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This invention relates to a method and means 
for transmitting data, between two points, either 
through land wires or by radio, and is a continu 
ation in part of my co-pending patent application, 
Ser. No. 452,932, filed July 30, 1942. Furthermore, 
the invention relates to the type of transmission 
wherein a relation of values of a plurality of im 
pedances is transmitted, thereby obtaining a 
transmission System which is unaffected by such 
variables as will act upon the individual imped 
ances Simultaneously. 

Prior devices generated a current flowing in 
one direction in response to one value and an 
other current flowing in the opposite direction in 
response to the other value, the magnitudes of 
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said currents being a function of said values. . 
This required wire connections because the sys 
tem depended upon alternating the direction of 
the current flow. In the present case each value 
to be transmitted is caused to modulate a carrier 

These blocks travel in succession along the trans 
mission System either by wire or by radio, and 
their magnitudes are independent of the direc 
tion of current flow, and therefore no wires are 
needed. This enables the relative values to be 
transmitted by radio. 

In prior devices each time the current changed 
through an indicating meter at the receiving sta 
tion, the quantity of current in one direction aver 
aged with the quantity of current in the other 
direction. If the current pulses were the same 
the currents cancelled each other at the receiv 
ing station, and a zero reading was obtained. In 
the present case no such averaging is effected. 
The receiver of the modulated carrier generates 
uni-directional pulses in response to the blocks 
of Waves Which are a function of the values trans 
mitted, so that if the original pulses are equal, 
a certain peak output is nevertheless obtained. 
AS One value becomes larger or smaller relative 
to the other value, the peak output changes, but 
is always of the same sign. 

Further objects and advantages of this inven 
tion will become apparent in the following de 
tailed description thereof. 

In the accompanying drawing, 
Fig. 1 is a wiring diagram illustrating one form 

Of transmitter. 
Fig. 2 is a wiring diagram illustrating one form 

of receiver. 
Referring to Fig. 1 it will be seen that at the 

transmitting station I may operate from a D. C. 
source such as batteries to, 0' which supply cur 
rent to a bridge network which includes a po 
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Wave So that each value controls a block of waves. . . 

2 
tentiometer 2 from which operates a potential 
contact arm 3 to divide the potentiometer circuit 
into branches or impedances 4 and fS. The net 
work also includes a vibrator 6 comprising a 
double armature 7 designed to make contact at 
8 and 9 with branch 4 and branch 5, respec 

tively, of the network. The details of the vibra 
tor are not shown since it may be of any known 
type and, if desired, may be replaced by a ther 
mionic device. The remainder of the circuit from 
vibrator 6 includes an impedance which may 
take the form of a resistance 2. Thus, the Wi 
brator Will first close the circuit at 8 through 
the branch A of the potentiometer so that cur 
rent will pass by way of battery 10, branch 4, 
contact arm 3, impedance 2? and back to the 
battery 0. In the other position of the vibrator 
the circuit is closed at 9 and extends from bat 
tery 10, branch 5 of the potentiometer to contact 
arm 3, to the impedance 2, and back to battery 
0'. As the circuit is closed and broken at 8, 

a pulse in One direction is generated, and as the 
circuit is made and broken at 9 a pulse in the op 
posite direction is generated, and the amplitudes 

25 of these pulses determine the outputs from theim 
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pedance 2. If the resistances of branches 4 and 
5 of the potentiometer are equal, the outputs in 

both directions will be equal, and thus a unity 
relation is transmitted; but if one branch or the 
other is greater, then the unity relation will be 
upset in one direction or the other and a different 
relation will be transmitted. 

Heretofore these current pulses constituting the 
output of impedance 2 and generated in response 
to the values 4 and 5 were transmitted as posi 
tive and negative current pulses through a meter 
where the pulses were averaged. Thus, if the two 
current pulses were of equal magnitude the meter 
read zero, whereas if one or the other of Values 
4 and 5 predominated, the meter would give 
an indication in one direction or the other. This 
system however, limited the device to a wire 
transmission system because wires are necessary 
When direction of current is an essential element. 
In the present invention, however, the transmis 
sion is independent of direction of current pulses, 
and therefore transmission may be effected either 
by Wire or by radio. 
Fundamentally, therefore, the present invention 

differs from the prior devices in the respect that 
instead of relying upon direction of current, this 
invention relies upon the amplitudes of blocks 
of radio waves which may be transmitted in suc 
CeSSion, the amplitude of each block being a func 

55 tion of the value f4 or f 5. Since the direction of 
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current is not depended upon in the transmission, 
wires are unnecessary and the relative values 4 
and 5 may be transmitted either by wire or by 
radio Waves. 
To accornpish the above described nethod, the 

outputS from impedance 2 are caused to modul 
late a carrier frequency at the modulator and 
transmitter 25. Each current pulse geneiated as 
a function of value 4 and value 5 therefore, 
modulates a carrier Wave to vary the amplitude 
of the Wave, irrespective of the direction of the 
current pulse. 

Referring to Fig. 1, assuming that battery 
applies -1.0 volt while battery ('' applies -- 1.0 
volt, With 3 at the extreme left position, resist 
ance 2 is subjected to a pulse of one volt when 
6 goes left, the left end being plus. When 6 
goes right, 2 f is subjected to a pulse of some 
thing less than 1 volt since part of the drop is 
taken by resistance 5, and this pulse is in the 
reverse direction. In all positions of 3, the input 
to the modulator consists of alternate pulses of 
Opposite direction, of different relative lengths 
depending upon the position of 3. The reversal 
of polarity at the input does not reverse the effect 
on the carrier Wave. In other words, starting with 
the left end of 2 at one volt plus, decreasing 
the voltage decreases the amplitude of the car 
rier. If the potential changes to one volt minus, 
the carrier is simply still further reduced in am 
plitude. Reversal of polarity at the input of 
the modulation does not reverse the direction of 
the effect on the carrier, but continues to carry it 
furthel in the same direction. 
The modulated carrier may be transmitted 

either by Wire or by radio to a receiver 3. If 
transmitted by radio, the output of modulator 
and transmitter 25 may be applied to an antenna, 
26 and the resulting radio Waves received by an 
tenna, 39, and led to receiver 3. The outputs 
from receiver 3 are passed through a tube A 
by applying the output to grid G. "I he output 
from tube A is taken off plate P and is applied 
to the grid G1 of tube B, the output from which 
may be led to a meter 59. It will be understood 
that the radio waves received at the receiver 
3 will, after passing through tube A, be in the 
form of substantially uni-directional pulses be 
cause the receiving unit 3 and the tube A act to 
rectify the inconing Waves to yield the substan 
tially unidirectional pulses. Without modulation 
the carrier will come through receiver 3, as a 
series of uni-directional impulses of constant ann 
plitude. When modulated, this annplitude is in 
creased and decreased by the values correspond 
ing to in pedances and 5. 

If the values 4 and 5 are equal, each block 
of waves will be similarly modulated so that 
equal Successive uni-directional pulses will be 
obtained from tube A, and therefore a uniforn 
eak output will be obtained as indicated on meter 

58. When, however, values f4 and 5 differ from 
One another, then the successive blocks of Waves 
will have different amplitudes, and large and 
small pulses (all in the same direction, however) 
will be obtained from tube A. Ordinarily the 
large and small pulses would average to give Sub 
stantially the same peak values as when 4 and 
a 5 are equal; and this would not give an indica 
tion of the relative changes which have taken 
place between said values. Therefore the system 
is made responsive to the peak values because the 
peak, that is, the value of the large pulse, Will 
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values of 4 and 5. To make the System respon 75 

4. 
sive to the peak values of the output from tube 
A there is introduced between the plate P of 
tube A and the grid G1 of tube B, a coupling 
resistance R, and a capacity C, in addition to the 
plate resistance R. The peak Values Will charge 
the capacity C, but the Sinaller values, tending to 
discharge, will be retarded by the resistances R. 
and R. Thus, the Systern Will be more respon 
Sive to the peak values than to the Small values, 
and meter 59 will change Substantially in response 
to peak values Only. 
The mid-point of meter 5 is arbitrarily marked 

Zero and the pointer is caused to indicate zero 
when the values 4 and 5 are equal. In this 
way when value 4 predominates the pointer will 
move in One direction away from Zero and when 
the value 5 predominates the pointer will move in 
the other direction from zero. There is, of course, 
no reversal of current, since, as hereinbefore de 
scribed, the variation on the grid G1 of the tube 
B is continuous as the contact 3 is moved from 
the extreme left end of resistor 2 to the ex 
treme right end. In order to position the pointer 
at the Zero mid-point of meter 55, the voltage 
normally placed on grid G1 of tube B is Such 
that when equal unit directional pulses are con 
ing out of tube A the meter 56 will read Zero. 
This potential on grid G1 may be obtained from 
a potentiometer 42 over which operates poten 
tioneter contact 46 to apply the voltage from a 
D. C. voltage source to the grid G1, the contact 
46 being adjusted to bring the needle to the mid 
point on meter 5 which has arbitrarily been 
chosen as zero. The parts 43, 44 of the poten 
tionetter 42 may be so designed that when values 
i4 and 5 are equal, branches 43 and 44 are 
equal and the voltage applied on grid G1 at this 
time is such as to cause the meter 59 to read 
zero. As value 4 or value 5 predominates, the 
pointer will move in One direction or the other 
with respect to the zero point. 
When operating the device by radio, it will be 

seen that interference from extraneous sources 
may be picked up by antenna, 39 and caused to 
affect the output of receiver 3 and tube A, and 
thus give an incorrect reading on the meter 50. 
To reduce the amount of error due to extraneous 
interfering waves I may employ a switch which 
may take the form of an oscillatory systern Which 
will render the tube A ineffective in the inter 
vals between received pulses from the transmit 
ter, and will render the tube A effective for the 
time interval during which the pulse is being re 
ceived. Thus, while the interference cannot be 
fully eliminated while the pulses are actually be 
ing received, nevertheless, by rendering tube A 
ineffective in the intervals between pulses, inter 
ference during these intervals is cut out and thus 
the total annount of interference is reduced. 
For this purpose it will be apparent that an 

oscillatory system must be devised which has a 
frequency which is the same as the frequency of 
the transmitted pulses, or a multiple thereof, in 
order that the oscillatory system shall render 
tube A effective when a pulse comes in, and in 
effective when the pulse ends. That is to Say, 
the oscillatory period of the oscillatory System 
must synchronize with the period of the received 
pulses. For this purpose there is shown an oscil 
latory system S which may be of well-known. 
design and theory as described fully in various 
text books, see for instance, "Theory and Appli 
cations of Electron Tubes' by Reich, page 36), 
published by McGraw-Hill Book Company, New 
York, New York. Such an oscillatory System 



2,409,560 
5 

may be caused to oscillate by a trip or trigger 
controlled by the input signal. Thus, a portion 
of each pulse coming out of receiver 3i may 
be applied to the grid of trigger tube T, the Out 
put of which is applied to a condenser 69, which 
controls the input to grid G1 of one tube 62 
of the oscillator S. When a charge builds up to 
a predetermined magnitude on condenser 66 in 
response to a pulse coming out of receiver 31, 
this Will place a positive bias on grid 6, which 
will cause tube 63 to be cut off because only One 
tube can conduct at a time. This causes a de 
crease in the voltage drop across R3, and hence 
an increase of voltage at point 26, and thereby a 
large positive voltage is applied to plate P which 
makes tube A conductive to allow the signal from 
receiver 3 to flow to the meter 5). In addition 
to increasing the positive charge on plate P 
through resistance R.' to make tube A conduc 
tive, there may also be employed condenser 65 
which takes this positive pulse output at 49 and 
impresses it through condenser 65 on suppressor 
grid G' to make the tube more highly conduc 
tive. The latter system is well known. When the 
signal stops, the input on tube T is removed, 
and hence, the input on grid 6 is removed to 
nake tube $2 non-conductive and tube 63 Con 
ductive, thereby causing an increase in voltage 
drop across Ra sufficiently large to make the 
potential at point 4 substantially zero or Small 
enough to make tube. A non-conductive. Any 
interfering waves which now are received by an 
tenna. 30 in the interval between the end of the 
pulse just received and the succeeding pulse will 
have no effect on meter 5 because tube A has 
been rendered ineffective until the next pulse is 
received to place a bias on the grid of tube T to 
render tube 62 conductive and tube. 63 non-con 
ductive. In other Words, in the interval When 
no signal is being received by receiver 3, the 
tube A, and hence the indicator 5) is rendered 
ineffective so that extraneous and foreign signals 
will not affect the indicator and introduce an 
error; but when a signal is being received, the 
oscillator renders the tube A, and hence the indi 
cator effective to permit the signal to pass. The 
frequency of oscillator S is adjusted to the fre 
Cuency of the incoming signal or a multiple 
thereof. 
The oscillator Will not be operated by the car 

rier, but only by the pulse frequency. This is 
true since the resistive and capacitive elements 
associated with tubes 62 and 63 are Stlch as to 
form an effective rejection circuit to all frequen 
cies except those near the natural frequency of 
the multi-vibrator, which, in this case, is the 
hillse frequency. 
While the potentiometer 2 has heen shown 

as employing a movable contact arm 3 for vary 
ing the amount of resistance in branches 4 and 
5, the said contact 3 may be stationary and 
the resistances of branches 4 and 5 caused to 
vary in response to certain variables which it is 
desired to indicate or measure. Thus, for in 
stance, in the transmission of weather data, from 
balloons which rise to great altitudes, one branch, 
such as 4, may be made of material having 
zero temperature coefficient while the other 
branch 5 may be made of material having a 
high temperature coefficient, so that the differ 
ence in resistances between the two parts of the 
potentiometer would then be a direct measure 
of the temperature. Similarly, one of the parts, 
such as 5, of the potentiometer can be made 
responsive to other factors such as barometric 
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6 
pressure, humidity, etc., while the other part f4 
is made non-responsive to Such factors, in Which 
case the ratio transmitted will be a direct meas 
ure of the factor involved. 

In accordance With the provisions of the patent 
statutes, I have herein described the principle 
and operation of my invention, together with the 
apparatus which I now consider to represent 
the best embodiment thereof, but I desire to have 
it understood that the apparatus shown is only 
illustrative and that the invention can be carried 
out by other equivalent means. Also, While it is 
designed to use the various features and ele 
ments in the combination and relations described, 
some of these may be altered and others Omitted 
Without interfering with the more general results 
outlined, and the invention extends to such use. . 
Having described my invention, what I claim 

and desire to secure by Letters Patent is: 
1. A system for transmitting the relative values 

of a pair of impedances, comprising a circuit in 
cluding said impedances and a source of energy, 
means for generating a carrier, means whereby 
the voltage drop across said impedances alter 
nately modulates said carrier so that the average 
modulation increases continuously from minimum 
to maximum as one impedance increases from 
zero to maximum while the other impedance cor 
respondingly decreases from maximum to Zero, 
means for transforming the carrier into the modul 
lation components, means responsive to the peak 
values of said modulation components, indicat 
ing means actuated by the output from said re 
sponsive means, means whereby said indicating 
means is caused to give a predetermined indica 
tion when there is a predetermined output from 
said responsive means corresponding to a pre 
determined relationship of said impedances and 
whereby said indicating means is caused to be 
actuated in One direction or the other in re 
sponse to change in one direction or the other, 
respectively, in said predetermined relationship. 

2. A system for transmitting the relative values 
of a pair of impedances, comprising a circuit in 

5 cluding said impedances and a source of energy, 
means for generating a carrier, means whereby 
the voltage drop across Said impedances alter 
nately modulates said carrier so that the average 
modulation increases continuously from minimum 
to maximum as one impedance increases from 
Zero to maximum while the other impedance cor 
respondingly decreases from maximum to Zero, 
means for transforming the carrier into the modul 
lation components, means responsive to the peak 
values of said modulation components, indicating 
means actuated by the output from Said respon 
sive means, means for generating a component 
equal and opposite to the output from Said re 
sponsive means when said impedances are in pre 
determined relationship to cause said indicating 
means to give a predetermined indication, where 
by said indicating means will be actuated in One 
direction or the other in response to change in 
one direction or the other, respectively, in said 
predetermined relationship. - 

3. A system for transmitting the relative values 
of a pair of impedances, comprising a circuit in 
cluding said impedances and a source of energy, 
means for generating a carrier, means whereby 
the voltage drop across Said impedances alter 
nately modulates said carrier So that the aver 
age modulation increases continuously from mini 
mum to maximum as one impedance increases 
from zero to maximum while the other imped 
ance correspondingly decreases from maximum 
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to zero, means for transforming the carrier into 
the modulation components, means responsive to 
the peak values of said nodulation components, 
indicating means actuated by the output from 
Said responsive means, means whereby said indi 
cating means is caused to give a predetermined 
indication when there is a predetermined output 
from Said responsive means corresponding to 
equality of Said impedances and whereby said in 
dicating means is caused to be actuated in one 
direction or the other, respectively, when said 
impedances become unequal. 

4. A System for transmitting the relative val 
ues of a pair of impedances, comprising a circuit 
including Said impedances and a source of en 
ergy, means for generating a carrier, means 
Whereby the voltage drop across said impedances 
alternately modulates said carrier so that the 
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average modulation increases continuously from 
minimum to maximum as one impedance in 
creases from zero to maximum while the other 
impedance correspondingly decreases from maxi 
mun to Zero, means for transforming the carrier 
into the modulation components, means respon 
Sive to the peak Values of Said modulation com 
ponents, indicating means actuated by the Out 
put from Said responsive means, means for gen 
erating a component equal and opposite to the 
output from said responsive means when said 
impedances are equal So that said indicating 
means gives a predetermined indication in re 
Sponse to said relationship, whereby said indicat 
ing means Will be actuated in One direction or 
the other, respectively, when said impedances 
become unequal. 

NORMAN L. HAIGHT, 


