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This invention relates to multirange tuning in 
duotances and particularly to inductances adapt 
ed to form a part of the coupling circuits in radio 
receivers that are to be tuned over a plurality of 
ranges of signal frequencies. 
The usual types of tapped inductances, 

whether simple inductances or transformers, 
have introduced substantial losses in radio fre 
quency circuits when the switch was adjusted to 

0 include only a portion of the tapped inductance 
in the circuit. To avoid these losses, it has been 
Customary to employ sets of interchangeable coils 
Or:transformers to cover the individual frequen 
Cy bands. 
An object of the invention is to provide a tapped 

inductance which does not exhibit substantial 
losses when a part only of the inductance is effec 

5. 

tively included in a resonant eircuit. Another. 
object is to provide a coupling system including a 
tapped inductance or a transformer having a 
tapped winding, and which does not exhibit sub 
stantial losses when the system is adjusted for 
transmission of the higher frequencies. More 
specifically, objects are to provide a tapped in 
ductance, Or a transformer having a tapped wind 
ing, in which the tapped inductance or winding 
has the form of a single layer solenoid of constant 
diameter, but in which the sections, for resonat 
ing at the higher frequency band or bands are 
formed of larger diameter Wire and have a larger 
pitch than the sections which are employed when 
turning to lower frequency bands. 

these and other objects of the invention will 
be apparent from the following specification 
When taken with the accompanying drawings, in 
which, 

Figs. 1 and 2 are circuit diagrams illustrating 
tae invention as embodied in vacuum tube trans 
mission systems, 
iig. 3...is a side elevation of a transformer ene 

bodying the invention, and 
Fig. 4 is a fragmentary side elevation of the 

same, greatly enlarged, with parts shown in see 
tion. 

. . . In the circuit diagrams, Figs. 1 and 2, the refer 
enee numerals 1 and 2 identify, respectively, two 
anapifer tubes in a cascaded and tuned radio fre 
quency amplifier. Except for the provision of 
the tapped inductances, Fig. 1 will be recongnized 

amplifier in which the plate circuit of the tube 1 
includes, in parallel, an inductance L and tuning 
condenser. C, and the amplified signal is im 
pressed upon the succeeding tube 2 through the 

6. coupling condenser 3. Similarly, the coupling 

as a typical tuned impedance coupling type of 

system of the Fig. 2 circuit is of the tuned trans 
former type, including a primary winding L1 in 
the plate circuit of tube 1 and a secondary wind 
ing 2, shunted by the tuning condenser C2, in the 
control grid circuit of the succeeding tube 2. 

It will be understood that these types of cou 
pling systems are illustrative of applications of 
the invention and, in general, form no part of the 
S86. 
As indicated diagrammatically in Fig. 1, the in 

ductance-L may be, and preferably is, a solenoidal 
winding of uniform diameter but of non-uniform 
piteh. Leads 4 extend from the taps which sub 
divide the continuous winding of inductance L. 
into sections La to Le, to switch contacts that are 
engageable by a switch arm 5, and the higher 
frequency section La of the inductance is of sub 
stantially greater pitch than the section Le which 
is at the opposite end of the inductance. The 
Switch arm 5 is grounded, for signal frequency, 
by a by-pass condenser 6, and it is to be noted 
that the switch arm 5 short-circuits the low fre 
quency sections which are not included in the 
resonant circuit. With the Switch arm in the 
position shown in Fig. 1, only the Sections La and 
Lb are included in the resonant circuit, the re 
maining sections being individually short-cir 
cuited and grounded for signal frequencies. For 
tuning over the highest frequency band, only the 
section a is employed, and additional Sections 
are included in series with La when receiving sig 
nals in the lower frequency bands. 

It is also te be noted, as indicated diagram 
matically in Flg. 1, that the physical arrangement 
of inductance L and the Switch mechanism is 
such that the shortest leads extend between the 
switch and the higher frequency Sections of 
the inductance. 

For transformer coupling, as illustrated in Flg. 
2, the secondary winding L2 is tapped and, for 
the same frequency bands, may be substantially 
identical, in physical form, with the simple in 
ductance L that would be appropriate for a tuned 
impedance coupling. The primary Winding L1 is 
formed of insulated wire of uniform and small 
diameter throughout its entire length but va 
ries in pitch with the secondary winding. The 
transformer thus comprises a twin winding, i. e. 
the primary and secondary are Wound turn for 
turn, and in close mechanical contact, through 
out the length of the respective windings. Sub 
stantial unity coupling between the windings is 
therefore obtained, and there is Substantially no 
difference in potential between adjacent portions 
of the primary and Secondary windings; conse 
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2 
quently the high capacity between the windings 
does not introduce any losses. 
The Switch 7 for progressively shorting sections 

of 12 which are not included in the resonant cir 
cuit, and for moving the grounded point of the 
resonant circuit directly to the low potential ter 
ninal of the lowest frequency section which is 
in the resonant circuit, is illustrated as being of 
the druin type and while this construction pre 
sents certain mechanical advantages where a plu 
rality of tuned Stages are employed, it will be 
apparent that other types of switches may be 
employed. 
Due to the unity coupling, it will be apparent 

that the short-circuiting of one or more sections 
of the secondary winding L2 effectively short-cir 
cuits the corresponding section or sections of the 
primary Winding 1. - - - ". . . 

primary winding Tull removes the inductance of 
that portion from the plate circuit of tube 1, it 
will be apparent that the resistance of the short 
circuited section is not eliminated from winding 
L1. The low potential end of the winding L1 is 
grounded, for signal frequencies, by condenser 8, 
and the relatively heavy flow of oscillatory cur 
rents in the tuned secondary circuit establishes 
a current flow in the primary circuit which in 
cludes the Winding 1, by-pass condenser 8 and 
the inherent plate-cathode capacity Cp of tube 
1. The resistance of the short-circuited portion 
of the primary winding L1 is therefore reflected 
into the secondary circuit and is particularly 
troublesome at the higher frequency bands. 
To prevent this undesired introduction of resist 

ance into the Secondary circuit, the low imped 
ance condenser 9 is connected directly across the 
high potential ends of the transformer windings. 
No loss or other disturbing effects results from 
this high capacity coupling since the unity cou 
pling between the windings results in identical 
potentials, and therefore no tendency for current 
flow, acroSS the high potential ends of the Wind 
ings. Due, however, to the relatively high re 
sistance of the Winding L1, the major portion of 
the current flowing in the inherent capacity. Cp 
does not paSS through the Winding T1 but through 
the low resistance winding L2. Since practically 
no current flows through the high resistance pri 
mary, there is Substantially no resistance re 
fected into the Secondary winding. 
A physical embodiment of a transformer for 

use With a 200 micronicrofarad Variable. Con 
denser for tuning over the frequency band of from 
500 to 15,000 kilocycles is illustrated in Fig. 3. 
The form 10 for supporting the windings is of 
molded insulating material which is preferably 
grooved, as indicated at 11, Fig. 4, to facilitate 
the positioning and the stability of the windings. 
The form 10 has an integral base or flange 12 for 
facilitating the mounting of the transformer on 
a panel or chassis, and terminals 13 are secured 
in the flange. 
The fine wire 14, No. 36 double silk covered, 

which constitutes the transformer primary is 
wound upon the form 10, and the secondary wind 
ing is then Wound in place, with taps 15 taken off 
at appropriate intervals and led through the in 
terior of the form to the respective terminals 13 
On flange 12. In the particular transformer ill 
lustrated in Fig. 4, the outside diameter of the 
form 10 was 1 is inches, and the total length of 
the winding was about 4% inches. The section La 
is adjacent the flange 12 and comprises 7% turns 
of No. 16 bare copper Wire, Wound 12 turns per 

1989,205 
inch, a gap of 4 inch being provided between this 
and the Tub Section which comprises 12 turns of 
No. 18 bare copper wire wound 16 turns per inch. 
Section Lc is also of bare copper wire, No. 24, and 
consists of 25 turns wound with a pitch of 32 
turns per inch. Section Lld has 56 turns, close 
wound, of No. 26 double silk covered wire and 
section Le has 112 turns, close wound, of No. 32 
enameled Wire. The transformer may be shielded 
by enclosing the same in a 2% inch copper can. 
By omitting the primary Winding, wire i4, a 

tapped inductance of the design specified will 
be appropriate for use as a part of a tuned im 
pedance coupling, as shown in Fig. 1, or in other 
circuits or arrangements where it is desired to tune 
a circuit to resonance over the band of from 
500 to 15,000 kilocycles. 

w . ... While the tapped inductance does not have, for 
While this short-circuiting of a portion of the 

be obtained With a coil of the same diameter 
any frequency band, the efficiency which could 

and designed for only a single-range, the losses 
introduced are not prohibitive and are out 
weighed by advantages derived from the use of 
a simple switching system instead of replaceable 
coils. 

For example, the high frequency section La 
of a tapped inductance such as formed by only 
the secondary winding, Fig. 3, and having sec 
tions. Wound as Specified above, will have an 
average figure of merit over the 7000 to 15,000 
kilocycle band that is about 83% of the figure 
of merit of an inductance designed to cover that 
particular band. By figure of merit is meant 
the ratio of the coil reactance to resistance, 
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At 7000 kilocycles, the comparative value of the 
tapped coil was 81%, at 10,000 kilocycles it was 
88.5%, and at 15,000 kilocycles it was 85.5%. 
The exact construction which will give best 

results will vary with the particular band of 
frequencies which is to be covered, the number 
of sections into which the inductance is to be 
divided, the design of the tuning condenser, 
and With other factors which will be apparent 
to those familiar with the design of high fre 
quency circuits. 
We claim: 
1. In a selective vacuum tube amplifier, a 

tuned circuit comprising a condenser and an 
inductance connected in parallel, means ground 
ing one joined terminal of said condenser and 
inductance at the frequencies of operation, said 
inductance being divided into sections by taps, 
and a SWitch having points located adjacent the 
non-grounded terminal of said inductance, said 
points being connected to the respective taps, 
and a grounded contact arm for said Switch, said 
contact arm being movable to progressively short 
circuit and ground successive. Sections of said. 
inductance. . . . . - 

2. The invention as set forth in claim 1, where 
in said inductance is the Secondary winding of 
a transformer, and the primary winding there 
of is Wound turn for turn. With and closely, adja 
cent the corresponding turns of the said induc 
tance. . . . . . . . . 

3. In an amplifier stage, a tunable circuit com 
prising a variable condenser and an inductance 
coil having a substantially solenoidal continuous 
winding, an end portion of said winding consist 
ing of larger diameter wire and having larger 
pitch than the opposite end portion of said 
Winding. . . . . . . . . . . . . . 
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4. A high frequency transformer for use in an 

amplifier Stage adapted for Operation in each of a 
plurality of frequency bands, said transformer 
comprising a cylindrical form, primary and sec 
Ondary Windings Wound turn for turn on said form 
as single layer Solenoids, one adjacent pair of ter 
minals of Said Windings constituting the high po 
tential terminals of the respective Windings, and 
taps dividing one of Said Windings into sections, 
the pitch of the windings being constant through 
Out each section and the pitch of the section ad 
jacent the high potential terminals being greater 
than that of the opposite end of the windings, 
means for short-circuiting sections of said tapped 
windings progressively from the low potential 
terminal thereof, and a tuning condenser shunted 
across said tapped Winding. 

5. The invention as claimed in claim 4, in com 
bination with a condenser connected between the 
Said high potential terminals of the respective 
WindingS. 

6. The invention as claimed in claim 4, wherein 
the primary Winding is of relatively Small wire of 
relatively high resistance, in combination with a 
condenser connected between the said high poten 
tial terminals of the respective WindingS. 

7. As an element of a radio-Selective amplifier, 
a tuned circuit having two terminals, a condenser 
connected between said terminals, and a con 
tinuous Solenoidal inductance coil connected be 
tween said terminals, said inductance coil hav 
ing a plurality of sections of different conductor 
size, whereby at least one of Said sections may be 
short-circuited without Substantial electrical re 
action on the remaining Sections. 

8. A radio-Selective amplifier circuit includ. 
ing as a Selective coupling element the combina 
tion of a condenser and an inductance coil, said 
coil having a continuous Solenoidal Winding di 
vided into Sections, One Section being wound with 
a conductor Smaller than the conductors of the 
remaining sections, and a short-circuiting con 
nection across the Section Wound with the Smaller 
conductor. 

9. In a radio-Selective amplifier including as an 
element of a tuned circuit a Solenoidal inductance 
having two end terminals and between said ter 
minals a plurality of adjacent, series-connected 
sections, each section being wound with a conduc 
tor of Size smaller than the conductor of the next 
adjacent section on one side, but larger than that 
of the next adjacent section on the opposite side, 
the method of reducing the total inductance be 
tween said end terminals which comprises short 
circuiting one of said end terminals to an inter 
mediate point of said Solenoidal inductance coil. 

10. In an amplifier stage, the combination with 
a vacuum tube having an output electrode and a 
cathode, of a tuned circuit comprising a condenser 
having a low-potential terminal and an induct 

3 
tance connected in parallel with said condenser, 
Said inductance being divided by taps into a plu 
rality of Sections, a Switch for progressively short 
circuiting Successive Sections of Said inductance 
and connecting both terminals of each short 
circuited section to the low-potential terminal of 
said condenser, an output inductance closely 
COUpled to Said tapped inductance and connected 
between Said tapped inductance and cathode, 
Whereby said output inductance is effectively in 
Shunt with the inherent capacity between said 
electrode and cathode, and a capacitive coupling 
of low impedance between the electrode terminal 
Of Said output inductance and the adjacent 
terminal of Said tapped inductance, Said capacitive 
coupling maintaining the associated terminals of 
the two inductances at Substantially the same 
alternating current potential. 

11. An amplifier stage as claimed in claim 10, 
Wherein Said output inductance is coupled mag 
retically to Said tapped inductance with Substan 
tially unity coupling. 

12. The invention as set forth in claim 10, 
Wherein said tapped inductance comprises a wind 
ing of Substantially constant diameter, and the 
turns forming the Section adjacent one end 
thereof are of gi'eater pitch than the turns form 
ing a Section at the other end. 

15. The invention as set forth in claim 10 
Wherein Said tapped inductance comprises a 
Wiriding Of Substantially constant diameter, and 
the turns forming the section adjacent one end 
thereof are of greater pitch and of larger diam 
eter than the turns forming a section at the other 
ed. 

14. In an amplifier stage, the combination with 
a Vacuum tube having an output circuit includ 
ing an Output-circuit coil connected between an 
Output electrode and a cathode of said tube, said 
coil being effectively shunted by the inherent ca 
pacity between Said output electrode and said 
Cathodie, of a tunable circuit comprising a variable 
condenser and an inductance coil having one open 
Section, a Second Section which is adapted to be 
Short-circuited, means connecting that terminal 
of Said Second Section which is remote from said 
Open Section to the tube cathode to maintain 
the Said terminal and the cathode at substan 
tially the same potential for currents of the 
frequencies to be amplified, Switch means for 
Short-circuiting Said Second Section, said second 
Section being Wound With a conductor of smaller 
diameter than the conductor of Said open section, 
close electromagnetic coupling between said out 
put-circuit coil and Said inductance coil, and a 
capacitive coupling greater than the Self-capaci 
ties of the coils between said output circuit coil 
and said inductance coil, 

WILLIAM. D. LOUGHIN. 
PAU O. FARNHAM. 
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