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ETEOD OF AND APPARATus FOR RENDERING WISIBLE OSCILLATIONS OF PIEZO 
CECTRICAL CRYSTALS. 

Application aled June 8, 1986, serial No. 114,567, and in Germany May 15, 1925. 
This invention relates to a method of and 

apparatus for rendering visible oscillations 
of piezo-electrical crystals, and is based upon 
the known piezo-electrical phenomenon, that 
under, certain circumstances differences of 
electrical voltage are generated, if a piezo 
electrical crystal is subjected to elastical def 
ormations, said differences of voltage taking 
lace at different points of the said crystal. 
he value of these differences of voltage in 

creases with increasing deformation, and their 
sign will change, if the crystal, instead of be: 
ing subjected to a deformation, is subjected 
to a dilatation, and vice versa. Large 
mations and in consequence thereof large 
piezo-electric voltage differences of changing 
sign may especially be attained, by subjecting 
such a piezo-electric crystal, preferably in the 
form of a rod to elastical oscillations. The 
means, whereby these oscillations are gener 
ated and the nature of these oscillations 
(whether transverse or longitudinal), may be 
of any kind, and the nature of this means as 
far as this invention is concerned is of no im 
portance whatever. An essential feature of 
this invention is to render these oscillations 
visible, by utilizing the piezo-electric voltages 
which are generated thereby, for producing a 
luminous effect. The manner in which this 
may be done is shown by way of an example 
for carrying this invention into effect. 
Cady has shown (see Proceedings of the 

Institute of Radio Engineers, 10, 1922, page 
83), that a piezo-electrical crystal rod, which 
in a crystallographic sense is properly 
E. may be caused to be subject to longi 

tudinal oscillations of high frequency by the 
effect of an alternating electrical field, if the 
frequency of the exciting electrical alternat 
ingfield is in co-incidence with one of the nat 
ural elastical frequencies of the crystal thus 
excited, so that a resonance will be brought 
about between the electrical and the elastical 
oscillation. 
The elastical oscillations and therewith the 

occurrence of resonance, now, may for in 
stance be rendered visible according to this 
invention in the following manner, as illus 
trated in the accompanying drawing in 
which: 

Figure 1 shows a crystal mounted between 
two electrodes in open air and, 

Figure 2 shows a possible mounting in a 

efor 

vessel adapted to be evacuated or filled with a 
gas other than air. 

In the drawing (see Fig. 1) Q, designates a 
rod of rock-crystal, which is properly aligned 
in a crystallographic sense, said rod having a 
length of a few centimeters and a cross-sec 
tion of a few square millimeters. E, and E, 
are two metal electrodes, which are connected 
with a source of alternating electrical volt 
ages having a frequency n. The rod Q is 
placed upon the electrode E, so as to be freely 
movable thereon and an intermediate space 
is provided between the rod Q, and the elec 
trode E. If this frequency in be equal to the 
fundamental frequency N of the elasticallon 
gitudinal oscillation, the rod Q according to 
Cady will be subject to stationary oscillations. 
In the centre of the rod thereby the greatest 
deformations will take place, while these def 
ormations will decrease towards the ends of 
the rod until they reach the value zero. The 
value of the piezo-electric voltage corresponds 
to the value of the elastical deformation. By 
EY dimensioning the intermediate space 
tween the rod Q and the electrode E, and 
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the alternating voltage impressed upon the 
electrodes E, and E, according to this inven 
tion a luminous effect may be produced, which 
renders the oscillations visible between the 
rod Q and the electrode E over a certain 
length in the direction of the axis of the rod, 
said length varying with the amplitude of the 
elastical oscillations. If the rod instead of be 
ing excited by its fundamental frequency No. 
is excited by one of its higher frequencies 
2N, 3N etc., and if the other factors to be 
considered are properly chosen, there will be 
a plurality of luminous effects at points of the 
rod, which are separated by dark intervals. 
The number of these points at which luminous 
effects are produced will indicate the ordinal 
number of the respective higher frequency. 

Since in the example above given the rod 
will only oscillate, if resonance is present be 
tween the exciting electrical oscillation and 
the elastical oscillation which is produced 
thereby, and since furthermore the luminous 
effect is caused by the elastical deformation 
and the consequent piezo-electric voltage, the 
occurrence of the luminous effect, which is an 
essential feature of this invention, will indi 
cate this resonance. More particularly the 
number of points, at which the luminous ef 
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fect takes place, will be equal to the ordinal 
number of the higher elastical oscillation. 
This feature forms the basis for the several 

modes of the technical applications accord 
ing to this invention. Since the above-men 
tioned longitudinal oscillations, which are 
produced according to the cited article by 
Cady, are within the range of the frequencies 
employed in wireless electrical signalling, 
in this branch of engineering especiallyim 
portant possibilities of a practical applica 
tion of this invention will result. For in stance, for a great number of transmitting 
stations there is a necessity, that every sta 
tion is always working with the same oper 
ating frequency or wave length. By means 
of apiezoelectric crystal rod, which is tuned, 
as above described, to such an operating fre 
quency or wave length, the transmitter, may 
asily be tuned or adjusted, without carry 
ing on any measurement with Wave meters or 
the like, in such a manner, that a luminous 
effect takes place at the crystal rod accord 
ing to this invention. By this luminous ef 
fect it may therefore be indicated that the 
transmitting station has the proper operat 
ing frequency. 
In addition to the indication of frequency, 

according to this invention, the device may 
also be used for measuring frequencies or 
wave lengths. If a number of crystal rods 
as above described are united into one appa 
ratus and are once graduated according to 
their fundamental and their higher frequen 
cies, a high-frequency, wave-meter may be 
obtained, which may be compared with the 
frequency meters operating on the principle 
of vibrating blades or tongues, such as are 
used for measuring or indicating low fre 
quencies. In the case of a high-frequency 
wave-meter or frequency-meter, according 
to this invention the occurrence of the lumi 
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nous effect at one of the crystal rods will 
immediately permit to read off the value of 
the frequency or wave length to be measured 
or indicated. 

If several crystal rods are employed, and 
the natural frequencies of the same are prop 
erly tuned, for instance, the variations in the 
speed of high-frequency generators may im 
mediately be indicated by the variation of 
the luminescence of the several crystal rods. 
The specific arrangement of the device ac 

cording to this invention, as represented in 
the drawing, is intended to serve only as an 
example for utilizing this invention for the 
purpose of measuring or indicating frequen 
cies or wave lengths. The arrangement as 
shown in the drawing may be changed or 
modified in various ways. Thus, for in 
stance, instead of two electrodes a greater 
number of electrodes may be employed, which 
may be paralleled in various combinations 
and connected to the source of alternating 
voltages, in order. to emphasize a certain 
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higher frequency of the crystal rod, and ren 
der the same visible. Besides the voltage 
carrying electrodes there may also be em 
ployed electrodes which are not connected 
to the source of alternating voltages, but 
which merely serve for the production of the 
luminous effects. Also the form and size of 
the electrodes and of the crystal as shown in 
the drawing are of no importance for the 
purpose of this invention. In order to ren 
der the luminous effect more intense, the en 
tire device may be enclosed within a more 
or less evacuated container or in a tube or 
vessel which is filled with proper 
Likewise, for the purpose o SEE 
the luminous effect, for instance, poin 
electrodes or Sically prepared electrodes 
may be employed. Furthermore, for in 
stance, only one half of the rod may bear 
ranged between the electrodes, while no elec 
trodes are present on both ends of the other 
half of the rod. In this case on the free half 
of the rod the oscillations may also be made 
visible in an evacuated space by luminous 
effects. 

This invention is by no means confined to 
the examples described herein or that shown 
in the drawing. Thus, for instance instead 
of longitudinal also transverse oscillation of 
the crystal or crystals may be made visible 
by a luminous effect, so that this invention 
may also be used in connection with frequen 
cies which are far lower than those empioyed 
in the wireless art. 
We claim: 
1.The method of rendering visible elastical oscillations of a piezo-electric crystal, which 

consists in producing a luminous effect by the 
piezo-electric voltages, which are caused by 
the deformations of said crystal, when sub 
jected to said elastical oscillations. 

2. An apparatus for indicating and meas 
uring the frequency of electrical oscillations, 
comprising a piezo-electric crystal, means for 
producing an alternating electrical field pass 
ing through said crystal, whereby the latter 
will be subjected to elastical oscillations, and 
means for rendering visible said elastical os 
cillations by a luminous effect caused by the 
piezo-electric voltages in said crystal, which 
are set up by said elastical oscillations. 

3. An apparatus for indicating electrical 
oscillations, comprising a piezo-electric crys 
tal, a pair of electrodes adapted to be coupled 
to a source of electrical oscillations, one of 
said electrodes contacting with said crystal 
and the other of said electrodes being at a 
distance therefrom, whereby the resonance 
between said electrical oscillations and the 
elastical oscillations of said crystal is indi 
cated by a luminous effect between said 
crystal and said other of said electrodes. 

4. In an apparatus for visibly indicating 
electrical oscillations, an electrode, a crystal 
resting on said electrode, a second electrode 
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above and spaced from said crystal so that 
the surface of said crystal adjacent the sec 
ond mentioned electrode is discernible, and 
a transparent evacuated envelope surround 
ing EP electrodes and crystal. 

5. In an apparatus for visibly indicatin 
electrical oscillations, an electrode, a crysta 
resting on said electrode, a second electrode 
above and spaced from said crystal at such 

3 

a distance that by impressing an alternating 10 
voltage upon the electrodes luminous effects 
upon the upper surface of the crystal may be 
discerned. 
In testimony whereof we have affixed our signatures. 

ERCH GIEBE. 
ADOLF SCHEBE. 


