
Sept. 4, 1934. A. McL. NICOLSON 1,972,491 
ELECTRICAL REPEATER TUBE 

Filed March 22, 1932 

F. G- E.-- 

- 
- 7. 

NVENTOR 

67-1C)Alexander MLBall NicolsDIL 
93 QSE/-3-26 

AOrNEY 

    
  

  



0 

5 

25 

30 

35 

40 

45 

50 

55 

Patented Sept. 4, 1934 

UNITED STATES 

1972,491 

PATENT OFFICE 
1972,491 

ELECTRICAL REPEATER TUBE 
Alexander McLean Nicolson, New York, N.Y., as 
signor to Communication Patents, Inc., New 
York, N.Y., a corporation of Delaware 

Application March 22, 1932, Serial No. 600,438 
9 Claims. (CI. 250-27.5) 

This invention relates to repeater devices such 
as electrical discharge tubes for rectifying or alm 
plifying electrical currents and voltages. Devices 
of this type are thermionic discharge tubes pro 
ducing electron emission from a heated element, 
and glow discharge tubes producing ionization of 
a gaS between cold electrodes. The present in 
vention is related to the latter type. . 
The object of the invention is to efficiently 

repeat electrical signals with fidelity. 
Another object of the invention is to rectify and 

amplify electrical currents in a discharge device 
having no thermionically active element. 
A further object of the invention is to control 

the ionization produced by a piezoelectric crystal 
in vibration and to employ such a device as a 
detector or amplifier of electrical signals. 
Vacuum tube amplifiers of many types are well 

known such as those commonly used in radio 
communications in which a thermionically active 
element - and a plurality of cold electrodes are 
positioned in an evacuated envelope. 
known in the art how a similar repeater tube 
may be constructed utilizing solely cold electrodes, 
and in which the gas is ionized by a potential dif 

Such discharge ference between two electrodes. 
tubes have been used as radio and audiofrequency 
amplifiers and detectors of radio signals. 
One other feature of the present invention is 

'familiar to those skilled in the art and that is, 
the production of ionization by a vibrating piezo 
electric crystal element in a partial vacuum. The 
regions of ionization form various patterns around 
and about the crystal depending upon the manner 
in which the crystal is cut, and the positioning of 
the electrodes thereon. Such crystals have been 
used as frequency indicators and for other like 
purposes but in the present invention the glow 
produced by the crystal is controlled by an anode 
and control electrode or a combination thereof, 
So that the combination functions as a repeater 
tube similar in operation to those mentioned 
above. - 

The invention in brief contemplates placing a 
piezoelectric crystal in an envelope evacuated to 
a pressure of several millimeters of mercury, the 
envelope containing either neon, helium, nitro 
gen, or a mixture thereof. The electrodes are 
placed on the crystals in Suitable positions to 
produce the greatest amount of ionization. 
A positive anode is placed near the crystal but 

Separated by a control electrode to control the 
flow of negative ions to the positive electrode. 
The invention will be more fully understood by . 

It is also 

plied from an alternating source. 

reference to the following description taken in 
Conjunction. With the drawing in which: 

FigS. 1, 2 and 3, show different modifications of 
repeater tubes employing the principles of the 
invention; 

Figs. 4, 5, 6,7,8,9, and 10 show detailed mount 
ings of Crystals which serve as ionization sources. 
for tubes and which may be employed in the sys 
tems of Figs. 1, 2 and 3; and, . 

Fig. 11 shows an embodiment of the invention. 
with the energizing electrodes outside the tube. Referring Specifically to Fig. 1, a glass envelope 
5 having a press 7 is mounted upon a base 6. In 

70 
the press 7 are four seal-in conductors, two of 
which connect to two electrodes 9 and 10 for a 
Crystal 12, the conductors being sufficiently rigid 
to Support the crystal in the position shown. An 
anode element 13 is shown in the form of a flat 
plate but may be a cylinder surrounding the 
Crystal 12 and its electrodes. The third element 
in the envelope 5 is a control electrode 14 which is 
positioned between the crystal 12 and anode 13 
and which may be in the form of a mesh plate or 
meshed cylinder Surrounding the crystal. These 
elements are mounted in the usual manner well 
known in the art of thermionic tube construction. 
The respective connections of the electrodes 

above mentioned to certain external elements are 
shown for purposes of explaining their function. 
Electrodes 9 and 10 are connected across a source. 
Of alternating current 16 which is shunted by a . 
potentiometer resistance17. The sourcei6 supplies 
to the crystall2a voltagehaving a frequency of ap 
proximately that of the crystal, the frequency of 
the Source being adjustable by means of a variable 
condenser 18, although it is to be understood that 
the crystal will produce ionization at other fre 
quencies. The anode 13 is connected through an 
output inductance 20, which may represent any 
form of output circuit commonly known in the 
art, to a variable contact 21 on the resistance 17. 
To this same contact, the control electrode 14 is . 
connected through an input inductance 23. it he 
anode and - control electrode polarizing batterie 
are shown as 24 and 25, respectively. 
This tube operates in substantially the same 

manner as the ordinary tube and could be used 
in any receiver having tubes with cathodes sup 

The negative 
ions and electrons produced by ionization of the 
gas by crystal vibration are attracted to the 
anode 13, this attraction being controlled by the 
static and dynamic polarizing of the control elec 
trode 14. 
The mounting shown in Fig. 1 is of one particu 
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2 
lar type such type being a crystal of cylindrical 
shape having thereon an even number of alter 
natively connected electrodes. In this manner 
potentials are distributed at the pole faces pro 
ducing an eficient ionization eleinent. 
Now referring to Fig. 2, a second method of 

mounting the crystal is illustrated. An envelope 
27 has a press 28 supporting electrodes 29 and 30. 
which in turn Support a square or rectangular 
shaped crystal element, 31. The electroles 29 and 
30 may be cup-shaped so as to hold the crystal 
therein loosely, the vibration thereof producing a 
glow between the electrodes on the face of the 
crystal. In the envelope 27...are also an anode 33 
and a control electrode 34 mounted on the press 
28 in the same Yanner as that shown in Eig. 1. 
The four conductors from this tube may connect 
in the circuit shown in Fig. 1 in Similar inainnes 
or may be connected in any equivalent circuit. 
In Fig. 3 a tube envelope 36 has positioned 

therein only two elements, one being a crystal 37 
with its two electrodes 38 and 39, and the other. 
an anode element, 40 which may be U shaped Or 
hemispherical. The crystal 37 is held in position 
by its electrodes 38 and 39 or it may be supported 
independently from the press in any well known 
manner. Such a tube is especially operative as a 
rectifier for transforming alternating cu:'rent or 
direct current or as a detector of nodulated Sig 
nails. 
Referring now to the cathode construction and 

mountings in Fig. 4, a three electrode, two-sec 
tion crystal unit is illustrated, having two portions 
43 and 44 and three electrodes 45,46 and 4. 
Electrodes 45 and 47 are connected to the termi 
nals of the secondary of a transformer 49 while 
the electrode 46 is connected at the mid-tap 
thereof. This construction permits exposing large 
surfaces of the crystal to the gas to produce 
ionization. The transformer 49 may be Supplied 
from an alternating current source 59. 

In Fig. 5 two crystal sections 52 and 53 shown 
by the different directions of cross hatching are 
held together by means of a pin 54 of metal, glass 

Thin metal electrodes 55 and 56 are 
inserted between the sections during their assen 
bly, the electrodes applying to the crystals the 
potentials necesary to produce ionization. The 
electrodes used in any of the constructions of this 
invention may he comprised of aluminium, copper 
or platintim with satisfactory results. The elec 
trodes 55 and 56 are supplied from the alter 
nator 57. 

it has been found in the production of ioniza 
tion by crystal oscillations...that it is advisable it! 
some cases to have the electrodes positioned away 
from the crystal to allow the crystal more freedCY 
of vibration, this distance being approximately 
one millineter. In Fig. 6, such a construction 
is illustrated wherein a crystal 60 is ShoW) en 
circled by bands 61 of insulating material Such as 
glass or lavite, upon which are placed perfo 
rated electrodes 62 and 63, the perforations being 
advisable to permit the ions to inore readily circl 
late about the crystal. The crystal may be cylin 
drical, rectangular, or square. The electrodes 
may be polarized from a source of alternating po 
tential 65. . . . . . , 

In Fig. 7 another construction showing elec 
trodes positioned away from the crystal is illus 
trated in which a crystal 67 has an insulating 
besid 68 placed in a hote through the crystal and 
upon which is fastened electrodes 69 and 70 which 
are polarized from source 71. 

In Fig. 8 a construction is shewn similar to that 

accommodate a crystal cathode 96. The crystal. 

means for connecting said electrodes to an alter 

1,972,491 
of Fig. 5. In this embodiment, a crystal has two 
sections 12 and 73 shown by the different direc 
tions of cross hatching bolted or cennented to 
gether with an electrode 74 therebetween, and a 
second electrode 75 attached to one of the external 
faces of a Section, the electrodes being Supplied 
from a source 76. This construction provides a 
large open face for ionization and is particularly 
efficient. - 

in Fig.9, flat crystal plates 80 and 81 are mount 
ed on supports 82 and 83 of insulating material 
such as glass or lavite. Electrodes 85 and 86 for 
the plates are mounted similar to those in Fig. 8 
but do not touch the crystals since they are fas 
tened to the supports 82 and 83. This construc 

80 

85 

90 
tion provides absolute freedom of vibration for 
crystal 80, the vibration of crystal 81 being trans 
initted to crystal 80 through the end supports. 
This structure may be polarized from a source 87. 

In Fig. 10 a cylindrical piezoelectric crystal 90 
has an electrode 91 placed around it as a cylinder, 
and an electrode 92 placed at one end thereof, as a 

95 

flat plate, these electrodes being polarized from 
a source 93. Ionization in such a crystal con 
struction will be produced at the free end of the 
crystal in the well known manner. 
The modification in Fig. 11 varies from the 

constructions in Figs. 1, 2 and 3, by employing an 
envelope 95 in which a recess has been formed to 

5 
is energized from electrodes 97, and 98 mounted 
on the outside surface of the recess or adjacent 
thereto, this connection leaving an unobstructed 
ionization surface for the crystal. A control elec 
irode 99, anode. i00, and an anode return electrode 
101, constitute the other elements within the tube. 
The electrode 101 may be against the crystal or 
only within the ionized region to complete the 
output circuit for this, arrangement. 
Although several types of crystal mountings for 115 

use as cathodes have been shown, it is to be 
understood that there are other mountings and 
supports for crystals which will produce ionization 
but that any such equivalent constructions, when 
used with anodes and control electrodes as dis- 2 
closed above, are deemed to be within the Scope 
of the appended claims. 
What is claimed is: 
1. An electrical repeating device comprising a 

pair of electrodes adapted to be connected to an 12 
alternating Voltage Source, enclosing means for 
said electrodes, a gas in said enclosing means, an 
ionization element positioned between said elec 
trodes to ionize said gas when said alternating 
current source is connected thereto, an anode elec-13 
rode and a separate control electrodepositioned 
between said ionization element and said anode 
to control the flow of current from said element 
to said anode in accordance with the voltage on 
said control electrode. . . . . . . . 

2. An electrical repeating device comprising a 
partially evacuated envelope, a pair of electrodes 
located in said envelope adapted to be connected 
to an alternating current source, a gas in said 
envelope, a piezoelectric crystal element posi 
tioned between said electrodes for ionizing said 
gas when said electrodes are connected to said 
alternating current source, an anode, electrode, 
and a separate control electrode positioned be 
tween said ionization element and said anode. 

3. An electrical detecting device comprising a 
partially evacuated envelope, a gas in said en 
velope, a piezoelectric crystal element for ioniz 
ing said gas, electrodes.for said crystal element, 
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nating voltage Supply, an anode electrode posi 
tioned in proximity to Said crystal, and a sep 
arate control electrode positioned between said 
Crystal electrodes and Said anode electrode. 

4. An electrical amplifying device comprising a 
partially evacuated envelope, a piezoelectric crys 
tal element, electrodes for said element adapted 
to be connected to an alternating voltage supply, 
an anode element located within said envelope, 
and a separate fourth electrode within said en 
velope positioned intermediate said crystal elec 
trodes and Said anode element for controlling the 
discharge of current from said crystal element to 
Said an Ode. 

5. An electrical repeating device comprising a 
partially evacuated envelope containing an ion 
izable gas, a pair of electrodes located in said en 
velope, means intermediate said electrodes for 
producing ionization of Said gas an anode, and 
means within said envelope independent of said 
pair of electrodes and said anode for controlling 
the flow of ions in Said gas after their production. 

6. An electrical repeating device comprising a 
partially evacuated envelope containing an ion 
izable gas, a pair of electrodes located within said 
envelope, a piezoelectric crystal element posi 
tioned between Said electrodes for producing 
ionization of Said gas When polarized, an anode 

3 
and means within said envelope independent of 
Said pair of electrodes and said anode for control 
ling the flow of ions produced in said gas. 

7. An ionization element for use in a partially 
evacuated envelope having an insulated electrode 
therein, comprising a plurality of cold electrodes, 
and a plurality of piezoelectric crystal elements 
alternately mounted with respect to said elec 
trodes. 

8. An ionization element for use in a partially 
evacuated envelope having insulated electrodes 
therein, comprising a pair of electrodes, said elec 
trodes having mounted thereon a plurality of 
piezoelectric crystal elements, and means fasten 
ing said elements together around said electrodes. 

9. An ionization element for use in a partially 
evacuated envelope having an ionizable gas, com 
prising a pair of piezoelectric elements, a pair of 
insulating supports for said elements, an electrode 
positioned between said piezoelectric elements 
and out of contact therewith, and a second elec 

80 

85 
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trode positioned near one face of one of said ele 
ments, the vibration of said piezoelectric element 
between said electrodes being transmitted from 
said piezoelectric element to said other piezo 
electric element through said supports. 

ALEXANDER, MICLEAN NICOLSON. 
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