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This invention relates to frequency multipliers, 
and has for its principal object the provision 
of an improved and Simplified device for trans 
lating currents or potentials of one frequency into 
currents or potentials of a higher frequency. which 
is a multiple of the original frequency. Addi 
tional objects include the provisions of a fre 
quency multiplier which Operates without read 
justment, Over a wide range of frequencies; the 
provision of a device which generates only a 
predetermined multiple frequency without at the 
same time generating a large number of unwant 
ed frequencies; the provision of a frequency Inul 
tiplier which does not rely on the frequency char 
acteristic of a resonant circuit to select a desired 
harm Cnic from a series of undesired harmonicS; 
the provision of a frequency multiplier which 
utilizes a minimum number of parts; and the 
provision of a frequency multiplier of improved 
efficiency. 

I am aware of Systems of multiplication in 
which distortion is intentionally introduced into 
a signal in order to produce a series of high or-. 
der harnhonics. in . Such a Systerin, a tuned Cir 
cuit is used to select the desired harmonic and 
to reject the undesired harmonics. In such a 
System, however, a great deal of the available 
energy is Wasted in the production of the unde 
sired haraonics, With the result that, but a feeble 
output is obtained at the desired frequency. I 
an also aware of the use of balanced modulators 
for the production of frequencies equal to the 
sum, difference and harmonics of the applied 
voltages. Such Systems, however, also contain 
many different output frequencies, and require 
a resonant, or other selective circuit to remove 
those which are unwanted. . Like the first use 
mentioned, the energy of the balanced modulator 
is not confined to any particular desired fre 
quency. 
In brief, this invention makes possible frequen 

cy doubling by applying an input voltage in phase 
opposition between two grids, respectively, and 
a cathode of a multi-grid tube, and if care is 
taken to insure linear operation, the pure double 
frequency is available in the anode circuit, with 
out the need of frequency selective circuits. Ad 
ditional frequency multiplication may be achieved 
by cascaded stages, or in an alternative ar 
rangement, the input may be divided into two 
balanced circuits each including a pair of grids. 
The voltages applied to the two grids, in pairs, 
are made to be in quadrature phase by means 
of a phase shifter. The resultant voltages are 
applied either to a single four-grid tube or two 
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double-grid tubes, as will be explained in de 
tail hereinafter. 

This invention Will be better, understood from 
the following, description when considered in con 
nection with the accompanying drawing. Simi 
lar reference numerals will be applied to similar 
elements in the drawing. Its scope is indicated 
by the appended claims. 

Referring to the drawing, Eigure 1 is a cir 
cuit diagram of a simple frequency doubler; 
Figure 2 is a schematic diagram of a cascaded 
frequency doubler; Figure 3 is a circuit diagram 
of a frequency multiplier utilizing a four-grid 
tube; Figure 4 is a circuit of a frequency multi 
plier utilizing a pair of two-grid tubes; and Fig 
lure 5 is a graph used in describing the inven 
tion. 

Referring to Fig. 1, a thermionic tube 7 in 
cludes two input grid electrodes 9 and , , a 
screen grid comprising two sections 3 and .f5, a 
cathode 7 and anode 9. The input voltage is 
applied in phase opposition between the two 
grids 9 and , respectively, and the cathode 7 
by means of a transformer 2 having a primary 
23 and a secondary 25, the point intermediate 
the ends being connected to the cathode 7 
through a bias battery 27. Screen and anode 
potentials are supplied by a battery 29. A non 
resonant impedance, such as resistor 3, is the 
anode load resistOr. 
The voltages developed across the two Sections 

of the secondary 25 of the input transformer 2 
which are applied, respectively, to the first pair 
of grids 9 and i? take the form: 
(1) a--b sin ot 
and 

(2) C-d sin ot 

where a and c, are constant bias voltages which 
are adjusted to provide operation on the linear 
portion of the tube characteristic. The two bias 
voltages are equal in the case under considera 
tion, and the amplitudes of the alternating volt 
ages may be adjusted as desired. The factors:b 
and d indicate the amplitude. of the sine. Wave 
voltage. This relation is illustrated in Fig. 5, 
which shows the voltage on one grid. The ratio 
of the peak amplitude t to the bias voltage, a 
is called the modulation factor, and is desig 
nated m1. Similarly, the modulation factor ma 
for the second voltage is 

d 
C 

The output voltage E developed across the -an 



2 
ode load resistor 3 is equal to the product of 
the two applied voltages, since they successively 
Operate on the anode-cathode electron stream; 
that is 

(3) E = k(1--mi sin cot) (1 - m2 sin ot) 
(4) = k (-t-mi sin ot-m2 sin ot-mm sin coi) 

(5) =k(1 - (m-1-m) sin at-n1n 6-4 cos 2ct) 
and when m=m2 

2721722 121222 (6) E--(1- - + - 
where k is a proportionality factor which de 
pends on the tube characteristics and circuit 
constants. 
The first two terms are direct current, while 

the last term is an alternating current of twice 
the frequency of the input voltage. When ni. 
and m2 approach unity, the amplitude of the out 
put Voltage approaches one-half the input ampli 
tude. Substantial energy at the doubled frequen 
cy is therefore realized. It is to be noted that 
When m1=m2 the fundamental frequency con 
ponent Vanishes, So that it is not necessary to use 
a frequency Selective network to obtain the new 
frequency. The System, therefore, Will operate 
over a wide frequency range Without requiring 
the readjustment of a tuned circuit. 

Fig. 2 illustrates an arrangement for multiply 
ing a given frequency by a factor of four. This 
System comprises two Systems of the type de 
scribed in Fig. 1 connected in Series, so that the 
output voltage of doubled frequency of the first 
tube becomes the input Voltage for the Second 
tube Ta, in which tube the frequency is again 
doubled in exactly the same manner. Additional 
stages may be employed to produce higher even 
harmonics. Since the circuit of Fig. 2 is similar 
to that of Fig. 1, it is not neceSSairy to describe 
it in detail again. Similar reference inlinerals 
have been applied to Similar parts, and the let 
ter 'a' is added to the reference characters which 
indicate the Second doubler tube and aSSociated 
apparatus. 

Fig. 3 illustrates a circuit for producing fre 
quency quadrupling in a single tube, the Output 
voltage being entirely free from all other fre 
quencies, as before. While there is no tube Com 
mercially available at the present of the type 
illustrated, I have found that a tube of the 6L7 
type can be modified by bringing connecting Sep 
arate leads to two screen grid Sections 3 and 5. 
Otherwise, the tube is the Same as the tubes il 
lustrated in FigS. 1 and 2. 
As before, an input transformer 2 is utilized 

to provide two voltages which are mutually out 
of phase. A phase shifting network 33 is con 
nected between the transformer and the two con 
trol grids 9 and , the object of which is to shift 
the input voltage by 90. A Second input trans 
former 35 is provided, the primary 37 of which 
is connected in parallel with the primary 23 of 
the first input transformer 2. The secondary 
39 of the second input transformer is provided 
with a tap, and the outer secondary terminals 
are connected to the two sections 3 and 5 of 
the screen grid. If desired, a single transformer 
having two tapped primaries may be provided. 
Also, the phase shifting network 33 may be con 
nected between the secondary of the Second in 
put transformer and grids 3 and 5, or in the 
lead connecting the primaries of the two input 
transformers. The only requirement is that the 
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2,253,575 
voltages applied to the respective grids be in 
phase quadrature. 
The screen grid Sections 3 and 5 may be 

maintained at their normal positive potential by 
means of a Suitable tap on anode supply battery 
29. Grid bias for the control grids is supplied 
by battery 27, as before, and the output is de 
Veloped acroSS the non-resonant plate load im 
pedance 3. 
The operation of the modification described 

above is similar to the first described system. 
The four grids act on the electron stream and 
the resultant may be expressed as a product of 
the applied voltages. Bearing in mind the stated 
phase relations, the output voltage E is equal 
to: 

(7) E=k (1--mi sin wit) (1-m2 sin wt) 
(l-m3 COS wt) (1-m 4 cos wit)) 

The first two terms are the voltages applied to 
the screen grid sections, while the cosine terms 
are the Voltages of shifted phase which are ap 
plied to the control grids. The terms m1, m2, m3, 
and m4 are, as before, the modulation factors. It 
is to be noted that since the usual fixed positive 
potential is applied to the Screen sections, the 
amplitudes of the applied voltages must be in 
Creased accordingly so that the modulation fac 
torS 213 and m4 are equal to m1 and m2. The im 
pedance looking into the screen grid sections will 
be S.OneWhat lower than the impedance looking 
into the negatively bias control grids, but a suit 
able transformer design will provide for linear 
Operation notwithstanding the lower impedance. 
When the modulation factors m1, m2, m3 and 

2124 are all equal to m, the fundamental frequency 
terms Which appear in the expanded form of 
Equation 7 drop out as before, leaving only direct 
current terms and one alternating current term: 

(8) 

The frequency of the alternating current term 
is four times the original frequency. Since this 
is the Only alternating term present, selective net 
Works are not necessary. 
By Suitable choice of the relative phases and 

amplitudes of the voltages applied to the two 
control grids and the two Screen grid sections, the 
circuit may also be operated as a frequency trip 
ler, although because of the complexity of the 
necessary adjustments, it is preferably operated 
to obtain even order harmonic frequencies. 
The tube illustrated in Fig. 3 would be im 

4 

E. = d.c. + cos 4cot 

proved by the addition of shielding electrodes be 
tween the active grids to prevent electrostatic 
feedback from one grid to another. In the ab 
Sence of Such a tube, the amplitudes of the in 
put voltages should be kept to reasonably small 
Vallies So as to make m1, m2, m3 and m4 con 
siderably less than unity. An alternative solu 
tion is to use two tubes in a circuit illustrated in 
Fig. 4, to which reference is now made. 
TWO tubes 7 and a of the 6L7 type are em 

ployed, the control grids of which are energized 
by Voltages which are derived from the secondary 
of the input transformer 2, and which are mu 
tually in phase opposition. The voltages applied 
to the Second tube la are in phase quadrature 
With the respective voltages applied to the first 
tube 7. This quadrature phase relation is ac 
complished by means of a phase shifting net 
Work 33 connected in series with the grid input 
circuit.S of one of the tubes. 

It Will be seen that tube Tai and the inner part 

  



2,253,575 
of tube up to grid 4 are connected in a man 
ner similar to the circuit of Fig. 1, and it will 
Operate as a frequency doubler under the same 
conditions. The output voltage of twice the or 
iginal frequency which is developed across the 
anode load resistor 47 of the second tube is 
coupled to the suppressor grid 4 of the first 
tube by means of a capacitor 43. A resistor 
45 provides a ground return for the suppressor 
grid. The suppressor grid of the second tube a 
is connected to its cathode in the usual manner. 

In effect, then, the control grids and 9 of 
the first tube modulate the electron Stream to 
produce frequency doubling, and the electron 
stream is then modulated at the Suppressor grid 
by a second doubled frequency voltage in phase 
quadrature with the first, so that the resultant 
modulation produces a voltage across the anode 
load resistor 3 which contains only direct cur 
rent components and one alternating component, 
the frequency of which is four times the fre 
quency of the input voltage. This operation is 
similar to that of the system illustrated in Fig. 3, 
except that one step of frequency doubling is 
accomplished in a separate tube. 
The advantage of the modification illustrated 

in Fig. 4 over that of Fig. 3 is that the input 
voltages are applied to the control grid electrodes 
having high impedances. This eliminates the 
necessity of using two input transformers, and 
decreases the power consumption of the input 
circuits. Since substantially no power is taken 
by the negatively biased grids, distortion due 
to poor regulation of the source is avoided. 
I have thus described several embodiments of 

a system for multiplying the frequency of a giv 
en alternating voltage, the System being charac 
terized by the absence of resonant circuits tuned 
to the desired frequency, by the absence of in 
tentional distortion which is frequently used to 
increase the harmonic content of an alternating 
voltage, and by the fact that the System gener 
ates only the desired harmonic voltage. 

I claim as my invention: 
1. A frequency multiplier comprising a ther 

mionic tube having at least two pairs of grid 
electrodes, cathode and anode electrodes, a 
source of alternating voltage, phase shifting 
means, means for applying said alternating volt 
age in phase opposition between the grids of 
one of said pairs, respectively, and said cathode, 
means including said phase shifting means for 
applying said alternating voltage in phase Op 
position between the grids of the other of Said 
pairs, respectively, and said cathode, and means 
for deriving an alternating output voltage the 
frequency of which is a multiple of the frequency 
of said alternating voltage. 

2. A frequency multiplier comprising a ther 
mionic tube having at least two pairs of grid 
electrodes, cathode and anode electrodes, a 
source of alternating voltage, phase shifting 
means, means for applying said alternating Wolt 
age in phase opposition between the grids of one 
of said pairs, respectively, and said cathode, 
means including said phase shifting means for 
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3 
applying Said alternating voltage in phase op 
position between the grids of the other of said 
pairs, respectively, and said cathode, and a re 
sistor connected in circuit with said anode for 
deriving and alternating output voltage the fre 
quency of which is a multiple of the frequency 
of Said alternating Voltage. 

3. A device of the character described in claim 
i in Which said phase shifting means produces a 
90° phase shift. 

4. A frequency multiplier comprising a ther 
mionic tube having at least two pairs of grid 
electrodes, cathode and anode electrodes, a 
Source of alternating voltage, means for apply 
ing said alternating voltage in phase opposition 
between the grids of one of Said pairs, respec 
tively, and said cathode, means for biasing said 
grids for operation on the linear portion of the 
grid voltage-plate current characteristic of said 
tube, phase shifting means, means including Said 
phase shifting means for applying said alter 
nating voltage in phase opposition between the 
grids of another of said pairs, respectively, and 
said cathode, and a nonresonant impedance con 
nected in circuit With said anode for deriving 
an alternating output voltage the frequency of 
which is a multiple of the frequency of said al 
ternating voltage. 

5. A frequency multiplier comprising a pair of 
thermionic tubes, each having at least two grids, 
a cathode and an anode, a source of alternating 
voltage, means coupled to said Source for ap 
plying said alternating voltage in phase oppo 
sition between the grids, respectively, and the 
Cathode of the first of Said tubes, means coupled 
to said source for applying said alternating Wolt 
age in phase opposition between the grids, re 
spectively, and the cathode of the second of said 
tubes and in phase quadrature with the voltages 
applied to the grids of Said first tube, means for 
coupling the output of one of said tubes to a 
control circuit of the other of said tubes and 
impedance means connected in the anode cir 
cuit of said other tube for deriving an output 
voltage the frequency of which is a multiple of 
the frequency of said alternating voltage. 

6. A frequency multiplier comprising ther 
mionic tube means including at least two pairs 
of grid electrodes, a source of alternating volt 
age, means for applying said alternating volt 
age in phase opposition between the grid elec 
trodes of one of said pairs of grid electrodes re 
spectively and a point of reference potential, 90' 
phase-shifting means, means including said 
phase-shifting means for applying Said alter 
nating voltage in phase opposition between the 
grid electrodes of the other of said pairs of grid 
electrodes, respectively, and said point of ref 
erence potential and in phase quadrature With 
the respective voltages applied to said one of 
said pairs of grid electrodes, and means for de 
riving an alternating output voltage from said 
thermionic tube means the frequency of Which 
is a multiple of the frequency of Said alternating 
Woltage. 

LOWELL E. NORTON. 

  


