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This invention relates to amplifying sys 
tems, and especially to high-frequency am 
plifying systems wherein several vacuum 
tubes are connected in cascade, and coupled 
by means of highly efficient circuits. 
The object the invention resides in the 
rovision of means for increasing the sta 
ility of such systems without sacrificing 

the desired amplification; and, concurrently, 
for effecting a more uniform voltage ampli 
fication characteristic throughout the oper 
ating frequency range of the system. To 
this end, the impedance of the input circuit 
of one or more of the amplifying tubes is 
reduced to a suitable value, while the aver 
age impedance of the preceding circuit cou 
pled thereto is increased so as more nearly 
to equal the impedance of the circuit from 
which it derives its energy. 
The present invention is especially appli 

cable to radio receivers provided with means 
for neutralizing the undesirable capacitive 
coupling between the input and output cir 
cuits of the high-frequency amplifying 
tubes, such as the arrangement described in 
Hazeltine U. S. Patents Nos. 1489,228 and 
1,533,858. In the operation of radio receiv 
ers wherein highly efficient tuned circuits are 
employed with a view toward obtaining 
maximum high-frequency amplification per 
stage, it has been found that the tendency 
toward undesirable oscillations due to stray 
feedback couplings between portions of the 
various input and output circuits is espec 
ially noticeable. For example, the extremely 
small capacitive coupling existing between 
the detector input transformer and the an 
tenna coil, while usually negligible in ampli 
fiers utilizing one or two stages of high-fre 
quency amplification of moderate magnitude, 
may be sufficient to cause undesirable oscilla 
tions, or tendency toward oscillations with 
accompanying signal distortion, in the case 
of amplifiers utilizing maximum amplifica 
tion per stage, especially when three or more 
stages are employed. The filament system 
being common to the several tubes, a stray or 
undesirable coupling, either capacitive or 
electromagnetic, or Both, between the input 
circuit of the first high-frequency amplify 
ing tube of the series and some subsequent 
portion of the receiver, such as the input cir 
cuit of the detector tube, will cause a pote 
tial difference across the input-circuit imped 

ance of the first high-frequency, amplifying 
tube above-mentioned. Since the grid fila 
ment electrodes of the first tube are also termi 
nals of the input-circuit impedance, this po 
tential difference will impress a voltage upon 
the grid of that tube, and hence the unde sirable feed-back voltage thus impressed 
upon the grid of the first tube will be pro 
portional to the value of impedance between 
the grid and filament terminals. This im 
pedance will hereinafter be referred to as the 
"impedance of the grid circuit' or “input 
circuit impedance'. It is well understood 
in the art that in any given amplifying cir 
cuit arrangement including vacuum E. 
certain amount of feed-back of energy can 
be tolerated before undesired oscillations are 
produced. However, for best results, it is 
preferable to eliminate substantially all un 
desired feed-back which tends toward insta 
bility even when such feed-back is of a de 
greeinsufficient to produce oscillations. Ac 
cordingly, it is the purpose of the present 
invention to provide a method and means whereby this "input-circuit impedance' of 
whatever tube in the series is thus uudesir 
ably effected, may be reduced to a value suffi 
ciently low to substantially eliminate the un 
desired effects of feed-back voltage upon the 
grid of that tube without substantially re 
ducing the effective desired voltage ampli 
fication of the system; and concurrently to 
realize a more uniform voltage amplifica 
tion characteristic thruout the operating fre quency range of the system. 

Experimental measurement has shown 
that with the highly efficient tuned cou 
pling transformers preferably employed in 
anplifying systems for broadcasting pur 
poses, such as, for example, one having an operating frequency range of 3 to 1, i. e., 
1500 kilocycles to 500 kilocycles, a voltage 
amplification characteristic of approximate 
ly to 1 to 24, obtains when these transform 
ES at' "E. ir conjunction with a vacu 
ur, tube having a mutual conductance of 
about 1000 microm hos. Under such condi 
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tions, the voltage anuplification at 1500 kilo 
cycles may be approximately 16, with a grad ually decreasing amplification gradient to 
500 kilocycles. It is evident, therefore, that 
when two stages, similar to that just de 
scribed, are connected in cascade, the ampli 
fication at 1500 kilocycles will be 16°, or 
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:13, while at 500 kilocycles the amplification 
\; iii je 6.4 or 41. Accordingly, if three 
st is stares are operated in cascade, the All 

ification will vary as the cube, altl so on. 
Siuliar conditions obtain in the input 

cirrit of the first stage of a nultist age all 
lifying system supplied with energy from 

at :, ; ; lia, whitl, r it ile if the (ten type 
or of the in tyre. In order to see ire satis 
t; 'try selectively with slicly a systell el 
ploying an open type antenna, it is usually 
(esir:ble to inclusle between tle antenna lil 
the in ut circuit of the first amplifying 
stage : step-up ratio of voltage transfornia 
tion greater than 2 to 1. To attain this ra 
tio, the untuned antenna coil which is co 
pled to the input circuit of the first high 
frequency all lifying stile is usually on 
losed of a simall inner of turns. This 
&all inletice, together with the natil'il 
'apacity of the Isil: attential system el 
loyed in broadcast reception, provides : 

circuit resonant at a ratle' high fundatinel 
tal frequency, and, littler ordinary circlini 
stances, such a circuit would likely be reso 
nant at a frequency of approximately 15(1) 
kilocycles, thereby providing maxillin sig 
mill energy and ailification at that fre 
quency, with a decreasing amplification 
gradient toward the rower frequencies. 
The attainment of greater unifornity of 

alluplification over the operating frequency 
ange merely by increasing the seconditry-to 
primary transformer voltage ratio as he re 
to fore been impracticable, because of the re 
sulting high amplification, with its conse 
quent tendency toward instability and oscil 
lation. When the capacitive coupling be 
tween the input and output circuits of each 
the has already been neutralized, such os 
ciilations are generally caused by a feed lack 
of energy between non-adjacent circuits, due 
to the stray capacitive or magnetic couplings 
letween them. This tendency toward oscil 
lation is increased, as previously explained 
by the relatively high input impedance of 
the coupling transformers, which tends to 
force feed-back voltages through one or lore 
of the vacuum tubes by impressing till desir 
able potential differences between the grid 
eiectrodes thereoef and the filament systein. 
This invention provides means for obtain 

ing a greater unifornity of amplification 
throughout the operating frequency range of 
the amplifying system, while removing a 
principal cause of instability and undesir 
ille (scillations. The invention may more 
readily be understood by a consideration of 
the following description of a preferred en 

inet, tier of as illist': it 'cl in the craw 
ing, willich stw's a circuit diagran of a 
radio receiver including for vacu II thibes 
W, to V, inclusive: the first two being high 
frequency allifiers, the third a detector, or 
rectifier, and the fourth a low-, or audio 
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frequency amplifier. The capacitive 'ot - 
pling between the in it tuid output circuits 
of vacuit tubes V and W., respectively, is 
helein it endel to be leutralize? in a 'c' i' - 
ance with the inellhool descritied in the nei 
tio ed II: Zeltine latents. For this irpose, 
neutralizing 'in e1) ser's C. C. : 'e pro 
villed, 'it' () { \\li: ) is 't I 'tect 'til the 
grid of the tules V anci W., respectively, to a 
sitable point on the secruially ('til of the 
succeeding high-frequency alluplifying trans 
fol'Ile1's T, and T. The input circuits of 
tubes V, V, and V, are tuned by leans of 
adjustable coldenser's C, C, and C. The 
usual lilanic int. Carrent control rheostats are 
symbolically indicated, as are also suitable 
atteri's for supplying operaliting potentials 

to the filaments, and to the plate and grid 
electrodes of the tuit's. A loud speakei', or 
other low-frequency translating device, L.S. 
is illicated as connected in the out pit cir 
(lit. of the last low-frequency, or ailio, all 
plifying tube V. A by-pass condenser C. 
is ('on lected between the collin terlin; is 
of the primary coils of 'opting transfor:- 
ir's T, and T. and the fillent system, in or 
tier to provide a low-inelace path for the 
high-frequency return from output circuits 
to tie lila I ("nt systein. 

While the receiver illustrated includes at 
two ligh-frequency ali) lification stages, it 
should be understood that as many 1), ore such 
stages as liecessary lay je added; and, ac 
criting t () the preceding explanation, it 
will be plain that the present it vention be 
colles of increasing ii) portiunce as the num 
ber of high-frequency stages is increased. 
It should also be not cl that as many stages 
of low-frequency ailplification a desired 
may be ciployect in the well-known manner 
The first high-frequency amplifying tube 

V, is coupled to the antenna system A, (i 
ly means of antenna-input circuit coupling 
coil T, which may, in the alternative, con 
prise a two-winding transformer. Coil T 
is tuned by an adjustable condenser C, con 
nected across its terminals. According to 
customary practice, this coupling coil would 
be connected to the grid of of tube V at 
the extreme terminal 4 of tie coil. In Iilke 
lmanner the grid connection of of tube V, 
would be connected to the upper terminal 7 
of the secondary coil of transformer T. 
However, it has been found, as explained 
above, that when such connection is made, 
the impedance of the coil between terminals 
4 and 3 (or, in the case of transformer T, 
loetween the terminals 7 and 8) is usually 
sufficiently high to impress undesirable volt 
ares of a preciable value upon the input 
circuit of the tile; such voltage being pres 
ent recause of stray capacitive or magnetic 
coupling between the input circuit of tube 
V (or tube V) and some subsequent high 
frequency circuit, such as the output circuit 
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W, the input circuit of W, or some portion 
of a succeeding high-frequency stage, in case 
more than two such stages are employed. 

Because of the elusive character of such 
stray couplings, it is frequently impracti 
cable to eliminate them, but the disadvan 
tageous effects thereof may, in accordance 
with the present invention, be minimized by 
suitably reducing the impedance of the in 
put circuit of the tube thus undesirably af 
fected. In the case of tube. W, the grid 
connection is tapped on to antenna-coupling 
inductance T, at some point substantially 
below the highest-potential terminal 4 of the 
coil. For the sake of simplicity, we may as 
sume that this point is midway between the 
extremities of the coil, although in practice 
it is sometimes preferable to locate the tap 
elsewhere along its length. It follows, then, 
that the effective transfer of energy between 
one circuit (A, 2, 3, C) and the succeeding 
circuit (g, 1, 3, f) will be reduced. By 
thus placing the grid connection upon the 
midpoint 1, of the input inductance T, the 
impedance of the input circuit between the 
grid and the filament is reduced to approxi 
mately one-quarter of the value to be ob 
tained by connecting the grid to the ex 
tremeterminal 4. This midpoint cennection, 
of course, also reduces the desired voltage 
upon the grid of tube V, due to incoming 
signals, but this voltage is not reduced in 
proportion to the reduction of the imped 
ance; measurements indicating that the sig 
nal voltage is thereby reduced a EEE, 
smaller amount than is the impedance. In 
order to restore the signal voltage to a sat 
isfactorily high value, the voltage across the 
input circuit inductance 1, 3 may be in 
creased by locating the antenna tap 2 nearer 
the inductance terminal 4, at such a point 
that the required signal voltage is obtained 
upon the grid of tube V. It is clear that, 
once the proper number of primary turns is 
determined, the location of the tapped con 
nection 2 may be made permanent for all 
other amplifiers similarly constructed. This 
increase in turns in the antenna inductance 
provides in addition the previously sug 
gested advantage of decreasing the resonant 
frequency of the antenna circuit, the result 
being an increase in the amplification to 
ward the low-frequency portion of the tun 
sing range due to a nearer approach to reso 
nance at that portion, thus improving the 
uniformity of the overall voltage amplifica 
tion characteristic of the whole amplifier. 
In the event that a loop antenna is employed 
instead of the open antenna as illustrated, 
the tuning condenser C, would be connected 
across the extremities of the loop winding; 
the midpoint, or other intermediate point on 
the loop being connected directly to the grid 
9. If the switches 9 and 10 be opened, thus 
disconnecting the open antenna and ground, 

3 

the inductance T, with its tuning condenser 
C, may be considered to represent a tuned 
loop antenna system. When used as a loop, 
the inductance T, would usually be physi 
cally larger than when employed as a cou 
pling coil for an open antenna, as illus 
trated. In both cases, however, the circuit 
dist representation is the same. e application of this invention to trans 
former T, introduces similar improvements 
in the second stage of amplification, where 
a similar process may be followed. For ex 
ample, the connection from the grid lead g, 
may be placed at the midpoint 5 of the sec 
ondary winding 7, 8 of transformer T, 
thereby reducing the average grid-filament 
or input circuit impedance to about one 
quarter of the value obtained by connecting 
the grid lead to terminal 7; and concurrently 
restoring and maintaining the desirable sig 
Inal voltage upon the grid of tube W by un 
creasing the voltage across primary winding 
6. This voltage increase, may conveniently 
be obtained, as before, by increasing the 
number of turns included in the primary 
winding 6 to a suitable value. The increase 
in primary turns introduces the additional 
advantage of causing the average impedance 
of the primary circuit more nearly to equal 
the output circuit impedance of the preced 
ing tube, namely W. As is well known in 
the art, such matching of impedances re 
sults in a more favorable voltage amplifi 
cation ratio, as evidenced by the attainment 
herein of a nearly uniform voltage ampli 
fication over the operating frequency range 
of the system. 
For the reason that in a system such as 

that described, the impedances can actually 
be matched at only one frequency, it is ad 
vantageous so to arrange the input and out 
put circuits that the respective impedances 
are matched at that intermediate frequency 
of the entire operating fly range of 
the system which will result in the particu 
lar voltage amplification characteristic de 
sired. By way of example, the system here 
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in described would approximate an hori 
zontal voltage amplification characteristic 
if the impedances were matched at about 
750 kilocycles. 
The reduction of the input circuit im 

pedance of the amplifying tubes, as effected 
by the present invention, introduces the 
further improvement of freedom from dis 
tortion, especially when no negative grid 
bias is used on the grids of the amplifying 
tubes, for the reason that when unusually 
large signal voltages are impressed upon the 
system, the low grid-filament circuit im 
pedance tends to minimize wave-form dis 
tortion, with the incidental production of 
harmonic frequencies, commonly termed 
“overloading'. 
A further and especially advantageous im 
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provement is introduced by the application 
of this invention to vacuum tube amplifiers 
whose effective grid-plate capacity has been 
neutralized, inasmuch as a greater tube ca 
pacity tolerance is thereby allowable; i. e., 
when the input-output circuit capacities in 
an amplifying system have once been neu 
tralized or balanced to prevent undesirable 
oscillations, the same neutralizing adjust 
ments may be retained even when there are 
substituted other vacuum tubes having some 
what different grid-plate capacities, without 
causing the system to become unstable. 
The foregoing description of a single em 

bodiment of the present invention neces 
sarily concerns a particular form of radio 
apparatus, but it is to be understood that 
the principles described herein, and subse 
quently claimed, are intended to be appli 
cable with equal force to any form of re ceiving or transmitting apparatus in which 
efficient high-frequency amplification is de 
sired. 

claim: 
1. In a multi-stage high-frequency vacu um tube amplifier system having coupling 

between two stages thereof whereby a tend 
ency toward undesirable oscillation is pro 
duced in the tube of at least one stage of said system, the method of minimizing the 
effects of said coupling without substantially reducing the desired voltage amplification 
of the system, which comprises reducing all fluctuating voltages impressed upon the grid 

5 electrode of the tube thus undesirably af 
fected, by reducing the impedance of the 
input circuit of that tube, and decreasing the 
step-up ratio between said input circuit and 
the output circuit of the vicauum tube next 
preceding, so that the desired signal voltage 
flucturations upon said grid are maintained. 

2, In a multistage high-frequency ampli 
fier stem including transformers coupling 
adjacent stages, each stage including a 
vacuum tube undesirable coupling between 
the input circuit of the vacuum tube in one 
stage and a portion of a succeeding stage 
whereby undesirable feed-back voltage is 
impressed upon the grid electrode of said 
last-mentioned vacuum tube, a tuning con 
denser, connected across the extremities of 
the secondary winding of a coupling trans 
former included in said input circuit, and a 
connection from the grid electrode of said 
vacuum tube to a tap intermediate the ex 
tremities of said secondary winding, where 
by the feedback voltage impressed upon said 
grid is reduced in greater proportion than 
the signal voltage. 

3. In a tuned multi-stage high-frequency 
amplifying signaling system, each stage in 
cluding a vacuum tube and a coupling trans 
former comprising a primary winding and a 
secondary winding, said secondary winding 
having a certain maximum inductance value 

1,880,494 

and being tunable over an operating fre 
quency band, said system having coupling 
between two stages thereof whereby a tend 
ency toward undesired oscillation is pro 
duced by the tube in whose input circuit said 
secondary winding is connected, the method 
of minimizing the effects of said couplin 
without substantially reducing the desire 
signal voltage amplification of the system 
which comprises connecting substantially 
less than the maximum inductance value of 
said secondary winding in said input circuit 
whereby the input circuit impedance is de 
creased, and increasing the impedance of 
said primary winding to approximatel 
match the impedance the circuit in whic 
it is connected, whereby the normal value of 
signal voltage impressed upon the grid of 
said last-mentioned tube is substantially re stored. 

4. In a multi-stage high-frequency ampli 
fier system including transformers coupling 
adjacent stages, each stage including a vac 
uum tube, undesirable coupling between the 
input circuit of the vacuum tube in one stage and a portion of a succeeding stage whereby 
undesrable feed-back voltage is impressed 
upon the grid electrode of said last-men 
tioned vacuum tube, a tuning condenser con 
nected across the extremities of the second 
ary winding of a coupling transformer in 
cluded in said input circuit, the primary 
winding of said transformer being connected in the output circuit of a preceding vacuum 
tube, and a connection from the grid elec 
trode of said vacuum tube to a tap inter 
mediate the extremities of said secondary 
winding whereby the feed-back voltage im 
pressed upon said grid is reduced in greater 
proportion than the signal voltage. 

5. In a radio receiving system including 
an antenna system, a multi-stage high-fre 
quency vacuum tube amplifier, one stage of 
which is linked with said antenna system by 
means of a coupling device comprising a 
primary winding connected in the antenna 
systen and a secondary winding connected 
in the ER circuit of said stage, whereby signal voltages are impressed upon the grid 
electrode of the vacuum tube of said stage, 
undesirable coupling between the input cir 
cuit of the vacuum tube in said stage and a portion of a succeeding stage whereby un 
desirable feed-back voltages are impressed 
upon the grid electrode vacuum tube 
of said stage, capacity means connected 
across said secondary winding for tunin 
the same to the frequency of said signa 
voltages within an operating frequency band, 
said primary winding having an inductance 
value such that the natural period of said 
antenna system is of a frequency less than 
the maximum frequency of said band and 
greater than an intermediate frequency of 
said band, and a connection from said grid 
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to a tap on said secondary winding interme 
diate the ends thereof whereby the imped 
ance of said input circuit is limited to a 
value less than the total impedance of said 
secondary winding so that said feed-back 
voltages are reduced in greater proportion 
than said signal voltages. 

6. In a radio signaling system, a multi 
stage high-frequency amplifier including 
transformers coupling adjacent stages, each 
stage including a vacuum tube, undesirable 
coupling between the input circuit of the 
vacuum tube in one stage and a portion of 
a succeeding stage whereby undesirable feed 
back voltages are impressed upon the grid 
electrode of the vacuum tube of said stage, a 
tuning condenser connected across the ex 
tremifies of a secondary winding of a cou 
pling transformer included in said input 
circuit whereby said circuit may be tuned 
over an operating frequency band, the pri 
mary winding of said transformer being con 
nected in the output circuit of a preceding 
vacuum tube and having an effective value 
of impedance substantially the same as the 
plate impedance of said preceding vacuum 
tube as measured at a frequency higher than 
the minimum frequency of said operating 
band and lower than te mid-frequency of 
said band, and a connection from the grid 
electrode of said first-mentioned vacuum 
tube to a tap intermediate the extremities of 
said secondary winding whereby the feed 
back voltages impressed upon said grid are 
reduced in greater proportion than the sig 
nal voltage, and the signal amplification of 
said amplifier is maintained at an approxi 

5 

mately constant value thruout said operating 
frequency band. 

7. In a radio receiving system including 
an antenna system, a multi-stage high-fre 
quency vacuum tube amplifier, one stage of 
which is linked with said antenna system by 
means of a coupling device comprising an 
antenna inductance connected in the antenna 
system, and a secondary inductance con 
nected in the input circuit of said stage, 
whereby signal voltages are impressed upon 
the grid electrode of the vacuum tube of said 
stage, undesirable coupling between the in 
put circuit of the vacuum tube in said stage 
and a portion of a succeeding stage whereby 
undesirable feed-back voltages are impressed 
upon the grid electrode of the vacuum tube 
EF said stage, capacity means connected 
across said secondary inductance for tuning 
the same to the frequency of said signal 
voltages within an operating frequency 
band, said antenna inductance having a 
value such that the natural period of said 
antenna system is of a frequency less than 
the maximum frequency of said band and 
greater than an intermediate frequency of 
said band, and a connection from said grid 
to a point on said secondary inductance in 
termediate the ends thereof whereby the in 
pedance of said input circuit is limited to 
a value less than the total impedance of said 
secondary inductance so that said feed-back 
voltages are reduced in greater proportion o 
than said signal voltages. 

In testimony where of I affix my signature. 
WILLIAM. A. MACDONALD. 
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to a tap on said secondary winding interme 
diate the ends thereof whereby the imped 
ance of said input circuit is limited to a 
value less than the total impedance of said 
secondary winding so that said feed-back 
voltages are reduced in greater proportion 
than said signal voltages. 

6. In a radio signaling system, a multi 
stage high-frequency amplifier including 
transformers coupling adjacent stages, each 
stage including a vacuum tube, undesirable 
coupling between the input circuit of the 
vacuum tube in one stage and a portion of 
a succeeding stage whereby undesirable feed 
back voltages are impressed upon the grid 
electrode of the vacuum tube of said stage, a 
tuning condenser connected across the ex 
tremifies of a secondary winding of a cou 
pling transformer included in said input 
circuit whereby said circuit may be tuned 
over an operating frequency band, the pri 
mary winding of said transformer being con 
nected in the output circuit of a preceding 
vacuum tube and having an effective value 
of impedance substantially the same as the 
plate impedance of said preceding vacuum 
tube as measured at a frequency higher than 
the minimum frequency of said operating 
band and lower than te mid-frequency of 
said band, and a connection from the grid 
electrode of said first-mentioned vacuum 
tube to a tap intermediate the extremities of 
said secondary winding whereby the feed 
back voltages impressed upon said grid are 
reduced in greater proportion than the sig 
nal voltage, and the signal amplification of 
said amplifier is maintained at an approxi 

5 

mately constant value thruout said operating 
frequency band. 

7. In a radio receiving system including 
an antenna system, a multi-stage high-fre 
quency vacuum tube amplifier, one stage of 
which is linked with said antenna system by 
means of a coupling device comprising an 
antenna inductance connected in the antenna 
system, and a secondary inductance con 
nected in the input circuit of said stage, 
whereby signal voltages are impressed upon 
the grid electrode of the vacuum tube of said 
stage, undesirable coupling between the in 
put circuit of the vacuum tube in said stage 
and a portion of a succeeding stage whereby 
undesirable feed-back voltages are impressed 
upon the grid electrode of the vacuum tube 
EF said stage, capacity means connected 
across said secondary inductance for tuning 
the same to the frequency of said signal 
voltages within an operating frequency 
band, said antenna inductance having a 
value such that the natural period of said 
antenna system is of a frequency less than 
the maximum frequency of said band and 
greater than an intermediate frequency of 
said band, and a connection from said grid 
to a point on said secondary inductance in 
termediate the ends thereof whereby the in 
pedance of said input circuit is limited to 
a value less than the total impedance of said 
secondary inductance so that said feed-back 
voltages are reduced in greater proportion o 
than said signal voltages. 

In testimony where of I affix my signature. 
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