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Summary 

The Balloon Electrical Environment Profiling Systems (BEEPS), was envi- 

saged as a sensory system that could be utilized to obtain a vertical profile 

of the complete set of atmosphere electrical parameters: (1) vector electric 

fields, conduction currents, and conductivity. Other objectives were to use 

high-technology in the design and produce a small system that could be easily 

launched. All of these design objectives have been met. 

The experimental objectives utilizing the systems developed in the 

program were to obtain atmospheric electrical data in the arctic, where solar- 

activity perturbations to the upper atmosphere of an electrical nature are 

known to occur. This objective has likewise been met: two BEEPS were 

launched from the Naval Arctic Research Laboratory (NARL) at Point Barrow, 

Alaska. 

The scientific goal of finding an electrical coupling between solar acti- 

vity and tropospheric weather cannot be achieved with two balloon flights but 

this program has demonstrated the capability of the BEEPS for acquiring the 

necessary data to test electrical coupling mechanisms within the lower atmo- 

sphere. 
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Milestones 

March 1977: Received contract. 

March-September 1977: Planning and design specifications. 

Beginning September 1977: Prototype payload subassembly construction and 

testing (M. F. Stewart, engineer); sensor prototype construction and 

testing (A. J. Weinheimer, graduate student). 

November 1977: Meeting with Bob Enderson and Ken Tekrone of Raven Industries 

to discuss balloon design. 

November 1977: Initiation of negotiations with the Naval Arctic Research 

Laboratory regarding support for balloon operations. 

December 1977: Meeting with H. J. Christian (Co-Investigator) regarding 

program plans and progress. 

January  1978: Purchase order for two balloons completed. 

February 1978: MFS and AJW went to Raven Industries in Sioux Falls, S. D., to 

modify balloon gores prior to final assembly of balloons. 

Beginning March 1978: Construction and testing of two balloon payloads and 

two sets of balloon sensors. 
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May 1978: Shipped ballons, payload, and supporting equipment (shipped air 

freight) to NARL (5/22/78); personnel departed for NARL (5/23/78 and 

5/25/78). 

June 1978: Equipment arrived at NARL (6/3-4/78). Presented seminar on BEEPS 

at NARL (6/1/78). BEEPS-1 flight (6/8/78). Solar Magnetic Sector 

Boundary Crossing (SMSBC) (6/10/78). (BEEPS launches coordinated with 

NOAA prediction of SMSBC.) BEEPS-2 flight (6/12/78). Departed NARL 

(6/14/78). 

Beginning September 1978: BEEPS data analysis. 

October 1978: Seminar on BEEPS given at Rice University. Presentation on 

BEEPS at ONR-Arlington. 

December 1978: Preliminary results presented at Fall AGU meeting, two papers. 

January 1979: AAF and AJW attend workshops on the Role of the Electrodynamics 

of the Middle Atmosphere on Solar-Terrestrial Coupling. 

February 1979: Begin theoretical study for Marshall Space Flight Center on 

atmospheric electrical coupling. 

May 1979: A. J. Welnheimer's M.S. Thesis "Design and Preliminary Evaluation 

of a Balloon-Borne Instrument for Measuring Atmospheric Electric Pro- 

files" published. No-cost extension to 31 October 1979 given. 
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November 1979: Request for continued funds declined. 

June 1980: Letter to ONR regarding patentability of BEEPS conductivity 

sensor. 

July 1980: Letter from ONR Patent Counsel requesting additional information. 

September 1980: Letter to ONR Patent Counsel supplying additional infor- 

mation. 

October 1980: Letter from ONR Patent Counsel requesting additional informa- 

tion 

December 1980: Final Report — The question of patentability of the conduc- 

tivity sensor is still outstanding, but we decided to file the final 

report in order to "close the books" on this contract. 
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Conclusions 

The BEEPS performed as designed and clearly demonstrated the possibility 

of measuring vertical profiles of the atmospheric electrical paramet .» with 

small balloon systems. The only surprise element that we had not anticipated 

was the effect of turbulence around the balloon in the early part of the 

flight owing to the very rapid rise rate. This turbulence interferred with 

the conduction current measurement but not detrimentally with the electric 

field or conductivity. We detected a small change in the positive conducti- 

vity in the lower arctic stratosphere between the two BEEPS flights. (BEEPS-1 

did not reach its peak design altitude owing, we think, to a premature firing 

of the positive recovery system; however the data received was sufficient to 

see this lower stratospheric effect.) We have no way, with just two measure- 

ments, of determing if this observed difference is related to the solar magne- 

tic sector boundary crossing or some other natural occurence. 

We believe that the results prove that BEEPS can perform the task for 

which it was designed and that this system should be deployed as a part of a 

coordinated research effort utilizing high altitude ballons, satellites, 

radar, etc. to study the atmospheric electrical coupling problem from space 

down to the Earth's surface. 

The concept development, proof of concept, and fliqht testing of the 

BEEPS is completed. Our work will continue to see that the information 

generated in this first phase and that the theoretical investigations from the 

NASA-MSFC supported research is published. We believe it is now appropriate 

to plan for a next phase in the research area. 
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Appendix 

Contents: 

(1) Abstract of paper at 1978 Fall AGU meeting. 

(2) Abstract of paper at 1978 Fall AGU meeting. 

(3) Copy of news article from the December 16, 1978 issue of Science 

News. 

(4) Copy of M.S. thesis of A. J. Weinheimer (only in copy for ONR- 

Arlington). 

(5) Copy of Ph.D. thesis of  A. J. Weinheimer (only in copy for ONR- 

Arlington). 
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Meteorology 

with moör\  at «round 0.1  \m and ?.0 L* particle 
dlamrter.     The number concentration at  the upper 
•ad« H strongly variable In space and He*.    The 
effects en the aerosol size distribution and on 
the optical properties of the atmosphere of *HI- 
tvde (dlsunce from sources), cloud nucleatton, 
city pollution and power plant effluents are pre- 
sented and discussed. 

AIM&OL CHMACTCftlSTICS AT CEOAA KOUNIAIN.   UTAH 

•.  f.  Puoschol 
P.  A.  Alle«.   Itooth at:  CRX/HQAA.  loulder,  Co.  80)0]) 

Aerosols wore Measured at Cedar Mountain   (]9* 
II*   l.   HO*   )?'   W.   2JJ6 - MSI)   In fbppdrt of  a 
visibility Study.     In aitu measurements by air- 
craft  show thai    In  (he   lower   boundary   layer   the 
aerosol   tin distribution ha« «odes it  0.1   iw and 
1.0 u» wjihin  the diameter   ran«« 0.06 urn S 0 S   50.0 
urn.     Suoper11»e  analysis of   filter  deposits of 
aerosols by scanning electron olcroscopy and  k-rey 
energy dispersive   speccronetry  show»   that   the  two 
•odes correspond   to  two different   sita distribu- 
tions that  ar«  chemically and ahytlcatly dlsttnc* 
tlwe:     The aerosol   dominating  tha   lower  particle 
•ode consists of   spheres Mdt up ot  element» 
lighter   then  sodium;   The aerosol   dominating   the 
mode at   1.0 urn consists of  both spherical   and 
nonspnerical   perttcles of  alewents heavier   than 
sodium.     Sulfur   is   the abundant element,   followed 
ey silicon,   calcium,   aluminum.     Change*   In  the 
physic*!   and chemical   aerosol   characteristics 
mere not   strong, enough to explain changes   in visi- 
bilities  that were observed  between January and 
July.   19/7-     't   is concluded that  visibility  Is 
most  strongly effactod by  the  total   aerosol   con- 
centration which   Is determined by  «dvectlve and 
convmctive processes of  the atmosphere. 

rosst»!* trrECTS OP /jnutoroceMic SUXFUR 
SOLTCES  CM  THI  STIATOSPUEKIC  SULPATE  AEROSOL 
lATEB 

OTT 
PolUck 

B.C.  Whit ten   (all  at  NASA-Ames Research Center, 
Nsffetc  Plaid.   CA 9403S) 

B.P.  Terco  (ft and D Aaeocletee,   Narlna del   Hey, 
CA 90291) 

P.   lam 111  (Syatema and Applied Sciences Corp., 
•aavcee,  «A 23666) 

Aereepace actlvltlee   la the high atmosphere 
aad releaee of   carbonyl  aulflde   ID the  tropo- 
sphere cam perturb  the stratospheric aerosol 
Layer.     It  haa been suggested,   for example,   that 
apace abuttla  rocket   engines might  dcpoalt  a 
elg-lflcaet  number of aluminum oxide partlclee 
at   amell els*   In  the upper  atmosphere;   theae 
partlclee  could  eerve ae  condensation nuclei   for 
•jSO     leading   to  e*w.   lsrg* b.SO.   particle* and 
c&uia  thua  elgnlfleantly alter   the optical depth 
ef  the aeroeol  layer,     future aircraft  flying  In 
the  lower   attatoaphare could also cause pertur- 
bation*  to  the aeroeol   layer becauee  they  amir 
eulfur  dioxide  aod  aoot   formed   in engine  combus- 
tl*m proceaeea.      Plauilly carboayl   aulflde   froe 
surface lmduatrtal aoercee will tlae to the 
etrateephera where   It   la pbotolyaed;   the  aulfur 
atom*  no produced undergo a «erlea of   reactlona 
leading  ce  eulfur dioxide aed eventually  awl- 
fuflc acid.     Using  the Amea atratoapherlc aero- 
esl amdel and appropriate redlatloe eodela,  «e 
hove aaaaaaed  eulfur   aourcaa   1*  teree of poe- 
albla meem aurface  temperature changea.     The 
affacta ef  aeroapece aourcea are suite email 
(aurface   temperature change* of  0.01   C or   leas), 
but umdec  certain condition«   carbonyl  aulflde 
«•(••IM*   might   be  elgalflc**!. 

Thunderstorms and Atmospheric 

CUctrielty 
Goldrush (HI), Friday 0830h 

Roy T. Arnold (Physics Department, 

University of Mississippi), Presiding 

nT.A»UPPMPNTÄ    IN   THE   TllSBWI.fWT 
eixcrnnne  orrn ovr« uwo 

J.   C.   willett   (Naval   Research  Laboratory 
Cost«   8)20,   Haahlnotcm,   DC   2017S) 

A recent extenaton of   the  theory of 
that   turbulent  electrode  effect  waa 
tested   In  two  field  experiments.     Dey- 
tLase,   fair-weather   profiles  of   positive 
And negativ*  conductivity   In  the   lowest 
im  above   the  ground  were  measured   at 
various stean  wind  speeds.     The  total 
current    flowing    to   flush-mounted   Wilson 
plates was  compared  between  one  antenna 
covered with  a  chicken-wire  screen  and 
another   exposed  to  the  ambient   (leid. 
The  sesults of   the   former  experiment 
tend   to support   theoretical   predictions 
that  the  profiles of   the  two components 
of  conductivity approach  one  another  as 
the  turbulence  intensity   increesas  and 
that  both components decrease  toward 
aero  es  the around   is approached.     The 
letter  experiment   indicates   that   the 
Partition of   total  current  density   into 
conduction end  convection  currents   is 
different   frees  that  predicted  by  theory 
near   the  eurface. 

MEASUREMENT   OF   ATMOSPHERIC   ELECTRIC 
SPACE   CHARGE   DENSITY   FLUCTUATIONS 

R.   V.   Anderson   (Neval   Research 
Laboratory,   Code  0325,   Washington, 
DC   2037S) 

An   instrument   is described which   is 
designed  to  be   selectively   sensitive   to 
turbulent  fluctuations  of   atmospheric 
space charge density   in  eddy  sixe  ranges 
ss  small  as  5  cm.     The   instrument  con- 
sists of  a doubly  mere^neö  Faraday  cege 
evade   in   the   tone of   a 7.5 cm  cube  of  wire 
mesh  screening  which   is  maintained  at 
ground   potential   through  a   aenaitive 
electrometer which  has  usable   frequency 
response   up   to  several   hundred   Hertz. 
A double   layer  of   grounded   shield 
screening   iaoletes   the  measuring   elenent 
frosi  external   electrostatic   fields; 
allowing   it   to  respond  only   to   the  net 
atmospheric  charge within   ita  volume. 
Natural   ventilation  of   the   sensor   pro- 
duces  an output  current   proportional   to 
changes   in  this  volumetric  charge.     The 
instrument   is  described,   and  data 
spectre  ere  presented   indicating  agree- 
ment   with  the   theory of   turbulent   mixing 
of  atmospheric  cherges. 

TIME-DEPENDENT   ELECTRIC   FIELQS   IN 
CLEAR   AIR   AND  nOO£L CLOUDS 

w,   L.   Boeck   (Dept.   of  Physics,  Niagara 
University,   NY   14109) 

Calculations have  been made  to  specify 
the   time-dependent   electrical   environ- 
ment   In which  cloud  physical   processes 
occur.     Particular   attention  1«  paid  to 
electric  fields with  periods  from   1  to 
20 minutes  st  altitudes between  2  and  12 
kilometers.      The   cloud   model    ig   dynami- 
cally  and  electrically  passive without 
any  form of  convectlve  transport  or 
separation of  charge.     The differential 
equation,  valid  when  the  total  current 
(conduction current  and displacement 
current)   is divergence  free,  has  been 
solved.     The electric  field as a function 
of   frequency  and  altitude has been  evalu- 
ated  for   an  atmosphere with  a conductiv- 
ity  profile  as  given  by Cole  and Pierce. 
The  propagation  of   the  field  depends 
strongly on the ratio of conduction 
current  to  the displacement current. 
When   the displacement  current   la dominant 
tha   atmosphere with or  without  clouds   le 
transparent  to  time  dependent  electric 
fields   (i.e.),   there   Is  very  little dif- 
ference  between  the  field  at cloud  levels 
and  at  «round  level.     When  the conduction 
current   Is dominant)   the  electric  field 
le essentially equal   to the air-earth 
current  density divided by  the  local 
conductivity.     The  change   in  air-earth 
current  due  to  the model  cloud has been 
evaluated.     The  net  effect  on  the  time 
dependent  electric  field within  a cloud. 
Is  that  the magnitude of   the  electric 
fields  are  somewhat  smaller  than  the 
values  predicted  from direct Current 
theories. 

AlhtrSPHfRlC CUCTtlCAt  N(ASC/«*f *TS AA0 fNf 
S0UU MAGNETIC StCtOA STRUtnJAt 

**Hl Earn!  f-   immttmrnfJIT 

Arthur A.   Few."jrT Tboth at:  Oept.  of Space Phys 
tcs 4i*4 Astronomy,  Rice University. Houston, 
Tl  77001) 

Hugh J.  Cnrtsttea, jr.   (Research and Development 
Division,  New Meilco Institute of Mining 1 
Technology. Socorro,  m 67601) 

A balloon-borne Instrument hai been developed 
for the purpose of making fair weather atmospher- 
ic electrical measurements.     The Instrument, 
named balloon Electrics)  Environment Profiling 
System (iEEPS),  Is similar   In principle to 
balloons  flown previously  Into thunderstones by 
our group at Rice.    It has the capability of 
measuring the height profiles of the vector elec- 
tric field, the atmospheric conduction current, 
and the poler conductivities.    The balloon was 
designed to make eeeturemrntt up through the 
lower polar stratosphere (14 km), and the first 
two flights of BftPS have been made In conjunc- 
tion with a solar magnetic sector boundary cross- 
ing, with one flight on either side of the boun- 
dary.    These flights are a first step In an ef- 
fort to eeasure and understand the electrical 
response of the atmosphere, as a function of 
altitude,  to the solar sector structure.    Know- 
ledge gained from such flights may prove valu- 
able to the development 0f an understanding of 
those aspects of the sun-weather problem that 
also Involve the solar sector structure.    Results 
from these flights will be presented along «1th a 
brief description of the instrument. 

nFAMiHKKEKT«,  OF  THE   FLECTSICAL  rvOUTTIC«  OP  k 
MEM HEX ICO riajHOrjICUXJO. 

H.  J.  Christian 
c.   B.   Noore 
S.   J.   Hunyady    (all  at:      New  MeKico   lnatltue  of 

MimiKj  and Technology,   Socono,   MX       S7S01) 
J.   m.   Sullock   (»no,   Inc.   F.O.   *»   Ml  Colorado 

Springe,   CO       sosio) 

On   1? Auquee   1*?7 we  atudied an   laolatod  thun 
dexcloud,   centerod approximately toux   kllometeie 
norlh-eeet  o(   Lanomuir   Laboratory,  with the UNX/ 
NNIMT Schweitzer  airplane  and our  vertically 
*ron»J»V  J   t* cloud phyaice   radar.     The cloud 
formed eoon after OSiOO MST and the   initial   radar 
echo waa detected around   mo*       The echo   inten- 
eifxed thereafter   and a  precipitation eh*ft  waa 
obaerved  near   cloud  oaae  after    10:16 KST.      The 
airplane  mod»   Its   Initial   pnnetratlon of   the 
cloud  at    10:f)S  KST  and  made   a   total  of   twenty-two 
penetratione over   the  neat   hour  and a half.     The 
time  lapse photographe  show viooroua tiuiete  orow- 
lne  from  the   lower   cloud  etartino at   about   10. :• 
KST. 

St   10)10 MST  the   vertlcally-acannLnqr  radar   indi- 
cated a peak  reflectivity of 46 dbz,  equivalent   to 
a  rain rate   in eacess of   10 em/hr.     All of our 
electric   field measurements   indicated maollble 
cloud  electrification   up  to  thle   tiem.     The  cloud 
became electrified  shortly befors   10:17 HST.     an 
ain>!*ne   penetration  at    in    W    iu  KST measured  s 
masimum  field  etrenoth of   7   rv/n.   the   first   light 
ning occurred at   iOt \h   Si KST.     ttmetric  field 
etienethe greater   than   100 KV/m were emaatued on 
eubaequent   penetrations.     The cloud  turrets 
reached their  apogee at   11:0b KST and subsided 
thereafter.     The  frequent   lightning nndmd after  a 
discharge at   11.-0S-M KST although rain continued 
to fall  from the cloud until   ii   »o KST. 

In  this  relatively  simple  etore,   the electrical 
activity   ae ernes' to be   strongly correlated with 
th*  vertical development of the cloud.     Our   obser- 
vation* are  «lmllar   to thoee  reported eorliet  by 
Syero 6  ecaham and  by heynolds and mrook. 

•LECTKlCAL   POwTP   TROM 
PRECIPITATION   MECHANISMS   rOP, 
TWnfTJEIl5T0R*l   ELECTRIFICATION 

I.A.   Nil llama   (Dept.   of   Earth and 
Planetary  Sciences.   MIT,   Cambridge. 
Ha.   02119) 

Theories of  thunderetorm electrifica- 
tion  based  on  grsvitatlonal   separation 
rely on  the  grevlfstional   potential 
energy  of   precipitation which   la  but   a 
small   ruction   (l-*>%)   of   the   thunderstorm 
energy  budget.     To obtsln  a   realisable 
upper  bound  on  tha  steady  state electric- 
al   power  available   in precipitation mech- 
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Coprrtfhi   r.f.r..* hj  author«,   nil» p...  Mr  b.  Ifmly <<-piW. 
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Tectonophysics 

and decayed Into density I luctoat I «Mi« at »Smii 1,4 
AU fro* th« eun.  Strong deceleration cooatncad at 
about 0.4 AD troa the own In th* eaee ol th* die- 
turbeac« g*n*T»t*d hT ih« aolar flat« oa April 30/ 
21h,    197ft.      Th**e   «umlri   euajt'st    th«   «lUimr» 
ol   attong pletoa deceleration.     OB th« othar  hand, 
Ch* disturbance generated by the aolar  flat» on 
Aug.   7/lSh,   1972 propagated with   constant   sp«*d 
(1000 kat/eec)  «a  fat a« 2 AU trim th* awn 

KAS-WRC Poat-Doctoral Associate. 

glHULATION Of AN  fNTtRPLANrr/ART  rMTWBATICH BY 
A  TlHE-D^PF-HDRIfT^TWO  DlKEMS10PAL,»«r   KVKEIICAt 

C.   D'Uetoa   (C.E.S.I.,  Unlv«r«lt« Paul   Sabaticr, 
31029 Toulouae Cede«,  Prance) 

M.   Dryer   (Space EnvlroTaaene  Laboratory,   NOAA/ERL, 
Bowlder.   Colorado  »030)) 

3.   T.   Wu 
S.   H.   lUa  (both at:     Unlveralty at  Alabama  la 

Runtsvllle,   Huntavlll«,   A lab«**   55007) 

A  nweserlcal  cod*  la  used   to   Investigate  th*   In- 
fluence of «*v«ral  par«*«tare of   an   initial   pwler 
at   IS Re on th« propagation and  th« develop«*«!   of 
a perturbation  In an angular   arc tor  of   th* äqua- 
torial  plan« of  th« aun.     Thla cod« wae  ft rat   u*«d 
by Uu, Baa and Dry*r   (Planet.   Space Scl.,   1979.   In 
press)   to eolve a a*t of  equation*   for a   tt«*~- 
dvpendcot,   rwo-dl*enelon«l  WD andel   tor  a on* 
fluid  aolar vlnd with edlabatte  expansion.     Th« 
**ctor  of   th* aolar  equatorial  plan*   la 90"  wide 
and «st«ud« fro* 18 *,  to 22a I,-     Th«  Initial 
pula«  la  act   arbitrarily at   the   Inner boundary  a«~ 
eiaalng  that   a  shock wave la  already  for«ed.      lta 
paraawtera are the velocity  of   the  ahock   Iroat. 
th«  angular width of th« perturbation and   it* dur- 
atloe> at   18 g,.     Th*  influence of   th*ac paraawtera 
haue been teeted.     It   la  ehown  that   In any c*«e 
the   tie* delay between  18 i-, and  226 Rp  dependa 
on  th«  total   aeouat  of  energy  releaaed  by  the 
pulee:   thla dependence 1*  stronger with  the   Init- 
ial   ahock  velocity  thao with  the angulat width. 
Alao  It  appear« that   th* ahock wav« propagates ac- 
cording  to a power  law of   th*   Invcre* of   (law 
(R-t <1).     Another  result   la  that   the  longitudinal 
«stem  of   th« perturbation at   1 AU  eeeaw   to a« 
only  •  function of   the  tine  elapaed  after   th* ar- 
rival of th« ahock front at  thla dfetence.     It  1« 
alao ehown that   th« r«v«ra* ahock which  la   forawd 
after   a  few hour* reachea only a   Halted extent 
la   longitude relativ* to the central   direction of 
th* pula*. 

PIONEER  10 ORSntVATlCMS OP  INTERPLANETARY 
SHOCK HARES BEYOND 4 AU HKLlOCEirntlC DISTANCE 

J.P.   HJhalov 
l.R.   Collard 
J.gj.   Volt» (all at:     HASA- 

ptoflatt   Plaid.   CA 94033) 
A**e  Research Canter, 

Tw*aity-two corotatlng-tya«   lat*rplan*tary 
ahock* h*va b*aa teetatlv«ly   lacatlflad   la  th* 
Pla*te«r   10 An*e plaaaa analyser  data  froa 
D*caae>*r,   1974,   to July»   1975,   aa  the  apacecraft 
traveled fro« 4. 2 to 7.7 AU h«lloc*ntrlc dla- 
tanc«.     Hourly eaaplca of   aolar  wlad pLsessa 
peraasrter* w«r« weed  to  locat« candleatee far 
«hack*,   and then «ore detailed data were 
lnapectad.     Th« algnaturea ot   12 of   theae appear 
to a* thoa« of   forward «hock*.     Becaua« of   aon- 
contlnuoua apacecraft   tracking,   11 of   th«  22 
tentative ahock event* occurred   la a data  gap at 
laaat   3 hour«  loag.     When coavarad  and  coabla*d 
with th* ahocfc atattatlca of  Satlth and Wolf» for 
Ploaeer   10 and 11 data  to I»c*aa>*r,   1974   (ST1P/ 
77 H*«tlng).   an occurrence rate ol   about   10 per 
100 aaya   1* obtained  for   the  1974-) data,   ana 
«heart   1» p«r   100 day* far   197),   whan  th*   twa> 
spacecraft   ar« at   laaa   thaa  V 1   AU htlloceatrlc 
dfetaac«.     Th« proportions «f   forward aad 
r*v«rs«  typea appear  shout   th* aaavt  far  all   th* 
*h**rv*tl*a*.     Th*  Incrvsa*   la conv*ctiv* «n«rgy 
across a forward shock at   7. 7 AU caa  h«   a»   large 
«a   4   a   10'1*   erga/oB*. 

IITTrRPLANTTART  DISCÖSTTjaVlTTES:      TEMPORAL 
VAAlATlOrtS AMU TUT RADUL CAADIEWI   PE0H 
I   i«   1.1  «• 

1. J. t*>lth 
l.   T.   Taerutaal   (bath at: 

Lahnistory.    Paaad««*.   C 

Intarplan«l«ry discontinuities  hav« h««n  ln- 
vaatlgatad at   heliocentric   dletancas h«tw««n  1 
and  1.5 AU using Plonaar   10 and   11  vector   hallua 
sujgn*to«*(«r ob««rw«tlone.     Th« principal  purpoec 
of   th«  study was  to   lnvastlgste a poeelbl* depen- 
oenc« of   th« r«t« of oecurfoco «ad propertl«* of 
th« dlacoatlnultl«« on radial  dlatanc«.     This 
eblecttv« required « «*p*r«tloo of   spatial   sod 
teasporel vsrlatlona using  the  alajultaneoue,  oaar- 
ly coatlnuou« data  froa both epececrett.     tUecoo- 
tlnultlea ware   Identified ualng carefully d«v«l- 
opad criteria that w*r« «howo to b* coaparahl* to 
thosa uead In earlier studies hut which are atlll 
appllcabls   in the weak «ago«tic   fields typical  of 
large radial distance«.    Teajporal changaa In th* 
rat« of occurrence «v«r«g«d ov«r aert«le aolar 
rotatlona were well correlated at  Pioneer   10 and 
11 which ware separated by a distance of   • 2 AU. 
The   tin» vsrlatlona cooalated of   a   slow »adula- 
tion of   th«  rate  of   occurrence  sweh  that   auccas- 
elve   lncreaaas and decreases persisted   lot   eev- 
erel aontha at  a  tin*,   preauaably «• a   reault  of 
changing aolar condltlona.     Th« correlation ov*r 
widely  aeparated dlatancea   Is «oat   slaply   Inter- 
preted  by a aodel   in which the dlacontlnultlas 
originate  Inside   1 AU,  probably nur   the  Sun.   and 
arc  convected  outward by  th«  aolar wind.     Clear 
evidence of  a decieaa«   In  the  rat« of   occurrence, 
p,   with dlatanc* haa n*cn obtained.     The   alaul- 
taneoua ratca  fro* th*  two  spacecraft   reveal   that 
this decrease  la well  apptosisksied  on  th* sverage 
by the  function,   r»»50 «-**•-»)/*   implying a  r«dl«l 
gradl«nt  of   2SX ptr   AU.     Thla gradient  «ay he 
apparent  and docs not necessarily  laply that 
discontinuities actually occur   leas  frequently 
at   large radial   dlatancea.     The decreased  rate ot 
occurrence aay  h*  asaoclat«d  with an   Increasing 
thlckneaa of   th« dlacontlnultlea. 

SOLA* CYCLE-DEPETOEMT  «0BTH-50UTH  P1IXP 
COhTICUBATlOMS  OBSERVED   IN  SOLAR  WIND  CORdTATINC 
INTERACTION REGIONS 

Ronald L-   Rnaenherg   (both «t:      lnst.   of   Ceophya. 
snd risnctary  Phys.,   UCLA,   L.A..   CA.   90074) 
Paul J.   Coieaan,   Jr.   (aleo at   Dept.   of   Earth and 
Space Science,   UCLA) 

Th* rcaulta of   superposed epoch enalyee« of   IMF 
coaoonenta In corocaflng  Interaction reelon* 
observed with Plcmcer   10  In  1972-3 froa -7.5*   to 
+5.4* and   1   to 5 AU  lndlc«t«  th«t   In «hour   rwo- 
thlrda of  the  reftlons,   at   both north and   south 
h«llographlc   latttudea,   th* N-S component,   %\. 
was  enhanced and negativ*   in  the  forward  portion 
(obssrved first).     Th*   rear  portion had  an en- 
hanced positive  hp.     Thr atlautha)   coaponent  aleo 
was enhanced and  reveraed  sign.     Superposed  epoch 
analyecs of  «u  lb  lntersctlon  regions   In data 
taken with other   spacecraft   fro«  )9o4-]97j Indl- 
cared a elallar syareaatlc configuration.     In 
pre-1970 data  th«  forward portion of   the   loter- 
actlon  regions had enhanced northward  Bw,   on  th* 
average     The  Bw. configuration reveraed  pnasr 
near   the beginning of   1970 aa  did   th* dlpolsr- 
rclated dominant  polarity effect.     The observed 
fl«ld configuration can b*   aeacrlbed  for   th* 
aodel  of   the   IJfP  In which « n*«r equatorial 
current  sheet   eepsrstes   flslds of   opposite 
polsrlty derived  froa the «at«n«lon of   th« aolar 
dlpol«-llk«  field.     Parturbatlona  In   th« vicinity 
of  an  interaction region cau«« (he field lines 
repreaentlng  the  LHP  to bulge  «way   troa) the 
current  ahect     la   th« aajorlty of   caaes. 

Jet   Prepwlal 
911017 
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INTraiJlJUlLTAJrT   CiKlllT   SKaXT AID NAGVaTXC 
flLXD SECTOR  STNlhTTUM 

4.L.C.  da 3onaala« 
a.D. qonealat (holb at: Iaatltuta da »•*- 

qulaaa tapaolala-ZXPl, Conaalho Baclotwl 
da Saaaovolvlaanto ClaatifloO a Tacnolo- 
g-lro-Otrq, 172O0 Sfto Jead* doe Caapoe, SP, 
ttraall) 

Soai« «vidanoaa of a abort and long  Xmrm 
hahavlour of  th«  latarplanatary •*«r,<«tlo 
field   aactor   atruotura, ne*«d  on   statistical 
atudlaa carried out with  dally  »IUM  of 
lha   polarity  et   lh*   lnlarpl anatarw  BAgnatl« 
field,   «ill   h*  preeented.   Thla  atudj   aun~ 
part«   th*   Ida* of   an  interplanetary   currant 
•h««t aoaevbat tilted with r*ep*ot  t* \hm 
acltpttc  plan«,  giving rlaa VsstealLe  to a 
long* lerv-teo sector  pattern  for   th*  tat*r~ 
planatarj  aagatatkc field  abaarvad  at  Unh. 
Soa>« conaaquencs* of   the   letareoiion   of   «Jas 

Capyright   re\*rvad by  awlhors.   Thi«   peg* mof h» fre»)y  rnpied. 

lBterplanaterv ourrent abaat and aaaoalatast 
B*g-n«tle etruotvar* (LmroWlng aaotora, »lake 
and  folda)  with a*gTi«toapbarla aisrraate) «1X1 
be dieoua>e«d. 

SUTOR   RUFNtlARI   PASSACf   FORtCASTIHC 

C.   R.   H*cka*n  (Space tnvironavrnt Servtcet 
Center.  MOAA,   touldcr.  Colo.   BO303) 

P.  H.   Schcrrer  (lnst.   for Plata* Rstearch 
via Crespi,   Stanford, Calif.   »4J0i) 

A.  J.  Neinheiaer  (Specs Phy»lcs Drpt., Blc« 
University,   Houston,   Tss*>  77001) 

In June of   1971,   lh* Space  tnviroraseni 
Service» Center   successfully  for«csst   a  signif- 
icant   solar  »»dor boundary ps»»ajr in support 
of s short  series of  scientific balloon launches 
conducted by Ric* University at  Point  Barrow, 
Alaska.     Dally solar »can aagnetic  field aeas- 
ureswnts.   «ade at   Stanford,   and   inference» of 
the   interplanetary «agnetic  field direction, 
based on th« strength of  the Thule,  Creenlsad 
nsgnetic   field  Z-coaponrni,   were used  to «akc 
the  forecasts.     The technique of  forecasting 
selected  significant  boundsry passages is de- 
scribed,   as well   us  the «M-thod of aonjionnj 
the  interplanetary  field direction to detrrvin*. 
in near   real   ti«e,   whether   the predicted pas- 
sage  ha»   actually tsken place.     The prediction 
Of  significant   boundary passage»   is  thought   to 
hr useful   to the  research ccaaaunlty;   thus, a 
new   United  SESC  service   (involving forecasts 
and alerts of significant   boundary passages) 
\s  announced. 

Tectonophysics 

Trenches, Arcs, and Back Arc 
Basins of the Western Pacific: 
General Results of OSDP and 
Generaf Papers 
El Dorado (JT), Monday 0800h 
Robert Scott (Dept. Geology, College of 

Geosciences,Texas A& M Univ.), 
and 

George Klein (Dept. Geology, Univ. of 
Illinois), Presiding 

DRILLING Rf M'iTS  FROM LfiC SB.   DSDf.   IN T» 
SHIkOtU  BASIN  AND  DAITO  R1DGL -AND-»ASIN  PROVINQ 
Of   THL  NORTrfWLSTlKN PH1LIPP1«  SLA 

George deVries   Klcui.   Dept.   of Geology,  Univ.   *f 
Illinois  at   Urbana-Chsapaign,   Urbana.lL.61B0) 

Ratuo   kobayashi.  Ocean  Research   lmt..Uhjv    «f 
Tokyo,   1   IS   1   Hinaaidai,  Nakano ku.  Toyko 1*4, 
Japan 

111. SB Scientific  Staff 

Leg Sg drilled three sit*»  (442.445.444) la 
th*  Shikoku back  arc   Basin  and two  m  th« Dait* 
Ridge-and-Basin province   (445,44b)       Shikoku 
Basin  sites  penetrated heaipelagic else» overly 
ing tholciltic   pillov  and   intrusive basalts. 
Basalt   sills  intruded both  »ediaents and pi I lew 
lavas.     Age of oldest   »ediaents was   1B-21   avBP 
(442),   and   14   IS «yBP   (443.444).     Oldest   ie.fi* 
ent   age  at   442  cointidss with aagneiic   anoaaly ft 
• ge   for  this  »it*,   wherea* oldest   »ediavnt  ages 
at   441  and 444  are  at   variant*  vith «arnetir 
anoaaly ftA age   for thov*   «ite»       These   re«ult» 
»how that   the  Shikoku  Basin wa«  charactvriied 
hv  a htatory of post - spreading.off  ridge  volcaa 
is« that   obsct<red In»   sediarnt/bavraent   ages. 
and  a*y   account   for  lh*  high  heal   f!o* «ad 
rough topographv of  th» basin      Our data appear 
coatiatlble  with all   proposed spreading and*I* 
»ugg*»t*d  for  the basin 
The Dano Ridge and Basin Province sites (441, 
44b) consist of an u)>p*r p*l*gic Interval and • 
lowrr section of volcaniclastic furbidiic» 
(intruded by 21 basall »Ills at 44ft). kj|Mti( 
intimation data suggest that this region drlf- 
l*d north a dtttanc» of I ,U00 ka froa an equal- 
otial latitude during the past SS *> Although 
ba«essrnt   was  not   reached,   drilling irmiaated] 

*> 



EARTH SCIENCES 
Susan West reports from San Francisco at the fall meeting of the American Geophysical Union 

Adding to the ocean crust mystery 
Until Woods Hole Oceanographic Institution's Alvin took a 

closer look at the mid-Atlantic Ridge during the summer of 1978, 
oceanographers thought only one type of basalt—called pillow 
basalt because of its frothy appearance—was pushed out of the 
spreading ridges onto the ocean crust. But, says H. Paul Johnson 
of the University of Washington, Alvin's deep-towed camera 
confirmed what earlier work on the Galapagos Rift suggested: 
that basalts also exist in thin horizontal sheets and in thick, 
mas?   v jnits. 

Johnson says the three types may represent different stages of 
ridge activity. The thick units may represent rapid outpourings 
of magma along very young, long fissures. The thin sheets may 
mark slower flows from narrowed channels and the pillows 
could result as the sources of magma close to a single point. 

The pillow basalts — which have been extensively studied — 
were thought by some to account for the magnetic structure of 
the ocean crust alone, says Johnson. Now, he says, researchers 
will have to consider the magnetic properties of all three types. 
"They represent a third of the ocean crust we just didn't know 
was there," he says. 

Solar magnetic field polarity: Part one 
The polarity of the sun's magnetic field changes as it rotates. 

The point where it changes is called a sector boundary crossing. 
The irregular changes in polarity have been postulated to cause 
electrical changes in the earth's atmosphere which in turn may 
aflect the weather (SN: 12/31/77, p. 423). 

Last June, when researchers at Rice University decided to 
study the possible electrical changes before and after a bound- 
ary crossing, they found one small problem: They had no way to 
tell when a crossing would occur. Gary Heckman, chief of the 
National Oceanic and Atmospheric Administration's Space Envi- 
ronment Services Center in Boulder, Colo., came to their rescue. 
At the meeting, he described the first attempt—and a successful 
one — to predict a boundary crossing. 

A telescope at Stanford University's Institute for Plasma Re- 
search measures the mean magnetic field of the sun—the sum of 
the polarities of the regions of the sun facing earth. A ground- 
based magnetometer at Thule, Greenland, allows researchers to 
infer the direction of the sun's magnetic field and thus mark the 
date of polarity changes after they occur. 

Having monitored the mean magnetic field and the sector 
boundary crossings, Heckman and his group knew that the 
crossings typically are registered on earth three-and-a-half to 
four-and-a-half days after the mean field, as measured from 
Stanford, nears zero. When the Rice researchers contacted 
Heckman at the last minute from their launch site in Point 
Barrow, Alaska, the NOAA group came up with two dates which 
they predicted would just straddle the crossing. They picked the 
exact crossing date within one day. Real-time data, from the 
iSEE-c satellite for example, could pinpoint the crossings even 
more precisely, says Heckman. 

Solar magnetic field polarity: Part two 
Andrew J. Weinheimer of Rice University was there to com- 

plete the story. The boundary crossing studies marked the first 
two flights of a balloon-borne instrument called BEEPS (Balloon 
Electrical Environment Profiling System). While other similar 
instruments hang below the balloon as it carries them aloft. 
BEEPS sits inside. In addition, the aluminum-coated surface of the 
four-meter-diameter balloon is actually part of the instrument; 
the static electricity created by the plastic balloons of other 
systems often interferes with measurements. Taking continuous 

readings up to 14 kilometers, the system measures the electric 
field intensity and direction, the ability of the air to conduct 
electricity and the air-to-earth current. 

Based on their preliminary data, Weinheimer said the atmos- 
pheric electrical property most affected by the change in solar 
magnetic field polarity seems to be conductivity. The positive 
ion conductivity—the ability of positive ions to carry conductiv- 
ity— appears to have been greater before the polarity change 
than after it, he said. The Rice team hopes to have Bttps monitor 
the same properties daily for an entire 27-day solar rotation. 

Measuring continent growth 
James R. Lawrence of Lamont-Doherty Geological Observa- 

tory has calculated that the continents may have grown a 
minimum of five percent and a maximum of 40 percent during 
the past three billion years. If, as some researchers believe, the 
uppermost ocean sediments riding atop the ocean plates are 
scraped off as the plates move under the continents, the conti- 
nents have grown by five percent, Lawrence says. Based on 
measured fluctuations of O18 in deep ocean sediment cores, 
Lawrence says additional material from the volcanic layer of the 
ocean crust—called layer two—may have increased the conti- 
nents another 35 percent. 

The concentration of Oa depends on the type of reaction that 
occurs between the ocean crust and seawater. Low temperature 
reactions between ocean basalts and seawater use up O" and 
create hydrous material. 

Because of its high water content, such material is not likely to 
descend into the mantle without further alteration. High tem- 
perature reactions, on the other hand, produce O1" and easily 
subducted material. Because the ratio of O18 to O16 in the ocean 
crust has remained constant over geologic time, Lawrence ob- 
served that either more high temperature reactions must occur 
or the Ou-depleting hydrous rock must be removed in order to 
preserve the ratio. The measurements of O18 fluctuations indi- 
cate that not enough high temperature alteration occurs for that 
process alone to be responsible for maintaining the oxygen 
isotope ratio. However, Lawrence says, five to 15 percent o( the 
volcanic layer is hydrous. The addition of this material to the 
continents, which would increase their sizes by as much as 35 
percent, could preserve the proper isotope ratio. 

Interpreting seismic wave decay 
Seismologists have long been able to use changes in the speed 

of seismic waves to determine the thickness of the crust and the 
size of the earth's core. However, they have not known how to 
interpret the varying rates at which seismic waves decay or die 
away. Don L. Anderson of California Institute of Technology 
described a theory based in materials science that may allow 
scientists to quantify the physical conditions reflected by chang- 
ing decay rates. 

Imperfections in crystals determine how they respond to dif- 
ferent physical conditions. Laboratory tests of stress and tem- 
perature on crystals show that they absorb more energy under 
higher stress and at higher temperature. Anderson and co- 
worker J. B. Minster postulate that the same mechanisms oper- 
ate in the mantle: Where the mantle temperature is high, the ' 
energy of seismic waves will be absorbed quickly and the waves 
will decay very rapidly. Likewise, areas of high stress will absorb 
energy quickly and seismic waves will not propagate far. labora- 
tory-determined calibrations will allow scientists to infer tem- 
perature distribution in the earth's mantle and to track stress 
buildup, Anderson says. 
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