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. We,’ RADIO CORPORATION OF AMERICA,
Corporatmon organized under the laws of the
. State of Delaware, United States of America,
- of 30, Rockefeller Plaza, City and State of
5 New York, United States of America, do
hereby declare the invention, for which we
pray that a patent may be granted to us, and
- the method. by which it is to be performed,
" {o be particylarly described in and by the
10 followxng statement :—
This . invention relates to . an. ambient
¢ond't10n responsive switching device.
.. Although the switching system. of . this
invention has otber utility it is here described,

15 by way of examvple, as part of a.thermostatic-

ally controlled system for turning on and off

a current through a heating device 1n

response to variations in ambient temperature.

) In many pulse switching =systems, the

20 voltage of the vulse to be switched must rise

to a.substantial value before the switching

means can be turned on. As a result of

. $witching at high voltage, transients’ are

- caused which have annoying effects, such as

25 the production of interference in nearby radio
and television receivers.

According * to the mventxon we provide

a switching device responsive to an ambieni

" °" condition to be controlled -comprising a

30 normally nonconductive current. carrying
element having a control electrode for con-
trolling the conductivity of said element, a
, current responsive element connected .to

receive current from said current carrying.

35 element to afféct said ambient condition, first
and second "current -paths connectéd in
parallel an ambient condition . responsive
element resvonsive to the amblent condition
'to._ be controlled, .means mcludmg said

40 ambient condition responsive element in said
first path to render said first path conductive
to the. exclusion of the second path in one-
amsbxent condition and to render said second.
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path conductwe to the exclusmn of the sard
first. path in another ambient condition, said-45
control - electrode being connected to . be
responsive to conduction in one of said paths
to render said current carrying element.con-.
ductive, and means for apolying pulsed-
potential across said first and second patm S0
and to said current carrying element. - "

The novel features of the invention, both.
as to its organization' and method of
operation will be understood more readily:
from the following descrivtion thereof when- 55 °
read in con;unctron with the aocompanymg
drawing, in which:

Figure 1 is a circuit diagram.of a- thermo—
statically coatrolled apparatus including-one
form of the present invention, and - 60

Figure 2 is a circuit diagram of apoaratus
mcludmg another embodiment -of thrs
invention.

Referring to Figure ‘1, there is shown a-
circuit having a pair of input terminals 10 63
and 12 across which an alternating current-
power suoply may be connected. One of
these terminals (10).is connected to the anode

. of a first rectifier diode 14 and the cathode of:

a second rectifier diode 16. The other of 70
these terminals (12) is connected through.a -.
load resistor 22 to the anode of .a third:
rectifier diode 18 and also through the load:
resistor to the cathode-of a fourth rectifier
diode 20. The load resistor 22 may be a 75
heating element of a utilization device. The .
anode and cathode of a solid state valve 24,
which may be a silicon controlled rectifier,.
is connected between the junction of the
cathodes of the first and third diodes 14 and- 80
18 and the junction of the anodes of the ..
second arpd fourth diodes 16 and 20. . The
silicon controlled rectifier 24 is poled with-
its catbode connected to the anodes of the:

‘second and fourth diodes 16 and 20. In the 85

circuit so far described, the full wave bridge:
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ezgjgy er being

-2_|s not



in the tandemresistors 90, 92 and 94 of the cycle of a.c.
thereto. Wiich path 86 and in the conbination of resistors
rectifier becones conductive .

reduces the voltage drop across the two 20 flows through the | oad resistor
64 and one paths. 86 and 88 that the nonconductive path 85. of the current
limiting resistors®80 or 82. 88 cannot becone conductive for the re-
However, thiys current may be so small 1h§gzpalnder of the hakf cycle of
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5 s apitlied ¢o thacsateairt
4 de%e’lh elec?%did)ZS thereof with respect to
its cathode, at which time the rectifier 24
becomes conductive even though the voltage
of the supplied half wave pulse is very low
20 (for example, about six volts),
trolled rectifier 24 remains conductive,
regardless of the potential applied to its
~control electrode 25, until the voltage applied
- "between its cathiode and anede approaches
25 zero, at which time the controlled rectifir
24 becomes nonconduetive. The controlled
rectifier 24 may again be rendsred conduc-
tive upon applying a sufficiently high pos:-
tive potential to its control electrode 25 with
respect to its cathode. ' In the embodiment
of the invention shown in Figure 1, controi
means are provided to cause the rectlﬁer 24
to become conductive or nonconductive in
- response to a change in temperatire. The
35 switching, however, always takes place at a
low voltage level of the inout pulse. There-
fore. transients and consequent radio and
television interference are minimized, and
substantially the whole cycle of a voltage
40 pulse is utilized.

The control means for the controlled
rectifier comorises two paths 26 and 28 con-
nected in varvallel. The first 26 comprises a
PNP transistor 30 whose emitter is connected

45 to the anode of the silicon controlled rectifier
24 through a current limiting resistor 32.
The emitter of the transistor 30 is also con-
nected to its base through a resistor 34 and

.. to its collector through a resistor 36. The

50 base of the PNP transistor 30 is connected to
the collector of an NPN trans:stor 38. The
collector of the transistor 30 is connected
to the base of the transistor 38. A resistor
40 is connected between the base and the

The emitter of

transistor 38 is connected to the control
electrode 25 of the silicon controlled recti-
fier, and the emitter of transistor 38 is also
connected to the cathode of the silicon con-

30

60 trolled rectifier 24 through a Tesistor 42.

The second path 28 comprises 2 second
PNP transistor 44 whose base is connected
to it§ emitter through a resistor 46.  The
emitter of the transistor 44 is connected to

65 the emitter of the transistor 30. A tem-

The con-

@gmcmraba %blsmebeuaxebm coinected 80
across the paths 26 and 28 for a purposc

shortly to be explained.

Each of the paths 26 and 28 is a voltage
level path which may become conductive at
a low voltage thereacross. However, the 85
voltage at which the paths 26 and 28 become
conductive is determined by the values of
resistors 36, 40 and 42 for path 26 and of
resistors 48, S0 and 54 for path 28.

In the operatlon of the described circuit, 90
voltage pulses or pulse cycjes anpearing at
the output of the full wave rectifier 14-20 in
response to the altematmg clirrent applied
across the input terminals 10 and 12 build
up on the anode of the controlled rectifier 24 95
with respect to its cathode. Until a nos'tlve:s
starting poteatial of sufficient amplitude is
applied to the control electrode 25 of the
controlled réctifier 24 with resoect to the
cathode thereof no current flows through the
rectifier 24 in series with the load resistor 22.
These positive pulses or pulse cycles are also
applled across the path comprising " the
resistor 56 and the capacijtor 58 and across
both paths 26 and 28.

Upon application of a voltage pulse across
the silicon controlled rectifier 24, a smajl
current flows through the resistors 36, 40 ard
42 of the first path 26 and through the
temwerature responsive resistor 48 and the
resistors 50 and 54 of the path 28. These
currents also flow through the load resistor.
22 and throngh the current limiting resistor

100

105

110

32, but these currents are too small to cause

substantial heating of the load resxstor 22 115
or to cause a substantial voltage drop in the
current limiting resistor 32.

When the variable resistor 50.is so adjusted
that the sum of the resistances of the tem-
perature responsive resistor 48, the variable 120
resistor 50 and the biasing resistar 54 is
greater than the sum of the resistances of.
the resistors 36, 40 and 42, then, more current
flows in the resistors 36, 40 and 42 of the
first path 26 than in the resistors 48, 50 and 125
54 of the second path 28. A voltage drop.
builds up across the resistor 40 which s
negative on the emitter of tlie NPN transistor
38 with respect to the base thereof, the.
emitter of this transistor 38 being negative 130



the sizes of the resistors therein, as explained termnals 83 and 79 is

too small to make the 35 in connection with the operation of paths path 86
: ' 28 of Figure 1. Thus, at a
part i ‘ar the sane pul se. No vol tage is then applied adjustnment g e
reskst’dg\ 90 and at a par- to the primary winding 96 of the pul se q’a
ti¢ yl a#fly enperature of the resistor 106, as former 72 and neithe ,@ng

'J
_"the\ ¢ovivrol ted the voltage of the;pppgid ed pul se appearing rectifi® ‘3\‘5

-and--59 are. i ses,

ons-83 and-/9—ki
‘the "dufi i Wit @@xetny lit§ Rolfeites, ETEfrdnsiSodN feSillod 48Cis RRAJoBedli® Towlet thah- tiaatd 86 br eaks
“down f i r s38. betbméshcendudting wl@ﬁbbemgam wlnﬁdtkcthemsnam dpparatshdescribhdis pat h t he

vol t age At P t“hé’B is very
low and st ?e mmuﬁiﬂgo wlt curren@ gg‘:vaﬁb ig ggc{éééen% ?{5Ps m§e§}il£i,ﬂln&5 as wel |
. as 1 tAnsmﬁszhl n deV| ce res on5| vemtrdle&rreoﬁﬁerts‘reandhw gehodé of @d in the
capaci t or; @@HSI% f3 o ’é" S@@?eg@%‘ﬁ;ﬁ 32 & %ﬁedllo t hr ough
“the pr ' ucg{gl M g:aséd%% rgﬁirﬂg Llﬁ'ﬁnt( x%fﬂjhfg/ ﬁ%ﬁ@ lgét Ive

'currentmtth ﬂfermnﬁtte- fletibF el eammarof weng:nﬁdnsmat havi ng

a controIPhET@izS:, %}zt %trne%?e FFGtCPFE‘e‘é?gEPIﬂlg Oﬂq for
ont ol | ebbel FRERER IR, ot MRS PRt %m%ubs? and 59
and t hei rlsa liededthe contfol Ele@idle IRSHHAES indRathl 66TRIH a Chient Jihiting SRBEIri Ve

cat hodetd stllicam nigolled f ipgtifieredt toy mgkedt 6% dmtserips ttherewithe mgp boucanagsted f8om sai d

ductive. 'While the voltage of thé pulse

~current ll.;%ﬁds up across the path 26 (before the path
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rectiFier

26 becomes conductive), the capacitor 58
charges to store sufficient. energy therein
20 reliably to turn on the controlled rectifier 24.
When the path 26 becomes conductive, the
energy stored in capacitor 58 flows througil
the transistors 30 aad 38, into the control
electrode 25 of the controlled rectifier 24, out
25 of the cathode. thereof, and back to the
~ capacitor 58 through the current limiting
resistor 56 reliably to turn on the rectificr
24. When the silicon controlled rectifier 24
becomes conductive, current flows through
30 the silicon controlled rectifier 24 and through
the load circuit 22 causing it to heat. As
soon as the rectifier 24 becomes conductive,
the voltage thereacross becomes very low, so
that the second path 28 cannot become con-
35 ductive. The first path 26 becomes con-
ductive at a low level of voltage of the input
pulse, whereby the controlled rectifier 24 is
turned on at so low a voltage thereacross that

substantxally the whole cycle of the appliéd

40 pulse is used for heating the load resistor 22,
and substantally no transients appear, where-
by substantially no radio or television inter-
ference is caused by this switching action.
Current flows through the controlled rectifier

-45 24 and through the load 22 in series until

the voltage of the pulse drops to or near
Zero.
At the beginning of a_pulse cycle neither
one of the paths 26 and 28 is conductive.
S0 As the temperaturs responsive resistor 43
becomes hotter (for example, in response to
heat developed by the load 22), its resistance
becomes less. When the series resistance of
the three resistors 48, 50 and 54 becomes less
55 than the series resistance of the three
resistors 36, 40 and 42, the path 28 becomes
conductive in a ‘manner similar to that
described in connection with path 26. When
the path 28 becomes conductive, due to the
60 increased voltage drop in the current limjting
resistor 32, the voltage across the path 26
drops to the point where the nath 26 cannot
become conductive. Therefore, the silicon
controlled reeifier 24 does not become con-
65 ductive until the temperature to which the

across the load 64 to indicate when a heating
corrent flows therethrough. The control
electrode or gate of the controlled rectifier
57 is connected through a first secondary
winding 70 of a pulse transformer 72 to the 85
cathode of the silicon controlled rectifier 57,
while the control electrode or gate of the
silicon controlled rectifier 59 is conmected
through a second secondary winding 74 of the
pulse transformer 72 to the cathode of the 90
silicon controlled rectifier 59. A pair of
rectifier diodes 76 and 78 are connected across
the terminals 60 and 62 through the load
64, the anodes of the diodes 76 and 78 being
connected fogether at a junction 79, and the 95
cathodes of the diodes 76 and 78 being con-
nected together through two series connected
current limiting resistors 80 and 82. There-
fore, two voltage pulses or pulse cycles
appear between the junction 83 of the two. 100
resistors 80 and 82 and the junction 79 for
each cycle or pair of pulses of a.c. applied
across the terminals 60 and 62, the junction
79. A storage capacitor 84 is cormectedA
between the junctions 79 and 83 for a pur- 105
pose to be disclosed.

A pair of voltage level switch paths 86
and 88 are connected in parallel with the
storage capacitor 84. These paths 86 and
88 resemble, both in circuit connection and 110
in operation, the paths 26 and 28 of Figure
1. One of these paths 86 comprises a
variable resistor 90 and two additional
resistors 92 and 94, plus the primary wind-
ing 96 of the impulse transformer 72 in 115
tandem. This path also includes a PNP
transistor 98 whose emitter-to-collector patn
is connected across the series resistors 90
and 92, the emitter of the transistor 98 being
connected to the junction 83. A further 120
resistor 100 is connected between the
junction 83 and the base of the transistor .

98. The base of this transistor 98 is also
conpected to the collector of an NPN tran-
sistor 102 whose base-to-emitter path is 125
connected across the resistor 94.

The path 88 comprises a fixed resistor 104
and a temperature responsxve resistor 106
in parallel connected in tandem with two
fixed resistors 108 and 110 in the order 130
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79 are applied
§5 across the capacitor 34.and :the two paths
86 and 88 in parallél.: The current flowing’
in- the tandem resistors 90, 92 and 94 of the
path 86 and in the combination of resistors
104, 106, 108 and 110 of the path 88 also

loandd 20 flows through the loal resistor 64 and one

of the: current limiting resistors 80 or 82.
However, this current.may-be so small that
it causes no substantial heating of the load
resistor 64, no indication- by the indicator.
25 66, and no -substantial voltage  drop . in
either resistor " 80 or 82. At - least, the
current in load resistor..64 is insufficient to
raise the ambient condition at temperature
responsive resistor - 106 beyond -a- certain
30 critical-value. C L
. These paths 86 and 88 break down, that
is, become conductive, at a low value of
voltage applied thereacross, depending on
the sizes of the resistors therein, as explained

35 in connection with the operation of paths

26 and 28 of Figure 1. Thus, at a particular
adjustment of the resistor 90 and at a par-
ticular temperature of the resistor 106, as
the voltage of. the applied pulse appearing

.40 between the junctions 83 and. 79 rises, the

first path 86 breaks down first. ‘At this time,
the voltage drop across the two transistors
98 and 102 in series:is very low and ths
pulse applied across the path 86, as well as

A5 the charge stored in the capacitor 84, goes

through the primary winding 96 of the pulse
transformer -72, thereby causing pulses to
be applied between the control electrodes of
the controlled rectifiers 57 and 59 and their
50 respective cathodes that are sufficiently great
reliably to cause them both to become .con-
ductive.. The charge stored on the capacitor
84 is sufficient to ensure reliable conduction
of the two controlled rectifiers 57 and 59..
55 However, at the instant that the path ¥6.
becomes conductive, the voltage across the
anode and cathode of one of the controlled-
rectifiers 57 and 59 is negative on the anode-
thereof, whereby: this rectifier cannot con-
60 duct current. ' The voltage across the other
of the controlled rectifiers, at that instant,
is positive on’ its anode. The latter rectifier
begins to conduct at a very low voltage of
the wave applied thereacross:-(about six.

| 65: volts) . and continues. to conduct “until .the:

Y il o

the ' . ravey) if (the path 86
1 briea%sfe %@iﬁq;st%éhg 0 ?cl.xtp of the
controlled rectifiers conducts for nearly a
pulse cycle, the first rectifier being poled 30 80
that it is not conductive for the other half
cycle of a.c. wave applied thereto. “Which-
ever controlled rectifier becomes conductive
so reduces the voltage drop across the two
paths 86 and .88 that.the nonconductive path 85.
88 cannot ‘become  conductive for the -re-
mainder of the half cycle of a.c. supply volt-
age.’ D i . .
-Let it be assumed that the adjustment of
the resistor 90 and the temperature of the 90
temperature ‘responsive resistor 106 "are
such that the path 88 becomes conductive
before the path 86 as the voltage of the
applied pulse increases. Current flowing
through one of the currént limiting resistors 95
80 or 82 (depending on which of the diodes
78 or 76 is conductive) increases to the point
where the voltage available  between the
terminals 83 and 79 is too small to make the
path 86 conductive during the remainder of 100
the same pulse. No voltage is then applied
to the primary winding 96 of the pulse trans-
former 72 and neither one of the controlled:
rectifiers 37 and 59 are rendered conductive
during any pulse cycle during which the path
gg becomes conductive rather than the path
. WHAT WE CLAIM IS :—

1. A switchine device responsive to an
ambient-condition to be controlled compris- 110
ing a normally nonconductive - current
carrying element having a control electrode

105

for controlling the conductivity of said

element, a current responsive element con-
nected to receive current from said current
carrying element to affect said ambient
condition, first. and second current paths
connected in parallel, an ambient condition
responsive element responsive to the ambient
condition to be controlled, means including 120
said ambient condition responsive element
in said first path to render said first path
conductive to the exclusion of the second
path in one ambient condition and to render
said second path conductive to the exclusion
of the said first path in another ambiem
condition, said control electrode being con-
nected to be responsive to conduction .in’
one. of said paths to render-said current
carrying. element conductive, and means for 130
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sai Q=% irst . path 86 and in the combination of resistors
: 104, 106, 108 and 110 of the path 88 also
leadd 20 flows through the loal resistor 64 and ons
of the current limiting resistors 80 or 82.
However, this current may be so small that
it causes no substantial heating of the load
resistor 64, no indication by the indicator
25 66, and no substantial voliage drop in
either resistor 80 or 82. At least, the
current in load resistor 64 is insufficient to
raise the ambient condition at temperature
responsive resistor 106 beyond a certain
30 critical-value. -

These paths 86 and 88 break down, that
is, become conductive, at a low value of
voltage applied thereacross, decending on
the sizes of the resistors therein, as explained

:35 in conmection with the operation of paths
26 and 28 of Figure 1. Thus, at a particular
adjustment of the resistor 90 and at a par-
ticular temperature of the resistor 106, as
the voltage of the applied pulse avvearing

40 between the junctions 83 and 79 rises, the
first path 86 breaks down first. At this time,
the voltage drop across the two transistors
98 and 102 in series is very low and the
pulse applied across the path 86, as well as

45 the charge stored in the capacitor 84, goes
through the primary winding 26 of the pulse
transformer 72, thereby causing pulses to
be applied between the control electrodes of
the controlled rectifiers 57 and 59 and their

50 respective cathodes that are sufficiently great
reliably to cause them both to become con-
ductive. The charge stored on the capacitor
84 is sufficient to ensure reliable conduction
of the two controlled rectifiers 57 and 59.

55 However, at the instant that the path 85
becomes conductive, the voltage across the
anode and cathode of one of the controlled
rectifiers 57 and 59 is negative on the anode
thereof, whereby this rectifier cannot con-

0 duct current. The voltage across the other
of the controlled rectifiers. at that instant,.
is positive on its anode. The latter rectifier
begins to conduct at a very low voltage of
the wave applied thereacross (about six
65 volts). and continues' to conduct - until the-
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ever controlled rectifier becomes conductive
so reduces the voltage drop across the two
paths 86 and 88 that the nonconductive path 85.
88 cannot become conductive for the re-
mainder of the half cycle of a.c. supply volt-
age

Let it be assumed that the adjustment of
the resistor 90 and the temperature of the 90
temoerature -responsive resistor 106 are
such that the path 88 becomes conductive
before the path 86 as the voltage of the
applied pulse increases. Current flowing
through one of the current limiting resistors 95
80 or 82 (dependmg on which of the diodes
78.or 76 is conductive) increases to the point
where the voltage available between the
terminals 83 and 79 is too small to make the

‘path 86 conductive during the remainder -of 100

the same pulse. No voltage is then applied
to the primary winding 96 of the pulse trans-
former 72 and neither one of the controlled
rectifiers 37 and 59 are rendered conductive
during any pulse cycle during which the path 105
géé becomes conductive rather than the path

WHAT WE CLAIM IS :—

1. A switchine device responsive to an
ambient condition to be controlled compris- 110
ing a normally nonconductive current
carrying element having a control electrode:
for controlling the conductivity of said
element, a curent responsive element con-
nected to receive current from said current 115
carrying element to affect said ambient
condition, first and second current paths’
connected in parallel, an ambient condition
responsive element responsive to the ambient
cordition to be controlled, means including 120
said ambient condition responsive element
in said first path to render said first path
conductive to the exclusion of the second
path in one ambient condition and to render
said second path conductive to the exclusion 123
of the said first path in another ambient
condition, said control electrode being con-
nected to be respomsive to conduction in’
one of said paths to render said current
carrying. element conductive, and means for 130
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said neans for applying pul sed potential path preventing said first

path fromconprising a pair of termnals adapted to becom ng conductive.
bg, connected to a source of alternating 5. A switching device responsive-
tg an current, a rectifier having input and out put anbi ent condition to be
c%ntrolled sub- 45- 20 termnals, said source termnals being con-
sﬁhntially as described with reference to and nected to the input termnals

of; said-rectifier?,
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g Ogec{ggxwﬁiv&%f%erized
by said means for applying pulsed potential
comprising an alternating voltage source and

a full wave rectifier.
4. A condition responsive switching
15 device according to claim 1, characterized by
said means for applying pulsed potential
comprising a pair of terminals adapted to
be connected to a source of alternating
current,. a rectifier having input and output
20 terminals, said source terminals being con-
nected to the input terminals of said rectifier,
a'second current carrying element, the pair
of current carrying elements each having an
anode, a cathode and. a control electrode, an
25 anode of ome of said  current carrying
elements and a cathode of the other being

it
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elements to render them both conductive, 35
whereby the voltage across the input ter-
minals of said rectifier is reduced to the point
where said second path cannot become con-
ductive, the increased voltage drop in said
limiting resistor in the event of said second 40-
path becoming conductive prior to said first
path preventing said first path from
becoming conductive.

5. A switching device responsive to an -
ambient condition to be controlled sub- 45-
stantially as described with reference to and
as illustrated in the accompanying drawing. -
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