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To all ti'707), it in City CO7 cei'72: 
Be it known that I, RUDOLPH. I. IUNTER, 

of the city and county of Philadelphia, and 
State of Pennsylvania, have invented an In 
provement in Electric lighting, of which the 
following is a specification. 
My invention has reference to electric light 

ing; and it consists of certain improvements 
which are fully set forth in the following speci 
fication and shown in the accompanying draw 
ings, which form a part thereof. 
This application (Case 1SG) comprehends 

an improved system of Series lighting with 
the employment of continuous or alternating 
currents, and especially adapted to incandes 
cent lamps. 
In carrying out lay invention I arrange the 

lamps in series or in series multiple, so that 
the current passing through. One lamp trav 
erses the next. Around each lamp I place a 
shunt containing an automatic l'esistance 
changer which shall reduce the resistance in 
the shunt, whenever the corresponding lamp 
shall be cut out of circuit by breakage of the 
lamp or otherwise. 

In the employment of incandescent lamps 
in series lighting considerable difficulty has 
been experienced in insuring the proper Sup 
ply of current to the line containiiig the other 
lamps upon any lanlp giving Out. 
The object of my invention is to provide a 

method and means for maintaining the cir 
cuit, in proper condition for the continued 
operation of the remaining lamps after the 
destruction of one or more lamps of the Se 
ries. The current in the line is greater than 
that required in any one lamp in the Series, 
and part of this current Ishtint about each 
lamp, the resistance of the shunt being so 
proportioned that all of the current necessary 
for the lamp will pass through it. In addi 
tion to this last-mentioned resistance pro 
vide an auxiliary resistance-reducer which 
shall still further reduce the resistance to the 
line-current upon the rupture of the lamp 
filament or other cutting of the lamp out of 
circuit. This auxiliary resistance is cut Out 
or reduced by the action of the heat produced 
by the heavy duty upon the shunt when the 

When the shunt is unduly 
heated by too great a flow of current, an ex 

pansible or vaporizable conducting substance 
like mercury is caused to either expand or 
vaporize, and thus reduce the resistance in the 
shunt about the lamps. 

Several Ways of accomplishing the reduc 
tion of the shunt-resistance embodying my 
invention are fully set out hereinafter. 

Referring to the drawings, Figure 1 is a 
diagram showing a continuous-current dy 
namo and line-circuit with lamps in series. 
Fig. 2 is a similar view showing an alternat 
ing-current generator and the lamps in series 
multiple. Fig. 3 is a side elevation, with part 
in Section, of the circuits and shunting de 
Vices for each lamp. Fig. 4 is a cross-section 
of a modified form of resistance-reducer for 
the shunt-circuit, and Fig. 5 is an elevation 
of Still another modification of the resistance 
reducer. 
A is the electric generator, which may be 

a continuous-current machine, as shown in 
Fig. 1, or an alternate-current machine, as 
shown in Fig. 2. 
B is the line-circuit and contains the lamps 

D in Series. This circuit is also provided, if 
desired, with a regulator C. The lamps may 
be in simple series, as shown in Fig. 1, or in 
series multiple, as shown in Fig. 2. The lamp 
circuit B in Fig. 1 and Bin Fig. 2 is provided 
With a shunt-circuit F to each lamp, so that 
part of the current passes through the lamp 
and part through the shunt-circuit, which acts 
as a by-pass to the cut Prent in the line-cir 
cuit. The shunt-circuit is provided with an 
automatic l'esistance-reducel device E for re 
ducing the l'esistance to flow of current about 
the lamp in case the lamp is out of order, 
broken, Ol' cut out by a Switch e. The resist 
ance-reducer may be made in a variety of 
Ways, but in all cases depends upon the ex 
pansioll of a conducting medium, be that ex 
pansion manifested in Only a change of vol 
ume of the substance or a change in form by 
vaporization. 

Referring to Fig. 3, G is a vessel of iron or 
glass and contains mercury or other conduct 
ing substance S capable of expansion by ap 
plication of heat. Surrounding this vessel is 
a coil II in the shunt F. The shunt connects 
with the mercury S by a conductor I or in 
any other suitable Way. A conductor J, in 
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sulated from vessel G, extends down from the 
top close to the normal level of the mercury 
and connects by a conductor K directly or 
through a resistance k with the shunt F, as 
shown. 
When the lamp E is burning, the current 

divides, part passing through the lamp and 
part through the shunt F. If the lamp is 
broken or cut out, the whole current passes 
over the shunt F and heats the mercury S, 
causing it to rise in the vessel and make a 
contact with the conductor J, reducing the 
resistance to the line-current. The enlarged 
top g of the vessel G is to allow the mercury 
to expand without abnormally rising when 
expanding. If the vessel G is of glass, the 
wire coil H need not be insulated; but if of 
iron then there should be an insulation either 
of the vessel or of the coil. 
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In the construction shown in Fig. 4 the 
shunt F is provided with a coil H, which is 
inclosed and insulated from a glass or iron 
cylinder G. The vessel is horizontal and con 
tains mercury or other conducting substance 
capable of conducting electricity. If an ab 
normal current passes over the coil Hitheats 
it, and this vaporizes the mercury and in 
stantly reduces the resistance produced by 
the coil. If iron is employed in the vessel G, 
then the vessel itself will be heated and va 
porize the mercury, the vapors thereof sur 
rounding the coils H and offering a path of 
less resistance. 
porizable substance S does not touch the coil. 
In place of the devices shown in the above 

figures that shown in Fig. 5 might be used. 
In this case a tube or vessel G of iron incloses 
a conductor J, which is bare, but insulated 
from the tube G. The shunt Fencircles the 
tube, as in the case of Fig. 3, and heats it. 
The conductor J is connected with the distant 
end of the shunt, and the other end of the 
shunt is electrically connected with the iron 
tube G. When the tube is heated by the ex 

- 45 cess of current flowing through the coilH, the 
mercury or other conducting substance is va 
porized within the tube and forms a conduct 
ing-path from the tube to the conductor J, re 
ducing the normal resistance of the shunt 
circuit to compensate for the increase of the 
resistance put on the line by the destruction 
of the lamp. The mercury-level under nor 

Normally the mercury or va 

mal conditions is indicated by the dotted line 
S. Fig. 5 is practically the device Eshown in 
Fig. 3 turned on its side. 
I do not limit myself to the minor details 

of construction, as they may be modified in 
various ways without departing from the 
principles of my invention. 
Having now described my invention, what 

I claim as new, and desire to secure by Letters 
Patent, is 

1. The combination of a line - circuit, an 
electric lamp connected therein in series, a 
shunt-circuit in the line-circuit about said 
electric lamp, a heating-coil arranged in said 
shunt-circuit, a receptacle having fixed ter 
minals connecting with the line-circuit, arid 
an expansible fluid-conducting substance in 
said receptacle adapted to be expanded upon 
an excessive current passing through the heat 
ing-coil for the purpose of reducing the re 
sistance to the passage of current in the line 
in case the lamp should burn out. 

2. The combination of a line-circuit, an 
electric lanp arranged in series connection 
there with, a shunt-circuit around the lamp 
and connecting with the line-circuit and in 
cluding a heating-resistance, a receptacle in 
closing said resistance, and an expansible 
substance within the receptacle adapted to 
be heated upon an excessive current being 
passed through the resistance by breakage of 
the lamp. 

3. The combination of a line-circuit, an 
electric lamp in series therein, a shunt-circuit 
around the lamp, whereby the line-current is 
divided and part passed through the lamp 
and part through the shunt-circuit, a resist 
ance in the shunt-circuit, a closed vessel hav 
ing two fixed terminals connecting with the 
line on opposite sides of the resistance, and 
an expansible fluid-conducting substance in 
the receptacle adapted to reduce the resist 
ance between the two terminals upon the re 
sistance in the shunt-circuit upon becoming 
abnormally heated upon breakage of the 
lamp. 
In testimony of which invention I have 

hereunto set my hand. 
- R. M. HUNTER, 

Witnesses: 
ERNEST HoWARD HUNTER, 
S. T. YERKES. 
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