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THE WAVEFORM RECORDER OF ATMOSPHERICS 
RADIATED FROM SHORT DISTANCE ORIGIN 

By 

MAsuMI TAKAGI and HARUZJ ISIKA WA 

Ab.~l•·w·i . 

An apparatus has been designed to record the waveforms of a t mosph e ­
rics, the sources of which are distributed roughly within the range 0- lOOkm. 
from the observing station. The apparatus is capable of recording the 
waveform of an atmospheric simultaneously in three ways. These give the 
2m -sec. single time sweep waveform representing fine structures, the 20m ­
sec. single sweep waveform showing general features, each of which is 
photographed on the respective frame of 35 mm. film , and the waveform 
representing the whole structure of field variation and being recorded on 
16 mm. cine film running continuously. Another recorder registering the 
highest peak voltage appearing in the duration of the individual atmosph e ri c 
is attached to the apparatus to monitor the operation of the appara tus. In 
the present paper the construction and the performance of the apparatus 
are described in detail. 

I. Introduction 
For studying the lightning discharge mechanisms · it is indispensable 

to perform the simultaneous observation of both optical and electroma­
gnetic phenomena produced by a lightning discharge from as wide a stand 
point as possible. Among various types of records the results obtained 
from the analysis of atmospheric waveforms are verv important to 
investigate the mechanism of radiation of electro-magnetic disturbances 
from lightning discharges especially in the higher frequency range of 
lightning frequency spectrum. In order to obtain the available informa­
tion for this purpose the waveforms of received atmospherics should be 
least affected by the propagation conditions between their sources and 
the observing station, such as those of reflection by ionosphere. The 
apparatus reported in the present paper has been constructed to satisfy 
these requirements, and can be chiefly used for recording the atmospheric 
waveforms propagating the distances roughly in the range 0-100 km. The 
apparatus also makes it possible to carry out the simultaneous measure­
ment of lightning discharge in co-operation with other apparatuses for 
lightning observation, such as a rotating camera and an electro-static 
field meter. 

The main part of the apparatus having been constructed by the 
present authors is based on the similar idea to that of the prev ious work 
made in our Institute. <I > The apparatus has been constructed and improved 
through the experiences of the past five summer observations of thun­
derstorms. Although there are many points remaining to be improved in 
details, the operation of the apparatus has shown that on the whole it 
is quite satisfactory as a recorder of atmospheric waveforms radiated 
from nearby lightning discharges. Fig. 1. shows the front view of the 
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main part of the apparatus. 
Some results obtained from the analysis of atmospheric waveforms 

recorded by the apparatus have already been reported in several of our 
previous papers. (2 > 

II. Construction 

Fig. 1. Front view of the main part of the 
apparatus. 

The construction of the apiJaratus for recording the atmospheric 
waveforms is shown in the schematical block diagram of Fig. 2. The 
volage variation being induced on the receiving antenna and proportional 
to the electric field variation at the station is amplified through the 
amplifiers having wide band frequency characteristics and then is led to 
two cathode ray tubes, each of which is provided with a single linear 
time sweep circuit each having a different speed. The high frequency 
component of the same atmospheric is simultaneously picked up by the 
second antenna and is led to a high frequency amplifier, a tuning 
frequency of which can be singled out from the three values 0. 1, 1 and 
10 Mc/s. The output from the amplifier is employed to obtain a trigger 
pulse, which produces a bright spot on each C. R. T. screen and sweeps 
it to form time axis. The sweeping times of each C. R. T. are 2 and 20m­
sec. respectively. The image appearing on each fluorescent screen of 
C. R. T. is photographed on the respective frame of 35mm. film, which 
is rolled up by a manual operation after the disappearance of the image. 
The simultaneous recording of a lightning discharge by these two methods 
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Fig. 2. Block diagram of cons t ruc tion. 

is an indispensable means to analyse the fine s tructu r e of the beginning 
part and the general feature of the same atmospheric waveform at th e 
sam e time. 

Besides these two C. R. T . the third ontput of the wide band amplifier 
is led to another C. R. T. It has a continuous time base having triangular 
waveform and the image of atmospheric waveform appearing on the 
screen can be cont inuousl y recorded on 16mm. cin e f ilm running perpen­
dicularly to the time axis. The r ecording of waveforms by means of the 
third C. R. T. is usually carried out on the occas ion of thunderstorms 
occurring in the vicinity of the s tation. A lthough the continuou s m e thod 
of recording the waveform s demands a large consum pt ion of long film in 
a short time, it is s uper ior to the trigger method in the following 
respects; the records of the continuous method are not influenced by the 
effect of triggering which necessaril y c uts off the beginning of the 
r ecorded wavefor m eve n if only a lit t l e, a nd it can r ecord the waveform 
from beginning to end of a li g h t ning discharge, even when the discharge 
has the time duration of n o less than one seco nd . 

In add ition to these three methods of recording the fourth output is 
l ed to a peak vo ltme t er circuit. T h e highest peak va lue involve d in one 
series of waveform is continuously registered by the recording ammeter. 
The incessant operation of th is unit gives a usefu l clue to fit t he 
amplif ication of the apparatus to suit for obtain in g the fair records o f 
waveforms, to foresee the storm activit y, a nd to obtain s tatistica l data 
concerning the peak va lues of fie ld va riations produced by lightning 
discharges at different distances from the s t ation. 

Ill. Antenna system and pre- amplifier circuit 

The receivi ng antenna is a vertical type and is about 4 meters high. 



51 

It carries a metal ball of diamete r 10 em. on its top to prevent the 
possibl e point discharge from the top of the antenna subjected to strong 
atmospheric electro- static field. It is placed in an open atmosphere 
apart from the main part of the apparatus arranged in an operating 
room. The atmospheric s ignal rece ived on the antenna is transferred 
into a low impedance circuit by means of a cathode follower and the 
outpu t from it is led to the main amplifiers through a long co- axial 
cable. These systems are s hown in Fig. 3. 

The characteristic impedance 
of the vertical antenna must b e 
capacitive, so long as the frequency 
s pectrum of the atmospherics co­
ncerned is lying in the range so 
lo w frequencies that the wa vele ­
ngths of the received s ignals arc 
much longer than the effective 
height of the antenna . The equi­
valent capacity of the present 
antenna is chosen to have the value 
40 pF. The antenna is connected 
to one of the earthed condensers 
through a sma ll serie s resistance 
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Fi g. 3. Pre- amplifier circuit. 

inserted between them to mak e the antenna circuit aperiodic. The 
e ffective capacities of the earthed condenser systems arc about 0. 0004, 
0. 0012, 0. 004, 0. 012, 0. 04 and 0.12 ttF. respecpec tively, so that the antenna 
gains for coupling can be varied roughly from -20 to -70 db. in 10 db. 
steps. Because the response of frequency of the antenna coupling system 
in the low side is determined by the di scharge t ime constant of the 
earthed capacity, the resistances in parallel w ith these capacities must 
be altered together with the condensers, so that each product CR of the 
respective element of C- R couplers is kept at constant va lue of 4 x 10· 3 

sec. * throughout the operation of antenna gain select ion. The selection 
of antenna gain can be performed from the operating room by m eans of 
a relay system composed of a rotary switch and a dial avai lable for the 
automatic telephone exchange. 

The maximum allowable signal input to the control ~Srid of the top 
cathode follower is about 30 v. in p - p value and the maximum rece iva ble 
field strength is about 5 x 104 v/ m ., if the effective height of the antenna 
is assumed to be 2 m etres. This ma xim um value of the m easurabl e field 
is just the same magnitude as the e lec tro- stat ic field value observed in 
one of the most viol ent thunders torms in our country. ( :1) 

The voltage induced by the power lines to the antenna, a troublesome 
objection for recording the fair waveforms especially at high gain, is 
compensated only in amplitude and phase of its fundamental component, 
but the effects of higher harmonics are usually not very important for 
thunderstorm observations. 

IV. Main amplifier circuit 

It is evident that the amplifier for recording the waveforms must 

*Exactly, ( C + Co) R.Rg l ( R + Rg) must be kept consta nt , if CgRg CR 
(See Fig. 3. ) 
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have a wide band frequency response, since the atmospherics from short 
distance origins have a very wide range frequency spectrum. However, 
the expansion of band-width beyond a certain li mit is difficult and may 
be impractica l. The lowest side of the frequenc y r e sponse is limited by 
the discharg e time constant of ant e nna coupling circuit and the highest 
side of it is limited not only by its charge time constant that depends on 
the natural fr equency of the system composed of antenna and series 
resistance, but also by the fact that the spot brightness on the screen 
of adopted C. R. T. cannot be made strong enough to be recorded on the 
photographic film, if the velocity of the time sweep is faster than 10~ 

em / sec. or more. 
Amplifiers of the two channels are both of similar C- R connections, 

and the differences are that the re s istance attenuator (10 db. x 3) is 
provided at the top of the second channel and that one of the coupling 
constants of the first channel is selected to have a small value in order 
to emphasize the radiation field component of the waveform. The records 
obtained by the first channel having faster time base are available for 
analysing the fine structure of radiation field component, and those by 
the second channel having s lower s weep are useful to study the static 
field compone nt, which varies it s intensity at a slow rate and generally 
has much large r intensity than that of the radiation component, if the 
storm is occur ring near to the station. In the first channel the minimum 
of the time cons tant is selected to 2 x lo- • sec. and in the second it is 
selected to 10 ' se c. These amplifier circuits are shown in F ig. 4. and 
their characteristics of the frequency response including antenna system 
are illustrated in Fig. 5. They show flat characters from 50 c / sec. to 
300 kc/sec. and from lkc/ sec. to 300 kc/ sec. respectively. 

Fig. 4. Main amplifier circuit. Channel I. 
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The gain of e ach amplifier including the top cathode follower is about 
50 db. and its push- pull l ast stage has maximum undistorted output of 
400 v. in p- p value. Each of t h ese outputs is appli ed to a pair of vertical 
d eflection plates of the respective C. R. T. As the deflecton factor of 
the used C. R. T. is 25 v j cm., the deflection of the image appearing on the 
screen of diameter 12 em. is s ufficiently linear and the input voltage of 
the amplifier system required for the fu ll deflection is 1 v. in p- p va lu e. 

The over a ll amplifications of the apparatus including the antenna 
coupling system are .,...30"-- 20db. in the first channel and -'- 30~ -50 db. 
in the second one. These va lues correspond to the field strengths of 
recorded atmospherics of 5""'1.5 x 103 v/m. and to that of 5~5 x 10~ v/m. 
respectively for full deflection s. According to our observationa l expe­
riences, the apparatus provided wi t h these advantages is suffic ient to 
record the waveforms of atmosph erics r adiated from lightning discharges 
with in a few hundred ki lometers from the station. 

V. Time sweep circuit and recording system. 

1. High frequency ampli f ier a nd t r igger circuit. 

It seems that the trigger action of the time base caused by the high 
frequency component of the recorded atmospheric plays an important 
role especially when the slow static component predominates over the 
rapid one and is preceded by the rapid ly changing field due to pre­
discharge, such as the first leader stroke of a lightning discharge t o 
ground. The high frequency amplifier adopted in the trigj!er channel is 
of a super-heterodyne type similar to a typical radio recei ver, and its 
tuning frequency can be adjusted to any one value selected from the 
three frequencies, 0. 1, ] and 10 Me/sec. As the band- width of I. F. 
amplifier is 10 kc/sec., t h e de lay time required to form a trigger pulse is 
an order of magnitude of 10- • sec. Therefore it is impossible to avoid 
the ini t ia l part of a waveform being always cut off from the record by 
the amount no less than the dela y t ime of this order of m agnitude. By 
selecting the trigger frequency, one would be able to determine the 
predominant frequency component in a certain type of the radiation 
field variation and also to record some se lected types of waveforms. 

The positive output sufficiently amplified after detection is applied 
to the gr id of a triode being in a cut- off state and then the trigger pulse 
with a constant size is formed by this triode. 
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2. Suppression circuit. 

Under the conditions of thunderstorms a lightning discharge frequently 
covers the duration of about a second, therefore the sweep is often 
repeatedly triggered on one f ra me of recording film no less than several 
times, provided that the length of the adopted sweeping time is less 
than several tens of milli- second at the longest. This overl apping of 
the waveforms makes it very difficult to analyse them, hence the 
suppression of triggering is required to prevent these difficu l ties. The 
succeeding trigger action is set into rest for a certain period after an 
action has started, and the trigger pulses appearing in such a pause 
period set to about a second in length produce nothing. The circuit and 
the behavior of the action at each point are shown in Fig. 6. 
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Fig. 6. Trigger and supression circuit. 

3. Time sweep circuit. 
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The cathode ray beam is suppressed until an atmospheric to be 
received arrives at the antenna in order to keep the photographic film 
from fogging due to the luminosity of the spot on the C. R. T. screen. As 
soon as an atmospheric being fit for high frequency triggering is received, 
the trigger action sets in and C. R . beam liberated delineates a waveform 
of thi s atmospheric on the screen of C. R. T. The operation of brilliance 
control is performed by a positive rectangular pulse ha ving the same 
duration as the time sweep, and appli e d to the grid of C. R. T. The 
rectangular pulse is formed by means of a so-called one shot multivibrator 
which is started by a negative trigger pulse from the suppressor. The 
rectangular pulse also generates a s in g l e saw tooth wave to sweep the 
linear time base on the screen of C. R. T. Its time width or the sweeping 
time is determined by the product of CR denoted in Fig. 7. showing t h e 
circuit. 

As described in Section II, the tim e sweep circuits are composed of 
two channels in parall el and their arrangements are different only in 
the values of CR and in the coupling constants. The sweepin g t ime of 
the present apparatus are 2 and 20 m-sec. respectively. 
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Fig. 7. Time sweep circuit. Channel 1. 

4. Recording system. 

To each C. R. T. is attached the respective camera hood, which makes 
it unnecessary to arrange the apparatus in a dark room for photographing. 
On the uppe r side of each hood is provided an eyehole to monitor the 
behavior of C. R. beam, and inside each hood there is an electro- magnetic 
s hutter , which is usually open and is automatically closed after the 
disappearance of a waveform. The shutter prevents the recording of 
multipl e sweeps in co- operation with the action of suppression circuit 
for triggering. The photographic fi lm being used to record waveform s 
is 35 mm. negative fil m , and the frame exchange of the camera is 
performed by the operator's hand. One charge of 35 mm. film having 5 
fee t length includes 52 frames of waveforms. 

VI. Continuously recordin_5 system. 

From ha l f-way of the wide band amplification of the first channel 
the third output is l ed to the third C. R. T. through the third amplifier 
similar to that of the first c hannel. Time base of the third C. R. T. is 
composed of a continuous isosceles triangu lar wave generated with C-R 
oscillator of transitron type shown in Fig. 8. The frequency of the 
oscillator is singled out from 50, 100 and 200 c/sec. and the corresponding 
time durations required to sweep one-way is 10, 5 and 2. 5 m-sec. 
respectively. In order to record the images on the fluorescent screen 
cont inuous ly the 16 mm. cine film is perpendicularl y driven to the 
direction of the time base at a speed selected from 6, 9, 12 and 18 em/sec., 
and the film of 100 feet length wound on one reel is consumed in less 
than 3 min . at the highest speed. F ig. 9 (C) il l ustrates an example of 
the record obtained by the third C. R. T., and the mark at the upper left-
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hand side indicates the trigger time corresponding to the beginning of 
the waveform illustrated in Fig. 9 (A) and (B) , which are photographed 
in the r espective frames of 35 mm. film and represent the same atmo­
spheric as the continuous record. 
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.2 
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Fig. 8. Triangular wave oscillator. 

Fig. 9. Three simultaneous record 
of the same atmospheric. 

(A ) 2 m - sec. sweep. 

( B) 20 m - sec. sweep. 
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VII. Peak voltmeter circuit. 

Since several- tenths of a second is neceasary to swing the writing 
pen of a recording ammeter out of the zero position, it is evident that 
even a single pulse with very short time width must be lengthened to 
the order of magnitude of a second. Considering the characteristics of 
amplifiers of C. R. T. systems the time response character of this unit 
must be about a few micro- seconds even at the greatest. The construction 
of this unit is shown in Fig. 10. The values of the time constants 
C1R1 and C~R2 have been determined to satisfy this demand. C1 must 
be small enough to be charged up to the peak voltage of the incident 
pulse through the output impedance of cathode follo wer and t he internal 
resistance of diode rectifier in very short time of the order of a few 
micro-seconds. The value of C2R2 must be large enough to sw ing the 
recorder pen out of zero position. Therefore R1 and R2 must be a s high 
as possible w ithi n the limit of stability of the circuit. Ca andR a is inserted 
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Fig. 10. P eak voltmeter c ircuit. 

Fig. 11. An example of peak voltm e ter r ecord. 
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for the protection of ballistic movement of the pen. When the relay 
switch S illust rated in the circuit diagram in Fig. 10. is automatically 
closed, the mark indicating the frame number of the waveform record 
is registered in the opposite side of zero line. An example of the record 
is s hown in Fig. 11. 

VIII. Accessory unit. 

The a utomatic actions performed by means of several relays of 
various types in the accessony unit are as follows. 

When the trigger pulse is led into the unit from the suppressor: 
(1 ) Both electro-magnetic shutters in the respective hoods being 

initi a ll y open to photograph the waveform are closed about a second 
after the trigger action and prevents double exposures. In the shuttering 
time lag period of a second the operator can photograph the mark on 
the frame of the waveform record. This mark indicates the correspondi ng 
relation to the records of other apparatuses registering the same lightning 
discharge, and is shown as a round spot at the upper right- hand corne r 
in Fig. 9. ( A) . 

(2) A strobotron inside of each hood is lighted at the moment of 
time sweeping and a watch placed beside each strobotron is photographed 
together with the waveform on a frame of 35 mm. film . Thus the 
accurate time of the waveform coccurrence is registered on every frame 
of records. Thi s is illustrated by the respective watches in Fig. 9. (A) 
and ( B) . 

(3) A neon- lamp mounted on upper s id e of the hood of C. R. T. of the 
continuously recording system is lighted at the same time and is photo­
graphed on the left- hand side of the cont inu ous waveform record. This 
makes it possible to identify the equivalence of the continuou s record to 
the waveform record on each frame. This is shown as a linear mark at 
the upper left-hand corner of the continuous record in Fig. 9. (C) . 

(4) The relay switch in the peak voltmeter circuit operates the 
recording pen, after the swing out of the pen has nearly been recovered, 
and it registers the mark, indicating the corresponding relation to the 
waveform on each frame, to the opposite side of the zero line. The mark 
is illustrated by eac h downwards directed line from the zero level in 
Fig. 11. 

(5) A bell rings and informs the operator of the fact that the wave­
form has been photographed. 

(6) A pilot lamp for monitoring is put out. 
When the operator manually pulls each camera by the respective 

triggering chain to exchange the photographed frame for a new one: 
(7) A relay switch attached to the camera nob is immediatet ly 

turned to "on" and the circuit recovers the original state. 
(8) The s hutter in each hood opens. 
(9) The pilot lamp described in (6) is lighted and it instructs the 

operator that the system is in a waiting state for the arrival of the next 
atmospheric. 

In conclusion the author's thanks are due to Prof. Kimpara, the 
Director of our Institute for his continual interest in construct ing the 
present apparatus, whic h has been prompted by the aid of a Grant in 
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Aid for the Miscellan eo us Scientific Research from the Min istry of 
Education. 
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