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This invention relates generally to the art of 
Spectrochemical analysis, and more particularly 
to Spectroscopic source units. In spectrochemical 
analysis, an electric discharge between terminals 
at least one of which consists of the sample to be 
analyzed Vaporizes a small portion of the sample 
and the resulting light exhibits the spectrum of 
the various elements comprising the sample. 
The electric discharge has in some instances been 
in the nature of an arc, either A. C. or D. C., giv 
ing the characteristic arc spectrum, and in others 
has been in the nature of a spark, giving a some 
what different spectrum in which certain “spark 
lines' are enhanced. 

Before proceeding further, definitions of arcs 
and Sparks appropriate to the subject in hand 
should be attempted. An arc may for spectro 
chemical analysis purposes be defined as that 
part of a discharge which starts about one milli 
Second after an electrode gap has been broken 
down and continues for the duration of the dis 
charge, provided the current is of the order of 
magnitude of amperes. The time, one millisec 
Ond, was chosen because it takes about that 
length of time for a discharge to achieve thermal 
equilibrium. Before that time the discharge is 
in a transition stage that starts with a spark 
and gradually converts into an arc. This is 
equally the case whether the discharge originates 
by applying a Sparking potential between the 
electrodes, as in the Spark, or by electrode contact, 
as usually employed in the D. C. arc. The cur 
rent of the Order of amperes assures that arcs 
Suitable for spectrochemical analysis are being 
considered, arcs that allow the detection and 
measurement of elements at extremely small con 
Centrations, 

Definition of a spark is somewhat controversial 
and accordingly more difficult. However, a spark 
may for present purposes be regarded generally 
as the initial breakdown of short duration of a 
gap under high voltage. It may be oscillatory 
Or heavily damped. As noted above, an arc may 
be initiated by a spark, the first part of the dis 
charge consisting of a Spark which then converts 
into an arc. 
An "arc-type' discharge results in relatively 

low electron velocities in the gap, such that elec 
tron bombarded atoms of the vaporized elements 
under test have their electronic configurations 
modified, but do not lose electrons. The result 
ing spectrum is of a characteristic type, and the 
discharge producing such a type is referred to as 
"arc-like' in character. A 'spark-type' dis 
charge produces high electron velocities, such as 
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the atom and exciting the remaining atom to a 
high energy state by imparting energy to the re 
maining electronic structure. The resulting 
spectrum has other characteristic lines, and a dis 
charge productive of such a spectrum is referred 
to as being "spark-like,' irrespective of exact 
definition of the term used. 
Between discharges Cbtained from known SO 

called spark units and those obtained from true 
arc Sources is a relatively wide range of relatively 
unexplored territory, and it is a general object of 
the present invention to provide a Source unit ca 
pable of exploring this territory, 

Certain difficulties stand in the way of adjust 
ment or conversion of presently known so-called 
Spark units to produce discharges more arc-like in 
character. To illustrate, we may consider the 
conventional high voltage alternating current 
Spark unit in Some detail. Such a unit usually 
consists of a high voltage transformer, providing 
from 10 to 40 kilovolts in the secondary, a con 
denser that is charged once every half-cycle by 
that voltage, and a discharge circuit connected 
acroSS the condenser and consisting of induct 
ance, resistance and one or more spark gaps in 
Series. Such a circuit is self-igniting in that the 
power stored in the condenser is at a sufficiently 
high Voltage to break down the gap or gaps at 
a certain time in the charging cycle. Once the 
gap is broken down, the discharge proceeds in 
dependently of the charging circuit, and is de 
pendent entirely upon the values of C, L and R, 
capacitance, inductance, and resistance, and up 
on the Voltage E to which the condenser was 
charged at the time of the breakdown. The cur 
rent passing through the gap is, neglecting gap 
resistance, 

i = -(ECL)(e-R)(sin tLC) 
where i is the current and it is the time after gap 
breakdown. The first term gives approximately 
the peak current for low damping; the second 
term, the damping; while the third term repre 
sents the Oscillations. 
Assuming large E., C and R, say 40,000 volts 0.02 

microfarad, and 15 ohms, small L, a few micro 
henries, and a Synchronous gap in series with the 
analytical gap, a discharge will be obtained with 
a peak amperage of about 750 amperes, a dura 
tion of about 1.7 microseconds, giving three half 
cycles of about 0.6 microsecond per half-cycle. 
Such a discharge we speak of as being very spark 
like, irrespective of exact definition of the term 
used." The spectrum obtained shows a consider 
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able enhancement of Spark lines over arc lines 
for all elements detected as compared to that ob 
tained from an arc for the same sample. 
The Spark characteristics of this discharge are 

due, first, to the high current densities available 
which allow multiple electron-atom collisions and 
thus excitation of atoms to very high energy 
states, and second, to the Small concentration of 
electrode atoms of low excitation potential that 
prevail in the gap, because of the very short dura 
tion of the discharge. This Small concentration 
of electrode atoms does not limit the electron Ve 
locities by inelastic collisions with these atoms to 
the extent that large concentrations would, and 
thus everything favors the production of very 
Spark-like spectra. - 

If this be considered as one of the most spark 
like cases obtainable with conventional apparatus, 
it is interesting to speculate upon which modifi 
cations might be introduced to make the dis 
charge more arc-like. 
In the theory of Oscillating circuits, the formula, 

given holds only for R2/4L2<1/LC. If 

the circuit is critically damped and no oscillation 
occurs, while if R/4L2>1/LC the circuit is over 
damped and just as in the critically damped case, 
only a single pulse of current results. Thus, two 
directions of change are possible in the apparatus 
discussed previously that will markedly change 
the current VS. time characteristics. The first is 
the usual one employed where R/2L is made a 
great deal smaller by changing R and L in the 
circuit. R can be reduced to little more than the 
gap resistance, which is of the order of magnitude 
of an ohm, while L can be easily increased to 1000 
microhenries. This changes the damping term 
enormously, thus lengthening the total time of 
discharge; likewise the maximum current-to 180 
amperes, and the time per half-cycle-to 14 
microSeconds. If it were possible to charge the 
condenser to peak voltage and then let it dis 
charge without interruption, a total time of dis 
charge approaching a millisecond would be ob 
tained for these circuit Constants. Unfortunately 
the Synchronous Spark gap which must be used 
to allow the condensers to be charged to peak 
Voltage, also limits the time of discharge due to 
its strong quenching action. Thus, though much 
more arc-like Conditions can be obtained with a 
Spark Source unit under these conditions than 
under those considered previously, arc conditions 
Satisfying. Our definition are not obtained. 
The other direction of change is to make R2/4L2 

large Compared to 1/LC. Since we have consid 
ered about as Small an I, as possible in our first 
case, this can only be accomplished by increas 
ing R. Increasing R to 20 ohms will provide a 
critically damped unidirectional spark. By in 
creasing the resistance further, the maximum 
Current would be dropped and the time of spark 
duration increased. The maximum time of dis 
charge possible turns out to be about 100 micro 
Seconds, utilizing a resistance of ten thousand 
ohms. This gives a maximum current of a few 
amperes, which, over the short time available, 
provides only a Small amount of luminous energy 
in the gap. This modification of the spark thus 
does not allow the production of true arc-like 
Spectra, though it represents a trend in that di 
rection. 
Thus, One is forced to the conclusion that the 

conventional constants of the high voltage spark 
unit with Synchronous gap are not such as to 
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4. 
allow the production of true arc-like spectra. 
In fact, they are such that they do not allow much 
study of even the transitionary stages between 
spark breakdown of a gap and true arc conditions. 
The alternative is the modification or conver 

sion of arc-type Source units to produce Spectra, 
more spark-like in character. The usual A. C. 
arc employed in spectroScopic analysis has a diu 
ration of from four to six milliseconds, and hence 
comes under the category of an arc by our defini 
tion. One approach of the present invention is 
to attempt the shortening of the duration of the 
A. C. arc until it is of the Order of a millisecond 
OrleSS. 

Particular objects of the invention are the fol 
lowing: 
To provide a source unit circuit capable of pro 

ducing discharges both oscillatory and unidirec 
tional and capable of being varied from time du 
rations of much less than a millisecond (spark 
like) to durations of several milliseconds (arc 
like), to give a variety of excitation conditions 
ranging from Spark to arc; 
To provide a source unit circuit that charges 

a condenser to a definite predetermined voltage 
prior to each gap breakdown, so as to assure re 
producibility of the quantity of electricity avail 
able for each discharge; and 
To provide a source unit circuit in which only 

the analytical gap is in the discharge circuit, so 
that termination of the discharge will be de 
pendent only on the discharge circuit and gap 
COnStantS. 
With this preliminary discussion in mind, the 

invention will now be best understood by referring 
to the following detailed description of an illus 
trative embodiment thereof, reference being had 
to the accompanying drawings, in which: 

Fig. 1 is a schematic wiring diagram of a source 
unit in accordance with the invention; 

Fig. 2 is a schematic wiring diagram of a modi 
fied source unit in accordance with the invention; 

Fig. 3 is a chart showing oscillograms of dis 
charges obtained with the circuits of Figs. 1 or 
2 as resistance in the discharge circuit is varied; 

Fig. 4 shows OScillograms of the charge and dis 
charge Currents in the power circuit, when the dis 
charge is initiated during the alternate half 
cycles from the charge; 

Fig. 5 shows Oscillograms of the charge and 
discharge Currents. When the discharge is initiated 
during the charging period; and 

Fig. 6 shows oscillograms of charge and dis 
charge Current With the discharge initiated after 
the CondenSerS are charged but before the next 
charging cycle So that the discharge may utilize 
that charging power. 

In Fig. 1, showing one simple specific exem 
plification of the invention, the input circuit, 
adapted to be furnished With electric power from 
commercial alternating current power mains 
(low frequency, e. g., 50 or 60 cycles), is desig 
nated at , and feeds electrical energy to the 
parallel Connected primary windings of power and 
high voltage transformers and 2, respectively. 
The secondary Winding of transformer f2 feeds 

a high voltage igniter comprising the circuit 3, 
4 connected across the electrodes forming the 
analytical gap 5. In the specific form of Fig. 
1 the circuit lead 4 includes rectifier 6, resistor 

7 and a synchronous gap or switch 8, while a 
capacitor 9 is connected between lead 3 and 
lead 4 at a point between the rectifier and the 
resistor. The Synchronous gap or switch 8 may 
be of any conventional nature, and have any 
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conventional arrangements whereby it will be 
closed in Synchronous relation with the com 
mercial frequency power current from the mains 
0. It is here conventionally indicated as con 

trolled or driven through circuit leads 2 fed 
from mains 0. 
The secondary winding of transformer feeds 

the power circuit 22, 23 across which is connected 
a variable condenser bank 24. A rectifier for the 
circuit 22, 23 is shown as placed in the lead 22, 
as at 25, and lead 22 is also shown as including 
an iron core inductance 2 serving as a surge 
SuppreSSOr. 
A discharge circuit 30, 3, forming a part or con 

tinuation of power circuit 22, 23, and including 
a variable power resistor 32 and variable induc 
tor 33, connects the condenser bank 24 across the 
analytical gap 5. 
The above described circuit is merely one ex 

ample of various possibilities Within the scope of 
the invention; in particular, the ignitor is sub 
ject to wide modification, the only general re 
quirement being that a high voltage ignitor be 
connected to the analytical gap, and have incor 
porated therein a synchronous switch arranged 
to be closed in Synchronous relation. With the 
power current. The ignitor circuit may be of 
various types, and the Synchronous switch may 
also be of any desired nature, Such as a rotary 
Synchronous gap, a Synchronous electronic SWitch 
triggered from the power circuit, etc., all as Will 
be entirely evident to those skilled in the art. In 
fact, an auxiliary gap ignitor of any type What 
soever may be used, so long as its operation is 
synchronized with the charging of the power con 
denser. However, we may set forth typical con 
stants of one illustrative circuit (that of Fig. ) 
which has been found to give Satisfactory re 
sults. The secondary Woltage of ignitor trans 
former 2 may have a peak voltage of 15,000 volts, 
and the secondary of power transformer i , a 
peak voltage of the order of 1,000 volts. Capac 
itor 9 may have a capacitance of .0025 m?. and 
resistor 9 may have a resistance of the Order of 
12 ohms. Variable capacitor 24 has a capaci 
tance range of i to 60 m?. in steps of One inf. 
Variable resistance 32 has a resistance range of 
1 to 400 ohms in steps of 1 ohm, and variable 
inductance 33 has a range of 25 to 400 microhen 
leS. 
Operation of the circuit of Fig. 1 is as fol 

loWS: 
A half-wave rectified current flows from the 

secondary of transformer 2 to charge the con 
denser 9 to a predetermined peak voltage. This 
condenser being charged, and the Synchronous 
gap i8 then closing, the condenser then dis 
charges across the gap 5 through the resistor 
7. It is to be understood that the Synchronous 

gap 8 is closed once each cycle, and the time of 
closure is adjusted to occur after the completion 
of the charging of the condenser 9. The Syn 
chronous gap is of course open by the time the 
next charging begins. 
During the charging of the condenser 9 

through rectifier 6 from transformer 2, the 
power condenser 24 is being charged to a prede 
termined peak voltage through the rectifier 25 
from the power transformer . The presence 
of the rectifier 25 prevents the condenser from 
discharging through the circuit 22, 23, and the 
analytical gap 5 is too wide for a discharge to 
take place thereacross under the voltage to which 
condenser 24 has been charged. Discharge of 
condenser 24 across gap 5 is accordingly deferred 
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6 
until the gap is fired by discharge from condenser 
9, which occurs upon closure of synchronous 
gap 8 during the half-cycle succeeding the 
charging half-cycle. Upon such closure of syn 
chronous gap 8, condenser 9 discharges across 
analytical gap 5, and said gap being broken 
down, power condenser 24 then discharges there 
acroSS, and the gap being ionized, such discharge 
Continues to termination, despite relatively short 
ision of the igniting discharge from condens 
e S. 

Fig. 4 shows, above, an oscillogram of the 
charging current of the condenser 24, and be 
low, an oscillogram of the discharge current from . 
Said condenser. Attention is directed to the fact 
that the charging current drops to zero before 
the start of the discharging current, indicating 
clearly their complete independence. As here 
tofore mentioned, the point of initiation of the 
discharge is adjustable with the Synchronous gap 
in the ignitor circuit, and although this point can 
be adjusted with great precision, it is of Small sig 
nificance so long as the discharge starts after the 
charging has ceased, and ends before the next 
charging begins. This is in contradistinction to 
the usual Synchronous gap adjustment wherein 
Such adjustment determines the exact voltage to 
Which the condensers are charged. 

Thus, breakdown of the gap is performed with 
the low powered ignitor circuit, and the main dis 
charge then proceeds independently of the con 
stants of the ignitor circuit. This provides the 
great advantage of allowing relatively long dis 
charges, the duration of which depend only upon 
the power circuit and gap constants. An inci 
dental practical advantage of the arrangement 
is that the Synchronous gap only carries the low 
power of the ignitor circuit, and hence its Spark 
ing electrodes have a very long life. 

. By utilizing the indicated relatively low Volt 
ages in the power circuit, it is feasible to employ 
very high values of capacitance. This allows 
overdamped discharges to be employed Which poS 
sess long time constants and which pass large 
amounts of energy through the analytical gap. 
Thus, this type of discharge, which was imprac 
tical in the case of standard Spark units due to 
the capacitance available, becomes a practical 
mode of operation. 

It should be mentioned that in practice it has 
been found important for reproducibility of re 
sults that the capacitor 9 in the ignitor circuit 
of Fig. 1 be charged to an accurately predeter 
mined voltage. 
In Fig. 2 we have shown a modified coupling of 

the ignitor to the analytical gap. In this in 
stance we have shown the ignitor and Syn 
chronous switch merely in block diagram, since 
the ignitor portion of the circuit as well as the 
synchronous switch are particularly Subject to 
variation, and many substitute arrangements will 
occur to those skilled in the art. The power por 
tion of the circuit is essentially the Same as in 
Fig. 1, and corresponding circuit elements are 
accordingly designated by like reference numer 
als, but with the numerals primed in the case of 
Fig. 2. The two circuit leads fed from the input 
circuit G' to the ignitor and Synchronous SWitch 
indicate conventionally the Synchronizing con 
nection by which the synchronizing switch is 
closed in proper cyclical relation with the input 
current in the circuit 9'. The discharge cir 
cuit, 30', 3' which connects the power condenser 
24' across the analytical gap 5' contains Wari 
able resistor 32' and variable inductor 33, and 
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it, also includes, between the inductor 33' and 
the gap 5, the secondary winding 40 of a trans 
former whose primary 4t is fed by the output of 
the synchronously SWitched ignitor. The induc 
tance of the Winding 40 is made Small relatively 
to that of inductor 33. A high frequency by-pass 
condenser 42, of a capacity of the Order of .01 
mf., is connected from a point between inductor 
33' and winding 40 to the circuit lead '3' on 
the other side of the gap. 
The operation of the circuit of Fig. 2 is essen 

tially the same as that of Fig. 1, with the excep 
tion of the manner in which the igniting dis 
charge is conveyed from the ignitor to the gap. 
In the case of Fig. 2, the oscillating discharge 
current in the output circuit of the ignitor, ini 
tiated by closure of the normally Open Synchro 
nous SWitch, sets up an Oscillatory discharge cur 
rent in the oscillating circuit made up of wind 
ing 40, condenser 42, and the gap. The gap be 
ing thus broken down, discharge of power con 
denser 24' thereaCross proceeds as before. The 
circuit of Fig. 2 has the unique advantage, how 
ever, that no leakage occurring between the two 
Sides 38 and 3' of the discharge circuit will 
adversely affect the igniting discharge Voltage 
applied across the gap. As a matter of fact, 
any such leakage actually means greater con 
ductance, and hence enhanced applied voltage 
across the gap. 
The circuit as thus described meets the objec 

tives preliminarily outlined. The usual limita 
tions in time constants associated with the con 
wentional Spark Source are entirely eliminated. 
Fig. 3, above, shows oscillograms of oscillatory 
discharges of increasing damping and decreas 
ing duration as the Series resistance of the dis 
charge circuit is gradually increased. Fig. 3, 
below, shows critically dampened discharges be 
ginning With a duration of the order of a milli 
second and gradually increasing as the Series 
resistance of the discharge circuit is further in 
creased. Arc-type spectra are obtained with the 
discharge represented by the upper oscillogram 
to the left and the spectra, become increasingly 
spark-like as Series discharge circuit resistance 
is increased, becoming very spark-like for the 
conditions represented by the last oscillogram 
above and the first Oscillogram below. The spec 
tra, gradually become more arc-like in character 
as the discharge circuit resistance is then further 
increased until the last oscillogram below is 
reached. The first and last oscillograms thus rep 
resent arc-type discharge conditions, giving arc 
like spectra; however, while these conditions re 
Semble one another insofar as the duration of 
discharge and the spectra produced are con 
cerned, the oscillatory condition of the one case 
and the critically dampened character of the 
Other develop Sonne usefull differences in the 
Spectra. The two middle conditions represented 
comprise a heavily damped spark-like Oscilla 
tory discharge, and a critically damped spark 
like unidirectional discharge. 
The Series of oscillographs of Fig. 3 were ob 

tained Simply by increasing the series resistance 
of the discharge circuit. A series of representa 
tive results can also be obtained by beginning 
with a highly damped spark of short duration, 
and gradually increasing the inductance and de 
creasing the resistance of the discharge circuit 
to obtain longer and longer oscillating discharge 
periods, and more and more arc-like spectra, An 
other Series of results can be obtained by start 
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8 
ing with the critically damped case, and increas 
ing the resistance to obtain longer and longer 
unidirectional discharge periods. These two last 
mentioned studies are, however, in effect tele 
Scoped into one another by the Series of tests 
represented in Fig. 3, in which merely the resist 
ance parameter is varied. The variable resistance 
and variable inductance can be regarded as a 
variable resistor and inductor combination, in 
which either the resistor, or the inductor, or both, 
may be made variable to Wary the type of dis 
charge. 
The phase of the ignitor circuit may be changed 

180, so that it causes a discharge to be initiated 
during the charging cycle of the power circuit, 
giving the results represented in Fig. 5. In this 
case, the discharge gap is broken down during 
the charging of the power condenser 24, where 
upon said condenser discharges acroSS the gap, 
and current from the power transformer also 
discharges across the gap, continuing until the 
half-cycle is ended. The duration of the dis 
charge may thus be controlled by varying the 
time of initiation, and the discharge is in the 
nature of an interrupted D. C. arc. 
Fig.6 shows another alternative mode of Oper 

ation of the unit, involving a combination of the 
overdamped discharge and the discharge repre 
sented in Fig. 5. The power condenser 24 
is charged during the first half-cycle. During 
the next half-cycle preferably immediately 
preceding the next following half-cycle, the 
Synchronous gap closes and the ignitor circuit 
breaks down the analytical gap, so that the 
charged power Condenser discharges therea CrOSS. 
This discharge continues into the next charge 
period which adds a power discharge derived 
from the power transformer. The discharge is 
thus in the nature of a condenser discharge 
followed by a rectified power discharge. The 
discharge occurs only on alternate cycles, since 
the power condenser is empty on the other alter 
nate cycles and is hence (assuming 60 cycle 
power) of a 30 cycle frequency, and is of very 
long duration, up to sixteen milliseconds. 
The System thus provides for the obtainment 

of a wide variation in spectra, and permits explo 
ration through the entire region from oscillatory 
arc conditions through oscillatory and critically 
dampened Spark conditions to critically damped 
arc conditions. 
For a discussion of the appearance of the 

Spectra of discharges that are intermediate the 
arc and the Spark, as obtained with the new 
Source Unit of the present invention, see 'A new 
SpectroScopic Source unit,' by M. F. Hasler and 
H. W. Dietert, Journal of the Optical Society of 
America, April, 1943, vol. 33, No. 4, pp. 218-228. 
We claim: 
1. In a Spectroscopic source unit, the combina 

tion of: an analytical gap consisting of two spaced 
electrodes, a power circuit connected across said 
two gap electrodes, a power condenser in said 
power circuit adapted and arranged to be charged 
by current Supplied to said power circuit and to 
discharge acroSS said gap upon ignition of the 
latter, a low frequency source of unidirectional 
condenser-charging current impulses for said 
power circuit, a high voltage ignitor circuit con 
ductively connected across said two gap electrodes 
and adapted to initiate discharge thereacross, 
and a Synchronous SWitch adapted to periodically 
close Said ignitor circuit in a synchronous relation 
With the low frequency current impulses supplied 
by said Source. 
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2. In a spectroscopic source unit or the like, 

the combination of: two spaced electrodes form 
ing an analytical gap, a power circuit connected 
across said two gap electrodes, a power condenser 
acroSS said power circuit ararnged to be charged 
by current impulses flowing in said power circuit 
and to discharge across said gap upon ignition of 
the latter, a, low frequency alternating current 
power source for said power circuit, said source 
being of a voltage incapable of breaking down 
said gap via said power circuit, half-Wave rectifier 
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means in said power circuit between said source . 
and Said power condenser causing said power 
condenser to be charged unidirectionally and only 
On alternate half-cycles, an ignitor embodying a 
discharge circuit adapted and arranged to perim 
Odically supply a breakdown Voltage to said gap, 
and a Synchronous switch controlling the dis 
charge of Said ignitor in a Synchronous relation 
ship with the low frequency current supplied by 
said alternating current power source. 

3. In a spectroscopic source unit or the like, 
the combination of: two spaced electrodes form 
ing an analytical gap, a power circuit connected 
across said two gap electrodes, a power condenser 
in said power circuit arranged to be charged by 
current impulses flowing in said power circuit 
and to discharge across said gap upon ignition of 
the latter, a resistor and an inductor in series 
circuit between said power condenser and said 
analytical gap, a low frequency alternating cur 
rent power source for said power circuit, said 
source being of a voltage incapable of breaking 
down said gap via said power circuit, half-wave 
rectifier means in said power circuit between 
said source and said power condenser causing 
said power condenser to be charged unidirec 
tionally and only on alternate half-cycles, an 
ignitor embodying a discharge circuit, adapted 
and arranged to periodically supply a breakdown 
Voltage to Said gap, and a Synchronous switch 
controlling the discharge of said ignitor in a 
Synchronous relationship with the low frequency 
current Supplied by said alternating power source. 

4. In a Spectroscopic source unit, the combina 
tion of: two Spaced electrodes forming an analyt 
ical gap, a high voltage ignitor circuit connected 
acroSS Said two gap electrodes, a condenser across 
Said ignitor circuit adapted to discharge across 
Said gap, a power circuit connected across said two 
gap electrodes in parallel with said ignitor cir 
cuit, a power condenser connected across said 
power circuit, a variable resistor and a variable 
inductance in circuit between said power circuit 
and said analytical gap, a resistor and a syn 
chronous gap in circuit between said ignitor cir 
cuit condenser and said analytical gap, and 
means for energizing said ignitor and power 
circuits With pulsating unidirectional currents to 
charge Said condensers, said synchronous gap 
being timed to close following charging of said 
ignitor circuit condenser. 

5. In a Spectroscopic source unit, the combina 
tion of: two spaced electrodes forming an analyt 
ical gap, a high voltage ignitor circuit connected 
acroSS Said two gap electrodes, a condenser across 
Said ignitor circuit adapted to discharge across 
Said gap, a power circuit connected across said 
two gap electrodes in parallel with said ignitor 
circuit, a power condenser connected across said 
power circuit, a variable resistor and a variable 
inductance in circuit between said power circuit 
and said analytical gap, a resistoir and a syn 
chronous gap in circuit between said ignitor 
circuit condenser and said analytical gap, and 
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means for energizing said ignitor and power cir 
cuits with half-wave rectified alternating cur 
rents to charge said condensers, said synchronous 
gap being timed to close following charging of 
said ignitor circuit condenser. 

6. In a spectroscopic source unit, the combina 
tion of: two spaced electrodes forming an analyt 
ical gap, a high voltage ignitor circuit connected 
across said two gap electrodes, a condenser across 
said ignitor circuit adapted to discharge across 
said gap, a power circuit connected across said 
two gap electrodes in parallel with said ignitor 
circuit, a power condenser connected across said 
power circuit, a variable resistor and a variable 
inductance in circuit between said power circuit 
and said analytical gap, a resistor and a syn 
chronous gap in circuit between said ignitor cir 
cuit condenser and said analytical gap, and means 
for energizing said ignitor and power circuits 
with in-phase half-wave rectified alternating 
currents to charge said condensers, said synchro 
nous gap being timed to close following charg 
ing of said ignitor circuit condenser. ". . . . 

7. In a spectroscopic source unit, the combina 
tion of: an analytical gap, a high-voltage ignitor 
circuit connected across said two gap electrodes, 
a condenser across said ignitor circuit adapted 
to discharge across said gap, a power circuit con 
nected across said two gap electrodes in paral 
lel with said ignitor circuit, a power condenser 
connected across said power circuit, a variable 
resistor and a variable inductance in circuit be 
tween said ignitor circuit condenser and said 
analytical gap, and means for energizing said ig 
nitor and power circuits with 180° out-of-phase 
half-wave rectified alternating currents to charge 
said condensers, said synchronous gap being timed 
to close following charging of Said ignitor circuit 
condenser. 

8. In a spectroscopic source unit, the combina 
tion of: two spaced electrodes forming an analyti 
cal gap, a high voltage ignitor circuit connected 
across said two gap electrodes, a condenser across 
said ignitor circuit adapted to discharge across 
said gap, a power circuit connected across said 
two gap electrodes in parallel with said ignitor 
circuit, a power condenser connected across said 
power circuit, a variable resistor and a variable 
inductance in said power circuit between said 
power condenser and said analytical gap, a re 
sistor and a synchronous gap in said ignitor cir 
cuit between said ignitor circuit condenser and 
said analytical gap, a source of alternating cur 
rent power, means fed from said source of power 
for impressing a relatively high voltage across 
said ignitor circuit, a half-wave rectifier in said 
ignitor circuit ahead of said ignitor circuit con 
denser, means fed from said source of power for 
impressing a voltage across said power circuit, 
and a half-wave rectifier in said power circuit 
ahead of said power circuit condenser, said Syn 
chronous gap being timed to close following 
charging of said ignitor circuit condenser through 
said rectifier, whereby said condenser discharges 
across said analytical gap to thereby permit said 
power circuit condenser to discharge across said 
analytical gap, 

9. In a spectroscopic source unit, the combina 
tion of: two spaced electrodes forming an analyti 
cal gap, a power circuit, a power condenser con 
nected across said power circuit, a low frequency 
alternating current power source for said power 
circuit, said source being of a voltage incapable 
of breaking down said gap via said power circuit, 
half-wave rectifier means in said power circuit 
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causing said power condenser to be charged on 
alternate half cycles, a discharge circuit forming 
a continuation of said power circuit connecting 
said power condenser across said two gap elec 
trodes, a variable resistor and inductor combina 
tion in series in said discharge circuit, a by-pass 
condenser connected across said discharge con 
denser on the gap side of said resistor and in 
ductor combination, and a Synchronous high volt 
age, gap ignitor having an output circuit in 
ductivity coupled to said discharge circuit at a 
point between said by-pass condenser and one of 
said gap electrodes. 

10. In a spectroscopic source: unit or the like, 
the combination of: two spaced electrodes form 
ing an analytical gap, a power circuit connected 
across said two gap electrodes, a power condenser 
across Said power circuit arranged to be charged 
by Current impulses flowing in said power circuit 
and to discharge across said gap upon ignition of 
the latter, a low frequency alternating current, 
pOWer source for said power circuit, said source 
being of a voltage incapable of breaking down 
Said gap. via said power circuit, half-wave recti 
fier means in said power circuit between said 
Source and Said power condenser causing said 
power condenser to be charged unidirectionally 
and only on alternate half-cycles, and an aux 
iliary ignitor for said gap operated synchronously 
With said alternating current supplied by said al 
ternating current power source to periodically ig 
nite Said gap and thereby initiate, power discharge 
therea cross. 

11. In a spectroscopic source unit or the like, 
the combination of: two spaced electrodes form 
ing an analytical gap, a power circuit. connected 
acroSS Said two gap, electrodes, a power condenser 
across. Said power circuit arranged to be charged 
by current impulses flowing in said power circuit 
and to discharge across, said gap. upon ignition 
of the latter, a low frequency alternating current 
pOWer Source for said power circuit, said source 
being of a voltage incapable of breaking down 
Said gap via said power circuit, half-wave recti 
fier means in said power circuit between said 
Source and said power condenser causing said 
power condenser to be charged unidirectionally 
and only on alternate half-cycles, and an aux 
iliary ignitor for said gap operated synchronously 
with said alternating current supplied by said 
alternating current power source to ignite said 
gap. each time. Said power condenser is charged 
by a power current impulse in said power cir 
cuit and thereby initiate power dischargethere 
aCOSS. 

12. In a spectroscopic source unit or the like, 
the combination of: two spaced electrodes form 
ing an analytical gap, a power circuit connected 
acroSS. Said two gap electrodes, a power condenser 
across said power circuit arranged to be charged 
by current impulses flowing in said power circuit 
and to discharge across said gap upon ignition of 
the latter, a low frequency alternating current 
power Source for said power circuit, said source 
being of a voltage incapable of breaking down said 
gap via Said power circuit, half-wave rectifier 
means in said power circuit between said source 
and said power condenser causing said power con 
denser to be charged unidirectionally and only on 
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alternate half-cycles, and an auxiliary ignitor for a 
Said gap operated synchronously with said alter 
nating current supplied by said alternating cur 
rent power Source to ignite said gap follow 
ing the termination of each complete charging 
of Said power condenser by a power currentim 5 

12 
pulse in said power circuit and thereby initiate 
power discharge across said gap. 

13. In a spectroscopic source unit or the like, 
the combination of: two spaced electrodes form 
ing an analytical gap, a power circuit connected 
across said two gap electrodes, a power condenser 
across said power circuit arranged to be charged 
by current impluses flowing in said power circuit 
and to discharge across said gap upon ignition of 
the latter, a low frequency alternating current 
power source for said power circuit, said source 
being of a voltage incapable of breaking down 
said gap via said power circuit, half-wave rectifier 
means in said power circuit between said source 
and Said power condenser causing said power 
condenser to be charged unidirectionally and only 
on alternate half-cycles, and an auxiliary ignitor 
for said gap operated synchronously with said 
alternating current supplied by said alternating 
current power source and adjusted to ignite 
said gap immediately preceding the said 
alternate condenser charging half-cycles and 
thereby initiate power discharge therea cross. 

14. In a spectroscopic source unit or the like, 
the combination of: two spaced electrodes form 
ing an analytical gap, a power circuit, connected 
across said two gap electrodes, a power condenser 
across said power circuit arranged to be charged 
by current impluses flowing in said power circuit 
and to discharge across said gap upon ignition. Of 
the latter, a variable resistor and inductor com 
bination in said power circuit between said con 
denser and said gap, a low frequency alternating 
current power source for said potter circuit, said 
source being of a voltage incapable of breaking 
down said gap via said power circuit, half-wave 
rectifier means in said power circuit between said 
source and said power condenser causing said 
condenser to be charged unidirectionally and only 
on alternate half-cycles, and an auxiliary ignitor 
for said gap operated synchronously with said 
alternating current supplied bw said alternating 
current power source to periodically ignite said 
gap and thereby initiate power discharge there 
across. 

15. In a spectroscopic source unit or the like, 
the combination of: two Spaced electrodes form 
ing an analytical gap, a power circuit connected 
across said two gap electrodes, a power condenser 
across said power circuit arranged to be charged 
by current impulses flowing in said power circuit 
and to discharge across said gap upon ignition of 
the latter, a variable resistor and inductor com 
bination in said power circuit between said con 
denser and said gap, a low reduency alternating 
current power source for said power circuit. said 
source being of a voltage incapable of breaking 
down said gap via said power circuit, half-wave 
rectifier means in said power circuit between said 
source and said power condenser causing said 
condenser to be charged unidirectionally and only 
on alternate half-cycles, and an auxiliarv ignitor 
for said gap operated synchronously with said 
alternating current supplied by said alternating 
current power source to ignite said gap each time 
said power condenser is charged bv, a power cur 
rent impulse in said power circuit and thereby 
initiate power condenser discharge thereacross. 

16. In a spectroscopic source unit or the like, 
the combination of: two spaced electrodes form 
ing an analytical gap, a power circuit connected 
acroSS Said two gap electrodes, a power condenser 
across said power circuit arranged to be charged 
by current impulses flowing in said power circuit 
and to discharge across said gap upon ignition 
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of the latter, a variable resistor and inductor Com 
bination in said power circuit between said con 
denser and said gap, power means for establish 
ing periodic unidirectional condenser-charging 
current impulses in said power circuit, Said power 
means operating at insufficient voltage to break 
down said gap via said power circuit, and an aux 
iliary gap ignitor synchronized with the flow of 
said periodic condenser-charging current in 
pulses to ignite said gap and thereby initiate pow 
er condenser discharge thereaCross. 

17. In a spectroscopic source unit, the combi 
nation of: two spaced electrodes forming an ana 
lytical gap, a power circuit connected across said 
two gap electrodes, a power condenser in said 
power circuit adapted and arranged to be charged 
by current supplied to said power circuit and to 
discharge across said gap upon ignition of the 
latter, a low frequency source of unidirectional 
condenser-charging current impulses connected 
to said power circuit, a high voltage ignitor adapt 
ed and arranged to supply a breakdown voltage 
across said two gap electrodes, and a synchronous 
switch adapted to periodically operate said ignitor 
in a Synchronous relation with the low frequency 
current impulses Supplied by Said source. 

18. In a spectroscopic source unit or the like, 
the combination of a power circuit, a power con 
denser connected in parallel thereacross, a pair of 
Spaced electrodes forming an analytical gap con 
nected across said power circuit in parallel with 
said power condenser, a resistor and inductor 
combination in series in said power circuit be 
tween said condenser and said gap, an electric 
power source of low voltage connected to said 
power circuit and adapted to create periodic con. 
denser charging current impulses in said power 
circuit, the voltage of said source being insuff 
cient to charge said condenser to a voltage capa 
ble of breaking down said gap, and an auxiliary 
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gap ignitor synchronously operated with said con 
denser charging current impulses to periodically 
ignite said gap in step with charging of said con 
denser and thereby intiate condenser discharges 
acroSS said gap. 

19. In a spectroscopic source unit or the like, 
the combination of a power circuit, a power con 
denser connected in parallel thereacross, a pair 
of spaced electrodes forming an analytical gap 
connected acroSS Said power circuit in parallel 
With Said power condenser, a resistor and induc 
tor combination in series in said power circuit 
between said condenser and said gap, an electric 
pGWe Sorce of OW Voltage connected to said 
power circuit and adapted to create periodic con 
denser charging current impulses in said power 
circuit, the voltage of said source being insuffi. 
cient to charge said condenser to a voltage capa 
ble of breaking down said gap, and an auxiliary 
gap ignitor embodying a high voltage discharge 
circuit arranged to discharge across said gap and 
including Synchronous switching means synchro 
nized with Said Condenser charging current in 
pulses to create a breakdown voltage across said 
gap following each charging of said power con 
denSei. 

MAURICE F. HASTER, 
ROLAND W. LINDHURST. 
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