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1
ELECTRONIC THERMOSTAT

The present invention relates generally to a thermo-
stat for generating control signals for an associated
temperature changing device and, more particularly,
pertains to an accurate and reliable electronically oper-
able thermostat. '

A thermostat is utilized to maintain the temperature
of an object at a desired level. For example, the con-
ventional home thermostat is ‘located in a room of a
house and maintains the temperature of the room at a
desired level by controlling the operation of a heater to
heat the room to the desired temperature or by control-
ling the operation of a cooling device to cool the room
to the desired temperature, as the case may be. Con-
ventionally, a thermostat comprises a bimetallic strip
which curls or uncurls as the ambient temperature
varies. As the strip moves, a mercury switch mounted
thereon similarly moves and causes contacts to be
bridged by the mercury if the ambient temperature
varies from the desired level by a few degrees. This
action energizes the heating or cooling device thereby
changing the ambient temperature until subsequent
movement of the strip causes the contacts to open.
While this type of thermostat has gained widespread
use in both home and industry, there are severe disad-
vantages associated with such use.

For example, since the heart of such electromechani-
cal thermostat is the mercury switch, it is of utmost
importance that the thermostat be mounted in a spe-
cific orientation otherwise the switch will lie at an angle
and produce temperature errors. As a matter of fact,
most thermostats of the type under consideration must
be mounted with a plumbline so that they retain their
accuracy. Obviously, not only is this requirement bur-
densome but it is also time consuming and, conse-
quently costly.

Another more immediate problem associated with
these prior art thermostats resides in the fact that the
rate of movement per degree of the bimetallic strip
varies with temperature. Hence, in general, thermostats
of this type do not maintain the same accuracy over
their-range of operation. Additionally, the constant
changing of the reference temperature of the thermo-
stat by the operator eventually causes misalignments
and therefore inaccuracies occur over a period of time.
Moreover, since the thermostat is electromechanical in
nature, it suffers from all the other problems associated
with such devices. For example, the contacts arc when
the circuit is broken and normal operation requires
periodic recalibration of the device.

Accordingly, an object of the present invention is to
provide an improved thermostat.

A more particular object of the present invention is
to provide an electronically operated thermostat.

Another object of the invention is the provision of an

electronic thermostat which is highly reliable and accu-
rate over its entire range of operation.
" A further object of the invention resides in the novel
details of construction which provide an electronic
thermostat of the type described which can-be mounted
in any orientation and which maintains its accuracy
regardless of changes in such orientation.

Accordingly, a thermostat or temperature control
apparatus constructed in accordance with the present
invention ‘comprises temperature signal generating
means responsive to the ambient temperature for pro-
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2
ducing a temperature signal representative signal rep-
resentative’ of the ambient temperature. Reference
signal generating means is provided for producing a
reference signal representative of a desired tempera-
ture. Comparing means is connected to the tempera-
ture and reference signal generating means and is oper-
able to generate an operate signal in response to an
inequality between the temperature and reference sig-
nals to cause operation of an associated device such as
a heater or a cooling device,

If a conventional bimetallic strip thermostat is defec-
tive, it may continuously operate the temperature
changing device. If no person is present, a constantly
operating furnace, for example, may cause irreparable
damage to a home and its furnishings.

Accordingly, a feature of the electronic thermostat of
the present invention is the provision of an overload or
an alarm sensor for producing an alarm signal in re-
sponse to extreme temperatures.

Other features and advantages of the present inven-
tion will become more apparent from a consideration
of the following detailed description when taken in
conjunction with the accompanying drawings, in
which:

FIG. 1 is a schematic circuit wiring diagram, partially
in block form, illustrating dn electronic thermostat
constructed in accordance with the present invention;

FIG. 2 is a schematic circuit wiring diagram, partially
in block form, of a circuit for use in conjunction with
the circuit of FIG. 1 for introducing a temperature
differential of a predetermined amount prior to opera-
tion of a controlled device; and

FIG. 3 is a circuit diagram, in block form, of a modifi-
cation of the circuit of FIG. 1 showing the use of a
plurality of reference signal generators.

An electronic thermostat constructed in accordance
with the present invention is designated generally by
the reference numeral 10 in FIG. 1 and is adapted to
control the operation of an associated temperature
changing device. Basically, the thermostat 10 is a digi-
tally operated device which includes: a temperature
signal generator section 12 that generates, in binary
coded decimal form, a number representative of the
ambient temperature; a reference signal generator sec-
tion 14 that generates, in binary coded decimal form, a
number representative of the reference temperature or
desired temperature level; and a comparator section 16
for comparing the binary coded signals from the tem-
perature signal generator section and the reference
signal generator section to produce an operate signal
when the binary coded signals are unequal, thereby to
operate an associated temperature changing device.
The temperature changing device thereupon either
heats or cools the environment, as the case may be,
until the ambient temperature is equal to the reference
or desired temperature level.

More specifically, the temperature signal generator
section 12 includes a temperature controlled oscillator
18, the frequency of which varies in proporation to
variations in temperature of the object to be moni-
tored. That is, the oscillator 18 includes a thermister 20
which is placed in heat-exchanging relationship :with
the object whose temperature is to be controlled. In the
example under consideration, it is assumed that the
temperature of a room is to be maintained at a desired
level and, accordingly the thermister 20 is located in
the room. (For ease of reference, the room tempera-
ture will be referred to as the “‘ambient” or “A” tem-
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3
perature.) The output terminals of the oscillator 18 are
connected by a lead 22 to the input terminals of a
*“tens’” decade counter 24. The tens counter 24 is con-
nected by a lead 26 to a “‘units” decade counter 28.

The counters 24-and 28 are conventional in construc-
tion and are-operable to count the frequency of the
signal produced by oscillator 18 and to represent the
same as a decimal number in binary coded decimal
form by appropriate binary signals appearing on output
leads 30A-30D of the counter 24 and output leads
32A-32D of counter 28, in the conventional manner.
That is, as is conventional in digital circuits, the signals
on the leads 32A-32D will be either a logical 1 or a
logical 0. The operation of the counters 24 and 28 are
controlled by a clock designated generally by the refer-
ence numeral 34, and described in detail below. More
specifically, the clock 34 produces an enable pulse on
a lead 36 (which is connected to the counters 24 and
28) and enables the counters to count as long as the
pulse is present on the lead 36. The clock 34 is also
adapted to produce a reset pulse on a lead 38 (which is
similarly connected to counters 24 and 28). The reset
pulse resets the counters to zero.

In the example under consideration, the oscillator 18
is adapted to produce a frequency of 5,000 Hz when
the temperature of 0°F. Additionally, the frequency of
the oscillator increases 10 Hz for every 1°F increase of
temperature. Thus, if the room is at 75°F, the oscillator
18 will produce a signal having a frequency of 5,750
Hz.

As noted below, the clock 34 produces an enable
pulse of 0.1 second duration. This effectively causes
the counters to divide the frequency of the oscillator 18
by a factor of 10. Thus, the counters 24 and 28 will not
count the units column of the oscillator frequency.
However, since the counters 24 and 28 are decade
counters, they will only count the tens and hundreds
columns of the oscillator frequency. In other words, the
counter 28 will count the tens column of the oscillator
frequency and the counter 24 will count the hundreds
column of the oscillator frequency. However, since the
frequency of the oscillator changes by 10 Hz for every
1°F change of temperature, it will be obvious that the
counter 28 will effectively count the units column of
the room temperature while the counter 24 effectively
counts the tens column of the room temperature.
Hence the signals on leads 30A-30D will represent the
tens portion of the room temperature as binary coded
decimal signals and the leads 32A-32D will represent
the units column of the room temperature as binary
coded decimal signals.

The clock 34 may include a square wave generator
40 which is connected to a 60 Hz source (not shown)
by a lead 42. The square wave generator 40 is con-
nected to a counter 44 that produces a 0.1 second pulse
at its output terminals for every six input pulses (i.e., it
divides the 60 cycle square waves by a factor of six).
Connected to the output terminals of the counter 44 is
a counter 46 which produces 0.1 second width pulses
on leads 36 and 38 and a lead 48 in response to the
leading edges of the 0.1 second puises received at its
input terminals. That is, the first two pulses. received at
the input terminals of the counter 46 will cause a 0.1
second width pulse (the enable pulse) to appear on the
lead 36. The next pulse appearing at the input terminals
of the counter 46 will cause a 0.1 second pulse (a latch
pulse) to appear on the lead 48. The next signal appear-
ing at the input terminals of the counter 46 will cause a
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4
0.1 second pulse (the reset pulse) to appear on the lead
38. This operation is repeated periodically under the
control of the 60 Hz source so that the enable, latch
and reset pulses are cyclically produced.

The lead 48 that carries the latch pulse is connected
to displays 50 and 52. The display 52 is also connected
to the leads 30A-30D and the display 50 is connected
to the leads 32A-32D. The displays 50 and 52 are
conventional in construction and are operable to de-
code the binary coded decimals signals on the leads
30A-30D and 32A-32D and display the same as re-
spective decimals numbers. Thus, while the counters
24 and 28 encode the frequency of the oscillator 18,
the displays 50 and 52 may be thought of as decoding
the information and displaying the same. The display
50 will visually indicate the units column of the temper-
ature and the display 52 will visually indicate the tens
column of the temperature. The latch pulse on the lead
48 effectively maintains the display constant during a
cycle of the clock 34. That is, the displays 50 and 52
will be updated each time a latch pulse is received on
the lead 48. In practice, the displays are in juxtaposi-
tion so the ambient temperature may be read easily.

The reference signal generator section 14 comprises
manually presettable switches which produce a decimal
number in binary coded decimal form at their output
terminals. More specifically, binary switch device 54
may include a thumb wheel 56 and a display 58. Move-
ment of the thumb wheel 56 causes a different decimal
number to appear at the display 58. The decimal num-
ber is encoded by the binary switch device 54 so that

" the number appears in binary coded decimal format on

output leads 60A—60D connected to the output termi-
nals of the device 54. Similar comments apply to the
binary switch device 62 which includes a thumb wheel
64 and a display 66. That is, the device 62 produces on
leads 68A-68D the decimal number in the display 66 as
binary coded decimal signals.

The binary switch devices 54 and 62 are selectively
operable to be preset to the desired level of tempera-
ture in the room. (For ease of reference, the desired
temperature will be referred to as the “reference” or
“R” temperature. The device 62 controls the tens col-
umn of the temperature and the device 54 controls the
units column of the temperature. In practice the switch
devices 54 and 62 are in juxtaposition so that the refer-
ence temperature may be easily read.

The comparator section 16 comprises magnitude
comparators 70 and 72. The comparators 70 and 72
are conventional in construction (which may comprise
magnitude comparator model 7485 manufactured by
Texas Instruments Inc.) and compare the binary coded
decimal signals applied to their respective input termi-
nals and produce output signals in accordance with the
magnitude of the signals applied to their input termi-
nals.

More specifically, leads 60A-60D are connected to
one set of input terminals of the comparator 70 and
32A-32A-32D are connected to another set of input
terminals of the comparator 70. The comparator 70 is
provided with three output terminals respectively des-
ignated 74, 76 and 78. The comparator 70 compares
the units column of the room (ambient) temperature as
represented by binary coded decimals signals appear-
ing on the leads 32A-32D with the units portion of the
reference temperature as represented by the signals
appearing on the leads 60A~60D. If the ambient (A) or
room temperature is greater than the reference (R)
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temperature a logical 1 signal will appear at the output
terminal 74 (the A>R terminal). If the ambient tem-
perature is equal to the reference temperature, a logi-
cal 1 output signal will appear at the output terminal 76
(the A=R terminal). On the other hand, if the ambient
temperature is less than the reference temperature, a
logical 1 signal will appear at the output terminal 78
(the A<R terminal). Normally, logical 0 signals appear
at the output terminals.

Similar comments apply to the comparator 72 which
compares the tens column of the temperature. Thus,
leads 30A~30D are connected to one set of input termi-
nals of the comparator 72 and leads 68A-68D are
connected to the other set of input terminals. A logical
1 output signal will appear at the terminal 80 of the
comparator 72 when the ambient temperature is
greater than the reference temperature (the A>R ter-
minal). When the ambient temperature is equal to the
reference temperature, a logical 1 output signal will
appear at output terminal 82 of the comparator 72 (the
A=R terminal). On the other hand, if the ambient tem-
perature is less than the reference temperature, a logi-
cal 1 output signal will appear at the terminal 84 of the
comparator 72 (the A<R terminal).

Connected to the output terminals of the compara-
tors 70 and 72 is a gating arrangement which ensures
proper operation of the temperature changing device
controlled by the thermostat 10 when the ambient
temperature and the reference temperature are un-
equal in the desired direction. That is, for proper oper-
ation of the controlled device, the controlled device
should be energized for heating purposes when the
ambient temperature is less than the reference temper-
ature and the controlled device should be energized for
cooling purposes when the ambient temperature is
greater than the reference temperature.

Thus, the terminals 80 and 84 of the comparator 72
are connected to terminals 86A-86B of the double-
pole double-throw switch 86. The terminal 86B is con-
nected to the terminal 86C and the terminal 86A is
connected to the terminal 86D of the switch. Con-
nected to the terminals 86E and 86F are switch arma-
tures 86G and 86H, respectively. The armature 86G is
operable to connect terminal 86E with the terminals
86A and 86C, depending on the position of the switch.
On the other hand, the armature 86H is adapted to
connect the terminal 86F with the terminals 86B or
-86D, depending upon the position of the switch.

Connected to the terminal 86E by a lead 88 is the
input terminal of an inverting amplifier 90. The output
terminal of the amplifier 90 is connected to one input
terminal of NAND gate N1. The other input terminal of
the NAND gate N1 is connected by a lead 92 to the
armature 94A of a single-pole double-throw switch 94.
The armature 94A is adapted to be connected with
either the terminal 94B or the terminal 94C. The termi-
nal 94B of the switch 94 is connected to the output
terminal 78 of the comparator 70 and the terminal 94C
is connected to the output terminal 74 of the compara-
tor 70. The armatures of the switches 86 and 94 are
ganged together as indicated by the dashed line 96.
Accordingly, the switches 86 and 94 will move as a unit
so that when the switch 86 is operated to connect ter-
minals 86E and 86F with terminals 86C and 86D, re-
spectively, the armature 94A of the switch 94 will be
connected with the terminal 94C.

The switches 86 and 94 are operable to permit the
thermostat of the present invention to be used to con-
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trol either a heating or a cooling device. For the posi-
tion of the switches shown in FIG. 1, the thermostat will
operate to raise the ambient temperature to a desired
level. On the other hand, if the switches are moved to
the alternate position, the thermostat will be operable
to lower the temperature to a desired level.

The output terminal of NAND gate N1 is connected
to the input terminal of an inverting amplifier 98. The
output terminal of the amplifier 98 is connected to the
input terminal of an AND gate Al. Connected to the
input terminal of an AND gate A2 by a lead 100 is the
terminal 86F of the switch 86. The output terminals of
the AND gates Al and A2 are connected to the input
terminals of a NOR gate NR1. The output terminal of
gate NR1 is connected to the input terminal of an in-
verting amplifier 102, the output terminal of which is
connected to a junction 104 by a lead 106. Connected
to the junction 104 is the input terminal of a time delay
device 108 and the input terminal of an AND gate A3.
Connected to another terminal of the gate A3 is the
output terminal of the delay device 108. The output
terminal of the gate A3 is connected by a lead 110 to
the controlled device so that a signal appearing on the
lead 110 will operate the controlled device, such as a
furnace, to cause the ambient temperature to rise in
accordance with the example under consideration. The
delay of the device 108 is selected so that the period of
delay will be slightly in excess of the interval of the
enable puise produced by the clock 34. This ensures
that the thermostat counting circuits will have reached
an equilibrium state before a signal is produced on the
lead 110. That is, the deélay device 108 prevents the
production of the operate signal on the lead 110 during
the counting operation.

In operation, it will be assumed that the switches 86
and 94 are set for a heating condition and are in the
position shown in FIG. 1. It will further be assumed that
the reference signal generator comprising the switch
devices 62 and 54 will be set for a reference tempera-
ture of 72°F. Additionally, for purposes of illustration,
it will be assumed that the ambient or room tempera-
ture is 70°F and therefore below the reference temper-
ature, thereby requiring operation of the furnace or
heater. )

Accordingly, the oscillator 18 will produce an output
frequency of 5,700 Hz. Immediately after the enable
pulse on the lead 36, the decade counter 24 will regis-
ter a count of 7 in binary coded decimal format and the
decade counter 28 will register a count of 0 in binary
coded decimal format. The latch pulse appearing on
lead 48 will therefore cause the decimal 7 to be dis-
played by the display 52 and the decimal number 0 to
be displayed by the display 50 thereby visually indicat-
ing to the operator the ambient temperature.

Since the binary switch device 62 and the counter 24
will produce signals or voltage patterns representing
the decimal number 7 in binary coded format, an out-
put signal will only appear at the terminal 82 thereby
indicating that the tens column of the ambient temper-
ature is equal to the tens column of the reference tem-
perature. However, the binary signals applied to the
comparator 70 which represent the reference tempera-
ture will be greater than the binary signals applied to
the comparator 70 from the counter 28 which repre-
sent the ambient temperature. Accordingly, an output
signal will appear at the terminal 78 since the units
column of the ambient or room temperature will be less
than the units column of the reference temperature
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(i.e., A<R). Accordingly, a logical 1. signal will be
applied to the input terminal of the NAND gate N1 via
the lead 92. Since a logical 0 signal is applied to the
input terminal of the inverting amplifier 90, the output
signal from the inverting amplifier will similarly be a
logical 1 signal. :

Accordingly, the NAND gate N1 will therefore pro-
duce a logical 0 signal which will be inverted to become
a logical 1 signal via the inverting amplifier 98 so that
a logical 1 signal is applied to gate Al. Since a logical
0 signal appears on the lead 100, a logical 1 signal from
the gate Al will be applied to NOR gate NR1 and a
logical 0 signal will be applied to gate NR1 via the gate
A2. Thus, NOR gate NR1 will produce a logical O sig-
nal at its output terminals and the inverting amplifier
102 will therefore produce a logical 1 signal at its out-
put terminals. Hence, the delay device 108 will be
triggered and, after the elapsed time interval, a logical
1 signal will be produced by the delay device 108 and
applied to the input terminal of the AND gate A3.
Accordingly, since logical 1 signals are applied to both
terminals of the AND gate A3, a signal will be pro-
duced on the lead 110 to cause operation of the associ-
ated controlled device.

The lead 110 may, for example, be connected to a
relay having a time delay release which is greater than
a cycle of operation of the clock 34 so that the relay
will not release until a signal has been absent from the
lead 110 for a period greater than a cycle of operation.
This will prevent release of the relay during a counting
interval, for example.

When the ambient temperature reaches the refer-
ence temperature, the logical 1 signal of the output
terminal 78 will become a logical 0 signal. Thus, the
NAND gate N1 will thereby produce a logical 1 signal
at its output terminal which is inverted to become a
logical 0 signal applied to the AND gate A1. Thus, both
AND gates Al and A2 apply logical O signals to NOR
gate NR1 thereby causing a logical 1 signal to be ap-
plied to the input terminal of the amplifier 102. The
amplifier will then produce a logical 0 signal at its out-
put terminals so that no signal will appear on the lead
110.

A similar analysis shows that for any ambient temper-
ature greater than the reference temperature, no signal
will be produced on the lead 110. For example, as long
as the tens column of the ambient and reference tem-
peratures are equal, a logical O signal will be appled to
the NAND gate N1 via the lead 92. As long as the units
column of the ambient temperature is equal to or
greater than the reference temperature units column a
logical 0 will appear on lead 92 and no signal will ap-
pear on the lead 110. On the other hand, assuming that
the tens portion of the ambient temperature is greater
than the tens portion of the reference temperature
(thereby indicating that the room temperature is
greater than the reference temperature) a logical 1
signal will be applied to the input terminal of the invert-
ing amplifier 90 via: the output terminal 80 of the com-
parator 72, the switch 86 and the lead 88. Therefore,
the amplifier 90 will apply a logical 0 signal to the input
terminal of the NAND gate N1 connected thereto.
Hence, regardless of the signal applied to the other
input terminal of the NAND gate N1, a logical 1 signal
will appear at the output terminals thereof. As noted
above, as long as a logical 1 signal appéars at the output
terminals of the NAND gate N1 and a logical 0 signal

8

appears at the output terminals of the AND gate A2, no

~ signal will be produced on the lead 110.
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On the other hand, if the value of the tens column of
the ambient temperature drops below that of the tens
column of the reference temperature, a logical 1 signal
will appear at the output terminal 84 of the comparator
72 (i.e., A<R terminal). This signal will be applied to
the AND gate A2 which, in turn, will apply a logical 1
signal to the input terminal of the NOR gate NR1. The
gate NR1 will therefore produce a logical O signal at its
output terminals and, as indicated above, a logical 0
signal applied to the input terminals of the amplifier
102 will cause a signal to be produced on the lead 110
thereby operating the heater or furnace. Moreover, as
will be obvious from a consideration of the circuits thus
far described, a logical 1 signal applied to the AND
gate A2 will always cause a signal to appear on the lead
110 regardless of the type of signal applied to the
NAND gate N1 via the lead 92.

In many cases, it is desirable to produce an indication
if the temperature reaches an extreme level. For exam-
ple, a temperature in the 90°F range may be considered
to be an overload condition which may be produced by
a malfunction in the heater If the home is unoccupied
and the condition permitted to exist, serious damage
may result. In order to eliminate this possibility, the
thermostat of the present invention further includes an
overload comparator 112 connected to the tens count-
ers 24 via the leads 30A~-30D. The other input of the
comparator 112 may be connected to a binary switch
device (not shown) which is set to produce the number

9 in binary coded decimal form. Thus, the comparator
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112 will produce an alarm signal on an output lead 114
when the input signals indicate decimal number 9. The
signal on the lead 114 may then be utilized to disable
the heater.

When it is desired to utilize the thermostat 10 for
cooling purposes, the switches 86 and 94 are operated
so that terminal 86E is connected with the terminal
86C and the terminal 86B is connected with the termi-
nal 86D. Additionally, the armature 94A will engage
the contact 94C. An analysis similar to that above will
illustrate that a signal will only be produced on the lead
110 when the ambient temperature is greater than the
reference temperature. For example, if the reference
temperature is set for 72°F and the ambient tempera-
ture is 78°F, logical 1 signal will be produced at the
output terminal 74 (i.e., A>R). Since the lead 88 now
is connected to the terminal 86B, a logical O signal is
applied to the input terminals of the amplifier 90
thereby resulting in a logical 1 signal being applied to
the input terminal of the NAND gate N1 connected
thereto. Similarly, a logical 1 signal is applied to gate
N1 via lead 92 which is now connected to the A>R
terminal of comparator 70. Thus, the NAND gate N1
will produce a 0 output signal which, in effect, causes a
logical 1 signal to be applied to the input terminal of
the gate NR1 via the AND gate Al. Since the AND
gate A2 produces a logical 0 input signal, the NOR gate
NR1 will similarly produce a logical 0 signal at its out-
put terminals. Hence, the amplifer 102 will produce
logical | signal and a signal will appear on lead 110
thereby operating the cooling unit. If the ambient tem-
perature rises into the 80°F range, a logical 1 signal will
be applied to gate A2 from terminal 80 (i.e., A>R). As
noted above, a logical 1 signal applied to gate A2 and
thereby to gate NR1 will always cause a signal to be
produced on the lead 110.
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On the other hand, if the temperature drops into the
60°F range, a logical O signal appears at gate A2. More-
over, a logical O signal appears at the output terminals
of amplifier 90 thereby causing a logical 0 signal to
appear at gate Al regardless of the signal produced by
comparator 70. Hence, as long as the tens column of
the ambient temperature is less than the tens column of
the reference temperature, no signal appears on lead
110.

When' the thermostat 10 is operated as a cooling
device, the overload comparator 112 may still be uti-
lized by setting the binary switch device so that the
number therein represents a minimum cooling temper-
ature such as, for example, 5. Thus, if the ambient
temperature drops into the 50°F range, an alarm signal
will be applied to the lead 114.

Accordingly, an electronic thermostat has been dis-
closed which is simple in construction and reliable in
operation and which maintains a high accuracy over its
range of operation.

In many cases, it may be desirable to permit a specific
differential in temperature to occur between the ambi-
ent or room and the reference temperature before an
operate signal is produced on the lead 110. To be more
specific, if the heating or cooling unit is operated for a
1°F difference between ambient and reference temper-
atures, the duty. cycle of the operated device will be
extremely high. For this reason, it is desirable to intro-
duce a differential of, for example, 3° before the associ-
ated device is operated to bring the ambient tempera-
ture to the desired level. Thus, FIG. 2 illustrates a cir-
cuit which may be used in conjunction with the circuit
of FIG. 1 to produce such differential in a specific
decade range.

Thus, the differential circuit is designated generally
by the reference numeral 116 in FIG. 2 and comprises
an adder 118 that is connected to the units counter 28
via the leads 32A-32D. A differential incrementor 120
is provided which may comprise a set of binary
switches similar to the binary switch device 54. The
differential incrementor is set for the specific differ-
ence in temperature desired before the output signal
appears on the lead 110. In the example under consid-
eration, it is assumed that the incrementor is set for the
decimal number 3 so that the incrementor 120 will
produce the number 3 in binary coded decimal format
on the output leads 122A~122D. Thus, the output sig-
nal appearing on leads 124A-124D will be the sum of
the numbers from counter 28 and the incrementor 120
in binary coded decimal notation. These output leads
are connected to one set of input terminals of a com-
_parator 126. The otherinput terminals of the compara-
tor 126 are connected to the bmary switch device 54
via the leads 160A-160D.

. The comparator includes an output termmal 128
‘and, as is conventional, means within the comparator
produces a logical 1 signal at the terminal 128 if the
encoded number at the output terminals of- the adder
118 is smaller than the‘encoded reference number on
the leads 60A-60D. In other words, a logical 1 signal
will be produced at the output terminal 28 of the com-
parator. only if the reference termperature is greater
than the sum of the ambient temperature and the dif-
" ferential increment. (Again, this circuitry assumes that
the thermostat is set for a heating operation. If instead
the thermostat is utilized for a cooling operation, a
logical 1 signal produced when the reference tempera-
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10
ture is smaller than the sum of the ambient temperature
plus the differential increment would be used.)

The terminal 128 is connected to the set input termi-
nal of a JK flip-flop or bistable multivibrator FF1 by a
lead 130. The reset terminal of flip-flop FF1 is con-
nected to terminal 76 (the A=R terminal) of compara-
tor 70 (the units comparator) of the circuit of FIG. 1.
The 1 output terminal of FF1 is connected to an input
terminal of a NAND gate N2. The other input terminal
of the gate N2 is connected to the output terminal of
the amplifier 102 of FIG. 1 by the lead 106. In other
words, when utilizing the differential circuit 116 of
FIG. 2, the lead 106 of the circuit of FIG. 1 is discon-
nected from the junction 104 and is connected to the
other input terminal of the NAND gate N2. The output
terminal of the NAND gate N2 is connected to the
input terminal of an inverting amplifier 132, the output
terminals of which are connected to the junction 104
via a lead 134.

In operation it will be assumed that reference tem-
perature is set for 75°F and that the differential incre-
mentor 120 is set for a difference of 3°. Accordingly,
assuming that the temperature of the room or the ambi-
ent temperature is 72°F, the decimal number 2 in bi-
nary coded decimal format will be applied to the adder
118 via leads 32A-32D and the number 3 in binary
coded decimal format (i.e., or a pattern of voltages)
will be applied to the adder via the leads 122A-122D.
Accordingly, the decimal number 5 in binary coded
format will be applied to the comparator 126 via the
leads 124A-124D. The same signals will be applied to
the comparator via the leads 60A-60D and accord-
ingly, a logical O signal will appear at the output termi-
nal 128. Hence, no further action will take place and no
signal will appear on the lead 110.

It will be obvious from a consideration of the forego-
ing, that if the ambient temperature is greater than
72°F, no logical 1 signal will appear on lead 130 and,
therefore, no signal will appear on lead 110.

However, if the ambient temperature drops to 71°F,
the decimal number represented by the binary coded
notation on the leads 124A-124D will indicate a 4.
Since the reference numberal 5, a logical 1 signal will
appear at the output terminal 128 thereby setting the
flip-flop FF1. Hence, a logical 1 signal will appear at
the input terminal to the NAND gate N2 connected
thereto. Additionally, since the ambient temperature is
less than the reference temperature a logical 1 signal
will also appear on the lead 106 from amplifier 102.
Thus, the output terminals of the gate N2 will produce
a logical O signal which will appear as a logical 1 signal
on the lead 134 via amplifier 132. Since the lead 134 is
connected to the junction 104, a signal will now appear
on the lead 110 thereby causing the heating element to
operate.

Thus, a circuit has been disclosed which is operable
to introduce a difference of a desired magnitude before
operation of the controlled device.

In many cases it is desirable to control the tempera-
ture of the object to be monitored from a remote point.
In those cases the reference signal generator may be
located at the remote point while the thermister is
located in heat-exchanging relationship with the object
(i.e., the room in the present example). However, it
may be desirable to control the temperature of the
room from a plurality of remote points and/or from the
room proper. For example, during day hours it may be
desirable to control the temperature of the room from
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a reference signal generator located in the room. How-
ever, at night it may be desirable to control the temper-
ature of the room from a remote point. Thus, if the
controlled room is a playroom or a living room, the
temperature of the room may be lowered at night and
raised during the day from a remote point such as the
bedroom.

Accordingly, FIG. 3 illustrates a circuit which per-
mits control of the temperature of a room from a plu-
rality of reference signal generators. Thus, a switch 136
is provided that is serially connected between reference
signal generator 14 and the comparators 70 and 72 via
the leads 60A-60D and 68A-68D (shown in FIG. 3 as
repective cables). Additionally, a reference signal gen-
erator 214, identical in construction to the generator
14, is provided. The generator 214 is similarly adapted
to be connected by the switch 136 to the comparator
70 and 72 via the respective leads 60A-60D and
68A-68D. Switch 136 may be of the rotary wafer type
of conventional construction having a plurality of
decks and is operable to selectively connect generator
14 or 215 or both to the comparators 70 and 72 via the
leads 60A—-60D and 68A~68D depending on the posi-
tion of the switch.

In operation, during the daytime, the switch 136 may
be operated so that reference signal generator 14 is
connected to comparators 70 and 72 via the leads
60A-60D and 68A—68D, respectively, and the genera-
tor 214 disconnected therefrom. The thermostat will
therefore operate in the manner described in connec-
tion with the description of FIG. 1, or if the differential
circuit is used, in the manner described in connection
with the description of FIG. 2. If it is desired to override
the reference signal generator 14 from a remote loca-
tion by lowering or raising the reference temperatures,
the switch 136 may be operated to connect the refer-
ence signal generator 214 to the comparators 70 and
72 and to disconnect the generator 14 therefrom. Ac-
cordingly, thermostat 10 will now operate in the same
manner as described hereinabove but based upon the
setting of the generator 214 as the reference tempera-
ture rather than the setting of generator 14.

While preferred embodiments of the invention have
been disclosed herein, it will become obvious that nu-
merous omissions, changes and additions may be made
in such embodiments without departing from the spirit
and scope of the present invention.

What is claimed is:

1. A digitally-operated thermostat for controlling the
operation of an associated temperature changing de-
vice to maintain the temperature of an object at a de-
sired level, comprising: digital temperature signal gen-
erating means in heat exchanging relationship with said
object for generating a temperature signal comprising a
pattern of voltage levels representative of the tempera-
ture of said object in binary coded decimal form, digital
reference signal generating means adapted to be oper-
ated to produce a reference signal comprising a pattern
of voltage levels representative of said desired level in
binary coded decimal form, and digital comparing
means responsive to pattern differences between said
patterns of voltage levels representing said object tem-
perature and said desired temperature when said pat-
tern difference represents a difference in only one di-
rection with respect to said desired level for producing
an operate signal to cause operation of said tempera-
ture changing device, said temperature signal generat-
ing means comprising a variable frequency oscillator,
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said oscillator having a temperature sensor adapted to
be placed in heat exchanging relationship with the
object for varying the frequency of said oscillator as a
function of the temperature of said object, counting
means connected to said oscillator for encoding the
frequency of said oscillator as binary coded decimal
signals to provide said temperature signals, and clock
means for cyclically resetting and enabling said count-
ing means for a preselected interval of time in each
cycle.

2. Temperature control apparatus as in claim 1, in
which said digital comparing means is operable to pro-
duce said operate signal when said desired temperature
is greater than said ambient temperature, and manually
operable reversing means for reversing the operation of
said comparing means whereby said comparing means
generates said operate signal when said ambient tem-
perature is greater than said desired temperature.

3. Temperature control apparatus as in claim 1, and
digital differential means connected to said comparing
means for preventing generation of said operate signal
until said pattern difference is representative of a tem-
perature differential greater than a preselected temper-
ature differential.

4. A thermostat as in claim 1, in which said reference
signal generating means comprises selectively variable
presettable temperature means for producing a plural-
ity of digital reference signals corresponding to differ-
ent temperature values.

5. A thermostat as in claim 1, in which said counting
means comprise decade counters for counting unit and
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6. A thermostat as in claim 1, and display means
connected to said counting means and responsive to
said binary coded decimal signals for numerically dis-
playing the ambient temperature.

7. A thermostat as in claim 1, in which said compar-
ing means comprises time delay means for delaying the
production of said operate signal for a period of time in
excess of said preselected interval of time.

8. A thermostat as in claim 1, wherein said compar-
ing means comprises a comparator for comparing the
binary coded decimal signals produced by said temper-
ature signal generating means with the binary coded
decimal signals produced by said reference signal gen-
erating means, at least a pair of output terminals con-
nected to said comparator, means in said comparator
for applying an output signal to one of said output
terminals when the temperature signal is greater than
the reference signal and for applying an output signal to
the other of output terminals when said reference sig-
nal is greater than said temperature signal, gate means
responsive to said comparator output signal for produc-
ing said operate signal, and switch means for selectively
connecting said gate means to a selected one of said
pair of output terminals.

9. A thermostat as in claim 8, in which said gate
means comprises a detection stage for detecting said
output signal and an output stage for generating said
operate signal when energized, and differential means
connected between said detection and output stages for
energizing said output stage when said ambient temper-
ature differs from said reference temperature by a pre-
selected difference.

10. A thermostat as in claim 1, in which said clock
means comprises a pulse generator for cyclically gener-
ating an enable pulse to enable said counters to count,
and for generating a reset pulse at the end of each cycle
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for resetting said counters to zero.

11. A thermostat as in claim 1, and overload means
connected to said counting means responsive to a pre-
determined binary coded decimal number for generat-
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14
ing an overload signal, whereby an overload condition
is indicated.
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