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57 ABSTRACT 

A resonance lamp having a controllable chemical de 
composition source of a parent species and a chemical 
getter sink in a sealed RF excited discharge. The dis 
charge occurs in a second, extremely pure gas which is 
present in great excess over the gas produced by 
chemical decomposition. Excitation of species whose 
emission is desired occurs by electron impact or en 
ergy transfer from the major species which are, in 
turn, excited by the electron impact. 

17 Claims, 2 Drawing Figures 

  

    

  



PATENTE:CY 26 1974 3,851,214 

axyyxx.Ny. 2222222 

34 

FIG 

agazaaraaaaaaaaaayaaaaaaawaat anasaraxanananannyas 
2 a.2 - 22 

22222222& 

  

    

  

  



3,851,214 
1 

LOW POWER SEALED OPTICALLY THEN 
RESONACE LAMP 

This invention relates generally to resonance lamps 
and more particularly to self-breakdown gas discharge 
lamps suitable for excitation by low power, low voltage, 
radio frequency power. 
The use of resonance absorption and fluorescence is 

becoming more important in the field of chemical ki 
netic research. 
Most lamps used to produce resonance radiation of 

atoms derived from gaseous compounds utilize an AC 
electrical discharge in a low pressure gas which flows 
away from the emission direction. Since dissociation 
must coincide or precede excitation, it is difficult to ob 
tain bright resonance lamps without absorption within 
the lamp. Such absorption decreases the sensitivity of 
measuring devices using resonance lamps, and intro 
duces complications in relating intensity measurements 
to the concentration of absorbers. 
Although non-flowing, sealed resonance lamps have 

considerable convenience, they are difficult to control 
since the discharge interacts with the walls of the lamp 
to either remove or provide constituents. This is partic 
ularly true for oxygen. 
Accordingly, it is an object of this invention to pro 

vide a very intense resonance lamp which emits radia 
tion such that direct detection of the transmitted or 
scattered radiation, without the intervention of filters 
of dispersal devices, can be used to measure the con 
centration of the absorbing species, while preserving a 
Doppler line profile unmodified by absorption within 
the lamp. 
These and other objects of the invention will become 

apparent from the following description when taken in 
conjunction with the drawings wherein 
FIG. 1 is a schematic diagram of the tube of the pres 

ent invention, 
FIG. 2 is a perspective view of a preferred embodi 

ment of the present invention. 
Broadly speaking, the present invention utilizes a 

controllable chemical decomposition source of parent 
species and a chemical getter sink in a sealed RF ex 
cited discharge. This discharge occurs in a second, ex 
tremely pure gas which is present in great excess over 
the gas produced by chemical decomposition. Excita 
tion of species whose emission is desired occurs by 
electron impact or energy transfer from the major spe 
cies which are, in turn, excited by the electron impact. 

Illustrated in FIG. 1 is a cylindrical body 11 having 
a glass wall 13 and a hollow reentrant element 15. Re 
entrant element 15 extends coaxially substantially the 
length of the cylinder. An electrical conductor 17 is 
contained within the hollow reentrant element and ex 
tends outwardly to connect to an RF energy source 18. 

A first hollow arm 19 is integral with cylinder 13 and 
extends outwardly therefrom. The arm is closed at the 
outer end and is filled with a getter or scavenger 21 
such as uranium or a barium containing compound. A 
gas permeable barrier 23, such as a glass frit, in hollow 
arm 19 prevents the getter from moving into the cylin 
der. Heating means 25 here illustrated as an electrical 
heater, is provided about the arm so as to heat the get 
ter material if necessary. 
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2 
A second arm 27 also extends from the cylinder and 

is closed at its outer end. This arm contains the source 
29 of the species whose emission is desired. A barrier 
31 and a heater 33 are also provided on arm 27. 

Cylindrical body 13 is closed at the other end by a 
window 34 which is transparent to the spectral emis 
sion of the species being examined. A special epoxy ce 
ment may be required to attach the window to the body 
of the lamp. 

In order to complete the necessary path for electrical 
excitation, the outside of cylinder 35 may be coated 
with an electrically conductive material and this coat 
ing is grounded as shown. If the cylinder is largely con 
tained within a close fitting, grounded conducting en 
closure, a separate coating is not required. In either 
case, the cylinder is effectively sheathed by a conduc 
tive element. 
The lamp of the present invention may be used to 

produce emission of a number of desired species. Ex 
amples of such use are shown below. 

OXYGEN RESONANCE LAMPS 

The lamp is subjected to the usual vacuum pump 
down procedures and the lamp is filled with approxi 
mately 1-2 torr of He. One arm of the lamp is provided 
with a getter such as Ur. The other arm is supplied with 
an oxygen source such as MnO, or KMnO, 
For operation of the lamp, high purity is essential. 

The reason for this is believed to be due to the role of 
He' (metastable, excited) which builds up in the dis 
charge to a high concentration in the absence of O, 
from the source. With the application of heat to the de 
composition source, O, is added and the following re 
action takes place in the presence of RF excitation at 
150 to 600 megahertz. 

He" + O, O + O + He 
He -- O - He -- O -- e. 
Ot '-- e - O* 

O* - O -hy (desired radiation) 

HYDROGEN RESONANCE LAMPS 

In a hydrogen resonance lamp, only one arm is 
needed if a mixture of Ur and Urh is used. The appli 
cation of heat releases H, which is added to the high 
concentration of He'. The result produces a resonant 
atomic hydrogen emission. 

In this application, uranium is used both as a source 
of hydrogen and as a getter whereas, in the oxygen 
lamp, heat is not applied to the getter (which is largely 
in the form of Ur) and the hydrogen is not released. 

In both cases, the uranium acts as a getter for other 
gases (except rare gases) which are released from the 
wall during use. It is formed in a powderby reacting the 
uranium at high tempearture with hydrogen to form 
uranium hydride and then decomposing this compound 
in vacuum, and pumping out the gas. For the hydrogen 
resonance lamp, a small fraction is left undecomposed 
so that it will become a source of H after the getter is 
heated. The reactions occuring in the H. lamp are simi 
lar to those occuring in the oxygen lamp. He and H re 
place O, and O. 

If the He filling in the oxygen lamp is replaced by N, 
the lamp is a good source of the NO gamma bands 
which are suitable for measuring NO. In this applica 
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tion, N is slightly decomposed producing N(D) which 
rapidly reacts with O, to produce NO which is excited 
by energy transfer from N. (AE) produced as a con 
sequence of direct electron excitation and as a final 
step in triplet level cascades. 
These lamps operate with relatively low power (28 

volts, 0.5 amps). 
Although the lamp is shown as cylindrical, this partic 

ular geometrical configuration is not essential so long 
as the reentrant portion with the electrode extends co 
axially substantially the length of the tube. Further, the 
lamp body can be of any sufficiently strong, non-porous 
material such as the illustrated glass or a suitable metal. 

Accordingly, the above description and drawings are 
to be considered illustrative only, and the invention is 
to be limited only by the scope of the following claims. 

I claim: 
1. A resonance lamp comprising 
a dielectric closed body having a predetermined vac 
uum therein; 

a reentrant coaxial hollow glass element integral 
within said body and extending from one end 
thereof substantially the length of said body; 

an electrical conductor within said element; 
an ultraviolet transparent window at the other end of 

said body; 
two hollow arms integral with and extending from 

said body; 
a high purity rare gas filling within said body at a 
pressure of 1 to 2 torr; 

a source of diatomic gas in one of said arms; 
an electrically conductive sheathing adjacent the ex 

terior of said glass body; 
a getter in the other said arm for removing gases from 
said body; and 

means for separately heating each of said arms. 
2. The resonance lamp of claim 1 wherein said di 

atomic gas is hydrogen produced by decomposing 
UrH. 

3. The resonance lamp of claim wherein said getter 
is uranium in the form of Urh. 

4. The resonance lamp of claim 1 wherein said di 
atomic gas is oxygen, produced by thermal decomposi 
tion of MnO. 

5. The resonance lamp of claim 1 wherein said di 
atomic gas is oxygen, produced by thermal decomposi 
tion of KMnO. 

6. The resonance lamp of claim 2 wherein the getter 
is uranium. 

7. The resonance lamp of claim 1 further comprising 

a source of RF power connected to said electrical 
conductor, and 

means for grounding said sheathing adjacent the ex 
terior of said body. 
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8. A resonance lamp comprising 
a closed housing; 
a hollow reentrant element at one end of said housing 
and extending coaxially with said housing substan 
tially the entire length thereof, 

an electrical conductor within said hollow reentrant 
element and extending outwardly thereof; 

an ultraviolet transparent window at the other end of 
said housing; 

an electrically conductive sheathing adjacent the ex 
terior of said housing; 

a first hollow arm integral with and extending from 
said housing; 

a second hollow arm integral with and extending 
from said housing; 

a source of diatomic gas within said first arm; 
a getter in said second arm; and 
an inert gas in said cylindrical housing. 
9. The resonance lamp of claim 8 wherein said hous 

ing is filled with helium. 
10. The resonance lamp of claim 8 wherein said 

housing is filled with nitrogen. 
11. The resonance lamp of claim 8 wherein said get 

ter is uranium. 
12. The resonance lamp of claim 8 wherein said get 

ter is a barium containing compound. 
13. The resonance lamp of claim 8 wherein said 

source of diatomic gas is KMnO, and further compris 
ing 
means for heating said source. 
14. The resonance lamp of claim 8 wherein said 

source of diatomic gas is MnO, and further comprising 

means for heating said source. 
15. The resonance lamp of claim 8 wherein the 

source of diatomic gas is N. 
16. A resonance lamp comprising 
a closed elongated housing; 
a hollow reentrant element at one end of said housing 
extending coaxially with said housing substantally 
the entire length thereof; 

an electrical conductor within said hollow reentrant 
element and extending outwardly thereof; 

an ultraviolet transparent window at the other end of 
said housing, 

an electrically conductive sheathing adjacent the ex 
terior of said housing; 

a hollow arm integral with and extending from said 
housing, 

a source of diatomic gas and a getter within said hol 
low arm, 

means for heating said diatomic gas; and 
an inert gas in said housing. w 
17. The resonance lamp of claim 16 wherein 
said diatomic gas is hydrogen and said getter is ura 
"nium. 
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