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New York TJhlverslty 
Department of Physlca 
University Heights 
New York 53, N. Y.

March 12, 1963
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Chief of Naval Research 
Electronics Branch (Code 427)
Department of the Navy 
Washington 25, D. C.

Dear Sir:

Attached la the Pinal Report on the Office of Naval 
Research Contract NONR 285 <34), MR 372-l4l, entitled, 
"Determination of Formative Time Lags in Air In a Uniform 
Field as a Function of Pressure and Electrode Separation 
and IietermJ.natlon of FtormatJ ve Time Lags of the Vacuum 
Spark". This project was under the directorship of 
Professor Leon H. Fisher until June 1961. and under the 
directorship of Associate Professor Lawrence A. Boimsteln 
until Its conclusion on December 31, I962.

Part I of this report describes the work done from 
November 1, I962 through December 31, 1962. Part IT Is a 
summary report for the entire project since Its Inception.

Very truly yours.

Lawrence A. Bernstein 
Aaaoclate Professor of Physics
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In our last report we gave the results ot our computations 

ot the transit times or positive ions across positive-point-to plane 

oorona gape.. 'Jlleae computed ion transl t times are ao long aP to 

rule out the possibility that iono arriving at the cathode ,1ay a 

a1gnit1cant role in the formation of a self-sustained coro ia d1soharge 

in argon or hydrogen Our earlier measurements ot the rc-1)mat1 ve time 

lags in these gases at threshold showed lags much ahort,.r than ion 

transit times o 

We have now computed electron tranBit timea for the geometries 

uaed in the various gases studied o Because or the 1,ighly nonuniform 

nature ot the field in the corona geometry, the e} ,·ctrons traverse 

the h1gh .. f1eld region in a small fraction or the ~lectron tranelt 

time tor the whole gap A typical et of comput.--~d reaul ts are the 

following: 

At 700 m&r 'ig pre sure , with a pos1tlv~ paraboloidal point of 

radius O" 0091 cm and a point to Jplane sep.rat1on of l c, 5 cm 

the electron transit times in microaecon0~ are 

~ 

hydrogen 
argon 
oxygen 
nitrogen 

total gap transit 

2 7 
6 7 
O 66 
L3 

transit ,)f h1gh~f1eld regio~ 

0 ~003 
0~008 
0 001 
0 (9 002 

In computing these values, we used the .:;ontocal-parabololds approxima•_. 

t1on tor determining field strengths 11 , the gap, and numerical integra­

tion to get the transl t timea across t .1e various portions of the gaps ,, 

The h1gh-t1eld region 1B taken to mea 1 that region in which electron.s 

have enough energy to ionize the gas 
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'111'1e f'ormat:t. ve t1 m !ag J at thresho d in these gases un ler the 

above cond:1t;1. n> ·' Ve b n m ~aaur at {approximately). 
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Part n 

Resume_2_f_ Pr1n_2.1R!!._ Lines of .nve~t1gat1on 

A.. Formative Time Lags in •niform Fiel,d~. 

Formative time lags of spark breakdown in uniform fields have 

been measured in air nitr gen, argon, hydrogen, and oxygen at pressures 

from one atmosphere down t about 100 mm Hg and with plane parallel elec­

trode separations of 0"3 t 3 O cm. The measurement were carried ut at 

voltag~s very near t hr hold For all gases the time · aga decrea e an 

the percentage 

hydrogen ; the varlat i 

of pressur e; arg n an 

~ e ag for all ga . 

in r eaaes For all', . i trogen n 

t i me l ga with percentage ~, L i a in pendeP · 

en lags xhtbit a complicated pr~asure r. -n r;n c ( 

ar . in penden t of the 1n1 tia i n ' · ph t ~"' t r ;,n 

urr~nt over a wi e r ange At 1 t he lags are .rn thr range ) t n 
-

to undr eds o mic n ein ng t :., or all r' ~0 .- . st 1 .1. ar g n 

and xyg n ., 

The e r ul ow a . w v l• J ;1_• ak mm 1 pr -~ Y a 

,msend i scharg f r 1 ud1 . I .i ·h ' t he r ea 1. wn tim 

1 mall compare wn '1' "'1 n ull up i ·· n.p rt 

i n a:tr- ~ nitrog~n n 1 n . (, t p> ent .si ¼ . 1. 
1 

arg n uch uildup 1 t p 

Tom ,')ur 1 p,:mor·nc 0 f rmatlve J , on 

pre u:r el ~ t r e .n w . avP a 1 t o .. u t 
.SI 

the natur of rn ~ :r nl r gen~ a hy r gen 

thi 1 char e ha a n inv 1 n t l . .:, r i m1 s i n 

~t catl o € 
t t - ""' 0 ; r .,.. j \1r.C 1 .1 'fl1 t:h ele tr n 

m L, ~ 

V 1 nc e .. V g 1 1 , . tt p , a . :1 e · ., 
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three gaseso The relatively long buildup t:f.mes are attributed to large 

numbe;19s ot success! ve transl ts of electrons across the gap befor•e break-

down ,, n argon.? in add1t1 n ·to photoelectric emi.sslon from the cathode~ 

the lag 114 prolonged by a delay in tt. e ranamission of radiation through 

the gatL, ThiR delay estlmat d aa 10 '-ime t e electron transit time may 

result from either imp1,1,, nment of r s 1ancA ra:Ua.t! n or the time re-

quired for the deexcita 1. f meta table at ms In xygen negative ion 

f rrnati n is inatrumen·al 1 ·h elay f breakdown r all th ga ea 

stud! d nly xyg~n g1v 

measurements at the same p urP- le .t ro 

n of lags for eucc a iv~ lags 

paration and 

Precision mea u ... mflnts sp~1 cJng v lta ~ and of current 

v ltage chara teri ti ln 11.f r Yr gen nitrogen x ygens 

arg n .P and helium l av .. 1 f t firs · and n ti own end 

efflci nts <.~ an 'tr ng f th atio f 1 1 

r ngth E to pr B ur ( l ' .ic' mea 

w re made , an the p l 0 alue f C _ nt h 1 

th~ e ranges ., are g , 'l 2 
I. ~ a t ~a. hm n n 

V 

' .,. le ~ 

Qaa ELP d,Jp -~ .1)/_p -
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,'3 

46 t . O'"' 
,2 
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The values of¥ are by and large, bigger than expectedf while for argon 

and helium they are huge., '!'hese meaBurements have emphasized the im .... 

portance ot the Townsend buildup in preapark1ng phenomena o 

Co Corona Studie1 

Pormatlve time lagl or th filamentary streamer 1n positive 

point-to-plane corona in air over a pre!sure range comparable to the 

uniform-field pressure range sho'IJ no long buildup times such as le found 

in the uniform t1eld cas . Near a mospher1c pressure, the lage are too 

short to be re■olved from statistical ecatterJ but with decreasing pressure 

thP. formative lags are r so1,,able hey ar or the order of 10~ 7 econd 

at threshold and ~how little dep-ndenc 0 on ~ No long buildup procese 

is associated with the Cormation f the positive point corona in air, 

and thf' c;athode plays no r le in this format! n The corona formative 

lags in air are too 1 ng to b a cribed t th transit time or the initiat­

ing avalanche across the high field region of the gap. '!be corona results 

in air do not :; ther fore preclude a f st ec ndary process in the gas 

pre e~ing formation of the filam ntary treamer 

n four pure ga tu 1 d the cor na r rmative lags a 

threshold ehow a wide range f valu s ypical are the following for a 

l o5 m gap 1 with a parab 1 jdal pint f rad us Ot 009 cm and w1 h the 

gas at 700 mm Hg n 

(le.13 Approximate Format ive Lag ni1 roseconds 

hydr gen 0 01 or leas 

argon 0 1 or less 

oxygen 00 

nitrogen 106 . OR 
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'lbe lags in hydrogen and argon are much less than the transit 

timea across the gap or either ions or electrons, requiring a secondary 

mechanism that does not involve 'the cathode o t!'he long lage 1n oxygen 

are probably associated with electron attachment in that gas, while the 

extraordinary behavior of nitrogen al l ws for a number ot slow processes, 

perhapa even d1ttus1on of metastables 

CUrrent -voltage characteri.et .cs of the prebreakdown discharge 

in the hydrogen positive pint c,rona ndicate the importance of secondary 

ionization , A second '!'ownaend coeff1c~ .ent 'Y cf 4xl0 4, computed from these 

meaaurements 1 is typical nd of h e •me order as that round ror hydrogen 

1n the uniform field work discusaea above or nitrogen, a ror the order 

of 10-5 is found in this geom try wh for argon j ranges from about 

3xlo=3 at 300 mm Hg t 2xl0 5 at 700 n Hg , These ~re s,1gn1f1cantly 

smaller than the value 1 If un fo these gase in parallel plate 

geometry:, but conr,ia t nt with t · foW1d y other workers in concentric= 

cylinders corona gapa u 

. o Olow Discharge Studies. 

Studies of the fo:rmativo 1m lag f d , ~ glow discharges in air, 

nitrogen., oxygen and argon <, an f Pa~ hen aR law ln air, were carried out 

1n glaas chambere of two 1amet r·s w1 a very l arge range f eleictrode 

aeparations .9 from a few millimeters t 80 cm " As ~xpe ted , the chamber 

walls play an important rol l in uch di charges . The detailed behavicr 

or the various gases was g .nerally complicated an . no un1tormj but. a 

number of bservat1ons omm n t all w r made g 

1 The time lags arc Se\ r un . .r micro about n 

per cent v .. 

2 The lags deer to Dew micr J ec n s at 201, LW% with 

electr de pa tin 11 -h .. ge f' J m 0 0 m ., 
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3) For equal percentage o. v.,, the lags decrease w1 th increasing 

ultraviolet 1llum1natjon of the cathodeo 

4) r."or equal percentage o .. v., and e ual 1llwn1nat1on., the lags 1n 

the narrower glass chamber are longer than those 1n the wider 

chamber ., 

5) Time lags 1ncre:ase wl th 1noreae1ng gap separat1ono ~t 1 always 

possible, by u 1ng lar•ge ., .. t get l ags shorter than the trane1 t 

times or poe1t1ve 1. m~ ac s t ~ gap , 1nd1cat1r:.g that positive 

ion action at t.he cathod , 1a not th econdary mechanism leading 

to the spark at thee ov rv ltages . 

Measurement of sparking v ltr-tge - 1n air at various pre urea 

and over a wide range f 1 ctr n pa 1 n rPvealed no 8 ver epartures 

from Paachen 9 ~ law a rath r· ~urpr1 ng r sult in view of 'the xpected 

accumulation f wall c.harg 

E, 8CUUllJ Spark St·,; ' lee . 

Thi work was an 1nvest1.gat1 n ft m han1sm wh .. reby parks 

arP initiated between meta ·l ctro 

e w 50 kllov Lt8 1n n ga 1v . point t 

geometry and at pr~s ures betwe ,n 1 

tung ten, plat1nwnD and nick 1 

!haracteriistic: and f rrna.t1ve lme 

m1c rosecond an 1 40 micro cond... wer 

hjgh V nua~ Breakdown at voltage 

pJ ne e metry and n cro wire 

n • 10 mm Hg , Electrod r 

l w re u~ d ,1 Current •V , tage 

m ,aaured \) Lag e w. n Oo2 

b rv , . 

At empts at pro uc ng a y tem witt: 

down voltage were uns ~cc a fu.J , • e 

electrodes, the us of cur ent -1 m.1 t :t . r 

stable reprodu .. 1 ·1 break 

. nclu P- th u gaa 1ng of 

isto ~ in . r i es with th g p 
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failure no cl ear ,cut re 1. 
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the Fowler-Nordheim fi,:!ld emission equation showed that most or the 

c.urr«tnt originated on areas of the cathode where the field was much higher 

{sometimes by aa much as 400 times) than the average field over the 

cathode ., These areas were presumably sites of projections above the 

cathode , The areas of emission were found to be between 10-9 cm2 and 

10-13 cm2 ., Extrapolation to breakdown of prebreakdown current<voltage 

measurements yi~lded field current den ities of 106 to 108 amp/cm2 at 

the emitting areas o 

On the basis of ti long f rrnat1v lags measured and th . high 

current densities compute , it wa r . · that the ln1t1at1ng mechanism 1n 

the vacuum spark is likely to 

at the cathode n t his mode 

m ·,1 t ~1g r vaporization or t e proJe ti ns 

' he b erved lag ie th time needed for 

sufficient Joule heating f he mit 1 ar a t :twas shown that the 

lags t be expected n t ts a 1 , ul t e ilni v r ely proportional to th 

square of the field em1 ion c rent n i ,y Cal culations made n ~his 

model r expected t m 1 

lags o 

we ln r gh agre me t with the ob erved 
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The Format ... ·e Time Lag of .:.h.e vacuum Spark, R Burt, 1955 (M "S.) 

Formative T1m1:: ~;g:: of Glo•· Iischar~es_ 1n Air, Nitrogen!! Oxl_gen, and Ar gon, 

A. Mayer, 1954 1 ~ lr. ) 

Pre-Breakdown FieJ.,t Em1se L,n currents and Time Lags in Sparks between Metal 

Electrodes in H1@· l "·<lYY!Y' · Lo Arort.owltz , 1957 (Ph D" J 

A Stud~ of the Pre- Brea ic own Currents t n Oxygen and Helium J , Br; Freely, 

1960 ( h oD.) 
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