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5 Claims.

The invention relates to a circuit arrange-
ment’ which comprises.an impedance constituted
by the input-impedance of a low-pass or band-
pass filter of the =- or T-type respectively.

1t is already known to use such impedances in
amplifiers such as, for instance, television am-

plifiers by which a large range of frequencies is’

to be uniformly amplified. In these well-known
cireuits the impedance connected in the anode
circuit of an amplifying tube is constituted by the
input-impedance of a low-pass filter section of
the fundamental =-type which consequently con-
sists of an inductance Li’ in the series-branch
and capacities 1%Cz’ in each of the two shunt-
branches. The output terminals are terminated

by a resistance which is matched to the image- .

impedarnice between the output terminals. In
these circumstances the input-impedance cor-

responds to the image-impedance and this be-

haves in the transmission band as a resistance
whose value increases as the frequency is higher,
which consequently would yield an amplification
dependent on the frequency. In order to render
the absolute value of the input-impedance and
consequently also the amplification independent
with respect to frequency it has furthermore been
proposed already to connect, in parallel with the
input terminals, an additional condenser 1% C2’
corresponding to the shunt-condenser of the
. filter network between these terminals. As will

be shown hereinafter the absolute value of the

input-impedance of the filter corresponds in this
case to the nominal value R of the image-im-
pedance so that the amplification determined by
the input-impedance is constant for all- fre-
quencies in the transmission hand. It appears
that the product of the band-width d. e. the
width of the range of frequencies transmitted)
‘and amplification which can be achieved by
means of such an amplifier is inversely propor-

tional to the value of the shunt condenser %Ca’

of the filter network and since the minimum

value of this condenser is limited by the anode-

cathode capacity of the amplifying tube con-

nected in parallel with the input-terminals of the

filter network the attainable amplification can
be raised only at the cost of the band-width and

-~ conversely. - S :
The present invention has for its object to en~

hance the input-impedance of low or band-pass-

filters so that when, for instance, it is used as an
impedance in the anode circuit of the amplifying
_tube the product of band-width and amplifica-
tion is larger than that which could hitherto be
attained. : : .
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-vention; Fig. 2 shows a

" In a circuit arrangement including an imped-
ance constituted by the input-impedance of a
low-pass or band-pass filter of the =~ or T-type,
respectively, whose image-impedance between
the input terminals, the nominal value of which -
amounts to R, corresponds to the image-imped-
ance of the basic type of low or band-pass filters
and whose output circuit is terminated by an.
impedance matched to the image-impedance be-
{ween the output terminals, according to the in-
vention this purpose is attained by connecting in
parallel with the shunt-impedance 2Zz of the
w-type lying between the input terminals an

‘impedance

27,
n

and a negative resistance —Ra, respectively, and
by connecting in series with the series-impedance
1,71 of the T type an impedance %nZi and a
negative resistance —Ri, 7 being given by the

expression
_ [ R
n ,\/ 1 _Rl_

" The invention will be more clearly understood
by reference to the accompanying drawing,
given by way of example, wherein Fig. 1 shows & ~
symmetrical low-pass oI band-pass filter net-
work of the m-type, embodying the present in-

cuit in the output circuit of which there is in- .
cluded a low-pass filter network of the funda-
mental =-type; Fig. 3 is a circuit similar to that
of Fig. 2, but with the present invention embodied -
therein; Fig. 4 is' a modified form of the inven- .
tion disclosed in Fig. 3; Fig. 5 shows the appli-
cation of the invention to-a band-pass filter net-
work of the »-type; and Fig. 6 shows & sym-
metrical low-pass or band-pass filter network of
the T-type in accordance with the present in-
vention. :

“Fig. 1 shows a symmetrical low or band-pass
filter network. consisting of a series-impedance .
7: and two shunt-impedances 27», It is sup-
posed that the construction of the impedances Z1
and 2Zs corresponds to that of the fundamental .
type of the low or band-pass filters or are in-
ferred therefrom by the well-known mr-trans-
formation. - Starting therewith the image-im-
pedance Zr’, between the input-terminals ‘I,, 2
and, on account of symmetry of the filter net-
work, the corresponding jmage-impedance be-

known amplifying cir- -




2

tween the output-terminals 3, 4 is given by the
expression: :

R

A
T 1/1—:1:2

O

[

In this expression R represents the nominal .

value of the image-impedance, x in the case of a
low-pass filter being given by

=5
i
where f denotes the frequency and fi the limit-
ing frequency, and in the case of a band-pass
filter being given by:

J 1
Jifs f
=13
N fe

where f denotes the frequency and fi and f2
represent the lowest and highest limiting fre-
quency respectively. )

Between the output terminals of the filter net-
work is connected a resistance R which corre-
. sponds to the nominal value of the image-im-
pedance Zr’.

According to the invention an impedance

27,
n
and a negative resistance —R: are connected be-
tween the input terminals 1, 2 of the filter net-
work. The impedance Z; measured between the
input-terminals then amounts to

. 2Z..Ri.Zxn’

: YR~ 32,27 T nZa R
Now it is known from filter-theory that for low
and band-pass filters of the fundamental type or

_filters inferred therefrom according to the mr
transformation:

¥/

R
2Z2=j_x (3)

After substitution, of the Expressions 1 and 3 in
the Expression 2:
RR,
RrJl —22—R —]le ,
The absolute value of the input-impedance 7
consequently amounts to :
RR,
VR*—2RR1—2+Ri(1—2?) + niz?R?

Z,;=

Zi=

@) :
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The expression \/1—z2 forming part of the de- °

nominator may be developed in the following
~ series:

Vl=z2=1 ——;x’ ——é:v
so that
’ RR[

Zi__‘/. (R-R)*+ (n2 -1 +§%)sz12 +iRRa

According to the invention 7 is chosen so as to
fulfil the condition:

R /[, R
n2_1+R_1_0 orn= I—E
hence
R

Zie RR; .
T e —— !
VE=E+IRES ”2\/1 +‘1‘1R71 o

This expression includes the frequency-depend-
ent magnitude z, i. e. that the absolute value of

(4)
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the input-impedance Zi is not entirely constant
in the transmission band. In practice, however,
the deviation makes itself felt only at the edge
of the range of transmission. '

If, for instance,

then
: 3
Z = 2

=B
3
v/ 1 +1*6:C‘

whence it results for a low-pass filter that at the
limiting frequency Z: has fallen to 91.7% of the
value at =0 and for £=0.8 to 96.3%. Thus, in
the Expression 4 above,

1k
) 4R
may, to a first approximation, be supposed to be
equal to .
xt
ra
and very much smaller than 1, hence
R
(Z) =

Since n is smaller than 1 the absolute value of
the input-impedance is higher than the input-
impedance of the well-known filter referred to
above in which the absolute value of the input-
impedance amounts to R.' Consequently, when
the impedance Z; is used as an anode-impedance
of an amplifying tube this circuit permits a
larger product of band-width and amplification
to be attained than in the case of the known
circuit, which will be more fully explained by
reference to the circuit arrangements shown in
Figures 2 and 3. .

Fig..2 shows the well-known amplifying circuit
including an amplifying tube 5 of the pentode-
type, whose anode-impedance is constituted by
a low-pass filter network of the fundamental x-
type consisting of an inductance I’ in the series

“branch and a condenser

02’

2 _
in each shunt branch. The output terminals 3,
4 are terminated by means of a resistance R
corresponding to the nominal value of the image

impedance
: R
=
: R g~
a condenser
2

being connected in parallel with the input-ter-
minals f, 2. From filter theory it follows that

Cy = ﬂ_f%( fi=limiting frequency)
s0 that

Hence we have for the input-impedance Z;
B R

Al

S

27z

whence it follows that Zi—R.
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If the mutual conductance of the amplifying
‘tibe 5 is S the amplification amounts to V=S.R
_and since the band-width is given by
o h=rem .
it follows that the product of band-width and
amplification is S ’

.10

In this case the total capacity between the input

terminals of the filter amounts to C2’ and in or-
der to render the product V/1 as large as possible
this capacity should be made as small as possi-

ble, which is the case when this capacity is con- .

stituted by the anode-cathode. capacity Cax of
* the amplifying tube 5. In this case:’ i
: Vi S 1

* Lak
We shall now consider the amplifying circuit
shown in Fig. 3, wherein the anode-impedance
of the amplifying tube § is an impedance accord-
ing to the invention. This impedance is consti-
- tuted by the input-impedance of a low-pass Al-
ter similar to that used in the circuit shown in
Fig. 2, but now a condenser '

(N
n—2

2

and' a negative resistance —Rz1 is connected in
parallel with the input terminals 1, 2,

R .

holding good, as has been stated above, for the
absolute value of the input impedance

R

Zy=—
1 n

and consequently for the amplification
v=sE
n
. The band-width amounts to
1
f 1 _‘KCz'R
so that we eventually have

S 1 i
. -fl '—; ,nzczl (6)
for the product of bandwidth and amplification.
The total input capacity of the filter amounts to

. C '
n+D%

 and this is chosen so as to coi'respond again
the anode-cathode capacity Cax of the amplifying
‘tube, hence , R

4
a0 G=Ca

or

2
‘ Cz’=m0,,;,
The lattér expression substituted in (6) yields
‘ | . Satll
Vhi=-352 T O]

Upon comparison of the Expressions 5 and 7 it is
found that when making use of the circuit shown

(3)-

13

" the improvement

3

uct of band-width and amplification with respect
to the known circuit amounting to a factor
: a1 ‘
‘2n
In the case of

n=§

amounts to a factor 6. _
The negative resistance —R1 may, for instance,
be constituted by the internal resistance be-
tween anode and cathode of a.screen-grid tube,
whose anode voltage and screen-grid voltage are
adjusted so that the internal resistance is. nega-
tive. However, this circult has the drawback
that the capacity lying between the input ter-
minals of the filter is increased by the capacity

. between anode and cathode of the screen-grid

20

25

30

tube, which, as appears from what has been
said above, results in that the product of band-
width and amplification to be attained becomes .
smaller, ' . :
However, the so-called secondary-emission
tube is a suitable expedient to secure the nega-

‘tive resistance —Ri without experiencing the -

drawback just referred to. This is because the
internal capacity between cathode and the see-
ondary electron emitting electrode to which the .
input terminals of the filter are connected is
much less than the capacity between cathode

. and anode of a screen grid tube operatihg as a

40

negative resistance device. In the latter in--
stance the input terminals of the filter are con-
nected between cathode and anode. o
Fig. 4 represents a circuit arrangement com-
prising a secondary-emission tube. This tube
6 includes a cathode 1, a control-grid 8 to which
are supplied the oscillation to be amplified, an
auxiliary cathode 9 emitting secondary electrons
upon bombardment by electrons and an anode

- 10. Between the auxiliary cathode 8 and the
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" in Fig. 3 we pbtain an improvement of the prod- 75

’

cathode T is connected an impedance constituted
by the input impedance of a low-pass filter
whose construction corresponds to that of the
circuit shown in Fig. 3.  According to the inven-
tion a condenser : .
2

is connected in parallel with the input termi-
nals I, 2. By a suitable choice of the direct
voltage En the internal resistance between the
auxiliary cathode and the cathode may be ad- -
justed so as to-be negative. This negative re-
sistance lies in parallel with the input terminals
f, 2 of the filter and plays the same part as the
?‘?gagive resistance —R: in the circuit shown in

2. O,

Hereinbefore it has throughout been assumed
that the impedance between the input terminals
of the filter itself, consequently with the omission
of the impedance

n

and 'the negative resistance —R:1 ‘n Fig. 1, corre-
sponds to the image impedance Zx’. Strictly
taken this applies only when the output circuit
is terminated by the image-impedance Z»’ which,
as results from the relation: )

R
It ==
" f1—a?
depends on the frequency. .

/The method used in practice to terminate the
output circuit by a constant resistance R cor-
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responding to the nominal value of the image-
impedance gives rise to deviations from the cal-
culated result which in amplifying circuits, for
- instance, is manifest by falling off of the ampli-
fication to a higher dégree at the boundaries of
the transmission band, However, this drawback
can be met in a known manner by arranging for
the filter to end with & haif section of the m-
type which, as is well known, exhibits a more
constant characteristic of the image-impedance
in the transmission band, )

As has already been observed the explanation
of the invention given by reference to Fig, 1
also applies for band-pass filters. In the special
case of a band-pass filter of the fundamental
type the impedance % in the series-branch con-
sists of the series-connection of an inductance

10

15

L.’ and a capacity C1’, as more clearly appears -

-~from Fig. 5, the shunt-impedances 2%, being con-
stituted by the paraliel-connection of an in-
ductance 2L»’ and a condenser . :

o

: 2 ]

According to the invention an impedance

27,
n

N

and a resistance —R;: are connected in parallel’

with the input terminals 1, 2 where

R
n= 1 —I—a
The impedance
22,
n
consists of an inductance
2Ly’
n
and a condenser

7LCQ'

2
as appears from Fig. 5. The absolute value of

the input impedance Z; of this band-filter ap--

proximately corresponds again to
R

n?
Consequently band-pass filters permit the ob-
tainment of the same advantages as those stated
by reference to Fig. 3 for a low-pass filter.
In this circuit arrangement, also, it is ad-
visable to connect the resistance R over a half
section of the m-~type to the output terminals

,

of a complete section. The considerations stated
above also apply when using a half-section.
Furthermore, it is once more observed, that, al-
though in Figures 3 and 5 use is made of a low-
‘pass filter and a band-pass filter of the funda-
mental type, respectively, the invention is not
limited to this kind of filters and that low-pass
filters or band-pass filters inferred from the
basic type by means of mr-transformation may
be used. :

After explaining the invention while making
use of ‘filters of the =-type it is superfluous to give
an explanation for the case in which the im-
pedance ‘1§ constituted by the input impedance
of a low-pass or band-pass T-filter of the basic
type or of a .type inferred therefrom by means

When using a ioW-pass filter or a band-pass.
filter it is not necessary that this should consist
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of well-known mT-transformation. Tt is suffi-
cient to state that in order to render the ab-
solute value of the input impedance constant an
impedance of %nZ: and a resistance —R1 should
be connected in series with the input-terminals
as illustrated in Fig, 6, 1%7; denoting the im-
bedance included in the series-branch of the
filter, and 7 being
[{_E
-v.l E

What I claim is:

1. An amplifier circuit comprising an electron
discharge tube one of the circuits of which in-
cludes an impedance constituted by the input-
impedance of a filter of the m-type, whose image

Jimpedance between the .input-terminals, the

nominal value of which amounts to R, corre-
sponds to the image impedance of the basic type
of filter and whose output circuit is terminated
by an impedance matched to the image impedance
between the output terminals, in which in parallel
with the shunt impedance 27s of the =-type ly-
ing between the input-terminals are connected an
impedance )
. ggz
n

and a negative resistance —Ru1, n being given by
the expression:
R

2. An ambliﬁer circuit according to the inven-
tion defined in claim 1, wherein the electron dis-
charge tube includes an electrode which emits

secondary electrons, and the input terminals of

the filter are connected, respectively, to said sec-
ondary electron emitting electrode and to the tube
cathode, and the negative resistance is constituted
by the internal resistance between said electrode
and cathode,

3. An amplifier circuit comprising an electron
discharge tube one of the circuits of which in-
cludes an impedance constituted by the input-
impedance of a filter of the T-type, whose image
impedance between the input-terminals, the
nominal value of which amounts to R, corre-
sponds to the image impedance of the basic type
of filter and whose output circuit is terminated

by an impedance matched to the image imped-

55

6h

75

ance between the output terminals, and in which
in series with the series-impedance %4Z: of the
T-type are connected an impedance ¥%nZ: and
& negative resistance —Ry, n being given by the

expression:
R

4. An amplifying circuit arrangement com-
prising an impedance constituted by the input
impedance of a standard derived type of filter
whose image impedance between the input ter-
minals has the nominal value R which is equal
to the image impedance of the corresponding
basic type of filter and whose output cireuit is
terminated by an impedance matched to the
image impedance between the output terminals,
said circuit arrangement having ‘a negative re-
sistance element connected to the initial react-
ance element of said filter to broduce therewith
a composite impedance network having a nega-
tive power factor, that is, a negative ratio of real
component to magnitude of imaginary compo-
nent, determined by the ratio of the impedances
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of said elements, and wherein the magnitude of
the impedance of said jnitial element is so altered
as to reduce the magnitude of sald power factor
by the factor:
' 1
n+1
the value of n being given by the expression o

R

\/ 1-R,
where Ri is the magnitude. of said negative re-
sistance. o ]
5, An impedance network adapted to provide
an increased product of impedance and band -
width of frequencies over which said impedance
is’ substantially constant in magnitude, compris-
ing the input terminals of a mid-section termi-
nated derived type filter whose output termi-
nals are clesed upon a terminating resistance of
such magnitude as to produce & substantially non-
reflective termination, a negative resistance con-

'8

nected to the initial reactance element of said
filter whereby to produce therewith a composite

. element having - a negative power factor, and

~ the magnitude of said

10

15

‘R being

further reactance connected to said initial re-
actance element and so chosen as to alter solely
initial reactance at every
frequency, said alteration of magnitude being of
such amount as to cause the power factor of the
so altered composite element to be reduced to

1
n+1

times the first mentioned power factor,

R
n=— ].——E

the magnitude of said terminating re-
gistance and Ri being the magnitude of said
negative resistance.

where

JOHAN HAANTJES.




