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ABSTRACT OF THE DISCLOSURE 
An illumination system and method wherein light is 

emitted from a vapor lamp, including a lamp envelope 
and a pair of electrodes in electrically conductive rela 
tionship with an electrically conductive atmosphere con 
tained within the envelope, upon application of an audio 
frequency electrical current of predetermined frequency 
and amplitude characteristics to the electrodes and at 
mosphere, and wherein the emission of light from the 
lamp is controlled by controlling at least one of the 
characteristics of the audio frequency current. 

Gaseous discharge or vapor lamps are in common use 
and are preferred for many applications due to a higher 
e?iciency than incandescent lamps in the emission of 
radiant energy upon excitation with electrical current. 
However, while this higher e?’iciency has resulted in 
vapor lamps such as fluorescent lamps being preferred 
for certain applications, di?‘iculties have therefore existed 
in illumination systems employing such lamps which 
have precluded economical use of such systems Where 
ready control over the intensity of light emitting from a 
lamp was desired. 
More particularly, the requirement that a vapor lamp 

illumination system include a ballast, or current limiting, 
device has resulted in signi?cant di?iculty in obtaining 
‘continuously variable control thereover, and has virtu 
ally restricted such illumination control to lighting sys 
tems using incandescent lamps only, where such power 
factor complications are not introduced. While special 
illumination systems and circuits have been devised 
heretofore which permit limited control over the inten 
sity of illumination emanating from a vapor lamp such 
as a ?uorescent lamp, the special ballast and control de 
vices required for such circuits are relatively expensive, 
and have not satisfactorily resolved the problem noted 
brie?y above. 
With the foregoing in mind, it is an object of the 

present invention to provide an illumination system in 
cluding vapor lamp means wherein control over the in 
tensity of illumination emitted by the lamp means is 
readily exercised. In realizing this object of this inven 
tion, an audio frequency electrical current is applied to 
the electrodes of the lamp means to result in the emis 
sion of radiant energy from the lamp, and at least one of 
the frequency and amplitude of the current is controlled 
to vary the intensity of the light thus emitted. 
A further object of this invenion is to provide a method 

of operating an illumination system including a vapor 
lamp, wherein control over the intensity of radiant 
energy emitted from the lamp is obtained by controlling 
the characteristics of an audio frequency current applied 
thereto to excite lamp. 
Some of the objects and advantages of the invention 

having been stated, others will appear as the description 
proceeds, when taken in connection with the accompany 
ing drawings, in which 
A circuit diagram for an illumination system incor 

porating the present invention is shown. 
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2 
Referring now more particularly to the drawing, one 

embodiment of an allumination system incorporating the 
present invention is there shown, and a description of 
the method of the present invention will hereinafter be 
given with reference to the circuit illustrated in detail. 
However, it is to be understood at the outset that the 
method and system of the present invention have utility 
which extends beyond the particular details of the circuit 
shown,‘ and that the illustrated embodiment has been 
included here as an example only. It is believed that, 
‘from the more detailed discussion which follows, a com 
petent designer will be able to readily develop a variety 
of circuits and systems incorporating the present in 
vention. 

Broadly described, the illumination system of the pres 
ent invention comprises a vapor lamp means, generally 
indicated at 10, which is operable upon energization 
with audio frequency electrical current for emitting light. 
As herein used, the term “light” refers to radiant energy 
at least partially within the spectrum of wavelengths 
visible to the human eye as light, as being from about 
0.38 micron to about 0.76 micron wavelength. While 
vapor lamps are generally characterized by the emission 
of light upon excitation of a stream of ionized gas by 
current conducted thereby between electrodes within a 
lamp envelope, the system illustrated in the drawing 
preferably uses a ?uorescent lamp. In such a lamp, the 
emission of light results from a conversion of radiant 
energy in the ultraviolet wavelength range, emitted from 
electrically excited atoms of mercury, to such energy in 
the visible wavelength range by phosphors coated on the 
inner surface of the lamp envelope. 
The lamp means 10 accordingly comprises a lamp 

envelope 11, a pair of electrodes 14 and 15 within the 
envelope, and an ionizable atmosphere including mer 
cury contained within the envelope 11 and in electrically 
conductive relationship with the electrodes 14 and 15. 
Upon application of electrical current to the electrodes 
14 and 15, current ?ows through the ionized gas of the 
atmosphere contained within the envelope 11, the excita 
tion of mercury atoms in the atmosphere results in the 
emission of ultraviolet wavelength radiation, and emis 
sion of light from the lamp means 10 occurs by ?uores~ 
cence of the phosphors. 

In order to apply only audio frequency electrical cur 
rent to the electrodes of the lamp means 10, this inven~ 
tion provides excitation means generally indicated at 20 
and electrically connected to the electrodes 14 and 15. 
The excitation means 20 applies to the lamp means 10 
an audio frequency electrical curent of predetermined fre 
quency and amplitude characteristics, as described more 
fully hereinafter, and includes means for controlling the 
characteristics of the audio frequency electrical current 
to thereby control the emission of light from the lamp 
means 10. The illustrated circuit con?guration is a tran 
sistorized power oscillator or oscillator-ampli?er, oper 
ating in the audio frequency range, including certain cir 
cuit elements more particularly pointed out hereinafter 
which provide for control over the characteristics of the 
audio frequency current developed thereby and applied 
to the electrodes of the lamp means 10. 
More particularly, that portion of the excitation means 

20 to the left in the single ?gure of the drawing and in 
cluding the transistor TR1 and associated resistance, ca 
pacitance, inductance, and electrical source means, oper 
ates as a transistorized oscillator to originate an audio 
frequency current on application of voltage to the tran 
sistor TR1 with closure of switch S1. With such applica 
tion of current derived from the 12-volt battery shown 
in the schematic drawing, oscillation of current ?owing 
through the transistor TR1 begins, with the frequency of 
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oscillation being determined by the values of other cir 
cuit components, particularly the capacitors C1 and C2 
and the variable inductance L1. Audio frequency current 
thus originating from the oscillator portion of the excita 
tion means 20 is coupled, through a capacitor C4, a pair 
of variable resistors R4 and R5, and a capacitor C5 as 
an input to a power ampli?er stage including the tran 
sistors TR2, TR3, TR4, TRS and TR6, shown in the 
right-hand portion of the schematic diagram of the draw 
mg. ' 

Transistors TR3-TR6 are arranged as a pair of suc 
cessive push-pull ampli?cation stages, to raise the level 
of current from that input into the power ampli?er 
through the coupling capacitor C5, upon application of 
25 volts to these circuit components upon closure of 15 
switch S2. Relatively high curent, or ampli?ed, audio fre 
quency energy is applied through a coupling capacitor 
C9 and a transformer to the lamp means 10, to excite the 
lamp means to radiate visible light. The generation of 
audio frequency current by the oscillator portion of the 
circuitry of the present invention, and the ampli?cation 
if such audio frequency current to be applied to the 
lamp means 10 by the remaining portion of the circuitry, 
are subject to certain limitations and protective features 
determined by the inductance L1 and the variable resistors 
or potentiometers R4 and R5, as discussed in greater de 
tail hereinafter. 
While it is to be understood that the circuit illustrated 

may be varied in a large number of ways by a competent 
circuit designer, while obtaining the result contemplated 
by this invention, the following component values have 
been found satisfactory in the circuit illustrated. 
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L1 ____________________ __ 450-millihenry slug tuned 35 
variable coil. 

C1 ____________________ __ .068 mf. 

C2 ____________________ __ .068 mf. 

C3 ____________________ __ .01 mf. 

C4 ____________________ __ .01 mf. 40 

C5 _________ __'_ ________ __ 10 mf. 

C6 ____________________ __ 50 mf. 

C7 ____________________ __ 100 mf. 

C8 ____________________ __ 470 mrnf. 

C9 ____________________ __ 1000 mf. 

R1 ____________________ __ 2.2 kilohms. 45 

R2 ____________________ __ 120 kilohms. 

R3 ____________________ __ 100 kilohms. 

R4 ____________________ __ 5 kilohms. 

R5 ____________________ __ 5 kilohms. 50 

R6 ____________________ __ 2.7 kilohms. 

R7 ____________________ __ 1 kilohm 

R8 ____________________ __ 47 kilohms. 

R9 ____________________ __ 2.7 kilohms. 

R10 ___________________ __ 100 ohms. 55 

R11 ___________________ __ 150 ohms. 

R12 ___________________ __ 22 kilohms. 

R13 ___________________ __ 270 ohms. 

R14 ___________________ __ 270 ohms. 

TM1 __________________ __ Thermistor. 60 

TR1 ___________________ _. 2N27l2. 

TR2 ___________________ _. 2Nl80. 

TR3 ___________________ __ lZNlSO. 

TR4 ___________________ _. 2Nl82. 

TRS ___________________ _. 2N256. 65 

TR6 ___________________ _. 2N256. 

While the circuit schematically illustrated (FIG. 1) is 
powered from two battery sources of direct current and 
thus is particularly adapted for portable use of the illumi- 70 
nation system, it is recognized that transformer power 
supplies with suitable recti?ers or other power supply 
means may be employed to provide the relatively low volt 
age direct current required by the illustrated circuitry. 
Just as the excitation means circuitry may be varied to 75 

4 
adapt the present invention to systems of varying sizes 
and types of installations, it is contemplated that the 
power supplies may also be varied to accommodate such 
changes in circuitry. 

In the particular circuitry shown, two potentiometers 
or variable resistors R4 and R5 serve separate and dis 
tinct purposes in controllably determining the amplitude 
characteristic of the audio frequency current applied to 
the lamp means 10. More particularly, one of the two 
Potentiometers, preferably the potentiometer R4, serves 
to limit the mean level of the audio frequency current, 
by establishing a maximum amplitude which cannot be 
exceeded. The establishment of such a maximum ampli 
tude is necessary in order to avoid thermal runaway of 
transistors used in the audio frequency ampli?er portion 
of the circuit, and such a limitation additionally serves to 
protect the illumination system against the negative re 
sistance characteristics of a vapor lamp such as the lamp 
means 10. The other of the‘ two potentiometers, prefer 
ably the potentiometer R5, serves as a manually operable 
variable intensity control, which controls the level of il 
lumination emitted from the lamp means 10 by varrying 
the amplitude of the audio frequency current applied 
thereto, in accordance with our discovery that such vari 
ation in the amplitude of an audio frequency current of 
predetermined frequency applied to a vapor lamp such as 
the lamp 10 results in varying the light output from the 
maximum available to an absolute minimum. Preferably, 
the maximum limit potentiometer R4 is set on installa~ 
tion of the system and not thereafter disturbed, while the 
variable intensity control potentiometer R5 is provided 
with a manually engageable means exposed for ready 
actuation ‘by a user of the system. 
The excitation means 20 additionally includes a means 

for controllably determining the frequency characteristic 
of the audio frequency electrical current applied to the 
lamp means 10, preferably in the form of a variable 
inductance L1. By appropriate variation of the induc 
tance value employed, as by adjustment of the slug within 
the inductance L1, the medial frequency of the current 
will be varied. While it has been observed that such vari 
ation affects the illumination produced by the system of 
this invention, it is preferred to set the medial frequency 
on initial installation of such a system and thereafter 
maintain it undisturbed in order to assure obtaining fa 
vorable e?iciency for the system. The medial frequency 
ranges over frequencies of from 400 cycles per second to 
20,000 cycles per second, with 1a frequency of 1000 cycles 
being preferred. Preferably, the bandwidth of frequencies 
applied by the excitation means, around the medial fre 
quency, is such that the major portion of the energy so 
applied is within a range of frequencies departing from 
the medial frequency by no more than 10% thereof. 

In operating the illustrated illumination system, 
switches S1 and S2 are closed to result in generation of 
an audio frequency current as described above by the 
excitation means 20. Such current is applied directly to 
the electrodes 14 and 15 of the lamp means 10 and results 
in emission of light therefrom. Once the emission of light 
has been initiated, the intensity thereof may be controlled 
by varying the manually operable potentiometer R5, ‘and 
thereby varying the amplitude of the current applied to 
the lamp means 10. 

In the system and method herein described, controlled 
intensity illumination is obtained from gas vapor lamps 
without the use of conventional ballasts, starters, or heat 
ers for ?laments within the lamp envelope. This result is 
believed to flow from the conductance through the con 
ductive atmosphere of audio frequency current only, and 
controllability for the intensity of illumination is ground 
ed on controlled variation of at least one of the frequency 
and amplitude of such current, preferably the latter. 

In the drawings and speci?cation, there has been set 
forth a preferred embodiment of the invention, and al 
though speci?c terms are employed, they are used in a 
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generic and descriptive sense only and not for purposes of said lamp means is of the ?uorescent type, said conduc 
limitation. tive atmosphere includes mercury vapor excited to emit 
We claim: ultraviolet radiation upon conductance of said electrical 
1. A controllable intensity illumination system com- current therethrough, and further comprising a coating of 

prising: 5 phosphorus on the interior surface of said envelope for 
audio frequency oscillator means for generating an emitting visible light upon excitation thereof with ultra 

audio frequency electrical current, violet radiation. 
audio frequency ampli?er means for amplifying audio 3. A method of controllable intensity illumination com 

frequency electrical current delivered thereto, prising the steps of 
?rst and second variable resistors connected in series 10 generating an audio- frequency electrical current, 

between and electrically coupling said ampli?er supplying the audio frequency current to an ampli?er 
means and said oscillator means, one of said variable > while limiting the maximum amplitude of the current 
resistors functioning as an adjustable limiting means to protect the ampli?er against injury otherwise pos 
for selectively establishing the maximum amplitude sibly occurring due to the amplitude of the generated 
of coupled electrical current conducted from said 15 current being excessive and while controllably deter 
oscillator means to said _,ampli?er means and the mining the amplitude within the range thus estab 
other of said ‘variable resistors functioning as an lished, and 
adjustable intensity control means for varying the applying the ampli?ed limited audio frequency current 
amplitude of said coupled electrical current within ‘ to a gaseous discharge lamp so as to cause emission 
the range established by ‘said limiting resistor, and 20 of radiant energy therefrom with an intensity con 

gaseous discharge lamp means for emitting light on trolled by the amplitude of the applied audio fre 
energization with audio frequency electrical current quency current. 
and including a lamp envelope, a pair of- electrodes 
within said envelope and electrically coupled to said References Cited 
ampli?er means for receiving ampli?ed current therc- 25 UNITED STATES PATENTS 
from, and an electrically conductive atmosphere ‘ 
within said envelope and in conductive relation with 2’598’473 5/1952 wzimer et a1 """"" " 315_205 
said electrodes, said atmosphere including an ele- 2’982’8‘81 5/1961 Relch ------------ -- 315-405 
ment emitting radiant energy upon excitation by elec- 3’037’145 5/1962 Wt‘?“ et a1 """""" " 315_166 
meal current, , 30 3,146,406 8/1964 wilting ____ _______ __ 331_-113 

so that radiation is emitted from said lamp means in 22????) 3/1920 wldakoyvwlch '"" 331_112X 
response to audio frequency electrical current from 3’ ,9’ 5/ 9 7 Mesenhlmer ------ -- 321-45 X 
said oscillator means as coupled to and ampli?ed by 3’328'721 6/1967 Hehenkamp """" -- 331*112X 
said ampli?er means and with an intensity controlled - . 
by said intensity control resistor while said ampli?er 35 JAMES W‘ LAWRENCE’ Primary Examiner 
means is protected by said limiting resistor against C- R- CAMPBELL, Assistant EXaminer 
injury otherwise possibly occurring due to the ampli 
tude of the current delivered thereto being excessive. . U-S- Cl- X-R 

2. An illumination system according to claim 1 wherein 315-175: 206: 307 


