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[57] 7 ABSTRACT 

Production of, high intensity, stroboscopic radiation 
rich in ultraviolet rays, by energizing gaseous discharge 
lamps, containing a noble gas or gases and metallic va 
por, with a modi?ed A.C. wave, derived from a conven 
tional source of sinusoidal alternating current power, 
and characterized by sharp peaks of short duration of 
the conventional power source from which the sharply 
peaked lamp-energizing wave is derived, the disclosure 
also embracing circuitry energized from a convention 
AC. power source for producing the multiplied fre 
quency, sharply peaked lamp-energizing wave, includ 
ing a resonant circuit adjusted for slightly off resonance 
operation. 

8 Claims, 9 Drawing Figures 
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AMPLIFICATION OF INDUCED RADIATION AND 
MEANS FOR ‘ATTAINING THE SAME 

This application is a continuation of U.S. application, 
Ser. No. 691,455 filed Dec. 18', 1967 now abandoned. 
The present invention relates in general to the pro 

duction of arti?cial light, and has more particular refer 
ence to the generation of particularly intense radiation 
that is especially useful in the stimulation of chemical 
action by incident light rays, as well as for other pur 
poses including the stimulation of laser irradiation. 
An important'object of the present invention is to 

provide means for and method of producing high inten 
sity light peaking'at high'frequency-and at short time 
infernals, the light being produced in‘ gaseous discharge 
lamps energized in novel fashion by the application 
thereto of an alternating current pulse having uncon 
ventionally abrupt, high peaks; a further object being 
to provide a translation circuit or peaked wave genera 
tor for producing the desired abruptly peaked current 
pulse, when excited by conventional sinusoidal A.C. 
energy, the current pulse being characterized by mo 
mentary high peaks of sharply de?ned character. 
Brie?y stated, the present invention may be prac 

ticed, for light production, by electrically energizing a 
gaseous conduction lamp or lamps from a conventional 
source of A.C. electricalenergy, such as the conven 
tional I10, 220 or 440 volt, 60 cycle A.C. electrical 
power supply line, in'which voltage and current ?uctu 
ate more or less sinusoidally, lamp energizing power 
being applied through translation circuitry embodying 
transformers, capacitors and reactors arranged to pro 
‘duce lamp exciting energy having multiplied frequency 
and sharply peaked wave form.’ 
Another object of the invention is to provide a novel 

peaking transformer in the translation circuit, said 
transformer having an autowinding and associated ca 
pacitance for producing the desired electrical phenom 
enaembodied in the wave, that is to say the sharp high 
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energy peaking function; a further object being to ‘pro- ' 
vide a peaking transformer, in the translation circuitry, 
haivng a core comprising magnetic material such as ce 
ramic ferrite materials or alloys, including iron, nickel, 
cobalt, titanium or molybdenum; a further object being 
to correlate the thickness of core laminations, or of 
particle size of the magneticmaterial in unlaminated 
cores, and the dimension of the air gap between core 
stacks with appropriately adjusted capacitance, in par 
allel with the autowindings of the peaking transformer, 
to control the frequency of peaks obtained per second, 
as well as the duration of the peaked portions of the. 
pulses, and to reduce current and hysteresis losses to a 
minimum. 
Another important object is to employ the magnetic 

and electrical factors attained by the combination of 
the special transformer core material and the size of the 
air gap between core stacks, in the magnetic circuit of 
the transformer, in conjunction with properly adjusted 
capacitance in the translation circuit, to produce a 
sharply peaking electrical discharge in a gaseous con 
duction lamp. In essence, the translation circuitry is ar 
ranged to produce a lamp exciting current pulse, which 
peaks the electrons or ionised space charges, in the 
lamp, into a discharge of substantially shorter time du 
ration and higher peak ampere output than would oth 
erwise be the case if the discharge were produced in re 
sponse to conventional sinusoidal energy wave excita 
tion. The conventional sine wave form is thus con 
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2 
verted into a sharply peaked pulse output, produced by 
the wave peaking circuitry. When delivered to a lamp 
or lamps to be energized the peaked pulse produces 
high intensity ?ashes of short duration in the lamp. 
An important object of the present invention is to ac 

tuate a gaseous vapor discharge lamp by peaking the 
electrons or space charges therein to produce dis 
charges, in the lamp, at high frequency, correspond 
ingly shorter time duration of discharge, and at higher 
peak energy than is possible when a conventional A.C. 
electrical energy wave is applied to drive the discharge 
lamp. 
Numerous other important objects, advantages and 

inherent functions of the invention will become appar 
ent as the same is more fully understood from the fol 
lowing description, which, taken in conjunction with 
the accompanying drawings discloses preferred em 
bodiments of the invention. 
FIGS. 1 and 2 are diagrammatic views of gaseous 

conduction lamp energizing systems embodying the 
present invention; 
FIG. 3 is a graphical dashed line showing of a conven 

tional, substantially sinusoidal, current wave of the sort 
commonly employed for driving gaseous conduction 
lamps, and a superposed solid line current wave graph 
illustrating the output voltage in lamp energizing sys 
tems operated in accordance with the present inven 
tion; 

FIG. 4 is a perspective view of a primary transformer 
used in the systems’ shown in FIGS. 1 and 2; 
FIG. 5 is a perspective view of a peaking transformer 

provided with air gaps in its core, in accordance with 
the present invention; _ 
FIG. 6 is a sectional view taken substantially along 

the lines 6-6 in FIG. 5; _ 
FIG. 7 is a sectional view taken substantially along 

the lines 7-7 in FIGQ6; 
' FIG. 8 is a sectional view showing a magnetic shunt 
having air gaps of variable width that may be provided 
in primary power supply transformers in accordance 
with the present invention; and 

FIG. 9 is a diagrammatic view of a lamp energizing 
system embodying the present invention, including 
novel regulating means for controlling energizing 
power supplied to the system as a function of ?uctua 
tions in energy ?ow in the system. 
To illustrate the invention, the drawings show electri 

cal translation systems 11 for applying sharply peaked 
high energy waves to appropriate electrical loads 13, 
such as and including‘ the conventional gaseous vapor 
discharge lamp means, to energize the same for the 
production of radiation of high intensity, the transla 
tion system being energized from a suitable A.C. elec 
trical power source. 
Gaseous conduction lamps, of the character men 

tioned, are conventionally energized for operation by 
the application, between the lamp electrodes, of con 
ventional 110-220 volt A.C. electricity. The present 
invention, however, teaches that, by energizing gaseous 
conduction lamps with electrical energy having wave 
forms of abruptly peaked character, radiation of sub 
stantially altered character and of unexpectedly high 
intensity, is produced, such high intensity radiation 
being especially useful in promoting desired photo 
chemical reactions. 
The translation system 11 through which the dis 

charge lamps are energized, in accordance with the 
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teachings of the present invention, is driven from a con 
ventional A.C. electrical power source; and it will be 
apparent that, by suitable design modi?cations, the sys 
tem may be operated at any desired supply line voltage 
and frequency available in the area where the system 
is set up for use. 

Essentially identical translation systems 11 for prac 
ticing the invention are shown in FIGS. 1 and 2, the 
same, respectively, being adapted to deliver energy of 
the order of 3,500 watts to power a load shown as a sin 
gle high intensity lamp element L, in FIG. 1, and to de 
liver energy for driving a somwhat lesser load, of the 
order of 2,200 watts, such as may be provided by the 
several series connected lamps La, Lb, Lc, Ld, shown 
in FIG. 2. The translation systems 11 both comprise 
transformers, capacitors and reactors, including a 
peaking transformer 17, connected with the load 13 
and through which high potential lamp energizing 
power, of sharply peaked wave form, may be delivered 
to the load. 
The peaking transformer 17, in each case, is ener 

gized through a step-up, constant-current, current 
limiting transformer 19, of the sort commonly called a 
high reactance or ballast type, self-regulating trans 
former. The transformer 19 has a secondary or output 
winding‘ 21, electrically connected to energize the 
peaking transformer 17, and a primary winding 23, 
adapted for connection with a suitable source of ener 
gizing power, such as the 220 volt A.C. power source 
15. In the FIG. 1 arrangement, the primary winding 23 
of transformer 19 is energized through a self-regulating 
saturable reactor or transductor 27, adapted to auto 
matically balance and compensate for variations in line 
voltage. In this connection, the saturable core reactor 
27 employs relatively low direct current excitation to 
control the flow of a much larger quantity of alternat 
ing current energy through the device. To this end, the 
reactor may comprise a magnetic core having three 
legs, A.C. windings 29, 29’, beingvmounted on the 
outer legs of the core and being electrically connected 
in reversely polarized parallelism in a series circuit in 
cluding the power source 15 and the primary winding 
23 of the transformer 19. 
A saturating winding 31 may be mounted on the cen 

tral leg‘ of the core and electrically connected with a 
suitable source of energizing power such as the DC. 

- energy source 33, preferably through adjustable means, 
such as a rheostat 35 for setting the voltage applied at 
theopposite ends of the saturating winding 31, between 
zero and a voltage of the order of 15 volts. The A.C. 
coils 29, 29', on the outer legs of the core, may be con 
nected either in series or parallel relationship, so that 
the magnetic ?ux associated with the windings 29 and 
29' passes through the outside legs of the core and also 
through the center leg which carries the saturating 
winding. 
The saturating winding 31 serves to set up a core sat 

urating ?ux which varies as a function of DC current 
flow in the winding 31. The effective magnetic perme 
ability of the outer legs of the core varies inversely with 
current ?ow in the winding 31. The reactance of the 
A.C. coils 29, 29’ varies inversely with D.C. saturation 
as does also the total impedance in the A.C. circuit 
controlled by the reactor. Thus, by increasing satura 
tion of the reactor 27, the electrical current delivered 
to the primary winding '23 of the transformer 19 may 
be automatically controlled. ' 
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Alternately, as shown in FIG. 2 of the drawings, ener 

gizing power from the source 15 may be delivered to 
the primary winding 23 of the transformer 19, through 
an adjustable transformer or powerstat 35, to thereby 
regulate the voltage at which energy is delivered to the 
primary winding 23. 
The primary transformers 19, in each case, may com 

prise a three-legged core, shown in dashed lines in 
FIGS. 1 and 2 of the drawings, having the secondary 
and primary windings 21 and 23 applied in position en 
circling the middle leg of the core, the windings being 
preferably arranged in coaxially spaced apart relation 
ship at the opposite ends of the medial core leg. The 
power output level of the driving transformers 19 may 
arrange between the order of several hundred kilo 
watts, in single or multiple units. Variations in the con 
stituent material employed in the transformer core and 
the geometry type and spacing of the core material will 
of course depend upon ?nal requirements and the de 
sign of production units. 
The present invention contemplates a control system 

which provides constant voltage and current flow in the 
secondary or output winding 21 of the driving trans 
former 19. This control system is built into the trans 
fonner by providing a magnetic shunting connection, in 
the core 37 between each of the outer legs 41 and the 

_ central leg 39, opposite the space between the facing 
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adjacent ends of the secondary and primary trans 
former windings 21 and 23, control coils 45 being ap 
plied in position encircling the shunt core portions 43 
and connected in series with the A.C. windings 129, 
129' of a saturable core reactor or transductor 27', 
which may be a duplicate of the reactor 27. The trans 
ductor 27', as shown, has a saturating winding 131 
preferably through an adjustable resistor 135 or other 
means for varying the flow of energizing power to the 
saturating winding 131. The shunt core portions 43, as 
shown in FIG. 8 of the drawings, may be secured in po 
sition in any preferred fashion, as by means of wedging 
shims44 of nonmagnetic material applied at the oppo 
site ends of the shunt core portions or legs 43. In order 
to provide for adjusting the width of the air gaps, at the 
opposite ends of the legs 43, said ends may be slanted 
or inclined, as shown, so as to vary the effective width 
of the air gaps by adjusting the alinement of the leg ele 
ments 43 transversely of the core members 39 and 41, 
between which they are mounted. 
The shunt paths 43, in the transformer 19, carry lines 

of magnetic force derived from the main ?ux set up in 
the core by the primary winding 23, thereby by-passing 
the secondary winding 21 and reducing the amount of 
magnetic ?ux which otherwise would be applied to the 
secondary winding 21. If the current in the secondary 
winding 21 increases unduly, a corresponding amount 
of current is generated in the windings 45 and transmit 
ted thence to the windings 129, 129' of the transductor. 
As these turns 131 become D.C. saturated, current 
flow is allowed from the primary 23 to ‘the secondary 
21. As saturation drops off some flow feeds back to the 
primary, thereby accomplishing the desired control. 
The secondary or output winding 21, of the trans 

former 19 is connected in series with the input winding 
of the peaking transformer, said secondary winding 21 
being preferably provided with a grounded center tap 
47. 
The peaking transformer 17, in each embodiment, 

comprises a generally ring-shaped core 49 of rectangu 
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lar sectional con?guration having spaced apart parallel 
flat side portions ‘51' and more or less curved portions 
53 interconnecting the opposite adjacent ends of the 
portions 51. The transformer core 49 may be fabri 
cated by winding a thin continuous sheet metal strip, of 
desired magnetic material having appropriate width, 
upon a suitable form, to provide a transformer core of 
desired thickness containing an appropriate number of 
layers of the constituent sheet metal strip, the width of 
the core being that of the constituent sheet metal strip 
of which it is formed. The type of steel employed in the 
core lamination strip material determines the rate of 
magnetic flux change in the core, which, in turn, effects 
the speed at which the discharge takes place in the 
lamp load 13. 
The transformer 17 may also comprise windings 55, 

including coil sections 57 and 59 interconnected in se 
ries. The coil section 57 may comprise 180 turns, more 
or less, of number 9 square conductor wire, the section 
59 comprising 725 turns, more or less, of number 12 
round conductor wire. The adjacent ends of the sec 
tions may be electrically connected together and with 
a connection tap or lead 61. The coil section 59, if de 
sired, may be provided with spaced connections taps 63 
spaced from the tap 69, for the connection of overload 
safety devices or other optional components. 
The sections 57 and 59 may be applied in position en 

circling a generally rectangular sleeve of insulating ma 
terial 65 sized to snugly embrace and enclose the side 
51 of the core 49 on which the windings 55 are to be 
mounted. In forming the windings 55, the insulating 
sleeve 65 may be supported on a suitable mandrel, and 
the conductor material of the inner coil section 57 may 
be wound into position upon and around the sleeve 65 
until the desired number of turns have been applied. 
The connection tap 61 and the conductor material of 
which the winding section 59 is to be formed may then 
be electrically interconnected with the outer end of the 
inner coil section 57, whereupon the constituent con 
ductor material of the outer section 59 maybe wound 
into place in positioncovering and enclosing the previ 
ously wound coil section 57, the taps 61 and 63, if ap 
plied, being connected at appropriate locations in the 
outer coil section 59. Connection leads 67 and 69, of 
course, are provided at the starting end of the coil sec 
tion 57 and at the ?nishing end of the section 59. 

In order to mount the transformer windings 55, the 
core 49 may be severed, as by sawing through its ?at 
side portions 51 at' or adjacent the junctions thereof 
with an end portion 53. if desired, clamps 73 may be 
applied to the end portions 53 in order to hold the core 
sections during the cutting operation. The clamps 73, 
at each end of the core, may comprise inner and outer 
clamping plates 75, 75', sized to extend across the 
inner and outer faces of the end portions 53, the plates 
75 and 75’ having opposite ends projecting outwardly 
of the opposite sides of the core. Clamping bolts or 
screws 77 extending through the outwardly projecting 
ends of the plates 75 and 75' may be employed to 

, clamp the same together‘ upon the ends of the core, 
vAfter an end portion 53 has thus been severed from 

the core 49, the insulating sleeve 65 and the windings 
57 and 59 thereon may be assembled on one of the ?at 
side portions 51, and the severed end portion 53 may 
be mounted in position with its cut surfaces in abutting 
relationship with the cut surfaces of the core portions 
51, thereby reconstituting the core 49 as a generally 
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6 
ring-shaped element with an air gap 79 extending trans 
versely across each of the ?at side portions 51, along 
the cutting plane 71. These air gaps 79 play an impor 
tant part in producing the sharply peaked character of 
the current wave applied upon the load 13 by the peak 
ing transformer. 
The molecular structure of the core of the trans 

former becomes rearranged during each half cycle of 
applied current. At high frequency, the reluctance of 
the magnetic circuit interferes with and resists such re 
arrangement. As a consequence, the establishment of 
magnetic flux in the core becomes increasingly difficult 
and is retarded, or slowed, so that the desired peaking 
tends to occur at slower speed. By providing air gaps 
79, however, the magnetic ?ux is allowed greater re 
versing freedom, during alternate half cycles of applied 
energizing power, so that the current peaks may be pro 
duced at optimum speed, limited only by the hysteresis 
characteristics of the core material. ' 

ln the connection, a layer preferably of mica or other 
non-magnetic material is preferably interposed in the 
gaps 79 in order to assure separation of the facing sur 
faces of the core portions at the gaps. The widths of the 
gaps are of the order of a few thousandths of an inch, 
as for example 0.007 inch; and the gap widthmay be 
adjusted to obtain a desired peaking effect. Generally 
speaking, the wider the gap, the lower the inductive re 
actance of the transformer and the higher is the peak 
ing effect, within limits, since an abnormally wide gap 
will reduce inductive reactance to a level where peak 
ing becomes inefficient and unstable. If the gap is made 
too large, the necessary energizing force, required to 
establish a'desired flux density in the core, becomes ex 
cessive, so tnat efficiency is impaired. Thus, it is possi 
ble, by empirical trial and error methods, or by mathe 
matical computation, to provide a particular trans 
former with gaps 79 adjusted to produce an energy 
wave having desired peaking characteristics for the op 
eration of a particular load. This may be accomplished 
by applying an appropriate thickness of mica in the 
gaps 79 and by then drawing the core parts together on 
opposite sides of the gaps to the extent required to pro 
duce gaps of desired‘width, as by applying one or more 
binding straps 81, as of steel, around the periphery of 
the core and by tightening the strap or straps to the de 
sired extent, by means of strap tightening screws 83. 
Where binding straps 81 are. employed, the clamp 
structures 73 may be discarded. , ‘ 

It may be desirable to provide readily operable means 
for adjusting the width of the gaps 79, as will, in order 
to condition a particular transformer as an energy sup 
ply source for a selected load, that is to say, to match 
the peaking transformer to its load. This may be readily 
accomplished by providing screw threaded means op 
erable to precisely determine the spacement of the core 
portions on opposite sides of the gaps 79. To this end, 
as shown more particularly in FIGS. 6 and 7, adjusting 
screws 85 extending between the clamps 73, and more 
particularly the clamp plates 75 at the opposite ends of 
the core, may be employed to precisely adjust the width 
of the gaps 79. 
One end of the secondary winding 21 of the step up 

transformer 19 may be electrically connected directly 
with the tap 61 at the junction of the coil sections 57 
and 59 of the peaking transformer, the opposite end of 
said secondary winding being electrically connected, 
through a preferably adjustable condenser 87, with the 
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outer coil section 59 of the peaking transformer, re 
mote from the connection tap 61, as at the outer end 
of the coil section, at the lead 69, or at a selected one 
of the connection taps 63. A preferably adjustable con 
denser 89 may be interconnected between the connec 
tion tap 61 and whichever of the leads 63 or 69 may be 
employed in connecting the output winding 21 of the 
primary transformer 19 with the coil section 59. 
The load 13 may be connected with the windings of 

the peaking transformer by electrically connecting the 
opposite sides of the load with the opposite ends of the ' 
transformer winding 55, that is to say, with the starting 
end of the coil section 57 and the. ?nishing end of the . 
coil section 59. The coil section 59 thus constitutes the 
primary or input winding of the peaking transformer, 
while both coil sections 57 and 59 form the secondary 
or output winding, whereby the same comprises an au 
towound peaking transformer. 
The design of the peaking transformer is governed by 

the kind of resonant electrical function required to pro 
duce the desired peaking con?guration of the load en 
ergizing wave delivered by the transformer. To this 
end, the transformer is autowound with interconnected 

20 

primary and secondary windings. The desired electrical ' 
phenomena, requires the use of core laminations of 
special types and thicknesses. Suitable types of core 
material include ferrite ceramic materials and fero al 
loys, including the alloys of iron with nickel, cobalt, ti 
tanium and molybdenum. The thickness of the core 
laminations and the size of the air gaps 79 between the 
laminated stacks of the core, in conjunction with ap 
propriate ‘capacitance connected in parallel with the 
autowinding of the peaking transformer, controls the 
phase angle, as well as the steepness of the pulses, cur 
rent and hysteresis losses being reduced to a minimum. 
The magnetic and electrical factors obtained through 

the combination of special core laminations and the di 
mensions of the air gaps'79 between the core portions 
or lamination stacks, in conjunction with appropriate 
capacitance values in circuit with the windings of the 
peaking transformer, provides an ampli?cation effect, 
which results in a discharge in the lamp means 13. In 
essence, the peaking transformer and associated con 
densers attain a discharge of substantially shorter time 
duration and higher peak ampere output, than when 
discharge lamps are energized in conventional fashion 
by means of AC. electrical energy ?uctuating sinusoi 
dally. The conventional sine wave form is thus altered 
to provide a sharply peaked pulse form of energy, pro 
duced by the peaking action attained in the operation 
of the peaking transformer. When applied upon gas 
eous discharge lamps such peaked pulse form of energy 
results in the production of light ?ashes of exceedingly 
short duration and high intensity. 
By way of example, in the embodiment shown in FIG. 

1, the peaking transformer is used to power a single 
large 3,500 watt gaseous conduction metallic vapor 
lamp. The output winding 21 of the driving transformer 
19 is connected in series with a 40 mfg. capacitance 87. 
The core laminations of the peaking transformer may 
comprise from 2 to 12 mil gauge, oriented silicon steel, 
in which all crystals are substantially parallel and ex 
tend in-the same direction. Thinner core laminations, 
of course, may also be employed, depending upon de 
sired ?ash duration and hysteresis loss. The capaci 
tance 89 of the circuit controlling the number of peaks 
and amplitude is connected in parallel with the auto 
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8 
winding 59 of the transformer and may vary within a 
range of the order of 5 through 20 mfd. Energy pulsa 
tions delivered for the operation of the lamp L com 
prise peaks of approximately 350-400 amperes during 
intervals having duration of the order of 0.35 to 0.4 

milliseconds. 
In the FIG. 2 embodiment, the load consists of four, 

series connected conduction lamps, each rated at 550 
watts, making a total load of 2,200 watts. The series 
connected capacitance 87 in this case may comprise a 
60 mfd. capacitor, while the parallel connected capaci 
tor 89 may have a rating of 3-10 mfd. The peaking 
transformer has an oriented silicon steel core with 22 
mil gauge laminations. The pulses) delivered to the 
lamps have peak amperage of the order'of 175-200 
during intervals having duration of the order of 0.4 mil 
liseconds. . 

The capacitors should have minimal loss angle and in 
order to promote rapid discharge. The combination of 
the autowinding 59 and the condenser 89 forms a reso 
nant circuit in which the capacitance is adjusted or 
timed to a position short of or off resonance, in order 
to obtain wave peaks of desired altitude limited to the 
extent to prevent the load from being over energized, 
because, if the circuit were to be operated precisely at 
resonance, the energy supplied to the load might be 
come excessive and result in the destruction of the 
lamps which form the load. 
The peaking phenomena is illustrated in FIG. 3, in 

which a conventional 60 cycle sinusoidal energizing 
current wave is depicted as a dashed line, in which one 
complete wave cycle takes place in one-sixtieth of a 
second, or 16.7 milliseconds, I20 alternating peaks 
being produced per second. As the positive half cycle 
of energizing power is applied, the capacitors 87, 89 
become charged up, and also the iron of transformer 17 
becomes saturated ' or .‘magnetically stressed and 
strained. During this interval, the gas and vapors in the 
lamp become ionized and able to support current ?ow, 
which occurs when the energy wave approaches its pos 
itive peak. Thereafter, the energy stored ‘in the capaci 
tors and peaking transformer is discharged into the 
lamp to form an arc therein, thus producing a burst of 
light principally in the ultra violet region of the spec 
trum. This discharge takes place almost instantly, as in 
dicated by the almost vertical solid line traces in the 
graph FIG. 3. The discharge carries onin'to the nega 
tive half cycle, because of the electromagnet inertia in 
the peaking circuitry,vthereby creating the negative en 
ergy peak Pn immediately following the positive peak 
Pp, during the terminal phase of the energizing half cy! 
cle. The air gaps 79 ?atten and suppress, indeed sub 
stantially entirely eliminate the ripple 'Pr, shown in FIG. 
3, which tends to occur between the negative pulse Pn 
and the next succeeding positive Pp. The circuit con 
taining the capacitance 89 can double the number of 
peaks in the energy wave to 240 peaks per second, of 
shorter time duration and higher current intensity. The 
electrical power which activates the lamp is thus deliv 
ered in high intensity peaks of very short duration. As 
a consequence, the arcstream ionization in the lamp, 
which, with proper lamp ?lling provides the high 2,537 
Angstrom unit ultra violet component of emitted light, 
is coherently ampli?ed as a pulse function. It can be 
mathematically determined that the lamp is activated 
during an aggregate energized period of the order of 
1.6 milliseconds or during four peaks occurring during 
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a total elapsed time interval of 16.7 milliseconds, that 
is to say, the lamp emits radiation during only about 
one-tenth or less of the interval of operation. 
A preferred embodiment of the translation system 11 

of the present application is shown diagramatically in 
FIG. 9 of the drawings, in which the load comprises 
eight gaseous conduction lamps 13', connected in se 
ries, with an adjustable capacitor connected in parallel 
with each lamp. The peaking transformer 17' is pro 
vided with an auxiliary winding or coil 60, inductively 
coupled with the core 49 of the transformer as on the 
core leg 51', other than the leg 51 with which the trans 
former windings 55 are coupled. 
‘The primary and secondary windings 23' and 21’ of 

the current limiting power supply transformer 19' are 
inductively coupled, respectively, with the spaced 
outer legs 41' of the transformer core, rather than with 
a central leg, as in the corresponding transformers 19, 
employed in the FIG. 1 and FIG. 2 embodiments. The 
legs 41', of course, are connected between spaced core" 
members 42' which extend between the corresponding 
ends of the legs, to hold the same in spaced relation and 
complete the closed magnetic core circuit. 
The secondary windings 21', also, may and prefera 

bly do comprise a plurality of separate or sections seg 
ments 8-1, 8-2, 8-3 and 8-4, which may be connected 
each to energize a separate peaking transformer circuit 
and its load. The several secondary winding sections, 
however, are shown connected in series to activate a 
single peaking transformer circuit and its load. 

- As in the FIG. 1. and FIG. 2 embodiments, the current 
limiting transformer 19’, shown in FIG. 9, is provided 
with power supply flux shunt path means comprising a 
bar or leg 43' of paramagnetic material disposed in the 
core between and parallel with the legs 41', which 
carry the primary and-secondary windings 23’ and 21', 
to by-pass some of the magnetic flux induced in the 
core by the primary winding 23 and prevent it from 
reaching the secondary'windings. The shunt path bar or 
leg 43’ may be secured in position between the core 
members 42', in any preferred fashion, as by means of 
wedging shims_44'- of non-magnetic material applied 
between the core members 42’ and the ends of the 
shunt leg, to determine the‘ width of the effective air 
gap or gaps at the‘ opposite'ends of the shunt leg, as 
heretofore described‘ in connection with the shunt 
paths provided in the FIG. 1 and FIG. 2 embodiments. 
A shunt winding 45' is inductively coupled with the ?ux 
by-pass leg 43’. 
The core of the transformer 19' may be and prefera 

bly is provided with an auxiliary flux by-pass path 46’, 
by extending the ends of the core members'42' radially 
outwardly of one of the core legs 41’, to form outstand 
ing by-pass fingers 48'. The flux by-pass path 46’ may 
include an armature 50' comprising a bar of paramag 
netic material having opposite ends overlying the outer 
ends of the by-pass fingers 48’ and forming air gaps 52' 
of desired width between the armature element 50' and 
said fingers 48’. The auxiliary by-pass 46’ serves as a 
regulating flux shunt. Under normal operating condi 
tions, the phase of current delivered to the peaking 
transformer 17’, from the secondary winding 21 ' of the 
power supply transformer 19', during the terminal por 
tions of each energizing power half cycle, will lag due 
to the'discharge of condensers in circuit with the wind 
ings of the peaking transformer. Such lagging phase 
produces a counter electro-motive force (emf) in the 
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secondary windings of the transformer 19’ and a_ mag 
netic counter force in the transformer core 37', thereby 
increasing flux through the shunt 43', thus tending to 
overheat the same, due to shunt oversaturation, when 
the primary winding 23' becomes energized at the start 
of the successive energy half cycle. At such time, the 
auxiliary shunt 46' becomes effective to drain excessive 
?ux from the by-pass shunt 43'. As a consequence, the 
spacement of the shunt member 50' from the fingers 
48' should be adjusted to prevent undesirable over 
heating of the shunt means 43’, which will depend-upon 
the characteristics of the transformers. If desired, ad 
justing means 54', such as a manually operable screw, 
may be provided for adjusting the by-pass at any time; 
or the desired adjustment may be determined for a spe 
ci?c embodiment by applying ‘spacers, of mica or other 
non-magnetic material, having appropriate thickness in 
the air gaps 52' and then clamping or otherwise fasten 
ing the parts in adjusted position. 

In operation, A.C. energy may be fed to the primary 
winding 23’ of the transformer 19', through the wind 
ings of a saturable core reactor 27', which may be iden 
tical to the corresponding component 27 used in the 
FIG. 1 embodiment. The auxiliary winding 60 of the 
peaking transformer produces current proportional to 
the energy supplied to the load through the main wind~ 
ings 55 of the peaking transformer. The shunt winding 
45’ of transformer 19‘ produces current proportional 
to a complex function of the energy ?ow in the trans 
former. Current developed in the windings 45' and 60 
is delivered to recti?ers 56', 58', through and under the 
control of variacs 60', 62’, for conversion to unidirec 
tional current proportionalv to energy ?owing in the 
transformers l9’ and 17’. The output sides of the recti 
?ers 56', 58' are connected together in opposition and 
in series with the saturating winding 31' of the satura 
ble reactor 27', so that said winding will be excited or 
energized in accordance with the differential of energy 
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In the event of a short circuit in the load circuit, or 
other excessive power drain in the system, the shunt 
43' in the main power supply transformers 19’ will limit 
?ux density in the transformer core legs carrying the 
windings 21' and 45', thereby preventing overloading 
of the power transformer 19'. The shunt 43' and its 
winding 45' accommodate flux produced by counter 
electro-motive force delivered from the peaking trans 
fonner circuitry, during the near zero voltage intervals 
in the wave of energizing power in the transformer 19'. 
The shunt 43' also accommodates a portion of the ?ux 
applied in the transformer core by the excitation of the 
primary transformer windings 23'. The excitation of 
the coil 45' thus is an approximate function of the 
amount of energy ?owing in the secondary windings of 
transformer 19', that is to say, excitation of coil 45' in 
creases, if the energy output of the secondary trans 
former windings 21' increases, thereby performing a 
current limiting function, current ?ow in the coil 45’ 
being low, when the energy drain, in the secondary 
windings 21', above a selected value, is not excessive; 
but rises as the energy drain increases above a selected 
value, which is determined by the air gaps in the by 
pass 43'. ‘ 

Current flow in the auxiliary winding 60 of the peak 
ing transformer is low, when power is initially applied 
to energize the transformer 19', and increases as nor 
mal operating conditions are attained. The increase in 
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current ?ow in the winding 60 is greater than that in the 
shunt winding 45', as the system approaches normal 
operating conditions. As the system reaches full load 
operation, the shunt winding becomes increasingly ex 
cited, and so does the auxiliary winding 60, at a greater 
rate. As winding 60 becomes relatively more excited 
than the winding 45’, the saturating winding 31' re 
ceives progressively less excitation which reduces the 
power supplied to the transformer 19' through the re 
actor 27’. This is the self-regulating effect of the system 
shown in FIG. 8. 
The light produced by the lamp means forming the 

loads in both of the illustrated embodiments in FIGS. 
1 and'2 is of bunched character;.but it would be im 
proper to describe the radiation as continuous. While 
the lamps discharge at such a rapid rate that the human 
eye cannot detect the pulses, it can be that the radia 
tion is of stroboscopic character, that is to say, it com 
prises high intensity light ?ashes occurring at high fre 
quency. Flash duration is determinedby lamp charac 
teristics and the design of the frequency multiplication 
circuitry. The wave forms, as seen on the oscilloscope, 
can be used to determine the duration of the ?ashes, by 
measuring the dimensions of the oscilloscope trace to 
provide a basis for the calculation of the elapsed time 
involved during the ?ash producing wave peaks. In this 
fashion, it has been determined that the ?ashing inter 
val is of the order of 500 microseconds, or'less, that is 
to say 0.5 millisecond in lamps energized by means of 
circuitry of the sort herein disclosed. The foregoing ap 
plies to commercially ‘available lamps of the sort pres 
ently available; but, the ?ashing interval depends upon 
the intensity of the peaks of the energizing wave, which 
could be much higher, with shorter time duration, if the 
lamps were capable of accepting higher energy. As and 
when better lamps become available, ?ash duration will 
be shortened. The ringing frequency of the capacitors 
87, 89, that is to say, their discharge speed, is a limiting 
factor in the ?ashing speed of the lamps. lamp L; 
Lamps potentially usable in the herein disclosed light 

generating ‘systems may comprise high purity quartz or 
sapphire tubes of variable bore ?lled with an inert car 
rier gas or gases, together with a metal or mixture of 
metal salts, such as indium, mercury, mercury sulphide, 
mercury amalgams known to produce ultra violet radi 
ation when in the ionized state, mercury bromide, mer 
cury iodide, mercury cadmium and zinc. The inert car 
rier gases include the noble gases, namely, helium, xe 
non, krypton, argon or mixtures of these gases. The 

1 carrier gases and metallic vapors may be combined in 
various compositional mixtures and atomic ratios. The 
lamps should be operated at pressures of less than one 
atmosphere, at normal operating temperature. High 
pressure or high temperature operating of the lamps 
would tend to relatively increase visible and infrared 
radiation, as compared with the ultra violet compo 
nent, due to vapor absorption of the ultra violet radia 
tion, under such conditions; and the invention contem 
plates the provision' of means for cooling the lamps in 
the event that operating .temperature becomes undesir 
ably high. To this end, silver foil, multiple leaf, vane 
type mercury condensing radiators 90 may be disposed 
at each end of the lampL; and, a fan or blower 91 may 
be provided in position to apply a blast of cooling air 
upon the lamp. Such fan 91 may be drivingly connected 
with suitable motive means, such as an electric motor 
92 and control means for activating the motor when 
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12 
ever and so long as the lamp temperature exceeds a se 
lected level. To this end, the operation of the motor 
may be controlled by a thermosensitive element, such 
as a thermistor 93, disposed in heat exchange relation 
with respect to the lamp. 
These vane type radiators have suf?cient radiating 

surface area to vary the mercury pressure of the lamp 
from several atmospheres to a small fraction of an at 
mosphere (200 to 3,500 mm), while energizing the 
lamp at substantially the same energy level. These radi 
ators may be composed of silver or a comparable mate 
rial of high thermo conductivity. The function of the 
radiators is to control the condensation of the metallic 
vapors by external means, thus allowing variation of the 
ultra violet output versus the visible and infrared com 
ponents. The radiators are placed in the vicinity of the 
electrodes of the lamp, although there is no limitation 
as to placement. Locating the radiators near the elec 
trodes is preferable, in order to achieve a satisfactory 
balanced radiation output, and also to increase lamp 
life by increasing ionic bombardment at the lamp elec 
trodes, thus substantially reducing electrode sputtering. 
This is useful because it contributes to cleanliness and 
reliability of the lamps, while producing more ultra vio 
let radiation for the same power input. The use of radi 
ators, however, causes no change in visible radiation 
emitted by the lamps, but, by decreasing temperature, 
the radiant output in the near and far ultra violet range 
is substantially increased as, for example, from l8 to 85 
foot candles. . 

Where used in promoting photo chemical reactions, 
the lamp L, in the FIG. 1 embodiment, may comprise 
a mercury-xenon Hanovia lamp (No. 47Al6). This is 
a 3,500 watt lamp having a 48 inch arc, and it is oper 
ated as a medium pressure lamp (760MM) with a peak 
output of the order of 3,l00—3,600 angstroms. An 
elipsoidal-parabolic or other suitably shaped re?ector 
may be used with the lamp in order to provide maxi 
mum re?ection and application of radiation upon the 
irradiation subject. The lamp may be operated at po 
tentials ranging between 600 and 1,000 volts-with cur 
rent ?ow of the order of 5.8 to 3.8 amperes (RSM val 
ues), or approximately 3.5 to 3.8 kilowatts. 
The lamps shown in the FlG. 2 embodiment may 

comprise four 550 watts, mercury-xenon, Hanovia 
'larnps (No. 673Al0), providing‘ 4.5 inch arc lengths. 
These lamps operate at pressures of less than one atmo 
sphere, and their output is predominantly that of the 
mercury vapor arc because of the relatively small quan 
tity of xenon incorporated therein. The lamps normally 
have a peak output of the order of 2,800-2,900 ang 
stroms. Any preferred re?ector shape may be em 
ployed to apply the light emitted by the lamps for pur 
poses of promoting photo chemical action. The lamps 
may be energized at potentials ranging from 300 to 500 
volts, with current flow within the range from 7.5 to 4.4 
amperes (RMS values), or approximately 2.2 kilowatts. 
By energizing the lamps with high voltage sharply 

peaked energy waves, as taught by the present inven 
tion, the lamps yield more ofa continuum than the line 
output thereof when operated with conventional sinu 
soidal A.C. energy. In addition, the spectrum of the ra 
diation is shifted toward the ultra violet region and the 
intensity of the ultra violet spectrum is substantially in 

' creased in relation to the visible and infrared spectrum 

components. 
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In addition to the condensers 87 and 89 connected 
with the autowinding 59 of the peaking transformer 17, 
a power factor correcting capacitor 95 may be con 
nected in parallel with the primary winding 23 of the 
transformer 19, said capacitor having a suitable rating 
for the desired power factor correction. If desired, an 
auxiliary power factor correcting capacitor of suitable 
rating may additionally be connected across a portion 
of the primary winding 23, as shown in FIG. 1. 
Suitable instrumentation for revealing current and 

potential conditions in the several portions of the appa 
ratus may, of course, be provided. As shown, 0-25 v. 
voltmeters 99 may be provided for indicating the DC. 
voltages applied to the saturating windings 31 and 131 
of the reactors 27 and 27', in the FIG. '1 embodiment. 
An 0-300 V. AC. voltmeter 100 may be connected to 
show the RMS value of'potential applied to the primary 
winding 23 of-the transformer 19 in the FIG. 2 embodi 
ment. An 0-l,500 v. A.C. voltmeter 101 may be pro 
vided to show the RMS value of the voltage of the ener 
gizing wave applied to the lampmeans, in both the FIG. 
1 and FIG. 2 embodiments, while a suitable l-lO amp. 
(RMS), A.C. ammeter 103 may be connected in series 
with the load, in each embodiment, to disclose the 
amount of current delivered. To reveal the peak volt 
age applied to the load, in each embodiment, a 10 kva, 
selenium recti?er 105, in series with an 0-6,000 V. DC. 
voltmeter 107, maybe provided, an 0.05 mfd., 6,000 
v. capacitor 109 being connected in parallel with volt 
meter 107. . 

In order to maintain radiation, produced by the lamp 
means, at a uniform‘ intensity level, a photo sensitive 
cell 111 may be positioned in the emitted radiation and 
connected to control suitable relay means 113 for ad 
justing the voltage regulating element 135, to thereby 
vary the energy delivered to the input windings of the 
peaking transformer 17 by the secondary or output 
winding 21 of the ballast transformer 19. A photo sensi 
tive cell and relay,‘likc the cell and relay 111 and 113, 
may also be. employed to adjust the voltage regulating 
element 35. Either or both of the regulating elements 
35 and 135 may thus be adjustably controlled to main 
tain the lamp means in operation at uniform radiation 
output intensity. 

Still another arrangement'for maintaining uniform 
radiation intensity is shown in FIG. 9, wherein the out 
put circuit of the opposed recti?ers 56' and 58' con 
nected in series with the saturating winding 31 contains 
an adjustable resistor 115 connected in series with the 
circuit, with a relay switch 117 connected in parallel 
with the resistor, so as to short circuit it, when the 
switch is closed, and to make it effective, as a series 
component in the circuit, when the switch is open. A 
photo sensitive cell 111’, disposed in position to be in 
?uenced by the radiation emitted by the devices 13', is 
connected to actuate the operating coil 119 of the relay 

' switch through a conventional translation system 113'. 
As and when the radiation intensity of the units 13' di 
minishes, due to reduced. line voltage, or aging of the 
units, or other cause, the relay switch will be operated 
to reduce the resistance in circuit and thus increase the 
current (DC) delivered through the recti?ers to the 
winding 31 of the transductor 27. This, in turn, will in 
crease the voltage applied from thepower source upon 
the primary winding 23 of the transformer 19’, thereby 
increasing the power applied on the radiating units 13' 
and intensifying the output radiation. Where the lamps 
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13' emitultra violet radiation, the sensitive cell 111' 
may conveniently comprise a high vacuum cadmium 
cell having peak response to radiant wave lengths of the 
order of 2,537 A°. ' 

It is thought that the invention and its numerous at 
tendant advantages will be fully understood from the 
foregoing description, and it is obvious that numerous 
changes may be made in the form, construction and ar 
rangement of the several parts without departing from 
the spirit or scope of the invention, or sacri?cing any 
of its attendant advantages, the form herein disclosed 
being a preferred embodiment for the purpose of illus 
trating the invention. 

I claim: 
1. Apparatus for producing high intensity radiation, 

comprising a gaseous discharge lamp filled with an 
inert carrier‘ gas or gases, together with a vaporizable 
metal or metal salt, forming a load, and circuitry acti 
vated from a source of alternating current power to 
produce a series of discrete pulses having a wave form 
characterized by sharp high peaks of short duration, 
said circuitry embodying a driving transformer provid 
ing a constant voltage and current ?ow in its output 
secondary winding and a peaking transformer having 
an input winding and an output winding with an air gap 
‘in the core sized to control the duration of peaking to 

' less than one-half cycle and means to control the pulse 
amplitude comprising a capacitor connected in parallel 
with said input winding of said peaking transformer, 
means connecting the output of said driving trans 
former in series with the input winding of said peaking 
transformer, and means for connecting opposite sides 
of the load with opposite, ends of said peaking trans 
former output winding. 

2. Apparatus as claimed in claim 1 in which said air 
gap does not exceed 0.007 inch. 

3. An'apparatus as claimed in claim 1 which com 
prises adjustable means connected with said core of 
said peaking transformer for adjusting the width of said 
air gap. 

4. Apparatus for producing high intensity radiation 
comprising a gaseous discharge lamp ?lled with an 
inert carrier gas or gases, together with a vaporizable 
metal salt, forming a load, and circuitry embodying a 
peaking transformer having an input and an output in 
cluding an autowinding, said output being connected to 
opposite sides of said load to energize said load, said 
peaking transformer having a core of magnetic material 
linked with said autowinding and formed with an air 
gap sized to produce alternating current output pulses 
having a wave form characterized by sharp high peaks 
of short duration less than one-half cycle, adjustable 
means connected with said core for adjusting the width 
of said gap to alter the con?guration of the output 
pulses, a capacitor connected in parallel with said auto 
winding which functions to limit the amplitude of the 
output pulses, means connected to the input winding of 
said peaking transformer for supplying alternating cur 
rent comprising a step up, high reactance transformer, 
a source of alternating current connected to said step 
up transformer, and control means comprising a satura 
ble reactor having a winding saturable with direct cur 
rent connected to said step up transformer to control 
the flow of alternating current from said step up trans 
former to the input winding of said peaking trans 
former. 



l5 
5. Apparatus as set forth in claim 4, wherein the step 

up transformer has a core provided with magnetic 
shunt means disposed‘between the primary and second 
ary transformer windings for by-passing from the sec 
ondary winding a portion of the magnetic ?ux induced 
in the core by the primary winding, when energized. 

6. Apparatus as set forth in claim 4 wherein the con 
trol means comprises automatic regulating means to 
adjust the voltage at which energy is applied on the 
winding saturable with direct current. 

7. Apparatus as set forth in claim 5 including regulat 
ing coils inductivelypoupled with said magnetic shunt 
means, and regulating means for controlling current 
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flow in said regulating coils. 
8. Apparatus as set forth in claim 7 wherein said reg 

ulating means comprises measuring means associated 
with said magnetic shunt for producing current ?uctu 
ating' as a function of flux intensity in said shunt, moni 
tor means associated with the core of said peaking 

' transformer for producing current ?uctuating as a 
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function of ?ux intensity in the core of said peaking 
transformer, and means for energizing the saturating 
winding as a function of the measured flux intensities 
in the shunt and the core of the peaking transformer. 

* a: * * a: 
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