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FOREWORD

This report is published by The Aerospace Corporation, El Segundo,
California, under Air Force Contract No. F04701-71-C-0172.
This report, which documents research carried out from June 1979 through

April 1971, was submitted to Capt. Richard K. Strocme, SYAE, on 26 July 1971

for review and approval.

The authors thank R. M. Glasser for his help in obtaining and evaiuating

the experiment data.

Approved
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R. X. Meyer, Director
Plasma Research Lahoratory

Publication of this report does not constitute Air Force approval of the
report's findings or conclusions. It is puklished only for the exchange and

stimulation of ideas.

Pikoid K. Llome fo.

Ricnard K. Strome, Jr., Capt., USAF
Project Officer
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ABSTRACT

Predictions and measurements of microwave breakdown in air are

compared for a conical reentry vehicle model with an overall length of approxi~
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mately one wavelength. The vehicle is excited by means of a circumfereantial
gap to forn: an asymmetric dipole with roll-symmetric radiation. Measure-
ments performed in an evacuable chamber show breal-down occurring at either

the nose tip or the feed gap, or simultaneously in both regions, depending upon
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the gas pressure. The electric fields are computed as functions of distance

radially from the nose tip and normally from the feed gap by the use of moment

R RS Not

methods. The breakdown calculation is based on a variationai technique that

-
ittty

can accommodate cw or puised breakdown and can handle nonuniformities in
both gas properiies and electric fields. Breakdown behavior is calculated at
the nose tip and at the feed gap. Theory and experiment are shown to agree

E within the 2stimated accuracy of the expeviment.

~ii1-




ik

N ¥ 4
LRI R RAC

shiEl St

N et B "
[Siaduask R i AU i s o

Lt

Ny
it

AR

-t o, 4 N \\
i ] 16 T b

s e ) et m
Sl ie syt bR ittt
t

e o T e B =y

UNCLASSIFIED

Secusity Clsssification
4

H
H
H
E
g
E

KEY WORDS

Conical reentry vehicle
Gap breakdown

Gap-fed conical anterna
Input admittance
Microwave breakdown
Nose-tip breakdown
Ncnuniform near fields

) -
R smem————rer e U IR L A b

e e

£
z
5
:
:
£

Distribution Statemenz (Continued)

Abstract (Continued)

e Q] e Y 2 ROTTEE

TEE RE E

By

R A R

it

—INCIASSIFIED . _ .

Recurity Claszification




S
EF
EE

™

v

s

"

TN T A

"’4 (eI
phitgista

b 5
AxbRine fick

TR TR e
ot R

i

M1t

- § 1
Gis

ey i 23k
RSN ARE LT R

o o en Fda g .
A AR R R s et

EALA

by

y

e ———— T N

CONTENTS

FOREWORD . . + + ¢ ¢ ¢ o ¢ o o o« &+ o
ABSTRACT . . ¢« & o o ¢« ¢ + o o & o o &
| 8 INTRODUCTION . . . . « « « + + « &
II. DESCRIPTION OF EXPERIMENTAL MODEL
. NEAR-FIELD CALCULATIONS . . . . .
IV. BREAKDOWN CALCULATIONS . . . . .
V. EYPERIMENT AND RESULTS. . . . . .
VI. DISCUSSION. ¢ ¢ « ¢ ¢ ¢ ¢ o o o o o«
REFERENCES . . . . . « ¢ «o ¢ « o « « &

FIGURES

Mode!l Circumferential Gap Antenna . . .
2. Theoretical Cone Model . . . . . . . .

3. Total Current Distribution Along Generating Arc

*

4. Calculated and Measured Directivity Patterns.

3 .
- -
* T
s .
> -
. -
- -
L .
. .
- .
* -

» .

»

-

5. Near-Field Distributions at Gap and Tip for Frequency =

1500 MHz. ana Gap Height = 0. 1in. . . . .

. -

6. Near-Field Distributicns at Gap and Tip for Frequency =

1560 MKz and Gap Height = 0.2in. . . . .

7. Calcuiated Difiusion Leagtk. . . . . . .

8. Test for Validity of CW Breakdown Assumption Ratic

in Finite Time to Diffusicn Time. . . . .

9. Power Breakdown Test Instrumentation . .

oV -

.

»

. »

3 »

»

©

-

10

12

13

20

2}

24




(Bt

TR e ittt ala

V) Py ¢ oo

10.

11,

12,

13,

Calculated Gap Breakdown Compared with Experimentai
Data for Frequency = 1500 MHz and Gap Height = 0,1 in.

Calculated Tip Breakdown Compared with Experimental
Data for Frequency = 1500 MNz anrd Gap Height = 0.1 in.

Calculated Tip Breakdewn Compared with Experimental
Data for Frequency = 1560 MHz and Gap Height = 0.2 in.

Calcuiated Gap Breakdown Compared with Experimental
Data for Frequency = 1560 MHz and Gap Height = 0.2 in.

-

26

27

28

30




Hatid
o

I. INTRODUCTION

- ‘
. )
gl

i b

An important consideration in: the design of microwave ormmunicatiens

systems for reentry vehicles is the prediciion of the radizted power lcvels at

i

waich the high-temperature gas surrounding the vehicle undergoes electrical

breakdown. Several ingredients are necessary to make such a pradictiun;

T S A

3 first, details of the flow-field mass density, species concentrations, and
‘5 temperatures as functions of altitude raust be avsilable; 2055, the peak
value of the spatial distribution of the electric field genevrated by the particu-
lar antenna considered must be known; and third, 2a analysis mu st be avail.
: able for predicting voitage breakdeown in the presence of electric <{izld and
gas-property nonuniformities.

Our concern here is not with flow -fi<ld determination. We will

concenirate og the determination of the electric field in & realistic geometzy

R
willy Pk,

and will digscuss the Lreakdown analvsis for coid 2ir. Specifically, we will
study a sharp-nesed conical reestry vehicle with 2 symmetrical circurferesn.
tiai gay antenna that is excited at x frequency such that the vehicle lexgth is
B approximziely one wavelength long. This necdel it typical for small reentry
E vehicles operating in the 7HF regime.

For this particular model, breakdown cin occur beth in the nose-tip
rezion and in the vicinity of the {eed gap. The electric ficld is, therefore,
3 computed 25 a function of diztanca radially frem e necee tip and as a furction
of disvance normally from the feed gap. This calcuiation is accompliskee first

by the use Sf moment methods to chiain the curren? distribation on the vehicla

o,
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surface and then by the numerical integration of this current to obtain the
electric field at any specified point in space. The current distribution cal-
culation is closely related to previous work by Mautz and Harrington (1] and .
some sarlier work by Andreasen [2].

Recently, several analyses [3]-[5] have become available for predicting
microwave breakdown in the presence of nonuniformities, Epstein gave a
variational technique that accommodates cw [5} or pulsed [6] breakdown and
gas nonuniformities as well as electric -field nonuniformities, We will use
this analysis with some modifications for the calculations.

Since all previous antenna breakdown calculations that account for non~
uniformities have been confined to the case of a slot on an infinite ground-
plane geometry [7], onr major contribution ir this paper is demonstrating
that breakdown on a geometry that must be considered finite by virtue of its
size rslative fo wavelength can also be predicted by existing techniques and

models,
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II. DESCRIPTION OF EXPERIMENTAL MODEL

The conical vehicle for which breakdown measurements were taken is
shown in Fig. 1. The vehicle is split electrically to form an asymmetrical
dipele with roll-symmetric excitation., The antenna ie fed through a 506-ohm
coaxial transmission line with a center conductor designed to provide a reflec-
tionless transition to the radial transmission. The radial transmission line
in turn excites the aperture,

The model was fabricated to the dimensions shown +0. 001 in. The
dimensions expressed in terms of wavelengths are cunsistent with an operating
frequency of 1500 MHz. The assembly was scaled at one 2tmospheric pres-
sure by machinin; tight-fitting dielectric in the feed line and at the aperture
and by wetting the dielectric wita silicone vacuum grease. After the antenna
was fully asserabled, a fine machine cut was taken slong the cone to znsure

that the dielectric window was flushk with the aluminum body.
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1II. NEAR-FIELD CALCULATIONS

The theoretical model is a figure of revolution with a generating curve
that is a continuous function consisting of a circular arc representing the nose
tip and two straight lines representing the sides and base of the cone (Fig. 2).
The slight differences between this simplified geometry and the actual model
are not important. The generating curve can be represented by a single
variable t, 2nd if a voltage V is applied across the fved gap, the tangential
electric field on the surface cf this vehicle can be assumed to be

v

Et = at-d— {at tlststz)
(1)
E, =0 (elsewhere)

t

where d is the gap width and E't is a unit vector tangent to the generating
curve. The boundary condition that uniquely defines the exterior fieid con-
figuration is represented by Eq. (1).

Complete details of the electric-field calculation are included elsewhere,
therefore, this discussion will te brief. The problem was originally
considered by Mautz and Harrington {1}, who used moment methods to obtain
the current distribution on the surface of the vehicle. The important differ-
ences between the present calculation and that of Mautz and Harrington will
be brought out later in the discussion.

Essentially, moment methods include reducing an integral equation
involving the unknown surface current (per unit width) T to a set of linear

algebraic equations of the form

%
K. M. SooHoo, "The Near and Far Fields of 2 Symmetricall

y Excit init
Cone, " to be published, y Exclied Finite

wS-
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Figure 2. Theoretical Cone Model
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QR
which may then be solved for {Ij] by standard matrix-inversion techniques.
The column matrix {Vz} is directly relateé to the given excitation or, in this
case, Eq. (1), The symmetric matrix [zijj is a generalized impedance
matrix with its elements dependent oniy on the geometrical configuration.
Details of the caiculation of [Zij} and {Vi} are given clsewhere. *

The relationship between 7 and the elements of the column matrix (Ij]
-

is the finite sum

4

P

=,

) =2 4T, (3)
3

where 3; are expansicn {functions that must be suitably chosen such that the

.
1

Eq. (3) has reasonably good convergence.

elements of {Z are relatively easy to compute, while, at the same time,
Tke triangular expansion function suggested by Mautz and Harrington
gives a piecewise-linear approximation to the curreant distribution. Here,
triangular functions are also used; however, the exact form is different for
the following reasors; First, the triangles are allowed to span unequal
intervals so that a very accurate calculation of the current can be made on
certain portions of the vehicle {e.g., where the neaxr ficlds are of interest)
without having to force the nummber of elements in [Z;i to bzcome excessively

large. Second, Mautz and Harrington's expansion functions were actually the

trianguiar function divided by the radial variable in cylindrical coordinates a.

E
K. M. SooHco, "The Near and Far Fields of a Symmetrically Excited Finite

Cone, ' to be published,
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This simplifies the calculations. However, it can be shown by the use of the
continuity equation that p must be removed or the surface charge density be-
comes infinite whenever p goes to z=ro (e.g., the nose tipj. Tkus, in order to
ensure that the correct normal electric field is Computed at the nose tip, the
expansicn functions are chosen tc be equal to the triangular function.

Calculations were made on a CDC 6600 computer. The total current
Zﬂp(i"t . 3;), as a function of distance along the generating curve, is shown
in Fig. 3. The excitation for this case was 1 volt appiied across a 0. 1-in.
gap. Sixty piecewise-linear intervals were used in this calculation.

Since the applied veltage is 1 volt, the computed current at the gap is
also the input admittance. Thus, it can be seen that Yo, = 0.009 + j. 024
mhos. Furthermore, since the total power radiated is the applied voltage
squared times the input conductance, for an zpplied voltage of 1 volt, the
total power radiated is 0. 009 watts This relitionship is an important tactor
in computing th2 breakdown power curves.

The total power radiated (0.009 watts) was also obtained by inte-
grating the Poynting vector over a far-fieid sphere. A measured directivity
pattern, compared tothe calculated pattern in which the current distribution of
Fig.3 is used, is shown in Fig. 4. The 2symmetries in the measured pattern
are an indication of its inaccuracies. Agreement, generally, is quite good.

Details of the near-fieldcalculation are also given e]sewhere.* The rejuired
integrations are performed in essentially the same mannc~ as was iavolved in
computing the elements of the genaralized impedance matrix {Zij}' As men-

tioned earlier, the accuracy of this calcuiation is not critically tied to computer

K. M. SooHoo, "The Near and Far Fields of a Symmetrically Excited Finite
Cone," to be published,

8-
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time or computer storage, because it is only necessary to obtdin a very
accurate description of the current in the vicinity of the point at which the
- electric field is to be computed.

Figures 5 and 6 contain the required input data for the breakdown cal-
culations described in the next section. Figura 5 shows the electric field as
a function of dis*ance from both the tip and feed gap, where the gap width is
0. ! in. and the frequency is 1500 MHz. Tip and gap fieid distributions, for
a gap width ¢f£ 0.2 in, at 1560 MHzx are shown in Fig. 6.

The current distributione for the gap fieid calculations were approxi-
mated by 76 piecewise.linear intervals, where the 24 intervals in the vicinity
of the gap were onlr cne-third the size of the remaining 52 intervals. The
current disiributicns for the tip field caiculations were approximated by 81
piscewise-linear intervals, where the first eight intervals at the nose tip
were one~fourth the size of the next 16, which, in turn, were oue-sixth the
sice cf the remaining 57 intervals. The near fieids computes in f:iis manner
ars estimated to have better than 5% accuracy.

These resuits are guite reasonadle for the following resscns: First, at
smxil distances from the vehicle surface, one cxpects the vebiciz to appear
as an infinite grouncd place., Indeeu, it was found *hat there are practically
no diffarences between the gap fields skown in Figs. S and 6 znd the cal-
culated near field of an infinite ground plane {8). Second, it can be seen
that the tip fields appexr tc fall off inverseiy with Jdistance. This is guite
reascnable, since in this region the main contribution to t=e cleciric field

is expectad to come frcm a sphorical wave originating a: the nose tip 2s in

=
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the case of a thin, linear antenna [9] At greater distances {at approximately

4 in., from the nose tip), as expected, the field begins to fall off inversely with

distance squared.

-14 -

g




[
L

. IV. BREAKDOWN CALCULATIONS

= The calculation ol microwave breakdown in gases is based on the elec-

3 tron continuity equation oi which we will adopt the following form

E S5 = (% ~v,)n+V . (DVn) (4)
4 where n is the electron density. If the electric field is nonuniform, then the
ionization frequency v;, the attachment frequency v,, and the diffusion coeffi~

o cient D will vary svatially, since they are 21l functions of electric field. How-

w0

»

ever, in cases where the electric field and gas properties are hoth uniform in

Wa

. space and time, these parameters are likewise independent of space and

time. Then, by separation of variables, this equation can be integrated to

yield
-——-[n-(n—-—-/ni) = {v. - u) - = ey
t 1 27 p2

where A is the characteristic diffusion length of the container or region in
which breakdown is tc be obtained and ng is the initial electron density. For
rectangular containers in which one dimension £ ;. smaller than the others
and, hence, dominates the determining diffusion losses, the characteristic
diffusion length is A = f/n.

E . For cw breakdown one lets time t in Eq. (5) go to infinity or

an/at in Eq. (4) go to zero. The corresponding equations then are

vn+ Ve D¥n=20 {6)
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and
D _
Ve = 0 (7)

where we now define v = Vi =

R e R A T . TR R N I R = Sy S T e

In the experiment reported here, it is expected that the pulse duration of

the mricrowave power is sufficiently long that the condition of cw breakdown,

as opposed io pulsed brzakdown, is achieved. It will be seen that the analysis

to be described for breakdown in a nonuniform field will yield a value for the

effective diffusion length Ae. This allows us through the use of terms in Eq. (5)

to determine approximately the validity of the assumption that cw breakdown
conditions have been realized in the experiment. We place the calculated

value of Ae and the value of pulse duration 1Y used in the experiment intc the

following relation

Ai ln(n.b/ n,)

R = DTb (8)

which expresses the ratio of finite time effecis to diffusion effects in deter-

mining the breakdown level. In Eq. (8), n is the electron density that defines

breakdown and is usually taken to be the critical electron deasity. If RK 1, cw

breakdown conditions apply, and the use of a cw breakdc ¥n analysis ie appro-

priate. This quantity will be evajuated systematically with the calculated

values of A,
For a nonuniform electric {ield Epstein has given a variational anaiysis

that we will use. This analysis ia discussed in greater detail in [10] and is

~16-
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.- briefly outlined below. HHis analysis shows that Eq, (6) can be expressed as

o3 a variational statement
! 2 2
6 [ an? - grom?ag = 0 (9)
0

where we consider only one dimension and introduce the following dimension-

3 less parameters: £(£) = v(§)/v_, gl§) = D(g)/Do, A= vojzlno, and £ = x/£,
where the subscript zero denotes a convenient reference point, usually the

, ' point of maximum field strength. A Ritz method is then used to solve this

equation. We use a trial function of two undetermined constants that meets

the boundary conditions on electron density

' B = Cy8(L - £)+ CE(1 - £)" (10)

This trial function is inserted into Eq. (9) and the resuit is 2 quadratic
equation for A\, where the smallest positive root is the breakdown solution.
For the functional dependence of the various parameters, we have used

[11] to obtain v/p vs E_/p, [12] to obtain Dp = (29 + 0.9 E_/p) x 10*

9 sec”l torr’l.

cmz-torrlsec, and [14] to obtain 'ic/p =5,3 X 1C
These reclationships are such that f(£) and g(§) depend on the magaitude

of the field as well as its distribution in space. Epstein, therefore, proposed

to iterate on this procedure until a consistent soluticn is found. We depart

from Epstein's method at this point and take advantage of the fact that we are

considering only uniform gas properties. If we note that the functions v/p and

Dp can be expressed as functions of E_/p only, for p/w < 10'8/61r'1‘orr-sec f13],

=17~
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it is clear that f(§ ) and g{£) are unique functions of Ee(g)/p also. Then, if

we assume a collision frequency that depeads only on gas pressure, i.e.,

e 10 1 el Ud ST

Vc/p = constant, Ee(g)!p is a function of electric field and gas pressure
E(5)  Eopglti

A : (11)
3 {pz + ’Lw/wc/p)]z

i/a

2 For a uniform, but for the time beiné arbitrary, gas pressure the spatial
= variation of Ee(g)/p is just that of Erms(g). If we specify the value of (Ee/p),

] then for a known E-field distribution, £{£)and g(f) are determined.

E Once \ is found from Eq. (9), we can find the pressure for which the

solution is valid, i.e.,

s

,‘“
R R a Jh s

, 1/2
R LAYA 12
P {x( op;(,,o)@-z-) (12)

and the corresponding electric field (Erms )o can be found from Eq. (11}. It is

=2 also possibie to find an effective diffusion length, i.e.,
2 2
3 D
2_ o _ ! 2
: Ae® v =% (13)

5 One can then run through successive values of (Ee/ p)0 and find values of
pressure and electric field for breakdown for each value.

The question arises as to what vaives of the integration interval £ and

1 of the exponent k in Eq. (10) to chose. It can be shown that this analysis leads

to an approximate eigenvalue \ that is 2n upper bound to the true valiue and also

§ 18-
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that it is a property of the analysis that the solution is stationary with respect
to the trial function. Howewver, it is possible to improve on the estimated
breakdown field by repeating the calculation for several values of k and 1.
The best solution is the lowest eigenvalue at any given pressure for afl conr~
binations of k and £. Accordingly, the values of k and £ used in the calculs~

tions reported here were varied successively and systematically until minimum
eigenvalues were found.

The electric ~field distributions depicted in Figs. 5 and 6 were used to
perform the preceding breakdown calculations. The resulting values of Al
and R are plotted in Figs. 7 and 8. In evaluating R, we have used (nb/no)': 109,
Ty = 10 microseconds, and D evaluated at peak field, i.e., D = Do‘ Clearly,
the conditions of ¢w breakdown were satisfied in this experiment. The impor-

tant results of these calculations, i.e., plots of incident power for breakdown

versus pressure, are shown in Se:tion V along with the experimental data.

«19-
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V. XPERIMENT AND RESULTS

The breakdown tesi apperatus ronsists of a bigh-power RF source, an
KF transparent vi~uam chamber in which the antenpa under test was placed,

aad the set of senzing nstrumentatisn and visyal display (Fig. 9). The vacuum

chamber is 2 5.foot diameter plexiciass sphere with 0.5-in, thick walls. &

¢
Lt

¥

MEARRIA

low -level radivactive source was placed in the chamber near the antennz to
srovide 2 few iree electrens from which the breakdown avalanthe could start
when czitical power was applied. All cables 2ad dirzcrionsl <ouplers that

lezd to mater readouls and to the antenna were calibrated 2¢ & system so that

ST

the interaction of comporent mismatckes could be included in the calibration.
- The YSWR and efiiciency of the antenna was determined on 2 network
aca. yzer prior 1o breakdown teidting. Then, the VSWR was again measured

whilc the anterma was in the vacuum ckamber bv the use of the forward- and

reflecied-power meters shown in Fig. 9. This served as 2 secoadary check
on the cabling system and antenna after ali test apparatus was in place and
connected.

With the vacuun. chamber pressure fixed, the variabie attenuator was
uted to increase the power applied io the antenrna unti] antenna breakdown
wccurreé. Breakdown was always observed visually at the antenna aperture
and by a corresponding increizse in reflected pcwer as observed on the reflected

power meter and the dual-trace oscilloscope. The forward power (less the

T it Ml T R

reflected power) 3t incipient breakdown, correcled for both cable and directiozal

. coupler lesses, was recorded zs the breakdown power. This process was

PRECEING PAGE BLNE,




O BIAIHAL M 308
AHE Moty % MRIERE W

' PN

-

-

,..,..........s:..:.w.— Al e §

NOL NNy,

LU WVRFN VNN

HORYANDL ¥
AMViRYA

Bosars wosen 18 0o n

NOLLIRNTR L

Wi At sagend s 8l

aoMiRtetundinu] 260.J, UMOPRRDEY XML

AVIISH] MASA MDY

AU A

N3O0
ic:..vuca v

YT

PO Y
)

Sty ,.H.S.......::.r
TLTERNTY TS

o b own, B anay o

IV 1Y
B LT

P YTEREY :,Eh,i:—::.:s..

‘: [E R R TR A T R T Y

A WNHATING 1K

14 W 1

aiatis | ["otn0
J

R S et LU

INICRINGY I WO W)

BN £

gtk s

‘h wanfy g

4000

W
LR b S 1 L ..~ m

VUMY
00d |

I

7 e R0
M)

Favad-OM
UV e

SR -.:lxv v

i -—

AS8N0R
NILLY2INOI
JALY IO e

KA RO

VNN 3L NY
DRINOLINGY _

.F!._:.t!.ﬁ&.r.._i.: W

T8N
\ - NOYA

I o
ﬁ A |

LR T IENY

1)

o

Qi) NRAWNG

‘:/ DB IV SIS 10 MR B,

_ HANOD
_rf,ezyz_q
~

' !a...........-zir.‘ [virn .a..-:l..r.fﬁ

i g Mgl

RS WG W)

Bl g i ¥ saonm;

ININJHNSY AN IORIN S BO

5 ARALD N LANOL Rad b pIRE BRI S T il

HAGEA DS U ed LASA
[ Vit s e

"

P TIINIINY 1k AR IR

— .QWN v~:> &1‘——% Wihibet W
S TR Y

HOLINUN M)W}

ae..:.,..r:._...,._......_5:.:...... " ......__.._..ﬂ
v
LE T ——

yny)
10NV Wiet

—.:c b A !......::S......_

bR .._..-...- s

Ay da __ih. CEALESEE

e now

BAAWRTL LY

[ on

AVWSH0

J

WOK(0%)
WiNOJ KWL I6 LW 01

60 B TOIEE BRI MR Yh 0T o KR a:ve

R L Ty W IV R DR TIRT A e I PR B A DI At S0 LA A S0 Y B X0 et 88 .:...L

LIVRRRI U AT Y]

Rt s Anas

g o

RS WD

(e P

3 UL
v troem et s v~ . uv_




[Ty e SRR URIN]

Y

it g

filre

3

repeated for eack sir pressure. The antenna fzed network imcluding the radial
Line terminating in the Circamierential gap =35 sealed 2t cxe atmosghere,
because it was found that internll arding would ctcur 3 low 2ir presscre.

The applied power was puised 3z 1808 cycles ser second 204 the puises wers
1€ micreseconds wide. Tze pulse rate was veTied extensivety, a2nd brrakdown
tereskoid was found to be independent of pulse rate.

Measured breakdosn power along with the computed resylits for the £, 1

-

in. gap are shown 2s funclions of pressure on Figs. 30 and Il. As indicated,
fexd-gap breakdown was chservad at pressoves below & Torr, while 2t pres-
sures 3bove 2.9 Torr, Sreakdown coourred at the node tisg. In thie Jatter re-

Zime, subseguem: gap oreakdows toxld be attained by 2 fuciker increase of
the incident power. EBHoweverz, this £ata iz not shown, since it i3 not knowa
bowr tip br. ikdowz should influexce the near-fizld calcziation & the gap.
In the region between 1.3 and 2.9 Torr, it appeared thet breakdosm
was initiated simuitanecusks in ootk tip 2nd gap regione. Howevey, an apparem
discontinuity exkidited b the data at L. § Tors indicates that the crorsaver
from. gap o tip Sreakdosn actuslly scourred at $hal point. Thus, oo Fig. 19
the caloolated 20C measured corves shoaid be compsred anly »2 o 7.8 Torr,
while on Fig. 11 comprisons shouid oniy be made 21 pressures above .8 Torr.

The gap width was sxtended s 3.2 in,

$)

in order 2 avid the prodliem of overe

[ L]

aopping breakxdown regions. For thifcase, uip breakdown coonrred 22 21 the

avels

of pressore tested. The comperison between theery 208 meisgrenmant is fhown

u.:

in Fig. I2. The cperaling {reguency for this Case was <hanped to 1380 2{¥Hz

in oréer to preciude tip breakdown, the nose Up Wis Covered with
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The resultant gap breakdown data along with the computed curve is shown in

Fig. 13. The effect of a dielectric covered tip was not included in the

calculations.
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. VI. DISCUSSION

AL

! ket
livgaiei

‘Instrumentation and reading inaccuracies and errors associated with

)

estimating internal system losses (efficiency) are the principal contributors

il TAh Rl DU

to errors in the measured data. In addition, the electric -field distributions

may have been distorted to some degree by the plexiglase chamber walls and

it

by the presence of the feed cable. These latter two effects were not, howevyer,

Ly

PRCmA PV O
T PR

found to be significant. A crude estimate of the overall accuracy of the break-
down data is 1.5 dB.
It can be seer from Figs. 10 and 13 that the calculated and measured

gap breakdown curves are in agreement within the estimated accuracy of the

S
ASANUIS AR

data. For tip breakdown, agreement is not as good, but, for the most part,
. it is still within the accuracy of the data.
3 1t is, therefere, concluded that the breakdown power levels for 2 sym-
- . metrically excited finite body can be predicted with sophisticated numerical
techniques and a high -speed digital computer. The better # cement
exhibited by gap breakdown may be attributed to the fact that the breakdown
model only accounts for one-~-dimensional nonuniformities, and the electric-
fieid fall-off behavior at the gap is obviously more one dimensional than at

the tip.
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