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Patented Apr. 22, 1952 2,594,138 
UNITED STATES PATENT OFFICE 

2,594,138 
ELECTRONIC INDICATOR 

David L. Elam, Roselle, Ill., assignor to Electro 
Products Laboratories, Inc., Chicago, Ill., a cor 
poration of Illinois 

Application November 1, 1946, Serial No. 70,130 
(C. 250-27) 3 Cairns. 

This invention relates to an electronic in 
dicator, and more particularly to a system for 
translating a mechanical variation into electri 
cal variation and using such electrical variation 
to provide a desired indication. 
This application is a continuation in part of 

my application for a pressure indicator filed 
August 11, 1945, as Serial No. 610,325, now 
abandoned. 

Rapidly changing mechanical variations pre 
sent difficulties and problems of indication not 
present in connection with slowly changing varia 
tions, and it is often desired to obtain an indi 
cation of such a rapidly changing mechanical 
variation. The term 'mechanical variation' aS 
used in this specification and claims is intended 
to include variations pertaining to movement of 
a device, as for example, movement of a valve 
stem in a diesel injector, pressure variations in 
pneumatic or hydraulic mediums, and other 
physical variations and Wave movements with 
the exception of electrical variations. 
For example, it may be desirable to obtain 

an indication of preSSure conditions in the cylin 
der of an internal combustion engine, the cylin 
der of a pump, or the like. The difficulties and 
problems presented in obtaining Such indications 
are readily seen to differ from the problems pres 
ent in connection with obtaining an indication of 
Slow variations. For instance, where it is de 
sired to provide an indication of the pressure in 
the Storage tank of a compressed air system, a 
conventional pressure gauge is satisfactory. 
However, When it is desired to measure the in 
Stantaneous pressure conditions at any time in 
the cylinder of an internal combustion engine 
which may be operating at Several thousand 
revolutions per minute, a gauge is obviously of 
no use. Warious types of electrical indicating ar 
rangements have heretofore been provided for 
such pressure conditions, but practically all of 
theim have operated as a function of the rate 
of pressure change, which is undesirable in that 
Such devices could not measure static conditions 
when desired. 

I have overcome these and other difficulties by 
providing a system comprising a Source of high 
frequency carrier voltage waves, means for 
modulating these Waves as a function of in 
stantaneous conditions in the object under test, 
and means for utilizing the modulated portion 
of such wave to indicate the mechanical varia 
tion being tested. My improved indicator op 
erates on a change in reactance, and means are 
provided for eliminating at least a portion of 
the carrier Wave so that modulation of such wave 
corresponds to the mechanical variation being 
measured. 
A feature of my invention is that the mechani 

cal variation is changed into an electrical varia 
tion in the form of modulation of a high fre 
quency wave, as, for example, a one hundred 
kilocycle wave of considerable power, as 40 to 

5 

O 

5 

20 

2 
100 volts peak-to-peak swing. Providing the 
electrical variation in the form of modulation of 
a high frequency wave (amplitude modulation 
in the particular case illustrated in the drawings 
of this application) results in an indication which 
is truly dependent on the mechanical variation 
being measured, and not on the rate of change 
thereof. That is, this apparatus enables static 
pressure or other mechanical conditions to be 
indicated on an OScilloScope Screen, for example, 
Whereas Commercial prior art indicating ar 
rangements are unable to do this. Moreover, 
by making it possible to use high frequency the 
envelope variation is made in such closely spaced 
Steps, even when the time axis is considerably 
expanded On the OScilloScope Screen, that an ap 
parently continuous pressure curve is provided. 
Another feature which contributes substan 

tially to the desirable operation of this indicat 
ing arrangement is the particular discriminator 
or clipper circuit used. Ordinary rectifying ar 
rangements for removing all or most of the bot 
ton half of a modulated carrier completely re 
move the carrier, leaving only the variation in 
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amplitude of the envelope thereof (speaking of 
an amplitude modulated carrier) as the energy 
Wave. Where this is done it is impossible to 
indicate Static pressure conditions on an os 
cilloScope Screen; but by removing most of the 
negative Swings of the carrier without removing 
any of the positive portions of the modulated 
portion of the high frequency waves, the carrier 
continues through to the oscilloscope screen and 
enables indication of pressure level even when 
the same remains constant. 
One embodiment of my invention incorporates 

impedance means variable as a function of the 
mechanical variation under test, a correspond 

40 
ing manually adjustable impedance means, and 
two other impedance elements in a single pick 
up unit in a bridge arrangement. Use of a 
bridge arrangement and location of all the ele 
ments thereof in the unit mounted adjacent the 
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Source of mechanical variation, as for example 
On a Wall of a chamber having therein a variable 
preSSure to be indicated, provides neans which 
can be Satisfactorily balanced and which will 
provide a correct electrical indication of 
in echanical variations in the chamber. In this 
embodiment the provision of the manually ad 
justable balancing means is a very important 
factor, particularly where the pick-up is used in 
association with a chamber at a relatively high 
temperature as for example a cylinder of an in 
ternal Combustion engine. No amount of balanc 
ing the bridge circuit on a laboratory bench would 
mean anything when the temperature of the 
pick-up Was considerably raised in use, probably 
several hundred degrees above that at the work 
ing bench. The convenient manual adjusting 
means, however, enables the pick-up to be 
brought up to operating temperature and then 
properly and accurately balanced with a turn 
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or two of a Wrench, so that the bridge circuit is 
properly balanced at the operating temperature, 
and the electrical indication is brought to zero 
when the pressure in the chamber is at Zero, 
With variation of the pressure varied impedance 
tent then providing known indicating varian 
OS, 
Another embodiment of my invention utilizes 

a variable reactance in series with a fixed im 
pedance to translate the mechanical variations 
into electrical variations, and then utilizes elec 
tronic means to eliminate at least a portion of 
the carrier Wave, Such electronic means Com 
prising Overbiased tubes, the bias on at least 
one of Said tubes being variable in order to de 
termine the amount of the carrier Wave which 
is to be eliminated. In this embodiment of my 
invention means are provided to overcome the 
plate to cathode capacitance of the aforemen 
tioned tubes in order that the entire unmodulated 
portion of the carrier wave may be eliminated if 
desired, together with means for Selectively re 
moving the carrier component of the modulated 
voltage wave while retaining Substantially un 
altered the outline of the nodulated envelope. 
In this embodiment of my invention means are . 
also provided for changing the impedance of 
the output circuit to a desired value in order 
that the wave may be fed to the deflection plates 
of an OScilloScope. 
These and other features and advantages of 

this invention will be apparent from the follow 
ing specification and the drawings, in which: 

Figure 1 is a longitudinal sectional view 
through a pick-up embodying my invention; 
Figure 2 is a longitudinal sectional view of the 
output transformer, along the line 2-2 of 
Figure 3; Figure 3 is an end view of the trans 
former shown in Figure 2; Figure 4 is a Sche 
matic circuit diagram of the pick-up arrange 
ment shown in Figure 1; Figure 5 is a Schematic 
circuit diagram of the entire System, including 
the pick-up and the oscillator, amplifier, dis 
Criminator, and power Supply aSSociated there 
With; Figure 6 is a longitudinal Sectional view 
of another form of pick-up comprising a modi 
fied form of my arrangement embodying cer 
tain of my invention; Figure 7 is a fragmen 
tary Sectional view of one of the reactance ele 
ments; Figure 8 is a circuit diagram of the 
pick-up arrangement shown in Figure 6; Figure 
9 is a longitudinal sectional view through a pick 
up comprising another embodiment of my in 
vention; Figure 10 is an enlarged fragmentary 
longitudinal Sectional view through the bottom 
portion of a pick-up comprising another modi 
fication of my invention; and Figure 11 is a 
Schematic diagram of a circuit designed to be 
utilized with the form of my invention shown 
in Figures 9 and 10. 

In Order to make the description of the entire 
System or combination more readily understand 
able, I will first describe one form of pick-up 
unit which operates to modulate the high fre 
quency Waves as a function of mechanical varia 
tions. 
While I may employ either an inductive or capac 

itive form of pick-up, I prefer the capacitive form 
because it permits high frequencies of the order 
of 100 kilocycles to be used. The inductive form 
of pick-up will perform satisfactorily with carrier 
frequencies in the neighborhood of several thou 
Sand cycles, and this is fully satisfactory where 
a relatively slow speed variation is being meas 
lured, particularly where there are no substan 
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4. 
tially instantaneous pressure changes in the 
general preSSure change curve. However, where 
it is desired Satisfactorily to indicate pressure 
changes which are recurring at a relatively high 
rate of Speed, as in an engine operating at four 
or five thousand revolutions per minute, or where 
there are brief but high peak transient surges 
in the general pressure curve it is necessary to 
use a high frequency carrier for Satisfactory re 
SultS. Under Such conditions as those last men 
tioned a carrier frequency of at least 10,000 
cycles, and preferably of at least 50 or 100 kilo 
cycles, is necessary. At these frequencies the 
inductive pick-up or modulating portion of my 
system is not fully satisfactory, and a capacitive 
pick-up is preferable. 

Accordingly, the capacitive type of pick-up 
unit has been illustrated first, and this will now 
be described, reference being had more particu 
larly to Figures 1-4. In the particular embodi 
ment of my invention illustrated in these figures, 
the pick-up comprises a generally cylindrical 
outer housing G made in several parts for con 
venience. These are here shown as comprising 
a central barrel portion fd, an upper portion 
; b, a lower portion c, and an end member 
Gd. The end member 3d has a reduced 

threaded portion d' adapted to be received in 
a correspondingly threaded opening in a wall 

of the chamber where the pressure indication 
is to be made, as a wall of the cylinder of an 
internal combustion engine or a pump, for ex 
ample. This end member led has passageway 
means therethrough providing communication 
between the interior of the pressure chamber and 
the interiol of the pick-up housing, this being 
here shown as the single bore or opening 0d'. 
All metal portions of the housing and of the 
elements within it, and particularly the reactive 
elements, are preferably made of the same metal, 
and preferably of a metal with a relatively low 
temperature coefficient, as for example Steel. 
Mounted in the pick-up housing f() are a pair 

of impedance elements having capacitive re 
actance, these being here indicated in general as 
f2 and 3. The capacitive reactance element 2 
is here shown as comprising the fixedly mounted 
plate 2a and the movable cooperating plate 2b, 
air acting as a dielectric therebetween. The 
plate 2b is preferably a thin diaphragm of tough 
metal, as spring steel or phosphor bronze, and 
this diaphragm flexes as a function of pressure 
changes in the chamber effective against the 
lower side of the diaphragm (speaking with re 
spect to the particular position of the parts as 
illustrated in Figure 1), this flexing or movement 
of the diaphragm varying the distance between 
the condenser plates 2d. and 2b and thus vary 
ing the capacity of this impedance element 2. 
In practical pick-ups which have been con 
structed in accordance with imy inventions, it is 
desirable to keep the housing diameter down to 
about 1/2 inches or less, and the capacity present 
in the impedance element 2 (when the dia 
phragm is unstressed) is of the order of 10-15 
microfarads, this capacity being increased to as 
much as double or more its initial value when the 
diaphragm is exposed to high pressure. The 
diaphragm plate 2b is fixedly mounted at its 
edges in the housing portion lic, as illustrated; 
and the plate member 2a is fixedly mounted by 
insulating mounting members here identified as 
2c and 2d. The edges of the diaphragm plate 
2b are in direct contact with the housing, as 
this plate and the housing are grounded in op 
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eration, as by the connection between the hous 
ing end member and the wall of the pressure 
chamber. 
The other capacitive reactance element i3 is 

here shown as comprising a fixedly mounted ; 
plate 3d held in place and suitably insulated by 
insulating supporting members 3c and 3d. 
Cooperating with this fixed plate member 3d is 
another condenser plate member 3b, this com 
prising the face of a threaded adjustment men 
ber having means enabling convenient rotation 
thereof at one end, as a hexagonal portion here 
identified as 3b', this adjustment member being 
threaded into the upper housing member (b. 
A lock nut 4 is associated with this member to 
enable it to be locked in adjusted position in the 
particular form shown, although it will be under 
stood that any desired locking all'angement may 
be used. 
The pick-up housing also encloses another 

pair of corresponding impedance elements here 
shown as comprising the resistO'S identified as 
5 and 6. In the particular unit, being de 

scribed these may have a resistance value of the 
order of 100,000 ohms for satisfactory results, 
although it Will be understood that resistors 
which vary substantially from this value will still 
provide operative results. Increasing the re 
sistance value gives some increase in sensitivity, 
but maximum power transfer is effected when 
the impedance of this pair of elements is sub 
stantially the same as the impedance of the ca 
pacitive elements at the particular frequency be 
ing used, 100,000 cycles in the particular device 
being described. The pick-up housing also in 
corporates a transformer here identified in gen 
eral as , this transformer being shown more 
particularly in Figures 2 and 3. 

Referring now to these last mentioned figures, 
the transformer Will be seen to comprise a cen 
tral core portion Ta, as of laminated or powdered 
metal of high magnetic permeability, a secondary 
or output winding 7b, and a split or balanced 
primary winding comprising the parts c' and 
c', an electrostatic shield comprising a 

grounded split metal sleeve d being interposed 
between the coils in order to ensure magnetic 
transfer and to prevent capacitive reflection or 
reaction on the circuit. 

Referring now more particularly to Figure 4, 
the manner in which the elements within the 
pick-up housing are connected Will be described. 
The circuit will be seen to comprise a bridge 
Consisting of the corresponding capacitive react 
ance elements 2 and 3 on the One hand and 
the corresponding resistance elements 5 and is 
on the other hand. The capacitive element 2 
is indicated in the diagram by a Symbol showing 
it to be variable, as the capacity of this element 
varies during operation as a function of the vari 
ation in the pressure conditions effective upon 
the diaphragm. While the capacitive element 3 
is represented by a symbol indicating its capac 
ity to be fixed, it will be understood that this is 
fixed only in operation; i. e., as has been ex 
plained before, the capacity of this element is 
manually adjustable to balance the bridge after 
the pick-up unit has been brought up to operat 
ing temperature, and it is only thereafter that 
it remains fixed. The resistors 5 and 6 are, of 
course, always fixed. The high frequency volt 
age or carrier waves are Supplied, through 
means to be hereafter more fully described, be 
tween a pair of opposite corners of the diamond 
bridge connection, these being here identified 
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as the corners f8 and 9; and the desired modu 
lated high frequency output is taken off from 
the other pair of corners of the diamond bridge 
arrangement, these being here identified as 20 
and 21. The actual input to the device, while 
here indicated as a two-wire input for simplic 
ity of illustration, is actually a one-wire input, 
as by a shielded cable, to the terminal 22, since 
the other part of the circuit is completed 
through ground, the corner 9 of the bridge ar 
rangement being grounded, this connection 
point 9 comprising the housing of the pick-up 
unit in practice. The amplitude modulated high 
frequency output, modulated as a function of 
variation of the capacity of the condenser ele 
ment 2, is developed between the points 20 and 
2 through the primary fic of the transformer, 
this being shown as a single winding for sim 
plicity of illustration, and is transferred to the 
Secondary fib. The Secondary has one end 
grounded to the casing or housing of the pick 
up unit, and the other end connected to the ter 
minal 23, providing the output terminal of the 
pick-up unit adapted to be connected to the am 
plifier and discriminator. It will be readily ap 
parent that if a high frequency wave is devel 
oped between the terminal 22 and ground by any 
appropriate means, as an oscillator, that there 
Would be no output developed between the out 
put terminal 23 and ground So long as the bridge 
is balanced. Accordingly, after the pick-up is 
brought up to operating temperature, where 
Such is different from normal room temperature, 
the capacity element 3 is manually adjusted to 
bring the bridge to balance when pressure in the 
pressure chamber is at zero. Thereafter in 
creases in pressure in the chamber, during op 
eration of the indicating System, vary the ca 
pacity 2 and thus vary the amount of high fre 
quency carrier developed between the output ter 
minal 23 and ground; i. e., provide an output 
Which consists of a carrier wave amplitude 
modulated as a function of the pressure varia 
tions, in the particular case here being described, 
although it will be apparent that other forms 
of modulation or bridge variation could be used. 

Referring now more particularly to Figure 5, 
the general system and its operation will be de 
Scribed. The System illustrated comprises a 
pick-up unit A, as for example of the character 
just described; an OScillator B for Supplying the 
high frequency input to the pick-up; an ampli 
fier C for amplifying the modulated output of 
the pick-up; a discriminator D for providing a 
single curve indication on an oscilloscope Screen, 
Without loss of the high frequency Waves; and 
a power Supply unit E. The output of the dis 
criminator is supplied from the terminal 24 to 
the desired indicating means, as the vertical de 
flection plate System of an OScilloScope, this lat 
ter not being shown Since any suitable conner 
cial oscilloscope may be used. 

Referring first to the power supply unit E, this 
is here shown as comprising the transformer 25 
having a primary 25d adapted to be connected 
to a Suitable source of electrical energy, as the 
conventional 110 volt, 60 cycle alternating cur 
rent. The transformer includes a high voltage 
center grounded secondary 25b having its ends 
connected to the two plates of a full wave recti 
fier tube 26, which may be of tube type No. 
5Y3GT, for example. A low voltage winding 
25c supplies cathode current for the rectifying 
tube; and another low voltage secondary 25d 
supplies cathode-filament current for the tubes 
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of the other electronic portions of the apparatus. 
The positive rectified output of the rectifier tube 
26 is here shown as developed through a filter 
arrangement comprising the choke 22, which 
may have a value of ten henries and the resistor 
28, which may have a value of 5,000 ohms, to the 
plate of a voltage regulating tube 29, which may 
be of tube. No. WR150, this tube. having its other 
terminal or cathode grounded. The desired fil 
ter effect is obtained by associating with it ele 
ments 27 and 28 and a pair of condensers 39 and 
3t of suitable value, as for example 10 micro 
farads. A regulated Source of plate or B plus 
voltage maintained substantially constant at 150 
volts is thus provided in the lead or wire 32. 

Referring now more particularly to the oscil 
lator, that portion of the circuit diagram Sur 
rounded by the dotted line box 33 indicative of 
grounded Shielding, this will be seen to comprise 
as its principal operative element, the pentode 
tube 34, which inay be of tube type No. 6W6. 
This tube has its positive plate Supply delivered 
to its plate and screen grid through further fil 
tering means here Shown aS conprising a choke 
35, which may be of 50 milliheinries inductance, 
a condenser 36, which may be of .25 microfarad 
capacity, and a resistor 3, which may be of 4,000 
ohms. The plate and Screen grid are by-passed 
to ground through a condenser 38, which may 
also be of .25 microfarad capacity. The oscil 
lator circuit is of a conventional type using a 
tapped inductance 33 shunted by a fixed capacity 
40, which may be of .0005 microfarad capacity, 
in conjunction. With an inductance of five milli 
henries, to provide an Operative oscillator fire 
quency of about 100 kilocycles. One end of the 
tank circuit is connected to ground; this Otier 
end of the tank circuit is connected to the signal 
grid of tube 34 through a grid leak and condenser 
combination which may comprise a resistor 4 
of 15,000 ohms and a condenser 42 of .0015 micro 
farad; and the tap off of the inductance 33 is 
connected to the cathode and suppressor grid. 
Heater Current is Supplied to the heater of the 
tube 34 through a circuit including the Wire 63 
On the One hand, and the Wire $3 on the other 
hand, the latter passiing through another filter 
section here shown as comprising a choke 45, 
which may be of 1.5 millihenries and a condenser 
46 which may have a capacity of .25 microfarad; : 
and the heater terminals are shunted by an audio 
frequency by-pass condenser A, which may have 
a capacity of .25 microfarad. This osciliator is 
capable of providing high frequency voltage 
waves of considerable power, of the Crder of 100 
volts peak-to-peak Swing across the output ter 
minals; and these high frequency waves are de 
livered through the blocking resistor 48, which 
may have a value of 10,000 ohms, to the input 
terminal 22 of the pick-up. 
The high frequency or carrier wave thus de 

livered to the pick-up is modulated by the bridge 
circuit therein as a function of the pressure or 
other mechanical variation being indicated, as 
has been heretofore more fully described, and the 
modulated carrier (developed between the ter 
minal 23 and ground) is delivered to the ampli 
fying section here indicated in general as C, here 
being shown as comprising two tubes 49 and 5 
in cascade, although it will be understood that 
any appropriate number of stages may be used. 
In the particular amplifier here being shown and 
described the tubes 49 and 50 may be of tube type 
No. 6SF5GT, provided with plate voltage through 
a circuit including the 15,000 ohm filter resistor 
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54 and filter condenser 5ia, which might have 
a value of 10 microfarads, and the two .1 megohm 
resistors 52 and 53. The tubes are here shown 
as self-biased by the cathode resistors 54 and 55 
each shunted by the by-pass condensers 56 and 
57. For the particular tubes named the cathode 
resistors may have a value of 5,000 ohms and the 
by-pass condensers capacities of .015 microfarad. 
Grid loading resistors 58 and 59 are used, and 
the resistor 53 may have a value of .5 megohn 
and the resistor 59, of the Variable type, a maxi 
mum resistance of the same Value. Coupling be 
tween the tubes is here shown as effected through 
a condenser 60 which may have a capacity of 
.0001 microfarad. 
The amplitude output of the second stage of 

this amplifier, developed across the plate load re 
sistor 53, is here shown as applied through the 
coupling condenser 6i, which may have a value 
of .005 microfarad, to the input of the discrimi 
nator section comprising as its pirincipal element 
the tube 62, which may be of tube type No. 6SF5. 
Biasing voltage for the cathode of this tube is 
developed by means of a bleeder resistor con 
nected between the positive plate Supply and 
ground and comprising a fixed resistance element 
section 63, which may be of 75,000 ohrins, and a 
variable resistance section 34, which may be of 
5,000 ohms. The sider or potentioneter contact 
arm 65 is connected to the lower end of a cathode 
resistor 66, which may have a value of 10,000 
ohms; and the biasing portion of the resistor 66 
operative at any particular time is by-passed to 
ground by a condenser 8, which may have a 
capacity of .5 microfarad. 

This discriminator or clipper circuit arrange 
ment is of considerable importance and advantage 
in an indicator system of the kind here being 
disclosed. The output of the system is taken off 
from the terminal 24 connected to the upper end 
of the resistor 66 through a coupling condenser 
68, which may have a capacity of .05 microfarad, 
and resistor 66 is un-by-passed, i. e., it is not by 
passed to ground with a condenser in the con 
ventional manner. By by-passing the Operative 
portion of the bias-determining resistor 64 by the 
condenser 6, the lower end of the resistor 66 is 
always kept at ground potential from an A. C. 
standpoint; but the upper end of this resistor is 
at a voltage above ground determined by Space 
current flow in the tube 62, not only With re 
spect to the amplitude variations corresponding 
to the pressure, but also with respect to the high 
frequency voltage variations of the positive por 
tions of the carrier wave. Adjustment of the 
amount of bias on the cathode of the tube 62, 
by variation of the position of the contact 65 
on the resistor 64, determines the amount of the 
negative swings of the carrier voltage which are 
chopped off or removed, and preferably this is so 
adjusted that practically all of the negative por 
tions of the carrier voltage swings are eliminated 
from the output delivered to the terminal 24 and 
thus to the Oscilloscope. However, the positive 
Swings of the high frequency wave go through 
and provide a resultant indication on the Screen 
of the oscilloscope tube Which comprises effec 
tively a completely "shaded in' area between the 
zero pressure or horizontal axis and a top curve 
representing the instantaneous preSSure. This 
top curve is very smooth because of the high 
frequency of the carrier wave which may be 
used with this system, even When the time axis 
is stretched out considerably by adjustment of 
the oscilloscope controls, . Moreover, because of 
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the relatively very high frequency of the carrier 
wave impulses, very brief transient pressure varia 
tions over a time interval as short as of the order 
of a thousandth of a second are clearly shown up 
on the oscilloscope screen. Moreover, as has been 
mentioned before, where this indicating System 
is being used for devices which can be stopped 
at a certain pressure condition, as a pump Or the 
like, the pressure is indicated at a particular level, 
or with a very small diminution as it leaks off 
through the valves and around the piston packing, 
by virtue of the fact that the carrier waves or 
positive voltage swings of the high frequency 
waves provide an indication at the appropriate 
level above the zero axis on the oscilloscope tube 
screen without any change in pressure, since the 
bridge circuit used will deliver to the output Waves 
of an amplitude determined by the capacity of 
the capacity element 2, regardless of whether 
this capacity is varying or not. 
Another form of pick-up is shown in Figures 

6 and 7, With its circuit diagram being shown in 
Figure 8, this pick-up again making use of the 
bridge principle with all four impedance elements 
in the pick-up housing, but the two variable in 
pedance elements in this case being inductance 
elements. This form or modification of my pick 
up will now be described with particular reference 
to these last-mentioned figures, and in order to 
shorten the description reference numerals 70 
higher than those used in Figures 1 and 4 will be 
associated with parts corresponding in their 
function. 
In this latter form of my invention there is 

again a general cylindrical housing here identified 
as 80, adapted to be threaded into an appropriate 
opening in the wall 8 of a chamber wherein the 
pressure variations are to be indicated. Here the 
reactance elements identified in general as 82 
and 83 are inductive rather than capacitive in 
character. The element 82 comprises a core piece 
82d, cooperating with a flexible diaphragm 82b. 
In this case the core piece 82a is encircled by an 
inductive winding 82f, the inductance of this 
winding being varied by variation of the gap 
between the center of the diaphragm 82b and 
the adjacent face of the core piece 82d, the mag 
netic circuit being completed through permeable 
material in the mounting in the upper end of the 
core piece and in the diaphragm 82b, this latter 
being necessarily of magnetically permeable ma 
terial in this form of the invention. The COrre 
sponding reactance element 83 has its core piece 
83a, within a winding 83f, the inductance of this 
winding being varied by movement of the face 
83b of the adjustment member toward and away 
from the adjacent, core piece face. This again 
enables the bridge circuit (incorporating induc 
tive reactance elements in this case instead of 
capacitive reactance elements) to be readily and 
conveniently balanced by manual adjustment 
with the pick-up under operating conditions. 
The pick-up also includes other parts and ele 

ments necessary to render it operative, including 
the resistors 85 and 86 and the transformer 8. 
As may be best seen in Figure 8, these are Con 
nected in a diamond shaped bridge arrangement 
with the carrier frequency developed between the 
corners 88 and 89 of the bridge and the output 
developed across the corners 90 and 9 of the 
bridge delivered through the primary of the 
transformer 8, the secondary of this transformer 
being connected to ground and to the output ter 
minal 93 of the pick-up. This form of pick-up 
is fully satisfactory at carrier waye frequencies 
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at the Order of 2,000 or 3,000 cycles per second, 
and thus provides satisfactory indications under 
conditions where the 'time axis' On the OSci 
loscope screen is not to be unduly stretched out, 
and where no exceptionally brief time duration 
transient pressure variations are encountered. 
A modified form of a pick-up unit is shown 

in Figure 9, this modification doing away with 
the balanced transformer and the bridge circuit 
of the first described embodiment of my inven 
tion and utilizing electronic means to eliminate 
the undesired portion of the carrier wave. The 
pick-up unit is housed in the generally cylindri 
cal housing 90 which for convenience is made 
up of Several parts. An upper central portion 

a has an interiorly threaded upper end into 
Which is fitted a complementary threaded upper 
end portion 90b, and said upper central portion 
has an exteriorly threaded lower end over which 
is fitted the complementary threaded lower cen 
tral portion 00c. An end portion 00d is 
threaded into the lower end of the portion OOc, 
Said end portion having an exteriorly threaded 
portion 90d" adapted to be received in a corre 
Spondingly threaded opening in communication 
with the mechanical variation to be measured, 
as a Wall of the cylinder of an internal combus 
tion engine or a pump, for example. This end 
member 100d has passageway means there 
through providing for communication between 
the interior of the chamber having the pressure 
variation or the other mechanical variation to be 
measured and the interior of the pick-up housing, 
this being here shown as the single bore or open 
ing 8d'. A compression lock nut 00e is 
threaded onto the upper portion of the lower cen 
tral member in order that plates of the reactance 
element to be hereafter described may be spaced 
as desired. An outer cover 00f Surrounds the 
upper central portion as shown. 
The upper portion of the end member 100b 

is recessed as shown at OOb', and an input lead 
0 and an output lead 02 are mounted within 

said recess, said leads being held in position 
by the insulating member f03. 
The upper central member 10Ca carries a 

transformer between the insulating mountings 
04 and 05, said mountings being securely 

fastened in place by means of the screws 06. 
The transformer comprises a core 107 of perme 
able material, a secondary winding O8 and a 
primary winding 99. The secondary winding 
may comprise about 500 turns of fine insulated 
Wire Wound next to the core, and the primary 
may be made of approximately 2,000 turns of 
Such wire wound directly over the secondary. 
The core may comprise about eight pieces of 
black iron wire each of .034 inch in diameter 
or a powdered iron core. 
The input lead C extends through the upper 

transformer mounting and is secured by solder 
ing or other suitable means to one end of the 
primary winding, while the output lead 02 ex 
tends through the transformer mounting and is 
secured to one end of the secondary winding. 
The other end of the Secondary Winding is 
grounded by means of the soldering lug 0 
Which is held in contact With the housing OO 
by means of the screw 06, while the other end 
of the primary winding is secured by soldering 
or other Suitable means to the soldering lug 

, and said Soldering lug is connected by 
means of the nut 2 to the condenser plate 
stud 3. 

Said condenser plate stud is carried by the 
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upper center portion 0.0a of the housing, being 
centered therein by means of the insulating 
mounting plugs 4 and 5, and at the botton 
of said condenser plate stud is the flanged por 
tion is, comprising one plate of a reactance 
means here shown as a condenser . The 
other plate of said condenser is the diaphragm 
3 which is carried by the end portion fied 

of the housing and is spaced therefrom by the 
spacer gasket 9. The diaphragm 8 is pref 
erably a thin diaphragm of tough metal as spring 
steel or Phosphor bronze in order that it may 
flex as a function of pressure changes in the 
chamber effective against the lower side of the 
diaphragm, thereby varying the distance be 
tween the condenser plates 6 and i8 and thus 
varying the capacitive reactance of this con 
denser. The diaphragm 8 is fixedly mounted 
at the edges as shown in Figure 9, and the con 
denser plate stud 3 which carries the plate 
member S is fixedly mounted by means of the 
insulating plugs 4 and 5. The edges of the 
diaphragm f : 8 are in direct contact with the 
housing, as this plate of the condenser and the 
housing are grounded in operation through the 
connection between the housing and the wall of 
the pressure chamber. 
The plates of the condenser 7 may be sep 

arated any desired amount by adjusting the 
member 9a (which carries the plate 6) With 
respect to the member etc (which carries the 
plate 8), and the said plates may be locked 
at any desired separation by means of the con 
pression lock nut (e. 

In operation of this embodiment of pick-up 
device a high frequency carrier voltage wave is 
fed into the pick-up unit through the input ter 
minal O. Since the primary 39 of the trans 
former and the condenser just described are in 
series, a voltage drop will appear across the cir 
cuit including theses elements, and Such voltage 
Will be distributed between the primary of the 
transformer and the condenser depending upon 
the inductive reactance of the transformer pri 
mary and the capacitive reactance of the Con 
denser at the particular frequency employed. 
It is desirable that the Series circuit comprising 
the inductive member and the capacitive men 
ber is not resonant at the frequency employed, 
and in one embodiment of my invention which 
I have constructed I have obtained Satisfactory 
results by using a transformer primary winding 
With an inductance of 25 millihenries. In order 
to resonate at 100 kc. (which is the frequency 
used for the carrier Wave) the condenser : 
Would have to be of 100 micro-microfarads ca 
pacitance, While in actual practice this condenser 
has a capacitance varying from 5 to 10 micro 
microfarads. 
As the condenser plate 8 flexes as a function 

of the mechanical variations to be indicated (in 
this case varying pressure in a chamber) the 
capacitance and hence the capacitive reactance 
of the condenser varies, thus changing the dis 
tribution of the total voltage of the carrier Wave 
across the respective inductive and capacitive 
members of the circuit. Obviously these changes 
occasioned by the varying capacitive reactance 
could be utilized if taken off either across the 
condenser or across the inductive member, and 
I show such electrical variations as being taken 
off from the secondary of the transforner which 
is connected between the output terminal 02 
and ground. Thus the carrier wave is modu 
lated according to the mechanical variations 
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acting upon the diaphragm 8, and such modus 
lated carrier wave is taken off by means of the 
SeeOndary Winding 8 which is inductively 
coupled to the primary winding 489, and between 
the output terminal 2 and ground there exists 
an alternating carrier voltage which is modu 
lated in accordance with the mechanical varia 
tions to which the diaphragm 8 is subjected. 
Since the electronic apparatus which may be 

used with my pick-up unit is always separate from 
the pick-up unit and may be located a consider 
able distance from the pick-up, a transmission 
lile is used to carry the impulses from the output 
terminal of the pick-up unit to the input of the 
electronic apparatus. I have found it preferabie 
to utilize a step-down transformer in the pick-up 
unit, thus making it possible to use a low im 
pedance trainsmission line, as, for example, a 150 
ohn line. By this means it is possible to us2 
the pick-up at a considerable distance froin tha 
electronic apparatus with only negligible loss, and 
at the same time pick up only a minimum of 
undesired noise or other signals. Means may be 
provided at the input to the electronic apparatus 

5 to step the voltage from the transmission line 
up to a desired level, as, for example, the step-up 
transformer shown at 26 in Figure il. 
In Figure iO a modified form of my pick-up unit 

is shown, only the bottom portion of such unit 
being shown in the drawing since the upper por 
tion is the same as the apparatus shown in Figure 
9. In Figure 10 for convenience of description 
corresponding parts of the apparatus will be 
designated by numerals 100 higher than those in 
Figure 9. The apparatus of Figure 10 is par 
ticularly designed to pick-up variations of move 
ment, as for example the movement of a valve 
Stem in a diesel injector, rather than to pick 
up variations in pressure as was the apparatus 
heretofore disclosed, 

In the drawing the housing 2 again consists 
of various parts, the lower central portion only 
being shown as 2.c. Such portion is illustrated 
as having an interiorly threaded base portion 
adapted to Support the pick-up on the apparatliS 
under test, as the injector head 225. The re 
actance member 2 comprises the fixed element, 
23 which forms one plate of the condenser and 
is fixedly mounted on the condenser plate stud 2 is 
which is supported in the insulating block 2 5 2S 
in the last described modification of my invention. 
The other plate of the condeiser is the cup 
shaped electrode 28 which is mounted on the 
injector valve stem 226 and is secured against 
movement relative to said valve stem by means of 
nut 22A. As the valve stem 226 moves up and 
down the capacitance between the plates 2 6 and 
28 will change, and consequently the capacitive 
reactance of the condenser 2 formed by Said 
plates will also change. 
The condenser is connected in series with the 

primary of a transformer, as in the modification 
of my invention disclosed in Figure 9, and Such 
series circuit is adapted to be energized by means 
of a, carrier. voltage wave in the same manner 
as heretofore described, while the varying poten 
tial occasioned by the varying capacitive react 
ance of the condenser is taken off from said pick 
up unit by means of the inductively coupled Sec 
ondary of the transformer in the manner here 
tofore described. 

Referring now more particularly to Figure 11 
the general system of operation of apparatus Sin 
ilar to Figure 9 or Figure 10 will be described. 
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The system is illustrated as comprising a pick 
up unit A, as for example a unit of the character 
shown in Figure 9 or Figure 10; an oscillator 8 
for Supplying the high frequency to the input 
pick-up; electronic means for removing Substan 
tially all of the high frequency carrier wave in 
dicated at C; an impedance changing device 
for changing the impedance of the electrical vari 
ation to a desired value so that it may be applied 
to an oscilloscope; and a power supply unit E. 
Obviously if desired the output waves from the 
pick-up unit A may be amplified by means of a 
proper circuit, as the circuit shown at C of Fig 
ure 5. 

Referring first to the power supply unit, E, a, 
transformer 230 has a primary 230a adapted to 
be connected to a Suitable Scurce of electrical 
energy, as a conventional 110 volt 60 cycle alter 
nating current line. A fuse 23 and a switch 
232 are shown in said line for obvious purposes 
of control. The transformer 239 includes a high 
voltage secondary 233b having its ends connected 
to the two plates of a full wave rectifier tube 
233, which may be of tube type No. 5Y3GT, for 
example. A low Voltage Winding 23 Oc Supplies 
cathode current for the rectifying tube; and an 
other low voltage secondary 239d supplies fila 
ment current, for the tubes for the other elec 
tronic portions of the apparatus, such filament 
connections not being shown in the drawing since 
they are conventional. 
The positive rectified output of the rectifier 

tube 233 is here shown as being developed through 
a filter arrangement comprising the choke coils 
234 and 235, which may each have a value of 10 
henries and the resistor 236 which may have a 
value of 1250 ohms, to the plate of a voltage 
regulating tube 23, which may be of tube type 
No. WR150, this tube having its other terminal or 
cathode grounded. The center of the secondary 
23.9b of the transformer is connected to the cath 
ode of another voltage regulating tube 238, which 
may be of tube type No. WR75, and the plate of 
Such tube is grounded. The desired filter effect 
is obtained by means of the choke coils and re 
sistor in connection with the condensers 239, 249 
and 24 which are connected between the two 
leads just described, and which may each have a 
value of ten microfarads, and by means of the 
condensers 242 and 243 which are connected re 
Spectively between each of the aforementioned 
leads and ground. This apparatus provides a 
regulated source of plate or B plus voltage in the 
lead 244, such voltage being maintained substan 
tially constant at 150 volts above ground, and 
a source of bias voltage in the lead 245, this 
voltage being maintained substantially constant 
at 75 volts below ground. 

Referring now more particularly to the oscil 
lator, which comprises that part of the circuit 
diagram Surrounded by the dotted line box. 245 
indicative of grounded shielding, the pentode tube 
247, which may be of tube type No. 6V6 comprises 
the principal component. This tube has its posi 
tive plate Supply voltage delivered to its plate 
and screen grids through further filtering means 
here shown as comprising a choke 248, which may 
be of 50 millihenries inductance, a condenser 249 
which may be of .25 microfarad capacity, and a 
resistor 250 which may be of 4,000 ohms resist 
ance. The plate and Screen grid are by-passed 
to ground through a condenser 25, which may 
also be of .25 microfarad capacity. The filter 
circuit comprising the choke 248 and the con 
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denser 249 are also shielded as indicated by the 
dotted line 252. 
The oscillator circuit is of a conventional type 

using a tapped inductance 253 shunted by a fixed 
capacity 254 which may be of .0005 microfarad 
capacity, in conjunction. With an inductance of 5 
millihenries, to provide an oscillator frequency of 
about 100 kilocycles. One end of the tank cir 
cuit is connected to the signal grid of tube 24 
through a grid leak and condenser network which 
may comprise a resistor 255 of 15,000 ohms and 
a, condenser 256 of .0015 microfarad. The tap 
off Cf the inductance 253 is connected to the cath 
Ode and SuppreSSOr grid. Heater current for the 
filament of the tube is supplied from the second 
ary 230d, a condenser 257 which may be of 25 
inicrofarad capacity being shunted across said 
filament. This OScillator is capable of providing 
high frequency carrier voltage waves of consider 
able power of the order of 100 volts peak-to-peak 
Swing across the output terminal; and this high 
frequency carrier wave is delivered through the 
blocking resistor 253 which may have a value of 
10,000 ohms to the input terminal Oil of the 
pick-up. 
The high frequency or carrier wave delivered 

to the pick-up is modulated therein as a function 
of the mechanical variation under test, as has 
been heretofore more fully described, and the 
function of that portion of the circuit just de 
Scribed is similar to the function of the corre 
Sponding portion of the circuit in Figure 5 to 
wit to deliver a high frequency carrier wave of 
Substantially constant amplitude to the pick-up 
unit. However the type of pick-up unit illus 
trated in Figures 9 and 10 does not include means 
for eliminating the unmodulated portion of the 
carrier Waves as do the pick-up units illustrated 
in the Figures 1 and 6, and the balance of the 
circuit to be hereafter described provides means 
for electronically eliminating substantially all of 
the unmodulated portion of the carrier wave and 
for changing the impedance of the modulated 
envelope to a desired impedance so that the wave 
may be applied to an oscilloscope. Means are 
also provided for removing that portion of the 
carrier within the modulation envelope if desired, 
and SWitching means are provided for selectively 
connecting either the modulated envelope with 
out the carrier or the modulated envelope includ 
ing the carrier to the impedance changing device. 
In this connection I have designed apparatus to 
provide that the modulated envelope will have 
the Sanae amplitude when the Switch is in either 
position. 
While the means for eliminating the unmodul 

lated portion of the carrier wave might comprise 
One or more triodes or other tubes biased below 
cutoff, I illustrate such means as comprising the 
double diode rectifying tube 260 which may be 
of tube type No. 6H6. It will be understood that 
two separate diodes may be used in place of the 
double diode if desired. The modulated output 
from the pick-up unit is inductively coupled to 
the rectifying circuit by means of the trans 
former 26 having a primary 28 a. and a second 
ary 26b. The primary is connected between the 
output terminal fo2 of the pick-up unit and 
ground, and the carrier wave which varies as a 
function of the mechanical variation being meas 
ured is inductively coupled into the secondary 
26 lb and fed to the first plate (reading from the 
left) in the rectifying tube. 
As is commonly known in the art, if the first 

cathode of the rectifying tube 260 were at ground 
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potential and the first plate of said tube were at 
the instantaneous potential of the modulated 
carrier, the tube would conduct whenever such 
carrier swings positive, and the output of the tube 
would include the positive half of the unimodu 
lated carrier as well as the positive modulated 
portion thereof. In order to avoid this and to 
eliminate the unmodulated portion of the car 
rier I overbias the first plate of this rectifying 
tube, and provide a bias voltage therefor which 
is substantially equal to one-half the peak-to" 
peak amplitude of the unmodulated portion of the 
carrier wave which is delivered to the input of 
Said tube: 
This bias voltage is delivered to the tube 

through the lead 245 which runs between the 
cathode of the voltage regulating tube 233 and 
ground and incorporates therein the resistor 262 
which may be of the value of 2,000 ohns, the po 
tentiometer 263 which may have a value of 5,000 
ohms and the resistor 264 which may have a value 
of 500 ohms. Since the voltage at the tube 238 
is 75 volts below ground, there is normally a D. C. 
voltage which varies from minus 55 volts to minus 
5 volts along the potentiometer 263. The Slider 
263a of such potentiometer is connected to the 
bottom end of the secondary 26 b, and conse 
quently without reference to the Woltage of the 
carrier wave there is maintained on the first plate 
of the rectifying tube 260 a bias voltage of any 
where from minus 5 to minus 55 volts, depending 
upon the position of the slider 263a. In opera 
tion of my apparatus the slider is adjusted until 
the bias voltage is equal to one-half of the peak 
to-peak amplitude of the unmodulated portion 
of the carrier wave, and in consequence thereof 
the rectifying tube. 269 only conducts during the 
modulated portion of Said Wave. 

I have found that this portion of the circuit 
fails to remove the entire uninodulated portion of 
the carrier wave because of the interellectrode 
capacitance between the first plate and the first 
cathode of the rectifying tube, and I overcone 
the effect of this interelectrode capacitance by 
using two diodes in cascade rectification. In the 
drawing both diodes are shown as being part of 
the same tube, although it will be understood that 
if desired, separate single diodes imay be used 
instead of a tube type No. 6H6 or other dual 
diode tube. 
The rectified carrier with a part of the un 

modulated portion eliminated therefron is taken 
off from the top of the cathode resistor 265 which 
may have a value of 50,000 ohms, and is fed to the 
second plate of the tube through the automati 
cally biasing grid leak network comprising a 
parallel combination of the resistor 268 which 
may have a value of 50,000 ohms and the con 
densel 26, which imay have a Waiue of .0005 micro 
farad. The lead including such network is by 
passed to ground by the small condenser 268 
which may have a value of .0001 microfarad. 
The grid leak network automatically provides 

a bias on the second plate of the rectifying tube 
so that such tube only conducts when the Voltage 
exceeds the remaining portion of the innodu 
lated carrier voltage, and consequently only the 
positively modulated portion of Such carrier is 
passed through said tube, thereby providing an 
effective electronic means for eliminating sub 
stantially all of the unnodulated portion of the 
carrier. 
In the output circuit of the tube 25) I provide 

a resistance-capacity network together with 
switching means movable between two positions, 
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this arrangement being designed to deliver to the 
following impedance changing stage either the 
modulated envelope including the carrier Wave, or 
to remove said carrier wave from the modulated 
envelope and deliver the integrated envelope 
alOne. 
The resistance capacity network comprises the 

condenser 259 which may have a value of .000i 
microfarad and the parallel cathode resistance 
including the resistor 26 which may have a 
value of 5,000 ohns and the potentiometer 27, 
which may have a value of 1 megohm. The 
ganged switches 22 and 273 are operable to 
selectively deliver to the impedance changing 
stage D either the modulation envelope and car 
rier wave complete or merely the integrated mod 
ulation envelope. It will be noted that one end 
of each of the resistors 2 and 2 is connected 
to the second cathode of tube 289, and that the 
Other end of the resistor 2 is connected to One 
terminal of the Switch 22, while the other termi 
nal of the potentiometer 2 is connected to 
ground. With the switch in the position as shown 
in the drawing the small resistor 2) is connected 
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5 in parallel with the large potentiometer 27 be 
tween the second cathode and ground, and Said 
resistor 2 effectively shorts out the potentiom 
eter 2 and lowers the impedance between said 
second cathode and ground, thereby practically 
nullifying the by-passing effect of the condenser 
269 since said condenser has a very high capaci 
tive reactance at the carrier frequency used, 
namely 100 kilocycles. With the switch in this 
position only a very Small portion, if any, of the 
carrier wave contained Within the modulation 
envelope will be by-passed to ground, and the 
modulation envelope and carrier Substantially 
compete therein Will be delivered to the in 
pedance changing stage D through the lead 274 
connecting the top of the resistors to the Switch 
273, through said switch, and through the 
lead 25. 
However should the gainged switches 22 and 

273 be thrown to the position other than that 
shown in the drawing the resistor 20 Would be 
disconnected froin ground and thereby removed 
from the circuit, and the capacitive reactance of 
the condenser 269 will now be in parallel with 
the one megohm potentiometer 27 . In this 
event the high carrier frequency will be by-passed 
through the condenser 269 to ground, while the 
lower frequency nodulation variations will de 
velop a voltage across said potentiometer, and 
this integrated Voltage, being the modulation en 
velope with the carrier removed therefrom, will 
be delivered to the impedance changing stage 
through the lead 26 which connects the slider 
2, a to the Switch 23, through said Switch, and 
through the lead 23. The slider 27 at enables 
the circuit to be adjusted so that a modulation 
envelope of the same amplitude will be delivered 
to the frequency changing stage when the 
Switches 22 and 23 are in either position. 
The impedance changing stage D comprises the 

tube 27 which may be of tube type No. 6J5. 
late voltage for Said tube is delivered from the 

positive high voltage source through the lead 244 
and the plate dropping resistor 28 which may 
have a value of 20,000 ohms. Bias for said tube 
is developed across the resistor 264 which is by 
passed by the condenser 29 which may have a 
value of .5 microfarad, and the output is taken 
from the cathode of Said tube across the resistor 
289, which may have a value of 2,000 ohms, said 

75 output being delivered to the jack 28. One 
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terminal of said jack is grounded as shown, and 
the jack is adapted to be connected to a con 
ventional oscilloscope. 

This last described circuit comprises a cath 
Ode follower which changes the impedance of 
the nodulation envelope to a desired figure, as 
2,000 ohms in the case illustrated. Furtheir 
more the circuit acts as a discriminator in the 
same manner as the circuit illustrated in Figure 
5, for the cathode resistor 28i is un-by-passed 
while the bias determining iesistor 36 is by 
passed, thereby always inaintaining the botton 
end of the resistor 23 at A. C. ground poten 
tial and the upper end of said resistor at a volt 
age above ground determined by Space current 
flow in the tube 27, not only with respect to 
the amplitude variations corresponding to the 
mechanical variations, but also With respect to 
the high frequency carrier Wave variations. By 
this means when the Switches 22 and 23 are 
in the position shown in drawing the nodula 
tion envelope together with its high frequency 
component may be delivered to the jack 28. 
While I have shown and described certain 

embodiments of my invention, it is to be under 
stood that it is capable of Inary modifications. 
Changes, therefore, in the construction and ar 
rangement may be made without departing fron 
the Spirit and scope of the invention, as dis 
closed in the appended claims. 

claim: 
1. Pick-up ineains of the character described 

for translating a nechanical variation into an 
electrical variation, including: a circuit con 
prising a first in pedance means and a second 
impedance means in Series, said second imped 
ance means being variable as a function of said 
mechanical Wariation; means coupled to said cir 
cuit for energizing said circuit, with an alter 
nating carrier voltage wave; means connected 
to said circuit for eliminating at least a por 
tion of Said carrier Wave, such means compris 
ing at least Ona rectifying tube; means con 
nected to Said eliminating means for ultizing the 
Varying potential across one of Said impedance 
means occasioned by the variation of said sec 
Ond impedance means, Said last mentioned means 
comprising means selectively operable for re 
moving the cariier component of the varying 
potential while retaining said varying potential : 
Substantially unaltered; Switching means now 
able between two positions, said Switching means 
in one position providing the varying poten 
tial together with its carrier cornponent, and in 
the other position providing the varying poten 
tial with the carrier removed; and compensat 
ing means connected to Said Switching meals 
for providing that said varying potentials have 
the same amplitude when said Switching neans 
are in either position. 

2. Pick-up means of the character described 
for translating a mechanical variation into an 
electrical variation, including: means to gen 
erate an alternating carrier voltage Wave of 
substantially constant amplitude; means to mod 
ulate said carrier Wave in accordance with a 
function of Said mechanical variation, said last 
named means comprising a single series circuit 
consisting of a single inductance member and 
a variable condenser in Series, said condenser 
comprising a member adjustable with respect 
to a movable member whereby the capacitance 
therebetween can be set as desired, said mov 
able member being adjacent said member and 
movable as a function of Said inechanical war 
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8 
iation whereby a variable capacitance exists be 
tween Said members; means connecting said car 
rier Wave generating means across Said single 
Series circuit only, a secondary inductance men 
ber inductively coupled to said single inductance 
member whereby the varying potential across 
Said Single inductance member occasioned by 
the varying capactive reactance of Said con 
denser is induced in said secondary inductance 
inember, means connected agross the output of 
Said Seconday inductance member to eliminate 
those portions of the modulated carrier Wave 
having an amplitude Value less than a prede 
termined amplitude value, and means to adjust 
said predetermined amplitude value. 

3. Pick-up means of the character described 
for translating a mechanical variation into an 
electrical variation, including: means to gen 
erate an alternating carrier voltage wave of sub 
Stantially constant amplitude; means to modu 
late Said carrier wave in accordance with a func 
tion of Said mechanical variation, said last 
named means comprising a single series circuit 
consisting of a single inductance member and 
a variable condenser in series, said condenser 
comprising a member adjustable with respect 
to a movable member whereby the capacitance 
therebetween can be set as desired, said mov 
able member being adjacent, said member and 
movable as a function of said mechanical war 
iation whereby a variable capacitance exists be 
tween Said members, means connecting said car 
rier Wave generating means across said single 
Series circuit only; a secondary inductance men 
ber inductively coupled to said single inductance 
Imember whereby the varying potential across 
Said single inductance member occasioned by 
the Varying capacitive reactance of said con 
denser is induced in said secondary inductance 
member, rectifier neans connected across the 
output of Said Secondary inductance member to 
eliminate those portions of the modulated car 
rier Waves having an amplitude value less than 
a predetermined amplitude value, and biasing 
means connected to said rectifier means. 

DAVID . ELAM. 

Efir NCES CTE) 
The following references are of record in the 

file of this patent: 
UNITE) SATES PAiNS 

Nurnber Nane Date 
1718,494 Schurig ----------- June 25, 1929 
1939,067 Legg -------------- Dec. 12, 1933 
1943,986 Nyman ----------- Jan. 16, 1934 
2,113,376 danco ------------- Apr. 5, 1938 
2,178,471 De Bruin --------- Oct. 31, 1939 
2,250,471 De Bruin ---------- July 29, 1941 
2,266,608 Kuehni ----------- ec. 16, 1941 
2,288,838 Pike et al. -------- July 7, 1942 
2,349,992 Schrader --------- May 30, 1944 
2,355,088 LaVoie ------------ Aug. 8, 1944 
2,361,634. Koch -------------- Oct. 31, 1944 
2,410,295 Kuehni et al. ------ Oct. 29, 1946 
2,416,614 CrOSSley et al. --- Feb. 25, 1947 
2,428,234 Mapp ------------- Sept. 30, 1947 
2,433,378 Levy ------------- Dec. 30, 1947 
2,439,047 Grinstead et al. --- Apr. 6, 1948 
2,448,323 Boisblanc -------- Aug. 31, 1948 

TEER REFERENCES 
Electronics, February 1946, “Pressure-Time 

. . " by Brown, pp. 168 and 170. 


