 1 and 2. 2, respectively. The calibration procedure
and the final calibration results  a re  presented in Section 2.3. The
fli ght results including the reduced data are  contained in Section 2.4 .

The UV Spectrop hotometer (UVS ) was flown on the Stratcom VI-A
balloon payload in September 1975. The UVS was ori ginally developed
to measure high altitud e solar UV fluxes from an aircraft  as part of the
Climatic Impact A ssessment Program (CLA P). As a result of possible
environm ental degradation due to the SST , the CLAP was initiated under
DOT sponsorship in 1970. One of the primary concerns was possible

reduction of total ozone, with consequent increases in biologically un-

portant ultraviolet (UV)  radiation. Part of the CLAP p rogramwas  to
develop an extensive upper atmosp here  monitoring system (Ref. 1.6)
based on use of the hi gh altitude WB57F aircraf t. Included in that
system was an ultraviolet spectrophotometer (UVS) developed by

Panametrics,  Inc. (Ref. 1.7) , which  was flown successfully on many
flights and return ed much useful data. The s t ructure  of UV flux vs
latitude and long itude was measured in much greater detail than had
ever been possibl e before,  and by use of the data (in the Hartley-
Hugg ins bands)  computer-based mathematical techniques were devel-
oped for deduction of the total ozon e above the aircraf t .

Use of the UV S on the Stratcom VI-A balloon flight gave measure-
nients of the solar UV flux in the 200-400 nm region at altitudes up to
130 , 000 ft. Of part icular  interest are the measurements at 220 nm,

3
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a window in the atmospheric t ransmission lying between the peak of

the ozone absorption at 250 nm and the strong oxygen absorption below

180 nm. This wavel ~gth region is ext r emely important for the photo-

chemistry of the upper atmosphere , particularly the 50, 000 -150,000 ft.

region. The photolysis of many important pollutants, the chlorofluoro-

methanes in particular (Ref.  1.8), i s  due primarily to the solar UV in

this 220 nm window.

The altitude dependence of the 220 rim solar flux has been only

poorly measured (Ref. 1.9, p 5). Balloon measurements reported in

Ref. 1.10 are questionable because the reported absolute solar fluxes

are a factor of 3 lower than all other reported measurem ents, includ-

ing the UVS data from Stratcom VI-A . Higher altitude (175-225 kft )

rocket measurements have been reported (Ref. 1.11). Satellite measure-

ments of solar U V  radiation show that for wavelengths less than 300 nm

the sun becomes increasingly variable (Ref . 1.12). The 220 rim flux data

obtained on Stratcom VI-A, combined with a number of other solar flux

measurements (see Section 3. 3. 3), sugges t  that the 220 nm solar flux

increases with increasing solar activity as measured by sunspot number.

Measurement of the 220 nm solar flux as a function of both altitude and

time in solar cycle is thus a very important part of upper atmosphere

exp erirn ents.

The remaining nine solar UV flux measurements are  used U

mostly to obtain information about the ozone layer and certain other

photochemical reactions. The  280-330 nm reg ion can be used to cal-

culat e the  total ozone along the air path to the sun for very thin to very

thick layers .  The 330-400 nm measurements provide a check on UVS

operation since the sun has a stable, well known output at these wave-

lengths, and they arc  not si gnificantly affected by ozone. The UVS thus

measures an important part of the solar spectrum, a part necessary to

understand the upper atmosphere.

• 4
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The operation of the UVS on the Stratcom VI-A balloon f l i g ht i3

described in Section 3. Modifications to the UVS necessary for the

balloon flight are discussed in Section 3. 1. Section 3. ~ g ive s  the  neces-

sary calibration information , whil e f l ight resul ts  are ~iven in Section 3. 3.

A summary of operation and results is given in Section 4, for both

the Betasonde and the UVS.

2. BETASONDE - LOW BACKGROUND

2. 1 General Description of Low Background Betasonde

The air density Betasonde is based on the  detcction of f o rward

scattered beta rays by GM tubes.  A detail ed theoret ica l  anal ysis  of the

general principle is g iven in Ref . 1. 1. Since the  low back groun d version

was intended to fly on a balloon , w h e r e  long count ing  tim e is av.~~1~~’l e ,

only two such tubes are uti l ized in this  desi gn. The GM counte rs  can-

vert the energy of the incident beta particles into voltage pulses ‘~‘hich

are screened and fu r the r  condit ioned by t he  associated electronics.

Two data outputs are simultaneousl y availabl e f rom the  instrument.

One is an auto-ranging logarithmic count ratemeter with a range of

2 decades (. l - lk c  and l - l Ok c ) .  The other output represents the screened

pulses after they have been processed by a dead time circuit which limits

the pulse repetition rate to 2 kHz . This frequency limitation and the fact

that both data output s are  clamped to + 5 V  make these  signals compatible

with standard IRIG telemetry inputs.

Power for the electronics and the GM tubes is derived from DC/DC

converters. They operat e from the +28V on-board battery and consume

a total of 2W . The HV supply for the Geiger counters is completely en-

capsulated for high vacuum operation. All low voltage electronic circuit s

are  potted with a thermal insulating compound to reduce heat loss and to

increase reliability under vibration and shock conditions. This is clearly

shown in Fig. 2. 1.

5
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- Fig. 2.1 Geiger-Mueller Tubes and
• Potted Electronics

Fig. 2.2 Complete Betason e Showin g
G-M Tub e Windows
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The physical configuration of the instrument is shown in Fig. 2. 2.

Two cylinders with an overall length of 6-1/2”  house the electronics

and the GM tubes. The cylinder diameters are 4 -1/4”  and 3 -1/2” ,

respectively. Extending from the center of the smaller cylinder is

a 12” boom which carries the annular beta source and source shield.

The total weight of the instrument is 2. 8 lbs.

The sonde described above was flown in September 1970 as part

of a scientific balloon payload, sponsored by ONR. The data were

transmitted by an FM/FM transmitter  to a ground station where  the

composit e si gnal was recorded on magnetic tape. Analysis of the

processed tape record showed the following. During ascent the data

was in good agreem ent with the densities of the U. S. Standard Atmos-

phere (Ref. 2. 1) up to approximately 10 km. Above that alt itude the

count rate increased significantly above the standard values and re-

mained high up to the 30 km float altitude. This behavior was not

consistent with the known calibration and other system tests ,  and

hence some post fli ght tests were  carried out . The plateau versus bias

voltage of the GM counters was rerneasured and plotted with tempera-

ture as a parameter. This graph revealed an inversion point of the

plateau over the temperature range of our tests for one parti~ ular

bia s voltage. At the inversion point the count rate change with t em-

perature has a minimum, and it steadily increases with increasing

bias voltage. Our preflight plateau tests were  made at room t empera-

ture and the operating voltage was cho s en in the center of the plateau

at 560V. Our experience with larger volume GM tubes had not re-

vealed the large t emperature dep endence of the plat eau . Since the

inversion point for these small GM tubes occurs at approximately

490V , it is evident why the density measurement on the balloon

exhibited the observed temperature dependence.

fl
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The successful diagnosis of the problem thru the post flight test s
-‘ described above encouraged the proposal for an air density measure-

ment utilizing an Arcas rocket as the launch vehicle for this gauge.

This could be accomplished with slight modifications of the existing

density gauge, including the change of the HV to 490V. Thes e modifica-

tions are described in the following section .

2. 2 Modifications for Flight on Arcas  Rocket

A block diagram of the modif ied sonde circuity is shown in Fig. 2. 3.

Based on the results of the balloon-borne instrument , the plateau voltage

versus temperature characterist ic of the GM tubes to be flown was care-
fully measured.  Over the temperature range 00 

to + 45°C both tubes

exhibit their minimum temperature coefficient at a bias voltage of 49lV.
Thus,  the sensing network for  the HV regulator was changed to give pre-

cis ely 491V at its output. The HV supply was t emperature tested and
showed no measurable change over the range 00 to +45°C. The output

~
• 

~~~
- - countrat e of the tubes deviates 4- . 6% betw een +5 ° and +40°C increasing

to ± 1. 5% at the two temperature extremes. As described in a later sec-

tion the actual temperature  variation of the tubes was measured during

• the parachut e descent and found to be only 5°C from + 25° to + 30°C over

the altitude range of interest. This corresponds to a negl igible error in

output countrat e when compared to the statistical uncertaintly of the

countrate.
- 

Since the above temperature range (00 to + 45°C) is an estimat e

derived from measurements of other payloads flown on Arcas rockets,

it is of interest to measure the actual temperature of the GM tubes for

this instrument. This is accomplished with the addition of a small ther-

mistor head in close proximity with one of the be,. The signal from

the thermistor is processed by a voltage to frequency converter (V/F)

such that the output freq uency Is directly proportional to t emperature.

8
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Since only one tel emetry chann el is available on this rocket, the output
from the V/F converter is multiplexed with the countrat e output from

the GM tub e electronics. Thi a time sharing process is proportioned

to allow 45 sec . for the transmission of density data and 5 sec. for the

temperature monitor frequency. The addition of the circuit board con-

taining the V/F  converter did not increase the overall siz e of the sonde

because it was installed in place of the logarit hmic count rat emeter

board. The latter was flown on the balloon sonde , described in the

previous s ection , because of increased telemetry capability.

On the Arcas  the information bandwidth of the TM is lOk cps ,

sufficient for the expected pulse information. Becaus e of the random

nature of the pulses a frequency limit in g circuit has to be introduced.

Since the balloon sonde had the same r equirement it was only necessary

to decrease the dead-time of that circuit to 200 gs. This is equivalent

to a maximum pulse rep etition rat e of 5kcps and leaves enough margin

never to exceed the TM bandwidth. The transmitter input r equirement

of negative pulses with a l2V amplitude was met with the addition of a
• level t ranslator  circuit .

In order to integrate the Betasonde with the Arcas power pack and

transmitter it was only necessary to machin e a simpl e adaptor plate,

which attached to the power pack with standoffs. Input and Output con-

nections to the sonde were  hand wired to the battery and transmitter

respectively.

2. 3 Density Calibration

As observed above, in order to limit the output count rat e of the

B etasonde to the maximum allowed by the telemetry, a dead-time cir-

cult is us ed between the GM tubes and the telemetry (TM) input . This

dead-t ime is on the order of ZO0~tsec , and the GM tubes themselves

also have dead-times which , although small compared to that of the

dead-time circuit , are not neglig ible. The fact that the Pm-147 source

U
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has a half -lif e of 2. 6 years requires  that source decay be taken into

account if any significant period of time elapses between calibration

and fli ght. The pres ence of the various dead-times, however , caus es
the Betasonde output not to be a lin ear function of the source intensity.

This complicates the data reduction procedure, and one method of hand-

ling the probl em has been discussed previously (Ref. 1.1) .  Basically,

it involves deriving a source-decay corrected calibration curve for the

output to TM. Here we present an alternative procedure that we believe

to be somewhat simpler.

_ _ _  

C
• _____ ~ ) Tub e ~ __________ 

Dead-tim e 
~~~

‘- N, output count rat e
________  

Circuit to telemetry
dead-t ime T

c
I ‘ C71

~~
_). Tube~ )~

dead-time T for each tube

Fig. 2. 4 Block Diagram for Analysis  of Dead-Tim e Effects

An array of i,~ GM tubes, each having dead-time T , is shown. The

output count rates are labelled C ., and the count rates that the tubes

would experience if T were  zero are labelled I~. It is assumed that
both C and N are  measurable. Of course , the I. are not measurable,
but if the dead-time T is know n they can be calculated from the C1 -

0
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which can be measured if desired simply by blocking the interface
- window to all tubes exc ept the ~th . In practice we are not interested

in the individual I~ and C~, but on the totals for  all tubes acting simul-

taneously. Thus, by use of the standard result (Ref . 2. 2) for the effect

of a dead-t ime circuit we have

‘1 71
C = ~~~ C . =~~~~ 1. / (1  + TI . )  ( 2 . 1 )

i= l  1= 1

Now if it is assumed that the tubes are approximately equally efficient
(which is ea sily verified by measuring the C. individually) then

77
I = I. = ‘71.

1=1 1 1

Ii = 1/77 (2. 2)

and from (2. 1)

C = I/ ( l  + T
c

I) (2. 3)

where  T T/ 71 (2. 4)

Thus, the array of tubes acts as a single tube of dead-t ime T .  Of course,
at any particular time Eq. (2. 3) may be taken to define a count rate I in

terms of the measurable total output count rate of the GM ar ray :

I = C/ ( l  - T
cC) (2. 5)

In that sense the choice of T is arbi trary;  in the practical sense it is not,

for the following reasons. First , at low density the scattering probabil ity

is linearly related to air density p becaus e multiple scattering is unimpor-

tant. In this reg ion the count rat e I (but not C) is thus linearly related to p ,

-
~~~ 

-

~~~~~~~~~
- -  _ T_

~ 
-a-

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

• • _

i~~



- which can be directly checked f rom the calibration results. This will

only occur if T has the proper value. For the EON Type 621 3 tubes

us ed here, T = 25~~sec and s ince 2 tubes were  us ed (‘l 2)

T = 25/ 2  = 12. 5 ~.tsec (2. 6)

BecauBe the count rates are low at low density the fractional difference

between I and C is not large in this reg ion , so C varies almost linearly

with p. Secondly, I (but not C) is directly proportional to the source

intensity, regardless of the dependence of I onp.  Thus, if 1 ( p )  is the

calibration curve derived from (2. 5) by measurements of C ( p )  at time

t = 0, then at any later time t the curve for 1(p) will be

1 (p )  = I ( p ) e t/ ’T 
(2. 7)

where r = 1378 days is the mean- l i fe  for Pm- 147. For the high altitude,

low-density, reg ion

p =  k 1 (2. 8)
0 0

where k is determined from a linear best fit  to the calibration data. Thus
0

-t / r
1(p) = ( p/ k )e

• or,

p =  k I (p) (2. 9)

where k = k e t
~

h T (2. 10)

where 1(p) is the count rat e observed during flight at the time t (days)

later than the calibration. The calibration data for the present fli ght

13
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were  obtained on 4/ 7/ 7 6 , and are shown in Fig. 2. 5. Water vapor and

total p ressure  measurements were combined (Ref . 1. 4) to yield the den-

sity with about 5% accuracy. The count rates C and N were  r ead with

scalers. The observed GM output count rates C are labelled with X’s,

and the data I corrected by use of (2. 5) for tub e dead-time are labelled

wit h dots. The best linear fit to the low density I dat a is shown; it is

seen that near 2 kcps the C dat a do fall percept ibly below the I data and

bot h fall below the linear fit . From this fi gure we obtain

k = 1.14 x 10 5 (k g/m
3

)/ cps (2. 11)

The departure f rom lin earity at hi gh density is due to multiple scatter-

ing and is as expected (Ref. 1 . 1 ) .  For pres ent purposes we limit the
-2 3 . . .analysis to densities less than 2 x 10 k g / rn  , which is equivalent to

about 30 kin , so that the linear fit is applicable.

At low density in a vacuum chamber the “wall-effect” can caus e

the count rat e to be larger than would be experienced in space. Since

the scat tering cross s ection is strongly Z dependent , however, it is

possible to test for  wall-effect  as follows. The steel vacuum chamber

is lined with a low-Z material , such as plastic , and the calibration

curve is compared with that without the liner.  With the low-Z liner

the calibration curve will fall below that without it, if this effect is

si gnificant.  Over the pressure  range shown here- no wall - effect was
evident .

It is the count rat e N that is determined from the telemetered

and recorded pulses. N and C are  related by

N = C/ ( 1  + I C )  (2 .  12) —

From this equation we find

C / N - i  = I C  (2. 13 )

14
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Thus , a test of the validity of (2. I~~) is provided by plotting C/N - i  vs C.
‘ This should be a straight lin e and the slop e should agree with the design

value for dead-time i. Fig. 2. 6 shows such a plot. The fit is linear

and the shape leads to

— 
= 172~~scc (2. 14)

which is as expected. Now we note that use of (2. 1 3) in (2 . 5) for C leads

to

1=  N / ( 1  - (2. 15)

where I is the effective tim e constant of the entir e system including GM

• tubes and dead-t ime circuit :

7 = i + T (2.16)
C C C

— 
- - 

Fror (2.6) and (2. 14)

~
T
e

= l84.S~zsec (2.17)

An additional factor that must be taken into account is the cosmic

ray back ground. By use of a s ix-hour  integration this count rate was

determined at Panametrics,  Inc. in Waltham , MA to be (h~~Okm )

= 0.023 cps (2. 18)

for bot h tubes runnin g sumultancousl y .  This count rate varies in a rela-

tively well-defined manner wit h altitude (Ref . 1 . 1 ),  having a peak 29

times the sea-level result nea r 20 km, decreasin g monotonically to a

value about 13 times sca4evel at 50 km and remaining constant at that

value for higher altitudes. The effect is most important at high altitude

where the density-dependent count rat e is low. The hig h altitude value

for I is about . 3 cps, which is only about 2% of the density dep endent

count rat e at 65 kin for the density calibration data of Fig. 2. 5. Con-

s equently , for present  purpos es it is sufficiently accurate to estimate

16
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this contribution to the count rat e I by assuming the value of I to be
29(. 023) = . 67 cpa at 20 km reducing linearl y to the  plateau value of
0. 3 cps at 50 km and remaining at that value above that altitude.

Thus , the procedure for  f inding p ( h )  at altitude h from the cal-
ibration and fli ght data is as follows:

(1) The TM pulses are integrated over known time intervals
(~‘1-5 seconds) and tabulated with the implied total count
rat e N

t
(h) and the radar-determined altitude h at the

• c enter of the t ime interval.
(2)  The total count rate I

~
(h) is determined by use of N

t
(h)

from (2. 15) and (2. 17).

(3) The density dependent count rate 1(h) is determ in ed from
1(h) = I~(h) - [J h) ~ wher e 1 (h ) is the cosmic-ray count
rat e at altitude h, as describ ed above.

(4) In the general case the density p is determined from a
curve (or analytic fit ) of 1 (p ) ,  Eq. (2. 7). In the high
altitude region the density can be determined from (2. 9).

Once the values of N
t 
have been determined the statistical uncer-

• tainty in p can be found also. From Ref . 2. 2 the fractional uncertainty
in 15

— 1 ( 2 . 1 8 )
‘t ~~1~4 tt m

where t is the lengt h of the measurement (1-5 seconds ) at each altitudem
• increment. For the linear relationship (2. 9) , and where the cosmic ray

count rat e is low , this y ields

1 
— (2 . 19)

~~~~~~~ N tt i n
Thus the fractional uncertainty is largest at high altitud es, where Nt ii
lowest.

18
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2. 4 Flight Resu lt s

2. 4. 1 Operational Anal ys is

The modified Betasonde was launched from White Sands Mis-

sile Range (WSMR) at 17:00:00 UT on Apri l  23 , 1q76 on board an Arcas
rocket. Just prior to apogee (approximately 65 km) the nose cone was

ejected. After  s eparation the  sonde continued to climb to apogee, de-
ployed the parachute, and began its descent. Good air density related

count rate data were obtained f rom 4 sec. af ter  separation at approxi-
mately 65 km down to an altitude of about 24 km. These resul ts  a re

discussed and plotted in the  next section. A telem etry dropout occurred

over the approximate alt i tude r a n ge  of 24 km to 20 km . Valid oata was

obtained after this dropout down to approximately 1. 5 km.

During the ent i re  f l i g ht the  t empera ture  of the GM tubes Wds

monitored with a thermistor and associated circuitry. This monitor

shows that the GM tub e temp erature steadily increases from + 25°C

at 65 km to + 30°C at 30 km . A f t e r  reaching this maximum the tem-

perature slowly dec reases  to  + ~5. 5°C at 25 km. Below this altitude

the tempera ture  steadil y drops to a min imum of -15°C at 1. 5 km at which
altitude the TM signal becomes very noisy and LOS occurs. The flight
duration from s eparation to LOS is approximatel y 27 minutes.

The telemetry link consisted of a pulse modulated 1680 MHz trans-

mitter, as part of the sonde, and 2 independently operating GMD meteor-
olog ical rec eivers for  redundancy.  This  redundancy was a valuabl e fea-
ture during the fli ght since only one receiver worked well from launch
to 17: 16:00 UT and the other f rom that  t ime on until LOS occurred. The

received pulses,  corr sponding to the obs erved bet a particle count rat e
multiplexed with the temperature  monitor f requency,  were  recorded on

magnetic tape. A counter and printer were in addit ion recording the

data in real time. Both records are  continuousl y correlated with time

• in one second intervals. The altitude versus time information was

obtained from a radar  t racking station.

19
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In summary, the fli ght was successful and good data were
obtained from about 65 km to 24 km and again from 20 km to 1. 5 km.

During the upper portion of the descent the temperature of the GM tubes
remained fairly constant (+ 25°C to + 30°C) and therefore  the t emp era-

ture effect on the count rate is negli g ible.

2. 4. 2 Density Results

The telemetered pulses were accumulated into t 5 second
m

intervals, and the procedure described in Section 2. 3 was followed.

The fli ght took place 16 days after the calibration, which leads to

k = 1. 152 x l0
5(k g/m 3)/ cp s (2. 20)

• from (2. 10) and (2. 11) . Result s a re  shown in Figs. 2 . 7  and 2 .8 , along
with the calculated statistical uncertainties from Eq. (2. 19) . Also
shown for comparison is the mid-latitude Spring/Fall model atmos-

phere (Ref. 2. 1). Agreement between the data and the model is ex-
trem ely good; such agreement would certainly not occur in all cases.
It is, nevertheless, very encouraging to obtain such agreem ent in at

least one instance.

Useful count rate data were also obtained from about 20 km down-

ward , in the very non-linear reg ion of the density calibration curve.

(See Ref. 1.1, for example. ) A portion of the data are missing in the

20-25 km region as a result of TM dropout . It is our intent to reduce

the available low altitude data also , and to develop a method of pro-

viding an analytical least-squares fit to the observed results fo rp (h).
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3. UV SPECTROPHOTOMETER

3. 1 Modifications for Flight on Stratcom VI-A Balloon

A detailed description of the basic UV Spectrophotometer (UV S)

is given in Ref . 1. 7. To fl y the  UVS on a balloon for  a prolonged per-

iod of time required several desi gn changes to the basic instrum ent .

They include increased thermal insulation , selection of the fi l ter wheel

sample rate by ground command, and the mount ing conf iguration.

The basic instrument is equipped wit h an internal ON/OFF

temperature control maintaining all component s at a constant

+ 20°C. Power requirement for this control is 50W at 28V , when on.

Due to power restrictions on this fl i ght the  heater control had to be

disconnected, subj ecting the instrum ent to the temperature extremes

of the tropopause and mid-stratosphere.  To maintain a reasonable

thermal isolation between the  an-ib ient environment and the  insid e of

the instrument the basic tJVS was placed in an insulated cy lindrical

container. The overall dimensions of this cylinder are  15 in. by 12 in.

diameter allowing for 3 in. of polyet hylene insulation all around the

instrument. Figure 3. 1 shows an outline drawing of the instrument

package. To minimize the effect of heat radiation at float altitude, the

outside was painted with a high reflectivity/ lcw emissivity vinyl epoxy

paint . In order to maintain low outgas sing properties of this package

It was pressure s ealed wit h 0- rings.

The instrument package was mounted on a sun-seeking platform

with its centerline at 45° from the vertical. Since the half angle of the

optics of the UVS is 75°, light reflection from the balloon had to be

obscured with an optically black shield.

The basic instrument has a fixed sample rate of the filter wheel
of one sample per second, completing one spectrum scan In a total of

• 12 sec. Althoug h this is desirable during ascent and descent of the pay-
load, It is unnecessarily fa st during long periods at relatively constantn

23
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altitude. Therefore the design was modified to include a sampl e rate

of one sample every 10 seconds,  completing one scan in 120 seconds.
Selection of the appropriate sample rate is effected by a simple contact

closure, external to the instrument . On this balloon flig ht the samp le
rat e was selected by ground command via the telemetry up-link.
3. 2 Calibration

The calibration procedure has been described in Refs.  1. 7 and

3. 1. The response of the UVS to a calibrated Standard of Spectral

Irradianc e (SSI)* is measured and corrected for the difference in solar

spectral shape. The result is a calibration constant in A/ ( W/ ( cm2 -nm))

for each f i l ter  set. The UVS was calibrated before and after the balloon

fli ght with the internal temp erature monitor at 25° to 30°C. Most filter

sets showed only a few percent variation between the two calibrations.

The average calibration is listed in Tabl e 3. 1 , and this was used for

• the data reduction. Also  l i s t e d a r e t h e  sing le filter bandwidths and the

number of fi l ters used in each set . The 393 and 363 nm f i l ters  a re

bot h used with neutral density 4 filter.

During the balloon fli ght the UVS cooled si gnificantly during the

nights, and operated with internal temperatures as low as -40°C. The

UVS operated properly under these conditions , but the calibration valid - 4
ity was suspect at the lowest temperatures.  Consequently the  UVS was

calibrated after the flight at several temperatures b etween -40°C and

+ 30°C. Small corrections to the 25 to 30°C calibrations are required

at the lower temperatures, and these were  made during data analysis.

The ssi is calibrated over the range 250 nm to 2500 fin. For

calibration of the 220 run (3 x 214. 0 nm f i l ters)  set the SSI spectrum

below 250 nm was calculat ed from a 3l00°K blackbod y spectrum nor-

malized to the 250 nm calibration intens ity. This extrapolat ed spectrum

*A 200W tungsten - iodIne quartz envelope lamp calibrated by EO&G Inc. ,
Electro Optics Division , Salem , Mass. The calibratio n is traceable to
the National Bur eau of Standards.
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Table 3. 1

UVS Calibration Sensitivities
for the Stratcom VI-A Balloon Flight

Single 
Solar CalibrationFilter set filter Number .

wavelength bandwidth of filters Sensitivity

(n.m) (tim ) used (A/(W/(crn 2 -nrn)))

393. 0 26. 4 1 3. 324xl0~~
363. 0 28. 0 1 1. 947x1 0 3

329. 2 2. 2 2 9. 802x10~~
319. 3 2. 0 2 2. 337x10 2

310. 3 1. 8 2 2. 485x lO~
2

305. 3 2. 0 2 3. 871x1 0 2

297. 8 3. 0 2 7. 535x1 0 2

290. 7 2 . 4  2 l .673x1 0 4

287. 3 1. 8 2 2. 984x1 0 2

220. * 28. 0 3 3. 508

*At high altitudes the average wavelength detected by the set
of three 214.0 tim filters is 220 nm.
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yields a calibration for the 220 nm filter set which is accurate to about
50%. To improve the 220 tim calibration accuracy the SSI relat ive spec -

¶ trum was measured using the calibrated UV photomtiltiplier from the
UVS and several broadband f i l ters .  This effectivel y t r ans fe r s  the IJV
photomultiplier calibration, which ext ends below 200 nm , to the SSL
Usin g this method the SSI intensity at 220 nm was found to be within
10% of the extrapolated blackbody spectrum. The 220 nm calibration
is thus improved to about 20% absolute error. The error in the other

filter calibrations are less than 10%.

3. 3 Flight Results

3. 3. 1 Operational Analysis

The scientific payload with the UVS on board was launched on
September 24 from Holloman AFB near  midnight, MDT , or 0600 UT.
The balloon reached its float altitud e (126- 128 kft ) at 0315 MDT and

- • remained at that altitude for 10 hours,  then slowly descended to approxi-
mately 100 k.ft at 1900 MDT . During this period UV data were obtained
from sunrise to sun s et wit h a filter sampling rat e of 1/ sec for most of

the day. The instrument was turned  on continuously at sunrise and
sunset but was on an intermittent schedul e of 3 rnin. ON every 30 m m .
during the day. Because of thermal problems with the drive mechanism

for the sun-seekin g platform the UV S was not pointed at the sun at all
times and therefore valid data were only obtained sporadically during 

-

the sunrise hours. A detailed evaluation of this data is given in the

next section.

During the night the payload reached a minimum of —p 90 kit and
the UVS was turned on periodically in an att empt to keep the inside t em-

peratur e at reasonable lev els. The computer model study made at
• Sandia Laboratories of the internal temperature conditions versus tim e

indicated a minimum temperature of -5°C. According to our on board

monitor, with a range of +50  to -5°C, this objective was not achieved,

27



since the monitor saturated at -5°C sometime after reaching -.90 kIt

that night . The low interval temperature is no problem during the

night , since the UVS is not operational during this period anyway.

However,  the low t emperature did require gain corrections on the

next day, September 25 , and all throug h the final parachute descent.
Fortunately for this experiment , the multiplexed monitor out-

put exhibits a t emperature coefficient  of its cycle t ime, which in no

way influences the data , but which could later be used during a post
calibration. This calibration was performed by placing the instrument
in a cold chamber and apply ing a calibrated light source to stimulat e
the UV detector. In this way a correlation was obtained between cycle
time and detector response at various chamber temperatures. Thus ,
a correction factor for the detector response versus cycle time resulted,
which was then applied to the fli ght data. The largest correction factor
encountered is -2. 5% and occurs at sunrise on September 25. At approx-
imately 10: 00 MDT of the same day the payload was cut down and began
its parachut e descent. From sunris e to just before cut-down the filter
sample rat e was 0. 1/ sec and the instrument was turned on periodically.
Prior to cut-down a ground command was sent which turned the instru-
m ent continuously ON and selected a f i l ter  sampl e rate of 1/sec. The
flight was terminated at —p 0439 MDT. As during th~ previous day the
sun-seeking platform was inoperative for periods of tim e restricting
the data gathering capability of the UVS. This problem wit h the plat-
form is more serious during descent where data gaps occur over large
altitude ranges due to the relatively fast descent rate. The fli ght data

is discussed and tabulated in the next s ections.

To summarize, good UV data were  obtained on the balloon flight
of E eptember 24 and 25 at altitudes of up to 130 kft and durin g the para-
chut e descent. Due to thermal probl ems with the sun-seeking platform,
data gaps occur red during float as well as during th e portio n of parachu te
descent that occurred immediately after balloon cut-down.
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3. 3. 2 Data Reduction Procedure

The basic data reduction procedure for the UVS has been des -

• cribed in Ref s. 1.7 , 3.1, and 3.2. For altitudes above about 20 km the

effects of Rayleigh scat ter ing becom e quite small, and so the anal ysis

procedure is simplified. How ever, the large temperature variations

experienced by the TJVS on the Stratcom VI-A flight require additional

corrections to the data because of voltage level and calibration shifts.

The UVS data for a complet e cycle consists of 10 UV f i l te r  m ea-

surem ent s for the wavel engths listed in Table 3.1, a dark current mea-

surement , and two calibration point s f rom the set ( 1 , 2 ) ,  (3 ,4), (5 , CALB),

and (CALA , 0). The values 0, - - - , 5 are nominal voltage calibrations to

correct for any shifts that might be introduced in si gnal transmiss ion and

processing, while CALA and CALB are  light calibration point s to monitor

the photomultiplier-log amplifier  gain.

The UV data are obtained f rom a strip chart recording or print-

out of the digitized data , and are  normalized to the 0, - - - , 5 volt levels

taken as equal to their nominal values. The data a re  corrected to 20°C

values by

V = V x f  (T) - ~ V (T) ( 3 . 1)corr floin corr corr

where f (T)  varies from 0. 99 at 30°C to 0. 975 at about -40°C, andcorr

~V (T) is 0. 00 at 20°C with -40°C values as given below:corr

~V (-40°C )item corr

CA LA ,CALB +0 .1 10
393, 363 ni-n +0. 057
other X’ s +0. 017

The values for f (T)  and AW (T) are obtained from the post-flights
corr corr

calibration dat a which were taken at several Instrum ent temperatures.
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The measured fluxes are  given by

F
~~

( X )  = 
~~~~~~ ~~~~~~~~~~~~~~~ 

x)cos 8
sd~ 

- 8e~~~ 
(3. 2)

with

V ~x )  -10
im ( X )  10 cor 

(3. 3)

is (3. 3) with the dark current voltage, S (X) is the calibration constant

from Table 3. 1 , R(e
d
) is the diffuser  rela*ive angular response, and

8
d 
is the sun line-diffuser normal angle. The leakage flux correction is

B ( A )  B ( X ) F  ( 36 3 nrn)R(~ A )/R(e 363) (3.4)e b in sd, sd ,

where B
b
(A) is calculated from the measured filter transmission curves

(see Ref. 1.7 for additional details). B
b
(393) and B

b
(363) are 0. 0. Values

for 0 were calculated from the balloon location, as obtained f rom track-sd
ing radar data, and sun location data from Ref. 3. 3.

A final correction is made by

-

F ( A )  = F ( A )  ~ 10 cal ( 3 . 5 )corr m

where

AV = V (CAL) - V (CAL) (3. 6)cal corr o

with V (CAL) the average of CALA and CALB from (3. 1) , andcorr

V (CAL ) the average from the calibration data. The correction (3. 5)
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accounts for shifts in PM and log-amplifier gains. The results (3. 5)

are accurat e to about 10% when the l eakage flux B (A) in (3. 2) is less

than 25% of F (A).
in

The 220 nm measurements at high solar zenith angles r equired

an additional correction, with

F (220)  F (220) x F (3. 7)corr in tin

where

F = 2
tm F (393) F (363)

corr 
+ 

corr
F (393) F (363)

0 0

The correction (3. 7) normalizes the 220 nm flux to the average 363-393

nm fluxes, since F (A ) is the unattenuat ed solar flux at A at 1 AU. Since

the ear th-sun distance during the Stratcom VI-A fli ght was 1. 003 AU, all

solar fluxes are  essentially thos e at 1 AU,  except as attenuated by ozone

and oxy g en. The final , corrected value for  the fl ux at 220 tim is accurate
to 20% when B (X ) in (3. 2) is not a large correction (< 25%).

For some wavelengths the residual ozone above the balloon can

be calculated from

t0
(A ) = 

~L
(~~ ) 

{ F
~~~} 

(3. 9)

The result  (3. 9) is most accurat e for values of the bracket betw een about

0. 3 and 0. 05.

r
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3. 3. 3 Data

Strat com V 1-A was launched durin g the ni ght of Sept . 2 3-24 ,
1975, and was at float altitude of 127 kIt by 0400 MDT (= 1000 GMT) .
Radar contact was lost between 0545 MDT and 1100 MDT (1145 to
1700 GMT), during the f i rs t  sunrise .  The balloon was at 127 kIt near
34°N latitude, 107 °W long itude, from about 0400 MDT to 0545 MDT ,
and at 128 kit near 34°N latitude, 107 °W long itude, from 1100 MDT
to 1130 MDT, when the slow descent began. It thus seems quite likely
that during the first sunris e the balloon was at 127. 5 kIt near 34°N ,
l 07°W, and the  UVS data have been anal yz ed using this balloon loca-
tion. For all other times the radar tracking data have been us ed for
the balloon location . 

-

The UVS data can be conveniently separated into four groups:
sunrise on Sept. 24; sunset on Sept. 24-25; sunrise on Sept. 25; and
parachute descent after cut-down on Sept. 25. The sunset data span
two days in GMT and hence are  listed as Sept . 24 -25 . All times listed
with the UV data are  in GMT (hours-minutes).  Although the UVS was
mount ed on a rotating platform with a sun sensor, it generally took
i-fore than an hour after sunrise for the mechanism to warm up ~~ i t f ~~

ficientl y for  proper operation , and so the sun r i se  UV data are limited
to chance payload rotations which pointed the UVSat  the sun.

The tJVS solar flux data for the four periods listed above are  given
in Tables 3. 2 to 3. 5. Fluxes were  calculated as described in the preceed-
ing section . All 220 tim fluxes have been normaliz ed to the 39 3 and 363 nm
measurements, except where no corresponding measurements are avail-
able. The fluxes are for an area perpendicular to the sun-earth line,
and do not include any backacattered light from the lower atmosphere
and the earth’ s surface. The sun-ear th  distance for  5~ept. 24-2 5 is
1. 003 AU , so solar UV fluxes not attenuated by ozone or oxygen are
effectively normalized to 1 AU. The uncertainty in the f1ux~ s is f 10%,
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except for the 220 nm flux which is +20 % . Numbers in parentheses

have larger uncertainties because of large corrections for  l eakage flux

at longer wavelengths.  Blanks in the  tables indicate either fluxes too

weak to measure  with the  UVS , or that pay load rotation did not g ive a

sun view for that particular fi l ter set.

Plot s of solar flux vs. solar zenit h ang le for some of the sunset

data of 24-25 Sept . , from Table 3. 3 , a re  g iven in Fig. 3. 2. Sinc e the

balloon was descending f rom 125 to 98 kIt, th e increasing att enuation

with solar z enith ang le is greater than if the balloon were  at a constant

altitude. Comparison of the data in Tables 3. 2 and 3. 3 show greater

attenuation for the lower altitude sunset data, when compared at about

equal solar zenith ang les (compare also wit h the data in Tabl e 3. 4).

The 320 to 300 nm reg ion also show a modified “umkehr ” effect for

solar zenith angles greater  than 900
, where the ratio of solar fluxes

(e. g. J(305. 3)RT(393)) first decreases with increasing zenith angle, and
then flattens and increases slightly beyond 90°.

Some of the parachute descent data of Table 3. 5 are plotted in

Fig. 3. 3. Here the attenuation is due primari ly to the increasing ozone

abov e the LJVS as it descends through the ozone layer. The data below

about 60 kIt have more than a 10% uncertainty, since Rayleigh scatt ering

becomes increasingly important at low altitudes. The 305. 3 nm data

show that the ozone layer lies mostly b etween 70 and 110 kIt .

The hi gh altitude data can be us ed to obtain an absolut e value

for the solar flux at 220 nm. This is done by plotting the measured

int ensities against the attenuation path length on a semiog plot and

extrapolatin g to zero path length. The attenuation pathli’ngth should
be proportional to the local atmosphe ric pressure divided by t he cosine

of the solar zenith ang le, provided that the oxyg en/ozone ratio remains

constant. Appropriate portions of the 24 Sept. sunrise, and 24-25 Sept.

sunset data are plotted in Fig. 3. 4 , alon g wit h the best fit lines for dat a
.~1
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Fig. 3. 4 Plot of Measured Solar Flux at 220 rim vs. Attenuation
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- with P/cos0 less than 20 mb. The pressures were taken from thesun

mid-latitude Spring-Fall model of Ref. 2. 1. The 24 Sept. sunr2s e data

have a nearly constant oxygen/ozone ratio , while the 24-25 Sept. sun set

dat a has this ratio decreasing as the balloon descends. This accounts

for the different slopes in Fig. 3. 4. The zero pressure  intercept is

3. 93 x 10 6W/ ( c m 2 - nm),  to 0. 5% for both lines. The unattenuated

solar flux at 220 nm (averaged over +5 nm , effectively), is thus mea-

sured to be 3. 93 x lO 6W/ ( c m 2 
- nm)+2 0% at 1 A U  on 24-25 Sept . 1975.

The solar flux at 220 nm has been measured by a number of

other groups over the past several years.  Variations in the measure-

ments are  frequently larger than the quoted errors.  The 220 nm flux

given above is low compared to other recent measurements.  Satellite

data on solar UV show that variability increases as the wavelengt h de-
creases (Ref. 1. 12). To check the variabil ity of the solar 220 nm flux ,

the measurements of a number of groups have been compared with sun-
spot number , a measure of solar activity. In Ref. 3. 4 the Zur ich sun-
spot numbers Rz for 24-25 Sept. 1975 are given as 0. Solar flux mnea-

surement s in Ref. 3. 5 a re  an average for 16 May 1973 and 23 Sept . 1972,

for which Rz is 33 and 65. Graphical result s indicat e that the flux at

220 nm was about 10% different on these two dates, so the average has
been raised and lowered by 5% to g ive effective fluxes for thos e two

dates. Ref . 3. 6 gives an average flux measurement for data from

10 May 1968 , 19 April 1969, and 3 Oct. 1969, for which Rz is 117, 128,

and 99. The data in Ref. 3. 6 are difficult to separate according to date,
so the average flux at 220 nm has been us ed with the average Rz.
Measurements in Ref . 3. 7 are  for 15 June 1970 , when Rz was 168. The
measured fluxes and sunspot numbers are listed in Table 3. 6 , and

plotted in Fig. 3. 5.
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Table 3. 6

Solar Flux at 220 nm vs. Zurich Sunspot Number

Solar Flux Zurich
at 220 ni~i ( + 5  nm) Sunspot Dat e of Data source
(W/ (cm - nrn ))_ Number Measurement and comments

3. 93x1 0 6 0 24-25 Sept . 1975 Present results

4. 39x1 0 6 33 16 May 197 3 ~ ~ Ref. 3. 5 - average

4. 91x10 6 65 23 Sept. 1972 fl separated (see text)
9. 16x1 0 6 115 10 May 1968, Ref. 3.6 - average

19 Apr 1969, Rz for 3 dates
3 Oct. 1969

5. 78x1 0
6 

168 15 Jun e 1970 Ref. 3. 7

The data in Fig. 3. 5 show a general rise in the 220 nm solar
flux with increasing Rz. A possibl e peaking may exist near Rz = 100 ,

but the data a re  too few to show this wit h certainty. The Rz values in

Fig. 3. 5 are the dail y averages,  but for the 220 nm reg ion it may be

better to use Rz averaged over a solar rotation. The data in Ref . 1. 12

show that below 200 nm the solar UV flux varies signif icant ly in a solar

rot ation , while at longer wavelengths the variations are more long-term.

Thus the 27-day-averaged Rz may be a better index of solar UV van-

ability for wavel engths greater than 200 nm.

Future measurements of the 220 nm flux , particularly during

the coming several years as the sunspot cycle goes from minimum to

maximum, will produc e data of considerable interest by fixing more

precis ely the variabilit y of the solar flux in this region. The variation

of solar flux with altitude measured under this program will make It

possibl e to check radiation transport model predictions. Finally, the

calculation of UV flux at any altitude and point in the solar cycle can

( then be made wit h confidence and reasonably well known limits on the

accuracy.

43 

~~~~~~~~~~~~~~ 



I .

4. CONCLUSIONS AND RECOMMEND A TIONS
4. 1 Low-background Betasonde

The parachut e descent of the Low-backgroun d Betasonde after
release from the Arcas  rocket y ielded good air density data from 65 km
to below 5 km. The Betasonde operated prop erly during the entire des-
cent , with only a portion of the 20-24 km dat a being lost because of TM
dropout . We believe that for  the Betasonde, consideration shoul d be
given to el iminating  the  transmitter  and recording the data on-board
for later analysis. Solid-state data recording and readout techniques
are now available that make such a development possible. In order to
do this it would be necessary  to count the pulses on-board in one sec-
ond intervals, thus forming a 12-bit word each second, and recording
-2000 such words for a half-hour fli ght. The solid-stat e memory could
then be removed and read shortly after the flight and, ult imately, a
density profile could be printed out almost immediately. Such a devel -
opm ent would completely eliminate the necessity for  t racking the pay-
load with TM receivers and would, therefore, also eliminate the possi-

bility of data 1os~ such as that which occurred on this flig ht. It should
be noted that such a recorder could also be used with analog sensors ,
such as thermistors,  by the addition of an analog-digital converter.

The data above 30 km have been reduced to air density and agree
very well with the mid-lat itude Spring/Fall model atmosphere. The
data below 30 km require more elaborat e analysis to y ield air density ,
and will be reduced in the future. M ethods for least-square fitting the
air density data will also be developed.

The rather good agreement with the mid-latitude Spring/Fall
model is partly for tuitous, since there are model variations with both
latitude and season. The 45°N July model, e. g . ,  has a den sity at 60 kin
which is 20% greater than the mid-latitude (300 .600) Spring/Fall model
(Ref . a. 1). Since the shift from the July to the Spring/Fall model ii
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gradual~ there can at times be a substantial uncertainty as to which
model , or interpolation between models, is most appropriate. This

uncertainty is hei ghtened by phase shift  uncertainty in the seasons

(an early spring or a lat e fall, e.g . ), and amplitude uncertainty (a warm

(cold) summer(winter) ,  e. g. ). Events such as sudden stratosp heric

warmings can produce more uncertainty as to the most appropriat e

density model to us e. For event s requiring a precise knowledge of

the upper atmosphere density, it is thus best to make an in-situ mea-

surement , such as with the Betasonde, at a t ime close to that when

the density information is required.

Additional fli g hts of the Low -background Betasonde are  desir-

able to help define bette r the variabilit y in the upper atmosphere density.

Under sponsorship of the A rmy Res earch Offic e a model of the Betasonde,

desi gnated Betasonde II , is being developed by Panametrics, Inc. This

sonde will use semiconductor detectors and improved radioactive sources,

thus allowing its use to even higher altitudes without cosmic-ray back-

ground limitations. Fabrication of the improved sonde itself will not

take place for about two years. However, the Low-background B eta-

sonde has now been proven and w ill be available for use in the interim

period to altitudes of at least 65-70 km. If possible, several fli ghts

during periods of rapidly chang ing upper atmosphere conditions can
provide useful dat a on the rat e at which density can change. A long

series of Betasonde density measurements can help better define the
expected density uncertainty where  a given model atmosphere is used.

The conclusions relating to the Low-background Betasonde fli ght
can be summarized as:

i) The Betasonde operated properly during the entire parachute
flight, from 65 km to below 5 km. The only data loss was
from some TM dropout at 20-24 km.
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ii) The reduc ed data above 30 km agree  quit e well with the

mid-lat itude Spring/Fall  model atmosphere.

iii) The suitability of the Betasonde for making upper atmos-

phere air density measurements has been well demonstrated.

In accord with the above discussion , the following recommendations

are made:

i) A program of Low-background Betasonde fli ghts should be

continued to provide data on the accuracy of atmosphere

model s and the expected variations.

ii) A number of B etasonde fli ght series should be made during

periods of- rapid upper atmosphere density changes to m ea-

sure the rat e at which air densities can change under extreme

conditions.

iii) Development of an on-board solid-si-ate recorder should be

carried out in order to eliminate the need for  TM , improve

the data recover probability ,  and considerably decrease

the complexity of the overall determination of a density

profile.

4. 2 UV Spectrophotometer

The UV spectrop hotometer operated successfully on the Stratcom

VI-A balloon flight, and returned much good data on stratospheric solar

UV fluxes. The dependence of the solar tJV fluxes on solar zenith angle

at 30-40 km was measured,  and the vertical profile to below 20 km was

measured during the parachute descent. One of the few reliable mea-

surements of solar UV in the important high altitude 220 nm atmospheric
-6 2window was made, giving a solar flux of 3. 93x1 0 W/ ( cm  -nm) (a t  220 nm)

at 1 AU during solar minimum (Rz 0). Comparison with other measure-

ments shows a trend of increasing solar flux at 220 nm with increasing
solar activity (Rz - sunspot number).

.

,
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The UVS gave a considerabl e amount of data on solar UV flux

vs. zenith angle for the Sept. 24-25 sunset period. The two sunr ise

dat a set s are  more sparse  because of the warm-up requirement for

the solar pointing mechan ism.  It is planned to eliminate this  problem

on fu ture  balloon fli ghts by using a conical d i f fuser  (see Ref. 1. 7) and

mounting the  UVS in a vert ical  position. This eliminates the require-

ment for solar pointing, and thus any problems associated with the

pointing mechanism.

During portions of the fli ght the UVS temperature was cons ider-

ably lower than had been predicted by theoretical models. Althcug h the

UVS continued to operate properly, it was necessary  to include small

temperature-induced gain shifts into the data reduction procedure to

obtain maximum accuracy. It would be desirable to use the UVS in-

ternal heaters to avoid this probl em i-f sufficient power were  available

on future fli ghts.

Since the UVS operated quit e satisfactorily and returned a con-

siderable amount of good data, it is recommended that the instrum ent

be flown as frequently as possible over the next several years.  Such

future balloon fli ghts would use the UVS wit h a conical dif fuser  to im-

prove data acquisition during sunr is t’ and parachut e descent . Mea-

surements over the 280-400 nm region would be used to monit -r the

high altitude part of the ozone layer, and provide flux measurements

necessary  for  photochemical calculations. Measurements in the

220 nm atmospheric window would provide important data on the mag —

nitude of solar UV variability in this very important wavelength reg ion.

220 nm solar flux measurements during the rise to solar maximum

would help determine if this solar flux dep ends only on the instantaneous

(daily) Rz or the 27 day solar rotation average of Rz , and possibly solar

flare influences. The measured altitude dependence would be particularly
- 

~
—--- useful in checking model calculations of UV flux transport in the atmosphere.

~~~~
gj
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-‘ ‘~ Considering the importance of the 220 rim flux to high altitude photo-

chemistry, such measurements are  of considerable si gnificance.

The conclusions per ta ining to the UVS fli ght on Stratcom VI-A

can be summarized as follows:

i) The UVS operated properly during the entire fli ght.

ii) Much sunset data were obtained , but sunrise data were less

complet e becaus e of a warm-up  requirem ent for the sun

pointing mechanism.

iii) An absolut e measurement of the solar 220 nm flux was

obtained. This is in agreement wit h other measurements,

and all together suggest some solar variability at this

wavel ength.

iv) Vertical UV flux profiles were obtained during the para-

chute descent, although a significant portion of the data

4 
- were  lost due to instability of the pointing platform at

hig h altitudes during parachut e descent.

In accord with the above discuss ion,  the following recommendations

are made:

i) On futur e flights the UVS should be flown with a conical

dif fuser  and pointed vertical, to eliminate data loss from

the warm-up requirement of the solar pointing mechanism.

The internal heaters should be used, if possible. in order

to minimize temperature-induced gain shifts.

ii) The UVS should be flown as frequently as possible during

the pres ent rise to solar cycle maximum. This would allow

measurement of:

a) 280-400 nm solar fluxes and possible solar cycle re-

lat ed changes in the high alt itude part of the ozone layer.

b) 220 ~‘m fluxes to determine more precisely the variation

with solar activity and altitude of this important wave-

length region.
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