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ABSTRACT

A scattering range is proposed for use in experimentally
simulating echo area measurements of dielectric bodies and die-
lectric-coated bodies with dielectric constant less than one.
These investigations were initiated due to interest in plasma
coatings of satellites in the ionosphere. The optimum parameters
of the scattering range and the liquid to be used as the ambient
medium are discussed.

While no conventional dielectric has the required properties,
a mixture of Rutile (42% by volume) in transil oil was found to have
the required properties for use as the ambient medium, Settling
problems can be greatly alleviated with little change in electrical
properties by adding petrolatum to the mixture.
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A PROPOSED SCATTERING RANGE FOR SIMULATED
ECHO AREA MEASUR EMENTS OF PLASMA-COATED OBJECTS

I. INTRODUCTION

Recently a program has been initiated to» study the radar cross
sections of dielectric= clad' bodle;s a2 5 304 i 6
exact calculations for tt

ereé, are not availa ‘:
«edl lto ‘s1mu‘ 'a.te t!

M.garsau-r«e ent»s (ef radar Cross

18ly the exact solution for the echo area has been used to
hniques that have been developed, Experi-
f interest for those bodies for which no
on can be obtained for the echo area.
): 1ethods have been so highly successful
that the | p;‘;@»ryty or 8 uch a scattering range is very low. Whileé this
gttermg range is not to be constructed, the pararneters of the rar ge
e discussed in this report for the benefit of those involved in .
rvoble-mls.
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The basic radar scatt
with liquid inte which a
properties measured,

are the targets for wi
to be in error, Also
larger tha
eXCess:
conéiderably.
area, [t was therefore @esc‘itde;d tha:
enclosed in the tank in order to mi
already are severe. Exc
the fnodel thv

t'he size of thre t 2
ngth in radmsv Wo! ld make co8t O

which
nas and

Data on amplitude hase across a square aperture has been

n by R. B. rGre > Invest f of Green's worlk show that the

8 t , , ngth cross
section is about 10 wavelengwth»s. nis is the wsual definition of the far
ﬁeld Amphtude variation over the ta.r(get 18 l«esa tha.n 3 db, AC

4 Z@z wav-eleng 8
¢tric constant ey = 4_ 0

I

At X-band (10 kmc) with €y 4.0, the tafhk dimensgiofns would be

20X = 0.3 meters.

From above, the S-band tank would require about 1 cubic meter
of liquid, which is about 250 gallons, Ceost of the liquid must therefore
(be considered a factor, In view of this and rbecaume wof th\e mere

ize of the necessary tank, it w
below S=band,
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|

med bl pewed
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ed % ant)= = (tan 6)
2 X

'1!

The signal decay pe:

A = 27,3 tan & db.

Since the echos from the target may be Ve"ry emall, the losses due to
the liquid medium must be kept low. ve db was estimated as an
upper limit, The total path l(ength‘ will tbev about 20k so that the total
attenuation will be

(Ax)

(27. 3) (20) tan & db, or

(Ax) = 546 tan 6 db.

Hence for an attenuation less than 5 db we must have

tan 6 < @, 01

in the liquid, For a loss tangent of this magnitude, attenuation over
~the rregi‘on oontammg th\e bo‘ y w111 lbe very rsma.ll, 80 that éhing‘feuav in

of 0, 25 < er <1 a.nd‘ model gizes of @ @5)\ < r < 1 IOX H@ggg thg ]Jil.qu_igl-
must have a relative dielectric c@!;mt&;t of at least €y = 4.0 to satisfy

2 , Fequi went. Then if ¢, = 4.0 and the fnequg!.xc.y is X-band
(1® kme) the minimum size meodel w«oulxd have a radius

r =0.05x =0.75 mm .
This is just about the minimum size which would be machineable, and

thus X-band is about the highest usable frequency.

116<17 3
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b, tan 5<0,

€. Treasonabl

d. usable phy:
4, For ey = 4.0

0l

rthwe tank velume wou
0 3 requ 3

cub
of 11rqu1d

. ¢ould be mmzmiZéd b

ir '< by the tankw 1 c
absorber mate"1als, an
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ables t and loss tangent were examined
y and various cfhemncal companies were queried but no

iézat{ijcsrfa«grtg;gy liquid was found to meet the above requirements.

A lette T
Laboratory for Insulation Research explai

L R d the scientific reasons for
the non-existence of such a liquid. However, it suggested a mixture
of a low loss d1el~e\ctr1c 11qu1d with Rut11ne (T1O‘2 ) as a pos s1b1te s«ol |
to our problemi., o {

investigations of its

measu "ng the *dlel Yo

r? received from the Massachusetts Institute of Technology,
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DIELECTRIC CONST
TANGENT MEASURE]

=]

ANT AND) LOSS

A. Theoretical Cor nsiderations

Theé values of dielec
onsmdered fo»r use asg uthe

‘p.ellg , in whi\eh the
tion of the standing
- e shorted section, and
X -tghe, ‘sample in the guide.
Dakin and Works!® and further
e he .j"el‘a‘ti}on‘s*hsipvé:
akin a.nd Works
« I
‘ @akm an.d‘ Work‘av" ‘approxifmté

; § "t;s @f Cxurve.sz,.

(2) th'e 'nver,s: wslta.n ng-wave-ratro
The modifications to this m ]

simplifications by Bowie
de:rive:d :By Rab:errtrs: a:n’-d ve

u»s»ed The frvequency ia det
e ‘s‘ampflte» lengths for the cha

the first chart) was not
ronar mea. B«‘urement of

the value of d1e1ectr1c wcon@tant ©
used; since to do so would hawe mv«elved an al i
each sa.mpl«e (the curve»s of his

@gngfent were vd@xt:g:rmi;newd uus:i;@g Dail‘sm aﬁé’ W@f‘kﬁ“’ apprrv@x‘i@gt@
expression, as modified béelow,

Dakin and Works show that

() tan6® ——_

d} -tans d
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where Ax idth of standing-wave minimum at
twice minimum power value (3 db

above minimum)

{o )
H
®
8
"9
-
=
o
g
T

of ;guide'

n

wavelength in air=filled portion of gulsse

R o)
()
"

propagation constant in sample

distance on air side of air=sample

&

rainimum.

Roberts and von Hippel® have shown that for the shorted waveguide

@ ~ihin

F’ 1

where

L]
J
|

|%

distance from the minimum to some pgtmt X, and

1]

E-field at that point,

If Ex is chosen as the 3 db above minimum peint, and if ©"<0. 1, then
Eq. (2) reduces to

Ernin * Ax

(3) —t— ‘:’I Sm—

E A
max ,8
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whetre Ax = distance between the 3 db above minimum points.

This assumption is included in

is possible for 'n'Ax///Xg >0 1 wh

51 blte to make Egq. f(\ﬂl)\,
explicitly. This may be
into Eq. () to obtain

" ; Emin Mg
(4) tanp 2 B

he derivation of Eg. (1), and since it
: vsum\ultaneeus‘ly tan i b< 9.1, it is

Emax wd

for tan 6 < @.1.

7 then !be us«ed to de»t'ermme EL_

'Bzd' {1 4 tang, d} = tanpg, d

wthe cii"cmt was 1s«elated' as shtown for purpo:se»s of frequency s:ta.blllty‘,‘
The a.m\ount of Lo:ss var1ed m the ‘sarnplle@ meas&ured‘, and mt was
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Fig. 1. Block diagr
xdmxelue\ew e

m of xe;quipﬁﬂlé\fl\t used to measure
Sata.nt and loss tangent.

IV. RESULTS OF THE MEASUREMENTS

The rreqm red electrical properties of the (preferably liquid)
material for uwse as the ambient mediurm Were

Y4 4.0
tan b < @. 01

at X-‘batﬁl’d.

Al lixteraxtu're :earcfh wa § condwcted and var‘i‘ous‘ sampl

es were

ont: anld wh(er(ever Jpo»stLb:le, the data ate
wc‘@mparved Wlnth ‘t!h@se w@)f von Hippel. '

Further investigations were performed by "doping" low~loss
llmqumdl ‘ r(c_v\g@r oil and transil eil” ) with a high=dielectric-constant
additive (TiO, ). The castor oil mixtures (Fi igs. 2-3) were too lessy,
however the transil oil mixtures (Figs. 4 and 5) appear satisfactory.
The loss tangent (Fig. 5) is somewhat erratic, and it is felt that this
results from the randem electrical le ‘n.glt'hs of the samples, A study

of Eq. (1) has shown that the accuracy of the extreme points is lowest.

* Transil oil = 10=C insulating oil (G, E.)
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10, 37 kme.

Loss tangent versus TiO,
castor oil = TiC

15

T ¢encentration for a
mixture at a freguency of
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TABLE I

T Measured Data | From von Hippel |
(f=10.37kme) | _ (f=10.00 kmc) |

Il

tan &

™

|
I AN I N

r ‘1‘ B

| Polystyrene ‘ 2.52

(Commercial
| sheet stock) !
‘ i
| Pyranol 1467

| Pyranol 1470

|

|

3 |

0. 000628 U 2,535 ! 0, 000480

- b - -

|
|

2,63 0,0621 ‘ 2.62 0, 0740
|

|

(2 75 | 0.0776
| Aroclor 1242 2,77 | 0.0234 | 269 0.0223

|

|

|

|

 Castor oil 2,61 | 0.0610 SR I

I Transil 6il 2,18 0,002149

H
=
(=]

| 10.:002000 |

Vaseline I | 2.16 | 0.001000 |

Due to Transil oil's low viscosity, the mixtures settled visibly in
a matter of five to ten minutes, thus causing the electrical properties
to vary with time. In order to in¢feasge the viscosity, petrolatum
(vaseline) was added.™ The effect of adding petrolatum (dielectric
constant and loss tangent véry similar to that of transil 6il — see
Chart I) was merely to reduce the TiO, concentration, Two such trial
mixtures were measured, and the loss tangent values are plotted in
Fig. 5. The values of TiO; concentration were determined approxi-
mately by noting from Fig. 4 at what concentration the ree
dielectric constants occurred. In the resultant tz
petrolatum mixtute, appreciable settling did not occur for approxi-
mately an hour. i k

1116-17

*The viscosity was increased to approximately that of castor oil,
since the rate of settling had been relatively low in castor oil,

1
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V. CONCLUSIONS

The basic parameters of a scattering range for simulating echo

area measurerents of plasma coated bodies have been determined.

The requirements for the ambient liquid are satisfied by a
transil oil = TiO; = petrolatum mixture,

It is believed that the system is feasible; however numerous
problems would undoubtedly be encountered in constructing and
interpreting the data from such a system. Among these would be the
small model 8izé, and hence the extreme accuracy and system
sensitivity required at X-band, or the construction and maintenance
of the large tank of liquid required at S-band; difficulties in
eliminating background refléction; and difficulties in accurately

locating thé models because of the optically opaque liquid,

While these problems are by no means insurmountable, it is
felt that in regard to the present projéct the expected results do not
justify construction of the system at this time. However, it is
believed that the information contained herein may be of use to
others Who may wish to pursue the subject further,
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