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his invention relates to improvements in elec 
tric switches, and more particularly to a switch 
so constructed that, while unaffected by changes 
in ambient temperature, it is responsive to the 
action of radiant energy emanating from a source 
of light to open or close, and is a further de 
velopment or continuation of the invention dis 
closed in the applicant's prior copending appli 
cation Serial No. 94,352, fled August 5, 1936. 

It is an object to provide a switch of the char 
acter described with a single thermal actuating 
element so constructed as to be unaffected by 
ambient temperature, and to provide means for 
Concentrating the rays of light upon a portion 
of the thermal element. 
The advantages of this improved construction 

over that disclosed in said prior copending appli 
cation are obvious. The mass of material in the 
thermal element is reduced to a minimum and 
thereby reduces the amount of radiant energy 
required to operate the switch. When employed 
as a part of a fluid fuel burning device, the 
switch may be focused upon a bright spot of the 
flame and be unaffected by normal fluctuation 
in the fame. Also, the rays of light emanating 
from sources other than that upon which the 
switch is focused will be deflected from the ther 
mal element. 
With these and other objects in view reference 

is made to the accompanying sheet of drawings 
which inlustrates preferred embodiments of this 
invention, with the understanding that minor 
changes may be made without departing from 
the scope thereof. 

in the drawing: 
Figure 1 is a view in side elevation of one form 

of this improved switch with parts broken away 
and partly in section. 

Figure 2 is an enlarged view in transverse ver 
tical section taken on the line 2-2, Figure 1, 
looking in the direction of the arrow. 

Figure 3 is an enlarged detail view of the oper 
ating members of Figure 1 shown partly in top 
plan and partly in section. 

Figure 4 is a view similar to Figure 2 of an 
other form of this invention. 

Figure 5 is an enlarged expanded detail frag 
mentary view of one form of thermal member. 

gure 6 is a similar view of another form of 
thermal member. 

Figure 7 is a schematic view showing the wir 
ing diagram of an oil burner control employing 
this improved switch. 

Figure 8 is a view in vertical central section 

of another form of this invention, with parts 
shown in elevation. 

Figure 9 is a detail plan view of a modified 
form of colled thermal member. 
The preferred form of this improved switch is 

shown in Figures 1, 2, 3 and 7 and includes a 
sealed container preferably of glass having a 
well 2 at the unobstructed end thereof and two 
electrodes 3 and 4 sealed in the opposite end 
thereof. The electrode 3 is arranged to nor 
mally enter and remain in contact with a globule 
of mercury 5 or other electrical conducting fluid 
contained in the well 2 when the switch is in the 
position shown in Figure 1. The electrode 4 is 
SO formed that its free end extends in the axis 
of the container , as shown in Figure 3, and 
mounts thereon a concave reflector 6 and by an 
extension 7 from the free end a colled thermal 
member 8, the termination of the outer convolu 
tion thereof carries a contact piece 9 adapted to 
be engaged and withdrawn from the mercury 5 
to make and break the circuit through the switch. 
The thermal member 8 is in the form of a coil 

of bi-metallic or thermal metal, and, as shown 
in Figure 5, is so constructed that at approxi 
mately the middle of the coil the metals O and 

are relatively reversed, so that when sub 
jected to changes in ambient temperature one 
section of the coil expands while the other sec 
tion contracts, with the result that since the 
inner convolution of the coil is secured upon the 
stationary or immovable extension the rela 
tive position of the contact 9 upon the free end 
of the outer convolution remains unaffected by 
changes in ambient temperature. If desired to 
prevent the heat absorbed in one section being 
transmitted to the adjacent section, material 2 
of low heat transmission may be inserted be 
tween the two sections as shown in Figure 6. 
The extension 7 from the electrode 4 supports 

the thermal coil 8 axially of the end of said elec 
trode and of the container with the entire in 
ner section of the coil, before the change in the 
relations of the bi-metallic metals O and if, 
supported within the field of the rays reflected 
from the concave reflector 6, as shown in Fig 
lure 3. When the axds of the container is in line 
with a source of light, the direct rays strike the 
entire surface of the coil adjacent the source, 
so that one section will expand and the other 
contract as when affected by changes in ambient 
temperature with no operation of the switch, 
but the rays reflected by the concave reflector 6 
upon the side of the coll most distant from the 
source of light are concentrated upon the inner 
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2. 
most section of the coil 8 and will cause the coil 
to expand or contract in accordance with the 
nature of the thermal material employed to open 
or close the circuit by the movement imparted 
to the contact 9. In the construction shown in 
Figures i, 2 and 3, the coil 8 is so constructed 
as to expand and open the circuit as a result of 
the presence of a source of light when aligned 
therewith. Should a source of light be estab 
lished at an angle to the axis of the container 
, such rays will not be concentrated upon the 
inner section of the coil but will be reflected by 
the concave reflector 6 either upon both sections 
with the same result as changes in ambient ten 
perature or so as not to fall upon the coil. 
In the switch shown in Figure 4, the contact 9 

normally closes the circuit. The coil 8 is con 
structed as above described, but the Sections 
employ metals offering different resistance to the 
passage of the electric current, whereby the con 
tinued passage of an electric current will cause 
a greater increase in temperature in the Outer 
section of the coil to open the Switch. The preS 
ence of a source of light in line with the axis of 
the container before the opening of the circuit 
will concentrate the rays from the concave re 
flector 6 upon the inner section of the coil to 
increase its temperature to that of the outer sec 
tion and the circuit will continue to pass through 
the switch. If desired, an external magnetic 
force M may be employed to coact with an arma 
ture of magnetic metal O mounted upon the 
contact 9 so positioned that upon the opening of 
the switch the armature O is brought within the 
field of the magnetic force M and the resistance 
of the magnetic force must be Overcome before 
the switch will close, so that the normal closing 
of the switch will be prevented, thereby neces 
sitating a manual resetting such as the removal 
momentarily of the magnetic force M from the 
armature 0. 
A practical application of this improved switch 

is illustrated in Figure 7 wherein a commercial 
form of the pressure type of oil burner O is shown 
installed with a commercial type of a domestic 
heating furnace F with the electrical control con 
nection shown in diagram. The relay R, main 
switch MS and safety switch SS are preferably 
constructed and operated as disclosed in this ap 
plicant's prior Patent No. 2,024,697, dated De 
cember 17, 1935. When the burner O is idle the 
circuit from the commercial source is completed 
from wire L through the commercial boiler con 
trol B, safety switch SS and primary windings 
of the relay R to wire L'. When the room ther 
mostat T, a commercial article, closes the circuit 
through the secondary winding of the relay R, it 
not only operates the relay to close the main 
switch MS to the burner motor, but it also closes 
the circuit through the heating element H of the 
Safety switch, which will at the end of a pre 
determined time open the Safety switch unless 
this part of the circuit is shunted out. 
The form of this improved switch illustrated in 

Figures 1, 2 and 3 is shown mounted in the draft 
pipe P of the oil burner with the axis of its con 
tainer in line with the burner flame and the 
switch is shown connected in the secondary cir 
cuit to shunt out the safety switch if the burner 
fluid is ignited within the said predetermined 
time. The Switch in container f is normally open 
So that when the room thermostat T calls for 
heat by closing, the establishment of the burner 
flame creates a source of light which acts upon 
the improved switch to close its circuit and shunt 

2,162,098 
the heating element as long as the flame burns. 
The increase or decrease of ambient temperature 
within the draft pipe P within which the Switch 

is mounted does not affect its operation. 
The form of this improved switch illustrated in 

Figure 4 is a further development of the employ 
ment of operating members offering different 
electrical resistance to the passage of an electric 
current therethrough, as disclosed in this appli 
cant's prior co-pending application executed De 
cember 30, 1936, Serial No. 118,719, filed January 
2, 1937. 

It is to be understood that in the form, shown 
in Figure 2 while the thermal operating coil 8 
includes two continuous sections, both sections 
are of material offering the same electrical re 
sistance to the passage of an electrical current 
through the coil when the Switch is closed but 
the response of the Sections is reversed upon 
changes in temperature, that is, one contracts 
While the other expands and, as this invention 
contemplates constructing each section of sim 
ilar materials. having the same coefficient of ex 
pansion, the relation of the contact 9 to the mer 
cury 5 will not be changed until the temperature 
of One Section of the thermal coil 8 is affected 
by a change in temperature not imparted to the 
other section, as by concentrating the rays of 
light by the reflector 6 upon the inner section, 
as shown in Figure 3. The thermal coil 8 in the 
form shown in Figure 4 is formed of two sections 
of reverse responsiveness to changes in tempera 
ture and of materials having the same coefficient 
of expansion, but as this invention contemplates 
that the normal position of the SWitch is closed 
when the circuit is closed thereto and that the 
sections of the coil 8 offer different electrical re 
sistance to the current passing therethrough 
when the circuit is established, it is desirable to 
place the greater electrical resistance in the 
Outermost section of the coil So that the passage 
of the current will increase the temperature of 
the Outer Section to a greater degree than that 
of the inner section to cause the Switch to open 
unless the temperature of the inner section of 
the coil - 8 is correspondingly increased, as by 
concentrating the rays of light by the reflector 
6 upon the inner Section. 

Figure 8 illustrates the application of this in 
vention to a different type of container than that 
shown in Figures 1 and 7. In this type of switch 
the axis of the container lies in a vertical plane 
when the switch is in operative position and the 
rays of visible light emanating from the source of 
light pass through the opposite walls of the bulb 
and are concentrated upon the thermal coil by the 
reflector 6a which is arranged upon the exterior 
of the side of the switch opposite the source of 
light. It is preferable to employ a container in 
which the contour of the bulb may be adapted 
to support the means for concentrating the rays 
of light and the reflector 6a may be a metal disc, 
as shown, formed to follow the curvature of the 
container or consist in coating the surface of the 
bulb with paint or metal leaf to form the con 
Cave reflector 6d. 

It has been found that the type of heating 
element shown in Figure 9 may be most advan 
tageously employed in such a device wherein the 
rays of visible light are concentrated thereon to 
normally fall upon the inner or central section of 
the coil. This improved coil 8a is composed of 
two equal lengths of thermal metal arranged to 
be oppositely responsive to changes in tempera 
ture which are joined to each other by overlap 
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2,162,098 
ping the adjacent ends to offset the inner con 
volution of the outer coil and space it apart from 
the adjacent inner convolution, as shown. This 
construction makes the heating element more 
sensitive in operation and does not require the 
Same precision in mounting the coil 8, shown in 
Figures 2, 3 and 4, because such reflected rays as 
may Overlap the inner coil will fall in the space 
between the sections and not affect the Outer 
section. 

It has also been proven by actual test that 
Coils such as 8a may be constructed of thermal 
metal that in weight need not exceed one one 
thousandth of an ounce. These switches, because 
of the small mass of material to be affected by 
the reflected rays, may be made highly sensitive 
and responsive to small sources of light, such as 
that emanating from a gas burner pilot flame. 
Furthermore, switches of this construction have 
been found to operate satisfactorily at distances 
from the light source greater than possible with 
switches constructed in accordance with the ap 
plicant's prior co-pending application Serial No. 
94,352, filed August 5, 1936. 
The use of light sensitive switches, particularly 

in control systems for the automatic control of 
fluid fuel burners is well known to the applicant, 
as will be evident from the disclosure made in his 
prior Patent No. 1,745,178, granted January 28, 
1930, upon an application fled December 6, 1926. 
The switch of the type shown in this aforemen 

tioned patent requires a larger space and a great 
er amount of energy for operation, although Op 
erating from light, than does the switch disclosed 
in this invention. It is also more expensive to 

3 
ing the thermal coil and the thermal coil ar 
ranged axially of the container, and the means 
for concentrating the rays of light including a 
concave reflector and wherein said reflector is 
mounted upon the axial portion of the movable 
electrode. 

5. The structure of claim 1 wherein the switch 
is mounted within a transparent container hav 
ing the portion of the movable electrode support 
ing the thermal coil and the thermal coil ar 
ranged axially of the container, and the means 
for concentrating the rays of light including a 
concave reflector and wherein said reflector is 
mounted upon the axial portion of the movable 
electrode and so arranged that only one section 
of the oppositely responsive thermal sections lies 
wholly within the field of the rays of light reflect 
ed by the concave reflector. ' ' -- - - 

6. In a light responsive switch, an operating 
member therefor including a coil of bi-metallic 
or thermally responsive metal formed in two un 
interrupted continuous sections which are oppo 
sitely responsive to changes in temperature and 
each possesses the same coefficient of expansion 
whereby the operation is unaffected by changes 
in ambient temperature. 

7. The structure of claim 6 wherein the sec 
tions of the coil offer different electrical resist 
ance to the passage of an electrical current there 
through, whereby upon establishment of the cir 
cuit through the switch the section of the coll 
offering the greatest resistance will respond to 
the difference in temperature between the two 
sections to operate the switch. 

8. In a light responsive switch, an operating 
build and more fragile than this improved switch-member therefor including a coil of bi-metallic 
The adaptation of this improved switch to the 
applicant's previous invention will greatly in 
crease its usefulness and Scope. 

It is also to be understood that the use of this 
invention is not restricted to a fluid fuel burner 
control herein disclosed, as this disclosure is but 
one of many uses. It is obvious that this in 
proved switch niay be employed wherever it is 
desirable to use a switch responsive to radiant 
energy without being affected by changes in am 
bient temperature. 
What I claim is: 
1. A thermally actuated switch responsive to 

the radiant energy of light including a stationary 
electrode, a movable electrode, a thermal operat 
ing coil forming a part of the movable electrode 
for making and breaking contact with the fixed 
electrode, said operating coll being formed in 
two uninterrupted continuous sections oppositely 
responsive to temperature changes whereby the 
relation between the electrodes is unaffected by 
changes in ambient temperature, and means for 
concentrating rays of light upon one section to 
operate the switch. 

2. The structure of claim 1 wherein the switch 
is mounted within a transparent container hav 
ing the portion of the movable electrode support 
ing the thermal coil and the thermal coil ar 
ranged axially of the container. 

3. The structure of claim 1 wherein the switch 
is mounted within a transparent container hav 
ing the portion of the movable electrode support 
ing the thermal coil and the thernal Coll ar 
ranged axially of the container, and the means 
for concentrating the rays of light including a 
concave reflector. 

4. The structure of claim 1 wherein the switch 
is mounted within a transparent container hav 
ing the portion of the movable electrode support 

or thermally-responsive-metal formed in two un 
interrupted continuous sections which are oppo 
sitely responsive to changes in temperature and 
each possesses the same coefficient of expansion 
whereby the operation is unaffected by changes in 
ambient temperature, wherein the sections of the 
coil offer different electrical resistance to the 
passage of an electrical current therethrough, 
whereby upon establishment of the circuit 
through the switch the section of the coil offer 
ing the greatest resistance will respond to the 
difference in temperature between the two sec 
tions to operate the switch, and means for con 
centrating rays of light upon the section of the 
coil offering the least electrical resistance to the 
passage of an electrical current therethrough 
whereby its temperature is raised to equal that 
of the other section and cause the thernal col to 
remain in inoperative relation to the switch. 

9. The structure of claim 8 wherein said last 
named means includes a concave reflector axial-- 
ly arranged in relation to the thermal coil and 
upon the side thereof most distant from the source 
of light. 

10. The structure of claim 8 wherein an arma 
ture is mounted upon a part of said operating 
means and a magnetic force arranged exterior 
of said switch adapted to hold said anature 
when moved within the magnetic field thereof 
upon operation of the switch. 

11. A mercury tube switch including a sealed 
container of transparent insulating material 
having a portion thereof formed to retain a body 
of mercury therein and two electrodes sealed in 
the wall thereof, one electrode normally in con 
tact with the body of mercury and the other 
including intermediate its length a thernostatic 
coll of uninterrupted continuous equal sections of 
oppositely responsive bi-metallic metal, whereby 
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4. 
the coil is not affected by changes in ambient 
temperature, and means to concentrate the rays 
of visible light upon One section of the coil to the 
exclusion of the other section and increase the 
temperature of said first section of the coil to 
move the free end of the electrode into or Out of 
contact with the body of mercury. 

12. The structure of claim 11 wherein the 
means to concentrate the rays of light includes 
a concave reflector. 

13. The structure of claim 11 wherein the 
means to concentrate the rays of light includes a 

2,162,098 
concave reflector supported upon the electrode 
carrying the thermal coil. 

14. The structure of claim 11 wherein the 
means to concentrate the rays of light includes 
a concave reflector supported exteriorly of the 5 
container. 

15. The structure of claim 11 wherein the 
means to concentrate the rays of light includes 
a concave reflector supported exteriorly of the 
container and Supported upon the Wall thereof. 10 
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