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(57) ABSTRACT

A thermostat for generating control signals for a fur-
nace, air conditioner, or the like, employs a constant
frequency, periodically alternating electrical source and
an oscillator incorporating an element having a thermal-
sensitive electrical characteristic so the oscillator fre-
quency varies as a function of the ambient temperature.
A comparator receives the two outputs and generates a
signal representative of the ambient temperature. The
stable output is also provided to dividing circuits to
generate a signal representative of the time that i1s used
to interrogate a digital memory storing a desired temper-
ature-time period, such as a week or month. The ambi-
ent temperature signal is compared with the desired
temperature signal to generate an output control sig-

nal. A display provides a read-out of time and tempera-
ture and is used along with a keyboard or the like 1n

programming the memory.
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1
ELECTRONIC THERMOSTAT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to an electronic thermostat for

generating a temperature dependent control signal em-

10

ploying a digital, programmable memory time-tempera- .

ture.

2. Prior Art

Thermostats which act to generate an electrical con-
trol signal for a furnace, air conditioning unit, or the
l.ke, typically employ a bimetal element which assumes
a mechanical position dependent upon the ambient tem-
perature. The desired temperature may be set into the
device by moving an electrical contact with respect to
the bimetal so that an output signal 1s provided when
the ambient temperature reaches the set point. To allow
this set point to be automatically varied over a 24-hour
cvcle, thermostats are available which incorporate
clocks which mechanically adjust the thermostat set
points at different times. When used in a residence to
control a furnace this enables the temperature to be
lowered during the night and at other times when the
occupants are not normally home. These program de-
vices typically allow a 24-hour period to be divided into
two blocks of controllable length, and allow a different
temperature setting for each block.

In view of the cost and reliability advantages of elec-
tronic circuitry, temperature sensing devices which
employ an electronic element having electrical charac-
teristics which vary as a function of temperature, such
as a thermistor, are often employed in industrial de-
vices. When used as thermostats these devices are rela-
tively complicated since they require circuitry for gen-
erating an analog voltage proportional to the set point
and a comparator for receiving this analog voltage and
the output of the temperature sensitive device. While it
would be possible to add a 24-hour programming clock
to this form of analog thermostat, the provision of a
clock mechanism would probably obviate the advan-
tages of the electronic temperature sensing elements
over mechanical elements.

Independent of these developments in thermostats
great cost reductions in digital electrical circuttry have
taken place in recent years through the development of
integrated circuits incorporating large numbers of digi-
tal devices on a single semi-conductor chip. Once the
initial tooling costs for a specific integrated circuit have
been amortized large quantities of complicated circuits
may be produced at very low costs. These advances
have been possible devices such as low cost electronic
calculators and digital watches.

The present invention is broadly directed toward an
electronic thermostat employing digital circuitry so that
it may be mass-produced in the form of a low cost inte-
grated circuit. Thermostats formed in accordance with
the invention enjoy advantages over conventional ther-
mostats in both cost and reliability and provide a variety
of auxiliary functions which would be extremely expen-
sive to implement in conventional mechanical or analog
electronic thermostats.
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SUMMARY OF THE INVENTION

The thermostat of the present invention broadly em-
ploys an oscillator incorporating an electronic element
with properties which vary as a function of the ambient
temperature so that the frequency of the oscillator var-
ies with the temperaturé. The device also employs a
circuit having a periodically varying output of constant
frequency. This may take the form of a highly stable
oscillator or the periodically varying signal may be
derived from alternating current electric power lines.

The constant frequency signal is employed in two
ways: first, it generates a time base which allows a sig-
nal which is a function of temperature to be derived
from the output of the temperature sensitive oscillator,
and second, it provides the input to a set of digital divid-
ing counters which generate time signals. The time
signals may include the year, month and day of the
month as well as hour, minute and second. These time
signals are used to interrogate a digital, programmable
memory which stores a time-temperature sequence; i.e.,
a record of the desired temperature at each time within
a repetitive period such as a day, week, month or year.
The desired temperature signal derived from the mem-
ory by the time signal is then compared with the actual
temperature signal and their differences are used to
generate a control signal for the furnace, air conditioner
or the like which may be either proportional or an on-
off signal. '

The occurrence of the output signal from the thermo-
stat may be adjusted to compensate for the time re-
quired for the controlled device to affect the tempera-
ture at the thermostat; for example, if the desired tem-
perature is 70° F. and the temperature sensed by the
thermostat is dropping, the control signal to the furnace
may go on at 70.5° F. This “compensation signal” may
be adjustable and may be derived by the system as a
function of the rate of change of temperature or on the
basis of externally sensed factors such as temperature
outside of the building.

The preferred embodiment of the system incorpo-
rates a decimal display which may display actual tem-
perature, set point temperature, and/or time. These may
be displayed continuously or on a sequential basis. The
display may, for example, alternately flash the date, the
time and the actual temperature. If an external tempera-
ture probe is used with the system the outside tempera-
ture could be similarly displayed.

The display is also used to program the time-tempera-
ture schedule in the memory through use of manual
controls associated with the thermostat. The program-
ming device takes the form of a group of low-cost push-
buttons of the type used with digital watches. One but-
ton switches the device between an operating mode and
a set mode; another button selects the register to be
incremented, i.e., present date, present time, future date,
future time, temperature; a third button may be used to
actually step these functions, which are then displayed,
through various settings. The buttons or other manual
control allow a particular start time and date to be in-
serted into the memory and displayed, and then allow a
temperature for the period beginning at that time to be
entered and displayed. Next the end time of one period
and the beginning time of the next period and the de-
sired temperature for that subsequent period are en-
tered. This process is continued until the entire period
of the control is covered. For example, a week may
constitute a convenient cycle period. A relatively high
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temperature may be programmed into the memory for
those periods during the week when the house is occu-
pied and the occupants are normally awake, and lower
temperatures may be programmed for the sleeping
hours and when the house 1s unoccupied. The program
may be designed to begin to warm up the house shortly
before the occupants normally wake or before they
return home.

The ability to program a full time cycle of tempera-
tures lasting over long periods of time results in impor-
tant energy savings through decreased use of fuel or
power during periods when heating and cooling may be
decreased without discomfort to occupants or inconve-
nience to commercial or industrial users.

Means may be provided for allowing a normal pro-
gram to be retained but to be overriden by a pro-
grammed temperature for a specified period of time.
For example, if the occupants are going to leave the
house for the weekend they may program a lower tem-
perature during that period with a warm-up cycle be-
ginning shortly before they return. After this provi-
sional period has been completed the control resumes its
normal cycle.

Electrical power for the thermostat 1s preferably
derived from an alternating current power source such
as a 24 volt secondary coil of a transformer of the type
used to power the fuel line solenoid of a furnace. The
switching output of the thermostat is preferably con-
nected in series with the load to be controlled across the
power lines. When the switching output i1s open so that
the controlled device is turned off, electric power for
the control is available across the terminals of the
switch. When the swiich output is closed, energizing
the called device, alternating current power for the
thermostat may be developed across a small resistance
connected in series with the controlled device and the
power lines.

While it would be possible to derive an analog electni-
cal signal having an amplitude which varies as a func-
tion of temperature from the variable frequency output
of the temperature dependent oscillator without the use
of some form of time base, the use of analog circuitry
would tend to increase the complexity and expense of
the thermostat over an all digital version. Derivation of
a digital signal having a value representative of temper-
ature inherently requires use of some form of time base
with the variable frequency oscillator.

The preferred embodiment of the invention employs
Iintegrated semi-conductor circuits to implement all of
the digital functions including the oscillator, time base,
memory and the comparators. This circuitry may take
the form of one or more integrated circuit chips with
interconnections to the display, the temperature sensing
element, a programming device and the output switch.
The output switch may take the form of a solid state
switch or hard contact. If a solid state switch is em-
ployed it may or may not be formed as part of the inte-
grated circuit depending upon various economic and
technical factors. The logic circuitry of the thermostat
1s preferably implemented with a suitably programmed
MICTOProcessor.

The cost of the present thermostat is comparable to
that of an electronic calculator or a digital watch and is
thus lower in cost than bimetal thermostats that it

replaces despite the large number of additional func-
tions that it performs.
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Other objectives, advantages and applications of the
present invention will be made apparent by the follow-
ing:

FIG. 115 a block diagram of an electronic thermostat
representing a preferred embodiment of the invention
connected to a load 50 as to control the application of
electrical power to the load;

FIG. 2 is a more detailed partially schematic, par-
tially block diagram of certain sections of the thermo-
stat of FIG. 1; and

FIG. 3 is a block diagram of an alternative arrange-
ment for portions of the thermostat of FIG. 1.

Referring to FIG. 1, the preferred embodiment of the
thermostat employs a stable periodic source 10. The
source may constitute a stable oscillator, possibly em-
ploying a crystal, or it may take the form of a circuit
which provides a periodically switching output using
the alternating current power mains as a timing source,
as will be subsequently described. The primary charac-
teristic of the stable source 10 is that it is insensitive to
the ambient temperature at the thermostat, at least over
the normal operating range of the device. Its output
constitutes a bi-valued electrical signal which periodi-
cally changes state. If the device is of the type that
produces an analog varying output, such as a sinusoidal
oscillator, appropriate wave shaping circuitry, such as a
zero crossing detector, may be used to convert the
signal into a bi-valued signal.

The output of the stable source 10 i1s provided to a
dividing chain 12 which generates real time signals, i.e.,

output signals that change state each second, minute,

hour, and day. In alternative embodiments of the inven-
tton the divider chains could provide additional signals
which change state with the month and year, but the
preferred embodiment of the invention operates on a
one week cycle and accordingly no month or year sig-
nals are required. The dividing chain 12 may be of the
type employed in digital clocks or watches.

The periodic source 10 also provides an output to a
temperature detector circuit 14. Alternatively, the time
base signal to the temperature could be denived from
some stage of the divider chain 12.

The other input to the temperature detector 14 is
from a vanable frequency oscillator 18 which employs
a thermal sensitive element 20. The element 20 is physi-
cally mounted on the thermostat so as to be subjected to
ambient temperature. It has some electrical property
that varies as a function of ambient temperature at least
over the normal range of operation of the thermostat.
For example, the temperature sensitive element 20
could constitute a thermistor connected across an elec-
tric power supply to provide a voltage to the oscillator
18 as a function of the ambient temperature on the ther-
mostat. In that case the oscillator would be of the volt-
age controlled type and would provide a periodically
varying output having a frequency dependent upon the
ambient temperature. Alternatively, the element 20
could be connected in the tank circuit of the oscillator
18. Taken together, the oscillator 18 and the tempera-
ture sensitive element 20 constitute a temperature de-
pendent frequency source.

The detector 14 uses the time base derived from the
stable periodic source 10 to generate a temperature
dependent digital signal from the outputs of the temper-
ature dependent oscillator 18. The detector circuit may
take a variety of forms, some of which will be subse-

quently described in detail. For example, the detector
could employ counts to receive its two inputs and peri-



Re. 32,960

S

odically compare their states, as by subtracting them, to
generate a temperature dependent signal. Alternatively,
one input could be used to increment a bi-directional
counter and the other input used to decrement it. The
contents of this counter could be examined at regular
intervals and would constitute a temperature dependent
signal.

The outputs of the time generating divider chain 12
are employed to interrogate a time-temperature pro-
grammed memory 22 to obtain a read-out from the
memory of a desired temperature, for that time, which
is stored in the memory. In the preferred embodiment of
the invention the control operates on a one week cycle
and the memory 22 stores desired temperature values
for all times within a one week cycle. This desired tem-
perature is provided to a comparator 24 which also
receives the actual temperature from the detector 14.
The comparator provides an output signal having a
characteristic dependent upon these two inputs. The
output signal may be a two-state signal having one value
when the actual temperature is greater than the desired
temperature, and the opposite value when the actual
temperature is less than the desired value. Alternatively,
the comparator 24 could generate a proportional output
signal representative of the difference between the ac-
tual and the desired temperatures.

The comparator output could also be modified to
consider such factors as the lag between the time the
controlled device is energized and the time the tempera-
ture change actually reaches the thermostat; i.e., the
comparator output could be adjusted to provide a
switching output when the actual temperature 1s mov-
ing in the direction of the desired temperature but has
not vet reached it. For example, if the controlled device
26 is a furnace, an output could be provided from the
comparator when the actual temperature is decreasing
and reaches a predetermined value above the tempera-
ture set point. Toward this end, the comparator 24 may
have an input from an external temperature sensor 28 so
that the degree of offset may be made a function of the
difference between the actual temperature and the ex-
ternal temperature since the actual temperature will
change at a rate dependent upon this difference. In
alternative embodiments the comparator could employ
circuitry to calculate the rate of change of actual tem-
perature to adjust the lead factor.

The output of the comparator 24 controls an output
switch 30. Typically, the switch will be connected in
series with an electrical power source 32 and the con-
trolled load 26 so that the controlled device is energized
when the output switch is closed. The output switch
may employ make-and-break contacts, which may ei-
ther be hard contacts or a solid state switch. When the
comparator output is proportional the duty cycle of the
output switch may be controlled to adjust the flow of
power to the controlled device.

Power for the circuit is preferably obtained from the
source 32 by tapping across the switch contacts when
they are open, or across a series resistor 31 in the output
circuit when the switch contacts are closed.

The program stored in the memory 22 1s loaded in
and modified by a suitable program source 34. In the
preferred embodiment of the invention the program
source takes the form of a keyboard containing numbers
and commands but alternatively the program source
could be push buttons of the type that are used in digital
watches, thumb wheels, or the like.
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A display device 36, preferably taking the form of a
liquid crystal display, receives a binary signal from a
display selector 38. In alternative embodiments of the
invention the display device could take the form of light
emitting diodes, a gas plasma display panel or the liké.
The display selector receives an actual temperature
signal from the digital detector 14; a time signal from
the divider chain 12; the desired temperature signal at
the instant from the memory 22 and a general output
from the memory 22 on line 40. During normal opera-
tion, the selector 38 provides signals to the display 36
which causes it to sequentially display the time, the
actual temperature, and the desired temperature. Alter-
natively, other information such as the external temper-
ature as generated by the sensor 28 could be displayed.

When the program source 34 is used to load or mod-
ify the memory 22, the display selector is controlied by
the signal from the source 34 which causes it to display
the information being provided to the memory from the
source, as generated on line 40 from the memory. As
particular information is entered into the source 34 by
the programmer, it is shown on the display.

Certain of the sections of the preferred embodiment
of the thermostat are illustrated in more detailed block
form in FIG. 2.

The stable periodic source 10 preferably takes the
form of a 60 cycle source 50 feeding a zero-crossing
detector 52. The zero-crossing detector provides an
output pulse each time the 60 cycle source passes
through zero. A flip-flop 54 converts the output of the
zero crossing detector into a square wave form.

The outputs of the zero crossing detector are pro-
vided to the divider chain 12 which has outputs for
minutes, hour, am/pm, and day. |

The output of the flip-flop 54 is also provided to a
counter 56 contained within the temperature detector
14. Similarly, the output of the variable frequency tem-
perature dependent oscillator 18 is provided to another
counter 58. The outputs of these two counters provided
to a subtractor unit 60 and subtraction is initiated at
regular intervals by a signal on the minute output of the
divider chain. This signal also clears the counters 56 and
58. Accordingly, once each minute a subtractor gener-
ates a signal equal to the difference between the fre-
quencies of the stable and temperature source.

The time-temperature program memory 22 includes a
random access memory which may be represented as
containing four separate sections, a day/schedule ma-
trix 62 and three schedule sections 64, 66 and 68. The
schedule sections are each loaded with a complete 24
hour time-temperature cycle. A typical schedule might
be: 12 am-7 am-65°; 7 am-9 am-70°; 9 am-5:30 pm-55°;
5:30 pm-11:30 pm-70°; 11:30 pm-12 am-65°. A typical
schedule for a day when the home is to be unoccupied
might be 12 am—12 am-355°.

Three such schedules are loaded into the memory
sections 64, 66 and 68. In alternative embodiments,
additional schedule sections could be provided.

The day/schedule matrix is loaded with information
as to which schedule is to be used on a particular day.
For example, Monday-Friday might all involve sched-
ule A; Saturday schedule B; and Sunday schedule C.

One particular schedule from the matrix 62 1s selected
by the “day” output of the divider chain 12. This causes
matrix 62 to energize one of three gates 70a, b or c to
connect one of the three schedules, 64, 66 or 68, to a
temperature selector 72. The selector also recetves the
“minute”, “hour’ and “am/pm” outputs of the divider
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chain 12. It uses this time signal to interrogate the se-
lected schedule to provide an output to the comparator
24 which represents the desired temperature at that
time.

Alternate forms of program arrangement could be 5
used in other embodiments of the invention. For exam-
ple, the thermostat could be programmed on simply a
daily basis or a monthly basis.

Certain alternative sections for the thermostat of
FIG. 1 are illustrated in FIG. 3. These sections allow 10
the thermostat to control a temperature system com-
prising an air cooler or conditioner 80 and an air heater
82 such as a furnace or the like. The alternative embodi-
ment of the thermostat also provides programmable
units for adjusting the temperature generating system to
compensate for inaccuracies of the temperature depen-
dent oscillator both as to base frequency and rate of
change of frequency as a function of temperature.

The system employs a thermal sensitive oscillator 84.
The frequency of this oscillator may be expressed as:

f=kt+f, where:

f=observed frequency of oscillator;

t =temperature;

f,=the fundamental frequency of the oscillator at a

given temperature; and k is a constant.

Because of the manufacturing variances it may be nec-
essary to compensate the oscillator by effectively ad-
justing the fundamental frequency and the constant. In
order to achieve this the circuit of FIG. 3 provides the
output of the oscillator 84 to a counter 86 and periodi-
cally clears the counter with a signal derived from a
stable periodic source 88. The count contained in
counter 86 each time it is cleared is provided to a sub-
tractor 90 which also receives a digital number from a
circuit 92 which stores a base temperature adjustment.
The contents of the register 92 may be adjusted from a
program source 94 either at the factory or in use.

The output of the subtractor 90 is fed through a di-
vider 96 which divides the output of the subtractor by a
signal from a register 98 containing a number which 40
affects the rate of change of frequency as a function of
temperaure adjustment. The contents of the register 98
are likewise adjusted from the program source 84.

The output of the divider 96 provides an accurate
measurement of actual temperature. Adjustments in the 45
contents of the register 92 effectively adjust the funda-
mental frequency of the oscillator and adjustments in
the register 98 modify the rate of change of the output
signal to divider 96 as a function of temperature.

The output of the divider 96 is provided to a pair of 50
comparators 100 and 102. The comparator 100 also
receives the content of an adder 104 which adds a lead
factor, stored in register 106, to the desired temperature
signal as denved from memory 22 or a similar source.
This lead factor may be 3° for example so that when the
desired temperature i1s 70° the output of the adder 104 is
a digital number representative of 73°, Similarly, the
lead factor stored in register 106 is subtracted from the
destred temperature signal in subtractor 108 which pro-
vides the remainder to another comparator 110. When 60
the actual temperature is 70° and the lead factor is 3°,
the subtractor 108 will output a digital signal represen-
tative of 67°.

When the actual temperature exceeds the output of
the adder 104 a signal is provided to an output switch 65
112 causing the switch to close. The switch 112 actuates
the air conditioner 80. Similarly, when the actual tem-
perature signal from the divider 96 is less than the out-
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put of the subtractor 110, a signal is provided to an
output switch 114 which controls the heater 92.

This system thus provides a dead zone equal to twice
the value set in the register 106. When the temperature
exceeds the top.end of that dead zone the air condition
15 energized and when the actual temperature falls
below the bottom of the dead zone the heater is ener-
gized.

In alternative embodiments of the invention separate
lead factors could be provided for the air conditioner
and the heater. The lead factor may be preset or pro-
grammable as from the program source 94.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

[1. A thermostat for controlling the application of
electrical power to a temperature modifying load, com-
prising: means for generating an electrical signal having
a characteristic which varies as a function of the ambi-
ent temperature on the thermostat; a clock operative to
generate digital electrical signals having values repre-
sentative of real time; a programmable, digital memory;
means for loading said memory with a plurality of sepa-
rate programs each comprising digttal signals represen-
tating desired temperature at particular times over a
repetitive time cycle; means for selecting one of said
plurality of programs, circuitry for applying the output
of the clock to the memory to generate a digital electric
signal representative of the desired temperature at a
particular time as stored in said selected program;
means for receiving the electrical signal having a char-
acteristic which i1s a function of ambient temperature
and the output of the memory and for generating a
control signal for said temperature modifying devices as
a function of their difference. ]

[2. The thermostat of claim 1 including a display
device and means for connecting the display device to
said electrical signal having a characteristic which var-
1es as a function of ambient temperature and to the
output of the clock.}

[3. The thermostat of claim 1 including manually
operable means for programming said memory. }

[4. The thermostat of claim 1 wherein said clock
comprises a digital divider chain driven by a periodi-
cally varying electrical signal having a frequency inde-
pendent of the ambient temperature of the device.]}

I 5. The thermostat of claim 4 wherein said means for
generating an electrical signal having a characteristic
which varies as a function of the ambient temperature
on the thermostat includes means for receiving said
periodically varying signal and said electrical signal
having a characteristic which varies as a function of the
ambient temperature on the thermostat.}

[ 6. The thermostat of claim 4 wherein said electrical
signal having a characteristic which varies as a function
of the ambient temperature on the thermostat comprises
an oscillator having a temperature dependent element in
its tank circuit.]

[7. The thermostat of claim 1 wherein the electrical
signal having a characteristic which varies as a function
of the ambient temperature in the thermostat is digital.}

[ 8. The thermostat of claim 7 wherein the thermostat
1s formed as an integrated semi-conductor circuit.}

[9. A thermostat for generating control signals for a
temperature modifying device, comprising: means for
generating a digital electrical signal representative of
the ambient temperature on the thermostat; means for
generating a digital electrical signal representative of
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the time within a repetitive time cycle; a programmable
digital memory; means for loading said memory with a
plurality of separate programs each comprising digital
signals representating desired temperature at particular
times over a repetitive time cycle; means for selecting
one of said plurality of programs; circuit means for
interrogating said memory with said digital time signal
to generate a digital signal representative of the desired
temperature at the existing time as stored in said se-
lected program; and a comparator operative to receive
the digital signal representative of the ambient tempera-
ture on the thermostat and the digital signal representa-

S
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tive of the desired temperature, and to provide a control

signal to said temperature modifying device. ]

[10. The thermostat of claim 9 wherein said means
for generating a digital electrical signal representative
of the time within a repetitive time cycle includes means
for generating a constant frequency periodically vary-
ing electrical signal, and said means for generating a
digital electrical signal representative of the ambient
temperature on the thermostat includes a temperature
sensitive oscillator and means for receiving the output
of the oscillator and the constant frequency signal. ]

F11. The thermostat of claim 9 wherein said means
for generating a digital time signal comprises an oscilla-
tor which has a constant frequency output at ambient
temperatures over the range of the thermostat and a
divider chain operative to receive the output of the
oscillator. J

[12. The thermostat of claim 9 wherein said means
for loading said memory with a program of desired
temperatures for different times over a repetitive time
cycle includes a manually operable keyboard. }

[13. The thermostat of claim 9 including digital
means for modifying the output of the memory to gen-
erate a signal which is provided to the comparator in
order to offset the temperature occurrence of the con-
trol signal with respect to the ambient temperature. J

[ 14. The thermostat of claim 1 including a source of
a constant frequency, periodically alternating electrical
signal forming part of both said means for generating an
electrical signal having a characteristic which varies as
a function of the ambient temperature on the thermostat
and said clock.]}

[15. A thermostat for generating control signals for a
temperature modifying device comprising:

means for generating a digital electrical signal repre-

sentative of the ambient temperature on the ther-
mostat;
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erating means provides a 24-hour period signal to said
interface means wherein said interface means selects
one of the schedules for the particular 24-hour period. }

[17. The thermostat of claim 16 wherein said inter-

face means further includes means for coupling, the
desired temperature from the selected schedule to said
other comparator input according to a time of day sig-
nal supplied by said digital time generating means.}

18. A thermostat for controlling the application of elec-

trical power to a specified electrically controlled tempera-
ture modifying device comprising:

a source of a periodically alternating electrical signal
whose frequency Is constant at ambient temperatures
over the range of the thermostat;

a source of a periodically alternating electrical signal
whose frequency varies as a function of the ambient
temperature on the thermostat;

- circuit means, responsive to the respective frequencies of
said time-base electrical signal and said temperature-
sensitive electrical signal, for generating a digital
electrical signal representing the ambient temperature
on the thermostat;

a clock utilizing an output from said source of a constant
frequency electrical signal to generate digital electri-
cal signals having values representative of real time;

a programmable, digital memory;

means for loading said memory with a plurality of sepa-
rate programs for alternative use in controlling the
specified temperature modifying device, each said
program comprising digital signals representing de-
sired temperatures at particular times over a twenty-
four hour period;

means for selecting one of said plurality of said pro-
grams;

circuitry for applying the output of the clock to the mem-
ory to generate a digital electric signal representative
of the desired temperature at a particular time as
stored in said selected program, and

means for receiving the electrical signal and the output
of the memory and for generating a control signal for
said specified temperature modifying device as a func-
tion of the difference between the ambient tempera-
ture and the desired temperature,

whereby, through the use of said means for selecting one
of said programs the ambient temperature at the ther-
mostat may be controlled in accordance with different
days of the week.

19. A thermostat for controlling the application of elec-

trical power to a specified electrically controlled tempera-

manually accessible means for storing a plurality of 50 tfure modifying device comprising:

time/temperature schedules in a programmable
digital memory, said schedules providing a digital
electrical signal representative of desired tempera-
tures for different times within the interval defined
by each schedule;

means for generating a digital electrical signal repre-
sentative of time;

comparator means having one input coupled to said
ambient temperature generator means;

interface means coupled to said digital time generat- 60

ing means operative to selectively couple one of
the schedules to the other input of said comparator;
and
means for coupling the output of said comparator to
said temperature modifying device.]
[ 16. The thermostat of claim 15 wherein said sched-
ules provide a listing of desired temperatures through-
out a 24-hour period and wherein said digital time gen-

35

635

a source of a periodically alternating electrical signal
whose frequency is constant at ambient temperatures
over the range of the thermostat;

a source of a periodically alternating electrical signal
whose frequency varies as a function of the ambient
temperature on the thermostat,

means for comparing the frequency of said constant
frequency signal with the frequency of said varying
frequency signal to generate a signal representing the
ambient temperature on the thermostat;

a clock utilizing an output from said source of a constant
frequency signal to generate digital electrical signals
having values representative of real time;

a programmable, digital memory;

means for loading said memory with a plurality of sepa-
rate programs for alternative use in controlling the
specified temperature modifying device, each said
program comprising digital signals representing de-
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sired temperatures at particular times over a twenty-
four hour period;

means for selecting one of said plurality of programs;

circuitry for applying the output of the clock to the mem-
ory to generate a digital electric signal representative
of the desired temperature at a particular time as
stored in said selected program,; and

means for receiving the signal having a characteristic
which is a function of ambient temperature and the
output of the memory and for generating a contro!
signal for said specified temperature modifying device
as a function of the difference between the ambient
temperature and the desired temperature,

whereby, through use of said means for selecting one of
said programs the ambient temperature at the thermo-
stat may be controlled in accordance with different
days of the week.

20. A thermostat for controlling the application of elec-
trical power to a specified electrically controlled tempera-
ture modifying device comprising:

a source of a periodically alternating electrical signal
whose frequency is constant at ambient temperatures
over the range of the thermostat,

a source of a periodically alternating electrical signal
whose frequency varies as a function of the ambient
temperature on the thermostat, said variation being
measured from a base frequency at a base tempera-
ture;

a counter for periodically generating a digital count
representative of the difference between the current
value of said temperature-variable frequency and the
base frequency;

means for subtracting a digital base-temperature adjust-
ment number from each said count and to derive from
the result a digital signal representative of the ambient
temperature on the thermostat;

a clock utilizing an output from said source of a constant
frequency signal to generate digital electrical signals
having values representative of real time;

a programmable, digital memory;

means for loading said memory with a plurality of sepa-
rate programs for alternative use in controlling the
specified temperature modifying device, each said
program comprising digital signals representing de-
sired temperatures at particular times over a twenty-
four hour period;

means for selecting one of said plurality of programs;

circuitry for applying the output of the clock to the mem-
ory to generate a digital electric signal representative
of the desired temperature at a particular time as
stored in said selected program; and

means for receiving the electrical signal having a charac-
teristic which is a function of ambient temperature
and the output of the memory and for generating a
control signal to the specified temperature modifying
device as a function of the difference between the
ambient temperature and the desired temperature;

whereby, through use of said means for selecting one of

said programs the ambient temperature at the thermo- 60

stat may be controlled in accordance with different
days of the week.

21. A thermostat for controlling the application of elec-
trical power to a specified electrically controlled tempera-
ture modifying device comprising:

a source of a periodically alternating electrical signal

whose frequency is constant at ambient temperatures
over the range of the thermostat;
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a source of a periodically alternating electrical signal
whose frequency varies as a function of the ambient
temperature on the thermostat, said variation being
measured from a base frequency at a base tempera-
ure,;

a counter for periodically generating a digital count
representative of the difference between the circuit
value of said temperature-variable frequency and the
base frequency;

means for dividing said count by a digital temperature-
slope adjustment number and to derive from the resuit
a digital signal representative of the ambient tempera-
ture on the thermostat;

a clock utilizing an output from said source of a constant
frequency signal to generate digital electrical signals
having values representative of real time;

a programmable, digital memory;

means for loading said memory with a plurality of sepa-
rate programs for alternative use in controlling the
specified temperature modifying device, each said
program comprising digital signals representing de-
sired temperatures at particular times over a twenty-
four hour period;

means for selecting one of said plurality of programs;

circuitry for applying the output of the clock to the mem-
ory to generate a digital electric signal representative
of the desired temperature at a particualr time as
stored in said selected program,; and

means for receiving the electrical signal having a charac-
teristic which is a function of ambient temperature
and the output of the memory and for generating a
control signal to the specified temperature modifying
device as a function of the difference berween the
ambient temperature and the desired temperature;

whereby, through use of said means for selecting one of
said programs the ambient temperature at the thermo-
stat may be controlled in accordance with different
days of the week.

22. A thermostat for controlling the application of elec-
trical power to a specified electrically controfled tempera-
ture modifying device comprising:

a source of a periodically alternating electrical signal
whose frequency is constant at ambient temperatures
over the range of the thermostal;

a source of a periodically alternating electrical signal
whose frequency varies as a function of the ambient
temperature on the thermostat, said variation being
measured from a base frequency at a base tempera-
ture;

a counter for periodically generating a digital count
representative of the difference between the current
value of said temperature-variable frequency and the
base frequency;

means for subtracting a digital base-temperature adjust-
ment number from each said count to generate an
intermediate result;

means for dividing said intermediate result by a digital
temperature-siope adjustment number to generate a
final result and to derive from the final result a digital
signal representative of the ambient temperature on
the thermostat;

a clock utilizing an output from said source of a constant
frequency signal to generate digital electrical signals
having values representative of real time;

a programmable, digital memory;

means for loading said memory with a plurality of sepa-
rate programs for alternative use in controlling the
specified temperature modifying device, each said
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program comprising digital signals representing de-
sired temperatures at particular times over a twenty-
four hour period;

means for selecting one of said plurality of programs;

circuitry for applying the output of the clock to the mem-
ory to generate a digital electric signal representative
of the desired temperature at a particular time as
stored in said selected program; and

means for receiving the electrical signal having a charac-
teristic which is a function of ambient temperature
and the output of the memory and jfor generating a
control signal to the specified temperature modifying
device as a function of the difference between the
ambient temperature and the desired temperature;

5

10

whereby, through use of said means for selecting one of 15

said programs the ambient temperature at the thermo-
stat may be controlled in accordance with different
days of the week.

23. A thermostat for controlling the application of elec-
trical power to a specified electrically controlled tempera-
ture modifying device comprising:

means for generating an electrical signal having a char-

acteristic which varies as a function of the ambient

temperature on the thermostat;

20
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having values representative of real time;

30

35

435

50

55

65

14

a source of a constant frequency, periodically alternating
electrical signal forming part of both said means for
generating an electrical signal having a characteristic
which varies as a function of the ambient temperature
on the thermostat and said clock;

a programmable, digital memory;

means for loading said memory with a plurality of sepa-
rate programs for alternative use in controlling the
specified temperature modifying device, each compris-
ing digital signals representing desired temperatures
at particular times over a twenty-four hour period;

means for selecting one of said plurality of programs;

circuitry for applying the output of the clock to the mem-
ory to generate a digital electric signal representative
of the desired temperature at a particular time as
stored in said selected program,; and

means for receiving the electrical signal having a charac-
teristic which is a function of ambient temperature
and the output of the memory and for generating a
control signal to the specified temperature modifying
device as a function of their difference,

whereby, through use of said means for selecting one of
said programs the ambient temperatures at the ther-
mostat may be controlled in accordance with different
days of the week.
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