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This invention relates to a circuit arrangement
for the transmission of electrical oscillations
which comprises at least one controlled discharge
tube, and has for its purpose to provide means
whereby the nolse occurring in such circuits can
be avolded.

This noise, which is particularly troublesome
in the transmission of weak signals, Is partly
brought about by discharge tubes present in the
circuit and partly by the other circuit elements
and it may therefore be distinguished in tube
notse and circuit nolse.

The circuit noise is brought about by spontanc-
ous voltage fluctuations which occur at the ends
of each conductor due to thermal propagation
of the electrons, and this the stronger accord-
ing as the conductor concerned has a higher
ohmic resistance. Thus, such a nolse voltage
which is usually referred to as “clrcult noise” is
set up, for example, across an oscillatory cireuit
included in the input circuit of a high-frequency
amplifying tube.

The tube holse may be distingulshed in emis-
slon nolse and distribution noise. The emission
noise is composed of fluctuations of the emission
of a cathode, which cathode may he either a
thermionic cathode or a secondary- emlttmg aux-
iliary cathode or a plioto-cathode. The _dl,strl-
bution noise is brought about by fluctuations of
the current distribution In tubes having more than
one positive electrods and conscquently occurs, for
example, in serecn-grid tubes and multi-grid mix-
ing tubes.

The nolse generally forms a continuous ire-
quency spectrum, of which only ithat portion is
troublesome which is transmitted by the circuit
arrangement. In low-frequency amplifiers trou-
ble is encountered from particular cmission noise
which is referred to as “flicker” and which is
produccd due to several varts of the cathode be-
ing in turn emissive. 'I‘]us is a cathode noise
whlch is mainly camposed of low- frequency com-
ponents.

It has already been endesavoured to reduee tha
tube noise by means of special tube construcjicns.
Thus, for example, In screen-grid tubes the dis-
trlbutlon noise may be reduced either Ly limi-
tation of the screen-grid current or by such a
geometric arrangement of the electrodes that
the emiszion from deflnite parts of the cathode
contributes exclusively io the screen-grid cur-
rent and that of othcr paris contributes ex-
clusively to the anode current.

The present invention provides means wlereby
the tube noise may be greatly reduced without
utilising special Lube constructions while in some
cases also an improvement in the circu:it noise is
obtained.

According to the mvent.lon, the circuit of an
electrode to which flows & noise current has taken
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from it a nolse voltage which 1s correlated with
the said current and which controls the output
current of the tube in such phase that the noise
current produced in the output cu'cult 1s reduced
and/or the ratio between the signal current and
the noise current in the output circuit qs in-
creased. '

To this effect, an impedance is preferably in-
cluded in the circuif of an electrode to which
flows a noise current, thc nolse voltage set up
across this impedance being supplied in the re-
quired phase to a control grid of tle tube by
means of a second impedance. It Is adva.nta.-
geous to choose thesc 1mpedianc s 50 a5 to con-
taln but small ohmlc resistances since otherwise
a new source of noise would be introdueed.

Another possibility is that the circuit of an
electrode to which flows a noise current Is cou-
pled by means of a transformer to & control-grid
circuit of the tube. In mixing circults a decrease
of the distribution noise may thus be obtained,
for example, by Including a cpil in the circuit of
at least orne of the screen-grids and by coupling
this coil fnductively with an oscillatory cireuit
tuned to the intermediate frequency and included
in onc cf the control-grid clrcults.

Finally, for the desired control of the output
current, use may alternatively be made, in par-
ticular for very high frequencles, of the voltage
drop which occurs across an impedance included
in the circuit of a control grid due to the Influ-
ence current which flows to the sald control grid.

In order that the invention may be more clearly
understood and readily carried Into effect 1t will
be described more fully by reference to the ac-
companying drawings showing several practical
emhodiments thereof, wherein Fig. 1 répresents
an amplifying circuit utilising means for de-
creasing the noise current in the output circuit
which is correlated with the cathode rioise. Fig.
2 is a vector diagram serving to explain a certain
phenomena occurring in the operation of Fig. 1.
Flg. 3 shows curves serving to explain the oper-
ation of the circuit of Fig. 1 in a superhetero-
dyne reeciver. Plgs. 4 and § are modifications
of the invention as applied to secondary-emission
tubes. Figs. 6 and 7 disclose respectively an
amplifying and a mixing clreuif jor decreasing
the distribution noise. Fig. 8 shows a low-fre-
quency amplifying circuit for decreasing the dis-
tribution noise. Fig. 9 shows a high-frequency
amplifier utilizing a secondary-emission tube
with means for reducing simultanequsly all the
noise components, and Fig, 10 is a diagram of

§ curves for explaining the operatipn of the several

circuits in respect of noise decrpgsing. For the
case of simplicity the sources of direct voltage
have been omitted from the flgures.

Referring now to Fig. 1 an oscillatory circuit
| which is tuned to the slgnal to be amplified is
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included in the control-grid circuit of an ampll-
fying tube 2. The anode circuit comprises an
osclllatory circuit 3 which is tuned to the gsame
frequency and from which is derived the am-
plified voltage. According to the invention that
part of the cathode lead which I8 common to the
control-grid circult and the anode circuit com-
prises a self-induction coil 4, A noise voltage
occurs across this coll which is correlated with
the cathodc noise and leads 90° relatively to
the cathode-noise current. This nolse voltage
brings about a current through the capacity b
hetween the control grid and the cathode (which
1s rcpresented in dotted lines in the figure)
which current leads 90° relatively to the voltage
across the coll 4 and is consequently in anti-
phase with the eathode nolse-current. For those
frequencles of the nolse spectrum which are
transmitted by the arrangment the circuit |
practically constitutes san ohmlc resistence so
that for these frequencies a noise voltage Is set
up across the circult § which is in anti-phase
with the cathode nolse-current. This noise
voltage also occurs at the control grid of the
tube 2 and thus gives rise to an additional anode
current which is in anti-phase with the cathode
nolse current so that the nolse current in the
anode clrcuit which is correlated with the cath-
ode nolse 1s decreased.

In order to obtaln the desirad effect it is not
essential that an Inductance should be present
In the cathode lead and a capaecity between
the control grid and the cathode. It is alter-
natlvely possible, for example, to provide a ca-
pacity in the cathode lead and an Inductance
between control grid and cathode. 'The embodi-
ment shown In the figure 15, however, the most
practical one since the capacity between control
grid and cathode 15 naturally present. On prin-
ciple use may be made of any combination of
impedances which brings about a noise voltage
across the circuit { which is in anti-phase with
the cathode nolse-current. It is, however, ad-
vantageous to use impedances containing but
low ohmic resistances since otherwlse new
sources of nolse would be introduced.

The magnitude of the nolse voltage set up
across the circult | is determined by the product
of the capacity 5 and the inductance of the
coil 4. Consequently, the decrease of the noise
current in the anode circult which s correlated
with the cathode nolse is greater according as
the capacity 5 (if desired by means of parallel
connectlon of an additional condenser) and the
inductance of the coll 4 are chosen of a higher
value,

In this connection it must be borne in mind,
however, that not only a noise voltage but also
a slgnal voltage is set up across the coll 4 so
that the input cireuit has also supplled to it a
slgnal current which is in anti-phase with the
signal voltage set up across the sald cireult; in
other words the presence of the coll 4 brings
about an additional damping of the circuit |
and consequently the suppression of the cathode
noise cannot be continued to a further extent
than is admissible in view of the additional
damping involved.

The sald additlonal damping brings about a
decrease of the signal voltage set up across the
input circuit, which results in the slgnal cur-
rent in the output eircuit being reduced to the
same degree as the nolse current correlated with
the cathode nolse.

Consequently, the ratlo hetween- sighal and
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noise which cccurs in the output clrcuit re-
malns econstant whcn using the measure de-
scribed, in other words the invention provides
herc a means of damping the input circult with-
out the sigual to and ncise ratio being decreascd
thereby.

It appears therefroni that it is no use utilising
the eircuit arangement of flz, 1 in those cases in
which the damping of the input circuit is de-
sircd to be as small as possible but that impor-
tant advantages are obtained in all those cases
in which particular rcasons render a greater
damping of the input circuit desirable than that
which Is brought about by tlie unavoidable losses
of the clrcuit.

Thus, the described circuit is, for example, of
creat importance fer amplifying circult ar-
rangements transmitting a very wide frequency
band, such as arc used inter alia in television
receivers, since in general in such amplifiers an
additional damping of the input circult ig always
necessary for obtaining the desired wide trans-
mission range. This additional damping was
hitherto obtained either by admitting greater
losses in the circuit, or by connecting an ohmie
resistance in paralle] with the circuit, These
usual measures reduce the gignal voltage set up
across the circuit, whereas the tube nolse remains
equal so that the ratio between the signal and
the tube noisc is reduced while in addition in
most cases the ratio between tlie signal voltage
set up across the clrcuit and the circuit noise
voltage is reduced. If, on the other hand, the
required addltional damping according to the
invention 1s obtalned by means of an Inductance
in the cathode lcad the ratio between the signal
and the tube noise remains constant while in
additional a new source of noise Is not intro-
duced in the circuit so that also the ratio between
the signal voltage set up across the circuit and
the circuit noise voliage remains constant. Con-
sequently, both the tube noise and the circuit
nolse are In this case reduced relatively to the
usual circuits, i, e. with a circuit damped with
any desired Intcnsity we obtain the same signal
to nolse ratio as cen be obtalned with a circuit
of very good quallty. A maximum {reedom of
noise Is obtalned if the damping of the Input
circuit that is required in eonnection with the
desired fransmission range is brought about al-
most exclusively by the self-induction coil in
the cathode lead. The inductance required
therefor is In a television recelver of the order
of magnitude of 0.1 microhenrys.

Another case In which an additional damping
of the oscillatory input circult may be advanta-
geous, and this independently of the required
transmission range, occurs with amplifiers for
very high frequencles in connectlon with the so-
called “transit-time nolse” which phenomenon
will be explained hereinafter.

If the transit-time of the electrons hWetween
cathode and anode is no longer neeliglbly small
relatively to the period of the oscillations to be

5 transmitted an influence current to the contro]

grid occurs, as can be readily appreclated with
reference to the vector diagram represented in
Fig. 2. The diagram applies to a triode; in
multi-grid tubes, however, substantially equal
phenomensa occur. In the figure V¢ represents
the control-grid alternating voltage. Due to the
finite transit time of the electrons between
control grid and cathode, the cathode alternat-
Ing current Ix lags a little relatively to the con-
trol-grlqd alternating voltage. The anode cur-
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rant I, 1{ at least the transit time of the eleg-
treng hetween control grid and anede lg not. great-
et than half a period of the osciliationg to be
ambplified, is gceording to its absolute value ap-
proximately equal to Ir but shows a greater lag
relatively to the alternating voltage of the con-
trol-grid, The current Iy whigh constitutes the
geometric difference between the currents I, and
Ir must have flowed to the conirol grid, The
influenee current I; flowing to the control grid
contains a component which leads 90° relstively
to the eontrol-grid alternating veltage and which
can be regarded as a yesult of an apparent in-
crease of the capacity between control grid and
cathode, apd a compenent which is in phase with
the eontrol-grid alterneting voltage and gives
rise to the so-called “transit-time damping.”
The current Iz contalng a noise component which
ts eorrelated with the cathede noeise and which
brings ahbout a noise voltage across the input
cireuit which is displaced in phage relatively to
the cathode-noise-current and gives rige to0 a ma-
teria] increase of the noise current in the anode
clremit whieh is correlated with the e¢athode
noise. This additional noise current may be re-
ferred to a3 “trapalt-time noise.”

For eompleteness’ sake we may mention that
the phenomena which actually oceur are mere
complicated than would appear from the abeve-
mentioned constderations, and this because the
speed of the eleatrons between control grid and
eathode Iy dependent on the instantaneoys value
of the eenfrol-grid voltage. The resulting vari-
ations In speed of the electrons give rise to an

additional inflyence current which contributes ;

to the appsaremt increase of the conmtrol grid-
cathede canseity and to the “transit-time damp-
ing” Wit does noft contain a noise component
and consequently does not contribute to the
“transit-time noise.”

The ‘“transit-time damning” may be inter-
preted as an apparent resistance comnected in
parallel with the input ecircuit and the “transit-
time noise” meay be regarded as spontaneous volt-
age Auctuations in this resistance. Prom this
consideration it appears that the said resistance
behaves ]lke an ohmic resistance which is ap-
proximsately at cathode temperature and conse-
quently celuses a considerably stropger noise than
an ohmic resistance of the same value at room
temparature. It 18 therefore of importance to
gee to it that the damping of the oscillatory In-
put circuit is not mainly determined by the
“transit-time damping”, which al a given value
of the “transit-time damping” can only be ob-
tained by strong damping of the Input clrcuit
In a different manner. This megsure, however,
fa of some use only in the case wherein the In-
oreased damping of the input circult does not in
itself decreage the signsal to noise ratlo. Here
use may advantageously be made of the circuit
of Fig. 1 in which an increase of damping is oh-
tained without a decrease of the signal te noise
ratlo,

In the amplificatlion of ultra-short waves
(A<3 m) the above-mentioned considerations
iead to the use of tubes which are different from
those hitherto used for the amplifications of
these waves. One has always taken the view that

for a reasonahle noiseless amplification the total

impedance of the osclllatory input circuit must
ke higher than the equivalent nolse resistance of
the tube. The equivalent nolse resistance which
is a, measure of the Intensity of the tube noise
may be defined as an ohmic resistance which,
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upon belng Included in the control-grid ciecuit
of an entirely noiseless tube of the same type,
would bring ahout in the anode ¢irouit a nelae
current whieh is equal te the nolse current which
actually oceurs in the anode circuit apd which
is correlated with the tube nolse. ©On the ground
of the above-described rule use has always been
made 50 far of tubes having a minirnum peasible
input damping. With ultra-high frequensleg the
natura] induetance of the cathode lead already
brings about a material damping of the oscjlla-
tory input oirewit, which damping together with
the “transit-time damping™ practically deter-
mines the total Impedance of the input efreult.
For these ulira-high frequeneieg therefore use
has been made of the so-called “button tubes” in
which, due te small ditnensions and a small mu-
tual conducgtance, the damping of the irput cle-
cuit brought about by the natura} taduetance of
the cathode lead is limited t¢ a minimym. Now,
the gbove-mentioned copsiderations demonsirate
that the damping brought aboyt by the self-in-
duction of the cathode lead does not Influenee
the signal t¢ noise ratlo the while In vlew af the
“transit-time nolse” it may even be advantageous
that, this damping is not too weak. Conhsegquent-
ly, instead of using the usual “button tubes”, use
may advantageously be made of other tubes
whoge dimensiops and mutual conductance are
chegen such that the natursl Inductance of the
cathode lead brings about a material decrease of
the noise current in the output cireuit which 1=
correlated with the cathode noise, provided thal
care is taken to see that the total damping of
the input circuit decresse by the damping brought
about ky the natural inductames of the eathode
lead Is smaller (for example at; teast twice gmall-
er) than the reclpreoeal value of the equivalent
nelse repistence. When choosing the ratio be-
tween the total impedance of the input eirenit
and the equivalent noise reslstance the damping
of the input eircyit brought about by the induct-
anoe of the eathode lead has therefore ta be dis-
regarded. In practtee this leads to the use of

46 tubes of larger dimensjons and/or higher mutual
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conductance than the “button tubes” while tubes
having a space-charge grid between eathede and
control grid may be used with particular pdvan-
tage since 1n these tuhea the “transit-time damp-
ing” may be negatlve snd the above-stated pre-
scription may consequently be easily fulfilled. In
addition, such tubpes permit an adjustment for
the electrode biasing voltages in whieh no in-
fluence noise current flows to the eentral grid so
that “trangit-time noise” does not oecur. Of
course, care must always be takem to see that
the mutual conductance is sufficiently high to
ensure sufiiclent amplification in spite of the
greater damping of the input clrcuit.

It is known that the “fransit-tine damping”
may be elimjnated by including a resistance,
which {8 not bypassed for high frequency cur-
rents, in the cathode lead of the tube. It appears
that due to the gconnection of sueh a resistance in
the cathodg lead the “transit-time noise™ also
may he eompletely eompensated. Im eonnection
with the complication already mentioned which
is brought about by the variations in speed of the
electrons between cathode and control grid a
higher resistanee is necessary for compensating
the ““transit-time noise” than that which Is re-
quired for eompensating the “transit-time damp-
ing.” 'The effect of the compensation of the
“transit-time noise” obtalned in thiz manner is,
however, decreased due to the resistance included
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in-the cathode lead on the one hand constituting
a new source of noise and on the other hand
decreasing the effective mutual conductance of
the tube due to the fact that a negative feed-
bhack is brought about.

In circuit arrangements for the transmission
of osclllations of very high frequencies in which
the transmission range of the Input circult is
considerahly wider than the transmission range
of the whole ecircult efficlent use may be made
for compensating the cathode noise of the noise
voltage which occurs across the input circuit due
to the above-mentioned influence phenomenas.
As appears from Flg. 2, the Influence current
flowing to the control grid leads almost 90° in
phase relatively to the cathode current. Now,
by slightly detuning the input circuit relatively
to the signal to be transmitted it may be achleved
that for those frequencies of the noise spectrum

which fall within the transmission range of the .

circuit the Input circult behaves like a small ca-
pacity so that for these frequencles a nolse volt-
age occurs across the Input clreuit which Is In
anti-phase with the cathode noise-current. This

noise voltage glves rise to an additlonal anode .

current which Is in antl-phase with the cathode
nolse-current so that the total nolse current in
the anode circuit which is correlated with the
cathode nolse s decreased and may even be

reduced to nought. A further explanation there- ,

of will be given with reference to Fig. 3 In which
curve & represents the resonance curve of the
input c¢ircult, whereas curve T represents the
materially narrower transmission range of the

circult which is determined by the following :

stages of the circult, In a superheterodyne re-
celver, for example, malnly determined by the
intermediate-frequency amplifler. Ags appears
from the figure, the resonance frequency awe of
the input circuit has been chosen t{o be slightly
lower than the signal frequency = falling with-
in the transmission range so0 that the input cir-
cult behaves for the slgnal frequency as a small

capacity. The amplification of the signal is but -

slightly Impaired by the detuning of the input
clreuit since the transmission range of the input
circult 18 much larger than the required trans-
mission range. A troublesome distortion of the
slgnal, which may occur due to the detuning,
may be compensated by a similar detuning in op-
posite sense In one of the following stages In
which the slgnal has already been amplified to
such extent that the noise no longer plays a part.

The fact that the Influence current flowing to
the contirol grid 1s not exactly shifted In phase
hy 90° relatively to the cathode current may be
taken Into account by choosing the damping of
the input circult (including the “transit-time
damping”) of such value that the noise voltage
set up at the control grid has exactly the phase
required for the compensation. In practice the
romplete compensation of the cathode noise re-
quires such a detuning of the Input circuit as to
represent a capacity of & few mlicro-microfarads,
for example 2 to 3 micro-microfarads.

In the circuit described the cathode noise and
the “transit-time noise” neutralise one another
while practically the slgnal Intensity is not de-
creased. It is evident that consequently a very
effective decrease ln nolse is achieved. The cir-
cuit concerned has, however, the disadvantage
that the simultaneous decrease of noise currents
which originate from other noise sources (dis-
tribution nolse and secondary-emissfon nolse, if
any) involves some difficulty, as will hereinafter
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be set out more fully. Besldes, this” method of
nolse compensation is less suitable In circiits
which have to transmit a wide frequency-band
such as, for example, in television receivers since
In this case curve T of Fig. 3 will generally have
approximately the same width as curve 6§ so that
a detuning of the Input circuit relatively to the
frequency to be transmitted is practlically no
longer possible,

In the varlous circults deseribed above the noise
voltage required for decreasing the cathode noilse
was derived elther from the cathode circutt or
from the control-grid circuit. For completeness’
sake it may be remarked that the current of
screen grids which may be avallable in the tube,
the anode current and the current of secondary-
emisslon electrodes, if any, as well as the influ-
ence curtrents flowing to any further grids with
negative blas contain ‘all of them a nolse com-
ponent which is correlated with the cathode nolse
so that on principle a nolse voltage may be de-
rived from the circuits of any of these elec-
trodes, which voltage may be used for decreasing
the cathode nolse, Purthermore, the contro! of
the output current by the sald noise voltage, due
to which the said decrease In noise Is achleved,
need not take place by supplylng thls noise volt-
age to the Input control grid, but for this pur-
pose use may alternatively be made of another
control grid.

A decrease of the ahove-mentloned “flicker” in
low-frequency amplifiers may be achleved in a
similar manner as a decrease of the normal cath-
ode noise, that Iz to say, for example, by derlv-
ing a voltage correlated with the “flicker” from
an impedance included in the cathode lead and
by supplying this voltage in suitable phase to the
conirol grid. The circult of Fig. 1 is less suitable
for this purpose since the inductance in the cath-
ode lead required in this case would have too high’
a value, In the case described use will preferably
be made of a transformer for supplying the
“ficker” voltage to the control grid.

Fig. 4 shows an amplifylng eircuit having a
gsecondary emission tube and comprising means
for decreasing the secondary-emission noise.
This 15 effected in a similar manner ag decreasing
of the cathode nolse in the clrcuit arrangement
of Fig. 1, viz. by connecting a self-induction coil
8 In the circuit of the secondary-emission elec-
trode, a nolse voltage correlated with the sec-
ondary-emission noilse occurring across the said-
coil and belng supplied through a condenser 9 to
the control grid in such phase that the nolse cur-
rent In the ancde circult which 1g correlated with
the secondary-emission nolse is decreased. The
natural capaclty hetween the secondary-emission
electrode and the control grid is generally too low
for this purpose so that a condenser must be In-
terposed between the secondary-emission elec-
trode and the control grid.

In the circuit arrangement of Fig. 4, ag in the
circuit arrangement of Fig. 1, an additional
damping of the input circuit f ig brought about,
resuliing In a decrease not only of the noise cur-
rent but also of the signal current. Howéver,
while in the circult arrangement of Fig. 1 the
slgnal to nolse ratio remained constant, the slg-
nal to nolse ratio will in this case Increase, ac-
cording as the nolse current iz decreased. On
prineiple the secondary-emission noise therefore
may be completely suppressed. This ls due to
the fact that the nolse currents in the anode
circult and in the circutt of the secondary-emis-
sion electrode, which noise currents are corre-
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lated with the secondary-emission noise, are
equal to one another, whereas the signal currents
In the two circuits are different. Consequently,
the ratio hetween the signal and the secondary-
emission nolse 1s different In the two circults so
that In the case of complete suppression of the
secondary-emission nolse a signal remeaing all
the same. On the other hand, the ratio between
the signal and the cathode noize in the anode
circuit is equal to that in the cathode circult so
that in the case of complete suppression of the
cathode noise by means of the circuit arrange-
ment of Flg. 1 the signal would also disappear.

In the case of complete suppression of the sec-
ondary-emission nolse the amplification In the
circult arrangement of Fig. 4 is decreased exactly
to such extent that the anode current Is equal
to the current which would be obtalned if Lhe
tube did not comprise a secondary-emission elec-
trode. In this case therefore use may as well be
made of g tube without secondary emission.
Partial suppression of the secondary-emission
nolse with the ald of the circult arrangement of
Fig. 4 1s, however, advantageous in all those cases
in which greater amplification 1s desired than
that which can be obtalned without secondary
emission while the maximum amplification which
may be obtained with a secondary-emnission tube
1s not required.

In addition, the circuit arrangement of Fig. 4,

lke that of Fig. 1, provides the possibility of in-
creasing the damping of the input circult with-
out a decrease of the signal to nolse ratlo. Con-
sequently, the use of the circult concerned offers

advantages in all those cases wherein for partle- 3

uldr reasons a greater damping of the input eir-
cuit is desired than that brought about by the
unavoidable losses of this circulit,

Another method of decreasing the sccondary-
emission noise s illustrated in Fig. 5§ in which
the output circuit 3 is included in the circult of
the secondary-emisslon electrode while the an-
ode circuit comprises a condenser 9 across which
occurs & hoise voltage which 15 correlated with
the secondary-emission nolse. This nolse volt-
age {s supplied in the desired phase to the control
grid through a condenser If, Instead of an in-
ductance, as in the circult arrangement of ‘Fig. 4,
in this case a condenser 10 must -be provided in
the anode circuit for decreasing the secondary-
emission noise since the phase of the secondary-
emission noise In the anode circult is opposite to
that In the circult of the secondary-emission
electrode. Complete suppression of the second-
ary-emission noise as is possible in the circuit
arrangement of Fig. 4, cannot be achieved in the
clrcult arrangement of Fig, 5. The latter, how-
ever offers the advantage that the decrease in
noise Is not dependent on the signal frequency,
which is the case In the circulf arrangement of
Pl 4.

It may be mentioned that in the circuit ar-
rangements of Flgs. 4 and 5 the cathode noise
13 also decreased since the current of the sec-
ondary-emission electrode and the anode current
both comprise a noise component which is cor-
related with the cathode nolse.

With tubes having more than one secondary-
emisslon electrode it must be considered that
each of the secondary-emission electrodes consti-
tutes an Independent source of noise, The cur-
rent of the last secondary-emission electrode and
the anode current also comprise 8 noise compo-
ment which I3 correlated with the nolse of the

pmcetlmg secondary-emission electrodes so that -

Ti

24

1
-t

S

the total secondary-emission hoise may be de-
creased by means of a noise voltage derived from
the anode circult or from the circuit of the last
secondary-emission elecirode. It 13 also possible
to decrease the noise of each .secondary-emisgion
electrode separately In the manner as fllustrated
in Fig. 4.

The secondary-emission noise may also be de-
creased by arranging for a nolse voltage corre-
lated with the secondary-emisslon nolse to be fed
back to another control grid instead of to the in-
put consrol grid.

Fig. 6 shows & circuit arrangement comprising
means for subpressing the distribgtion nolse.
This figure {llustrates an amplifying cirenit utiliz-
ing a screen grid tube and in which the distribu-
tion noise is produced by fluctuations in the cur-
rent distribution between screen grid and anode.
The screen-grid circuit comprises an inductance
12 across which occurs a noise voltage correlated
with the distribution nolse. This noise veltage
is supplied to the control grid through the screen
grid- control-grid capacity I3 which is shown in
dotted lines, in such phase that the noise cur-
rent in the anode circult which is-correlated with
the distribution noise is decreased. While in the
above-described circults an additional damping
af the Input circuit was -always brought gbout
when decreasing the emission nolse, the decrease
of the distribution noise involves a reduction of
the damping of the input circuit. This is due to
the fact that the distribution noise currents in
the anode circuit and the screen-grid circuit are
in anti-phase with one another (an accidental
increase of the anode current results in an equal
decrease of the screen-grid current), whereas
the signal currents in the t{wo circuits have the
same phase. Consequently, there is no ebjection
to choosing the inductance 2 and the capscity
13 of such value that the .distributien noise is
completely suppressed, It is true that, since the
noise currents in the enode circult and in the
screen-grid circuit which are correlated with the
-cathode noise, have the same phase, the cathode
noise is slightly increased.due to the decrease of
the distribution noise. This disadvantage may be
eliminated, if need may be, by decreasing at the
same time the cathode nolse with the aid of the
method described with reference to Fig. 1.

In a television recelver the inductance of the
coil 12 required for complete compensation of
the distribution noise is of the order of 0.25 mi-
crohenrys.

Fig. 7 shows a mixing circuit utilising means
for decreasing the distribution noise. The re-
ceived signal occurs in the input circuit i which
is included in the circuit of the frst control grid
of the hexode 2. The circult of the second con-
trol grid eomprises the local oscillator 14 which is
indicated diagrammatically. The anode circult
comprises an osclllatory-circult 3 which is tuned
to the intermediate frequency. In order to de-
crease the distribution nolse, coils 15 and I5* are
inchrded In the circuits of the two screen grids
and are inductively coupled with an oscillatory
circuit, which is tuned to the Intermediste fre-
quency and Included in the cireult of the first
control grid, in such phase that the nolse cnr-
rent In the ‘anode circuit which is correlated
with the distribution noilse decreases. The dis-
tribution nolse currents in the circults of the
two screen grids are In anti-phase with the cor-
responding distribution noise currents in the
anode circult. The signal current in the anode
cireuit is in phage with the signal current in thg
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circuit of the outer-most screen grid but in anti-
phase with the signal current in the circuit of
the Inner screen grid. Consequently, the feed-
back brought about by the coil 15 will cause the
signal current in the anode circuit to increase,
whereas the feed-back brought about by the coll
15’ decreases the signal current in the anode clr-
cuit. 'The coll 15 thus causes for the signal a
positive feed-back and the coil 15" a negative
feed-back. Itensues therefrom that the distribu-
tion nolse brought about by the outermost screen
grid may be completely suppressed, whereas the
distribution noise which is brought about by the
intermost screen grid can be reduced but cannot
be completely suppressed. Suitable proportioning
of the two feed-back couplings exists, for exam-
ple, when the feed-back by means of the coil 15
is so great that the distribution nolse which is
brought about by the outer screen grid is exactly
suppressed while the feed-back by means of the
coll 1§’ is so chosen that the signal is fed back as
strongly positive (by the coil 15) as negative (by
the coll 15’.) The signal intensity in the anode
circuit Is in this case equally great as that without
noise compensation while the noise in the anode
circuit Is materially reduced.

Instead of using separate coils 15 and 15, use
may alternatively be made of a common coil in
which the two screen-grid circuits are preferably
connected to different tappings.
tube in which the two screen grids are internally
connected through, the latter embodiment is not
possible so that In this case, an optimum decrease
in noise cannot in general be obtained.

The circuit (6 preferably has an impedance ;

of about 1000 ohms.

On principle, Instead of using the described
feed-back by means of the Intermediate-fre-
quency circult 16, use might also be made of
aperiodic feed-back., However, this Involves the
disadvantage that the rccelved oscillations and
the local oscillations also are fed back, due to
which the good operation of the mixing tube
might be disturbed. The described selective feed-
back Is consequently preferable.

HMg. 8 shows a low-frequency amplifying cir-
cult comprising means for decreasing the distri-
bution nolse. The voltage to be amplified 1s sup-
plied by means of terminals 17 and 18 to the pri-
mary winding of the Input transformer 19 whose
secondary winding is connected between the con-
trol grid and the cathode of the amplifying tube
2, The ancde circult of the tube comprises the
primary winding of an output transformer 20

whose secondary winding is connected to output

terminals 21 and 22. For decreasing the distribu-
tion noise, the input transformer 19 comprises an
additional winding 23 which is included in the
screen-grid circult and which induces a nolse
voltage of the correct phase, which 1s correlated
with the distribution nolge, In the secondary
winding of the input transformer.

The described methods for decreasing distribu-
Ltion nolse and emission noise may be jolntly used
s0 that a decrease of the distribution noise and
8 decrease of one or more kinds of emission noise
is obtained simultaneously. It is also possible to
reduce al] the noise components together by sup-
plying a noilse voltage derlved from the anode cir-
cult In the correct phase to a control grid. An
example of the last-mentioned method is 1llus-
trated in Fig. 8. This figure shows a high-fre-
quency amplifier utilising a secondary-emisgion
tube. That part of the cathode lead which 1s
common to the anode circuit and the control-grid
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circuit comprises an inductance 4. The second-
ary-emission electrode and the screen grid are
connected for high frequency to that extremity
of the coil 4 which is connected to the cathode
so that the secondary-emission nolse current and
the distribution nolse current flow through the
coil 4. Consequently, a noise voltage occurs across
the coil 4 which voltage is correlated with the
noise of all the sources of noise present In the
tube. This nolse voltage {s transferred through
the control grid-cathode capacity to the input
control grid, and this in such phase that all the
nolse components are decreased.

With regard to the possibilities of application
of the various circuit arrangements it may be
remarked that the circuit arrangements accord-
ing to Figs. 1, 4, 6 and 9 are particularly adapted
for wave-lcngths below 30 metres, for which
wave-lengths the inductances required for the de-
crease in nolse can be easily realised. Purther-
more the decrease in noise obtained s variable
with frequency so that in the case of tunable am-
plifiers an optimum result is obtalned for one
frequency only; the frequency chosen therefore
Is preferably the highest frequcncy of the tuning
range.

In view of the foregolng, for frequencies below
10 Megacycles/sec. (A\>30 metres) and with tun-
able amplifiers use is preferably made of circuit
arrangements in which the noise voltage required
for the decrease in noise 1s supplied to a control
grid by means of a transformer, such as {s the
case, for example, In the circuit arrangements
of Figs. 7T and 8. The circult arrangements of
Fig. 5, whose operation with regard to the de-
crease In nolse is independent of frequency can
also very well be used in the two last-mentioned
CAases.

In the circuit arrangements of Figs. 1, 4, 5, 6
and 9 it Is essentlal for correct operation that the
input circuit constitutes at least approximately
ah ohmic resistance for the frequencies to be
transmitted, in other words that the input eircuit
is tuned to the signal to be transmitted. The

5 circult arrangemcnt described with reference to

Figs. 2 and 3, in which use Is made of the influ-
ence current flowing to the control grid and In
which the Input circuit is detuned relatively to
the signal, can therefore only be combined which
one of the circults of Figs. 4, b or 6, if at thc same
time a phase correction is effected in order io
give the correct phase to the noise voltage which
1s fed back to the control egrid from the second-
ary-emission electrode or from the sereen grid.
This phase correction generally requires the use
of ohmic resistances which constitute new noise
sources.

When iransmitting very high frequencles, for
which the transit-tilme of the electrons is no
longer negligibly small relatively to the period
of the oscillations to be transmitted, it 1s fur-
ther necessary to consider the phase displace-
ments of the nolse currents occurring in the cir-
cults of the various electrodes which are brought
about by the transit-times.

The operation of the various described circuit
arrangements for nolse decreasing is llhistrated
diagrammatically in Fig. 10. In this figure the
gignal current and the varlous noise currents in
the output circuit are represented as a function
of the Intensity of the feed-back used to decrease
the noise. For the sake of simplicity it has been
assumed that all the currents have a linear vari-
atlion with the Intensity of the feed-back, which,
of course, cannot always be the case In reality.
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Line I represents the magnitude of the slgnal
current in the output clrcult., The same line also
applies to the intensity of the cathode noise-cur-
rent in the output circuit with the circuit ar-
rangement of Fig. 1, since in this circuit arrange-
ment the signal to noise ratio does not vary with
the intensity of the feed-back., Line II repre-
sents the intensity of the cathode-noise-current
in the output circult for the case described with
reference to Figs. 2 and 3 viz. that the cathode
nolse Is decreased by detuning the input elrcuit.
In this case the cathode noise-current in the out-
put circuit can be reduced to nought while the
signal current practically remains constant., Line
IIT applies to the intensity of the secondary-emlis-
sion nolse current in the output circult in the
case of the circuit arrangement of Fig. 4. In this
circuit arrangement the secondary-emission noise
may be reduced to nought but only at the cost
of a considerably decrease of the signal current.
Line IV represents the intensity of the distribu-
tion nolse-current in the output circuit with the
circuit arrangements of Fig. 6 and 8. The dis-
tribution noise may be completely reduced to
nought, in which event the signal current in-
creases.

In the case of the circuit arrangement of Pig. 7
the intenslty of the distribution noise-current
brought about by the outer screeén-grid may be
represented by lLine IV while the line which in~
dicates the intensity of the distribution nolse-
current brought about by the innermost screen-
grid coincides with line I. On principle, the pos-
sibility must be considered that the intensity of
a given nolse current In the output circuit varies
as represented by the dotted line V, In this case
the noise current will Iincrease with increasing
positive feed-back but to a less high degree than
the signal current. Consequently, in order to ob-
tain an !mprovement in the signal to noise ratio
in the output circuit, the intensity of the noise
current would in this case have to be increased.

The question arises as to whether in the various
circuit arrangements described the amplification
may be controlled by variation of the bias of one
of the electrodes of the tube without disturbing
the decrease In noise obtalned. It is readily un-
derstood that in the circult for decreasing the
cathode nolse the result obtained does not vary
if the cathode current remains constant, From
a calculation it appears that the same condition
applies to the case of the decrease of the dis-
tribution noise; In this case also the decrease in
nolse is not influenced, as long as the cathode cur-
rent remalins constant during the control. Con-
sequently, in the circuit arrangements of Figs.
1, 6 and 8 the amplification may be controlled by
variation of the blas of the suppressor grid.

It appears that in the case of the decrease of
the secondary-emission noise, such as for exam-
ple in the circuit arrangement of Fig. 4, the con-
dition must be fulfilled that the primary current
which flows to the secondary-emission electrode
remains constant during the control. Conse-
quently, in this case the ampliflcation may be
controlled by variation of the bias of the second-
ary-emission electrode.

In conclusion, some attention should be paid
to the problem in what manner the aerial of a
receiver must be coupled to the input circuit in
the case that in the first stage of the receiver use
is made of one of the noise-decreasing circuit ar-
rangements described.

It 1s usually assumed that for obtaining an
optimum signal to noise ratio the aerial must be
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coupled to the input circuit in such manner that
a maximum slgnal voltage is set up at the con-
trol grid of the first tube. For this purpose, in
the usual transformer coupling between the
aerial circuit and the input circuit the secondary
transformed aerial resistance Ra must be rend-
ered equal to the circuit impedance Rk. The
satne condition also applies to other aerial cou-
plings in which the secondary transformed aerial
resistance is always to be understood to mean
the reciprocal value of the damplng exerted by
the aerial on the input circuit. A fuifilment of
this condition, however, has the effect of obtain-
ing & maximum signal to noise ratio only in the
case that the tube noise is highly predominant
over the circuit noise. It is also clear indeed
that, if only the tube nolse need be taken into
account, a maximum slgnal to noise ratio may be
obtained by providing for a maximum control-
grid voltage.

If, on the other hand, the circuit noise will be
largely predominant to the tube noise so that
solely circuit noise has to be considered, a maxi-
mum slenal to noise ratio will be obtalned by
connecting the aerial directly to the eontrol grid
since in this case the signal to noise ratio which
occurs in the aerial may only be increased by the
addition of further circuit elements. Conse-
quently, in this case the optimum signal to noise
ratio would be obtained by a tightest possible
coupling between the aerial and the Input cireuit,
that is to say the condition for a maximum free-
dom of noise reads: Ra=0.

In practice both the tube noise and the circuit
noise must be considered and consequently the
optimum signal to noise ratio is obtained for a
value of Ra which is comprised between the two
stated values. It appears that the optimum
acrial coupling is determined by the equation:

R
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in whiclh Rp represents the equivalent noise re-
sistance of the tube. In cases in which the
“transit-time damping” plays an Important part,
a correction will still have to be made in this
relgtion.

Now, it was already demonstrated above tliat
the connection of an inductancec in the eathode
lead for the purpose of decreasing the cathode
noise results in a varlation of the damping of the
input circuit, whereas the signal to noise ratio
remains constant. Consequently, it will be clear
that in calculating Rx in the above-stated relg-
tion the damping of the circuit brought about by
the inductance in the cathode lead should be dis-
regarded. It appears that the same remark ap-
blies to increases and reductions of damping
which are brought about by the arrangement of
means for decreasing secondary-emission noise
and distribution noise. Consequently, in the
above-stated equation there must be filled in for
Rx the reciprocal value of the total damping of
the input circuit decreased by the increases or
reductlons of damping which are brought about
by nolse decreasing measures, or in other words,
in calculating Rk only the natural losses of the
circuit, If necessary together with damping re-
sistances included In serles or in parallel in the
circuit, and the “transit-time damping” must be
considered,
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