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with the dual-polarized riometer based on the r&nge measurements.
. : ‘ b

ABSTRACT : - .

- .
’ /

Accurate jonospheric absorption measurements to within 1% are

. - ) . . . . @' N
- required for beam calibration purposes of avlarge aﬂerture synthesis

low frequéncy (12.4 MHz) radio telescope proposed by the ﬁd}versity of
Alberta: ‘It is suggested that :he‘Bgst method of obtaining such
accurate absorption measurements is by'the usévqf a duval-polarized

riometer. Because of che'high accuracy required,'cﬁre must be taken

in'thg choice of the antenna used with éhe'dual-polarized riometer and

‘to this end a microwave antenna test range was designed and built to

v

‘test .the important characteristics of antennas likely to geetwtgg_ @l

P -

requirements. The des;gﬂ and construction of this anténna test range

is presented and an evaluation of its performance is given. Finally,

after the deficiencies of the antenna test range have been taken into

_ account, a design is proposed_fdr the most suitable”antenna-for &Se‘

&
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' CHAPTER 1
INTRODUCTION AND HISTORY ' @

1.1 Introduction ' o , .

The'Electrical'Engineering Department of the University of
‘pAlberta proposes tdvbuild a large‘aperture synthesfs radio telescope
in the region known as  Seven Mile Flat in southwestern Alberta. The
prime function of the telescope which will operate at a frequency of f
12.4 Mhz (X N 24m), will be the detailed mapping of the complex
structure of the galactic continuum radiation.. It will also be involved
‘in a preliminary flux density interferometer program for beam calibra-
tion purposes.: nfortunately, measurements conducted at such a low
frequency as 12.4 MHz must be corrected for absorption which has occurred
in the earth s ionosphere.7 As can be seen from Figure 1.1, this ionized
region above the Earth is by no means uniform and its prOpertieS!;re
continually changing with time One instrument which attempts to-
determine the absorption in. the ionosphere at’ the time that measurements
are being carried out is kno;?,as a Relative Ionospheric Opacity METER
or riometer.- Because of thelaccuracy desired in the measurements.
performed by the large telescope, it is desired that the absorption
.j‘measurements carried out by‘ihe riometer be accurate to within 12 | This
vthesis is concerned with what is believed to be the ‘best method of ™
.attaining this accuracy, if indeed it can be attained at all. Because of

"the variability of the. properties of the ionosphere with both time and
space; this is not a foregone conclusion. | |

The remainder of thlS chapter gives a brief historical development

~of the theory behind radio wave propagation in the ionosphere and an, i

~_introduction to: the varions 1onospheric investigative techniques.
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It concludes with an outline of théi;echnique_proposed for the measure-
ment of'ionospheric absorption, its advantages and - special equipment.ref
quirements. ’

3
| . . . . .
. »

l 2 The Development of the Magneto Ionic Theory

In. order to account for Marconi s seemingly impossible feat of
transmitting radio signals over a significant portion of the curved
Aearth 0. Heaviside and A E. Kennelly in 1902 independently)ypoth!\asized
" the existence of an upper conducting surface surrounding the earth |
which gradually came to be referred to as the Kennelly—ﬂeaviside laver. :

In 1912, W.H. Eccles made the first attempt ‘at. mathematically |
formulating the theory of Kennelly and Heaviside and deriving expressions
-for the veloc1ty and absorption of waves passing through a medium |
.containing free charges._ nfortunately, his two basic assumptions, that
the effective charges were of atomic mass and that the medium acted as.
a perfect conductor, led to the" conclusion that the collision frequency
g had to be larger than the angular frequency of the wave; an unlikely

dresult in view of the massive charges involved.
| This problem was eliminated by Larmor in 1926' when he not only

considered electrons as the eff‘!tive charges, but also allowed the
"collision frequency to be small*enough sQ. that the medium couid be o
'considered a dielectric instead of a conductor. o | |

By l932 Appleton [1] and Hartree [2], had formulated detailed v
expressions for refractive index, absorption coefficient and polarizationsl
'of waves propagating in an 1onized region permeated by a magnetic field
where electrons were. subJected to c011151ons with heavier particles.:'gm

1hese equations known as the Appleton—ﬂartree magneto-ionic equations



L

remained essentially unchanged until 1960 when Sen and Wyller [3] "
modif ted them to include the dependence of collision frequency on
electron energy. It is primarily thege equations which constitute the

Pagneto—ionic theory as it is known today and through their use that

jonospheric effects on radio-wave propagation are explained.

L4

1.3 Methods of Ionospheric Investigations
lSeveral optionstere open to the ionospheric investigator as to
C:his method of gathering information, but broadly speaking, these methods
break down-into two groups. high altitude measurements and ground based

measurements. It should be pointed out, however, that of the various

. probing-techniques available at present, only the riometry.techniques,
which will be’ discussed in sections 1.3.4 and 1 3 S, would seriously be
con51dered by the radio astronomer. The 1onospheric absorption ptesented
lto cosmic radio noise at any given time,'which is the primary factor to
be determined from a radio astronomical point of view, would be highly
impractical, if not impossible, to accurately extract from the measured ‘
data of the other techniques. They are pgesented here for completenessh

and as secondary sources of information on the ionosphere.'

e
-

1 3. 1 High Altitude Investggations.

High altitude studies are. cartied Out through ‘the use of satellite,.'
trocket and balloon-borne meaSuring equipment. The great advantage of
i this method is that it provides direct 1nformation on ionizing radiation _
-flux, constituent particle densities and energies as. well as indirect I

o information on the heights of’ absorption, absorbing layer thickneSs and

i 'layer-inhomogeneities. Their great disadvantage is that they are

-



generally very expensive and/or have a very limited productive life‘ ;5"
\
time. They are most frequently used in the study of polar cap and v

)

auroral absorption as well as the monitoting of ionospheric pfOpéYtiéS' - m@%ﬁ:
during such unusual events as solar eclipses.end solar flare-ups. The o

simuftaneous donitoring of the ionoephere by high altitude and ground -

L)

based equipmeht has proved fruitful»f; the calibration of the ground based
. . . 1} ' :
measurements [4]. B

1.3.2 The Monitoting,of Communication Circuits

The various ground based techniques are graphically illustrated in
- Figure 1.2. .pertainly the oldest technlque is the monitordng of a

communication channel between two'gtdund stations.

3

. The first direct. experimental evidence of an iondzed regidn above

-

] R N
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R REFLECTION SR - ~ ! . .
-ACTUAL /// '
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REFLECTION ¢ ﬂ
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A

COMMUNICATION
CIRCUITS
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‘Fig. 1.2 Ground based fonospheric investigative techniques.

(B



‘the earth came in 1925 when Appleton and Barnett [5] mea5ured the
arrival angle of waves from a distant transmitter; They showed that this'

angle of reception was such that a. sky—wave had to be present and that
. s . .

the height of the reflecting surface was somewhere between 106 km and

4]

200 km. At this time the magneto ionic theory was still in its infancy E

{

and a favorite pastime of scientists was the_monitoring of‘communication

'circuits in the hoperof discouering more ahout the ahsorption and’fading-
phenomena they observed. This eventually'led tofthe determination of
freouencies and times which would ensure favorable propagation and henceU ,
helped in the‘determination of maximum usable frequency (MUF) charts forh
various propagation distances (see Figures-l.3 (a)aand (b)).ib |
Today communication circuits are still heing ;onitoredi:however,'p'f.”

their valueinow lies invthe detection of 1ong term absorption trends,:xf
such as those due to seasonal changes or the- sunspot cycle.[6] TheSe
long term absorptlon ‘trends are of 1nterest to radio astronomers,_{'
especially those working in the lower HF band where ionospheric‘absorp—

tion is most severe.

1 3.3 Sounding

One year after Appleton and Barnett s discovery, Breit and Tuve [7]
dev1sed the pulse—sounding technique for ionospheric 1nvestigation.f They_f
reasoned that 1f a sufficiently short pulse were sent vertically into thef

-ionosphere, the time taken for it to travel to the reflecting region and -

back mlght be measured u51ng an oscilloscope with a time base synchronized
L

" to the pulse—repetitlon frequency.f By assuming the pulse ‘to be propagated -

at the speed‘of light, the height of reflection could be-determined. :

-

Although their assumptlon that the pulse travels throughout its path at
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the‘Speed-of Light was incorrect (the pulse, composed of a spectrum.of
frequencies, hus a group velocity whdch‘decreases in the ioniied medium),
their simple techniQue eventually returned a substantial amount of data,
especially with respect‘to layer critical freouencies>and virtual heights

of reflection.

1

The technique suffers from the\arsadvantage of-the.double path length‘

which requlres that the sounding equipment employ the use of a high power

\ 4

transmitter ang\sensitlvebrecexver. Its usefullness from a radio-

astronomical point of view is limited, howeuer, simply because'it is
»incapable of detethining quantitatively the degreevto_whrch'radiation

passing downward through the 1onosphere is absorbed fhe valuemof

' soundings, instead, lies in the support role which they play in the .

-

.correct assessment of data gathered from riometer observations. This

will be more evident from the discussion of sectlon 4.2.2.

»

1.3.4 Standard Riometrz
The introduetion of the "cosmic noisef method of ionospheric“;n—i
vestigatlons by Shain [8], in 1951, was of primary importance to theb
knowledgg of ionospheric effects on &ave propagation at frequencies
greater than the ionospher1c critlcal frequencies and was of particular
. value to radio astronomers.'
The.method employs the.basic a35umption-that'the cosmic noise‘:
background radlatlon observed by a vertlcally directed‘reeeinng antenna
7beam for any given 51derea1 tlme (tlme relative to-the distant stars)
is constant, and hence any fluctuatlon in this. level: of radiation at the .

same sidereal time is due to the intervening ionosphere. "In theory, the

.principle is simple; however, its implementation requires the use of very



~

stable receivers. .The real breakthrough came during the International
Geophysical Year 1957—58f when Little and Leinbach [9],.[10] developed
‘the riometer. The advantage of the riometer Qas that it continnously
conpared‘the,antenna.noise povervwith thatiof a local noise sodrée’and
‘ equalized the differengé; hence, it aeted essentially as'avsensitive
nullneter where gain»fiUCtnations vere.relatively unimportant;‘ Then,

'by monitoring theﬂcurrent-of‘the noise 50urce;.the power‘df.the received
-radiation could be reeorded. g |

Betore'the.riometer'could be of any use to radio astronomers, hoveVer,

~a’'quiet day corve (Q.ﬁ.C.), i.e. the cosmic naise. 1eve1 received in the
absence of‘the.ionOsphere.and.measured‘over on Asidereal day, had to be
~deternined; eUnfortunately, this necessitate the continual monitoring of
Vgcosmic noiSe radiation for a period of approx1mate1y one year. The”‘
reason for this 1s,'assuming that for a given frequency the condition of
negligible absorption does ocecur,its most probable time of occurrenee is
'.foundfto*be,just before sunriseefll]‘ [121, [13j regardless of,eeason.

" Hénce, the entire'gaiactic-background which may paée'directly above the

) observing station, must have been monitored fz eome time of the year
during this period of expected negligible absorption. Herein.lies the~
“'problem, since the length of time required for all relevant portions of
"the sky to be monitored during the best observing period depends on. the
-hlrate of rotation and revolution of the earth. In other words, the length
" of time required to determine the Q. D C. is largely beyond the-control |
v'of“the observer and ‘s approximately one year.' During this tlme.the.ph
Areference_n01se‘source s current—versus—pOWer eharaeteristie';:eabie’.’"'

atteruation, antenna gain, etc., must all remain extremely stable. =

.‘Another possible drawback is that the nighttime absorption'may not



in fact be negligible. Several papers'(e.g. Mitra and Shain [14];
Lusxgnan [ll] Schwentek and Gruschwitz [l”])have reported high average
'nighttime absorption values and 1t§seems likely that uncertainties in
‘absorption measuretents due to this problem of residual absorption will
be worse 1f measurementsiare made in a-year of high solar activity As
. 1s. noted by . Heisler and Hower, excellent agreementvbetween experimental

: »
and calculated absorption data is achieved for January 1964, a solar

-'minimum year, but using the data of Lusignan a residual absorption of
1. 2 dB is found for March 1959, a solar maximum year. :
.‘Through a simple'eXtension of the riometry tethnique’git'is
,possible to eliminate the uncertainty in the measurements due to
residual abSOrption 1f indeed it exists, and at the same ‘time reduce
the lengthy period required for data acquisition.j |

N

1. 3 5 The Dual—Polarlzed Method of Riometry

The effect of the earth s magnetic field ‘on radio wave propagation '

.'1n the 1onosphere is | to split the wave into two parts of opposite

polarization. One of these waves propagates as- if no magnetic field were

'present and hence is called the ordinary wave (or ray), the other, kgown

- .as’ the extraordinary wave, can be affected quite severely.

' The electrons which ‘are set in motion due to these propagating waves
Ql

are continually collidlng with heavier particles. The net result of

‘these collisions is to extract energy from “the wave, which manifests .

1tse1f to, receivers on the ground as . ionospheric absorption._ This :

'absorptlon, however does not equally affect the two. waves, but instead

the extraordinary wave suffers more absorption than the ordinary wave.'

.”As'has_been-shown in a paper’by Little,Lerfald” and Parthasarathy [15],.

10

»



this effect can be used to determine the Q.D.C. if the obaerving frequency

is in the 5-15 MHz range. Here the lower frequency limit is set by the

1

average critical frequency_of7the'ionosphere anove-the'obaerVingvstation‘”"'

.and the upper, by too low an absorption,-making the difference~inioower‘
“ levels between‘the tuo raysvdifficult to detect. ‘Becauae- as is shoﬁn
in Figure 1. 4 average absorption depends on latitude, the useful frequency

grange will in turn depend on the location of ‘the observing station.

. k. 0.0

0 10 20 30 40 50 60 70 80 90
GEOMAGNETIC LATITUDE .
o | A 3

2N

Fig. 1 4 Average zenithal absorption at 32 MHz and Fz critical

frequency as a function of geomagnetic 1atitude [Sﬂ

In 1956 and again in 1961-62 workers at College, Alaska (geomag.

lat. 65 N) used this method as an - alternative to the standard riometry

o,

“technique at 5, ‘10 and 20 MHz-and they were able to determine the Q.D.C.'

not only more Quickly SutfaISO‘more accurately. They found’ that at o T

L 2
their. latitude, the 10 MHz data was. particularly amenable to this ,ﬂ

technique However, scientists at the Dominion Radio Astrophysical

Observatory near Bentiction, B.C. (geomag. lat; 55° N) at 22 MHz were
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.unable to'detect any. level difference (private.correspondence). Since the
average absorption values between geomagnetic latitude &0 N and 70°\ are

qnot significantly different, it would be expected that. a riometer ,*'4
frequency of approximately 10 MHz would also be suited to. the method of |
Little Lerfald and Parthasarathy in this 1atitude range.. ) ue to the
location of the proposed University of Alberta riometer at Seven Mile

Flat (geomag lat. 60 °N) and operation at.a frequency of 12 4 MHz, it

fwould appear that conditions are well suited to the application of |

the riometry technique mentioned above, 1. e. the dual—polarized method.

As will be explained in more detail in Chapter 4, this method of
'riometry, which requires the measurement of the extraordinary ray and
ordinary ray povers, offers the rather substantial advantage of . |
: extracting from the acquired data, absolute power measurements of the
ETQuiat y cosmic noise 1evels. Hence, observations need not be reatricted ;
to periods-of minimum absorption amounting to only 4 or 5 hours per day‘
but may be made over the full 24 hours, natural andlman—made interferencer

being the only limiting factors.

l 3. 5 1 Antenna Requirements

The measuring equipment required for. the implementation of'the dualh
polarized method of riometry is essentially the same as that for standard
riometry . The only major change is in the antenna system. ; ' \

As was mentioned in the section above,. the effect of the earth' -
l;magnetic field is to split an incoming randomly polarized wave into two 3
”icomponents of opposite polarization. In the middle and high 1atitudes of
the earth these components- exhibit nearly circular polarization. Hence,

the method of measurement differs from the standard riometry technique

¢ -
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structure. Their off-axis response to circular polarization was not

13

in that its antennahsyStem must respond to'waves:of left and'righti
. N _ o
circular polarization rather than linear polarization.n

Several types of circularly polarized antennas - were considered

'including crossed dipoles, helices and conical logarithmic spirals.

" As will be explained in greater detail in Chapter 4 for best results from

,
the dual—polarized method the antenna system of the riometer was

required to be responsive to circular polarization over most of its beam,

have a circularly symmetric beam with half-power beam width (HPBW) of

»approximately 60° and be devoid of~ side lobes. In addition, ease of

'construction of the antenna was of concern, though secondary in importance.

- Crossed- dipoles were desirable because of the simplicity of their
1 .

- . '
u

considered satisfactory, however and they were rejected largely for this

reason.
Helices easily met the Feam width requirement with a single element
but they appeared to suffer from side lobes. Although little information

was available on their off-axis response to circnlar polarization, what

.there was tended to indicate that it was poor as well. For these

’reasons, helices were not considered acceptable.

Fortunately, rather extensive study ‘had been done by Dyson [16],
[17], [18] on the conical- logarithmic spiral ‘80 that a good estimation

of antenna properties could be obtained. It was found that this type

,'met all the primary antenna requirements admirably well.' In addition,
the’ inherent frequency independent nature of the conical—logarithmic

spiral made it especially attractive because of the added dimension it

-

afforded to the riometer s usefullness. Riometer observations at -

,several frequencies make it possible to derive electron density profiles



.'-WLth height, 1ntormat10n which is of considerable scientific importance.
“The only maJor drawback of thlS antenna was its height which for

the characteristics de51red was on the order of 30 meters at 12 A'MHz.

» This was considered excessive and ways of reducing it were investigated. -

Dyson had shown that because there is a relatively narrow active region
on a conical spiral (see Figure 1. 5), it can be truncated without
'significantly degrading the properties of the original untruncated spiral.
Moreover, Dietrich and Long [19] suggested that wide cone ‘angle conical
spirals exhibit much the same properties as the small cone angle spirals
(26 < 45°; sﬁ! Figure 1. S) tested by Dyson, and they afford *onsiderable

size reduction..jl»

It was, therefore, the opinion ‘of the. guthor that because of the
suitability of-the conical—logarithmic spiral antenna to the riometer
application, it was worth-while to attempt to reduce its height to a
more acceptable level. Because not enough was known on the theory of
operation of this antenna, the alteration of‘itS‘parameters beyond those.

- for which empirical data existed necessitated the determination of the

characteristics of the altered conical spiral by experiment. It is

apparent that experimenting with antennas which have dimensions on theordérf>

of tens of meters uould be, to say the least,ndifficult.ibusing a high
frequency‘scale model, hovever,vit would he possible-to make parameter
changes'quickly.and easily and the results that these changeS'had on'the
important radiatingzcharacteristics ot the antenna, in this case the -

. antenna;s'axial:ratio and power”pattern, could:be moreieasiiy meaeured.'.
( The axial ratio expresses.thelrelative response of an antenna to leftf
and righthcircularly polarized waves -and is discussed inlmore detailiind

section 6.2.) To this end a c0mpact microwave antenna test range, which:

»

14
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operatcd at-a trequency near 1 GHz, was designed and constructed atop

the Flectricsl anineering Buildlng at the UniverSity Of Alberta

Xoo;

Fig. l;S'Relative near-field amplitude on a conical

spiral with‘2e°=20°,nq?80f fisl.

, At this stage it should be pointed out -that, because the pattern

' and HPBW of both the truncated conical spirals and wide cone angle

conical spirals were fairly well- defined by Dyson and Dietrich and Long,

and since it was expected that the pattern of the riometer antenna would
] be measured after construction of the full-scale antenna, the axial ratio

L

pas a function of zenith angle was the prime factor to’ be determined.

+

1 3.5.2 Scientific Importance of the Riometer Measurements

. Apart from its prime function of accurately determining the ionospheric
absorption, the dual- polarized ‘riometer is capable of supplying additional

’ information of sc1entif1c iMportance.
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»
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" As mentioned earlier, with conical spiral antenna elements
.multifrequency absorption data can be gathered whlch, as will be outlined
in section 2 6.1, can be used for the derivation of electron densitv

A profiles with height for the time of observation. In fact the single

”frequehcy absorption data will also give ‘some indication of the electron
" den31ties in the absorbing 1ayers and the heights at which absorption
takes place. B L U :;"' o

S : : : PR :
The derived sky tempelatures for. the unattenuated cosmic noise will
be important for comparison with the data of Andrew [20]
Eclipses of the sun provide rare opportunities for study of ‘fono-
spheric properties with respect, in particular, to electron‘recombination

rates [21] - The total solar eclipse of February 26, 1979, to be v151b1e

from the northwest United States and Canada may provide just such an

_ opportunity.

-

The nagnetospheric radiation of Jupiter is- still largely uninvest-

igated and>polarization studies of this radiation at 12 6 MHz would be of

considerable scientific‘value. The. polarization of the Jovian radiation

appears to be, at least at the lqwer frequencies, primarily circularly
polarized. Whether the riometer, with its small collecting area of
approximately 46m2, will be able to detect Jupiter will depend largely on.'

the planet itself Jupiter is by no means a constant radiating source

but 1nstead displays periods of highaactivity [22] . At 12 MHz not

‘ 'enough is known abOut the power levels radiated by this planet but at

20 MHz the.average flux density of the Jovian radiation is 10° 21 Wntz

[23] ~Douglas suggests that-it appears 1ikely that this flux density
increases as . frequencv decreases, at least down to 10 MHz. Thus, for

" a system‘bandwidth_of 10 KHz radiation from Jupiter'should be at least B



2% oE thie galactic sky background

-

It is, therefore apparent that the. dual—polarized method of
riometryy

more’ accurately and more quickly than alternate methods, is advantageOus

for several reaSons, The dual—polarized riometer should be an extremely

useful .instrument.

17

, upart from the advantage of being able to determine the Q D.C. ..



'CHAPTER 2 .
MAGNETO-IONIC THEORY

ZAI’Introduction

Défai}s of the magneco-ionic theory are available in the appropriate
literature [1], {3), [24], [25]. Only the main assuﬁptions and import—

ant steps used in the derivation of its basic equations are bresegted o “w

here.

2.2 The Classical Appleton-Hartree Equations

The medium 1n'whigh propagation is assumed'to exist will'fyrst
be defined. 'The 1onosphere will be modelled as a region of equal

-positive and neéative'charges, uniformly distributed and hence, -

exhibiting no net space charge. A steady in;agnetic field E perme es\ T

to lie

fhis'region and without loss of generality, will be conside

in the y, z plane (see Figure 2.1). The wave propagates i

2

DIRECTION OF .
. PROPAGATION

‘Figt 211.Directibn of wave‘propagétioﬁ and'magnefic field

‘relative to coordinate system. N - o)

18



It is assumed that the fields vary harhonically, i.e. with exp(jmt),
and thus the motion of the charged particles: is harmonic, although owing
to theirrmnﬁn‘prger mass the positive ions are considered relatively
1mmobile and thus unimportant in the propagation of the wave. Due to
this relative immobility, the electrons‘experience coliisions with the

positive ions as well as with the neutral air molecules so that a

S

\ _
combined collision frequency, v = vy + v exists.

T

-

In phasor form then, the equation of motidn'for>the electrons

becomes’:

qE + q(V x B) = jumv + mov
where q = —e =-1.6x 10~ 9 eOulomh. In rectanguiar coorainates and
- after some rearranging, the three componentsiof'the above equation -

T become:g,

-"'j
e v S PR
-e Ex; jum (1 - 3 ;~) - +.e(vy‘BL szT) ‘(e?. E (2.1)
. '.. ' . X _ o . ) _;.
—-e Ey jum (1 -3 " ) Yy. e fxBL-,-', _ _y(b);
_ o N h’ o :
-e-Ez jwm.(l 3 (‘0)_\7.z +evB, . o (c) .
If the medium has an electron density ‘N, and if it is assumed that
a movement of electroﬁs constitutes a cdnduction current, then, — v
" Je-Nev - P €



. and using rationalized MKS units, MaxwelLfé equations‘for the medium

become,

<

-

|
It

jue E +J (2.3»

'V.XE=-jwuoi~‘ S S (2.4)

Now substituting eq. (2.2) into eq. (2.1) énd solving férfi'ih

‘terms of J,

_ > S , _ |
EdRERIE L RERE b
A UL TSI S 7 @)
jwe X L . S
. o ‘ o : » :
jYT | . 0 ~U |
- | | _
where the following simplifying definitions. have been used:
A — ‘ '
‘ wz w w
i .
ﬁ’ X = B . Y = _—I—‘- , Y = ——"—r—
2.2 - 'L w T w
w . A
B A oo o b
L . _ v ' B v _
v U= ‘,_.. }‘Z o i : - . . /

S lﬁ.is '-Nez —_— ’ C B

" w = |=== ='angular plasma frequency ‘ '

P eom : . . . ' -
wp = n = angular gyro frequency



Equation (2.5) is, therefore, a constitutive equation for the

anisotropic medium and can be more simply expressed as

where o, the dielectric conductivity, is a tensor quantity..

U51ng Maxwell's equations (2.3) and (2 4) and assuming that the
,ufield quantities vary with p031tion only as exp(ﬂbz),where "13 the
wave propagation constant, then another relationship can be obtained

4between'J and’ E such that’ ;ﬁ

et /u? o 0
R | 2202 o e
‘J = ~juwe }0.- l+YwC /w i 0 - E . (2-§)
.0 0 1
L. B _

‘If now the complex refractive index is defined by

.ijce

Jdke @D

. "ﬁ |
= complex refractive index oﬁ the medium

where n =
po= refractive index (real part of n)
_k eiabSOrption coefflcient,
c{= epeed of ° light in free‘space,.

»itnen when eq (2 7) is substituted into eq. (2. 6) and the result into

_eq. (2.5), it_ can be shown that
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U(r12-1)+x —jYL(hz—l) —jYT—-‘ ’
5= | syGin ED o | E . @8
2 2 . ) N
< L—jYT(n -1) 0 -U+X

The condition for a solution to exlst is that the determinant of the
coefficient'matrix in eq. (2.8) must vanish:. The reSult is a quadratic

‘in nz which, when‘solved, yields the equations

“"1'1—jz+jYR' ‘ 2.9
. ) ) . ' v
_ : 2 . - 4 o
E A 4 : Y : :
poxol J L o % (T ¥’ 1/2 (2.10)
E Y {2(1—)(7-32) . 4 (1-X-12)" . ‘ _

where the upper sign in equation (2. 10) refers to the ordinmary ray and

the lower sign to the extraordinary ray.

2.3 The QuaSL-Longitudlnal Approximation

{

In the middle and high latitudes of the Northern Hemisphere the
earth's gnetic ‘field at ‘the relatively 1ow height of about 100 km,
\\\ whlch represents ‘an effective upper limit to the absorbing region, is
"zclosely aligned to’ the direction of radiation that would be réceived by
a vertically dlrected rlometer antenna beam (see Figure 2. 2) ‘If 6,

" the hngleabetweenethe maghetiC'field of the earth and the dlrection of

probagétion, is small, the condition

-



~Fig. 2. 2 The earth s magnetic field and its dlrection relatlve to the

the radiation recelved by a vertlcally dlrected antenna beam.

2
Y

T < lvxesE o
L o | o

.

.

may exist: Putting the above equation in a more meaningful form'resulté'

~in
w . N - - . - e -. . . R : » . )
2 £(0) < |1-m§/w? A . o (2.12)
where

=f(9)v= 5in29/2coéq .

(2.11) .
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The gyrb'frequency,:fB, over most of North America [26] is approx-
imately 1.5 MHz and thé lérgest critical frequency to be encountered '

should ‘be that of . the daycime F2 layer, about 8 “Mitz. Then for an

L

¥

operating frequency of 12 4 MHz, and assuming a collision frequency that

is in51gnificant w1th respect to w, for worst case conditious (2 12)

becomes . ' " ' .
£(0) << 4.8 . . . , | © (2.13)

For an order of magnitude difference between thé left and right Hand

sides of eq. (2.13), the graph of £(8) vérsus 8 in Figure 2.3 indicates

!
|
|
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|
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o1 |
_ |
' |
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Fig. 2.3'Graphical illustration of function f(é);
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.thatﬂthe wave mus t plopagate within-SOw of theimagnetie'field.v-Fof a
ometer that w111 be located at. 60°N geomagnetic latitude (dip?'70°,t68])
and which w1ll receive radiation from a vertically directed antenna beam |
this seems likely. Then aSauming that an order of magnitude difference
between the tno sides . of eqix(Zfll) is Sufficient justification for //(f“
invoking this inequality and using it in eqs. (2.9)Aand (2.10),
, the,equations which result are known as the. Appleton-Hartree equations
for'"quasi—longitudinalvpropagation. The inequality of eq. (2.11) is

!
thus referred to as the quasi-longitudinal approximation.

2.3.1 Wave Polarization N

Using the quasi 1ongitudinal approximation in eq. (2.10)°
Ex. L e L = " S
R =-E— ~ 1 exp ( + 3n/2) S ' _— o T (2.14),
for a wave passing downwards through the ionosphere in the Northern
Hemisphere. Recalling that the field quantities vary as exp(jmt—y z)
then if‘at 2=0.the x and y components of the electric field vector in -
the wave front eé&ﬁbe represented as

E?c f:El ein(mt)

e +
Ey . E2 sin(mt A)

2
: sign“Is\nsed (ordinary ray) the electric field vector (see figure.2.4)* .

'.equation (2. 14) shows that ElmE and A = '90°' vHeneegzif the upper

is seen to be rotating'in.the clockwise direction as the wave approaches,



A= +90° (0 mode)

. “Fig. 2.4 lllustration of polarization of flelds, wave apprdaching.

Y
v

. Using the IRE definition (1962), this wave is sgid to be left
‘circularly polarized (LCP) Similarly if the lower sign is used

'(exttaordinary ray) the electric field vector rotates in,the counter -

Q
T

" clockwise direction, wave apprqabhiﬁg; and‘is said to be right
~circularly polarized (RCP). _ E ' R o . '.

2. 312 Wave Propagation Constant and the Absorption Coefficient

' _Since n = -jkc/m and recalling that the propagation constant Y

was related to n by Y jwn/c, then

- - = . | o -k
exp(jwt-ywz)= exp[;w(t—uz/c)]? .z

26
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end‘the'field quantitie§ uiii be attenuated asfﬁhe'weve'moves along itsq o
:path. ‘ . | |
'Using the quasi—longitudinhl approximation in equation (2.10),.and‘b
also the fact that the square of the complex refractive index can be |
written as n2 = uz - (kc/m) s qukc/w ‘then, after equating real and :
imaginary terms . - . . o ‘ |
2pke Sr//’x Z__ | . ‘ | .

IR ¢ O YL-)2 + 2%

. Affer some rearranging“andﬁsubstituting.in the appropriate_velues for
X, Z and Y, defined earlier
,

- e
o 2me ' ¢C
. [o 8

‘N N
v2 + (m mL)

1
H
. . > . .

" which, when the constant first term on thei&ight hand side of the equal

sign is numerically evaluated beeem\\

Y

' -6 o\ &) ' ‘
5.31'x 10 N~ i
k T 3 ¥ nep/m . - (2.15)

vl t “’L) | | IR

2.4 Deviative Absorption

Referring once again to Figure 1. 1 it is seen that at a height .
of ldU kam the electron density is- approaching its maximum value°
however, the electron-collision frequency is less then 22 of any operat—
ing frequency within the H.F. band. if the ratio Z = v/w ie'aSSumed to
" be’ approximately zero, examination of equations (2 9) and (2 10) reveals

that the complex refractive'index is,entirely real and may be expressed



as

2,2
£2/¢ | .
2 N
£2/¢? £2 /g £27]1/2
1~ ’ + LS - + —=
2, 2% | T3 2
20-£ /¢ sa-£ /6%

h_J_'

1/2

(2.16)

Above 100 km' the ionosphere for most high frequencies appears as a

- region of slowly varying index of refraction.

wave will follow a slightly curved path in the ionosphere.

Hence, in general, the

3There are

times however, when the electron density wéil be large enough and vary

quickly enough that the ray will be severely bent or even reflected

These conditions will occur when the frequency of the propagating
wave is at or near a critical frequency of the ionosphere.»

For vertical incidence and when the operating frequency f is

greater than the gyro frequency the critical frequencies can b

' from eq.

that’
fpl
2.
fp2
and
f

(2.16) by setting u=o.

. f(f—fB)

(ordinary

= plasma frequency forllevel i,

fourd

Nhen this isvdone it can be shoyn

ray)

(eitraordinary ray)

Typically, the highest critical frequencies are, thOSe of the day time

F2 layer since this region contains the highest electron densities._

For the ionosphere above Seven Mile Flat

, the ordinary ray critical

23
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[N

frequency of the F2 layer, fo &will be about 8 MHz.
|

AlthOugh the above critiiil frequencies were derived from an
 equation which assumed the collision frequency was equal to zero 1h.

the region of-consideracion,'i.e. above 100 km, they would'be equally

. applicable if, as is-the actual ¢ se, tbe-ratio Z = v/w was very small
with resoect-to 1-X, yet still finite. 'Near'critical frequencies, tbe‘
refraccive index, u, is still app‘oximately zero and because the group
velocity of the wave. is related to u by V = yuc, the wave spends more
time in the medium. Because of this and the fact that a finite collision
frequency does exist, near a critical frequencs the wave becomes more
su3ceptib1e to the effects of collisions and absorption will accur.. .
..Because energy is extracted from the wave during the time that it is' |

being retarded or deviated within the medium, this form of absorption is
‘referred to as deviative absorption.

The significance of tﬁe;above.development {s that if cosmic waves -
do not reach the ground for whatever reason, reflection or absorption,
the cosmic radiation receive& b; a ground basod riometer will be less .
‘than that received if the 1onosphere were absent. 1f the galactic sky
background is- to be accurately measured the operating frequency of the
riometer must be sufficiently above the highest critical frequency of :he
ﬁionospheric layers (approximately 3 times. f )at the time of observation._i
The elimination of data acquired when critic:i frequencies are too- high
can be accomplished with the aid of ionosonde records taken simultaneously
f'with riometer observations. If an ionospheric sounder is not available

.riometer observations should be. restricted to nighttime periods when

cripical frequencies are sufficiently low.

’
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2.5 Non-Deviative Absorption

Theke are two types of absorption which can occur. in the ionosphere,
the deviative type, described in theAprevioﬁﬁ section, which is most
severe near critical frequencies and the non-deviative type, described

below, which varies approximgtely aslllﬁz with frequency (see Figure -

} - ~
. 2.5). : : .
e
I.
9
w
X
N—
z V ¥
S ‘DEIATWE
-
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O
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¢
1t —

Fig. 2.5 Absorption effects in the ionosphere

-In regions where the electron density is 'small, u ~ 1 _and the
region where absorption takes place is said to be "non-deviating
" because it does not deviate or retard the wave. From equation(2.15)

PRI

S ' .
the absorption coefficient can now be written as

531 x 100 NV . o .
_ vz + (w # mL)

k =

.

Because k depends on the electron density and collision-ffequency
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which are both-functions.of.height the absorption coefficient will also
depénd on height i.e. k?k(h) : Then the total absorptian that the wave
.experiences along its path, defined as the ratio of the amplitude (E )

of a wave which travels'afdistance Ah = hz—h1 in ‘the absence of

absorption, to the amplitude (E) after travelling in the preéence of .

13

abSorption; is given by

E .
A== = exk(h)dh
E .
or ' ' . h .
Agy = 20 log SSEMEN 6 x 107 [ N“‘)"@’)dh S
| hl v(h)+(wimL)

In regions where v(h) is.on:the.order of, or greater than'the
Operating'frequency (altitudes less than bO‘km for operating freouencies
in the  HF band), the total path absorption varies as N(h)/v(h) . However,
at these altitudes N¢h) is extremely small (<103 electronslcm3) and |
decreases very rapidly with decreasing height while at the same time
v(h) is: increasing very rapidly. It would therefore be expected that
negligible absorption would take place below about 6G km, By the same
: token, at altitudes > 100 km the collision frequency is small and
;"decreases very rapidly with height while N(h) also decreaaes but much

'slower therefore it would again be expected that except near critical

'frequencies (deviative absorption) little absorption would occur.L The”

. result of the preceding is that the region where ‘most non-deviative -
absorption occurs is fairly well defined as lying somewhere between 60
and 100 k. |

If for a given operating frequency f “the primaryfregion of

absorption occurs where v(h) ?>_2w(£ £ ), absorption becomes in—



et
L

dependent oE'the effective operating frequency‘of the wave. and it.would

-.be expected that the measured power lcvels of the extraordinary and
: ordinary modes would be the same. When v(h) is on the order of
2n(f + £ ) the absorption should vary as f -1 and Jf the abSOrbing
'region conditions are such that v(h) << Zv(f : fL) the ahsorptionl
should vary ‘as f 2. In practice, all three may occur as theiuave
traverses the lower ionosphere'and therefore the absorption's'freQuencp.

dependenceiis often expressed as

Ag(®) = C£" ' € = constant. . (2.1D)
As will be seen in Chapter 4, this absorption.versus'frequency relationé
ship,Awhich-appiies to both the extraordinary:wave and'the ordinary' |
wave, forms the base on which theudual-poiarized method. of riometry is

built.

2.6 The éen-Wylle’r Equations for Non—Deviative Absorption ’ M’

While the development of equation (2 9) is convenient for its
simplicity, 1t is not strictly true because it fails to take into account
the dependence of collision frequency on electron energy. Sen and
lwyller investigated this problem in their 1960 paper- and their formula
for the refractive index for the case of longitudinal propagation

f\i.e._e = 0) is | )

.2-41 _

2 T w+w wt ey -
n" = {1 - —P——-—B—)- /2( " B)} Y Ty, 5,2( .B)} .. (2.18)
h . (8 \)m m . m

L

where, as usual, the upper sign corresponds'to the ordinary ray and the -



‘lower sign corresponds to thelektraordinary‘ray; and
C-(X).a_l—rf L_E_dg
P PP O €?+ xz"

o

V = electron velocity

vm=‘collision'£requency corresponding'to the most probable
‘electron velocity. | S :if:

< . . . . N . N N

2
Ae:is‘pointed outeinltheir'paper; rigoroue‘uee Lfithe Sen-wyllerv.

formula can be avoided with negligible error introdu;ed if v <.dw

over the effective absorbing region From Figure 1. l and recalling

' that the effective absorbing region lies between ‘60 and 100 km, for

.-an operating frequency of 12 4 MHz this condition sepme valid over: p

‘.most of the absorbing region. The Appleton—ﬂartree formula for

3.

'longitudinal propagation could then be used in place of equation (2 18) - o

if v is replaced by g ¥p® It should be pointed out however, that

'

Justification for using the dual~polarized techniquo for ionospheric

‘ absorption measurements does not depend on the validity of ‘the Appleton- o

Hartree or Sen—Wyller formulas. As long as anfabsoﬁbtion versug
frequency relationship of the form indicated by equﬁtion (2. 17) .can. be

obtained the dual—polarized riometry technique is applicable.

‘When . the" quasi longitudinal approximation is #nvoked more error _':f'

- is mtroduced however, Benson l27l has shown that f:or an operating :

‘frequency-greater'than}IQ‘Hszand_an.angle of propagation Glless than



.
40° the error introduced is lesslthan 1%. | Y

The formulas derived by the Appleton—Hartree development will
.therefore, not be significantly 1n error ‘for an operating frequency
of 12. 6 MHzZ . if v is 'replaced by %-vm. Assuming sbme electron
densxty distribution with height, “these formulas can then be used to
calculate -the absorption that the extraordinary ray and ordinary ray
‘should encounter as they traverse the lower ionosphere. For frequencies
such that the condition v.< .lw is not'valid or if greater accuracy‘..r
. is required, equation (2. 18) should be employed rigorous uSezof which

'requires a computer.

2. 6 1, Derivation of Electron Density Profiles '
% N
As was mentioned above, the. absorption which should be encountered

v,

~ by a wave traversing the lower~ionosphere can‘be calculated from the
'Ntheory, 1f fhe electron den31ty distribution with height is known This
in practice is a difficult relationship to obtain. However by

expressing the electron dengity profile with height V(h) as a finite wa,

power series of the form

v .
“

: _ll(h) = alh + azh + ... 4 anh- N A ‘ )
“the coefficients may be determined from multifrequencyfriometer’measuref'
' ments made at n different frequencies by so1v1ng'the appropriate~
'Appelton-Hartree or. Sen-Wyller absorption equations [28] [29] (B3d . .
The absorption profile for a given frequency is then obtained by sub-

stituting the_derived electron density profilesback into the absorption '

Y
equation.



CHAPTER.3'

THEORETICAL AND PRACTICAL ASPECTS

'% SR OF RIOMETER EQUIPMENT

'This‘chapter begins with_an_explanation of some of the terms and .

'ancepts frequently used ‘in the discussion of noise measuring systems.

-

It then proceeds to use these terms and concepts in the discussion of

he ba51c riom“\er receiving'systems. Finally, an introduction to

'the riometer equipment is 'presented with past problems and some possible

fatyre 1mprovements outlinedf

3.11Noise Power and Equivalenthemperature‘

3.1.1 Antenna Temperature
»

- If as indicated in Figure 3.1 a black body enolosure exists such

2

that the space within it is electrically shielded from the outside and

at uniform temperature T, and if the inside of its walls are’ lined

'ft' with a perfect absorber, then the radiation emitted by the walls will be

N'ig. 3.1 Antenna in black BOdef;:

e

'_such that a losslesa antenna .

b-,jextracted from it.
If the temperature was not
uniform within the volumé of the

enclosure at uniform temperature T.

35

. :,}—,,,,/,/., s _ _will "see" (through‘ its direction—
' ‘ s ; : al pattern) a temperature of T..
ABSORBER - 1”1 It can- then be. shown [22] that a

, o A -
S . — power P = kTB where k is
EANfENmA?/ “;ﬂ Boltzmann=s constant and B-is'
. ‘A the noise.bandwidth of t g
‘ - A
R L R ¢ receiving system, could be
VIV IIWIDIDIZIIIVIY.



black body ‘enclosure but. varied over its extent as T(9,$), then the

temperature of the volume.as seen by an antenna with normalized power

pattern Pn(6,¢) and beam solid angle QA would be

—
it
ZJI&—'

A

7 T(68,) P_(8,4) sind d8 do .

3.1.2 Ngiée Power from a Linear Two-Port

For a linear two-port as shown in Figure 3.2 of power gain G and

equivalent temperature T referred to the input, 1f'a power P

U SO—

Pin > GLB o Rt
: S .

 —— P

C . [N

Fig. 3.2 A linear two-port.

in

is fed.

into its input terminals the

output. power available is

P

"= G P

temperature T sare cascaded

Aeach'gf‘gAihAGi and equivalent

(see Figdre”3}3) and if thé“

. N . . \ . . . .
. is set by the -last stage, then the output power available from the

-
|
NNy T
el TG T G, - 13G3
|
|

- - - - - - == = = - = = - = - =
1

'Fig. 3.3 n cascaded linear two-ports.

»

ﬁth 1 R
N
; i o
™ Cn

36

" If n matchedTIineér two ports,A:

‘hbise bandwidth B §f the system



network is given by the expression

Pour = OnFin T CukTx®

where

and o R
T, T, T
2 -3 n
T, = T, + ==+ oo (3.2)
N6 66 616" "Cp1

Thus_the.entire network can.be treated as a single linear two=-port with

gain G and equivalent temperature TN

N
An examination of equation (3.2) shows that if the gain Gl of the
first stage is very 1arge, the noise cqptributions due to the stages
<}
'which follow will be negligible and the noise equivalent temperature
'of the network will be essentially that of the first stage. This is a
_very useful property in the design of low noise receivers.

s C . o . AR . .Q_

3.1- 2 l Noise Equivalent Temperature of an Active Linear Two-Port
For a linear two—port of noise figure F and gain G, it can be
shown that the output power for input power Pi is given by

7 C}A :uf

?ousc.?m;ﬂk@-v A .3

where T 290 K due to the IEEE definition of moise figure.‘ Comparing'

, equations (3 l) and (3 3) shows that the noise equivalent temperature"'

of the»active‘device is I (F—l)T .. f
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3.1.2.2 Noise Equivalent Temperature of a passive Attenuator

. For an attenuator at physical temperature Tphy‘ and‘power trans-
mission coefficient e, the powervavailable'at its output'port for an
input- power of ?in is . B D
= e P, +k(l-g) . - o (3.4)
pout e P k(l s)_Tphys B = o A _(3 4).

If € can be thought of as the gain of the attenuator, i e. a gain less

-than'l then examination of equations (3 1) and (3. 4) shoWs that the

. noise equivalent temperature of the attenuator is T - (lle l)' phys'
S . . . N - .
3.2 The Measurement of Cosmic Noise Power
3.2.1 The Power Available at the Receiver Input-Terminals'
': Referring to Figure 3 A where A _” R ”.1if{di ﬁ*&

it has been assumed that the iono~_

- sphere and. cosmic noise (sky) background
are uniform oyer‘the beam width of the

receiwing antenna, "it can be seen’ that

\u\‘\\\\ TN
NS Tion \\\\

T,

the ionosphere which is’ shown as A_

'possessing a power transmission co-. S ) -IIRECEIVER GFT

efficient ‘¢,  and being at physical S ‘

‘ ion D ' ST e

temperature T on’ acts. essentially : Fig. 3.4 Anfillustration of a A
. ’an attenuator to the incident . ‘u_nifor'm- sky background an'd., ion-

| Bsmic noise power. : - ) osphereipreaented to ‘the rio-

Thereforeifrom the discussion' : ~ meter antenna.

L 4_ B
presented in section 3.1, the power

4
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~available at the terminals of the antenna is

= kT = . P + k(1 -
PA -klAB' EionmskyB o ( - ®ion

T T e
)Tionn SRR v
If now the antenna is matched to the receiver through a cable and
_switch of.combined transmission coefficient ec and each of physical
temperature Tc,_then the power available at the input of the receiver is

Pl.=¢€_ P, + k(i—eé) T_B. o L (39)

" 3. 2 2 Receiver Systems

The, stages referred to in this section as the receiver will in'
.. actual fact be:those_stages'of the receiving equipment.precedingAthe :
detection of pcwer}nf

3 2 2 1 A Simple Receiving System A e f'f .'“Q. o

> \\//AIA,
From eq. (3 5) and for a matched Y

'u.reCeiving system as shovn in~?igure- i o ,".} Lo o
e Co Lo SHrecever|-{oETECTOR] -
- 3.5 with receiver gain.G and noise % —— :
. figure F, the power present at the b CALIBRATING|. ‘ I-RECORDERII_
| oNosE b T
receiver s output terminals will be.. | SOURCE | PR,

By =GRy + G(F-DTB + G I. (3.6)

where I is the interference introduced'
at tﬁe receiverié input. After having
,satisfied-oneself thet ali_paraméters_'
) . - I recelving system.
are stable, or correcting for those’ C '

.2

39.

Fig. 3 5 A simple gplf—calibrating o



..bwhlch are not, any. residual variatioq in P .is attributed'to fluctuations
_in parameters characterizing the ionOSphere and in particular ‘106" It rs
;apparent, however, that this system even with frequent calibrations 15,-i
!extremely sensitive to changes in the gain of the receiver,'especialiy,

since typically, the gain of the receiver can be on the order of 100 dB.
An improved system developed by Machin, Ryle and Vonberg [31] in which
"1gain fluctuations have little effect, will now be discussed.;pel;vn;
R IR

LW

) 3 2 2.2 The Machin,_Ryle, Vonber g Receiving System

‘In the receiving system shown in Figure 3. 6 the receiver is switched

)

1l

'-fig;.Slo_The receivingfsystemﬂas:a:aensitive_nuii—peter.i -

e ).:v_\yt
| at. a'rapid'rate (rapid enough so'that the,receiver gain‘does not change .
significantly over one cycle) between the antenna and a local noise ”'i'
source. Any difference in the power levels appears at the output of f. fi:fl__
the receiver as. a component at the switch frequency.- By amplifying and..

detecting this component, the cdrrent of the iocal noise source can be




;equally, and thus are unimportant.A This system represents the commonest

41

‘affected in such a manner as“to equalize'the powers. If the

“ent through the noise source is proportional to its output power
: \
over the usable range, then it is also proportional to the antenna s
noise p0wer and hence is- the parameter to be recorded Since the system

is basically a null detector, gain variations affect both components

form of riometer receiving equipment used today.

3.3 Eqummem ..

A schematic of the proposed dual—pol&rized riometer is shown in

Figure 3 7., Except for the antenna system which will be discussed in

';Chapter 5 the basic equipment blocks will- now be. examined

LA
3 3.1 The Receiver h

g The receiver will be consiSfred to consist of the input band—paSS‘

' \filter, preamplifier and the fiyst'and second lqpal oscillators, mixers

~and intermediate frequency (I F ) amplifiers.n

In order to keep interference at a. minimum, the input band-pass
»*. -

. filter should have a band wid@h as small as can be attainable without

1great expense for the center frequency of 12 A Mﬂz. It is’ preferable '

e that it be passive so that it does not contribute to a’ receiver of

greater complexity than is required, uhich can only result in a higher

;fprobability of equipment failure and increased power drain.iy"‘

The gain of the preemplifier should be at least 60 dB in order to ,'

’A1eliminate noise contributions due to the mixer and I F. stages which

7follow it Since the noise temperature of the receiver will be set by

f-ithe input band-pass Eilter and the preamplifier, a filter of loss less

:u_ /"
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than 1.5 dB and a preamplifier with noise f1gure better than 5 dB are
desirable if the receiver noise: temperature is to remain negligible
(<'1z) with respect .to the antenna temperature thus eliminating the
_need for corrections in the determination of the sky background
temperature.l Placing the preamplifier at the antenna terminals would
also eliminate the noise due to the cable and switches; however, owing
to the severity‘of weather conditions that'can be expected at the
riometer site, it is hoped that this will not be necessary.
The double conversion of the operating frequency was chosen because

of the improved signalfto-noise ratio which can be. obtained over the

single conversion format.

3;3.1.1 The Swept Frequency Minimum Signal Detectorx

Because‘the cosmic noise—signals toAbe‘received are very'weak,
they can be completely overshadoved.hy much higher level atmospherics
and man—made’interference. With respect.tolthe latter;:riometers, like
radiotelescopes are‘generally located vhere interference_from power lines,
'automobile ignition noise, etc., is minimized and they try to use
frequencies which do not correspond with commonly used man—made trans-
mitter signals.. However: because of the variability of the reflective o |
layers in the ionosphere, transmitter signals of frequencies normally §§§‘
used at great distances from the riometer site may suddenly become
,quite prevalent. ‘By the use of a swept frequency second local oscillator_
in coniunction with a sample and hold minimum signal detector, this
effect can, be‘minimized An interference-free channel of bandwidth set
by the second I. F.»amplifier is sought within’ the search band which is

the bandwidth of the first I.F. amplifier._'The-minimum signal found

within this band is’ then considered to be the best estimate of the cosmic



W
noise levei. As long as the ratio of ‘the first I.F. amplifier bandwidth
to the second I.F. amplifier bandwidth is 1arge it is 1ike1y that at

least one interference~free channel will be found.

3.3.2 Switching o ' . S

Use of the Machin; Ryle, Vonberg receliver replaces ‘the pnoblem .

3

of gain Stability,“with that of accurate, stable switching.: The greatest

Aconcern is wi{:' "-ancespresented to the receiver when the switches’

a

are in eiEEEr' ';?6sitions.. If the impedance levels are not

kidentiEel ® of the noise source will not be able to

:,.gscutately fOiib“lfhés'Oﬁer Tev 13 of the antennas and errors will
SR o . v PR . B ‘ -

ifresult B
High frequency. diodes are ideal for riometer switching purposes,i"
providing reliable, stable and long-life switching as well as Igw- .

insettion loss (N ‘2 dB) and high isolation 1059 (N 30~dB). "An 1nte4.':f

grated circuit asteble multivibrator ‘could then provide a stable and

¥

*low pcwer driver for the’ switching diodes. ‘Because the. riometer will

~Operate for a long period of time much of which will ‘be' under adverse

weather conditions, it is" advisable that the switches be periodically
»
checked by replacing the antennas with calibrating noise sources. ;-

The switching frequency of ‘the receiver switch (switch #2 in Figure

.

b.h3 7 need only be as high as’ that which will render variations in
-receiver gain unhnportent.' In typical riometers this freQuency is on
.hthe ordet of a few hundred ‘hertz. The'switching~rate of the-antenna
"'switch (switch #1 in Figure 3.7) should be much less than this; due to

\L

rfthe expected difference in power levels of the left and right circularly

v

,‘polarized antennas, sufficient time must be allowed for the power output .



: : | ‘
of the noise source to stabillize. : =

3.3.3 Noise Source.

Noiee sources are evailable commercially;'howeyer, they teand to be
expensive, bulky and high power. The.nolse source is a uery important
part of the rlometer,'and aside from its most'lmportant~charetteriStlcs.
of thermal etability; 1ineerity and“conetant lmpedence, 1t'would be~.

’preferable that it .also be. easily controllable, .of low power consumption

TY—— . & .
and small in size. : :
A'noise source meeting all the aforementioned requirements has been
~sufficiently described 1n two papers dealing with a riometer ‘used in an
Antarctic meteorological expedition [32]. [33] and therefore will not be

detailed here It is sufficient to. say, however, that this noise Source

~ had a power consumption on the order of 10 milliwatts and 1ts output

power—versus-controlling current characteristic exhibited linearity with.

:less than 22 change 1n 1ts proportionality constnnt over the temperature

N range -70 C to +70°C.' ;'

Since the noise. 80urce described by Bird et al. relies on transistor ‘

shot noise for its power,

the corner frequency (see ' : '{ R PuCAD WORE | T & 3507 NORE |-

'Figure 3 8) must be sufficiently

- s ane - -

; below the operating frequency ?
:of the riometer if the power .;,; §f:;
’iout is to be proportional 3] T g
| ?.to the collector bias current o on ) o :‘uihj“ e

‘-i.e,fP ol .. This 48 mot too : . . .. o o
‘ Mee oo R ‘Fig. 3.8 . Transistor noise characteristies.
difficult for an operating R oo . :
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.“_frequency oE 30 MHz, phich was. that used on the Antsretic expedition'
'however, for 12. 4 MHz the acquisition of a suitable transistor may be
somewhat of a problem | Power transitors have low corner frequencies ‘but
‘their large structures mean high junction capacitances and a reSultant |
shunt on hiigh frequency collector noise. Germanium signal transistors

¢

do not have this problem and their corner frequency is low, but ua- -

fortunately,_the depehdence of their characteristics on temperature makes

them unacceptable as wellt Owing to the very favorable characteristics
of this noise source however it is believed that the ecquisition of an -

appropriate transistor will be well worth the time spent in a search

" for 1it.

o’
]

3 4 Low PoWer Riometers

Due to the fsct that riometers Operate at isolated sites year round,

it is deslrable that they require 1ittle .ttention. This means equipmentv

bwhich is simple basic end thus reliable. But meny sites do not hsve,
and will not have,_mains power. Therefore once the problem of equipment
reliability has been solved, it s then necessary to optimize this
equipment for low power consumption. : »' “ '
Although, perhaps too simple for our purposes (e g. Do, minimum

detector), the riometer of Bird et. sl required only 100 m Watts for” its

operation which was two orders of msgnitude lover than the typical power :

consumption of previous riometers. As they point out this power con= -
'sumption could probably have been further reduced if the newer 1over

power linear microcircuits and CMoSs circuits had been used 3in ‘place of

their older fihﬁg; I. C.,s and“TTL circuitry. With such low power equip- -

"ment solar cells and wind generators become increasingly attrsctive as

46
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- power sources. . : o ' o h.
.3.5 A Data Processing Riometer . A» ‘ f . %

'0

As is pointed out by Hargreaves [4], -a big step forward in riometer
design would be an instrument which not only m%fsured the, data but aiso
processed it and produced as a result, a record linear with absorption '

in decibels as a function of time. With the current microcomputers

o »

available it is believed by the auchor, that this is entirely feasible. -

A block diagram for such a rioweter is shown in Figure 3.9 where the '

IsmﬂzL1 .

+ I 1 . .
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!
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‘..,_.'f.._.. _______

. "

- Fig. 3.9 A data processing ricmeter. 3 S o :
_ : S e e ]{‘- e g e . o)
_‘rdual-polarized method of riometry 19 beins used Operition would proceed

as follows.

Sampling of a noise source 8 curreu!! which should be proportionnl

E co its noise power would be accomplisggd through an . anflog tb digital

. converter and. would be performed for both- the left and right polarizationa._»'f'



. , o q"

The number of bits in the digiti;ed sample would depend on t&e accuracy '

o
” *

required and the microcomputer used ~ The sampling rate would depend on
the switching frequency between t‘n two antennas‘which in turn would
depend on the time it would take t%e rnioise source to stabilize for a*"

given difference in power. Owing to the short cycle time of a micro—'h '
.processor  which 1is typically less than 1l us, sampling coul&’be ¥

synchronized to an accuracy of & least f 10 us (although the drift

R

characteristits of a microprocessor as a Eunction of temperature have

.

not.. been considered inQhis estimate)

The computer couldaihen take samples throughout the sidereal period

r‘.

of interest, say 1 h r, at intervals ‘of perhaps 5 ‘minutes, each set o;
) samples ih turn being stored It then has 5 minutes before the next éﬁ
‘T.sidereal period begins to eliminate samplea which . are not representative

of the 1 hour interval (due to terrestrial inqgfference ot unusually

o v ~

"high absorption) average the samples remainiﬂg; couvert thiS‘laerage to v"

.

'f 'decibels above reference by direct calculation or possibly through A
1ook—up tables) and store the result dn memory locations (two values

' will actually be stored,mone for ‘the extraordinary ray power and one
\"

' for the ordinary ray power) corresponding to that particular sidereal

~hour., Sidereal periods less than the 1 hour interval suggested above ‘

: 'could be used however for a riometer antenna of wide beamnidth the
5 el . ‘ \-r

A sidereal sky brightness variations ‘would - be so-slow thﬁgwthis should not
s .
gsbe necessary.~ Shorter. periods are also economically unattractive because

‘ | , . . . . . 2
0 : . & el

"5 ‘“‘“ts'*"-‘." . S T

i R ‘ ‘ ' ' k4

Each hour would similarly be proeessed’and by the end of a month

}.
A
a

‘apprqximAtely 30 hourly average power levels for both polarizations would

< E .
. . 7 . T B
© el - - e
L ES R

.,
N

'l ,
” of the higher cost of implementation due to the gﬁeater memory require-_‘d

a’

48




EAS

‘ existbfor each of the l hour’ sidereal periods. As will be described
in greater detail in Chapter 4, the 30 sets of data ‘Can then be used to
determine the average unattenuated _cosmic noise level for the sidereal
hourly period to which they pertain. : The. ihdex n and the true sky'
temperatures,corrected for any cable or switch losses which might‘ exist,
could then be plotted as a function of sidereal time on . recorder, T
._timing signalsL bging g'herated hy the computer. | . , _ | .
Memory rpduiteme}?’b‘of-”guch a. procesain riometer may be- high- this

/’ . .
. will\/g@énd on the xize "i e. the number of b ts of the data word (byte)

L

' :-,f stored.; ”t jnst the storage of the average powers for both polarizations-"_

- M
‘ R 4
. fo{,!’moxfﬁh the computer would require 2 x 24 x 30 = 1460 bytes of /\/\

-

-

-

(S -v-\N

P
Once the qu;let day curve had been detgrmined it vould be a simple
. a)
, 3 P
matter to ‘measure the received noise power. _in the 5-.minute interval
S

between samples, convert this .value, to decibels above reference and plot -

the resalt along with the true sky temperature computed to that date for

- the same sidereal period V Monitoring of the absorption ‘could be limited
to periods when this nformation was desired, whareas updating of the '

quiet day .curve as more data sets are- accumulated (resulting in a
_g'reater statiSti_cal‘signifiéance) ’co_uld be an on going venture. v

3% 3
.." . - .

data- mema'l:& scratch pad memory and program memory would also be required.-
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CHAPTER 4
‘ PROCESSING OF THE RIOWETER DATA
The'procedure~of Littleg Lerfald and Parthasarethy:for'extracting o

: the unattenuated cosmic noise background levels from the dual-polarized

'riometer data will now be discussed in detail An examination into/ Q

. s, .

‘h@ources of error to. which a echnique may be’ susceptible is giéah,,

)

finally ending in a discussion of the degree of accuracy attaina
. 4 ~

i

by this technique.

4.1 Extractlon of the Cosmic Noise Background from the Measurement Data

BN < . - . . . . . )
If for the time being, good'horizontal uniformity iu the ionospheric X
1

'layers can be assumed (justification for this assumption will be given
. RN 3 S

in section 4 2 - then from the development of section 2 5, the Lg& v .’{,
absorption in déﬁibels for either the extraordinary ray or ordinary ray

e ”,. 9

. can be written.as. - . ... oo

A=ct" e n 'decihel's
_ . %3

where f ie the effective operating frequency of the gartiéhlar

e

U .
) propagatiug mode. The absorption for each modqg*f thus,
: TPE o )
3 ‘¢ - - ,
R
'AO' jC ‘e0 - . A-r.V}eo e 7 ‘
AeBE N mE-f
x < ex . .- S Tex L T

v

1f _now P is the cosmic noise power that would be received in the"

bsence of the ionosphere, P is the ordinary ray received noise power

r'», '

S0



‘ and P

dB s above reference, th
A =P - P
3 [o] . o]
A =P ~-P
x X
and for a

or .

R P, = M(P,

en

Py 4P
AL

4

- 5L

is the extraordinary ray ‘received noise power, all measured in

. ‘é}s-
For electron density height distributions such that the signif‘rcﬁ;);“hm

portion of the absorption occurs at levels vhere v(h) << 217 f (heights

greater than 75 km for £ =12, 10 Mﬂzs which may be kyalid assumption

{24 observations made at night, the. ihdexn would béﬂml to 2

CIf -

then the longitudinal component: of the. gyro frequency fL was sufficiently

well known, the cosmic noise power for the particular observing time at

"which aP and P were measured could be calculated frou’ this one set of'

data. - However .

absorbing levels, is not sufficiently well knovm, and absorption does '
not necessarily occur at levels such that \a('h) << 2uf . .

If several sets of powers P R P are accunmlated for a particular‘

J

which depends ‘on the angle of propsgation at the

sidereal period they may then. be plosted according to equation (4 :2).

As can be seen from Figure 4 1,

‘the’ best. fit least squares regression

line through the plotted po\nts determines the level df the un-

_ attenuated cosmic - noiSe power from its ordinate intercept.

o

If measure-= -
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ments are conducted only ar. night when it is likely that .the indexn

'

; ‘is” equal to 2, an’ estimation of f can. also be determined from t:he
slope. Using thig value of f an euimation of n can be obtained at

‘other observing times. The degree Yo vhich such estimates are valid

)',"

‘can only be born out by. experimng._ But bot.h fI. and nlare of in:erast

. -t

becauae of t:he information which they provide wit:h respect to t:he

height of absorpt:ion.

The effects which may cause scattering in t.he plot: and errors in

B

: the reduced data will now be. Wumd
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4 2 1 Variabilitx in the Height of Abaorption o R o

o Aa ‘was mentiOned above and explained in detail in section 2, 5 ‘the -

1eVe1(s) at which absorption takes place depends on the electron

. density distribution st the time of observation. The result is- that
‘the index n depends on the. degree of solar activity and more importantly

'i-on'the solar zenith angle | | | T’.5 .

. Solar activity will vary with the ll year sunspot cycle, and

except for unusnal flare-eps, shouli.exhibit slow enough changes that

: measnrementa taken over al to 2 month period should exhibit negligible .

.-scatter due to this effect. t would be expected, though, that the
average absorption for a solar maximum year would be higher than that |
. for 'a solar ninimum year and this is what is observed [13] : .

' .electron density distribution

'.during Sunrise end sunset‘is shown _ Figure 1.3 (). Becausg‘soler
- v e’ 4 .

time shifts 4 min per day relative to sidereel time, in Y to 2 months

of observations ihe solar zenith angle will have shifted 30' io 60° for
e
the sa&e sidereal time. If during “the period of observations measure~ :

i :ments are made at a time-when the electron density is in a state of '
rapid change, the 1index N will change substantially over the side;eal

period of interest. and a large scattering in the data points will -

s

result.
Once- the Q. D C has been established (i e. P. in eq. (4 2) for each

.-
,

sidereal period wiehin the sidereal day) changes in n will be of value
in determining‘tbe ddiree to which heights of absorption vary,‘however,v

~ until the Q D. C has been. determined these perioda of rapid changee in

ﬁﬁb.‘
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electron density should be avoided. "

-

4.2,2 Deviat.ive Effects R . . Lo '. .‘

. * If high critical frequencies exist, deviative‘absorption uill occur
and.further scatter in data points in the plot of Figure 4 1 willﬁ?*
result. Parthaserathy et al [15] maintain ‘that at 10 MHz deviative

-effects will be negligible for critical frequencies < 3 5 MHz, will

'result in an underestimation (< 25 dB) of the derived sky temperatures
for.critical frequencies in the range 3. 5 to 5. 0 MHz and will result
in an overestimetion.of the sky temperstures‘for‘critical frequeneies '
>60MHz. - - | :

#° “

~ Another deviative and rather unusuel effect was observed by

Steigegﬁend Whrwick [36] in stsii (Lat. 21 N)ﬁht 18 MHz. They found

3 "
that even when £, was gsgﬁter than 1? HHz (i.e. all energy incident

on the ionosphareF:elow this frequency shdﬁld be reflected) considerable
‘radistion was still being received Theylsttributed this phenonenon :
; msinlytto cosmic radistion trapped nnd propsgeted under the ionosphere,‘; N
-with a possible secondary source being the thermnl radistion emitted by
the ionosphere itself. ' '
| Although deviative effects should, in genernl be negligible, :
(certainly at night) the advantages of having an ionospheric sounder

{voperating simulteneously with the riometer are obvious and the future

addition of one at Seven Mile Flat ‘should be looked ﬂm

'. 4 2 3 Sidereal Brightness Variations

" h»t;', Using the’ dats o¥ Andrew [20] for a wide bean eerial centered on:
declination 52° and operating at 13 1 an,_sidereel brightnees :

L J



»;»variations occur at a maximum,rate of apptoximetely 4 dBIhr. Since

| the proposed University of Alberta riometer will® aleo be centered on a

AN

._declination of approximetely 52°, operate at 12 6 MHz end use a wide

“ﬂbeam antenna, it would be expected that the brightness variations would
;_7also be of this magnitude..,ivf"“

i”l.l If the records ere then broken up into hourly sidereel intervels
"ffor which an everage%velde of cosmic noise power is “to be determined

'4

(the sidereal intervals used in the data reduction can be shorter than ‘

1 hr; however, this should not be necessory due to the slow rate of
change of the eosmie noise background when averaged over a wide beeut
antenna),.. the pointe on the plot would be expected o' chibit an.
vadditional scettering of at’ ‘most t .2 dB, depending on whether the

reading” was taken near the beginning or end of the eidereel interval.

-
1

.:If however, the reedings ecquired over the obeervetion period (1 to
2 months) are eﬂenly diotributed within this interval, the power
:determined from the interoept of the resreesian 1ine through the points
”so defined will be the everage cosmic noise level for: that intervsl
(and thus would be plotted es the mid—hout representetivgfrelue) and

I

. ',sidereal brightnees veriatione will not be importent sl -

~.

4 2.4 Nonﬁyniformity of tlectron Deneity in- the Horizontel Extent

If horizontal petchineee exists it uay be posoible that the ordinery

and extreordinery rhys, which in generel travel different petho, mny

- each traverse cherecteristically different regions of the ionosphere.
It would be very difficult. to determine which observetione suffered
from such an effect (a clue though would be an extreordinary ray power

which was higher than thet of the ordinary rey) and therefore the
. hl

55



RPN

56

_corresponding data points would introduce errors in the regression.line :

A

~horizontal extent is reasonably assured.

plot vhich would give an inaccurate intercept.’

Yet another effect of horizontal non—uniformitv is.the;reduction
in the effective beam width of the antenna due to;severe‘absorption_
or reflection. As an example, if 207 of the antenna beam intercepts a
region which is optically opaque both the E and . 0 modes will appear to
have had an: edditional 1 dB of ebsorption (window effect). ihe' .

difference in their powers will still be indicative of the actual

absorption- hqwever, the ordinary ray power will now be 1 dB less than

A}

what it would be if the layers had been uniform. 1. e

Studies of this problem have been conducted [9], [15] and tend to

_ indicate that even for an antenna with HPBW. ~ 60° uniformity in the '

4 2.5 Interference

If observations are to be made during the dey, one of the most

' 1ikely sources of interference is the sun. However, evidence [9], [13]

suggests that the contribution of signal power from the quiet sun, for .

wavelendihp on the order of 10 meters, is lees than 1z of the. cos ic

\"1..)'

noise background when evereged over a broad beem antenna. As obserVed
by Heisler and Hover thia may not be the case during solar~meximum
periods where the contribution to the received power msy be as high as -
201. Under such ‘c ditions, however, the interference should be -
obvious from the t emp ehavior of the charte and, therefore, the

corresponding data should be excluded from those used to determine the -

regression lines.
& Atmospherics, like solar bursts; are easily detectable because of"
: PV o ,.L A 'f»” . Lo .

&

;ﬂgeéz‘



,(»"
- their highﬂlevel ' Their most eerioneieffect'is:that they are responsible
i_for the loss of thuch ‘data,. thereby necessitating a longer data acquisition
‘htime ‘in. order to achieve the: same level of statistical significance. ' |
g.Man-made interference can also result in loss of data although it is
,',hoped that this wilI be minimized due to the use of a minimum signa1‘

:detector as described in section 3.3.1. l. |

A The only other. source of interference that may be encountered is
:‘ that due to the decametric radiation from Jupiter. At 20 MHz 1t has an
..average flux density of 10 -21 Wm 2Hz - 1231, which is 'at least as great
as Cassiopeia A, generally the strongest radio source in the sky. |
' Evidence further suggests that the flux increases as frequency decreases,

lat leaSt down to 10 MHz..

Because the radiation emitted from Jupiter is right circularly

e polarized (at'least-at-ZO-MHz), it may represent,anuimpo;;ant source,of

error when it’ is in the beam width of the” ﬁntenna despite the broad beam

averaging effects. Fortunately, since Jupiter s path 1lies essentially

in the plane of the ecliptic, ‘for an antenna with HPBW N 60° its effect,
" if it has one, should not be observable until approximately 1981 [35].
‘-By that time the riomﬁr should have been in*tiperation for some years,

| .and the cosmic noise background for the sidereal periods. which will

then contain Jupiter, should be well known The additional noise due

to Jupiter for each polarization can then be determined and hence, the

degree and type of polarization of its non—therual emissions can be o

- computed. At 12 4 MHz thi’ knowledge should be of sOme scientific |

'intereSt,_ s o T

larization of the Cosmic Noiselnackground

If' he difference in power receivedi'y the left and right
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_circularly polarized anten as,is togtruly»indieate the diffetence in‘
‘abSOrption between the extraordinary and ordinary modes: of propegation,
then the incident polarization must be rendom (i e. unpolarized).
.Exieting evidence [lS] suggests that at high frequencies when cosmic
:radio noise is averaged over a broad beam antenna (HPBW v 60 ) and a :

non—zero receiver bandwidth this ‘is true.

- 4.2,7 0Oblique Rays

Owing to‘the'greater attenuation of oblique refﬁ;'the'entenna
temperature of a. riometer will be lower then that which would be

1‘ecorded if only rays paesing vertically down through a horizontally

zenithal ab orption.

For accurate absorption measurements, the meesured absorption must

be corrected to: zenithal absorption. An example oiisuch a calculation
o

for a€$ertica11y directed?riometer antenna of beamuidth 32‘ to half

'power is given by Ecklund-and Hargreeves [36] A ,
. }F »
S R

4.2, 8 Thermal Noise from the Ionosphere

Except during’ periods of high absorption when received cosmic

noise pouers will be low, the error introduced by aesuming a cool Vi

ionosphere will be negligible. At 12. 4 MHz the equivalent temperature
‘of the unattenuated cosmic noiae backgrOund will be on the order ‘of

2 x 105°K and electron temperatures in the absorbing regione should not
exceed a few hundred degrees [9], [39] This latter figure must then

be multi‘lied by the efficiency of the absorbing region wvhich shiould be

T

-
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n

‘less than_30% under normal observing conditions: Thefmai noise due to

the ionosphere. thus should be of little consequence.

4.2.9 Errors and Uncertainty Due to'Equipment

4 2.9, 1 Antenna Axial Ratio

Contamination of the received powers . of eithet the: extraordinary
|
or ordinary mode will occur if when the antenna system 1s supposedly
responding to only one polarization it is alqo responding slightly to

the.other.- A figure of merit in regards to the degree sn antenna

e'respoddsyto polarfzetion of opposite hand 1is the parameter Q, defined

as "

Q=g lal oI

. where,_if'|ng> 1 the entennaris'eaid,to benleft‘el%iptically polarized

(LEP) abd if |Q| < 1 the Antenna'ie'eaid‘to}be‘right elliptically

- polarized (REP).

Fof.an antenna with a'given'Q faecor;'the tip of the electric
vector of the received iadiat@OnJViewed elong':he'path'of the wave would

appear to describe an ellipse with axial ratio'(AR)'bf magnitude

LR i S

(Fer a;more}complete discuséidn'of axialﬁratio the reader is referred

-to section'6'2) For an antenna, then, that is perfectly right

circularly polarized Q-O and th%'axial ratio is unity.

U
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Of course, a real antenna has a finite beam width and over that
beam width the axial ratio and, henee the degree to which an enteooa
redbonds to opposite polarization, changes. Ao-antenna which responds

‘%o nearly circular polarization on axis may become extremely elliptically

~ polarized off axis. If for the sake of argument, the:left and right

polarized beams'of the riometer antenna system. are. each aseuued to‘have
an. average axial ratio magnitude of 2 over the entire significant

portion of their beams, and if the effective collecting area for eithet

’

golarizatiﬁn is A then throush the use of Stokes parameters it can
) SR N . .
be shown that " s S e .

o
'

(.9 5, % .1 5,) A,

oo
'

SER '9."S¥)~Ae ) | e

P, = power received by the left polarized beam
P, = power received by the right polarized beam
S = flux density of the ordinaty ray radiation which in the

Northern Hemisphere is esgentially LCP

(7
s

flux density of the extraordinary ray radiation which in '

 the Northern Hemisphere is essentially RCP.

Letting P = SfA and éx =S A rebreseotl reepectively; the-;
ordinary r:%:bnd extraordinary ray powers available to thlfantenna

system, which are the powers of interest then dhe to the contanination

LY

,uof=the,opposite polarization, the antenna:aysten described above

- indicétés»an ordinary ray to extraordinary ray powergratio of
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DR
- e e

P° .9P + .1P
(o] : X

Po. TF, 9P
" The percent error is thus //
S (P /P - P, /P ). ! 10[5-.(-'1'-/?«02-1] T
percent error = ——r- L R <100 = o X SO
S . P /P P/P_ (L P /P +-.9) " "
e o'tk ol x"T To''x
A e ,

error in the measured ordina’fy r'7 _

L4 L4

If_thé lergest difference to be ‘ex ected between the -h and 0 povers

\_m'der'ner'mal‘ conditions is 3 dB (

\ .
T R

to extraozdinery ray PWQ’: 1‘““ |

Ctsazere G ] o,

Since the above developmen does ‘ot take inqg account the weight-

ing of the received radiation d}ae to the power pettery, which should

favor the region of nearly circular polerization on- the antenm beam,

s

the error estinﬁte prrobably quite pessimistic. ~l‘tever, it doee ‘_

61

€. P /P' , 2), then the percent .

, ‘

show that fot an antenna with poor on-ei:is axiel ratio or one with en '\3 ’

_ axial ratio that drops off rapidly from its zenitluf}nlue, polarizetion o

¥
‘it can be shown that if the axiel retiq mit\:dg -&' less - then or equel

-

to approx:l.mately 1.2 over the significent'pc.;;‘tiq f the been (this

IR

wou"ld give ‘an error .on the ordex\o,f 127*'3’ (3 the off—exis exial ratio is

R

this polarization effect could be negleeted. As. will‘jhe seen in Chapter

%

7 both of these criteria vere achieved throug*’ experinentation of

model antennas on an antenna test range.

e o N . L

a sufficiently well known so that »ttl effect coald be calibrated out, . ef

.

_ effects can be severe. By a similar dmhpentv ab L'het presented above, -
) ,‘-" '.
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2 9 2 Antenna Power Patterns ~ L
e v oo ) i . . )
’"_ JExeept those riometers-which have been used in the study of
horizontal non-uniformity in the ionospheric layers, riometers have ~ -
almost without exception used relatively wﬁﬂe antenna beams with hal%a, I_]Jg%k
C

ﬁbwer beam widtHs on the . order of 60° The reason for this is ‘

s whieh add to the '

pargially econowical as narrower beams require arr

complexity and thErefore,'the cost of the riometer
u‘. 0' o 1

: primarily a practical reason, however, since as men oned prgviously,

, dual-polarized riometry technlque requires thatxa‘vide beam.antenna be

;Qto the level of cosmic noise radiation received In addi;ion, the -

,p:used in order to _engure- that the cosﬁic radiation when averaged'over "

use of a wide beam aerial results in a galactic bsckground that should"

n‘ s

appear as a slowly varying function of sidereal ttme and also results
YR

’in solar noise contributions which should be insignificant with respect

P

s s
ncomplexity in correcting the gerved absorption for oblique rays.

D

Power patterns whi& are not ‘ldexgtical &or botb polerizaﬁions will ,
A .

‘:result in erroneous power difference«neasurement‘lbecause the pstterns

"of ‘the-. two polarizations will resgpnd to different portions of the sky. .

7By using antennas with identical vertically symmetric patterns this

1

“'gdproblem will be avoided and if the patterns are~aiso circularly

fﬁv:r'aymmetric propsr orientation wi}l not be necessary.

At .a declination of 52°;'circular1y symmetric beams)are also

‘f';advantageous in that they should not "line-up" with the plane of the '

bl‘Milky Why Galaxy as a verticelly direce!d fan beam of the same area

T .‘t{‘" L
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. _b:" o '.‘ . 'P- . ' -
. mould. This should they result in a smoofher cosmic noise backgroind - ' :‘
to be observed. *
A ngZ 9 3 %}:enna and Cable Losses o : e
MRy c§ble los‘es can be easily measured and the data
\ 3 ingly Thermal noise due t:o the cable should be -
,.negligible hog:ever, if thie is in doubt it can be ngdsured. and thus ’ ,
‘ : AR : e
calibq out. ‘ ®
. . . X . . .‘ ‘. . .- . W‘x
. CIf is felt t:hat: €. the cable's power t:ransmisatdn coefficient,, Lo
Cw : . L o ) . .« \9
will change fnorel thq) 1z over he exp d temperat:uré tange of -50 C’ ; :
Fo s X .
‘to “|-35 C, or t:'hr;ough Aging, it may be adv eg%xq ﬁ-o bury thb ﬁed L ‘
" AT (5*. . o

A ’ .
,g.eble wit.g an identicaa.. length of compen'setiqk ﬁ'alz}% whigt ;tould bq SRR
L3 R

S connected. between the ,goiee diode a‘r&the switdh%"e Figure 4. 2) R.e- :

calling t:he exptession (equation (1 Q)) for thé pﬁdfug 'the receiv.i- o '
. : ? : '\ © N . :

1nput terminals when the switch' 1s coﬁnetted t:o che wm aide, as

e v R .

g >
‘w.\, Theq with the compensating cable in p]:ace, t:he powe?t,‘the_n'oise, :
' source side is given by . .

e KT B - et ) T I N : T )
P2 e, k‘Tn'sB * (1 e ) T kB . T
2 i 2 B S
“_.4f ¢ = e, the receiver will yecord a pull.anly whea' -~ . g
s R I SR T » - . -
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and b errors will'rés’uit_ due to uﬁge,'ij'cainty"in the 'cébfe _i_rén_sinig ion

" coefficient.
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. ‘Colleget Alaska (Lat. 65° N):

R . !’ . .
4.3 Att¥inable Acceracy

TR T

ERE S

4 3.1 Comparison with the. Standard Riometry Method

DS
wd

Parthasarathy and Larfalﬂ {' ng the dual-pola&zed method of

: riometr\ at 5, 10 and 20 MHz anﬂ -and i d riometry at 30 and 50 MHz,

)

"dual-polarized method . 5MHzy * .5 dB (*~ 127.’ and incomplete)

ol .' 10 and 20 MHz; *. 25 dB (zt M

standard’ riomytry method 30 and '50 MHz £, 15 dB (i kK8 52) e

-1 uncertainty in the dEgree to which horizontal uniformity in the layera\

’ Y

’
'existed and.to yﬁcertainty in the levels at 3\11:1‘1 abporption was taking '

- S

place. Another ,Dé\dB m attributed to antqqna E,roae—polar!.zation{ L "'.'4
effects and all other errota were either caiibrated outor negligible.
.As a. compariaon" the data obtained by B H Andrew [20] uaing qnly 53{'
the sl:andard riometry metho at an observing declination of 52 liste

the following uncertainties in the derived sky temneratures

td
.

) _quote the g'ollowing uncertainties in- d,erivdﬂ aky tcmperaturea for _ o

'l'heir claim s based dnuthe followfng priggpal exPerimenta]_ o ,% |
s ’) identical antenna - p‘at‘te\’r‘ne at ali frequgncies - ’b e .‘ o
. ‘ _b')_‘. ‘ dualhpolarﬁzed method. uaed‘it lowor frgguenciea ,' e
Y c’~ ‘gdequ‘ate ground mish to avoid uncertainties due to’ ~. ;«@, 4 ‘
@,f-" ' ‘:f ‘ground conductivity o " '4 | ' ° “: ‘-w' : e
.aﬁud) - e"te'“d per“d °f °b°e’l"’!$i°n°?° ensure experimantal |
.' ‘3 « repeatability of measurelnenta " '
_ "_;‘ L e) 3 careful rOutine monitoring of A1l system impedances. o : R :
| They attrib\u:ed most’ of the error (i 2 dB) 4n their 10 MHz data 4 _; i
' e
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- . wr N
10 MHz3 .+ 15% and igcomplete -
13.1 and 17.5 Miz; £ 6% o
26. 5 and ‘38 MHz; 3% .
The improved accuracy at 10 MHz is substential especially when it is .’L .
realized that: t:he ionosphere at auroral latitudes, 1 e. et College,
- Alaska is eepeciaily variable in ite propertiee.
+ @§#4.3.2 Beot Accuracy Believed Posbible Under Favorable Conditions e
4 3 2. 1At Receiver Input: Terminels o _:. L we '

If the température of the ionosphere in t:he absorbing reg:l.ons SRS S

(alt‘icudes < 100 km) can be awpned to. have a. max:hnum value of ';0' o
‘ s . ) . ,’f. o0 .' , .
< 400 K and if it? qrauﬁj.ssion Jcoefficient. £ion is elways greeter

£ thaa, 7 ihe error g‘ﬁrodu* hy’ﬁ‘ssming a coo.]. ionosphere (i e ‘

does not co)ry;ribute to TA’ the no&‘tem‘precnre of the:ant‘gnnd)

:"';;' & sky background temperature of T k).r -2x 105’1( is T e

. .
’ . : D L] . P T ST DR . e o .
C : ' O ’ oo e o .o RN R
‘e . Lt . - v . N K N . . o= ’-' e » - . R . - - 2 “ . o «T. ’V L
’ E . PR . ' P T . e : kS

e, )T, W T bl o
- e "‘,°,;‘ fon . ‘g6 x 1070 006 dB), TNl ot NN
-G I ‘.1_'on"_sl’<y. . . ; SR R \ e -

and thus negligib].e a‘expected, : LT L L -

If now it is assum& ﬁat. enougtf mees&reuent:e Taeve been taken at .

L nig'fxt 80 that ;,t 1§ relatively ds tha.t £, s 3 5 Mﬂz" (eince no L
-'.° ‘/ﬂﬂ"d °F2- = \' 2

ionospheric sounder w&ll ‘be availeble), according to the discuseion of“' e

.. &2, 2, deviative effects will'be negféible (aay < oz dB of S
\:%%c&%@ e &S.w_-,-?% NQW-’ Co- ) ) oo ] ) :
R absorption') L . , '..r; SR R ; R “). A

P

As with the meesuremente t.aken by ?erthaurethy end L]erfeld, i.c



is assumed that the largeat ertor contribution will be due to un- ’

” ¥ certaintiea in the heights of absorpti6n and horizontal uniformity of -
S the absorbing layers which will mainly be responsible for the o c ‘

,oc.httering in the P versus (P -'P ) plots'. This error can be o

: . ¢
N s
LY

~ o

- -

- e A :
: "i'.‘ calculated once the reireseion line has ‘Been determine‘d Howe.ver owing &
\t ‘i

4 | to the fact that hori

tal uniformity shduld be better at the Apwer - Ly
o t_latitudes and the. nighttime absorbing layers should be relatiﬁ; ‘ .q.:, 'V
- constant in comperison to those in the'auroral zon& -an. ugyer bound of ‘f *“'“
1 dB standard deviation ahould be teeliskic.f Then? ﬁnce polarization N 9”' Q

effects for ah entenna wit}\AR X 1 2 over the significent poytion of e @ ,l‘_‘;“

»J-.'

B ‘ite patten& should be negligibl&’h upger bound on the mimmn error [N
) . N R\ TN . “ :_ .;{l . \ -
,.:Ln Fﬁh‘e eky temperetute‘g meeem'ed up to the mpue teminals"of thq : o

. sy

".receiver ie .12 dB (( 38) If gteater eccuracy is. to bo attcined

& (< 12) m@surement 'use not only be rutq‘cteﬁ to the nighotime when

‘ ':;deviative effé‘&s ) negligible and }qnosphqac properﬁies relatively

e b stable, but they pust elso be te\&w&. a. long endﬁgh period of time
. , (at least 12 months) to obtain a greatet degree of statistrcel et,gnificence,

thus reducing the erfors due to regression line uncertaintiel to 1ess

o than .02 dB." SRR TR i
Thus the dual—polarized method'e normelly short data acquisition SRR

' 'time :s aacrificed in order to. attaiu higlv accuracy. It should be .

E s significance the standard riometry method would ‘r:equire deta acquisition

S N
times at 1east 2 to 3 times 1onger. It ie a‘Iso importent' to note thet\,

v @

eltl’rough uncertainty due to devr t:l,ve effecx:e is introduced into both

—

" Y @e ducl-polerized method ,uncorteinty

. -
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. method

ot‘ . dB is likely, due to this problem, iE measurements are conducted
“ \ #4
l;y the scandard riometry nethod. ’

+

v PR R
M : . oo
. - . .. B
. A é

4.3, 2 2 At the Outgut of the Integrator
3,

Although ﬁte receiver iteelf is a generator of noise, the 1evel
P I T
of the noise doee not iconl:eribut’e Lo ;eyrore 1‘9 the measurement of

g bsorption beceﬂse lille ‘3a:l.n iluctuetions it a’ffects the noise power

e

R
ﬁg‘om bot}\ the lntenﬁi and noise eburce ,'Ln the R»yle-Yonberg receiver.
. "«‘/4 b @ ¢ .

Almost certa)nly for solar maximum years, an additional error

.

Iaeteed t‘he receiver noise imposfe a lﬁni’t on th& segsitivity with S

& W e

which a g:Nen power,,cen\ be measured‘ beceuse of e.he inRer,eQ; stetisti‘

¢

3£ L]
%nctuations in. tl\e‘ eu;pet of ehe reteiver. For e zeceive,t which is'

connegted‘ﬁ’o the s!gnnl ‘nly Iqlf the"tim)e, the RMS voltege fluctuatione

* « . q\ ., N ‘ . ”@’
in “the -dutppt oé the integr’tdr 3‘“”[22] SN w ot S R
‘ - ---5 e e WL : ,. W
A 'ﬁ‘"%.? e .
N - 2" e R S -
P I IV LT AN -
AR . ) R T E
ﬂmew ° R BN KR

*

" ’Wh"-'e wr mean velue °f the detector V‘ﬂtaZe : PR

, Soowm T
°B - receiver noise bendwidth ' N ,' N
RN R N

' -’,, -r - poet-detectio.n (int?gretor) time couscent. _
Thus for output fluc‘:)ations on the order of 1% (.04 dB) end a

~

receiver bandwidth of 10 XAz, t must be epproximtely lo seconde. Since‘ |

; ..
{keep T. g\ 11 80 thet recovery from high 1eve,1 iuterference is repid.

. ) ‘5':\.1 ,
t:he riometer empkfl &Lnimm deuector it should not be neceesery to ' .

A time constant of 4 seconds should therefore not be prohibitive and

if» 1arge changes of ebeorption occur on Fhe order of

value can be ,further :anreeeed wit:h a reeultent drnp in detector A

S’

minutee, thie B )




’!‘;‘.“ . R }, . . ,\‘ - ’ <& - : ) : " "‘. ‘.‘J~’.
ORI ST *
AYSg volragesuncertainty. T P 0 St -

4.4 . Conclusions "a

It is apparent from the ‘discuasion of the preceding sectione of
".this chapter, that deSpite the optimization of equipment ’nd the
| numerous corredtions for its deficiencies, the measuretnent oﬁr ionospheric.
.'uabsorption by any method still suffers fron a basic lack of knowiadge . {

'_of the ionospheric propertiee at »eny given time, at’ erry given frequency, :
abOVe any given obaeryjp& location. . fu o
The dual-polariztd‘ method has, et least at auroral latitudes,

\

: 'proven ltself to be more accurate then the standard riometry technique.

]

But even whether this method is c&able of meesuring ionospheriu

"e&;:edm | “?t,

.,ab’sbrption to witbi off ia not knovm If a.ll i.nVestigations
; '£

o .\‘

- been mde on the ' above Seven M.ile Flat and at 12 E’ mu, a

. '_much more reliable -eat'; of ecguracy eould be obtained, However, ~
'agaumptio&s must Be mede ﬂ;}ﬂl the infomtion eveilable. _ "rhe validity
. of these assumptione can only be born cut once the equipment ie built |

' "and in Operation. Iﬁ-qthe dual—poleri:ed mthod is found p- " un-' ER

~

) .suita.ble,t reveraibn to the standnrd rionetry technique il not

" an equipmenr modificetion ,qs it 1%? deta. proceesin,g change. I (\ o
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however, Wns its hedght (m 30 meters) and vays of reducing ]

: CHAPTER'S

THE CONICAL LOG SPIRAL ANTENNA |

SelectiOn of a- suitable antenna for ‘use’ in the dual—polarized

»

riometer, was based on- the following criteria.

T\

-

'a)“ gcod response to circularflarization over most of the beam

wideh

’

'b)'.'HPBW on the order of 60‘ with a single element . f% .

c) symmetricel pattern (and preferably circularly symmetriq§§
- d) ‘no stde lobes o " v‘j"' W '“; 01

g)"lsimple to construct-ﬂ ' ‘}

@ o \

As was mentionéd in Cheeter 1,_the conical log spiral in comparison ‘:‘.;.u

to the other antennas conﬁadered (crossed dipoles and helices), met

“the first four of these characteristics admirebly well. aad’ in addition,- '

%

o displayed a certain degree of frequency independence which would be of

Y- value in multifrequency riometry experiments. qit 's one majo' fault,

- vere

? investigated. L 5;; 7 '“r;"d S .f . 1--';f-

0

It was known that this height could be reduced by about 2/3 throush.:(, .

N ¥

truncation with only minor chengee ih pettern and slight degredation of-

T Sy

"~T the on-axia axial ratio. what effect truncation uould hav- on the off-f

- Y

axis axiel ratio, however, was. not known._ With the aid of an entenna

KL

ot test ranggf this parameter could be determined and possibly at the

l

same time, ways could be found to further reduce the height or at .t
1.
7
least change the sbapr (e 8+ pyranidal) to - facilitate construction.

This was the approach tdken. “The’ dezt\;; conetruction and Opgration of -
‘ N - .

- the antenne test range will be discu sed in following chapters. .

g ..

" . S
»-\5_. el o .- :_A -".li r._,. 772w.§“ 17_4._:, A
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The defining equations vf the 2-a nicei'logarithmic epiral

v

N antenna are‘ o

’

i

R Q&jegp;n£(¢ Soneol o . T,

U sine e L N
® .-._-..'.‘9 ';;;;;- S

. where the syutbols .are as - shown in. Figure 5 1 and ell angles are in a
degrees. The parameters 8 or @ and 6 ere reﬁerred to, respectively, as o
‘ the cone angle, engle of wrap end the pnguler arm width. .

ht h can b foend from

'-_ ‘Th_e. truncated 'cone _ kxg

2 tané.
and the total length of one spiral arm e’ given by -
ST j".f}, P R [P

(D“d) secq " h seca

. }s 2sin6 T o8t ‘.2' Co -

f“ R T ,4,- i, . w

For e -'QO' these equations reduce o~ those of the planer Ibgarithmicrv‘-i-..

-
kS

spiral antenna, " L g T

* .
PN o . M b ' 3 B . . . . : . o ) .

v the radietins Aprqpertiee of an- antenna, whose cheracteristies would be

N
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' Fig. 5.1 Thq.cohit‘f@l:ld'& ap;g‘al‘_anvd, 1t§:pg;ran|etez_'3_ S YR

.

. measure on the fyl1

.

-

\ - . A‘.
. - -
ad

size structure.. ‘Such was the case here $ince it* .. S

5 ly_;agfaq_c‘dgmmé 'ﬁpvbﬁud'é -'g_téixctugdg vhich had dimensions on the éi-di,!(

. .




. “on those proparcies of an antenna which do not depend on powcr level

a

of ‘tens off meters and then put a great deal of effort inco mea‘uring its
‘Propertles, only to find Ehey were not suitable., o .‘4.,;'
Reduceq -versions of the an:ennas under con#ideration would, thera-»
fore, be tested on - ‘the antenna test range. Their only requirﬁfants were
chst they be exact geometrical scale models of the corresponding full—'
size antennas and that agnlinear media (a g. feﬂtomagnetic material) be

)

‘ absent from t:heir construct:ion and in fact from any part of the range E

,‘ B R
: ”‘[39] Such models are, tharefore. capable of givt&-direct infomation

~

: ¢ : S
such as polarization nnd relative power pat:tem, the quantities of IR

- 1nterest here.. A geometrical model antenna which, has bem scaled . '_ ‘
4 ‘»A "

,‘down by a {actor of m must- then be. op*@ed at. a frequnndy n times that.

: of the full-sizd antenaa :ln orde:h chac :Lt:? radiatinsvpmpettiga be s ]
. °§“i"°1°“" - R .';‘. .‘%0 . Lo
_ " For~ cal!bration of the tesc ransc. an ant;ﬁnna who:\q\off-axis axia]_ :' o '

" ratio and “diﬂtioa P#ttem we.r'e vell known. was. reQu_' b

'purposes, Dysoq [17], [ao} had’ sufficiently defined :heu“ pampm-s
. .ng . R .
“for a 2-arm conical spiral antenna with cono'ﬁngle 8, " 10‘, anglc of S &';g :

» (

| Awr_ap a -; 8‘0‘, ..andAam‘width g - 90‘_’ 'ﬂenca, thia was cha sundatd usad. .
5 2 1 Desigg .>]..”3l -  . '.;ff.'@;‘ 7 '-j; , g';;f,t”b“'ﬁfﬂ“f;‘”"L:f;f;h‘
From Figure 5 2 uhich shows the relacive amglitude aﬁ the }ur "

'fielda along the s\xrface of t:ha con; g:hq duignatinns alo, 31,5"‘“‘:" ',’.':':"f('_;'

:efer to- the radius of truncation at l:ho relati.ve neat-fiold mplitudc :

v

- 1nd1cated by t:he aubscript), :Lt: can ha seen chat:. truncat:lon at: 30 dB . _

-

o dovm pointa will 1ntroduce neglig:l.bla chanaes :Ln thc radiation pattcm.

. :hereﬁoq-let R ‘ R ”, ' '



'S : . o

The remaining paramntars of the ancenn; are decerminod as o o 'fQ;f
n - 1 7ox .'"f-‘p., . .1731 L oLwg.96x - RO
h - 1. ssx . :.' 5 .9306 s |

;5 2'i S'ecific‘tions and Characteriie s

The electrical properties of - :ha spiral so defincd (1.:. 29 -20‘

R TN
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i

NSt.-.o:au‘tsse of t:he small back lobe, 1t was expected that 1!: wom??d be '

u-80°‘,'6=90°.), as measured in free space, ai‘_e from Dysbn's c(u-ves‘, o .
: . ) ‘ ‘. . ) . ' ,‘ l‘ N
‘ Lo . ,?‘ R . . o -
- R e |
HPBWO &/ 727 & 4° o
i o Lo w .
HPBW¢ = 76° t 4 . L

l‘-‘ront to Back Ratio - 17.dB " - . ¢ K

- "_Axial Ratio (6=0°, 30°.' 60°)=(1.0; 12, 1. 8)

'zin» = 1100 (infinite baluu feed) ‘ : o

%
Z, = 1509 (on axis feed)

. in. , .
The met:hod of feed for a conical spiral antenna will be discussed ia

'sec:ionos 2'4 g _,;, | R B T o
" The gciiications above refer to an antenm which is Qperatcd in
" . . %

free spa .. Operation over a: ground plano wit:h the metal attna bondcd e
R .
go t:he plane apparently nm"rowt the beam vid'th smwhat but‘. docs»not

oo 6
detetiorate t»he ge.naral\"‘t:ern [17# No 1nfom§tion was availablu

“on She effect a 3r0|$nd plane would hé&q on tha axial ratio although : '__,, :

'}lighthy poorer. e LT . . .'
2o . AR : . , .

" As pointed out: by D)'uom cox?ical epirala do not exhibic -a un:l.qub

.l"

cem:er of phase.- However, over a porticm of the- mit\ bem m appntcnc

eenter of phase may be ﬂefined" which £or the high anglo/of wrap

I

(u > 80 ) antenna describad above would hp approximatgly half-way up

: the structure aloixg the' axia. R RS 5 AR R

Y w "‘/. - ,.

v . ?:"\" For conical spirals witﬂ ,parauetei' b ‘.GS t&e pattem :Ls, eu.ntially

rotatfona“y symetricu ; _‘.*‘_‘ SRR c .

-

'rypical ccnical spirals exhibi: an a:d.al ratio uhansc o! approxiut:cly

i, - e

lSZ for a 90°’ changc :‘.n azimut:h position {1']. . _~_ . T
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least \/n for etficient operation and only minor radiation patternm
changes relative to those spirals formed on extended conical structures.
It is of note that this diameter corresgonds .to a base circumference of

A which is a dimension characteristic of efficient radiators.

&

5.2.3 Fabrication

The arms of the anteanna described above, are defined by the .

equation
[ . . -~

o = 173 exp[n .0306 ($-8)/180]

"The edges of the first arm are defined by o when 6-O° and §=90° The
edges of the second arm are defined by these same values of §, but
after p has been multiplied by e b", i.e.. the second arm ig identical
to the first but shifted 180°. This type of EOnical spiral (with
§=90°) results in a conical surface Vitn equal‘portiono of dielectric
and metal arms and, hence, is called a self—complementary antenna. It
has been found by Dyson that these self—complementary antennas exhibit
the best radiating properties.

Now that the'equation for'tne anteana hes'been'determined, it then
becomee a simple matter to plot points ( p as a funetion of $) on a
conical structure with the appropriate cone angle.vanis was conéidered
to be a rather crude method of determining ‘the. position of the arms for
a test standard, and certainly also time consuming. 'A computer program
was, therefore written for this purpose and is described in more

detail in Append;x A. With the-aid of a digital plotter, the computer

drew out a gattern (see Flgure 5. 3) -which’ when cut out, folded into.

¢
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the desired conical structure with the appropriate spiral arms (each a’

~different color) marked on it. The’ program was interactive, therefore,

new values of 8 , a, p s P_ . (H/cos® ) and 6 could be entered on each
[o] (o} max . [o]
run, allowing for the rapid design of any of a number of different

conical spiral antennas.
The po*tern, thus achieved, was then transferred to a piece of thin

cardboard, which acted as a form, onto which the metal arms, made out

of 3 mil brass shim, were attached.- (The 3 mil thickness of the arms

represented eighteen "skin depths" at 1 GHz.) The planar cardboard

pattern was then formed into a cone and the metal ends soldered

'

together.

:5.2.4 The feed System’

There are two main methods of feed‘for conical spiral antennas.

One method is to bring a balanced transmission line up from the base .

<

along the axis.of,the cone to the apex where one wire is connected to
each arm.. According to Dyson, the balanced line may he:shielded'or

placed inside a metallic cylinder as long as the diameter of the

_cylinder is no more than 1/3 ‘the diameter of the cone at any point

along its axis. ‘Conversion to an unbalanced coaxial feeder cable may

be made through the use. of a balun or coaxial hybrid; however, except -
in very large structures, i.e. ohere the transforming device's size is
relatively insignificant, ‘this transition should be accomplished outside

the antenna. |

The second method of feed 'is to bring the coaxial feeder cable along

one arm up to the apex where 1ts ‘center conductor is then connected

to the outside sheath of ac"dummy cable" attached to the other arm.



The outside sheath qf both_the dummy cable and the feeder cable, then,
become ;art of the spiral arms. , As long as the arms at the base of
the antenna do not carry appreciable ant@énna curreﬁts the feed terminals
are isolated from.ground in a balanced manpner. This method, devtﬁpd

L
by Dyson, is termed the "infinite balun feed" and has been found td be
the most effective method of feed, especially in regards'tb preserving

the large inherent bandwidth of the antenna. - It was, thegefore, the

1 E
method used on the standard conical spiral.

5.2.5 Cable~Arm Version - Co .

If the width of the spiral arms of the standard- conical spiral fed -
by ‘the infinite balun method is reduced uncil only the cable remains,
the antenna is found to have, generally, the same»radiating character-
istics as the complementary antenna, although the input impedance-i{“
sllghtly lower. These anténnas are referred to as cable-arm conicalv“'
spirals and were built to test the truncacion ptoperties of the spirals.
since turns could be easily removed from both top and bottom. Because
cable-arm conical spirals are far easier to construct than their metal-
arm counterparts it was likely that'this type‘of conicalAspiral, which
used coaxial cable forvité spiral arms, would be thé type used in the
full—scale antenna. Thus the results of test _range measureméh{; on
such antennas would be directly applicable to the full-scale antenna.

Fabrication of this type of model was accomplished by t:ansferring
‘the appropfiaté péttern onto a styrofoam férm cut to the proper‘cpne
angle. The feed cablé (RG - 59/U) was then_wrapped around the férm up
to the top of the céne where the center condﬁétbr was attached to the

outside sheath of a second (dummy)'Cable, which then spiraled down the

-



cone to the base. ) » .

«

A photograph of the cable-arm version of the étandard conical spiral

next to its metal-arm counterpart is shown in Figure 5.4.

5.3 Wide Cone Angle Conical Spirals

An ‘example of a wide cone ahgle conical spira1~antenna with cable
arms {s shown next to the standard conical spir;l in Figure 5.5. As.
shown by D}etrich.and Long [{9], the advantage of/ using wide conéb
angles (2801 45°; is that a bﬁsg of circdﬁfgrence A could be retained,
making the structufe an éfficienf radiator but without thg excessive
height of the smaller cone angle structure. (Dietrich and>Long bpilt
two oppositely polarized 37 meter.gkgh—tonical spiral antennas,
operated as an igggfonde over the frequency rénge 2 té 20 MHz.) This
method of ﬁeight reduction was therefore of interest and models such as
' thaf.shown in Figure 5.5 were built to be tested on ché antenna test
range.

These cable-arm modéls, owing to their very spall size used RG-174/U
miniature coaxial.cable as the feéd.cable and éardboafd as the form.

The computer plot of Figure 5.3 is one of the patterns used in the

fabrication of these wide cone angle antennas.

&d
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Fig. 5.4 The c:blc-drnovtroiou Slnft) of the standard
conical spiral (260 = 20, a = s 6 = 90° ), shown nemt tqfits
metal-arm counterpart. » ) ’ _ ) : ‘-" :
7/
gzd
S ¥

Fig. 5.5 One of the vide cone angle cable-am -antenna G
models (260 = 70°, a = 87°), shovn next to the nuch .
taller standard conical spiral.



; CHAPTER 6
‘THE MICROWAVE 4NTENNA>TEST.RANGE:
DEéIGN AND CJ§STRUCTION
As has. been pointed out ih Chapter 5, many “of an antenna's propert-
iés can be determined by conduéting tests on-a geometrical scale model
of the actual antenna. The reduhed‘size of the anxennayunAer test then
allow; measurements'of.its radiating properties to be conducted at a
reduced distance. The radiating prbpertiesf;o berﬁetegminsdiby‘thé

test range described in the following seh;ipns were the antenna's axial -

[ n

‘fatio and power pattern. "

Unlike most test raﬁges, which are concerhediwith cﬁé'far-field.
radiation pa::éqp'ﬁf the test antenna, the pfimary function of the
fangé.de5cribed here was the determiﬁacion of the polarization respohsg
over the beam ;reé of the antenna under tgst;. It wéé_hoped fhaé ip';hé
process tbe power pattefn codld also be determined‘to é feésohaﬁlé
éccuracy. _However, becauge.thé pattemns of thevaﬁ%énnas.to-be ﬁéstéa.

" were fairly well known and since it was expected that the full scale

antenna would have its pattern mealured at the observing site, this was

6.1 The Test Site ' : ! ' . k>
For obvious reasons, test'ranges mustqunéutifzg’;;_;;;zgum radio .

" interference areas and where the effects of reflections from obstacles

of secondary concern;‘

could either be neglected or readily calculated. Indoor ranges are
expensive because of the large amount of high quality absorbing matérial
required even for a small test room. Because the beam of the riometer's

+

antenna would be directed at the zenith, the models to be tested would

-
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be oriented such that theit maximum radiation would also be vertically
directed. If thcn, a test site could be Tound outdoors such that most’
. of this radiation would be emitted harmlessly into space; thereby not
contributing to’ stray reflections; much less absorbing material would
be required and thus the cost minimized For this teason and because
of its accessibility, the roof of the Electrical Engineering Building
'lwas cbsen as the test site.

| AThe north, .east south ‘and west views from the test site are shown
in Figures 6.1, 6 2, 6. 3, and 6.4, respectively. Adjacent buildings
were relatively distant from the test site, the closest being on the
" north 31de and representing an obstacle 20 feet high at a distance of
approximately 210 feet from“the propdsed location.of the transmitting _

antenna. As can be seen from the photographs; ventilating duCts, the

S ¥
metal hand rails on -the entrance ladder, and metal sheeting which '
bordered the.roof provided mqre-immediate obstacles;

. 6.2 The Measurement of Axial Ratio )
A .
6.2.1 Polarization Ellipse and the Poincare Sphere
In section 2.3.1 the particular case of a wave propagating with
circular polarization was discussed. It can be shown {22 that the N

electric field vector of the wave, with components in the wave-frant

given by o . o L (.
,,Ex =.El sin(mt—sz)
"~ and
E = E. sin(ot-8z+d) , B :
y 2 _ S



TS

Fig. 6.1 North view from test site.

~

Fig. 6.2 .ﬁas'ﬁ view fyom test site.



o Fig. 6.4 ‘West view from test site.
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Fié. 6.5 The polarization®¥llipse.and its defining.'pafameteté..

2 .
in general, describes an ellipse characﬁefized by _tl"i angles ‘y', v(-:, ‘and

i

T (see Figure 6.5). | These angles are defined by the equations
- E
£

1

Y = tan 0°. _<_ .-Y < 90° .

T =\t-an »(génZ'yc‘:os A) - 0° <t <180°

-1 . S
e = §in (s;n27>1nA) _'45.,-5- € < + 45° .

The angle € is also related to ‘thve axial ratio by the equation

AR .-.- cote , ‘



‘

wﬁere if AR <0 thg_wave is right polartzed and if AR > 0 the wave s

lefe polarized v . . . . ‘ | >_“

The various polarization ‘states that a wave may have can be représ-
* ented on what is known as the Poincaré»sphere, one-eighth of which 1is
bv‘depicted-in‘figure 6.6.. Any:poiﬁt on the sphefé repfesﬁnts a phfticqlar
'boiarization stgfe M(e,t) with coordinates, : - . " r .

25--'Po£nc#;é la;itudev

2t = Poincaré longitude.

' . .
i ’ ‘ . Po‘;nrn!ion .l‘u - ' . - N X . .
. e . \l(l,r) E ) ' ‘ . . e
' F ' : .
- s  } :
| P \ : .
- / B 3 ° .

. N - : 2 » ‘
‘Fig, 6.6 Séctiod of Poincaré sphere. e ,tsl,

\

- It is also possible to show that the great citcle distance M1M2 becween
any two points,.Ml(sl, T ), M (e 2,1 ) on the sphere, is given by [40]
MM, = cos Islpgelsin2€2fc052£1c032£2co§(212 Z?l)]" (6.1)

12



the use of a dipole rotated in the plane of polarization of cha wave.v

»

Vo=

e Thus as a,linear dipole antenna rotates, its polarization“n{?te .

.

. E W a Ay .
l:‘fle:'c‘o_s 7 _ S 9 I - .*(6,_2()‘ “
. 2 2 ) N ! .
E1-+ Ez the magnitude of the eleccric field vector, -
2 A _ T
in the wave-front _»Q& L Ye
L= the dipole s effective lengteh > * '

M qu-_the great circle distance between the polarization

e

. ‘ \ ),
~ ’ 4 - \ . X ) )
$.2.2 fraccicaiLAspects ‘ , £ . o
" ' | . & . ‘ ' : ~'(-." -
6. 2 2. 1 Extra;zion of the Axial Rat io from PowegaMeasurementa
- .. The practicai measurement of arial ratio can be accomplished by

r

According to Kraus [22]l the voltage received by this dipolé is ,;ﬂ\r‘-

'state’gf'the wave M (; s T ) and the polariza:ion

‘state of_the\dipole»anteona Ma(ea,-ra) on the
Poincaré sphere.'

" on the Poincare sphere as can be seen from Figure 6.7, moves along

" the . equator . (

. -

MM
. wa

Thus using equation (6 2), when L (see'Figure 6.8 (a)) the*ydlt—u

= cos

€ -0) and therefore, by equation (6 1) .

» R

Co

[coscheos(Zra-er)] o . N e

age received is a maximum and equal to S @ o

®

"’1.."7 o
k]
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Fig.. 6.8 Relatide orientation of a Iinear dipole antenna with respect . -

to the wave polarization ellipse.
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Y = EL cos ¢ : :
max e W : . ,

and when L + 90 (see Figure 6.8 (b))

v = Ef sin‘e‘:
min e W

and hence,

max

= cot € = AR .
o w )
min :

As will be seen later in the section on the receiver, the voltage -

‘detected will be proéortioﬁal ta the square of the voltage at the

_ahtenna:terminals, i.e. proportional to the received poﬁér. Therefore,

s
:VDETmax» Vmax 2 |  2 | ‘
L ) = )
- . DET . - min ‘ ol
min . 4 ,
"ahd thus; '
- Al = | R

‘Also the total boyef ihfthe‘wave'front is proportionalbto-the sum of
" the detécted voltages, i.e. = |

90
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Do (Y . Vo
S I A
_ max min

_It Should be'pointed out at this 'time, that although the above

development has’ assumed that the antenna whose polarization response
is to be measured is the transmitter and the rotating dipole is .the
dreceiver, by reciprocity the results should be identical if thedroles
hwere reversed, Owing to the stability requirements of the oscillator.
(which‘will.be discussed in section 6.6.4.1) supplying power to the
‘.transmitting antenna, it was not desirable to’hane it located outdoors
- and if it was inSide, itiwas not feasible to'have”it feed the rotating
. dipole due to the.length,and inflexibility of. the cable that was
_reduired. (RG—ZlB/U was used ‘to. minimize power loss ) Hence, theb

antenna under test was: the transmitter and the rotating dipole the ’ . ."

--receiver.

6 2.2.2 Maintainvng the Plane of Polarization

. If the axial ratio over the pattern of the antenna under test is to

"be accurately determined, the dipole s rotation must. always remain in

'-the plane of- polarization of the wave. This plane would always be
l'perpendicular to the radial drawn betweep the phase cente;s of the two"
.antennas._ Hence the easiest method of maintaining the proper orientation
iwas to have the rotating dipole traverse a circular path Thenvfor_ |

‘;,test antennas which radiated in only one hemisphere the entire polar-v
a‘ization response could be measured using a quarter circular arc as "'j:.(/*.

il‘shown in Flgure 6 9. and allowing the antenna under test, placed at its /

".focus to rotate in azimuth . ' ' j‘.‘ T _ f
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) ‘e . ’ : . - .‘
'V‘Fig._6;9 Example of one method of carrying out axial ratio

measurements.

..The radius of the dipole s path need not be excessive. Dietrich
and Long [19] have shown that satisfactory far—field axial ratio
measurements could be carried out on conical spirals at only one
antenna height aboue the‘apex of'the cone. It was expected that the
',tallest antenna to be tested would have a cone height of ‘1. 51 the
k minimum test distance could therefore, be N3A above the ground plane
(assuming the probe was small enough so that it did not perturb the

_field)

Slnce it was belleved that this was not a widely accepted distance

"Ffor carrying out axial ratio measurements the measurement distance waSj

"--tentatively and somewhat arbitrarily set at lOX _ Further criteria-

o for determining this distance would come from the requirements for

92



measuring the far-field powver pattern.

,:

6.3 Measurement of the Far—Field Power Pattern

As can be seen from Figure 6.10, if r the distance from the cénter
_of phase on the antenna under test (in this case a conical spiral) to'.
the point P where the field is to be measured is large, then Rrr for
any source distribution on the antenna structure. Undef‘these conditions
the field at P appears to be due to a point source 1oéétgd.at a distéﬁce
r from the point where tﬁe field is measuféd. The point P is'thed séid.

L . N » '
to be in the far-field of the antenna.

— PHASE CENTER

TAITTTT777TTT7 77777777777 7777777
i \ " ) ’ . : .v.~ - .
Y |

\

: N H ‘
T7777777

-Fig. 6.10 A source distribution contributing to the field at point P.

Ce
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There are two general criteria for establishing where approximately,

this far-field region begins. One of these criteria concerns itself

~with the error in the magnitude of the field contribution due to a

particular source on the antenna structure and the other with its phase.
It can be shown that the worst case magnitude error occurs when 8=0° -

and the worst case phase error when 8=90°. Under these conditions, the

“criteria for determining theifar-field region hecome,

r _>_5de for lees than lOZ.errOr in magnitude
.2

2d C :
r > Ae-for less than % (22.5.) error in phase.

Since the conical spitals tested would all be 1ocated above a

\

ground plane d the maximum effective dimension of the antenna would

in this\case be 2h. Thus, since the tallest antenna ‘to. be tested

would have a height of hml.sx,

0¥ .

T :?stv' for less than 10% ertor in magnitude
r> 18 for less than 5 (22.5°) error im phase.

It was expected that the'test range would be operating at a wavelength

of Anl foot (f= 985 MHz), therefore, satisfactory far—field pattern

'and axial ratio measurements could be conducted if T > 18 ft. It was’

decided however that owing to the weight and awkwardness of the

»structure\required to guide a dipole through a 90° arc, an upper bound

'to-its.radius of cnrvature'would he 16 feet. Allowing 1' for the finite



M ﬂ“é
& £ e

. , .
dimensions of the receiver housing and the equipment used to rotate
g »

the dipole, an effective radius of curvature for ‘the di%ole'was 15" = 15X,

N : Foo o )
© This distance would be sufficient for the majority of antennas as far
N R A ST A o .
. . . Y
as pattern measurements were concerned and more than sufficient for all

antennas as far as AR measurements were corcerned. *

ES)

6. 4 The Desigﬁrof a Zone of Minimgm Interference (Quiet Zone)

If power measurements - between a given transmitting and receiving
antenhavare conducted such that no stray reflections are incident on
the receiving antenna, accurate measurements can. be attained.. The
regioh so defined will be referred to here as the Yquiet zone" of the
antenna test range. | .

.Design of the quiet zore prbceeded‘with the“idea'inbmind that
unwanted reflections should not only be attenuated~hut where: possible,
also directed away from the region where measurenents were being made,

in this case the quarter circular path traVelled by the receiving

dipole. It was, therefore, decided to surround the test area with

reflectors (see Figure 6 11) madehof microwaveﬁabsorbing material
oriented,in such a manner that any_radiatiOn not_absorbed-would be
directed harnlessly‘into space; - o
An estimate, using‘ray theory, of the best orientation for the-
,.reflector/absorbers and the determination of the resultant quiet zone.
is’ developed bdﬂﬂb .

_ Figure 6 12 shows a plan of the roof where the test range was.to

. be bUIItfz The 106Q§ions of objects which could Be responsible for un--

_;wanted reflections aﬂ!bshown in the .plan along with their respective

1:heiths aque.the ﬁisd“bf the roof;',Because-of the~availability of;anf:’
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existine anchoring ‘frame in the SOutheast corner which would be

useful in the setting up of the 90° measurement arc (see section 6.5. 1),

(s

N\ : ’
_ | \\\\\J 1117/ F
ABSORBING. MATERIAL _ | 17
‘ ' N o /
'PLANE OF TRAVEL OF ~\’//////’f|
RX DIPOLE RS B i ¢
. : S by 2k
~ )
- - ] -
- o 1.1¢
_ | ~|
~| LOCATION OF \
~| ANTENNA UNDER I\
| TEST N
1 : N
/7 /71 TANSNNNYNLY
R !

B Fig. 6.11 General iayout of test‘range viewed from above.
% ) ‘ -
the range was oriented as shown in the diagraq

o

4
For operational considerations (height of the tutntable used to

rotate the transmitting antenna in azimuth lﬁnited radius of curvature '

"of RG-213/U cable feeding the transnitting antenna, possibility of
“water and snow on the roof) the gase of the range was raised 16 inches
:ab0ve the gravel base of the roof. The base of the test range would
represent the ground plane for the antennas to be tested. '

. Referring, now, to Figure 6 13 the ray paths which will help to
.determine;the proper orientation of the reflector/absorbers which en—

<
»

'cloeebthevtest range are shown. . ey

Ly
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“see'" the obstacle if

\

The tranémittingvantenna will not

Hyps~1+33-h . | - -
W T L - (6.3)
- - Loss |

where all dimensions are in feet. It was found‘that the maximum_value
of the right side of equation (6.3) was set .by the adjacent building

on the north side (H...= 20 ft, = 210 ft), with the result that

0BS Loss

(the tallest antenna to be tested would have a height of 1.5), agd at

a range frequency of 985 MHz this meant that h=l.5 feet)

H -h
o

Wz > .082 .

o

Owing to the pafticﬁlar dimensions of the absorbing material, and

.since;it was not desira%le to cut im, the reflecting surface dimension

)

% was fairly well constrained to be 3 féet. Also, since only a limited:. -

o amount of the mAterial>was available, .restrictions on the physical area .

of the'refleéting/ébsorbing.surfaée placed the width W at approximately

16 feet and the length L at approxiﬁately 28 feet. Therefore

H -h i,';§5:feet

o
or '
and‘thqé
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s

With the reflector/absorber orientation angle u&set,}the minimum

zone of interference can now be deduced.A_Referring agamhﬂto Figure 6.13,

’

q_- w/2 - ¢ cosa = 5,9 feet
= 90° - 2y
. 1 , .

Y. = tan (h/q_) = 14.2
Therefore,

wz =.2(Qf15 ten;)t=‘4.2 feet = width of quiet zone et'height_of,ISA,
The quiet zone up to the maximum measurement height of 15X should be at
least as wide as that depicted in Figure 6.14. It‘widens as either the
antenna height shrinks or D is increased or both ‘It should thus be

possible to carry out measurements anywhere along the 90° measurement

arc without interference from unwanted reflections.

6.5 Construction

A picture of the completed test range is shown in Figure 6.15. The
. . . 3 ! )

details of the construction of'its‘various;components wili'now be N

‘discussed..

" 6.5.1 The Measurement Track .

In order to guide the rotating dipole throughout its 90° measure- .

ment arc, a track was constructed -along which a. carriage (see section
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= =71 BOUNDARY OF
' -~ QUIET ZONE

90" MEASUREMENT
ARC ' - T

e

- —

fa' 1:d' ' ' /'

Fig. 6.14 The quiet zone within the range;b-

6.5, 3), carrying the receiving equipment and dipole, travelled.

The tracknconsisted of two T-shaped sections, each section
constructed from laminations of 1" poplar plywood cut to the proper .
radius of curvature (see Figure 6 16). Having the tretk in two sections

| would aid in its construction, handling ‘and” future storage. The
"radius of curvature of the track was 16 feet as specified in section 6 3.
Once the ‘two sections of the track had been raised to the test
'f:site on the roof they were bolted together using ten 1/2" diameter
.steel bolts (non-metallic bolts had been made which could replace the
:steel bolts once the track was in position and ready for measurements -

git was found however, that the steel bolts contributed negligible re~

- flections and the practice was' discontinued) One end of the treck wae
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W

>'Flg 6 16 The mnasurement track shawing (a) 1ts arc’ length Cb) joint |

beCWeen the two sections, (c) its T-shape (cross section A-A)

- . o . - ¢

I
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”then’anchoréd‘by a hinge. attached to ‘an existing frame'in the southeast'"
cornar. The track could then be raised to,its operating height using

a gin pole -and’ power pull arrangement, also 10cated in the southeast e

corner. Once up, ‘a wooden triangular structure was moved into plaEe‘to
h'support its free end.,

The arc was actually 9° over its required 90° angular length,

. partially s0. that the height of its focus’ relative to its hinged base .

'._could be adjusted yet still retain at: least 90° of arc for measurements,.

ic‘and partially to allow for the'support strncture at either end | T
The track could not be constructed from steel because of the severe
’reflections that would result._ It was felt however, that a fallly
.. .
good compromise between weight and strength had been achieved. -The

total Welght of the track i.e both sections, was approximately 300 Ib

) The surface area of the track and its support structure was kept

- to a minimum in order to avoid excessive wind loading., The track in its fi

o up position has withStood winds gusting to 65 km/hr and has been used
: 'in teSt range measurements in winds up to 32 km/hr with negligible

,:fvibratiOn effects being observed on the recordings.‘"'

s LA

6 5 2 D1pole Rotation Assembly

The rotation of the dipole was performed through a gear arrangenent
‘shown in Figure 6 17 which was driven by a Z&phase 400 Hz induttion

;servo motor. The p051rion of the dipole.was monitored by placing a

fh?voltage across a 10 k potentiometer, the top voltage of which was

:farranged to vary linearly and synchronously’with the rotation of the
idipole. This voltage<would supply the X—input of the recorder used in
[ 2

vthe axial ratio measuéements, the experimental procedure of which will
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POTENTI-  ROTATIONAL
OMETER COUPLER  '|pLER \ MOTOR
GEAR . GEAR

GEAR  DRIVE
GEAR .

-;?ig; 6.17 Geariarrangeﬁentiof;dipole'rotation~aSSembly.

be detailed in Chapter 7.
For information on the induction motor and its 400 Bz power supply,

the reader' is referred to Appendix_B.p

6. 5 3. The Receiver Carriag; L 3 | . '

The receiver, dipole, and dipole rotation assembly were transported
along the measurement track by a carriage constructed of 3/8" acrylic
material and using fourcball bearings as rollers. Regardless of the '
zenith angle at whlch mea8urement1 were being taken, the rollers of the
_jcarriage always remained in contact with the track surface,lowing to a |
-spring arrangement of 2 ball bearing rollers on the opposite side. |

By adjustments available on the ball bearing . casings, the carriage

could be tilted sideways or up -and down to allow for fine



”‘adjustment of the receiving antenna. BecauSe of'the'low.gain-of.the“
dipole used these adJustments were not found to be necessary.

. The angular position of the dipole above the ground plane of the,

test range was monitored with the aid of a 25 k ten—turn potentiometer ‘

V attached to the receiver.carriage.‘ The potentiometer, in turn, was
geared to a spool of known circumference._ A cable-wasrthen attached at
_one end of the track, wrapped'once around thepspool and fastened to
thelother end of the:track. .As thercarriage noved; the spool rotated.
Thus, knowing the ratio of spool turns ‘to potentiometer turns (10. 3 1)
"a voItage v could be placed across the potentiometer such that its tap
.‘~voltage would indicate degrees along the trac when fed into a. digital
voltmeter.l It is not difficult to show tha this voltage is given by

‘the expression

@

RER. n
oy s0cca0t o . ‘
™R : " . -
- C-=3circumference of SP0°1 invinches o .54§

G = the gear ratio between spool turns and pot turns
‘R= radius of curvature of imaginary arc travelled by the spool

: in feet

»

n ='positive or negative integer which determines the decimal

place of the recorded voltage.

Using this method ‘the. dipole s indicated height could be read ‘to a

‘ precision of l and was found to repeat to within .5° .as the carriage

was moved from the base of the track to the top.'

© 108



6 5 & Altitude Drlve

A drive mechanism had been devised to position the. dipole remotely
anywhere along the measurement track It was found however, to be too
slow, too inaccurate and too- unreliable. 'Hence,ﬂit was.abandoned.

Time did not allow for.the designland construction of a new remote
.positiOning mechanism, therefore; the dipole s, position was set manually
' through the use of a cable and pulley system. ‘For future use - of the

range,,it is suggested that a winch located below the ground screen,

";be used to remotely alter the. position.of the dipole along the arc.

6 5. 5 The Reflector/Absorbers

Supports for proper orientation of the. absorbing material wvere
constructed entirely out of wood using glue and wooden dowels for.
bonding purposes. Each Support had a reflecting surface area of

"6' X 3' and fourteen were made.' ﬁ !

' Since there was only a limited amount of the absorbing material

that was desired (CH type), two types were used.-

Eccosorb CH; reflectivity - 20 dB at .94 GHz,-i 4" thick

-
5

. Eccosorb FR-330; reflectivity - 20 dB at 2.3 GHz ; 2" thick.

Y
\
[

Because of the expected poorer reflectivity of the‘?R type R it was
R placed in the. lower 1/3 of the reflecting/absorbing surface and two
layers were used. Power radiated at these low elevation angles was
expected to be at least 20 dB down frOm the zenithal level.

~ The final arrangement of the absorbing ‘material which encompassed

- the test area is shown in Figure 6.8.

107
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MEASUREMENT

1t | TRACK .
| METAL MESH
|_-{ GROUND PLANE
o - ) .

x| | A _FE

37'

. REFLECTOR / ABSORBERS

"~ Fig. 6.18 Final layout ofuthe;testhrange.

6. 5 6 The Ground Plane

| A 16' X 28' frame constructed of 2 x &' s raised the antenna test'
range approximately 16 inches above ‘the gravel base of the roof. _On.
top of . this frame was placed 2" galvanized metal mesh. Within\
radius of about 4 feet of the transmitting antenna s 1ocation,_another
.'layer of’ metal mesh was. placed in such a manner that the reSulting mesh '
| had a lnhby 1" spacing.: At the. location of the transmitting antenna'b -

(it is apparent that the mesh could not be placed over this region if

the turntable was to be used) a 2 foot diameter copper plate bolted

4



6.6 The R.F. Section -

to the turntable, began‘where;the megh left off. As will be pointed

out in section 7.4.6 this ground plane satisfactorily represented a

uniform.perfectly_conductingpground plane.
O S :

6.5.7 The Azimuth Positioner

Rotation of:. the transmitting antenna in the $ direction was
accomplished remotely using a Sc1entific—At1anta azimuth positioner
The instrument was capable of quite accurate positioning (within a‘b
few minutes of arc) and provided trqyble free operation. s

‘A complete list of 1ts specifications can be found in Appendix c.

s

6 6 1. Operating Frequengy sT;'ji ’f_"~~\;,;d
Up until now, design of the test range has proceeded under the
assumption that the operating frequency would be approximately 985 HHz.

This frequency was chosen as a good compromise between too low a

1‘frequency, which would make measurements on a compact range less

.

accurate, and too high a. frequency which would make construction of the

model antennas difficult. Unfortunately, 985 MHz fell into the radio-'n

navigation band hence, the lower frequency of 959 MHz (A=12 4"), which

was. open to space research on an experimental basis, was used

6 6.2 Noise Considerations_pe b

If the transmitting and receiving sections of the test range can
be represented as ‘shown in Figure6 19, and" assuming that the pre-

amplifier s gain is high enough so that noise contributions following

¢ 5
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;it are negligible, ‘then the total power (i e.,signal and noise) at the
: terminals of ‘the detector is, <.

Pr= GZElkTTB = G2€1k(T + TNS)B +-§2§1leB + GZTZkB ,: s (6.4)
where

'k =.Boltzmann's9cbnstaqt
‘VT = total‘eﬁuivalent'temperature‘(Signai'énd“ndise)'pfﬂsygtem“.‘

T

T$= equivaient‘temperature of received signal powér -



NS (ls)

T, = 1 T, = equ1va1ent n01se temperature of first stage

1 ‘ei - phys

T, = equivalent temperature of . artificial noxse pouer in environment

- Ty %j(F—le equ1valent noise temperature of second stage _
‘Té = 290°K due to IEEE definition of n01se figure
B =

o

' Equation (6.4) can also be written in”termsfof_eQUivalent temperatures

as,
T =T T T Y st T T
P

*where T is the total noise»power equivalent temperature.
In ‘an’ urban environment the power den!&ty of the artificial noise
»u_per KHz bandwidth is on che order of 10

'.dipole (A A 13 x 10 3m2 at, 959 MHz) this results in TN " 10 K.

, predetection noise bandw1dth of system.

Watts/m [41]

N

For a A/2

Then if the attenuating first stage has ‘a power transmission

coefficient el-

_;the preamplifier has a worst case noise figure of F =

=10 TS

=7152.x'1041fK’ - e

.5 and a physical temperature of Tphys

= .0290 x 10

300 K, and

4 (6 dB),

 1f, now,’a minimum signal tp noise ratio of 100 is desired; °

T, L= 1l.2x107°KL b
s . . .
odne
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Thus the transmitter must transmit enough power: such that under minimum

signal condltlons an equ1valent signal power of PS : %;kIS- ~B is available,x
: : “min - - ®nin
at the dipole.' o A N
. . ‘!."‘
o\ : -
6. 6 3 Power Considerations v
For a system noise bandwidth of (say) B = 100 MHz andugecalling o
from the previOus section that TS o= 1 2 x 106°K théQ
- © Smin o
: _ .o D
B, =kIg B= 1.38x10” 2% 1.2x10%10% ~ 1.7 19_,9 Watts.

min min

Now, for a transmitting antenna of gain GTX=10"and a naximum
'test range distance of 152 (from section 6.3), the ratio of the power
o recdved to the powep transmitted under the conditions of Jbest pattern

orientation is

A 32 L46x107
b-where the factor a will depend on the polarization of the wave trans-

mitted and the orientation of the dipole relative to that polarization- E*f;,
o For a linear dipole receiving c1rcular polarization,a 1/2 therefore,,‘

"the-minimum transmitted‘pOWer must ‘be” ERTRE

P = e = 7.1uW (v =21 dB ).
TTn PrefPrx o e R
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Then, 1f it is des1red to measure the power pattern to'ﬁg;dBvbelow
its maximum value, yet retain a.signal,to noise ratio of 100,\the power .
- transmitted must be at least 7 -« '

P, =7lmW . (v 19 4B) .

6.6.4 The Transmitting Section
N 7
6. 6 4 1 The Power Oscillator

'U31ng the value of PTx arrived at in the previous section and
B assuming that cable and mismatch losses are on. the order of 10 dB
(remembering that the poWer must be transmitted\from the laboratory
up to the roof of the Electrical Engineering Building), then the
power oscillator (or oscillator-power amplifier combination) must be
"capable of supplying a power of 71 Watts. o '
Tube oscillators available in ‘the department could do no better
than supply a power 10 ‘dB below this requirement at the operating
g frequency of 959 MHz. Although it is possible that this would have
) been sufficient, preliminary tests indicated that even under controlled“.»
. conditions, their stahility was questionable.
Power oscillators were of course, available commercially, however,

. . .
they were expensive and: their specifications generally far exceeded those

required. - - ;R

Fortunately, there were. excellent papers available [42], [43], [64],
on the design of low cost microstrip power oscillators. This was,
therefore, the approach taken. The design equations and circuit

schematic of the power‘oscillator are given in Appendix D; only the



T

OScillator s relevant properties Will be presented here.

" The power -to the transmitting antenna must remain constant over
: the time that measurements are being taken (approximately 4 to 5 hours)
and the frequency must remain sufficiently stable so as not to enter
a significantly different region of the frequency response: of the l
filter primarily responsible for setting the system bandwidth. _(The
rfilter 1s discussed in section 6. 6 5 3) Measurements carried: out on
the microstrip oscillator when fed from a regulated supply, indicated :
| that the power output changed by less than AA and the frequency by 1ess
than 054 over a 12 h0ur period _ Spikes and discontinuitie: evident
'on the strip chart recording of indicated power but totally absent
hfrom the recording for frequency,,suggested that, perhaps, the strip
| chart channel recording power was not functioning properly and there- -
:fore the power stability was better than indicated Unfortunately,h‘
',the strip chart recorder broke down shortly thereafter and it was not-
,possible ‘to check this out further. ‘This was of little consequence,‘
however,’since the.power ‘and frequency stabilities were sufficient.

The oscillator was tuned to a frequency of 959 0 MHz and its
supply voltage was adjusted until the power into SOSlwas 1 Watt.
Throughout the experiments, he power and frequency of the oscillator
were continuously monitored although except for ‘the initial stability

v

~tests, not continuously recorded.

6.6.4. 2 The Attenuator

3dB power attenuator was 1nitially placed in front of the power

4

;oscillator so that power could be boosted for more accurate measurements

at low zenith angles w1thout changing its power supply voltage. It

+
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,was, eventually, replaced by a lO dB and sonetimes 20.dB power

:..attenuator (dependlng on the radlating efficiency of the antenna under
,test) so that the detector in. the receiving section would remain in the
sqnarevlaw tegion of its,characterietic, A'If |

6. 6. 4 3 The Transmitting Antenna Feed Cable .

The transmitting antenna, located on the roof of the Electrical
Engineering Building, was fed from the Radio Astronomy Laboratory,
-.located two: floors down, through approximately 70 feet (N de) of .
;'f.RG 213/U cable. Specifications for this cable and other types used 15’p

athe experiment can be found in Appendix E

6 6 4. 4 ‘The ' Matchlng,Network

Depending on the angle of wrap,vthe method of feed the arm. width

’
-

Vand the cone angle of the conical spirals tested their input impedance
was expected to be real- and ‘to vary between 100 and 200 ohms [18]
‘rFor this reason A/4 matching sections of cable with characteristid

,impedance 73 ohms (RG=59/U) and 93 ohms (RG—67A/U) were constructed

,which could then match loads of 107 ohms and 173 ohms, respectively,,p.-"

.;to 50 ohms

P

. 6.6.5 The Receiving Section

6. 6 5 1 'l'he Dipole Antenna

A resonant 1/2 dipole consttucted out of 1/16" diameter (Zo -~ 500
avg '
at 959 MHz)brass rod was used as the receiving antenna.j It was matched

it
£
%,

K

to 4 1ength of RG= 58A/U (Z =50ﬂ) cable by cutting the ends of a’ A/Z R

KYS
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<a .
. . 3

from the balanced antenna to‘the unbalanced‘;‘
accomplished by the use of a balun built into the feed
of the antenna (see Figure 6. 20) Two A /4 sections of 1/6" copper _
tubing ggre placed over a length of RG-SBA/U cable and shorted to the '?!v"l
outside sheath of the cable a digtance A /4 below the- feed point,f
(A = Aﬁ/e , where eg here, is the dielectric constant of the PVC
jacket of the coaxial cable.) Currents flowing on the outside of, the .
- outer sheath of the coaxial cable would then have high impedances
..-presented to- them whether they originated from the top or bottom..fdt':.
: Thus a balanced feed should result o f_ dffi S S 3‘< T'f : j.,h'_ -
The entire feed arrangement was then encased'in‘acrylic for rigidity..‘didi.f
iand a BNC cOnnector was attached at the bottom for connection to a - S

' ’

rotacional cOuplet. -

s

i 6. 6 5. 2 The Rotational Coupler

The permanently fixed cable and amplifying sectiona of the’receiver

_must in some fashion be connected to the rotating dipole._ This connec-

tion is made by a rotatiqnal coupler.: Hithin the limits of the measur—‘3 =
‘ing equipment (resolution, 05 dB) the loss in the coupler was found to';'j
.f_remain conéfant'ﬁs its one end was. rotated._ %his insertion-loas wa; ::d:w
Vmeasured to be on the order-of 1 dB for any frequency between 650~Mﬂzc_ d
Y e 5. 3 The Band-Pass Filter l;?ij';'fff. _f fa?*t"-*i»' :ﬁ'jiglagx’~j;;..f,

RS ST

N . RS
The system bandwidth was primarily set by a band—pass filter placed;ff"' N4
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‘.in fuont of the preamplifier. fhe_filter, shown in Figure 6.21, consisted

of 2.microstrip resonators formedlfrom 2.8-mil-copper, etched on a 1/32" |
”_thick polyethylene board |
- ‘The.fiiternhad a dB bandw1dth of 42 MHz Centered on 964.8 MHz
.and a return 1ossio£ better_than.ZS dB at 959 MHz.' (Note that in.
section=6r63, which determined.the.tranSmitter.power-required fora - .
signal to noise ratio of 100, a'bandwidth'of 100 MHz was aseumed.) The
mid—bahd.insertion loas-of the filter was approximately aﬂdBi however,-r l‘i
thisfwao considered tolerabie and could oniy he,redUCed at the‘expenSQ
 of increasing the bandwidth o . | | |

-As can be seen from Figure 6 22 higher modes'are present and arer:'
'.responsible for the second peak in the filter response at 1. 74 GHz..
:iThis, however, presents no problem since the bandwidth of the pre— o
‘Aiamplifier, which follows it is high frequency limited at 1 GHz.-‘n

For more details on this filter, the reader 1s referred to

'Appendix D.

6. 6 5.4 The Preamplifier

Preamplification of the signal was accomplished immediately afteri
the band—pass filter in order to minimize the noxseupower due to cable:rfi
;loss between the filter and preamplifier.‘ Hence, the preamplifier wasi5‘1
hmounted on the receiver carriage which moved up and down the measurement o
"track It therefore had to be small lightweight,r.and capable of
':‘operating 0ver a wide temperature range. The Watkins-Johnson 6201 342
:-Wlde band (5 MHz to l GHz) amplifier met these requirements handsomely

"'3Its meaSured gain versus frequency characteristic 1S shown in -

-



'?ti} 6 21 The 2 tQIOnator ldcrontrip band~pass filtet,

hown outside its casing. y
i«’l .

ATTENUATION (dB)
o

. 2.0 GHz

98 122 148 17

'“.Fig. 6{22 .Fil;ét reppbnqe frgn-.? GHz to 2.0 GHz.
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Figure 6.23 and a detailed list of its specifications follows.

‘ Guaranteed Specifications of WJ6201 342 wideband amplifier at 25 c
‘Nolbe Figure-‘> - = 4 dB . ..

Gain ; . . = Zl’dB

Gain Flatness(5-1000 Miz)=: +1.5 dB

VSWR(input and output) = 2.5:1

Power Output o = +6 dBm

Supply Voltage(nominal) = 15V - ;
Current (typical) = 33mA

Temperature Range: =  -54°C to + 71°C.

6.6.5.5 The Square Law Detector

'~ By converting the'microwave power of the.preamplifier to D.C.
power at the receiver carriage; tne heavy and.semierigid R.F. cable
that would have been required to transmit the microwave power to the
laboratory for conversion was avoided. Id&additian, the R.F. cable
losses (~ 10 dB )that would have resulted in»this cable, had it been
required were eliminated (The D.C. losses were negligible )

. For detection, an HP423A negative voltage square law crystal -

detector with optimum load resistor was used.: Up to an output voltage
of 50 mV its characteristic does not deviate.from square law by more
than * SdB when using the optimum load resistor. At IGHz it has an
SWR of better than 1.2 and its sensitivity is, typically, greater than
SR | o | |
| Because drift in. the D C. amplifier, which had a gain of approximately
100, set the minimué recordable voltage at approximately lmV and -

deviation of the detector from square law set the maximum recordable



121

[o]
O

at SS e

fomciabn

2 SBa0 Saaact ag

i e

L

.umﬁuﬂaasmwua Jo uaumﬂuwuomum:u lamod 3nduft snsasa cﬁmw vu‘mmz £€2°'9
: (WEP) ¥3IMOJ LNdNI .

or-
-

‘313

.ot m—. -

fo=tnbe

- oo

—

—

"

!
-y

o

Dl oran

(8P) 'Nivo

e



122

voltage at approximately SVImeasurements could be. carried out over a

’d)namic range of approximately 37dB. The error.over this range would
primarily be set by the crystal detector and be on the order of SdB.

By correcting measurements taken at detector output. levels greater than
50mV" for non-square law Operation the measurement range could be extended-
to 40dB where now the high'level limit is set by the 100mW maximum;cw
input power to the detector.‘ lf the detector's D.C. voltage output verSus‘.
microvave'p0wer input characteristic could beedetermined-to a sufficiently‘

~. high accuracv, all measurements, high and lov level3 could be corrected
for»deviation‘of the-detector from square law operation and thus obtain
an accuracy better than ;SdB.u This was not considered necessaryAand such

corrections were not made.

6 6. 5 6 D.C. Amplification

The detected voltage was raised to a recordable: level by two stages
of D.C. amplification ( eachxlO ) As a precaution against small inter-
fering voltages that may enter into the cable transmitting the D.C. voltage

to the laboratoty, a preliminary Stage of D. C. amplification was carried

‘(‘

out at the receiver carriage. This first stage consisted of a uA 741
linear I. c. amplifier operating in the non—inverting mode. No special
.circuitry was added .to the. typical application circuit shown in Figure
6.24; however, it was shielded by placing the. amplifier in a 1/2" diameter
~ length of brass tubing. 'In order to minimize the effects of temperature
variations,vthe tubing was then filled with an epoxy of low thermal o

conductivity. BNC connectors, attached to the ends of the tubing,,

completed thegstructure.A The output voltage of this first stage was then

-
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Fig. 6.24 Schematic of first stage of,ﬁ}C.,amplification.

.

.transmitted down to the laboratory through a shielded cable where it
underwent further amplification.

This ‘second stage of D.C. amplification was performed by the very
stable amplifier of an analog computer. Any voltage offset due to
the first stage could be easily monitored on the computer 8 built—in
digital voltmeter and easily corrected by’ introducing an - equal voltage
of opposite polarity into the second stage. The ‘DVM of the computer
was also of use during measurements iu that it provided a digital readout

-

of the- voltage being recorded. [ A . e

-

Since the minimum power ‘to be received was on the order of -60dB
the minimum,voltage to be recorded was on the order of lmV. If the -
drift of the D. C.,amplifier cszbination was: severe enough, an error
‘would be 1ntroduced in the axial ratio meaSurement. However, these low

., power levels occurred- only at high zenith angles (6 > 70 ) where the AR

‘was large (i e. the polarization almost linear) and hence the error .

-



unimportant Nevertheless, accurate AR measure,ﬁnts could be-made at

. these high zenith angles by boosting the transmitted power by 10 or 20 dB;

pas discussed in_section'6,6.4.2.- If this approach was not. desirable, the
,D;C. amplifier c0mbination‘cou1d be zeroed Just prior to the recording |
of a low power measurement. " The results thus achieved were quite
accurate for most . purposes since the total drift, over theventire
'1period that measurements were being made (4 to 5 hours), rarely exceeded

BmVrA

c 6 6 5.7 Receiver Prototype

o : : -
The completed receiver is shown attached to the underside of the

*receiver carriage in Figure 6. 25 The various components in the .
:photograph can be identified by comparing it with the diagram of Figure
6 26. The recorder voltage as a function of the microwave power at the

input to the rotational coupler of the receiver prototype is shown in

'xFigure 6. 27 As can be seen, the voltage verﬁhs power characteristic

" S .

- remains within .SdB of square law at’ ast up to SV.

The complete receiver packa\e inéiﬁding the receiver carriage,'

receiver, dipole and dipole rotation assembly weighed approximat ly

20 lbs. -

6.6. 6 The Measurement and Control Center

All power required for the monitoring of position, operation of

B
‘the receiver, rotation of the dipole and rotation ‘of the azimuth ,'

turntable originated from the area referred to’ as the measurement

'and control center. In addition, the microwave power feeding the :

‘transmitting antenna was' sent from. this area..All positional feedback

124
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voltages and the detected voltage of the receiver were received at this .

center.

A cgptrol.box was built whiéh p;ovided patching facilities aﬁd
concfol switches for the.operation and monitoring of the various devicgs
used in the r;nge. A schematic of. the equipmént required in the

- measurement and control center for a typical experiment is shown in

Figure 6.28.
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"-t{measurement track could be adjusted so that the center of the top off5>h5

GHAPTER 7 B L
THE MICROWAVE ANTENNA TEST RANGE OPERATION :
The method and results of, measurements taken with the testlrange n:(

deScribed in Chapter 6 will now. be presented._ Errors introduced into‘W;_
.the measurements because of constructional problems and design short-
: comings will be di5cussed Solutions to ‘the various problems and
improvements in the design will ‘be offered Finally, after analysing L
'the data with the deficiencies of the test range taken into account,

a design will be presented for the most: suitable conical spiral for use

¢

with the riometer.

737 1 Positioning of the Track and Turntable

: The measurement track could be raised or lowered by the use of a

3gin pole and power pull arrangement. Once raised a wooden triangular

' .T.structure was moved into place to support its free end. By moving thef'j

' base of the triangular structure either in or. out the height of tf{fO

h the turntable vhich was’ assumed to be the position of the center ofiﬁf?.

~!phase for all antennas tested Was at the focus of the curved track.fih'

Because of the expectation of high winds, the measurement track‘ o

’:was frequently set up and taken down., Fortunately, either Operation~~
,.could be accomplished by one person in approximately 15 minutes._?

H7 2 Test Procedure

At the test site the antenna to be tested was attached to the turn-

:'fltable of the azimuth positioner.p The receiver was then placed at the -

"~:top of the track, i.e. past the zenith position, where measurements would

Y29
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power being fed ta the transmitter the D C amplifier s offset voltage_

begln..”"f AR - . St @

In the Iaboratory all 1nstruments were turned on and allowed to -

wvarm up fot 10 minutes The power oscillator was also turned on, how-

ever its output was fed through approximately 10 feet of cable and

a lO dB attenuator into a matched 1oad (See Figure 6. 28) With zeroA'

was adJusted to give a reading of zero VOlts l ‘mV . By amplifyipg

the output of the D. C._amplifier combination sufficiently and monitoring

i

14

the result on the analog computer s digitel voltmeter,.this offset

Tvoltage could be zeroed to. within .1 mV However, ekcept when very

§
~a

low powers were being recorded this fine a3 zeroing waf not required :

ThrOughout the measurement period, the zera level was Ehecked and

adjustedar It rarely exceeded 3 oV which represents lehs than AZZ error

;for most ancenna,meaSurements to half power. . ;

&,

',detected voltages, it can be seen from Figure 7. 2 thai rotation of the

When all equipment was. ready for measurements the matched 1oad

o Al . 3 .
: |

"*_(but not the attenuator)‘was removed and the power osedllator wes

connected to the feed cable of the transmitting antenna. The dipole

';was then rotated through 360° as the detected voltage as a function of

o dipole angle ‘was recorded on the X~-Y recorder (see Figure 7 1) If a.
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measurement at a different azimuth angle was’ required, ‘the transmittingu""‘

f‘b_antenna was remotely oriented accordingly. and the dipule again rotated.

Recalling from section 6c2 2. 1 that the total powir in the wave is

*_wand'the AR is the square root of the ratio of maximu? to minimum '

Tt
KN

: transmitting antenna has little effect on the total received power-‘,u:'4

F z.'

L proportional to the sum of the detected maximum and m!nimum voltages,' S

1 ghowever, the axial ratio does: change by approximateyy 132. As pointed } d;;:;‘
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132

.out in section 5 2. 2, an arial ratio change of lSZ for a 90° change in

'azimuth position is typ1cal of conical spirals. The trend .of axial

* . ratio as a. function of zenith angle, however, remains the same for a’

given azimuth orientation [17] For this reason and the fact that the

total power does not change significantly (less than SZ in Figure 7.2)
with rotation,'measurements were generally, conducted at only one .

RSN

azimuth angle.' Spot checks were occasionally made ‘and revealed that ’

L:. the power and axial ratio variation generally remained within the 1imits

defined above.'->1 ;b :.i l,::ﬂ ' ;;' ‘r;’jn-V ?_ﬂ;f?
It is interesting to note the shift in the curve of detected voltage
versus dipole orientation angle as the azimuth angle is changed.; This

is an indication of the close association between the angular orientation jiiég

' of the maJor and minor axes of the polarization ellipse, represented ,11]<r"i

by the positions of the maxima and minima on the 1inear recording, and T ih’_z
the physical orientation of the antenna. As long as most of the radfﬁtion'
emitted by an antenna is nearly circular, the phase of the emitted wave‘;_lf'”
can. be changed by a mechanical rotation of the antenna structure. This:-d.

is 'lngseful property in phased arrays using conical spiral elements [AS]

w

Although the above discussion has been limited to the normally

bh circularly polarized conical spirals, a linearly polarized antenna was N

also tested. A A/Z dipole A/A above a ZX diameter copper ground plate ;bil

1 was used to test the validity of the far—field assumptions used in the

design of the range. At the zenith the croSs-polarization betwee‘,-his
R

antenna and'the receiving dipole was better than 27 dB Obviously, then,

axial ratio measurements were of little value, the antenna was to all

(2

intents and purposes linearly polarized as would be expected. Hawever,

s its power pattern was of ualue, although the measurement procedure used

v



to determine it was slightly different from that of the conical spirals.
At the zenith the dipoles were oriented for maximum power. Because '
the dipole would not be- rotated - the potentiometer monitoring the

'-digole orientation angle_was disconnected from the X-input of the X-Y-

.recorder, _ln,its place the voltage.represanting'the zenith angle of the

dipole_was»applied. Therefore, allowing‘the receiver carriage to move
down the track, a plot of réceived power (detected voltage) versus

.dipole zenith*angle was recorded:

7.3 Data’ Redu‘ction '

The measurement records:obtainedtfor the linearly polarized dipole
‘transmittingbantenna'were esSentially already in the desired form; The
records justvhad.to-be‘normaliied.with respectlto the maximum'p0wer
levelyrecorded,jand~the.results‘plottedbonva polarldiagram. Because
‘the dipoIe records;were continuous functions of zenith angle, care . was
- taken to prevent anyAIOSS of detail in the transfer from the continuous
le,records ‘to the discrete point plots‘of the polar diagtams N
Power measurements on the conical spirals, however, were not
.,continuously_reCOrded as a“function of aenith angle but were made at
| discrete intervais'alongithe'measurement arc. The'trends 1n3power.4 )

response and axial ratio as functions of’ zenith angle were not

immediately obvious from the records. "“The measurement data, therefore,'

.:_had to-be reduced‘toja_more readable-form,
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- The total power‘in'the teceiVed'wave Was'proportional to the'sum of -~

the maximum and minimum voltages ietected and the axial ratio was
"determined from the square root of the ratio of the maximum to minimum

'f‘voltage detected As can be seen from the examples of the measurement



raecords, there are two‘maxima and two minima recorded for each zenith
'angle; Normally,‘it would not matter which maximum or minimum was

used in the determination of.the total power and axial ratio. However,
- because the receive 'dipolevwas tound to have altilt-in its pattern,
probably due to a feed imoalance, the two maxima or'twobminima differed.
.By‘approximatelyv6zr Care thna had to be taken in choosing‘which'
maximum was related to which minimum For.all meaeurement records the
convention used was that the total power and axial ratio would be
determined from the larger maximum ‘and minimum voltages. Axial ratios
determined from the smaller maximum and minimum voltages differed by
less than 2% and the normalized power patterns SO determined were

’indistinguishable from those_evaluated'{rom-the other set of extrema.
. : _ RN B )

7.4 Calibration and Evaluation of the Range

The standard conical spiral and a 1/2 dipole were used in a series
:-of tests to evaluate the performance of the test range.v The dmta from
theae tests, and the height.reduction experiments on the.conical spirals
which‘followed-them, were not analysed until all experiments had been
completed. énis was - done so that»as mnch information as possible could

: be gathered before operations would have to be sﬂ%t down due to the.

impending winter.'
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7 6 1 Measured Pattern and Axial Ratio of the Standard Conical Spiral o

As Has. been pointed out. in section 3.3, the HPBW axial ratio and
"other radiating characteristics of the conical spiral antenna ‘with
'260#20ﬁ, o=807,'and 5=90°‘were well known. This antenna was therefore

J o+



\
chosen as the calibration standard for evaluation of the test.range.
The first measurements to be made were to determine its power pattern
and polariaation response so that these could be compared with the
expected values.

» For these initial measurements a microwave absorbing material with
better than -20dB reflectivity at 450 MHz completely covered the
receiver carriage but the.gin pole used to raise the measuranent track
and the cables feeding the receiver carriage were exposed. The power _
pattern and axial . ratio measured for the standard conical spiral under ;
the above conditions are shown in Figure 7 3 and 7.4, respectively.

The power- pattern is seen to be quite ragged. However, the average
power pattern dravn midway between its maximum and minimum envelopes

is ﬂ!&ieved to be the true far-field pattern. This will be discussed N

: further in section 7.4.5. It is of note that all dashed curves -

fidentify a HPBW of approximately 70° For an identical antenna but not

A

R m0unted over a ground screen,ADyson.s curves indicate an average HPBW of

®

¢

',approximately 74° 6°5 where the variation in the HPBW is due to the

~ fact that the pattern changes slightly over the bandwidth of the antenna

[18]. It is known that on a conical spiral the beam width increases

,‘as the operating frequency approaches the low frequency limit of the

- structure.. As the frequency approaches its high frequency Iimit, the

beam width decreases slightly, then increases again. Since the standard

conical spiral was designed to be‘well above the low frequency limic

’ not at the ‘high frequency 1imit, it seems likely that it would be at: :

X most 74° . Adding to this - the fact. that the antenna was mounted on a

large ground plane a modification which is known to produce a narrower

beam [17], a HPBW of 70° appears to be a very 1ike1y result.,

e
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Fig. 7.3 Measured power pattern of the standard conical spirai_(260-20°,

u¥80°,_6-90°) (solid), with maximum,minimum and average curves super- -
. . LN " .

imposed (daahed).
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-Fig. 7 4 Measured axial ratio of antenna of Figure 7.3 with curve of

Dyson [18] for comparison (dashed)
Y . . ) ‘a



Looking now at the'axial ratio.measurement results shown in Figure

7.4, it is seen that, again, good agreément exists between Dyson's

. results ahd those taken by the author. It is not known whether Dysoﬂ

checked the axial ratio at‘zenith angles of 0°, 30°, and 60° only, but

..

\ co : . .
these, with the appropriate curve drawn through them, were the only

points plotted in his 1965 ;nper. At this point it was believed that,

certainly, as far as the measurement of axial ratio was concerned the

‘prange was.functioning satisfactonily;

X

7.4.2 A Check for Reflections from the Gin Pole and Receiver\

Feed Cables

As was mentioned'in section 7'4 l, the gin~pole used'to raise‘the .
_measurement track and the cables feeding the equipment on the receiver

.carriage were not coveré% in the first test of the standard conical

spiral. Up until now it has been assumed that these objects were not

responsible for any serious measurement errors. It will. now be shown

' that this was a valid assumption.,,.'h 4

For these measurements an additional piece of absorbing material

was placed on,top of the absorber that had previously existed on the

receiver carriage. This ‘was done in order to cover a small section of the
dipole rotation assembly which had previously been exposed and which
.'could cause a slight perturbatiou in- the receiving dipole pa‘tern. This

.effect could be checked as well by comparison with the measurements of .,

‘ _the first test. .1,-"n : 'jf » f»; e u" f. 7i”,_" .7_ .

e

Measurements with the pole -and cable exposed as in the first test

e

‘were again conducted on the standard conical spiral. However, the

azimuth orientation of the antenna was not necessarily the same: as thati_'

137
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in the first test. The gin pole and receiver»cables'were'then covered
R .

a small slot left uncovered through which the'dipole could protrude. In

 order ‘to obviate any unforeseen effects due to temperature or humidity, \

>

?these measurements were conducted immediately after those tests with . '
;the pole and cable exposed This’ also ensured that the.conical spiral S
azimuth orientation was the same for both measurements. As was(pointed
!out‘in,sectidn 7,2,lforla,givenazenith anglepthe total power may change

Thby'Szland the axialjratio bj 152'£or a 90° rotation in azimuth.”

The measurement'results'are"shown?in Figuré,z.s. lt is“first
:immediately.obvious that.no_drastic changes occur in,either.the power
:~pattern or axial ratio measurementsr‘?Considering thatlthe measurements‘
" were made-at discrete intervals and. many records were.difficult to'read’

:due:to.overlapping curves, the'differences are.reasonable. Throughout -

the remaining experiments, however, the gin pole.was always covered with

4:the microwave absorbing material}iv' .
Now comparing the’ power patterns measured w;th that of Figure 7 3, it i
.is seen that a narrowing has taken place. - This could be due to a small
section of the dipole rotatioq,assembly which was exposed to the ;n
receiving dipole in the first test as was mentioned earlier. However,
it is more likely that this is due to different azimuth orientations :
of the transmitting antenna which can alter the beam.width by 4° to S°’
‘YEAs w111 be described in section 7 4 4 an improved measurement set up

'was later used and the standard conical spiral was. retested' in fact the -
'1 HPBW and axial ratio reSults are very similar although definite improve—

[

ment is noted in the uniformity and regularity of the pattern structure.

K J
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Fig. 7.5 Powerfﬁattern-(a).an&'axial<ratio (b) measurements on the
" standard conical spiral with (dashéd) and without (sB}id) absorbing

vﬁezﬁfiai covering the gin pole and receiver feed cables.



7.4.3 Effect of Receiver Carriage Sideways Tilt

Prdvisloe ﬁad been;ﬁadeAcn'the cecelver“carflage co alloe it tofbe
tiltedlebproximatel;'5° to either Sidé- For>a eirec; comparison
measurements were firet taken without tilc in'the\receiver carriage,
then cet. ﬁar, measurements_were'repeated with the carviage tilted.

Because'of ehe'degree of'tilt,‘the carriage could not fit_through
all the ébsorber‘holders_which were scill attached to the meaSu;ement
track from che preyious experbmept, Hoeever; it is‘beiievee that -the
,.data’gathered,sufficiently 1llustratee the effect of sidewa;s tilt on
'ghe :eceivei carrieé;..

. The results of the measurements arewshoﬁn in fdgqfe 7.6. It is
seen that even with this excessive tile repreeenting a shift of
a;proxiﬁately ‘15 inches in the measurement focal point, the power pattern
and axial ratio are not affeceed~dramati¢ally. This is to be expected
" since the receiving dipole.hee such a broad beam.

This test was felt to be important since ‘the measgremenf t:ack -

exhlbited sideways deviations of + 2° over its length. Measurement l~

errors due to this deviation should, therefore,‘be insignificant.

7.4.4 A Retest of the Standard Conical Spiral on an Improved Set Up

: ‘eTﬁe}reeulté éf section‘?.ﬂ.Z'shdwed the; if reflections from the
gigipole.and:;gcetver carriage cables affectedlneesureﬁenc’resglts,'it
was a‘ﬁerf small. effect. Howeeet, in'an'atcemp: to obtain the most
accurate'measuremente poseible wlthout undge expense oi additional
eec‘up tiﬁe; an effcft'vas made to completely render the effects of.re;
flections from either the gin pole or receiver feed cables negligible.

As far as the gin pole was concerned the solution was simple sinceA
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Fig. 7.6 Power pattern (a) and axial facio () measurements on the

'standard conical Sp:!.ral with (dashed) and without (solid) sidevays. '

tilt on the’ receiver carriage.
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it sould he covered with absorbing material vet still perform its

“function of raising or lowering. the measurement track when it was being '

set up or taken down.

9, - .
Covering the cables which trailed behind the receiver carriage as:

it moved up and down the measurement track was not so simple a task

but instead was an involved process which required many hours to

completa.’ It required the placement of absorbing material all -along the

.mem‘brement traok yet allow1ng a slot through which the dlpole could

protrude; However, EEEEE‘Ezﬁies which had a.combined diameter_of
approximately‘B/A", when uncovered,:reoresented a.reflecting'surface_
which was’always normal to the incidentbradiation and thus the re(lected
energy should never enter into- the aperture of the receiving dipole.
This would almost certainly apply if the absorbing material covering ' ;
the receiver carriage extended.sufficiently beyond the ends_of the
dipole.. Hence{ allvsubsequent.measureuents were conducted with a
2;x2'x4“ piece of'microvave absorber placed over. the receiver carriage.:
A l" hole cut in- its center allowed for: the connection of the A/2 . |

receiv1ng dipole.. Thus the absorbing material extended at least 9"

“beyond the arms of the dipole, regardless of its orientation.

This method of eliminating reflections from the receiver carriage

oables was: not only de91rable because of the reduced set up and take

down times, but also because, unlike its alternative which placed
absorbing material all along»tne‘track, this method did‘not_add
significantly'to the'weigbt and wind'loading factor of thé;measurement
trac?. . |

K _ _ ; . K . .
“The results of measurements taken on® the standard conical spiral,

“using the improved set.up,described above,lare shown in Figure 7.7.

b
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Ihe measured power pattern is much more uniform anghkts '

peaks occur approximately every h The HPBN determined from the

N

dashed smooth curVe shown, which attempts to define the}average powef’

- pattern, is approximately 70° This is the ~same value of HPpW arrlved

-at in the first test of the standard conical spiral although the meaSured :

power pattern in that test was not nearly as Well defined. The axial

ratio appears to have improved slightly in its general trend but this

could be due to different aximuth orientations of the transmitting

antenna between this test ana~the first test.

Because of these favourable results, the improved measurement

'_set up Was used on all subsequent tests and the results of this section

are believed to best represent the characteristics of the standard

'\conical spiral

Justification will now be given for drawing smooth average curves

N -~

through the measured axial ratio and power pattern results and ,

determining th*'characteristics of the antenna under test, from these_

]
A

Smooth average eurves._~f Lo }' v T _ . o s

S " .

7 lo S The Mea.sured E and H Plane Power Patterns oﬁi Simple Dipole

¢’

The standard conical spiral mounted over a ground plane represented

~

e .
on the range. necause of thc compactness of the range, which hadia

‘g an: antenna with maximum dimenslon of SA and was the 1argest antenna tested [,f

" measuring distance of only 15A £rom the discussion oi‘section 6. 3":3-

measurements were possibly not made in. the far-field. Thus the ripples ‘

: ¢
“on the measured power pattern could be’ Qe tb a near-fie]si effect. :

' To test this a A/2 dipole, A/4 above the ground plane was constructed

T

-and tested. -If the-ground plane appeared.infinitevtojfhe dipole, the ly“



- values can thus be compared with the measured values.
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dlpole -ground plane combrnatlon could be reprdhtnted by a two dipole

_arra) which would have a mayimnm dimens;on of A/Z and thus its meaSuteda

pattern should closely resemble its far- Eleld pattern. The_far—field

pattern for this antenna. can be‘Easily calculated and it has a HPBY
. r“h . .
of 6&“ in-the E plane and 120° in the H plane. These calculated
' B
§
The measured E and H plane power patterns of a /2 dipole, A4 vy

w

above thé ground plane arezsden in Figures 7.8 and 7.9, respectively.

>

It is immediately noted that the patterns are in the proper . sense;

that is, the H plane%attern is conslderably broader than the E plane

pattern.' If as shown@ smooth average eurves are drawn through the «
: "

peaks of the measu:edtpatterns, a HPBW of 65° in the E plane and 118"
[+

in-the H plane is obtained These values are in good agreement with
“those calculated for the far fleld patterns, The ripples are still

fpresent,jhoweVerr,and are;far worse in theiﬂﬁglane than the:E,plane.

The_fact that the’rlﬂples still exist and occur:approximatei§\everyvA”

as on the conical spiral power pattern, suggests thatgthey'are not -

- . . " w,} ",{‘S"‘

due to a near—field effect as supposed -Because of.the small sizeaof_*;}ef
. u \_ . . -
the dipole the ripples’tn ‘both planes sh?uld have been reduced cOmpared

g

',to those on the conical spiral power patbern. Also. it would be ﬁnlikely

kthat they would occur at’ the same interval since the near fields of a-

4conica1 spiral and linear dipole should be substantially different, and

o

thus if zhe measured fields are due to a near—field eﬁﬁ?ct, they tao,

should be different.;

It was then,suggested that perhaps the ripplﬁs on the power pattern

~&ere due to the non—inflnite ground plane. I% currents flowing w1tbin

‘ v LA 7

v

: et
S the,ground plane had not been reduced to zero by the time they reached

o 4“, . ) : - R

- e -
o . PN B 8



6 RELATIVE

————a

‘.Pow:-:lli‘
S

‘. P v:
. N
~ /' ) s
. L

P -
¥

- ~N N .
.

. \\/’

Y

I~‘1g 7.8 Measured E plane power pa;.t.grn of a A/f2, ‘gipcue, A/& .above '

z
gropnd plane‘Qith ’iverage of pattetn superimposed (

dashed)

.

he S

146



-

ZENITH ANGLE -

..‘& 0,

.50

AY \
Y
i . -
0 ' \
A
s.s.i_ﬁ.__h_ 1/ . N/ ."/

.'» ' N
40 D A

‘ SRELATIVE . W7
4 TN . .. . ' Q N K
' I\ N _ POWER o -_,\(’

60}

. N N N N
70. e N N \ . :2._."\ . o
\\ ‘l/ . \ \‘ /t‘: ; - L
~ H SN X. “ ‘. V
TR s . oL ‘ N\ - S e
o I N L T g S
80 - ) PR ;\»:\\ . L - L
—_ X Sl T e R
. . S PR . Sk
Se—! N e e TP
. - N P LR S vy
X 3 = o
S0 " - e
. - ¢ "; .
. .
A

’

&

Fig. 7.9 Measured H plane. power pattern of a A/2 dipqlegiilé above

rd
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its edges, the ground plane would very closely resemble a radiating
Aaperturt antenna and rapid peaks similar to those observed would occur.
It can be shown that for an aperture.antenna, the interval between
peakg depends on the aperture size 251, in.this case, the sire of. the .
ground plane. Thus- if the ground plane was physicallv reduced-to,.sav,

oné tenth its original size, the interval between peaks shOuldAincrease

by a. factor of 10, i.e. the peaks shouid occur at a much slower rate, with

zenith angle. This was tested but absolutely no change- in the interval
. R

_ between peaks-tas observed. It was therefore concludedvthat the ripplea,

-+

on the measuréd power patterns ‘were not due to a ground plqne edge effect.I

I -

v\.‘\ . “r: e

The only. other explanation that could be realistically consiﬂpred CoL
13, M) R

was. that stray reflections were entering into the aperture of

A t“

receiving dipole and thus the quiet zone, that had been’ determined
" . : F)

section 6.4 using ray theory, was not as good as had been hoped.

the gin pole was always covered with absorbing material and fromli,
section 7 4.2 the cable was known naot®to be responsib.g for any serious
reflections, the only other obvious metallic reflector-was the metal
_ flashing which'borderedvlhe roof. Although it .was not possible to cover
all the flashing because of the limited amount of absorbing material
available approximately 30 feet of flashing, in either 'irection from
”the corner of the roof bisected by the range was covered. The H plane
‘pattern of the dipole was again tested. Although the peaks occurred at
precisely the same intervals as those of Figure 7 9 the peak to peak
magnitudée was reduced-by approximately 1/2 while,the average power
pattern remained vﬁ&tually unchanged. ”_' L <
The fact that the ripples could not obe ent;rely eliminated suggests

that the reflection problem %.a complex one involving reflections not

-
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only from the flashing but perhaps from adjacent buildings, the wooden
structures, and even the absorbing material'itself. If radiation |
incident on the reflector/absorbers, which had a power reflectivity of
only - 20 dB, was hiéh enough and if Ehey did not direct the reflected
energy harmlessly away as had been hoped ;pey alone could account for

the observed ripples, i.e. power pattern variations on thguprder of 207.
S ‘t "'
Thus, for *an antenna that radiates high power levels at ‘high zenith '

angles, i.e. at the zZenith angles corresponding to ‘the elevation of the

reflector/absorbers and flashing 1ocated behind them, one would expect
B

the measured pattern to display onger interference variations than

those on the pattern of an antenna which radiates primarily in the

-

direction of the zenith. This would explain why the H plane pattern, R ;3
which is very broad displays interference variations which are much

greater in magnitude than . those of the narrower E plane pattern or i'I

the power pattern of the standard conical spiral. Lo . v
. 4

Since it seemed logical to assume that the stray reflections woulde"'
alternately ‘add in phase and out of phase with the actual field of the
antenna, it was equally logical to assume that their avérage shouig

'-closely approximate this actual field. Thus, drawing a smooth curve

.

through the average of the peaks seems a very likely method of estimating

the’pattern in the absence of these stray reflections and explains why
/

?the average power patterns ‘'of the dipole and conical spiral agreed so

‘w@ll with their expected values. '..."-,.. o N e
‘r‘ ‘." ’ ‘

q;he effect ;hat these refleotions would have on the axial ratio’

R ' ‘
meaourements w%@{ immediately obvious. However, a close examination

1-

- f) the ‘xial ratio ‘pngits £or aay of the conical spiral antennas tested

o rgveals their effect. Fer'gtgure 7 10 which is just the axial ratio
R y . o “ 'w \ N . . . :
o . » "' N : o . . . ) . -
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‘Fig. 7.10 Expanded view of axial'ratio measurements oleigure 7.7(b).‘

‘ )

. the axial ratio is seen

angle at precisely the same tate as theiinterference peaks on. the

P

results of Figure 7. 7(b) up to a zenith ‘angle of 40°, plotted on a

_vary periodically with zenith

gL

‘ vmeasured power patterns. Thus by taking the average through these peaks

asg well, 4t is belieyed that a good estimate of the axial ratio is

v

achieved. ,Ihe excellent agreement with Dyson s results in section 7 4.1

corroborates this theory.

A

‘average’&aluesiare~believed to be at least this accurate.

Since variations from the averagg curve of

_either the axilal ratiO‘or power pattern generally did not exceed 10Z5p the .

;autenna test range 1is operated at sufficiently low power. levels S0 that

the D.C .voltage output of the crystal detector in the receiving section

- ,l

]

-always remains proportiQpal to its input power (discussed further in

As long as the

150

Y

- section’ 7.4.7), stray_reﬂ]éctions should be the limiting source of~error..



151
/

e Thus the microwave antenna test range should be capable of axial ratio' N
and power pattern measurements to within 10% although this can change,
* depending on the directivity of_the antenna under test.

“7.4.6 A Check on the Conductivity of the Ground Screen Mesh

| The degree to which the galvanized metal mesh ground plane, described
in section 6 5. 6, represented a uniform perfectly conducting ground ,d
'planerwas-of~interest.‘ If at the operating wavelength of approximetely
'_l foot the metal mesh was: quite lossy, the measured patterns and AR
.would not be indicative of an antenna above a perfectly conducting '
! 8r0und Plane. L , K ._ (' -
| B:;ause the pattern of the 1/2 dipofe witﬁiits 1arge back lobe
L . .
'*should be the most sever &ﬁffected by a lossy gronnd plane, it was -
’-remeasured with overlapping aluminum‘mefli sheets replacing the metal
- mesh ground plane. The results were" virtually identical with those of
) Figure 7. 8 and 7.9 and will not be presented here, But this, was to be

' ‘expected since all measurement results obtained to this point, whenl

properly interpreted have agreed well with the expected values, i.e. of '

""a antennas above a perfectly conducting ground plane ‘It is quite possible,»
{however that the equivalence of the two measurements (those using metal
? ‘ ﬁmesh and those using metal sheets) was due largely to the fact ‘that all
antennas, .including the A/Z dipole, were mounted on. a.p diameter |
ground plate and that this plate by itself sufficiently represented g'ﬁg
.:an‘infinite ground plane. | L
: "1.4.7 Operation of the RaAg*ﬁat ggghg?ower Levels

If the transmitting antenna radiates too high a power level, gain
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' Since the orystal detector immediately followed the frjamplifier stage.

'saturation of the preamplifier and non-square law operation of the

crystalldetector may result. Axial ratio measurements will therefore

‘changes,. as the dipole rotates.Errors in the power patterns will
. result because'the~normalizing factor, which is always the maximum

.ower received will be too low. _ ‘ Lo

A .5 dB réduct&oa in the gain of the preamplifier was found to occur.

. be in error due to different preamplifier.gains and diode characteristic

at an output power level of + 7 dBm. The crystal detector used. operates,

typically, within 5 dB' of - square law up to. input power levels of —;} dBm. -
: v

'significant deviations from its square law characteristic would occur

at preamplifier output ‘power levels on the order of 10 dB below those

"which wou}d indicate significant gain saturation. Thus if the detector

could be kept in its square law region, preamplifier gain saturation

 would not“be a problem. For a typical crystal detector sensitivity of

.1 mV/uw and recalling that the D.C. amplifier combination had a total

;gain of approximately 100 recorded voltages of 5V or 1 should give

power: measurements which have errors less than .5 dB due to the effects

of high pover levels. o . B ‘ _.‘ s

-~

Experimentally it was found that for recorded voltages less than 7V,

All measurements had recorded voltages less than v, and most were

below 3V.

!
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'less than 102 é&ror occurred less than SV 'less than 52 error occurred° :

"and less than 3V less than lZ error occurred in the axial ratios measurede~



i

lgthe rqgultant antenna displayed essentially the same radiating character—

'characteristics of the antenna under test are identified»with the

.7.4.8 Evaluation

~ Summarizing, the range, as designed, is quite capable of giving

reliable axial ratio and power pattern measurements as long as the

average of‘the measured parameters.

Before the range is used again, it is suggested that an electric
winch be placed beneath- the ground plane to remotely position the |
receiver carriage in altitude. With the winch in place, it should also
be possible to position the carriage more accurately and reliably.

(The receiver carriage and its drive are discussed in sections 6.5.3'

and 6.5. 4 respectively)

All recorded voltages should be kept Eelow 3V to ensure proper

. square law operation of the crystal detector and to prevent gain

saturatiOn from occurring in the preamplifier of the receiving section.

Experiments were carried out successfully over the temperature

range ~20°C to +25°C. It 'is not recommended that the lower end of this :

range be exceeded. If it is, breakage in the receiver carriage cables

may result and the turntable may cease to function. ‘

.i:;} Lo T e

7.5 Using the Test Rangecto Determine a Suitable Riometer Antenna

)
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A7;S.1 Size Reduction by Truncation of Small Cone Angle Conical Spirals‘

All conical spirals considered by Dysan [16],,[17], [18] had included

cone angles of 2605 45°. He showed that a fairly well—defined active

-'region axisted on these antennas and that if an infinitely long conical

.spiral structure was truncated such that only this active region remained

*



£

istics as that of its untruncated form.-

The antenna which exhibited the'radiating properties required by
the riometer was the conical spiral with included cone angle 26°=20°
- and angle of wrap‘ne80°. As was mentioned in Chapter 5, the cable-arm
versions of the conical spirals exhibit essentially -the same radiatingl
properties as the‘COmplementaryiantennas,'i.e. those antennas with
angular arm width §=90°, but areymuchlsimpler.to'construct.' The full-
scale antenna would, therefore, likely be a cable~arm conical apiral.
It would also be in its truncated form in order to keep its height to '
a minimum However, the degree to which the antenna could be truncated
--uithout sdbstantially degrading its axial ratio and power pattern,
had to be determined Simply, by removing turns from either ‘the top or
bottom of the cable—arm version of the standard conical spiral, previoualy
shown in Figure 5.4, truncation could be simulated Th181antenna, as
with all conical spiral -antennas tested, vasﬁfed by the infinite balun :

method and since it was tested above a ground plane its spiral arms n

at its base were fastened to the ground plane,‘as per instructions by
Dyson. 4

The power pattern qnlﬁhxial ratio of the cable—arm version of the -
vstandard conical spiral were virtually identical to those/Pf its metal-
arm counterpart and thus will not be shown here. The effect of not ;j
‘connecting'the spiral arms to the ground plane; however,.is shown in”f
figute'? 11. : This upward shift in the axial ratio curve is apparently
'due to reflections from the qdhs of the spiral arms which set up fields
with polarization opposite to that of the primary. field [19] These
small cone angle conical spirals were thus always tested with their arms

'ground plane.

L
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Truncation expgriments were carried out until the Qeight of fhe'
antenna had been ¥educed to .75\ or about 1/2.:§e he;gﬁt of thdk
original structure. Although its power pagcern~was stiiliessentially .
that of the gytfuncgted standard-conical séi;al its axial ratio on
aﬁgs was al;eady at aivalue of 1.4 and fufther.truﬁcation prod§ced

unacceptable pattern and especially, axial ratio changes. This was

to be expected sincg'the,structure was physically approaching the

-limits ‘of the active region. It was, therefore, decided that the

height reduction technique of Dietrich and Long, i.e. the use of wide

-cone angle conical spirals, would be tried.

7.5.2 Size Reduction by the Use of Wide Cone Angle Conical,sﬁirals

All conical spiral antennas generally require a base diameter of

‘ét least A/n for efficient operation. ‘Antennas so designed exhibit
essghtially the same radiating characteristics as oné:built on a cone
_which'extendé to infinity. Bj placing~the spira1°arms‘6n & conical

' structure with wide cone angle, this-bése,diameter requirement can be

retained but the heigh£ of the resultau§<antenna is considerably reduced.

The Broadening of the beam width which normally accompahiés sﬁph an

tincréase in cone angle can then be compensated by wrapping the arms

very tightly on thé strucﬁure.l

“The above is essehtially a éummarybof the size reduction téchnique
6£‘6;etr§;h and Long,_qutlined in their:l969 paper. Be;ause their
;esulps”wére uncprroﬁérated and since their.antenna exhibitgd a rather’

unusual'béam‘reversihg phenomenon .when the angle of wrap .was ohly

'slightly'changéd,fthisfhéight reduction technique was initially‘abanqoned.'

It was only after the failure of theytruncatién method to satisfactorily

)



reduce the antenna size that this'technique:hecame attractive..
One of the reasons the technique‘is sofauccessful'is the uae-h“

of a so-called "radiating ring at the base of the antenna structurernb.

Bec‘hse the active region on these structures lies very near to the‘

base if the fields at the ends of the spiral arms have not sufficiently.

died out reflections will cause the axial ratio to be degraded ~

Artificially attenuating these fields by terminating the spiral arms

in a resistor does improve the axial ratio but also has the effect of

dissipating sowe energy which would normally be- radiated. By wrapping

the spiral arms very tightly (a 90°) iﬂhéhe base region, the fields

apparently die Out along the spiral arms’ due to the enhanced radiating

,efficiency of the antenna in this region, i e. due to the radiating ring.

A wide cone angle antenna with parameters 26 =70° and o-85° was

constructed using RG—174/U miniature coaxial cable for ‘the Spiral arms.
¥
An antenna similar to this and displaying a radiating ring was shown in

%&gure 5. 5 ‘next to the’ standard conical Spiral The radiating ring

]

:consisted of four turns of the miniature coaxial cable, wrapped as

tightly as the diameter of the cable vould allow.. The height of ‘the

structure was l/d (~3") and its base diameter, as required, was A/n(mé")

'The height, to which the spiral arms could be wrapped, was, limited by the:~h

physical size of the cable in the apex region. It was: approximately 3/4" N

r.vbelow the apex of the cone, and therefore vell above the active region:

CN PR

‘which lies near the base on - these structures. As with all antennas

r_- -

tested this antenna was mounted with its base on a 2% diametetbcopper

ground plate. ._?

Heasurements qFre begun on this antenna; however, it soon became

\-

. apparent ,_that it did not possess %tisfactory axial rat‘o versus ,
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zenith angle characteristic and meaSurements were'ndlted."The"éntenné
#

~and measurement set up was checked to make Sure that all COnnections o

were good anduthe results were not due to equipment malfunCtion.
"8
Everythlng was found to be. in- order and an explanation of the\ree\lva

was sought.

It was felt that if a 1arge back lobe existed the fields in the Cn

: R AE ' A
'baSe region would be so large, that even with the radiating ring, A_<,;,i
<
reflections would occur from the ends of the spiral arms and the axiai

. k)
ratio w0u1d be degraded To check this the copper ground glate was'

replaced by a 2' x 2' square of absorbing material and theuantenna
 was again tested. o P ' SRR ?"ffflfi
‘A comparison of ége axial ratio measurements from the two tests_

are shown in Figure 7.12. As expected the- energy of gpe back lobe

“ 1 : . o,
Vowe NN et s E
: ’ ”‘qrii;
5 e :
o
- ==
PN R
1
Lo %3
NP S .
) al
j ' 1
Fig. 7 12 Axial ratio of the cable—arn, wide cone angle antenna lfﬁgls}.“;

o
(26 ='70" a=85°) when mounted over a 23 diametet !‘ound plate (solid)

t

and a 2X x 2A piece-of absorbing material (dashed)u L

o

praTa.
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; axial ratio is approxima
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:apparently was dissipattd in: the, absorbing material and therefore did

'not contribute to reElections which could degrade the axial ratio. It

}»_,4 -

“was also noted that the recetved power levels when the antenna was mounted
~ bver: the copper ground plate vere- almost three times the levels when it

.'was mounted over the absorbing materigi Th!a would tend to indicate eﬁ

w

"that most of the radiated energy was, concentrated in the back lobe.

At first it was thought that this method too,'could not*he used to

W

reduce the'antenna height. However closer inspectio the?Dietrich

'

& * " oY

fand Long paper indicated that hy increasing the -angle of wrag by just 2%

s

”‘to e=87,_ ic was possible that this back 1obe could" be largely eliminated.

-

;his was done.and the measurement results are shown in Figure -1 13.v
LR
The pouer pattern does not exhibit any sidelobes and was. found to be

v

essentially qircularly symmetric.. Average cnrves for the pgwer pattern
h oW . .

. “and axial ratio are superimposed on the measured values FrOm the o

s
o :,N

~fdiscussion of section 7 4. 5, these avé@age curves are beli ved to hest '

\

N S St

reprq'ent the bharacteristiss of the antenna qndqx test.\

» -

determiued from the average C“‘Va is. 8pproximatddy 66° The averag:{\*§caiu

- W

.2 on - axi? and ;emains 1es§ than 2 up to T

jrina- of Dietrich and Long was constructed'

to operate over a range o‘pfrequegcfes,their ﬁatterns did not exceed
a HPBW of 80° and the axial ratio at midband was d'iroximately 1. 1.7;.

They did not mea:rre the trend in off—axis axial ratio as far as the

This antenna, therefore, exhibited all the characteristics desired,:

; '?;Q}.eﬁ low axial ratio over. the significant portion of its beam, a upaw

)

pf apprdximately 60 , no side lobes and low’ height.‘ It 187 however,-

g
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L O be&med fro“m w&re a& long as the gauge of the yfre i.a such that the . .' i
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the modefa L

A

L .. .
t s. o width on a&le—am conical spitai relative t—o the rest Me physical

161

S5 A
I :S-;

R ' b ' .
only a model atﬂ ccrtdm design changes nay be desirable on the full-

e

- scale vet\lon ' {:‘I‘&se will be discussed in the next section . s gt

?.6 Design Cboneid.er'aﬁj‘.@ns of ‘the F\‘ull—S‘cali,Riometet Aqtenna. Systeu

'mo antennas will be rez;uired for the riometer - one to receive
T right circular polari.ution and one toa‘eceive left circular polarizatidn..
‘ 'I‘he antennas wil’l be idqntical except with respect to the direi?tign ofw. ".

wrap, a right haﬂ’d. (clockise’)‘ dpening spiral tadiates (and therefore

e .
receives) predduﬁ'm;htly d left cir wave. -

0 n: y T o ) R
From the meaauremnts conducted pe ‘the ‘angenna test range,the most. -

A-

suj(gable conical spi‘ral waB f‘ound

26 =70° anpd’ adﬁle%}f wraP u-87°'.' | L i .
Nl/ﬂ for egéitient opexi:tion ‘_ ' T a" o '-;" »r * » S
*J*“%@ sP{ral ams can be fgfmed f&m cable, iu Khich cese gtis cable
" ma}i’alﬁs‘o'be&”ueed to feed the antennax (see ai“i‘t‘ion 5.2, '4) I‘?ty nay talsol

- K}

"’resistance per Wavelength is neglelgible, as was the casgb'd

‘o

Lo

Y
At the riometer frequency of 12 4 MHz, a :rére s:l.ze of 20 gauge or larger

..'
- hv_

'at this @t:age, that the arm ' , -

should be «s;xff,icient It may be obv .
L . [ 2 i ’

poae A .
".“.- w2 - \\,..

structure is considerably Less on the full aize antenna thm on its NIRREEE

i

equivalent model‘ ’ 'I'hia should not be a probl\ however, since a small

. % arm width has onlz minor effé?:ts on the radiation pattem, _cguaing it o«

meter must be at least yr '
[

ludegb.co'ne' angle o s

. * ‘( ;-.

E

e -

&

A

4

| ". to broaden somewhatx (<5 ), and dBes not affect the axial ratio. It kS

primarily affects the input 1mpedanoe. causing 1t'j 0 increaae afthe

arm width decreases. _ However, as haa been ahown by Fisher, a wida

[

arm width can- be simulated by 3 wires, two defining the arm edgas
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L ’ ‘ : . : . o ) . .
' and one down the center o R g _

v SRR

If the. spirals are not Qed by the infinite balun method but instead

, «

b < use the on-axis. method of feed, the unbalmcev-to-balanoe transfomation

) should be nerformed at the" base of o nﬁLa end pré’ferably below the
N » §

v 0“ __. e
ground plane, if possible A ---"i -lanced' li-ne ¢an then be

" brought from ¢his transfomation up to the apsx, elong the axis of the

BA

' cone Bec’ause of the small diameter of the cabla relative to the rest, o ‘.'

’, '.of the stnucturé its - presence, on. axis will not perturb the £ields
".,existing within the cone | | | R )

'I‘he eonical ‘spiral elemen‘ts need not be difficult to conoatruct. k:‘J ‘ . p,
'-Using the method of Dietrich and Long, nylgn ropes could be extended L ‘gjﬁ

d. -

_ to grounj from the top of a central pofe, o height of which Sk : ”%

EY N ]

correspogds ‘to the X/lo eight‘grequixed o’? dte cOnical spiral elemer4 S

2

$ - : The ropest which would e placed at leastgat 30° intervals, th\‘a

-'. — 'y

. N .-‘

T generate &he desired onical stﬁeture. Thé cable of wire ar,ms could . -
- e o ,J.ﬁ) . '.o Lo ’

- ' » :
Ve th be spiraled down these ropes By premeasuring the position “of the ,
' - IR L3

@Piﬂl arms relative to the nylon ropes and attao];ing them aecordingly, :
= .

: the eitire assembly could then be raised in one’ motion. As nentioned in )

»

. | Section 5.2.4, as long as the diameter of a metallic cylinder on axis BRI
IR .aoes not exceed 1/3 the diameter o.f the conical strueture aqywhere o " B
\ | -':“&1048 itS' a&is, the fields within the ‘cone will not be dist\.lrbed._ 'rhus '\- 5
) 'f’_.j L I,matallvic!entral BDIe ma)',be used in the stm&“‘fe- \ o ."- L

Ll - .- 4 e
7 2 C_OUPIing may o.c;ur }iﬂ'ﬁen the two elements,a‘ althoush DYSOR.D-GI " : '4\

o : has Bho",;ﬁ that for eleme“° to a’].ement spacin83 greater than k/Z this;,y,, "'

. coﬂplins is less thén "33 dB..\,'x F’&r such spaciuSB only miﬂ" Ch‘*“s“ Qecﬁ ‘sa{”?ﬁ:

'-"to the radiation pattem and axiél rasio due to the presence of ‘anovther
1. -

' elemeﬁt, and the effecte are even 1ess for contrawound elemnts. .
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The antennas should be located‘oﬁerfground screens in»order to

<

elrminaLe the effects of changing ground conductivity.' These,ground

screens should be circular in order to retain the symmetry of the
' '

-antennas Also they should extend at least A/A beyond the larges: . 'QL:

horigontal ‘extent of the antennas (the base radius) aq this appears to be .

: the most widely used convention for ground planes of any antenna [60]

4

‘-This wqadd resplt in a ground,pcreen of apptoximately k in diameter and

f”_it é 1ength of 24 meters che 1ncreas§d radiating efficiency achieved

)

'bY extehding it furcher is not hllieved to be worth the additiOﬂal :.-K.:vﬂ v
L wpe R S P U R



CIAPTER 8‘
N | L SUIMARY AND coucwsm\xs
'/y Decame"tric telescopes require that mehsurexnents be corrected for
abSo@tion that has occurred in ‘the earth's. ienosphere From a radio

!

ostronomical point of view, the most suitsb.l.e method of determining

Ionospheric Opecity METER or. riometer ‘ '-""__ »f?'.ii

There are two methods of riometry, standard riometry an%dusl--" "'_,,.-_.

’

' polarized riometry It has been shown that the dual-p ’:;{zed riometryv"-

5'~method is capable of det.erzpining the quiet d’ey curve in 1/3 to l/4 of
. ' k, -
. the time required by standard riom&;y’,’ and in addition, grea}.‘er

A R

b‘ A‘t' ; kY . .'l

~ 4‘,(--. p

‘alternative, does-not uffer from messurement& ermrs due to uncertainty

e Lln the degree to z,q\} - gligible sbsorption conditions oc&ur in the

» . - N

-.-ionospheric absorption egloys an instrument Feferred to as a Relstive -

accuragy can b’ chieved :Becaus of ‘the method fn which the quiet 3&)*"'5;,",

':ourve is determine&, the dual-polsrized riometry teghnique_.’ unlike its'_‘

P R e e Q oL E :
o ionosphere R N ﬂ- AL e Lo

) / . ' e ST L o Yo ) : o e PR

. r w» \_ "‘ d T

Nevertheless, »prbblems peculiar to dual-polarized riometry -do
i \ o »’;'
: _‘.exist One problem which, is largely beyond the control of the designer

is the variabili,ty in the height of absorption. As long as measurements

Ca—

D .sunrise and sunset I this shbuld not result in significant measurement

n 4

‘ Equipment errors cen bginimized by el,;lminoting the crOss- | f ’

e @

A Q‘

‘l;, '.,as‘fopg as: the axial ratio of both the lefj and-«right circularly

' ,_»_”,pqlari.pgd anténnas i.s approximatelyf‘l 2 or less oVer the signifitsnt

905'119%.65 the ~beam, crgss-polarii 'tion eft‘ects would be on the order &f
Q"-’z .a; ; , fy . s. , , :

“are n’ot taken during periods of rapid changes in electron d'ensity, i e.

o polarization effeots within the antenna syatem. It hsa been shown that”

4
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_anble \tould be sufficiently determined, the effect could be completely
[ ’ ﬁ :
calibrated out. Dne to an experimental program which required the design

, ,and construction of a microwva antehna test range both of these antenna

requirements were achieved A o

_); . @ - N . . '. ' ‘.~
S The axia]. %atio and power pattern measurements of antennas tested
o ., »' on '"this microwave antenna test range were foun,d to: exhibit interference .
¥

variatiqns due tdL stray reﬁleetixms,, H%wever it was shown that by taking

)

e, mean of the measure& val&es, excelle{';t agre&em;nt with the expected

R

"t : B & L . *
: ‘ values of antennas with known radiating characteris?tics could be :
.} . : . ‘@-\ - . { m .w . . .. ‘ ‘ .
SR achizeved Applying the same method of inte‘preting. the mésu»rement data '(
R T S Ty e BRI e
to Eﬁ;cennas of unknpwn characteristj;s, the mog,t suitabsle riometer '“ '
1% . L
: . -
-

anF nna’ could;be de,tetﬁi&ed This antenna was foun& to be the cable—arm
L _u - .

ide cone ang),e ccni a.'l spiral wi:tzh par:meters 28 ‘- 70: 87 ,R ~ x/?o
v Whether t’he.42!1.5.:11-:-1:.0]?&:'1zxed.ra‘.'?f:»metfryb net:hgdq.i_s ‘eapable 4°f measure- &
] Co ments'rto“ wi{:h%n 1% a’ecdrac_y, tabains 4:o be' seen..'yl‘.heré 1s little doubt,
hovever, that !t is more accurate than standard riometry Yet this 1s

..30 L.

: not its only advantage.u 'i'he meth&i ig capable of retUrning a substantial '

.‘1

: awnt of infomat,ion ou ..the heighvts of absorptiojg.eleetron 1: bina_,-. L
s .

'..Q'g'" 'tion rates and if the lqrge inherent bandvidth of the con}i\qaf spirals o

'v v

- is’ exploited in multifrequency ri%metry experiments, the electron

"'v'-"'-‘densityi distribution with height All of these are of scientific impor_.,.\_;, .

-

o ?tance at 12 4 m-lz and av&he observiu latitude of 60 N, geomagnetic. |

) R .. a -

) The versatility of th instrun\ent is therefore obvious, ‘yet its e
]'«_':basic equi}:met;t is vﬁa.lally ;identical to that of a standard rioheter. - TR

.,._'.- o The ,(pfime d‘!i,ferences of equipment occur in the antenna system, the

~ .

oy ,,:':standard riometer receives radiatiorr of 1inear po,larization .and the

N

"_'_.dual-polarized riometer receives’ radiar.:lon of left and right ci.rcular L _



” T : . . » ".u-;'

. "

Wﬁlqpolarization. ‘But it has been p01nfed out that the two conical spiral

»

elements of the dq'l-polarized -antenna system need not - 35 difficult to’

: conatruct Nylon é.bes.extending to ground at the proper angle from
, .

”the top of a central pole could genetate cha COnical shape and cable,

placed on. tOp of these ropes, could form spiral arms.»’

- ‘ N
Thus the dual~pola;ized riomecer with ite carefully selected

A antenna system.*should be a versacile 1nstrument capable of accurate

’- . .‘v\' : 5. : R . ‘
whatever reason, the t:chnique does not prove to be successful o

: absorption measurements yet still basically simple. However, if for '

s

=reversion to the ‘standdtd riometry technique is: not 50 much an equipv:

’ement modification as it 1s a data- progessing chauge. : o _; ’ T.%f

. . + . ) . . & Fu . .
. : 'Rt 4 x;x.i o N : (N Lo . B NN m o
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A'PPEND'.IX A .
. . T ' . . ]
A COMPUTER PROGRAM FOR use m an maaxcutou OF SMALL B
e .
EQUIANGULAR SPIRAL ANTENNAS _ . AU
) ‘ .; ‘ w i ‘.l [N

The construction of an equianxular spiral antenne requires the

B ‘ accurate placement of its. spirel ems on either a. planar or conical

structure.' Fabricat on patterns which can. be formed 1nf:o the appropriate

: ]
plenar or conical stmcture can be drawn Quickly and accurately with

P

the aid of a computer end digital plotter. The computer program wh:lch

can accompl“lsh tw task 13 listed in Figure A.l.. \'She proggm 1s ‘

v

cémputet. ~The- digital plotter used was a éalcomp Model 925/1036.‘-

»’

'rhe parameters of a-n equiangular spiral entenna (previpusly defiﬂed

‘ i

th’: con@angle 8 (6 -90& for planar sttuctt&es), the distance along
the c e. from the apex to the point of minirnum radius p ain , aﬂne ;he
d!. nce afong the cone from the apex to the*base p | 'Q In addition, s
the angular increment in ¢, “with which it :Ls desired to plot t‘l:q arme, -
1s required. ,7A11 lengthe are in :bpches and a11 anglés in degtees. The

meximum pettem that can be plotted depends on the size 11ﬂ1€’ation;

c 1uposed by the facilities used. TR ~ T
. . b 3_‘ N N S o
3 e T K s Sl
. » . v et ros : .
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REAL '(l.hoo),l!YA(h,hOO),,'Vll(k,hoo)
INTECER PHI(N,800),% (4, N00T,T0,AA DA &, K1(S)
CALL PLOTS )
WRITE(S,97)
WRITE(S,100)
READ(S,103) PMIN, PIAX TO,AA DA, INC
WRITE(S, 101) P IN, PMAX
WRITE(S,102)T0,AA, DA, INC

1X=0.0

YYe2.0

BeSIM(TOCY, 10189/100.)/TAN(ANCY 14299/180.)
CeSIN(TOe3.18139/180.)

CTeC*340. .

1P(CT.CT.90.0)xx=18.0
tA(CT.CT,180.0)YYe17.0

TE(PMAX,CT.(32.-XX) }HPITE(E, 230)

IPIPRAX.CT, (38, -YY))URITECS, 201) .
Te(ALOG(PHAX/PMIN)}/(§.22319<0)
NGLeIFIXC(T-1FIX(T))*380)
MelPIX(T)
RelPIX(T+380/INC)

L1360
WRITE(S,100)8, N, M NGL
WRITE(S,107)L1

A0

00 10 1=1,%

Ji=1

Jel '

PHIC), J)=InCe(Jl-1)

RV, d)ePHIL],0)/ 360
PCI.J)ePHiNeEXPLIPHI(],J)oA)=3.14159/100.28)
BETAC), J)elPMICI, J}/ 30O ~1FEY(PHICI J)/361.))=6.28319C
SETAX(),J)(SETA(1, J)e180.73.10139)
1P(PMI(1,4).20.0)G0TNS0 '
PECPHICTE, ). HE. 360K (1,J))COTO30

PHEC),J01)=3800K(1, )

P, J01)eP(1,J)

K{E, Jo1)en(),J) ,

BEVA(), Je1)=0,0 °

BETAX(I,Jd°1)=0.0 .

Jedel

conrinue

Jledlel

JeJel

1E(P(1,9-1).CE. PPAX)ICOTO 13

covo20

CONTINUE .
X3())=d-1

€oT0(1,2,3,10),1

AeAeDA

covolo .

Ae180

coTo010

Ae190+nA

conTInut

PO \D el 0
MRITE(S,2108)KIC1), PCH, K2(ID), BETAR(Y, RICID)
WRITE(S,210)

READ(S,108) 1BLANK .

FORMATC® °, "LENGTIFS 11 TNGHES, ANCLES 11t DEGREES')
FORMAT( ' 1:1PUT "In.’"Al,?ﬂ!!lo‘llrﬂﬂ,ullfl,lnt'l'?')
BORMAT(! *, 'PMOMINe’ , F9.0, " 1 L6X, RIOMAX=" F9.8,° tN*)

AN

rornAr('rn:er-'.lh.sx,'AthA-'.lt,sx.'nerA-'.ts,sx,'lnc-',l;)

FORPAT( 269
FORMAT('8«",
FORMAT(® *,13,79.8,F0.3) .
FORPAT(' *,18)

FORPAT(IN)

FORMAT( *, 8108, 2F8.0)

roPmaT(' *,°1")

A 0N)

£9.8,61,°TOT PTS=' 15, 6X,°ANG olsv-'.();'lv'.ls.'ulc')

FORMAT(® ¢, tpATa ExCEED X ﬂllt;!ldls AF PHYSICAL PLOT PAPER®)

FORPAT(' ', 'DATA EXCLEDS Y DINERSIONS OF PHYSICAL PLOT PAPER')

CALL ERASE

CALL NMEWPEN(1)

CALL PLOT(XX,YY,-1)

CALL PLOT(PMAX,0.0,2)

CALL CIRCLE(PIAX,0.0,0.0,CT,PRAX,PHAX,0.0)
CALL PLOT(0.0,0.0,2)

CALL CIRCLE(PMIN,0.0,0.0,CT i, MHin,8.0)
CALL PLOT(0.0,0.0,3)

CALL NEMPEN(2)

nLe2

1#(0A.£Q.0FNL=1
00 70 Lel,NL
CALL POLAR(P(L,1),BETA(L,1),K1(L).8,0,0,-1.,1.)
CONT | i€ {
CALL REWeLN(3)

nyLeh .

1F(0A.€Q. 0" =3
00 80 L3, ML
CALL POLAR(P(L,1),BETACL,1),X2CL),%,0,0,-1.,1.)
CONTINUE
CALL PLOT(0.0.0.0,999)
stor
0 .

Fig. A.l1 Computer program for theefabrication-of épiral
. -t

antennas.

1
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APPENDIX B

THE DUPOLE ROTATLON ASSEMBLY DRIVE MOTOR AND ITS POWER SUPPLY

-

p

The specifications of the 2-phase induction motor: used toafotate

the dipole are listed below:

-7

manufac;urer Eastern Aoy Deviues,‘Inc.
type‘ gear servo-ger:’ or
model CSITHLX7-T5ce \
frequency . | 400 ﬁz \
¥ no load speed ) 59 RPM

« stalled torque 38 oz. in.
in phase null .008 'V RMS
quadrature null | 015 V'RMS
phase shift S + 10°
total null - "~ .019 V RMS
nominal operating voltage 30 v PTP @ 400 Hz "

Because of its high power'requireménts,'a push~-pull amplifier was

built to boost the power from the 400 Hz signal generator. o~

The schematic of the power amplifier amd the equivalent circu!{ of

the dipole induction motor are shown in Figure B.1l.
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APPENDIX C

L SPECEFICATTONS OF THE SCTENTILIC-ATLANTA AZIMUTH POSITIONER '

~

J

\

Maximum Wertical Load
Maximum ﬁ;nding Moment
Turntable Diameter
Turntable BPore ?
Tuxjntable Bolt Circle
.Turntable Bolt Holes (tapped)
Length | B

Width
Height

Base Mounting .

4

L

Base Mounting Holes (clearance) .
Horsepower .

Withstand Torque

Deliver Torque

Maximum'Speed

Synchro Ratio

Position Accuracy

-Drivegear Backlash, less thafl
Shipping Weight

Net Weig};t

Recommended Cont:ol Unit

~

176

4

3,000 pounds

1, 000 focirfifpounds
16 inches

3 inches

10 inches

6, 3/8-16

17-11/16 inches
16-1/4 inches

13 inches

3-hole Isosceles
Triangular Pattern
12" base x 8-1/2"
height

17/32 inch

1/15

290 foot-pounds
60 foot-pounds .
2.2 rpm

1:1 & 36:1

0.05 degrée

0.2 degre .'

150 pound&

110 poands

PC 2-33



APPENDIX D s :
THE MICROSTRI? POWER 0§CILLATOR AND BAND-PASS FILTER
Excellent papers exist in the literature on\ghé design o{ both
microstrip power osqillators [42]), [43], [44] and microstrip filters
‘[46], [47} and,'hence, their designs will not be detailed here. Only
the'baéicldesign eqﬁations, schematics and dperating'characteristics

e

of the final designs will be presented. .

D.1 General
The fwo most basic parameters required when designing with micro-
strip transmission line are its characfetistic impedance z, and guide

wavelength Ag. These parameters -be found from publi§hed cﬁrvgs (48]

or calculated directly from the following equations:

{

L - 377h - " Ohps
S -0.0724 ~0.836 ;
Ve Weppll + 1.735 o | (L —
< -
— . « 1 - ._;1(2»
" W__./h> .6
g 0.1255 EFF/ " 2
__1 + '63(€R. 1)(wEFF/h) N
AN = Co
8 — /2
— 0.0297 Wepp/h < -6
Q‘l + .60(ey — 1) (Wypp/h) ] )

e % 3

177



where

w;:FF -+ tr/.n[Inr(Zh/f)‘-.&-l] . .

R = dielectric cbqstant of the microstrip.substrate
h‘- = thickness of dielectric substrate

tl = thickness of the conductér and g§0und plane

W } = wia;h of the conductor
'.AOE = free space wavelength aE)operating frequency

CONDUCTOR  ~__ I 'W—’l__{_t —— -
: : 7777771 S

DIELECTRIC h €

PrrT T T T I I T I I I I T T T X T T Z T T T T L Q7 J:dd-

GROUND PLANE 7 B o,

Fig. D.1 A cross section of microstrip transmissioa lirde.

The microstrip board used in both the oscil ator and filter had the.
Ifollowing parameters:
t = 2.8 mils
ﬁ = 25;6 miis

._ER'--‘ZVSS» - ‘. _ % ’;

The width W will depend on the characteristic 1mpedance required off:

the microstrip transmission 1ine in any particular application

. TN m ’ *’m\
. "~]J<‘.~ w2 IS A;)_j?’"‘."“.\ . A
y ) '}1‘)‘.‘"“'/':
Ty

{
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D.2 The Power Oscillator ’ " . g ¥

The power oscillator schematic shown 1n*F1gure D. Z/iSuessentially

.‘v o ;
R coied
!

e
4



I
0O

R,= 300 Q
R,= 10

C.= 500 pF (CHIP)

":;? C,= .8- 10 pF (JOHANSON 5202)

Q= MSC 80069

1

/ C.= .35= 3.5 pF (JOHANSON 5802).
¥ H

C,= 500 pF (FEED TRROUGH)

RFC= 5 TURNS #32 WIRE; D= 1/8", L= 1/4"

V=215V FOR 1W
INTO 501

i3

5051

X, = 1" x 3f32" CONDUCTOR -ON 1/32" POLYETHYLENE BOARD

Fig. D.2 Schematic and component values of power oscillator.

~
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that of a Microwave Semiconductor Corporation (MSC) test oscillator

~

circuit.

By adjusting capaditor C2 the.frequéncy of the oscillator could be
coarsely tuned to ény freqhency in the range 800 MHz to 1.2 CHz. The
final output f;equency did not only depend on capacitor C2 but also on
the matching capacitor C3 and tﬁe D.C. power supply voltage VCC‘

The oscillator, whichnrequires a heat sink, could produce up to
34hgtts of powér depending on-VCc and resistor R3 which was largely

responsible for controlling its efficiency. 'Fof its purpose of feeding
- 1

power to‘'the transmitting antenna of the test range, the oscillator

was tuned to a frequency of 959.0 MHz and adjusted for an ouﬁput power

of 1 Watt into 50 Q.

D.3 The Band-Pass Fiiter

{

The importantfdimensions of the microstrip'band—péss filter formed

from two diréct-coupled'quarter—wave resonators are shown in Figure D.3.

.

The resonators, which are formed from open— and short-circuited sections

.

- .of microstrip transmission line, have an equivalent c#rcuit as shown in -

Figure D.4. - o v

¥f these open- and short-circuited sections comprising the resonators

A <

behaved as ideal capacitors and inductors, i.e. were not lossy, the

G
s B

filter would exhibit an infinitely small pass band, and the insertion

loss at resonéncé'wohld be zeéro. However, lqéses do occur and typically,

" as anbattemgt,is-m e tod make the bandwidth smaller, the insertion loss

increases and Vice-—versa.

! . -

From the discussion of section D.1, the characteristic impedance of
. . 4
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N
- Ao
1T : o
~OPEN -
Fq/. OPEN CIRCUITS J\F
» -
N)\g ~21" Mlg’\-'zJ.
- T - 4
31
4 JW: 1"‘ —f e )
¥y
3 . aJL
R_SHORT TO )/
GROUND. PLANE
¢
i
fe . >
37 o
8
Fig. D.3 Schematic of the microstrip 2 resonator filter.
. %

Fig. D.4 Equivalent circuit of filter shown in Figure D.3



A}

the transmission line 7 is essentially set by the width of the
1)

- conductors for a given diclectric hoard, “Wnd the filter's center

4

frequency will be determined by the length of the rcsonator§<

L -]
en T P

et

The filter response between .94 GHz and l 00 CH?&Millustrating

the 3 dB bandwidth, {is shown in Figure-ﬂfg;

4 ’

s
o~

Flgure D.6 between .92 GHz and 1. 00 GHz
-\\ “

reflected power is becter than ZS'dKEEelow the iﬁ&ut power at 959 MHz.

4

~ Y
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ATTENUATION @8

064 976 o8 1.00 GHz

940 K-1.¥]

. . I '
Fig. D.5. Filter respogse between .94 GHz and 1.00 GHz.

N\
»

10

20

LOSS (d8)

920 936 952 L L 1.00 GHz

Fig. D.6 Return loss of filter working into ig Q between
.92 GHz and 1.00 GHz. The marker is at 959



APPENDIX E

CABLE SPECIFICATIONS
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POLYETHYLENE DIELECTRIC
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Ch e A CNOY mncine  smile meret  LIU OUh veh sases. srs
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ALL TYPES LISTED (‘ONFORM TO LATEST REVISI - ALL Oieg At w4
:-.u- Copper —~Sold Potyethylens P—Noltéw::"'}ystLtm EXCEPT WHERE INOICATED
Yc—TmCowu ll’—hﬂw ty v
$C—Sitver Covered Copper BP—B81sch Mnlm»o—',po NA MEV—Non-L. y Type A
CW—Lopper Covered Steed
TEFLON DIELECTRIC

T T no. ~ etm T nix.

ALPMA L3 WALL KT, JACKETY MAX, CAP. "argn, erER.

178 Yol CO_HA AHICR. TamiCK. ™rE [ 5§ a0, ONMS VOLTASR |

s17es {17C8/u | 7/.004 | 012 | 010 | Extruged FEP | .075 § 279 | S0=2 { 1000

91798 [ 1798/u | 7/.004 | 021 | 010 | Extrused FEP | .105 | 204 | 75=3 | 1200

81808 | 180B/U | 77.004 | 045 | 010 | ExtrudedFEP  .145 } 153 | 9322 | 8%

91874 | 167A/0] 77004 | 024 | 012 | Fused TFETope |.110 | 19.5 | 79=3 | 1200 -
$189A [ 188a;U | 7/.0067] 020 | 012 | Fusca TFE Tape |.110 | 27.5 § 50=2 | 1200

9195A [ 195a/u | 77004 | 045 | 014 | Fused TFE Tape | .155 | 145 | 95=3 | 1500
|~ o

0196a | 196aiu | 7:.008 | 011 | 012 | Fused TFE Tape | 080 | 285 | S0=2 | 1000

* Siiver Coated Cagmium Broage

* Operating Temgperature. 200°C.

Canductors Sitver Platsd Cepperweid
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N OAmAnTIEeMN 2R S
i

POLYETHYLENE TYPES :

L d
: c"“{' ATTENUATION (dB/100 f1.) FREQUENCY IN MEOACYCLES
| H IVP.( _ 19 MG semi 108 MC 700 MC e NG €08 MC 1000 MC 3083 e !
J sAU ] 70 18 29 a3 5.5 53 12 23
. (T80 [ 86 | 133 21 31 50 (1) 83 7%
_'E ‘ o U5 135 21 31 8 %5 R A
R 98/0 45 1.26 23 34 52 [X] 50 17
4 A 11U & | 15 2.15 312 47 6.0 8.2 18
e ALY 85 T3 215 3.2 a7 T0 6.2 T8
E: N [ 124U 7 €5 1.5 215 32 LR (Xy] 82 T8
[ 14A,J 28 85 1.5 23 3.5 44 €0 117
i-_ - 17A/U 23 | €0 95 15 24 32 45 95
i SATU 14 42 69 1.1 18 245 35 7.7
AN U113 |\ 27 40 55 835 - 125 213
X \\ : 55/U 13 32 48 50 10.5 130 17 32
R, EEHN ] 32 48 70 10.5 130 17 32
S 58/U T4 3.5 LE) 8.3 115 178 20 30
y $47U | 16 a] 6.2 62 140 175 23.5 [}
S8C/U | 16 4.} 6.2 92 14.0 17.5 235, 8
59/U 11 27 40 57 83 1038 T4.0 26 ]
$98,U | 1.1 27 40 37 8.3 108 L0 I
[ 637V 82 19 27 3. EX:] 70 LX) 17
62A/U 82 19 2.7 3 53 7.0 90 23
36, U 0 14 20 2.9 [X) 31 55 113
7107V B2 1.9 2.7 3.9 58 70 90 17
174/U — - — — 200 - — -
213/U 65 16 24 36 52 66 58 187
RN E 1.35 2.1 3.1 EXe) 65 %] 175
71470 a5 1.25 23 34 52 [X] 50 17
157U 56 1.35 2.1 3.1 50 %] a8 16.7
217V .28 85 .5 2.3 35 4.4 6.0 11.7
218/U 225 80 95 1.5 24 32 %) 35
219/U 225 .60 95 1.5 23 3.2 135 5%
1 2230 | 13 32 48 70 10.5 30 170 32.
]
TEFLON TYPES )
e MAX STTIN. Tmoomem e ""‘nﬁiv‘mo."‘""" -',T“-h. A :'
ops1e2 Y. DS/1RFT. DG/tee PY. .
[ 1R 4114 G e me ARG TYPE @ 08 me [ {Rald ] “0e )
1788/U 29.0 147 2.0 186A/U | 290 |
[ 1738/U 210 1384/ 265
180870 17.0 155A7U 17.0




