-

- AD=A052 821

UNCLASSIFIED

CALIFORNIA UNIV SAN DIEGO LA JOLLA DEPT OF APPLIED P==-ETC F/6 4/1

THE MEASUREMENT OF ELECTRICAL CONDUCTIVITY IN THE STRATOSPHERE.(U)

FEB 78 P R WILLIAMSON DAHCD“-?S—G-DISS
ARO=12911.1=GS

END

DATE

FILMED
5 - 78




A0 12911 1-&S

=
N THE MEASUREMENT OF ELECTRICAL CONDUCTIVITY IN THE STRATOSPHERE
Q0
m Final Report
15: P. Roger Williamson
, Q§;>
Q
<

March 6, 1978

U.S. Army Research Office

Grant Number DAHC04-75-G-0155

*Dept. of Applied Physics and Information Science
University of California at San Diego
San Diego, California 92093

Approved for Public Release;
Distribution Unlimited.

*Now at the
Center for Research in Aeronomy, UMC 41
Utah State University
Logan, Utah 84322




ified
" SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE . BEFORE COMPLETING FORM ‘
T. ."o.i NUU'E. lz. S0VT ACCESSION NOJ 3. NPIENT'S CATALOG NUMBER

4. TITLE (and Mllllo‘

The Measurement of Electrical Conductivity in
the Stratosphere ¢

7. AUTHOR(®) : BER(s)
P. _ibgexfyillianson ] /é DAH(¢4-75'-G- 5540
- -
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PR ROJECT, TASK
A & WORK UNIT NUMBERS

Department of Applied Physics and Infosrmatlon Science *"¢
University of California, San Diego
San Diego, California 92093

II.IJCSONTIOLLING Offléﬁ Nokgfﬁi:;eb ADI:.)RESS :// ! 3?.’12.FRE a78 J

P.O. Box 12211 Research Triangle Park o ————— ——————
North Carolina, 27709 5

T&. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 1S. SECURITY CLASS. (of thie report)

Unclassified

1Sa. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE ]

16. DISTRIBUTION STATEMENT (of this Report)

Approved For Public Release; Distribution Unlimited

9 HR

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, 1 dllloronl from Report)

(77)22924-2-E5|

18. SUPPLEMENTARY NOTFS<
The findings in this report are not to be construed as an official

Department of the Army pos:.ta.on, unless so designated by other authorized
documents.

19. KEY WORDS (Continue on reverse side If necessary and identify by dblock number)

Ionization, Stratosphere, Atmospheric Ions, Mass Spectrametry, Conductivity
Turbulence, Cosmic Ray.

galactic cosmic ray ionization rate in the stratosphere have
been used to develop a global model. Above 25 km an analytic form for the
height dependence of ionization was found. In the second part of this work, ion
conductivity was measured near the sampling aperature of a balloon-borne ion

20. ABSTRACT (Continue on reverse side If necessary and Identify by block number)
ﬂmasuranen of the

near the aperdture at all times during both flights but that a large variation
could scmetini®s occur in the probe current. On the second flight a turbulence

layer was observed near 80,000 ft. altimde.ﬁ

mass spa:trar?r Data fram two flights demonstrated that ionization was present

DD ,%5n'ys 1473  EoiTion oF 1 NOV 6818 OBSOLETE Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

LI A

{
!
|



THE FINDINGS IN THIS REPORT ARE NOT TO BE
CONSTRUED AS AN OFFICIAL DEPARTMENT OF
THE ARMY POSITION, UNLESS SO DESIGNATED
BY OTHER AUTHORIZED DOCUMENTS.




Problems

e S e —

The problems studied under this grant were divided into two main
parts both related to the measurement of electrical conductivity in the
stratosphere as described in our original proposal. The ARO has sup-

f » ported work at the University of Denver in the development and flight of
a balloon-borne ion mass spectrometer. The sampling of ions in the
stratosphere is a difficult problem with very Tittle known about the
processes which are important in sampling ions in situ from a balloon-
borne platform. We discussed these problems in our proposal and in an
in-house technical report while at the—University of Denver. The in
situ sampling problem which we studied in this grant was related to the

presence of ionization at the sampling aperature of the ion mass spec-

trometer. The sampling duty cycle of the ion mass spectrometer is very
low and some means is needed to establish the nature of the ionization

which is being sampled in view of the widely varying and unknown char-

acter of the ionization at the sampling aperature.

The ion mass spectrometer measurements of the ijon composition in

the stratosphere will, of course, be compared to the ion chemistry model.
The total ion density depends upon the ionization rate, Q, which must be

included in the model and should be measured during flight operations.

;' Although Q can be measured with an fonization chamber during flight and
the measured value used in the model calculations for comparison of the
jon model to flight data, it is desirable to be able to predict the Q

value before a flight and also to provide an alternative means of deter-

mining Q if the jon chamber should fail as did in fact happen on several

flights. Additionally, we have known for some time that an ordering of




the stratosphere ionization measurements appeared possible and might
provide a global model at all altitudes which would be of interest not
only in support of in situ ion measurements but as an input to ion
chemistry modeling and as a means of calculating the global production

rate for NO as a result of the fonization of N, (Nicolet, 1975).

Results \

Significant results were obtained in both portions of this study
with the problems statéd above satisfactorily resolved.

A conductivity probe, which measures the conductivity of air and is
sensitive to turbulence as well as fon density and mobility, was con-
structed and integrated into the DU/BRL ion mass spectrometer. Ions
were observed during the last two balloon flights and the conductivity
probe worked well throughout both missions.

The first flight was designated as engineering development and a

.relatively short load line was used so that the payload was close to the

balloon. We expected that air motion at the position of the ion mass
spectrometer entrance aperature would be relatively small since wind
shear would not contribute a large relative wind component as a result
of the short distance between the balloon and the gondola. Indeed, the
conductivity probe data demonstrated that (1) ions were present near the
ion mass spectrometer entrance aperature throughout the flight with only
moderate variations in the conductivity observed, and (2) turbulence and
relative wind were small or negligible Lhroughout the flight. During
some portions of the flight the ion conductivity probe current varied by

only a few percent at most for several minutes indicating an ideal




sampling environment with no perturbing effects from turbulence or other
possible sources. At other times the conductivity probe current was
observed to decrease by as much as 50% with relatively sudden excursions
which were not always correlated with sampling operations.

The next and last flight was made with a long load line. The
gondola was several hundred meters below the balloon so that the air
mass near the ion mass spectrometer was undisturbed by the presence of
the balloon. In addition, a large relative wind was expected at the
gondola position as compared to the previous flight, since the balloon
moves in an air mass substantially removed from the gondola. The con-
ductivity probe current measurements were not entirely as expected but
not really too surprising. In contrast to the previous flight with a
short load line, in this flight the conductivity probe current never in-
dicated a steady, undisturbed period. The current was steadily varying
throughout the flight even during the descent phase where the horizontal
component of the relative wind might have been thought to be relatively
unimportant.

The exact mechanism which produced these current variations is not
known. Relative air motion or real conductivity variations could pro-
duce these changes. In addition, the importance of relative air motion
to the problem of sampling through an orifice is not known. However, we
have established that the nature of the air mass at the sampling entrance
aperature was substantially disturbed throughout the mission in which a
long load 1ine was utilized.

Another interesting result of the second flight was the observation

of a turbulence layer at 80,000 feet during the valved descent before
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termination of the flight. For a few minutes as the balloon-borne

payload passed through the turbulence layer, the character of the con-
ductivity probe current changed and exhibited relatively rapid vari-
ations as compared to previous portions of the flight and to the data
obtained below this layer. Here again the conductivity probe, which
operated continuously throughout the flight supplying real time data,
indicated the nature of the air mass being sampled by the ion mass

spectrometer.

Publications and Technical Reports

A paper entitled "An analytic model for the galactic cosmic ray
ionization rate above 25 km" was presented at the AGU meeting in Wash-
ington, D.C. on April 15, 1976. Material contained in this paper formed
the basis for the more extensive model which we have developed and this
work will be submitted to the Journal of Geophysical Research Blue
Section.

The conductivity probe study will be reported in the Journal of
Geophysical Research Green Section and will discuss the observational

differences between the two balloon flights.

Scientific Personnel

Dr. Williamson was the only scientific person supported under this

grant.
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