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This invention relates to. amplifiers: of

ooalter
amplifiers whi »
- u wide frequency band. “Itg-object:is to pro-

5" duee an amplifier, particularly for high fre-:

quency, which will treat all frequencies with-
in certain working: limits in the same way.

Another specific-object is that of neutralizing.

‘the effect of the capacities bebween the ele-

jact-is to do this.in-a manner which malkes

the amplifier independent of “capacities. to
t " o " N i Ll i L

ground.

"High frequency ampiiﬁéﬁé have s'x;eén built:
15 of two types, tuned to amplity a single fre-

quency or a narrow.band and untuned “to
smplify wide bands..

1 the, broadeasting range; and their use is
voly infreguent: in'present practice.
< largely because of the shunting effect
inter-eloctrode capacity of the vacunm

i

ifier-at the higher frequencies.: . 1
I overcome these eiffects. and thus accom-

piish the:objects of my inventior in part by

sy
eiated with ‘networks of certain.types:

A

“which the capacities. within: the amplifying.

“ap tube’becomie o portion’of a more extensive.net-

degived to.use.

veference to the following specification and

the accompanying drawing, in which Figure:
1 shows the application of my invention in.a~
simple’ form; Fig. 2 shows a: modification”
thereot in which, for the sake of symmetry,

e
" a balanced push-pull yacuum tube amplifier

cirenit is used ; Figs. 3 and 4 are circuit dia-..

grams which are to be used inthe explanation
of Figs. 1 and 2, respectively; Fig..b shows a

schematic diagrams usefulin ‘(jppnec_tion with
. the explanation of the circuit of Fig. 5.

Referring to. Fig. 1, there are shown the
portions of a- two-stagé” amplifier.
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' hppieation filed August 92, 1931. Serial No. 558,768, *

' comprising the vacuum tube

ronating currents, and more particularly to '
“which swill operate effectively over »
ternating ‘current output circuit of the tube
- being connected to.‘the input circuit of the
tube B through a network which; as will ap-:
-pear later; is one section of a ladder typé

“to filament iy'the inductanee L, with the co

10 mnents i1 a vacuum tube.” Still another ob- denser Oy of ‘large capacity setving ‘agia.eo .

‘of'the dondenser ‘Cy and:inductance Ts, and '

“T,-in-parallel with a‘resistance Ri. Tt
The latter type has not .
renetally been agsatisfactory forfrequencies - :
‘to the Arst inductance L and is repre

from grid to filament of'tube B is in' parallel
wivieh déereases the effectiveness of the ‘ duct: r
oad : . ed in the circuit by 'the détted condenser €
“An expansion:of this figure now reveils tha
- between the amplifiers Aiand B there is a se
camplifier cireuit:arrangements ‘asso- ‘tion of networlk of theladder type commonly
in Fig. 3. ‘Bysuitable choice of the values

worly, preferably ‘of the; band, pass type of:
Alter, the pass band filter covering that-pors,
tion of the frequency spectrum. which at is -

The invention will be better understood by
‘should be ‘of suitable different values:or the

‘ing in parallel ‘with one of the inductances

further - elaboration of my invention to.a. parallel with €.
“three-staoe amplifier; and Figs. 6:to 10 are. -Patals V1L L U C1rcumstance
pree-SLAge bR oh : there will be no attenuation of the highfre-
- quency voltage impressed on: the grid of
second tube as 4 result of the input capacity
“of that second tube so ‘long as'the fre ‘

output ‘of the tube A is shown as supplied - F

with voltage through the choke coil Lis;theal-':.

[T

filter, " Appearing: directly across the plate. i

hlocking condenser for direct current.Also -
connected. to the plate of A and extending:
directly to the grid of B,is a circuit consisting

across the grid circuit is a second indiictance"

be ‘noted. that the capacity: from ‘ﬁlaipeﬁt 0
plate of ‘the tube A is connécted in paral

in the cireuit by the dotted condenser C’ ‘
Also it will bé observed that the capacit

tothe second inductance L, and is represen

used: in‘wave filtérs and shown.more clearly

of the inductances Ly 'and T, and condensers; 8
this filter section may be adapted to-havea
pass ‘band in any region of the: fréquency
spectrum’ desired ‘and over: this band. there
will be no attenuation. If the capacities:C’ .~ .
and C’” are not equal to-each other,.then ‘it 85
will be desirable that the tsvo inductances T,

difference may ‘be compensated for b ,11_3,_‘\%'-,""

L,, ‘say the first one, a condenser Ci, which
condenser in parallel with the capacity C'/;" -~ .
yields a capacity equal:to’ C” In the'event' -
that the capacity O is less than €7, t e

than C”/, the Y
-should be ‘placed in g5 -

‘f*fzv gt S S ATt s
Under‘these circurnstances’:

course, the capacity

he grid of th

frequency 100"
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transmitted: lies within the transmission

~‘band of the filter section thus shown.

(5 9%
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the output-of the second tube.

‘The circuit of Fig. 1is 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

‘A filter of -the type described shéuid for

its proper functioning be terminated by a

load the impedance of which is equal to the

“impedance of the section itself. Thus ‘the
plate cireuit of the tube A has a certain ochmic:

resistance and the values of the inductances
and capacities of the filter section would in

- general be chosen of such value ag 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 outpiit

of the filter section there should be a load of:

- this same characteristic impedance, and this

28

~ is provided by a resistance R, of the appro-

priate -value. “Under these “circumstances

- there will be no echo or reflection effects with-

“in theeireuit, - .

- As a further illustration of my invention,
reference may be made to Fig. 2, in which

- the same principles are applied fo a push-

~ pull’ ¢ircuit:’ Here again, the amplifiers A

62
[

and-B are connected in tandem; each stage

- being push-pull, and there is shown 95 a cou-

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-

. plifier through the inductances L,; one for

£0

each side of a push-pull circuit.” The capac-

- 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 Brare similarly shown in dotfed lines

by the condensers C’.  'In a manner similar

to that of Fig: 1:series condenser C, and in-

~ductance .L; 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 -
A
blocking -condenser C, of reaconably large
-capacity s connected from the midpoint of
“the first inductances I,, 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

being in parallel with resistance Rj.

- 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’

- the midpoints of the shunt elements in a man-.
: .mer necessary for the proper operation of the

symmetrical one; making it possible to ground

such -matching. - :

‘plates of this amplifier A are connected

1,918,393 -

tubes and yet in-a manner w11iph»’do'es ‘not .

interfere with the operation of the network
as a filter section. o '

As described in 'c"onnecvtionywith Fig. 1, it

is desirable that the filter section shall be
terminated in‘a load whose impedance is

70

matched with that of the filter section. This - '

~.is' accomplished through the resistance Ry
-which is given- the

~appropriate value - for’
T this Fig. 2 there is shown in each dm-‘
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

“tendency - of these amplifiers to. “sing”.

5

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 -

85

-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

2

section of the lattice type connected between -

the transformer and the amplifier, and the
details of which will be described later. - The

through choke coils L to positive of B bat-

95

tery, and.the screen grids are connected di- -
rectly to a positive point on the B battery with - -

a  by-pass condenser C, to ground. The
output of - the amplifier "A 1s. connected
through blocking condensers C, and a filter

183

section to the input of a similar amplifier B, -

-and the output of this amplifier is connected

through blocking condensers Cy-and a filter’
section to the input of the amplifier. D, this
amplifier being shown as of the usiial three-

108

element type, and is of a form adapted to de- -

liver a substantial amount of power, the
-conrections therefor being similar to that
shown for the amplifiers of Fig. 2. The out-

put-of the amplifier D is supplied through a

i10

filter section and transformer to outgoing

line . H.

A Detter. undérstahdiyng of this invention "

‘will be had by reference to I igs. 6 to 10 -

which. may be used for deriving the relation-

_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
L G=NZZy (1)

and ‘a propagation constant given by

.P.,th:anhv \/Zz' (2) .

In case Z, ahd'Z2 are. of_lePo’sit_e; SigI.lS,‘&S‘ B

~will'in general be true for certain frequencies o
or ranges of frequencies, then the filter isa
‘band;pags, ﬁlter_, over that région. . On the

136
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of,her hand, if Z, and ' Z, dre‘ ;Offthé (‘sé,mé‘ sign,

- then the filter for such frequencies'is a:stop

band filter.: In order:that theré shall be no.
reflection orechoeffects produiced with such a:
filter, :it is" important ‘that the output’ ter-

© minals 3 and 4 shall -be ‘connected. to anim-

10

15

N
[+1)

20 open is

pedance R:-equal to the;iterative impedance
of the network. . .. ‘ BT

Let usinow consider the network of Fig. 7- "~ 7o %
which-differs from Fig. 6 in that.each branch ‘
of the lattice network has been shunted by .- - R A T T e
and the:iterative:impedance is given by =

an -impedance Zq - By the ‘usual ecircuital

theorems it can readily.be shown that the im--

‘and the ’in.r‘lpedanc‘ei at 1 and 2 with 3 and 4

_51_ (Zz 2 (Zl_iL Zn) A (4:)

" Liet us now consider the ¢ircuit of Fig: 8

which is similar to-Fig. 6, except that im-

pedances Z; have been bridged across the ter-

minals 1 and 2 and ‘dcross the termindls 3
and 4." It will be found that the impedance’
at 1 and 2 with 8 and 4 short-circuited 'is
identically the same as for the correspond-

ing case of Fig. 7. Also it will be fouind that

the impedance at 1'and 2 with 8 and 4. open
ig identically the same as-that for the- cor-"
responding case for Fig. 7.
- 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 Tig. 5 at the input of the amplifier
A and terminating in the resistance R, of

proper magnitude. - It will be,noted that the
circuit of Fig. 9 is'similar to that of Fig. s,

the impedance Z, being replaced by the two
= condeénsers Gy, in series or the two condensers

C” in series. ' Furthermore, just as the' cir-
cuit.of Fig. 7 may be derived from the cir-

cuit of Fig. 8, s0 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

1o 14 Gy, it being understood that the capac-

-ities Cyp-and C7 are equal to each other, this
having been provided for in Fig. 5. The.
i.usunal design formulee:applicable to the lat--

tice type network may now be applied to Fig.
10 with the assurance that they apply equally

_well to the circuit of Fig. 9. Such. formuls

-G

may be found in various treatises on the sub-

© 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. . | | g
Reference to the above will show that- the

Therefore ‘the

_.capacity of the
equality can, however, ‘readily : be. ‘adjusted -

filter of Fig. 10is a pass.band filter from the:

frequency. /i to fi where -

Uy L,

amplifier stage in Fig. 5, thus giving a filter - e
of four sections with- certain amplification ...’ geE
betWee'njtheVa,i'io'u‘sstagés;f-'Th\roﬂghoutFig; RO

3

!

o0

pedance at 'l and 2 .when 3 and 4:are short- . DT p= LN gyt L
“circuited, is I b e TR (fx—f) L g
A R =l RSN ¢ AR R will. be moted that the filter' section of =~
220 Ly + Lyl + ZoZs ® the type of Fig. 9 occurs before and aftereach .

5 C, is used to'indicate a blocking condenser .

which in general would be sufficiently large =

s0 that its'impedance for the frequency to be

‘amplified is negligible. . Tt will'be noted, also,
that in'the output of each amplifier there isa
~choke Ty, this being an inductance of <uff. |
~cient, magnitude, to, offer ‘substantially infi-
nite impedance to-the.alternating currents to

be amplified and very low impedance to di- g5 -

rectocurrent. oo e T
In the first: filter section, the condensers

amplifiers ‘A and B, it will-not.occur in gen-

eral thvatkfth‘é"C‘apa(ji’py,‘from plate and screen’. .
equal to-the input. ' -

grid to the filament will-be
amplifier B. -Any lack cof

for by supplemental condensers such as. C,.

If the circumstances are such' that the input
B: is smaller thanthe'

capacity of amplifier
output capacity of A, then, of course, the sup-

- Plemental” condensers’ ‘should  be ‘associated

90

Cio are to be adjusted to the capacity (7, and "~
siml_l'a.yly.,vgm;,»theL last séction, the. condenser
- Gy is adjusted: to the capacity: CVI " In the 'y

o Is adjusted to the 100
~second :filter, however, placed “between - the

110 -

with the input.of the amplifier B, Tt is tobe, . .
understood that similar adjustments may be =

made .in ‘any of the. other filters if need
I have described in’ detail the tse of &
section ‘and  prefer this . -

arises: -

lattice type of filter

form because of the relative simplicity “of .

‘the design. formuli involved and the trans. . =
formation from the standard type to the type 120. SRR

understood, how-.

shown in Fig. 5. Tt is to be
ever, that my invention is not limited to such.

filters but that these may take on any form, - ‘

of which one illustration is ‘given: in Figs.
Land 2. 0 . o o B
“What is claimed is:

125

1A vacuum tube anip‘lifying "ci:r.c’ui\,tf.foi.s‘. .

amplifying frequencies over a given ‘band; - v

combination, and a filter associated with one 130 ‘

comprising two tubes associated in push-pull




p‘air',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.

2. 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

10

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

3. A vacuum tube amplifier circuit for

amplifying frequencies over a given band
. e <) / 5

comprising two tubes associated 1n push-pull

_combination, and a lattice type filter in the
output circuit with the output capacities of

the tubes as elemetits thereof and with addi-
ticnal 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--

. prising a vicuum tube and a filter associated .
- ith the input circuit and adjusted to pass
‘the desired frequency band, the.input ca-

pacity of the tube being an element in the

tice type filter between any two stages there-

25 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
over the given band. - R

5. A-vacuum tube amplifier circuit for: am-.

plifying frequencies over a given band, com-

filter a resistance across the input circuit of

 such value ‘as to substantially match the

40

e
i

a0

65+

characteristic impedance of the filter, =
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 -
3 the tube being an element in the filter, the
values of the elements ini the filter being such'.

that the characteristic impedance of the filter

is'equal to the internal impedance of the tube-
~across its output terminals: SRR

 to the tube: ~

1,918,303

7. "Avacuum 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 thatthere are
no echo or reflection effects at the connections

8.. Avacuum tube amplifier circuit for am-
plifying frequencies over a given band, com-
prising two stages of vacuumtube ampli-
fiers and a filter connected between the two

‘stages, the internal capacity of the output

terminals of the first stage and the internal

70 -

75

80-

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 givenrange, the character- -

isti¢ impedance of the filter being made equal
to thetoutput inipedance of the first tube..”

‘9. The combination 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.

[l
(&

10.- The combination of claim-8 character- .

ized by a supplemental condenser in the filter:

to egualize the internal capacities of the out- -

put of ilie first tube and the input.of the sec-

ond tube, and further characterized by a re- -

sistance across the grid-of the second tube

of 'suchi- 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.

WILLTAM H. T. HOLDEN.
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