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Application filed September 26, 1927, Serial No. 222,009, and in Canada December 14, 1927. 

The present invention relates to radio-fre 
quency vacuum tube amplifiers of the trans 
former-coupled type and, more particularly, 
tuned amplifiers intended to operate over a 
fairly wide range of frequencies, as for ex 
ample, in “broadcast” receivers, 
In the design of tuned radio-frequency 

amplifiers one of the controlling factors to 
be dealt with is the tendency toward exces 
sive regeneration and consequent oscillation 
which is due mainly to the coupling capacity 
between the grid and plate of each vacuum 
tube. Some provision must always be made 
against this tendency, preferably by neutral 
ization. But since neutralization involves 
the use of a fixed neutralizing capacity which 
is balanced against the coupling capacity of 
a vacuum tube and since individual vacuum 
tubes, even of the same type and manufac 
ture, are bound to vary to a certain extent, 
it follows as a direct result that there is a 
limit to the amplification per stage at any 
given frequency beyond which it is im 
practicable to go. Since the inter-electrode 
(plate-grid) capacitive reactance decreases 
with rising frequency, thus allowing a 
greater amount of high-frequency energy to 
be fed back from the plate circuit to the 
grid circuit of each tube, the permissible am 
plification per stage also decreases with rising 
frequency. As a matter of experience, the 
permissible amplification per stage at 1500 
kilocycles per second is very much less than 
at 500 kilocycles per second. These fre 
quencies are the limits of the broadcasting 
band as now established. Theory and ex 
perience both indicate that the amplification 
should vary inversely as the square root of 
the frequency in order that adequate manu 
facturing tolerance in the vacuum tube 
coupling capacity may be allowed. 
On the other hand, the amplification per 

stage obtainable with coupling transformers 
of the conventional type, that is, trans 
formers having fixed coils of high step-up 
ratio and low osses, is less at the iower than 
at the higher frequencies. As between the 
frequencies 500 kilocycles per second and 
1500 kilocycles per second the actual ampli 
fication per stage is very much less at the 

lower frequency. Thus, while the permis 
sible amplification per stage at the lower fre 
quency end of the broadcast band is much 
greater than at the high frequency end, the 
characteristics of the conventional radio 
frequency transformer are such that the 
actual amplification obtainable is very much 
less at the low frequencies than at the high 
frequencies. - 

It has sometimes been attempted to modify 
the amplification characteristics of the con 
ventional transformer to increase the ampli 
fication at low frequencies without also in 
creasing the amplification at high frequen 
cies. This can be done by introducing 
sources of energy loss which are mainly 
effective at high frequencies, but this ex 
pedient has the serious disadvantage of im 
pairing the selectivity at high frequencies. 
Not only is the lower-frequency amplifica 

tion with conventional transformers limited 
by the instability which would occur at higher 
frequencies, but the conventional transformer 
arrangement does not permit of high ampli 
fication at low frequencies irrespective of in 
stability. The reason is that in order to be 
able to tune to all frequencies within the 
broadcast band it is necessary to employ a 
tuning condenser having relatively great ca 
pacity at the lower frequencies. Such a large 
capacity in combination with transformer 
coils of conventional small dimensions and 
such as will give satisfactory fidelity, intro 
duces an excessive secondary conductance at 
low frequencies. The high secondary con 
ductance thus introduced has the effect of 
reducing the amplification at low frequencies, 
as may be easily demonstrated both mathe 
matically and by actual performance tests. 
The primary object of the present inven 

tion is to provide a radio-frequency amplifier 
from which may be obtained, at all frequen 
cies within its range, the highest amplifica 
tion consistent with stability, as limited by 
the customary tolerance in coupling capaci 
ties of vacuum tubes, without impairing the 
selectivity at high frequencies (where this is 
naturally the poorest), or the fidelity at ov 
frequencies (where the latter characteristic 
is naturally the poorest). 
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Another object, in furtherance of the pri 
mary invention, is to nrovide a structural and 
electrical arrangement which is adequately 
simple and trouble-proof in operation. 
The present invention accomplishes these 

ends by providing means adapted to change. 
simultaneously the voltage ratio of the radio 
frequency coupling systems, the self-induct 
ance of the tuning inductance, and the tun 
ing capacity, whereby the maximum per 
missible degree of amplification, or any de 
sired approximation thereto, is obtained at 
all frequencies at which the receiver is de 
signed to operate. 

Considering a radio-frequency coupling 
system of the conventional type comprising 
a fixed-ratio transformer whose primary is 
included in the plate circuit of an amplifying 
vacuum tube and whose secondary winding 
together with a tuning condenser is connected 
in the grid-filament (input) circuit of a suc 
ceeding vacuum tube, the greatest amplifica 
tion would occur at the highest frequency 
to which the receiver may be tuned, and the 
least amplification at the lowest frequency. 
Therefore, it is ordinarily necessary to de 
sign such transformer so as to avoid exceeding 
the permissible amplification per stage at the 
highest frequency, as limited by the tendency 
toward instability. 

In so far as the transformer per se is con 
cerned, the factors' which ordinarily deter 
mine the degree of amplification are the self 
inductance of the secondary winding, the 
mutual inductance between primary and sec 
ondary winding and the conductance (or re 
sistance) of the secondary winding. The 
voltage ratio, or simply “the ratio” of a trans 
former the secondary circuit of which is 
tuned is substantially equal to the ratio of 
the secondary self-inductance to the mutual 
inductance. In the conventional radio-fre 
quency transformer now referred to, both the 
secondary self-inductance and the mutual in 
ductance remain constant irrespective of the 
frequency, and these values must, therefore, 
be determined by the requirement that the 
maximum permissible amplification must not 
be exceeded at the highest operating fre 
quency. If the ratio of secondary self-in 
ductance to the mutual inductance is lowered 
as the operating frequency is lowered then 
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desired amplification while maintaining fi 
delity and compactness of coil construction. 
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the amplification per stage will in general be 
increased. Furthermore, if the secondary 
self-inductance is increased as the frequency 
is lowered, it will be possible to obtain the 

The present invention involves the proper 
adjustment of the inductances and the tun 
ing capacity so as to obtain the maximum 
permissible amplification at each frequency 
within the band of frequencies for which the 
receiver is designed. 

Theoretically there are a variety of ways 
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in which this can be done but the means and 
method described hereinafter have been 
found highly satisfactory from every stand 
point and are, accordingly, regarded as rep 
resenting the preferred embodiment of the 
invention. In the structure herein described 
each radio-frequency transformer is pro 
vided with a movable metailic shield com 
prising two cylindrical cup-like parts ar 
ranged coaxially, one within the other. The 
shields or cups, as they may conveniently 
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be called, are preferably made of a non-mag 
netic metal of high conductivity, such as 
copper or aluminum. Each cup is arranged 
to slide longitudinally with respect to its 
associated transformer. The larger cup is 
adapted to variably envelop the outer wind 
ing, which is the secondary, while the smaller 
cup is adapted to move longitudinally with 
in the smaller or primary winding. The ef 
fect of moving the metallic shields or cups 
with respect to the transformer windings is 
to vary both the secondary self-inductance 
and the mutual inductance, each at the de 
sired rate. The effect of the metal cups or 
shields disposed closely adjacent the wind 
ings of the transformers is to restrict the 
cross section and thereby to increase the re 
luctances of the magnetic paths, thus reducing 
the inductances. 
The transformers may accordingly be de 

signed with a view to obtaining the maxi 
mum permissible amplification per stage at 
the lowest operating frequency-this value 
being much higher than that of the permis 
sible amplification at the highest operating 
frequency. Then by providing means for 
moving the metal shields or cups so as to 
increasingly envelop the transformer wind 
ings as the operating frequency is increased 
the amplification may he decreased to the 
proper value for each operating frequency. 
In the preferred form of this invention 

the movement of the metal shield or shields 
relatively to the transformer windings is 
accomplished automatically by means of suit 
able mechanical connections with the tuning 
control or controls, and preferably the sev 
eral stages of amplification are adjusted si 
multaneously by a single manual control. 
However, some of the advantages of the in 
vention together with greater flexibility may 
be obtained by independently operating the 
shields and the tuning condensers. 
With reference to the drawings which ac 

company this specification, 
Fig. 1 is a cross sectional view of a cou pling unit comprising a radio-frequency 

transformer with its associated metal shield 
together with a variable tuning condenser 
and a neutralizing condenser, all of which 
are assembled within a sheet metal recep 
tacle; 

Fig. 2 is an elevational view of the coll 
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pling unit shown in Fig. 1 and is taken as 
viewed from the same observation point as 
Fig. 1: - 

Fig. 3 is a partial elevational view taken 
along the line 3-3 of Fig. 1 and looking 
toward the front of a radio receiver. This 
figure illustrates the operating mechanism for 
the shields and tuning condensers; 

Fig. 4 is a sectional view taken along the 
line 4-4 of Fig. 1; 

Fig. 5 is a plan view of a condenser plate; 
Fig. 6 is a comparative amplification graph 

representing by appropriate curves the am 
plification obtainable at different frequencies 
with a conventional tuned amplifier and 
with an amplifier in accordance with this 
invention; and 

Fig. 7 is a partial circuit diagram of a neu 
tralized radio-frequency amplifier adapted 
for use in conjunction with this invention. 
In Figs. 1 and 2 there are illustrated in 

section and elevation, respectively, a radio 
frequency transformer with its associated 
metallic cup-like shields together with a tun 
ing condenser and a neutralizing condens 
er-the arrangement shown being in accord 
ance with one of the preferred embodiments 
of the invention. The transformer per se 
comprises two coaxial tubes 1 and 2 of dielec 
tric material such as formica. The tube 1 
is mounted inside the tube 2, being spaced 
therefrom by means of a suitable spacing 
ring 3 and secured by bolts 4. In this par 
ticular case there is, in addition to the pri 

: mary winding, a neutralizing winding hav 
ing an equal number of turns, wound on the 
tube 1. The turns of the primary and neu 
tralizing windings are interleaved. The sec 
ondary is wound on the tube 2. The metal 
lic shield 5 comprises two coaxial cylindri 
cal cup-like members 6 and 7. The two cups 
are secured together forming a unit. The 
tuning condenser comprises two identical ele 
ments, namely, a stator 8 and a movable ele 
ment 9. Each of these elements has four 
plates, as shown. The plates of one ele 
ment are interleaved with those of the other. 
The movable element 9 is rigidly secured to 
the shield 5 through the medium of a con 
necting member 10 of insulating material. 
The shield 5 together with the movable con 
denser element 9 is adapted to slide axially 
with respect to the transformer. Thus it 
will be seen that as the plates of the tuning 
condenser move together-the capacity of the 
condenser thereby increasing-the shield 5 
is moved to the right, as shown in Fig. 2, 
whereby it decreasingly affects the magnetic 
field of the transformer causing both the sec 
ondary self-inductance and the mutual in 
ductance to increase. When the cup 6 en 
velops the secondary winding to the maxi 
mum extent the reluctance of the magnetic 
field is a maximum, and the secondary self 
inductance is consequently reduced to a min 

3 

imum. Likewise the mutual inductance be 
tween primary and secondary windings is de 
creased as the cup 7 is moved into closer re 
lation with the primary winding, that is, to 
the left as viewed in Fig. 1. While the two 
shields interact in their effects the outer one 
6 affects mainly the secondary self-induc 
tance, and the inner one 7 the mutual induc 
tance. With the proportions indicated in 
Fig. 1-of which specific dimensions will be 
given-the mutual inductance varies at a 
faster rate than the secondary self-induc 
tance, giving the desired variation in the ra 
tio. Although the arrangement illustrated 
comprising two coaxial cups constitutes the 
preferred embodiment of the invention, it 
has been found that similar but less ideal 
results may be obtained by omitting either 
one or the other of the cups 6 and 7. Since 
the function of the shields is to vary the re 
luctance of the magnetic field it will be ap 
parent that the shield or shields may take a 
variety of forms besides the specific arrange 
ment illustrated. 
As a part of the tuning condenser struc 

ture illustrated in Figs. 1 and 2 there is 
shown a flexible conducting element 11 
which is adapted to function as one plate 
of a neutralizing condenser. This flexible 
plate may be adjusted toward and away 
from the adjacent fixed plate of the stator 8 
by means of the adjusting screw 12. The 
capacity between the element 11 and the 
stator of the tuning condenser may thus be 
adjusted to a proper value for effecting neu 
tralization. 

In order to clarify the illustration, the 
operating mechanism for the two tuning con 
densers and shields has been omitted from 
Figs. 1 and 2. A suitable mechanism for 
this purpose is illustrated in Figs. 3 and 4. 
It will be realized, however, that the operat 
ing mechanism illustrated in Figs. 3 and 4 
constitutes only one of a great variety of 
ways in which the same results may be ob 
tained, and that the invention is in nowise 
dependent upon the particular mechanism by 
which the operation of the tuning condensers 
and shields is brought about. 
The operating mechanism of Figs. 3 and 

4 is arranged for the unitary operation of 
two sets of tuning condensers and shields. It 
may obviously be extended to take care of as 
many stages of amplification as may be de 
sired. 

Figs. 3 and 4 are views taken along the 
lines 3-3 and 4-4, respectively, of Fig. 1 
and drawn to a somewhat smaller scale than 
Fig. 1. As previously stated, the operat 
ing mechanism shown in Figs. 3 and 4, and 
now to be described, has been omitted from 
Figs. 1 and 2 in order to clarify the dis 
closure. Referring to Fig. 3. the tuning con 
trol knol) (not shown) is secured to a shaft 
13 on which is fixed a small pinion 14 which 
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meshes with a toothed quadrant 15 carried 
by a shaft 16. A graduated dial 15a is at 
tached to and moves with the quadrant 15. 
A leyer arm 17, which for convenience is 
made in the form of an , is secured to shaft 
16 and is rotatable therewith. To the lever 
17 is pivotally secured a link 18 which is con 
nected to the member 10 (shown also in Figs. 
1 and 2). Since both the shield 5 and mov 
able condenser element 9 are attached to the 
member 10, it is apparent that these parts all 
move together in a direction parallel to the 
axis of the transformer in response to rota 
tion of the tuning control knob. As shown 

15 

20 

25 

30 

35 

40 

45 

SO 

55 

60 

in Figs. 2 and 4, the members 10 are secured 
to a slidable support 19. The latter is, for 
convenience and rigidity, made of an angle 
cross-section, and is supported on suitable 
bearings on which it is free to slide longi 
tudinally but not otherwise. In Fig. 4 the 
tuning condenser is shown partially broken 
away in order that the pivotal connection of 
the link 18 to the supporting member 10 may 
be shown in full lines. 

It should be clear from the foregoing de 
scription that both of the tuning condensers 
and shields indicated in Fig. 4 are operated p 
from the same control knob, and that as many 
additional sets of condensers and shields as 
might be desired could be added and operat 
ed through the one control. Three stages of 
tuned radio-frequency amplification have 
been found very suitable. Incidentally, the present invention lends 
itself very advantageously to unitary tuning 
control. This is because of the fact that the 
tuning condensers are preferably of small 
maximum capacity as compared with the tun 
ing condensers ordinarily used in broadcast 
receivers of the conventional type. The rea 
son why a particularly small tuning condens 
er can be used to cover a wide band of fre 
quencies is that the tuning is accomplished 
by varying the secondary self-inductance at 
the same time that the tuning capacity is 
varied. Since the tuning condensers may be 
of unusually small maximum capacity the 
plates may be heavier and spaced farther 
apart without excessive bulkiness. For these 
reasons it is possible to maintain a consid erably greater precision in manufacturing 
the condensers; and the tuning of the several 
stages of amplification under a single control 
may, therefore, be carried out with greater 
accuracy or with less difficulty. 
As a specific example, the dimensions of 

the transformer, shield and tuning condenser 
shown in Figs, 1 and 2 will now be given. 
The tube 1 is made of natural formica 134 
inch outside diameter, 34, inches long, and 
1/32 inch thick. On this tube are wound a 
primary coil and a neutralizing coil. The 
turns of these coils are interleaved, each coil 
having 36 turns of number 38 double-silk 
covered copper wire, 16 double turns per unch. 

tween about 550 kilocycles 
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The tube 2 is made of the same material, 24 
inches outside diameter, 3% inches long and 
1/16 inch thick. On this tube is wound a 
secondary coil consisting of 120 turns of num 
ber 26 enameled copper wire, 48 turns per 
inch. The cup 6 which forms part of the 
metal shield is made of sheet copper 0.031 
inch thick. Referring to Fig. 1, dimension 
A is 211/16 inches and B is 2.95 inches. Cup 
7 is also made of sheet copper 0.031 inch 
thick. Dimension C is 25% inches and D is 
1A, inches. 
With the above dimensions, the step-up 

ratio of the transformer is at all frequencies 
substantially higher than that giving great 
estamplification; or, in other words, theinput 
conductance at resonance is substantially 
higher than the plate conductance of the 
preceding vacuum tube. This is for the pur 
pose of increasing selectivity and stability, 
as explained in the co-pending application 
of Louis A. Hazeltine, Serial No. 12,000, filed 
February 27, 1925. . 
The tuning condenser elements 8 and 9 are 

identical-one being fixed and the other 
movable. Each consists of four aluminum 

apart. A p view of one condenser plate is 
shown in Fig. 5. Suitable values for the di 
mensions indicated in Fig. 5 are as follows: 

E=3A, inches 
F=2A, inches 
G=1 inch 
H=1 inch 
J = 84 inch 
K=34 inch 

This particular condenser was designed 
with a view to obtain tuning characteris 
tics lying approximately midway between 
straight - line - frequency variations and 
straight-line-wavelength variations. The ob 
ject of doing this is to make the apparent 
sharpness of tuning substantially the same at 
all settings of the tuning control dial. The 
invention is, of course, in no sense dependent 
upon the particular form of tuning con 
denser which may be used. 
With transformers, shields and condensers 

of the dimensions specified above and in ac 
cordance with the design illustrated in Figs. 
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1 and 2 employed in a multistage amplifier 
using vacuum tubes of the 201-A type hav 
ing an amplification factor of about 8, the 
results actually obtained are indicated by 
curve B of Fig. 6. On this graph sheet the 
curve A shows the calculated maximum per 
missible amplification at all frequencies be 

er second and 
1550 kilocycles per second. R 
theory on which curve A is based, the am 
plification should varyinversely as the square 
root of the frequency in order that a practi 
cal manufacturing tolerance may be allowed 
with respect to the plate-grid coupling ca 

ccording to the 
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pacity. This is well confirmed by actual ex 
perience. It will be observed that curve B 
closely follows the form of curve A and, 
therefore, indicates an amplification which 
varies inversely as the square root of the fre 
quency. In calculating the permissible am 
plification at the various frequencies from 
which curve A was plotted a tube capacity 
tolerance of 0.5 micromicrofarad was allowed. 
This tolerance represents the permissible 
manufacturing deviation of the internal ca 
pacity between the plate and grid. It is this 
unavoidable deviation which exercises the 
greatest influence in limiting the permissible 
amplification. Curve C, Fig. 6, indicates the 
radio-frequency amplification obtainable in 
a good representative neutralized receiver 
having radio-frequency transformers of the 
general form shown in Fig. 1 but without the 
metallic shields or equivalent means for ac 
complishing the same purpose. From an ex 
amination of curve C it will be at once ap 
parent that the amplification at the high 
frequency end of the band is much greater 
than at the low-frequency end. Also by com 
parison of curve C with curve A it will be 
seen that the amplification at the low-fre 
quency end is very much less than the per 
missible amplification, whereas it closely ap 
proaches the maximum permissible amplifi 
cation at the high-frequency end. 

Curve B indicates how the large discrep 
ancy between permissible amplification and 
actual amplification at low frequencies and, 
in fact, over substantially the entire band 
of frequencies except for the immediate re 
gion of the upper end, has been corrected 
by the use of metal shields as herein de 
scribed. 
The specific structure which has been de 

scribed as an example representative of the 
preferred embodiment of the invention is ap 
plicable for use in the radio-frequency por: 
tion of a neutralized broadcast receiver of 
which a partial circuit is shown diagrammat 
ically in Fig. 7. This figure illustrates dia 
grammatically two stages of neutralized ra 
dio-frequency amplification the output of 
which may be passed through one or more 
additional stages of radio-frequency ampli 
fication and thence to a detector or it may be 
passed directly to the detector and thence 
to an audio-frequency amplifier. 

In Fig. 7 the three-electrode vacuum tube 
amplifiers 20 and 21, respectively, are cou 
pled in cascade through the medium of a 
radio-frequency transformer 22 which may 
be the transformer shown in Figs. 1 and 2. 
The primary winding 23 and the neutraliz 
ing winding 24 of this transformer are in 
terleaved on the same tube, as previously de 
scribed in connection with Fig. 1, and may 
be in all respects identical. One end of the 
neutralizing coil 24 is connected to a neutral 
izing condenser 25 the other terminal of 

5 

which is connected to the grid of the tube 20. 
This is in accordance with one form of the 
well known Hazeltine method of neutraliza 
tion. The secondary winding 26 of the trans 
former 22, Fig. 7, may be the same as speci 
fied hereinbefore in connection with the de 
scription of Fig. 1. The tuning condenser 
27 may be identical with that shown in Figs. 
1, 2 and 5. The transformer 28 which cou 
ples the output side of tube 21 with the next 
succeeding tube (not shown) may be identi 
cal with transformer 22 and, of course, the 
tuning condenser 29 may be identical with 
the condenser 27. Likewise the neutralizing 
condenser 30 may be in accordance with the 
disclosure of Fig. 1 wherein the flexible ele 
ment 11 comprises one plate of a neutraliz 
ing condenser of which the stator of the tun 
ing condenser forms the other plate. 
The present invention has been developed 

in conjunction with neutralized amplifiers of 
the type indicated in general by Fig. 7 and 
is particularly well adapted for use in con 
nection with that type of neutralization, but 
it may be used effectively with other methods 
of neutralization and oscillation suppression. 
What is claimed is: 
1. In a vacuum tube amplifier, a plurality 

of vacuum tubes, a tunable coupling means 
interconnecting the output side of one of 
said tubes with the input side of another of 
said tubes, said coupling means comprising 
a transformer having a primary winding 
and a secondary winding and a variable tun 
ing condenser, and means operable to vary, 
simultaneously, the tuning capacity, the sec 
ondary self-inductance, the mutual induc 
tance and the ratio of secondary to mutual 
inductance of said transformer whereby the 
degree of amplification may be increased as 
the frequency to which the amplifier is tuned 
is decreased. 

2. In a vacuum tube amplifier comprising 
a plurality of vacuum tubes, a coupling trans 
former interconnecting the output side of 
one of 'said tubes with the input side of an 
other of said tubes, said transformer com 
prising a primary winding and a secondary 
winding, a variable tuning condenser con 
nected across said secondary winding, and 
means operable conjointly with said con 
denser to decrease the self-inductance of said 
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primary winding and of said secondary 
winding and decrease the mutual inductance 
between said windings simultaneously with 
decreases in the capacity of said condenser. 

3. in a vacuum tube amplifier comprising 
a plurality of vacuum tubes, a tunable cou 
pling System interconnecting the output side 
of one of said tubes with the inputside of 
another of said tubes, said coupling system 
comprising a transformer having a primary 
winding and a secondary winding, means for 
simultaneously varying the tuning capacity 
of said coupling system together with the 
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self-inductance of said primary winding and 
of said secondary winding and the mutual in 
ductance between said windings, the self-in 
ductance of said secondary winding and the 
mutual inductance between said windings be 
ing increased as the frequency to which said 
coupling system is tuned is decreased and 
WCe-WeSat 

4. A multistage vacuum tube amplifier 
comprising a pair of vacuum tubes, a cou 
pling transformer interconnecting the out 
putside of one of said vacuum tubes with 
the input side of the other of said vacuum 

5 
tubes, said transformer comprising a pri 
mary winding and a secondary winding, a 
variable tuning condenser connected across 
said secondary winding, said amplifier being 
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intended to selectively amplify waves of all 
frequencies within a predetermined band of 
substantial width, said primary and second 
ary, windings being, so designed that when 
said condenser is adjusted to its maximum 
capacity, the resultant amplification will at 
least approximate the maximum permissible 
amplification as determined by the limit of 
stability, and a shield adjustable in position 
relative to said transformer and operable 
to variably restrict the magnetic path of said 
transformer, said shield being increasingly 
effective to decrease the self-inductance of 
said secondary winding and the mutual in 
ductance of said transformer as it is moved 
into increasingly intimate relation to said 
windings. 

5. A multistage vacuum tube amplifier 
comprising at least two vacuum tubes, a cou 
pling transformer interconnecting the output 
side of one of said vacuum tubes with the 
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input side of another of said vacuum tubes, 
said transformer comprising a primary wind 
ing and a secondary winding, a variable tun 
ing condenser connected across said second 
ary winding, said amplifier being intended 
to selectively amplify waves of all frequen 
cies within a predetremined band of sub 
stantial width, said primary and secondary 
windings being so designed that when said 
conenser is adjusted to its maximum capacity 
the resultant amplification will at least ap 
proximate the maximum permissible ampli 
fication as determined by the limit of stabil 
ity and an adjustable shield operable to va 
riably restrict the magnetic path of said 
transformer, said shield being increasingly 
effective to decrease the self-inductance of 
said secondary winding and the mutual in 
ductance of said transformer as it is moved 
into intensingly intimate relation to said windings, and driving means operable to 
adjust the position of said shield conjointly 
with tuning adjustments of said condenser, 
whereby the secondary self-inductance and 
the mutual inductance of said transformer 
are maintained at such values as will result 
in at least an approximation to the maximum 
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permissible amplification, as limited by in 
stability, at all frequencies within the prede 
termined band. 

6. A vacuum tube amplifier comprising a 
pair of vacuum tubes arranged in cascade, 
a tunable coupling system interconnecting 
the output side of one of said tubes with th: 
input side of the other of said tubes, sail coupling system comprising a high frequency 
transformer having a primary winding and 
a secondary winding, a variable tuning con 
denser connected in circuit with said second 
ary winding, a metal shield operatively as 
sociated with said transformer, said shield 
and said transformer being movable rela 
tive to each other, said shield being operable 
to vary the self-inductance of said secondary 
winding and the mutual inductance between 
said windings and also to vary the ratio of 
said self-inductance to said mutual indue 
tance, said transformer and tuning condens 
er being designed to provide high amplifi 
cation with stability at low frequencies, and 
means for bringing said shield into increas 
ingly intimate relation with said transformer 
as the operating frequency is increased 
whereby the amplification is decreased with 
increasing frequency and thereby maintained 
within the limit of stability at all frequen 
cies. 

7. A radio-frequency vacuum tube ampli 
fier comprising a plurality of vacuum tubes, 
the output terminals of each tube being cou 
pled with the input terminal of the succeed 
ing tube through the medium of a tunable 
coupling system, means for neutralizing the 
capacity coupling of each of said tubes, each of said coupling systems comprising a trans 
former having a primary winding and a 
secondary winding, a variable tuning con 
denser connected in circuit with said second 
ary winding, said transformer being de 
signed to permit of obtaining at least an ap 
proximation to the maximum permissible 
amplification at the lowest frequency to be 
amplified, a metal shield operable to restrict 
the magnetic path of said transformer to a 
variable extent dependent upon its position 
with respect to said transformer and means 
operable to adjust said tuning condenser and 
said shield conjointly whereby the magnetic 
path of said transformer is increasingly re 
stricted as the effective capacity of said tun 
ing condenser is increased, the arrangement 
being such that the secondary self-inductance 
and the mutual inductance of said trans 
former are both reduced, as the frequency is 
increased, so that the amplification at each 
frequency is near to but not in excess of the 
maximum permissible amplification at tha. 
frequency. 

8. In a vacuum tube coupling system, a 
radio-frequency transformer comprising a 
primary winding and a secondary winding. 
a tuning condenser connected in circuit with 
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one of said windings, a conductive shield 
adapted to variably restrict the magnetic 
path of said transformer, and means oper 
able to conjointly vary the capacity of said 
condenser and the position of said shield rela 
tive to said transformer. 

9. A vacuum tube coupling system, com 
prising a transformer having a primary 
winding and a secondary winding, a tuning 
condenser connected in circuit with said 
transformer, and a metallic shield for said 
transformer, said shield comprising two cup 
like members, one of which is more particu 
larly assocated with said secondary winding, 
Said members being operative to vary the 
mutual inductance and the secondary self 
inductance of said transformer, respectively, 
and driving means for adjusting the position 
of said shield relative to said transformer 
and the capacity of said condenser con 
jointly. 

10. In a radio-frequency amplifier, a plu 
rality of vacuum tubes and a plurality of tun 
able coupling systems interconnecting said 
vacuum tubes, each of said coupling systems 
comprising a transformer, a variable tuning 
condenser and a shield operable to vary the 
electrical characteristics of said transformer, 
and control means for simultaneously vary 
ing the capacities of said condensers and the 
positions of Said shields relative to said trans 
formers. 

11. The combination with a high-frequency 
transformer comprising a primary winding 
and a secondary winding of a variable con 
denser in circuit with said secondary wind 
ing, a metallic shield comprising two co-axial 
cup-like members, Said shield being movable 
axially with respect to said windings and op 
erable to variably restrict the magnetic paths 
thereof, and a mechanism for operating said 
condenser and said shield conjointly whereby 
said magnetic paths are restricted to the de 
sired extent for each operating position of 
said condenser. 

12. In a stage of tuned radio-frequency 
amplification employing a tuning system cou 
pling two vacuum tubes said system includ 
ing inductance and capacity, with means for 
neutralizing the capacity coupling of at least 
one of said vacuum tubes, the method of at 
taining high amplification, high selectivity 
and freedom from osciliations at all radio 
frequencies within a wide range, with a singie 
tuning control means, which method com 
prises simultaneously decreasing the self 
inductance of the tuning inductance, decreas 
ing the tuning capacity and raising the step 
up voltage ratio as the frequency is raised, 
at such respective rates that the voltage am 
plification varies approximately inversely as 
the square root of the frequency, whereby the 
limiting permissible variation of Said cou 
pling capacity is approximately the same at 
all frequencies. 

13. The method of improving the effective 
ness of a transformer-coupled high-frequency 
vacuum tube amplifier having a tuning con 
denser in circuit with the secondary winding 
of the coupling transformer, said method 
comprising:-automatically progressively de 
creasing the primary self-inductance, the 
secondary self-inductance and the mutual 
inductance of said transformer as the effec 
tive capacity of the tuning condenser is de 
creased, and progressively increasing the sec 
ondary self-inductance and the mutual in 
ductance as the effective capacity of the tun 
ing condenser is increased. 

14. The method of operating a tuned radio 
frequency vacuum tube amplifier having a 
tuning capacity, wherein vacuum tubes are 
interconnected through the medium of trans 
formers, said method consisting in increas ing the reluctance of the magnetic path of the 
transformer as the tuning capacity is de 
creased. 

15. In the operation of a vacuum tube alm 
plifier of the tuned transformer-coupled type, 
the method of increasing the amplification 
a the lower frequencies without impairing the 
selectivity at the higher frequencies and with 
out exceeding the limit of stability at any fre 
quency, said method consisting in automati 
cally varying the primary self-inductance, 
the secondary self-inductance and the mutual 
inductance of the transformer simultaneous 
ly while tuning. 

16. In a radio-frequency coupling system 
an inductance coil, means for tuning said sys 
tem over a relatively wide range of frequen 
cies, a conductive shield comprising a cup 
like member, said shield being movable axi 
ally with respect to said coil and adapted to 
variably restrict the magnetic paths thereof, 
and means operable to vary the position of 
said shield conjointly with said tuning 
e.S. 

17. In a radio frequency coupling system, 
an inductance coil, means for tuning said 
system over a relatively wide range of fre 
quencies, a conductive shield comprising a 
plurality of cup-like members, said shield 
being movable axially with respect to said 
coil and adapted to variably restrict the mag 
netic paths thereof, and means operable to 
vary the position of Said shield conjointly 
with said tuning means. 

18. In a vacuum tube ampifier system in 
cluding a radio-frequency coupling induc 
tance, means for tuning said system over a 
relatively wide range of frequencies, where 
in a voltage built up across said inductance 
tends to produce oscillations at the higher 
frequencies of said range, a conductive shield 
positioned in the magnetic paths of said in 
ductance and movable relatively thereto, and 
means for effecting relative movement be 
tween said shield and said inductance and in 
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proportionately as said system is tuned to 
higher frequencies. 

19. In a vacuum tube amplifier system in 
cluding a radio-frequency coupling induct 
ance, means for tuning said system over a 
relatively wide range of frequencies, wherein 
a voltage built up across said inductance 
tends to produce oscillations at the higher 
frequencies of said range, a conductive shield 

10 positioned in the magnetic paths of said in 
ductance and movable relatively thereto, and 
means automatically operable conjointly with 
said tuning means for effecting relative move 
ment between said shield and said inductance 
and interrupting said paths to decrease said 
voltage proportionately as said system is 
tuned to higher frequencies. 

20. In a vacuum tube amplifier system in 
cluding a radio-frequency coupling induct 

20 ance, means for tuning said system over a 
relatively wide range of frequencies, wherein 
a voltage built up across said inductance 
tends to produce oscillations at the higher 
frequencies of said range, a conductive shield 

25 positioned in the magnetic paths of said in 
ductance and movable relatively thereto, and 
means for effecting relative movement be 
tween said shield and said inductance and in 
terrupting said paths to decrease said oscil 

90 lation producing voltage automatically as 
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said system is tuned to higher frequencies. 
In testimony whereof I affix my signature. 

LINCOLN WALSH. 

DiscLAIMER 
1,894,503-Lincoln Walsh, Elizabeth, N.J. . RADIO FREQUENCY AMPLIFIER, Patent 

dated January 17, 1933, Disclaimer filed May 29, 1934, by the patentee, 
- the assignee, Hazeltine Corporation, consenting. 

Hereby enters, this disclaimer of claim 15 in said specification, which is in the 
following words, to wit: . . . . . . . . . . . . 15. In the operation of a vacuum tube amplifier of the tuned transformer 
coupled type, the method of increasing the amplification at the lower frequencies 
without impairing the selectivity at the higher frequencies and without exceeding the 
limit of stability at any frequency, said method consisting in automatically varying 
the primary Elie, the secondary self-inductance and the mutual inductance 
of the transformer simultaneously while tuning.' 

Official Gazette June 19, 1934.) 


