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57 ABSTRACT 

An electrodeless discharge lamp, consisting of a trans 
parent envelope containing an ionizing gas and a 
minor amount of metallic element for producing spec 
tral light, is started and operated by r-f power coupled 
to the lamp by a resonant coupler that consists of a 
helically coiled wire conductor mounted concentri 
cally within a grounded hollow cylinder which is open 
at one end with a grounded base member in the other 
end. 

12 Claims, 1 Drawing Figure 
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ELECTRODELESS DISCHARGE LAMP AND 
POWER COUPLER THEREFOR 

This is a continuation, of application Ser. No. 
337,060, filed. Mar. 1, 1973, and now abandoned. 

BACKGROUND AND PRIOR ART 

The present invention is an electrodeless discharge 
lamp with an improved coupler for coupling r-f (radio 
frequency) electric power into the lamp to start and op 
erate the lamp. Such lamps normally comprise a quartz 
bulb containing gas such as argon, and are operated by 
starting and maintaining a discharge in the ionized gas. 

In particular this invention is a power coupler for a 
electrodeless discharge lamp in which a trace of a se 
lected metallic element is incorporated to provide a 
bright spectral line source of the selected metal for use 
in chemical analysis, particularly atomic spectroscopy. 
A bright spectral line source provided in this manner 
might also be useful for optical pumping applications. 
At present the basic light source for atomic spectros 

copy are the hollow cathode lamps. For analyzing for 
most metallic elements hollow cathode lamps are suffi 
ciently bright, stable, long-lived and inexpensive. How 
ever, hollow cathode lamps do not provide sufficiently 
bright or stable spectral lines for certain metallic ele 
ments, such as arsenic, cesium and rubidium, and for 
other elements such as selenium, tellurium, bismuth, 
antimony and tin, hollow cathode lamps are not bright 
enough for good spectral work. Electrodeless discharge 
lamps in general are an alternative to hollow cathode 
lamps for the metallic elements with which hollow 
cathode lamps are now used, but more importantly 
electrodeless discharge lamps provide highly satisfac 
tory sources of the spectral lines of the foregoing metal 
lic elements which cannot be provided by hollow cath 
ode lamps or which are barely suitable as provided by 
a hollow cathode lamp. 
Moreover, when operated efficiently electrodeless 

discharge lamps are capable of providing far brighter 
spectral line sources of metallic elements than hollow 
cathode lamps. While this is not of great significance 
for present atomic spectroscopy techniques with which 
brightness above a level of sufficiency is not especially 
useful, the practical availability of brighter spectral line 
sources might well make improved analytical tech 
niques possible or enhance the usefulness of known 
techniques. For example, atomic fluorescence spec 
troscopy has little analytical usefulness at present, but 
since it has the characteristic that its detection limits 
improve almost linearly with increased source inten 
sity, the practical availability of brighter sources might 
transform it into a commercial useful analytical tool. 
The use of electrodeless discharge lamps as spectral 

line sources have been known for a number of years. It 
is known to operate electrodeless discharge lamps with 
high frequency power, e.g., 2,450 megacycles and also 
with much lower frequency power of about 27 megacy 
cles, i.e., radio frequency. The lower radio frequency 
has the particular advantage of providing more stable 
operation of the lamp. 
Typically r-f operated electrodeless discharge lamps 

known in the art are excited to maintain a discharge in 
the lamp by placing the lamp in the final tank circuit 
inductor of a radio transmitter or power oscillator and 
the r-f power is coupled magnetically to the lamp 
plasma once a discharge is started in the lamp. Start-up 
of the lamp requires an initial voltage, higher than the 
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voltage required to maintain a discharge after start-up, 
to ionize the gas and ignite a discharge in the ionized 
gas. The start-up voltage supplied is typically a voltage 
transient from an extended circuit or from the r-f sup 
ply itself, typical arrangements are described in an arti 
cle titled Miniature Device For Starting Electrodeless 
Discharge Tubes by J. K. Brady in the Review of Scien 
tific Instruments, Volume 36, 1965, Page 710, and in 
an article by M. M. Katsman, V. I. Konstantinov and S. 
M. Sutovskii, in the Russian Journal Zhurnol Priklod 
noi Spectroskopii, Volume 6, Number 2, 1967, Pages 
279 to 28. 

Previously known and used power supplies for start 
ing and maintaining a discharge in electrodeless dis 
charge lamps are rather complex, relatively expensive 
and require special switching means for supplying first 
the high voltage required for ionizing the gas and start 
ing a discharge therein, and then for supplying a re 
duced level of voltage to maintain the discharge. 
An object of the present invention is to provide a 

spectral source electrodeless discharge lamp operating 
unit which includes an inductive resonator coupler, for 
coupling r-f electric power into the lamp for starting 
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and operating it, that provides efficient coupling, that 
is simple and economic to construct and operate, that 
provides the requisite voltage and current ratios for 
starting the lamp and then for maintaining it in opera 
tion without intermediate switching means or alterna 
tive power supply connections, and that has an auto 
matic self starting capability if the lamp goes out during 
operation. 

BRIEF SUMMARY OF THE INVENTION 
The invention is an electrodeless discharge lamp, for 

use as a spectral light source, and an inductive resona 
tor coupler for coupling r-felectric power into the lamp 
for starting and maintaining a discharge in the lamp. 
The lamp is a transparent envelope, normally quartz, 
containing an ionizing gas, namely an inert gas such as 
argon, under low pressure and a minor amount of a me 
tallic element whose spectral line is to be provided by 
the lamp. The coupler consists of a grounded hollow 
cylinder of electrically conductive material open at one 
end, for light from the lamp to pass out, and with a 
grounded base member in the other end. A helically 
coiled wire conductor, is mounted concentrically 
within the cylinder, the coil is a smaller diameter than 
the cylinder so as to provide an annular space between 
the coil and the cylinder wall. The length of wire in the 
coil is made nominally one quarter of the free-space 
wave length of the r-felectric power to be applied. One 
end of the coil is grounded to the base member of the 
cylinder and the other end is unconnected, i.e., open 
circuited. The cylinder is longer than the coil with its 
open end extending beyond the open circuited end of 
the coil. The lamp is suitably supported on the base 
member of the cylinder and is mounted so that the 
major portion of the lamp is within the coil at the 
grounded end of the coil. R-f electric power from an r-f 
generator, which may be of conventional design, is 
tapped into the coil at a point near the grounded end 
of the coil. The tap point is selected so that when the 
lamp is operating the circuit formed by the coupler cyl 
inder and coil and the lamp plasma, which is magneti 
cally coupled by transformer action to the coil turns be 
tween the tap and ground, are tuned to the frequency 
of the r-f power and the impedance of the coupler and 
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lamp match the impedance of the r-f power supply at 
the tap. 
This coupler provides two distinct modes of opera 

tion successively; first it applies the electrostatic field 
to the gas in the lamp for starting the discharge and 
then it applies the electromagnetic field required for 
maintaining the discharge. 
When the r-fpower is first applied to the coupler, be 

fore the lamp discharge is started, the resistance and 
reactance reflected by the lamp are absent so that the 
coupler has a much higher impedance than when the 
lamp is operating, and the coupler has a very high elec 
trical Q. The input r-f voltage thus appears as a high 
voltage maximum at the open circuited end of the coil. 
This results in a high potential through the gas in the 
lamp between the open circuited end of the coil and the 
grounded base member of the cylinder. This ionizes the 
gas to the point at which a discharge can start. Some 
times the lamp will start by itself at this point, appar 
ently due to stray energy reaching the lamp from sur 
rounding light or the sun. In any event, very little extra 
energy is then required to initiate the discharge; the 
extra light from a lighted match is sufficient. When the 
discharge starts the coupler loses energy to the lamp 
the Q drops and the impedance of the lamp and coupler 
circuit drops to the level at which there is an imped 
ance match (resistive) with the r-f power supply. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention is described in more detail below with 

reference to an illustrative embodiment shown in the 
accompaning drawing which is a side elevation, partly 
in section, partly broken away and partly schematic, of 
a preferred form of the lamp and inductive resonant 
coupler in accordance with the invention. 

DETAILED DESCRIPTION 

Referring to the drawing the invention comprises 
generally an electrodeless discharge lamp 10 and an in 
ductive resonant coupler 11 for coupling r-f electric 
power from an r-f generator 12 into the lamp for oper 
ating the lamp. 
The lamp 10, which is mounted within the structure 

of the coupler 11, is a small quartz bulb enclosing a vol 
ume of from 1 to 10 cubic centimeters containing an 
ionizing gas at low pressure, and a minor amount of a 
metallic element whose spectral line is to be produced 
by the lamp. The ionizing gas is one of the inert gases, 
argon being one that is commonly used; the pressure 
within the lamp is from 4 to about 5 torr. The particu 
lar gas and pressure are not critical, the general consid 
erations being that the gas must be ionizable and sup 
port a discharge at reasonable power levels and the 
pressure must be such that, when the lamp is hot, the 
increased pressure will not be so large as to extinguish 
the discharge. The metallic element is present in micro 
gram quantities; the particular amount is not critical, a 
minute trace will provide the spectral line desired but 
enough more is normally provided to make up for some 
of the vaporized metallic element that is lost by parti 
cles becoming embedded in the walls of the lamp. The 
spectral lines are the lines of the metals themselves and 
in the usual case, as with arsenic and selenium for ex 
ample, the metallic element incorporated in the lamp 
is the metal itself. With some metals, such as lead for 
which the metal itself would not provide the requisite 
vapor pressure to provide the spectral line in the lamp 
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4 
output, a salt of the metal, e.g., lead chloride is used. 
The lamp 10 has a bulbous portion 10a and a stem 

portion 10b which is utilized for mounting and position 
ing the lamp within the coupler 11 in the manner subse 
quently to be described. 
The inductive resonant coupler 11 is made up of a 

hollow cylinder 14 of an electrically conductive mate 
rial and a helical coil 15 wound on a ceramic coil form 
16 within the cylinder. One end of the cylinder 14, the 
right hand end, is open; its other end is closed by a base 
member 17 which is also of electrically conductive ma 
terial. The base member 17 is grounded in the r-fgen 
erator as indicated at 18, and is fixed in the end of the 
cylinder so that the cylinder is electrically connected to 
the base member and thus similarly connected to 
ground. 
One end of the coil 15, the left hand end as shown, 

is grounded by being connected to the base member; its 
other end is unconnected and thus open circuited. The 
length of the wire of coil 15 is made one quarter of the 
wave length of the r-f electric power to be supplied by 
the r-f generator 12. The diameter of the coil 15 is less 
than the inside diameter of the cylinder 14 so as to pro 
vide an annular air space 19 between them. The coil 
and cylinder are thus in a capacitor relationship. In 
practice, the relative diameters of the cylinder and coil 
are 2 inches and 1 inch respectively so that the gap be 
tween is about one-half an inch. The cylinder is prefer 
ably made slightly longer than the coil to provide a suit 
ably long ground plane relative to the field of the last 
turn of the coil at its open-circuited end to avoid un 
wanted fringe effects. In the embodiment shown the 
open end of the cylinder extends beyond the amount 
necessary to avoid fringe effects and actually extends 
more than an inch beyond the end of the coil as means 
to help in suppressing unwanted transmissions. 
The lamp 10 is mounted for its major portion, its bul 

bous portion 10a, to be within the portion of the coil 
at the grounded end. The lamp is mounted by means of 
its stem portion 10b which fits through a bushing 20 
that is fixed through the base end of the coil form 16 
and the base member 17 of the cylinder. The end of the 
bushing 20 within the coil form 16 is flanged as shown 
at 21 and this serves to hold the coil form in place on 
the base member 17. The lamp stem 10b extends out 
through bushing 20 so that the position of the lamp bul 
bous portion 10a can be adjusted relative to the coil by 
moving the stem in or out relatively through the bush 
ing. The position of the lamp relative to the coil is thus 
adjustable for finding the exact position at which the 
energy supplied by the coil, as subsequently described, 
is coupled into the lamp most efficiently when the lamp 
is operating. The position of the lamp is clamped by 
means of a cap 22 threaded onto the activated end of 
the bushing. The cap 22 has a hole through it for the 
lamp stem 10b to extend through and clamping means 
is provided by an O-ring captured between the end of 
the bushing 20 and the inside of the end of the cap 22. 
When the lamp position has been selected, the lamp is 
clamped by screwing the cap 22 in to squeeze the O to 
frictionally clamp the lamp stem 10b. 
R-f electric power is applied to the coil 15 from the 

r-f generator 12 by means of a connection from the 
generator 12 through a connector 25 mounted through 
the cylinder base member 17 to a tap 26 into the coil. 
It is normally desired to have the lamp and coupler 
spaced some distance from the r-f generator as a means 



S 
of eliminating heat problems and for flexibility of in 
strument design; in this case, as illustrated, the r-fgen 
erator 12 is shown connected to the connector 25 
through a coaxial cable 27. The r-f generator is compa 
rable to a conventional radio transmitter, which would 
be a suitable r-f source; as shown it may consist of a 
crystal oscillator 28 coupled respectively through a low 
power r-famplifier 30 and a high power r-famplifier 31 
to apply an r-f output through the coaxial cable 27 and 
connector 25 to the coil tap 26. The r-f generator 12 
is operated from a conventional source of electric 
power, not shown. In practice the r-f generator is built 
to supply r-f electric power at 27. 12 MHz at levels up 
to 45 watts and having an impedance of 50 ohms. The 
coaxial cable 27 used would of course be a 50 ohm ca 
ble. 
The tap 26 into the coil 15 is located relative to the 

turns of the coil so that when the lamp 10 is operating 
the coupler 11 is tuned to the frequency supplied by the 
r-f generator and the impedance of the coupler and 
lamp circuit matches the impedance of the r-f genera 
tor at the tap 26. 
A trimming capacitor 32 may be provided between 

the wall of the cylinder 14 and the coil 15, as shown, 
to assist in providing a fine tune for adjusting the reso 
nant frequency of the coupler and lamp circuit, when 
the lamp is operating, to the resonant frequency of the 
r-f generator. This capacitor 32 may be eliminated by 
adjusting the resonant frequency of the generator, or 
by building the coupler 11 with a precision which 
makes additional trimming unnecessary. 
As noted above, the length of wire in the coil 15 is 

nominally one quarter of the free-space wavelength of 
the r-f power to be supplied by the r-f generator 12. 
The coupler and lamp configuration of this invention 
thus provides a compact, quarter-wave, transmission 
line resonator which can be proportioned to have ex 
tremely low losses. 
The coupler 11 has, due to the general configuration 

shown, a high electrical Q. This is enhanced by making 
the coupler of low loss materials and reducing losses by 
all practical means. In practice the cylinder 14 and base 
member are made of copper or brass and the interior 
of the cylinder is plated with a polished silver coating 
indicated at 33, and the wire of the coil 15 is solid silver 
or silver plated copper for the purpose of maintaining 
high r-f conductivity in the presence of high lamp tem 
peratures and corrosive atmosphere. Also soldered taps 
are avoided, the taps preferably being welded. 
When the power from the r-f generator 12 is first ap 

plied to the coupler 11 and the lamp has not yet started 
a discharge, the resistance and reactance reflected by 
the lamp discharge when the lamp is operating are ab 
sent so that the impedance of the coupler circuit is 
higher than the 50 ohm mentioned above, and is typi 
cally 400 to 500 ohms. Also because the lamp is not ex 
tracting power, the coupler has a very high electrical Q 
and the open circuited end of the coil 15 is the location 
of a current node and hence a voltage maximum. This 
has the effect of transforming the input r-f voltage 
swing to a very high voltage (e.g., tens of thousands) at 
the open circuited end of the coil. This high voltage 
creates a potential through the gas in the bulbous por 
tion 10a of the lamp to the grounded base member 17 
of the cylinder which ionizes the gas. In many instances 
the electrostatic energy thus coupled into the lamp and 
a slight amount of additional energy applying to the 

O 

5 

25 

30 

35 

40 

45 

50 

55 

60 

65 

3,873,884 
6 

lamp from the surrounding light, such as direct sunlight 
or light bulbs, is enough to start the discharge in the 
ionized gas. In any event only a slight additional 
amount of energy is necessary for starting the discharge 
and this may be supplied by such simple means as a 
lighted match. 
When the discharge starts, the O of the coupler 

drops, the high voltage subsides and the lamp is there 
after maintained in operation by power in the turns of 
the coil 15 between the grounded end and the input tap 
26 magnetically coupling into the lamp. If the discharge 
should extinguish, voltage builds up in the open cir 
cuited end of the coil again, and discharge will then au 
tomatically reignite. When the lamp is operating the 
voltage drop back as just described and the impedance 
of the circuit of the coupler 1 and lamp 10 then 
matches the impedance of the r-f supply at the tap 26 
thereby providing highly efficient operation of the 
lamp. 
The lamp may be operated to produce a steady out 

put, or the output may be modulated for use with cer 
tain spectroscopy instruments, that are adapted to op 
erate with a modulated light source, by modulating the 
output of the r-f generator between an upper output 
level and a low output level, the low output level being 
one at which the lamp would still be operating, but pro 
ducing a light below a minimum level recognized by the 
spectroscopy instrument. In practice a 50 percent mod 
ulation of the output of the r-f generator is suitable for 
adapting the lamp and coupler of the invention for use 
with spectroscopy instruments intended to operate with 
a modulated light source. 
As shown in the drawing, in practice the open end of 

the cylinder 14, the right hand end, is preferably pro 
vided with a safety window to prevent anyone from in 
advertently sticking a finger into the high voltage end 
of the coil 15 at start-up, and also to keep corrosive ma 
terials out of the interior of the cylinder as much as pos 
sible. This window is suitably provided by a quartz win 
dow 34 mounted in a support plug 35 fitted into the end 
of the cylinder 14. 
What is claimed is: 
1. A resonator coupler for coupling a source of r-f 

electric power into an electrodeless discharge lamp for 
starting and operating the lamp, comprising: 
a grounded hollow cylinder of electrically conductive 
material open at one end, with a grounded base 
member at the other end; 

a helically coiled wire conductor concentrically 
within the cylinder and spaced from the inner walls 
thereof, 

means for mounting a discharge lamp substantially 
concentrically within one end position of the coil; 

the wire of the coil being one quarter wave long rela 
tive to the free-space wavelength of r-f power in 
tended to be applied for operating a lamp mounted 
therein; 

the end of the coil at the end portion within which a 
lamp is adapted to be mounted being toward said 
base member and being grounded, the other end of 
the coil being open circuited; and 

electrical connecting means for connecting to the 
coil a source of r-felectrical power that is sufficient 
to maintain a discharge in a lamp mounted within 
the coil, said connecting means being tapped into 
the coil at a point near, but spaced from, the 
grounded end thereof, said point being selected 
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such that, when a lamp mounted in the coil is in op 
eration by r-fpower connected to the coil, the cou 
pler is tuned to the frequency of said r-fpower and 
the impedance of said lamp and coupling means at 
said tap point substantially matches the impedance 
of said r-f power source, whereby when said r-f 
power is applied to the coil, and before a discharge 
is ignited in the lamp, a voltage maximum occurs 
at the open circuited end of the coil and creates a 
potential extending through the lamp portion be 
tween said open circuited end and said base mem 
ber for ionizing the gas in the lamp. 

2. The coupler of claim 1 including a capacitor be 
tween the wall of said cylinder and a turn of said coil 
for fine tuning the resonant frequency of the resonator 
coupler relative to the frequency of an r-f source to be 
applied thereto. 

3. The resonator of claim 1 in which the outside di 
ameter of the coil is substantially one-half the inside di 
ameter of the cylinder, the coil being of silver wire and 
the interior of the cylinder being polished silver plating. 

4. The resonator of claim 1 which the open end of the 
cylinder extends beyond the open circuited end of the 
coil at least sufficiently to avoid fringe effects. 

5. The resonator of claim 1 in which said base mem 
ber extends across and substantially closes an end of 
the cylinder, the outside diameter of the coil and inside 
diameter of the cylinder being substantially 1 inch and 
2 inches respectively, the wire of said coil being silver, 
and the interior walls of the cylinder and base member 
being polished silver plating. 

6. The combination of an electrodeless discharge 
lamp and a resonator coupler for coupling the lamp to 
a source of r-felectric power for starting and operating 
the lamp, said coupler comprising: 
a grounded hollow cylinder of electrically conductive 
material open at one end with a grounded base 
member at the other end; 
helically coiled wire conductor concentrically 
within the cylinder and spaced from the inner walls 
thereof, said wire being one quarter wave long rela 
tive to the free-space wavelength of r-f power in 
tended to be applied for operating the lamp, the 
end of the wire coil at the base member end of the 
cylinder being grounded and the end toward the 
open end of the cylinder being open circuited, and 
the lamp being mounted with at least the major 
portion of the lamp within the coil at the grounded 
end of the coil; and 

electrical connecting means for connecting to the 
coil a source of r-felectrical power that is sufficient 
to maintain a discharge in the lamp, said connect 
ing means being tapped into the coil at a point 
near, but spaced from, the grounded end thereof, 
said point being selected such that, when the lamp 
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is in operation by r-f power connected to the coil, 
the coupler is tuned to the frequency of said r-f 
power and the impedance of the lamp and coupler 
means at said tap point substantially matches the 
impedance of said r-fpower source, whereby when 
said r-f power is applied to the coil, and before a 
discharge is ignited in the lamp, a voltage maxi 
mum occurs at the open circuited end of the coil 
and creates a potential extending through the lamp 
portion between said open circuited end and said 
base member for ionizing the gas in the lamp. 
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8 
7. The combination of claim 6 in which said dis 

charge lamp is a transparent sealed envelope contain 
ing an ionizing gas at low pressure and a minor amount 
of a metallic element for producing spectral light of 
said metallic element. 

8. The combination of an electrodeless discharge 
lamp for providing spectral light and resonator coupler 
for coupling the lamp to a source of r-f electric power 
for starting and operating the lamp; 

said lamp being a transparent sealed envelope con 
taining a minor amount of metallic element and an 
ionizing gas; 

said coupler comprising: 
a grounded hollow cylinder of electrically conductive 
material open at one end with a grounded base 
member substantially closing the other end; 

a helically coiled wire conductor concentrically 
within the cylinder and spaced from the inner walls 
thereof, said wire being one quarter wave long rela 
tive to the free-space wavelength of r-f power in 
tended to be applied for operating the lamp, the 
end of the wire coil at the base member end of the 
cylinder being grounded and the end toward the 
open end of the cylinder being open circuited, the 
lamp being mounted with at least the major portion 
of the lamp substantially concentrically within the 
coil at the grounded end of the coil, and the open 
end of the cylinder extending beyond the open cir 
cuited end of the coil to avoid fringe effects; and 

electrical connecting means for connecting to the 
coil a source of r-felectrical power that is sufficient 
to maintain a discharge in the lamp, said connect 
ing means being tapped into the coil at a point 
near, but spaced from, the grounded end thereof, 
said point being selected such that, when the lamp 
is in operating by r-f power connected to the coil, 
the coupler is tuned to the frequency of said r-f 
power and the impedance of the lamp and coupler 
means at said tap point substantially matches the 
impedance of said r-f power source, whereby when 
said r-f power is applied to the coil, and before a 
discharge is ignited in the lamp, a voltage maxi 
mum occurs at the open circuited end of the coil 
and creates a potential extending through the lamp 
portion between said open circuited end and said 
base member for ionizing the gas in the lamp. 

9. The combination of claim 8 in which said lamp has 
a bulbous portion which is said major portion of the 
lamp, and an elongated stem portion, said base member 
having a bore therethrough, said stem being received 
through said bore, and releasable clamping means 
clamping the stem in a selected longitudinal position 
through the bore. 

10. The combination of claim 8 in which the outside 
diameter of the coil is on the order of one-half the in 
side diameter of the cylinder, in which the interior sur 
faces of the cylinder and base member are polished sil 
ver and in which the wire of the coil is essentially silver. 

11. A resonator coupler for coupling a source of r-f 
electric power into an electrodeless discharge lamp for 
starting and operating the lamp, comprising: 
a coiled wire conductor grounded at one end and 
open circuited at the other, 

means for mounting a discharge lamp within the coil, 
a generally tubular member of electrically conduc 

tive material surrounding and spaced from the coil 
so as to be in a capacitor relationship therewith, 
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said member being grounded and being open at 
one end, 

the wire of the coil being one quarter wave long rela 
tive to the wavelength of r-f power intended to be 
applied for operating a lamp mounted in the coil, 
and 

electrical connecting means for connecting to the 
coil a source of r-felectrical power that is sufficient 
to maintain a discharge in a lamp mounted within 
the coil, said connecting means being tapped into 
the coil at a point intermediate the ends thereof, 
said point being selected such that, when a lamp 
mounted in the coil is in operation by r-f power 
connected to the coil, the coupler is tuned to the 

O 

frequency of said r-f power and the impedance of 15 
said lamp and coupling means at said tap point sub 
stantially matches the impedance of said r-f power 
source, whereby when said r-f power is applied to 
the coil, and before a discharge is ignited in the 
lamp, a voltage maximum occurs at the open cir 
cuited end of the coil and creates a potential ex 
tending through the lamp for ionizing the gas in the 
lamp. 

12. The combination of an electrodeless discharge 

20 

10 
open circuited at the other, 

a discharge lamp mounted with at least a major por 
tion within the coil, 

a generally tubular shield of electrically conductive 
material surrounding and spaced from the coil so 
as to be in a capacitor relationship therewith, said 
shield being grounded and being open at one end, 

the wire of the coil being one quarter wave long rela 
tive to the wavelength of r-f power intended to be 
applied for operating said lamp, and 

electrical connecting means for connecting to the 
coil a source of r-felectrical power that is sufficient 
to maintain a discharge in the lamp, said connect 
ing means being tapped into the coil at a point in 
termediate the ends thereof, said point being se 
lected such that, when the lamp is in operation by 
r-f power connected to the coil, the coupler is 
tuned to the frequency of said r-f power and the im 
pedance of the lamp and coupler means at said tap 
point substantially matches the impedance of said 
r-f power source, whereby when said r-f power is 
applied to the coil, and before a discharge is ignited 
in the lamp, a voltage maximum occurs at the open 

lamp and a resonator coupler for coupling the lamp to 25 
a source of r-felectric power for starting and operating 
the lamp, said coupler comprising: 

circuited end of the coil and creates a potential ex 
tending through the lamp for ionizing the gas in the 
lamp. 

a coiled wire conductor grounded at one end and 
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