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alternating currents, and more particularly to output of the tube A is shown as supplied 
amplifies which will - - - 
a wide frequency band. Its object is to pro 

iduce an amplifier, particularly for high fre 
quency, wi 
in certain working limits in the same way... - 
Another specific object is that of neutralizing n p 
the effect of the capacities between the ele 
ments in a vacaum tube. Still another ob 
ject is to do this in a manner which makes. 

() 

ground. . . . 

which ti 
{} 

filter, the ps ion of the frequency spectrum which 
desired to use. . . . . . . . . . 

the accompanying drawing, in which Figure: 
1 shows the application of my invention in a 
simple form: Fig.2 shows a modification 

40. 

of two types, tuned to amplify a single fre- across the grid circuit is a second ind 
quency of a narrow band and intuned to Ls in parallel with a resistance R 
amplify wide bands. 

a balanced push-pull vacuum tube amplifier condenser in parallel with the capacit C 
grams which are to be used in the explanation 
of Figs. 1 and 2, respectively; Fig. 5 shows a 

5 further elaboration of my invention to a 9 
three-stage amplifier; and Figs. 6 to 10 are Rre 
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This invention relates to amplifiers of comprising the vacuum tube 
s which yiii operate effectively over with voltage through the choke coil Lo, the al 

ternating current output circuit of the tube 

hich will treat all frequencies with 

to filament is the inductance L, with the c 
tense. Co. of large capacity serving 
blocking condenser for direct curren 

independent of capacities to connected to the plate of A and exten . 
. . . . . . . . . . . . . . directly to the grid of B, is a circuit consisting 

fligh-frequency amplifiers have been built of the condenser C. and inductance. 
the amplifier 

he latter type has not be noted that the capacity 
eraily been as satisfactory for frequencies plate of the tube Aisco 
the broadcasting range, and their use is to the first inductance L an 
ively infrequent in present practice. in the circuit by the dotted condense 
slargely because of the shunting effect. Also it will be observed that the cap 

-electrode capacity of the vacuum from grid to filament of tube B is 
hich decreases the effectiveness of the he second inductance Landi 
rail the higher frequencies. . . . . . ed in the circuit by th 
me these effects, and thus accom- An expansion of this figure now revea 

the objects of my invention in part by between the amplifiers A and B therei 
gainplifier circuit, arrangements asso-tion of network of the ladd 

ated with networks of certain types in - - - - - - - - - as 
a capacities within the amplifying 

tube become a portion of a more extensive.net. 
work, preferably of the band, pass type of 

assband filter covering that po-, p equenc 
t ind the 

sited to use , , , , , will be no attenuation. If th The invention will be better understood by and C7 are not equal to each other, reference to the following specification and will be desirable that the two induct 
should be of suitable different valu 
difference may be compens 
ing in parallel with one of the thereof in which, for the sake of symmetry, Lisay the first one, a condenser C., whic 12. Say.. V. V.V.5 cu -\ S. - . 

E.S.E.E, yields capacity aloc, then 

schematic diagrams useful in connection with there Wi 
the explanation of the circuit of Fig. 

50 essential portions of a two-stage amplifier 
the s Referring to. Fig.1, there are sho 

  

  

  

  

    

  

  

  

    

    

  

  

  

  

  

  

  

  



transmitted lies within the transmission 
: band of the filter section thus shown. 

The circuit of Fig. 1 is for illustrative pur 
poses only, and for simplicity has been shown 
as connected between two stages of amplifier 
tubes. Obviously, a similar filter, prefer 
ably corresponding to a half section, should 
be inserted in the input of the first tube and 
the output of the second tube. . ' , . . . . " 

A filter of the type described should for 
its proper functioning be terminated by a 
load the impedance of which is equal to the 
impedance of the section itself. Thus, the 

15 plate circuit of the tube. A has a certain ohmic 
resistance and the values of the inductances 
and capacities of the filter section would in 
general be chosen of such value as to have 

20 
a characteristic impedance equal to that of 
the plate circuit of the tube A at the same 
time as they cover the band of frequencies to 
be transmitted. Similarly across the output 
of the filter section there should be a load of 
this same characteristic impedance, and this, 
is provided by a resistance R of the appro 

... 25 run priate value. Under these circumstances 
there will be no echo or reflection effects with 
in the circuit. 

20. 
As a further illustration of my invention, 

reference may be made to Fig. 2, in which the same principles are applied to a push 
pull, circuit. Here again, the amplifiers A 

plifier through the inductances L., one for 
each side of a push-pull circuit. The capac 

and B are connected in tandem, each stage 
being push-pull, and there is shown 95 a coll 
pling between the two stages a network anal 
ogous to that of Fig. 1...B battery in this 
case is applied to the plates of the first am 

ities from filament to plate of each of these 
tubes is shown in dotted lines by C' and the 
capacities from filament to grid of the am 
plifier. B are similarly shown in dotted lines 
by the condensers C. In a manner similar 
to that of Fig. 1 series condenser C, and in 
ductance Li are connected from plates of 
amplifier A to grids of amplifier. B and in 
ductances L. are connected across the input 
circuit of the amplifier B, these inductances 
being in parallel with resistance Ri. A 
blocking condenser Co of reasonably large 
capacity is connected from the midpoint of 
the first inductances L., thus giving a low im 
pedance path for the alternating currents 
to ground or filaments of amplifier A. . Also, 
grid biasing battery E. may be introduced 

- in the usual way. It will now be observed 
that this Fig. 2 comprises two stages of am 
plification coupled together by means of one 
section of a ladder type filter, such filter sec 
tion being shown for simplification in Fig. 
4. It will be observed that this section is a symmetrical one, making it possible to ground 
the midpoints of the shunt elements in a man 
ner necessary for the proper operation of the 

tendency of these amplifiers to “sing 
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tubes and yet in a manner which does not 
interfere with the operation of the network 
as a filter section. . . . As described in connection with Fig. 1, it 
is desirable that the filter section shall be. 70 
terminated in a load whose impedance is . 
matched with that of the filter section. This is accomplished through the resistance R, 
which is given the appropriate value for r 
such matching. . . . . . 
In this Fig. 2 there is shown in each am 

plifier a condenser C from the grid of each 
tube to the plate of the other tube, this being 
an old and useful expedient to neutralize the 

80 

A further modification and a preferred 
form of my invention is illustrated in Fig. 5. 
which shows three stages of amplification, 
each stage being push-pull, the first two 
stages being of the type of tube known as 
Screen grid tubes and the filter sections being 
of the form known as the lattice type. An 
incoming line F is connected by means of . 
transformer T, to the input terminals of the 
push-pull amplifiers A, there being a filter 
the transformer and the amplifier, and the 
details of which will be described later. The plates of this amplifier A. are connected 
through choke coils. Lo to positive of B bat 
tery, and the screen grids are connected di 

85 

90 
Section of the lattice type connected between 

95. 

rectly to a positive point on the B battery with 
a by-pass condenser Co to ground. The output of the amplifier A is connected 
through blocking condensers Co and a filter 
Section to the input of a similar amplifier B, 
and the output of this, amplifier is connected 
through blocking condensers Co. and a filter 
Section to the input of the amplifier. D., this . 
amplifier being shown as of the usual three 
element type, and is of a form adapted to de-, 

shown for the amplifiers of Fig. 2. The out 
put of the amplifier D is supplied through a 
filtersection and transformer to outgoing line H. 
A better. understanding of this invention , 

will be had by reference to Figs. 6 to 10 
which may be used for deriving the relation 

liver a substantial amount of power, the 
connections therefor being similar to that 

110. 

ships and characteristics peculiar to the lat 
tice type network. Thus a lattice type net 
Work of the form shown in Fig. 6 has an iterative impedance given by 

Z = WZZ (1) 
and a propagation constant given by 

In case Z, and Z are of opposite signs, as 
will in general be true for certain frequencies 
or ranges of frequencies, then the filter is a 
band pass filter over that region. On the 

120 

130 
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other hand, if Z, and Z, are of the same sign, 
then the filter for such frequencies is a stop 
band filter. In order that there shall be no 

filter of Fig 
frequenc 

reflection or echo effects produced with such a 
5 filter, it is important that the outputter 
minals 3 and 4 shall be connected to an im 
pedance R-equal to the literative impedance, 
of the network. . . . . 

Let us now consider the network of Fig. 7 : 
which differs from Fig. 6 in that each branch 
of the iattice network has been shunted by 
an impedance Zo. By the usual circuital 
theorems it can readily be shown that theim 

0. 

pedance at 1 and 2 when 3 and 4 are short 
circuited, is ZZZ . . . . . . . . . 

Z-23ZZ,12ZHZZ (8) 
and the impedance at 1 and 2 with 3 and 

20 open is . . . . . . . . . 

zo-3,3,3% 2L (Z, +Z) (Z-EZ) 

15. 

(4) 
Let us now consider the circuit of Fig. 8 

which is similar to Fig. 6, except that im 

ing case of Fig. 7. Also it will be found that 
the impedance at 1 and 2 with 3 and 4 open 
is identically the same as that for the cor 
responding case for Fig. 7. Therefore the 
networks 7 and 8 are electrically equivalent 

: to each other. These results may be applied 
more specifically now to Fig. 5 by referring 
to Figs. 9 and 10. In Fig. 9 there is shown. 
a network which is similar to that encoun 
tered in Fig. 5 at the input of the amplifier 
A and terminating in the resistance R, of 
proper magnitude...It will be noted that the 
the impedance Z being replaced by the two 
condensers Coin series or the two condensers 
C' in series. Furthermore, just as the cir 
cuit of Fig. 7 may be derived from the cir 

45 

cuit of Fig. 8, so the circuit of Fig. 10 may 
be derived from the circuit of Fig. 9. Such 
derivation consists in shunting the induc 
tances I, and L of Fig. 9 by capacities equal 
to A Co, it being understood that the capac 
cities Co and C are equal to each other, this 
having been provided for in Fig. 5. 

10 with the assurance that they apply equally 
well to the circuit of Fig. 9. Such formulae 
may be found in various treatises on the sub 

C. ject of wave filters, as in an article by G.A. 
Campbell in Bell System Technical Journal, 
Vol. I, No. 2, pages 1 to 64, or in application 
to Mason, Serial No. 489,269, filed October 
17, 1930. . . . . . . . . . " . . . 

(3 Reference to the above will show that the 

the type of Fig. 9 occurs beforean 

amplified is negligible. pedances Zo have been bridged across the ter- nplified is negligible 
minals 1 and 2 and across the terminals 3 
and 4. It will be found that the impedance? 
at 1 and 2 with 3 and 4 short-circuited is 
identically the same as for the correspond 

choke Lo, t 

eral that the capacity from plate and gifth iEEE ndscreen 
capacity of the amplifier B. Any lack of EYEye Edily be adjusted TOI OW Sup infall ?inndancare crl , ? : . . . . . circuit of Fig. 9 is similar to that of Fig. S, If Py supplemental condensers such as C. 
capacity 
otput gapacity of A, then, of course, the sup. plemental condensers should be associated 

understood that similar adjustments may 

The 
5.5, usual design formulae applicable to the lat 

tice type network may now be applied to Fig. 

of which one illustration is given in Figs. 

- It will. b O 

amplifier stage in Fig. 5, thus giving a filter. 
of four sections with certainam 
between the various stages. 
5 Co is lised to indicate a blocking condenser . . 
which in general would be sufficiently large . . 
so that its impedance for the frequency to be ". . . ... 

plified is negligible. It will be noted, also, that in the output of each amplifier there is a 
inductance of suffi substantially infi 

the alternating currents to 
this being ani 

gnitude, to offe 

amplifiers. A and B, it will not occur ingen. 
nt will be equal to the input. 

105 

If the circumstances are such that the input of amplifier B is smaller than the 
ll.0 . . . . 

With the input of the amplifier B. It is to 
made in any of the other filtersife 

have described in detail the use of a lattice, type of filter section and prefer this 
form because of the relative simplicity of - 
the design formulae involved and the trans. 
formation from the standard type to the type :0. 
shown in Fig.5. It is to i. 
Yer, that my invention is not limited to such 

filters but that these may take on any form, 
1 and 2. . . . . . . . . 
What is claimed is: 
1. Ayacuum tube amplifying circuit for 

amplifying frequencies over a given band, comprising two tubes associated in push-pulf 
combination, and a filter associated with one." 

    

  

  

  

  

  

  



pair of terminals thereof and adapted to pass 
the desired frequency band, the capacities of 
the tubes as seen from said terminals being 
elements in the filter. 
amplifying frequencies over a given band, 
comprising two tubes associated in push-pull 

2. A vacuum tube amplifier circuit for 

combination, and a lattice type filter in the 
10 

elements to compensate therefor. 
input circuit with the input capacities of the 
tubes as elements thereof and with additional 

3. A vacuum tube amplifier circuit for 
amplifying frequencies over a given band, 
comprising two tubes associated in push-pull 
combination, and a lattice type filter in the 
output circuit with the output capacities of 
the tubes as elements thereof and with addi 
tional elements to compensate therefor. 

4. A vacuum tube amplifier circuit for 
amplifying frequencies over a given band, 
comprising a plurality of stages of amplifi 
cation, each stage comprising two tubes asso 
ciated in push-pull combination, and a lat 
tice type filter between any two stages there 

over the given band. ". . . . . . . . . . . . . . . 
5. A vacuum tube amplifier circuit for alm 

plifying frequencies over a given band, com: 
prising a vacuum tube and a filter associated . 
with the input circuit and adjusted to pass 
the desired frequency band, the input ca 
pacity of the tube being an element in the 
filter a resistance across the input circuit of 

of, the internal capacities of the output ter 
minals of one stage and the internal capaci 
ties of the input terminals of the next stage 
being elements in the filter, these with other 
elements making the filter a pass band filter 

such value as to substantially match the 
characteristic impedance of the filter. 

40 6. A vacuum tube amplifier circuit for am 
plifying frequencies over a given band, com: 
prising a vacuum tube and a filter associated 
with the output and adjusted to pass the de 
sired frequency band, the output capacity of 
the tube being an element in the filter, the 
values of the elements in the filter being such 
that the characteristic impedance of the filter 
is equal to the internal impedance of the tube. 
across its output terminals. . . . . . 

(0. 

65. 

to the tube. . 
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7. A vacuum tube amplifier circuit for am 
plifying frequencies over a given band com 
prising a vacuum tube, a filter associated with 
the input, and a filter associated with the out 
put circuit, each adjusted to pass the desired 
frequency band, the input capacity and the 
output capacity of the tube being elements in 
the filters, and the characteristic impedance 
of the filters being adjusted so that there are 
no echo or reflection effects at the connections 

8. A vacuum tube amplifier circuit for am 
plifying frequencies over a given band, com 
prising two stages of vacuum tube ampli 
fiers and a filter connected between the two 
stages, the internal capacity of the output 

70 : 

75. 

80. 

terminals of the first stage and the internal 
capacity of the input terminals of the second 
stage being elements in the filter, these ele. 
ments with others making the filter a band 85. 
pass filter over the given range, the character 
istic impedance of the filter being made equal 
to the output impedance of the first tube. 

9. The cimbination of claim 8 character 
ized by a resistance across the grid of the 
second tube of such value that the filter is 
terminated in its characteristic impedance. 

10. The combination of claim 8 character 
ized by a supplemental condenser in the filter. 
to equalize, the internal capacities of the out 
put of the first tube and the input of the sec 

C 

cond tube, and further characterized by a re 
sistance across the grid of the second tube 
of such value that the filter is terminated 
in its characteristic impedance. 

11. A vacuum tube amplifier circuit for 
amplifying frequencies over a given band, 
comprising a screen grid vacuum tube am-- 
plifier, a filter associated with the output cir 
cuit thereof and adjusted to pass the desired 
frequency band, the capacity of the plate and 
the screen grid being an element in the filter. 

12. The combination of claim 1 character 
ized by the fact that the filter is of the sym 
metrical type with midpoints of the shunt - elements grounded. 

wifi A.M. H. T. HOLDEN. 
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