
Preface 

Since the International Geophysical Year, there has been a rapid and significant growth in the 
number of scientists studying the natural electromagnetic signals in the frequency range between 
30 cis and 0.001 cis. Sufficient progress was made in the understanding of the geophysical sources 
and their propagation characteristics to consider it an appropriate time to pause, reevaluate the 
research, summarize the work, and delineate the pressing needs for future studies. The Sym
posium on Ultra Low Frequency Electromagnetic Fields was held in Boulder, Colo., on August 
17-20, 1964. The conference consisted of three tutorial sessions on the environment, signal 
sources, and observations, and one session for presentation of contributed papers regarding recent 
research. The conference was arranged by the National Bureau of Standards and the National 
Center for Atmospheric Research and cosponsored by the American Geophysical Union, the Office 
of Naval Research, the Air Force Cambridge Research Laboratories, and the International Associ
ation of Geomagnetism and Aeronomy. Approximately three hundred international scientists 
were in attendance. The papers presented in this issue of Radio Science were selected from the 
large number of manuscripts submitted by the participants at the symposium. Abstracts of other 
contributions are listed at the end of this issue. Papers prepared for this symposium by re
searchers in Japan have appeared in the Report of Ionosphere and Space Research in Japan, 
Volume 18, No.3, 1964. It is hoped that this publication of the symposium highlights will expose 
the reader to the present level of understanding in this interesting field of research and stimulate 
further productive studies. 
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Abstracts of ULF Conference Papers Not Published in This Issue 

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 
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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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