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This invention relates to travelling wave tube arrange 
ments including travelling wave tubes operated as so 
called ultra low noise tubes. 
The invention is illustrated in and explained in connec 

tion with the attached accompanying drawings, in which 
FIG. 1‘ diagrammatically illustrates a known conventional 
travelling wave tube arrangement in which the tube is not 
operated as an ultra low noise tube;_FIG. 2 similarly 
illustrates a known ultra low noise travelling wave tube 
arrangement; FIG. 3 illustrates one embodiment of the 
present invention, and FIG. 4 illustrates another embodi 
ment of the present invention. Like references denote 
like parts in all the ?gures. 

Referring to FIG. 1, the electrode system of the tube 
therein employed comprises within an evacuated envelope 
(not shown) an electron gun including a cathode K and 
a series of apertured grids G1, G2, G3 and G4; a delay 
line helix H; and a hollow collector electrode C. Ad 
justable operating potentials are supplied to the grids (ex 
cept the ?rst) and to the helix from sliders on a number 
of resistances connected in series across a DC. supply 
source as shown in FIG. 1, in which the sliders from 
which potentials are applied to the different electrodes are 
designated by the same reference as those electrodes pre 
ceded by the reference letter V. In the case of a conven 
tional low noise tube arrangement with a noise ?gure of 
6 or 7 db frequencies of the order of those of the S~band, 
the ?rst grid G1 is connected to the cathode and to the 
negative terminal of the supply (in some cases the ?rst 
grid G1 may be connected to receive a potential which 
is slightly negative with respect to cathode potential) and 
the collector is connected to the positive terminal of the 
supply. A current meter 1 is shown in the last connec 
tion. Signal input is, of course, applied to one end 
terminal IN of the helix and output is taken from the 
other end terminal OUT thereof. 
The power gain of the tube in an arrangement as illus 

trated by FIG. 1 is a function of the helix voltage VH 
and of the collector current I and the latter is determined 
mainly by the voltage VG2 on the grid G2. To set up 
such an arrangement for operation with minimum noise; 
VG2 is adjusted to bring the collector current I to a value 
speci?ed by the tube manufacturer on the tube data sheet 
normally supplied with the tube; the radio frequency out 
put of the tube at OUT is brought to a maximum by 
adjusting VH; and the radio frequency noise at the output 
is brought to a minimum by adjusting VG3 and VG4. 
Once I and VH are adjusted to their correct values the 
gain of the tube is held substantially constant while VG3 
and VG4 are adjusted for minimum noise i.e. until 
minimum radio frequency noise is obtained at the output. 
Adjustment to minimum noise in this way in fact achieves 
minimising of the noise ?gure of the tube i.e. the noise 
output of the tube at constant gain. The only calibrated 
instrument required for the adjustment is the current 
meter 1. Adjustments of the tube for optimum operation 
and minimum noise ?gure is therefore a comparatively 
simple matter to carry out in the ?eld away from the tube 
factory and satisfactory adjustment can be made by rela 
tively unskilled persons. 
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In an ultra low noise tube arrangement, however, i.e. 
an arrangement with a noise ?gure of (say) only 3 or 4 
db at S-band frequencies, the ?rst grid G1 is operated at 
a potential which is positive with respect to the cathode 
and, in any particular arrangement, a unique combination 
of positive potentials on the ?rst two grids G1 and G2 is 
necessary to give the minimum noise ?gure. Such an 
arrangement is known as one having a Currie electron 
gun and, for further information with regard thereto, 
attention is directed to the Proceedings of the Institution 
of Radio Engineers, vol. 46, 1958, pages 575 and 911. 
FIG. 2 shows a typical known ultra low noise tube 
arrangement'of present day practice. It will be seen 
that the essential difference between FIGURES 1 and 2 is 
that, in FIG. 2, each of the ?rst two grids G1 and G2 has 
its own positive potential VG1 or VG2 obtained from 
similarly referenced potentiometers the resistances of 
which are in parallel with one another and together in 
series with the resistances of the potentiometers VG3, 
VG4, and VH. As above stated there is, for minimum 
noise ?gure with any individual tube, a unique combina 
tion of the voltages VG1 and VG2-this combination 
differs a little from tube to tube-—although there is, for a 
given tube, an in?nity of combinations which result in 
the same collector current and therefore in the same gain. 
The two values for VG1 and VG2 for minimum noise 
?gure can be determined by trial and error in the test 
laboratory of the factory in which the tube is made and 
this combination of potentials remains substantially un 
changed during the useful life of the tube. 

It is possible, therefore, to adjust the arrangement of 
FIG. 2 in the ?eld lby adjusting VG1 and VG2 to pre 
determined potentials as given in a tube data sheet issued 
with the tube ‘by the manufacturer; adjusting VH to pro 
duce maximum tube output; and adjusting VG3 and VG4 
to produce minimum noise output from the tube. This 
sequence of adjustments requires, however, considerable 
skill and care to achieve best results. It involves the use 
of a voltmeter which is calibrated substantially identical 
ly with the one used in the factory test laboratory to de 
rive the ?gures given in the tube data sheet in order that 
VG1 and VG2 shall be set correctly to the required values, 
for VG1 and VG2 cannot be independently adjusted to 
produce minimum noise as indicated at the output of the 
tube (as VG3 and VG4 can be adjusted) ‘because each 
adjustment of either VG1 or VG2 effects the tube current 
and therefore the gain. This requirement is additional 
to the requirement of a calibrated collector current meter 
I to ensure that the tube is operating with at least approxi 
mately the correct gain. 
The present invention seeks to overcome these di?’icul 

ties and to provide an arrangement which is as easy to 
adjust in the ?eld as is the arrangement of FIG. 1. 
‘According to this invention an ultra low noise travelling 

wave tube arrangement comprises individual connections 
adapted for the supply of individually selected potentials 
to the cathode, the ‘delay line, the collector and all but 
the ?rst two grids of the ‘tube (counting the grids from 
the cathode end of the tube) : a further individual connec 
tion adapted for the supply of an individually selected 
potential to one of said ?rst two grids; and a potentiom 
eter the resistance of which is connected to receive po 
tential from said further individual connection and the 
slider of which is connected to the other of said ?rst two 
grids. 

Preferably the said potentiometer is mounted outside 
the evacuated envelope of the tube but inside the normal 
ly provided protective capsule of the tube. In practice 
the slider of the potentiometer is pre-set in the factory 
test laboratory of the manufacturer to give the right [value 
of potential on the grid to which it is connected when 
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the potential applied to the aforesaid further individual 
connection is of such value as to result in the application 
to the ?rst two grids of that combination of potentials 
which results, when the other electrode potentials are cor 
rect, in minimum noise ?gure. The potentiometer slider 
is, therefore, no longer an adjustment device to be used 
in the ?eld but is a pre-set adjustment device, the poten 
tiometer being enclosed in the tube protective capsule 
(so that its slider is not available for adjustment in the 
?eld) and being part of a pre-adjusted internally con 
nected unit consisting of the encapsulated tube and po 
tentiometer supplied by the manufacturer. With this ar 
rangement subsequent adjustment in the ?eld is done in 
the same way as that already described with reference to 
FIGURE 1, there is no need for an accurately calibrated 
voltmeter for the purpose of such adjustment in the ?eld 
and, for this purpose, the only calibrated instrument re 
quired is the collector current meter. 
Normally the voltage required by the second grid will 

be more positive than that required by the ?rst. In this 
case the aforesaid further individual connection is taken 
to the second grid, the resistance of the potentiometer is 
connected between the second grid and the cathode of the 
tube and the slider of said potentiometer is connected to 
the ?rst grid. If, however, in the case of any particular 
tube, the potential on the ?rst grid is required to be more 
positive than that on the second, the aforesaid further in 
dividual connection is taken to the ?rst grid, the resistance 
of the potentiometer is connected between the ?rst grid 
and the cathode of the tube and the slider of the potenti 
ometer is connected to the second grid. 

FIG. 3 shows an embodiment of the invention for a 
case in which the required potential on the second grid is 
positive with respect to that required ‘by the ?rst. Com 
paring FIG. 3 with FIG. 2 it will be seen that the differ 
ence between the two ?gures is that, in FIG. 3, the poten 
tial for the ?rst grid is derived from a potentiometer, 
here referenced VG11 the resistance of which is connected 
between the second grid and the tube cathode and the 
slider of which is connected to the ?rst grid. This po 
tentiometer is pre-set at the factory and, once pre-set, is 
encapsulated wit-h the tube as conventionally indicated 
by the ‘broken line rectangle X. Adjustment in the ?eld 
is now con?ned to adjustment of the sliders VG2, VG3, 
VG4 and VH and is performed in the manner already de 
scribed with reference to FIG. 1, requiring no calibrated 
voltmeter for such performance. 
The potentiometer VG11 is mounted outside the evacu 

ated envelope of the tube, which is indicated by the 
dashed line EE, but inside the normally provided protec 
tive capsule of the tube, which is indicated by the dashed 
line PC. As noted above, the slider of potentiometer VG11 
‘is pre-set in the factory test laboratory of the manufac 
turer to give the right value of potential on the grid to 
which it is connected when the potential applying to the 
aforesaid further individual connection is of such value as 
to result in the application to the ?rst two grids of that 
combination of potentials which results, when the other 
electrode potentials are correct, in minimum noise ?gure. 
The potentiometer slider is, therefore, no longer an ad 
justment device to be used in the ?eld ‘but is a pre-set ad 
justment device. 
FIGURE 4 shows a modi?cation of the travelling wave 

tube shown in FIGURE 3 in which the potential on the 
?rst grid is required to be more positive than ‘that OH 
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4 
the second. In this embodiment, the connections to 110 
tentiometer VG11 are reversed, with the slider being con 
nected to the second grid G2 and the end of the potenti 
ometer vbeing connected to the ?rst grid G1. With the 
exception of this reversal of contacts, the embodiment 
illustrated in FIG. 4 is the same as the embodiment in 
FIG. 3. ' 

I claim: 
1. An ultra low noise travelling wave tube comprising 

a cathode, a delay line, a collector, at least three grids 
spaced between said cathode and said collector, a potenti 
ometer having two end terminals and a slider terminal 
movable ‘between said two end terminals, the slider ter 
minal of said potentiometer being coupled to one of the 
two grids closest to said cathode, one end terminal of 
said potentiometer being coupled to the other of said two 
grids closest to said cathode, means for applying an indi 
vidually adjustable potential between the two end ter 
minals of said potentiometer, and means for applying 
individually adjustable potentials to said collector, delay 
line, and the remaining grids of said travelling wave tube. 

2. An ultra low noise travelling wave tube as de?ned in 
claim 1 wherein said cathode, delay line, collector, and 
grids are mounted within an evacuated envelope, said 
evacuated envelope ‘being mounted within a protective 
capsule, and said potentiometer being mounted outside 
said evacuated envelope but within said protective capsule. 

3. An ultra low noise travelling wave tube as de?ned in 
claim 1 wherein the slider terminal of said potentiometer 
is coupled to the grid closest to said cathode, said one 
end terminal of said potentiometer being coupled to the 
grid which is second closest to said cathode, the other end 
terminal of said potentiometer being coupled to said cath 
ode, and said means for applying an individually adjust 
able potential between the two end terminals of said po 
tentiometer being connected to apply a positive potential 
to said one end terminal of said potentiometer and to 
apply a negative potential to said other end terminal of 
said potentiometer. ' 

4. An ultra low noise travelling wave tube as de?ned in 
claim 1 wherein said one end terminal of said potentiom 
eter is coupled to the grid closest to said cathode, said 
slider terminal of said potentiometer being coupled to 
the grid which is second closest to said cathode, the other 
end terminal of said potentiometer being coupled to said 
cathode, and said means for applying an individually ad 
justable potential between the two end terminals of said 
potentiometer being connected to apply a positive poten 
tial ‘to said one end terminal of said potentiometer and, 
to apply a negative potential to said other end terminal of 
said potentiometer. 
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