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THE INVESTIGATION OF ION VELOCITY IN ELECTRICAL PREBREAKDONN USING

MICROWMAVE DOFPLER REFLECTOMETER TECHNIQUE
CHAPTER I
INTRODUCTION

One measure that has eluded researchers in the field of
preignition studies of gas discharge throughout many years of
research has been the direct measurement of positive ion velocity
in electrical prebreakdown. This parameter has. remained unsolved,
although thoroughly researched over a period of many years. Barly .
work in the field of ionization and .breakdmm wvas carried on by
Townsend (37) and other workers (30,31). In honor of.Tmmsend's
work, this type.of discharge was named the Townsend Discharge.

Townsend attempted to measure ion velocity at low pressure in
1914 (36), however, it was found later that his method was not
applicable to lonic speed, although he wes able fo.meassure electron
mobility.

S8ince the work dow_n by Townsend, the more recent work in the
measurement of gas discharge properties has been by Von BEngel (39),
by Loeb (17), Loeb and Meek (19), Raether (16), and many others

(44, 29). Methodsof observation have ranged fram Cloud Chamber



detection used by Baether to ancilloscope wvaveforms reported Ly Von
Engel and through photamltiplier detectors looking at the luminous
streamer frant used by Loeb and by Loeb and Meek. None. of these has
been successful in measuring the average velocity of the positive ion
front as it approaches. the cathode.

Under normal conditions ganes show little. cmtivity Jhe con-
ductivity is produced by the external . agmciea, such as e.lectric t:leld.,
cosmic rays, Y-_-ra.diatims and radiocactive traces .from cmtaingr n!_‘l.a,
Use of any of the.many.agencles -hich cause liberation of electrons
and/or ions from. surfaces or liberste electrons. from atoms and malecules
of the gas .can.sugment the ionizing events.

Attempts to derive a simple expression for the velocity of. ions
‘as a function of the reduced electric field have resulted in .expressions
vhich differ widely from experimental data (9)...The reason is. that
an ion, being .relatively slow, stays in the vicinity of gas molecules
long enough to polarize them. The resultant attmctive_, force not only.
shortens the mean free path ot the ion, but also causes a contintious
exchange of momentum which appreciably reduces the drift velocity.
Furthemmore, the size of the ion and charge transfer play important
roles; the'ia'tter. especially when ions move in their own gas.

Due to the lack of a unique method for measuring the ion velocity,
the fundamental processes involved in electrical prebreakdown phencmeng
remain a debatable topic. For example, under low pressuré » the spark
flash has the fom of a wide glow (8) for which the Townsend and Von
Engel fheoriea .seem to agree quite well. However, under high pressure
the Ilash is narrow and in the fom of a luminous streak which can not
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bee_nlninedhwthe!‘ounsendor?onmgeltheoriu,mnw
adequately by the canal or stresmer (8, 16) theory of Loeb.and Meek.

The interest in guided waves in velocity measurement dates back
to the time of World War II. Soon afterthemmmr,ﬂmh:lm
developed microvave teciniques were applied to experimental studies of
gaspous discharges (42). Experiwents have been made in vhich the
effect of ionized @as on the propagation of low power microwave al__gnl.a
has been measured by Vamerin (38). The phase shift.caused by the
n_erra.ct_ive.. index .of the medium can be measured by microwave inferameter
techniques which has been done by Goldstein (12), Auderson. (1),.uhitmer
(41), Wharton (40), Brown (5), Postma.(36), Buser.(6), and Drummond (7). .
‘None of the techniques used by these researchers have. been able to
measure the velocity.of the ions at onset.. Doppler. reflectameter.as a
technique. for measuring the ion velocity . in preignition breakdown is an
entirely new use.of this perticular method.

The presmt program has thus evolved. from a desire. to.develap.an
experimental technique as well as a theoretical derivation vhick would
enable measurement of the velocity of ions. in electrical prebreakdown.
Use has been made of the Doppler reflectameter concept. i.e.. propagating
into a stationary medium, pulsing the medium during rf burst and
locking at propagation of the wavefront of positive ions, whether toward
or away fram the electrode through which the hormm of the reflectameter
is pointing. |

The experiniental results show, for example, at a carrier ﬁ'equency
of 33.55 kmc, the Doppler shift was 4/L6 megacycles giving a veloeity
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of 0.38 x 103 meters per second. It is hoped that this study will
coantribute some knowledge of ion speed vhich would be valuahle in.
the study of fundamental processes in gaseous electrical breakdown.



CHAPTER IT
REVINN OF THE PREVIOUS WOEK AND THE OBJECTIVES

The investigation of properties of gaseous electrical discharge
has experienced a rapid expansion in recent years, particularly. electro-
magnetic field interaction with plasma. Technical Journals in physics
and électrical engineering have devoted special issues to this .mpject.

In spite of the great amomt of work being done, very little effort
has been placed on detem:ln:lng ion velocities in gaseous discharge.

Typical of the work in this field are the investigations of Towmsend '
(36), Von Bagel (39), Loeb (17) and Meek (20) which will be examined in

detail.

The Townsend Theory (37) ’
| Assume electrons vill be emitted by injecting an hv to the cathode
as shown in Figure 1.
Let @ represent the number of ion pairs per meter formed by an
electron moving toward the anode and dn be the mumber of ion formed
per second in a slab at x of unit cross section and thickness dx. Then,
the number of new electrons formed by n electrons traveling a distance

dx 1s



dn = nQlix

Initial conditions:

R{H
ol

In(1/1,)

L

. a
Figure 2 Plot of d Versus 1n(i/1i,)



However, experimental data do not agree with the derived equatioms.
Townsend assumed that each positive ion made g ionixing collisions
in advancing a unit distance.
If n, is the nmber of negative ions from the cathode, then nqeaa
vill reach the anode. Therefore, n (e™d - 1) positive ions are produced
in the gas and move in the opposite direction.
If n is the total pumber of negative ions that reach the anode,
then (n - n,) will be the number of ions gemerated in the gas.
According to Figure 1
Let r be p:o&.tced in x
r' be produced in (d-x)
n=n,+r+r
o be the mmber of ions produced by a negative ion.
f be the mmber ot ions produced by a positive ion. (both in
unit area) _
The mmber of ions dr, generated between the two planes at distance
x and x + dx is

ar = (o, + r)ax +p r'dx

-g-;-.=(no+r)+ar'

1"=n-n°-r

& = (ng + 1) +8(n - n, - x)
= (¢-p)(n, +7r) +pn
%- (¢=p)(n,+r) -pn=0
Using the integrating factor eX®  P)&X, (%P )x



e(@-8)x % - (a-8)(n, + r)e~(@=B)x . Bne-(d-ﬁ)x, 0

%; e--("-l’-- )x

(no + r) =pe(?- B)x

e(?-8)x (n,

+r)=- (&%y ne—(a~9)x+c

n,+1r=. 0 + cel® = B)x

(e -8)

vhere r=0; x =0

fn
CRDO'P ‘;-:.--é—
(n, + r)e-(*-F)x _ —a_a.:;__. -(O'-B)x_i_(no* n_af )

Bn B8 o - B8la
BT ESE tht R el*-P)
Do g el B, 2 en e -fa

n[ o= B - Be(a-B)d+BJ - ng (@ -B)e(a' 8)a

(o - g)el - p)a
D=n
° (¢ -B)a
a - Be
or
1ag Lo -p)el” - fla

@ . gel® - F)gq
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This equation is accurate in detemining discharge currents under
certain conditions. These conditicm‘. are that the pressure times
distance (pd) product be a m.n mmber, that the ratio of applied
electric field to gap pressure (E/p) be relatively small, and the
total' t:fne for the discharge to form and dissipate most of its energy
be more than 10~ seconds. In general the theory holds for pd <(1 cm)
(1 atmosphere) for (E/p) < 41.6 and for times not shorter than that
required for the positive ions to cross the gap wh:lch‘ is assumed to
be approximately 1079 .seccnds for a one centimeter gap.

The reasoning behind this limitation of the Townsend Theory is
that the first Townsend coefficient o, 1s based on primary electron
miltiplication only, and the second is besed on the release of aecon-:
dary electrons from the cathode. The secand coefficient, g , is the
only one concerned with s_ecendary effects and it has been shown that
at least one other secondary mechanism must take place in discharges
other than those described above to account for the time required
for the discharge to be completed. For this reason one must look for
other secondary effects which will account for the energy dissipation
in the observed times in these discharges.

The Von Engel Theory ‘322
The inadequate part of the Townsend equation is due to neglecting
the auxiliary ionization, i.e., the secondary emission fram the cathode.
| Let np be the mumber of primary electrons emitted per unit area |
owing to the action of the external drift source on the cathode. Ir
ng is the number of secondary electrons emitted per unit area owing to

any of the secondary ionizing processes at cathode, then, the total
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mmber emitted is
n, = n, +n,
n =n.e ¥x
ng=nge d
But n, pr these came directly from the cathode; hence, the mmber
of new ion pairs generated in the gas is
ng - n, -no(ead- 1)
Let r stand for the average mmber of secondary electrons emitted
from the cathode for each new positive im formed in the gas. Thus,
the total mmber of secondaries formed on unit area of the cathode

per second is

na-mo(ead-l)

n,= ng +n,

d

o
noanp+m°(e - 1)




or

ead_

1=1,

1-4-.':--1'»@-“'d

When the denmminator becames zero or,

1=r(e *a 1)
the breskdown beeurs, the higher the gas pressure the faster the
criteria reach instability.

- It should be noted that the multiplication process 1ta§1r does
not became unstable, but the results of it cause instability. As the
pressure of the gas is increased the process of instability is specded
up, which requires a further development because the times involved
are iess than the times for an electron to croes the gap. The pheno-:
menon of breakdown 1s explained in the following manner. The electrons
leave the space charge region at a high rate leaving only positive
ions. These positive ions give rise to their own local field (radial)
vhich gives rise to further secondary effects with regard to excited
atams and neutrals. These secondary effects in the presence of local
£ields in the space charge region then contribute to the overall
effect of breakdown in that they supply the necessary particales close
enough to the electrode to account for the sna.u times involved. campared
to the transit time across the gap. Thus, the breakdown of gases in'
the presence of electric fields is seen to be dependent upon the
secondary effects and upon the space charge distortion of the field.

This distortion gives rise to the emission of additional secon-

dary effects which account for the apparent decrease in transit time
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of electrons across the interelectrode space. The breakdown which
occurs by this process is generally self-sustaining in that no additional
energy is required to keep thg process going.

Once the breakdown has started, the attendant spark will follow
the space charge distorted fields. This will account for the erratic
path taken by the spzrk. Thus, in breakdown the multiplication and
propagation processes tzke place in the direction of the local fields,
vhich provides the necesanry explaination for breakdown in gases. in
vhich the field to pi:sure ratio is large or the product pd is large.
"It a plot of the breskdown cycle 1s made, the effect of secondary pro-
cesses is clearly shown. A typical breakdown characteristic is shown

in Figure 3

103| Production of positive |
ions and electrons by — Result of secondary processes
normal process \
No secondary processes
10°
1/1, i
10}
1 ) .

. 0.2 Ot - 0.6 @ max

Figure 3 Breakdown Characteristic in a Uniform Field E
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The most important features of th:ls breakdown process are, first,
that time per se does not enter in the process, and second, that the
prime factor is the effect of secondary processes such as atoms in
excited states and acceleration by local redial fields.
If a plot of voltage as a function of time is made fram recorded
data on breakdown, it can be seen that the fotal time for breakdown

is approximately J.O'8 seconds. This plot is shown in Figure h.

\

v Breakdown begins

t 10.8 8€Ce -

‘Figure 4 Breakdown Voltage as a Punction of Time
The time required for an ion to travel Arrcn the anode to the cathode

1s of the order of 10~ seconds, although no final soluticn exists to
this problem. The essential point, however, is that at high pressui-e

(1 atmosphere) the process is -speed.ed up there‘l.:y causing :lnsﬁabili‘l;iea.
When the process is speeded up the electrons cannot leave the cathode

at a sufficiently high rate to provide thea necessary current carriers.
Since this is the case other processes of creating eXectrons are neces-.
sary. According to Von Engel, the electrons leave first, and the

positive ions left behind give rise to their own field vhich is radial

as shown in Figure 5.



14

X
' sy
- ) _:;';:{ +
Y,
R
DR
space radial field of positive
charge - ions
Figure 5

The local field then distorts the space charge fields vhich gives
rise to the erratic course of the discharge u mentioned previously.
The Streamer Theory (20)
As measured by White and Raether the drift velocity of an electron
1s about 1.5 to 2 x 107 cm/sec., and the positive ion mobility is of the

order of 1072

to 10"’ that of electron.

As the electron avalanche advances, the rate of diffusion has
been experimentally measured by Raether as

T = 2Dt

Where t =x/v is the time of advance of the avalanche and D is the
diffusion coefficient.

Assuming that the ions are largely in a sphere of radius r, then,
the field El due to this space charge is

hrqge
! l&ﬂr§

where e 1is the electron charge _
q is the number of charges in the sphere

-Eﬂ'rBN
173
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vhere N 1is the ion density

. b
.; = — TIie

B

Yor a distance dx at the end of a path, the number of ions resulting

from the cusulative ionization is e Xdx. Thus

N = e Qxdx - +.) ax
n redx m

r is the value of T caused by electron diffusion in crossing the gap.
T = /2Dt

x - heae ™ Leae X
3/3¢ 3 x/v

[l
vhere v 15 the electron velocity

he ae X

;‘(?)( ®)

k is the mobility. ;or example, a rough calculation of r as observed

Elu

by Raether shows r = 0.013 cm, vhich mekes E; = 6000 v/cm., or
B o0
E

This 1is thé minimm case to have a streamer occur and to cause break-

down.
The breakdown criterion in a uniform field is

% +I1ncmibb6+mE+Llan s
I P 2 P
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For a gas in wvhich the pressure is of the order of,ugnitudeiét
one atmosphere and breakdown potential is applied, a multiplication
process of d&tm takes place and is texmed an electron avalanche.
The mechanics of this avalanche have been described (16, 20) as mlti:
Plication processes in uniform fields. If the gap is assumed to be
one centimeter long and 31,600 volts are applied, the ratio of applied
field to gap pressure is 41.6 volts per m Hg. Under these conditions
an electron acquires a randam drift velocity in the direction of the
£1e1d vhich has been measured as 1.5 x 107 to 2.7 x 107 cm. per second.
Thus, the total time for an electron to cross the gap will be appgoxi:
mately 10~ seconds. 'Since positive ioms have mobiiities from 10™° to
10"‘ less than those of electrons ,' it will require some 10"-5 seconds
for a positive ion to cross the same gap under the same ambient condition.
For a Townsend type discharge to occur it is necessary for these nositive
ions to cross the gap and strike the cathode v_@:l.ch leads to the neces:
sary secondary processes characteristic of this type of breakdown.
Howev:r, 1t has been’ observed that long before 107> geconds have elapsed,
the discharge has occurred.and that the total energy to be dissipated
has nearly been expended.

In order tol explain the breakdown ;;i'ocess, the Streemer Theory
vas postulsted. In terms of streemer theory, as the electron avalanche
takes place the positive ions left in their wake set up a series of
secondary processes .which lead to the formation of a highly conducting
medium which provides a path for the discizg:,rge curresnt :I.n the requisite

time. For the example described above a positive streamer forms near



17

the anode and propazates to the cathode giving the conducting path.
The positive streamer is formed by photoelectrons created near the
Space charge chanmel of positive ions left by the primary electrons.
(It should be noted that the positive space charge 'column is not a
conducting medium, and therefore the avalanche itself does not con-
stitute a bdreakdown of the gas.) If the electrons created are near
the anode, then they are in a favorable position to be accelerated
into the space charge region. The electrons from this second type of
avalanche in the applied and space charge fields cambined are drawn
into the space charge channel and form a conducting plasma wvhich starts
at the anode and propagates :bo ‘the cathode. In this instance another
electron avalanche is initiated which leaves positive ions behind.
These positive ions then extend the space charge region_tward'the‘
cathode. Thus, the positive space charge develops toward.the cathode
as a relfpropagating space charge streamer. ‘

The criteria for the formation of a streamer are first that an
electron avalanche must have occurred vhich.lea'.ves a positive space
charge near the anode '.lhis spéce charg’e has its own radial tiéld '
and will cause photoelectrons to be accelerated to it, thereby allmr-
ing propagating as a positive anode streamer to the cathode. Secandly,
a sufficient mmber of electrons must be provided to sum’:m the streamer,
These ele'ctm generally exist in the gas near the space charge due
to the density of photolonization. This factor depends on the diffusion
. in the electron avalanche and upon the absorption coefficient of the
molecules and/or atams for the particular emergy photoas pro&uced in
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the avalanche.

The value of the necessary radial field at .the space.charge tip
has been found by Neek to be equal ;t'.o the impressed external field.

He also found that as a general rule this requirement is. too stringent
and values of the radial field can be from one-tenth to one times the
imprﬁssed field, depend:lns upon the pressure times distance product and
field/pressure ratio of the arc in question.

It has been Mesiz& that the total times involved in the
formation of positive anode‘ space charge streamers will be much faster
than the 10™7 seconds postulated for the initial electron avalanche.
Cloud track studies by Raether show that the velocity of the secondary
electrons being drawn to the space charge region is of the order of
1.3 x 108 cm/sec as against the 2 x 10| cm/sec velocity of the initial
electrons. As the streamer forms and propagﬁtes towaxrd the cathode,
intense ionization is produced near the cathode, and as a result an
incréaae in electrons from the cathode should result due to field
effect. |

As a general statement the streamez; theory is then a timeQﬁeld
dependent effect. It is a time effect since the velocity of propagation
of the stresmer is dependent upon the degree of ionization, and this then
allows the establishment of minimm positive ion densities for a stresmer

' to0 be effective in the gaseous breakdo'wnf It is a field effect due to
the fact that the necessary secondary effects are a result of the non-
uniform fields developed by the positive space charge column in the gap.

Quantitatively, the requirements for the formation of a positive

streamer are as follows:
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1. Adequate density of photoionization must exist. in. the.gas
near the space charge to provide a contimious supply of electrons.

2. The positive space charge field produced must be such as .
t0 draw these photoelectrons into the positive column in sufficient

quantity so as to be able to support pmpagation of the streamer tip.

The Objectives

F#e -win purpose of the work described in this dissertation is an
;t'f.ﬁ,:‘: 0 develop a new and direct technique for measuring the
velocity of ions in electrical prebreakdown. | )

The work has included derivation the camplete relativistic Doppler
frequency shift equation. In addition the following special purpose
measuring circuits were developed.

1. A microwave switch cqntroll:lng circuit wvhich is able to vary
the switching speed within the mechanical limit of the switch. The
purpose of this switch is to connect the main input arm and reflected
wvaves to the spectrum analyzer alternatively.

2. A synchronized high .voltage pulser which is driven by the rt
modulating signal.

3. A nicrowave_reﬂectaneter vhich must be sensitive enough to
- detect the moving of ions in the electrical prebreakdown tube.

Use of the microwave Doppler effect to determine trans]:ational
velocities is hardly a new field, however, this is believed to be the
first time that this effect has been used to detemmine the velocity of
positive ions propagating at onset of an electrical discharge.

In this experiment the Doppler shift is determined by sampling



the xf signal from the input side of the bridge and sampling the shifted
signal from the detecting armm of the bridge and camparing these on a |

spectrum analyrer. ‘



CHAPTER III
THEORY

. When an electromagnetic wave is incident on a moving body, the
rrequeﬁcy of the scattered wave can be shown to differ from that of
the incident wave. This is called the "Doppler Effect”.
In order to calculate the microwave :I.hteraction with particle,
the following assumption is made. 4Let us consider a receiver is in
motion with velocity v and fixed in a Cartesian Coordinate (x!,y',zt',t!)
as shown in Figure 6.

Figure 6 Transmitter and Receiver Relative Position

21
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A transmmitter is stationary with Cartesian Coordinate (x,¥,z,t) and
transmitting an electramagnetic vave E = Eed( ¥ t-K2) | prom Maxwell's

equations:
Tx Em-p, S (3-1)
7-H= O (3-2)
O R
7x H=¢, 5T (3-3)
7 - En —%—- (3-’4)
i=0E (3-5)
- 1 d 2B
Be€o 3 2 (3-6)
The electramagnetic wave is propagating through the z direction,
hence,
2 2 E
7 B= e, —3—
SR t
_ 1 > E
T
. > t2
1 | 2.
= O E
& hT (3-7)
From Pigure 6
2' = 2 =vt'
2
r =TR 2 (3-8)
m—c)
W o=(x' -x)2+(y -9+ (2-2)2
- c2 (t - t')2 (3-9)
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Differentiating (3-9) gives

2(z - z')(dz - dz') = 2¢2(t - t')(at - at') (3-10)

Binee c(t - t') = r (3-11)

(z -. z2') = vt! ' (3-12)
Simplifying (3-10), yields _

(z - z')(az - az') = c2(t - t')(at - at') (3-13)

Substituting equations (3-11) and (3-12) into (3-13), gives
(z - z')vat' = cx{dt - at')

(1 + ‘r’ z! E:!) dt' = dt (3-14)

Let dt" be the time interval corresponding to dt' for an observer at

rest with respect to R, then taking the Lorentz Transformation (33,
%, 3)

! = | " vx" -
tl B (tl + cEl ) (3-15)
' B (8" + -
ta B (t2 + _cz___) (3-16)
vhere B = 1

0

. ¥
/1._2

" Substracting equation (3-16) fram (3-15), gives
té - ti =f (t3 - t7)
or simply
at' = pdt" | » (3-17)
Dividing (3-14) by (3-17), result is

at - '
— = -z—-l ..v.. -
dt" 3 (1 + r _— ) (3 18)
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Also from Lorentz Transformation,
]
t= Bt +—3)
c

for ve, t = t' and

at L o z=-2'Y
W PO )

or _
£" u-
=80+

<l

(3-19)
vhere u is the unit vector in the direction of propagation. Thus it
is found that the novel feature as campared with the classical results

is the ap;;earence of the factor §. Fram (3-19)

£)
<1l

", 1+ c
o

)
ol

o 72

-+ 3 e - 5 A

-= 2
u-v l v
'(l +c— )(1+§ ? ....‘...) (3"%)
If a microwave beam is reflected fram a woving mirror, we may
think of the image as a source vhich is moving with tvice the velocity
of .the mirror. If u.V is the component of the velocity of the moving

observer toward the source,then, (3-20) can be written as:

e (1 +2 -‘-I-éa;’-)(l+l i

...OV...)
‘i‘ 2 c2

(3-212)

vhere " and £ are the shifted and unshifted frequencies which will be
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wummmmmtmmw.
. Vhen a modulating signal is cambined with the carrier, the mplitude
modulated carrier can be represented as
2.(t) = K(1 + mcos “yt)(cos ¥ t)

vhere
. is the carrier frequency
w 1s the modulating signal frequency
n
“e>"n
m is modulating index

| .
Lo(t) = K cos w.t + 2,n'cos( Wy + 9 ) +§cos( We = O )t

(3-22)
vhere (o, +u,) istheu_ppernidéband-
~ (u -w ) 1is the lower sideband |
The carrier frequency, the upper sideband and lower sideband (32) can
be plotted as Figure T, |

F(3uw).

m/2 m/2

Tty fo fotg
Figure 7 AN Frequency Spectrum
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For periodic input, £(t), the alternative fomm of the Fouries
series expansion mgy be written as

on

()= kL. ool (3-23)

Let us consider the series of pulses as shown in Figure 8

F(t)

- . t
P oT/2 T/2 T

Figure 8 Fourier Analysis of Rectangular Wave

T
vhere -é Juw.t
n
. at
t:n = jT Ame
2
2hy ‘”n'.!.'
= sin >
n
wT
gan B )
2
=
T% "
.. n

[{V)



sinx

Aplotot(.'_x.n.‘.x.) versus x is shown in Figure 9

| (stn x)/(x)

b 4

21 \_/-n . n\'_/an

Figure 9 (sin x)/x Versus x

therefore a perfect rectangular pulse of xf energy would display the
spectrum as shown in Fignm 9. In practice, the ispectm departs from

the ZBX snction due to finite rise and decay characteristics of

the pulse. Actually, the speefm analyzer does not display phase
information and therefore the lobes below the axis appear inverted

above the axis on the display as shown in Figure 10.



(sin x)/x

b 4

w3 T 271 em n 2n  3n

Pigure 10 (sin x)/x Versus x Shown in Spectrum Analyzer

- For a generalized periodic input
. ,
1 o9 Ut
. t t N e .
( ) T &. lcnl °

2 o 8
. TEl Icnl cos ( ©pt + n) (3-25)
With zero aversge value (i.e, no“dc camponent), then
rc(t) a K [1 + —?— é lcnl cos( Wt + en) ] cos w t
| (3-26)

The AM signal, thus consists of the umodulated carrier plus the
double sideband terms,

fc(‘b) =K cosw i +-?—n):—-:1 | cnl~[cos [( Wy +w X+ en]
+ cos [( We ® W)t - en] j — (3-27)

The amplitude.modulated frequency spectrum appears in Figure 11.
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Figure 11  Amplitude-Modulated Frequency Spectrum

If the frequency shift is detectable, after applying Fhe high voltage
to the ionization tube, the comparison of the shifted spectrum with the
unshiftedapectnm#ﬂlbeas shown in Figure 12.

f'L f -
Figure 12 The Comparison of The Spectrum

From Figure 12, £" - £ is the Doppler frequency shift af. According

to equation (3-21),Af can be written as follow:

a=(2ev/c) ( 1 +(1/2)V%/c? + (1/2)¥3/c3+.........) (3-28)
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vhere Af is the Doppler frequency shift
b ¢ 1§"£hé carrier frequency
v 18 the velocity of the ion
If Af can be found, then :'ﬁhe ;relo.city of'the positive ions can be

calculated by means of equation (3-28).
The cross-section of targets of ions

Let us assume the air inside the ionization tube is ionized uni-
formly and simultanecusly. The ionized nitrogen (3/k.of the air is
nitrogen) holecules form a giid 'sc;i'ee’n"as shawn in-the following

{ L 1
M

x 2 -3
The screen will reflect the incident wave. The cut off frequency of -

the. p:opagatiﬁg, TE , vave is a_ mhction“qf the dimension of the grid a,

as shown in equation (3-29)
amf, JReE = ‘-:-:- (3-29)

where f, is the cut off frequency and equal to 33.5 mc.

n 1is chosen to be the minimum integer 1.
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a= & = O.m cnm
6T

Sircs"the xiitn;gen molecules are ionized unito'mly. and simultaneously,
it is reascmable to assume .f;he screen is formed as a square.. For

a unit arealma, thére are
o—m];'B— = 2.2 = 2 molecules/ em

on each side, therefore , the.total mumber of mblecules per u.tﬁ.t area
are |

hx2=8 mlecules/c!na

the minimum dinsity of the ionized nitrogen molecules for detection

by a 33.5 ki signal is equal to 8 molecules/cma.

The resolution of-the spectrum analyzer

By definition, the resolution is the 3 db IF bandwidth, however,
1t does teke into consideration other factors. It can be shown that,
for an assumed Gaussian IF response, the effective resqlutilcan, R is

equal tc;

2] 1/2

R=B|(1+0.195 () (3-30)
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vhere B = 3 db IF bandwidth in cpe, -
F = the dispersion in cps,
) T-mep:ﬁmmteﬁﬁmswmd.
Under normal operation,
B=1— 80 kc,
F = 25 kc — 10 mc,

T= 1“'3'% 8eCe

6 2 1/2

R = 80,000 1+o.195[-i'°‘1° ]
2
.3o_x(aono3)

- ao,oqo[l + 095 (2 )?-] Ve

& 80,000 cpse



CHAPTER IV

EXPERIMENTAL TECENIQUE

The new special experimental technique developed in this research
using the Doppler frequency shift is described below:

General Description

The whole experimental apparatus is shown in Figure 13. The block
dlagram of the experiment set up is shown in Figure 14, The FXR klystron
pover supply not only delivers the power to the Doppler reflectameter |
(29, 27), tut also gives a mchi'onizins. signal for the trigger of the
high voltage pulser, vhich are locked together. The microwave switch
18 operating st its muximm mechanical speed limit of about 10 cpse
The lowest pressure that the vacuum pump can attain in the discharge
tube 1is O.iS xm Hge Air is used as a medium. The maximum operating
frequency of the spectrum snalyzer is 68 kme, however the frequency
response is limited by the klystron _qperating range of 32 to 38 kmc.

The detailed circult analysis is explained in the following sections.

33
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Klystron Power Supply

High Voltage Pulser

Microvave

Doppler Reflectometer

Ionization Tube

Microwave Switch

Va.cmmSysten

Spectrum Analyzer

Figure 14 The Hlock Disgram of Experimental Set Up
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Detailed Descrintion of the Apparatus

The main parts described in the fallowing sections will include:

1.
?..
3.
b
Se

Microwave swvitch controlling circuit.
High valtage synchromized pulser.
Doppler reflactameter,

Vecuum system and icuizatgl..cn tube,
Spectrm analyzer, '

l, Microwave switch controlling circuit

The purpose of this design 1s to control the speed of the switch

vhichcmectsthend.nmputsignﬂandthereﬂectedsimltothe.

spectrum analyzer dtemtiwly The frequency of Mtch:l.ng is controlled

by an unijunction transistor pulser, while the switching power input is
contralled 'by a palr of silicon contral rectifiers. The block diagram

is shown in Figure 15.

Constant Amplitude and Variable

Frequency Pulser

The 0dd Fumber Pulse Turns Switch On
The Even Number Pulse Turns Switch Off

8CR Switch

Figure 15 Microwave Switch Control
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The pulser will give a rough frequency renge. ‘mmm
sistor 1s used to generate the bootstrap sweep. By varying its time -
-cm,acmmmmmmmeum.
A Variadle frequency pulser _

(1) Bootstrep circuit (10): A typical bootstrep circuit which

vill generate a constant amplitude and frequency linear sawtooth wave-
form as shown in Figure 16,

A A

1,0 uf 1x
23% =

F‘/%i%éf >](I/l/l/
-a

#0.05 pf

Figure 16 Bootstrap Circuit

(11) PFrequency control circuit: In the circuit shown in Figure
17, an additional transistor Qo is employed to vary the charging rate
of the capacitor, and a frequency ratio of 10:1 obtained, The original
circuit is shown in Pigure 17, |



vb-a._sv
3 Bs 3
I

1% bt
B, 1 NS

Ta
Bp E _L_Mig

Te2 ByJ

Figure 17 The Modified Bootstrep Sweep Circuit

The equivalent circuit is shown in Figure 18

Figure 18 The Egquivalent Circuit of Figure 17
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The whole circuit can be represented by the following equation:

0.97 E,(8) . Ey(8) = 3'31'3(3) (5-1)
I (8) = I(8) + B Iy(s) ' (k-2)
Ei(8) = —3— I(8) + Bx(8) - (h=3)
018 .
B8) = - 15(8) + 15(8) (b
RL, = V,(8) - ByIy(8) - By(8) (4-5)
138 + 2L B (8) = 6 2T5(8) - B 5Tx(8) | (1-6)
Algebric manipulation, gives .
Wec(e, +c5)( 8+ B 2 )
£, (8) = 3(c1 + c2) (7)
3[32+a-x-t-z]
vhere
v V- B RlI-b(B)
.c1ca(Ry + Bp)
X = 0.03¢3( 1 + B } = 0.9Tc2
c3Co B 233

(c1+c2)[°—:m;ﬂ '(R1+Ra)-ﬁ]

cycp o(Ry + Ry )

Y =

Sl (R +5) - 8
 epea BoR3(R, + By)




From Figure 19, by setting
1_z_l+nz-hox E=1vy

cp=co=1 ut B3-KIL
and from equation (4-T) '

50(15 + 26T, )(8 + % )

B (8) =

8[32 + 8(33.5 - %3’-‘5) +1§§I_2x10“]

By setting Ry = 12K

50(15 + 26L,R )(8 + 41.6)
E(s) = sfs2 + 8(33.5 - 0.634) + 0.1 x 101*]

ey(t) = 1.5015 + 26rB)[1 - ¢26-5(con33.6t - 0.501n33.6¢)] (4-8)
A plot of e)(t) versus time in millisecond 1s shown in Figure 20. The
wvaveform of:el(t) ‘versus time is shown in Figure 21.
~ (411) Change of frequency range: In order.to change the frequency,
it is necessary to vary the size of the two capacitors to

new capacitor = 1 uf x -Original lower end frequency(200 cpe)

new lower end frequency
In onder to work on the linear portion of the response function
e;(t), it is necessary to reverse the 8 Ip direction.  The output fre-
quency ratio of BEy; will then be directly proportional to the current
input. This can be aéc.cnplished by utilizing the circuit shown in
Figure 19.
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15v 7
3 %o ! i i
E, T% oo B =25
A
! T Il x
R;. 247 Jr lu‘t'ﬁg 19
_ 1 4.7 K
Figure 19 Final Circuit
Vaiue
AN A B cC D E ¥ ¢ B
001 | .0165 .983 1.9 .99939 .03%9  .0175 .000  .000
.003 .0l95 951 5.7 9949k .100%4 0502 902 097
009 | .1485  .862 17.3 .9547T6  .297T3 .86 .69%  .306
o012 | 198 .80 231 91982 .93 .86 .62 .38
015 | .2¥75  .781 28.9  .87u56  .4832  .2L16  .495 = .505
018 | .97 .73 347 8224  .5602 .2846  .398  .602
019 [ .335 .73, 36.00 80282 .5962 .29&  .368  .632
020 | .3300 M8 38.5° .18260 .6225 .32 .338 .662
‘Table 1 Calculated Value'of Equation (-8)
A = 16.5t B = o"16-5t C = 33.6t
D = cos 33.6t B = sin 33.6t. F = 0.5 sin 33.6t

G = e16-5%(cos 33.6t - 0.5 sin 33.6t)
HE= el(t)/K
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2.0 4.0 6.0
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Figure 20 el(f.) Versus Time -
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Figure 21 Constant Amplitude Varying Frequency Pulser
Upper trace, Sawtooth Waveform
Lower trace, Pulse Waveform



B. 8CR Control Circuit (11,18)

The pulser will give a train of pulses only. In order to select
the odd number pulses for turning on the S8CR and the even mmber
pulses for turning off the SCR, a binary flin-flop (15) as shown in
Figure 22 is used. When transistor !1 is tummed on, Ta is turned
off. The leading edgeofthelquarenveuusg.dformmingonthe
8CR while the trailing edge of the square wave is used for turning

off the SCR.

15v

Figure 22 Flip-flop
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AMAA—
1.2 ohms

Figure 23 8CR Switching Circuit



Assume '.l'l is saturated

' L]
Rl - c;.S xt':'b
- =5
0.5

=2K
1 = 2.

1 20k

= 0.5 ma
12-il+-ib

= 0.5 + 0.4t = 0.9 ma

R, + By = 2 = 5,5 K

0.9
Choose 5.1 K
- -1 S
Vase 2 "2 *10 T =ToV

fherefore, T, is off.
C. SCR switching circuit
The detailed circuit is shown in Figure 23, When & is pulsed, SCR;
is conducting and the solenoid is energized, the switch is turmed on and
vhen gy 1s pulsed SCRp is conducting. Point B and A of Figure 23 is
~ ground at thisg instant but ¢y still maintains the B+ voltage, therefore
the SCR, 1s cut off. The waveform of the switch is shown in Figure 2k.
Generally speaking, an SCR can be turned an by pulses. In order to
operate properly with inductive loads, the gating signals applied to the
silicon control rectifiers mst be square waves rather than pulses s there-
fore the collector T; of Figure 22 is directly conmnected to g; through a diode.
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Figure 24 The SCR Switch Waveform .
Upper trace, Inmput rf Signal 0.1v/cm
Lower trace, SCR Switch Waveform(10 v/cm
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The callector Tp of Figure 22 is differentiated and then connpected to
8, through another diode.

During the turnean period, the prutection of SCR by means of fuses .
can be inadequate. The fuse ratings are based an the 1%t mtmgotscﬁ,
vhich is derived from the data taken with the vhole junction turned om.
Therefore the fuses do not necessarily protect the SCR fram the effects
of localized heating.

The :ﬁaiutance % used in Figure 23, is an attempt to improve
the vave form. The current dravn by the switch is about 0.2 amp. and
will vary with the applied teminal voltege.

2. Synchronized high voltage pulser

In order to mhmuthemmtagemerwiththe r? input,
the pulser must be driven by the modulated rf signal. A block diagram
is shaim in Figure 25 and 27. To avoid a loading effect, an isolating
stage is remiréd. In order to have a wide operating range of the
modulating signal, an amplifier is fo]iovecl after the isclating stage.
The simplest phase shift cantral can be obtained by an RC circuit,
vhere R is a variable, and depends on the degree of the phase shift.
The detailed circuit diagram is shown in Figure 26 and 28. Control of
the 8CR circuit is slightly different fram that discussed in Section 1.
Bince a pulse ocutput is required, the connection of the transformer is
directly across the resistance Rj as shown in Figure 28. During the
turn on and turn off period, the pulser will always give a positive
pulse. The test data are listed in Table 2.



Table 2 The Test Data of High VYoltage Pulser

vdc(v) I dc(") Pulse Voltage(Xv)
5 63 0.81

10 130 1.65

15 220 2.90

2 315 4.60

25 400 6.20

30 505 9.10

35 620 12,00

4o Tho 14.00

The overall waveform is shown in Figure 29 and 30.




Square wvave modulating
signal O to 200 v

Isolator

Amplifier

FPhase shift coutrolA

i To SCR control

Figure 25 Square Wave Phase Shifting Control



L
4T700ckms
220 FF
r‘K NL0L SCR Switching Circuit
2K

Figure 26 Detailed Circuit For Square Wave Phase Shifting Control
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I From phase shifting control

Bistable circuit

SCR switching circuit

Figure 27 &CR Control Circuit



1.2 ohms
AA—

M
J
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[
e

o

/8B,

Figure 28 High Voltage Pulser
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Figure 20 The High Voltage Pulse and The rf Modulating
Signal .
Upper trace, Modulating Signal (1 v/cm)
Lower trace, High Voltege Pulse (2 kv/cm)
Time, : 1 msec/cm
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3.4 msec

3.4 msec

Modulating signal

High voltage pulse

&)JLcrosecond

TO .4 msec

Mcrowvave switch on

100 msec

Camera shutter opening

Figure 30 The Relative Waveforms
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3. Doppler reflectameter (2, 24, 36)

The reflectameter clrcuit is shown schematically in Figure 31.
n:euinpmrinput;ts split into two parts: thehomanqthebducins
am. If the reflectameter is balanced, the ocutput pf the detector am
is zero, if there is any disturbance in any of the two ams (e.g. the
reflection of the medium in fromt of the hom), then the detector will
glve an output. At the same time the spectrum analyser will indicate a
phase shift.

The rat steps of er reflesotonmeter

(1) Adjust the cavity of klystron and the shorted end of the detector
to obtain a maximum output on both the oscilloscope and SWR meter.

(2) without ionizing the gas in the tube, obtain the minimum reading
on the SWR meter by adjusting the attemuators and phase shifter of the
balancing am. Note, at this moment, the spectrum analyzer BA-SIMA should
read only the noise pattem.

(3) Disturb the phase shifter or the attenuatbr to obtain a amall
output of the detector am to the SA-8UNA spectrum analyzer. KNote,
this is the klystron operating treque:icy.

(4) Ionize the gas in the tube by twmning on the dc SW of the power
supply and the two logic level control power supplies.

- (5) Tum on the nicrovﬁ.ve switch',

(6) After turning on the pulser, the spectrum analyzer should
give a phase shift pattern on its screen. |

If the phase shift is aifficult to distinguish from the original
signal, the dispersion W may set into low, change to maximum sensitivity



Attemiator

Klystron
Powver Supply

Bpei:trun
Analyzer
10--63,680 W

Directional _ Dirsctional  AdjJustable
Attenuator Coupler | Coupler Short
8tub wWave lthc
Tuner Meter . Tee
Directional Microwvave
coupler Switch
: : +ttammto:l'
Attemuator
Phase
Detecter ghifter
Precision
BWR Attemator

Figure 31 Doppler Reflectameter
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vhich gives the minimm readable frequency of 1l Kc.
4k, Vacuum system and ionization tube

The vacuum system includes a Welch 1410 vacuum pump, a vacuum trap
and a ionization tube. The minimm pressure of this system is 0.15 sm Hg.

The ionizing tube consists of two Alumimm plates 3.5" in diameter.
The bottam plate has a ];E”x 2L rectangular hole in the center vith a
microwave horn under it. In order to reducc the noise, the top plate is
curved as shown in Figure 32.
5. Spectrum Analyzer (25)

A Polarad SA-84UA spectrum analyzer is used to}neasuredthephne
ehift, |

The detailed operating procedure is enclosed :I.n' the Appeadix.



Tungsten rod

Thickness of electrode
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Tungsten rod ;]

- 5"

4 L

Figure 32 The Ionization Tube
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CHAPTER V
RESULYS

Using the special experimental technique developed in this research
vhich was described in Chspter IV, the Doppler frequency shift becames
measurable, The expeﬁ.nmta.‘l. r_e_sults show the higher the applying tre-
quenéy, the more the frequency shift. This is in agreement with the
theory vhich is developed in Chapter III.

The operating frequency of klystron (13) is in the range of 26 kmc,
It 1s found that within a range of 33.5 kmc to 36.25 kmc, the klystron
will deliver the maximm output of sbout 50 mw. BSelection of frequency
of 35 kmc was made for several reascns. Paramount among these was the
fact that this frequency is much above the plasma resonant frequency,
should a plesma exist in the region between the plates. Previous experi-;
ments have shown that the resonant frequency utilizing the equipment
at hand (mdximum power of 500 watts and one micron Hg. pressure) should
be no greater than 8 kmc. As a result, the interaction between the 35 kme
center frequency of the Doppler reflectameter and the medium will be
negligihle, A second reason is the fact that to get a true picture of
the velocity, the region or distance traveled by the ions must be several
vavélengths , as campared to the wavelength of fhe Doppler ceni:er frequency.

'For the 35 kme Wavelength of 8.6 millimeters, this is easily achieved in
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the tube utilized in the experiment. A third reason for u_a:l.ng 35 kme
is the fact that the noise background is almost negligible and hence,
no interaction between the dispersion of frequencies produced by the
breakdown phenomena will be recorded on the spectrum analyzer. As a
further camsent, it was noted that when the Doppler reflectometer was -
properly tuned, the minimum detectable signal of 90 dbm showed no output
vith no applied voltage. | )

| During the -test nm.\mder these conditions, the pressure in the
tube was 0,15 mmig. with air as the operating medium. The use of the
Doppler reflectameter in this cbnﬁ.g'u.ratiqn'to permit measure ion front
velocity in preignition breskdown currents has been quite successful.
The experimental results show that as high voltage (2.1 kv) is applied
to the anode of the tube that a shift in the spectral line as shown in
Figure 733 occurs. Under the same conditions only with no voltage applied
it is easily seen fram Figure 34 that no shift in the frequency spectrum
has occurred. Thia same effect has been noted on several different runs
and is a very consistant néasure of the ion front velocity.

A nmbe_r-o.f tests were then performed to detemmine if the measure
was actually that of positive ions or perhaps same noise characteristics
from the aiscﬁarge. If the polarity of the voltage pulse to the tube
1s reversed the Doppler shift should be in a direction opposite to that
vhich previously measured, when the positive icn front was coming toward
the Doppler reflectameter horn. . This did.éccur and showed that the
Doppler shift was of a higher frequency when the positive ions were pro- -
pagating awvay from the horn. A further check to determine whether or |
not the influence of a plasma in the' field éf a horn wuid unbalance the



62

bridge vas made through application of high voltage dc. In this test
the tube was allowed to came to a brillant glow and stabilize. In no
case did the bridge unbalance, showing that a change in the dielectric
properties of the medium had no effect on the Doppler reflectameter
balance at plasma resomant frequencies below 8 kmc (23). A further
test to determine if the effect of high voltage vas disturbing the
reflectameter ¥as made by testing voltage application up to, but not

_ including a prebreakdown discharge. This was done by spplying voltege
pulses but not allowing current to flow during this interval. In no
instance did the reflectameter nmull reading or balance position change.
Other precautions taken include cleaning and outgasing of the vacmm
system to avoid as nearly as possible a contgninatién of the surface,
although this factor dld mot seem to be particularly importasit since
this was a gaseous type discharge in which an avalanéhe aid occur,
rather than a vacum discharge ir which the purity conditions of the
evacuated chamber are very important.
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Figure 33 The Frequency Spectrum With High Voltage On
(2.1 kv, £=33.55 lme)

Figure 34 The Frequency Spectrum Without High Voltage On
(£=33.55 lmc)
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Figure 35 The Frequehcy Spectrum With High Voltege On
(2.1 kv, £=33.75 kmec)

Figure 36 The Frequency Spectrum Without High Voltage On
(£=33.75 kmc)
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Figure 37 The Frequency Spectrum With High Voltage Om
(2.1 kv, £=37.5 kmc)

Figure 38 The Frequency Spectrum With High Voltage On
(2.1 kv, £=33.25 Xamc)



From Figure 33 and 3k,
£ = 33.55 kme Af--‘:g—mc
By assuming that v <<c, then, fram equation (3-28),

Af x ¢
v.“

2t

%—xsxloa'

2 x 33.55 x 103

= 3LJ:.'I.08

23 x 33.55 x 103

= 3:105

TT1.65

= 0.0038 x 10°

= 0.38 x 103 m/sec.
From Pigure 35 and 36,
£ = 33.75 ke Af = %’,-72 me

v = 0.43 x 103 m/sec.

From Figure 37,
£ =37.5 kme Af=-—-§1—mc
v = 0,48 x 103 m/sec. |
From Figure 38,
L
£ = 33.25 kme AP 3_-2—- me

v = 0.36 x 103 m/sec.
From the calculated results, the velocity of ions in electrical
prebreskdown is spproximately of the order of 105 m/sec.
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The volt-ampere characteristics are shown in Figure 39, 41, 43,
45, 4T and 48,

Figure 39 and 40 show the minimum breakdown voltage to be 600 v,
Under these conditions, the pressure in the tube was 0.15 mm Hg. vith
air as the operating medium.

Table 3 gives the time lag against the applied voltage to the tube.

Teble 3 Time Lag Against The Overvoltage Applied

Overvoltage

(percentage) 350 300 250 160
Time Lag

(microseconds) 0.65 1.2 1.5 2.0

It is found thet the higher the overshoot voltage applied the less
time lag will be. This is in good agreement with the results of other

workers such as Morgen (21).



Figure 39 The Minimm Breakdown Voltage
(200 v/cm)

Figure 40 The Voltage and Current Traces
Voltage = 0.5 kv/cm
Current = 10 ma/cm
Time = 20 ps/em



Figure 41 Volt-ampere Curve
© Voltage = 0.2 kv/cm
Current = 5 ma/em

Figure 42 Volt-ampere Curve (Expended Traces)
Voltege = 0.5 kv/cm
Current = 10 ma/em
Time = 5 ps/em



Figure 43 Voltage-ampere Curve

Voltage = 0.5 kv/cm
Current = 20 ma/cm

Figure k%

Voltage-ampere Curve (Expended Traces)
Voltage = 0.5 kv/cm
Current = 10 ma/cm
Time =35 ps/cm



Figure 45 Volt-ampere Curve
. Voltage = 0.5 kv/cm
Current = 20 ma/cm

Figure 46 Volt-ampere Curve (Expended Traces)
Voltage = 0.5 kv/cm
Current = 10 ma/cm
Time =5 ps/mm
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Figure 47 Volteampere Curve
Valtage = 0.5 kv/cm
Current = 10 ma/cm

Figure 48 Volt-ampere Curve (Expended Traces)
. Voltage = 1 kv/cm
Current = 10 ma/cm
Time = 5 us/cm



CHAPTER VI
* CONCLUSIORS AND RECOMMENDATIONS

The velocity of positive ions in preignition breakdown has been
an estimated value for years (20). It has never been successfully measured.
The .éifficulties are due to the camplex characteristic of the.discharge
tube. The special experimental technique developed in this research
éakes this measurement possﬁle.

The experimental results show the following: For a carrier fre-
quency of 33.55 kmc, the Doppler shift m found to be 4/46 megacycles
yielding a velocity of 0.38 x 103 meters per second as shown in Pigure
33. From Figure 35 with a center frequency of 33.75 kmc and Doppler
shift of 4.5/4T megacycles, the velocity was found to be 0.43 x 103
meters per second, and in Figure 37 vhere the carrier frequency was
37.5 kmc, the Doppler shift was 6/51 megacycles with a corresponding
positive ion velocity of 0.48 x 103 meters per second. These results
campare very favorably to those predicted by many researchers (38, 21)
as 'being' .nec‘essa.ry for the electrical breakdown of gases under high
voltage. These res_ults show that the velocity of positive ions in the
prebreskdown currents has been determined, a value which has never been

measured directly.

13
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The theoretical and experimental work performed in this research
have led to many interesting possibilities in the field of gaseous
discharges. These related problems are presentéd as recommendations
of this dissertation:
1. With a slight modification of equationA(3-21), a relativistic

(22, 41, 34) Doppler freqdency shift equation can be obtained as,

2 -1/2
2fv v 1
Af = - (1- cz ) a+ 2 Aer + ... ) | (6-1)

where 2

f 1is the plasma frequency

f 1is the propagating wave frequency

2
2 -1/2 £

af = 2 . a-+ -2 ... (6-2)
c cZ. 2 f2

Equation (6-1) shows that the plaSma frequency is a function of particle
speed which has never been measured.
2. 1In 1959, Hibberd and Thomas (14, 28) tried to calculate the

Doppler shift of SPUINIK I, and gave the following:

f;vps
c

Af = (cos « sin ¥, - cos B cos is) (6-3)

where @ and P are the directional cosines to the X and Y axes. The
refractive index at the satellite is denoted by by 5 until 1964,
Titheridge (35) used the same pj to be the phase refractive index and

gave the Doppler shift, as
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AL ) 4 .
¢ =" g mcos@ (6-h)

Generally speaking uis not a constant. In an inhomogenecus medium, ac-
cording to (6-1) -

)
b = (.1 *-é'Aer )

o]l e _rg

2
Hence, by usipg the same technique developed in this research, the
Doppler Mmq shift of satellite can be obtained.
The faollowing areas are noted as having rather severe equipment
limitations and very definitely in need of further development.

1, The time 1ag is found to be inversly proportiomal to . the epplied
overshaot voltage, but due to the pcor waveshape of the pulser a.n ideal
rectengular pulse ig not obtained and no further prediction s-u be
made from the present data. The vaveform of the pulser ca: - v roved
by revinding the transformer or ua;l.ng thyratrons instead of 27% - (¢
be the switching devices. |

2. The klystron frequency is dependst on the operating voltages
_and the ambient temperature, the drift of the klystron frequéncy should
be stabilized. .

The further work to develop the techinique under other operating
candition and to refine the technique are recamrended as follow: .

1. Bring voltage to just under breskdown and irrsdiate with o
and check breakdown speed.
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2. Investigate the sffect of different gases in electrical
prebreakdown.

3. Investigate the effect of electrode material and configuration
related to the ion velocity in the electrical prebreakdown.

4. Investigate the effect of pressure, the spacing between the
electrodes, and the purity of medium related to the ion velocity in
the electrical prebreakdowmn.
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AFPENDIX

The operating steps of spectrum analyzer

1. Adjust the horizontal vertical gain position. Focus
and brightness controls to obtain a sharp base line on the CHT screen.

2. Adjust the vertical position control to locate the baseline
on the CRT screen directly below the horizontal line etched with
vertilc.l marks on the CRT graticule. ’

3. B8et the dispersion SW to the high position.

k. mte the dispersion control fully clockwise.

5. Off all IF attenuator IB switch. '

6. B8et the ws-rmrzh-m switch in LIN.

7. Rotate bandwidth control maximm clockwise.

8. Rotate the vertical gain control to obtain gpproximately

1/8" of noise on CRT screen..

9. Rotate the marker amplitude control beyond the off position

v (clockwise).

10. Rotate the frequency difference MCS turning control to line
up the O mark. This operation places the marker pip at the electrical
center of the .display.

11. Rotate the center frequency control to position the marker

pip at the physical center of the CRT display.
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12. Set the SYNC SELECTOR to the off position.

13. Bet the sweep speed control to 8.

1k. Rotate tim marker amplitude contfal to set the height of
the marker pip at approximately three inches. - _

15. Set the bandselect switch to the frequency range vhere the
k:l:atrm is operating, then by turning the dial fram left *o right;
two signals will appear in the CRT screen. Kote, when the 4i-} mIves
from left to. right, if the spectrum signal moves also jeft to riwht,
it indicates that the spectrum is the image of the. signal, and if the
dlal moves fram left to right the spect-.m-mes from right to left,
then the spectnm is the signal.



