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ABSTRACT

. The construction and operation of a trigger system designed to
fire a 30-kV 5000 A spark gap ‘with 2 minimum deiay following the arrival
of 2 small ‘signal pulse is described. In this particular experiment a 150—MeV/c .
muon is detected ﬁth scintillators on fhree 6199 phototubes, and the output
pulse of the attached'tunnel-diode tr.iple-coincidence circuit is amplified
and used to trigger the gap. | Approximately 32 nanosecoz-xds are ,needed from |
passage of the muon to .thve coincidence 6utput, andv approximately 25 nano-
seconds are required from the coincidence output to the time of complete
breakdown of the .gap. These delays represent the shortest times that we
could achieve with the particular b.oundary cohditions under whiéh the ci'rc‘:uitv |
had to operate, ‘ Sufficient detail is given to show how additionallsa.vingz_s of

nanoseconds could be made under different operating conditions. |
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INTRODUC'I‘ION
Consxderable lore exists on the constructmn and operation of spark
gaps. Gaps have been made thh operatmg voltages rangmg from several
hundred volts to several huncired lgilovoltg and with operating currents from
| émperes’ to mégampores.. ul\’airious-'combi:né.ﬁons of gases, pressures, and
- conducting and insulating materials have been used, the particular choice in’ -
ea.ch case bemg determined by the 1nd1vz.dua1 operatmg requxrements. This S
. report deacribes the constructxon'aod operatxon of a spark gap that had to fzt
four requirements: {a) stand off 30 to 40 kV dc, (b) pass 5000 A for 15 p.sec
- per puloe. (c) operate at 10 pulses per sec for several hundred thousand |
- pulses, and, most importantly, (d) fire with 2 "minimum' of delay time
'followinm the passage of a muon, the spiritihere being that 10 nanoseco;nds ‘ii.‘v
would make a noticeable difference in the assomated expenment. |

In the apphcatmn for whxch this gap wa.8 used a 150~ MeV/c muon

passed through’ a counter telescope and the s1gna.1 from the co:._nc1dence circuit <

on this telescope was amplified and used to trigger the gap (see: Fig, 1). The

gap, in turn, discharged a 30-kV 0.012:-'»917‘ condenser into the load, In order =
.( .

‘to meet other requirement's of the experiméntal setup, it was nécessary‘thé.t

the total time delay from passage of the muon through the telescope to the top

/

of the current rwe in the 1oa.d be as Bhort as possxble, and certainly no more -

than about 130 nsec. The sevemty of this basic requxremen‘t was mcreased by .

- --the fact thaﬁ; fhe load was primariiy’ in'ducti;ré so that a ﬁx.iite"c'urréht rise timé‘ N
"\;va!s unavoidable, ' Considerations of high-’-\}olté‘go' engiheoi‘ihé "arognd" the "

" expe rimélntal apoaratus toget.:hér. with a réqﬁiféé load current of 5000 A fixed -
this load rise time ta é.t '6l0-ns‘eol:::, 'leaving 70 nsec. for tye the éi'rlrzéibotwéeri'
' passade of the muon (t 0) and the start of the current rlse in the load (see

Fxg. 2). (In Fig, 2, tp time pulse.) Smce the elements of the electromc -
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chainthat i¢ad from the muon passage to the final current m the load form |
as vital a part of this delay-nme problem as the spark gap itself, the complete R
cham is descrxbed in some detail in the next aectzon. , '

Very brzefly, the counter telescope seen in Fig., 1 conszeta of three

6;99 phototubes that feed a tunnel dlode comcxdence c:.rcuv: (RCA 'I‘Dii9) The

‘ i V 20-mA output of this c1rcu1t is amphﬁed by an avalanche transzstor—-planar-j, e

tricde combma ion that dehvers ai2- kV ZO-A pulse thh a rise tlme of 9 nsec

‘onto the trigger pin oi a three-element spark gap, whxch,' in turn, dzscharged 3

the high-voltage condenser into the load. In TableIa 5um_mai;y of the delay | |
times tlmrough each element of this system is gij}en. |
DESCRIPTION OF APPARATUS o L

-~ o
: .

As the signal pulse is followed through the system, each pxece of

aoparatus is descnbed in turn, ' Because of 2 30-kG field m which the

scintillators were srtuated, it was necessary to carry the light from the plastic - . .

scintillators out thrvough Lucite pipes 3-feet long toa z"egion where the type

6199 phototubes could be magnetxcally shxelded Th1s took about 5 nsec.

(A triple coaxial 1ron-cy1mder sh1e1d redu‘.ed the resxdual field from = 1 kG

to less than 1 G. ) It was necessary, in the expemmen‘t, to keep the multlple
. scattering of the muon in the scmtxlla.tors to an absolute minimums,. . Consequently. co

| _scintillators #2 and #3 were only 0,010 in., thlck so the number of photons

reaching the type-6199 cathodes was very small, resulting in auode pulses

that were buri.ed in -the' nolse. The type-6199‘tub:e's'we‘re specially selectled_ ‘

for best signal-to-noise chaiacteristice and were run at 2500 volts'. A ca.tlfx.ode"-f: |

to—anode time of 23 nsec was measured."‘ i - o
Threefold and twofold coincidences of signalslv l’rom theéhotomult‘iplier._. R

anodes were made with the circuit shown in Fig. 3. Each anode signal is
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handled by a two~-stage tunnel-diode discriminator; the input diode sets a

triggering level, and the output diode shapes the signal to produce an output N

" pulse whose length and height are independent of input-pulse heights, Two

‘discriminator outputs are adaed‘re'sisti'veif'in a tunnel diode biased to select

double coincidences, Transistor amphﬁera are used to give decoupled outputs,

" one for external timing circuits in different parts of the experzment ‘and the : ':. a

© other to make a subsequent coincidence with the third input discriminator.”

The output of the triples coincidence diode is shaped by a second diode 'and
drives a'transistor output amplifier. ' The use of germanium tunnel diodes -

makes unidirectional coupling by germanium diodes impossible because the

200-mV output 0f these tunnel diodes W'ill""n'ot switvch the fegular diodes, <

Swmls are therefore directed by the use of asymmetrical res1st1ve couphng

B T ,.A"\ ’
N

and by an emitter follower after the doubles coincidence.

' This circuit follows an earlier designi except for a few changes that - . ...

~* reduce the over-all delay from 11 nsec'to about 4 nset. ' The changes include =

(2) the use of gerifxanitim tunnel diodes (RCA TD 119). ‘whick can switch in

0.3 nsec if not hmzted by the external circuit; (b) the use of resistive inter-

stage coupling at all points where it will not result in unstable operatxon,

(c¢) extremely compact circuit construction. Most of the improvement cemes

" from (a) In normal use the input discriminators were set to a i mA threshold,
. Delays were measured w1th a 4-mA mput signal of neghgible rise txme. the o
‘delay was measured between 50% level points on the input and output signala
- with a sampl_ing" unit (Tektronix type NJ. - T&pieal'coineidenee_: cx.ir'\.re s using
. iight pelsee were 7 nsec wide, full width at half maximum. * the signal amplitude

_ at any tunnel diode in the circuit is about 200 mV as viewed by the Tektronix

type N unit. The deley of 4 nsec from input to triples output is equally -
divided between input disc‘rifr.zix‘iator, doubles emitte.r ‘foliow'er, ' ti'iples

c'oincidenee disl'c'rirriin.ator,“ and the output amplifier.’ _The output amplifier

P
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delivers'1 V into 50 ohms, it can: be dxspensed w1th if a ZOO-mV output v
is adev:;da;e:‘. | o . |
The general chatx;acteristics of an andpliﬁer 8uttab1e for carrying
the above '1-V ZO—mA pulse up to a level where it would gatzsfa.ctonly
trigger the 30-kV spark gap with a minimum time delay are determined
| by the gap opera’cmg voltage as well as by the impedances seen by the gap. |
Fer re¢asons to be deservi‘bed 1ater, a three-clement gap was used here, In
order to minimize tp in the inductive load, one sho.uldv use as high a voltage B
as posaible on the pulse-produéing network, As stated pre\}iousl'y, general |
considerations of hzgh—voltage engmeermg around the experimental appa.ratus‘
ulted in a choice of about 30 kV and thls resulted in the aforementxoned |
60-nsec rise time. General e;.penence indicates that one needs somethmg
l1ke one-half of the gap operatmg vol"cage on the trigger pin of a three- . o
electrode gap_xf. nanosecond breakdown times are to be achieved, vTo bring “", |
the _outpﬁt of the phototl‘zbevcoinlc'idence circuit up to 12 kV at 20 A, the |
amplifier shown _in Fig. 4 was c'onstruct‘edalv Other eombinations of small
spafk gaps, tr'a.nsistors,' and ltubes were investigated, but the ﬁndl choice’
was ag shown,' This utxit was found to be extre'niely reliabl'e and, with -
coaxial heavy solid-metal shzelds compp rtmentahzmg each amphﬁer sectxon,
showed no deterioration with operatzon even though 30 kV at 0.5 ohm appears I'
on the tngger pm for about 30 nsec when the gap f;.res, and thls pulse |
 ‘moves back through the 210-Q current ~limiting hv reszstor, to the DP 30
anode, However, it was found necessary to magnetzcally sh1e1d the planar
triodes from the i kG fxeld in wh1ch they were located before the unit would -
operate pzroperly° _ N S |
It takes apéroyzmately M nsec from the start of the 1-V input pulse , -

into this amphfxer to the t1me when the DP 30 is turned on a.nd starts to

deliver current to the gap trlgger pm. About one-thxrd of thxs is needed to
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- fire t‘ie avalanche transntors--and this was for the fastest onee in a batch

of about 10, The total shunt capacitance seen by the DP 30 anode lookmg

mto the spark ga.p tnrfgs.r pm was about i5 pF. and since thxs tube will

.

dehver a‘bout 20 A 1t takes 9 nsec fo:. the DP 30 to raise the voltage on the

trwger pin up to 12 kV Thus a total of about 2.0 nsec is requxred to brmc '

~the mpu.. 1 V at 20 mA pulee up to '12 kV at 20 A on the trigger pm of the gap,

a.nd 1f the gap 1.. properly desxgned it shoald begm to a.valanche at or before

.

: thxs txmo. -

To fxre a.ny spark gap qulckly, two thmge must be done. Generally

. spea.kmg, enough electrons muet be hberated from one of the elements of

the gap to locally overcome ’che capacity of the gas to absorb them and, at

the same tlme, the electrxc fxeld dzst‘xbutlon in thxs reglon must be mcreased
enough to 1"uuate avalanche breakdown in the gas, One common method of
1n1t1a'tmg gap breakdown is to sharoen the t1p of a centrally loca‘\.ed trwcrer

R

pinin a three electrode gap and then put a hlgh enough voltage pulse on this

pm to beerate elec»rons exther by‘ fleld emission or by the ultravxolet radmatwn o

from the corona at the tlp. ’I‘hls mcthod requn-e.; a relatxvely hlgh tngger- ..
pin fxeld or a sharp tlp that would be sub;ect to erosion by the pla.sma (or both), ,

ne1ther of the se is conszsten‘t wuh minimum tD operatxon for nousands of

pulses, Sn’nxlarly, the techmque of fn'mg a two eleci‘.rode gap by pulsmg a.
Aitrmger.pm (usually a fme wire) Just msxde cne of two electrodes depends for
'11:5 operatwn on thc motlon of the trlgger plasma. thh sonic epeeds out into
_the gap where it bo;,h ..upphes the electrons and d1storts the neld Aga.m thz.s B

technlque is too slow for our purposes.

It has been known for some t11~1e that an ul raviolet source near the
gap axds in gap breakdown, preeumably because of the photoelectro*xs produced
at the electrodes. It should be noted however, tha.t dlffus:.on of tne electrons

[

produced in the uv source out into the gap may also play a exgmf:cant role
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in .thls technxque. Anauxzhary gao near the 'ma.m' one as well as a steady
uv source have been used in the past. 'I‘he auxxhary‘gap suﬁfers from the same.
delay problems as the mam one, and in add1.xon needs quxte a bit of power on |

Y

the scale inVOlved here. 'I‘lne power would have to come from the amphfxer :

[ ’ i

bdesc nbed above, and thxs takes tzme. A steady uv eource,‘ on the other hand
s1mply results in the necesaxty of havmg to reduce the main gap voltage well |
' below the ”clean” spontaneous breakdown pomt, the dxfference that must be B
- supphed by the tngger pm pulse--whxch agam takes tz*ne. 'I'he best arrange- ,
| ment ‘was found to be a small power-pulsed uv source conatructed by pressma '
the end of a 3’ mxl tungsten wire aga.mat the face of a 0 S-m. ~diameter titanate- .
disk. Thls ceramzc ‘wafer 13 made by eawmo in half a SOO-llp.F ‘lO kV ceramxc'_ -
condenser,l The pulser that drzves thxs uv lzght source is shown in Fig. 5 |
It dehvers about 5 A a’c 3 kV and the pulse length was chosen to be about . Pl
' 50 nsec. 'f‘lfns cn'cuxt is bas1cally just the lront end of the main amphfter'
and necds only about 10% of the current at pomt T (Fzg° 4) to trlgger it. The
. uv hght output rises to its maximum value about a nanosecond after the 7‘698
tube starts to conduct (abou., 2-pF shunt capacxtance with 5 A maximum current)
Although the uvl Ahght output from this source was not measured, mdxvzdual |
-pulses appear to be "quite brlght” when observed by eye during the daytlme. 2,_ i - |
- The spectral distrxbutxon of this lamp is not known This uv flasher was |
‘placed about an inch from the gap and could ”see" all three electrodes (F1g. 6)
| I\.S effectxveness in hberatmg electron., mto the gap is- mdzcated by the |
;observatmn that when the oap wa.8 operated at a somewhat reduced voltage of
ZO kV and held to w1th1n a few percent of the spontaneous breakdown pomt,
thxs uv 11ght pulser would flre the gap by 1tself, i e, thh no fzeld d1eton1ng
pulse on the tmager pm. However, the delay in breakdown was aoprecxable, , |

and as the gap voltage was razSed the breakdown became sporadxc, untxl at 30 kv

the ultravzolet flasher alone would not fn'e the gap. With use, tne whxte
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. cerarmc bedcame covered wzth a brown liepoml: of residues *ha*xufactured by
tne plas*na. durmg the gan dxscharge, but its performance d1d not appear to
. be apprecxably affected by thls coatmg. | v .
Under normal operatmg condltxono, the delays :.a the c:.rcuxtry were .
, such that the uv la"np was pulsed on 4.9 nsec after the - V signal entered the - '
"crap amphﬁer, i and thig tzme correSponds to the top of the n.,e of the
voltafve pulse oh the tmggcr pm, as prevzously descnbed As £ar as could -
be seen wrth the present setup, on.,e‘i; of gap. breakdown was 1mmed1ate at thls
'lpomt (1.e | < 5 nsec) as 13 seen in Flg. 7 ‘I‘heae scope pxc..urea were taken ‘
- with a voltage probe at the s.hroat of the load (pt L on Flg._ 1) and with the gap -
dlscharc ng a O 012-9}? 30 kV condeaser through the load c01l 'I‘he small
- initial pulse is the 1~ V ZO mA pulse at the entrance to the amphfzer-——takea
-by double e:xpo ure..: Boch palts of Fig. 7 were taken under 1dent1ca1‘ c:mdxtrons
© . with two drffcrent vert:.cal vcales, and this allows one to, see in. Fig. _7 (a) the
vol’tage at the load rme to the full 30 kV and to see in Fzg. 7(b) the trigger-~ |
pin voltage rise to i2 KV (and appear on the probe by capacity feedthrough), "
‘followed by ‘.he sharp vertical rise that appears when the uv lamp comes on.
The time betwelen onset of gap breakdown [vertxcal rxse in F1g. 7(b)] and the "
top of the voltage rzse at the load'is _.'* '15 nsec. . Smce there was an un-
avoxdable m’zpedance mismatch on the two sides of the g2p the‘full voltage
at the load could be reached only after 8everal reflectxons down the feed hne
| (‘Fzg. i) A rough estimate mcncates that 2 10 nsec should be’ requrred
"Consequently, 1t is est1mated that & 5 nsec is requzred for the avalanche in f,
the gap plaoma ‘co develop to the stage where the current flowmg is l1mrted o
, by the external 1mpedances. On ihe tx*ne scale of these pnotos, a Jztter tlme
cofa few nanoseconds was observed Both the breaxdown time and Jltter

mcreased W1th use, but this was basxcally due to the fact that as the electrodes :

' became ’p1tted and chemlcal deposrts formed.on them_,_ r_xt nvas neceesary to

‘
4
’
e
e
Pie
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back off the h1gh voltage on the gap to prevent too many sporad:.c spontaneous

breakdowns. J.he fzgures gzven here are for the gap in new cond1txon, and

aﬁer something like 100 000 pul ses an addxtw'xal firing delay of 5 to 10 nEse

would be observed w1th a few more nanoseconds of jitter, However, removal
and cleaning of all electrodea would restore the gap to "new condxtlon. 'f :

By means of tnal and exrror, we dlscovered that the center electrode
should be ehaped hke a horseshoe, as ehom in Fzg. 6. Other shapes resul ed‘
in mzsﬁrmg, longer delays in breakdown,- and ‘more_ra.pld deterioration of

the gap w11:h use. 'The success.ful performance of this shape of pin is

 attributed to three factors. First, the uv ‘lamp 111um1nates a comparatzvely

large area {the center of the horeeshoe) at normal mcxdence. Second,' the

- spark Ywalking around” the horseehoe from pulse to pulse results in slow

electrode erosion {in contrast w1th a point pin that was soon eroded a.»vay by

the plasma). Third, the Iow voltacre or Ysecond half” of the gap breakdown--l. e. ,i_'-'

that half whose electrode is the same exgn as the trmger—pm pulse--xe dzrectly

: 111umino.ted through the open pa.rt of the ehoe by the plasma. of the first half

of the breakdown. Molyodenu,m and copper were used for the electrodes

because of their low work functions, No comparison was made with other.

A -

" materials such as platinum, which has a higher work function but is a more ., '

o

" Several gases were tried and a mixture of a.bout 90% N, “and 10% COZ
was fmally used The gap was pressonzed and operated at 50 psi with a
constant! flow at a rate that emptied a standard Iarge 2000-psi tank of N, in |
5 was unsatmfactory because the gap would not shut off,
1.. ;. y he power supply that recharged the high-voltage condensers would
feed current in 2 semicontinuous, chscharge throurh the gap after it had fu'ed

Increaemg the 1mpedance tha’c is olated the supply made the recharae time too-

long. A.lso, co*xsxderable epontaneous breakdown occurs w.nth pure NZ
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_-On the other hand, using pure CO cured the: spontaneous br.ea.kdown proble“n.
but it a.lso noticeably mc;ea ed the f1rmg and thter tzme of the gap (10 to -

15 nsec)., A corﬁbination of tbe N2 and CJO.2 resulted in stable, fest operat:.ori )
: l"es described above, These ob‘eervation.e a.‘re_'consi.st.ent with the knov?rg o
'. , propefties of these two geses. _Ilnv.pure. Né the electron "te;npefature" is.

- rela.tively high, i. e.; the mean free path is comparatively long.v (Electro'n'—‘. a
drift velocity =1 mm/nsec under the condztxons in this gap. ) ’I‘he capture
cross section for a free electron is comparatwely sma.ll, so that it takes A
relatively fow electrons. to initiate an avalanche. Afte_r the discharge has takeo |
place, both fhev‘positive and negative ioos that are left have a dfiff velocity of' -
about 1 cm/msec at the residual vol‘tage o; a few tens of volts across the gap.

Both types of 1ons are qu1te stable and drxft around diffusmg out of the hwh— .

’. 0
t

- rccharmnd field reglon of the gap. Wnen one.of these N'2 1ons stnkes the -
cathode, the chances are mgh that 1t will 11berate an electron into the gas .~
" from tne cathode. . As prevzously mentloned, it was found necessary to keep
voltage of" the gap for about 10 msec to prevent a semicontinuous discharge
from occurring in Nz, and this is presumably the. "1on clean- up time!'’ in the
gas. Usmg po.re COZ’ on the other hand, lowers the electron temperature

considerably because of the large melastm--collxsxon cross section for electrons

on CO In adchtlon, the electron-cap’cure probabl.hty, to form COZ-, is also.

2°
relatzvely high, Consequently, pure CO2 results in poor breakdown performance. .
.On:the other hand, when the CO2 . ions remalmng af‘.cr the d1scharrve stnke L
:the.ca thode, the probab111ty of an elec‘t:ron‘r s bemg emxtted is conszderably
.‘ 1"L1ess than for NZ and, - mdced pure COZ showed no tendency to mult:.ple fxre,
even when the recharge cycle was m:.tlated wzthm 100 paec. When the two

gases are uged together, the charge excha.nae cross sectxon between NZ a.nd

Co, is such that after a few thousand colhszons a.ll N‘2 has d1sappeared--be1ng
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; replaced by COZ+' The magnitudes of the ‘er.oss sections involved in these
various processes are such th'af 90%'N ahd 10% COZ, under the conditior;s o
‘described here, result in dommatmn of the breakdown phase by the electronr " 
- avalanche in NZ’ whereas the CO2 ions dommate durmg the recovery phase, .
_ Operatmg the gap under pressure reduces the f1rmg time somewhat o
: "and thig is here limited by mechamcal convenience and by observmg that the :
soacmg between electrodes (about 1 mm here) should be large compared Wlth
the 1rregular1t1es caused by plasma erosmn and chemical deposit. . .. .
An adchtmnal pomt o; interest should be noted in the operat:.on of this B
. circuitry. Smce the 1oad is baaically inductive and the requlred current is
. .las s..}iownu},l“.lg. 2, ,onc_e‘?;l'xe‘ curr‘_ent hae reached IO‘ consxderably less power..,
is required to maintain it. Consequenﬁly, a low-;/oltage gap ie cro.wbarred on
| about 60 nsec after the brcakdown of the hxgh-volta.ge gap, .as shown vcnematzcally
, ;n Fig, 8. As seen from thxs figure, the 2 kV line deliveérs Io to the load from.
| the crowbar time on, with the res:.dual energy in the hlgh-voltage section bemg
trapped in the high-voltage ga.p reg:.en apd eventpally dissipating in the high-
voltage condense:s (C). The interesting point is in .the mode . of opera.tion of
' thié low-voltage ga?, which is of the two-eleetrode buried-trigger~-pin variety
.0perat1ng in air at atmosphenc pressure. Even though the voltage across this
gap 15 decreasmg rapxdly as shown in Fig. 7, the motzon of the plasma from the |
trigger wire out into the gas dominates its breakdown performance.' Its fn'mg
pomt (m time) was determined by adgustmg the separatmn Das well as the )
:ecessed_ depth of the trigger wlre,.‘and once adjusted it operated.-{thh' , i
<10 neec jitter so long as the _elecﬁroeles were kept clean. . o
: 'Fin'allly, it is to be noted that Table I'_shox%/s fhat_the phototube: delay‘.
is the slowest element in the cha,iﬁ. ._.>S'ince_ it was necessary, in the applieati_eﬁ
~ of this equipment, _fo extz;a‘;et a i.nlinimun.m va;moﬁr.xt:ef‘ energy frbfh the muoﬁ,'

all 10 stages of gai@ in the type-6199 tubes were needed, In applicatioqs o



.'11.. .  UCRL- 10903
for whzch plerty of hg‘zt is avallablc aﬁ.d one is stxll mterv.sted in keepmg
the over-all delay to a mlmmum, about 2 5 nsec/stage can be ga.med by

- moving down to the dynode where 1 volt becomes f:.rst a.va.xlable.
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'.Tablé L Txme "del'ay‘é fthr'oilgh"‘::ri}gger "‘svysterh.-___

pm of Spark gap

B .': Rlse t1me of '12 .\V pulse on tngger pm of spark gap

Spark-oap breal\down (t).me recuu-ed for plasma current
- to bm.ld up until hmxted by external 1mpedances”




FIGURE CAPTIONS
: ,' o 1g, i Block d1agram of apparatus. '

- Fig. 2;_‘ Ideahzed current waveform.,-*“

i

i ‘}.'Flg. 3. Comcidence circuxt Aii tunnel diodes are TD 149 (RCA) All

transxstoro are PhllCO 2N769. Tnm "L" for desn‘ed pulse lendth "

i p.H or less. T1 has 10-turn pnmary, S-turn secondary, wh:.ch

are Trxfxlarwound on Ferroxcube 102 core
. "'-,'I‘ridge'r-pin ’amplifier.

= Ut ravzolet hght pulser.

U Tig. bl 'Spark gap-

Voltage pulse at load (fI‘iAr'rlme:aéa‘le‘,‘.[SO nsec’ per“di\‘}ié_iofn)’:
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- This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied; with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in
this report.

. As used in the above, "person acting on behalf of the

- .Commission"” includes any employee or contractor of the Com-

,; mission, or employee of such contractor, to the extent that

2 such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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