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This invention relates to wide band amplifiers, of the 
type known :as "distributed” amplifiers, wherein the stray 
Capacities associated with the input and output electrodes 
of the valves are used as shunt arms of filter sections con 
nected between the output electrodes and the input elec 
trodes respectively and wherein the valves are connected 
effectively in parallel. The delays between the output 
electrodes of the valves are arranged to be the same as 
the delays between their respective control electrodes so 
that the currents flowing from all the valves towards the 
lead add in phase, the load constituting the terminating 
irapedance of the anode filter chain. 

By virtue of the fact that stray capacities associated with 
the valves and the wiring do not add in parallel but consti 
tute, at least in part, the shunt arms of the filter Sections, 
this type of amplifier is very well suited to the amplifica 
tion of frequencies over a wide band. 
When these amplifiers are used for power amplification, 

however, it is found that their efficiency is much lower 
than is desirable. For example, where an output filter 
chain of uniform characteristic impedance is used, and is 
correctly terminated at one end by the load and at the 
other end by a resistance, and when the frequency is low 
So that the phase difference in the filter chains between 
the valves is negligible, then the currents from all the 
yalves flowing towards the load and towards the terminat 
ing resistance respectively will add in phase. As a result 
half the available power will be dissipated in the terminat 
ing resistance. This, of course, means that the effective 
anode conversion efficiency is reduced by half. As the 
frequency of operation is increased and the phase change 
along the filter chains accordingly ceases to be negligible, 
the currents flowing towards the terminating resistance no 
longer add in phase and the power dissipated in the termi 
nating resistance decreases. The efficiency is not im 
proved, however, because of a corresponding reduction of 
anode Voltage Swing in some of the valves. Throughout 
a wide frequency band only the valve nearest the load 
can fully utilise the available H.T. supply. 
The lase of a terminating resistance at the other end of 

the line remote from the load, may be eliminated, as is 
known, by tapering the characteristic impedance of the 
line from end to end. In this case the maximum voltage 
Swing on the anode of the first valve is determined by the 
valve characteristics and the characteristic impedance of 
the first Section of the line, whose maximum value is 
a function of the output capacity of the valve. If the 
filter chain is tapered in integral fractional steps, then 
because of the reduction in characteristic impedance along 
the chain and the reflection which takes place at each 
change of characteristic impedance, the voltage swings on 
all the valves will be substantially equal to the voltage 
Swing of the first valve. Thus the anode voltage swing 
cannot be built up along the chain and the efficiency of the 
anaplifier is consequently low. 
The main object of this invention is to provide im 

proved wide band distributed amplifiers of increased effi 
ciency as compared with comparable distributed ampli 
fiers as at present known. According to this invention 
in its broadest aspect the output line of a distributed am 
plifier comprises a portion including a plurality of filter 
sections of substantiially uniform impedance and a por 
tion including a plurality of filter sections of tapered 
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2 
impedance, the latter portion being that nearer the load end 
of the line. 

According to a feature of this invention a distributed 
amplifier comprises an input filter line having a pre-de 
termined passband; an output filter line having a pre-de 
termined passband which includes a band of frequencies 
which is also included in the passband of the input filter 
line said output filter line having a part nearer the load 
of characteristic impedance tapered towards the load 
and a part farther from the load of uniform characteristic 
impedance; shunt arms in said filter lines constituted, at 
least in part, by valve electrode and stray capacities; a 
plurality of valves having their control electrodes con 
nected to different points along said input filter line and 
their anodes connected to different points along said out 
put filter line, said last mentioned points being so chosen 
that the delays between said anodes are substantially the 
same as the delays between the corresponding control 
electrodes; means for applying signals to said input filter 
line; and means for taking output from said output filter 
line. 
The characteristic impedance of the filter sections in the 

uniform part of the output filter line should be chosen 
as high as the anode capacity of the first valve will allow, 
and the number of valves connected to the said uniform 
part of the output filter line should be chosen to give 
sufficient anode swing on the last of these valves for effi 
cient operation of said last valve over the required band 
width. This anode voltage swing may be maintained for 
all the other valves by a suitable tapering of the character 
istic impedance of the filter sections of the appropriate 
part of the output filter line. This can be effected by 
lowering the values of series arm inductances in the said 
part of the line towards the load and increasing the values 
of the shunt capacitive arms of the said part towards the 
load. All these other valves will now operate at an effi 
cient level. The selection of the point at which the 
change over between the uniform part and the tapered 
part takes place is a compromise selection made in de 
pendence on the anode capacities of the valves and the 
desired bandwidth on the one hand, and the best operating 
conditions for the individual valves on the other. Ob 
viously it is desirable to keep the uniform part as short 
as possible subject to the efficient operation of the remain 
ing valves. 

Preferably the capacitive shunt arms of the uniform 
part of the output filter line are constituted solely by the 
anode and stray capacities and the series arm inductances 
of the said filter line are constituted by different parts 
of a winding, the pitch of which is varied in discrete steps 
over the tapered part of said line. 

It will be realised that for efficient wide band opera 
tion the valves used must be of low capacities, high anode 
current and high mutual conductance. In particular the 
anode-grid capacities of the valves must be very Small. 
The invention is illustrated in the accompanying draw 

ings in which FIG. 1 and FIG. 2 show diagrammatically 
two embodiments of the invention. In the figures similar 
parts carry similar references, and throughout, the normal 
D.C. and other connections not necessary for an under 
standing of the invention have been omitted. 

Referring to FIG. 1 signals are fed via a matching net 
work (not shown) to terminal 1 of an input filter line 
or chain which comprises similar series arm inductance 
L1, and the input capacities (not represented in the fig 
ure) of similar valves V1,V2 . . . V8 as shunt arms. 
The control grids of the valves are connected to different 
points between the inductances L1 so chosen that sub 
stantially equal voltages are fed to the control grids. 
The input filter chain is correctly terminated by resistance 
R1. The cathodes of the valves are effectively earthed. 
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The anode filter line or chain comprises two parts. One 
part is of uniform characteristic impedance and com 
prises series arm inductances L2 and shunt arms consti 
tuted by the output capacities (not represented) of the 
valves V1, V2 and V3. R2 is a terminating resistance. 
The other part of the output or anode filter chain has 
a characteristic impedance tapered towards the load and 
comprises series arm inductances L3, L4, L5 and L6 and 
shunt arms consisting of condensers C1, C2, C3, C4 and 
C5 in parallel with the output capacities of valves V4, 
V5, V6, V7 and V8 respectively. The tapered part of 
the output filter is correctly terminated by a matching 
network and load (which are not shown) connected to 
terminal 2, from which the output is taken. 

Inductances L1 are chosen to constitute in conjunction 
with the input capacities of the valves a filter of suitable 
pass band and characteristic impedance. The parameters 
of the output filter chain are such as to provide suitable 
characteristic impedances and pass band, and the anodes 
of the valves are connected to this filter chain at such 
points that the phase delay between the anodes of adja 
cent valves is substantially the same as the phase delay 
between their corresponding control grids. 

In order to maintain a substantially constant anode 
voltage swing on valves V4, V5, V6, V7 and V8 the ta 
pered portion of the output filter is so dimensioned that 
its characteristic impedance decreases in steps, the actual 
values of the characteristic impedances from step to step 
being chosen in dependence on the valve characteristics 
according to well known theory. 
Although screen grid valves are illustrated other types 

may be used. For example a pair of triodes in cascode 
connection may be substituted for each valve shown. 

It will be obvious that although simple filter sections 
are illustrated, more complex filter sections terminated 
by more complex networks may be used. In particular 
more than one filter section may be used between valves. 
Detailed filter design is, however, a well-known tech 
nique and needs no further discussion here. 
Although the filters illustrated in FIG. 1 are low pass 

filters, other forms of band pass filters may be used. 
'A disadvantage often encountered with wide band am 

plifiers is the generation in the amplifier of second har 
monics of the signal frequencies. It is therefore preferred 
to embody the invention in push-pull amplifier form with 
the input connected to two input filter chains and the 
output taken from two output filter chains e.g. by means 
of transformers. With such amplifiers second harmonics 
can be effectively eliminated from the output. A push 
pull embodiment of the invention is illustrated by FIG. 2. 

Referring to FIG. 2 the blocks. A represent amplifiers 
each as described with reference to and illustrated in 
FIG. 1. Input signals are fed through a matching net 
work (not shown) to the primary terminals 3 of an input 
transformer T having a secondary winding with an 
earthed centre tap. The secondary winding terminals 1 
are connected to the grids of the first valves of the am 
plifiers A. Output signals are taken from the anode 
terminals 2 of the last valves of the amplifiers A to the 
ends of the primary winding of an output transformer 
T. The centre point of this winding is earthed and out 
put is taken from the secondary winding to output ter 
minals 4, to which are connected a matching network 
(not shown) and the load (also not shown). The trans 
formers T and Ta are of course designed to pass signals 
the required band of frequencies and to match the im 
pedances to which they are connected. Matching net 
works (not shown) may be connected to the input and 
output sides of the amplifiers A or the transformers T. 
and T may be designed, in manner well known per se, 
themselves to provide impedance matching. 

I claim: 
1. A distributed amplifier comprising an input filter 

line including a plurality of filter sections each having 
a pre-determined pass band; an output filter line having 
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4 
a pre-determined pass band which includes a band of 
frequencies which is also included in the pass band of 
the input filter line; a load connected to said output filter 
line; said output filter line including a plurality of filter 
sections nearer the load of characteristic impedance de 
creasing stepwise towards the load and a plurality of 
filter sections farther from the load of uniform char 
acteristic impedance; a plurality of valves having their 
control electrodes connected to different filter sections 
along said input filter line and their anodes connected to 
different filter sections of uniform impedance and a 
second plurality of valves having their control electrodes 
connected to different filter sections along said input 
filter line and their anodes connected to different filter 
sections of decreasing impedance along said output filter 
line, wherein the delays between said anodes are sub 
stantially the same as the delays between the correspond 
ing control electrodes; means for applying signals to said 
input filter line; and means for taking output from Said 
output filter line. 

2. A distributed amplifier comprising an output line 
including an output terminal at one end, a plurality of 
valves connected to spaced points along said output line 
to feed output energy to the output terminal thereof, 
said line including a plurality of filter sections, remote 
from said output terminai, of uniform characteristic im 
pedance and a plurality of filter sections, nearer said 
output terminal, of tapered decreasing characteristic im 
pedance, said plurality of valves including a first group 
of valves having their anodes connected to different ones 
of said first mentioned plurality of filter sections and a 
second group of valves having their anodes connected to 
different ones of said last mentioned plurality of filter 
sections, said amplifier including an input filter line hav 
ing a plurality of filter sections, said valves having their 
control electrodes connected to different filter sections 
of said input line to receive signals through different ones 
of said input line filter sections wherein the delays be 
tween said anodes are substantially the same as the de 
lays between the corresponding control electrodes. 

3. An amplifier as claimed in claim 2 wherein the 
characteristic impedance of the uniform filter sections 
of the output filter line has a high value limited by the 
anode capacity of the first valve of the amplifier and the 
number of valves connected to the said uniform filter 
sections of the output filter line is sufficient to provide 
adequate anode swing on the last of these valves for ef 
ficient operation of said last valve. 

4. An amplifier as claimed in claim 2 wherein taper 
ing is effected by a stepwise decrease of the values of 
series arm inductances in the said filter sections of the 
line towards the load and employing shunt capacitors, 
the capacitance of which increases towards the load. 

5. An amplifier as claimed in claim 4 wherein the 
last-mentioned plurality of filter sections of the said filter 
line is constituted by different parts of a winding, the 
pitch of which is varied in discrete steps over the tapered 
decreasing characteristic impedance filter sections of said 
line. 

6. A push-pull amplifier arrangement comprising two 
substantially identical amplifiers, each amplifier having 
an input filter line including a plurality of filter sections 
each having a predetermined pass band, an output filter 
line including a plurality of filter sections having a pre 
determined pass band which includes a band of fre 
quencies which is also included in the pass band of the 
input filter line, an output terminal connected to said 
output line, said output filter line including a plurality 
of filter sections nearer the output terminal of character 
istic impedance decreasing stepwise toward the output 
terminal and a plurality of filter sections farther from the 
output terminal of uniform characteristic impedance, a 
plurality of valves having their control electrodes con 
nected to different filter sections along said input filter 
line, a portion of said plurality of valves having their 
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anodes connected to one of said plurality of filter sections 2,745,004 Yeo Pay Yu ------------ May 8, 1956 
having decreasing stepwise impedance and another por- 2,778,887 Bradley -------------- Jan. 27, 1957 
tion of the valves having their anodes connected to filter 2,930,986 Kobbe et al. –----------- Mar. 26, 1960 
sections of uniform characteristic impedance. 
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