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THE OBSERVATION OF ELF- VLF RADIO WAVES WITH 

SOUNDING ROCKET 

Akira IWAI, .linsuke OUTSU and Yosh ihi to TANAKA 

Abstract 

Since December 1963, the observation of ELF VLF Wa ves in the ionosphere had 

been carried on by the sounding rc>ckcts of L series type. Howe ver, only the data of 

L- 2-2 launched on Dec. II , 1963, were available, the other obser va tions having been 

missed by the da mages of the rocket or the tclcmete1· system. This paper dcscrib<:>s 

the method of th e observation and the data obtained by the L-2-2 R ocket. 

1. Introduction 

At low latitudes, it is difficult to observe the phenomena of electromagnetic wave, 

ra ng ing ELF- V LF, in the ionosphere and the exosphere, because of the screen effect 

of the ionosphere. But, in this range, there are man y electromagnetic phenomena 
such as whistlers or VLF emissions giving the geophysica l information in the exosphere. 

lt is, therefore, ver y important to study such phenomena to develop the space science 
and technology. 

For this purpose, it was p lanned to observe the electromagneti c wave in the 
ionosphere or the exosphere with the sounding rocket and to stud y the effect of the 

ionosphere and exosphere by comparing with th e simultaneous observation on the 

ground. The frequency ran~c w hich would be interesting is less than 10 kc/s and the 
items of obser vation arc di v ided in to two groups. The one is the characteristics of 

frcqucnq' vs tim e variation of the discrete phenomena such as whistlers, chorus or 
risers, and the ot her is the characterist ics of the frequency distribut ion a nd the time 

or space varia tion of the continuous phenomena such as hiss, etc. For the former, 

the wide band telemeter system up to 10 kc/s is needed and for the lat ter, man y 

na rrow telemete r chan nels. But the telemeter system under employment in Japan, 

has th e ba ndwidth of only 200- 300 cjs and the channel numbers of .0 12. ~loreover, 

the telem eter cha nnels a ll ocated to a n item of obser vation are 3 or 4 at the most. 
Therefore, two channels are selected at ELF and VLF bands, respectively and the 
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electromagnetic phenomena or the bandwidth of 200 c/s arc telemclered (0 the ground 

at these frequencies. 
U p to the present, only the data of L-2-2, launched on Dec. II, 1963, vvere 

available, the other observations having been missed by the damages of the rocket or 

the telemeter system. 
This paper describes the data obtained by the L-2-2 Rocket. 

2. Observing method 

The observing method used in L-2- 2 is as follows: As mentioned above, because 

of narrow telemeter band, 400-600 c/s at ELF band and 3.0-3.2 kc/s at VLF band 

arc picked out for samples covering the whistler band. The characteristics of the 

frequency vs time variation and the average intensity are measured at these two 

frequency bands. The block diagram of the observing apparatus is shown in Fig. l . 

For the antenna, shown in Photos. 1- 2, is used a flying-out whip of 3 meters long 

and the other input terminal of the receiver is earthed to the body of the rocket. 
The output from the antenna is supplied to the pre-amplifier installed near the 

antenna, transformed to low impedance and introduced to the m ain amplifier by a 
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Photo. I. Whole view of an tenna Photo. 2. flying-out apparatus of antenna 

tcllon coax ia l cable of <.1bout 70 em. Til<' cf"l"cc ti\"c capacity of the antenna is 30 pF 

and the effective height 1.4 m. The rnam amplifier is of the s traight system and has 

the gain of about 100 db. The dyuamic range of this amplifie r is 60 db. As an 

example, t he ampl itude charactct istics or the amplifier of 400-600 c/s channel are 

sh own in Fig. 2. 

circuit technique. 
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Photos. 3-4 show this transisterized ampl ifi er constructed by print 

Considcri ng the effects of spin or precession of the rocket, it was 

charging time constam should be 30 mSec., the discharge time 
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Fi g . 2 . Amplitude <"haractcristic~ of 400 600c / s band 
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Pho to. 3. :'-. l ain ob~er\'ing appa ratu' Phnto . 4. Print circuit of th.- r eceiver 

constant 0.2 Sec. an d the time ron-a:llt l or \ \ ( : ('ircuit I .. ) "icc. The rccci\ in(!, si~n:1 l ~ 

of 200 c/s band" id th at 400 000 cjs a nd 3.0 3.2 kc/s ''ere detected l>y the detect ing 

time constant described above, transfor med into D . C. outputs and supplied lo l\\·o 

input termi nals of the telcmctu transmitter, respecti vely. Besides, t h is receiving- signals 

of 400 GOO cjs and :l.O 3.2 kc 's were transformed in to two f requency ranges of 30 200 

c 's by the balanccd modulator~ <lllcl superposed on the <tho, e D. C. output sig;nals. 

telemctered to the !.{round, respectively. B~ this lllcthod, l tl'!emeterin!!, -.i~na l s were 

transm itted by 2 telemete•· channels. 

/\t the ground Station, th ese sig na ls f rom the te lemeter sys tem wnc divid ed into 

4 chan nels b y filters and 2 signa ls or D . C. were suppli ed to the pen-recorder and 

again, 2 signa ls o r 30 200 c ~ were tr:m sformed into 400 f>OO c s and 3.0 3.2 kc/s by 

means of injeCtin~ local oscillating frequencies ot' 400 ejs and 3.0 kc / s, respect ively. 

,\nd these outputs were recorded b) the tape-recorder of' two chan nels. T he tape 

recording signa ls were a na lysed b y the Sona-graph . 

3. Observing results 

3. I. Whistler obscn ation 

Simultaneous observation on the ~round was carried out at ll i(\'a~h i-Kmhi ra. 17 
km away f rom Kagos.h ima Space Center. Fortuna tely, f rom D ec. 9, the wh ist lers have 

been observed in the afternoon at Higashi -Kushira. Because the launch ing time was 

decided at 14.00 J. S. '!'.. the chance for observing the whistlers increased. On 3.0- 3.2 

kc. s band, the whist lers were detected dist inctly, but on 400 600 c/ s baud, no whistler 

could be observed because of high in terfering noises. I t \\'m, therefore. impossible to 

measure the difference of d ispersion of whistlers bet\\CCtl the rocket and the ground. 

The dispersions of "histler obsn\ eel at H igash i-Kushira we1c 25 on Dec. 9, 10 and 

30 on Dec. II. .\n example of !':>ona -gram of ''hist lcr observed a t Hi~ashi-Kushira is 
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Photo. 6. Whistler observed b y rocket 
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Table I. Comparison of observing whistler 
between the rocket and the ground. 
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shown in Photo. 5. On the rocket, the whistlers ob~ervcd on the ground were entirely 

detected. Moreover, the other whistlers missed on the g round were detected. An 
example of the record of whistlers observed by the rocket on 3.0-3.2 kc/ s is shown in 

Photo. 6. But, in the latter ha lf of the flight, interfering noises due to a trouble of 

the telemeter were mixed up with the telemeter signal. Therefore, the results obtained 
rna y be somewhat uncertain, but arc shown in Table I. 

3. 2. A ' 'erage level of electromagnetic wave 

An example of the telcmetcring record of average level of electromagnetic wave 
ts shown in Fig. 3. As shown in this record, on 3.0- 3.2 kc/ s band, the average level 
recorded the value of 32 db (0 db I micro-volt/ meter and so on) a t the altitude of 

105 km in 70 Sec. a fter launching, a nd thereafter, this level did not exceed 0 db and 
the telemeter signals faded away after recording 48 db on descending near the sea in 
610 Sec. 

On the other hand, on 400-600 c/ s band, the average level recorded the satura ting 
value of more than 70 db at the a ltitude of 100 km in 68 Sec., when the rocket 

penetrated into the ionosphere and showed the value of 39.5 db at 130 km in 78 Sec. 
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After that, the recording level r epeated the oscillat ion between maximum and minimum 

values. The maximum values of the record became greater with increasin,g altitude 

of the rocket, but the minim um values were almost constant. And the db values of 

maximum were proportional to the altitude in both ascending and descending of the 

rocket. T hese results a re shown in F igs. 4-5. These periods of the record are in 
agreement with that of the precession of the rocket, but the wave forms of the record 
contai n to lerable harmonics which is considered perhaps due to the effect of the body 

of the rocket. From these observing results, it may be suggested that the electro
magnetic wave having uniform wavefront exis ts in the ionosphere and its intensity 

increases with the a ltitude. It has been shown that the strong electromagnetic waves 

below I kc/s have been measured by foreign workers. Therefore, the wave of 400-600 

c/s band observed by us is to be regarded as the same one as obtained by foreign 

workers. I n order to confirm this fact, it is clear that more detailed observations 

with the sounding rockets are needed. 

4. Conclusion 

For L-3- 1 Rocket, launched in July, 1964, the same method was employed as for 
L -2- 2, but no data could be obtained because of the damage of the te lemeter. In 

order to measure the value of dispersion and the frequency band of hiss, more than 

two sampling channel numbers are needed for covering the measuring frequency 
range. Therefore, by L 3-2, scheduled for Jan. 1965, the obse1·vation of radio wave 
in the ionosphere will be made at 5 frequencies of 500 c/ s, l kc/ s, !.5 kc/ s, 3.5 kc/ s 
and 8 kc/ s, and by L- 3- 3, scheduled for March 1965, the observation will be made at 

500 cj s, l kc/ s, 2 kc/ s and 3.5 kc/ s. To avoid the interfering disturbances from other 
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Fig. 5. Average level vs. altitude characteristics 

apparatus ridden together, the rocket of exclusive use for observing the radio wave 

phenomena has been urgently needed. On the other hand, because of the unknown 
characteristics of the whip antenna in the p lasma, a loop antenna for loading on the 

rocket must be used for quantitative measurement of the intensity of radio wave. 
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In order to mlve these troubles, it is decided that the rocket of exclusive use for 

observing the radio wave phenomena be launched in Feb. 1965. In this rocket, the 

loop antenna of 1.3 meters square and a wide band telemeter of from 400 c/ s to 10 
kc/ s will be installed. 

More detai led observations with these rockets will be carried on for studying the 

radio wave phenomena in the ionosphere or exosphere. 
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