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PATENT SPECIFIC.l\ TION [Third Edition] 

Application Date: Feb. 4, 1929. No. 3620/29. 328,680 
OompZeJ,e Spec(fication Left: Sept. 19, 1929. 

Oomplete Specifica.tion Accepted: May 5, 1930. 

PROVISIONAL SPECIFICATION 

Improvements in and relating to the Prod�ction and/or 
Modulation of Periodic Electric Currents. 

I, JOHN HENRY OWEN HARRIES, of 
Shirley, Old Road, Frinton-on-Sea, 
Essex, a British Subject, do hereby 
declare the nature of this invention to be 

5 as follows :-
1. It is frequently required to generate an 

electric current and to alter; or modulate 
it, in some way in accordance with the 
characteristics of a second current, or 

10 impulse. 
Hitherto the methods in use consisted 

in generating a steady current by, for 
instance, an oscillator or alternator, and 
causing the second current to vary the 

15 circuit constants and thus vary the. first 
current. , 

2. 1\1y method employs a "record" not 
of any event which has occurred (such as 
a record of a musical performance which 

20 is the meaning hitherto assigned to the 
word) but of the current to be generated. 
(1) The record is " endless" (e.g. 
circular) and may be considered to be a 
concrete model of the current to be pro-

25 duced, and would be manufactured to 
give any characteristics (e.g. wave form) 
required. Then so long as the pick-up 
travels over the record track so will the 
current be produced. The word "record" 

30 in the rest of this application will be 
understood to mean this concrete model 
of the current to be produced. 

Now a current may be thought of as an 
amplitude /time graph. Then we can only 

35 utilise, or "pick-up ", the current at one 
point on the time base at a time. But 
by employing the concrete record of the 
current we can have a plurality of pick
ups at various portions of its length, and 

40 by changing these positions and the rela
tive speed of travel of the pick-up and the 
record we may obtain a variety of other
wise almost unobtainable changes in the 
produced current. 

45 By " current" is especially intended 
an electric current, but the method is also 
applicable to the generation of impulses 
of any other sort, such as sound waves for 
instance . 

.l)O 3. I shall now proceed to describe the 
theory more in detail, then some examples 
of some practical forms of the device, and 

finally some examples of their uses. 
The principal theoretical points are 

briefly described as follows : 
a) The record is endless (e.g. circular). 
b) The relative velocity between the 

pick-up or pick-ups and the record may 
:be controlled by the modulating forces. 

55 

c) We may employ more than one pick- �O 
up in one record track simultaneously. 

d) The record may consist of a plurality 
of record tracks side by side so that, for 
instance, a plurality of pick-ups may pro
duce a plurality of currents from t.he 65 
record; i.e. the characteristics may vary 
in the breadth as well as the length of the 
record track. 

e) The pick-up or pick-ups may move, 
controlled by the modulating forces, both 70 
in the length and breadth of the record 
track, i.e. from one track to another, as 
well as along them. 

f) The modulating forces may connect 
or disconnect any of the pick-ups to ot 75 
from the external circuit or circuits. 

g) The use of any pick-up as a repro
ducer of any other impulses at the same 
time as it picks up the recorded ones, 
hence combining the two impulses. 

h) The use of a plurality of such devices 
in parallel, i.e. with the same modulating 
forces acting on them and their output 
currents combined or kept separate as 
required. 

�) The use of the various devices in 
series in order to successively modify the 
currents produced, i.e. the current from 
the one acting as the modulating forces of 
the other. 

j) By a combination of these effects, or 
by any of them, the produced current is 
modulated in accordance with the modu
latin� forces. 

80 

90 

4. Perhaps -the most obvious practical 95 
form would be that of a mechanical record 
and magnetic pick-up (comparable to the 
familiar gramophone record and electri
cally amplified pick-up). Or the method 
of a magnetic strain record in steel. But 100 
the inertia and friction of such mechanical 
devices would render high speed modulat-
ing movements impossible, though point 
(f) above would be easily applied by 
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means of relays and the like. 
Next we have beams of, say, light and 

light sensitive cells for pick-ups, and the 
record may consist of a strip of varying 

5 density, or reflecting power, to light. 
Such beams have no inertia and may be 
moved by, for instance, very light mirrors 
and by actuating these as in the case of 
an oscillograph we may cause the beam or 

10 beams to trace out circular or other tracks 
over a suitable record in exact accordance 
with the modulating impulses. (c.f. 
Lissajou's figures). 

Similarly we may employ beams of 
15 cathode rays actuated by the modulating 

forces as in the cathode ray oscillograph, 
for instance. We then have no inertia at 
all. The record must be

' 
of a suitable 

nature to modulate the rays as they pass 
20 over or through it. For instance, a very 

thin metal sheet in the path of the rays, 
the permeability of which to the rays 
would be proportional to the thickness, or 
to holes in it, or to its potential. Or an 

25 anode or target of varying resistance over 
its surface. If the rays are part of an 
external circuit, or in any other con
venient way, the variation in their 
strength can be easily passed on as the 

30 "reproduced" current. 
Since the rays can be moved so easily 

it will not usually be--necessary to move 
the record, as a rule, but where this is 
needful the presence of the vacuum in the 

25 tube will make special methods necessary. 

40 

The record may be delicately pivoted and 
rotated by. electrical means from outside 
the tube, say by a rotating magnetic field 
or the like. 

. 

Cathode rays of sufficient velocity can 
pass through a thin partition, and by 
taking advantage of this the record need 
not be in the vacuum but in the air or in 
a chamber less highly evacuated than the 

45 tube itself. 
To obtain very high velocities of the 

record we may employ the method of gas 
supported rotors, such as have been 
employed for the measurement of the 

50 velocity of light, over distances as small 
as one metre, owing to the great speeds 
obtainable. 

5. Referring to the practical uses of 
the device some examples will be given 

55 as follows; 
a). Let us indicate the amplitude of the 

modulating forces by IM, that of .the cur
rent produced by I, the frequency of the 
former by fM, and that of the latter by f. 

.60 Then the modulating forces may be 
arranged to cause the pick-up ray to 
travel round a circular record (c.f. Lissa
jou's figures) once per cycle of rM, and if 
there are n periods of current recorded on 

65 the record track we have the output cur-

rent of frequency f =nf�. That is, we 
have a frequency transformer of ratio n. 

b). Now suppose IM varies in ampli
tude. Then if the recorded current has 
the same amplitude over the breadth of 71) 
the track the amplitude of the output cur-
rent will not change, (the diameter of the 
circle described by the ray varies with I�). 
But if the record varies in some way, say 
in amplitude, over its breadth, then the 75 
variation in IM will produce a variation 
in I. 

c). Since the amplitude of I simply 
depends on the record we may get any 
desired ratio of I / III . (Note that in a 80 
magnetic record, for instance, I will 
depend on the velocity of picking up as 
well.) 

d). Thus, it is obvious that by coupling 
I back to Iy in any convenient way we 8.') 
may obtain a negative resistance effect, 
with all its usual applications, or the like. 

e). Let the record rotate instead of 
remaining stationary. This will give a 
steady frequency of f. By moving the 90 
piqk-up length-ways in the track in 
accordance with IM, we will have Jlhase
change modulation. Or by movmg it 
breadth-ways in the track, and giving the 
latter . suitable characteristics, we may 9:3 
alter I in any other way. 

f). Sec. 3jg (p. 3.) may be illustrated 
in this case by modulating the strength 
of the beam by an external current. 

g). In illustration of sec. 3/i. (p. 3) 100 
we may imagine Iru: is the picture modula
tion from, say, a television receiver. This 
can modulate the phase of a current by 
means of the modification of the device 
given in e). in this section on p. 5. This 105 
modulated current can be stepped up to a 
radio frequency by the transformer effect 
given in b).; transmitted by wireless in 
the usual way; received as usual by an 
aerial; and de-modulated by, for instance, 110 
being combined with a current out of 
phase but of the same frequency as the 
carrier by means of· the modification given 
in the last paragraph above. 

There are many other uses, and the cur- 115 
rents may, of course, be amplified where 
necessary by other methods or otherwise 
treated. 

It). Other effects can be obtained by, for 
instance, combining the outputs from a 120 
plurality of pick-ups and records. A 
plurality of carriers modulated by the 
same current may be obtained by a suit-
able record of those carriers covered by 
one pick-up, or modulated by different 125 
currents by using separate pick-ups. Or 
the carrier may be changed at intervals 
by moving the pick-up, and the like. 

6. It is understood that the examples 
given of the principles involved are not 130 
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to limit the application of the principles 
to such examples only. 

Dated the 1st day of February, 1929. 
J. H. OWEN HARRIES. 

COMPLETE SPECIFICATION. 

Improvements in and relating to the Production and/or 

Modulation of Periodic Electric Currents. 

I, JOHN HENRY OWEN fuRRIES, of 
"Shirley," Old Road, Frinton-on-Sea, 

5 in the County of Essex, a British Sub
ject, do hereby declare the nature of this 
invention and in what manner the same 
is to be performed, to be particularly 
described and ascertained in and by the 

10 following statement:-
The invention relates to the ,Production 

and Jor modulation of periodic electric 
currents, hereafter referred to as currents. 

It is frequently required to generate a 
15 periodic current and subsequently to cause 

It to be modulated by a second current or 
impulse. In methods hitherto employed a 
steady periodic. current is generated by 
suitable means, and a second or modulat-

20 ing current is caused to vary the constants 
of the circuit through which the first cur
rent flows. 

Considered broadly, the present inven
tion consists of a method for the produc-

25 tion and for modulation of currents in 
which some characteristic of one such cur
rent is a function of a characteristic of a 
second or modulating current, according 
to which the first current is generated by 

30 the combined working of a pick-up and a 
matrix or record, the modulation being 
effected by making the relative velocity 
and/or position of the pick-up and matrix 
a function of the characteristic of the 

35 second current. 
The term "record" is herein used to 

denote a concrete model or matrix of the 
current (e.g. carrier current in telephony) 
to be continuously produced and for modu-

40 lated and which by suitable construction 
of the "record" will give to the current 
any desired characteristics. This mean
ing is intended in contradistinction to the 
use of the word "record" as a preserved 

45 version of an occurrence e.g. musical or 
optical. 

The term "pick-up" is used to denote 
a means to convert the concrete form of 
the "record" into a corresponding elec

['IQ tric current. 
The "length" of the record track or 

path travelled over by the "pick-up" 
may be defined as that dimension in which 
the pick-up may travel furthest without 

55 reaching the end of the track e.g. the 
" length" of a circular track will be the 

dimension round the circumference. 
The "breadth" of the track is that 

dimension in which the pick-up may 
travel which is at right angles to the (l0 
length. For example, the breadth in the 
case of a circular track will be the radial 
dimension. 

A current may be considered as an 
amplitude jtime function. The record 65 
may be considered as an amplitude /length 
function, so that if a record and pick-up 
are employed, by changing their relative 
velocity and for position a great variety 
of changes in the nature of the output 70 
current picked up will be produced. 

The record track may take the form of 
two alternative configurations i.e. one 
form according to which the record track 
is endless e.g. circular; and the second 75 
form according to which the record track 
is finite in length, e.g. a straight line, in 
which case the pick-up would oscillate 
over t,he record. In the latter form, the 
arrangement of the recorded periods may 80 
be such that though the velocity of the 
pick-up in terms of linear units is not con
stant over the length of the' track, the 
velocity in terms of recorded periods over 
the length of the track is constant. 85 

In accordance with the invention, a jet 
of cathode rays is used as the pick-up, 
which jet impinges on and is moved rela
tively to the record, which latter is of 
such a nature (e.g. a thin metal disc of 90 
varying thickness) as to cause the 
intensity of the rays and/or their effect on 
an external output circuit to vary with 
the movement of said jet. The jet is 
moved and Jor controlled by the modulat- 95 
ing current, by suitable known means, for 
example, as in the case of the cathode ray 
oscillograph, i.e. is caused to rotate rela
tively to the record by describing a Lissa-
jou's or other figure. 100 

The greatest value of the output cur-
rent will be produced with a ratio between 
the diameter of the jet where it strikes 
the record and the length of each recorded 
period of not more than about a half. But, 105 
provided this ratio is not an integer (in 
which case it will be realised that no 
periodic current would be produced) any 
reaonable value, up to say five or six, 
may be used and will produce an appre- no-
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ciable output. Further, an averaging or 
'rounding off" of the output wave form 
'will be caused by the use (f these larger 
values of the ratio, and would be desirable 

5 in many instances. If the diameter of 
the jet is more than the breadth of the 
recorded periods, the output current will 
not be affected by small breadthways 
movements of the jet. 

10 The invention will be further described 
with reference to examples of apparatus 
shown diagrammatically in the accom
panying dravdngs, the many well-known 
variations in and methods of, the tech-

15 nique of the production and manipulation 
of electron jet instruments being omitted 
for the sake of clearness, as such will 
be obvious those skilled in the art. 

In the said drawings: 
20 Fig. I illustrates an electron jet instru-

ment in the form of a vacuum tube, 
embodying the characteristics of the 
present invention. 

Figs. 2, 3 and 4 are views similar to 
25 Fig. 1, but show modifications in the 

arrangement and. construction of the 
respective parts of the apparatus, 

Figs. 5 (a), (b) and (c) illustrate the 
relative movements between the record 

30 and pick-up, 
Fig. 6 represents a form of circuit for 

connection to the deflecting plates of the 
vacuum tube. 

Figs. 7, (a), (b), (c), (d), (e) and (f) 
35 show various types of records, 

Figs. 8 (a), (b), (c) and (d) represent 
forms of output circuits. 

Referring to the drawings, and in par
ticular to Fig. 1, the vacuum tube 1 con-

40 tains a cathode 2 from which electrons are 
shot, through a hole in the centre of the 
anode 3, in the form of a jet 4 which 
impinges on a record 5 ,  which latter is in 
the form of a disc and is shown in side 

�5 elevation. The jet 4 is caused to move 
over the surface of the record 5 by a 
deflecting device 6. 

The electrical resistance of the record 
5 to the passage of the jet current in an 

. 50 external circuit connected to the record 
5 ,  varies according to the position of the 

jet on its surface. (The record circuit 
will, in general, consist of a connection to 
the cathode 2 from the record 5 .) This 

5 5  type of apparatus may be referred to as 
the" direct impact" type. 

In Fig. 2 the tube, cathode, anode, jet 
and deflecting means are the same as in 
Fig. 1. In addition there is a collector 

60 or target 7 behind the record 5 ,  i.e., on 
the side remote form the source of the jet. 
In this arrangement the record 5 inter
cepts the jet 4 in its passage to the target 
7 and to an external circuit. The per-

,65 meability of the record 5 to the passage of 

the jet 4 on to the target 7 varies with 
the position of the jet 4 on it::;· surfa,ce. 
Hence the intensity of the jet 4 varies ,lS 
it moves over the surface of the target 7, 
thus causing variations in an output cir- 70 
cuit connected to said target. 

This type of apparatus may be referred 
to as the " inception " type. 

In the arrangement of apparatus shown 
in Fig. 3, the jet 4 strikes a target 8, 75 
which is of such a nature that it will 
produce a spot of secondary radiation at 
the point of impact (e.g., fluorescence), 
which spot is moved with the deflection of 
the rays over the target 8 by the modu- 80 
lating forces acting through the deflect-
ing device 6. The spot passes through 
the record 5 , which, in this arran�ement, 
is outside the vacuum tube 1, to a collect-
ing device 9 sensitive to the radiation so 85 
as to produce an effect proportional to the 
intensity of the radiation in an output 
circuit connected to terminals 10. The 
nature of the record 5 and the collecting 
device 9 will depend on the nature of the 90 
radiations produced by the jet impact on 
the target 8 (e.g., a photographic film 
record for 5 and a light sensitive cell for 
9 where the radiations produced are· 
light). 95 

Fig. 4 illustrates a modification in the 
"direct impact" type of apparatus 
shown in Fig. 1, and includes means to 
rotate the record comprising a motor 
armature 11 driven by fields generated by 100 
magnets 12 outside the vacuum tube I, 
the record being supported on a spindle 
13. A metal screen 14 is interposed be
tween the record 5 and armature 11 to 
protect the jet 4 from stray fields produced 105 
by the said armature 1l. 

This method has many variations and 
may be applied to any of the other 
arrangements of apparatus des�ribed 
above. 11� 

In other forms of apparatus the record 
may be placed outside the vacuum tube in 
air or a less highly evacuated chamber 
than the tube, since it is possible for 
cathode rays of a high velocity to pass 115 
through a thin partition. 

Figs. 5 (a) , (b) and (c) show the record 
5 and record track 15 . As previously 

stated the record 5 may be in the form 
of a disc, and in such a case the record 120 
track 15 would be endless, (e.g., circular), 
and would therefore ext�md round the 
edge of the face of the said disc. Instead 
of an endless record track as shown in 
Figs. 5 (a) and (b) it is sometimes desir- 125 
able to arrange the track to be finite in 
length (e.g., a straight line) and to also 
cause the pick-up to travel backwards and 
forwards over it. (Fig. 5 (c).) 

In Figs. 5 (a) and (b) are shown two 13() 
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main classes of relative movements 
between record and pick-up. 

Referring to Fig. 5 (a) the record disc 
5 with the record track 15 may revolve 

5 in either direction, as shown by - the 
arrows. The pick-up represented by 16 
may then move in any desired way along 
or across the track or both. 

The same arrangement is shown in Fig. 
10 5 (b) except that the record 5 is stationary 

and the pick-up may rotate round it in 
either direction shown by the arrows. The 
two arrangements may be combined-that 
is tb say, the record may rotate and the 

15 pick-up may a1so be moved to and fro in 
the breadth of the track, describing circles 
of various diameters. 

In the modification shown in Fig. 5 (c) 
the pick-up 16 may be caused to oscillate 

20 along or about a line (in the direction of 
the arrows) over a record of definite 
length. In this case, as before, the out
put current angular velocity at any 
instant will be proportional to the rate of 

25 traverse per second at that instant of the 
ray in terms of recorded periods per 
second. 

Various combinations of these move
ments of the pick-up and record may be 

30 used to produce the desired effect on the 
current in the output circuit. The method 
of rotating the record has been described 
with reference to Fig. 4. Movements of 
the· electron jet pic-k-up may be obtained 

35 by suitable means, e.g., deflecting plates 
in a cathode ray oscillograph. The move
ment of the pick-up in a closed curve may 
be obtained by subjecting it to the action 
of two waves in quadrature, as in the 

40 method for tracing a Lissajou's figure on 
the. screen of an oscillograph. 

A circuit arrangement for producing 
this effect is illustrated in Fig. 6, in which 
the input (e.g., modulating current) at 

45 A, B, is fed to a suitable network 17, 18, 
where it is split into two components in 
quadrature, which are fed to opposite 
pairs of deflecting plates, 19, 20 of the 
vacuum tube. 

50 By this means the pick-up jet com-
pletes one cycle round the record track for 
each period of the input current to the 
network 17, 18. By employing a suit
able network, the correct phase splitting 

55 effect may be obtained over a band of 
input frequencies. It will be understood 
that variatio�..s in the maximum input 
am�litude at A, B, will cause proportional 
vanations in the character of the Lissa-

-'60 jou's figure described. 
Referring to Fig. 7, four types of 

record for use with the "interception" 
type of apparatus are shown at (a), (b), 
(c) and (d). 

-65 (a) is a mesh which varies the strength 

of the jet reaching the target, according 
to whether the jet impinges on an open 
part or a strand of the mesh. 

(b) represents a very thin plate for 
instance, of metDJ, the thickness of which 70 
varies over its surface. With a high 
velocity jet the ray which passes through 
this record to the target will vary in 
intensity according to the thickness of the 
record at the point of impact. 75 

(c) consists of a plate in which are 
formed a plurality of regu1ar o�enings or 
slots which may be of any desIred shape 
or configuration. 

(d) comprises a central plate and 80-
annular ring arranged as shown, the plate 

and ring being individually supported by 
brackets attached to the· tube or other 
electrodes. Thus it will have a varying 
permeability to the jet, according to the 85 
position of the point of impact of the 
latter on the record. 

Figures 7 (e) and (f) illustrate types of 
record suitable for use with the "direct 
impact" type of apparatus. With this 90 
type the varying permeabi1ity of the 
record must be, between the point of 
impact of the jet on its surface and an 
external circuit connected to the record, a 
function of the position of the jet on the 95 
surface of the record. 

(e) consists of a disc of varying thick
ness of resistance material, for example, 

such as that used for triode valve anode 
resistances. Preferably the corrugated 100 
surface 22 is coated with a conducting 
film which is connected to the external 
circuit, the jet of rays being arranged to 
impinge on the flat surface 21. Alter
natively the conducting film may be 105 
arranged on the flat surface 21 in which 
case the jet impinges on the surface 22. 

(f) i1lustrates a plate which may be of 
glass or other insulating material over the 
surface of which is spluttered a very thin 110 
uniform layer of metal 23 (or other con
ductor), a continuous conductor 24 extend-
ing round the edge of the plate, which 
conductor 24 is connected to the output 
circuit. The edge of the plate is indented ll5 
or may be of any desired configuration, so 
that the resistance of the jet current in 
its path to the external circuit varies 
according to the proximity of the point of 
impact of the jet on the surface 23 to the 120 
conductor 24. 

In a modifi.cation of this form of record 
the spluttered material 23 is only con
nected to the external circuit at certain 
points on the edge of the plate, e.g., the 125 
bottom of the indentations, thus the varia-
tion of resistance in circuit with the posi-
tion of the jet is proportional to the dis
tance of the point of impact of the jet 
from the nearest connection on the edge 130 
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of the plate to the external circuit. 
For methods which employ a jet which 

is made to oscillate along or about a line 
(Fig. 5 (c)) and not in a closed curve, 

. 5 the above forms of records may be suit
ably modified to produce the desired varia
tions in the external circuit.' 

For use in apparatus of the type shown 
in Fig. 3, the above records are modified 

10 to suit the particular type of secondary 
radiation employed. By varying the 
designs of records, many characteristics 
of output current may be obtained and 
many relationships between the modulat-

15 ing current and such characteristics may 
be arranged for. 

In regard to the output circuits which 
may be employed with the apparatus, any 
suitable method which causes the varia-

20 tion of cathode ray intensity to effect an 
external circuit may be used, e.g. , a coil 
cutting the magnetic field of the jet, but 
a direct connection of the electrodes to the 
output circuit is preferable. 

25 Figs. 8 (a) and (b) illustrate methods 
of connections to apparatus of the " direct 
impact" type, in each case Z represents 
the load. 

Figs. 8 (c) and (d) illustrate methods 
30 of connection to apparatus of the "inter

ception" type. In Fig. 8 (d) if desired Z 
and Zl may be coupled together. 

40' 

·50 

By the use of vacuum tubes of a de
mountable type adjustments and changes 
of the external parts of the apparatus may 
be made. Also, as before stated, a high 
velocity jet may be caused to pass through 
a thin metal partition and out of the 
vacuum tube into a more accessible com
partment or into the open air. 

It is an advantage to construct the 
cathode, when it. is of the "hot" type, of 
several units which may be successively 
switched into the circuit as others wear 
out thus prolonging the life of the 
vacuum tube. 

The jet may be focussed by any suit
able means known in cathode ray 
practice. 

Owing to the wide separation which is 
possible between the electrodes of the 
apparatus , undesirable capacity feed back 
between output and input, e.g., as experi
enced in thermionic valves, may be elimi
nated. Also shielcling may conveniently 
be added between the electrodes. 

The following are some theoretical 
points and results obtained' with -the above 
described apparatus and embodied in the 
invention. 

Let the amplitude of the modulating 
current be represented by Im. 

Let the amplitude of the output current 
be represented by 1. 

Let the frequency of the former be f m 

Let the frequency of the latter bB f. 
In the case in which the record rotates 

(Fig. 5 (a)) if the recorded CUl'1'ent is 
composed of varied characteristics (e.g. 
amp�i'jude and lor frequency) in the 7{) 
breadth of the record track and if the 
modulating forces move the pick-up in the 
same direction (i.e., radially)-then 
modulation is produced, e.g., if the ampli
tude varies in the breadth of the track, 7 {) 
amplitude modulation is produced. If 
the frequency varies (e.g., different tracks 
side by side) different frequencies are 
radiated for different values of Im. . 

Let the speed of the record be N revolu- SO 
tions per second and the number of periods 
of the current recorded in one revolution 
of the record track be n. 

Then the output frequency with the 
pick-up stationary is 85 

f= Nn ........ (1) 
If the pick-up moves in the length of 

the record track by an amount propor
tional to Im, then I will be phase modu
lated, i.e., the result will be a form of 90 
modulation where the phase of a carrier 
current (I) is a function of Im. 

Next let the pick-up move to describe a 
Lissajou's figure (Fig. 5 (b)). The 
number of perioM of I and therefore 95 
revolutions of the pick-up per second is 
fm. Hence the output frequency is given 
by 

f =nfm +}lln . . . . . . . (2) 
i.e., f is the sum of the angular velocities 100 
(in terms of periods per second) of the 
pick-up and the record respectively. Thus 
the result is a combined frequency multi
plication effect caused by the pick-up 
movement and a frequency additive (alge- lOQ 
braic) effect caused by the record move
ment. 

The sign of Nn. in (2) is positive when 
the record rotates in the opposire direction 
to the pick-up, and negative it retates in 11Q 
the same direction. 

When the record is stationary Nn= 
zero. 

Therefore in this case. 
f=fmn ...... (2.1) 115 

If the modulati.'1g current Im, which 
moves the pick-up round the record, varies 
in strength, then the diameter of the 
Lissajou's figure traced on the record will 
vary in proportion. Also, if the record 120 
is of such form that the amplitude or 
other characteristics of the output current 
does not change over the breadth of the 
record track, then variations in Im will 
not be passed on in any form to the out- 125 
put current 1. Records of the types 
shown in Figs. 7 (b), (c) and (e) may be 
made to give this effect with wide varia
tions of IM. 

If the characteristics of the output cur- 130 
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rent I do vary over the breadth of the 
record track (records of the type Fig. 7 
(f) give this variation) the variations of 
or modulations in Im must be reproduced 

.5 in I. (e.g., if the frequency changes in 
the breadth of the track, amplitude 
changes in Im will be reproduced as fre
quency changes in 1.) 

Since the amplitude of I is entirely 
10 dependent on the characteristics of the 

record, any desired value for ratio I jlm 
may be obtained, and this ratio may be 
made a function of lm as above stated. 
Hence 

15 I jIm =fL . . . • • .  (3) 
where y is termed the amplitude coeffi
cient of the device. 

As above stated it may be arranged so 
that 

20 fL =F(Im) .. . . . .. (4) 
When this function is linear, and the 
record track is made to give I in the form 
of a sine wave, no distortion of the varia
tions in amplitude or angular velocity of 

25 the input current Im will appear in the 
output current I; i.e., the device acts 
solely as a frequency multiplier without 
distortion. Records of type Figs. 7 (e) 
and (f) will give a sine wave form of out-

-ao put current. 
In cases when- the pick-up oscillates 

along a line on the record (Fig. 5()), as 
in other cases, the output angular velocity 
(f277) at any instant is proportional to the 

.35 rate of traverse of the pick-up at that 
instant, in terms of recorded periods per 
second. Now in order to oscillate over 
the record, the velocity of the pick-up 
must vary over the length of its path, 

.40 hence if the number of periods recorded 
per unit length of the path is constant 
over this length, the output angular 
velocity must vary in accordance with the 
variations in the velocity of the pick-UT?' 

45 When this is undesirable, the remedy IS 
with a known amplitude or movement of 
the pick-up and rate of change of value 
of the deflecting force Im, to arrange the 
number of recorded periods per unit 

;50 length of the record track to vary over the 
length of the track in accordance with the 
variation in the rate of change of Im, i.e., 
to arrange that although the velocity of 
the pick-up in terms of the linear length 

.55 of the record varies, its velocity in 
recorded periods per second is constant. 

Thus if Im is of sine wave form, then 
dIm . 

Is f '  J:! • dt 18 a 40 0 SlUe wave .lorm, but dis-

placed in phase by 90 degrees. Hence, 
-60 to give a constant output angular velocity 

the recorded periods per linear unit 
length of the track must vary from the 
centre to each side of the track is a sine 
function, i.e. the value is the minimum 

in the centre of the track where the 65 
velocity of the pick-up is at its maximum, 
and a maximum at the ends of the track 
w�e:e the velocity of the pick-up is at i�:; 
mlIDmum 

Hence if Im is a pure sine function and 70 
is arranged to move the pick-up over the 
entire length of the record, the output fre
quency f will be constant and equal to 
2fmn since the pick-up must travel over 
the record twice for each period of the 75 
deflecting current Im. n is the number 
of recorded periods in the length of the 
record covered by the pick-up. 

The following are some of the applica
tions of the invention when incorporated 80 
with apparatus as above described. 

If in equation (2) N is made large and 
negative, f becomes less than fm. This 
subtraction effect may be carried out until 
f is zero or negative. An application of - 85 
this consists of a substitute for the hetero
dyne method of subtracting from a carrier 
frequency. 

The coefficient n may have any positive 
integral value. 90 

Since this apparatus, which may be 
termed a "Record - modulator", when 
used as a frequency multiplier can be 
made to cause no distortion; modulation, 
etc., of carrier currents in wireless and 95 
like transmitting systems may be per
formed on comparatively low frequencies, 
which may be subsequently multiplied by 
the apparatus, to the correct frequency for 
transmission. 100 

In the case of simultaneous radiation of 
the same signals on different wave lengths, 
each transmission may be fed from the 
common source via its own "Record 
modulator" owing to the wide number of 105 
values of the coefficient of frequency 
multiplication available. Modulation on 
the single side band system of trans
mission is greatly facilitated by the p03si
bility of distortionless frequency multi- HO 
plication of the carrier wave, after 
balanced frequency modulation has been 
carried out at a low carrier frequency, as 
the usual complicated arrangements for 
modulation of a second carrier wave are 115 
rendered unnecessary. 

By means of heterodyning or subtract-
ing from the wave frequency by the rotat-
ing record modulator, or by directly 
modulating on that frequency, a carrier 120-
wave of low (e.g., audible) frequency may 
be employed for transmission. At the 
receiver, this low frequency is multiplied 
by a record modulator to a suitable value 
for demodulation. This method is of use 125-
when secrecy is desired. It also has a 
special application when modulation is 
carried out on the single side band prin
ciple. Thus if the band occupied by 
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signals of a transmission is from f1 to f2 
cycles, then the single side band trans
mission '\\i11 occupy this same bandwidth. 
This frequency may be subtracted by any 

5 desired amount, so that the side band mll 
pass through a channel having a cut-off 
much less than f2 cycles, provided it is 
not less than fefl =f") (the original 
sig11al bandwidth). 

10 At the receiver the frequency is multi-
plied as stated above. 

As an example, a signal having a band
mdth from, say, 5000 to 8000 cycles, may 
be made to pass through a line which cuts-

15 off at 3000 (8000 - 5000) cycles. In this 
way a signal which covers a wide band
,\vidth from say 10 to 20,000 cycles may be 
split into four portions of 5000 cycles 
(Le., 10 to 5000, 5000 to 10,000, 10,000 

20 to 15,000, and 15,000 to 20,000 cycles), 
these portions being combined at the 
receiver. Each of the four portions passes 
through a line which cuts-off at 5000 
cycles. Thus the frequency cut-off char-

25 acteristics of a number of lines may be 
superimposed to make a complete cut-off 
which is equal to the sum of the cut-offs 
of each line (in the above example, 5000 + 
5000+5000+5000 =20,000 cycles). 

30 The portions into which the bandwidth 
is split may, 'with advantage, be over
lapped to avoid discontinuity. 

A number of transmitting stations may 
be kept working accurately on carrier fre-

35 quencies which may have any desired 
separation, by transmitting a common 
standard frequency to them all. By 
methods usually employed, a harmonic of 
this frequency is selected when the carrier 

40 frequencies of each station can only be 
separated by the same amount as the har
monics and combinations of harmonics of 
the standard frequency. By usi:ag a 
" record modulator" as a frequency 

45 multiplier at each station having the cor
rect value of n, any frequency may be 
obtained and maintained accurately from 
the common standard, since the value of 
n may be any positive integer and depends 

50 only on the geometrical constants of the 
tube and is rigidly fixed for a given tube. 

For this and other similar applications, 
such as the production of enormously high 
frequency currents, the type of "record 

55 modulator" shown in Fig. 2 is very suit
able, used with a record of type Fig. 7 
(c) ,  which gives a square topped output 
wave, from which any harmonic may be 
selected by suitable means. 

60 As an instance of the production of very 
high frequencies, with two "record modu
lator" frequency multipliers working in 
selies in each of which n=1000 ; the out
put frequency f of the second modulator 

65 is equal to fm xn x n=f. If the input 

frequency fm to the first modulator i'l 
1000 cycles, then f = 1000 X 10002 = 109 
cycles. 

Applications of the ability of the 
" record modulator" with a suitable 70 
record to eliminate amplitude variations 
from the input, is the removal of ampli
tude modulation from a carrier wave 
which has been modulated both in fre
quency and amplitude for duplex work- 75 
ing. The same arrangement will produce 
a pure frequency modulated output from 
a frequency modulat�d input current 
which is also accidentally amplitude 
modulated. 80 

"Marking-spacing" wave modulation 
may be obtained by arranging the two fre
quencies in the record track side b�' side, 
and causing the modulating current to 
move the pick-up between them. 85 

The "record modulator" may be used 
for multiplying carrier frequencies after 
reception, to facilitate the tuning out of 
interference. 

By separately biasing the deflecting 90 
means of record modulators connected in 
parallel, one modulator after another may 
come into use as the deflecting forces vary. 
For instance, if a greater number of 
different recorded currents are required to 95 
be selected by the breadthways movements 
of the pick-up than one record can have 
on it, a number of different record modu
lators may act as one large one by this 
means. 100 

Other effects may be obtained by com
bining the outputs from a plurality of 
pick-ups and records. A plurality of 
carriers modulated by the same current 
may be obtained by a suitable record of 105 
those carriers covered by one pick-up, or 
by different currents by using separate 
pick-ups. Also the carrier may be 
changed at intervals by moving the 
pick-up. llO 

It is to be understood that the above 
examples do not limit the application of 
the principles involved, and by suitable 
means almost any desired form of special 
modulation of an output current may be ll5 
obtained. 

Having now particularly described and 
ascertained the nature of my said inven
tion, and in what manner the same L<; 
to be performed, I declare that what I 120 
claim is:-

1. Method for the production and Jor 
modulation of periodic electric currents 
in which some characteristic of one such 
CUl'rent is a function of a characteristic 125 
of a second or modulating current, 
according to which the first current is 
generated by ·the combined working of a 
pick-up comprising a jet of cathode rays 
and a matrix or rocord, the modulation 130 
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being effeeted by making the relative 
velocity and/or position of the pick-up 
and matrix a function of the character-
istic of the second current. • 

5 2. Method according to Claim I char-
acterised in that the pick-up is controlled 
and/or moved over the record by the 
modulating current to produce variations 
in an external circuit. 

10 3. Method according to Claim 2 char-
acterised in that the movements of the 
pick-up are in the form of a closed curve 
or oscillations about a line, said move
ments being controlled by the modulating 

15 currents substantially as and for the pur
poses described. 

4. Apparatus as in Claim 3, wherein 
the pick-up consists of a jet of cathode 
rays in a vacuum tube, said rays being 

- 20 arranged to impinge on the record, which 
latter is of such a nature as to cause the 
intensity of the rays and/or their effect 
on an external output cirCUIt, to vary with 
the movement of the pick-up. 

"25 5. Apparatus for the production and 
modulation of currents and the like as in 
Claim 4, including a collector or target in 
the vacuum tube, connected to the 
external circuit, on which target the 

30 cathode ray impinges after passing 
through the record. 

6. In apparatus for the production and 
modulation of currents and the like as in 
Claim 5, the arrangement wherein the 

35 record and collector are outside the 
vacuum tube, substantially as and for the 
purposes described with reference to Fig. 
3 of the drawings. 

7. Apparatus for carrying out the 
40 method in claim I, characterised in that 

t.he record is arrttnged tQ rotate in either 
direction. 

S. Apparatus for carrying out the 
method in Claim 1, characterised by the 
arrangement that the record rotates and 45 
the pick-up is moved to describe curves 
there on of various characteristics. 

9. Apparatus for the production and 
modulation of currents and the like as in 
Claim 4, wherein the movements of the .50 
cathode ray pick-up, in the form of a 
curve, are controlled by splitting the 
modulating current into two waves in 
quadrature, substantially as described. 

10. Apparatus as claimed in the preced- .55 
ing Claims wherein the record and/or 
collector and the electrodes are connected 
to an output circuit, substantially as and 
for the purposes described with reference 
to Fig. 8 of the drawings. 60 

11. Apparatus as claimed in the preced
ing claims characterised in that the 
cathode of the vacuum tube comprises 
several units which may be switched into 
the circuit, substantially as and for the 65 
purposes described. 

12. The method for the production and 
modulation of currents and tile like, sub
stantiallyas described and illustrated. 

13. Apparatus for carrying out the 70 
method in Claim I, having its parts con
structed, arranged and adapted to operate 
substantially as described with referenee 
to the accompanying drawings. 

Dated this 19th day of September, 1929. 
PHILLIPSS, 

Chartered Patent Agents, 
70, Chancery Lane, London, W.C.2, 

For the Applicant. 
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