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My present invention relates to tunable radio 
frequency circuits, and more particularly to tun 
able circuits including fixed tuning adjustment 
reactance elements. 
One of the main objects of my present inven 

tion is to provide a novel method of, and means 
for, adjusting the ratio of minimum to maximum 
inductance of a tunable high frequency circuit 
arranged for tuning variation by a variable in 
ductance. 
Another important object of the present in 

vention is to provide a method of, and means 
for, securing a substantially constant frequency 
difference between a pair of tunable oscillation 
circuits, both including like variable tuning in 
ductances, over a predetermined tuning range, 
the method comprising the utilization of fixed 
trimmer inductances in at least one of Said cir 
cuits, and said constant frequency difference be 
ing zero, or a value greater than Zero, the latter 
as in the case of superheterodyne receivers. 
Another important object of the present inven 

tion is to provide a tuning means for a resonant 
radio frequency circuit which can readily be 
changed from a condition which covers a wide 
range of frequencies to a condition which covers 
only a narrow band of frequencies with the same 
range of adjustment of the tuning mechanism. 

Still other objects of the invention are to gen 
erally improve the tuning efficiency of resonant 
radio frequency circuits, particularly those tun 
able by means of variable tuning inductances, and 
additionally to provide Such uning arrange 
ments in an economical manner with regard to 
manufacture and assembly. 
The novel features which I believe to be char 

acteristic of my invention are set forth in partic 
ularity in the appended claims, the invention it 
self, however, as to both its organization and 
method of operation will best be understood by 
reference to the following description taken in 
connection with the drawing in which I have in 
dicated diagrammatically several circuit organi 
zations whereby my invention may be carried into 
effect. 

In the drawing, 
Fig. 1 shows a conventional tunable high fre 

quency circuit, 
Fig. 2 graphically illustrates the object of the 

prescnt invention, 
Fig. 3 shows a circuit of the type of Fig. lem 

bodying the present invention, 
Fig. 4 shows a modified form of the invention 

applied to a superheterodyne receiver, and whose 
operation is illustrated in Fig. 2, 

Fig. 4a shows a modification of the arrange 
ment shown in Fig. 4, 

Fig. 5 shows another modification of the in 
ventioi anplied to a cascaded tuned radio fre 
quency amplifier receiver, 

Figs. 6 and 7 show alternative embodiments of 
the basic principle of the present invention ap 
plied to a band spreader device for tunable radio 
frequency circuits and 

Fig. 8 graphically illustrates the operation of 5 
the arrangements of Figs. 6 and 7. 

Referring now to the accompanying drawing, 
Wherein like reference characters designate sim 
ilar circuit elements in the different figures, there 
is shown in Fig. 1 in conventional manner a res- 10 
onant high frequency circuit consisting of a va 
riable tuning inductance coil and a shunt fixed 
condenser C. The coil is shown adjustable by 
means of the arrow passing through it, and it is 
to be understood that this variable, Cr adjustable, 15 
inductance coil may be any conventional variom 
eter, or a variable inductance of the type where 
in the coil is provided with a magnetic core which 
is movable with respect thereto to vary the induc 
tance value of the Coil. Such a movable core in 
ductance coil is shown in my copending appli 
cation Serial No. 657,769, filed February 21, 1933. 
Regardless of the construction of the variable 
tuning inductance , the resonant oscillation cir 
cuit A may be used for most purposes where such 25 
a circuit is required, such as for a tunable radio 
frequency amplifier circuit of a radio receiver. 
The adjusting dial, or knob, of the variable in 

ductance when set to different angular posi 
tions results in an adjustment of the frequency 30 
to which the circuit A is resonant. In Fig. 2 the 
full line A represents a tuning characteristic of 
circuit A; “Frequency', as ordinates, are plotted 
against “Dial setting-0' as abscissae. In other 
words, the variable inductance tunes the cir-35 
cuit A according to an arbitrary law. Such as ill 
lustrated by the solid curve A of Fig. 2. Now, 
let it be assumed that the coil has a minimum 
value l and a maximum value I, and let the 
dotted line B in Fig. 2 illustrate curve A dis- 40 
placed upwards by a given frequency. There 
arises, then, the problem whether the resonant 
circuit A can be designed so that the same wari 
able inductance A will tune the circuit according 
to the dotted curve B of Fig. 2 with a good de-4 
gree of approximation. In Fig. 3 there is shown 
the method of solving this problem. In this figure 
the fixed condenser K is chosen to shift the tun 
ing frequency range of the circuit, while the trim 
mer inductances s and N are connected respec 
tively in series and shunt with the coil to Inain 
tain the new tuning law substantially the same 
as the original tuning law. 
The quantitative relations between the circuit 65 

elements shown in Fig. 3 are somewhat involved, 
and make it desirable to employ mathematical 
formulae in illustrating the laws governing the 
phenomena taking place in the network. Partic 
ularly, these formulae lay down rules of design 60 
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solid Curve A. 

2 
whereby any one skilled in the art may construct 
the present invention. 
One condition that must be fulfilled in employ 

ing the invention shown in Fig. 3 is that the ratio 
of the slope at the right end of the dotted curve 
B of Fig. 2 to the slope at the left end must be 
the same as the ratio of slopes at the ends of the 

But the slope, 

dL 

is proportional to the 
d (circuit inductance) 

9 

For the solid line curve A, the slope is therefore 
proportional to 

dL. 
Lin 

(circuit inductance)/X 

where L is the inductance of the variometer . 
Therefore, the ratio of the slopes at the two ends 
of the solid curve A is: 

dL dLY S/2 --------. Ha( d -i. ( d/o (1) 
Now, the circuit inductance in Fig. 3 is 

N(s--L) 
N-s- L. 

and, therefore, 
d (circuit inductance) N2 dL. (2) 

d (N-s-L) d8 
Therefore, the ratio of slopes at the ends of 

the dotted curve B is 

GE) "w (A N--s-- (N-s-I)'V d6/100 (3) 
R2 -spa Na (i. N--s-L (N-s--L)V d8/- 

Equating these two ratios of slopes, We have 
N(s--I)-1s W 

()"- 2 (N-s-I) L/. 2 A Na - 

Now, et Z/N, and s/L, and S/N be negligibly 
small, and rearrange thus: 

----- (4) 

()"- HiRIStiti) '' It"(1++) 
Now, drop out the negligibly small terms, and 

the equation is: 

(E)". Gi Diety (4) V V (6) 
The last equation can be rewritten: 

N-1s I-312(1--s/I)-sla (E) = a 7 x-, --- (7) L-P(1+sl)-1-(1+ 
Dropping S/L, this last equation readily re 

dices to: 

(1+)=(1+sli) -------- (8) 
Equation (8) is the relation required between S, 

N, L and l to satisfy the conditions embodied 
above. 

In addition to the dotted curve B having the 
ratio of slopes at its two ends the same as the 

- (5) 

9,084,778 
ratio of slopes of the ends of the sold Curve A, 
it is desired to embody the condition that the 
frequency difference be the same at the two ends, 
and that this difference have a given value. 
Knowing the frequencies at the two ends of the 
solid curve A, the same Constant amount can be . 
added to each (the desired intermediate fre 
quency in the case of uni-control superheterodyne 
operation), and there is obtained the required 
frequencies at the two ends of the dotted curve 
B. Calling these frequencies fo and floo, we must 
then have: m 

f 2/k. NCs+L)." (9) 
N--s-L. 

foo/E NOE)" (10) 
W-s-1 

These two equations together with the afore 
mentioned Equation (8) completely determine the 
Values of the constants S, N and K. So as to make 
the circuits A and B tune with substantially con 
stant difference of frequency. In Fig. 4 is shown 
Such an arrangement. The "Signal circuit' cor 
responds to circuit A of Fig. 1, and the 'Local 
Oscillator' circuit corresponds to circuit B of Fig. 
3. The variable inductances L1 and I2 are shown 
uni-controlled by any conventional mechanical 
arrangement 2, and the condensers C1 and Ca 
have values determined by the signal frequencies, 
and by Equations 8, 9, 10, respectively. The local 
OScillator circuit includes the trimmer inductances 
S and N. It should be noted that if fo and floo had 
not been taken as equally different from the fre 
quency limits of the solid curve A, the frequency 
difference between the dotted and solid curves 
would have varied with frequency in a linear 
fashion. 

In Fig. 4, then, there has been shown how the 
invention may be employed in a superheterodyne 
receiver to maintain the signal and local osci 
lator circuits differing by substantially constant 
frequency difference, while employing like vari 
able tuning inductances in both circuits for eco 
nomical production of receivers. 
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In Fig. 4a there is shown a modification of the 
arrangement shown in Fig. 4 wherein in the local 
Oscillator circuit L2C, a network, composed of 
an inductance N1 shunted by a fixed condenser 
Ca', is connected in series between the condenser 
Ca and the inductance L2. It can be mathemati 
cally demonstrated that proper choice of the 
values of Cani and Ca' will cause the signal and 
oscillator circuits to have the same frequency 
difference at at least three different adjustments 
of the inductances L1 and L2, and hence to have 
nearly constant difference for all values of the 
adjustment of these variable tuning inductances. 
It is not believed necessary to give these mathe 
Imatical formulae, since they are complicated, and 
can be readily deduced from the network shown 
in Fig. 4d. and the aforesaid tuning requirements. 
Indeed, the particular networks of fixed reactance 
elements here disclosed are merely illustrative, as 
by well known formulae they may be replaced, by 
various other equivalent networks. Such for 
mulae are to be found in K. S. Johnson's book 
(Transmission circuits for telephonic communi 
cation-Appendix D). 
In Fig. 5 is shown another useful application 

of the basic principle described in connection with 
Figs. 1, 2 and 3. If there are several networks 
of the type shown in Fig. 1. to be adjusted over 
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the same given range of tuning frequencies by 
a uni-control device, manufacturing imperfec 
tions may result in the values of variable tuning 
inductance in the different networks not having 
exactly the same maximum and minimum values 
in each network. . 
For example, in a receiver of the type shown in 

Fig. 5, the numerals 0, f, 2 designate amplifier 
tubes, the grounded antenna circuit A being cou 
pled to the input of tube 0. The output of tube 
O and the input of tube are coupled by a net 

work of the type shown in Fig. 1. 
The output of tube and the input of tube 2 

are similarly coupled by a network of the same 
type. The output of tube 2 may be coupled to 
another amplifier stage, or detected and utilized 
in any well known manner. The fixed condensers 
C3 and C4 are tuned by the variable in 
ductances L3 and L4, and these inductances are 
varied by appropriately moving the magnetic 
cores 3, 4 with respect to the coils of the induct 
ances. The cores are arranged in any desired 
mechanical fashion for uni-control operation by 
a uni-control tuning means 5, shown in dotted 
lines. . As stated heretofore, there may be en 
ployed for the variable tuning inductances a con 
struction disclosed in my aforesaid copending application. 
The resonant networks between tubes to and 

if and tubes and 2 are adjusted to cover a 
common range of frequencies, say the broadcast 
range. Manufacturing imperfections may result 
in the values of L3 and L4 not having exactly the 
same maximum and minimum values in each net 
work. Suitable values of series fixed inductance 
sa, inserted as in Fig. 3, can be made to equalize 
the minimum value of inductance across the con 
denser C3, and then suitable values of shunt fixed 
inductance N3 can be found to equalize the maxi 
mum effective inductance across the condenser 
C3. Similarly, trimmer inductances N4 and S4 
may be employed in connection with the con 
denser C4. Each of the fixed trimmer induct 
ances in Fig. 5. has an arrow through it to 
designate that their values may be adjusted at 
he factory, but that after adjustment these 
values are not to be disturbed by the user of the 
receiver. 
By properly adjusting these fixed trimmer 

inductances, the tuning of the various networks 
may be lined up so that each network accurately 
tunes over the same tuning range. If the in 
ductances L3 and L4 are nearly alike, the adjust 
ments of the fixed trimmer inductances are near 
ly independent. This can be demonstrated 
mathematically, and it is not necessary to Com 
plicate the present specification by such a . 
mathematical demonstration. It is merely nec 
essary to point out that the required values of 
the fixed trimmer inductances S4 and N4 are deter 
mined respectively by the minimum values and 
maximum values of the variable inductances L3 
and L4 independently. 
There are situations where the shunt fixed 

trimmer inductances N3 and N4 may be omitted, 
and the series fixed inductances may be employed 
in the cascaded networks. That is if the varia 
bie inductances L3 and L4 are closely alike, adjust 
ment with the series trimmer inductances S3 and 
st will render the cascaded networks capable of 
tuning extremely closely alike throughout the 
whole frequency range. Using only the Series 
fixed trimmer inductances a still closer approxi 
mation is obtainable by choosing the trimmer 
inductances S3S4 and capacities C3C4 to make the 

3 
circuits "line up' exactly, not at the limits of 
the range, but at two frequencies somewhat in 
side the limits. For example, if the tuning 
range is between 500 and 1500 kilocycles, the 
cascaded networks can be made to tune exactly 
alike at say 700 and 1200 kilocycles. In this way 
no frequency in the entire range is very far from 
at least one frequency of perfect alignment. 
The basic principle of the present invention, 

as shown in Fig. 3, may be utilized to provide a 
tuning means which can readily be changed 
from a condition which covers a wide range of 
frequencies to a condition which covers Only a 
narrow band of frequencies with the same range 
of adjustment of the tuning mechanism. Fur 
ther, to demonstrate the scope of the present in 
vention, the tuning means referred to may con 
sist of a variable condenser instead of a variable 
inductance, the inductance of the tuned circuit 
being fixed in this case. Figs. 6 and 7 show al 
ternative embodiments of this specific applica 
tion. 
In both Figs. 6 and 7 the grounded antenna, 

circuit A2 is coupled to the input electrodes of 
an amplifier tube 20 by means of a radio fre 
quency transformer M, the secondary coil L6 of 
which is connected between the grid and cathode 
of the amplifier tube. The anode and cathode 
of the amplifier tube may be coupled to a suc 
ceeding amplifier stage of any well known type of 
receiver. Such a receiver may be of the tuned 
radio frequency amplifier type, a superheterodyne 
receiver, or even a super-regenerative receiver. 
The variable tuning condenser C6 is connected 
across the fixed inductance coil L6. However, a 
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large fixed condenser K is connected substan 
tially in series with the variable condenser C6, 
while a small fixed condenser K2 is arranged for 
connection substantially in shunt with the vari 
able tuning condenser C6. 
A Switch device is employed for selectively con 

necting and disconnecting the fixed condensers 
K1 and K2. This switching device in Fig. 6 con 
prises a terminal a connected to one side of the 
tuning condenser C6 and a second terminal b 
connected to one side of the fixed condenser K2, 
and a movable switch arm 2 connected to the 
grid of tube 20. In Fig. 7 the switch arm 2 is 
connected to one side of the tuning condenser 
C6, the terminal a is connected to the grid of tube 
20, and the terminal b is connected to one side of 
the fixed condenser K2. 
In both Figs. 6 and 7, when the switch arm 2 

is connected to terminal a the tuning condenser 
is directly connected across the inductance coll 
Ls, and the shunt condenser Ka is disconnected. 
Therefore, the range of tuning will be as great aS 
the ratio of the square root of the maximum 
capacity of the variable condenser to the square 
root of the minimum capacity of the variable 
condenser together with tube and coil capacities. 
With the usual type of variable condenser this 
range of frequencies would be about 3:1. With 
the switch arm 2 f on terminal b the maximum 
capacity across the inductance coil L6 is reduced 
by series condenser K1, while the minimum ca 
pacity is increased by the condenser K2. By prop 
erly choosing the values of K1 and K2 the range 
of variation of circuit capacity may be inade as 
Small as desired. 

Fig. 8 graphically shows how the frequency of 
the resonant circuits of Figs. 6 and 7 vary with 
tuning condenser adjustment according as the 
switch arm 2 is in position a or position b. It is 
obvious that the curves of Fig. 8 must cross each 
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other, and this position of the crossing may be 
chosen at will by properly choosing the relative 
valves of K and Ka. For example, if it is desired 
in the case of Fig. 6 to have the crossing point OC 
cur when the variable capacity has a value Cm, 
all that is necessary is to make 

- Co. 
K-C. 

The arrangements shown in Figs. 6 and 7 are 
particularly adapted to amateur reception. The 
amateur frequency bands are located in harmonic 
relation with each other. That is to say, each 
band is at approximately twice the frequency of 
the preceding one. If now a separate coil is pro 
vided for each band, the range of tuning avail 
able with an ordinary condenser is at least 2:1 
and, hence, is such as to make possible reception 
of all frequencies between the amateur bands, 
when desired, by setting the switch arm 2 on 
position a. m 

However, when receiving messages lying within 
the amateur bands, the switch is used on position 
b, the condensers K1 and Ka being chosen to have 
such values as will cause the frequencies in the 
amateur band to be spread out over a consider 
able portion of the dial adjustment and thus 
greatly facilitate tuning. When plug-in coils are 
used for the various bands it is well to choose the 
inductances so that for each coil the center of 
the desired band occurs at C=Cm=the same for 
each coil. This avoids the necessity to readjust 
K1 or K2 to center the band on the setting Cm. 
While I have indicated and described several 

systems for carrying my invention into effect, it 

K 

will be apparent to one skilled in the art that my 
invention is by no means limited to the particular 
organizations shown and described, but that 
many modifications may be made without depart 
ing from the scope of my invention as set forth 
in the appended claims. 
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What I claim is: 
1. In combination with an oscillation circuit 

consisting of a fixed condenser and a variable 
tuning coil which is adapted to vary the resonant 
frequency f of the circuit over a range of fre 
quencies, said above oscillation circuit having a 
maximum inductance L and a minimum induct 
ancel, an auxiliary coils in series with the vari 
able coil, and a second auxiliary coil N in shunt 
with the variable coil, said shunt coil having a 
larger inductance than said series coil, said auxil 
iary coils being chosen to satisfy the relation 

whereby the resonant frequency f' of the result 
ant circuit varies in such a way that 

df 
f 

is substantially constant between predetermined 
limits of variation of the variable coil. 

2. A superheterodyne receiver for telephone 
signals, comprising a signal circuit including a 
fixed condenser and a variable inductance coil, a 
local oscillation circuit coupled to the signal cir 
cuit and including a fixed condenser and a vari 
able inductance coil, said local oscillation circuit 
additionally including a pair of fixed coils Con 
nected respectively in series and shunt with its 
variable coil, the inductances of said variable coils 
of said two circuits being equal and said vari 
able coils being equally adjusted by one control 
means, said fixed and variable coils having such 

9,084778 
relative values that an intermediate beat fre 
quency of approximately constant value is pro 
duced as the signal circuit is tuned to an incoming 
signal by said control means, the ratio between 
the capacities of said condensers having a value 
other than unity. 

3. In a heterodyne receiving system, a signal 
circuit including only a fixed condenser and a 
variable inductance, a local oscillation circuit 
coupled to the signal circuit and including a fixed O 
condenser and a variable inductance coil, said 
local oscillation circuit including additionally a 
pair of auxiliary fixed inductance coils connected 
respectively in series and shunt with its variable 

- coil, the inductances of said variable coils being 
equal and said variable coils being equally ad 
justed by a common means, said fixed and vari 
able coils having such proportional values that a 
differential beat frequency of substantially con 
stant value is produced as the signal circuit is 
tuned, the capacity in the Oscillation circuit be 
ing different from the capacity in the signal cir 
Cuit. 

4. In a wave signalling system wherein a plural 
ity of oscillatory circuits are simultaneously tun 
able Over a certain frequency range by a unitary 
frequency control, each of said oscillatory circuits 
comprising a variable tuning inductance con 
nected in shunt with a fixed condenser, adjusting 
means connected in each of said oscillatory cir 
cuits whereby the rate of change of resonant 
frequency of each of Said circuits may be in 
dividually adjusted, said adjusting means in each 
oscillatory circuit consisting of a pair of auxiliary 
fixed coils connected respectively in series and 
shunt with the variable thing inductance of 
each circuit. 

5. A pair of oscillatory circuits including sub 
stantially similar inductive tuning elements, uni 
control means for said elements and means for 
maintaining substantially a predetermined fre 
quency difference between said circuits, said 
means including in one of said circuits a series 
connected inductance which is Small compared 
to the maximum value of the tuning inductance 
and a shunt connected inductance which is large 
compared with the minimum value of the tuning 
inductance, said series and shunt inductances 
satisfying the relation 

where I is the maximum value of the tuning ifh 
ductance; l is the minimum value of the tuning 
inductance; N is the shunt inductance; S is the 
series inductance. 6. Radio communication apparatus comprising 
a pair of resonant circuits, a fixed capacity and 
a variable inductance in each of said resonant 
circuits, said variable inductances having similar 
characteristics, uni-control connecting means 
connecting said variable inductances for simul 
taneous movement, and a pair of additional in 
ductances connected in One of said resonant cir 
cuits for insuring that the frequency character 
istics of said resonant circuits differ by the same 
amount throughout the range over which said 
variable inductances may be adjusted, one of said 
additional inductances being connected in said 
resonant circuit in series with the variable in 
ductance and the fixed capacity, and the other 
additional inductance being connected in said 
resonant circuit in parallel with said variable in 
ductance and said fixed capacity. . 
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