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The mechanisms of spark generation which produce luminous and electric pulses of the order of subnanoseconds 

in a gas at a high pressure are analyzed. The classical mechanisms, which account for regenerative processes 

initiated by the photons produced during the avalanches of electrons, cannot explain the generation of 10“ electrons 

in 0.3 nsec, which were experimentally detected when using our generator. In this work, the experimental results 

are interpreted by means of a model which considers the equilibrium surface shape of the liquid as the resultant 

of an increase in the field near the electrodes up to 109-1010 V/cm (the surface shape is determined by the super- 

imposed effect of the electric field and the surface tensión). With a field of this magnitude, electrons are produced 

at the cathode in numbers large enough to explain the experimental results. In agreement with the model proposed, 

pulses of 10-10 sec duration can only be obtained with liquid electrodes in gases at a high pressure.

INTRODUCTION

r | vO study the decay times of very fast scintillators and 

other processes associated with them (energy trans- 

fer mechanisms in liquid or solid media, quenching effects, 

eximer formation, etc.), it is necessary to use pulse gen- 

erators of extremely short duration, in the región of nano- 

seconds and subnanoseconds.

Visible and ultraviolet light generators are particularly 

interesting, as excitation by means of these radiations leads 

to simpler interpretation of the results due to the almost 

total absence of secondary processes; also the use of 

narrow band optical íilters allows a high excitation selec- 

tivity which is difficult to obtain in other regions of the 

energy spectrum. Thus, it is of great interest to produce 

pulses of extremely short duration which combine a con- 

dition of high luminous intensity with the possibility of a 

high repetition rate and high reproducibility in shape and 

in amplitude.

PULSE GENERATORS

Earlier works1 -2 describe spark generators which had 

electrodes wetted by mercury and were filled with hydro- 

gen gas at high pressure to produce luminous and electric 

pulses.3

The analysis of these generators, studied by the authors 

and Kerns el al.,4 leads to the conclusión that good quality 

pulses of less than 1 nsec duration can be obtained only 

under the following conditions: (a) high pressure (of the

1 J. T. D ’Alessio, P. K. Ludwig, and M. Burlón, Rev. Sci. Instr. 
35, 1105 (1964).

2 J. T. D ’Alessio and P. K. Ludwig, IEEE Trans. Nucí. Sci. NS-12, 
No. 1, 351 (1965).

3 A luminous pulse is produced synchronously with an electrical 
pulse. Several authors had estimated theoretically that the time dif- 
ference between both pulses is lower than 10-13 sec. The resolution of 
available experimental methods is not high enough to confirm this 
estimation. As a result of this work it is concluded that the time dif- 
ference is not greater than 10-11 sec, but as this valué is the resolution 
limit of the Instruments used, it is difficult to attach much importance 
to this figure.

4 O. A. Kerns, F. Kirsten, and G. Cox, UCRL, 8277 (1958).

order of 30 atm), (b) electrodes wetted by mercury or of 

puré mercury, and (c) coaxial assembly.

W ith respect to point (a), for each electrode profile there 

exists a critical pressure; below this critical valué, the 

amplitude, duration and fluctuation of the pulse become 

very unsatisfactory.

W ith respect to point (b), the iluctuation is nearly 20 

times greater and the duration is higher than 1 nsec if 

solid electrodes are used. Also, the electrodes wetted by 

mercury have an almost unlimited life.

W ith respect to point (c), if precautions are not taken 

in the assembly of the generator, electrical reflections and 

oscillations damage the quality of the pulse.

ELECTRICAL MODEL

In order to obtain the time necessary for a gas to reach 

its State of highest electrical conductivity with greater pre­

cisión, the pulse generator was considered as a variable 

resistance r= r(t) and the equivalent circuit was analyzed 

using the curve i= i ( t ) obtained at point A (Fig. 1).

Figure 1 shows the generator circuit, Fig. 2 shows the 

equivalent circuit and Fig. 3 the curve i= i ( l )— calculated 

from v =  v(t)— obtained at point A of the 50 S2 resistance 

with a sampling oscilloscope (Hewlett-Packard model 

185 A, risetime 0.1 nsec).

If it were also possible to measure v =  v(l) at point B, 

r =  r(t) could have been calculated. This measurement 

cannot be made without altering the electrical character-

-« A.T.

F ig . I. Generator circuit.
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' A .T .

■f(t) Fig. 2. Equivalent circuit of the generator.

T

¡stics of the discharge circuit, since the capacity of the 

generator is very small (~ 5  pF).

The analysis of the circuit leads to the following differ- 

ential equation in r :

where

and

Af+Br+Cr+D=Q 

A =  i, 

B = 2(di dl)+(i/cR), 

iPi 1 di
C = -- 1----- ,

df- cR dt

tPi p di
D = R --- 1----- . 

di2 c di

Since the coefficients^l, B, C, and D  contain terms which 

are time dependent [i, (di/dt), (tPi/dt-) 1, r was calculated 

numerically after obtaining i, di/dt and dH/df graphically.

In the calculation it was supposed that all the energy 

stored in the capacitor c was dissipated as heat in the re- 

sistances and r=r(/)] . This implies that the energy 

which was transformed into light was negligible. This as- 

sumption is justified on the basis of photometric measure- 

ments by Kerns and his collaborators,4 and from the emis- 

sion spectrum of the generator used. The latter was cor- 

rected for the absorption of the glass and the spectro- 

photometer response. Thus the number of photons emitted

l'io. 3. Electric pulse 
obtained through re- 
sistance K.

F ig . 4. Spectrum of the luminous pulse.

for each pulse was estimated to be between 107 and 108 and 

their average energy was 4 eY (~3200 Á) (see Fig. 4). 

The total light energy involved was between 10-12 and 

10-“ J.

On the other hand, the electrical energy dissipated at 

the resistance R is of the order of 10~5 J  which means that 

the luminous yield is very low.

Figure 5 shows r= r(í). I t  is concluded that (a) the re­

sistance drops from 108 to 102 íl in 0.3 nsec. This is the time 

in which the gas changes from a state of very low conduc- 

tivity to one of the highest ionization. This valué is of 

singular importance in the analysis of the possible spark 

formation mechanism. (b) After this, the resistance drops 

much more slowly, maintaining its valué at about 102 O. 

This relatively high resistance is explained by a narrow 

spark section. The beam diameter has been estimated to 

be a few microns, on the basis of the diffusion valúes and 

by comparison with the resistance of other types of sparks. 

The direct microscopical observation coníirms the order of 

magnitude.

From the experimental curve v = f(t) , it has been esti­

mated that 10" to 1012 electrons are emitted in each pulse.

SPARK FORMATION MECHANISM

In  order to explain the mechanism by which a channel 

of high conductivity is formed in a gas, several regenerative 

processes produced after the first avalanche have to be 

taken into account.

The main regenerative processes are (a) photoelectron 

production at the cathode by photons generated during the 

avalanches, (b) photoelectron production in the gas by 

photons of the same origin, (c) liberation of secondary 

electrons at the cathode by collision with positive ions,

(d) ionization of atoms or molecules in an excited metasta- 

ble state (by collision with other atoms or molecules or by 

collisions of the second kind with the cathode), and

(e) ionization of metastable atoms or molecules by photons 

generated in previous avalanches.
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Some competitive processes of secondary electrón emis- 

sion are photon absorption, metastable atom or molecule 

de-excitation without ionization, and the recombination 

of ions with electrons in the gas or at the cathode. All of 

these processes are associated with characteristic time 

intervals. The speed of the regenerative process is of great 

interest since the duration of the electrical and luminous 

pulses depends on it. These time intervals depend on the 

pressure and nature of the gas and on the intensity and 

distribution of the electrical field between the electrodes.

An analysis of the time interval corresponding to each 

process leads to the following conclusions (related to the 

production of pulses of tenths of a nanosecond):

(1) Considering the drift velocity of the avalanche and 

with electrodes separated bv a distance of 0.4-0.5 mm, 

the time in which the front of the avalanche reaches the 

anode is of the order of 0.1 nsec. As the main bulk of the 

secondary electrons and photons is produced near the 

anode,6 the photoelectrons produced at the cathode 

should have a delay of this order of magnitude (0.1 

nsec). This is why it is improbable that the contribution 

of successive avalanches to the main discharge is im- 

portant in 0.3 nsec.

(2) The contribution of electrons produced at the 

cathode by collision of ions is negligible due to the low 

mobilities of the heavy ions. A simple calculation shows 

that the time involved is much longer than that being 

studied in this work.

(3) The reproduction of secondary electrons by photons 

in the gas can be important only near the anode, because 

the effective photons of high energy (far ultraviolet) are 

strongly absorbed by the gas at high pressure. In  this

Fig. 5. Dependence on time 
of the internal resistance of the 
generator.

s 63% at a distance of l/a  to the anode, in a homogeneous field 
(a = constant). In fact, it is higher because a = /  (Z¿) and, since the field 
is greater near the electrodes, a is larger.

case, the multiplication of these electrons is low, due to 

the short path to the anode. There is no doubt that this 

process plays an important part in the formation of 

coronas in gases at lower pressures. But, when the pres­

sure is increased, it can be observed that the corona 

becomes compressed towards the electrodes and vanishes 

at a sufficiently high pressure. The contribution of this 

process to the spark formation must be unimportant 

under the experimental conditions used in this work.

(4) The same objection, as used in the case of emission 

of ions or photons, may be applied to the contribution of 

regenerative processes by metastable atoms or 

molecules.6

The difficulty of interpreting the production of about 

10" electrons in 0.3 nsec can be avoided if we accept the 

simultaneous production of a great number of avalanches 

without much interference between them; an estimation of 

the number of these avalanches shows that the cathode 

should emit about 104 electrons in each pulse. In  order to 

consider this possibility, the probable cathodic emission 

must be taken into account.

Cathodic Field Emission

For the computation of the field between the electrodes 

with a point-plane geometry, the field equations have been 

applied near the axis with the boundary conditions suitable 

for the electrode surface.

A first approximate calculation showed that the field 

decreases very quickly outside the axis, so in what follows 

only the field at the axis must be considered. Figure 6 

shows the function I i=  f(x) obtained for a gap of 0.4 mm, 

V’=  10 000 V, and a radius of curvature of the point elec­

trode of about 0.5 mm.

6 The possibility of regenerative processes previous to the spark 
cannot be disregarded if the electrical conductivity of the gas is very 
low.
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The valúes of E  vary from a mínimum of 2X105 V/cm 

near the plañe electrode, to a máximum of 106 V/cm near 

the point electrode. The corresponding valúes of E /p  for 

p =  30 atm are 9 and 44 V/cm and Torr respectively.

Similar results can be obtained using the equations de-

veloped by Fitzsimmons7 for a hyperboloid of revolution. 

W ith the calculated valué of E, the electronic emission can 

be calculated.

The current density of field emitted electrons at room 

tempera ture is given by the Fowler and Nordheim equation

2.54X10-6£ 2expí[— (6 .8 3 X 1 0 V )/£ ]  [3.79X lO ^CE/v)1]} 

^*[3.79X10-*(E/<p)*2

where <p is the work function in electrón volts, i and r 

are tabulated functions for argument valúes between 0 

and 1, t is practically equal to 1, and r has valúes shown in 

Table I. v has been calculated as a function of

y=  [3.79X 10~4( £ /  ̂ ) ¡].

Table I I  gives the density of electrons in amperes per 

square centimeter, seconds, and the total number of elec­

trons emitted in each pulse (i.e., in 0.3 nsec). As can be 

seen from the table, the electrón emission at the cathode—  

at room temperature— for fields of 106 V/cm, and a radius 

of curvature of 0.5 mm, is 4 X 10“"  electrons, that is, 

almost nonexistent.

Cosmic radiation electrons, ultraviolet light from the 

cathode or radioactivity of the materials, could explain 

the emission of the first electrons which start the ava­

lanche, but not 104 simultaneous electrons as required here.

Another explanation would be to assume that the fields 

are much more intense than the one considered. Since 

a =  f(E /p ), avalanches could be produced with a multi- 

plication factor of about 1011 electrons by one electrón 

generated near the cathode.

The results obtained using electrodes wetted by mer- 

cury, or with mercury electrodes in a capillary tube, 

clearly show that liquid mercury plays a main role in the 

production of subnanosecond pulses, and with the char- 

acteristics previously noted.

These results are: (a) the pulse is shorter with mercury 

electrodes than with solid metáis (nickel, tungsten, etc.); 

(b) the pulse shape is practically independent of the

T ab le  I. v (parameter in the Fowler-Nordheim equation) vs y  
[y = 3.79X10~‘ ( £ /¥>)*]•

y V

0 1
0.1 0.982
0.2 0.937
0.3 0.872
0.4 0.789
0.5 0.690
0.6 0.577
0.7 0.450
0.8 0.312
0.9 0.161
1 0

geometry of the electrodes (point-to-plane geometry was 

generally used, but, with two plañe electrodes, pulses of 

similar characteristics were obtained provided the elec­

trodes were wetted by mercury); and (c) even in the case 

of point-to-plane electrodes, polarity reversal does not 

affect the pulse quality ñor its amplitude. On the other 

hand, the polarity and geometry of asymmetric solid elec­

trodes have a great infiuence on the shape of the pulses. A 

less important observation is the formation of a thin layer 

of mercury on the walls of the generator after some hours 

of operation at a high rate, for example, 24 h at 3000 

pulses/sec (about 2.6X108 pulses in 24 h).

Equilibrium Shapes of Mercury

The difficulties of establishing a satisfactory mechanism 

to explain an increase in the gas conductivity in 0.3 nsec 

and the results previously described, suggest the possi­

bility that the true shape of the electrodes when the spark 

is produced is not the shape of the solid electrodes, but one 

resulting from the mercury that covers the electrodes which 

is influenced by the intense electric field.

An analysis of this shape shows that the true electric 

field in which the spark is produced is several orders of 

magnitude higher than the one previously supposed. This 

new field affects the electronic emission at the cathode and 

the avalanche multiplication.

In  order to find the equilibrium shape of the mercury 

surface, the following three factors must be considered: 

(1) surface tensión, (2) repulsión between charges on the 

same electrode, and (3) attraction between charges on dif- 

ferent electrodes. The following equations apply:

8ií>i =  a8S (1)

T a b le  II. Density and number of electrons emitted 
at the cathode vs E.

E (V/cm) j  (A/cm2 sec) N (electrons)

101 40 X 10~6-6X104 negligible
10® 4X10-1»3 negligible
106 4 X 10-85 4X10-"
107 4X 10~37 4 X 10-“
10* 3X1016 4X10”
109 1Q104 10™

7 K. E. Fitzsimmons, Phys. Rev. 61, 175 (1942).
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where

6S=
d2$
---1---

-dx2 dy2.
dtfS,

Sw= energy variation; a =  surface tensión; &.S= change of 

surface; £=  coordínate norma] to the deformed surface.

The electrostatic pressure is <r2dS/2t, where <r is the sur- 

face charge density and e the dielectric constant.

8ivu= (<72/2t)dSdí. (2)

Since the interaction energy between electrodes is qV, 

its differential is

8wiu =  <rdSdV+VdcdS

=  <rdS(dV/d£)dt+ V (da/d£)d£dS.

(3)

In  equilibrium £  5w¿=0. At the surface of the conductor 

atE ff=  — t(dV/d£), (E¡f is the normal field component). 

Then,

-d2z 
— + —  =0.

-do? dy2J

l/dV\ 2 dW  a 
- ( —  + F — + -  
2\ d y  E

Resolution of this equation gives the important result 

that the radius of curvature of the mercury drops, under the 

experimental conditions of the generator used (d=0.4 mm, 

V'=10 000 V), to 20-30 Á. Figure 7 shows the probable 

equilibrium shapes of the mercury electrodes with an in- 

creasing electric field (a to d ) ; at e, a spark is formed.

The consequence of this surface deformation is the quali- 

tative and quantitative change in the electric field. 

Figure 8 shows the approximate field shape for a radius of 

curvature of both electrodes of 25 Á. The following points 

are noted:

(a) The symmetry of the electric field is independent of 

the shape of the solid support of the mercury, which 

explains the observations (b) and (c) in the previous 

section.

(b) Near the electrodes, the field is greater, by several 

orders of magnitude (109-1010 V/cm), than that which 

should have been obtained with solid electrodes (Fig. 6), 

and E /p  is of the order of ÍO’ -IO5 V/cm, Torr.

An immediate consequence of this large field intensifi- 

cation near the cathode is that the cathode field emission 

is greatly increased. From Table I I  it can be seen that there

F ig . 7. Equilibrium  
shapes of the mercury sur- 
face when deformed by an 
electric field.

F ig . 8. Electric 
field dependence on 
the distance to elec­
trodes when the mer­
cury surface has 
adopted its equilib- 
brium shape.

is an almost infinite field emission for these valúes of E¡p.

This emission gives the required condition of a minimum 

of 104 simultaneous avalanches needed to explain the in- 

crease in the conductivity of the gas of more than five 

orders of magnitude in 0.3 nsec.

A further result of the increase in electric field strength 

with change in electrón configuration is the rise in the 

valúes of a (Townsends’ first coefficient), and with it, the 

multiplication of each avalanche.

There are no valúes of a (or of a/p) corresponding to 

valúes of E /p  greater than 1000 V/cm, Torr. The curve 

shown in Fig. 9 was drawn from Halls’ valúes for hydrogen8 

up to valúes of E /p  near 103. I t  can be deduced from the 

form of the curve that the valué of a /p  should not increase 

much more than the limiting valué8 and the extrapolation 

for valúes of E /p  from 104 to 105 must be verified 

experimentally.

Halls’ valúes refer to hydrogen. In  hydrogen contami- 

nated with mercury, a grows because of the favorable 

effect of the metastable states of mercury on the ionization 

of the hydrogen. In  order to establish the importance of 

this effect on the experimental condition of the generator 

used, it is necessary to study more carefully the processes 

occurring during the spark.

Neither can it be asserted that at high pressures a /p  and 

E /p  are the relevant parameters, because no previous ex- 

periments have been carried out with pressures greater 

than 1 atm.

In  order to estímate the multiplication factor of each 

avalanche, a valué of a /p  of 75-1/cm, Torr has been 

adopted, that is, for p =  30 atm, 1.7X105-l/cm for regions 

of high field intensity. I t  should be understood that mean-

N ic k e l

M e rc u ry

8 L. B. Loeb, Basic Processes of Gaseous Electronics (University of
California Press, 1955), Chap. X III.
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T able III . Multiplication factor of each avalanche 
vs distance from cathode.

F ig . 9. a/p (a is Townsend’s first coefficient) vs E/p, for hydrogen.

ing can be attached only to the order of magnitude. The 

electric field between the electrodes is not homogeneous; 

therefore, in order to make calculations, the gap has been 

divided into zones and each of the zones is considered to 

have a homogeneous field. Table I I I  summarizes the 

results. As can be seen from the table, this estimation leads 

to the conclusión that one electrón emitted by the cathode 

gives rise to 1021 electrons. This valué is several orders of 

magnitude greater than that obtained experimentally in 

each pulse (~10u) in the electrical circuit of the generator.

The following curious situation thus arises: due to the 

deformations of the liquid surfaces, the electric field is in- 

creased, and this gives rise to cathodic emission and the 

production of avalanches with a high multiplication factor. 

In  this way, the production of a large amount of electrons 

in tenths of a nanosecond can be explained.

These results do not contradict the experimental evi- 

dence because the limitation of the external current (or 

the number of electrons that go from the anode and return 

to the cathode), is given by the amount of energy stored in 

the condenser c (the capacity of the generator electrodes 

and the distributed capadtances), at the spark voltage 

V/. In  fact, as the electrons neutralize the positive charges 

of the anode, the field in the neighborhood of the anode is 

reduced to zero; that is, the area behind the curve of 

i=  f(t) of the electric pulse depends on the capacitor c and 

the voltage V¡. Experiments have been made with in- 

creasing valúes of c (with coaxial cable at point B, Fig. 2, 

to preserve the pulse quality), and the pulse shapes that 

are obtained justify this conclusión (see Fig. 10).

Velocity of Spark Production

In  accord with what has already been pointed out, one 

electrón avalanche satisfactorily explains the fast change 

in the gas conductivity for a great number of them limited 

in amplitude by the electric energy stored in the system 

without regenerative processes. The time of generation of 

the spark already calculated can be compared with the

Distance from 
cathode surface 

(*)0.10-6 cm

Total 
multiplication 

at *

6 8.5X103
26 7 X107

326 4 X109
3676 3.5 X1010
3976 2 X1013
3996 2 X1017
4002 2 X1021

experimental valúes. The valúes of the velocity of dis- 

placement of the avalanche for high valúes of E /p  or for 

a pressure of several tens of atmospheres, are not available. 

In  order to get some idea of the order of magnitude, an 

extrapolation from the known valúes has been performed.

Various authors8’9 have shown experimentally that the 

velocity is of the order of 108 to 3X108 cm/sec and is a 

function of E /p  and not of the pressure (at least it is not 

appreciable).

Nesterikhin et al.9 had shown that

»e=  2.9X10 '(E/p).*

The mean velocity has been calculated by a method similar 

to the one used to calcúlate the multiplication in one ava­

lanche j^dividing the pulse i= i{ t ) in 10 intervals, deter- 

mining the speed in each one and then finding the average]. 

Thus, a valué v= 2.5X 108 cm/sec has been obtained which 

gives, for ¿=0 .4  mm, a time of 0.16 nsec; that is, half the 

time of the plasma build up and one-sixth of the whole time 

of the pulse.

I t  follows from this that the pulse characteristics will 

depend on the electric circuit associated with the generator, 

including the generator [r=  }{t), R  and c]. Since this time 

is less than that required by the resistance generator to 

descend from 108 to 102 (0.3 nsec), the Re of the circuit 

delays the time at which máximum conductivity is 

attained.

Fig. 10. Different pulses ob­
tained with increasing valúes 
of c.

9 Yu. E. Nesterikhin, V. 
Tekhn. Fiz. 34, 40 (1964).

S. Komel’kov, and E. Z. Meilikov, Zh.
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From the experimental results and the necessary calcu­

lation, the following scheme for pulse formation is 

presented.

In  the first stage, up to 10% of the risetime of the pulse, 

the low conductivity of the gas piigh (i?+r)c], results in 

a slow discharge of the capacitor. The pulse i= i ( í )  grows 

slowly.

The second stage, from 10 to 70% of the risetime, is 

due to the new shape of the surface of the mercury; the 

electrical resistance drops from 10s to 102 in 0.3 nsec. 

W ithout the limitations imposed by the resistance r (whose 

mínimum valué is ~102 S2), the external resistance R  and 

the condenser c, the risetime of the pulse must be about 

a half of the above given valué. Working with a very low 

capacitance, pulses with 0.2 nsec risetimes have been ob­

tained in good agreement with this assumption.

In  the third stage, from 70 to 100% of the risetime, the 

resistance r decreases a little but much more slowly than 

before. In  this time interval, the time constant is approxi- 

mately 0.6 nsec (r~ 80 Sí, /?~50 ü, c~4 pF). In  0.1 nsec 

the potential decreases by 17%, whereas the valué of r 

decreases some 20%. The potential divider r-\-R produces 

an increase in i and V at point A of the circuit (Fig. 1) 

and at point B, V decreases.

The fourth stage corresponds to the decay time. This 

stage can be interpreted as the discharge of a capacitor c 

through a resistance of fixed valué (r~80 S2, 50 S2, 

c~4 pF). This system has a time constant of 0.52 nsec, 

which agrees well with the experimental valué (0.5 nsec), 

and with the observed exponential decay. The point at 

which i=  0 does not correspond to the complete discharge 

of the condenser but to the interruption of the spark due 

to the lowering of V (and henee of E) to below a certain 

critical valué.

Influence of Mercury Vapour on the Hydrogen 

Ionization Process

Mercury vapour is known to increase the efiiciency of 

the secondary electrón emission process, that is, to in­

crease the valúes of a.

When hydrogen gas is present, mercury atoms can act 

as intermediates in the electrón energy transfer process 

and in the ionization of hydrogen. In  the study of dis- 

charges in gases, it is assumed that processes with an 

energy higher than 5-6 eV have a low probability of occur- 

rence since the energy that electrons acquire between two 

encounters is low. This is the case with the ionization of 

H  and H 2 due to their high ionization potentials;

H  -> H+ 10.3 eV. (5)

On the other hand, the following processes have a large 

cross section:

H 2—>2H 4.36 eV (6)

Hg —> Hg* (63P2) 5.47 eV (7)

2Hg*(63P2)->Hg++ Hg 10.44 eV (8)

Hg++H -  Hg+H+ 10.44 eV. (9)

Reaction (9) has a high probability of occurrence since it 

is a nearly resonant process. According to this scheme, the 

ionization of hydrogen through 63P2 mercury-excited 

atoms is more probable than through process (5).10 Al- 

though the half life of the metastable states of mercury is 

large compared with the duration of the pulses studied in 

this work, the frequeney of collisions is much larger due to 

the high working pressure which decreases the half life of 

these states. The probability of processes (7)-(9) depends 

not only on the cross sections but also on the relative con- 

centration of mercury in relation to hydrogen. The 

number of hydrogen molecules is very high. At room tem- 

perature, the vapour pressure of mercury is of the order of 

10-3 Torr.

ííHt number of Hg atoms 10~3 Torr

H 2- ^ H 2+ 15.4 eV, (4)

» h number of H 2 molecules 2.5X104Torr

=  4X10-8.

However, the mercury vapour pressure is appreciablv 

larger than 10-3 Torr, due to the curvature of the mercury 

electrodes just before the initiation of the spark. This 

pressure is given by

p =  po cxp(2aM/pR7'r) =  p0 exp(.l/r)

where A =  (2<rM/RT), o- =  surface tensión, M  =  molecular 

weight, p =  density, 7'= absolute temperature, and po 

=  vapour pressure of a flat surface. For mercury at 25°C, 

-1 =  5.7X 10~7 cm (if r~25 Á, p =  20 po or approximately 

2X10 2 Torr, and »hk/mh2— 10”6). The curvature of the 

electrodes increases by two orders of magnitude the 

probability of reactions (7)-(9). Although the presence of 

mercury undoubtedly favors the ionization of hydrogen, 

it cannot be concluded from this simple calculation if there 

is a substantial increase in a. A more detailed theoretical 

and experimental study is necessary to elucídate this point.

10 C. Kentz [Phys. Rev. 80, 95 (1950); J. Appl. Phys. 21, 309 
(1950)], has pointed out that in the A-Hg discharge tubes, the density 
of the mercury metastable states 63P2 and ffPo is similar or even 
larger than the density of the electrons. The most abundant State is 
the 6sP2.


