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[57] ABSTRACT

A system for heating and/or cooling utilizing a new
two-wire thermostat and/or a zero voltage switch. Ply-
ral stages of heating and/or cooling may be provided
with a single two-wire thermostat. That is, the sensor
may be a dual automatic changeover thermostat. The
heat control signal may be positive. The cool control
signal may then be negative. Diodes are employed to
pick the control signals by their polarities. The zero
voltage switch inhibits firing of a triac unless the A.C.
input voltage is near crossover. Three embodiments of
zero voltage switches are disclosed. One provides
pulsed crrrent to limit the heat output of an electric
heating element. Another provides, e.g. a two minute
inhibit signal to prevent a cooling system compressor
from being turned on immediately after it has been
turned off. This is desirable to protect the cooling sys-
tem from damage.

5 Claims, 5 Drawing Figures
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COMFORT CONTROL SYSTEM AND
COMPONENTS THEREOF

BACKGROUND OF THE INVENTION

This invention relates to systems for heating and/or
air conditioning, and more particularly, to low cost
multiple purpose apparatus for providing one or more
stages of heating and/or cooling.

In the past, means for controlling both heating and
cooling required considerable: complex wiring and
components. This complexity is increased when elec-
tric heating is employed because electric heating often
requires that two or more heating elements be turned
on in succession.

Conventional devices to control A.C. currents called
zero voltage switches may be employed in electric heat-
ing; however, these conventional devices are more
complex and expensive than they should be.

SUMMARY OF THE INVENTION

In accordance with the present invention, the above-
described and other disadvantages of the prior art are
overcome by providing a system for heating and/or air
conditioning, and/or a thermostat and/or a zero voltage
switch.

The system distinguishes between heat and cool sig-
nals by the polarities thereof.

The zero voltage switches of the present invention
are less complex and less expensive than prior art de-
vices which have similar functions.

One zero voltage switch of the present invention pro-
vides current pulses to an electric heater to limit the
heat output thereof.

Still another zero voltage switch of the present inven-
tion prevents a compressor from being turned on im-
mediately after it has been turned off.

The above-described and other advantages of the
present invention will be better understood from the
following detailed description when considered in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings which are to be regarded as merely
illustrative:

FIG. 1 is a schematic diagram of one embodiment of
the system of the present invention;

FIG. 2 is a schematic diagram of portions of the cir-
cuit shown in FIG. 1; and

FIGS. 3, 4 and 5 are schematic diagrams of zero volt-
age switches constructed in accordance with the pres-
ent invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In FIG. 1, transformer 10 is provided having a pri-
mary winding 11 and a secondary winding 12. An A.C.
voltage is impressed across primary ‘11. This voltage
may be 240 volts, if desired.

The voltage which appears across secondary 12 may
be 24 volts, if desired.

_Secondary 12 has leads 13 and 14 connected from

the respective opposite ends thereof.

A thermostat 15 has leads 16 and 17. Leads 13 and
16 are connected together.

Various junctions 18, 19, 20, 21, 22 and 23 are pro-
vided throughout the circuit.
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2

Thermostat lead 17 is connected to junction 18, Sec-
ondary lead 14 is connected to junction 21, A diode 24
and an incandescent lamp 25 are connected in succes-
sion in that order from junction 19 to junction 21.

Junctions 18, 19 and 20 are connected together.
Junctions 21, 22 and 23 are connected together.

A diode 26 and an incandescent lamp 27 are con-
nected in succession in that order from junction 19 to
Jjunction 22. A diode 28 and an incandescent lamp 29
are connected in succession in that order from junction
20 to junction 23.

Similarly, a diode 30 and an incandescent lamp 31
are connected in succession in that order from junction
20 to junction 23.

It is an important point to one feature of the present
invention that diodes 24 and 26 are poled to be con-
ductive in directions toward lamps 25 and 27, respec-
tively; whereas, diodes 28 and 30 are poled to be con-
ductive in a direction away from lamps 29 and 31, re-
spectively.

Zero voltage switches are provided at 32, 33, 34 and
35 to receive the respective light outputs of lamps 25,
27, 29 and 31.

Zero voltage switches 32, 33, 34 and 35 are provided
with input power over leads 36 and 37.

The zero voltage switch 32 controls electric current
to an electric heating element 38. Zero voltage switch
33 controls the current to an electric heating element
39. Zero voltage switch 34 controls electric current to
cooling apparatus 40. Zero voltage switch 35 controls
the current to cooling apparatus 41.

OPERATION

In the operation of the system of FIG: 1, if the space
around thermostat 15 contains air at a temperature
below the set point, illumination of at least one of the
lamps 25 and 27 will eventually be provided and this
illumination may also increase. If the illumination so
provided has an intensity which is sufficiently high, cur-
rent may be provided to one of the corresponding elec-
tric heating elements 38 and 39. Should the tempera-
ture drop even further, both of the heating elements 38
and 39 will receive current. Zero voltage switches 32
and 33 may thus operate in steps. It has been found
that, although zero voltage switches 32 and 33 will or-
dinarily operate in steps without any special construc-
tion, the circuits thereof may be modified, if desired, to
make them operate in steps. The same is true of the
zero voltage switches 34 and 35 used for cooling:

As stated previously, the direction in which the di-
odes 24, 26, 28 and 30 are poled is important. This is
true because thermostat 15 produces output signals of
one polarity when heating is called for, and signals of
the opposite polarity when cooling is called for.

Any one of the zero voltage switches 32-35, shown
in FIG. 1, may be conventional or of a type illustrated
in any one of FIGS. 3, 4 and 5. If one or more of the
zero voltage switches 32-35 is of a conventional type,
it may be of the type conventionally identified as
*“Monsanto MCS2 Optoisolator.” However, if this con-
ventional zero voltage switch is employed, an incandes-
cent lamp is employed therewith rather than a light
emitting diode as disclosed in Monsanto Bulletin
ANS502, _ ‘

InFIG. 2, transformer 10 is again shown with primary
and secondary windings 11 and 12, respectively. Sec-
ondary lead 13 is connected to. a thermostat terminal
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42. Thermostat lead 16 is also connected to thermostat
terminal 42. Thermostat lead 17 is connected to ther-
mostat terminal 43. Thermostat terminal 43 is then
connected to junction 18, Diodes 24 and 28, and the
respective lamps 25 and 29, are also shown in FIG. 2.
The remainder of the diodes and lamps have been omit-
ted from FIG. 2 for clarity’s sake. The same thing is
true of all of the zero voltage switches 32-35.

Thermostat 15, as shown in FIG. 2, includes a full
wave bridge rectifier 44 having corners or junctions 45,
46, 47 and 48. A diode 49 is connected from junction
45 to junction 46 and poled to be conductive in a direc-
tion toward junction 46. A diode 50 is connected from
junction 47 to junction 46, and is poled to be conduc-
tive in a direction toward junction 46. A diode 51 is
connected from junction 48 to junction 47, and is poled
to be conductive in a direction toward junction 47, A
diode 52 is connected from junction 48 to junction 45,
and is poled to be conductive in a direction toward
junction 485.

Other junctions are provided throughout the circuit.
These junctions include junctions 53, 54, 55, 56, 57,
58, 59 and 60. Junctions 47, 53 and 55 are all con-
nected to thermostat lead 16. Junctions 45 and 54 are
connected to thermostat lead 17. A capacitor 61 is con-
nected between junctions 53 and 54.

A potentiometer 62 is provided having a winding 63
and a wiper 64,

Winding 63 is connected between junctions 55 and
56. Wiper 64 is connected to junction §5. A thermistor
65 is connected between junctions 45 and 56.

Junctions 46 and 59 are connected together. -

An amplifier 66 is provided having a non-inverting
input lead 67, an inverting input lead 68, a positive
power input lead 69, a negative power input lead 70
and an output lead 71.

Leads 67 and 68 are connected respectively from
junctions 57 and 56. Leads 69 and 70 are connected
from junctions 58 and 60, respectively. A resistor 72 is
connected between junctions 58 and 59. A resistor 73
is connected between junctions 57 and 58. A resistor
74 is connected between junctions 57 and 60. A resis-
tor 75 is connected between junctions 48 and 60. A
transistor 76 is provided having a collector 77, an emit-
ter 78 and a base 79. A light emitting diode 80, pro-
vided simply to produce an indication of whether the
resistance between terminals 42 and 43 is high or low,
is connected from transistor base 79 to amplifier output
lead 71 and is poled to be conductive in a direction
toward the lead 71.

Transistor emitter 78 is connected from junction 59.

A resistor 81 is connected between transistor collec-
tor 77 and junction 60.

Note will be taken that potentiometer 62 and therm-
istor 65 are connected directly across the line, i.e. di-
rectly across terminals 42 and 43. Thus, altemately, the
end of potentnometer winding 63 connected to junctlon
55 receives the high positive potential, while in .the
other half cycle, the lower end of thermistor 65 re-
ceives the high positive potential.

One embodiment of the present invention mcludmg
a zero voltage switch is illustrated at 82 in FIG. 3. The
zero voltage switch 82 includes a silicon-controlled rec-
tifier (SCR) 83. An SCR identical to the SCR 83 shown
in FIG. 3 may be employed at 84 and 85 in zero voltage
switches 86 and 87, respectively.
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All of the SCR’s 83, 84 and 85 are of a special, but
conventional, type. The SCR 83 may be described as a
“photo SCR” or as a “light activated SCR.” In any
event, SCR 83 is photosensitive.

SCR 83 has an anode 88, a cathode 89 and a gate 90.

In zero voltage switch 82, a resistor 91 is also pro-
vided with a capacitor 92. Various junctions are pro-
vided at 93, 94, 95, 96, 97, 98, 99. 100 and 101.

Junctions 94 and 98 are connected together. Junc-
tions 93, 96 and 100 are also connected together.

The SCR anode 88 is connected from junction 94.
The SCR cathode 89 is connected to junction 93. Re- -
sistor 91 is connected between junctions 94 and 95. Ca-
pacitor 92 is connected between junctions 95 and 96.

A transistor 102 is provided having a collector 103,
an emitter 104 and a base 105.

Transistor collector 103 is connected to SCR gate 90.
Transistor emitter 104 is connected to junction 93.
Transistor base 105 is connected to junction 95.

As will no doubt now be apparent, a corresponding
lamp, such as one of the lamps 25, 27, 29 and 31 illus-
trated in FIG. 1, illuminate a corresponding SCR 83,
84, or 85.

Junctions 94 and 96 are again connected across a full
wave bridge rectifier including diodes 106, 107, 108
and 109.

Diode 106 is connected from junction 97 to junction
98, and is poled to be conductive in a direction toward
junction 98. Diode 107 is connected from junction 99
to junction 98 and is poled to be conductive in a direc-
tion toward junction 98. Diode 108 is connected from
junction 100 to junction 99 and is poled to be conduc-
tive in a direction toward junction 99.

Diode 109 is connected from Junctlon 100 to junc-
tion 97 and is poled to be conductive in a direction
toward junctlon 97.

A triac is illustrated at 110. Triac 110 has terminals
111, 112, 113 and 114. A lead 115 connects terminals
111 and 112, and is connected to junction 101. Triac
110 has opposite sides 116 and 117 connected respec-
tively to junction 101 and terminal 113.

Triac 110 has a gate 118 connected to terminal 114.

Terminal 114 is connected from junction 97. Termi-
nal 111 is connected from junction 99.

Zero voltage switch 82 has output leads 119 and 120
connected to output terminals 121 and 122, respec-
tively. Leads 119 and 120 are also connected respec-
tively from triac terminals 112 and 113.

In the operation of the zero voltage switch 82 shown
in FIG. 3, the charge on capacitor 92 cannot change
abruptly even though it may have some predetermined
average charge. That is, some small amount of time is
required to charge capacitor 92 further through resis-
tor 91 when the potential of junction 94 rises above the
potential of junction 95. Thus, for a short time when
the potential of junction 94 is small and positive with
respect to that of junction 96, SCR 83 can turn on. If
it has illumination sufficient to turn on, the gate-to-
cathode clamping action of transistor 102 is disabled by
the conduction of SCR 83, and the said clamping ac-
tion thus has no effect on further conduction of SCR
83. Firing of the SCR 83 is not possible at any time
other than said short time because transistor 102 other-
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wise clamps gate 90 to cathode 89 and holds off SCR
83. This can be important for a number of reasons.
When SCR 83 does not turn on during the said short
time, it never turns on during the remainder of the half
cycle which immediately succeeds the said short time.

Note will be taken that SCR 83, when turned on, ef-
fectively short circuits junctions 98 and 100. This, in
turn, short circuits terminals 111 and 114 of triac 110
and the triac 110 is then turned on.

In FIG. 4, zero voltage switch 86 is provided to effect
a pulsating output to heat up elements.

Zero voltage switch 86 includes the SCR 84, as stated

previously. SCR 84 has an anode 123, a cathode 124
and a gate 125. Various junctions 126, 127, 128, 129,
130, 131, 132, 133, 134 and 135 are provided through-
out the circuit.

A transistor 136 is provided including a collector
137, an emitter 138 and a base 139.

Junctions 130, 131 and 134 are connected together.
Junctions 127, 129, 133 and 135 are all connected to-
gether.

SCR anode 123 is connected from junction 130. SCR
cathode 124 is connected to junction 127. SCR gate
125 is connected to junction 126. Junctions 126 and
128 are connected together.

A resistor 140 is connected between junctions 126
and 127.

Transistor collector 137 is connected from junction
128. Transistor emitter 138 is connected to junction
129.

A resistor 141 is connected from junction 130 to
transistor base 139.

A resistor 142 is connected between junctions 126
and 132. A capacitor 143 is connected between junc-
tions 132 and 133. A resistor 144 is connected between
junctions 131 and 132.

In the operation of the zero voltage switch 86, the ca-
pacitor 143 permits the SCR 84 to fire only during cer-
tain spaced intervals. A triac 145 then only provides a
closed circuit between output terminals 146 and 147 at
the said spaced intervals.

The remainder of the zero voltage switch 86, shown
in FIG. 4, and the operation of the said remainder is
identical to corresponding identical portions of the
zero voltage switch 82 shown in FIG. 3. The same is
true of similar structure shown in zero voltage switch
87 of FIG. 5, except for a resistor 148 and a capacitor
149 connected in series in that order from a junction
150 to a junction 151. Resistor 148 and capacitor 149
are employed to take care of the conductive reactance
of a relay (not shown) which may be used in lieu of
triac 1585.

When compressor 152 is employed, preferably a re-
sistor and capacitor are connected in series between
terminals- 112’ and 113’. Resistor 148 and capacitor
149 are preferably used when a relay is employed, but
may or may not be omitted in all other cases, if desired.
Resistor 148 and capacitor 149 may or may not be
omitted when triac 155 is employed.

Junctions 150 and 151 are connected respectively to
terminals 183 and 154 of triac 155.

In FIG. 5, zero voltage switch 87 includes the SCR
85, as stated previously. SCR 85 includes an anode
156, a cathode 157 and a gate 158. Various junctions
are illustrated throughout the circuit including junc-
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6
tions 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 170 and 171.

Junctions 160, 166 and 170 are connected together.
Junctions 159, 164, 165, 169 and 171 are also con-
nected together.

SCR anode 156 is connected from junction 160, SCR
cathode 157 is connected to junction 159, A transistor
172 is provided having a collector 173, an emitter 174
and a base 175. SCR gate 158 is connected to transistor
collector 173, Transistor emitter 174 is connected to
junction 159,

A resistor 176 is connected from junction 160 to
Junction 161. A resistor 177 is connected from junction
161 to junction 162.

Transistor base 175 is connected from junction 162,
A resistor 178 is connected between junctions.161 and
163. A capacitor 179 is connected between junctions
163 and 164.

A component conventionally descrlbed as a pro-
grammable unijunction transistor 180 is provided.
Transistor 180 is functionally the same as an SCR hav-
ing an anode lead 181, a gate lead 182 and a cathode
183.

Anode lead 181 of transistor 180 is connected from
junction 167. Gate lead 182 of transistor 180 is con-
nected from junction 163. A resistor 184 is connected
from emitter 183 to junction 165, A resistor 185 is con-
nected between junctions 168 and 162.

Junctions 167 and 168 are connected together. A re-
sistor 186 is connected between junctions 166 and 167.
A capacitor 187 is connected between junctions 168
and 169.

In the operation of the zero voltage switch 87 shown
in FIG. 5, the use of the capacitors 179 and 187 with
the unijunction transistor 180 prevents SCR 85 from
firing for, for example, a length of time equal to two
minutes after compressor 152 has been turned off.

The following circuit values may be employed, if de-
sired. However, these circuit values are given by way of
example only.

Amplifier 66
Capacitor 92
Capacitor 143
Capacitor 179
Capacitor 187

741 Operational Amplifier
470 picofarads

10 microfarads

1,000 picofarads

10 microfarads

Potentiometer 62 100,000 ohms
Resistor 72 100 ohms
Resistor 73 47,000 ohms
Resistor 74 47,000 ohms
Resistor 75 1 ohm
Resistor 81 100 ohms
Resistor 91 1.5 megohms
Resistor 140 56,000 ohms
Resistor 141 1.5 megohms
Resistor 142 2 megohms
Resistor 144 5 megohms
Resistor 176 470,000 ohms
‘Resistor 177 I megohm
Resistor 178 I megohm
Resistor 184 10,000 ohms
Resistor 185 40 megohms
Resistor 186 40 megohms
Thermistor 65 50,000 ohms
Transistor 76 2N4125
Transistor 136 2N3566
Transistor 172 2N3566
SCR 83 MLS-105.
SCR 84 MLS-105
SCR 85 MLS-105

Unijunction Transistor 180 2N6027

It will be noted that, if desired, dlode 80 may be short
circuited and omitted. Further, amplifier 66 may be
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constructed so as to contain transistor 76 and resistor
81 internally thereof. In this case, the output lead of
amplifier 66 would be connected to junction 59,

Light emitting diode 80 may or may not be con-
nected between amplifier output lead 71 and junction
59, as desired, either when transistor 76 and resistor 81
are omitted or not, or when they are employed inter-
nally of amplifier 66 or not.

Resistor 81 is a current limiting resistor. Resistor 81
protects the circuit of FIG. 2 and, more particularly,
transistor 76 should the load be short circuited.

It will also be referred to herein that amplifier output
lead 71 is connected to junction 52. It is, in fact, so con-
nected. Note that amplifier output lead 71 is connected
to junction 59 through diode 80, the base-emitter cir-
cuit of transistor 76, and from transistor emitter 78 to
junction 59.

It is an advantage in accordance with the present in-
vention that the lamps 25, 27, 29 and 31 are incandes-
cent lamps. The thermal inertia thereof prevents sub-
stantial decay of light intensity during intervals be-
tween immediately adjacent pairs of alternate half cy-
cles. ’

In addition to the reasons given hereinabove, it is im-
portant that the zero voltage switches cannot operate
except at or near zero voltage because they would oth-
erwise cause radio frequency interference (RFI).

To demonstrate how the zero voltage switches oper-
ate only near zero, in FIG. 3, for example, junction 94
may reach a peak potential at 240 V2 volts, whereas
transistor 102 has a threshold level of only about 0.6
volts.

The chopping period of the zero voltage switch 86,
shown in FIG. 4, may be 10 or 20 seconds, if desired.

The phrase “‘means to impress an A.C. voltage™ used
in any of its grammatical forms herein or in the claims
is hereby defined in each case to mean a transformer,
either one of two conductive leads or otherwise.

The phrase *‘zero voltage switch” is hereby defined
for use herein and in the claims to mean the said con-
ventional zero voltage switch, any of the zero voltage
switches disclosed herein, any equivalents of any of the
foregoing or otherwise and which may or may not in-
clude a source of illumination for a light activated SCR.

Note will be taken that the system of the present in-
vention nor any of its components are limited to pro-
viding either electric heat or cooling by any particular
apparatus. For example, the present invention may be
applied to, for example, gas heating. In this case, a triac
or a relay in lieu thereof in each of the embodiments of
switches 34 and 35 may be employed to turn on a gas
valve.

If a relay is employed, resistor 148 and capacitor 149
of FIG. 5§ may be employed to nullify the damaging ef-
fect produced by the switching off of the relay winding
because of the inductive reactance of the relay wind-
ing.

If it is not already apparent from the foregoing, the

thermostat 15 is of the modulating type. That is, it does 6

not snap. It also can be provided with hysteresis, if de-
sired.

As is well known, polarities may be reversed by sub-
stituting PNP type transistors for NPN transistors, and
vice versa, and making other similar changes wherever
necessary. For example, the poling of diodes in some
cases may need be reversed.
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In some instances, either one or both of the resistors
72 and 75 may be short circuited and eliminated. Fur-
ther, transistor 76, diode 80 and resistor 81 may be
eliminated, and amplifier output lead 71 connected di-
rectly to junction 59, if desired.

Thermistor 65 has a negative temperature coefficient
of resistance. However, a temperature sensitive resistor
may be substituted for resistor 65 which has a positive
temperature coefficient of resistance. If this reversal is
made, diodes 24, 26, 28 and 30 must be poled in direc-
tions opposite to those shown in FIG. 1.

The word *“‘connected” in any of its grammatical
forms as used herein and in the claims is hereby defined
to mean, in each case, a resistor, any other circuit com-
ponent, a conductive lead or otherwise.

Solid state thermostats are not broadly new in this
art. As in many of the prior art cases, adjustment of
wiper 64 on potentiometer winding 63 determines the
set point of thermostat 15 in FIG. 2.

Resistor 73 or resistor 74 may be variable to increase
or to decrease the offset voltage of the amplifier 66. Po-
tentiometers may be added, if desired, to the thermo-
stat 15 of FIG. 2 at various locations therein to accom-
plish the same purpose.

Each of the lamps 25, 27, 29 and 31 may illuminate
two or more zero voltage switches, if desired. )

It is possible to omit, for example, diodes 26 and 30,
and lamps 27 and 31. Lamp 25 could then illuminate
both of the zero voltage switches 32 and 33, while lamp
29 could illuminate both of the zero voltage switches
34 and 35.

Resistor 75 in FIG. 2 may be 1 ohm or substantially
more than 1 ohm for adjusting the temperature over
which modulation occurs.

What is claimed is:

1. A comfort control system comprising: a thermostat
having first and second main leads, said thermostat
having means therein being adapted to produce heat
and cool signals of first and second opposite polarities,
respectively; at least first and second main diodes; a
main junction connected from said second thermostat
.main lead, both of said main diodes being connected
from said main junction, said first main diode being
poled away from said main junction, said second main
diode being poled toward said main junction; first
means including first and second leads for producing an
A.C. voltage, said first means’ first- lead being con-
nected to said first thermostat lead; second means
including a first circuit connected from one of said
main diodes to said first means second lead to heat
the space around said thermostat; and third means
including a second circuit connected from the other
of said main diode to cool the space around said
thermostat, said first and second circuits each in-
cluding an incandescent lamp, first and second zero
voltage switches fixed relative to said first and
second - lamps, respectively, to receive the light
outputs thereof, respectively, fourth and fifth- means

0 connected from said first and second zero volt-

‘age switches, respectively, to heat or to cool the space
around said thermostat, respectively, when the temper-
ature of said space is respectively below or above a pre-
determined set temperature.

2. The invention as defined in claim 1, whereinb said
thermostat includes a first full wave bridge rectifier
having first, second, third and fourth auxiliary diodes,
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and first, second, third and fourth junctions, said first
auxiliary diode being connected from said first junction
to said second junction and poled to be conductive
toward said second junction, said second auxiliary
diode being connected from said third junction to said
second junction and being poled to be conductive
toward said second junction, said third auxiliary diode
being connected from said fourth junction to said third
junction and being poled to be conductive toward said
third junction, said fourth auxiliary diode being con-
nected between said fourth and first junctions and
being poled to be conductive toward said first junction,
one of said first and second thermostat main leads
being connected to one of said first and third junctions,
said main junction being connected to the other of said
first and third junctions, said thermostat having first
and second internal leads, and fifth, sixth, seventh,
eighth and ninth junctions, said first internal lead being
connected to one of said second and fourth junctions,
said second internal lead being connected to the other
of said second and fourth junctions, a differential am-
plifier having inverting and noninverting input leads,
first and second power leads, and an output lead, said
output lead being connected to said eighth junction,
said first internal lead being connected to said eighth
junction, said seventh and eighth junctions being con-
nected together, said fourth junction being connected
to said second internal lead, said thermostat including
first, second, third and fourth resistors, said first resis-
tor being connected from one of said first and third
junctions to said fifth junction, said second resistor
being connected from the other of said first and third
junctions to said fifth junction, one of said first and sec-
ond resistors being variable, the other of said first and
second resistors being temperature sensitive, said fifth
Jjunction being connected to said amplifier inverting
input lead, said third resistor being connected between
said sixth and seventh junctions, said fourth resistor
being connected between said sixth and ninth junc-
tions, said sixth junction being connected to said ampli-
fier noninverting input lead, said. first and second
power leads of said amplifier being connected to said
seventh and ninth junctions, respectively.

3. The invention as defined in claim 2, wherein said
thermostat additionally includes a first capacitor, fifth,
sixth and seventh resistors, and a first transistor having
a collector, an emitter and a base, said amplifier output
lead being connected to said first transistor base, said
first transistor emitter being connected to said eighth
Jjunction, said seventh resistor being connected from
said first transistor collector to said ninth junction, said
fifth resistor being connected between said seventh and
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eighth junctions, said sixth resistor being connected be-
tween said fourth and ninth junctions, said capacitor
being connected between said first and third junctions.

4. The invention as defined in claim 3, wherein one
of said zero voltage switches has a construction the
same as the other, said construction including a photo-
sensitive silicon-controlled rectifier (SCR), a second
transistor having a collector, an emitter and a base, an
eighth resistor, a second full wave bridge rectifier, and
a triac having first and second sides, said construction
including first and second output leads connected from
said first and second triac sides, respectively, said sec-
ond bridge rectifier including tenth, eleventh, twelfth
and thirteenth junctions and fifth, sixth, seventh and
eighth auxiliary diodes, said triac having a gate con-
nected from said second side thereof to said tenth junc-
tion, said twelfth junction being connected to said con-
struction first output lead, said fifth diode being con-
nected between said tenth and eleventh junctions and
poled to be conductive toward said eleventh junction,
said sixth diode being connected between said eleventh
and twelfth junctions and poled to be conductive
toward said eleventh junction, said seventh diode being
connected between said twelfth and thirteenth junc-
tions and poled to be conductive toward said twelfth
junction, said eighth diode being connected between
said tenth and thirteenth junctions and poled to be con-
ductive toward said tenth junction, fourteenth, fif-
teenth and sixteenth junctions, said fourteenth and six-
teenth junctions being connected from said eleventh
and thirteenth junctions, respectively, the SCR of said
one switch being fixed relative to one of said lamps to
be illuminated thereby, the SCR of said other switch
being fixed relative to the other of said lamps to be illu-
minated thereby, said construction also including said
eighth resistor connected between said fourteenth and
fifteenth junctions, a second capacitor connected be-
tween said fifteenth and sixteenth junctions, said SCR
having an anode connected from said fourteenth junc-
tion, a cathode connected to said sixteenth junctions,
and a gate, said second transistor collector, emitter and
base being respectively connected from said SCR gate,
said sixteenth junction and said fifteenth junction.

5. The invention as defined in claim 4, including a
light emitting diode, said amplifier output lead being
connected to said first transistor base by said light emit-
ting diode, said light emitting diode being poled to be
conductive in a direction toward said amplifier output
lead.

* ok ok %k ok



