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The same driver causes a drum carrying paper to 
pass under a pen which is moved by hand along 
guides parallel to the axis of the drmn so that it 
follows the deflection of the galvanometer spot. The 
curves in Fig. 1 were obtained in this way: the 
ordinates, being the deflections of the galvanometer, 
measure the intensity of the reflected X-rays and 
the abscissre give the rotation of the crystal. 

The curves were obtained by passing molybdenum 
Ka. radiation, filtered through zirconium metal, 
through a thin plate of gypsum so that orders (400), 
(800), (1200) could reflect at angles of 80

, 160
, 240 

approximately. The crystal turns through lain 1·6 
minutes and this corresponds to the paper moving 
forward by 2·8 cm. This enables measurements to 
be made much more quickly than was possible with 
the earlier arrangement. The steadiness of the zero 
is indicated by the line ab, which was obtained with 
the X-rays cut off, and the sensitivity may be 
estimated from the fact that the X-rays used for the 
curves shown produced a barely visible fluorescence 
in a darkened room on a barium platinocyanide 
screen. 

The apparatus is simple to set up and very reliable. 
Precautions must be taken to shield the valve 
electrostatically but the galvanometer need not be so 
protected. The total cost of the apparatus is less 
than that of the usual electrometer systems used for 
the same purpose. W. A. WOOSTER. 

Department of Mineralogy and Petrology, 
Cambridge. 

Feb. 25. 

IN NATURE of February 25, Mr. J. A. C. Teegan 
proposed to apply the 'electrometer valve' now pro
duced commercially by the G.E.C. to an X-ray 
ionisation spectrometer for the amplification of 
ionisation currents. It may interest him to know 
that such a valve has been in use for this purpose 
in this Laboratory for the past eighteen months with 
success, using a circuit identical in all essentials with 
that which he describes. 

The G.E.C. valve is simpler in construction than 
the F P 54 pliotron described some years ago by 
Messrs. Metcalf and Thompson for a similar purpose 
in the Physical Review; I think, however, that it 
is not quite so sensitive as the American valve. 

To take full advantage of the G.E.C. valve used 
with an ionisation spectrometer, the indicating 
galvanometer should have a quick period (1 sec.) and 
sensitivity of the order of 100 divisions per micro
ampere. I do not know whether such a galvanometer 
can be obtained cheaply; one can be made quite 
easily, since high resistance in the galvanometer coils 
(25,000 ohms) is of no particular disadvantage in this 
circuit. 

Davy-Faraday Laboratory, 
Royal Institution, 

London. 
Feb. 27. 

B. W. ROBINSON. 

High-Frequency Electric Discharge in Gases 
IN October 1929, while using a radio-frequency 

oscillator of the tuned.plate/tuned-grid type (Fig. 1) 
for exciting the capacitiye electrodeless discharge 
photographed by J. and W. Taylor' in gases at low 
prcssure, I observed phenomena which have not, I 
believe, been elsewhere described. 

The frequency employed ranged from 11'1 mega
cycles sec.-1 to 21·4 megacycles sec.-'; the valve 
was a power-oscillator of the va 150 type with 
1,800 volts anode potential supplied by accumulators, 
and the anode current ranged from 150 milliamperes 
to 160 milliamperes at these frequencies respectively. 
The anode inductance comprised three to four turns 
of 12 gauge wire, and to excite the discharge two 
wires were attached by clips to turns at opposite 
ends of the coil and their other ends were tightly 
bound round the ends of an ordinary positive column 
tube of about 18 cm. cylindrical length by 1·3 cm. 
internal diameter filled with neon with but slight 
traces of unknown admixture at approximately 
8·0 rom. mercury pressure. The cylindrical sheath 
electrodes fused into the frusta-conical bulbs at the 
ends of the tube (Fig. 2) were not connected. 

Originally, excitation of luminosity by the method 
used by Prof. R. W. 'Wood and A. L. Loomis' was 
in view, but in certain conditions, discharges were 
obtained of a curious nature: when the plate and 
grid circuits of the oscillator were closely in tune, a 
single streamer ran longitudinally through the tube, 

+ HT-
1"Io. 1. 

but instead of being straight and lying approximately 
along the axis of the tube, the streamer appeared 
bent somewhat into the shape of an elongated sine
wave of one complete cycle. When the frequem'y to 
which the grid circuit was tuned was slowly caused 
to diverge from that of the anode circuit. the Rtreamer 
began to rotate at an accelerating rate about the 
axis of the tube, the sense of rotation depending 
upon the direction of divergence. At the same time, 
the streamer took on a helical conformation of one 
turn. With increasing divergence the speed of rota
tion increased until the whole tube appE'Rred filled 
with glowing gas; with further divergence the 
discharge resolved itself into two inter-twined helical 
streamers revolving together but in the opposite 
sense to that of the single streamer. As the divergence 
continued to increase the angular velocity of the 
inter-twined streamers decreased to zero (Fig. 2), 
reversed and increased again until the tube was 
filled with a blur of light, and this cycle of phases 
was repeated with the periodic intercalation of an 
additional strand to the multiple streamer up to 
sixteen or seventeen strands, when they became 
difficult to count. 

This discharge was exceedingly difficult to produce 
at will: u,,;ually the form was that shown in Fig. 3. 
in J. and W. Taylor's article, but by breaking and 
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making the anode supply circuit many times in 
succession, rotary streamers generally appeared. 
The distance between the capacitive electrodes was 
immaterial to inception and appearance, and orienta
tion of the tube with respect to the coil or to a 
permanent magnet appeared to be without sensible 
effect. Once started, the discharge was extremely 
stable, and the envelope temperature was of the 
order of 40°_50° C. 

Occasionally, only about half the distance between 
the external electrodes would exhibit rotary streamers 
while the remainder would contain a stationary, 
co·axial, thicker column (Fig. 3). A rotary discharge 
also occurred more frequently between the bright 
rings immediately within the capacitive electrodes 
and the unconnected sheath electrodes in the bulbs, 
always with a large number of strands (Fig. 4). 

In explanation, I tentatively suggest that the 

FIG. 2. 

FIG. 3. 

FIG. 4. 

electronic displacement current and the correspond
ing equivalent accelerating potential difference 
between two points in the gas (between which the 
displacement current is drifting) are out of phase to 
an extent depending upon the divergence of natural 
frequencies of tuned-grId and tuned-anode circuits of 
the oscillator, and the result is that an electron if it 
were originally at rest within the tube would describe, 
in the absence of collisions, a zig-zag path round an 
annulus inside the walls; the net effect of a large 
number of electrons doing this gives in general a 
rotary helical locus of maximum electronic velo('ity 
(and therefore of ionisations-by-collision). The 
suggested effect of phase difference, though a purely 
ad hoc supposition, would appear to be substantia.ted 
to a certain extent by equations (7) and (8) given 
by Darrow in a recent paper on "High Frequency 
Phenomena in Gases"". 

Baird Laboratories, J. C. WILSON. 
133 Long Acre, 

W.C.2. 

1 Exp. Wireles. and WireleB8 Eng., 5, 60, 503; 1928. 
I NATURE, 120, 510, Oct. 8, 1927. 
I B.S.T.J., 11, 4, 584; 1932. 

Hydraulic Seismographs 
PROF. KAPITZA has described1 a balance for the 

measurement of magnetisation in which he makes 
use of hydraulic magnification and damping in a 
very ingenious manner and suggests that the same 
method may be adopted for the construction of 
seismographs. In order to explore the possibilities 
of this type of instrument for the recording of earth
quakes a series of comprehensive experiments was 
carried out by us in the Colaba Observatory. 

The apparatus for the recording of the vertical com
ponent consists of an inverted cylindrical cup, its 
lower horizontal face being closed by a thin metal 
diaphragm and a narrow open tube being attached 
horizontally fitting a hole in the side in which a 
mirror is suspended from a horizontal axle. A 
cylindrical jacket covers the cup all round except 
the diaphragm at the bottom. A highly viscous oil 
is then poured into the double chambers, so as to 
fill up completely the inner chamber, and the dia
phragm is then loaded by attaching a weight of 
1 kgm. or more to a rod fixed at its centre. The 
vertical component of the ground movements sets 
up oscillations in the diaphragm and forces the oil 
to move to and fro through the narrow tube, and 
this gives a large oscillatory angular motion to the 
mirror which is recorded photographically. With a 
tin diaphragm of thickness 0·019 cm. and diameter 
15 cm. loaded with 1 kgm., a period of 2·3 sec. and 
a damping ratio of 5 : 1 were obtained when the 
instrument was filled with castor oil. 

The low free period of the system does not make 
the instrument very sensitive to earthquake waves. 
It is, however, highly sensitive to artificial vibrations 
of the ground and gives also good records of the 
sustained vibrations, such as microseisms. Being a 
compact and fully assembled portable instrument it 
should form a valuable equipment for geophysical 
prospecting. 

If the chambers be so arranged that the membrane 
is in the vertical plane and is loaded with two 
symmetrical weights fixed at both ends of a hori
zontal rod passing through its centre, the instrument 
records the horizontal component of the ground 
movements. The sensitiveness to earthquakes of the 
instruments for horizontal and vertical components 
is increased if the free period of the system is increased 
by using membranes of very large diameters. A 
leather or rubber membrane slightly increases the 
sensitiveness, but generally produces an unstable 
'zero'. A detailed account of the investigation will 
be published in due course. 

S. K. BANERJI. 

K. N. SORON!. 
India Meteorological Department, 

Poona,. 
Feb. 20. 

1 PTOC. Roy. Soc., A, 131, 224-242; 19;31. 

Reversal of Current in Rectifier Photo-Cells 
WE have noted with interest lVIr. Guild's observa

tions on this effect. <LS recorded in NA'(TRE of Mal"l'h 4. 
In reply to his query, the vulues given for the relative 
sensitivities »ere for an "equal energy spectrum", 
being obtained by direct comparison with a Moll 
vacuum thermopjle for the different spectrum 
regions. Any other method of presentation would 
obviously be valueless, as the energy flux reaching 
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