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It is s hown that air breakdo wn by focused optical maser pulses is depe ndent on gas press ure. 11 
would appear 'tha t megawatt type pulses of 10 10 100 nanoseco nd duration could produce a ir breakdown. 

The propagation of hi gh-power optical maser beams 
is ultimately limited by th e elec tri cal breakdown of 
atmosp heri c gases. Data will be presented in thi s 
paper on breakdown induced in air by megawatt type 
pulses from mec hanically Q-switc hed ruby and neo
dymium optical masers. With pulses of thi s type, 
breakdown exhibit s a threshold . Below thres hold 
little or no gas ionization is produced , but whe n the 
threshold co nditions are exceeded large ionization 
rates lead to vi sible di scharges and high-de nsity 
plasmas. Th e occurrence of a vi s ible discharge and 
the atte ndant abrupt attenuation of th e trans mitted 
optical mase r e ne rgy will be referred to as breakdown. 

An experimental arrangement for s tudying optical 
maser-induced gas breakdown is s hown in fi gure 1. 
The optical maser beam is brought to a focus insid e a 
suitable chamber by the firs t le ns and recollimated by 
the second le ns. If no visible di scharge occurs in 
the focal region, the optical mase r beam passes 
throu gh th e chamber virtually unaffec ted. If, how
ever, thres hold co ndition s are exceeded, breakdown 
occurs at the fo cal region producing a plasma of such 
high density that furth er radiation is almost co mpletely 
absorbed. 

I Th e research in th is pa pe r was IHcpared unde r Co ntract AF 33(6 15)- :l287 be tween the 
Anten na Labo ratory, th e Ohio S tat e Uni ve rsi t y Research Fuundatio n, Co lum bu s , O hio, 
and the Air Force Avifl nics l ,ab\ It'<J1Hry. Bcsl'a rch a nd Tl't:hnology Division , Air Force Sys. 
te ms Co mmand, U.S. Air Forc(', Wrighl . Pau t'J'son Ai r Force Base , O hio, Proj('c l 19.1'i. 

2This paper was pre se nted at IIIl' CtHlrCre ll cc on Atm os pheric Limita ti ons ttl O ptical 
Propaga tion , Bou ld,·r. Colo., March 18 - 19, I 96.'i. 
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FI GU RE 1. Breakdown chamber. 

Th e tran s mitted pulses de tec ted leaving th e break
down c hamber are shown in fi gure 2. Th ese traces 
we re recorded by lOOO-Mc/s oscilloscope and a fast
r es ponse biplanar photodiode, with a net de tec tion 
response time of the order of 1 nsec. The s harp 
breaks .in these c urves are due to the attenuation res ult
ing whe n a plasma is formed in the focal region. 
Filtering the input to the photodiode es ta blis hed that 
the broadband radiation associated with th e visible 
di scharge began at approximate ly the same tim e as 
the onset of absorption in the transm itted e nergy. The 
data s hown in fi gure 2 we re take n in argon to illustrate 
the depend e nce of breakdown on pulse s hape as well 
as optical power de ns ity. These data were selected 
from a large body of data to show a general correla
tion betwee n the pulse s hape a nd the tim e required 
to produce a breakdown. De viations of ± 5 nsec from 
thi s relationship were observed. The ti me interval 
until breakdown can be so long that the discharge 
occurs when the intensity in the focal region is only 
a fraction of what its peak valu e had bee n ea rli er 
when no discharge occurred. A si milar effec t, the 
di sc harge occ urring later and late r rela t i ve to the begi n
ning of the pulse, is observed if, for a fixed incide nt 
pulse, the gas press ure is successively redu ced. The 
breakdown in air exhibits grossly the same charac
teristi cs as breakdown in argon except that the de pend
ence on pulse s hape is more complex than that shown 
in figure 2 for argon . Breakdown data for air are also 
more erratic, apparently du e to the complexity of the 
gas mixture . In ge ne ral the slowest ri s ing (although 
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FIGURE 2. Transm.itted optical m.aser pulses. 
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not necessarily the smallest peak amplitude) pulse 
requires the longest time to produce air breakdown. 

These observations are consistent with the assump
tions that a small initial ionization is created early 
in the pulse, possibly by multiphoton absorption, and 
that this initial ionization grows in a cascade process 
to visible di scharge densities. The mechanisms by 
which energy is transferred to the electron during 
the cascade process are presumably due to collisions 
with ions and neutral molecules in the presence of 
the optical maser field. 

It should be noted that, for breakdown due to very 
high-power optical masers, quite different character
istics are to be expected, since ionization would be 
due primarily to multiphoton effects and not to a 
cascade growth process. 

Figure 3 gives the peak power density transmitted 
versus the peak incident power density in air. Data 
are shown for a 3-cm focal-length lens and a 1.2-cm 
focal-length lens, with measured focal areas of 4.4 
X 10-'5 cm2 and 6.6 X 10- 6 cm2 , respectively, at half
intensity contours. For each lens two pressures , 
400 torr and 1255 torr, are shown. The visible dis
charge occurred at higher power densities for the 
lower pressures because the plasma growth time was 
longer. The breakdown power density at a given 
pressure is not the same for the two lenses. This is 
presumably due to higher diffusion losses during the 
plasma growth process for the smaller spot size. 

The experimental arrangement shown in figure 4 
was used to change the focal spot size without changing 
lenses and to eliminate the dependence of the spot 
size on the beam divergence. A long focal-length 
lens imaged the optical maser beam on a tungsten 
aperture stop. A second lens, beyond the aperture, 
imaged the aperture inside a breakdown chamber. By 
varying the distance from the second lens to the 
aperture, the magnification ratio for the focused spot 
was changed. 
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F,GURE 3. Peak power density transmitted versus peak power 
density incident . 
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FIGURE 4. Experimental arrangement for controlling focused 
spot size. 
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FIGURE 5 . Peak power density of breakdown pulse for ruby optical 
maser. 

Figure 5 shows the resulting breakdown density 
in air as a function of gas pressure for three different 
focused spot sizes of 10 - 0 cm ~, 2.8 X 10- 5 cm2 , and 
4.3 X 10- 5 cm2 • These spot sizes were not measured 
but were calculated from geometrical optics. These 
data are in ,good agreement with those shown in fi gure 
3. As before, higher diffusion losses made higher 
power densities necessary to produce breakdown for 
smaller focused spots. This diffusion limitation be
comes particularly severe at low pressures. Over the 
pressure range investigated, the diffusion loss had 
become very small for the 4.3 X 10- 5 cm2 spot size, 
and one would expect the unfocused pulse to produce 
breakdown at about the same power densities had 
pulses of sufficient amplitude been available. It is 
not possible from these data to predict the breakdown 
power densities for longer pulses or CW sources, 
since we do not know the lowest optical power density 
which will still produce ionization. 

The variations in peak power densities of pulses 
producing breakdown at a given pressure are indicated 
by error flags in figure 5. These variations are due 
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F IGU HE 6. Peak power densi ty 0/ breakdown Pli ise lor neodymillm 
optical maser. 

both to different pulse shapes and to randomn ess in 
the breakdown process . In order to compare data 
for similar pulses, the peak power de nsity of th e 
pulse which required nearly the entire pulse width 
to produce breakdown is indicated for each pressure. 

Figure 6 shows breakdown data for the same ex
periment.al arrangement using a neodymium-in-glass 
optical maser operating at 10,600 Ai rather than the 
ruby optical maser operating at 6943 A. The behavior 
of these data seems to indicate a greater diffusion 
loss than did the ruby data. It is possible that the 
smaller beam divergence of the neodymium optical 
maser was sufficient to produce a focal spot smaller 
than the 1.8-mm aperture shown in figure 4 so that the 
calculated spot s izes in fi gure 6 are too large. 

This paper has show n that air breakdown by focused 
optical maser pulses is de pendent on gas pressure, 
optical power density, focused spot size, and the 
temporal variation of optical power de nsity. It 
appears th at megawatt type pulses of 10- 8 to 10- 7 

sec duration s hould produce air breakdown at optical 
power de nsiti es of about 1010 W/cm 2 if the cross
sectional area of the op tical maser beam is s uffi
ciently large to produce negli gible diffusion loss. 
These data do not prese ntly allow predic tions. of break
down power de nsitites for large r pulse durations or 
CW sources. 

(Paper 69DII- 576) 
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