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REMARKS ON THE ERDANTENNE 

Kazuo SAO, Masumi TAKAGI and Hidehiko JTNDO 

"Erdan tennc" is an unconventional aeria l consisting of merely two electrodes inserted 

in to the earth. Grosskopf ( 1956) studied the electric characteristics of this aerial in 

detail, while Liebermann ( 1956) applied this aeria l termed ground dipole to the obser

vations of waveforms of the extremely low frequency atmospherics. 

Now the horizontal electric field component of the traversed wave should diminish 

as the conductivity of the earth approaches to the infinity. In the case of the finitely 
conducting earth, the horizontal electric field component appears as the forward tilt 

of the traversed wave having the vertical polarization. Therefore, the voltage pro

portional to the forward tilt on the earth's surface is induced between a pair of 

electrodes of the Erdantcnne. This aerial system, however, is expected to have the 

following distinguishing char·actcristics, i. c. I ) simplicity of the structure, 2) wide 
frequency band a nd 3) good S/N ratio of the amplifier because of the low impedance 

of the aeria l itself. 

As to the directional sensitivity of the Erdantenne, it is clea r that the sensit ivity 

must reach its maximum value in the direction of a pa ir of electrodes, and it decreases 

in proportion to cost) with increasing angle 0 between the direction of the traversed 

wave and that of a pair of electrodes. Authors have investigated this fact employing 

a VLF transmitter, and suggested the possibil ity of the direction finding techniques. 

A very long wave transmitter (NDT Yosami station) is situated about 36 km f rom 

the receiving point in the direction of 297° from the north, a nd its output power is 

500 W at a frequency of 17.442 kcjs. As regards the Erclantcnne, a pair of b rass rods 

of 25 em in length and 5 mm in diameter were used. One rod was fixed at a point 
and another one was rotated round the fixed one. The induced voltage between the 

two electrodes measured at every I 0 degrees were f eel in to the amplifier through a 

shielded concentric cable. In this case, because the contact r·esistance between the 

mobile electrode and the earth were expected to vary to some extent at respective 
measuring points, the value of the input resistance of the amplifier adopted was large 
so as to avoid the effect of the earth's contact resistance. Thus the so-called eight-figure 

characteristics of the aerial shown in Fig. 1 were obtained, and it is easily seen that 

the error of bearing deduced from the figure seems to be within a few degrees. 

From this experimental result it fol lows that an aperiodic direct ion finder may be 

easi ly reali sed by arranging a couple of aerials of this type at righ t angles. But it is 
to be noted tha t the neighbouring soil around the Erclantcnne must be of uniform 

conductivity. Because further measurements were not made, we have no idea about 



58 

Fig. 1. 
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The eight-figure character istics 
of the Erdantenne 

( o measured value) 

the accuracy of this aeria l. Provided 

that the e rror of the order of a few 

clcgrccs is permissible, the Erda11tcnne 

may be used as the direct ion findi ng 

aeria l in the case of 11ear thunderstorms, 

because the bearing error of this order 

is of less importance for the sfet-ics fixing 

of near origings. 

Next, since this aer ial is aperiodic, 

the frequency, in fact, can be freely 

adopted according to the need. In other 

words, t his aerial can be used in the 

lowest frequency band. The authors 

( 1963) observed the wa vcforms of the 

extremely low frequency atmospherics 

at a frequency of a few IO's cjs with 

the Erdantennc. H ere, some considera

tions of the usual vertical aerial may 

be necessary for observations at fre

quencies under considerat ion. Fi t·st of all, in the case of the very long radio wave 

the wide band amplif ier must be connected to the vertical aerial by a condenser, 

because the electric characterist ics of the vertical aerial is equivalent to a capacitor. 

However, since the value of this equivalent caracity of the vertical aerial is much 

smaller tha n tha t of the coup ling condencer, the gain of the aeria l-amp li fier system 

must be extremely small. The second trouble may be the error resulting from the 

varia tion of the electro-static capacity of the aeria l due to the mechanical vibration 

by wind. The third problem is that the vertical electric field due to the variation 

of the space charge in the atmosphere may introduce the unwanted effect to the 

vertical aeria l. These factors may be the possible errors in the observations of electric 

field streng th wi th the usual vertical aerial. Taking into consideration the above factors, 

the Erdantennc may be concluded as a useful aeria l to the observations of waveforms 

of atmospherics at frequencies of a few 1 O's cjs. 

Some other interesting results are obtained from the observations of the wavefonns 

of near lightning discharges with the Erdantenne. T he authors observed the waveforms 

of near origins with the Erdantenne and the usual vertical aerial sim ultaneously. 

Now in the case of an incident wave or a n y surface wave, the ratio of the horizontal 

electric field componen t to the vertica l electric field component is, in genera l, written 

as follows at any incident angle of ¢, where (J denotes the conductivity of the earth, 
<o the dielectric constant in vacuo, and w the angular frequency of the wave. 

En ___ ! _ j oo IJJ • e-i--'~ 
E. - sin¢ \ (J • • • • • • • • • · • • • • • .. • • • • • • • ( I) 

From the expression (I ) , it is clear tha t the horizontal component of the electric field 



E,, d ecreases with decreasing frequency of (J)/ 2rr in 

comparison with the V(Ttical component E ... Thus 

the lower l'rcqucncy componen ts rad i.ttcd !'rom 

the lightnin~ f'la shcs arc se<trcd) rcccivccl 11 it h the 

Erdantcnne. Jn other 11ords, the h igher l'rcq ucncy 

components dominate. Now, as is well known, in 

the net~rest point from the sou rce the m<tg-nituclc 

of the e lec tro static component exceeds in com

parison with the other (induction or r<~cliation ) 

components, and it decreases wi th increasing dis

tance from the origin. This fact was ju tificcl 

f rom the observations o f waveforms by i\ppleton 

and C hapman (1937) . However, in order to st ud y 

the waveform of the radia tion pulse in mo re detail, 

it must be observed in the nearest poin t f rom the 

ot·igin. J n this case the Erdantenne is 1 he most 

useful one, because this aerial has less response of 
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Fig. 2. \'\'aveforms of the near 
lightn i11g fl ash observed 
simultaneously 

left: vertical aerial 
right: Erdan tenne 

the elect ro sta tic component owing to its lower frequency spectra. In ot her words, 

onl y the radiation pulse having, in fact, hig her f requencies can be observed in large 

amplitude with the Erdantenne. Fig. 2 shows results obtained both with the vertical 

aerial an d with the Erda n tenne simultaneous!)'· This photograph was ta ken continuously 

by two beam ct~thode ray tubes with time sweep 3 ms. The left figure is the wave

form observed with the vert ica l aerial, while the right one is tha t with the Erclantenne. 

The slig ht radiation pulse on the rising part of' the la rge amplitude electro sta tic 

waveform on the left side is consiclerccl to the pulsivc waveform in the right photograph. 

H ence, s tudies of the radiation pulse a t lig htning flashes may be made exact with the 

Erdantenne. 

Fina ll y it may be concluded that the Erdantcnnc is a very useful and conveniem 

aeria l for the measurements of the very low and extremely low frequency radio waves. 
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