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A new whistler phenomenon hae been identified through
reasurements at ground stations, on an Aercbee rocket batween
100 and 200 ka, and on the Alouette satellite at 1000 km, The
new phencoacncen is called the “sub-protonospheric® or “sp°
vhistler, since most of its path appearse to be restricted to
the region Lelow about 1000 km., The first reported example of
&n 5P whistler was shown by Barrington and Belrose {1963]. 1In
the present report a large sumber of obgervations are sunrarized
and the basic chavacteristics of the new phenonenon are described,
Experimental zesults are presented vhich guggest that the whistler
ray path is confined to the region batween roughly 100 km and
1000 km altitude, and that the vhistler en2rgy can echo back and
forth between these levels, The 5P rhenomenon cccurs mostly at
night, typically within a few hours after sunset, SP eveats
axre often obsexved over a period of one or twe hours in duration
and, for a single Alouvette pass, have been observed over a north-
gouth range as great as 2000 km in extent., The evidence suggests
that the SP phenomencn occurs mostly near sunspot minimum and
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at dipole lztitudes oreater than Uf degrees.
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LI¥TRODUCTYON

Host reported whistler observations 2uppont a proepagation
iodel in which the whistier 2nergy penetrates the ionesphere apd
propagatas alony approximately Fieldwnligned zithz to the opposite

hemizphere, Travel times over the paths are typically on the
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£ 1 sze.  Recently however, whistlers with travel times
on the crder of 0.1 sec have been found., vVarious proposties of
these events suggest that the razy paths sre coafined to some
ionecspheric region near the point of observation. An exaaple
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of this type of whistler was first reported by Barrington and
Belrose [1963), who showed Alouette satellite records of a
whistler with two components. The fizst component was identified
as a conventional fractional hop whistler, with travel time coxrres-
ponding to propagation once through the icnosphere te 1000 km,

The travel time of the second component was approximately three
times that of the first, and it was suggested that this component
had propagated three times through the ionosphere, having followed
a sequence of partial reflection of the original whistler energy
near 1000 km, re-reflection below the ionosphere, and subseguent
repeated observation at the satellite,

We have recently examined many examples of this new phenomenon,
and find that it occurs frequently and has certain well defined
characteristics, It is the purpose of this paper to describe these
characteristics and to discuss certain aspects of the whistler
propagation path. Because most of the postulated path lies
below that portion of the magnetosphere in which hydrogen is
the principal ionic constituent, we shall for convenience call
the new phenomena "sub-protonospheric” or "SP" whistlers,

Recordings of SP whistlers have been made at ground
stations, in the Alouette satellite near 1000 km, and on board
an Aercbee rocket in the height range roughly 100 to 200 km.

The observations bear out the suggestion of Barrington and Belrose
that the whicstler propagates through the ionosphere to a height
of roughly 1000 km and is then reflected back to the lower

ionosphere or ground, Frequently there are repeated echoes of
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the whisvler, suggesting reflection back and forth between the
pottom of the ionosphere and the upper region. Figure 1 shouws a
diagram of this interpretatlon and indicates the altitudes at
which SP whistlers have been chgserved. Numbers indicate the
successive oxder of observations. In a case involving repeated
reflections, the even-order apnearances of the whistler ENergy
are recorded near the lower boundary of the ionosphere or on the
ground, and the oéd;oréer hops are observed well abova the peak
of the F layer.

It should not be thought that the actual ray path of an SP

W

whistler is as simple as Pigure 1 suggest®. While the experimental
data support a mcda2l in which propagatilon over mozt of the path

is in the conventilonal right-handed circularly polarized whistler
mode and travel time of a given component is approximately
proportional to the number of traversals of the ionosphere, the
data also suggest that certaln details of the ray path may be
quite complex.

Some of the ezperimental results on SP whistlers willl be
described in the following paragraphs. The exient to which the
data support a simple propagation model willl be indicated.

Since we are dealing wlth a new class of phenomena, a relatively
wide variety of detall will be presented. A% the end of the
paper, the experimental observations will be summarliged, and
gome comments on the propagation model will be made. Tn a
companion paper, R. L. Smith presents a possible theoretical

explanation of the iechanlism by which the whistler energy is
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refliected from the upper icnosphera. /

Ohgervations Betwesn 100 and 200 km. A larze number of SP

whistlers were received on an ferobee rocket fired from Wallops
isiand (50°N dipcle laditude) on July 9, 1963 at 2146 EST. &
purpege of the firing wags to test the performance of tne broadband
(0.2 - 12.5 ke/s) receiver developed for use by Stanford University
In the BCGO satelliite., The anbtenna consisted of 3 loop mounted
vertically inside the nope-cone sectlon. The rocket reached a
paak altitude of 204 lom and made brcadband VIF observations Tor
approximately 7 minutes after lzunch. The first whistler event
was recorded at about 108 km, at the approximate height of
pronounced sporadic;ﬁ layer. From this point to peak altitude and
back down to 102 km where the final event was recorded, the
observed whlstler rate was relatively uniform at 2bout 15 per
minute, with a single burst of relatively high activity in the
vicinity of 200 km. Ground recordings at Greenbank, West Virginia,
roughly 500 km from Wallops Island, revealed no d2tectable
whistler events during the entire rocket Tlight.

leavly all of the 75 whilstlers observed on the rocket
exhiblted the type of ccmpcnent structure illustrated in Figure
2. The upper left spectrogram, with freguency range O - 8 ke/s,
shows a whistler event recorded at an altitude of 201 km. The

two right-hand records, with freguency range 0 - 16 kc/é, show

the early part of the pame event as recorded on the rocket and
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ont the ground at Greenbank. On each record the origin of the
time scaie indicaces the leading edge of the sssentially immulsive
Tirst signal, or Oth hop of the whistler. Following this

impulsive signal are two dispersed itraces with travel times at

3 kc/é of approzimately 0.09 seconds and 0.18 seconds, rempectively.
These are the 2nd and 4th hops indicated in Figure 1. Note that

while thesge components ars well deflned in the lower lennsphsr
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they are not detected on the ground recording. The ground
recording may conveanlently be comparsd to the Aercbese record
above 1t by noting the presence on both spocitreograms of NAA
signals a2t 14.7 ke/s.

The lower left-hand record in Flgure 2, with freguency
range O - 8 ke/s, shows a whistler event recorded at an altitude
off 208 xm. In thls case the 3P %“races are well defined, and two
later components may alse be seen, with travel times at 5 kc/é
of about 1.0 sec and 1.7 sec. (These later traces should not
be confused with the two additional SP eventa identified by the
arrous in the louwer sargin of the record., The arrows indicate
the position of the Oth hop for these SP events). The later
traces, produced by the lightning scurce that initiated the
first SP event. rspresent portions of the energy that follicwed
magnetogpheric paths extending from hRemlsphere to hemisphere.

All but one or two of the 75 Aerobee whistler evenis
exhlbited at least one SP component, but there was great variation

in the definition of the later traces. This is illustratzd by
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a compariscn of the two left-hand records in he

o

igure 2, In
upper record the SP compongnts ave Intense, but the later tiaces
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are only faintly indilcatved near 4

X
€3]

<D e

°

A detailed study has been made of the !

-

reguency-versus~time
properties of elesven of the begt defined Aerobze whistlersz, Iin
addition, certain basic propertvies of all the events have been
invegbigated through examination of real-time Raysoan regords.
In the following summnary of the results, travel-time measurements
are expregsed in terms of dispersion D = tfk/b sec /2, where
t 18 the travel time ai frequency f{. PFor convenlence we shall
indicate measurements on a specifie SP component by using the
hop number aé a subseript, that iz, D2 and D& Will represent
measurements on the 2nd and 4th-hop components. Most travel
time measurements were made with respect to a fixed time at the
leading edge of %the Oth hop.

1. Withln the experimental error of about + 5 percent,
the dispersion D = &I /? of the SP components is constant as
a function of frequency. This is the expected disperSion lawu
for propagation in the right-handed circularly polarized whistler-
mode when wave freguency is well below the electron plasma {raguency
and gyrofrequency and when the wave normel i3 within 2 relatively
large range of anglegs with the geomagnetlce field. HMost of %the
dispersion measurements were made In the freguency range between
about 1.5 ke/3 and 4 ke/s. Below 1.5 ke/s there is some indication
of an increase in dispersion with decreasing frequency, but this
point is not yet well established.

2. For 11 casss, the value of D2 ranged from 4.4 secl/é
to 5.4 secl/?. (The value of D? for an event was determined

by averaging the results of measurements at several freguencies).
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1/2 is probably

The scatiey of 4 10 percent around D2 = 1,9 gec
atiributable to experimental uncertainty in identifying the
legding edge of a trace or impulse.

3. There is no apparent systematic variation in D2
throughout the flight. The electron-density profile obtained
at the time of the shot shows that electron dengity increased
gquite rapidly onliy above 175 km. The systematic dispersion
variations that migh?% be present under these conditiona are
approximately of the order of some of the expepimental uncertein-
ties involved,

L. The travel time &t a glven frequency between the 2nd
and 4th hops is spproximately the same as that between the Oth
and 2nd hops. The ratio of Du to D2, averaged for each
svent, remained within + 10 percent of 2.0 throughout the flight.
This uncertainty 1s epproximately the same as thiat assoclated
with experimental error.

5. The upper cutofl frequency of the 2d-hop, or lat
digpersed SP component, 1g about 6.5 ke/s. Most values are in
the range 6 ; 8 ke/s. The upper cutoff freguency appeared to be
somewhat higher near peak altitude. The cutoff of the Uth-hop
SP component is about 5.5 ke¢/s, and the range throughout the
Plight is roughly 5 - 6 ke/s.

6. The lower cutoff frequencies of both the 2d-hop and
4th-hop SP components lle between aboﬁt 700 and 750 c/s\throughout
the flight.

A number of other aspects of the resulits may be mentioned.
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One interesting point is the lack of VIF activity on the ground.
A corresponding lack of VIFR actlivity on the ground during a
rocket flight at 0030 LT was not2d by Cartwright 19647, It
appears likely that & factor contributing to the sbsence of
ground activity was the-observed sporzdic B layer. In addition
to causlng the sub-protonospherilc componenta to be re-reflected
upward, thls layer may have provided a means of reflecting
conventional downcomlng whistlera. The lack of activity on the
ground at Greenbank, soire 500 lm from Wallops Island, is supporited
by the rocket experiment itself, which produced records during
the sub-lonospheric segments of the flight. During these periods
no wnistler events were observed.

Although primary attention here 1s devoted to the SP
componients, a few comments should be made about the higher;
digpersion traces illustrated in the lower left-hand part of
Figure 2. The propagation path of these events has not been studied
in detail, but an examination of their dispersion properties and
a comparison with the kinown properties of ground-obgerved mshistlers
suggeats that the first component, with dispersion at 5 ke/s of
about 68 secl/é, msde a single south-to-north traversal of a
magnetospheric path. The path of the first was probably excited
by an impulse which reached the southern hemisphere by trang-
equatorial subioncapheric propagation from the souree. This
"hybrid” mode of excitation has been previously observed on ground
records {Helliwell, 195G; Helliwell and Carpenter, 19637, and it
appears to be relatively common in obhgervations made in the

ioncsphere. The second component, wlth dispersion of about 118,
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appears to be a two-~hop whistler, with path enirance in the
northern hemisphare.

Ground observations. A relatively large number of sube-

protonospheric whistlers were observed at ground stationa in

1962 and 1963. Observing stations at which they have been
detected are Suffield Experimental Station (58°N dipole latitude)
and Great Whale River (TOON dipole latitude). Pigure 3 shows a
graph, based on aural monltoring of hourly two-minute recordings,
of the nuamber of recording periods containing SP whistlers versus
local time at the obgerving station. On the graph are represented
55 two-minute runs from 286 recording days during 28 station
monphs of operatiocn. The number ol cases exhibits an abrupt rise
at ébout 2100 LT, and after remalning at a high value for several
houfs, decreasss gradually and then falls rapidly near dawn. It
should be pointed out that on most cf the days represented in
Figure 3, exemplee were found during only one or perhaps two
suceessive runs. On a8 fey occasions SP whistlers were de%écted
for as many as four or five hours in guccession.

The ground observations appear to be limited by the nature
of source activity. More than one half of the events were seen
in local summer, when lighining activity 1n neighboring areas is
relatively high. In many of the runs containing SP whistlers,
only one or perhaps two faint examples were observed following
one or more of the loudest lmpulsive atmoaspherics in therun. On
some chasions, however, many SP events were detected, and a few

included 4th hops, as in the case of the Aerobee recordings.
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Whern SP events were observed on the ground, cther formg of whistler
activity were geldom detected, On a few rare occasiong, the 3P
whistler was followed by a faint two-hop long whistler.

A preliminary study shows that the ground records and
Aerobee vecords are similar in several reapects. The even:order
hops are observed on the ground {see Figure 1Y, and travel times
are frequently such that D, ~ 5 secl/2 and Dy (when observed)
~ 10 seel/é. Micst of the ground-obgserved dispersion values fall
in the range D=3 ; ) secl/é, a distribution to be expected
1P the corresponding spatial and temporal range of variation in
ionogrheric electron density is within a factor ol abount L, ‘he
frequency range ol the ground observations 1s usually relatively
limited as compared to the range observed on the Aerobee. In
many cases the detectable energy in the SP components is limited
to the band from about TOC ¢/ to about 2000 ¢/s.

On the basis of ground observations, it appears that the
aub:protonospheric wnistler iz associated wlth sunspot minimua.
An extensive amcunt of szperimental work has been done with
whistler records made gince early in the IGY, and as yet wo
examples of SP events from this early period have been reporied.
A careful sampling of certaln IGY records should be carried out

to clarify this situation.

Observations at 1000 m. The broadband VLF experiment on

the Alouette satellite provides a valuable source of informatlon
on the spatial distribution of SP whistlers, and on the general
properties of SP events as observed at 1000 km. The firat report

on what appears to be an SP whistler recorded on the Aloustte was
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made by Darrington and Belrose 719637. These authors showed a
spectrogram of two low-dispergion traces, apparently corregponding
to the lat and 3»d hops of a sub-protonospherie whistler. The

value of D3 was veported %o be three times the value of D,

L
A relstively large number of obgervations of SP whistlers

have been made through telemetry of the Alcuetbte receptionsg to

e ground statlon at Stanford Unlversity, California. What
appear to be SP whistlers have been obaerved on several passes
during the hours after local sunset and on at least one pags near
dawn. A partieulariy interesting set of records wap obtained on
April 19, 1963 at epvroximately 1620 local time at the satelliie.
The track was approzimately north to south near the 1OSOWest
geographic meridian. During a S;Qinute obgerving period, T
well-defined examples of SP whistlers were recorded, the first
being seen at 53°N geographic (62°N dipble) latitude, and the
last at approximgtely 37°N geogravnic (&b N dipole) latitude.

Thua the north-gouth range of observations was on the order of

2000 km on thig oceasion. It lg noteworthy that while a substantial

number of SP whistlers were observed cver the pange from about
53° to about 37°N geographic, no SP events were observed over the
range from 37°N to the end of the pass at about 10°N. On this
low=latitude segment there was a significant amount of source
activity available, as evidenced by the presence on the Alcuatte
records of a number of conventional low-dispersion whistlers with

=3 < 4 secl/g.

Pigure 4 shows spectrograms of SP whistlers recorded on the
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April 19, 1963 pazs at 53°, 50°, 38° and 37°N geographic latitude.
(The event as 33°N will be discussed in a later paragraph.) Tach
of the four examples shows several odd-order SP components. The
event at 38° ezhibits 6 well defined traces, corresponding to
the lst, 3rd, 5th, 7th, 9th and 1itn hops. This event alsgc
exhibits conventional whistler traces, wilth travel times of 2 gec
or greater. There are sctually three whistier events st 380,
although only the {irst exhiblts well defined dispersion propsriies.
Arrous mark the app?oximate time of origin of the second and
third flashes, while the origin of the time scale indicatesn the
approximate time of origin of the prineipal whisitler event. T@g
norizontal lines wers introduced by instrumentatlion on the
" aatellite. -

The results of a preliminary survey of the dispersion
properties of the SP events 1ilustrated in Figure & may be
summarized as follous:

1. The dispersion D1 cf the lst-hep component is
approximately 3 seel/é. This value is conslstent with previous
nighttime observations of I:ﬁop propagation through the loncgsphere
to 1000 km FBarrington and Belrose, 19639. It 1s aiso consistent
with theoretieal predictions of whistler dispersion Tor i-hop

propagation through a nighttime lonocaphere [Smith, 1961; Pope, 1961

[

The value of D1 is very nearly the same for a3ll of the events.
2. To a first approximation, succegsive odd-order hops
are separated by twlce the travel time of the lat hop. There do

appear tc be small departurss from strict integral relations.
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Preliminary measurements show that, to a degree depending

gomewhat upon thz frequency of mszasurement, the tnterval batween

the 1lst and 3rd-hop components tends to be on th2 order of 15
percent shorter than the intervals between the later ftraces.

After the 3rd hop, the travel-time separation for mcet cases
correspends to a difference in dispersion of about D = 5 - 6 secl/é.

3. To a first approxlimation, the diepersion of the components
D= tfl/é 1s constant. However, as in the case of the Aerobee
records, there appears to be a trend toward increasing dispersion
with decreasing frequency, particularly below 1 k¢/s. This trend
is being investigated.

| 4, 1In several cases the upper cutoff frequency increases
as hop number increzses from 1 to 3 to 5. In all cases the uppér
cutoff frequency appears to jncrease from the 3rd %o the 5th hop,
and then remalns roughly constant after the 5th hop at about
1500 c/é. Note that the upper cutofl frequency of the 5th hop is
near the upper cutoff frequency of a faint nolse band.

5. The lower cutoff frequency of the SP whistler 1ncreases
with increasing trace order until the fifth hop.

6. In several of the events there appears to be a systematic
variation in intensity from component to component. The most
striking variation is the low intensity of the third hop and the
apparent gradual increase in Intengity from the 3d to the 5th and
poasibly to thez Tth hop, after which the intensity appears to
decrease again. In the case of the event at 37ON, the 3& hop

is barely detected. Note that beginning with the event at about
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SOON, thz relative intznsity of the 24 hop decreases with
decireasing latitude.

A number of the features of the Alouette records for
April 19, 1963 (Figure L) were repeated in a striking way on a
recording made a year later on April 25, 1964, at roughly the
same time and locatioh. The satellite track was approximately
north-gouth along the 122%; geographic meridian at approximately
1855 local time, shortly after ground sunset. Figure 5 shows
spectrographic records of two SP events, one recorded at 449N
geographic (50°N dipole) latitude, and the other at about 36°N
geographic (43°N dipole) latitude. & comparison of Figures 4
and 5 reveals similarity both in the gross features and in several
matters of detail. The simple model of reflection back and forth
between an upper and lower region is supported. Cnce agaln the
travel time between the 1lst and 3d hops 18 slightly less than
the interval between later hops. The 3d-hop component is again
relatively faint and limited in frequeﬁcy range, and its intensity
decreases with decreasing latitude. In the upper record of
Figure 5, the 34 hop 1s detected, while on‘the bottom record it
is not observed.

It 1s tempting to speculate on sofme of the details of the
propagation path as they might be deduced from the Alocuette
records, but it would geem preferable to await both further
detaiied measurements and theoretical studies of possible ray
paths. It does seem reasonable to suggest that for observations
by the Alouette, the effective area of the 3d hop can be relatively

small. This is suggested by several forms of evidence, including
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the relatively limited fraguency range of tne 34 hop, as well
ag the tendency, on at lezst two oceasions, for the 3d hop to
disappear as the satellite mrves southward.

Several additional remarks should be mads about Figure 4,
The event at 330N deserves special attention, since it differs
substantially from the usual 3P configuration. The time of
origin of the event has been determined only approximately,
within about 5C msec: Two traces are in evidence, with travel-
time separatlon corresponding to & difference in dispersion of
about 5.secl/2. The lack of evideénce of a lst-hop component
n2ar t = O suggests that the originating [lash was located at
a congiderable distance from the sub-satelllte point. PBecause
the other events in Figure 4 exhiblt a @escrease in 3d-hop
~intenslity with decreasing latitude, 1% may be suggested that
the two traces at 33°N are by analogy merely the late nops of
an SP whistler, perhaps the 1ilth and 13th. Another possiblility
is that the %traces are part of a conventlonal whistler propagazing
from an origin in the southern hemisphere. In thls case the
separation of the iraces may be due to return of whistler energy
to the satellite after reflectlon near the bottom of the ionosphere.

An additional note snouid be made in connectlion with the
records for 53°N and BOON. On both records a triggered rising
tone appears at approximately the same place with respect to the
SP traces. The riser begina at rcughly 600 ¢/s, not far from
the low-frequency tall of the 5th or Tth hop, and jt rises in

frequency by abocut 150 ¢/s over a period of about 0.5 sec. It
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is interescing that the confined nature of the whistler path
nekes it posgille Lo conclude that the rising tone was triggered
within the region between the lowsr icnosphere and roughly

1000 km,

CORCIAISIONS

Under certain conditions whistler epergy can follow a Tay
path that is confined to the region between roughly 100 km and
1000 km altituds, The ubservations suagest that the energy
echoes back and forth between these levels. The mechanism of
lower reflection may probabiy bz explained as reflectiou either
from a sporadic 8 layexr or veflecticm at the lower koundary of
the ionosphere, in the manner of «onventionzl whistler reflection
as discusced by Helliwell [1962), The unigue aspscts of the new
phencmenon seem to lie in the mechanism of upper reflection znd
in the details of the ray path. In a companien paper, R. L. Smith,
presents 2n explanation of the upper refleection involving refrac-
tion of the wove through the transverse recion of Piopagatiocn,

The altitude of upper reflection is not yet known precisely.
The dispersion properties of many of the chzserved events, when
compared to previcue theoretical and experimental measurenpenis,
indicate that the upper reflection level is nesr 1000 ka.

Pending more detailed studies it may be estimated to be in the
range 700 - 1300 kmn,

The prolability of occurremcs of the SP phencmenon, given
suitable lightning scurce activity, in sstimated Lo be on the

order of 0.5 during the hours afier sunset, nsar sunapot minises,
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and at middle to high 1atitudes. SP events have bzen detected
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o one-half of the Skanford secordings of Alouette
whistlers made during the post-sunset hourz, The ground obser-
vations do not show such a high rate of observation, but this
is probably dur to the strong blanketing effact of the lonesphere,
The Jdata suggest that mozt of the propagation is in the
right-handed circularly polarized histler mode, znd that each
traversal of the path extends from roughly 100 to 1000 Xkm,
Houvaver, some of the Alouwette results suggest that the ray vath
may shou swall but systematic departures from a simple model,
An examples of this is the limited cffective srea of observation
of the 3rd-hop SP component at 1000 km. The striking repezt-
ability of the Alouette records on different passes suggests
that a relatively complex descriptive Picture of the SP phenom-
enon ¢an be obtained from further study of spectzsgraphic records.
An explanation of the SP phensmcencn aﬁst account for the
following observational details: 1) most of the axamples have
bean found at nighttime, the majority within a few hours afier
sunget; 2) exemples are often found during ¢ o cansectui§e
hourly recording pericds, and occasionally appear for as many
as four or five hours in succession; 3) the north-south range
over which SP whistlers have been found is as great as 2060 km
(for a single Alouette pass); 1) no examples of 9P whistlers
chbserved on the ground have been reported for the period prior
to 1962; &) examples have thus far been limited o cbservations

at dipole latitudes greater than about 450,
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Pigure 1,

Figuxe 2,

Pigure 3,

Figure 4,

pizagram of the path of a gub-protoncspherie whistler,
showing the regions in which events described in the
text vwere received,

Spectrographic records of whietlexs receivad on an
aercbee rocket on July 9, 1967 at 2146 EST. The
horizontal lines near and below 4 ko/s are of
instrumental erigin, The wvertical bars of echanced
bhackground noise in The upper lefit~bhand vecord tend
to follow the code pattern of station HAA at 1.7 ko/sm.
The dark reglon is prcoduced when NAA ie keyed off and
there is no strong whistler signal present,

Graph of the number of two-minute recording periods
during which 8P whistlexrs were obsexrved a= a funeticn
of local time at the station. The data were takon st
Suffield Experimental Station (50°N, 111°W geographic;
588 dipole latituda) and Great Whale River (55°W,
80% gecgraphic; 65°N dipole latituds).

Spactzrographic records of whistlers recpived on the
Alouette satellite onm April 19, 1963 at approximately
1620 local time at the satellite, The approximate
geographic latitude of the satellite is indicated
above each record, Tha horizontal lines are of
instrumental oxigin., The ncze-like effect above

1 ke/s8 on the xecoxd for SOOE ig due to iatermodulation

between the vhistler signal and the gtatic coaverter

~18-



Pigure 5,

frequency near 2,6 ke s,

Spectrographic recoyds of whistlers received on

the Alcuetté satellite on April 25, 1964 at
approximately 1850 local time at the satellite., The
aprroZimate geographic latitude of the satellite is
inGicated above the reccxd, The hovizontal lines
and the wide vertical band at the uvpper right are of

instrumantal eorigin,
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