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ABSTRACH

Perlodlc emlssions were found to havée the same- period as tWO-hop
whistlers at the same frequency, glving further gupport to the hypothe51s
that each emission is trlggered by the wh15tler~mode eécho of the previous
emission., The predomiiiance of symmetrlcallthree-phase emissions was
explained in terms of a "recovery’ i{ime £o0r the generation region,

Detection of discrete emissions triggered by vlf Morse-dode dashes
(150 ms), but seldom by dots (50 ms), showed that the medium tends té be
contlnuously susceptlble to trlggerlng and that the process of trlggerlng'
is strongly dependent on signal duration,

Aurora-associated hiss was fouhd té Benter in the. auroral zone and
to extend in freguency from 4 kHz -to well over 20 kHz, The variatioh
of hiss with .absorption was positive for swiall absorption and negative
for large, indicating at least partial control of hiss intensity by
D-region absorption, . Associations were found between hiss and other
phenomena, including sporadi¢ E, 28 .Mc/s noise buréts and 18 Mc/s radar
echoes from field-aligned ionization in the auroral zone.

Polar chorus, a diffuse type of auroral=zone emission, peaking near
700 Hz, shoved a dlurnal maximum nedr magnetic noon and a Seasonal
minimum during -local w1nter and has been attributed to cyelotron radlatlon
from protons,

Correlation of auroral zohe emisgions with other phenomena showed
hiss (> 4 kHz), type B aurora; absorptiorn and impulsive mic¢ropulsations
peaking near magnetic midaight., Near magnetic noon the prineipal events
are strongly correlated absorpt10n and chorus at 1 kHz ;-

Qua51 perlodlc em1551ons or long-perlod pulsatlons having periods
of the order of a minute, were found to consist of bursts of recognizeéd
types of emissions, They were showil to appear similtaneously in oppesite
hemidpheres and have been attribited to modulation by hydromagnetlc waves
of the parameters of the emission méchanism, A new elasé of quasi-periodié
emissions was 1dent1fled, in which thHe period is an integral multiple of
the perlod of a whlstler-mode perlodic em1551on eoiitained in the quas1—
periodic bursts, : -




Rocket and satellite observations show strong emissions that often

.are not seen on the ground, Satellite observations have revealed an unusual

band of noise, that is frequently stimulated by whistlers and is apparently
related to the lower hybrid resonance frequency.

Theoretical work confirmed the inadeguacy of known single particle
radiation mechanisms to explain the cbserved.intensities of vlf emissions,
Mechanisms based onh the:assumption of coherently radiating bunches of
electrons were advanced and criticized, : The transverse resonance
instability was proposed to avoid the limitations of the 'particle-bunch'
theories, but the spectral shapes of discrete emissions still remain
unexplained. :

The precipitation of energetic particles was theoretically linked to
the generation of vlf emissions, It was shown that whistler-mode noise
leads. to electron pitch angle diffusion which in turn results in particle
precipitation. -



R Introduqti¢hsi--w

This paper reviews progress in the study of vlf emissions during
1963-1965, The vif emissions considered in- this paper-are found
principally in the range 100 to 30,000 cps.and appear to originate in
the ionospheére:and magnetosphere. . Propagation phenomena, such as the -
proton4whistler,_arernot‘cohsidered; -Work is reviewed under three main.
headings, ground-based observations, rocket and satellite observations,
and theories, . : oo ‘

~I1, Ground-based Observations

A, Types of Emissions

Before discussing recent results. from ground-based observations, it
will be helpful to review briefly the classification of emissions as
determined from their spectral forms. Two main types are recognized,

The first, called discrete emissions, are limited in duration and are
distinguished by & reiatively small bandwidth. They typically show marked
frequency-time variations over periods of a few seconds or less, Elemen~
tary forms inclide rising and falling tones and Hooks, These may join in
various ways to form combinations of discrete emissions, _When individual
discrete emissions appear in rapid Sequence,; with individual elements
often overlapping in time, the result is called chérus because of its
resemblance to the sound of birds waking in the early morning, The
second type, called diffuse emigsions, or hiss, resembles band-limited
thermal or fluctuation noisé, and includes. auroral hiss, mid-latitude
hiss and polar chorus, The latter is dominated by contiiuous noise but
often shows structure, Most diffuse emissions observed on the, ground
tend to last for periods of minutes or more. -

Periodic emissions ‘constitute an-important sub-class of discrete
emissions, and consist of a sequence (called a set) of individual events
with regular spacing, Periodic emissions are classified as either disper-
sive or non-dispersive depending on whetheér their period, respectively,
does or does not vary with fregquency. Fremiéntly two or more sets of
periodic emissions appear to be superimposed with different phases. These
are called multi-phase periodic emissions and will often be identified.
aurally as chorus, BRI :

Quasi-periodic emissions (or long period pulsations) consist of bﬁrsts
of recognized types of v1f emissions. _The periods are measured in tens of
‘seconds and although well defined usually show quite noticeable irregular-
ities, in contrast to the pelative:constancy of the periods in the periodic
emissions. : e o -

. Triggered emissions~include‘any_émission that appears to have been
initiated by anothér event such as a whistler or-a signal from a v1f
transmitter or another discrete emission,
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Representative spectra of the presently recognized types of emissions
have been published elsewhere (Helliwell, 1965), It should be noted that. .
present schemes for, the classification of emissions are based to a con- '
siderable extent on the appearance of their dynamic spectra. These may
change as our understanding of the phenomena improve,

B. Periodic Emissions =~ -

Comparison of periodic emissions with whistlers has shown that the’
fundamental period of the emission is the same as the -two-hop whistler~
mode period over that path., (Helliwell, 1963; and Helliwell and Brice,
1964) These results support the echoing-wave-packet hypothesis in which
each element of a periodic vlf emission is assumed to be triggered by the
_ whistler-mode echo of the preceding wave packet. When the absorption of
the triggering signal is strong, only the resulting emission is seen and
hence the train of emissions is non-dispersive, On the other hand, when
the triggering signal is not. absorbed, it will show ordinary whistler-
mode digpersion and will appear superimposed on the triggered emission,
The result is often a rather complicated record in which dispersion is
evident but not easily interpreted. .In the extreme case of weak genera-
tion and weak absorption, each individual element in the train closely
resembles the whistler-mode echo of the previous emission.

The echoing-wave-packet hypothesis has shown better agreement with the
data than the previous model based on the assumption of a bunch of radi-
ating particles echoing between their mirror points., This mechanism also
has application to the problem of hydromagnetic emissions of the periodic
variety. . (Brice, 1965b) E ‘

Observations of multi-phase periodic emissions show that the three-
phase symmetrically-spaced type- ig surprisingly common, whereas the two-
phase type is relatively rare (Brice, 1965a) ., This result has been
interpreted by Brice to mean that the emission region has a recovery time,
in this case of the order of seconds,  Multi-phase emissions with an odd
number of phases tend to be self-stabilizing while those of even order are
unstable -and hence rare, ' R

" C. Artificially Stimulated Emissions

Discrete vlf emissions of various forms have been stimulated
artificially by the Morse~code signals radiated from vlf transmitters
{Helliwell et al, 1964), On many occasions'it'was'observed that each
Morse-code dash (150 .ms duration) produced -a strong discrete emiSsion,
but the Morse-code dots (50 ms duration) produced nothing. The starting
time of these emissions was delayed with respect to the leading edge of
the triggering dash by times of the order of 70 - 140 milliseconds, This
time range lay between the lengths of the dot and dash and led to the.
suggestion that a certain minimum iength of signal, of the order of
100 ms was required to initiate the emission. Triggering of the trans-
verse resdnance instability was suggested as. the cause of the emissions
(Brice, 1963; Bell and Bunéman, 1964), Ce e
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D, Mid-'iatitude Hiss

Hiss found. in clese assoeiation with chorus and whlstlers ‘and appear—
ing mainly at fregquencies below 4 kHz, can be called mid-latitude hiss
because the associated phenomena are known to appear most frequently-at
mid-latitudes, -Mid-latitude hiss does not appear to be related to visual .
aurorae., The upper edge of & band of mid-latitude hiss usually is.the
starting frequency for discrete emissions of the rising type. Assoc1ated
whistlers often show. 1ncreased 1ntensity and 1ower echo decrements w1thin
a band of mld—latitude hiss.

E. _Aurbral,Zone'Hiss

Auroral zone hlSS is often- associated with aurorae and is usuyally seen
.above 4 kHz with upper cutoffs extending: as high as several hindred
‘kHz, These high values of the upper cutoff can be observed at.auroral’
zone latitudes where propagation near the top of the iine of force would
not be expected because the minimum gyrofrequency is below the wave
frequency, Since these frequencies are above the minimum gyrofrequency,
generatlon at the top of the path-is’ congidered unllkely

Hiss 1ntens1t1es measured in both the southern (Morozumi, private
communication) and northern (Harang et al, 1965) auroral zones are similar
and show a definite increase with frequency, at least up to 20 KHz,
Values of the order of 107 =15y~ 2(c/s) -1 are found in hiss bursts at
15 kHz. Hiss was observed. simultaneously- in E-W and N-S - loop- antennad,
with the intensities tending to be higher in the E-W “antenna, It was
suggested that the noise was arriving . 51mu1taneously from various direc-
-tions, (Harang et al, 1965)

Observations by Ondoh -and Tsozaki (1965) in Japan showed that hiss in
the 4 - 6 kiiz band can be detected at Hiraiso (geomag, lat, 26 N) and-
Moshiri (340N) which .are located well below the peak in occurrenee of
whistlers-and v1f emissions _The observed intensities indicated that the
locations of origin were at high latltude p0551b1y in the auroral ‘zone,

Studies of hiss in the northern auroral zone by Harang and Larsen -
(1965) have confirmed the assoeiation between auroral zone hiss and the
aurorae previously noted in the Antarctic, In. addition it was found that
when the - piometer measurements on 28 mwHz gave absorption in the Tange

.3 to .9 db the correlation with hiss was positive, . For large values of
absorption, in the range 5 to 9 db  the correlatlon was- strongly negatlve.
These results were 1nterpreted to mean that the generation of hiss is:
related to the ‘absorption-producing particles but originated ebove the
- absorption reglon and hence was strongly absorbed in passing through the

D and E regions, ST

. From hlSS data obtalned in the 4 -9 kHz range from 13 statlons 1n
- both hemlspheres, the morphology of hiss zones hag been estimated
(Jﬁrgensen 1966) ., The hiss zZones are centered close to . auroral zones
and peak up on the evenlng side of the earth- close to the- magnetlc mldnlght
meridian.
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Hiss has been found on occasion to correlate with sporadic-E (Jﬁrgen—
sen, 1964); bursts of hiss have also heen a58001ated with 28 mHz bursts
observed with a riometer at times of sudden ' change in the earth‘s field
(Harang % Larsen, 1965) ,

Hiss has been found to correlate with 18.Mc/s radar echoes from F-
region field-aligned irregularities located in the auroral zone (Hower and
Gluth, 1965). On some occasions the .association between the two measure-
ments was very close with both phenomena beginning at the same time and
passing through several maxima and minima together. This result raises
some interesting questions regarding the nature of propagation across
the lower boundary of the ionosphere. The authors suggest that Budden's
hypothesis regarding the effects of small irregularities on propagation

might be important in this connection. D and E region absorption

variations would appear to be another possible cause of the observed
variation, Satellite measurements should aid in selving this problem.

F, Polar Chorus

The diffuse type of emission called polar chorus {(also called auroral
zone emissions) is observed frequently at high latitudes in a band
centgred near 700 Hz, Using data from Kiruna (geomagnetic latitude
65.3 N), Egeland et al (1965) find that this emission band lies between
500 and 1000 cycles and that the intensity variation is assymetric, failing
off less rapidly on the high frecuency side of 700 cps, The diurnal
maximum occurs at magnetic noon. " They attribute this radiation to protons
gyrating in the earth’s magnetic field,

° A comparative studyoof polar chorus at Godhavn (geomagnetic latitude
80 N), Narssarssuaq (71 N) and Tromso (67 N) (Jﬁrgensen et al, 1965) showed
that the diurnal variation peaks at approximately magnetic noon at each of
the three stations. Although the seasonal variation is not nearly as
pronounced as the diurnal, there is a definite tendency for a minimum to
appear in winter,

Although polar chorus generally does not appear to be connected with
the aurorae, a recent observation (Ungstrup, 1966) shows that flickering
aurorae is sometlmes accompanied by an unusual type of chorus appearing

-below 2 kHz.

G. Quasi-periodic Emissions

Quasi-periodic emissions, or long period vlf pulsations, have been
shown to appear simultaneously,.Qr.nearly-so,'at conjugate points (Carson
et al, 1965), The spectral peak of micropulsations correlates well with
the periods of the vlf pulsations, suggesting that the generation mecha-

nism for the vif emissions is modulated by the hydromagnetic waves which

are thought to produce the micropulsations, In .another study of quasi-
periodic emissions recorded at Byrd Station, Helllwell and Flint. (1966)
have found that certain gquasi-periodic emissions appear to ‘result from
the interaction of periodic emissions on two different frequencies, The
period of the quasi-periodic fluctuation (evidenced by both amplitude
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and freguency. varlat;ons) was found to be- an 1ntegra1 mu1t1p1e of’ the B
period of the lower frequency perlodic, _This observation indicates that
some-of the qua51—perlodlc emissions can be explalned without 1nvok1ng

modulation of the emission process by fluctuations in the earth's fleld

CH, . General Relatlcnships

In a study of the relation between auroral radio absorption and very
‘low freguency emissions (Ecklund et .al, .1965), it was found that the
occurrence of v1f emissions increased with increasing absorption if there
was an area of low. absorption within about 150 kilometers of the observa-
tion .gite, .On the other hand if the- abserptlon was w1despread the
emission occurrence decreased with inecreasing absorption. Cherus . was
355001ated with . absorpt10n and hiss with the absence of absorptlcn

Frcm .a study of the relation of dlscrete vlf emission %o absorption
(Yoshida, 1965b), it was concluded that enhanced vlif emission aetivity .
during - magnetlc storms is generated in the co-rotating- region of the

~magnetosphere but npt in the tail region,  These results are in acecord~
ance with the idea that discrete emissions are generated at the top of a
closed line of force.

In . a study of very low frequency emissions, ‘whistlers and magnetlc
activity, Yoshida (1965a) found that the correlation of whistlers with
chorus is somewhat higher than with hiss, This result is in accord with
the previously reported occurrences of chorus trlggered by whlstlers. . How=
.ever it is not clear whether the correlation results from. dependence of

the generation mechanism on whistlers or simply on the presence of whistler
duets which permit the chorus to be observed,

Studies of aural data on the ogcurrence of Vlf em1551ons as recorded
by the whistlers-east network (Laaspere et al 1964) suggest that source
variations rather than propagatlon conditions tend to comtrel vlf eml&Slon
occurrence except during intense magnetic disturbance, VI1f emissions at
Dartmouth increase with K up to values of 7 or 8, then degrease
greatly at K = 9, presumgbly because of inereased absorptlono . Chorus
shows no seasgnal variation in occurrence but does show a strong d1urnal
varlatlen whose peak is later on qulet days than on disturbed,

In another study of emissions and ionospheric absorption, Ondoh (1963)
finds that the maximum ogccurrence rate of Ipin and chorus moves south-
ward from the- aurcral zone to a latitude range of 61 to 98 during .a
magnetic disturbance. - Ghorus intensity and absorptlen max1mlze sone
30 to 40 hours after the sudden commencement, . He postulates that this
-maximum is related-to betatron acceleration of electrons by rapid varia-
tions of the magnetic field during the storm, .On the other: hand he finds
_hiss to eccur mestly during the main phase of - the geomagnetlc storm on the
order of 5 -to 15 hours after the sudden commencement

In Stlll ancther study of correlation betWegn magnetlc activity-and
emission: gt Poitiers (geomagnetic latitude 49,5°N), Mme Leduc: (1965) finds
the maximum of mid-latitude hiss to come: about 9. tc 18 hours after the
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magnetic activity. Furthermore, the time delay increases with Kp, She
finds chorus is delayed about 9 hours after the magnetic perturbation
whenever - Kp eXceeds 6. For K_-values less than 6, however, there is
no time delay. It might be postglated that this dlfference arlses from
absorption which is dlrectly associated w1th particle precipitation,

A study of vlif emissions and other geophysical phenomena at Byrd Sta-
tion shews distinct nighttime and daytime regimes (Morozumi, 1965), Peak-
.ing near magnetic midnight are vif hiss, type B aurora, absorption and
impulsive micropulsations. A typical night event shows all of these
phenomena beginning nearly simultaneously., Hiss and discrete vlf emissions
around 1 kiHz may appear after the cessation of the higher frequency hiss,
their duration being comparable with that of absorption, This result
indicates that the 1 kHz emission is closely connected with the particles
which produce the absorption that is responsible for cutting off the hiss,
The day. regime, peaking near magnetic noon, includes vlf chorus, occasion-
ally preceded by hiss bursts and micropulsations of the continuous type
(P.). In the day event, chorus intensity at 1 kHz correlates strongly
with absorption as in the case of the 1 kHz emission observed during
the night event. Comparison of these results with satellite data
suggested'that the v1f "hiss occurs beyond the region of trapped electrons,
whereas v1lf chorus is produced in the region of connected lines of force,

III. Rocket and Satellite Observations

A number of rockets and satellites have been flown with v1f receiv-
ing éqﬁipment on board, One clear result is that mahy more events, both
whistlers and emissions, can be observed above the ionosphere than below.
In the rocket flights from Wallops Island, Cartwright (1964) found strong
hiss not seen on the ground. At night the hiss centered at 2.8 kHz and
showed a marked variation with altitude of the rocket. ' The variation of
magnetic intensity of the hiss was found to correlate closely with the
magnitude of phase refractive index obtained from another experiment on
the same rocket. This variation was explained in terms of the change in
wave impedance assuming a constant power flux into the region. Spin
modulation data indicated that the wave normal was at least 60° away
from the magnetic field, suggesting that the energy should be totally
reflected at the lower boundary of the ionosphere, thereby accounting for
the absence of the noise on the ground, In the daytime flight, hiss was
seen only in the vicinity of 800 Hz, In a rocket launched in Japan,
strong noise was found in the 400 - 600 ecycle band in addition to
whistlers (Iwal et al, 1965),.

Observations by the Injun ILI satellite (Gurnett and O'Brien, 1964)
showed a close association between vlf hiss, aurora and particle precipi-
tation, Evidence was found that vlf hiss is generated at and above the
high latitude trapping boundary for 40 Kev electrons and that it corre-
lated with fluxes of precipitatéd electrons whose energies are greater
- than 10 Kev, Luter study of these data (Gurnett, 1966) showed that v1f
hiss occurred in a zone about 7° wide centered at 77° invariant latitude
at.1400 magnetic local time (MLT) and decreaslng to T0P invariant at

-8~



2200 MLT, The satelllte vif hlSS occurs predominantly in the period from
12 to 24 hours MLT, while ground. obServatlons show the period to be roiughly
19 - 21 MLT. It was suggested that during local nlghttlme it might’ be -
plausible to assume that the ground and satellite observations were the
same; however, no. correlated data were available to test whether the
noisebands were in fact identical .in the satelllte and on the ground,

Observatlons by the- Alouette and 0G0 satellites have shown a number

. of interesting phenomena. The same periodic emissions and whlstlers

are often seen over large ranges of latitude, indicating considerable
leakage of the energy from the discrete paths Data from Alouette I have
led to the discovery of a new noise band (Belrose and Barrlngton 1965)
which was not seén on the ground and has been related to the lower hybrid
~ resonance (LHR) for the transverse mode of propagation- (Brice and Smlth

1964} . The frequency £, of this resonance is given by. equation

.l/f 0 o+ .1/f (F ), where fh :is.the_electronegyrofreqoency, Fh
is the ion gyrofrequency and F is the ion plasma frequéncyL Assuming
that the LHR interpretation is. correct this noise provides new. 1nforma—
tion on the mean ionic mass at the height of the satellite (Barrlngton et
al, 1965; 1966),  As yet no satisfactory explanation of its origin has

been advanced. However, it has been observed that this noise is frequently
enhanced at the time of reception of whistlers of all kinds., This fact

has led to the conclusion that the noise must be produced close to the
satellite., Smith (1966) has suggested a mechanism 1nvolv1ng the trapplng
of vlf waves, introduced by whistlers and other emissions, in a trough
deflned by the lower hybrid resonance frequency. I :

Prellmlnary data from the- OGO—I vlf exper1ment performed JOlntly by
Stanford. University and the Stanford Research Institute have shown that
the 1nten51ty of emissions is roughly independent of position along a 11ne
of force, .The upper cutoff frequency appears to relate to the minimum
gyrofrequency on the line of force passing through the satellite rather
than the gyrofrequency at the satellite. This result suggests that the
noise is generated near the top of the line of force,

Iv, Theories

No completely satisfactory theory of the origin of vlf emissions has
yet been promulgated. However, a number of ‘advances have been made 1n
the understanding of various suggestions, Most detailed proposals for

_the generation mechanism are based either on the, Cerenkov or the cyclo-
tron radiation mechanisms.  In the case of cyclotron radiation both the
normal and anomalous doppler—shifted radiations have been con51dered

. Past attempts to explain observed emission 1ntens1t1es in terms of
incoherent radiation by either the Cerenkov or cyclotron processes ‘have
failed by many orders of magnitude. “Liemohn (1965) considered the details
of radiation by 1nd1v1dual electrons in the whistler medlum through these
two mechanisms, He found, using certain. approx1matlons that the radia-
tion per electron is of the order of 10730 watts per cycle per second
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and that with known quantities of electrons, the resulting levels were
inadequate, It is recognized, on the other hand, that if a sufficient
degree of coherence among the radiating partlcles was assumed then the
observed levels of rad1at10n could be reached : :

One approach to the problem of obtaining adequate radiation is by
analogy with the traveling wave tube amplifier, In this theory ambient
noise provides the input signal which is then amplified by a postulated
bunch of trapped electrons whose streaming velocity equals the longitudinal
component of the wave velocity. This analogy was suggested by Gallet and
Helliwell, - (1959) and has been extended by Dowden (1962b) and more recently
by Gallet (1964). In the case of discrete emissions, "the theory requires
a spatially restricted bunch of electrons but the existence of such.a
bunch has never been demonstrated.,

Use of cyclotron radiation to explain discrete v1f emissions was
first made by Dowden (1962a)., Assuming a small bunch of gyrating electrons
radiating doppler-shifted, backward-traveling whistler-mode waves, several
features of the observed spectra could be explained,. It was shown, for
example, that rising tones would be’ produced. by an electron bunch travel—
ing down .a magnetic line of force and conversely falling tones by a
51mllar ‘bunch traveling up a line of force, When a bunch crossed the
magnetic equator, a "hook" was produced. -Agreement between experiment
‘and theory, however, was questioned, (Brice, 1962) and it was further
pointed out that Dowden's particle bunch theory was unable to explain
long-enduring gquasi-constant tones (Brice, 1964a), S8till another
‘mechanism employing particle bunches was suggested by Ellis (1964) and -
was based on anomalous doppler radiation.

As mentioned earlier, the observation data appeared to require that
the medium be more or less continuously susceptible to emission trigger-
ing by a passing whistler-mode wave, These facts led Brice (1963) to
suggest the transverse resonance instability to avoid the difficulties
encountered by the particle bunch theory. It differs fundamentally from
Dowden's model in that it depends on feedback between the backward
traveling waves and the forward traveling electrons. This feature allows
the interaction region  to remain fixed:in space with the duration .and
changes in spectral shape being dependent in some way on the feedback
process, Further support for Brice's hypothesis was obtained by Bell
and Buneman (1964) who calculated the conditions for the growth of the
tyansverse resonance instability and showed their compatibilify with
experimental data on artlflclally-trlggered emissions (Helllwell et al,
1964).

The transverse résonance instability was related to the diurnal varia-
tion of chorus by Brice (1964b) who noted that convection in the outer
magnetosphere could explain the mornlng chorus peak. :

A connection between emissions and particle precipitation was
suggested by Brice (1963) who shoped that the generation of emissions
by the transverse resonance instability would be accompanied by lowering
of the particle mirror poiuts-and possible subseguent dumping of electrons,
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A quantitatlve analysis of thls relatlon made by Kennel and Petschek

' (1966), showed.that a.loss cone-in the particle distribution could be -
supported by the transverse resonance instability. Given a loss cone,

it can be shown that the stream, if sufficiently -dense, will be- unstable
When. the stream_ls“unstable emissions are- generated cau51ng scattering
of electrons into the loss cone.  Continued absorption of electrons in.
the ionosphere maintains the loss cone which in turn maintains the
emissions, From the fluxes of pre01p1tat1ng ‘particles these -authors pre—
dlct a level of vlf emissions somewhat higher -than that observed.

Although the transverse. resonance 1nstab111ty prov1des .an explanation
for many features of the data, there is still no- satisfactory explanation
of the detailed frequency/tlme behavior of the discrete emissions, ..

V. - Conclusions

Rapid advancement in dur understandlng of vif emlssions can be
expected as data from rockets and satellites become’ available, Close
coordination of satellite observations with measurements on the ground .
is required in future work, In view of the complexity of the- phenomena
it is especially important to obtain .as much detailed .spectral informa-
tion as possible., .On the theoretical side, it .is important. to examlne
all possible resonances in the- magnetosphere and try to determine '
quantitatively which ones :can be expected to contribute to vlf emission
activity. In this connection it is suggested that efforts be made to
produce -controlled emission by means-of suitable -signals transmltted
from the grownd or from satellites or rockets. In this way.it may be‘
possible to determine the dependence of the emission: process on various
parameters of the triggering signal, such as power,; duration, frequency
and modulation, Considerable effort should be made to explaln the energy
densities and the- spectral .shapes of" dlscrete emissions, Effort should
be applied to the problem of the generation of hiss. Middle latitude
hiss associated with discrete emissions may very well find its explaha-
. tion in .the same mechanism which generates discrete emissions, This. . .
same mechanism may also be applicable to hiss observed in the auroral '
zone, However, other possibilities: may have to be considered,
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