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Magnetospheric turbulence and electron precipitation, 
C. F. Kennel and H. E. Petschek, Avco-Everett Research Labora
tory, Everett, Mass. 
In this paper, we consider weak turbule nce in the magne tosphere. 
Plas mas are subject to microscopic instabilities, involvin!! sec ular 
exc hanges of energy between electromagnetic fields and groups 
of resonant particles. Stability properties are determined by di s tri· 
bution fun ction gradients in velocity space of reso nant velocities. 
In !!eneral, growth tim es are rapid re lative to othe r times of interes t 
in the magnetos phere (10- 2 sec). If s uch a n ins tab ilit y wants to 
occur, it will , quickly, and the di s tribution of velocities will adjust 
until it is no lon !!er unstabl e. Converse ly, if the re is a source o( 
waves, di s tributions that initiall y absorb wave ener!!y adjust th em
se lves to tra nspare ncy via reso nant int e ractions . This mar!!inal 
s tabilit y s tat e we ca ll the "y=O configura tion" (y is the growth 
rat e) and represe nt s t he s teady s tat e distribution fu ne t ion of a weakly 
turbulent plas ma. For noise in the whistler mode, thi s involves a 
sensitive adjustment of parallel and perpendicular pressures. 
The e lec tron prec ipitation data of O'Brien e t aL [1964]1 su!!!!es t 
that the ma!!netosp here is turbule nt , sin c!' 50 keY e lC' c trons are 
continuall y sca tt ered into aurora l regions at a rapid rat e. We 
su!!gest that wave diffus ion may account for thi s s teady prec ipitation 
bac kg round or "drizzle." From O'Brien's hi !!h latitud e pit ch angle 
dat a, we ca n obtain t he rate of c han ge with IJit c h angles of the equ a
torial di stribution function for a give n line of force. If we assume 
particles diffuse in pitch an!!le until they reach the dumpin!! cone 
whe re they are los t in about a second, we ca n es timate a n an!!ular 
diffus ion coeffi c ie nt. Extrapolating thi s ar!!ume nt to angles far 
from the dumping cone, we find that the time to random walk 1 
radian in pitch angle is 3 X 10' sec, in agreement with O'Brien's 
life times for trappin!! ca lc ulat ed independen tl y from precip ita tion 
rat es and observed equatori a l pl ane particle densities. Thi s su!!
ges ts that the diffus ion argument is cons is te nt. The wave amp litude 
req uired to provide thi s diffusion is 2 X 10-" gauss in th e VLF 
freque ncy band, whi c h is not inconsistent with Injun 3 observation s. 
H the pl as ma is at y = 0, very small perturbations of th e distribution 
fun c tion ca n be co nvert ed e ffi c ientl y to VLF noi se. Increased 
noi se in turn implies an inc reased diffus ion rat e, a nd he nc'e violent 
precipitation eve nt s or "sp las hes." Thu s these event s may be 
caused by trave ling: hydromagne ti c front s, whic h produce a s mall 
inc rease in pe rpe ndi c ular partic le ene rgies. The se mi -periodic 
balloon x-ray events associated with ULF magnetic fi e ld Au ctuations 
can probably be explained in the same way. 
The sources of turbulence and its relation to the accele ration of 
parti c les to high energy may be discussed. 
Similar co ncept s hav e been developed for fusion plasmas by others. 

Orig-in and propagation characteristics of geoma~netic 
micropulsations, T . 1. Herron , Lamont Geological Observatory, 
Columbia University, New York , NY. 
Evide nce is present ed that mic ropulsa tions in the 15 to several 
hundred second period range are waves propa!!ating in a predomi
nantly horizont a l, eas t-west direc tion throu!!h a dispe rs ive upper 
a tmos pher ic re~ion , away from the da rk hemisphe re of the earth 
toward the sunlit fac e, in a pattern of motion s imilar to that of auroral 
di splays a nd ionosphe ri c irre~ul a rities . The delays in arrival tim es 
of micropul sation s i ~n a l s at s tation s se parat ed several hundred 
kilome te rs in a nort h- south a nd eas t-wes t direc ti on are s hown to 
be a fun c tion of s tation separation and of the period uf the s i!!I131. 
An apparent phase velocity curve s hows that velocity decreases 
wit h in c reas in ~ period. Evidence from the publis hed lite rature 
is quot ed to support the hypothcs is that a source of geomagnetic 

IO'Bri('II. H. J.. C. D. I. a ll ~ hlill. and D. A. CUrtH'1I (1964), Hi l! h. latituJe geoph ysical 
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disturban ces ex is ts whose effec ts on the s urface of the earth are 
first observed in th e dark he misp here, IJredominantly near and sym
metrica ll y about the II P.M. so la r time meridian. 

ULF enviJ-onmcnt of thc ocean floo.-, L. Launay, fllstitut de 
Physique dll Clobe, Paris, France, S. W. Li chtma n, Hughes Aircraft 
Co., Los Angeles, Ca lif, and E. Selzer, In stitllt de Physique du Globe, 
Paris, France. 
Durin g divcs with thc French bathyscaphe "A rc himede-' observa
tions were made of the· e lec tromagne ti c spec trum be low 300 cis on 
the Aoor of the Puerto Rico Trench, to depths ranging between 6'and 
8 kilomete rs, a t de tection thres holds es tim ated to have been of the 
,orde r of 2.10- 15 watts/mcter 2 a t 60 cis. 
Li stening tes ts di sc losed tha t quiet magnetic-al conditions prevai led 
on th e ocea n floor (w he n of sed im enta ry s tru c ture). Electrical 
condi tions were found nois ie r (te lluric regis trations), in the same 
s itu at ion . Magnetic tape recordings t ha t were taken, some of the m 
on a rock floor , a re a t presc nt und er analysis for more s ubtl e evidence 
of environme nt a l co ntributions. 
Evidence has been collected for the ex iste nce of a s tcad y, te lluric 
(d-c), field-alincd potential grad ient nea r the ocean Aoor. The 
gradient a ttained seve ral te nt hs of m V / m at 7 kilometers depth. 

Thc uppe .- atmosphere; aiqdow and aurora, D. M. Hunt en _ 
Kill Peak Nat ional Observatory, Tucson, Ariz. 
A review is g:ive n of the factors th at control the com pos ition of the 
atmosp here a t various he ight s, with specia l e mphas is on photo
che mical reactions. Night , twili!!h!, and day a irglows are described 
and th eir exci ta tion is di scussed . A bri e f account is " iven of th ~ 
aurora, it s s pect rum , and th e particle Au xes responsible~ An intro
duction to a urora l theory ends the paper. 

A .'eview of the lAGA .'esolulions on the classification of geo
magnetic r:tllid va.-iations, V. P. Hess le r, Geophysical Institute, 
Universit y of Alaska, College, Alaska, and J. B. T ow ns hend, U.S. 
Coast and Ceodetic Survey, College Magnetic Observatory. 
Class ificati o n of geomagne ti c rapid variations has been on the IAG A 
a!!en cl a more or less continuously s in ce the Rome Assembly in 1954. 
A new defin ition of micropulsations was ap proved by IACA in 
Berke ley, which it appears may be s ubject to variations in int e rpre
tation. All IACA actions from the Rome assembly to da te are re
viewed in so me de ta il. Reco mme ndation s for improve ment s and 
clarification in the reporting technique are given. 

ULF propagation along clad wires, L M. Vallese, A. M. Pass a
laqu a, G. Rakowsky, international TeLephone and Telegraph 
Federal Laboratories, Nutley, N.J., and A. Shostak, Office of Naval 
Research , Washington , D.C. 
A study is developed of the propagation of ULF e lec tromagne ti c 
waves guided by a long metallic cable, clad with loss less uniform 
mate rial of high pe rmittivit y and high permeabilit y, ancl loca ted in 
a lossless medium. Equations for the co mput a tion of the axial 
propagation constant and for the transversa l decay cons tant are 
derived a nd plotted for variou s cases. 

Rel!,'ular oscillations with periods of 5 seconds to 7 minutes: 
the cxperimental app.-oach, J . R. He irt z le r, Lam ont Ceological 
Observatory (Columbia University), PaLisades, NY. 
Experimental methods have not yie ld ed well defi ned c harac te ri s ti cs 
of micropul sa tions with pe riods grea te r tha n .5 seco nds. A new 
approach, us ing a ca refull y designed a rra y of in s trum e nt s, ma y pro
vide less a mbiguou s c harac te ri sti cs. The initial res ult s of' thi s 
type of observational progra m subs tantiat e thi s su!!gestion. 

A theol'Y of the Dst main phase and certain associated phe
nomena based on I!,'comal!,'netic fluctuations, K. D. Cole; 
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Depariment of the Geophysical Sciences, University of Chicago, 
Chicago, III. 
A ncw theory is out lin ed which consistently relates (i) geomagnetic 
flu ctuations, (i i) the deple tion of plasma in the outer magnetosphere 
during storms, (iii) the main phase of Dst, (iv) the occurrence and 
properties of the stable auroral red arc, and (v) the "Ds t variation" 
of the mid latitude F2 region. 

Preliminary report on the observations of ELF waves, 
Michiko Yamashita, Hidehiko Jindo, and Kazuo Sao, The Research 
Institute of Atmospherics, Nagoya University, J apan. 
From the records of ELF e lectromagnetic waves obtained through 
s imultaneous observations, we found that lightning discharges 
emitt ed ELF atmospherics and that most ELF sources were light
ning discharges. 
The sonagraphic curves for the waves below 40 cis showed rising 
and falling whist lers. However, because of the weakness of in
tensity , the ELF emissions supposed to be of magnetospheric 
ori gin were found to be rather scarce. 

An ultralow frequency electromagnetic wave force mech
anism for the ionosphere, J. M. Boyer, Northrop Space Labora
tories, and W. T. Roberts, Geolpe C. Marshall Space Flight Center, 
Huntsville, Ala. 
Present theoretica l exp lanati ons of the ionosp heri c behavior en
counte r certa in difficulties in accounting for observed geograp hic, 
diurnal, and seasonal anoma lies. The first author discusses, in 
particular, the two nocturnal maximum elect ron density concentra
tions which occur approxima tely 12 degrees above and below the 
geomagneti c equator, their seasona l variation and the sudden height 
increases which occ ur in the F2 layer soon after twilight. In sec
tion 2 a theoretical force mechanism for ionospheric matter, origi
nated by the first author, is briefly described. Such a model uses 
a mechanical potential geometry derived from electro magnetic 
standing waves generated by Mie scattering of ultralow frequency 
energy from the sun incident on the earth. The importance of the 
l/w2 dependence of the time average Lorentz force on charged 
matter within such a standing wave grad ien t is emphasized, weigh
ing first order effects toward the first few dipole/multipole reso· 
nances of the earth in the region 7.0 to 70.0 cis. Some computer 
results for plane wave scattering from the eart h in the above spec
tral region are displayed to show that the result is the e rect ion of a 
comp lex wave geometry of three·dimensional potential wells for 
charged matter. Anomal ies in the standing e lectromagneti c wave 
field are found to correspond well with observed ionosphere anom
a lies in the F2 region, when translation between the wave coord i
nate frame and the geographic frame is made. 

Ultralow frequency effects provoked by high altitude nu
clear explosions, E. Selzer, Ins/itut de Physique du Globe de Paris. 
At the occasion of the presentation of this paper at the ULF Sym
posium, the author felt that he should try a syn the ti c approach to the 
subject, rather than more or less duplicating recent review papers 
just published on the same subject. 
For this reason, this paper, while recalling the basic data and ex· 
perimental facts, wi ll put the stress on their main characterist ics 
and attempts to bring out the few definite general laws govern ing 
the phenomena. 

Regular oscillations with periods of 5 seconds to 7 minutes, 
Yoshio Kato, Geophysical Institute, Tohoku University, Sendai, 
Japan. 
The characters of pc 2, pc 3, pc 4, and pc 5 were discussed, and the 
rules of polarization vector of pc 5 pulsations were investigated using 
the cy lindrica l model. 

Results of simultaneous ELF measurements at Brannen
burg (Germany) and Kingston, R.I., T. J. Keefe, C. Polk, 
Dept. of Electric Engineering, University of Rhode Island, Kingston, 
R.I . and H. L. Konig, Elektrophysikalisches Institut der Technischen 
Hoschule, Munich, Germany. 
Between May 1963 and June 1964 a series of measurements of the 
horizontal magnetic field in the 5 to 15 cis frequency range were 
performed in Kingston, R.I., and Brannenburg, Germany. These 
two locations are separated in distance along the earth's s urface by 
approximate ly 4000 miles; their respective coordinates are lat. 

41°30' North, long. 71°32' West (Kings ton) and lat. 47°26' North, 
long. 12°03' East (Bran ne nburg). 
Simultaneous readings on paper t ape running at 25 mmlsec obtained 
on 30 different dates for a total of app roximate ly 321 minutes indi
cate that some ELF bursts were received s imulta neously and must 
have originated from a common source; most of the time, however , 
the records at the two s tations were not sim il ar in appea rance. 
The rectified output of a narrow band filter about th e frequency 
range of the first Schumann resonance (7.5- 1O cis) was recorded con
tinuously at both stat ions over periods of several months. Record
ings at the two locations exh ibit ve ry sim il ar diurnal variation if 
the data are referred to local ti me. 

The polarization of giant pulsations at K.iruna, K. V. Paul
son,' A. Egeland, Kiruna Geophysical Observatory, KiTl./.na C, 
Sweden, and F . Eleman, Swedish Board of Shipping ,,"d Navigatio n, 
Stockholm, Sweden. 
The polarizations of four of the five giant pulsations recorded during 
1963 at Kiruna (8= 67.8° N. , A = 20.4° E.) have been a na lyzed by a 
method wh ich has not been used in previous geomagnetic investi
gations. This method of analysis gives a quantitative measure of 
the type and degree of polarization and the principal directions of 
the resultant vectors in eac h of three orthogonal planes. In addi
tion, the phase differences between each of the three ort hogona l 
components and the mean period of the quasi-periodic time variation 
in eac h component have been de rived . For these giant pulsations, 
attent ion is drawn to the variance of the vertical component which 
is of the same order and often larger than the variance of the cor
responding geomagne ti c north co mponent. 

Observations of 8 cis radiation, William R. Barron, Air Force 
Camb ridge Research Laboratories, Bec/jord, Mass., and Alan H. Katz , 
Boston Universit y, Bostoll, Mass. 
Eight -cycle electromagneti c radiation in a band one cycle wide, has 
been observed continuously since September 1963 at the Saga more 
Hill Radio Observatory, Hamilton, Mass. The observing system 
conSIsted of a vertica l whip antenna and a fixed tuned amplifier. 
At the start of the observing period, no distinct diurnal variati on 
was present, and the signal level was low. During the winter 
months of 1963-1964, the signal level increased genera ll y by a factor 
of 1.5 and a very definite diurnal IJattern appeared. This diurnal 
variation cons is ted of the s ignal leve l being hi gh during: the night 
and low during the day. The nighttime level avera!!ed about 1.2 
times the daytime level. In the Spring of 1964, the' genera l level 
decreased to the pre-winter level, but the wi ntert ime diurnal pattern 
con tinued, accompa ni ed by a gradua l increase in signal intensity 
around local noon. 
If the observed diurnal variation is due to thunderstorm activi ty, 
It would appea r to take the following form: 
1. The hi gh nighttime leve l occurs c losest to the time of peak thun
derstorm activit y in Austra lia and southeas t Asia. 
2 . The noontim e leve l increase in the Spring correlates best with 
ac tivit y in the Americas, presumably equatorial Sou th America. 

During a 56-day interval in September-November, 1963, approxi
mately 25 percent of the observat ions were made during times of 
mag:netic storms. Comparing the stormy periods with the qu iet 
periods in the same interval, it was found that the diurnal pattern 
of the radiation did not change, but the signa l level was about 15 
percent higher during the stormy periods than during the quiet 
periods. 
Observations, with a bandwidth of two cycles, were a lso made from 
July 16-29, 1963. During thi s period, high nighttime leve ls and low 
daytime levels, s imilar to the Winter, 1963 period, were obse rved . 
During the solar ecl ipse of July 20, 1963, which was 95 percent at 
maximum I)hase on the ground, the low daytime s ig:na l level in
c reased to a normal nighttime leve l as the su n was eclipsed, and 
then returned to the prior daytime leve l as the sun was aga in un
covered by the moon. The observed s ignal leve l s ta rted to in crease 
when th e sun was approx imat e ly 15 percent covered, and it had 
returned to pre-eclipse levels when the sun was approximately 
85 percent uncovered by the moon. 

I Present address, Science Services Division, Texas Instrument s. Inc., Dallas. Tex. 
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ELF sl)ectl'um measurements of the eal·th-ionosphere cavity 
modes, Martin Balser, Lincoln Laboratory, Massachusetts Insti
tute oj Technology, Lexington, Mass . 
The first observations on the de tail ed s tructure of the ELF noise 
spectrum that indicated the modes of tlte earth·ionosphere cavity 
were made in 1960. At that time, the peak of the dominant mode 
was found to be close to 8 cis, and the next several modes were 
located at frequencies consistent with the ex pected relationship for 
the spherical cavity. Later observations revealed that the measured 
power undergoes distinct diurnal variations that are correlated with 
the expected worldwide thunde rstorm activity. In some cases, 
differences among modes of these diurnal varations can be ascribed 
to the different geometric configurations of the source and receiver 
with respect to the mode fields. The diurnal variations themselves 
change with the season as the source distribution changes. When 
the frequency of the mode peak is measured accurately, it is found 
that the frequency also undergoes diurnal variations, presumably 
connected with asymmetries in the cavity not yet in c luded in ana· 
lytic treatments. A specific asymmetric perturbation is introduced 
into the cavity by a high·altitude nuclear detonation. Following; 
such a detonation, the peak frequencies have been observed to 
change suddenly, and several hours are required for the cavity to 
return to it s unpe rturbed sta te. 

On the latitude-dependence of pc-type micropulsations: 
Results of observations on a north-south profile thl'ough 
Europe, Hans Voelker, Geophysikalisches I nstitut der Universitat 
Gottingen, Gottingen, Germany. 
A direc t comparison of geomagnetic pulsations simultaneously reo 
corded with sta nd ardized equipment at five observatories on a north· 
sou th profile through Europe gives as the most important finding a 
systematic inc rease of the periods of pc's and pse's with increasing 
geomagnetic latitude. A sta ti s tic analysis of the data shows one 
characteristic pc· period predom inating at each of the German ob· 
servatories, Wingst, Giittingen, and Fiirstenfeldbruck. For En· 
kiiping the spectrum of pc·periods contains two maxima near 75 sec 
and about 30 sec. Here the pulsations with the longer periods cor· 
respond to the pc's with latitude-dependent periods at the German 
stations, while there are no eq uivalent effects at lower latitude for 
the maximum at shorter periods. At Kiruna the period·spectrum 
covers a wide range. Here also appears a peak near 30 sec as was 
found for Enkiiping, but for longer periods the spectrum is nearly 
white. 
An explanation of these pulsations can be given in terms of field· 
alined hydromagnetic oscillations in the magnetosphere under the 
add itional assumption that th e plasma density in the magneto· 
sphere has a lamellar struc ture . The distribution of the pulsation 
periods, computed by S iebert, as a function of the geomagnetic 
latItude s hows a good agreement with the observed data. 

The ionosphel'e, T. E. VanZandt., National Bureau oj Standards, 
Boulder, Colo. 
The structure and physics of the ionosphere are briefly reviewed. 
The ionospheric regions are named. Then for each region are 
given: its height range, ionic composi tion , electron concentration, 
causes of ionization, and loss processes. Transport of ionization 
is mentioned. Sporadic E and spread F are briefly described. 

A review of seven studies of geomagnetic pulsations associ
ated with auroral zone disturbance phenomena, W. H. 
Campbe ll , National Bureau of Standards, BOlllder, Colo. 
A resume is given of seven studies of geomag;netic field pulsations 
in the frequenc'y range of 2.0 cis to 0.005 cis that demonstrate a 
close relationship to upper atmospheric auroral zone phenomena. 
The ultra-low frequency pulsatiuns of irregular amplitude appear· 
ance are shuwn to be related to the disturbed ionosphere, as evi· 
denced by the auroral luminosity fluctuations, the electrojet behavior, 
the vertical incidence sound in g;s of the E region, the cosmic noise 
absorption, high latitude infrasonic pressure waves, and balloon 
observations of e lectron bremsstrahlung. Simultaneous measure· 
ments at a number of world stations indicate the characteristic 
hemispherical behavior of the signals as well as thc uniqueness of 
('onju~ale locations. 

I>reliminary results of Ilolarization studies of certain tYl,e 
Pc 1 micropulsations l'ecol"(led at Bouldel', J. H. Pope, Na· 
tiol1al Bureau oj Standards, BOlllder, Colo. 

Studies of a particular type of micropulsation e ve nt which fits the 
category "Pc 1," recorded at College, Alaska, have s hown interest· 
ing results with respec t to their polarization patterns. I n genera l 
they show an e lliptically polarized wave in a plane perpendicular to 
the magne ti c field line at the station. The sense of rotation, while 
comp li cated by s upe rposition of a number of sig;nals, s hows a 
counter·c1ockwise sense of rotation as viewed in the direction of 
propagation. 
The purpose of this paper is ' the presentation of preliminary results 
obtained from similar recordings made at Boulder, Colo. In pa r· 
ticular, it is important to determine if the inclination of the plane 
of polarization is perpendicular to the field line at Boulder and if 
the sense of rotation is the same as at higher latitudes. 

Simultaneous measurement of micropulsation activity, R. L. 
Komack, and A. S. Orange, Air Force Cambridge Research Lab· 
oratories, BedJord, Mass. 
Earth current micropulsations were recorded simultaneously at 
Trinidad, Puerto Rico, and Austin, Tex., during the Fall of 1962 
by workers from the Air Force Cambridge Research Laboratories 
and the University of Texas. Signals were continuously recorded 
on paper chart in the frequency band 0.01 to 1.5 cis at a chart speed 
of 1 mm/sec. Timing accuracy was maintained to better than 0.05 
seconds at all locations. Twelve selected portions of the data aver· 
aging about 3/4 hour in length were digitized and machine compu· 
tation was employed to comp ut e power spectra, cohere ncies, and 
the direction of the resultant elect ric vector. 
The power spectra exhibit large peaks in the 0.01 to 0.07 region, 
normally considered the region of PC type activity. In this fre· 
quency region, power spectra of data obtained simultaneous ly at 
the three locat ions are virtually ident ical; no variations with latitude 
or lo ngitude are observed. 
The coherency of two signal channels is defined here as a normalized 
cross power spectrum of the two channe ls and is a measure of the 
linear relationship bet ween them. Co herencies above 0.7 were 
consistently found between signals in the PC frequency region reo 
corded more than 2,000 miles apart. The coherency data exhibit 
unexplained "dips" in the PC frequency region that appear in may 
of the data samples. 
The investigation of the directional properties of the resultant e1ec· 
tric field vector illustra tes the strong dependence of this vector on 
local geo logy. The vector is seen to be essen ti a lly stat ionary with 
respect to time and oriented roughly parallel to the dominant geo· 
graphica l feature in the vicinity of the location. 

"V" Phenomena in micropulsations, Elwood Maple, Air Force 
Cambridge Research Laboratories (OAR), Bed/ord, Mass., and J ohn 
H. Frey, Physics Research Division, Emm.anuel CoLLege, Bostol1, 
Mass. 
A representative "V" s ignal (named for its appearance on a Sona· 
gram) may have a duration of about 15 minutes, start at about 10 cis 
or higher, decrease in frequency to about 2 cis, then rise again to 
5 cis or more. This dominant frequency variation is usually modu· 
lated by a quasi·sinusoidal frequency variation having a period of 
abou t I minute and a peak· to· peak amplitude of about 3 cis . Con· 
siderable variation in duration is observed, a slow rate of decrease 
of the V frequency being followed by a correspondingly s low in· 
crease. The frequency range covered also varies, and ill the present 
study, the highest frequency observed is often limited by the record· 
ing equipment. During active times, ten to twenty modulated V's 
per day may occur. Un modulated V's, having purer tones and 
longer durations than the modulated V's, are less frequently ob· 
served. Other characteristics of the V's and their morphology 
will be discussed. 

Preliminary results of micropulsation measurements at 
nf'ar-conjugate stations of Byrd and Great Whale River, 
C. S. Wright, Pacific Naval Laboratory, Esquimalt, British Colum· 
bia, Canada. 
The paper deals with selected micropulsation data recorded at 
these places in the Southern and Northern Auroral Zones. The 
difficulty of displaying the similarities and dissimilarities without 
bias is discussed. Brief mention is made of associations with mag· 
netic data measured in satellites. 

The coast-line effect on rapid geomagnetic variations, 
Attia A. Ashour, High Altitude Observatory, Boulder, Colo., and 
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Geophysical Institute, College, Alaska. 
Calculations are made for the magnetic field of the induced currents 
in a hemispherical ocean by a uniform inducing field which is either 
parallel or normal to the axis of the ocean. The conductivity of the 
ocean is assumed infinite, an assumption permissible when rapid 
variations are considered. 
The results show that a large concentration of induced currents 
exists near the coast, and that the effect of this concentration of 
currents is to reverse the direction of the vertical component on 
land and that of the horizontal component at sea near the coast. 
This is the effect noted by Parkinson at Watheroo. 
It is shown that the oceanic shielding is reduced due to currents 
induced in the earth's core. However, the enhancement of the 
field near the coast remains. 

Cyclotron excitation of hydrornagnetic emissions, Lee Tepley 
and R. C. Wentworth, Research Laboratories, Lockheed Missiles 
and Space Company, Palo Alto, Calif. 
A new model for the production of hydro magnetic emissions is 
presented. The model is based on the interaction between proton 
streams moving in the magnetosphere and the ambient plasma. 
Hydromagnetic emissions are typically characterized by two fre· 
quencies: the emission frequency on the order of 0.2-5.0 cis, and the 
repetition frequency of the fine·structured elements on the order of 
0.2-1.0 c/min (periods of 1 to 5 minutes). The model associates 
these two characteristic frequencies with two natural parameters 
of the motion of proton streams in the magnetosphere. The emis· 
sion frequency is the anomalously Doppler shifted proton cyclotron 
frequency in the vicinity of the equatorial plane, and the period of 
the fine ·structured elements, observed experimentally to be received 
alternately in the two hemispheres, is determined by the bounce 
period of the proton stream as it mirrors successively above the 
northern and southern hemispheres. The model shows that the 
rising.frequency emission fine structure may be produced by a small 
velocity spread in the proton stream. It also predicts the experi· 
mentally observed latitude dependence of hm emission frequency. 
This paper will be presented in two parts: the first part deals with 
theoretical concepts of the proton stream plasma interaction; the 
second part describes the model calculations relating physical pa· 
rameters of the magnetosphere to the relevant frequencies of the hm 
emiSSions. 

Hydromagnetic whistlers, 1. A. Jacobs and T. Watanabe, De
partment of Geophysics, University of British Columbia, Vancouver, 
British Columbia, Canada. 
Of the two modes of hydro magnetic waves propagating in a magneto· 
active.plasma, it is shown that only one mode is likely to be guided 
by the magnetic field. For this mode the wave energy is propagated 
with a faster velocity at a lower frequency. This dispersion charac· 
teristic gives support to the view that a series of ris ing tones on a 
dynamic spectrum of signals of the so·called "pear!" type micro· 
pulsations is caused by a hydro magnetic wave packet which is 
guided by a magnetic line of force of the Earth echoing between the 
two conjugate points. The possibility that such a hydromagnetic 
wave packet is generated by a traveling. wave tube (T.W.T.) ampli. 
fication process is discussed. 

The effects of ionospheric inhomogeneities on the Schu
m ann resonances, T. Madden, Institute of Geophysics and Plan· 
etary Physics, University of California, La lolla, Calif. 
A fu ll three·dimensional treatment of the earth.ionosphere resonant 
cavity is carried out in order to study the splitting effects of the day. 
night and magnetic field variations on the resonant modes and 
to investigate the sensitivity of the resonant frequencies to changes 
in various segments of the ionosphere. 

Opt ical pulsations in the aurora, T. Neil Davis, NASA-God· 
dard Space Flight Center, Greenbelt, Md., and George Cresswell, 
Geophysical I nstitute, College, Alaska. 
Regu lar and irregular variations in the luminosity of auroras are 
observed at College, Alaska, in the post· midnight hours. These 
optical pulsations have been recorded by the television cinema· 
photography techn ique and with an array of extremely narrow· field 
photometers. Preliminary study of the data indicates that several 
types of visual and sub· visual pu lsations are occurring in the fre· 
quency range 0.1 to 10 cis. A part of the observed luminosity 

varIatIOn is in the form of waves propagating through the aurora 
with apparent speeds in excess of 100 km/sec. A film strip demo 
onstrating the optical pulsations and the preliminary analysis results 
are presented. 

A sudden reversal of polarity of ULF field and impulsive 
VLF hiss, aurora and aurora zone absol'Jltion, H. Morozumi, 
Radioscience Laboratory, Stanford University, Stanford, Calif. 
In this note some new features of the relation between micropulsa· 
tion phenomena and other geophysical phenomena are described. 
Micropulsations were recorded simultaneously wilh VLF, ELF, 
aurora and cosmic noise absorption (CNA). Relative timing of 
events on these records could be measured to better than ';' minute. 
It was found that VLF impulsive hiss was related to the initial posi. 
tive change in ULF field, and that cosmic noise absorption does not 
commence until the first reversal of polarity of the ULF field. 
During a little more than two month's observations (July 31 to Octo· 
ber 8) at Byrd Station, Antarctica, 23 well-defined cases of this 
relationship were observed. A similar trend was noted on many 
other records which were too complex to permit clear interpretation. 
This type of event is usually observed near 0400 UT (magnetic mid· 
night is 0615 UT), when background activity tends to be low. How· 
ever, when an event is observed, it is usually large and stands out 
clearly from the bac kground noise. The onset of such an event is 
quite sudden. The event attains its maximum amplitude with in 
a few minutes. A typical sequence of this type of event is as 
follows. 
At about 0300 UT, VLF hiss of relatively constant amplitude varia· 
tions are observed. This type of hiss usually does not accompany 
a large event. Aurora at this time is composed of arcs and bands. 
VLF hiss observed near 0400 UT is of a more impulsive nature and 
the amplitude of the entire noise band fluctuates very rapidly. 
With this imp ulsive hiss, the vertical component of the ULF field 
starts to increase. When the VLF hiss s ignal attains maximum 
ampl itude, the ULF field starts to decrease. This reversal in the 
direction of change usually takes place within 1 minute. A sudden 
commencement of CNA is also observed when the ULF field starts 
to decrease. The beginning of a CNA event also coincides with 
the breakup stage of auroras. At the beginning of the third reversal 
of polarity of the ULF field, the VLF hiss intensity usually drops 
almost to the background noise level. The time interval between 
the first and the third revers a] of ULF field is typically a few min· 
utes. After the third reversal of polarity of ULF, except for envelope 
variations, we did not find any outstanding relation between the ULF 
field and other geophysical phenomena. The above described 
phenomena usually lasted 1 to 2 hours. 
These observational facts suggest that two different particle energies 
may be involved in the initial and secondary stages of the event. 

Bright ness fluc tuat ions in q u iet-form aurora, K. V. Paulson 
and G. C. Shepherd, Institute of Upper Atmospheric Physics, Saska
toon, Canada. 
Observations have been made from Saskatoon of brightness fluctua· 
tions in quiet·form aurora. The analysis of these fluctuations, on 
the assumption that they may be regarded as second-order stationary 
processes, shows that certain frequencies are dominant. Spectral 
density estimates invariably show one, and sometimes two, pro· 
nounced peaks having reciprocal frequency values of 3 to 20 seconds. 
The spatial extent of these fluctuat ions has been examined, and a 
scale size of about 40 km found for a vertical direction, and values 
scattered between 20 and 100 km for the horizontal direction. At 
times, these brightness fluctuations were observed to propagate 
within the form. For five cases in which speeds were measured, the 
values varied from 1.7 to 17 km/sec, and the directions of motion 
were eastward in three cases, westward in one, and downward in one. 
An attempt was made to determine the variation of the fluctuation 
spectral content with height above the earth's surface. The heights 
were estimated from the apparent lifetimes of the'S state of 01, 
which in turn were determined by cross·spectral analysis of 01 
5577 A and Nt 3914A radiation. It was concluded that the median 
reciprocal frequency increases with increasing height. 
Fluctuations in H/3 emission were also observed, and found to be 
identical with those from Nt . These observations will be reported, 
and a comparison made with what might be expected on t ile basis 
of a simple bounce mechanism. 
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Slow fluctuations of absorption ratio b e tween conjugate 
points, J. J. A. Chi vers and J. K. Hargreaves, Nat ional Bureou of 
Standards, Boulder, Colo. 
Ionospheri c a bsorption is being meas ured with riometers a t three 
pa irs of co njugate point s, res pecti ve ly out s ide, o n, and insi de the 
auroral zo nes. Whe n the ra tio of abso rption a t a northern s it e to 
that at it s southe rn conju ga te is ca lcu lat ed for se lec ted periods, 
it is found that the absorption ra tio oft !" n ex hibit s s low fl uctu a· 
tions. So metimes these ass ume a qu as i·s inusoid al ap peara nce 
havin g a pe riod of about 2 hours. They te nd to be stronge r a nd more 
frequent a t the higher la titudes, a nd a re see n more oft e n by night 
than by day. Some s tati s ti cs will be present ed of the occurrence 
of these flu ctu a tions, and the ava il abl e evide nce of the ir spa ti al 
prope rti es ove r the surface of the earth will be discussed. They will 
be compared and co ntras ted with ot he r known oscillation s of iono
s phe ri c absorpt ion . 

Geomagnetic fluctuations-a prime contributor to the de
pletion of plasma from the outer magnetosphere, the main 
phase of D s" and high red auroral arcs, K. D. Cole, Department 
of the Geophysical Science, University of Chicago, Chicago, Ill. 
A theory of the deple tion of plas ma in the oute r geo magnetic fi e ld, 
and main phase of D.,,(h) is presented . It is argued that random 
geomagneti c flu c tuations with pe riods in excess of about 200 sec 
contribute significantly and directly to bo th these phenomena. 
Random electrostatic fi elds (E ) associa ted with geomagnetic noise 
in the magnetosphere, such that E· B = 0, cause the random inter· 
change of tubes of force a nd the plasma in the m. This c hanges the 
gross di stribution of plas ma dens ity (n) from the quie t n ex RE3 (in 
the equatorial plane) to n ex RE' (approx.) within the noise region of 
the magnetosphere. The noise region appears to be several earth 
radii thick during s to rms . This may be inferre d from the latitude 
di stribution of amplitude of geomagne tic flu c tuations as observed 
at the ground. The change of n profil e re presents a firs t order de
c rease in n in the outer parts of the noise region and would account 
for the loss of plasma the re observe d by whis tle r techniques. 
The coe ffi cie nt of diffus ion applicable is 

D= 2!!:.' T 
B' 

where E' is the variance of the noise fi e ld and T it s corre lation time. 
The time (to) r equired to change the di s tribution within a noi se re
gion of equatorial radial dimension !:>R is to = (!:>R )2D- ' ; during mag
neti c storms to is about the time differe nce be tween the onset of the 
initial phase and the trough of the main phase of Ds,(/-I). 
Corresponding to the loss of plasma from the outer part of the noi se 
region there is a gain at the inner part. In a typical magnetic storm 
there is thu s a ne t e nergization of the plas ma in the noise region by 
a factor of about 10. The plas ma beyond 5 R£ normally has a tem
perature of 10- 100 e V. The plasma redi stributed by storm noise 
in the region 3 RE (say) to about 10 RE has an energy of about 200-
2000 e V pe r particle . This is suffic ie nt to cause the main phase 
of D". 
The energy flux in the magnetosphere in geomagnetic fluctuations 
appears sufficient, during the time available before the main phase 
trough, to account for the energy involved in the main phase of D". 
It has been s hown elsewhere that the heat losses to the atmosphere 
from hot F-region electrons which are ass umed to excite the mid
latitude red arc are comparable to the decay of magnetic energy of 
the main phase of Dst . Since geomagnetic fluctuations contribute 
a s ignificant component to Ds/ energy, they are an indirect contrib
utor to the formation of the red arcs , by virtue of heat transfer from 
the hot magnetospheric plasma to F-region e lec trons. 

Oscillalol·Y I)henomena in labol'atol'Y simulation of the mag
netos l)he .·e, M. P. Bac hynski, J. V. Gore, a nd F. 1. F. Osborne, 
RCA Victor Co ., Ltd. , Research Laboratories , Montreal, Canada. 
Laboratory expe rime nt ~ have been perform ed , scale d to s imulate 
the interaction of the so lar wind with the earth' s magneti c fi e ld, 
o r the case whe re there is no inte rplane tary magnetic fi eld. As 
in nature the so lar wind is co nside red as a magnetohydrodynamic 
medium . Thu s the int e raction is des igned to correspond to the con
cept s of a ma~ne ti c fi e ld froze n to the plas ma so that a simple form 
of Ohm's Law (E + (V X B) = 0) is appli cable, where E is the ve ctor 
e lec tri c fi e ld , V t he plas ma velocity, and B the vector magneti c 
fi e ld. Effects of thermal press ure, res is tivity, and Hall current s 

must be minimi zed in order for thi s to be the case in the labora tory. 
The sca ling of the expe riment is se lected on thi s bas is within the 
limit s of att a in able laborato ry pa ra mete rs. Furth er, the interac tion 
req uires tha t the magneti c pressure of the model magneti c fi e ld be 
eq ual to the wind kineti c press ure at some suita ble di sta nce from 
the mode l ea rth , thus pl ac ing co nstraint s on the veloc ity of thc me
dium , the ten ·e ll a magneti c fi eld, and the s ize of the interac tion 
vo lume. Fina ll y, the time for developme nt of the phys ical processes 
in vo lved mu st be ta ke n into account. All these requireme nts 
ap pear to be fulfill ed in the laboratory model experiments. 
Two di stinc t forms of interaction have bee n delineated by photo
gra phic and magneti c observations, the de termining fac tor be ing 
the solar wind properties. 
The "standoff" interac tion shows the virtual exclusion of the im
pinging solar wind plasm a from the geomagnetic cavity. The 
magneti c cavity form ed shows a well defin ed s teep gradie nt boundary 
to windward at th e pos ition of the visible standoff. 
The " injec tion" interac tion shows a poorly de fin ed slow gradient 
boundary as determined both by photographic and magne ti c meas
urement. In addition, cavity pe netra tion by the solar wind pl as ma 
is observed in the regions associa ted with the Chapman-Fe rraro 
horns. These injec tion s near the poles follow conve rging p a ths 
moving to lee ward and me rging in the equatorial plane to form a 
single tail. The magne ti c e vidence sugges ts tha t the inj ec tion inter· 
action may be associated with a lowe r pl as ma conductivit y. 
Both types of interac tion s how a c lea rl y sepa ra ble inte rior phe· 
nomenon rese mbling in ma ny ways the Va n ALi e n be lt in space. 
The labora tory be lt s hows we ll defin ed la titude limits as modifi ed 
by the di s tortion of the dipole magneti c fi eld . The belt s hows a 
predomin ant wes tward motion of the ions at a ve loc it y lo we r tha n 
tha t of the incide nt solar wind. 
S pati a ll y reso lved measure me nt s in th e quasi Va n Allen belts by 
mea ns of e lectros tati c and magneti c IJrobes have shown the prese nce 
of several types of e lec trom agneti c oscilla tions. These s ignal s a re 
observe d at seve ral di s tinct fr eque nc ies below 1 Mc/s whic h scale 
to low-freq ue ncy e miss ion signals observed by so me sa te llites, 
and a re poss ibl y associat ed with hydromagneti c wa ves genera ted 
during ' th e intc rac tion . The spati a l di s tribution of these oscilla· 
ti ons within the quas i Van All e n be lt s s ugges ts tha t they are associ· 
ated with the mechanis ms ~e n e ra tin g th e belt s and the ir subsequ e nt 
motions. 

Electromagne tic dis tUl'bances associate d with high altitude 
nucleat' weapons tests, R. D. Elliott , R. A. Fowle r, D. T. Hodder, 
J. Ke rt , and B. J. Koti ck, Space and Inform.at ion Systems Division , 
North. American Aviation , Inc., Downey, Calif. 
Worldwide effec ts observed in magneti c a nd earth c urrent reco rds 
from the Argus and Starfi sh Tes t se ri es arc summarized and com· 
pared to natural di s turba nce data . 
A pre limin ary co mpari son of natural a nd blast produ ced wave forms 
is present ed a nd di s tinc tio ns di scussed in terms of s imult a ne it y 
of arrival s and morphology or latitude effects . The result s of those 
studi es are bri eAy summarized. Ins trum ental di s tortions are ana· 
lyzed and corrections inc luding time se ri es reconstru c tion by 
Fourie r Transform method s are introdu ced . Three di s tinct reo 
gion s of blas t e ffe c t s are id e ntifi e d a nd re lat e d to o bse rv e d 
phenome na. 
To permit phe nomenological studies and eva lu a ti on of propagation 
characteri s tics above the ionosphere, such as di spers ion, ha rmoni c 
analysis of the corrected signals is performe d. Thi s inc ludes use 
of advanced power, coquadrature and cos pectral a nalysis techniques . 
The mathe matical techniques e mployed are identifIed. These 
analyses aid in the ide ntific ation of unique s pect ra l resona nces in 
the blas t pe rturbation with definit e harmonic stru c ture . Compari . 
sons to harmonic ana lysi s of natural mi c ropul sa tion di sturbances 
are prese nted. 
The unus ual s ignifica nce of these effec ts for s tudy of the e xosph ere 
and int e rpre tation of natura l phe nome na is indicated. 

Magnetos pher·ic resonance, J. W. Dungey, Imp erial CoLLege , 
London. 
An e le me nt ary account is prese nt ed of the propagation of hydro· 
magneti c wa ves whe n t he pl as ma press ure is negli gibl e. Equ ations 
a re a lso. derived for waves in axia ll y sy mmetri c fi e lds, and partic u· 
lar kinds of mode are desc ribed. Nume ri cal valu es are given for 
the magnetosphere and the vari ation of the wa ve amplitude with 
di s tance is di scussed. The effec t of the ionos phere is described 
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and shows the need for combining observations from a triangle of 
stations. Other aspects such as dispersion and guidance are 
outlined. 

Nuclear explosions as sources for ULF electromagnetic 
fields, W. J. Karzas, The RAND Corporation, Santa Monica, Calif 
The emissions from a nuclear explosion (y rays, x rays, etc.) are 
described. The interaction of these products with the atmosphere 
is discussed, with particular attention to the different effects ex
pected as the altitude of the explosion is varied. 
The associated currents and conductivities are described and are 
grouped into two classes: (1) Those which are limited in extent and 
rapid in time variation (compared to the wavelengths and frequen
cies in the ULF region); for these t he character of the observed EM 
fields is determined primarily by the nature of the earth-atmosphere 
medium and propagation in it; (2) those which have wavelengths 
and/or frequencies in the ULF range; for these the observed EM 
fields will be more closel y related to the explosion history. 
Estimates are made for the magnitude of the expected ULF fields 
and compared with experimental results. 

The magnetosphere, Laurence J. CahilJ, Jr., Physics Department, 
University of New Hampshire, Durham, N.H. 
Experimental evidence obtained by the Pioneer 1 and 5 space probes, 
the Explorer 12 and 14 satellites and, recently, the IMP 1 satellite, 
have defined the location and the nature of the sunlit portion of the 
magnetosphere. The boundary is a thin layer, less than 100 km 
thick, in which field direction reverses. It is located near 10 earth 
radii at the subsolar point, but its distance increases to 14 earth 
radii near the dawn meridian. Movement of the boundary may be 
inferred from the observations on about half of the passes. Motions 
of several hundred km are common. Large motions of several 
earth radii occur more infrequently. The boundary of the mag
netosphere does not close immediately behind the earth, but extends 
in a long tail at least beyond 30 earth radii. The diameter of this 
cylindrical tail, apparently nearly symmetrical about the anti·solar 
direction, is 30 to 40 earth radii. The postulated ring current re
sponsible for the main phase of geomagnetic storms has not been 
identified positively. Significant distortions of the magnetosphere 
near 3 earth radii in the sunlit hemisphere and near 8 earth radii 
in the dark hemisphere have been observed. These distortions 
are apparently due to inflation of the magnetosphere by large num
bers of low·energy particles, since observed higher ~nergy protons 
and electrons are not sufficient to produce the distortions observed. 
Fluctuations in the field have been observed which may be inter
preted as hydro magnetic waves propagating through the magneto-

sphere. Compressional and transverse waves have been observed 
with amplitudes of 5 to 20 gammas and with periods varying from 
one to many minutes. 

Auroral zone effects, J. E. Lokken, Pacific Naval Laboratory, 
Defence Research Board of Canada, Victoria, B.C., Canada. 
Geomagnetic micropulsations, as observed at auroral latitudes, 
and associated phenomena, are discussed in a descriptive way. 
The most characteristic feature of auroral zone micropulsations is 
the occurrence of impulsive events, recently called Pi 1 and Pi 2. 
These often, but not always, occur near the onset of magnetic bays, 
usually near midnight, and exhibit a high degree of conjugacy. 
They occur in conjunction with fluctuating aurora, x-ray emission, 
cosmic noise absorption, and immediately on termination of VLF 
auroral hiss. Recent satellite measurements confirm the presence 
of precipitated particles. Long period (Pc 5) regular micropulsations 
are also an auroral zone feature. One outstanding example lasted 
for 12 hours, maintaining phase coherence between Byrd and Great 
Whale River during the entire interval. Fluctuating riometer 
absorption and auroral intensity fluctuations are sometimes known 
to accompany some types of regular micropulsations. 

A review of solar wind-magnetospheric interactions, A. J. 
Dessler, Department of Space Science, Rice University, Houston, 
Texas. 
The solar wind is a magnetized plasma whose magnetic field, in 
general, makes an oblique angle with the solar wind velocity vector. 
G. K. Walters (1964, J. Geophys. Res. 69, 1769-1783) has shown that 
the effect of this angle is an easterly deflection of the solar wind as 
it traverses the standing hydro magnetic shock wave a few earth 
radii upstream of the magnetosphere. The calculated deflection 
angle lies between 5 and 20 degrees, and disappears completely 
when the interplanetary field is either parallel to or normal to the 
solar wind velocity. The magnetosphere will tend to aline itself 
along the direction of the local solar wind flow. Changes in the 
direction of the interplanetary field wilJ thus result in changes in 
the shape of the magnetosphere, which can be detected at the earth's 
surface as hydromagnetic perturbations. Thus, the changing direc
tion of the interplanetary magnetic field offers a mechanism whereby 
energy can be transferred from the solar wind into magnetic activity 
detectable at the earth's surface as measured by Kp or Ap indexes 
(A. J. Dessler and G. K. Walters, Planet. Space Sci. 1964 12, 
227-234; and K. MaeI' and A. J. Dessler, 1964, J. Geophys. Res. 
69, 2846). Another interaction effect is that hydromagnetic shock 
waves in the magnetospheric tail may drag it out for distances of 
the order of 30 A.U. (A. J. Dessler, 1964, J. Geophys. Res. 69, 
3913-3918). 
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