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The present invention relates to control and
measuring devices and more particularly to an in-
strumentality wherein an unbalance between two
normally balanced resistances develops a poten-

 tial useful as a control or measure of a condition.

Some of the objects of the present invention
are: to provide a novel apparatus wherein a heat
convection current functions in assoclation with
an electrical agency for a useful purpose; to pro-
vide & unit, including two electrical conductors
and a heating element, wherein variation of the
impinging angle of the convection currents from
the heating element upon one conductor causes
& differential resistance between the conductors
to actuate an indicator, g measuring instrument
or & control mechanism; to provide a unit re-
sponsive to & change of position for stabilizing
& body otherwise subject to the moticn imparted
to the unit; to provide a device including two elec-
trical conductors so positioned and arranged with
respect to & heating element as o have o selected
ratio of resistance and functioning upon a change
of position with respect to saig heating element
to vary the resistance ratio, such varied ratio be-
ing utilized to operate an associated agency; to
provide & device including two electrical conduc-
tors arranged in one position to be equally heated
by a hesting element and balanced ss to resist-
ance, and in a second position to be unequslly
heated and unbalanced as to resistance, whereby
an associated agency is caused to operate as a
function of the differential resistance; and to pro-
vide other improvements as will hereinafter
appear,

In the accompanying drawings, Fig. 1 vepre-
sents one form of the present invention, the same
being embodied in & tube shown in elevation;
Fig, 2 represents a section on line 2—2 of Fig. 1;
Fig. 3 is a diagram of a bridge circuit as asso-
ciated with the invention for response to a dif-
ferential resistance caused by an angular im-
pinging of a heat convection current upon one of
two elecirical conductors; Fig, 4 represents g
perspective of an apparatus illustrating one appli-
cation of the invention; and Fig. 5 represents
a transverse section of s tube showing a modified
form of the invention for two dimensional opera-
tion. .

Referring to the drawings, the present inven-
tion broadly comprehends mounting two electri-
cal conductors 10 and {1 in position to be heated
by a heating element 12 preferably in the form
of wire disposed between and spaced from the
conductors {0 and Ii. These conductors are
preferably composed of s metal having a high
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temperature coefficient of resistance in order that
small temperature variations will be manifest by
the change of resistance in the conductor. Since
the device is arranged to function by reason of a
change of the angular reiation of a convection
current from the element 12, the conductors (0
and |1 and the clement 12 are pref erably mounted
vertically parallel and in the same plane, the
conductors being generally equidistant from the
element {2, The element {2 is incitded in g cir-
cuit energized by a source of voltage {3,

One form of the invention mounts the con-
ductors 18 and i1 angd the element {2 in a glass
tube 14, preferably sealed and flled with an inert
£as as the medium for cireulating convection eur-
rents emanating from the heating element 2.
As long as the circulation is such as to maintain
5 balance of the resistances of the two conduc-
tors, no useful potential is created but when the
angular relaticn of the convection current is al-
tered to influence one conductor more than the
other, then the relative temperature change of
the conductors produces z differential resistance
capable of operating an electrical agent asso-
ciated therewith.

One mode of operating the invention is to
mount the tube 14 to swing with a pendulum
movement whereby the conductors {6 and i1, and
the element 14, assume an angular position with
respect to the vertical axis of the tube. As shown,
the tube 14 is clamped or otherwise made fast to
a base 15 carried by and keyed to a rock shaft
16 arranged to be oscillated by any suitable me-
chanical movement. With the base {5 stationary
50 that the tube {4 and the contained conductors
{0 and i and the element {2 are vertical, then
the convection current from the heated element
12 will maintain both conductors at the same
temperature so that the resistance thereof is
balanced. If the base {5 is now swung counter-
clockwise, as seen in Fig. 4, the top of the tube
will swing to the left and angularly dispose the
conductor {1 above the heating element {2 ang
the conductor 18 below the heating element 2.
As g result, the conductor {{ is in the path of the
rising convection current which impinges. there-
against at an angle so that the temperature of
that conductor rises to thereby cause a change of
resistance giving a differential which serves as g
measure or control voltage. When the tube {4 is
rocked to the right, a differential resistance is
obtained in the same way by the impinging of

- the convection current upon the conductor {0.
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Asa means of utilizing this change of resistance
for a useful purpose, the two conductors 18 and
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i1 form respectively two arms of & pridge circuit,
shown in Fig. 3, wherein the other arms comprise
two resistances 7 and {8 in series relation as a
part of a variable resistance whereby the bridge
is initially balanced with respect to the con-
ductors i0 and i1. A source of voltage 20 serves
to energize the bridge as will be understood and
in the present instance is in the form of an A. C.
generator. The bridge is preferably balanced with
the tube 14 in a vertical position so that the re-
sistance of the two control conductors i0and it is
equal, though the invention is not limited to such
vertical position, as obviously an inclined position
may be taken and a selected ratio of resistance
become the zero or reference position. When the
tube is moved, elther as a swing or bodlly later-
ally, one of the conductors 10 or 1 (according to
the direction of motion) has its temperature
raised so that the bridge becomes unbalanced.
This unbalance creates a voltage in the output,
. which can be measured by & galvanometer or
other indicating instrument, or can be used for
control purposes by any sultable amplification.

As shown in Fig. 3, the output conductors 21 and,

22 are connected to the input of an amplifier 23
which amplifies the differential voltage as & con-
trol for & two-phase motor 24. One of the phases
is applied from & source which may be the gen-
 erator 20. The other phase is applied through
_an amplifier 23. The amplifier 23 is preferably
of the type shown in U. 8, Patent No. 2,208,623,
which has the necessary characteristics to mini-
mize hunting. .
Referring to Fig. 4, the motor 24 Is shown
mounted upon a platform 2§ which is carried by
journals 26 supported by standards 21 from &
fixed base 28. The platform 26 receives an un-
desired oscillating movement from any suitable
source and the function of the tube {8 is to
prevent the platform oscillations from being re-
produced in the base {5. Thus, the platform 28
may be a part of a ship or other vehicle or object
subject to wave motion while the base i5 may be
a gun or camers mount which is to be stabilized
and to be made unresponsive to the oscillation.
A box 30 forms & housing for a reduction gear
whereby the speed of the motor shaft 80 is re-
duced at the shaft 6. Applying the functioning
of the bridge of Fig. 3 to the apparatus of Fig. 4,
it will be seen that & swing of the platform 28
in one direction will be transmitted to the base 18
and thereby tilt the tube i4 so that one of the
conductors 18 or 14 will be heated more than the
other thereby to unbalance the bridge, and cause
a voltage to operate the motor 24 to turn the
shaft 16 in a direction counter to the transmitted
swing. When the platform 25 swings in the op-
posite direction the tube {4 again controls the
motor 24, this time to cause a reverse rotation
again to nullify any movement to the base 18.
The control by the motor 24, in response to the
resistance differential of the conductors in the
tube 14, is so sensitive that the shaft {§ is held
stationary and consequently while the platform
35 continues to oscillate, the base 15 is held fixed.
in Mg, 5 of the drawings a transverse section

of s modifled form of the Invention wherein a
tube 32 is provided with two conductors 33 and
34 in the same plane snd two conductors 38 and
3§ in the same viane but at right angles to the
plane of the other iwe conductors. All of the
four conductors are symmetrically disposed with
respect 10 a centrally located heating element 87.
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eircuits, as will be understood. The tube 32 Is
arranged for mounting on & suitable tiltable unit
to function in the manner described for the form
of the invention shown in Fig. L

The same device can be used for measuring
the acceleration. 3t is due to the fact that when
the tube is accelerated, the gas inside of the tube

‘has the tendency to preserve its initial position

in space and, therefore, will be displaced in the
respect of the filaments. Therefore, the flla-
ments in the opposite side of the displacement
will be hested more than the one on the same
side. The actual measurements indicate that for
certain range of acceleration the change in re-
sistance is linear proportional to acceleration.
Such a tube can be used as an indicator for
measuring the acceleration or informsation from
this tube can be applied to other devices to pro-
duce the controls as forms of acceleration.

I claim as my invention:

1. An apparatus of the character stated, com-
prising & heating element, means to heat said
element, two temperature responsive electrical
conductors equally spaced from said element and
initially balanced as to resistance by equal con-
vection currents from said element and responsive
to changes of the impinging angle of sald con-
vection currents relative to said conductors to
cause a differential resistance between sald con-
ductors, means to mount said element and said
conductors in a vertical position, means to tilt
said mounting means to cause unequal currents
to unbalance said conductors, and an electrical
agency assoclated with said conductors and
operable as a function of° said differential
resistance.

2. An spparatus of the character stated, com-
prising a hesating wire mounted in stretched
condition, means to heat said wire, two electrical
conductors having the same resistance, means to
mount said conductors parallel to said heating
wire and equally spaced therefrom, means to
move said wire and conductors while maintaining

. the spaced parallel relation to change the relative
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intensity of sald convection currents from sald
wire to sald conductors to minimize the differ-
ential resistance between said conductors, and
means responsive to said differential resistance
for indicating said relative intensity.

3. An apparatus of the character stated, com-
prising a heated wire mounted in vertical
stretched condition, means to heat said wire, two
electrical conductors having the same resistance,
means t0 mount said conductors parsallel to sald
heating wire and equally spaced therefrom so
that the wire convection current maintains a
state of resistance balance between said conduc-
tors, means to swing said wire and conductors
while maintaining the spaced parallel relation
to change the impinging angle of said convection
current to cause 2 differential resistance between
said conductors, means responsive to said differ-
entia]l resistance for restoring & state of balance

. between said conductors.
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Thus, & two dimensional control is possible by -

including the two pairs of conductors in bridge-
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4. An spparatus of the character stated, com-
prising o tube, an inert gas sealed in said tube,
s heating wire in said tube, two electrical con-
ductors heving the same resistance in said tube
means to mount said wire and conductors in
stretched parallel relation, said conductors be-
ing equally spaced from said wire and in the
same plane, means to heat said wire, means to
mournt said tube to normally maintain said wire
and conductors vertical, means to swing said tube
to bring one of said conductors in the path of the
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convection current from said wire to cause an
unbalance of said resistances, and means con-
hected to said conductors to indicate the amount
of said unbalance,
- 5. An apparatus of the character stated, com-
prising a tube; an inert gas sealed in said tube,
a heating wire in saigq tube, two electrical conduc-
tors ‘having the same resistance in said tube,
means to mount
stretched parajle} relation,
equally spaced from said
plane, means to heat said
said tube to normally maintain said wire and
conductors vertical, means to swing said tube
. to bring one of said conductors in the path of the
- convection current from saiq wire to cause an yn-
balance of said resistances, and means associated
with said conductors and responsive to the. differ-
ential resistance for restoring the balance be-
tween sald conductors, . .

6. An apparatus of the character stated, com-
prising a tube, an inert gas sealed in said tube, a
heating wire in said

" tors In said tube having a predetermined resist-
ance ratio, means to mount said wire and conduc-
tors in stretched parallel relation, said conduc-
tors being equally spaced from said wire and in

said conductors being
wire and in the same

the same ‘Plane, means to heat said wire, means -

-to swing said tube from its Initia] position to vary
- sald resistance ratio due to a change in the im-
binging angle of the convection current on said
conductors, and means responsive to the varied
-differential ratio for restoring sald tube to its
initial position, )
7. An apparatus

- heating wire in said tube, means to heat said

Wire, two electrical conductors in said tube hav-
Ing & predetermined resistance ratio, means to
mount said wire and conductors In stretched par-
allel relation, said
spaced from said wire and in the same plane, a
bridge circuit Including said conductors, means
to balance said ecircuit for Zero voltage output,
means to swing said tube from itg initial position
to vary said resistance ratio, due to a change in
the impinging angle of the convection current on
sald conductors, and unbalance said bridge to
produce a voltage output, and means including
" & reversible motor responsive to said voltage out-
put to restore said tube to itg initisl position,

8. An apparatus of the character stated, com-
prising a heating element, means to heat said ele-
ment, four temperature responsive electrica] con-
ductors equally spaced from said element ang

‘arranged in paralle] pairs respectively in planes

said wire and conductors in -

wire, means to mount

tube, two electrical conduc."

conductors being equally

said element being common to
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-in stretched paraliel

said planes, a tube enclosing said element ang
conductors, means to mount said tube to swing
in either conductor plane to change the im-
pinging angle of convection currents from said
element to cause g3 differential resistance be-
tween g corresponding pair of said conductors,
and an electrical agency for each pair responsive
to said differential resistance and operable ag a
Tunction of said resistance,

9. An apparatus of the character stated, com-
prising a tube, a heating wire in said tube, two
electrical conductors having resistance in said
tube, means to mount said wire and conductors
in substantially parsilet relation, said conductors
being spaced from said wire and in substantially
the same plane, means to heat said wire, means
to mount said tube to normally maintain said
wire .and conductors in g reference condition
whereby movement of said tube causes an un-
balance of saig resistances, and means connected
to said conductors to Indicate the amount of said
unbalance,

10. An apparatus of the character stated, com-
prising a tube, an inert gas sealed in said tube, 3
heating wire in said tube, a blurality of electrical
conductors having the same resistance in said
tube, means to mount said wire and conductors
Trelation, said conductors be-
ing spaced from said wire, means to heat said
wire, means mounting said tube to normally
maintain said wire and conductors vertical,
means to move said mounting means to bring at
least one of said conductors in the path of the
convection current from said Wwire to cause agn
unbalance of said resistances, and means for in-

“dicating the amount of said unbalance,
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