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Editorial 

A New Type of Gas -filled Amplifying Valve 

N a recent number of the Elektrotechnische 
Zeitschrift* a somewhat unusual type of 
valve was described by Johannes Nienhold 

which, although we feel justified in referring 
to it as a new type, is based upon patents 
dating back to 1916. Although containing 
gas or mercury vapour the valve, unlike the 
thyratron, is free from trigger action, and 
functions in a steady manner like a vacuum 
valve, so that it can be used for amplification 
and as a high -frequency generator. We 
gather that the valve, notwithstanding the 
references to patents of twenty years ago, 
is only just emerging 
from the development 
stage ; up to the 
present it has been 
made for outputs of 
several hundred watts 
and for anode voltages 
up to 1 kilovolt. The 
principle can be ex- 
plained by reference to 
the Figure. The indi- 
rectly heated cathode 
serves as the source of electrons but does 
not form the effective cathode of the valve. 
The effective cathode surface is the grid VC, 
and it is only the electrons . which pass 

* March 31, 1938, p. 329. 
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through this grid that take any part in the 
action of the valve. The grid VC thus 
serves as a virtual cathode and divides the 
total space into two separate spaces, an 
electron generating space and an electron 
control space. VC is made positive with 
respect to C, and the electrons emitted by 
C, together with those produced by ionisation 
of the He, Ar, or Hg atoms will arrive at 
VC. What happens to them then will 
depend on the potentials of the anode A 
and the control grid G. Thus the electrons 
passing through the meshes of VC into the 
space above-or outside it in the cylindrical 
form-are in exactly the same position 
as the electrons emerging from the cathode 
surface of the ordinary valve. The potential 
difference between VC and C must not 
exceed a certain figure, as otherwise the 
cathode C will be rapidly destroyed by 
ionic bombardment. For Hg, Ar and Ne 
this figure is about 25 volts, for He about 
40 volts. The gas pressure must be such 
that satisfactory operation is obtained with- 
out exceeding these values. Lowering the 
voltage on VC, or increasing the gas pressure, 
would cause the electrons to pass through 
the meshes of VC with a reduced velocity, 
thus having the same effect as a reduction 
of filament temperature in an ordinary 
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valve. Having thus seen that the grid VC 
acts as a virtual cathode of great emissivity, 
let us turn our attention to the control space, 
which is, of course, also gas -filled. If 
constructed on normal lines, the control 
grid G, if given a negative potential, would 
attract and surround itself with a cloud 
of positive gas ions which would screen the 
remaining space from the controlling action 
of the grid. Nienhold gets over this difficulty 
by making the distance between VC and the 
anode A less than the mean free path of the 
electrons, so that the electrons which pass 
through the meshes of VC with such a 
velocity that, under the combined action 
of G and A, they reach A, do so with the 
probability of not colliding with a gas 
molecule en route. In the absence of 
ionisation between VC and A, characteristics 
should be obtained similar to those of a 
vacuum valve, and this is confirmed by 
experiment. The effect of the potentials of 
A and G will be felt by the electrons even 
before they emerge from the virtual cathode 
space, for the electric fields of A and G 
will penetrate through the meshes of VC 
to an extent depending on the geometry 
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of the latter. The condition that the distances 
between VC, G and A must be less than the 
mean free path of an electron, that is, a 
few tenths of a millimetre, calls for very 
accurate construction, which, according to the 
author, is now possible with the help of the 
modern ceramic insulating materials with 
their low loss at high frequencies. The 
difficulties involved in using anode voltages 
of a kilovolt or more with electrodes so 
closely spaced are obvious, and are doubtless 
the reason why development has been so 
slow. An additional source of supply is 
required for the ionisation of the virtual 
cathode space, and the current taken by the 
control grid will not be negligible, but 
neither of these would present any great 
difficulty when using the valve as a generator, 
One advantage which is claimed is that, 
whereas in an ordinary valve the thermal 
capacity of the cathode makes it impossible 
to produce high -frequency variations in the 
anode current by varying the cathode 
temperature, it is a simple matter to vary 
the voltage of VC at a high frequency, which 
is equivalent to a variation of temperature 
of the virtual cathode. When using the 

valve as an amplifier 
the applied voltage 
can thus be made not 
only to affect the 
control grid G but also 
the virtual cathode 
VC, although, of 
course, power con- 
siderations have to be 
taken into account. 

G. W. O. H. 

BRUSSELS 
CHECKING STATION 
The photograph shows 
apparatus for the checking 
of long- and medium -wave 
transmissions which has 
been installed in the 
new home of the Union 
Internationale de Radio- 
diffusion Checking Post 
in Brussels. New premises, 
which were specially built 
for the purpose, accommo- 
date, on three floors, a con- 
siderable amount of new 

apparatus. 
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Application of Electrography in Television * 

The Production of Large -Screen Pictures 
By P. Selényi, Ph.D. 

(Tungsram Research Laboratory) 

THE problem of television pictures of 
large dimensions has lately been amply 
discussed by German authors. Pro- 

fessor Karolus lectured before the " Verein 
deutscher Elektrotechniker "1 t on existing 
systems and Prof. Schröter has written 
a detailed account of the present state and 
possible extension of the " Multi -cell -table " 
systems.2 

permanent condition (" optical storage of the 
picture," according to Prof. Schröter), so 
that it can be directly projected. This 
causes a double improvement : 

(a) The projected television picture is as 
bright as an ordinary moving picture. 

(b) It would be sufficient to transmit 
17-20 pictures in the second, while a Braun- 
tube apparatus necessitates 5o picture/sec. 

Fig. 1.-Electric writing written on a hard -rubber plate with a metal tip. 
(b) developed on the back. 

Both authors agreed that the author's 
electrographic system will possibly play a 
part in the solution of the problem. Although 
a series of publications has . appeared in 
German on this subject3 dealing mainly 
with the use of electrography in picture and 
facsimile transmission and in oscillography, 
problems of television receiving were only 
alluded to. 

The present paper will give a short review 
of electrographic recording methods and 
will discuss in this connection the prospects 
of these methods in the realisation of large 
picture television. 

The intermediate film method holds a 
unique position among all methods aiming 
at the projection of large television pictures, 
whether actually realised or only proposed. 
This is the only method which preserves the 
picture after reception in a visible and 

* MS accepted by the Editor, September, 1937. 
t See list of references at end of article. 

(b) 
(a) developed on the front, 

If the projection of each single picture is 
twice interrupted by a rotary shutter-as 
in the usual projection of moving pictures- 
the resulting picture is quite free from 
flickering. In consequence of the reduced 
number of pictures in the second, the fre- 
quency range of the modulation may be 
reduced also. 

Two notorious disadvantages, however, 
more than counteract the two above - 
mentioned advantages: (a) The time between 
reception and projection of the picture cannot 
be reduced under 2-3 minutes. (b) The 
film is extremely expensive. According to 
the authors referred to, it amounts to about 
800 RM in the hour for normal films and 
78 RM for narrow films. This practically 
rules out the intermediate film method 
except in very rare cases. 

By substituting electrostatic recording 
(electrography) for photography the in- 
termediate film method becomes at once 
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applicable. Electrography consists in the 
preservation of the received signals on an 
insulating film by means of electrostatic 
charges resulting in an invisible electric 
picture, which may be developed by dusting 
over with a fine powder. The method is 
much cheaper than the photographic re - 
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Fig. 2.-Electrographic recording system. 

cording of the intermediate picture, and has 
practically no time lag. 

Instead of the expensive photographic 
film a relatively cheap insulating film may 
be used and it seems possible to use con- 
tinuously a short, endless ribbon for the 
whole operation. Thus the working ex- 
penses of this process will be presumably 
quite low. The development by wiping over 
the film may take place immediately after 
the electric record is formed, so that a 
practically instantaneous picture repro- 
duction is ensured. 

We shall describe a very simple experi- 
ment before dealing with the methods of 
electrography. Take a thin well -planed 
hard -rubber plate, 0.25 to 0.5 mm. thick, 
and write on it with a rounded metal point. 
The path of the metal tip on the ebonite 
becomes charged with negative electricity 
because of the friction 
between the plate and 
the point. Dust a fine 
positively charged 
powder, e.g. lycopo- 
dium, by means of a 
rubber ball on the 
hard -rubber plate: the 
powder adheres to the 
charged lines on the 
plate, the invisible 
electric writing has 
been developed with 

Fig. 3. - Electrographic 
A.G. records (Frequencies 
500, 1,000, 2,000 4,000, 
and 6,000 c/s respectively). 
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utmost sharpness (see Fig. ra). The writing 
can be developed on the back of the plate 
too, but the lines are not so sharp, owing 
to the divergence of the field (see Fig. ib.) 

The methods of electrography may be 
derived from this simple experiment by 
substituting either 

(a) a well-defined beam of negative 
ions in free air or 

(b) a cathode ray in vacuum, 

in place of the metal writing tip. 
Fig. 2 represents the first method (see pub- 

lications a, b, c, and d). K is a hot cathode 
(a platinum wire of 0.1-o.2 mm. diameter, 
coated with barium oxide and energised 
by the battery H, G a control electrode 
(grid) consisting of a metal cap with a hole 
of about 0.5 mm. diameter. A is the 
anode covered with a sheet S of insulating 
material. The distances cathode -grid and 
grid -sheet must be as small as possible, 
about 0.5-I mm. The arrangement operates 
in the following manner : Electrons emerge 
from the cathode, attach themselves to the 
gas molecules and are driven by the anode 
voltage Ua of 500-i,500 volts through the 
hole in G and are finally deposited on S, 
giving a negative charge to the latter. The 
anode may be moved with the sheet in the 
direction of the arrow and the ion beam 
then traces an invisible electric line on the 
sheet, capable of development. The width 
of the beam and hence that of the line is 
controlled by the grid -potential U9, and a 
modulation of the latter induces a variation 
in the width of the line, a zoo per cent. 
modulation being effected with 5-io V. 
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If the picture is not to be preserved the 
dust may be blown away from S with a 

Fig. 4.-Electrographically recorded picture, 
received on a paper coated with insulating varnish. 

strong blast of air and its electric charges 
neutralised with the Bunsen flame B : the 
sheet is then ready for a new record. 

The application of this method in recording 
various electric phenomena (time measure- 
ment, oscillography, sound recording, etc.) 
is described in the publications cited in 
reference 3. Fig. 3 is a 3.5 times magnified 
photograph of an oscillogram of alternating 
currents in a so-called " record of variable 
density." The frequencies of the currents 
were 500, i,000, 2,000, 4,000 and 6,000 
cycles per second ; the speed of recording 
was ioo cm/sec. The oscillogram was re- 
corded on paper impregnated with paraffin 
and it was developed by dusting over with 
asphalt powder. The record was expressly 
overmodulated in order to secure a high 
definition, so that the sinusoidal character 
of the current is not seen and the record 
degenerates into a system of dark and 
light lines. 

The arrangement and function of the whole 

system is comparable with that of a Braun- 
tube or a triode, operated in the air instead 
of in vacuum. 

The next step is still -picture and facsimile 
telegraphy. Experiments in this direction 
were performed with simple drum -apparatus, 
having a mechanically coupled pair of trans- 
mitting and receiving drums. Fig. 4 is a 
picture transmitted with this apparatus. 
This picture was received on a paper coated 
with black insulating varnish at a rate of 15 
rotations per second and with an axial 
displacement of o.3 mm. per rotation. 
Speed of recording : 1.8m./sec., total time 
of transmission : 15 sec. This apparatus 
was not fit for a higher speed of rotation' 
and a higher definition would be useless as 
long as the picture is developed with lycopo- 
dium powder with its relatively coarse 
grains5. 

It is clear, that this procedure is directly 
adaptable to television reception. The pic- 
tures will be written electrographically in a 
continuous series on an endless ribbon of 
insulating material, it will be developed by 
dusting over and then projected. After pro - 
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5. Principal arrangement of 
graphic television receiver. 

jection the dust will be blown off, the charged 
surface neutralised, and the ribbon will again 

Fig. an electro- 
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be ready for reception. Fig 5, which is self- 
explanatory, contains the fundamental 
features of such an apparatus. (Reprinted 
from the British Patent No. 449824.) 

The radio signals picked up by the aerial 
32 are, after amplification and rectification, 
applied to the Nipkow disc 23, which is 
biased by the battery 34 and serves as con- 
trol electrode for the long -shaped, indirectly 
heated cathode 24 of the electrographical 
recording system. The cathode is placed 
opposite the holes of the disc and perpendi- 
cularly to the plan of the drawing ; it may 
be somewhat longer than the distance 
between two adjacent holes of the disc. 
The invisible electrical pictures are produced 
on the endless insulating ribbon 26, which 
is moved continuously by pulleys 27, 27'. 
The anode voltage 43 is applied to the endless 
metal ribbon 31, which adheres to the in- 
sulating ribbon and moves with the same 
velocity as the latter so that no disturbing 
frictional electric charges will be produced. 

On rotating the Nipkow disc and moving 
the insulating ribbon, both synchronously 
with the sending apparatus, the invisible 
electrical pictures are recorded on the ribbon6. 
After recording, the film is dusted over 
(developed) in chamber 36 and the resulting 
picture viewed or projected by means of an 
optical arrangement (e.g. polygonal -mirror 
40) which changes the continuous movement 
of the film into a discontinuous series of 
pictures. The powder is dusted off later 
with the rotating brush 41, and the charges 
are neutralised with a source of positive 
ions 24 (e.g. hot anode of Kunsmann). 
The whole process obviously resembles the 
intermediate film process ; however, as 
already mentioned, many disadvantages of 
the latter are avoided. 

Up to the present only a few crude experi- 
ments have been made towards the con- 
struction of the said apparatus ; technical 
details will be omitted here. We may 
estimate, however, the possibilities of such 
a system, if we consider its mechanical, 
electrical and optical properties. The maxi- 
mum peripheral velocity of the Nipkow 
disc is 130-150 metre/sec. ; this maximum 
velocity however is generally attained with 
a disc, which rotates in vacuum. This would 
involve a reconstruction of the whole appar- 
atus to enable the development, projection 
and dusting off to take place within a chamber 
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at reduced pressure. This is a complication 
of the procedure, but the problem can surely 
be solved with present-day technique. 
Reckoning i6 pictures per second the total 
length at our disposition for one picture 
will be 13o/16 -15o/16 metres ; that is 8.1-9.4 
metres. (The individual lines are to be 
added up into a single one.) The number of 
picture elements can be calculated by divi- 
sion of this length by the length of a side 
of the square picture element. Obviously 
all depends upon the dimensions of the 
picture element, i.e. upon the allowable 
width of the lines. This is determined by 
optical conditions 7-viz., upon the possible 
minimum dimension of the powder particles 
which produce sufficient opacity for the 
satisfactory reproduction of the half tones 
in the picture. 

It is known that colloidal metal sulphides 
become opaque in a layer of 2-3 microns. 
It remains to determine whether such a layer 
can be produced by electrostatic attraction. 
Particles i/ioo mm. diameter, however, 
give a sufficient opacity if the substance is 
appropriately chosen. Fig. 4 shows on the 
other hand that it is sufficient to write with 
lines 8.5-io times as wide as the diameter 
of the particles to ensure a good reproduction 
of the half tones8. (In our case, width of 
the lines, 0.3 mm. ; diameter of the lycopo- 
dium particles 3o to 35 microns.) 

If a similar result is sufficient, the width of 
the lines has to be o.i mm. for a diameter of 
the powder particles of o.oi mm. This means 
that the picture element is o.i x o.i mm. If 

the ratio line width 
is 15 : I or 20 : I particle diameter 

the side length of the picture element has to be 
0.15 or 0.20 mm. Therefore the number of 
picture elements of a picture will vary between 

40,000 (= 
0.2 m 

8m. 
m. 

) and 90,000 (= 9111. \ o.i mm. 
If the proportion of the sides of the picture is 
2 : 3 we arrive at 160-240 lines in a picture, 
so that this mechanical electrographic system 
would then yield very good quality tele- 
vision pictures°. 

It remains to discuss from the electrical 
standpoint the limits of speed of recording 
possible with this system. During recording 
the front side of the film is charged to anode 
potential. With a film thickness of I min. 
and a dielectric constant of 3, the capacitance 
of the film is io cm. per cm2. Allowing for 
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the half -tones, where the surface is only 
partially used, this capacitance may be re- 
duced by a factor of . For 1,000 V. anode 
potential we thus arrive at a charge of 
5,000 volt -cm., that is, about 5.io-3 micro - 
coulombs per cm.2 of the recorded picture. 
Our measurements indicate that the current 
of negative ions produced by a hot cathode 
in air reaches the value of 5 microamperes 
through an opening of i mm.2. This 
current intensity suffices therefore to record 
ioo;000 picture elements in the second.1° 

A hot cathode in vacuum gives several 
milliamperes per mm.2, so that there will 
be no electrical difficulties if the apparatus 
works in vacuum. 

We will now describe the second type of 
electrography using a cathode ray. The 
author first described such experiments in 
1928-29, where the cathode rays, produced 
in a high vacuum hot cathode Braun -tube 
hit the inner surface of its glass bulb and 
the invisible curves obtained were developed 
on the outside of the bulb by dusting over 
with powder11. Fig. 6 (from the publica- 
tion Ref. ii(g) shows this tube. 2 is the 

V-shaped hot cathode, 
i the control electrode 
with a central opening 
(Wehnelt -cylinder), 3 and 
4 are two separate metal- 
lised surfaces (magne- 
sium) with their leads 5 
and 6. The magnesium 
films play the role of the 
anodes of the tube, and 
both halves of it func- 
tion at the same time as 
deflecting plates, the de- 
flecting voltage acting 
between them. The front 
of the tube 7 is coated 
with a black insulating 
Fig. 6.-Oscillograph tube, 
recording with the static charge 

of the cathode ray. 

varnish to make the dusted curves more 
readily visible12. 
L Fig. 7 is a reproduction of curves recorded 
with this tube : it shows a series of ellipses 
obtained by combination of electric and 
magnetic deviating forces at a frequency of 
5o c/s. The corresponding patent specifica- 
tionsl3 mention that the device may be used 
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to receive broadcast pictures. However, the 
fact that the lines are not sharp after develop- 
ment is a great hindrance to the practical 
application of this instrument. Television 

Fig. 7.-Electrographical oscillograms obtained 
with the tube on Fig. 6. 

brings another difficulty : it is difficult to 
imagine how the whole process of recording 
overdusting, projection and removing of the 
picture could be effected on the front of the 
tube 16 times per second. There are two 
ways out of this difficult situation : (a) 
The whole process is transferred into a 
chamber with reduced air pressure. The 
picture is recorded with a cathode ray on an 
endless ribbon moving with uniform velocity. 
Then it is developed, projected and removed. 
For this purpose it is only necessary to 
deviate the ray in one direction ; thus it 
suffices that the cathode ray tube should only 
communicate with the recording part of the 
apparatus along a narrow slit. The pressure 
may be higher in the recording part of the 
apparatus without affecting the cathode ray 
part. (b) The cathode ray escapes from the 
tube through a slit covered with a Lenard - 
window and the whole recording device is 
placed before this window in the free 
atmosphere. (Both solutions are contained 
in a patent application of the Tungsram Co., 
which is not yet made public.) 

The second method can doubtless be 
worked out because a high voltage oscillo - 
graph tube is known to give sharp oscillo - 
grams on a photographic plate through a 
Lenard -window. We confirmed that electro - 
graphic records can be made on an in- 
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sulating surface in this way14, but the 
method requires further development. 
Fortunately a recent publication of two 
Japanese authors, who repeated the experi- 
ments with a Dufour-oscillograph, contains 
quantitative results sufficient to discuss the 
possibilities of solution15. These authors 
arrived at the following results : The sine 
curves of 1o5 cycle 
alternating cur- 
rent may be re- 
corded on an 
ebonite plate with 
lycopodium pow- 
der as distinct 
lines 0.25 mm. 

f 
A 

K S 

Fig. 8.-Photo-electrograPhic B 

electron -camera. N11.111111 I1 I.I1I111 + 

broad if the anode voltage amounts to 
65 kV. and the cathode ray current to 4 
microamperes. (The lines were 0.5 mm. 
broad if they were developed on the back of 
the plate). The double amplitude of the 
sine curve was r cm., so that the speed of 
recording must have been 2.105 cm./sec. 
and 5,000 cm.2 area was covered per second. 
The dimensions of a picture with 400 lines 
and a side ratio 2 : 3 would be on the other 
hand 10 x 15 cm., i.e. 150 cm.2 if the lines 
are 0.25 mm. broad. The above -mentioned 
intensity is thus sufficient to cover the picture 
area 33 times per second.16. 

(a) 
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possible to film the speaker and project the 
film after development. But this would be 
expensive and necessarily involve a delay, 
so that television methods had to be tried 
(see Schröter, ref. 2.) We may substitute 
electrography in place of photography : 

The optical image of the speaker is projected 
upon a preferably transparent photo -cathode 
and the electrons from this cathode are pro- 
jected by means of an electron -optical 
arrangement on an insulating surface. The 
latter is overdusted and the resulting picture 
is ready for projection. This process must 
be repeated continuously-as described above 
-and would thus solve the problem.17 

Again the technical difficulty arises, that 
the process is to be carried out at reduced 
pressure. To avoid this, it was first tried 
to realise the process by means of the 
" photo-electrographic camera " of Fig. 8 
in the free atmosphere. 

Q is a planparallel quartz plate coated 
on one side with a transparent magnesium 
film K which acts as photo -cathode. The 
insulating foil S lies on the metal plate 
anode P. B is the source of 1,50o volts 
d.c. The quartz lens L projects an image of 
the object A on the photo -cathode K. Fig. 9 
shows pictures taken with this camera, with 
an exposure of 10 seconds. (The objects were 
(a) a mesh -work of wires ; (b) the letters 
UT.) The pictures were made on paper 

Fig. 9.-Pictures taken with the device of Fig. 8. (b) 

A further possible application of electro- 
graphy may be mentioned briefly : the usual 
public address system could be accompanied 
by the projection of the enlarged picture 
of the speaker. Of course, it would be 

impregnated with paraffin and were de- 
veloped with coloured lycopodium powder1s. 

These pictures are still very primitive. 
But a comparison of the first, not very satis- 
factory, oscillograms of 1928 (see pub- 
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lication Ref. ii(f) or even Fig. 7 of the 
present paper with the extremely sharp 
oscillograms of Susuki and Tsuji shows that 
this method could be worked out to a high 
degree of precision. It is equally certain 
that electrography itself with its manifold 
applications-some of which are realised 
already, others only proposed-is going to 
play an important part in television. 

Summary 
Several electrographic methods are de- 

scribed. It is discussed how far and with 
what chances electrography can be used in 
television receivers, especially for the projec- 
tion of large -screen pictures. It is explained 
that the picture quality (number of lines per 
picture) essentially depends on the fineness 
of the developing powder. Presumably 16o- 
240 lines per picture could be attained for 
i6 pictures per second with a mechanical re- 
ceiving apparatus. A cathode-ray recording 
apparatus will yield however more than 400 
lines per second. Finally, a related problem 
is discussed, viz., how to transmit living 
scenes without any time lag cinemato- 
graphically. Its fundamental solution is 
proposed with the aid of the " photo -electro - 
graphic electron camera." 
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electrographic recording methods of the author, the 
fluorescent screen of the latter being substituted 
by the insulating screen or film. 

The use of an insulating recording screen in 
electronic devices for television purposes has been 
described lately by many authors. M. Knoll in 
Zeitschr. für tech. Phys. 1936, Vol. 17, No. 12, 
p. 604, particularly on page 615, proposed to 
project an electron -optically produced image on 
an insulating plate and to scan the latter with 
a cathode ray as in Zworykin's Ikonoscope. 
The resulting intermittent voltage could be 
transmitted for television. Schröter proposed 
a similar method to be used in television re- 
ceiving in combination with a Braun -tube having 
an insulating screen. The received picture was 
to be recorded simultaneously on the screen 
of two identical tubes in the form of invisible 
electrical pictures (" electrical storage of modula- 
tions," according to Schröter) and could therefore 
be scanned and projected in a usual kinescope one 
after another with a certain delay (e.g. 1/5o second), 
thus avoiding flickering in the final picture. 

I would like to state that a cathode-ray tube 
having an insulating screen and the principle 
of electrically stored modulations was described 
for the first time in the above -mentioned 
patent specifications (application date in Hungary : 

February 1, 1928). A method of recording an electro- 
static picture on an insulating screen and conserving 
this " electric picture " was described therein. 

18 A portrait was transmitted from a film with 
this device, but the picture was too poor to be 
reproduced. 

B 



310 THE WIRELESS ENGINEER June, 1938 

A Form of Distortion Known as the 
"Buzz Effect"* 

By K. A. Macfadyen, M.Sc. 
(Communication from the Research Staff of the M.O. Valve Company, Limited, at the G.E.C. Research Laboratories, Wembley, England) 

SUMMARY.-A description of a kind of distortion found in certain samples of the 
high -slope output pentode is given. The mechanism of the effect is explained and the theory 
employed to account for radio -interference effects from certain vacuum lamps. Reference is 
made to earlier papers on the same subject. 

IN 1934, during the development of the 
high -conductance output pentode, a new 
form of valve distortion was noticed. 

This took the form of a sudden and un- 
expected buzzing sound superimposed upon 
certain notes of the music coming from the 
speaker which the pentode was feeding. The 
explanation of this effect does not appear to 
be commonly known, perhaps because the 
original publication dealing with itt is un- 
likely to have been widely read in this 
country. 

The attention of the writer was drawn to 

interference,$ due to the ordinary tungsten 
lamp. 

Perhaps an apology is needed for the name 
given to the phenomenon. The German 
writers refer to it as the " S-effekt," but the 
more expressive (if less elegant) name used 
here has become too deeply rooted in cer- 
tain quarters for a change to be made. 

Conditions for the Occurrence of the Effect 
It was found that the effect took place 

more readily at frequencies near the bass 
resonance of the speaker than at other fre- 

quencies. An ordinary 
oscillographic study 
of the waveform of 
t h e anode voltage 
showed the appear- 
ance of an insignifi- 
cant " pip " on the 
slopes of each wave 
when the buzz began. 
When the la -Va 
" load -curve " of the 
valve was formed 
on the oscillograph- 

la 

Va 

(a) 

Ia 

Va 

(b) 

the phenomenon before the appearance of 
the paper quoted, and he consequently car- 
ried out experiments with a view to explain- 
ing and finding how to eliminate this kind 
of distortion. An account of these experi- 
ments may therefore be of interest in spite 
of the earlier publication, especially in view 
of the fact that they now furnish an explana- 
tion of a recently discovered form of radio- 

* MS. accepted by the Editor, October, 1937. 
t Jobst and Sammer, Telefunken -Röhre, July, 

1934. 

Fig. 1.-Oscillograsn of 
load -curve, showing 

"Buzz Effect." 

screen, instead of the usual slightly distorted 
ellipse, the traces shown in Fig. 1 were pro- 
duced. The curious excrescences appeared 
simultaneously with the " buzz," and often 
both would disappear as the valve -bulb heated 
up. As a rule, these effects would not appear 
unless the grid -swing were considerable, and 
never at all if a low impedance preceding 
circuit were used. The " buzz effect " did 
not occur with all the samples tried, but 

$ G. Lehmann, L'Onde Electrique XVI, p. 223 
(April. 1937) 
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there seemed a risk of the trouble being de- 
veloped in valves during normal service. 
The way in which these apparently irrelevant 
observations are explained will be seen later, 

ANODE VOLTAGE 

Fig. 2.-Illustrating static production of dis- 
continuous changes in bulb -potential. 

but the most important fact was that the 
" buzz " could always be stopped by an 
earthed tinfoil covering the bulb, and fre- 
quently by merely touching the bulb with 
the finger. 

This directed attention to the true seat of 
the effect. It was shown (oscillographic- 
ally) that the potential of the bulb was 
undergoing sharp and periodic changes of 
about two or three hundred volts as long as 
the " buzz " was present. A static experi- 
ment, illustrated in Fig. 2, confirmed this 
observation. 

Variations of Bulb -Potential 

A suitable valve was set up with potentio- 
meter -controlled anode and grid voltages, as 
is done when plotting the characteristics. 
The bulb was covered with tinfoil which was 
joined to one terminal of an electrostatic 
voltmeter of high insulation resistance. The 
other terminal, and also the valve -cathode, 
were earthed. 

The grid and anode voltages were then 
slowly altered so as to make the representa- 
tive point on the Ia-Va characteristics trace 
out a rough ellipse in the clockwise direction. 
(Fig. 2). This simulated the behaviour of 
the valve with an inductive load. At the 
starting -point A the voltmeter indicated 
zero. As the part B of the ellipse was tra- 
versed a rise of a few volts was shown, but 
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at some point such as C a sudden irrever- 
sible rise to about 30o volts or more was 
registered. This voltage gradually declined 
at the part D, and when the point E was 
reached a discontinuous drop from about ioo 
volts to zero took place. 

It will be readily appreciated how these 
extremely violent changes in bulb -potential 
can be transferred to the control grid, if there 
is a sufficient impedance between grid and 
earth. Bearing in mind the fact that it is 
customary to insert a stabilising resistance of 
about 50,000 ohms in series with the grid, 
and that a sudden change in potential such 
as we have seen involves very high fre- 
quencies, the reader will see that a minute 
capacitance between bulb and grid will 
suffice to superimpose an audible overtone 
on the signal. It should also be remembered 
that the ear is extremely sensitive to over- 
tones of high frequency ;* far more, in fact, 
than to the low -order harmonics. 

Further experiments, which need not be 
described here, showed beyond all doubt 
that the violent changes in bulb -potential 
were, in fact, responsible for the " buzz." 
It now remains for us to enquire how the 
changes are brought about. 

It 

Vt 

Fig. 3.-Current-voltage characteristic of a 
secondary -emitter in an electron stream. 

Vt'Va 

Mechanism of the Effect-Influence of 
the Getter 

The phenomenon is explainable by con- 
sidering the emission of secondary electrons 
by the layer of metallic " getter " inside the 

* Harvey Fletcher, Speech and Hearing (Mac- 
millan), pp. 167-171. 

Also F. H. Brittain (unpublished work). 
B 2 
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bulb. Any secondary -emitting electrode in 
a stream of electrons exhibits a current -volt- 
age characteristic (It vs V=) of the type 
shown in Fig. 3. It is assumed that the 
electrons have been accelerated from rest at 
earth potential by an anode potential Va. 
At low electrode -voltages (V1) the only 
effect of increasing this latter voltäge is to 

400 
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GETTER POTENTIAL (VOLTS) -- 
Fig. 4 (Above).-Rela- 
tion of space -current 
versus voltage for getter 

on bulb of pentode. 

Fig. 5 (Right).-Deter- 
mination of getter poten- 
tial by " load -line dia- 

gram." 

Va 

ANODE -TO 
GETTER 
LEAKAGE 

GETTER 
POTENTIAL 

(Vt) 

ANODE 

(a) 

cause the electrode to gather more electrons 
per second, but at higher voltages secondary 
emission makes the current decline. With 
further rise in V1, however, the electrode pre- 
sently assumes the highest potential in the 
system, and the loss of secondaries is pre- 
vented, causing the curve to rise rapidly as 
V1 = Va is approached. 

It is well known that the anode of a screen - 
grid valve exhibits these effects, but in order 
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to verify that the getter on the bulb of the 
pentode in question also behaved in this way 
some sample pentodes were made in which 
a spring -connection to the getter was pro- 
vided. Situated as it was in the path of stray 
electrons from the open ends of the anode, 
the getter behaved exactly as expected, 
giving the characteristic shown in Fig. 4. 

When the anode -current was reduced the 
" vertical scale " of this curve was reduced, 
as one would expect, giving a curve like the 
dotted one in the same figure. 

The experimental valves just described 
enabled the second factor influencing the 
getter -potential to be investigated, namely, 
the leakage from the anode to the getter. 
This proved to be of the order of a megohm. 

Let us now investigate the possible poten- 
tials which the getter can assume, on the basis 
of the information just gained. Neglecting t 
the leakages from screen and grid, and treat- 
ing the case by the graphical (" load -line ") 
method used for amplifier problems, we 
obtain the diagram shown in Fig. 5b. The 
axes represent getter -potential and current 
respectively, and the curved line is the 
" characteristic " of the getter, as shown in 

GETTER POTENTIAL (Vt)- 
(b) 

Vt-V 

Fig. 4. Through the point on the potential 
axis representing the instantaneous anode - 
potential a straight line is drawn having its 
slope representative of the anode -to -getter 
leakage resistance. The intersections, X, Y 
and Z, of this line with the characteristic 

t A modification of the geometrical construction 
may be introduced to allow for these other leakages. 
The principles and deductions, however, are 
unchanged. 
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curve of the getter give the details of three 
possible getter -potentials. 

It can be shown that the point Y stands for 
an unstable condition, but that X and Z 
represent stable states of the getter -potential. 

It 

t 

Fig. 6.-Variation of getter potential during an 
A.C. cycle. 

Let us follow the behaviour of the getter as 
the valve amplifies normally over a single 
a.c. cycle. Starting (as in the experiment of 
Fig. 2) at A, we find that the graphical solu- 
tion assumes the form (A) (Fig. 6) appro- 
priate to high anode -current and low anode - 
voltage. Evidently, since solution Z does not 
appear, the getter potential must be at X, 
that is, at a low value. At point B on the 
ellipse (Fig. 6) the solution (Fig. 6B) indi- 
cates little change in the condition of the 
getter. Certainly, a new possible potential 
has appeared, but nothing has happened in 
the meanwhile to cause the getter to change 
from the " X -state." At point C, however, 
the rising anode -voltage and falling current 
have made the " X -state " impossible, so that 
the getter -potential skips up to Z, some hun- 
dreds of volts higher. Figures D and E show 
what happens on the lower part of the load - 
ellipse of Fig. 2 : a change back to the " X - 
state " is made, but in this case the skip in 
potential is very much smaller than the up- 
ward jump. In fact, it is often so small (e.g., 
in Fig. ra) that its effect on the circuit is neg- 
ligible. In Fig. rb, however, the influence 
of the transition back to the " X -state " can 
be traced. 
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We are now in a position to explain the 
features of the buzz effect described on page 
311. Since the presence of the unwanted 
voltage on the grid is due to electrostatic 
induction from the getter on the bulb, it will 

easily be understood how a 
low -impedance driving cir- 
cuit will apparently sup- 
press the effect. As a matter 
of fact, it is easily shown 
that, under these con- 
ditions, the getter potential 
is still flicking violently 
up and down, hence the 
emphasis on the word 
" apparently." 

The reason why the frequencies near the 
bass resonance of the speaker seem especially 
favourable for producing " buzz " is to be 
found in the highly inductive nature of the 
load at these frequencies. This results in a 
widening of the load -ellipse (Fig. 8), a condi- 
tion conducive to the largest possible jump 
from X to Z. Moreover, the return from Z to 
X is made more certain with this kind of load 
than with a resistive load. The reader may 
verify these points with the help of Fig. 6. 

The uncertainty of occurrence of the 
" buzz effect " is due to the fact that rather 
specialised conditions are necessary for it to 
happen. The secondary -emission curve may 
vary over a wide range from one valve to 
another, and the leakage from anode to 
getter also. Thus, with a very high -resist- 
ance leakage path, the getter is likely to' re- 
main permanently in the X -condition. It is 
not, of course, necessary that the leakage 
resistances should be as low as i megohm ; 

moreover, it has been suggested that, given a 
small enough getter -current, the capacitance 
from the anode to the bulb may well provide 
the stimulus for changing from the X to the 
Z state and vice versa, even in valves with 
perfect insulation. This explanation cannot 
be applied to the case described above, but 
may reasonably account for many other cases 
of the phenomenon. 

The action of an earthed foil covering in 
preventing the " buzz effect " is to be ex- 
plained by the extra leakage from getter to 
earth. One would expect the added capaci- 
tance to result in a more gradual transition 
from the X to the Z state, but in practice it 
has been found that the transition to the Z 
state is prevented altogether by the foil. 

Vt 
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A more subtle form of the effect has been 
detected in certain valves using insulators in 
close proximity to the electron stream. The 
reader will now have no difficulty in seeing 
how this comes about. Fortunately the 
audible effect is much less marked than in the 
early experiments described in this paper, in 
which the bulb entered into the effect. 

Prevention 
Turning to the question of the prevention 

of the original form of " buzz effect," which 
at one time constituted a really serious defect 
in certain valves, we have now four methods 
available. One may fix the getter -potential 
by means of a suitable contact. This is not 
satisfactory because of the difficulty of main- 
taining electrical continuity with a layer of 
getter. Secondly, the getter may be rendered 
free from secondary emission, e.g., by the use 
of graphite -coated bulbs. This is the usual 
system adopted in this country. Thirdly, one 
can prevent the incidence of secondary elec- 
trons on the bulb by means of suitable caps 
over the open ends of the electrodes. This 
procedure also reduces grid -anode capaci- 
tance, and is consequently adopted in certain 
cases on account of this added advantage. 
Its main disadvantage is the cost of produc- 
tion. Lastly, the use of a metal coating on 
the bulb may be tried. The chief objection 
to this is that such coatings frequently impede 
the proper cooling of the valve.* 

Explanation of a Form of Interference 
The theory of the " buzz effect " given here 

supplies an explanation of the hitherto 
obscure form of radio -interference reported 
by M. Lehmann. t This interference is 
radiated on rare occasions from tungsten 
lamps of the vacuum type when fed with A.C. 
and affects reception in a wide band of fre- 
quencies in the region io to zoo metres. M. 
Lehmann's experiments were repeated by 
Mr. R. F. Proctor in the G.E.C. research 
laboratories ; an approximate harmonic series 
of trains of waves modulated at ioo cycles 
per second was detected by means of a short 
wave receiver in the neighbourhood of the 
lamp. It should be made clear that the inter- 
ference is very feeble compared to that given 
by other common sources, e.g., motors. 

Considering the fact that the phenomenon 
Cosgrove, Warren and Benjamin, J.I.E.E., 8o, 

p. 401 (April, 1937). 
t Loc. cit. 
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is not shown by gas -filled lamps (in which 
electronic bombardment of the inside of the 
bulb is impossible) and bearing in mind other 
striking points of similarity with the " buzz 
effect," one is led to the view that the ex- 
planation given above is also applicable here. 
Electrons emitted by the (temporarily) nega- 
tive end of the filament are accelerated 
towards the positive end, which they over- 
shoot and strike the very thin layer of evapor- 
ated tungsten or tungsten oxide on the inner 
surface of the bulb. When the filament cur- 
rent is rising from zero the accelerating volt- 
age is small, and we have the state of affairs 
represented in Fig. 6 (A), with the layer at 
a low potential. The accelerating voltage 
rises until, the potential of the layer jumps 
in the maner already described to a value 
perhaps as much as two or three hundred 
volts higher. As the current decreases the 
smaller jump in potential brings the layer 
back to its original state. This cycle of 
events is repeated in the next half -cycle due 
to bombardment at a different point in the 
bulb. The almost instantaneous charging 
and discharging of the layer results in an im- 
pulsive radiation of very short wavelength 
(this is decided by the geometry of the lamp) 
one hundred times a second. 

It is, perhaps, hardly necessary to add that 
the best remedy where this unusual form of 
interference occurs is to employ gas -filled 
lamps in those positions where radiation is 
to be avoided. 

In conclusion, the author desires to tender 
his acknowledgments to the General Electric 
Company and the Marconiphone Company, 
on whose behalf the work was done which 
has led to this publication. 

The Industry 
ATIONAL Radio & Television Service Com- 
pany, 155 and 157, Great Portland Street, 
London, W.1, is now prepared to undertake 

the construction of amplifiers and similar apparatus 
to specification. 

The Ediswan Loud -Speakerphone inter -com- 
munication system is described in a leaflet and 
booklet issued by The Edison Swan Electric Co., 
Ltd., 155, Charing Cross Road, London, W.C.º. 

Full technical data, characteristic curves and 
base connections relating to standard American 
valves (Raytheon) are contained in a well -arranged 
book available at 2/- post free from Leonard Heys, 
Faraday House, Henry Street. Blackpool, Lancs. 
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Electron Transit Time Effects in 
Multigrid Valves* 

Measurements on Short Waves 

By M. J. O. Strutt 
(Natuurkundig Laboratorium der N. V. Philips Gloeilampenfabrieken, Eindhoven, Holland) 

I. Electron Coupling in Heptode and Octode 
Frequency Changers 

FIG. r gives a cross section, in a plane 
perpendicular to the cathode axis, of 
an octode frequency changer (type 

FC4 of Mullard Co.). Under normal opera- 
ting conditions (see Fig. Ia) grid one (nearest 
to cathode) has a bias tension of about 
- 9.5 volts and an oscillator swing of about 
II volts peak value. Grid three is positive 
(about 90 volts) and grid four (the input 
signal grid) has a bias of at least -1.5 volts 
and an input signal. Considering the posi- 
tive swing period of the oscillator, grid one 
passes an electron stream, which, after 
crossing the screen grid three, is partly 
returned by the reversed electric field be - 

Fig. 1.-Cross section to scale of octode frequency 
changer valve type FC4 (Mullard). The oscillator 
part consists of the cathode, grid one and grid two 
(oscillator anode). Grids three and five are 
interconnected and serve as screens. Grid four 
is the input signal grid. Grid six is a suppressor. 

tween grid three and grid four. A space 
charge is built up between these grids during 
the positive oscillator swing period.. In the 

*MS. accepted by the Editor, November 1937. 

negative oscillator swing period the first 
grid has a considerable negative tension and 
passes practically no electrons on to the 
further tube parts. Hence no space charge 
exists between the grids three and four 
during this negative oscillator swing. The 
space charge varies periodically in the same 
rhythm as the oscillator voltage on grid one. 
Now suppose grid four to be connected to 
the cathode by an impedance, e.g., the tuned 
input circuit. A voltage of oscillator fre- 
quency is induced on this impedance by the 
periodically varying space charge between 
grids three and four. This is called " elec- 
tron coupling." Assuming the electron tran- 
sit time between grid one and the said space 
charge to be very small with respect to the 
period of oscillation of grid one, the induced 
voltage of oscillator frequency on grid four 
may be described as due to a one-sided 
negative capacitance from grid one to grid 
four. This effect has been dealt with pre- 
viously (see Wireless Engineer, Vol. 14, p. 
184) and was studied by Messrs. C. J. Bakker 
and G. de Vries (Physica, Vol. 1, p. 1045). 
The negative capacitance from grid one to 
grid four varies between - 2 and - o.6 µµF. 
for oscillator alternating voltages between 
2 and 9 volts (eff. value) on grid one with 
the FC4 at zoo m. wavelength - 

H. Transit Time of Electron Coupling 
On short waves, e.g. at 3o or at 20 m 

wavelength, the transit time of electrons 
from grid one to the space charge region 
between grids three and four is no longer 
negligible with respect to the period of 
oscillation. This effect may be measured 
in a simple way. A diode voltmeter (see 
Wireless Engineer, Vol. 14, p. 478) is con- 
nected across the input signal circuit. 
Omitting the input signal, this voltmeter 
indicates the induced voltage of oscillator 
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frequency on the input circuit. Of course, 
in the short wave region, elaborate shielding 
precautions are necessary to prevent spurious 
voltages, induced on this circuit in an un- 
known way (see Wireless Engineer, Vol. 14, 

Vg4 

SS ENGINEER June, 1938 

due to the neutralising condenser between 
these grids. If, however, transit time occurs, 
the admittance A 14 in the valve from grid 
one to grid four lags behind the admittance - jwC14 by a phase angle a (see Fig. 2). 

R4 
I 

R3 R2 -MNwV ''VW11 WVWV. 11, 250Ví 

Fig. Ia.-Connections of an octode frequency changer valve. S1, C, C,,, are parts of the tuned input 
circuit. VO4 is the negative bias (A.V.C.) of the input grid. R1, 25o -ohm bias resistance. R2, 2,000 -ohm 
potentiometer. R3, . ro -ohm potentiometer. R 6,50o -ohm. potentiometer. R5, leakage resistance of 
oscillator of 50 000 ohms. C1, capacitance of 200 µµF. C C, C4, S2, S, are parts of the oscillator 
circuit. S4, S5 are parts of the intermediate frequency transformer. C2, Ce, Ca are block condensers. 

p. 186). A small variable condenser of 
some µF max. value and about o.3 µµF 
minimum value is connected between grid 
one and grid four. By properly setting this 
condenser, on a wavelength of zoo m, the 
induced voltage on the input signal circuit 
can be made to disappear almost completely. 
This means that the electron coupling may 
rather accurately be represented by a nega- 
tive one -side capacitance from grid one to 
grid four at this frequency. The small 
residual induced voltage on the input circuit 
at the best setting of the neutralising con- 
denser connected between grid one and grid 
four indicates, that already at 200 m wave- 
length a small transit time effect is present. 
Let us consider the effect of this transit time 
on the negative capacitance - C14 of the 
valve between grid one and grid four. In 
Fig. 2 a vectorial admittance diagram of the 
different quantities is drawn. If no transit 
time effect occurs, the negative admittance 
in the valve from grid one to grid four is 
represented by - jwC14 and may be com- 
pletely neutralised by the admittance jwC 

This admittance A 14 has a component - 1/R14 and a component -jwC14 and may 
hence be compensated by a conductivitance 

REAL AXIS 

Fig. 2.-Vectorial diagram of admittances between 
grid one and grid four. 

i /R in parallel with the neutralising con- 
denser C. The phase angle a is given by 

tan a = 1/R14wC14 

If the transit time of electrons from grid 
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one to the space charge region between 
grids three and four is t (secs), a will be 
equal to wt, where w is 27r times the frequency 
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taken at 50o c/s, hold good to about 6o 
Mc/s (see Wireless Engineer, Vol. 14, p. 
478-488). The resistances were measured 

C13v 

R1 
.--"vvvWV- 

Cl 

Fig. 3.-Connections of apparatus for measuring admittance between grid one and grid four. 
D1 and D2 are diode voltmeters (acorn type diodes). L, C parts of circuit tuned to the oscillator 
frequency. C6 are block condensers, 20 00o µµF. C and R are neutralising capacitance and 
neutralising resistance. R1, leakage resistance of 50 000 ohms. C1, capacitance, 200 µµF. 

M, coil of a few turns, coupled to oscillator. 

oso 

in c/s. We can thus measure this transit 
time by determining the values of R and 
of C. 
III. Measurements of Transit Time of 

Electron Coupling 
No continuously variable resistances of 

very small dimensions, necessary for short 
wave measurements were available. There- 
fore, fixed resistances were connected be- 
tween grids one and four, in series with a 
mica blocking condenser of 20 000 µµF, which 
was necessary because of the different direct 
voltages on grids one and four. The scheme 
is given in Fig. 3. The oscillator voltage 
was put between grid one and cathode, using 
a bypassed bias resistor RI of 50 000 ohms. 
The coupling coil M has only a few turns. 
The oscillator voltage is measured with the 
diode voltmeter D1 and is kept constant 
during the measurements. A second diode 
voltmeter D2 is used to measure the voltage 
across the circuit CL, which is tuned to the 
oscillator frequency. With every value of 
R, the variable neutralising condenser C,a 

is set thus that D2 shows a minimum value 
of the voltage on the circuit CL. The diodes 
used in the voltmeters are acorn valves. 
The absolute calibrations of these voltmeters, 

separately on the wavelengths used, as to 
their actual short wave resistive and capaci- 
tive impedance components. In the following 
table some impedance values of such re- 
sistances are shown by way of examples : 

TABLE I 

Rated 
value of 

Resistance. 

Measured 
D.C. 

Resistance 

Measured resist- 
ance at 31 m 
Wavelength. 

Ohms. 
40 000 
So 000 

125 000 

Ohms. 
44 000 
81 800 

I19 000 

Ohms. 
44 600 
70 000 
6o 500 

200 000 215 000 131 000 
400 000 571 000 236 000 
800 000 766 000 398 000 

These resistances were measured on short 
waves by connecting them parallel to a 
circuit, using apparatus, described in a 
previous article (see Wireless Engineer, 
Vol. 14, p. 478). Their parallel capacitance 
was about 0.5 µµF. In Fig. 4 the induced 
voltages on the grid four circuit are plotted 

. as a function of the resistances R with the 
neutralising condenser C set according to 
a minimum value of the induced voltage for 
every resistance value. The resulting values 
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of C14 and R14 are for a wavelength of 
31 m at 9 volts eff. oscillator tension 
R14 = - 116 000 ohms ; C14 = - 0.75 µµF, 
tan a = 0.190. 

It is reasonable, to assume, that tan a will 
only depend very slightly on the oscillator 
voltage, as the transit time is chiefly deter- 
mined by the positive potential on grid three 
and by the space charge between grids three 
and four (which, of course, is a function of 
the oscillator voltage). The transit time t is 
found to be 3.1 X ro -6 secs. This transit 
time may be calculated independently from 
the dimensions of Fig. 1 and from the tension 
on grid 3. The distance from grid one to 
grid three is about 0.55 mm and the dis- 
tance between grid three and grid four about 
3.25 mm. The electrons pass across grid 
three with a velocity y given by mv2 = 2 eV, 
where m and e are the mass and the electric 
charge of an electron and V is the tension 
of grid three, being 70 volts in our measure- 
ments. This velocity is slowed down to zero 
between grid three and grid four. Assuming 
the mean velocity to be v/2 in this region, and 
also between grid one and grid three, the 
transit time from grid one to grid four is 
given by 2d/v, where d is the distance. 
Before grid four the electrons build up the 
space charge in the positive oscillator swing 

Fig. 4.-Curve for determining the neutralising 
resistance Rn of Fig. 3. Vertical: Volts on 
diode voltmeter D2 of Fig. 3. Horizontal : re- 

sistance values R of Fig. 3 (ohms). 

period. With a value of elm = 17.6 X 1014 
(cm2 sec. -2 volts -1) in practical units one 
obtains : 

2d 2 X 0.37 t= - 
(2el (V)i. (35.2 x 1014 x 70)i 

m = 2.1 x Io -9 sec. 
We see that the calculated value of the 

transit time is of the same order of mag- 
nitude as the value of the measured transit 
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time. Electrons which turn several times 
round the wires of grid 3 may cause this 
deviation. 

IV. Mutual Conductance from Grid One to 
Grid Two 

The electrons are prevented from going 
directly from grid one to grid two (consisting 

Fig. 5. Equivalent circuit diagram for measur- 
ing the complex transconductance between grid 

one and grid two of octode. 

of two rods, see Fig. 1) by the supporting 
rods of grid one. They are first drawn 
through grid three and the electrons, which 
return from the space charge region before 
grid four, are partly drawn to grid two. If 
this picture is correct, a considerable phase 
angle of the mutual conductance from grid 
one to grid two must exist. If this mutual 
conductance has on short waves the complex 
value S = Si - jS2, then tan wt1 = S2/S,, 
where t, is approximately the transit time 
from grid one to grid two. This transit 
time t, will under similar circumstances 
(same value of the tension on grid three) be 
approximately twice the transit time t, 
calculated above between grid one and grid 
four. 

In measuring the phase angle of the mutual 
conductance from grid one to grid two, a 
method due to F. B. Llewellyn (Proc. Inst. 
Rad. Eng., Vol. 22, 1934, p. 947) was used 
with slight modifications. The scheme is 
shown in Fig. 5, where the grid is grid one 
and the anode represents grid two of an 
octode. Let S be the mutual conductance 
(complex), Yi an admittance consisting of 
a small resistance (of ro ohms), Yo an 
admittance consisting of a small inductance 
(of 0.050 X ro -6 Henry), Y0. an admittance 
consisting of a parallel circuit of an in- 
ductance, a variable capacitance and a 
variable resistance, Vi the input alternating 
voltage (about o.IV), Vo the output alter- 
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nating voltage, I2 the input A.C., I o the 
output A.C. Then : 

1. = (Y2 -I- Yo;) Vs - YoiVo 

Io = (S - Ya1)V2 + (Y0 + Yot)VO. 

As Io is zero : 

S-Y01 
Vo 

Yo+Yo1V1 
The admittance Yo{ is adjusted to make 
V, zero (this voltage is measured with an 
amplifier and a diode voltmeter). Obviously 
we have in this case : S = Y01, which deter- 
mines the slope S, as the admittance Y01 is 
known. 

The actual measuring apparatus is rather 
elaborate and completely screened. At 9.1 
m wavelength for a tension of 7o volts on 
grid 3, ioo volts on grid two, - i volt on 
grid one and - 1.5 volts on grid four, the 
slope was found to be : 

S= 1 S I e-4, with I S I= 1.66 ma/volts 
and = 58 degrees. 

Taking a transit time of t1 = 4.2 X Io -9 
secs, tot, = 2.06 X 108 . 4.2 X io-o = 0.87 or 
about 5o degrees. As our calculation of t1 

is rather rough, the agreement might be 
called sufficient. Some electrons will oscil- 
late several times about grid three and thus 
cause an increase of the phase angle of S. 

If the above picture of the electron paths 
is right, the transit time t1 should be pro- 
portional to (V3)4, where V3 is the tension 
of grid three. This should also hold for the 
phase angle 95 being equal to Wt1. Some 
measurements gave (9.1 m wavelength) : 

V3 (Volts) ¢ = oit1 (degrees) 

40 
5o 
6o 
7o 
8o 

71.3 
66.1 
62.5 
58.5 
54.5 

Here the tensions of grids one, four and two 
were - I, - 1.5 and 90 volts. 

The proportionality of ¢ to (V3) -I is 
approximately satisfied by these measured 
values. 

If the tension of grid four is made more 
negative, the returning point of the electrons 
will lie nearer to grid three and the transit 
time t1 will be decreased. This was also 

checked by some measurements (9.1 m wave- 
length) . 

V4 (volts) 
o 

= mt1 (degrees) 
6o.i - 2 59.7 

5 47.5 - IO 45.5 - 20 42.5 

The tensions of grids one, two and three 
were : - I, 90 and 7o volts. 

An elaborate account of further measure- 
ments of the complex mutual conductance 
in multigrid valves on short waves will be 
available for publication at a future date. 

A new type of octode, called " four beam 
octode," was invented by the author, in 
which electrons pass directly from the cathode 
through grid i to the oscillator anode, 
avoiding the large phase angles measured 
above for the F.C.4. Furthermore, in this 
new four beam octode (Mullard type E.K.3) 
screens prevent electrons, on arriving at 
grid 4, from returning to the oscillator 
space, thus avoiding frequency drift by 
biasing grid 4 (see Wireless Engineer, Vol. 14, 

1937, p. 187). The valve E.K.3 contains a 
resistance in series with a small condenser 
between grid i and grid 4 in order to 
neutralise electron coupling as was described 
above. 

V. Transit -time Current 

An effect was described previously (Wire- 
less Engineer, Vol. 14,1937, p. 190), by which 
electrons could land on a negative grid (e.g. - 3 Volts) in a hexode frequency changer. 
This electron current was called transit 
time current and will be dealt with more 

Fig. 6.-Diagram of 
electron path between 
grid two and anode of 
a tetrode valve, causing 
a transit time d.c. to 

grid one. 

ANODE 

GRID 2 

GRID 1 

CATHODE 

elaborately ' here. The simplest valve, in 
which it may occur, is a tetrode (Fig. 6). 
The anode has a negative tension with respect 
to the cathode of some volts, and, moreover, 
an alternating voltage of some volts and 
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of a short wavelength (e.g. ro m). Grid two 
has a positive tension V2 of about ioo volts 
and grid one has a negative tension of some 
volts. Electrons are drawn from the cathode 
region through grid one by the positive 
tension of grid two and enter the space be- 
tween grid two and the anode with a velocity 

Fig. 7.-Alternating volts on anode of Fig. 
(vertical) against time (horizontal). 

y given by mv2 = 2 eV 2. In this space their 
velocity is slowed down to zero and the 
electrons travel again towards and through 
grid two, coming again in the vicinity of grid 
one. If no alternating voltage is applied 
to the anode, no electrons can reach grid one. 
It is easy to show that an alternating voltage 
of high frequency on the anode can accelerate 
some electrons so much that they are enabled 
to reach grid one in spite of its negative 
tension. In Fig. 7 the alternating anode 
voltage is shown as a function of the time. 
Assume an electron, entering the grid two - 
anode space in the point A of Fig. 6 at the 
moment A of Fig. 7. This electron will be 
less slowed down during the period A-C 
(Fig. 6 and Fig. 7) than without alternating 
volts on the anode. Hence the point C of 
Fig 6 will lie nearer to the anode than would 
have been the case without alternating 
voltage on the anode. During the period 
C-B (Figs 6 and 7) the electron will be more 
and longer accelerated than without alter- 
nating volts on the anode. Hence it will 
leave the grid 2 - anode space at B with a 
greater velocity than at the point A, when 
entering this space. This excess velocity 
will enable it, under favourable circumstances 
to reach grid one. The excess energy of the 
electron under consideration is of the order 
of eEa, where Ea is the amplitude of the 
anode alternating voltage. Hence it may 
reach grid one, if its negative tension is also 
of the order of Ea, but not much greater. 
By considering electrons, entering the grid 
two - anode space at other moments of the 

curve of Fig. 7 it will be seen, that the case 
considered above, is extremely. favourable 
for obtaining excess energy in this space. 
It may be shown mathematically that the 
transit time current to grid one is pro- 
portional to f2 Ede d2/V 2, where f is the 
frequency, Ea the anode voltage ampli- 
tude, d the distance between grid two and 
the anode and V2 the tension of grid two. 
This holds for small voltages Ea, compared 
with V2 and for electrons, travelling only 
once on the path considered above. In 
reality, some electrons will travel this path 
several times, thereby gathering more excess 
energy, if conditions are favourable. 

6 VI. Transit -time Detector 
Obviously the valve of Fig. 6 may be 

considered as a means of obtaining D.C. out 
of A.C., which is commonly called a detector. 
Using the circuit of Fig. 8, with a com- 
mercial tetrode, the current i was measured 
as a function of Ea (Fig. 9). A normal 
detection curve, first quadratic and then for 
larger voltages Ea becoming linear, results. 
Thus a new type of detection, which might 
be called transit time detection, is estab- 
lished. 

Fig. 8.-Circuit diagram for transit time detector. 
C1 are block condensers, 0,5 µF. R1, bias re- 
sistance, about 300 ohms. C, condenser of loo 
µµF. R, leakage resistance of about 1 megohm. 

This transit time detector may in one tube 
be combined with a low frequency amplifier. 
The condenser C1 between grid two and 
earth in Fig. 8 should be of the same magni- 
tude as the condenser C in this case and the 
screen grid tension must be supplied in series 
with a resistance of about 0.5 megohm. The 
screen grid serves as anode of the triode : 

cathode, grid one, grid two and the ampli- 
fied L.F. voltage is generated across the 
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resistance in series with the grid two tension 
supply. 

Just as a diode may also be used as a fre- 

5 

4 

o 
2 3 4 

Earn VOLTS 

F1g. 9.-Detected volts (vertical), being current 
i multiplied by R of Fig. 8 as a function of the 
H.F. voltage (eff. volts) for a tetrode valve type 
RCA 35 with 6o volts on the screen. Wave- 

length rom. 

quency changer (see Wireless Engineer, 
Vol. 13, 1936, p. 73--8o), the same holds for 
this transit time detector. Several schemes 
of connections can be devised for this end, 
which, however, would take too much space 
to discuss here. 

VII. Summary 

Section 1 explains that the electron coup- 
ling in octode frequency changers may be 
represented by a one -side negative capacit- 
ance from the oscillator grid (grid nearest to 
cathode) to the input grid (grid four), 
if no transit time of the electrons, travelling 
from grid one to grid four has to be taken 
into account. Section II deals with this 
transit time and shows that a one -side 
negative resistance must be considered in 
parallel to the one -side negative capacitance 
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as a result of electron transit time. By 
measuring this negative resistance and 
negative capacitance, the said transit time 
may be estimated. Section III deals with 
these measurements at 31 m wavelength and 
gives a comparison of the measured transit 
time effect with the roughly calculated 
transit time, which coincide very. nearly. 
Section IV deals with measurements of slope 
(trans -conductance) from the oscillator grid 
to the oscillator anode of an octode and 
shows that a great phase angle (some 6o 
degrees) occurs in this slope at 9 m wave- 
length due to the transit time of electrons. 
The calculated times are shown to be in 
sufficient concordance with the measured 
values. In Section V the transit time current 
is dealt with, being a small D.C. flowing 
to grid one, having a negative bias of some 
volts, of a tetrode, the anode of which is 
connected to a short wave voltage supply 
in addition to a negative bias, whereas the 
screen grid is positive. Section VI gives 
an application of this transit time current 
effect to a new type of detection. 

The author expresses his appreciation for 
the able assistance of Dr. K. S. Knol and 
Dr. A. van der Ziel in obtaining some of the 
above data. 

Notation for Piezo-Electric Quartz 
A pamphlet of so pages and 4 Figures. Pub- 

lished by H.M. Stationery Office. Price 3d. 
(Postage extra). 

At the request of the Department of Scientific 
and Industrial Research, a report on this subject 
was drawn up by the N.P.L., the Post Office, the 
Marconi Co., and Standard Telephones and Cables, 
Ltd. This report was circulated to scientists and 
institutions throughout the world. The present 
pamphlet is based on the original report, with due 
consideration of the comments received. 

In view of the large use now made of quartz 
plates, it is very desirable that a standard method 
of defining the various planes and axes should be 
adopted. The pamphlet sets out very clearly a 
complete system of nomenclature, drawn up after 
a careful study of the literature of the subject. 

Occasionally alternative notations are referred 
to and their disadvantages pointed out. The 
scope of the pamphlet is indicated by the section 
headings : introduction, axial notation, dimensions' 
of vibrators, types of vibration, elastic properties, 
piezo-electric properties, crystal faces, types of 
cut, twinning, bibliography. 

It. is to be sincerely hoped that everyone con- 
cerned with the subject will obtain. the pamphlet 
and employ no other notation than that so carefully 
set out. G.W.O.H. 


