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. yniversal or “all-stage” tube, whereby a single
'-embedlment may be employed without any alter-
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14 Clenns

| ThlS lnventlen relates to eleetron dlsehe,rge-
__'tubes and comprises matter divided from appli-
~ .cation for Letters Patent SEI'IELI Ne 4'7 042 ﬁled |
October 28th, 1935. |

- The main object of thls mventmn 15 te prewde“--
& form of discharge tube capable of use in- var-
ious stages of a radio receiver or similar appa-
ratus, such as thermlome amplifiers for television
work, and indeed in the extreme case to provide

a tube Whlch may be employed, so to speak, as a

g ation in each of the several stages of a multi-tube

radio receiver; furthermere the invention aims

- at producing a form of discharge tube which is
very convenient for use as the tube In a single -
tube frequency converter such- as | is employed in
SUpersome heterodyne receivers. - -
."The purpose of the mventmn mey be eppreel-
-",'__e,ted more clearly from a brief consideration of -
. the-principal requirements which must be met-by

©auniversal or “all-stage’ dlscherge tube.which is

“required. to eperete ef...lelently m all the stages ef :

a, radio receiver.

25

“Pirst of all, in & smgle tube frequ.eney eenverter |
_stege of a supe1 soric heterodyne receiver, the one

‘tube has to serve as a detector as well as a gener-
" ator of the local oscillations.

" found necessary to provide for very complete

30
" and the oscillation circuits.

electrical seperetmn between the signal frequency
The oscillator. must

- be stable and its frequency shift with gain con-
- . trol must be negligible. In modern receivers it is

~ desirable to provide for eutome,tle gain control -
s which can be regulated so as to provide: approx- - .
imately zero gain without d1sturb1ng the local -

- oscillations.
© not be less than one millicn ohms,"

Again, the enode impedance should

: - initial anode current should be as emell as pos-

40

" be a maximum at high gain.

45

The present invention aims at prewdmg very -

eemplete separation hetween the -oscillator- and

- signal frequency circuits Wltheut empleymg the
usual method of screening in the tubke itself, and
thus by means largely, if net entn ely, 1ndependent |
jef frequency changes.

. The reqmrements in a tube ‘Le ene,ble 1t Le eet

| ' satlsfeeterﬂy in the 1r1termed1ete frequeney and
~in the radio f1 equency amphﬁer stegee are briefly .

as. follows:— . -
The enode to contrel grld cepeelty sheuld be-

- be less than one million ohms.

‘should not be less than five tlmee the anode load.
If it is less than one million ohms, selectivity and

_' eontrol voltages.
~In pertleulel it is

Whﬂe the.

_high 1mpedenee tube.:

than about 15 to.20 volts.
low as possﬂe]e which implies in practice that

(CL 250-—-—-2‘7 5)

- ve.w small

quencies of the order of 110 klleeyeles per second.

capacity sheuld not be oreater than about 0. 0015
mmifd.. Again, the enede zmpedanee should not

Theeretleally it

amplification are adversely affected in m*eetme

The initial anode cur rent sheuld be of the or der

of '7 mllllemperes The screen current should

be as low as possible and not more than about
- one querter to one third of the initial anode cur-
‘rent. It is not desirable to have mutual eenduct- !
ance much greater than about 2 mllha,mperes per

volt:in mtermedlete frequeney amplifiers. . meg

to eemmerelel llmlta,tlons and difficulties

It is feund tha,t wrth medefn h_lgh -
- gain tubes the anode to control. gnd capacity
- should certainly not be greater than 0. 02 mmid.
to 0.005 mmifd. for operation at mtermedmte fre-

At higher intermediate frequencies of the order of |

- 430 kllocyeles per second, instability commences
- to appear, and then the anode to control grid

10
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screening in radio receivers it is particularly 1m— .

-_pertdnt in. radio . frequency stages that cross-

modula,tlen should be 2 minimum when the gain

-is maximum, that is to say at low autematle gem'
The considerations here are the
sane as those epplymg te the frequeney eenverter-

steges

~ In audio frequeney amphﬁer stages hlgh 1m-ﬁ
-pedance operation is often necessary, and the
possibility of gain control on audio frequeney by
~ varying the function of one ef the grlds in the :
-_ .tube is desirable.

-In a detector ste,ge it is demreble to prmﬂde a

trmde or high 1mpedence low frequency amplifier

and as much as 40 or more times in the case of a

dicdes are very: @asily made and are very cheap,
and have certain edvautages in the elremt SO
that they may be used instead of empleymg a

eembmed detector and amplifying tube.

I-Iowever small seperete

. stage In the same envelope in the dlode If low
frequency amplifier stages are used the ma, gnifica~
. tion should be 5 or 6 times in the case of a triode,
“sible, preferably not greater than ‘1.5 to 2.0 milli-
- agmperes at maximum gain. Fmally, s,he conver- .
" sion conductance should be as high as is com-~
S :pa,tlble with low eress—medulatmn Wthh sheuld-

40

~In g power output stage the tube must sive a,n

" adeque;te output. to operate 2 loud speaker with o

a peak voltage on the control grid of not more |

in the eutput stage the undesirable e

| Fmdlly,

Distortion must be 48 |

50
acts of see-

'endary electron emission from the ancde. to the
 next eleetrede sheuld be reduced as much as pes- o
- sible. - | _



10

the intermediate frequency amplifier.

circuit should be capable of controlling the out-
put and maintaining the diode voltage at a value
not greater than 10 volts. Higher values tend to
produce whistling, and of course, overloading of
- Distortion
and cross-modulation must be kept at a mini-
mum. As mentioned above, it is sometimes useful
to apply the automatic gain control to an audio
frequency tube as well as to the radio frequency
tubes. - Cost and religbility are basic considera-
tions so that consequently receivers generally are
furnished with extremely simple automatic gain
control circuits that must operate adequately
from the lowest input voltage to the receiver
which will operate the diode effectively up to an
input of as much as two or three volts which may
be set up by a strong local station. Quiescent

automatic gain control circuits glvmg interchan-

20
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greatly to decrease costs.

- velope.
plicated to manufacture, and probably so unreli-

~clude all the n |
functions of the ‘modern superheterodyne re-

nel suppression are desirable. .
It will be appreciated therefore that the f actors

‘to be taken into consideration in producing a

satisfactory universal tube for the purpose indi-

- cated are numerous and complicated, but never-
theless the present invention has solved the prob-
lem satisfactorily. |

The universal tube is very a,ttra,ctwe from the
points of view of manufacture, servicing and use.
In the first two directions it is possible very
From the point of view
of the using, it becomes very easy to obtain re-
placements compared with the existing system

of using a number of different types of tube in
. each receiver.
" versal tube, for example by employing a large

t is not difficult to design a uni-

number of different elements in one bulb or en-
“Such a tube, however, would be so com-

able when manufactured as 10 be qulte impracti-
cable,

It is required not only to produce a umve:rsal:
tube, but to give with it a performance at least

as high, or even higher than that obtainable
with the non-universal tubes commonly in use.
The performance as already indicated, must in-
many various and complicated

ceiver, while at the same time_the tube must be
cheap and simple encugh to be employed in
cheap and simple receivers. The requirements

‘that it must give automatic volume control fre-
quency changing, diode detection, with straight

line characteristics and so forth are extremely
difficult to fulfil in one simple tube, and it has

been found that they are only fulfilled by quite

a deﬁnlte type of tube constructmn which will

" be described hereinafter.

It will be seen that whereas it would not be

difficult, as mentmned above, to produce a uni-

versal tube by means of an expensive construc-
tion embodying all the elements of a large num-

. ber of different tubes mounted in one envelope

65
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of a universal tube, it is very difficult to obtain
a simple construction capable of performing all
these very diverse functions. It has however

‘been found possible, in accordance with the pres-

ent invention, to produce a tube which consists
IIIE.‘I'EI}" of an extremely simple construction of

_'concentrlc grid electrodes around a cathode and
-an anode enclosmg said grids: these electrodes
are so formed that when different potentials are

applied to them, and when they are. connected
in different ways, the. electrical characteristics
of the tube are changed In this way the use

of a number of different elements of different

types of tube in the one envelope is avoided.

order of about 8 turns per centimetre.

2,125,719

Not only are a number of different special char-
acteristics available with a simple tube, but these
characteristics are actually those which give the
best possible efficiency in each of the various
stages of modern radio receivers, even of the

~mest complicated type.

It may be mentioned that the requirements of
each stage of a radio receiver miay be represented

as optimum values. For example, there is an

- opfimum value of mutual conductance for each

stage, and it is desirable for the anode to con-

trol grid capacity to be low in audio frequency

as well as in radio freguency stages. These op-
timum requirements are fulfilled by tubes con-
structed in accordance with the present inven-
tion, in spite of the fact that the novel tubes are
of extremely simple construction, and are read-
ily capable of commercial manufacture. The

- Imain advanta,ge of the present invention, there-

fore, lies in the extreme simplicity of the tube
and of the circuits in which it is to be used, and

- the remarkable fact that such a simple arrange-

ment gives all the desired. optimum. character-

istics for each stage of modern complicated ra-
- dio receivers,

These desired optimum charac-
teristics may be varied to suit given circum-

‘stances by varying the configuration, including

the mesh spacing of the electrodes of the tube.

In view of the above considerations, according
to the present invention, an e]ectron discharge
tube, having at least four concentric grid elec-
trodes around the cathode and an enclosing an-
ode, has the second grid counting from the cath-
ode, constructed with a more open mesh than
the first grid from the cathode, while the third
grid from the cathode is made with a closer mesh
than the first grid, and the fourth or any other
grid further from the cathode than the first
three grids is made with a mesh more open than
any of those first three grids. The first grid
counting from the cathode is constructed to have
an appreciable controlling action on the anode
current its surface in the path of the discharge
being spaced from the cathode by a distance of
the order of 0.3 millimetre, and it is made with
a mesh closer than of the order of 10 turns per
centimetre, and consists of wire having a diam-

‘eter of about 0.1 millimetre; the third erid from

the cathode has a mesh closer than of the order
of 10 turns per centimetre, and is made of wire
also having a diameter of about 0.1 millimetre,
so that it also has an appreciably controlling ac-
tion on the anode current: the second grid, also

made of wire of a diameter of about 0.1 milli-
metre, has a mesh not closer than about of the

order of the 10 turns per centimetre, while the
fourth grid has a mesh not closer than of the
The dis-
tances between the surfaces of the grids in the
path of the discharge are approximately eaqual
and of the order of 1 to 2 millimetres,

In the case of a five-grid tube the fifth grid.

‘which is placed immediately next to the third

grid counting from the cathode, is made of sub-

stantially the same size wire and with the same
mesh as the third grid.
The grid nearest to the cathode, which, when

the tube is used in a single stage frequency

changer circuit, is connected as the oscillatory
control grid, has its lead taken out of the enve-
lope of the tube at the opposite end to that at
which the leads of the remaining electrodes are

taken out. 'The erid next to the cathode gnd the
third grid from the cathode have substantially
the configuration mentioned above, a,nd the mu-

1
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tual conductance for the fcrmer grld is nct less' |

than of the order of 1 mi lllampere ‘per volt, and

| fcr the latter grld not less ‘than 0.25 milliampere
“per volt.-

in the absence of a metal screen placed exter-
nally to, and in close prc:sﬂmlty tc the cnvelcpc

The . a,rrangcmcnt may be such that

of the tube, the c&pamty bctwcen the: grid next
to the cathcdc apd the anode is nct lcss tha,n of
) thc crdcr of 0. 007 to 0.001 mmfd S

The grid electrodes havc an elcngated shapc

in . transverse sectmn and fcr convcmcncc of
_ manufacture their prcﬁles may be given the
;_shape Of clrculal arcs.

A dlshed elcctrcstatlc

" screen, extending into close proximity with the

inner wall of the envelope, is attached to the -

_outer end of the gud asscmbly SO as to shleld

.0us. dlstances from the electrode nearcst to it,
~ the positions and spacings of the other elec- .
';trcdcs and the operating. ccnstants of the tube
being otherwise unchanged, a curve could be

the grld nca,rcst to the ca,thcde frcm the cutc‘r-

»surface of the anode. =

 In prcducmg a tube partlcula,rly sultablc for

the purpose set out above, it has been found of
_.,admntagc to set the ancde of the tube at a dis-
tance from the negrest grid clcctrccle Whlch is

: substantmlly the “critical” distance in the sense.

| _dcﬁned in my patents Nos. 2,045, 525 2045526

~and 2,045,527,

plotted showing the rclatlcnshlp between the

5

3 minimum but that it increases again as the

varying distances of the electrode and- what is
termed the brcakdown voltage, that is the anode
-._.j‘_Vclta,gc at whlch the anode current reaches its
saturation value.
“the anode distance is reduced from rather a -
B -.largc ‘value, the brcakdcwn vcltagc declcases to .

Such a. curve shows that if

" anode is moved nearer to the admcent electrode,

10

1?:-;_tancc” is used in thls present specification.
) is also shown in my 'said prior pa,tcnts that thc |
- ‘characteristics of the tube are. sometimes im-
f' ‘f;prwed by arrangmg that the. pcs1t1vc pctentmla'__
“on the grid electrode nearest to the anode is
| .-:-__lcwcr than that on grlds further from the anode.
~Minor mcdlﬁcatlcns may be made in the tube
to suit various characteri stics. Thus, the mesh of
- -the various grid electrodes, that is to say,; the
5 5-.-3_number of turns per centimetre in the coils form- |
~may be varied. to suit different conditions.
" ‘the grid nearest to the cathode may be. of the
. ‘sharp cut-off type and any of the other grids,
a0 particularly for use in an automatic gain control
- “electrode, may; if desired, be ccnstructcd tc ha,ve

'This result is due to-the e
. ‘tron emission from the gnode:
“apart of the anode and the next elcctrcde yield-
~ ing minimum . brca,kdcwn vcltage is termed the
;,“crltlcal” distance in- said patents, and this is
“the sense  in which the expression “critical dis-
1t -

- The distance

ing the grids, may be varied, and the spa,cmg

- ‘g variable-mu characterlstlc

"The invention will now be morc fully descrlbcd

._"._-'_w:lth reference to the annexed drawings, which

65

show an embodiment. of a tube, in accordance
with the present invention, with certain explana- = -
tory diagrams and certain. circuit dmgrams in
'whlch the tube may be employed, and in Whlch —
 Figure 1 1s an elevation with the cxterpa,l‘
.- “crcﬂmng shield shcwn in sectlcn and parts of

the other electrcdes cut away tc shcw thc deta,ﬂs

- of ccnstructmn
- Figure 2 is a hcrlzcntal sectlon on the lme |
;II—--II in Figure 1, of the electrode system, to a
_;'a;'j,ret la,rgcr sca,lc than Flgurc 1, the electrcdes 11:1-

: -ncctcd_ as a

Tect of scccndary elec.. the dlmcn..:lcns in Figures 1 and 2 are to scale.

will be noted that in plan view the first grid gl
“is'of flattened shape, while the rest of the grids .
appear as th circular arcs passing around the

supports s, all of which are nickel rods.of a di-
~ameter of 0. 75 millimetre.

electrodes may be varied to suit different condi-
tions, but in the sa.mp]c described: the 1espectwc'"
radii of curvature of the arcs of the grids ¢2, g3,
g4, g5, are 10, 10.6, 11.5 and 14 millimetres. S
distances frcm centre: tc centre of the quppcrtmg,. -

..'rcds for the grids g2, g3, g¢ and ¢5 are respectively
10, 14, 18-and 22 mﬂhmetres while in the case of

grid g1 this distance is 6 millimetres. The minor

Thus,

- .19 mll}lmctlc
~going to the upper termmal L.
~ grid ¢% next to the anocde ‘is taken out at g side
terminal 5, whereas the leads for the. cfhcr three

grids, the anode, cathode and heater are taken -
 out to the seven pins p. The side ter minal may,

“additional pin:
| "_'wcund umfcrmly, but 1f it 1s ciesu'cd to prcwde 8 :

Flgure 2 bemg shcwn a,pprcmmately three tlmes |

‘Lhelr actual size;
Figure 3 is a c1rcu1t dlagram shcwlng the tubc

| .connected as a single tube frequency changer;
 Tigures 4, 5, and 6 show different ch&racter-
istics of the tube when cperatmg under thc ccn— -
~ ditions shown in Figure 3; |

Tigure 7 shows the tube ccnnected as an 1nter-

mediate frequency ampltﬁer

" FlgurEt 8, 9, and 10 illustr atc dlffcrent charac«-

teristics of thc tube utﬂlzed in the c1rcu1t dlagram-
of Figure T;

- Figures 11, 12 and 13 shcw di: _erent charactcr-—

istics of the tube utilized when the tube is ccn- -
15

nected as a radio frcqucncy amplifier;
Figure 14 shows the tube connected as an eﬁec-

~ tive tetrode acting as a detector amplifier; S
Figure 15 is a circuit diagram of the tubc ccn— o
-nected in a power output stage;
- Pigures 16 and 17 show chara,cterlstlcs cf thc

tube utilized in the cireuit shcwn in Flgurc 15;
Flgure 18 1s a, clrcu.lt dmgram cf thc tube con—

'ampllﬁer
In said patcnts it is ex;:lamcd' o
that if the anode of a tube were placed at vari-

Tigure 19 is a- clrcult d1agram of the tubc con-
5 plain triode; while

0

20

=

Figure 20 is a ccmplcte ClI‘C'Lllt- dla,gram cf a- -

- supersonic heterodyne radio receiver, comprising
four of the universal tubes ccnnccted rcspectwcly B
asin Figures 3, 7, 14 and 15.

‘In Figures 1 and 2 full dctalls Euc shcwn cf a-

electrodes, viz., 91, gr2 g3 g* and ¢°. In the actual
sample the cathcde ¢ is rectangular in Cross-sec-

30

tube with a cylindrical anode @, an indirectly
heated cathode ¢ of the usual Br1t1sh type with a
4-watt heater, and ﬁve gr1ds between these two

35

tion, the 51dcs bcmg 1.5 milimetres and 1 milli-. .'

metre in length. 'The diameter of the anode a

may be taken as 27 mllllmetl es and the: rcst of
It

The Spacmg of. :the

axes of grids g2, 9°, g%, g5 are respectively 3. 7, 7.4,

10 and 12 millimetres and the paraliel sides of the

orid gl are 2 millimetres apart.
- different grld.s may also be varied to suit different
- conditions.

In the sample- t&ken they vary from
about 5.9 tums per cenblmctlc in the grid:g°

to 15 turns per centimetre in the grid g3, the
- spacing in the grid ¢2 being 7.1 turns per centi-
‘metre, that cf the grid gt, 12 and that of the orid

All the grids are
wcund of mclybdcnu“n wire, the diameter of the
 wire of g! being 0.08 millimetre, that of the grids

gt 14 turns per centlmctrc

02, o3, ¢*, 0.1 millimetre and that of the grid g5,

The 1*ncs,h of the

The first grid g¢? lﬂas a lead 11
The lead for the

40

The -
50

65
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of course, be cmltted and c, bese used with ones '

“The erids o, g2, 93, g%, ¢% alc




4

i variable-mu or remote cut-off char acterlstm one
of the grids, for example the grid g3, _ may have

10

some turns omitted along its length. |
- The screening is very simple and is effective
‘because of its exact position and the wide spac-
- ings involved. When the tube is used as a voltage

amplifier and the anode to control grid capacity
must be & minimum, an external screen s! is em-

ployed fairly closely confernung to the upper part
of the glass bulb b. The internal s¢creen COmn-

- sists of an upper screen e of dished shape with a

15

20

25

- sembly.

hollow central portion f supported on a mica
bridge plate ¢ extending across the electrode as-
sembly. The dished screen e extends approxi-~

mately into_ the neighborhood of the inner wall
~of the bulb b. There is also a lower hollow screen
~h supported from a second mica bridge plate k

and - surrounding the lower ends of the grid as-
A getter support is shown at 7. In such
a tube, with the external screen s! in position, the
anode to control grid capacity is about 0.001

mmifd. . The anode is cylindrical and i_s widely
spaced from the outermost grid g¢5 as seen in
Figure 2. Tt is of blackened nickel to reduce the

secondary emission from it and this tends to flat-

“ten the minimum portion of the distance curve.

- The anode is spaced substantially at the critical
- distance from the outermost grid g>.

30

35

40

A tube constructed in the way described and

illustrated in Figures -1 and 2 has the desirable

‘properties of a universal valve as already set out

above. In particular, the capacity between the
grids g* and g3 is small compared with that be-

tween the grids g2 and ¢3, the ratio between these
capacities being such that when the grids ¢! and

g2 are connected as oscillator electrodes as will be
described with reference to Figure 3, the oscillator
circuits are not coupled to the radio-frequency
input circeuit to an undesirable extent and “lock-
ing-in” is avoided. This desirable ratio is ob-
tained because the grid ¢! is. connected to the
terminal ¢ at the top of the bulb b whereas the
leads from the grids g2 and ¢3 are tgken out at

| - the lower end of the bulb. When a universal

45
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tube is to serve without alteration as a screened
amplifier as well as a Irequency converter, the

first grid ¢! must have its lead taken out at the

opposite end from the other electrodes or  the
capacity between the grid ¢! and the anode «

under screened amplifier condltmns will not be

low enough.

- In Pigures 3 to 19 of the dra,wmgs some POS-

~ sible forms of connection of the tube when used

wit
N |

- . 60
69

70

for different purposes are illustrated.

In Figure 3, the connections of the tube as a
single tube frequency changer are Shown. The
grids 9!, g2 operate respectively as the control

grid and anode grid of the. oscillator part of the
valve, the tuned oscillator circuit | being con-
nected to the grid g1, and the anode circuit feed-
back coil 2 being connected to the grid g2.

The
grid g3 is the input grid for the signal frequency

and is connected directly to the tuned input cir-

cuit 3. The grid ¢4 is the automatic gain control

grid separate from the input grid and is con-
“nected directly to an automatic gain control bus

bar 4. Alternatively, the functions of the grids
g and ¢4 may be interchanged. HEither of these
grids may be wound nonuniformly so as to give
a variable-mu cut-off characteristic and then,

- both the signal frequency and the automatic gain

- _control voltages may be applied to the same grid.
- The anode a is coupled to the next stage, for ex-

75

ample, the mtermedlate frequency a,mpllﬁer in
‘the ordinary way. -

is 1 million ohms.

2,125, 719

The grid ¢5 is connected through a break-down

‘resistance 9 and is a positive screening grid. The

oscillator: botentials on the grids ¢! and ¢2 are in
opposite phase and the ratios of the capacities
between the grids g* and ¢2 and the grid g3 (or

g% are such that the oscillator circuits I, 2 are

not coupled to the radio frequency ClI'CU.lt to an

undesirable  extent. This method of balancing
out the feed back is found to be better than

screening and is not affected by frequency. In

this case, with the tube constants as described
with reference to Pigure 1, the operating condi-
tions are as follows: —-The anode voltage is 250

-and the break-down resistance ® has a value of

about 60,000 ochms s0 that a steady potenfial of

about 100 volts is applied to the grids 92 and ¢s.
The cathode bias resistance R! is 200 ohms and
the grid leak resistance R2, 15,000 ohms. The

- condenser Ci is 0.001 mfd. The anode current

in the absence of an automatic gain control volt-
age is from 1.5 to 2.0 milliamperes. The cathode
Is at about 3 volts positive and the current flow-
ing to the grid ¢2 is about 9 milliamperes. The
1nterne,1 alternating current resistance of the tube
The conversion conductance
with zero automatic gain control voltage is about
0.7 to 0.8 milliampere per volt.

Certain characteristics utilized when the tube is
connected as in Figure 3 are shown in Figures 4 to
6. Figure 4 shows the anode current, anode
voltage characteristic with the internal alternat-
ing current resistance at one million ohms, as
immentioned above. The grid gl, owing to the form
of connection shown in Pigure 3, acquires a po-
tential of —5 volts. The grid g4 shown connected
to the automatic gain control bus bar 4 in Figure
3, is connected to the cathode while obtaining the
characteristic curve shown in Figure 4. so as to
be at zero potential, whereas the grids 92 and g°
are connected together and maintained at 100
volts. The current to the grid ¢°% is 0.04 milli-
ampere. The current to the grid g2 is 7 milli-
amperes |

- Figure 5 shews the characteristic with the an-

ode current plotted against the varying potential

of the input grid ¢3. The curve is taken with
the tube oscillating with an anode potential of
250 volts, the grid ¢g¢ as in the case of PFigure 4
being at cathode potential, the grids ¢2 and g5
connected together maintained at 100 volts, and
the grid g! at approximately —5 volts.. The siope
of the curve in Figure 5 is of course proportional

to the conversion conductance of the tube.

In Figure 6 the characteristic is shown with the
anode current plotted against the voltage of the
grid g* with respect to the cathode as it would
be varied by the automatic gain contr ol, in order
to show the cut-off of the tube under fthese con-
ditions. For the purpose of determining this
characteristic, the tube is operated without self-
bias. 'The potentials of the anode and of the
grids ¢!, g% and g% are as in Figure 5, while the
input grid 93 is at about —2.8 volts. -

In Figure 7, the connections are shown for a
controlled gain voltage amplifier suitable for use
in the intermediate stage of a supersonic hetero-
dyne receiver. 'The tube is in effect a tetrode as
the first grid ¢! acts as the input grid, the third
grid ¢g° as the automatic gain control grid, while
‘the other three grids g2, ¢g* and ¢% are connected
directly together and through a resistance § to the

high tension source so that they act as positive
screening grids. The anode to control grid ca-

pacity with the external screen in position is

‘about 0.001 mmfd. It will be noticed that here

| D
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o 'cha,ra,cterlstlc

10

o '51ste,nce R3 is 150 ohms
92, gt and g5 is between 60 and 70 Volts
15

The mutuel conduct-

The bree,kdown remetence 6 has a

erid ¢3 is at the same potential as the cethode

" the mutual conductance of the tube is of the order

~of 2.2 milliamperes per volt and the anode cur-
* rent about 7.5 IIll]llELIIlIJiBI'BS

20

million ohms.

' increasingly negative automatic gain control volt-

. ages are applied to the grid ¢3, the current flowing
| -____ito the grid g% will 1ncreaee and therefore the
- screen voltage on the grid g2 will be reduced.

25 dThe total current taken by the velve will also fa.ll

~ owing to the reduced positive field acting on the
~ cathode space charge with the particular config-

30

uration of the grids prowded Also, the cathode
bias due to the voltage drop across the resistance

R3 will be reduced proportlonelly In this way,
the operating cathode bias remains at the correct

value with respect to the screen voltage at all

~ values of the negative automatic gain control

38

voltage on the grid g¢3.
property. of the tnbe when employed m thrs cir-

cuit. If methods of produclng the necessary grid

f bias had been used, other than a cathode resist-

“ance, then the. cathode or- grid bias would not

have taken automatically a suitable value for an

40 V

'lvelues of the automatic galn control voltage.
o ' Certain characteristic curves obte,lned from
e fthe tube under the conditions shown in Figure 7

- are illustrated in Flgures 8 to 10, and illustrate

o the above stated facts.
45

- In Flgure 8, two char-
acteristic curves, 20 and 2{ are shown to illus-

*? trate the relation between the anode current and

- ‘the anode voltage.
- applied to the grid ¢! is that of the cathode, and

In the curve 20 the voltage

. “1n curve 21 the voltage of the grid gt is —2.2,

| 50 -

80.
-”'O'ehown in Figures 11 to 13, when the tube is con-
- nected as a voltage amphﬁer for use in a radio
| -'.frequency stage.
‘current, anode voltage characteristics 22, 283,

g5 the former being taken with the grid ¢' at —45

-g1 is varied.

‘as mentioned above, and the voltage of the grid.
~The slope of thls curve gives the .
_*mutuel conductance which, as mentioned above,
gg is of the order of 2.2 milliamperes per volt.
. current with the voltage of the grid g3 varied

~and the voltage of the grid gl melntemed at

In Figure 10 the curve illustrates the anode

cathode voltage. | |
Further cherectenstlc curves of the tube are

Figure 11 comprlses two e,node

" yolts and the latter with the grid g at —17 volts

- with respect to the cathode

- the anode current plotted against the voltage of

10

“the grid g'.

24 25 and 26.
tions when the grid ¢° is maintained at cethode'

potential, the voltage of the grid g4 belng varied

The curve 24 shows the condi-

- and plotted horizontally. The curve 2%, on the

78

" other hand, shows the voltage of the grid ¢*
_memtemed at cathode potentml and that of the

| 2 125 719
| _._ageln seperete erids are- used for the gain control"-"f
~and for the input voltage.
“ance is reduced proportionally to the reduction
“in anode current which occurs as the gain control
grld is made more negetwe This. method avoids
- the emphtude distortion which accompanies the
. method of gain control by means of a variable-mu
B If the tube has the dimensions -
- described with reference to Figure 1, the following
gives the opera,tmg conditions: -—The anode volt-
- age is' 250.
value of 60,000 ohms and the cathode bias re-
The voltege of the grids
- If-the

The internal alter-.
‘nating current resistance of the valve is about 1
It is 1mportent to note that as

million ohms

- sion source T.

F1gure 12 shows

Figure 13 comprlses three curves,

grid 0% :varled a,nd plotted horlzsonta,ll}r
curve 26 shows the condlt:tons when the grlds g3

The

and ¢t are kept at the same. potential, which is

varied -as shown by the horlzonta.l scale,
- In Figure 14, the tube is shown connected as
- a single valve detector: amplifier, the tube serv-
ing as a tetrode,
erates as a diode on a virtual or floating space-
- charge cathode formed between the grids and
'The orids g2, ¢3, and g3 aré connected
: togethel as positive screening grids, being con-
nected to a potential divider R4, Rs across the
high tension source, while the grid g% serves as
the anode of the amplifier part of the valve.
 This form of connection gwes 2. magnification of
- up to the order of 40 times.
control connection is me,de at 8, for example,
to the line 4 in Figures 3 and 7.

The anode ¢ of the tube op-

anode. -

Th_e autometw gain

tube has the dimensions as in F1gure 1, the op-
erating. condltlons are as follows —---The anode

10

If, again, the

voltage is 250. The volte,ge divider resistances

volts on the grlds g2, g3, gb.

ohms. The grid leak resmtence Rs may be 1

- The effi-

In Figure 15 the tube is ehown connected to
act as a power output tube. 'The external screen
is not used but the tube s0 connected has a low

'a,node to control grid cepeclty The orid ¢! is

the input grid and the grids ¢, g3 and g° are

positive screening grids connected to a potentlal---
‘divider Rii, Rz connected across the high fen-
A loud speaker 10 is shown trans- |

former-coupled to the anode circult of the tube

- The dlode 10ad resistance Ro is
- 500,000 ohms and the automatic gain control
filter resistance Rio, 1 million ohms.

~ ciency of rectlﬁcatlon is hlgh of the order of

86 per cent.
This is an important =

R4 and Rs are respectwely 250,000 and’ 50,000
ohms s0 as to- produce a potentlel of ebout 40
The resistonce Re
which serves as the resistance coupling the valve
10 the next stage has a value of 30, 000 ohms,
while the cathode blas resmtance Ry is 1,000

25

30

35

0

With the tube illustrated in Figure 1, the oper-

ating conditions are as follows: -—The stea,dy PO-

tential of the anode a and of the orids g2 and ¢3

is 250 volts and that of the grid g¢° is about
The cathode bias resistance Raiz is 250

The anode current is 32 milliamperes |

 and the mutual conductance of the order of 3
Figure 9 is the characteristic curve showing

| .Ithe anode current when the anode voltage is 250,

70 volts.
ohms.

milliamperes per volt. - The cathode bias is about

45

50

12 volts and the tube should be capable of giving

", power output of the order of 2 to 3 watts with
a load of about 6,000 ohms. -

In Figures 16 and 17 cerfain. characteristic

curves of the tube are shown when operating .

uhder the power output ccndltlons 111ustra,ted in

Figure 15.
In Figure 16 the three curvee 21 28 and 29

are three anode current-anode volt cheracterls-

‘tics with the orid g! maintained respectively at

the cathode potential, —12 volts and —24 volts
with respect to the cathode.
that the total current flowing to the screens plot-
ted vertically against the anode volts plotted hor-
1zr::~ntall:,r in all the curves In Figure 16 the grld
gt is kept at cathode potentle,l N |
Figure 17 shows the relation between the
anode current and the voltage of the grid o1,

In Figure 18, the tube is shown connected as
a smgle tube detector amplifier actually operat--
gl is the input grid, the anode

ing as a triode.
@ acts as a diode and the output is taken off from

The curve 30 shows_

55

60

65

the remaining four grids ¢2, ¢3, g% and g5 con- |

nected together.
ure 1, the operating conditions are much the

- With the tube shown in Fig-

75

0
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same as stated in connectlon with Flgure 14,

-~ except that the potential divider R4, Rs is omit-
ted and the coupling resistance Ris+ may con-

g

vemently ‘have- a h1gh value :t‘or exemple of
50 ,000 to- 100,000 ohms.

Figure 19 shows the tube ccnnected as a plam
triode employed for exemple as an output tube.

- The grid ¢! is the input grid, the remaining four

10

.....

35
40
Rty

50

e
&

grids g2, 93, 94 and ¢5 are all connected direct
to the a,node a and w1th it form the output elec-

| trode

- Pigure 20 shows the c1rcu1t connections of g

‘complete supersonic - heterodyne receiver. The
tube 2! is connected as a single-tube frequency

cha,nger preclsely as shown in PFigure 3. The

tube 22 is an lntermedlete frequency amplifier

connected exectly a8 shown in Figure 7. The
tube 3 is a combined detector and amplifier con-
nected as a tetrode in precisely the manner

shown in Flgure 14, while the tube ¢ is a power

output tube connected exe.ctly as shown in Fig-
ure 15. The circuit is shown with the ordinary
antenna tun1ng arrangements and the ordinary
mams powel unit for the hlgh tension supply

with a winding 11 supplying the current to the
“heaters of the cathodes of the tubes. Also the
frequency changer tube » is shown with switch-

ing arrangements for changmg the range of

wave-lengths. The circuit connections will be

apparent after exammetlon of Figures 3, 7, 14
and 15 since the same reference characters have

been used for corresponding parts. -

It will be easily appreciated that the same
form of tube -could not be used in all the cir-
cults if they had not the followmg characteristic
features. In the case of the frequency changer
tube 21, the first grid ¢! has its lead taken out

at the top of the bulb b and is prevented from

producing serious “lock-in” by means of the ca-
pacity ratio of the grids as described instead of

by shielding. Since the first grid ¢! is connected
to the terminal ¢ at the top of the bulb b, that

is to say, at the opposite end to that at which
the anode a is connected, the same construction of
tube can therefore be used as the intermediate
frequency amplifier 2. By the provision of sev-

eral grids it is possible to employ the same con-

struction of tube as the combined diode and tet-
rode amplifier 93, The potential of the grid g5
while suﬁiclently thh to serve as an anode

“break-down voltage, low compared with the volt-
-age of the high tension source used in the receiver
~and compared with the voltage of the anode a

and the other positive grids, is nevertheless low

y enough to allow of a critical anode distance with-

in the dimensions of a bulb of -convenient size
so that the advantages of the anode crltlcel dis-

- tance as regards power output and low distor-

60

5

tion level are retained. PFurthermore, owing to
the provision of a number of grids, there is a
grid in the case of the frequency converter and
intermediate frequency valves, which is nearer
the anode than the control or oscillatory grids
and is a,vaﬂeble as an automotm gain ccntrol
electrode. A -
I claim: -

1. An electron d1schorge tube hevmg a, cethode
at least ﬁve concentric and successive co-exten-
sive grids enclosing seld cathode and an anode
enclosing se1d grids and being spaced at the
critical anode distance from the nearest of said
grids, the first grid counting from the cathode
having an appreciable controlling action on the

anode current, the grid surface in the path of
the discharge bemg spaced from the cathode by

a distance of the order of about 0.3 mm. and hav-
ing a mesh closer tha,n the order of 10 turns
fourth grlds countlng from the ‘cathode hav-
ing meshes closer than the order of 10 turns
per cm. of .1 mm, diameter wire thereby having
appreciable controlling action on the anode cur-
rent, the second grid counting from the cathode
being of mesh not closer than about the order
of 10 turns per cm. of .1 mm. wire, the fifth grid 19
having mesh not closer than the order of about

8 turns per cm. the distances between the faces

' o

- of the grids in the path of the discharge being
approximately equal and of the order of 1 to

2 mm. 15
2. An electron dlscherge tube according to

claim 1 characterized by screens internal and ex-

ternal of the tube envelope, the internal screen
having a part of its surface close to the wall of
the envelope and approximating in curvature to 20
the curvature of the envelope and the exterior
screen enclosing and fitting closely to that part

of the envelope close to said part of the surface

of said infernal screen.

3. An electron discharge tube according to o5
claim 1 in which certain of the grid electrodes
are oval in contour and have their profiles de-
fine arcs.

4. An electron dlscharge tube according to
claim 1 characterized by having the control elec- ,30
trode so spaced from the cathode and of such
mesh that the mutual conductance is of the
order of at least one millisampere per volt.

9. An electron discharge tube according to
claim 1 characterized by having the grid elec- 30
trode nearest the cathode so spaced therefrom
and of such mesh that with positive potentials of
the order of 250 volts on the succeeding elec-
trodes, the anode current is not less than the
order of 30 milliamperes. 40

6. An electron discharge tube having a cathode,
at least four concentric and successive co-exten-
sive grids enclosing said cathode and an anode
enclosing said grids and being spaced at the
critical anode distance from the nearest of said 45
grids, the first grid counting from the cathode
having an appreciable controlling action on the
anode current, the grid surface in the path of
the discharge being spaced from the cathode by a

distance of the order of about .3 mm. and hav- 50

Ing a mesh closer than the order of 10 turns
per cm. of 0.1 mm. diameter wire, the third grid
counting from the cathode having its mesh closer
than the order of 10 turns per cm. of .1 mm. di-
ameter wire thereby having appreciable con- 55
trolling action on the anode current, the second
grid counting from the cathode being of mesh
not closer than about the order of 10 turns per
cm. of .1 mm. wire, the fourth grid having its
mesh not closer than the order of about 8 turns gg
per cm. the distances between the faces of the
grids in the path of the discharge being approxi-
mately equal and of the order of 1 to 2 mm.

7. An electron discharge tube according to
clalm 6 characterized by screens internal and ex- 85
ternal of the tube envelope, the internal screen
having a part of its surface close to the wall of
the envelope and approximating in curvature to
the curvature of the envelope and the exterior
screen enclosing and fitting closely to that part 70
of the envelope close to said part of the surface
of said internal screen.

3. An electron discharge tube according to
claim .6 in which certain of the grid electrodes are
oval in contour and have their profiles define arcs. %5
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9 An clectrcn dlscharge tube acccrdmg to

cla,lm 6 charactcmzed by having the control elec-
.trode- so spaced from the cathode and of such
‘mesh that the mutual conductance for said con-
- trol grid is of the order of a,t Ieast one 1111111-
;-.'_a,mpcrc per volt. . | |
. 10. An electron dlschargc tube accordmg tc
»-,._clmm 6 characterized by having the grid elec-
. trode nearest the cathode so spaced therefrom

‘and of such mesh that with positive potentials
~of the’ order of 250 volts on the succeeding elec- =

o - trodes; the anode current is nct less. than the*
. :_ﬁg;_;_crdcr of 30 milliamperes. |

11. An electron dlschargc 'tube ha,vmg a cath-_
ode, at least fcur concentric and successive grids

~ enclosing said cathode, and an anode enclosing

40

| ",2_5---: ..

30

.. said grids, the second grid counted from the
= cathode having a mesh more open than that of
-~ the first grid counted from the cathode, the third
20" grid counted from the cathode having a mesh
- closer than that of the first grid and a grid fur-
© ther from the cathode than said first three grids
. having a more open mesh tha,n any of the said

ﬁrst three grids. |
25 . 12. An electron discharge tube acccrdmg to
- claim 11 wherein the fourth grid has a mesh

of the same order as the third grid.

13. An eleciron discharge device acccrdlng to

- .'_cla,lm 1 wherein the tube,  when employed with
Afth grids at potentials
~ below about 80 volts, has an anode current of
- the order of not mcre than 10 milliamperes and
~ an anode resistance to alternating current, with -
ooan cperatmg ancde potential of the order of 250.
35 volts, of the order of 1 megohm, the third grid -
- . -being grounded and the control grid having a
-~ negative potential of the order of 1 volt thereon,
© - and a mutual conductance of the order of 1.5
- milliamperes per volt and so that when the fourth
grid-is grounded, the anode current is of the

- order of not more than three milliamperes, the

the second, fourth and

. mutual ccnductance of the said third grid is of

' the order of one-quarter to 1 milliampere per
- volt, the anode resistance to alternating current
- 45 and the mutual conductance of the first grid be-

- ing the same and further, so that with a po-

- “ tential of 250 volts on the anode and the second
| ~and third grids the negatlve potential of the order
- of 10 to 20 volts on the first grid with the fourth
5O grld grcundcd a,nd a pctentlal of the crdcr cff--_;

7

70 volts apphed to the fifth grld the mutual
conductance is of the order of 2 to 4 mllha,mperes |

- per volt and the anode current is of the order of
30 to 40 milliamperes, the knee of the anode-

| 'vcltage anode-current characteristic occurring at
an ancdc Vcltage not greatcr than abcut 100 -

- volts. | -
14. An electwn discharge tubc hamng a cath- -
| cde at least five concentric and successive co~

extensive grids enclosing said cathode and an
anode enclosing said grids and being spaced at
the critical anode distance from the nearest of =

10

said grids, the seccnd grid counted from the

cathode having a mesh more open than that =~
~of the first grid ccunted from. the cathode, the
~third grid counted from the cathode having a

15

mesh closer than that of the first grld the fourth.

 grid counted from the cathode having a mesh
“closer than that of said first grid and the fifth
grid having a more open mesh than any of said
- other grid electrodes, said grids being so related
that the tube, when employed with the second,
- fourth and fifth grids at DOtEHtl&lS below 100

volts, has an anode current of the order of not

| mcrc than 10 milliamperes and an ancde resist-
- ance to alternating current, with an operating
- anode potential of the order of 250 volts, of the

order of 1 megohm, the third grid being grounded
and the control grid hamng a negative potential
of the order of 1 volt thereon, and a mutual con-

| ductance of the order of 1.5 m1111a,mpercs per
_volt and so that when the fourth grid is grounded,
‘the anode current is of the order of not more

than three milliamperes, the mutual ccnductance

of the said third grid is of the order of one-quar-
‘ter to 1 milliampere per volt, the anode resistance
‘to alternating current and the mutual conduct-

20

25

30

ance of the first grid being the same and further,

so that with a potential of 250 volts on the anode
‘and the second and third grids, a negative po-
tential of the order of 10 to 20 volts on the first
grid with the fourth grid grounded and a po-
tential of the order of 70 volts applied to the
- fifth grid, the mutual conductance is of the order
 of 2 to 4 milliamperes per volt and the anode 4

current is of the order of 30 to 40 nulha,mpcrcs
thd knee of the. anode- Vcltage anode-current

: J OHN I-IENRY OWEN HARRIES

40

“characteristic occurring at an anode Vcltage nct"'f
! -greater than about 100 volts. . |
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