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1

The -present invention relates: to electric
systems, and more particularly to radio-receiving
systems that, while having more general fields of
usefulness, are especially adapted for use in
television. . S

An object of the invention is to provide a novel
combined radio-and-television system. i .
: Another object of the present invention is to
provide a new and improved radio-locator system
for both detecting the presence of a body and
rendering it visible.

Other and further objects will be explained
hereinafter and will be more particularly pointed
out in the appended claims. :

The invention will now be more fully explained
in connection with. the accompanying drawings,
in which Fig. 1 is a diagrammatic view of cir-
cuits and- apparatus arranged and constructed
in - accordance with a preferred embodiment
thereof; Fig. 2 is a view of a modification; Fig. 3

is a diagram showing an. airplane object from .

which radio waves are reflected and seattered to
the receiving system of Fig. 1; and Fig. 4 is a view
of a further modification. :

An electromagnetic-wave generator 4 is shown 2

exciting - a dipole 2 to produce ultra-high-fre-
quency pulsed-radio energy, say, of 3 or 1.5 centi-
meters wavelength. A continuous-wave or.any
other type of modulated-wave generator may be
employed, but pulsed energy, at present, has the
advantage of economical and .easy high-power
ultra-high-frequency. generation.

The waves emitted by the dipole 2 may be

directed by a reflector 3-upon a parabolic reflector

6... The parabolic reflector § is shown directing

the waves toward an object, say, an airplane 8,-

from which they are reflected and scattered
toward a receiving station. .

At the receiving station, the radio waves thus
reflected and scattered from the object 8 may be
focused by an electromagnetic dielectric lens 5,
such as polystyrene, upon a bank or array T com-
prising a plurality of normally ineffective radio~
receiving pick-up unit antenna elements. . The
dielectric lens 5 may be replaced by any other
type of well-known lens, mirror or other directive
system for focusing the electromagnetic energy
scattered and reflected from the object 8 on the
bank or-array 7 of pick-up elements.

The pick-up elements of the bank or array T are
shown arranged in-the form of rows and columns,
in the proximity of the focal plane of the lens 5.
The first or uppermost row of the bank is illus-
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second row from the top is shown comprising the
sections 18, 20, 22, ete. The third or next-lower
row is shown comprising the sections 24, 26, etc.,
and. so on: for the remaining rows of pick-up
elements. Though only a small number of pick-
up units is shown in each row, this is merely for
illustrative purposes, in order not to confuse the
disclosure. It will be understood that, in prac-
tice, a large number of pick-up units will be
employed in each row, say, 180.

The sections (0, 18, 24, etc., are arranged in
the first or right-hand column. The sections (2,
20, 26, etc., are disposed.in the second column
from the right. The sections 14, 22, etc., are dis-
posed in the third column from thé right, and
50 on. - There may be as many columns as there
are pick-up units in each row. Though each col-
umn is shown as comprising only a few pick-up
units, this is again in order not to complicate the
drawings. ‘

The. pick-up units will, of course, all receive
the reflected or scattered radio waves through the
lens 5 simultaneously. There will be focused on
each pick-up unit a radio-frequency voltage cor-
responding to the scattering from a correspond-
ing view of the object 8. ‘The pick-up elements
will thus receive different field strengths of radio
energy, corresponding to the amount of energy
reflected. or scattered from the various parts of
the object 8 and converged upon the array 1 of
pick-up elements by the lens 5. A radio-energy
picture of the object 8, as will presently be ex-
plained, is thus recorded upon the array, specific
elemental areas of which will correspond to spe-
cific elemental areas of the object.8. By means
of the present invention, this radio-energy pic-
ture may be converted into a visible picture i23.
According 'to the preferred embodiment of the
invention, the visible picture (23 is caused to
appear upon the fluorescent viewing screen (06
of a display _cathode-ray. oscilloscope tube 90.
Though the tube 90, and also the hereinafter-
described cathode-ray oscilloscopé-like member

" 89, are shown operating on the électrostatic prin-

50

trated as comprising the sections 10, 12,.14, 16, -

etc., shown as equally spaced horizontally. The

55

ciple, magnetic deflection or a combination of
magnetic. and electrostatic forces may be em-
ployed. The invention provides a means for pro-
ducing upon the screen {06 images corresponding
to the radio-frequency energy received by the
pick-up elements.

Provision is made for first rendering the nor-
mally ineffective pick-up units 10, 12, 14, 18, ete.,
of the first row successively effective momentarily
in' the display circuits; for then rendering the
pick-up units 18, 28, 22, etc., of the second row
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successwely effective momentarily; for then ren- pla.tes 99 and 101, will cause the electron streanr

ering the pick-up units 24, 26, etc., of the third from the cathode 95 to become deflected horizon-
row successively effective momentarily; and o ofi. tally, and a vertical-sweep-time base, applied to

The pick-up units are shown arranged in an the horizontally disposed deflector plate 103 and.
insulating disc 9 at the screen end of the oscillo- 5 108, will cause the electron stream to become de-
scope-like member 89, and the pick-up units may flected vertically. The rows of electret pick-up

bhe constituted of electrets. units may be positioned aleng the successive

An electret is a permanently charged dielec- paths of the electron stream to enable the stream
tric formed by filling the gap between two elec~ to impinge on them ag it successively, sweeps out
trodes with ‘molten resin,‘carnaubs wax, or ‘bees-: 10 the stécessive rows of the' E

wax, and subjectirig thé electrodes to High volt< “1f; acéordinaly; tHe lens s is caused to focus
age. By allowing the wax to cool during the ap-- - the radic-energy picture on the oscilloscope-like
plication of the high voltage, a solidified perma-" mémber 89, the bank of electrets will act to ab-
nently charged electric dipole is producéd, He ".soFh- the“incident radio-frequency energy. -The
ing permanent piezo-electric properties. ~Int*15 ‘absorbed radio-frequency energy will-alter the
vestigations in this fleld are described, for ex- inftial - permanent polarizing  static charge or

ample, by A. Gemant in the Philosophiéal Maga- " yoltagé with which the electrets become sensi-
zine, S. 7, vol. 20, No. 136. Suppl: Novemnber 1935;" tized during their preparation. This alteration
- pages 928 to 952. results from several factors, including heating

"As described by W. G. Cady, in Piezoelectricity, 20 effécts,” the negative temperature coefficients of
page 235, mixtures of the resin or carnauba wax re51stance and the plezo electrlc propertles of the
with “other dielectric substances ‘have” produc'd‘* it ide - {
long-lasting electiets. It will presently be ex
plained that if ‘thesé ‘dielectric ' basesare dom~*

bined “with' radlo-absorlmm7 fid-rectifying “mas- 25 resistaiice:-
terials,” suéh as'‘silicon ot ‘Urdnium “oxidé;- the~

The energy absmbed by each el t et is -a
eléctrets’can be particularly well dapted to the measure of the ‘1nten

electrodes of ‘the eleetret, further; may: Serve to -
enhance the résporse to radio’énergy if'it'is timed -
to the radio waves for exemple if-it'is one-guar~"
ter of & wavezlength long. " Tt will heremafter
be- explainied - -that the-electret fectifies ‘the “ré~-
celved tadio-freqilency ‘energy. " As’ explamed 1n d
U.'s: Letters Patent 2,460,109 to Southwoéith, sitice -3
the electret surface has’been provided with- A
saturation®charge, one half of the: cycles of ‘the *
radio ‘energy received by the funed- electrode’ is™
unable’ to ‘increase the: cha,rge between the ‘ter- "
" minals of “the ~electret whereas ‘the" opp051te i
polarity half-cycles ﬂow along the electret ‘bes
tween its‘termindls, resulting in’ the: developmg ) :
of ‘direct current ‘voltages across the electret - The res1st'mce of- the s111con or uranium ox1
The pick-up units préviously descnbed may be as well'as of the- Wax ‘of’ the electret “since’
such “electrets. ~ The first Tow of uhits is*showh ™
composed of ¢harged dielectrics10;'12, {4 IB ete
provided with top electrodes 110, H2 IM HS; -
etc. ‘respettively, and-a common strip 43. The :
second row of ‘units similarly i§ sHown comprised ™
of charged ‘dielectrics 18,20, 22, etc.,” provided: "5
with top-electrodes 118, 120,122, etc., and a éom- "
mon “strip 51 -connected” to’ the- str1p 43. S1m1-~
lafly, the third row is'shown composed of charg :
diélectrics "24," 26, efec., with "top- electrodes 124
1267 ¢tc;, and -4 common terminal’ stnp 5T con~
nected to the other common” strips 43 ‘and- §1:
The:strips 43, &t and 57 are ‘shown connected by :
a ‘conductor 18 to a ‘grounded 1mpedance 58 m g
the input circuit’ of an ‘amplifier 19. " e RS
The ca,thode-ray-oscllloscope—hke ‘member 89
is shown’ provided with a cathode 95,°a control-" - P tributions. - s :
“grid’ electrode 83 and’ an anode 91. Electrons : The baﬁ of electrets may be scanned accord—
emitted” from’. the eathode "85 will become -en=" " d E
abled;  inresponse to ‘proper stimulation-of the"
erid 83, 10 pass by the grid 93 to the anode’9T-of 65
the member 89, The electrons will ‘contihue to
travel in' a-stream from the anode 97, between -
a, pait of vertically’ ‘disposed deﬂector plates 99
and 101, of which the plate 99°is shown grounded,
and between a 'pair of horizontally disposed: de-~

flector plates 103 and 103, of which the’ plate 165 - Apiriges
is shown’ grounded; to iinpinge finally on- the dise uponiaréas-of different potertial'of thie varmusly

g of ‘the: member 89. A horizontal-sweep-time - resistive electrets, ‘completing ‘the ‘circuit to-the
base, -applied - as ‘Hereinafter - more fully ex~ " ground through the successxve electrets by Wa.yO
pla,med to fhe vertmally dlsposed deﬂector 5 the conductor 18 &

w1th the mtensxty of the 1mp1ng1
quency energy Al res1stance van

trets-as" charged potenmal an

‘-1-,

0

=1
o
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- Each electret will absorb and rectify the radio-
‘frequency energy. - Dependent upon the magni-
‘tude of this energy, it will change the resistance
‘and the charge of the electret. This change will
result - both as a consequence of ‘the absorption
and of the rectifying action by the electrets of
‘the radio-frequency energy received by the elec-
fret electrodes.  As the electron stream succes-
‘sively impinges upon the successively disposed
-electrets, during the scanning, it successively dis-
charges them. ' This produces a corresponding
change in the input voltage to the amplifier 19,
indicative. of -the radio-frequency energy im=
p1nged on the respective electrodes.

.. The electron’ stream will instantaneously dlS—
charge each differently-charged and differently-
potentialed electret to give -an:indication in the
load 58 and the amplifier 79, or it will give rise
to a change in the electron-beam current when
it impinges upon ‘the variously resistive electret
‘elements, or there may be a combination of these
effects. .-

A preferred scanning arrangement involves
the circuit fraceable:from the grounded cath-
ode 95, along the electron beam to the tuned
‘electrode (10, for example, through:the electret
18, the ‘conductor 78, the load 58; and back to
ground.  The voltage appearing across the load
68 when the electron stream impinges on a par-

~ticular element of the mosaic T will'be dependent
upon the: value of the series resistance of the

electret. - As before explained, this resistance is a
-function of the impinged radio-frequency energy.
As the stréam scans the successive elements 110,
112, ete., therefore, the signal across the load 58
varies in accordance with the value of the resist-
ance of the successive electrets which manifests
itself in the input circuit of the amplifier 719.

‘Mosaics of electrets:for the member 89 may
also take the form of Fig. 2, where electrets 81,
4. 86, 88 are provided with front electrodes 181,
184, 186, 188 exposed to the radio energy con-
verged by the'lens 5. The electrode strips 181,
184, 186, 188 may be of length one-quarter of
the wave-length of the radio 'waves. The other
electrodes 281, 284, 286, 288 may be:in the in-
terior of the tube 89.  The electrode strip :i81,
184::186, 188, etc. may face the electron stream,
and may be scanned by it.
284286, 288 will be capacitively coupled to the
front electrodes and will assume the homocharge
-of.-the electret. . . Thus, the electron stream:will
impinge on surfaces of different charge or poten-
tial, and the scanning will take place according
to. the principles previously described. ' :

"The electrets may be separated from adjacent
electrets by dielectric material 2060. T

As-the electron stream produced from - the
cathode 95, in response to appropriate horizontal-
‘sweep-time-base voltages applied to the verti-
cally disposed deflector plates 99 and (01 of the
cathode-ray-tube-like member 89, travels across
the pick-up elements in the disc 9, they wi_ll sec-
cessively discharge infto a grounded- preferably
linear amplifier 19, by way of a conductor 18. If
desired, the amplifier 79 may be replaced by a
bank of linear amplifiers, one corresponding to
each of the pick-up elements.

The output of the amplifier T9 will obviously
vary, at successive instants, in'accordance with
the radio-frequency energy. received by the suc-
‘cessive corresponding pick-up elements.

A pulse generator, which may, if desired, be the
same pulse generator 4; may be employed to trig-
-ger a:horizontal-time-base-sweep circuit 63 and

The electrodes 281,
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there.are rows of pick-up antennas.
‘generator 4 may also feed, through the attenu-

tennz elements.

.‘stream from the anode 95,

6 .
a vertical-sweep circuit 69, according to.conven~
tional and well-known television technique. - The
pulse generator 4 may feed, through an attenu-
ator and rectifier 1, to an oscillator or any simi-
lar or equivalent television cireuit. One such
circuit is shown as a pulse-recurrence-frequency
multiplier 65, for applying many pulses corre-
sponding to-each radio-frequency pulse for the
beriod between successive radio pulses, to trigger
the horizontal-sweep circuit 63. The horizontal-

time-base sweep will thereby be  produced be-

tween the vertically disposed  deflector ‘plates 98
and 101, occurring as many .times, say between
successive : radio-frequency  transmissions, as
The pulse

ator-and rectifier [, to trigger the vertical-sweep
circuit 69, once corresponding to €very radio-fre-
quency “transmission.. -One vertical sweep .will

‘then” occur between the horizontally disposed
plates 103, 105 during-the periods between suc-

cessive radio-pulse transmissions, =correspond:
ing to as many horizontal sweeps as there are

rows of antennas, causing each of.the horizontal

sweeps: to appear at successively loweir levels on
the oscilloscope-sweep. face.

“If the circuit 65 comprises.an osclllator the
oscﬂlatmns may be employed to trigger the hori-
zontal ‘sweep. . The period of the oscillations

which, as previously explained, is much less than

the duration of each radio pulse, corresponds to
the time of sweep across one row of the plck-up
units.in the disc 9.

CIf a8 previously mentloned continuous=wave
radio. transmission is -employéd, the vertical-
sweep circuit 69 may be triggered to produce one

vertical ‘sweep “corresponding to as many hori-

zontal sweeps from the horizontal-sweep circuit

53 as'there are rows of pick-up units.

“Means'.is provided  for producing -upon the
screen ‘106 of the display oscilloscope 98, images
corresponding: to the radio-frequency energy re-
ceived: by. the. corresponding pick-up mosaic an-
] The screen 106 -is illuminated
by. - an: electron’ stream  in the oscilloscope: 90.

‘This ‘electron stream isi synchronized- to travel
with- the electron stream of the cathode-ray-like
memker 89.

The horizontal-sweep circuit 63.is
connected to the horizontal-deflector plate 100 of
the oscilloscope 90 by a conductor 67, and to the
‘horizontal-deflector plate {01 of the oscilloscope=
like' member 89 by the conductor 67 and a con-
ductor 134. - The vertical-sweep circuit 69 is con-

‘nected. to the vertical-deflector plate 102 of the

oscilloscope 99 by a conductor 11, and to the ver-

tical-deflector plate 103 of the:oscilloscope-like

member 89 by the conductor 'H and a. conductor
146.

" The amplifier 19 is connected by conductors
85 and 81, to the control-grid electxode 92 and
the ‘cathode "84 of the oscilloscope  90.: : The
mosaic ‘of .electrets becomes thus: successively
conneeted; through the amplifier 19, to the con=-
trol electrode 92. Electrons emitted from‘ the
cathode 84 will become enabled, in response to

‘the action of the amplifier 79, to- pass by the

grid 92, to the anode 96 of the oscilloscope tube
50. . The, electrons. will continue to travel'in a
between the pair of
vertically: disposed oscilloscope .deflector plates
98 and. 168, of which the plate 98 is shown
grounded, and between the pair of horizontally
disposed :.oscilloscope deflector plates 102 and
{04, of which the plate 164 is shown grounded,
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to impinge: ﬁna,lly on the: ﬂuorescent wewmg
seréen: 106:0F the-oscilloscope: 80. ol
- Adter .each: simultaneous horlzonta,l sweep of
both the oscilloscope 90 and the oscilloscope-like
member. 89 has. been: completed; - a isuccessively
" larger:-voltage: will be-applied to the horizontally
disposed: deflector: plates. 102, 105 and 103, {05,
respeetively, by the vertical-sweep circuit. . After
the: last isueh -horizontal ‘sweep,. the voltage: be-
. tiween the horizontally disposed plates- 102, :104
and 103, 105 will hecome restored to zero... The

next horizontal: sweep,*therefore ‘willr start agam :

ab the firstior top row.:
- Successively-disposed: a.reas of the screen 108 of
tte-oscilloscope: 188~ will:therefore correspond..to
- the:similarly:disposed mosaic-antenna sections:in
the:disc 8 of the member 89... Each spot along;a
patticular “horizontal’ sweep, therefore, ‘will-be-
come brightened on the screeix {06 according:to
the:amount ofrradiv ‘energy: received by the.cor=
responding picksup element, and fed, by way: of
the-amplifier 79, to the control electrode 82-of: the
cathode-ray. osmﬂoscope (|3 R
o TaiAsmore. sensitive video signal. dev1ce mxght be
- pny: cwellsknown: bridge detector:.of,say, the
Wheatstone - construction.- -If;-the electrets .are
connectediin-a directzcurrent series:circuit, then
the bank -of condenser electrets may . serve .as:an
extremely-sensitive radio-detecting. element of a
AWHeatstorie bridge,. in~which: they-may:-be -bal-
anced against fixed impedance elements 2.2, 214
andi 216, a5 shown in Fig. 4:. The.short-circuit-
ing of each successive electret by.the' electron
- stream, . diagrammatically shown. :as -shorting
. _switches 205, 207, 209, in parallel with: the elec-
trets.204;-205, 298, would thus be markedly indi-
cated in-the amplifier 19 and fed to the control
electrode 82 of the display oscilloscope 90.
Although. the invention has-been described in
‘connection: with mosaic-antennas arranged in
rows and columns, it will be understood that. this
is not essential, for other arrangements are also
“possible: - Antennas  airanged along :concentric
eircles covering the field, or.a continuous spiral,
will -also serve, though the:oscilloscope arrange-
ment would, of course, be correspondingly modi-
fied. . In the case of the concentric circles and
the spiral, the antennas would be rendered effec-
tive in’ two-dimensional order, as'in the case of

the rows and columns before described. The an-

tennas: disposed along one of the circles, for ex=
ample, would first be rendered. effective, - then
those along the next circle, and so on.

JFurther modifications will occur to persons

skllled in the art, and all such are considered to-

fall-within the spirit and scope of the 1nvent10n
‘as‘defined in the appended claims. :
What is claimed is: L
+71; /An electric. system havmg, in: combmatmn,
a,,plurahty of successively disposed radio-receiv=
ing’ elements: for receiving radio waves, each ele-
ment:including an electret comprising a polarized
dielectric. base in combindtion with radio-wave
absorbing material provided on one side with an
.electrode -tuned to the frequency of the radio
waves: and connected on another side to a com-
mon ‘load circuit, means for focusing a radio-
wave image of an obJect upon the radio-receiving
eléments, means for producing a first electron
stream for impinging on the elements, means for
causing the first electron stream to scan the suc-
cessive elements of the plurahty of elements, an
oscilloscopeé having a screen and means for pro-
ducinv a seeond:electron stream impinging on
the screen, means for causing the second electron

10

16

&

stream::to:scan. the sucesssive: portions: -iof:the
-sereen: iny synchromsm -withi the:scanning: .
successive -elements.;of. the plurality .of‘elemeénts - .

by, the:first-named: scanning’ means,-and. means
connected toithe: commmon:load eircuil -controlled
by the first electronrstream-and responsive-to-the
radio: energy received. by the - successive: radio-

receiving :.elements for modulating :the-second -
electron stream:-during ifs-scanning :process:to = -
produce ‘a. likeness of the -object upon-the screen. -
~in combination;a -
plurality: of successively -dispesed: radio-receiving -

» 2,. An electric system: having

elements for receiving radio:wayves, :each element

including an electret: comprising: a:polarized di- -

electric base combined with a:radip-wavesabsorb-

dng:rmaterial -provided on:one-side -with :means

20

funed to.the: frequency of ;the: radiorwaves-and
‘connected on.another side to.acommon: load:cir-

cuity: means: . for: focusing: ai-radio-wave-image -of

gn:-object;upon - the' radio~receiving -elements,

- means.-for scanning -the successive ‘elements: of
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the -plurality of elements, display means,..and
means connectedto the common load circuit con-

trolled: by the: scanning: means:and responsiveito:

the:radid.energy.received by the successive radio=

“receiving:‘elements  for: controlling the: display
means- during the¢ scanning process:to-produce:a -

likeness of. the:cbject-upon the display means,
3. Anelectric.system having; in’combination;a

-plurality: of: successively disposed:radio-receiving -

elements-for receiving radio waves, each-element
including- an: electret. comprising & polarized:; di-
electric ‘base:in-combination with uranium: oxide

provided on one side with means tuned to-the fre-
Queney of the radio:waves:and.conneéted on, pii-
‘other; side to-a common: load circuit;, means for

focusing,:a‘ radio-wave:image-of -an object. upon
the radic-receiving elements; means for scanning
the: successive - elements” of: the-plurality :of:ele-

ments; display means,-and-means -connected: ‘to
the common load circuit controlled by the scan-~
ning means and responsive: to: the ‘radio énergy
yeceived: by the guccessive  radio-receiving-ele~ -
‘ments,; for-contrelling the:display means during
‘the-scanning process ‘to pr oduce :a, likeness of the

vobgect upon-the displdy means: ‘
‘4. An;electric-system having,:in: co‘nbmatmn a

plurahty of successively :disposed radio- 1ece1vmg )

elements-for: receiving radio waves; each element
including: an electret comprising a ‘polarized di-
eleetric base in combination with silicon provided
on; one-side ‘with-means tuned to the-frequericy

of:the radio waves-and connected on-another side
toa-common: load. cifcuit; means. for focusirg a -

radio-wave: image: of ‘an-object upon the radio-
receiving elements; means: for- scanning: the siic-
cessive elements. of the plurality of elements, dis~
play means, and means corinected to the common
load, -eircuit: controlled by~ the scanning ‘means

-and responsive: to-the: radio- energy received. by

the ‘successive radie-receiving elements for-con~

‘trolling the display ‘means during’ the scanning .
process to:produce a-likeness: of the object: upon :

the display means:

" 5.=An-electric: system having; in combmatlon,
plurality of successively disposed radio-receiving
elements for-receiving radio waves, each element
including an electret: comprising polarized di-
electric -base in combination with a radio-wave
absorbing  material provided on:one side with
means tuned to:the frequency of the radio waves

~and connected on-another side to:a.common’ load

circuit, means: for: focusing a radio-wave: image
of:an: object upon the-radio~receiving - elements,
means for producmg @ first electron stream for

£-the -
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impinging on the elements, means for causing
the first electron stream fo scan the successive
elements of the plurality of elements, an oscillo~
scope having a screen and means for producing a
second electron stream impinging on the screen,
means for causing the second electron stream to
scan the successive portions of the screen in syn-
chronism with the scanning of the successive ele-
ments of the plurality of elements by the first-
named scanning means, and means connected to
the common load circuit confrolled by the first
electron stream and responsive to the radio en-
ergy received by the successive radio-receiving
elements for modulating the second electron
stream during its scanning process to produce a
likeness of the object upon the screen.
ROBERT H. RINES.
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2,416,720

15 2423125

2,426,189
2,429,933

Number
840,432
315,362
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Name Date
Orvin Zoc June 14, 1938
Tihanyi o QOct. 11, 1938
Schroter - _ Apr. 25, 1939
Tams 2 Oct. 10, 1939
Miller cce Aug. 27, 1940
Wolff . Mar. 11, 1941
Bruno .. __.____ May 26, 1942
Fries ool Sept. 29, 1942
Levy e Dec. 22, 1942
Morton e May 11, 1943
Rosenthal __.________ Aug, 8, 1944
OlVEY e Feb. 18, 1947
Teal o Mar. 4, 1947
Teal oo July 1, 1947
Espenschied .........__ Aug. 26, 1947
GebSON - oo Oct. 28, 1947 .
FOREIGN PATENTS
Country Date

France ool Jan, 16, 1939
Great Britain ______ Feb. 12, 1931

OTHER REFERENCES

Proceedings Physical Society of London, vol.
25 49, pages 3 to 31, August 1937,
Crystal rectifiers by Torrey and Whitmer, 1948,
pages 46-17, Radiation Lab. Series.
Piezoelectricity by Cady, pages 731 to 744, 1946.
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