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1

This invention relates to cathode ray means
for utilizing signals and, in an important specific
aspect, to means for distinguishing between sig-
nals and noise in radio object-locator systems
and in other systems using similar signals.

Considerable interest has been shown by var-
jous investigators in the problem of increasing
the signal-to-noise ratio in radio object-locator
systems (frequently called “Radar” systems). In
such systems, ultra-short carrier waves mod-
ulated with spaced pulses are directively emitted,
reflections thereof are received at the transmit-
ting point from objects upon which the emitted
pulses impinge, and the refiection timeg for par-
ticular reflections or echoes are determined to
provide indications of the distances to the ob-
jects from which the respective reflected signals
are received. It has been suggested to store a
complete train of impulses, that is, impulses (in~
cluding spurious ones due to noise) received at
the receiving station of the locator system dur-
ing g complete interval between adjacent trans-
mitted puilses, by delay networks and combine the
delayed train of impulses with an undelayed {rain
of impulses in such a manner that the echo pulses
add up in phase, the noise impulses, due to their
nature, adding up in random phase. I{ is well
known that noise peaks do not occur in the same
place in each train and it is because of this char-
acteristic that the contrast between true echo im-
pulses and noise impulses is increased by the
storage method. The delay network arrange-
ment, however, becomes very cumbersome and
costly if it is desired to store many complete
trains of impulses and superimpose them.

It is an object of the present invention to pro-
vide means for storing trains of impulses in an
object-locator system which does not have the
above-mentioned disadvantages.

It is another object to provide cathode ray
means for storing trains of impulses and for re-
producing trains of impulses in which the true
signal pulses or variations are accentuated with
respect to the noise pulses or peaks.

It is still another object of this invention to
provide novel cathode ray signal utilization
means.

In accordance with a specific embodiment of
the invention, shown by way of example for il-
lustrative purposes, an electrostatic storage type
of cathode ray tube is provided which can be in-
corporated in already existing radio object-lo-
cator systems with very little change therein. A
suitable form of tube is shown in United States
Patent 2,245,364, issued June 10, 1941 to R. R.
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2
Riesz and H. S. Wertz but the circuits therefor
are considerably modified. The tube comprises
an envelope having two chambers, there being an
electron gun in each chamber. The two chambers
are separated by a partition member contalning
a multiplicity of metal elements mounted in an
insulating dise. A metal ring is mounted outside
the insulating disc. The exposed surface of each
metal element in one chamber is preferably
treated with a suitable substance {o discourage
secondary emission while the other exposed sur-
face is left untreated or treated so as to encour-
age secondary emission. The electron beam in
the one chamber, because of this treatment of the
target, produces a very low ratio of secondary
electrons emitted to primary electrons in the
beam while the beam in the other chamber pro-
duces a very high ratio. By means of two voltage
sine waves in quadrature phase applied respec-
tively to the two pairs of defiecting plates in the
first chamber, the beam in that chamber is caused
to move in g circle over each of the conducting
elements in turn, leaving each of them negatively
charged, the beam being modulated by a control
element surrcunding the cathode. Each of the
sine waves has a frequency corresponding tg the
period between corresponding portions of suc-
cessive frains of impulses. Similar sweep waves
are applied to the two sets of deflecting plates in
the second chamber, but the frequency of these
waves is only a small fraction, as, for example,
one twentieth, of the frequency of the waves ap-
plied to the defiecting plates in the first cham-
ber. Each passage of the beam in the first cham-
ber over the conducting elements increases the
negative charge on each element and this con-
tinues until the charges are removed. The stored
charges are removed by the beam in the second
chamber due to the fact that an excess of sec-
ondary electrons is emitted in that chamber.
These electrons are collected by a collector ring
which is positively biased with respect to the
ring mounted outside the insulating disc. Inas-
much as the beam in the first chamber produces
only a small charge on a conducting element for
each passage thereover compared with the total
charge removed by the beam in the second
chamber, it is possible for both beams to contact
an element at the same time. Thus neither beam
has to be blanked out. The reproduced signal
train (in which the echo pulses add up in phase
and the noise peaks in random phase, thus greatly
increasing the signal-to-noise ratio) is applied
to one set of deflecting plates in the oscilloscope
of the radio object-locator system while & sweep
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wave is applied to the other set of plates. The
frequency of this sweep wave is much iower than
that of the sweep wave which would normally be
- used with the oscilloscope (the repetition fre-
quency of the trains of impulses) ; in the example
given it is one-twentieth of this normal sweep
frequency. Thus if the trains of impulses are re-
peated 480 times per second the frequency of the
sweep wave for deflecting the beam in the second
chamber of the storage tube and of the sweep
wave in the oscilloscope is 24 sweeps per second.
The trace on the oscilloscope when used with a
storage tube is characterized by a much greater
contrast between the marks indicating echo
pulses -and those indicating nolse peaks than in
the case when the oscilloscope is used without
such a tube,

The invention will be more readily understood
by referring to the following description taken in
connection with the accompanying drawing form-
ing a part thereof in which:

© Fig. 1 is a simplified schematic diagram of the

receiving station of a radio object-locator system
employing, in accordance with the invention, an
electronic storage tube;

Fig. 2 is a schematic representation of an elec-~
tronic storage tube and certain of its associated
circuits;

Fig, 3 is an end view of the target in the tube
shown in Fig. 2; and

Figs. 4 and 5 show typical fraces on the screen
of the cathode ray oscilloscope in the system of
Fig. 1 when the electronic storage tube is not
used and when if is used, respectively.

Referring more specifically to the drawing, Fig.
1 shows, by way of example to illustrate the prin-
ciples of this invention, a simplified circuit dia-
gram of a radio object-locator system. Any
suitable transmitter 8 for the radio object-locator
system may be utilized. For example, the trans-
mitter 8 can comprise an oscillator for providing
a sine wave having a suitable periodicity which
can conveniently be 480 cycles per second but
which may be as high as 4000 cycles per second,
if desired. This oscillator energizes a pulse gen-
erator of any of several suitable types well known
in the art. ¥For example, see United States Patent
2,117,752, issued May 17, 1938, to L. R. Wrathall
which provides an energy impulse at a particular
point of each cycle of the imput wave supplied
to it. The pulses from the pulse generator are
then applied to a carrier generator and modulator
of any suitable type which may, for example, gen-
erate a carrier wave of approximately 3,300 mega-
cycles per second and this carrier wave is modu-
lated by the pulses from the pulse generator. The
modulated wave is applied to the transmitting
antenna 9.

Waves reflected from one or more objects with-
in the range of the transmitting antenna 9 are
received by a receiving antenna 18, The antennas
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9 and 10 can be of any suitable type; for example, .

they can be of the polystyrene “polyrod” type
disclosed in an application of G. E. Mueller,
Serial No. 469,284, filed December 17, 1942. Con-
nections to the transmitting antenna 9 and from
the receiving antenna 10 are made by coaxial
cable. The reflected waves (and also the trans-
mitted waves) picked up by the receiving antenna
10 are applied to a receiver i1 of any suitable form
wherein they are detected and amplified and ap-
plied to the electronic storage tube 12 to be more

fully described below. The input of the electron .

storage tube comprises trains of impulses each
train comprising 2 transmitted pulse (f it is not
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blanked out) and one or more echo pulses sep-
arated by noise variations. In the specification
and clsims, the term “noise” will be used to in-
clude all types of spurious variations ocourring at
random times. The dutput signals from the elec-
tronic storage device {2 are applied to one set of
plates 13, 13 in any suitable cathode ray oscillo-
scope i6, a linear sweep circuit {4 being applied
to the other set of plates 5, 15. Sweep circuit
{4 has only a fraction of the frequency of the
repetition rate of the pulses at the transmitting
station. The reasons for this will be pointed out
below, -

Reference will now be made to Pig. 2 which
shows a cathode ray tube 20 of the electrostatic
recording and reproducing type disclosed in Pat-
ent 2,245,364, issued June 10, 1941 to R. R. Riesz
and H. S, Wertz.  The tube is used in a different
manner, however, than that described in this
patent and the circuits therefor are different.
The tube 28 comprises in general a recording tube
or compartment 2! and a reproducing tube or
compartment 22 separated by a target 23 which
is common to both. The target 23 comprises a
plate of insulating material 24 (see Fig, 3)
through which is inserted a circle of metal plugs
25. A metal ring 26 surrounds the insulating
plate 24. An input circuit is provided for the re-
cording tube 2{ which is connected to the receiver
{f and an output circuit is provided for the re-
producing tube 22 which is connected to the plates
13, 13 of the cathode ray oscilloscope 6. Cir-
cuits are also provided to cause the beam in each
tube or compartment to move in a circle over
the target 23, the beam in the tube or compart-
ment 22 being moved at a frequency which is only
a fraction, as, for example, one-twentieth, of that
of the beam in the tube or compartment 2{.

‘The recording tube 2{ includes an electron gun,
comprising a cathode 27, an anode cylinder 28, an
anode plate 29 and a conducting coating 30, for
forming and accelerating o beam of electrons and
for focussing it into a fine spot upon the target 23.
The cathode 27 is heated by a filament 3{ which "
is supplied with current from a source of poten-
tial 32, ‘The anode 28 is positively biased with
respect to the cathode 27 by means of a source of
direct potential 33 while the anode plate 29 and
the conducting coating 38 are positively biased
with respect to the anode 28 by means of a source
of direct potential 34. A source of direct poten-
tial 35 may be included in circuit between the
coating 30 and the metallic ring 28, the purpose
of which will be more fully described below. The
intensity of the beam is modulated by means of
incoming signals applied between a modulating
or control element 4f{ and the cathode 27 by
means of the coupling condenser 40. A leak re-
sistor 42 and biasing source of potential 43 are
also included in this input circuit.

The reproducing tube 22 includes an electron
gun comprising a cathode 50, a cylindrical anode
51, a plate anode 52, and a conducting coating
53 for forming and accelerating a beam of elec-
trons and for focusing it into a fine spot on the
surface of the target or screen 23 remote from
the recording tube or compartment 2i. The
cathode 50 is heated by a filament 54 which is
supplied with current from a source of potential
55. The cylindrical anode 51 is positively biased
with respect to the cathode 50 by means of a
source of direct potential 56, while the apertured
plate 52 and the conducting coating 53 are placed
at a positive potential with respect to the anode
51 by means of a source of potential 57. Be-
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5
tween the metal ring 26 which surrounds the
target 23 and a secondary electron collecting
electrode 60 are connected an output resistance
58 and a source of direct potential §8. The re-
sistance 58 is connected to an amplifying device
61. The output circuit of the amplifier 81 is con-

nected to the deflecting plates 13, 13 of the oscil-

loscope 18.~
The electron beams in the tubes 21 and 22 are
preferably caused to trace circular paths over the

metallic plugs 25 in the target 23, one beam act- -

ing to form charges on one side of the target and
the other beam acting to remove these charges
somie time-later after a number of traversals of
the recording beam., While it should be under-
stood that separate sources for the deflecting
voltages may be provided to control the move-
ments of the cathode ray beams in the respective
tubes 21 and 22, it is preferred to supply the de-
flecting voltages from g single source of oscilla-
tions in order to interlock the movements of the
two beams. The oscillator 70 preferably supbplies
waves of sinusoidal form which are applied to
the pairs of deflecting plates 11, 11 and 72, 12 of
the tube or compartment 2§ through a resistance
13 and 2 condenser 14 which are in a series path
connected to the output terminals of the oscil-
lator 10. These impedance elements serve as a
phase spiltter for obtaining quadrature voltage
components of the output of the oscillator 70
which components are applied to the respective
pairs of deflector plates Tf, 11 and 12, 72,

Also connected to the output of the oscillator
10 is a frequency divider 15 which may be of
any one of a variety of well-known forms. For
example, it may be a multivibrator such as that
shown on page 53 of the Radio Amateur’s Hand-
book, Special Defense Edition, 1942, or it may
comprise two or more stages of such multivibra-
tors. Thus, for example, the first multivibrator
can have its circuit constants chosen to produce
a frequency division of 5 and the second multi-
vibrator have its constants chosen to produce &
frequency division of 4, there being an over-all
frequency division of 20 in the two multivibra-
tors. A filter for selecting a sine wave of the de-
sired frequency can be utilized in the output of
the second multivibrator. By way of example,
if the frequency of the oscillator 70 is 480 cycles
per second, the filter is made to select a fre-
quency of 24 cycles per second.  As an alterna-
tive arrangement, the frequency divider 15 can
be a rotary motor-generator set for converting
480 cycles to 24 cycles.

The output of the frequency divider 75 is con-

nected to a resistance 76 and a capacity 77 con-
nected in series. These impedance elements serve
as a phase splitter for obtaining quadrature volt-
_age components which are applied to the respec-
tive pairs of deflector plates 18, 78 and 19, 19.
The value of the voltage delivered by the oscil-
1ator 10 and the values of the resistance and ca-
pacity elements 13, T4, 16 and 71 are preferably
so adjusted that the beam in the tube 2{ trav-
erses ‘a circular path over one end of each of the

metallic elements 2§ and the beam in the tube -

22 traverses a similar circular path over the
opposite end of each of these metallic elements
but at only one-twentieth of the speed or, in
other words, the beam in the tube 2{ makes
twenty passages, for example, over the circle of
elements 25 while the beam in the tube 22 is
making only one,

The operation of the system shown in Figs. 1
and 2 will now be described. Pulses are sent out
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from the transmitting antenna 9 and received by
the receiving antenna 10, Between transmitted
pulses, echo signals, produced by reflection of .
the transmitted pulses from one or more targets,
are received by the receiving antenna and these
with the fransmitted pulse and the accompany-
ing noise produce a train of signals or electrical
variations. These trains, after being removed
from the carrier and amplified in the receiver 1,
are applied as a video signal to the contro] ele-
ment 41 of the tube 2f to modulate the beam
therein and to vary the intensity thereof in ac-
cordance with the variations in the video signal.
These variations are shown in Fig. 4 which rep-
resents the trace which would be viewed on the
screen of a cathode ray oscilloscope if the volt-
age applied to the control member 4§ were ap-
plied instead to the deflecting plates of the oscil-
Ioscope.

A cathode ray beam in the tube 21 is formed and
accelerated by the electron gun member and is
focused into a fine spot on the target 24 by means
of the electron lens action of the anodes. This
beam is modulated in intensity by the incoming
video signal which is applied between the modu-
lating element 4{ and the cathode 27. The modu-
Jated beam is caused to move in a circular path
successively over one end of each of the metallic
elements 25 Yo cause the formation of charges
thereon which vary in accordance with the vari-
ations in the incoming signals. The charges will
be held on the metallic elements 25 because of the
condenser action between the elements 25 and
the metallic ring 26 separated by a narrow ring of
insulating material from the elements 25 (see Fig.
3). The ends of the metallic elements 25 in the
tube 2f are preferably coated with a suitable sub-
stance such as, for example, carbon to prevent or
decrease secondary emission. The electrons in
the beam which are not laid down on the metallic
elements 25 are collected by the conducting coat-
ing 30. In the cathode ray tube or compartment
22 an electron beam is formed and accelerated
by the cathode 50 and the anodes 51, 52, and 53
and is focused into a fine spot on the target 23 by
the electron iens action of the anodes. This beam
is also caused to move in a circle over the ends
of the metallic elements 25 remote from the tube
2{ by the quadrature voltage components applied
to the deflecting plates 18, 18 and 78, 79. Due
to the difference in frequency of the waves ap-
plied to the deflecting plates in the tube 21 and to
those in the tube 22, the charges build up on the
elements 25 for 20 cycles or sweeps before they
are removed by the action of the reproducing

- beam in the tube 22. The charges accumulate

60

7

on those of the elements 25 corresponding to the
transmitted pulse and the echoes (represented by
the pulses 80, 8{, 82 and 83 in Fig. 4) in direct
manner. The charges accumulate, however, on
those of the elements 25 corresponding to the
portions of the train shown in Fig. 4 representing
noise in random fashion rather than in a direct
manner. This is due to the nature of the spurious
variations (noise). It will be understood that if
the train shown in Fig. 4 does not take up the en-
tire period of time between successive transmitted
pulses 80 (and as a practical matter it rarely
does), some of the elements 25 will not be charged
inasmuch as there will be no signals to modulate
the beam during this period as it will be cut off
by the bias produced by the source 43 on the con-
trol element 4f. Due to the difference in the
manner that the charges accumulate on those of
the elements 25 corresponding to the transmitted
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and echo pulses and to those corresponding to the
noise variations, the voltage train produced in the
output circuit of the tube 22 has the transmitted
and echo pulses sharply accentuated with re-
spect to the noise variations. This is shown in
Fig. 5. The reproducing is accomplished by the
removal of the negative charges applied to the
metallic elements 26 by the beam in the tube 21,
this removal being caused by the electron beam in
the tube 22 by secondary emission action. ‘The
voltages applied to the anode members in the
tube 22 and the material of the metallic elements
25 are chosen so that more secondary electrons
are emitted than there are primary electrons in
the beam. The elements 25, for example, may bhe
made of nickel or they may be made of any good
conducting metal coated with a suitable alkaline
earth oxide layer to enhance the emission of
secondary electrons. Secondary electrons are
collected by the electrode member 60 thus re-
moving the charges from each metallic member
in turn. As the charges are removed from the
metallic elements 25 which are successively con-'
tacted by the beam in the tube 22 at a rate which
is, for example, one-twentieth of the rate at which
they are laid down, a succession of voltage varia-
tions is set up across the resistance 58 which is
generally representative of the video signal in the
input circuit of the tube 21 but with the noise
peaks greatly reduced in magnitude ‘in compari-
son with the echo pulses and the transmitted
pulse. The source of potential 59 which is con-
nected in series with the resistance 58 between
the ring 26 and the deflecting electrode 60 is pref-
erably so poled that the collecting electrode 69

is at a positive potential with respect to that of °

the metallic elements 25 in order to encourage
secondary emission from these elements to the
electrode 60. Due to the fact that the surges pro-
duced when the beam in the tube 22 contacts the
metallic elements 25 are large compared with the
charges being laid down by the beam upon one
passage over the other side of the element, no
harm is caused when both beams contact an ele-
ment at the same time. The image’current in the
resistance 58 produces a voltage which is amplified
by the amplifier 61 and applied to the pair of
plates 13, I3 in the oscilloscope 16, to the other
pair of plates 15, I5 of which is applied the linear
sweep circuit 14. This sweep circuit has a fre-
quency which is equal to that of the sweep waves
used in the reproducing tube 22 and this circuit
is synchronized by any well-known means so
that the sweep starts (approximately at least)
with the reproduced version of the transmitted
pulse. . This trace viewed on the screen of the os-
cilloscope 16 is like that shown in Fig. 5. In this
trace, the pulses 80, 81, 92 and 93 correspond to
the pulses 80, 81, 82 and 83 of Fig. 4, but are
greatly amplified with respect to the noise.
"~ The above-described system has the advan-
tage that the tube of the type shown in Fig. 2
and its associated circuits can be inserted in a
radar system already in operation, it only being
necessary to change the frequency of the sweep
circuit for the oscilloscope from that of the fre-
quency of repefition of the transmitted pulses to
a fraction thereof, or in other words from a fre-
~quency of 480 cycles, for example, to one of 24
cycles. This change can be very readily made in
most sweep circuits that are furnished with os-
cilloscopes of this type. While it is preferable
that the frequency of reproduction be an integral
fraction of the frequency of recording, it will
be obvious that satisfactory, though somewhat less
exact, results can be obtained if the ratio ic not
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an integer. For example, if the frequency of

storage is 191 times that of the frequency of
reproduction, part of each reproduced train

would represent storage for 19 incoming trains

and part for 20 incoming trains. This difference

is hardly noticeable.

While the invention in its primary aspects is
concerned with the improvement of the signal-to-
noise ratio in radio object-location systems, it will
be apparent that in other aspects the invention
is not so limited as the apparatus of this inven- -
tion may be utilized in any other system trans-
mitting pulses or waves of substantially even spac-
ing accompanied by spurious current or voltage
zariations of a random distribution and charaec-

er.

-Various changes may be made in the embodi-
ments above disclosed without departing from
the spirit of the invention, the scope of which is
Indicated in the appended claims.

‘What is claimed is:

1. Means for differentiating between cyclically
repeated pulse signals and spurious variations of
a random distribution and character, compris-
ing means for producing a space~current beam
modulated with said pulse signals and said spuri-
ous variations, target. means for said beam, means
for repeatedly sweeping said beam aCross & pre-
determined path on said target so that different
distinctive parts of said target are impacted in
turn by said beam and each of said parts repeat-
edly at instants respectively when said beam is
being modulated with successive ones of a dis-
tinctive set of said pulse signals to accumulate
charges on said parts each of which charges is
dependent upon the number of beam impacts on
the corresponding target part and also upon the
beam energy at time of impact, means separated
from said space-current beam generating means
for generating a second space-current beam, and
means for successively impacting said target parts
with said second beam in the same order as, and
at a slower rate than, with said first beam for
producing voltages the magnitude of which de-
pends upon said accumulated charges respec-
tively. ‘

2. The combination of elements as in claim 1
in further combination with means for utilizing
said. voltages in the production of corresponding
visual indications.

3. Means for differentiating between cyclically
repeated pulse signals and spurious variation }
peaks of a random distribution and character,
comprising means for producing a space-current
beam modulated ‘with said pulse signals and said
spurious variations, target means for said beam,
means for sweeping said beam over said target
means, means for generating a second space-cur-
rent beam, means for sweeping said second beam
over said target means at a periodicity which is
an integral fraction of that of the sweeping of.
sald first beam over said target to remove charges
accumulated by said first beam, whereby an out-
put voltage is produced in which portions thereof
corresponding to the repeated pulse signals are
accentuated with respect to portions thereof cor-
responding fo the spurious variation peaks inas-
much as electrical charges representative of the
bulse signals are added up in phase on portions
of said target means for a number of cycles, and
other charges representative of the spurious var-
iation peaks are added up in random phase on
other portions of said target means for the same
number of cycles.

4. The combination of elements as in claim 3
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in further combination with means for utilizing
the output variations in production of correspond-
ing visual indications.

5. The combination with a cathode beam target
comprising an array of alternate conducting and
insulating segments, all of the conducting seg-
ments being of substantially the same size, of
means for producing a space-current beam,
means for producing two waves capable of jointly
causing the beam to be deflected repeatedly over
the same closed path and confined to said path,
the path including only the conducting segments
of substantially the same size and the insulating
segments adjacent thereto, two deflecting means
to which said waves are respectively applied,
means including means for modulating said beam
with signals to cause electric charges to be ac-
cumulated on sald conducting segments, and
means for discharging said accumulated charges
one at a time at @ rate lower than that at which
said beam impinges on said conducting segments.

6. The combination of elements as in claim 5
in which the rate of discharging each of said
accumulated charges is of the order of one-twen-
tieth that of the rate at which said beam im-
pinges on each of said conducting segments.

7. The combination of elements as in claim 5
in which said ' last-mentioned means include
means for generating a second space-current
beam, and means for causing said beam to sweep
over said conducting segments.

8, The combination with a cathode beam target
comprising an array of alternate conducting and
insulating segments, all of the conducting seg-
ments being of substantially the same size, of
means for producing a cathode beam, means for
producing two waves capable of jointly causing
the beam to be deflected repeatedly over the
same closed path and confined to said path, the
path including only the conducting segments of
substantially the same size and the insulating
segments adjacent thereto, two deflecting means
to which said waves are respectively applied,
means including means for modulating said beam
with signals to cause electric charges fo be ac-
cumulated on said conducting segments, means
for discharging said accumulated charges one at
a time at a rate less than that at which said beam
impinges on said conducting segments, and means
for utilizing voltages produced by said discharges
in the production of corresponding visual indica-
tions.

9. The combination as in claim 8 in which
sald last-mentioned means comprises & cathode
ray oscillograph comprising means for generating
a beam of electrons and two sets of deflecting
elements, means for applying said voltages to one
set of said deflecting elements, and means for
applying a sweep wave to the other set of de-
flecting elements.

10. Means for differentiating between time-
spaced variations occurring at a definite periodic-
ity and non-perigdic variations intermixzed there-
with comprising' means for producing a space-
current beam, means for modulating said beam
with both said variations, a target for said beam,
means for repeatedly sweeping said beam over a
predetermined path on said target so that dif-
ferent distinctive parts of said target are im-
pacted in turn by said beam and each of said
parts repeatedly. at instants respectively when
said beam is being modulated with successive ones
of a distinctive set of said periodic variations,
whereby charges are accumulated on said parts
each of which charges is dependent upon the

10

15

20

26

30

35

40

45

50

55

60

85

70

75

10

number of beam impacts on the corresponding
target parts and also upon the beam energy at
time of impact, means for producing a second
space-current beam, and means for successively
impacting said target parts with said second beam
in the same order as, and at a slower rate than,
with said first beam for producing voltages the
magnitude of which depends upon said accumu-
lated charges respectively. :

11. Means for differentiating between time-
spaced variations occurring at a definite periodic-
ity and non-periodic variations intermixed there-
with comprising means for producing a space-
current beam, means for modulating said beam
with both said variations, a target for said beam,
means for repeatedly sweeping said beam over a
predetermined path on said target so that dif-
ferent distinctive parts of said target are im-
pacted in turn by said beam and each of said
parts repeatedly at instants respectively when
said beam is being modulated with successive ones
of a distinctive set of said periodic variations,
whereby charges are accumulated on said parts
each of which charges is dependent upon the
number of beam impacts on the corresponding
target parts and also upon the beam energy at
time of impact, means for producing a second
space-current beam, means for successively im-
pacting said target parts with said second beam
in the same order as, and at a slower rate than,
with said first beam for producing voltages the
magnitude of which depends upon said accumu-
lated charges respectively, and means for utiliz-
ing said voltages in the production of correspond-
ing visual indications.

12. Means for differentiating between time-
spaced variations occurring at a definite periodic-
ity and non-periodic variations intermixed there-
with comprising means for producing a space-
current beam, means for modulating said beam
with both said variations, a target for said beam,
means for repeatedly sweeping said beam over a
predetermined path on said target so that dif-
ferent distinctive parts of said target are im-
pacted in turn by said beam and each of said
parts repeatedly at instants respectively when
said beam is being modulated with successive
ones of a distinctive set of said periodic variations,
whereby charges are accumulated on said parts
each of which charges is dependent upon the
number of beam impacts on the corresponding
target parts and alsoc upon the beam energy at
time of impact, means for producing a second
space-current beam, means for successively im-
pacting said target parts with said second beam
in the same order as, and at a slower rate than,
with said first beam for producing voltages the
magnitude of which depends upon said accumu-
lated charges respectively, a cathode ray oscil-
loscope comprising means for generating a beam
of electrons, and two sets of deflecting elements
for said beam, means for applying said voltages
to one set of deflecting elements, a sweep wave
generator, and means for connecting said sweep
wave generator to said second set of deflecting
elements.

13. In combination, means for generating a
space-current beam, a target for said beam com-
prising a plurality of conducting elements of sub-
stantially the same size and a plurality of in-
sulating segments adjacent thereto, means on
the side of said target remote from said first-
mentioned means for generating a second space-
current beam, means for producing two waves
capable of jointly causing the first beam to be



11
deflected repeatedly over the same closed path
and confined to sald path, the path including
only the' conducting segments of substantially
the same size and the insulating segments ad-
Jjacent thereto, two deflecting means to which
saild waves are respectively applied, and means
for deflecting said second beam over a similar
path on said target to contact in order the same
conducting elements but at a different periodicity.

14. The combination as in claim 13 in which
the speed of deflection of sald second beam is
less than that of said first beam,

15. The combination as in claim 13 1n which
the speed of deflection of said second. beam is
an integral fraction of that of said first beam.

HUGH 8. WERTZ.
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