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ABSTRACT

This thesis 1s concerned with the problem
of monitoring phased-array antennas in general and
Microwave Landing System (MLS) phased arrays in

particular.

Various novel methods of monitoring
phased—-array antennas are suggested. One is based on
changes in the far—-field radiation pattern arising
from defects in the array. Another method uses the
near-field to far-field transformation, based on the
concept of the plane-wave spectrum, for the detection
of defects in the antenna. A third method is based
on near-field measurements and uses the properties of

the Fresnel integral.

The methods were simulated on the computer
and, where possible, were tested by experiment. A
comparative assessment of the methods is given, and
an operational monitoring system is suggested for the

Microwave Landing System phased array.
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CHAPTER 1

INTRODUCTION

Phased array antennas represent one of the most important
types of modern antenna. They play a major role in the
introduction of novel and sophisticated systems, where performance
of agile beam scanning and/or multi-object detection and tracking

are called upon.

An inherent feature of these antennas is their "graceful"
degradation 1in performance as elements fail. If a small
percentage of array elements fail the directivity is practically
unchanged and the effective radiated power (ERP) changes only by a
few percent. The advantage of graceful degradation is also a

source of difficulty in monitoring element failure in such arrays.

Phased array antennas are mostly used in two-way
(transmit/receive) systems, for example, in modern Radar systems.
However, they are also used in important one-way systems as in the
proposed Microwave Landing System (MLS), transmit only,
phased—-array antennas. There, monitoring is of major importance
as there is no other means available to indicate that the array is
performing normally, such as a Radar display or a

communication-system output.

Monitoring of every single element of the array, although
sometimes wused, can be undesirable in a multi-element array where
the reliability of monitoring these multiconnections leads to new

uncertainties.
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The purpose of the present work is to look for monitoring
methods based on a composite signal, rather than on the
accumulation of a multitude of individual signals. Specifically,
the MLS phased array parameters will be used whenever possible in

the application of the suggested monitoring methods.

Not much published work has been found that deals with
this kind of monitoringe. A short review of known phased-array
monitoring methods is presented in section l.l. A description of
the MLS will be summarized in 1.2. Expected types of defects in
phased—-array antennas will be discussed in section 1.3.
Monitoring techniques presented in the present work will be

summarized in 1l.4.

1.1 A short review of methods for monitoring

the performance of phased array antennas.

Blake, Schwartzman and Esposito [ 1] described two
techniques for monitoring large phased array antennas, used in the

" Hard Point Demonstration Array Radar " (HAPDAR).

The first technique makes wuse of testing the fault
signals resulting in response to the applied control current
feeding the diode phase shifters of the array. Each pulse
repetion period a different phase shifter is sampled. The
information deduced on diode malfunctioning is recorded as a short

or open circuit condition.

The second technique is a "maintenance system check".
This is a low level (receive only) R.F. check based on a special
phase coding (say between O and 45 degrees ) of each specific

phase shifter in turn, while the antenna beam is kept in a fixed
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direction. A transmitter on a test tower directs a C.W. signal
towards the array and the resulting received beam phase and
amplitude modulation are analyzed in the computer to calculate the
phase shifts of the tested element. The necessary time stated for

performing the tests over a 2165-element array is 16 minutes.

Neither of these techniques is satisfactory. The first
is an indirect check that does not measure the R.F. performance
of the elements. The second method, besides being too lengthy,
interrupts the normal operation of the system by the requirement
to point the array beam in a fixed direction, and moreover the
phase shifters are not examined with the full transmitted R.F.

power.

Ransom and Mittra [ 2] suggestéd a method of locating
defective elements in large arrays based on near field (Fresnel
region) recording of phase and amplitude over a plane parallel to,
and of the same size as, the aperture. The solution is based on
the reconstruction of the aperture field by inversion of the
recorded field, wusing the diffraction formula. Subtracting the
expected correct field from the reconstructed field, gives the
error field whose maxima indicate the presence of defective

elements.

This method which can be used in a near field antenna
measurement is impractical in field-operated systems, such as MLS,

where such obstructions are not permitted.

Another method for pattern measurements of phased-array
antennas is suggested by Scharfman and August [ 3], by focusing

the transmitting antenna into the near zone. As in the previous
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case this 1s not desirable as it changes the original patterns and

it also interrupts the normal operation of the system.

An experimental investigation by a team from the Bendix
Company [ 4] checked the degradation in the performance of MLS
antenna patterns due to array elements failure, using two methods.
The first as in [ 3], focusing the transmitting antemna array (a
60 A aperture ), into the near field (to a distance twice the
array aperture ). The second method used a waveguide line
integral monitor. Both test results showed good agreement with
patterns measured previously on an antenna test range. It was
found that 10% of array components can fail before the side-lobe
increases to 17 db and the beam pointing error exceeds .02
degrees., However as in the previous paper, no specific proposal
has been made for the inverse .problem of identifying defective

elements based on monitoring.

No other methods for the monitoring and detection of
defects in operational phased-array antennas are known to the
author. Therefore alternative methods, or modification of present

methods will be sought in the present study.

1.2 Description of the MLS

The Microwave Landing System (MLS) is proposed to replace
the global standard of the present Instrument Landing System (ILS)
in 1985 ; although both systems will coexist for another decade.

The expected improvements of the MLS over the ILS are [ 5] :

- A larger coverage area, up to 160 degrees in azimuth and up to
30 degrees in elevation, enabling proportional guidance; compared

to only one straight approach path in the ILS.
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- Two hundred frequency channels allocated in the C-band (5.031 to
5.090 GHz) compared to the 40 channels in the VHF and UHF

presently allocated to the ILS.

- The time multiplex signal format will enable angle and data
functions (Azimuth, elevation plus optional capabilities 1like
flare elevation plus missed approach guidance ) to be

communicated.

Out of several contending proposals, the time-referenced
Scanning Beam  (TRBS) system was finally endorsed by the
International Civil Aviation.Organization (ICA0) as the standard

for MLS on April 1978. The operation of the system is as follows.

The coverage area of the ( TRBS) MLS is continuously and
linearly swept by two fan beams — one in azimuth and the other in
elevation. In each scan, two pulses (main beams) are received bf
the aircraft, the "to" and the "“fro" scans. The on~board
receiver, derives the azimuth and elevation from the time
difference between the scans. The final specifications of the MLS
are not yet available. However, Standards And Recommended
Practices (SARPS), are given in the ICAO SARPS report [ 6], parts

of which are reproduced in Appendix A.
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The main recommended approximate specifications are as follows :

-Linear angle scan rate (Azimuth and Elevation) 20000 deg/sec

-Antenna beam-widths(in the plane of angle scan) 1l deg.

(Resulting antenna aperture 60 A )
-Data rates Azimuth 13.5 Hz
Elevation 40.5 Hz
~Accuracy 0.01 deg.

~Linearly allowable error degradation to 20

nautical miles along centerline 0.2 deg.

Each functional element of the MLS (e.g, Azimuth,
Elevation etc.) is to be associated with monitor and control
equipment [ 6]. Monitors shall assure the appropriate guidance
qualities. When malfunctions occur, the monitors shall initiate
action to restore normal operations, downgrade performance
categories, or remove the element from service, as appropriate to

the situation.

The requirement is to cause the radiation to cease if
malfunction persists for more than one second (details in
reference [ 6] or Appendix A ). This leads to a requirement on
the monitoring measurements including the processing response

time.

1.3 Expected types of defects in phased array antennas

Phased-arrays can be represented [ 7] as being composed

of the following sections :
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- Feed network ; power distribution (in transmit) or combining (in

receive) network.

- Phase control and beam switching network.

- Radiating elements (and sub—arrays).

Defects could be in amplitude, phase or a combination of the two.

Classified according to their origin, defects can be
thought of as either "statice" or "dynamic”. Defects in the feed
network and the radiating elements are in general of a static
nature. While those in the electronically controlled elements
like phase-shifters and beam switches are generally time

dependent, and hence dynamic.

It 1is possible to control phased array antennas, with
only phase-shifters feeding each element of the array. However,
it can be shown that more economical systems can be derived based
on "thinned" phase-shifters, where each is feeding a sub-array of
the antenna. If larger angle coverage than that provided by the
sub-array is required, then these subarrays could be fed by
beam-switching networks (e.g., Rotman lenses in one proposal [ 8]

for the MLS phased-array).

Dynamic defects in digital phase shifters are caused when
one or more of the digital phase bits are not responsive to the
digital command ("stuck" phase ). This may be accompanied by one
or more non-responsive beam switches. In systems 1like the MLS,
where solid-state components of very high reliability are used, it
is wvery unlikely that a defect will be initiated in more than one

component of the array at one time. On the other hand, the
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graceful degradation in the array performance due to defcts in a
small number of the array components, presents, as already

explained, a problem of identifying these defects.

The methods developed in this work to monitor different

kinds of defects, are summarized in the next section.

1.4 Techniques dealt with in this study

The basic idea in the analysis of the effects of array
component failure, on the performance of an array, is to find a
technique to represent defective elements in a convenient way.
The technique of the "equivalent substitute element" to represent
defective elements in an array, 1is put forward in chépter 2.
Based on the equivalent substitute technique the "subtraction
method" is suggested which enables the inverse process, 1i.e.,
given the far-field patterns, a defect in a single element of
otherwise ideal arrays, can be traced. Application of the
substitute element technique and the subtraction method in actual
arrays is first demonstrated by the introduction of defects in the
presence of random phase excitation errors in chapter 3. The
random phase excitation is, 1in part, representing the quantum
behaviour of digital phase shifters ; rather than the ideal
analogue ones. Defects of a dynamic nature ; the stuck phase
shifter feeding a single element or a subarray, are also

represented in the same chapter.

A more realistic representation of defects in actual
arrays is described in chapter 4. There, defects in the presence
of mutual coupling are discussed. The mutual coupling effects are

demonstrated using Carter‘s equations [ 9,10,11].
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Another method of monitoring defects in antenna arrays is
given 1in chapter 5. There, the application of the angular
spectrum concept [ 12,13] is used to represent the aperture field
of the array as a transform of the £far field. The angular
spectrum direct method, is given first. Another method, based on
the Wiener-Khinchin or Van Cittert - Zernike principle [ 14,18},
makes use of the autocorrelation function (a.c.f.) of the angular
spectrum to derive the aperture power distribution across the
array. The a.c.f. method is presented and demonstrated. The
determination of far-field patterns from near-field measurements,
based on the angular spectruﬁ concept, which 1s widely wused
[ 13,14,15,17], 1is also summarized in this chapter. Use is made
of this technique in the experiments described in chapter 7.
Near—-field analysis based on the Huygens—-Fresnel diffraction
formula { 13,18] is given in chapter 6. Use is made of an
approximation to the Fresnel integral to derive another type of
near-field (Fresnel region) monitoring technique. This technique
enables real time monitoring of the main beam scan of the array,
without the need to focus the transmitting antenna (as has been
done, for example, in [ 3,4] ). The integral/internal monitoring
technique, as a form of very close-in field monitoring, is
described, also based on the Huygens—-Fresnel diffraction formula.
The normalized far-field patterns derived from integral/internal
monitoring suggested the application of the far field monitoring
techniques of chapters 2, 3, 4 and 5 to this method of monitoring
also. Simulation on the computer of defects in arrays and the
application of the far-field and near-field techniques, has
accompanied the analysis throughout. However, it was thought to

be vital to obtain experimental verification where possible. The
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experimental investigation 1s described in chapter 7. A
laboratory test set-up has been used, employing waveguide slot
arrays avallable in the Departmet Microwave laboratory. Defects
were introduced into the arrays and, using the near~field to
far-field transformation, the various monitoring wmethods were
examined. A detailed comparison of the methods suggested is given
in chapter 8. The conclusions in chapter 9 also contain

recommendations for future work.
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CHAPTER 2

THE SUBSTITUTE ELEMENT TECHNIQUE

A method for the detection of defective elements in
antenna arrays, based on a simple idea which uses familiar array
theory[40,20], is described in this chapter. The method emphasizes
the engineering significance of using rather simple formulas for
accurately determining the location and type of defective elements
in the array, based on changes in the far-field pattern. The idea
of an ‘'equivalent substitute element" is proposed in order to
represent defective elements in an array. Defects of both
"static" and "dynamic"(i.e. with the beam being swung) nature are
discussed and defects of a static nature in ideal arrays are
considered in detail.Other types of defect of a dynamic and static
nature will be discussed in chapters 3 and 4. The 'subtraction
method'", based on the equivalent substitute element technique, is

presented and the applicability of the method is discussed.

For simplicity two-dimensional situations will be wused
throughout most of the work, as it is easier to appreciate the
underlying concepts and methods. In addition most results can be
used almost directly for MLS phased arrays which are characterized

by their two dimensional beam scanning (see section 1.2).

2.1 Patterns of uniformly illuminated ideal arrays.

In this section a summary of known formulas will be

given.

The normalized far-field EN of an N element, isotropic,

equally spaced and uniformly illuminated linear array is given by

[ 10,20]
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where ¢ is the total phase-difference as viewed from the
far-field, between successive elements of the array, and consists
of the internal phase-shift o4 introduced between the elements
and the additional spatial phase-shift due to differential

free-space propagation delay between succesive elements. Thus
$ = kd sing+ (2.2)

where d is the spacing between elements and é is the angle of
observation, measurgd to the broadside direction. The propagation
constant is k=27TAa s Wwhere Py is the wavelength of the
radiation. As a variable of the geometry s=sin & rather than 8
will be wused, thus simplifying the analysis. For a broadside
array ®=0 and the peak lobe amplitude decays approximately
hyperbolically with‘ s except for the main-beam region, where the
maximum normalized amplitude is limited to wunity, and the far
side-lobe levels are tending to the value 1/N . The phase pattern
will Dbe aﬂ oscillatory square~wave symmetrical to the broadside

direction (s=0). It is the changes in the far-field patterns in
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the side-lobe region that 1leads to the detection of defective

elements as described in the following section.

2.2 The concept of an equivalent substitute array.

An '"equivalent substitute array" is an array of
"equivalent substitute elements'”. It 1s derived by considering
the actual defective array to be the sum of an ideal array, which
has no defective elements, and the equivalent substitute array.
This decomposition is justified by the linear relation between the
elements' excitation and the radiation. . An example of this is

given in Fig. 2.2.

‘I‘ T T T T actual defective array

N— L K 4//

T T T "ideal” array

1 ”equivalent substitute

{dafective) elements™ array

Fig. 2.2 Demonstration of equivalent substitute elements

An additional virtue of using the equivalent substitute array, is
the insight it gives into the selection of the pattern region for

the detection of defective elements. This is best done by looking
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for the sensitivity of antenna patterns to defects in the array,

which follows.

2.3 Sensitivity of antenna patterns to a defective

element in the array.

The field pattern envelope of a unity amplitude
excitation N element array 1is comparable to a single element
antenna in the far side~lobe region and will be N times higher in
the main-beam region. The substitute array of a missing
(defective) element in the array will be equal to a single element
antenna. Therefore, the effect of a defective element in the
array will be N times larger in the far side-lobe region than in
the main~beam region. It is therefore recommended that wuse be
made of the far side-lobe region to monitor defects in the antenna

array.

2.4 Static and dynamic patterns and defects in

phased array antennas.

Phased array antenna patterns can be divided into two
main categories : static patterns and dynamic patterns. The
difference is essentially one of method of measurement. The
static pattern of an array could be measured by the conventional
antenna range instrumentation where the antenna phase control and
beam switching networks are fixed throughout the measurement. The
antenna is then rotated relative to the measuring probe and the
pattern recorded. The dynamic pattern, in contrast, will be
recorded when the antenna and the measuring probe are fixed and
the array beam 1is scanning by dynamically controlling its phase

and beam switching network. If ideal arrays of identical elements
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are considered then the main difference between the static and the
dynamic patterns of the array will be due to the element gain
factor and the changing projected aperture area. Differences
between a static pattern and a dynamic pattern measured with the
probe in the broadside direction of the array, are due only to the

element gain factor.

Defects 1in antenna arrays can similiarly be categorized
into the two main classes of static and dynamic, depending on
whether they affect the static or the dynamic pattern. A static
defect in an array element can be described by a fixed <change in
magnitude and phase with respect to the ideal element excitation.
The result is normally a constant error in the pattern beam
pointing, the beam-width and increased side-lobe level. While a
dynamic defect will exhibit a time—dependen; shift of the
excitation magnitude and phase. Hence, dynamic errors in the
pattern beam pointing, the beam-width and dynamic changes in the
side-lobe 1level will be noticed. In realistic phased arrays the
dynamic control of the phase and beam switching networks is often
performed in discrete (quantized) steps rather than continuously,
hence introducing dynamic quantization of the beam scan and the
resulting pattern. Over and above these built-in phase excitation
errors due to quantization, a defect like an unintentionally stuck
phase shifter can occur causing dynamic changes in the array beam

pointing, the beam-width and the side—lobe level.

In the present chapter simple defects of a static nature
will Dbe analyzed, based on the substitute element representation.
Defects of a dynamic nature will be described in chapter 3. While

more complex defects of a static nature (mutual coupling effects)
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will be described in chapter 4.

2.5 The equivalent substitute field of a defective

element in an N-element array

Expressions will now be developed for the equivalent
substitute excitation and the resulting far~field radiation for
defects of a static nature in a simple, though important, case.
Combined amplitude and phase defects in a single element of the
array (element K) are assumed. The effect 1is conveniently
demonstrated by the phasor representation, of Fig. 2.3. (The
analysis for a single defective element also applies to the case

of many elements through the principle of superposition.)

array center
reference phase

Fig. 2.3 Phasor representation of phase and amplitude

defect, the equivalent substitute element.

Fig. 2.3 shows the ideal element of unit amplitude and phase gé

referred to the array centre reference phase, where, from equation

(z.1),
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95= [ K - (_NZT'*L)]d) (2.3)

o

and K is the element number concerned. The defective Kth element
has an amplitude ratio of a:l to the ideal, and 1is shifted Akgb
radians in phase. The following expressions are derived for the
normalized magnitude b and the phase shift SJ of the substitute

element,

b= (1+ at-2a C..OSA¢)%'
and | (2.4)

S= T- arcsin (-% sfnaﬁﬂ)

and the radiated normalised £far-field E of the defective array
will, therefore, be a superposition of the good array and the
substitute element far fields, giving

i N i 00— (2
o[ v b

2

it can be seen immediately that information on the defective
element location (K) and the nature of the defect (5,53 is
contained in equation (2.5). Use will be made of this information
in suggesting the subtraction method of monitoring, and in the
simulation on the computer of defective array patterns. It also
demonstrates the higher sensitivity of the far field pattern to

defects in the far side-lobe region, as explained in section 2.3.

2.6 Examples of defective elements in an

N - element array.

Expressions will now be given for the following examples;

a) The Kth element missing.

Here, S(==TT and b=l, therefore the normalized far-field

of the array will be given by



E = (2.6)

A
Nsinz

b) The Kth element with a phase defect only.

Here b=2 sin (A%) and gl:I/Z(ﬂ'-*-Asﬁ) therefore

A . sin(NGA) N+d
E=F[‘;l:(($;3 +ZsinAy5/a exp{j ~(ﬂ'+AqS)}exp{j[K—( )¢ 1} (2.7)

c) Two missing elements, K and L.

This can be represented by a two-element substitute

subarray. The array far field will be given by

%’5’%’%’ 2¢— exp{j(x+z -G B} ] (2.8)

where D=(L-K) 1is the difference in element numbers between the
missing elements, and 2 cos D¢/2 is the interference pattern of
two elements seperated D elements apart. It is clear that the
cosine term will not introduce additional phase Jjumps of T~

radian as long as

b, (
< 1l 2.9
lz | 3, (2.9)
N T
A
co : mi ssing
array ' : i clements
elements oLy / array
number \\: (i
X 2
]
}
K 71 ‘
2' .
1 .4[

Fig. 2.4 M missing elements equidistantly seperated.
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d) M missing elements equidistantly spaced.

Fig. 2.4 shows an N-element array where M of its
elements are missing. The Kth is the first missing element, and
each subsequent Dth element is also missing. The far-field of the

defective array will be,

< N }
stn sin(Mog5) . M4 N+
=420z ¥ ex K + &4 - 2.10
CEm & simloga) P I+ G b -¢3H O (2.10)
This expression will be compared to that used in the case of a
defective subarray described in chapter 3, when defective

subarrays will be dealt with in more detail. A pictorial

representation of some of these effects will now be given.

2.7 Demonstration of defective array patterns in the

far side-lobe region.

In order to emphasize the sensitivity of the far-sidelobe
region to the presence of defective elements, the following three

cases will be considered using equation (2.5) as a basis.
Case 1 Missing center element of the array (Fig. 2.5)

Case 2 Defect of Tﬁﬂ phase shift error and +3db amplitude error in

the center element ( Fig. 2.6).

Case 3 Off-centre defect, described over the entire angular region

(side-~lobe and main-lobe). (Fige. 2.7)
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Case 1 Missing centre element:far field far side- lobe region

mag phase
7r =3
ideal LOF =2~ ~—7"%—
array \/}\/ Vls
. 1 -
0‘_” il i\ ;m une OJ—"L lu (] =|u
ﬁ. S S S S S S S=gin g
mag. phase
w -
substitute 1.0}
element J
ot - s
”l Tt S=sing o S=sin 8
mag. hase
defective 2.0 P
array Lok . p_EO
o4 e :
sll Slll
S=3in §
Fig. array pattern for case 1 : missing

centre element of the array.

Referring to Fig. 2.5 3 the defective array pattern is there
derived from the ideal array and the substitute element. The far
side-lobe level of the field magnitude is increased by almost 6db.
of side-lobes is divided by a factor of 2.

The number The phase

pattern also changes, instead of being a square-wave phase of O
and 7T, the phase remains almost constant at ¥, apart from narrow
gaps of 0 phase (the period remains the same but the duty-cycle

has changed appreciably.)
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Case 2 Phase and amplitude defects in centre element ; far-field

far side~lobe region.

phase
mag. -
ideal Lor <7\ 7\
array ! oLy 1
04} . . -
+ s"s' s=sing ' s's S=sin §
mag. phase
substitute 1.0
element w/ar
ok o OHi -
l” S=sing ' S=sin g
mag. phase
defective
array
Fig. 2.6 Array pattern for case 2 ; phase and amplitude

defects in center element of the array.

Referring to Fige.e 2.6 a defect consisting of a /4 phase shift
and +3db change in amplitude, causes the following changes in
amplitude and phase referred to the pattern of the ideal array.
The nulls of the ideal array side-lobes are filled in and smoothed
with a maximum of 3db between crest and trough. Side-lobe
amplitude periodicity does not change. The phase behaviour also
changes, from a square wave between Y and 0 into a sine wave

with the same periodicity but ranging between /4 and 31T/4.

From cases 1 and 2, as well as other cases not presented, it
appears that the far side-~lobe region contains sufficient
information for identifying defects, at 1least in the center

element of the array.
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Case 3 Defective element located off the centre of the array ; far

field, entire angular range

Case 1 and 2 dealt with defects in the center element of
the array. If the defect 1is now 1located off-centre, the
additional phase shift of the substitute element will be
superimposed on the phase~line msin® as described pictorially
in Fig. 2.7 : In this drawing the phase-line is given over the
whole range of direction angles for two values of m which in turn
depend on the position K of the defective element. The relation

between m and K is

P‘m,se.j £
mtr — — — T A
2 6'\"‘0 H
S0 :
{
mr— — —
! L .
} + I
- 1 .
( S$=5ing
§
) — — _," P Y
l
]
Fig. 2.7 Phase-line for case 3 ; far-field
entire angular range
o =%"—’-"L [ k- ) : (2.11)

This phenomenon can be used as the basis of a technique

for identifying a single defective element, as follows.
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2.8 A method to extract the location of a defective elemente.

From equation (2.11) it is clear that subtraction of the
ideal array field from the defective array field yields the field
of the equivalent substitute element in the array. A method to
extract a defective element location in an array can be performed

by the "subtraction method" using the following procedure :

- Measure the amplitude and phase in the far field of the

defective array pattern in discrete steps of sin 8; :
Y; = Y(sing;) , i=1,2,40eeM

where M is the number of samples and Y is complex.

- The corresponding values for the ideal array would be :
XL= X(sing;) , i=1,2,.00.M.

= Subtract, giving :

Z, = Yo - X, i=1,2,¢00:M0 (2.12)

These values will include the required information of the
equivalent-substitute (defective) elements in the array and their
location. This data will then contain the radiation field pattern
of the substitute elements, sampled at M points in the angular

range from 4 to-§4. If a single element is missing in the array
and the resulting phase ambiguity is resolved, two values Z, and
Z,, are sufficient to give full identification of the defective
element. For more than one missing element additionmal work will

be required. The following example shows how the method 1is

applied.

Example Given an N-element isotropic homogeneous linear array
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where element number K is missing, the difference values Z{ will
have the magnitudes ( |Z| ) and phases (j.= Arg Z") given in Fig.
t

2.7. From equation (2.11)

ZTTcl[K_(NH\ - _iM — §a
A 2 !

SN Opg = 5 im0y (2.13)
Hence the missing element number will be
A .fm ~ L N-+4
K = - - + 2.1
2md | smen-stne,] 2 (2.18)

Equation (2.14) although simple, is a powerful tool which is
effective for practically any array aperture illumination. As
will be shown in chapters 3 and 4 this method can give good
results even in cases which are subject to random phase-shift

excitation errors and mutual coupling effects.

|z]

[ ., §

Sind, sing; Sinom
5=Smg

[a#u- a.mLquity

resolusion of phase

ﬁ’—\_ original phase

arg z  (med 2m)

d
A
5in0, Sin@y Sin 6

M
$25(n@
Fig. 2.8 Subtraction method,equivalent substitute

element far-field values.
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2.9 Identification of type of defect

The type of defect is identified from the values of the
phase shift error A?S and the magnitude ratio a (see Fig.

2.3),which can be derived as follows.

After finding the position of the defective element K,
using equation (2.14), the same equation can be modified to find
the phase shift 8’ between the ideal element and the substitute
element. It can be seen from equation (2.5) that 9’ is given

by,

Y - §L - [ K- (-5’2#-) ] sin 8; (2.15)

where g is the phase of Z¢ in the direction 6{ ,
L

For example if f=§ then sin 8 = sin §,. The value b is given
¢ M
by 12]. Inverting equations (2.4), the relative amplitude and

phase of the defect are
2 2,
a=(1+b + 2b cos & )
A?‘ = ' - arcsin (-g-sinsV ) (2.16)

Hence a full description of the defective element, namely

its location and type, are given by equatiouns (2.14) and (2.16).

2.10 Some computer simulations

Simulation on the computer of two types of defective

elements will now be given.

a) A missing element.

An N=99 element linear uniform isotropic array is assumed

with d=.61 X interelement spacing, where element K = 47 ( -3d
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distant from array centre) 1s missing. The far-field far
side-lobe patterns (in db) of the ideal, the defective and the
substitute array are plotted in Fig. 2.9. The phase-line of the

substitute element is shown Iin fig. 2.10Q.

b) A phase defect

Element K = 56 ( +6d from the array center) is then
simulated to have a pure phase defect of A¢=TT/4. The results
are plotted in Figures 2.1l and 2.12, and are similiar to 2.9 and

2.10.

Figures 2.10 and 2.12 give the substitute element phase
lines ( Arg 2 ). It can be seen that the linear phase lines are
of opposite signs, for defects located respectively to the 1left
and to the right of the array phase center. Also the slope is
doubled for doubling the spacing between the defective element and
the array centre. Any region can be wused, however the far
side~lobe region enables the subtraction of magnitudes in the
order of 1/N of the main-lobe region (see section 2.3 ). Hence
the expected accuracy in the far side~lobe region will be greatly
enhanced, in cases when measurement noise is present, by a factor

of about N.
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N=99 element array, missing element K=47.
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o N=99 K=56 Og=rt/é
. -8_
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dB -16|—
( ) 16 -=== substitute
defective
| nondefective
-32—
A0FF\ i/ iy
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Fig.2.11 Far-field far side—lobe

amplitude patterns
N=99 element array, JI/4 phase defect in element K=56
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Fig.2.12 Far-field far side—lobe phase pattern of substitute

array, N=99 element array,{!/4 phase defect in K=56
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2,11 Non necessity of measuring in the far field

In the case of a single defective element, or of a single
defective sub-array, the subtraction method does not require the
measurement to be performed in the far-field of the complete
array. It 1is merely necessary to be in the far—field of the
element or the sub-array (whichever is being sought), since the

field due to the complete array is subtracted out.

2.12 Applicability of the subtraction method

The subtraction method gives simple results in cases when

a single element of the array is defective.

Due to the expected high reliability of present and
future solid state phased-arrays, it is very wunlikely that more
than one element will fail at any one time. Hence, if the
reference pattern is updated, and previously found failures are
memorized, this modified subtraction method can be used
sequentially for the identification of a sequence of defective

elements in the array.

In comparison to the mnear-field method suggested by
Ransom and Mittra [ 2], based on inverse diffraction, the
subtraction method uses simple equations and does not require
Fourier transformations. Also, in the subtraction method it 1is
preferable to use the far side-lobe region, hence avoiding
obstruction of the array radiation, which is required using Ransom
and Mittra's method. The subtraction method, in addition, enables
the identification of the type of defect. No such claim is made

by Ransom and Mittra.
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2.13 Conclusions

The presentation so far has shown that the subtraction
method is a simple but efficient tool for the detection of
defective elements in antenna arrays. As the far side-lobe region
gives the highest sensitivity to the presence of defective
elements, it 1is recommended that this region be wused for
monitoring. Its importance lies in the additional fact that the

monitoring technique does not obstruct the radiatiom.

The technique 1is not limited to the far~field region of
the array ; only to the far field of the (equivalent) substitute

element or substitute array.

The technique is so simple that in the case of defects in
ideal arrays, two non—ambiguous measurements are sufficient to

identify a single defective element.

However the high reliability of present and future phased
array antennas enables one Eo use the modified subtraction method
( exﬁlained earlier in section 2.12 ) in cases where there are
many defective elements in the array. The assumption has to be

made that no more than one element fails at a time.

The applicability of the method to more realistic arrays,
including measurements in the presence of random phase excitation
errors and mutual coupling effects, is considered in chapters 3

and 4.
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CHAPTER 3

APPLICATION OF THE SUBSTITUTE ELEMENT TECHNIQUE

The analysis has so far dealt with static defects in
ideal arrays. It is the purpose of this chapter to analyze more
realistic models of arrays by the introduction of random phase
excltation errors. The subtraction method will then be examined

in the presence of these random excitatiom errors.

In the second part of this chapter defects of a dynamic
nature will be analyzed where an unintetional stuck phase-~shifter
is introduced into the array. 7Two cases will be examined. The
first is a stuck phase-shifter in a fully filled array, where each
phase-shifter drives a single element of the antenna. The second
case will be that of a thinned array where each phase-shifter
drives a subarray of the array. The subarray beam is then further
controlled by a beam switching network if a wider angle coverage
than the subarray beam-width is required. The last case should be
applicable to the Plessey MLS phased—-array, where present design

proposes to use switchable input ports to a Rotman lens.

3.1 Performance of an array of isotropic

elements with random phase errors.

The far field pattern E(s) of a unity amplitude
illuminated isotropic linear N-element phased—array antenna can be

written in the form ( see equation (2.1) )
N

E(s)= 2> exp{ j k x;s } exp{] $. 1. (3.1)
(=4

Where x¢ =id, the displacement of the ith element from the array

centre and s=sin 8. The random phase excitation errors ¢C
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attributed to the 1ith element, are assumed to be statistically
independent and uniformly distributed over the range ":P=i-b, as

shown in Fig. 3.l.

()
Fe. S
A
2b
-b ° +b 3';
Fig. 3.1 Random phase of the ith element

uniformly distributed.

The random phase will reduce the mean, or "coherent",
far-field radiation pattern at the same time introducing a
variance  representing the fluctuating, or the "incoherent",
radiated power [ 21}. The far—-field pattern can therefore be
regarded as composed of the sum of its coherent and incoherent

components. These will now be described.

3.1.1 The mean far-field radiation

The mean far field will be given by the expectation of
the ensemble of realizations as follows
N
KE(s)>=<exp{j ¢ }> Zexp{jkx,;s} (3.2)
=4
where < > designates the expectation. For a uniformly

distributed phase <exp{j ¢Y}> is given by

_
Cxpli 1= [, () expliyp } ay

f_i;‘,;exp{j Y} dy
sine b (3.3)

where sinc b = sin b /b.
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N

The term Zexp(jkx:_s} in equation (3.2) equals the N element
&
array factor AN(s). Hence,

AN(S) = exp{ jkx¢s} (3.4)

Ay(s) equals N for the direction of the main=lobe maximum, and
approximates 1 in the far side lobe region. Hence the coherent

far-field pattern is given by
<E(s)> = AM(s) sinc b (3.5)

3.1.2 The variance of the far-field radiation

The variance of the incoherent radiated power, is

Var[ E(s)] = <|E(s) 2>~ |<E(s)>|? (3.6)

where
CIE(s) 2> = <E(s) E®s)>

=Z %—_ <exp{j(¢‘.-q%))exp{jks(xi-x() (3.7)
{

The complex conjugate of E(s) is designated by E*(s). The term
exp{j(t}{.-—é)} can be divided into two parts : the first N terms for

which i=1, and the remaining (N?~NJfor Which if1, Giving,

<IE(s) 18> = N+<exp{j(9é. --9‘5,)> égexp{jm(xi-x{)} (3.8)
where <exp{j(4::-¢()> is given by
b b
xpli(h-§)P = (f-ferpisp ey g fexe (-39 ) Y)
= sinc? b (39)

Since é and ¢€ are assumed to be independent. Rearranging
equation (3.8) will give (see also [ 21} ) ;
N N

<lE(s)|2' > = N(l—sincz b)+sinc?b Z Zexp{jks(xi-x()} (3.10)
s =4
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where the double summation equals the array factor squared,

namely,

N N N N
Ziizzexp{jks(xz-x£)= g; exp{ jksxy} EE exp{—jksxl}
1 ::4

tzq 0=4

= 1Ay (s) % (3.11)
Therefore
Var[E(s)]=l(1-sinc? b) (3.12)

where Var{E(s)] 1is radiated isotropically (for an isotropic

array ).

3.1.3 The incoherent to coherent far field

radiation power ratio

Two regions will be considered : the main-lobe and the
far side-lobe regionse. In the main lobe maximum (s=Q0 for

broadside array )

2 2
1Ay (0)] = N (3.13)
In the far side lobe (sZ1 for broadside array)

IAN(,O"’- = 4 (3.14)

Hence the main—lobe incoherent to coherent ratio will be given by

Vav [E(s)] _ 4 - sinc*h) (3.15)
[KE()>[2" N Simc?b

The far side—lobe incoherent power ratio will be given by

Ver [EG)] _ y _4=sime?h)
| <EM>]* Sincth

(3.16)

The results of equations (3.15) and (3.16) for several values of b

are given in Table 3.1 and described pictorially in Fig 3.2.
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Table 3.1

Incohernt to coherent power ratios in main lobe and far side lobe,

as a function of the phase error range b, for N=100 element array

phase error Incoherent to coherent power ratios

range:tb(rad) Main-lobe (%) Far sidelobe (db)
0 (no phase error) 0 - >0
/16 1.3 10-2 1.1
/8 5.3 107 7.2
/4 0.2 13.7
relative
power

40db=100%

I A—
Ve

incoharent coherant
pattern pattarn

10" (=40db)

b=E'rr/4 \\ DJJ;\A " \f\ N +i37ds
b=t7/8 \ Il RA +7285
b=tm/16 i 3 “‘} [ g,ﬁﬁ ¥ ;t) 45 v
Neasantiil g e o
‘ [
-_l _ 0 ' s=sin @
Fig. 3.2 Uniformly distributed phase-shift

excitation errors in N=100 uniform array;

incoherent and coherent patterns (qualitative)

A conclusion of this analysis 1is that a major effect of

phase-shift errors is to mask and distort the side-lobe region of
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the array pattern, threrby complicating the monitoring method

considered previously.

3.2 Use of the proposed subtraction method

in the presence of random phase-shift errors

In spite of the deterioration of the side 1lobes of the
array 1in the presence of random phase excitation errors, the
proposed subtraction method seems to be efficient for identifying
a defective element in the array. Two cases will be discussed as
representatives of the types of random-phase excitation: the

"static" and the "dynamic" case (see also sectiom 2.4).

3.2.1 The static case

Here the set of random phase fluctuations is fixed over
the array elements and independent of the pointing angle of the
array bean. This could be the case of a non-scanning linear
array, or it could be a case where ideal phase shifters are used
with non ideal radiation elements. The resulting Z; values will
now contain the information on the location of the defective
element, derived from the phase slope~line according to equation
(2.14). The phase slope would be a non~fluctuating line but will
include an additional constant phase equivalent to the phase
excitation error attributed to the defective element. The type of
defect will not be known (unless the excitation error of the
defective element is known ) but the location of the defect can be
identified with no error (see for example Fig. 3.3), since the

slope is unchanged .
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iJeq[ case

———— random (stutic)

$25{n @
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o «\~—A?=zb
-1801" _~

Fig. 3.3 Phase pattern, static case,

The phase slope-line for a missing element K, whose phase sghift
was ﬂ( ,» before it became defective, is parallel to that of-the
ideal array (with no phase excitation errors) and seperated from
it by zq&( (in section 3.3 it will be shown to be within tb/N of

fk )« The range of %K will be limited by the phase distribution

range of tb.

3.2.2 The dynamic case

The set of phase excitation errors attributed to the
array elements will now be aliowed to change with every monitored
direction angle of the array. This could be the case of a
scanning phased-array, where all the phase shifters are changing
for each angle increment introducing different sets‘ of random
phase-errors in all the elements. The difference values Z;| will
result in a fluctuating phase around the ideai phase slope line.
The range of these fluctuations will be b , as shown
schematically in Fig. 3.4. In this case a statistical estimation
of ’the regression line will be required. The regression error

will depend on b and on the number of statistically independent
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Fig. 3.4 Phase pattern, dynamic case. ‘

samples used for the estimation. Consequently, the 1linear phase
variation used for the identification of a defective element in
the array (using the subtraction method), is found to be a very
efficient tool even inA the presence of random ﬁhase excitation

errorse.

3.3 Array centre reference phase for defective

and non-defective arrays

A phase reference is ?equired for the proposed monitoring
system. Reception of the main beam by the monitoring system 1is
one way of supplying the phase reference without a physical
connection between the phased—array system and the monitoring
system. The difference in phase between the main beam of an ideal
array (with no random phase errors) and that of an actual array
(with random phase errors) is very small, being of the order of a
fraction of a degree for 1large arrays. This 1is due to the
assumption of a zero mean for the phase-error distribution.
Provided b is émall, the error will be of the order of b/N(see

Appendix b). So for b=T/4 and N=100 the error is less than a
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degree. The same applies to the phase difference between the
actual array before and after a defect in a single element has
happened. It also applies to the extent of the shift in
phase-slope fluctuations in the ‘"dynamic" and '"static" cases

already discussed in 3.2.

Consequently, the main beam received by the monitoring
antenna could supply the reference phase, provided a suitable

technique for memorizing this phase is available.

3.4 Computer simulation of defects in presence

of random phase excitation error.

Simulation on the computer of arrays with the two types

of excitation errors will now be given.

a) A missing element in the presence of

dynamic phase excitation errors.

The same parameters as in 2.10 example a will be wused.
In addition a non-reset pseudo-random number generator will

produce dynamic phase errors in the range b=+9I/8 .

The far field patterns (in db) of the non~defective, the
defective and the substitute array are shown in Fig. 3.5. The

phase line is given in Fig 3.6.

b) A missing element in the presence of static phase errors.

The same parameters as above will be chosen but here a
reset random number generator will produce static phase errors in
the range b=t [/8. The results are shown in Figures 3.7 and 3.8,

which are similiar to Figures 3.5 and 3.6.
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Fig.3.5 Fab—~field far side-—1lobe magnitude patterns
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in presence of random phase excitation (dynamic case)

N=99 K=z47 b=* /8
180} X/A"
phase
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- l | 1 l
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Fig.3.6 Far-field far side-lobe phase pattern of substitute
element in presence of random phase (dynamic case)
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Fig.3.7 Far-field far side-lobe magnitude patterns
in presence of random phase (static case)
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Fig.3.8 Far-field far side—lobe phase pattern of substitute
element in presence of random phase (static case)
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Figures 3.6 and 3.8 give the substitute-element phase lines. It
can be seen that, as expected from section(3.2.2) the phase 1line
in Fig. 3.6 fluctuates around the correct mean slope line (dashed
line) which 1is reproduced from Fig. 2.10. Using equation (2.14)
the "missing" element location can be deduced very precisely (to
be within ~ 107 of the element spacing). In Fig. 3.8, however,
the phase line gives no variation around the mean slope-line but a

parallel line to it as described in section (3.2.1).

These promissing, and quite stable, results have been
examined in circumstances where the good and defective arrays both
exhibit apparently indistinguishable erratic behaviour in their
far fields (see Figs. 3.5 and 3.7; also compare with Fig. 2.9).
The results demonstrate that the method can be used with phased

arrays in the presence of the quantized phase-shift errors.

This concludes the first part of the chapter dealing with
application of the subtraction method in presence of random phase

excitation errors.

Next a dynamic defect of a stuck phase shifter will be

discussed.

3.5 Inadvertently latched (stuck) phase-shifter

feeding a single element.

Having analyzed defects of a static mnature in the
presence of static and dynamic phase-excitation errors, it is now
intended to deal with the important practical case of a stuck
phase shifter. As explained previously this type of defect is of
a dynamic nature since the relative phase shift between the

required and the available excitation phasor changes dynamically
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with the beam scanning. In the present section the effect of a
stuck phase shifter feeding a single element of the array will be
discussed. This is followed in section 3.6 by an investigation of

a stuck phase-shifter feeding a sub—array of tne antenna.

3.5.1 The equivalent substitute element of a stuck

phase-shifter feeding a single element.

It has been shown (section 2.5) that the equivalent
substitute element of a defect with constant amplitude and phase

in a single element is given by
bexp{3§)=l a exp{ing) - 1 lexp(5 §)) (3.17)
Designating ¢2=$\‘ and ¢‘=A¢+¢° where

=2
¢o 50 d sing (3.17a)

we could write the following

b exp{j glgg}=a exp{qul b= Llexp{igh}- (3.18)

Now, ¢3 is constant for a stuck phase shifter while ¢b changes
as a function of the scan angle 8 (equation 3.18 above).
Therefore b and ¢£ will also change with the scan angle. The
previous case of a missing element could be represented as a
special case of a stuck phase-shifter feeding a missing element,
where a=0 , resulting in b=-1 and q%=q%, as before. For a{O and
a stuck phase-sh&fter three cases will be discussed corresponding
to the different value of a; namely, a=l, a<l and a>l. The phasor

representation for all three cases is given in Fig. 3.9.
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Fig. 3.9 A phasor representation for three cases

of a stuck phase-shifter feeding a single element

The resulting amplitude and phase patterns are shown in Fig. 3.10

in comparison with the missing-element case.



Fig.

3.10
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resulti'rcg phase

l a=0(missing element)
21 -

Resultant amplitude and phase of the equivalent

substitute element for é%l and ﬁ =0
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It is to be noticed that if é #O then the only additional effect
will be a shift in the location of the zero crossing of the phase

and in the accompanying amplitude maxima and minima.

3.5.2 A modification in the subtraction method for

a stuck phase-shifter.

From Fig. 3.10 it is still possible, although with
somewhat greater difficulty, to decide on the type of defect and
its location, wusing a modification of the subtraction method
formula (equation 2.14). One possibility 1is to measure the
periodicity of the phase curve, thus a modified formula like the

following one can be used.

A 2T _ N+
ZTd  As ) (3.19)

The sign is that of the phase slope, As 1is the direction-cosine

K =+

difference for one period (cycle) of the phase variation.
However, when a=1 a linear phase variation results, but with half
the slope. Hence, use could be made of equation (2.14), but
doubling the values of the calculated phase difference between the
two samples measured at sin § and sin GM « The modified
equation will then be in the form of

K=?\[ gM"EA 1+ N+ 4

- - (3.19a)
Td™  Singm-5ne, 2
Therefore equation (3.19) or (3.19a) can be used to derive the

location of the (defective) stuck phase shifter.
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3.6 The equivalent substitute array of a stuck phase-~

shifter feeding a single subarray

The main difference between the resulting equivalent
substitute element and the equivalent substitute subarray for a
stuck phase shifter, is in the amplitude and phase dependence of
the subarray factor to that of a single element. A modification

of equation (3.18) will be used as follows

b exp{j¢a} = a exp{j@ - A exp{j@o} (3.18a)

with the following different meaning of the factors a and b. The
factor a is the normalized defective subarray factor, and b is the
resulting normalized equivalent substitute (sub) array factor.

The ideal M element subarray factor A is given by,

_ sinfkMd (5~50.).2 1
g Smlkd(s-s0)-5] .20

where s =sin 8, , 1s the direction cosine of the monitoring
antenna to the array broadside direction. The normalized
defective subarray factor a in the case of a stuck phase-shifter,

is given by

sin [kMd so-$). 21

a= (3.21)

Sinl(kdse-¢,),%1

where %‘ » as before, 1s the phase of the stuck phase-shifter.

While A changes with the scan angle, the factor b is fixed for a
given value of g and of the direction-cosine s, (if no beam

switching is used).

Example A stuck phase shifter feeding an M element subarray, the

case of s,=0, ¢,=0

The factor a behaves differently in the main-lobe region and in
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the far side~lobe region. In the main-lobe region, A and a tend
to the same amplitude value of M hence the result will be similiar
to the case of a stuck phase-shifter feeding a single element for
a=1 (see Fig. 3.10). 1In the far side-lobe region, |AI{l, while
1a|®M (which 1s assumed >>1 ), hence the appropriate case of ad>l

will apply (see Fig. 3.10).

The resulting phase of the equivalent substitute array will be

sketched in Fig. 3.11,

4 Phase
s ety 4

. NN
/\/ —"\/ ~—" *? S

Fig. 3.1l Phase pattern, stuck phase shifter feeding

subarray (qualitative)

It should be noticed that the resulting mean phase in the far
side—-lobe region gives the value of the phase at which the
defective phase-shifter was stuck (for s,=0). This result could be
used as part of the defect detection algorithm. However the
location of the defective sub array is best decided from the
main-beam region with a correction equivalent to that of a single
element stuck phase-shifter in the case of a=1 (see equation
3.19a). It should be noted that the assumption in the above
discussion was of perfect phase-shifters connected to each element
of the arréy; but stuck phase-shifters of equal value of phase ﬂ

were assigned to the defective subarray elements.
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An additional more complex case where a stuck phase
shifter 1s feeding a beam switched sub-array will be investigated

next.

3.7 A stuck phase-shifter feeding an M element subarray

with a switched beam-forming network (B.F.N.)

This case applies to a real phased—-array such as the MLS

phased-array using switched Rotman lenses [ 8,22].

If both the switch and the phase-shifter are stuck the
anslysis given in subsection 3.6 will apply. But if the switch is
functioning properly and only the phase-shifter 1is stuck, then,
depending on the location of the monitoring antenna, a case
similiar to a=1l, a<l or a>l of a single element stuck phase
shifter will be appropriate for the resulting phase. However the
resultant b can be approximated by a stair case amplitude with
angle, due to the sampling of the subarray factor (see Fig.

3.12).

b
(’"‘&3 )4

A M A

T

Fig. 3.12 Sketch of the amplitude pattern of a stuck

phase-shifter and a good switching B.F.N.
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Simulation on the computer for several cases of stuck

phase-shifters will be given next.

3.8 Simulation of stuck phase shifters in ideal arrays

Several examples of defects will be simulated.

An N=100 element array is assumed in the following five

examples.

a) A single element defective in amplitude, stuck phase-shifter

with the following parameters.

K=44 (i.e., defective element number 44).
a=0.8 (f.e., a<l amplitude defect).

pl=0 (i.e., phase shifter stuck to 0 phase value).

the far field patterns are shown in Fig. 3.13a and the resulting
phase 1line in Fig. 3.13Db. The same notation as in previous

simulations is used for the patterns and their phase variations.

b) Single element with a larger amplitude defect with stuck

phase-shifter.

K=44 , a=1,2 (i.e. a>l) and pl=0.

The far field patterns are shown in the side lobe region

in Fig. 3.14a. The resulting phase-line is shown in Fig.3.14b.

c) Single element defective in phase, stuck phase-shifter with

the following parametrs.

K=35 , a=1 (i.e., no amplitude defect ) and pl=0.

The far-field patterns are given in Fig. 3.15a. The

resulting phase-line is given in Fig. 3.15b.
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d) A stuck phase-shifter feeding a sub-array (no beam switching).

The parameters are as follows
NSUB=10, i.e., a ten element subarray.
Kl=40, i.e., first element of the subarray is No 4Q.
a=0.8

pl=0

In Fig. 3.16 three phase lines are shown on the same graph. The
solid 1line shows the resulting phase-line of the subarray, the
dotted shows the slope-line that would have occured if the center
element of the sub array was simply missing (k=44.5), and the
dashed describes a slope line that would have been measured if a
stuck phase-shifter feeding the center element of the sub array
had an amplitude defect, a<l. It should be noted that s,=0 and
for this case the asymptote of the resulting sub array phase~line
(solid ) equals the stuck phase value Pl1=0.

e) A stuck phase-shifter feeding a subarray (no beam switching).

The same parameters as in (d) but with

a=l and pl=17/2
The scan direction cosine variation includes the main beam as well
as the side-lobe regions (see Fig. 3.17). The same designation

for the curves as in Fig. 3.16 are used for Fig. 3.17.

I£ should be noticed that in the main beam region the
resulting sub—array phase line coincides with the single element
stuck phase-shifter phase line (dashed ), as expected. In
addition, as exlained previously, the asymptotic value of the

resulting phase-line of the sub-array tends to the pl=1IT/2 value.
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Summarizing these simulation results, it can be said that the
modified formula for the subtraction method can be wused in the
main-lobe region (equations 3.19 and 3.1%9a) for a stuck phase
shifter feeding a single element or a single subarray. Also the
value of the stuck phase-shifter can be found in the case of an
unswitchable beam forming sub—array. The phase line asymptote in
the far side-lobe region points out the value of the stuck phase
if only the monitoring antenna is placed in direction cosine

§o=0(the broadside direction).
3.9 Discussion

The substitute element technique has been shown to be a
very useful tool for analyzing defects of a dynamic nature as well

as defects of static nature.

The subtraction method has been found to be an efficient
monitoring method for realistic models of antennas in the presence

of random-phase excitation errors.

A modification to the subtraction method has been
-suggested for several cases, of stuck phase-shifters, wusing

analysis and simulation on the computer.

A further dimportant aspect of realistic modelling of
phased—-array antennas will be investigated in chapter 4, where

mutual coupling effects will be considered.
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CHAPTER 4

MUTUAL COUPLING EFFECTS

In the previous chapter a more realistic model of antenna
arrays has been sought, by the introduction of defects in the
presence of random excitation errors. The present chapter will
lead to a further more realistic antenna model by the inclusion of
coupling effects (in an actual array), and will examine their
influence on the performance of the monitoring method suggested.
Coupling effects could, broadly, be divided into two categories,
the first which is dependent on the separation between elements
and the second which is independent of the separation. The mutual
coupling effect is due to the proximity of the elements and,
hence, is dependent on the separation. Power reflected from an
element affecting other elements of the antenna, through the
antenna feed network, is independent of the distance. The 1last
statement is made assuming a lossless feed network (this
independence ignores periodic changes of coupling along the feed
network). As the ultimate interest is to judge the major effects
of coupling, with a minimum disturbance of wunimportant details,
simplified cases will be demonstrated based on known formulas
{ 9,10,11]. A simplified model of an "actual" array available in
the 1laboratory [ 23] will be simulated on the computer « In a
later part of this thesis (chapter 7), results of the present
chapter will  be compared to those of the experimental

investigation.

The next section will deal with the effect of mutual

coupling.
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4,1 Mutual coupling effects between array elements

One convenient way to describe the effects of mutual

coupling, is through the impedance matrix network representation

V=Z I (4.1)

or in its general form given below

Vi Z“ Z]z . ) . Zl“ I|
Vz Zz‘ Zzz . L] . o Iz
V': = . . . Zii e o . (4 -2)
. . . . . ¢ o IJ'
VN ZN‘ . L] . [} Z~~ IN

Here, V¢ are the impressed voltages, and Ij are the resulting
currents. The latter are functions of Z/{ the self impedances,

and Zej (i{j) the mutual impedances. For reciprocal networks

Zi' =ZJ'(' .

In the ideal arrays described previously no mutual

coupling was present, hence Zéf=0 for i#j . There, the only

impedances present were Z; , giving

gl = in il
2 T f+2
L] = . . (403)
VN = ZNNIN

Hence, any defects in one or more of the elements did not interact
with other elements. But in actual antennas mutual coupling
effects will be present, and hence array elements are affecting
and are influenced by other elements . For simple element
configurations such as that of the broadside dipole array,
formulas for the mutual impedance have been developed by Carter

[ 9] and have been used by Kraus[ 10] and Oliner and Malech [ 11].
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In the following section a simple case of mutual coupling will be
described for a two element A/2 broadside array, using these

coupling formulas.

b2 Mutual coupling effects in a two element array

One of the simplest cases of mutual coupling, occurs in a
two element 312 broadside array. It is, therefore, best to
summarize some known results on this model befor getting to a more

complex case of a multi-element array.

The impedance matrix representation for a two element

array, from equation (4.2), is given by

Vi "2y L Y21

Vp =L I + Zgp1g (4.4)

The geometry is described in Fig. 4.l.

e d —t
T

¢

Fig. 4.1 Two element M2 dipole array geometry

The equivalent network description of (4.4) is given [ 11] in Fig.

4.2
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lzn"zua 222"202

V, ~
4 2%2 V&
Fig. 4.2 Equivalent network description of mutual

coupling in a 2 element array

For a case where both antennas are symmetrical 2y =ZZ The

2.
effect of mutual coupling will then depend on the input impedances
of the dipoles and hence on the resulting currents. However, the
current ratio I,/I, will remain unchanged and therefore the

normalized radiation patterns will be the same as those of the

ideal array (i.e., for which there is no mutual coupling).

The input impedance of element 1 in the presence of
element 2, when the latter is passively loaded with impedance ZZ’

may be written as [ 11]

2
Z
7 =7 2

N ———— 4.
1 4u Z,,+2, (4.5)

So the value of Z, is dependent on Zz through the mutual
impedance Z,, . The following two extreme, but simple, cases of
defects could occur in such an array. The first is when omne

voltage source is open circuited (o.c.). Assuming element 2 1is

0.c., then, Za=ac5 and I2=0 « The result will be

Z,= 2, (4.6)
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i.e., the input impedance equals that of a single element. The
radiation pattern will also be that of a single element radiation,

due to IZ=O , but with I,=V/Z, due to equation (4.6).

The other extreme case would be that of a shott circuit
replacing the voltage source then V2=0 and Z,=0 . However Iz¥0

due to the mutual coupling. The input impedancee will be given by

2
Za
2, 22, - = (4.7)
! " Z3s,

putting Vé=0 in equation(4.4) the resulting current ratio will be

given by
Iz - Z:z.

_—= = e=—= (4.8)
I Zaa

instead of Iz/I1=1 « For a given array the value of Zy is known

by the dipole counfiguration. The le is given through known
formulas due to Carter [ 9] for some simple configurationse.
Formulas for the self and mutual impedances between two broadside

(parallel) dipoles, as in Fig. 4.3 ,

d
l

Fig. 4.3 Geometry of parallel dipoles

is described (for infinitely thin dipoles) by the following

expressions

2g =300 In{pkl) = C{(2k1) + 3S((2k1)] (4.9)

where 1 and d as described in Fig. 4.3 , k=21/j and 3’=1.781
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Ci( ) and S;( ) are the cosine and sine integral defined by

(V%
Ci(u) = f c—Qs—x-dx

JURE 3

u [
f ﬁ’-?-x-dx (4.10)

20

]

S¢(u)

These functions are tabulated in various places [ 25,26]. The

mutual impedance is given by

24 = 30fc; (kd)-Ci (g+k1) - C¢ (g-k1)]

- 33025 (kd)~5 ¢ (g+k1) - S{(g=k1)] (4.11)
{
where, =-%EL(dz +12 )&' . Expressions for other simple

configurations, such as collinear dipoles, and parallel dipoles in
echelon, are also given in the literature [ 11]. Expressions for
the mutual coupling of finite size ratios of element shape is also

given in the open literature [ 19].

The above formulas for mutual coupling will now be used
to find the equivalent substitute array in the case of mutual

coupling in a two element array.

4.3 The equivalent substitute array in a two element array

The expressions given in the previous section will now be
used to describe the equivalent substitute array, for those

defects.

The non-defective array 1is given (for voltage source

generator), by
I' = V/ZI (4-12)

and due to symmetrical elements
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12 = V/Z2 = V/Z, (4.13)
Hence the current ratio for the non-defective array equals

Iz /I' =1

In the case of a defect, this ratio changes to

I,/1, =a exp{iad} (4.14)

For the case of Vo short circuited, the input impedance to
element 1 will remain unchanged (following the assumption of

voltage source generators), and
12 /I| =Z,2 /222=Z|2/Z|| =|Z,g/Zu ‘exP{j(éz "¢“ ) } (4'15)
where %I =arg(Zy ) and ¢, =arg(Z;y) .

Therefore the non-defective array current excitation and the
defective array current excitation could be described pictorially
as in Fig. 4.4 . The subtraction of these will result in the
equivalent substitute array current excitation, described in the

same figure.
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1[ Al
nondefective
array 4 4
— { 2
\
defective
areay
(s.C. element 2) {
I%[ﬁ Ag=arg (Z42/2)
1"t

Il '

e quivalen}
substitute
array
-
4 2
Fig. 4.4 Description of a s.c. defect in a two

element array with mutual coupling

The equivalent substitute array will, therefore, be given by
equations (2.3) to (2.5).

where
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a = 1212/22,)
and (4.16)

Ap=arg(Zip/2y)

In the case of an open-circuit defect it has been shown
already that we are left with a single element radiation pattern.

It is best described pictorially as in Fig. 4.5.

. 4 A
nondefective
array
] 2
defeclive
array

(0.C. element 2)

A¢'Gl’g (Z" /Z| )

equivalent \ |
substitute \ |
array v

\| .

b
b2
Y
Fig. 4.5 Description of an o.c. defect in a two element

array with mutual coupling
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The equivalent substitute array for an o.c. defect 1in
element 2 (for voltage source generators) will, therefore, be
given by the superposition of two elements, where the equivalent
substitute for element 2 equals -1, and the equivalent substitute

for element 1 is given by equations(2.3) and (2.4). Here,

a = |Z||/Z| |
and (4.17)

A= arg(Z /2 )

It is to be noticed that although the excitation and defect
demonstrated has been chosen to give a simple description, other
types of excitation generators and defects can be analyzed
similarly. The example of mutual coupling between broadside
(parallel) elements, is important because mutual coupling for this
configuration is strongest, and hence will produce the largest

effects.

So far, mutual coupling effects between two elements have
been discussed. For large arrays, like the MLS array, the present
analysis has to be extended, which will be done next. The idea of
infinite arrays, as presented by Oliner and Malech [ 27], will be

used.

4.4 Defects in an infinitely long uniform arrays

Large arrays are thought of as consisting of two parts
[ 27] : a 'central part" which constitutes the bulk of a large
array and the regions near the '"edges". Each element in the
central portion feels the same environment. Hence the treatment
of mutual coupling effects in infinite arrays 1is suitable for

large arrays, if edge effects are ignored. It will be assumed for
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simplicity, that only first order effects are important. Hence
the effect of changing parameters of a single element (e.g. due
to a defect) will be "felt'" by the neighbouring elements and will
modify thelr parameters without the chain reaction (second order
effects) of each one of the neighbouring elements affecting the
others as well. Ignoring these second order effects simplifies
the analysis by avolding the need to solve a large number of
simultaneous equations or looking for an infinite series

representation.

Following these assumptions, mutual coupling effects due
to a defect can be calculated seperately for each element in a
manner similliar to the treatment used previously for two elements

(equations 4.16 and 4.17).

For example, assume element 1 1is missing. Then the
magnitudes aj of the substitute elements will be given by the

following expressiouns

) = 12/

and the phase A;dg by: (4.18)
|A43.|=|arg(zc5/zjj |

A defect in one element of the array will cause symmetrical
effects 1in elements 1located on both sides of the defective

element, i.e.,

fug T 2l
(4.19)

‘A¢L(=z;¢él
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Because of the decrease of mutual coupling, inversely with
distance according to equation (4.11), the modification of the
mutually coupled elements due to the defect will decrease in the
same proportion. The effect 1s therefore that of a substitute
array with an  amplitude taper, decreasing sharply and
symmetrically with the distance, from the location of the defect.
The phase of the coupled element will change in accordance with
the argument ratio of the impedance to the original input
impedance. Fig. 4.6 demonstrates the case of a mnissing element

in an infinitely long homogeneous array.
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Fig. 4.6 Demonstration of defective element in an
infinitely long, homogeneous array

incorporating mutual coupling effects



-~ 75 -

Fig. 4.6 demonstrates qualitatively the substitute subarray of a
missing element i due to mutual coupling effects. It 1is clear
that the resultant substitute subarray far-field phase-~pattern
will now deviate periodically from the ideal phase-line (i.e. if
no mutual coupling is included). Also the far-field magnitude
pattern will be amplitude modulated. It will be found convenient
to use a practical numerical example, which will be presented

next.

Example: A missing element i in an infinite A/2 parallel dipole

array.

The interelement spacing is 0.68 A (the parameters were chosen to
fit a similiar experimental linear array investigated in chapter
7). Using equations (4.9) to (4.14) and (4.16), (4.17) the

following values are calculated, see table 4.1

Table 4.1

Mutual coupling substitute subarray value for missing elemnt i,

infinite MA/2 parallel array 0.68 A interelement spacing.

l LX) "3 "'2 -1 0 +1 +2 +3 se e

a[.;.[ mag R .11 .16 3 1 3 .16 .11 X
ad
phase[ol ee e 112 "'10 "126 0 _126 —10 112 R

It can be concluded that the expected R.M.S. phase variation is
about 30 degrees. These (periodic) phase wvariations can be
smoothed using a statistical regression line, as in the case of
random excitation described in section 3.2.2, although less
efficiently due to their non-random nature. The values calculated
in table 4.1 will be wused in a computer simulation in a later

section, where the resulting phase (and magnitude) variation will
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be given. In order to complete the discussion on interelement
coupling effects, the other type of coupling i.e. the reflected
power due to a defect in an element array, have also to be

included, as follows.

4,5 Effects of reflected power due to a defect

in array elements

As explained in the begining of this chapter, reflected
power in the feed network, comprises another mechanism of
coupling. It was also explained that this effect 1is not
attenuated with distance, 1f a lossless feed network is assumed.
The effect of reflected power is dependent on the configuration of
the feed network (e.g., series coupled elements in a waveguide
antenna), and whether the feed network is reciprocal (e.g.,
nonreciprocity could be due to the presence of ferrité isolators).
It is assumed that a travelling wave series-fed antenna array will
mostly be affected by a forward reflected power from an
open-circuited defective element. If all the other elements are
matched to the (characteristic) impedance of the feed 1line
network, then open circuiting an element only means a longer
transmission line (assumed to be lossless) between the element
preceding the defect, and that following it. The original
excitation signal experiences the same delay to  subsequent
elements, as the forward reflected power due to the defect. This
is because both signals travel the same path length in the feed
network. The main effect will, therefore, be in modifying the
excitation of subsequent elements from the defective element.
This will introduce asymmetry (a jump) in-the excitation of all

the elements from the defect onward. The amount of this jump in
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excitation, will be related to the expected coupled voltage to the

defective element.
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Fig. 4.7 Demonstration of defective (o.c.) element in an

infinitely homogeneous array, forward

reflected power
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Due to asymmetry it is expected that this type of effect, is more
severe 1in 1its effect when the subtraction method is applied than
the mutual coupling effect if a short array is considered. A
computer simulation of this type of effect will be demonstrated in

the following section.

4.6 Simulation of defective elements in actual arrays

(deterministic case).

A simulation of the effect of mutual coupling and forward
reflected power due to an open circuited element in an array is
demonstrated in Figs. 4.8 to 4.11. The spacing and element
dimensions are chosen to apply to the array investigated
experimentaly as described in chapter 7. It is seen that the
effect of forward reflected power is more severe than that of
mutual coupling. The mutual coupling values are taken from table
4.1, The reflected power ratio 1is taken from the design
parameters of a waveguide slot array [ 23]. These results are

compared to those of the experimental investigation in chapter 7.

4.,6.1 Simulation parameters

An 8-element " A/2 slot array with a cosine square over
pedestal aperture illumination with 0.68) interelement spacing
is assumed. The mutual coupling effects are given in table 4.1.
The forward reflected power is given in table 4.2, obtained from

the slot-coupled power calculated from the array design parameters

[ 23].
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Table 4.2

Element coupled power in an 8—element slot array with cosine

square on pedestal

El No 1 2 3 4 5 6 7 8
Slot

'c0uple4

power (db) 23 16 9.4 5.6 |4.2 |5.4 |11 17

The following examples are simulated.

a) Missing element No 6: only forward reflected power effects

considered.

The results are given in Fig.4.8a for the magnitude
patterns and in Fig. 4.8b for the phase patterns. In Fig. 4.8b
the dashed 1lines are the expected phase pattern when no coupling

effects are considered.

b) Missing element No 6: with 2 nearby elements (l=t1) mutually

coupled and forward reflected power considered.

The results are given in Figs. 4.9a and 4.9b.

c) Missing element No 3: only forward reflected power effects

considered.

The results are given in Figs. 4.10a and 4.10b.
¢

d) Missing element No 3: with 2 nearby elements (1=+1) mutually

coupled and forward reflected power considered.

The results are given in Figs. 4.lla and 4.11b.
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4.6.2 Assessment of the results

The examples have been chosen such that the missing
element will be examined to the left and to the right of the array
center, thus introducing different substitute subarrays due to
forward reflected power asymmetry. As expected, the forward
reflected power with the above parameters causes the maximum phase
deviation around the ideal phase-line (dashed), this is in
comparison with the small effect of the mutual coupling model.
The substitute array when element 3 1is defective introduces a
larger effect due to the fact that the resulting substitute array
(due to forward reflected power) is larger (5 elemengs) than that
modeled when element 6 is defective (2 elements). The resulting
phase deviation is about +20 degrees (peak) for missing element 6

and about +60 degrees (peak) for missing element 3.

These results are to be compared to those of the

experimental investigation in chapter 7.

In addition to the phase deviation of the substitute
subarray pattern there are magnitude deviations from the expected

constant line if no coupling effects are considered.

4.7 Discussion (expected usefulness of the subtraction method

in actual arrays - deterministic case)

The analysis in this chapter, combined with simulation on
the computer has shown that coupling effects of the two types,
namely: the mutual coupling and feed network coupling (forward
reflected power) can cause deviations of the resulting phase
around the expected phase—line. It is instructive to deduce the

phase deviation by examining the amplitude variations of the
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substitute array pattern (the upper curve in Figs. 4.8a to
4.11a). There the amplitude pattern shows periodic variationms
around the "ecorrect" ( constant) value of the substitute element
pattern when no mutual coupling effects are present. If a
statistical regression 1line 1is constructed then the ideal array
substitute eiement amplitude pattern can be derived (i.e. when no
mutual coupling effects are present). Similarly for the phase
variation pattern which accompanies the amplitude pattern. It is
therefore believed that a statistical regression line, constructed
from the phase data points, is able to resolve a defective element
in actual arrays in the presence of coupling effects. (It should
be noticed that the smoothing in this case is expected to be less
effective than in the case of random phase examined in section
3.2,2, due to 1its non random nature.) In a seperate chapter
(chapter 7) experimental investigation of actual arrays with
similar parameters will be demonstrated, in order to téét the

present analysis and simulations.

The present chapter concludes the first part of this work
which investiéated the concept of the equivalent substitute
element and the proposed subtraction method, based on this idea.
The subtraction method, first analyzed with defects in ideal
arrays, was then examined in the presence of random phase
excitation errors in chapter 3 and in the presence of mutual
coupling effects in the present chapter. Simulations on the
computer have shown that the subtraction method is a powerful tool

for use in monitoring defects in actual arrays.

It has also been found that the substitute element

technique 1s a convenient tool to describe defects of both static
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and dynamic nature, and has provided insight into the effects of

mutual coupling.

The second part of the work will investigate further
monitoring methods based on the angular plane-wave spectrum

concept.



- 84 -

CHAPTER 5

APPLICATION OF THE ANGULAR SPECTRUM CONCEPT

In the first part of the work a simple method of
monitoring was suggested, called the subtraction method, based on
the equivalent substitute element technique. The method was found
efficient for the detection of defects in a single element or in a
single subarray of the antenna. This technique has also been
found to be applicable for the detection of defects in many
elements if elements fail one at a time. The present chapter
deals with other methods which are more adequate for the detection
of many elements failing at one time, although at the price of
more complex processing. These methods, based on the concept of
the angular plane-wave spectrum, will be referred to as "the
angular spectrum direct method'" and the "autocorrelation function
(aecef.) method". The basic angular spectrum concept will first

be summarized.

5.1 Summary of the angular spectrum concept

It has long been known that Huygens’ principle, which
states that each point on a propagating wavefront can be
considered as a secondary source radiating a spherical wave, is
only one way of describing fields diffracted from apertures, using
Fresnel’s formulation based on the principle of superposition. An
alternative way is to represent fields by the superposition of a
discrete set or a continuum of plane waves travelling in different
directions. This is what is meant here by the concept of the
"angular spectrum of plane waves" or, in its ébreviated form, "the

angular spectrum" concept. The theory of this approach has been
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covered by several authors, see for example, Booker and Clemmow
[ 12}, Ratcliffe [ 14] and Clarke and Brown [ 13]. The basic idea
is that the radiation from an aperture can be considered as a
superposition of an infinite number of plane waves propagating in
different directions into the half space in the direction of
propagation. The amplitude and phase of each plane wave depends
on the aperture field distribution. A demonstration of this

representation is given in Fig. 5.1,

electric
ffc(d

W Plane
~ wave

direction

NY

Fig. 5.1 A representative plane wave in the field

radiated by an aperture

The field radiated from the aperture can be considered as a
superposition of an infinite number of plane waves radiating into
the half space 2>0 . A representative incremental plane wave

propagating in the u direction is shown to have an electric field
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e (a phasor vector) that is constant throughout all space and for
all time ( For a purely sinusoidal field the time dependence of
exp{jwt} will be suppressed). Since the field of plane waves are

wholly transverse, we have

For a set of plane waves travelling in different directions, their
individual phasor-vector amplitudes can be written as 3(3). The
vector function of direction s(u) is related to the angular

~
spectrum function E(S) by 3(3)f§(g) dg. Hence E(g) dg is the
amplitude of the elemental plane wave. (Note that‘g(g), being a
function of direction has two independent variables, such as
(9,*), so that dg would in that case be dedﬁ.) The phase of this
elemental plane wave at some point P(s) at vector distance r from
the origin O, will be retarded by an amount corresponding to a
distance wu.r, which is the projection of r on the direction u as
~N ~ ~

shown in Fig. 5.l. Hence the electric field at the point p(s)

will be given by
E(x) = f};‘(g) exp{-jku.r)}dy (5.1)

and the corresponding magnetic field Bgs) will be given by

H(r) = %ngg(g) exp{-jku.r} du (5.2)

where Z the characteristic impedance of the medium.
]

The tangential componentlgqaf) of the aperture field is
~N

given by putting r=gf in equation (5.1), as
~N IN

E“(L)-—- f 3(:) exp{-jks..f:') d‘lvl (5.3)

where ‘jo is confined to the aperture plane and defined by two
~N
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independent variables. Hence equation (5.3) can define a Fourier
transform from the direction domain‘g into the position domain‘js.

The 1nverse transform yields the angular spectrum

RO Ea(p) expliku.g) dp, (5.4)

Therefore the angular spectrum can be found from the aperture
field using equation (5.4), and the field anywhere to the right of
the aperture can be deduced using equation (5.1). In general the
solution of equation (5.1) is not simple. However a simple result
is achleved for the far field using the method of stationary

phase.

The far field of an antenna can be resolved by an
approximation to equation (5.1) for kr>>l. The phase term in the

integrand of equation (5.1) can be written as
5225 = kr cosY? (5.5)
where cosy = Uer /r .

Since in the far field kr is very large, the phase term will
undergo large variations (through many multiples of 277 ) for
only small changes in the direction u relative to the direction
Uy (which now coincides with 5 }, except when cos'YJ is
stationary. This "stationary-phase" condition occurs when c0517=0
andv3=gr.. Then it can be said that the contributions £rom the

integrand will tend to cancel one another except in the region

ugu, « Hence the result will be that

~N N

E(r)~u F(ur) . (5.6)
~ ~

Therefore the far field amplitude depends directly on the angular
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spectrum function.

To be specific, an x—-polarized component of the radiated

electric fleld in Cartesian coordinates is

?o
Ey (%,7,2)= H F(ods p) explgk(adxt pyefia)lancds (5.7)
-2
Where EX the x component of the field at P( x,y,z), see Fig.
5.2.
X)}
P(xly'z)
radiating PaXuU, +7u‘ +Z Wz
aperture ~ TN ~Y
X Uy+plUy +)Auz
Do
Z
Sine <.0595
shesm¢
Cos &
Fig. 5.2 Aperture radiation geometry

The angular spectrum of the x component of the aperture field is

Fx(e(,ﬁ ), where o(,)B and)" are the direction cosines to the
2 2 2

%X,y and z axes (where o +13-+)‘ =1). Similiar expressions can be

given for other components (see Clarke and Brown [ 13] ).

In .many cases, like the MLS array, physical fields can be



- 89 -

described based on the simpler two dimensional representation
provided the radiating aperture 1is separable (i.e. if the
aperture field Ea(x,y) can be expressed as a product of two
functions say Ea(x,y)=f'(x) fz(y) )« Then the angular spectrum is
also separable. Then each function can be treated separately
assuming the other 1s unchanged. Use will be made of the two
dimensional representation in discussing the monitoring methods
based on the angular spectrum, and so the angular spectrum

representation of two dimensional fields will be described next.

5.1.1 The angular spectrum of two dimensional fields

Consider an x-polarized aperture field Egy(x) radiated
into the half-space 2>0 in the two-dimensional geometry of Fig.
5.3 .

X}

NY

Fig. 5.3 Two dimensional geometry

The field components corresponding to equation (5.1) are then (see

Clarke and Brown [ 13] ),
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Ex(x,Z)
Ep(x,z)| = F(s)l-s/c]exp{—jk(sﬂcz)}ds (5.8)
Hy(x:z) ~ oo 1/zc

v,
where s=sin® and c=cose=(l-sq‘)z. The extended 1integration limits
for Isi>l correspond to evanescent waves which although not
propagating are included for completeness of the presentation.

The tangential aperture field is

Eqy(x)= Ey(x,0)

20

= J F(s) exp{-jksx) ds (5.9)
loo

Which 1s the Fourier transform of the angular spectrum function

F(s). The inverse transform then holds, giving

4

>0
F(s)= —;\-JE,,.)((X) exp{+ijksx} dx (5.10)
-0
As an example the x component of equation (5.8) is given
approximately by (putting c:‘-l—.é.s"- ),
b4
Ex(x,z)=exp{-jkz}J F(s) exp{jl/2 kzs? }exp{-jkxs}ds (5.8a)
b~ 4

This 1is a Fourier transform of the product of two functions of s

having the following Fourier transforms (pairs)
F(s) <= Equ(x)
and

| 2 . "2 < 4 2
exp{j z-kzs ) €= (jAN/2)° exp{~-371/2 kx%/z)

where the notation «@=9" designates the Fourier transform relation.

It follows from the convolution theorem of Fourier transforms that
% - 4
Ex(x,2)=(j/Az) exp(-jkz) IEax(x’) exp {- jk~g55~

-20

Ax=x ~x')%

2Z }dx’ (5.8b)
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which is Fresnel’s diffraction formula { 13]. Use of this result
will be made in chapter 6.
The far field 1is approximated as explained earlier, by

the method of stationary phase to give the following

E;(r,8) cos® r

Er(r,8)] = |-sinB -ér—:\- f(sind) exp{-jkr} (5.11)
Hy(ﬁé) r/z

or in polar form
Eg(r,8) = ZHy(r,0)= /;—TF(sine) exp{-j(ke- T/4) } (5.12)

A similar set of equations hold for a y-polarized one-dimensional

aperture fizld,

The inverse process, i.e the determination of the aperture field
from the far field measurement will_be used as a basis for the

monitoring methods suggested later in this chapter.

The determination of far-field from near field

measurements will be described next.

5.1.2 Determination of far—-field from near-

field measurements

The planar near field measurement technique now in
extensive use 1is ounly a straight-forward use of the angular

spectrum concept. Consider the system in Fig. 5.4
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Fig. 5.4 Geometry of near field measurement

The far field of an x-polarized aperture is to be determined £from
near field measurements. An x-polarized isotropic antenna (in
practice possibly a low gain open waveguide) is traversed over the
plane z=z4, . From equation (5.8) it follows that:
0
Ex(x,20)= 4[ F(s) exp{-~jk(sxtczy)}ds (5.13)
-»0

and since o =constant,

0
Ex(x,2z, )= exp(-jkez,) F(s) exp(-jksx) ds (5.14)
-0
Inverting, gives
. . >
F(s) = 3—"4'1&%——‘2"} [ B (x,7,) exp(iksx) dx . (5.15)

-20
This means simply that measuring the field over z,=constant, then

taking its Fourier transform yields the angular spectrum function
of the transmitting antenna (multiplied by exp{-jkczp} ).
According to the far-field theorem mentioned previously, the far
field is also determined using equation (5.12). In practice
however the measurement range is finite, and hence also are the

integration limits in equation (5.15). This means a truncated
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near-field measurement which, again, modifies the results.
According to the convolution principle only a smoothed finite
range of the angular spectrum and hence the far field i1s, thereby,
determined. A further practice 1s to apply the discrete Fourier
transform (DFT), using available computer subroutines. The
sampling then needed 1is done in equal Ax samples, which must

comply with the spatial Nyquist criterion, given by
x & A28, 4 1) (5.16)

where |s,o|=|sin 8,,,1 . In practice however about 1/3 3 is
used. The above technique was extensively used in the

experimental investigation described in chapter 7.

Having summarized the angular spectrum concept and some
of 1its applications it is now possible to present the monitoring
method, based on that principle. This will be done in the next

section.

5.2 Use of the angular spectrum method to

locate defects in antenna arrays

The angular spectrum concept enables one to resolve the
aperture illumination of an antenna, if its angular spectrum 1is
known. The far-field of an antenna is asymptotically equal to its
angular spectrum, and the angular spectrum 1is the Fourier
transform of the aperture field. Hence the measurement of the
far-field of an antenna can, in principle, yield the aperture
field illumination. It is therefore suggested that the angular
spectrum concept be used as an alternative method for the

detection of defects in antenna arrays.
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The monitoring method is based on a procedure for the
detection of defective elements through their effect on the

aperture illumination field, as follows:
- Measure the far field over the range - Ty2¢e¢ /2.
- Using equation (5.12) solve the angular spectrum function F(s).

- Perform a Fourier transform of the angular spectrum functions

equation (5.9) to yleld the aperture field distribution.

Any anomaly in the aperture distribution is due to defects in the

antenna elements excitation.

In practice, however, this procedure is not fully
applicable, due to the finite measurement range of the far-field.

Hence, a modification is needed.

- Measure the far field, with the same polarization of the
transmitted signal, in the direction cosines s <s<s, . This will
approximate the angular spectrum function of the radiating

aperture.

- Perform a Fourier transform of the truncated angular spectrum

function. This yields the smoothed aperture distribution.

— Identify defects by checking for anomalies in the calculated

aperture field distribution.

It should be noted that the modified calculated aperture
distribution could have a different shape than the unmodified one.
It depends strongly on the range of the direction cosines chosen
for measurement. Broadly, this could be chosen in the two extreme

cases: The far side-lobe region and the main-lobe region. Both
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ranges glve information on defects 1in the antenna aperture
distribution. It will be demonstrated with the aid of simplified
examples that, as with the subtraction method, the angular
spectrum method also gives superior information in the far

side-lobe region for monitoring purposes.

5.2.1 Demonstration of the angular spectrum method

An ideal 1linear uniform broadside array of A/2 spaced
isotropic N elements is assumed, with missing elements in the
antenna. The far side—-lobe region of an ideal array pattern can
be approximated by sin(TTNds/) ), (see equation 2.1). This is
equivalent to the interference pattern of the two edge elements of
the array, with a distance (measured in wavelengths) of Nd/yj in

between, where all other elements have zero illumination.

The Fourier transform of this angular spectrum is given
by twé delta functions located at +(NA/A)/2 (i.e.
Eq(x)=E,[ gkx-a/Z) + S?x+a/2)] , thereby representing the edges
of the aperture. Missing elements in the array will be
represented according to equation (2.5) and Fig. 2.9 by
additional delta functions 1in accordance with their relative
location in the array aperture. The magnitude ratios of the
spectral components of the angular spectrum is given by their
normalized amplitude ratio. Therefore the magnitude ratio is

given by
Em /Eg =2 sin(frdsqg/A ) (5.17)

where E,,/Ep the missing to edge-element illumination amplitude
ratio, sq 1s the mean direction-cosine and sin(frdsq /A ) is the

reciprocal of the mean side-lobe level magnitude (e.g. in the far
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side lobe region Eqn/Ee,g 2).

If measurements are performed in a region symmetrical
about the main lobe then the Fourier transform of the angular
spectrum will give approximately constant illumination over the
aperture range. Missing elements will be identified by holes in
the calculated illumination. Due to the finite direction-cosine
range used the resulting illumination will spread outside the
theoretical aperture range and the theoretical delta functions
will be replaced by sin[ k(x-x{) L}/k(x-x{) functions, where
2L=direction range, and x, the location of the peaks in the
aperture plane. Qualitative results, when use 1s made of this
technique, are presented 1in Fig. 5.5 for two cases: a the far
side-lobe region (Fig.5.5a) and b the main 1lobe region (Fig.

5.5b).
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In Fig. 5.5 Mxo 1s the range of the direction-cosine for one
period of sin(9rNds/A ) gilven by A/x =(2 A/Nd), 2L 1is the
The 1location of the edge element will be given after Fourier
transformation by X o/ and the width of the

sin{ k(x~x{) L1/k(x-x{) function by Ax/y =1/L.
As an example:

Assume that a 100 element array with 0.61A between elements has
element number 35 missing, and the phase error range is 1+ TT/16.
The following procedure 1is wused for the identification of the

defective element:

- The angular spectrum (a.s.) of the defetive array is measured in
the range of about 30 to 90" degrees in M=100 equal

direction-cosine steps, i.e., in the far side-lobe region.

- The first 44 (out of 100) a.s. values are Fourier transformed
by a standard DFT (using the computer NAG-routine CO6ADF ) to
yield the array aperture illuminationm. These results are

demonstrated in Fig. 5.6 .

- The results are compared to those of the ideal array (not shown
in this report), to check for any anomaly representing a defective

element.

As seen in Fig. 5.6 the missing element is made prominent and the
ratio En,/Eg is about 1.5, close to the value of 2, as predicted

at the end of the paragraph containing equation (5.17).

From the comparison of the qualitative examples in

Fig.5.5 (and Fig. 2.9), it is evident that the results of the far
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side-lobe region are superior to those obtained in the main-lobe
region. This is because the higher peaks of the F.T. of the a.s.
magnitude are all relevant as they point out the antenna edge
elements and the corresponding missing elements. In addition the
peaks of the missing element is pointed out more clearly and with
a larger magnitude ratio to the edge element illumination than in

the main-lobe region.
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5.3 Use of the angular autocorrelation function of

the angular spectrum to locate defects in the

presence of random errors

The autocorrelation function (a.c.f.) is a very useful
function for treating random data. It has the properties of
smoothing the data and extracting sinusoidal components buried in

the fluctuating data points.

It has already been shown that the effect of a defective
element 1s broadly to introduce oscillations in the pattern. The
essence of the autocorrelation technique is to extract these
oscillations and hence identify the position of the defect.
Utilization is made of Ratcliffe’s work [ 14)], based on the Van
Cittert - Zernike theorem [ 18], on the dual Fourier transform
pair: the a.c.f. of the angular spectrum and the aperture power
illumination, a description of which is also given in Appendix C

and is summarized here.

5.3.1 The a.c.f. and the aperture illumination.

It can be shown that the Fourier transform of the a.c.f.
of the angular spectrum vyields the aperture power illumination
function (see Appendix C). Designating f(e’) the a.c.f. for the

direction-cosine displacement & , then

I} [f(G’)]I’-‘f(X) £*(x) (5.18)

Where é} I ] the Fourier transform and f(x) f*Zx) is the

aperture power illumination over the aperture axis x. The a.c.f.

is given by
—~e
f(6')= F(s) F¥(s+&) ds (5.19)

-0
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and its Fourier transform is given by
=)
S'([f(e')]= ff(e') exp{-jk 6'x}d6’ (5.20)
-0
A demonstratlon of the method will now be given.

5.3.2 Demonstration of the a.c.f. method.

A simplified description is given below for results
anticipated when wutilization is made of this technique. The
explanation given in section 5.2.1 is also relevant here. As
before the far side-lobe region of an ideal pattern (equation
(2.1) ) is equivalent to the inteference pattern of the two edge
elements of the array, where all other elements are of zéro
1llumination. The a.c.f. of this interference pattern function
is a sine-wave of the game argument. The Fourier transform of the
ae.cef. is given, as explained earlier, by two delta functions
located at i]%Nd/% , thereby representing the edges of the
aperture. Missing elements in the array will be represented by
additional delta functions ( equation (2.5) ) in accordance with
their relative 1location in the array aperture. The magnitude
ratios of the spectral components of the a.c.f. is given by their

normalized powers. Therefore, the magnitude ratio is given by
o 2
Inm /Ig = 4 sin®(frdsa/p ) (5.21)

where Iq“/Ie the missing to edge—-element illumination power
ratio; sq is the mean direction~cosine and sin® (frdsa /A ) is
the reciprocal of the mean side-lobe level (e.g., in the far

side-lobe region

Im/Ig €4 ).
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If measurements are performed in a region symmetrical
about the main-lobe, rather than in the side-lobe region, then the
Fourier transform of the a.c.f. will give approximately constant
power illumination over the aperture range. Missing elements will
then be ldentified by holes in the calculated power i1llumination.
Due to the finite direction-cosine range utilized the resulting
power 1llumination will spread outside the theoretical aperture
range and the theoretical delta functions will be replaced by
sin{ k(x-x;) L]/k(x-x{) functions. Qualitative results when use
is made of this technique are presented in Fig. 5.7 for two
cases: a the far side-lobe region (Fig. 5.7a), and b the

main-lobe region (Fig. 5.7 b).
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In fig. 5.7 the variables are designated similar to those in Fig.
5.5. Attention should be paid to the a.c.f., where the imaginary
part (Iy) will be in a quadrature phase, +ve or -ve depending on
whether the location of the defective element is to the right or

to the left of the array centre Q§=O).

The same example as explored with the angular spectrum method is
used here. The procedure used for the identification of the

defective element is the same, with the following changes:

- After measuring the angular spectrum in equal direction-cosine
steps, the complex a.c.f. of these values 1is then calculated

(Subroutine COREL03)

- Then the first 644 (out of 100) a.c.f. values are Fourier
transformed by the same NAG-routine, to yield the array aperture

power illumination.

- The results are compared, as before, to those of the ideal

array, to check for any anomaly representing a defective element.

As seen in Fig. 5.8 the missing element is revealed and
the ratio Im/Ig 1is about 4, as predicted at the end of the

paragraph containing equation (5.21).
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5.4 Discussion

The three methods suggested so far, the subtraction
method, the angular spectrum method anmd the autocorrelation
function method (a.c.f.), have all been shown to be capable of
detecting defective elements in antenna arrays. The preferred
region of monitoring has been demonstrated to be in the side-~lobe

region for all three methods.

In comparing the methods, the subtraction method uses the
phase variation of the far—field substitute element to determine a
defective element, employing a simple 1inear equatiom. The
angular spectrum method, however, uses the relation between the
far field, the angular spectrum function and the aperture field to
yield the aperture illumination modified by the presence of
defects in the array. However, the method requires the
computation of a Fourier transform of the angular spectrum, which
complicates the processing in comparison with the subtraction
method. The a.c.f. of the angular spectrum makes further use of
the angular spectrum concept. Using the a.c.f. method the
aperture power illumination is determined, which when modified by
the presence of defective elements can be used to resolve defects
in the array. The a.c.f. method is expected to give superior
results compared to the angular specﬁrum method, due to its
properties of smoothing the daEa, as already explained. However,
this advantage is at the costefadditional computation of the
a.c.f., which makes this method more demanding from the processing

aspect.

The subtraction method is particularly appropriate for

the detection of a single defective element in the array. As
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explained, it can also be used 1in the case of many defective
elements provided defects do not occur in more than one element at
a time. This assumption 1is justified by the expected high
reliability of present and future solid-state phased-array
antennas. The other two methods can be used for a single as well
as for many simultaneous defects, but at the cost of more

computational complexity than the subtraction method.

For systems 1like the MLS where real time processing is
needed it seems that the subtraction method is the only one that
is adequate. However, for maintenance purposes or where longer
delays can be tolerated, a combination of two or even of all three

methods 1s recommended.

This chapter concludes the analysis of far-field

monitoring methods. Near—-field methods will be discussed next.



- 109 -

CHAPTER 6

MONITORING IN THE NEAR FIELD

In the previous chapters far-field analysis was used in
the main for the derivation of the recommended methods of
monitoring, as normally the antenna array is to perform in the
far-field. However, to minimize wuncontrolled multipath effects
between the transmitter and the monitor antenna, a near-by
positioning of the monitor antemna 1is most favorable, provided
measurements can be processed to overcome the inevitable
defocusing effects. The present chapter 1is therefore concerned
with near-field analysis for the derivation of further monitoring

applications.

This chapter deals with the two aspects of near field
monitoring. The first is concerned mainly with monitoring of the
array main beam pointing, and the second with the application of
the monitoring techniques described earlier to very near field
monitoring. The first part of this chapter 1is dealing with
monitor antenna focusing for the monitoring of main beam pointing,
based on the properties of Fresnel integrals [ 25]. These are
followed by simulation experiments with a near field monitoring
antenna. The 1last part of this chapter will describe an
internal/integral monitoring technique based on a beam forming

network of the Blass [ 29] type.

6.1 A focused near field monitoring antenna

The technique of focusing a transmitter antenna into the
near zone, to determine its far field pattern, is widely wused

[ 3]. However this technique requires modification of the
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transmitting array phase excitation from 1linear to parabolic.
This means a monitoring Iin real time, which 1is not practical in
some cases, such as MLS. The present section 1is concerned with
the problem of monitor antenna focusing without the need to modify
the transmitting antenna phase excitation, and hence enabling
real-time main-beam monitoring on a non-interference basis. The
analysis 1is based on the Fresnel diffraction formula which gives
the field in the radiating near zone. A technique 1is specified

and examined with simulation on the computer.

6.1.1 Fresnel diffraction in the near-field

Consider the system in Fig. 6.1,

Fig. 6.1 The geometry of near field monitoring

The aperture field distribution f(f ) of the transmiﬁtiﬁg antenna,
assumed to be composed of y—-polarized dipoles, hence is isotropic
in 8, extends over the aperture a. The monitoring antenna of
aperture b is parallel to the transmitting antenna, is assumed to
have the same polarization, and senses the field distribution g(x)
diffracted from the transmitting antenna. The parabolic phase

approximation is assumed. Hence,
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1
s=sin®, c=cosB=(l-sin?® 8)’2 21— -é-sz‘ (6.1)
The signal V received by the monitor antenna is given by
b
Vv = g(x) dx (6.2)
where the received field distribution g(x) is

S(X)=Ey (x,R)

pr ]
2
o= il @ : 3 gt 4
exp{—~jkR}exp{-jkx > /2R }(j/A R) ff(g) eXp{Jk(R§ ER)}dj
) (6.3)

. as described in section 5.1.

Assume now that the transmitting antenna 1is of uniform
illumination £(0), and has a linear phase scan corresponding to

propagation in the direction s. Hence

f(3)=f(0) exp{—jks(g ) (6.4)
Designating the integral of equation (6.3)
2
‘(x)= fa( ) exp{ik(ZX§ - h)}d
g p{3 (Ré zR 5
"V ) 2
=£(0) jexp{jk[(-h’-‘- - s)é— é‘gg—]}dj (6.5)

This integral can be evaluated in terms of Fresnel

integrals [ 25], after completing squares. Hence

+ xymennf kR (s X .z_.s.’/&' _X
g (X)-exp{sz (s R)z}{SCI/,;—;a+ 2,\ (s R)]+

| _QQ_/Z X
+56[/;2 2OV N R

where S"r[ ] is the Fresnel integral. The implication of this

formula will now be examined.
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6.1.2 Several properties of the Fresnel integral and

the recommended monitoring technique

The expression of equation (6.6) 1is composed of the
product of two terms: the phase term and the Fresnel integral

term.

The Fresnel integral term Fl, is given by

m={§ [e e 1+:7£E-- -1} . (6.7)

The phase term Pl, is given by

- R X2
Pl exp{jka(s R) } . (6.8)

opening first the brackets in the phase term we get

(1) @, o)

Pl=exp{ jksd +ik X2 exe) (6.9)
XPp 3 S 3E - Jkx .
The first term(ﬂ of equation (6.9) is dependent on s

but is independent of x.

The second term (II) is the parabolic phase term which is
independent of s. However it is cancelled by the parabolic phase

term outside the integral in equation (6.3).

The third term.GI;)is a typical expression for the phase

term of a linear phase scanned antenna to an angle s=sin@.

If for a moment the term Fl, equation (6.7), is assumed
to be approximately constant (which will be justified later), the
following recommendation could have been stated:
based on the above discussion it will be possible to get the
approximate far-field main-beam width of the transmitting antenna,

if the monitoring antenna has the following characteristiecs.
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1) The length of the monitoring antenna 1s equal to the

transmitting antenna,

Ixml=a/2 .

2) A linear response to the field g(x) is assumed.

With the above assumptions the received signal V which
will be the integral, equation (6.2), of this modified phase term

performed over Ix|¢b/2 will result in

%,
V=C J.exp{-jkxs}dx
“byy.

where C is a constant, hence

L
V=Cb sin (zkbs)

(6.10)
tkbs
Putting b=a according to our assumption gives,
. I
nm{zgKas
V=Ca5n(§k ) (6.10a)

{

skas
It should be emphasized that s in these expressions is the
pointing direction cosine, Sp say, of the main antenna. The

pointing s, can thus be determined, since A and b are known.

It now remains to discuss our first assumption that has
not been justified yet, of supposing that Fl of equation (6.7) is

approximately a constant.

The asymptotic value of the Fresnel integral gl(v), as

v, is [ 13,24]
- A | vt
gl(v)— (1-3)- Tn.—‘;exp{-J—z-—} (6.11)

The behaviour of the Fresnel integral for a large positive

argument is therefore of small oscillations which are inversly
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proportional to the (YT v), where v is the argument. The period of
the oscillations is vz'/a. The phase has a similiar behaviour: it
oscillates around the asymptotic value of =~ %YT with decreasing
phase proportional to (Trvz /2). For values of v larger than 0.5
the amplitude oscillations are less than about 2.5 db. The phase
magnitude oscillation is about 15 degrees or less, for arguments
PARS For a value of v30.5 this phase magnitude could reach about

40 degrees. The numerical values are given in Fig. 6.2.
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Fig. 6.2 The Fresnel integral magnitude and phase

The discussion so far on the properties of the Fresnel integral

might be summarized as follows:

The Fresnel integral could be approximated by its asymptotic phase
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and magnitude values, with errors of

~2db and ~15 degrees

(or 40deg if arguments}0.5 are sought).

The term Fl of equation (6.7) which is a difference of two Fresnel

integrals shifted by the argument value of

2
illm- a/2 (6.12)

could similiarly be approximated by a step function of magnitude
and phase extended parallel and over the approximate edges of the
radiating aperture. This approximation to the term Fl holds for
cases of R®a or where R is a small multiple (or subdivision) of
the aperture a, and where a/\ >>1 which is adequate for the MLS

phased arrays.

This concludes the discussion on  the technique
recommended for monitoring the main-beam of uniformly illuminated
scanning arrays. One possible implementation of the monitoring

system is sketched in Fig. 6.3.
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Fig. 6.3 The geometry of main-beam near-field monitoring

6.1.3 The near field monitoring technique

Summarizing, a technique for near field (Fresnel region)
monitoring of the main beam pointing of an array has been
proposed. The technique, based on approximations to Fresnel
integrals is a simple one, it consists of a uniformly illuminated
monitor antenna positioned in parallel with the transmitting
antenna. It has been shown that the radiated beam is focused with
no necessity of changing its  illumination phase function. No
additional transformations are required beyond the-linear response
to signals of the sampling elements which are sparsely distributed
over the monitoring aperture (see Fig. 6.3). A numerical

confirmation of the method will be described next.

6.2 Simulation experiments with a near—-field

monitoring antenna

Aperture fields f(g ), over the transmitting antenna of
width a, of wuniform, half-cosine, raised cosine over a pedestal

and half-sine form were tested. The Fresnel field over the plane
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of observation (see Fig. 6.3), a distance R from the transmitting

antenna, was simulated for aperture fields

f(S ) exp{-jksps }

Which 1s the basic aperture field f(j ) with a linear phase
superimposed in order that it will radiate in the direction making

an angle sir;'l sp to the transmitting aperture.

The Fresnel field is then sampled at points seperated by
AX along a line of length b, parallel to the aperture plane. A
rough idea of the required sample spacing can be obtained from
equation (5'-46) with s‘M;vS}\/a , say, which gives Axas a/l10. In
the following simulations the spacing was varied between a/6 and

a/99 (i.e., between 7 and 100 sampling elements).

The width of the linear transmitting phased-array antenna
was kept constant at a=50p .  The width b of the monitoring

antenna and its distance R were varied.

A comparison of equations (6.8) and (6.9) shows that a
replica of the transmitted far-field beam shape is reproduced in
the monitor antenna when choosing its aperture b=a. However due
to the nature of TFresnel diffraction a sharp (exponential)
decrease is expected for fields in |x|>a/2. Hence choosing bda is
expected to measure main-beam shape and first side-lobes with
reasonable precision. The wider the monitor antenna aperture the
larger amount of the field radiated into wider direction cosine is
intercepted. Hence a better reconstruction of the focused beam
for farther side—-lobes is expected. This last assumption is also

left to be confirmed by the simulation experiments.
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The numerical simulation wuses the cosine and sine
integrals available as computer NAG library functions S20ADF and
S20ACF. These are used in the precise evaluation of the Fresnel

integrals in their complex form

Mivi=c(v)-35(v)

where éﬁ{v} is the Fresnel integral, and C(v) and S(v) are the

thg»af
cosine and sine€Yintegrals which are widely tabulated [ 25].

6.2.1 Uniform transmitting antenna aperture field

In the simulation the focused near-field and the
far-field normalized patterns of a 50 A transmitting aperture are
calculated. To aid comparison a 10db constant magnitude-ratio is
added to the near field pattern in the figures. The far-field
pattern is generated from the expected sinc function. The near
field (focused) pattern is dependent on R/a the distance to
aperture ratio, and N the number of isotropic sampling elements
equispaced over a planar monitoring aperture. The superposition
of these N signals results in the near field reconstruction of the
far-field main-beam pattern. Samples of the simulation results
are given in Figs 6.4 to 6.9, the near—-field patterns are shown as
the wupper pattern in each simulation, with the 10db added

artificially.
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In Fig. 6.4a R/a=10 which is one tenth of the Rayleigh distance
(R =2a2/A ), and N=1, i.e., the signal received is given by the
normalized magnitude of the Fresnel integral with no corrections.
Two areas are noticed in the near-field; the on-axis region where
most of the radiated energy 1is concentrated giving an almost
constant magnitude over 3 to 4 beam—widths in the region parallel
to the radiating aperture designated by |-———————-- | on the graph.
The other region is in the side-lobe region which becomes
pronounced and more like the far-field side-lobe region, as the

scan angle increases.

In Fig. 6.4b with the same R/a=10 as before, the near
field is sampled over ten isotropic elements, (N=10), equispaced
about 5.5 apart, over a parallel planar aperture. It is
noticed that the reconstructed main—-beam now resembles the far
field main-beam up to about the 10 db point. A better than 0.5 db
differgnce is achieved up to the 3 db points, and up to 2 db

difference is achieved up to the 10 db points.

In Fig. 6.4c with R/a=4 keeping the same number of
sampling elements the main beam is still reconstructed properly,
but a grating lobe starts to be pronounced (at sZ.175) as
anticipated. This is due to the fact that x was arbitrarily
chosen to be about 5A , therefore Smmax is limited roughly to
Sma’1/10  (for a=50Q7 ). Hence (ambiguous) reconstruction of
grating lobes can be produced for s>smax. The maximum value for
these grating lobes depends on the side lobe level (peaks) and the
number of sampling elements used. For example, for 10 sampling
elements the grating lobe is expected to be about 20 db higher

than the side 1lobe level monitored by a single sampling element
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(see Fig. 6.4a), which is very close to the value noticed on the

graph.

In Fig. 6.4d and 6.4e a further decrease is used in the
distance of the monitor antenna, now at R/a=2. But, a N=100
elements 1is used for sampling, hence the grating lobe in Fig.
6.4c, now disappeared. The wide scanning angle is shown in Fig.

6.4e while the main-beam region is shown in Fig. 6.4d.

In Fig. 6.4f The R/a=10 value as in Fig. 6.4b are used
but now with a reduced number of sampling elements N=7. The
result seems to be quite practical as the grating lobe (in s70.07)
is only 2~3 db above the side-lobe level. However, the main beam
is reproduced quite well. The small number of sampling elements
used in the last example show the potential feasibility of a

practical monitoring antenna.

As  explained earlier, it is expected (arguing
heuristically) that the wider the receiving aperture the better
the reproduction of the focused main-beam and first side-~lobes. A
demonstration of the "performance" of the monitor antenna for
various b/a aperture ratios, from 0.8 to 3, is given in Figs.

6.5a to f.
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Figs. 6.5a to f show the results for the focused beam and the
first side-lobes, for various values of b/a. It is seen that for
bpa (fig. 6.5b to f) the focused main beam is reasonably similar
in shape to the far—-field beam. However for b=0.8a in Fig. 6.5a
the main beam slope is reproduced 1less faithfully than in the
previous cases (b}a). Checking the focused first side lobes it is
clearly seen that the wider the monitor antenna aperture the
better the reconstruction of additional side-lobes. This means
that the resolution between main lobe and first side-lobes is
improved for wider apertures, which was to be expected

intuitively.

The simulation of near field focusing of uniformly
illuminated apertures has shown some promising results. The
focused main-beam shape has been reproduced quite faithfully for
monitor apertures equal to or larger than the radiating antenna
aperture. This,.while only a few sampling elements have been used
for monitoring. it now remains to show that the uniform
illumination function is not a singular case where this method can
be applied. Hence, other practical illumination functions will be
examined in a similar way. These will be the half cosine and the
sine (i.e., monopulse). As explained earlier almost any wanted
illumination can be decomposed into a series of wuniform, cosine
and sine illumination functions. A demonstration of a useful
illumination function, the cosine square over a pedestal [ 23]

will be given later based on such a decomposition. First the half

cosine will be examined next.

6.2.2 Half-~cosine aperture field

Following similar stages to those used in deriving



- 125 -

equations (6.2) to (6.5), the diffraction field of a cosine
aperture illuminated scanning antenna can be shown to be equal toj;

k x*
8(X)=€XP{"ij}eXP{“Jﬁ"}I(S) (6.13)

" The term I(s) is given by

/2, 2
I(s)= jﬁ’XP{H-‘EHexp{ 3 s}]eXP{“j‘éé‘}eXP{ijj }ds . (6.14)
-g/z

Where I(s) the normalized near field over the 2z axis. The
far-field will be derived after ignoring the parabolic phase term

in (6.14). Hence,

I(s)— j@XP{“*'J“‘g Hexp{- ng }]exp{Jij ) d(g (6.15)

where I(S),. the far-field normalized field pattern. It can be

shown that the far field is given by

fras
I(s) oC cos (5 z (6.16)
> (")t~ (mash)

This expression will now be used for comparison with the
reproduced far -field pattern, described below. Approximations to
equation 6.15 have been derived in a similar way to those derived
previously for uniform illumination. This analysis is represented

in appendix D. The results may be summarized as follows:

c
The cosine illumination leads to the prodution of two
functions which can be approximated to yield the normalized field

over the monitoring aperture as :

el=

+

flx

exp{3 W (- E)}cosor(- )] (6.17)

This should be integrated over —-b/2<x<b/2 to yield the monitoring

signal. This is to be compared with the integrand of the far
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field expression which is of the form
. SX
eXP{JW(‘ZT)}COS(%)- (6.18)

The term 9TsR/a (in equation (6.17)) 1is therefore causing the

"correct" far field and

difference between the expression for the
that approximated using the focusing technique. This additional
term can be ignored for s¥#0 (i.e., the main beam direction)
provided R/a is not large (i.e. R/agl). With this additional
restriction the monitoring system described earlier for the

uniform illumination (Fig. 6.3) will also be adequate for the

half-cosine illumination.

Simulation results are given in Fig. 6.6.
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Fig. 6.6 a,b,c describe the following simulation results:

a=50A transmitting antenna. R/a distance ratios of 10, &4, 2.
Reception with{0-9sampling elements equispaced over the monitor

antenna aperture. The following points should be noted:

1) The accuracy of reproducing the main-beam is improved the

closer the monitor and receiving antennas are located.

Example, the -2 db points are within 0.17 db at all 3 distances.
However the ~9.5 db points are within 0.7 db for R/a=2, within

1.8 db for R/a=4, and within 4.5 db for R/a=10.

2) However, due to the finite number of samples, interelement
spacing (of almost 3.5A ) grating lobes start to appear at the
closer seperations. Hence the side-lobes are improved with

increasing R/a, as expected.

From points (1) and (2), optimal value could be achieved
for the monitoring system, if adequate weights are given to the
above parameters. The phase and magnitude expected to bhe received
in a single element monitor antenna, are given in Figs. 6.6d and
6.6e. This justifies the previous assumption, that the changes in
amplitude and phase due to the four Fresnel integral terms are

comparatively small.

‘In all the simulations of Fig. 6.6 use has been made of
available computer NAG-Routines for the evaluation of all four

Fresnel integrals arising from equation (6.14) (see Appendix D).

The results so far show that both aperture illuminations
investigated, namely, the uniform and the cosine, enable near

field reconstruction of the far—field main-beam scanning patterns.
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Both {llumination functions may use the same type of monitoring
gystem. The relatively small amount of sampling elements needed

for monitoring makes the monitoring technique an attractive omne.

In the following subsections the sine and cosine square
over pedestal illuminations will be investigated and simulation

results presented.

6.2.3 Sine aperture field

Following the previous stages for the cosine illuminated
aperture, the sine function will follow. Use will be made of

results obtained previously.

A sine aperture illuminated scanning antenna can be shown

to be equal to:

% 2
1(s)= }[ exp(+j§§>~exp<—j{:§>]exp(-jé—%ﬂ exp(fisp) df (6.19)

~¢/2

which is similiar to equation (6.14) but with a minus sign for the
second term in | le The far field is given by:
Ta s CoS('ﬂ'aS)
A A
I(s) oC -
(30 ™ )23_(11"45)2
2 N

(6.20)

This expression has odd symmetry in s, in contrast with the even
symmetry in equation (6.16) of the cosine illumination. Hence, a
"difference'" rather than a '"sum" pattern is expected from the sine

function.

The analogous equation to (6.17) for the field diffracted

over the parabolic phase corrected aperture will be
exp{ 1T (-2 psin[ T(- L+ X)) (6.21)

While the far-field, analogous to equation (6.18) will now be
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given by
exp (3T 5y sin(TE) (6.22)

opening the brackets of the sine function in equation (6.21)

sin{Tl'(---S(_-{S--i-z}:—)}=--sinfr‘r"il"2 cos TI;X }cosYZR sinr-'—;é (6.23)

As before for small scanning angles s<<1 hence the £first r.h.s.
5
term can be ignored and cos(ﬂégi)—#‘l. Hence we remain with the

approximated near field of the form
: 2 LIPS
exp{jTe- 2% s1n T2 (6.24)

which is the required form as in equation (6.22). Therefore the
same recommendation given for monitoring the cosine illuminated

aperture apply also to the sine illuminated aperture.

Simulation results are given in Fig. 6.7a,b,c,d.
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Fige 6.7a,b give the following simulation results :

a=50A transmitting aperture.

R/a distance ratios 10 and 4, respectively.

Reception with 15 sampling elements equispaced over the monitoring

antenna aperture.

The following results are noted:

1) The reproduced main-beam pointing is more precise with closer
receive and transmit antennas. When farther apart the beam tends

to squint towards the center (the z axis).

2) The accuracy of the reproduced level is within 0.25 db for the
range of -=5.1 db (through the peak at 0.0 db) to the -2.0 db
point, for R/a=4. While for R/a=10 the accuracy in the same range

is reduced to about 1.0 db.

3) Due to the finite number of sampling elements for R/a=4 the
grating lobe is about 1 to 2 db higher than for R/a=10, as

expected.
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The phase and magnitude expected to be received in a
single element monitoring antenna are given in Fig. 6.7c and d

for R/a=10 and 4, respectively.

The magnitude shows the expected null in the direction
§=0 due to the phase inversion. Besides this region the magnitude
and phase behave quite smoothly over the region parallel to the
transmitting aperture. This justifies the approximations made in

the analysis.

Having analayzed the uniform, cosine and sine
illumination functions, the practical example of cosine square
over pedestal illumination will now be analyzed in the following

subsection.

6.2.4 Raised cosine (cosine square over pedestal)

aperture illumination

It was proposed by Chignell [ 23] that a cosine square
over pedestal illumination is optimal where the function is given

by

1/7+6/7cos2 (¢) (6.25)
where the argument §=Trx/a. The geometrical identity is used
cos?($)=1/2(1+cos2¢) (6.26)

Therefore the illumination of equation (6.25) could be described

by the following expression
L/746/7[L/2(cos2$+1)]=4/7+3/Tcos (2§)

=o.5714+o.4286cos(2¢) (6.27)
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From previous cosine and uniform illumination functions, the
present expression is a superposition of the above functions with

the weights given by equation (6.27).

Designating I{ ( ) the uniformly illuminated aperture and
I, () the cosine(2¢) illumination, the following can be "written
down directly. Attention is drawn to the fact that the cos(2§),

rather than cos(¢$), is now to be used.

The far field given by I; (s) and Iy(s) are

sinm (52 E sin(mse/h)

L,(s) Q= (6.28)
4 LS
TS 5 (fr'sa,/k)
and
e STEE DY sinw(3-2)8
i S
2 @y CarE _emyy
_ Sinm( %5+ 4) sintr(&E -4
LGy N €y
Tsa thcws&/\\
= (6.29)
A (-ESACL}Z"' eTrZ

The last expression like that of the sine illumination has an odd
symmetry and therefore introduces a null on the direction s=0 (the
z=axis). The difference between expressions for cos(f), cos(2§)
and sin(¢) is evident physically from the difference of

illumination, see Fig. 6.8
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Fig. 6.8 Demonstration of the differences in the three

illumination functions cos¢, sing, c052¢

It is clear from Fig. 6.8 that while the sin(¢) and cos(2¢) have
nulls in the direction s=0 the cos(¢) has a maximum in that
direction. Designating CF1=0.5714 and CF2=0.4286, we can write

the following for the total far-field

I(s)=CF1 14(s)+CF2 Iz(s)

=CF1["-':-“(—"-5-%21+CF2[ sinr(3x+1) + sintr(32-1) ]

6.30
(Tsa/a) (2 +4) m(£8-1) (6:30)

The near field will be given by the following expressions

Ini(s o exp (3T (s-50 K11 My (fBg Zﬁj—’&’)

4 26-R)%
ot nz i

(é’ (z; (&)
- e( AR + T - E01H (oo + B 1 63D

and

(1) @ @ () 6)

sR, SR, AR . X2 23X asx
Iyp ()02 exp{3T( = a e Y Fa T Al

*{%(-----H}« -+ } (6.32)



- 135 -

where IN‘(s) due to the uniform and Iﬂz(s) due to the cos(2¢).

As before, analysis of the effects of the phase terms 1in

the two equations (6.31) and €{6.32) will follow
Term (1) in epr and expy are equal.
N

Term (2) of exp

71

phase terms which are cancelled out as before.

and term (4) of exprlV are the parabolic
2

Term (3) of exp and term (6) of exp are the 1linear
I Iua

phase scanned array term.

Terms (2) and (5) of exphu comprise the cos9T'(sR/a-2x/a)
2
result of the cosine {lluminated aperture, but this time the

(£2x/a) rather than the (+x/a) is used.

Term (3) of epr” is to be included this time due to the
2

fact that it does not appear in eprN .
{
Discussion on the effect of term (3):

Term (3) is introducing additional phase-shift between the linear
and the cos(2¢) illuminated aperture. It is assumed that its

effect is negligible in the near field where
AR/a2 <1 , given ad>M and R/a%l . (6.33)

Example { a=50) , R=a=50) and A=4 giving RR/a3 =1/50 hence
)

Ad=9T/50%3.5 deg.

Example 2 what is R where this term introduces a 9" radian phase
shift.

Giving R=100a=5000)\ ,
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The above example only demonstrates why term (3) in expyp,, can be

ignored in the near field approximations and simulation.

The simulation results of near field monitoring for cases
of R/a=10 and 4 when sampling with 15 elements, is presented in

Fig. 6.9 a and b accordingly.

The first point to be noticed is that as with the sine
and cosine illumination the closer the distance between transmit
and monitoring antenna the better tracking is achieved. While in
Fig. 6.9 b there is good tracking between the far field and near
field wmain-lobes, the pattern of Fig. 6.9a 1is noticeably

squinted.

The differences between the near field reconstruction and
the far field pattern is about 0.3 db to the 1 db point and 1.2 db
to the -2.5 db point in the R/a=4 case. For the R/a=10 case the
-2.5 db point gives a larger difference of about 1.9 db as

expected.
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In Figs. 6.9 ¢, d and e the magnitude and phase received at the
point x=0 of the monitoring aperture is simulated by sampling with
a single element on the =z-axis. This gives an additional
justification for the assumption of almost constant amplitude and

phase in the reglon parallel to the radiating aperture.

6.2.5 Summary of the near-field simulation

experiments

Approximations based on the properties of Fresnel
integrals led to a propbsal of a novel technique for monitoring in
the near-field (Fresnel region) of the field radiated from the
antenna aperture to yield its far-field pointing and beam shape.
The technique is quite simple, it consists of a monitor antenna of
the same size, or larger than, the radiating antenna, with only a
few sampling elements whose signals are linearly combined, to
produce the output signal. This output signal is a reproduction

of the far-field main-beam shape.

The first step taken in order to get some confirmation of
the idea based on the above approximations was a computer
simulation. The technique, based on these approximations could be
"tested" against precise representation for the Fresnel integral

expressions, using very accurate Computer NAG-Library Functions.

In the simulation various aperture fields were examined,
namely, the constant (uniform), 1/2 sine, 1/2 cosine, and cosine,
which are the first few basis functions of a complete Fourier

analysis of the aperture field.

The output of the simulation was in the form of computer

(line printer) graphics which replace (at 1least in its early
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stages) a more precise but difficult analysis or actual
experiment. This output was used to asses the technique and to
vary the parameters of such a monitoring system, and gives a
useful assessment of some of the capabilities and limitations of

the proposed technique.

Initial conclusions are:

For a 50A radiating antenna aperture, the monitor
antenna can be placed anywhere from a fraction of an aperture to
about 10 apertures. The accuracy of the reproduced beam shape 1is
improved the closer the monitor antenna. However this requires a
larger number of sampling elements to avoid excessive grating
lobes from being generated in the monitor antenna. No
optimization has been made and only "good" engineering sense has
used for selecting the number of sampling elements. The effect of
increasing the size of the monitoring aperture improves the
reproduction of the first side-lobes. However, the unavoidable
increase in the number of sampling elements occurs. The following

points are to be stressed.

The first is that the technique proposed so far should be
regarded as the first steps in putting forward the basic idea.
Secondly, that a fuller and more general analysis should
eventually be carried out. And thirdly that this type of
simulation forms a very valuable substitute (at least in the early
stages) for what could be quite a difficult analysis in

conventional terms.

Having analyzed the near-field monitoring, the following

section deals with a <closer distance monitoring technique of
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internal/integral monitoring, based in part on the results

obtained in the earlier part of this chapter.

6.3 Internal/integral monitoring of phased array antennas

Having dealt with monitoring in the far-field (the
Fraunhofer reglon) and in the near-field (the Fresnel regiomn), the
present topic of internmal monitoring, can be regarded as

monitoring in the very near-field of the antenna.

Internal monitoring may be classified broadly into two
main types. One type which involves radiation, although to very
short distances, and the other that does not involve radiation.
The ultimate concern of internal monitoring as presented in this
study is to extend the techniques analyzed so far to apply th;m to
this type of monitoring. Therefore, the direct performance
measurements of the individual components of the array, like

radiators, phase-shifters, beam switches, etc., are not dealt with

here.

The two types of sampling, one external and the other
internal to the radiating aperture, will be described in the

following subsections.

6.3.1 Sampling the aperture field of the array

From the presentation of the Huygens-Fresnel diffraction
analysis, in the previous section, it is clear that sampling the
field at a very short distance from the aperture, R/a<<l this
field is only negligibly different from the aperture field. Hence
the far-field pattern can be obtained, using the angular spectrum

concept, as the inverse Fourier transform of this aperture field.
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For practical implementation, it 1s only necessary to
sample the aperture field with the number of samples that comply
with Nyquist’s spatial criterion. As before this number depends
on the maximum direction-cosine for which the reconstructed
far-field pattern is to be monitored, giving, for a linear

antenna, the value of
N 2 2a/x (6.34)

where N is the number of equispaced sampling points required, and
aln is the aperture width measured in wavelengths (for the one

dimensional spectrum).

In practice it is necessary to avoid obstruction of the
aperture field. Therefore, the idea of mutual-coupling can be
used to give the very near-field, using appropriate geometry. The
superposition of the above samples will then produce a signal
that, if normalized, will represent the far field pattern of the
scanning array. In a practical system, the superposition and
sampling, could be done with the aid of an equally long and
adequately polarized linear array, located parallel and inclined
to the aperture of the antenna, thereby eliminating obstruction.
As an example, a slot waveguide array mutually coupled to the
antenna aperture and mounted, as explained above, could be used,

and is shown in Fig. 6.10.
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Fig. 6.10 Schematic arrangement for integral monitoring

For a very long array, as in the case of the WLS phased array,
edge effects can be ignored and the scanning beam could be
monitored. A monitoring of a similar type was proposed by Bendix
[ 4] (see section 1.l1), and was supported by an experimental
demonstration of the method’s capability of reproducing the
normalized far-field pattern. The composite signal output from
the monitor array will then enable use of the previously described
far~field methods for the detection of defects in the array.
However, defects due to misalignment of the phased—array structure
cannot be detected, as they could be with the real far-field

monitoring.

6.3.2 Internal sampling of the radiating elements

An approach which is similiar to the above is to sample

the radiating elements or the feed lines to these elements.
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As Dbefore, superposition of these samples will result in
an artificial far-field pattern that has to be normalized. Here
radiation is not monitored at all, as the process is completely

internal.

One possibility is to use a single beam-forming network
of the Blass type [ 29], which uses a manifold waveguide sampler
internally coupled to all the radiating elements. It can be shown
that the superposition of these samples will result in a signal
that represents the far—-field pattern of the scanned phased-array.
In the case of a series-fed waveguide manifold coupler (see Fig.
6.11), an additional effect will be, that the main~beam direction

is apparently shifted by
sin 8,= 7“’/7‘3 . (6.35)

Where sin® is the shifted direction-cosine, Mg the free space
wavelength and §J the waveguide wavelength of the radiated

signal.
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Fig. 6.11 Demonstration of a serial manifold waveguide
sampler to be used in the MLS phased-array
Example : For a standard C-band waveguide working in the MLS

frequency range, the location of the shifted beam is about
51.5 deg to the boresight. The shift with frequency is given in

table 6.1 below.

Table 6.1

The shift of the reproduced main bean in a series manifold

waveguide coupler

in the frequency band of the MLS

freq. .
(GHz) 5.031 5.060 5.090
(fc/fo P 0.3925 0.388 0.3833

{ 1-(£-/£,¥] [0.6075 0.612 } 0.617

Sind= Xfay = o

[ 1-(fc/fo) P 0.7794 0.7823 0.7855

0 (deg) 51.206 51.472 51.767
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In monitoring of)main beam pointing other values of shift
angle may be required., As an example, if a special size waveguide
(L.D.: 1.27"x0.59", see section 7.1.2) is being used it can be
shown that 21.75 rather than the above 51.5 deg will be obtained.
Similarly if a XN-band waveguide (a Narda company designation,
I.D.: 1.372"x0.622"), is wused, then a shift of 33.3 deg is
obtained. Also, if sampling slots of "opposite hand" rather than
of the "“same hand” ( which was assumed before) are used, then,
very small shifts can be obtained. As an example, if the above
special size wavegulde with opposite hand slots is used, then, a
shift of about 2.9 deg can be obtained. These results will be

used in proposing a monitoring system for the MLS, in section 8.5.

According to the above description, either type of
internal monitoring  scheme could be used in practical

applications.
6.4 Discussion

The analysis has so far dealt with monitoring techniques
in the near-field and in the very near-field regions of the

transmitting antenna aperture.

Near field monitoring

The investigation of near-field monitoring was mainly
concerned with the far-field main-beam reconstruction of a
scanning array. A technique based on focusing the receiving
antenna is suggested as an approximation to the expected far-field

scanned main-beam.

Using an approximation to the Fresnel integral and the
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spatial sampling Nyquist citerion, a relatively small number of
sampling elements on a planar aperture give the required
recommendation. It was found that for monitoring a uniformly
illuminated aperture size SOA; ten sampling elements on an
aperture seperateda l0 apertures distance from the radiating
antenna reproduce the main-beam shape with an accuracy of about

0.5 db to the 3 db points and better than 2 db to the 10db points.

If, however, the far-field far side-lobe pattern is
required, an even simpler soiution could be wused. A single
sampling element located at large R/a (distance to aperture ratio)
can give a satisfactory answer, at least in the case of a
uniformly illuminated aperture (this must be left to be
investigated further by a future more precise analysis). It is
clear that this method does not need any additional transformation
or processing besides the linear combination of the signals sensed

by the sampling elements.

Very near-field monitoring (internal monitoring)

The analysis of internal-integral monitoring, although
more limited with regard to actual radiation, can give an even
better approximation than that of the near-field technique. Here,
a good approximation to the far—-field main-beam and side-lobe
pattern is reconstructed. This is because only a negligible part
of the aperture field (edge effects) 1is ignored. Hence, the
recommended technique of sampling the aperture field internally or
through the aid of mutual coupling is the answer. This probing
could be done using a linear array of sampling elements located in
parallel and edequately polarized, of the same length aperture,

assuming, of course, that the internally monitored field is
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eventually radiated.

Therefore, the far—-field techniques analyzed and
recommended in the first part of the thesis could successfully be
utilized for internal—integral monitoring. The simulation results
for a single sampling element in the near field (Fresnel region)
show 1ts potential capability to reproduce quite nicely the
normalized far-field side-lobe pattern of the radiating antenna
(see Fig. 6.4a), hence, if this will be proved to be the case, it
could also be wused for application of the far-field monitoring

techniques in the near-field (Fresnel region) of the antenna.

Incidentally, the simulation on the computer to derive
the expected response from a focusing monitor antenna in the
near-field (Fresnel region) of the radiating antenna has proved
itself to be a wuseful and cheap replacement for a detailed
analyzis (at least in its earlier stages), enabling the user to
gain familiarity with, and apreciation of, the advantages and

limitations of this monitoring method.

The next chapter is devoted to the experimental
investigation to support, where possible, the recommendations and
techniques so far suggested. As the investigation was conducted

indoors, near-field methods have mainly been used.
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CHAPTER 7

EXPERIMENTAIL INVESTIGATION

The monitoring theories and their simulation presented up
to now need to be tested in practice. The following experimental

investigation goes some way towards providing such a test.

7.1 The experimental set-up

7.1.1 The geometry
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Fig. 7.1 Simplified geometry of the experimental set-up
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As shown in Fig.7.1 the linear N-element radiating test
array 1is located along the x’-axis with its aperture, width a,
symmetrical about the y-axis. The input to the array is fed from
the direction of element number 1 and a matched load terminates
the array beyond element N. Element K is the defective element
(usually by blocking with a piece of metal tape). The near-field
measuring probe is at a distance 2z, from the array and 1is moved
in parallel to 1it, over a linear aperture of width b along the
x-axis. For linear arrays the two dimensional case (see section
5.1) holds, hence, the =x~z plane (y=0) solely is used for the
experiments. When the main beam region 1s to be probed the
measurement aperture is positioned symmetrically about the z-axis.
When the side-lobe region 1is to be investigated, the measuring
aperture center is moved to the left (x<0) or to the right, an
adequate distance. The polarization of the test array is mainly
horizontal (x-polarized). The probe polarization is therefore
normally(gﬁggig¥gged unless cross polarization effects are sought,
or when the ¢=1T72, rather than the ¢=0 plane characteristics are

investigated.

7.1.2 Antenna arrays and probes

The antenna arrays

The test antennas are samples of linear waveguide slot
arrays investigated earlier by Chignell [ 23] in the department’s
microwave laboratory. The antennas are an open ended waveguide

and 8, 16 and 30 slot arrays (see plate 7.1).
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Plate 7.1 The antennas

The probe

The probe 1is an open ended waveguide to coax adaptor
(also shown in plate 7.1 on the right, in the front ). Like the
other antennas it is made wup of a special size waveguide
(I.D.:1.270"x0.590", 0.D.: 1.350"x0.670"; with a TE,, mode cut
off frequency of about 4.7 GHz) and operating frequency of 5.7
GHz. In the measurements the E-plane of the waveguide (beam width
~140 deg.) coincides with the x-polarized radiation from the slot

arrays.

The 8-slot array

The 8-slot test array is shown in plate 7.1 (on the left

in the front row). The array is fed from the 1left through a
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tapered section and is terminated from the right through a similar
taper (the tapers to the standard C-band waveguide and termination
are shown connected to the 30-slot array in the middle row). The
array length (from element 1 to 8) is 25.3 cem with interelement
spacing of about 3.6 cm (0.69 ). Different I-shaped slots cut in
the narrow wall of the waveguide were designed by Chignell [ 23]
to approximate an aperture field illumination of the form
1/7+6/7cos & giving a 3db beamwidth of about 10 degrees. The
above intérelement spacing which was optimized for matching also
causes the beam to squint from the broadside direction by about
8.5 degrees towards the load. Similiar illumination and beam

squint was noticed in all the test arrays.

The 16-slot array

The 16-slot test array (in the rear row of plate 7.1) is’
shown with the matching tapers to the standard C-band waveguide
(WR-187). This array incorporates a grid of crosspolarization
suppression baffles. The array length is 58cm with interelement

spacing of .73A . The 3db beam width is about 6 degrees.

The 30-slot array

The 30-slot test array (in the middle row of plate 7.1)
is shown with the waveguide tapers and the matched load
termination (right) and the input waveguide to coax adaptor
(left). As with the 16-slot array the crosspolarization
suppression baffles are incorporated. The array length is 110 cm
with interelement spacing of .72A . The 3db beam width is about &4

degrees.

Additional details on the slot arrays can be found in
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Chignell’s work [ 23].

7.1.3 The near field set-up

An experimental set-up was used for near-field
measurements of antenna characteristics before and after the

antenna has been subjected to defects.

It was decided to experiment with available C-band linear
arrays described earlier operating at the center frequency of 5.7
GHz. These were the probe and 8, 16, and 30-element slot

waveguide arrays with about 0.7A interelement spacing.

The required 1linear motion of a probe to measure the
near-field radiated from the antenna under test, was carried out

with an x-positioner available in the microwave laboratory.

The schematic diagram is given in Fig. 7.2.
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In Fig. 7.2 a Gunn oscillator signal source is used to feed the
antenna under test, which is terminated in a matched 1load. The
field transmitted from the antenna array is sensed by a receiving
probe, normally an open waveguide, which is moved transversally on
the x-positioner placed in parallel with the array. The received
signal gain (db) and phase 1is measured by a network analyzer,
whose output is connected to the Y input of an X-Y plotter. The
reference for _the network analyzer is taken from a directional
coupler placed between the signal source and the transmitting
array. A voltage proportional to the transversal motion of the
probe, is taken from an helical potentiometer linked to the chain
drive mechanism of the x-positioner. When conducting V.S.W.R.
tests of the antenna or when the signal source frequency is to be
checked, a cavity wavemeter is connected through a slot waveguide
standing wave detector (shown dashed in Fig. 7.l), to the array

input.

The actual set-up is shown in plates 7.2 and 7.3 for two
different sets of measurements. In plate 7.2 the set-up is
prepared for near field measurements in the (x<0) side-lobe region
of the 30-slot array. The absorbing material is purposely removed
to give a clear view of the signal source and the directional
coupler power splitter. These are normally covered by the

absorsing material in order to minimize their stray radiation.

In plate 7.3 the system is shown ready for V.S5.W.R. and

frequency tests.
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Plate 7.3 Set-up for V.S.W.R. and frequency tests.
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7.2 Data collection and processing

7.2.1 Recording and preprocessing

With the set—up installed according to Figures 7.1 and
7.2 the phase and magnitude (db) of the near field measurements
are recorded on an analog X-Y recorder. First the non defective
array near field magnitude (db) and phase are recorded by
repeatedly écanning the probe over the near field aperture, and
changing the Y-input of the recorder to the phase or amplitude
(db) outputs of the network analyzer (the ink colours are also
changed accordingly). The same procedure is repeated after the
antenna has been subjected to defects. To minimize mechanical
backlash the measurement scans are always taken in the same
direction (in the positive x direction). The maximum scan width
possible with the x-positioner and the linked helical
potentiometer is about 110 cm, similiar to the 1length of the
30-slot array. The Y-recorded measurements in centimeters are
then sampled manually every 0.4 wavelength (0.5 cem of the
calibrated x ordinate of the X-Y recorder output) to conform with
the Nyquist criteriome. An auxiliary program DBPMES1 (see Appendix
E) is used to change the measurements recorded in cm into db and
degrees according to the calibration formulas (linear calibration
formulas give sufficient accuracy). The digital output of the
program for the nondefective and defective array is put on a
permanent‘file (MES...) with a format appropriate for use with the
main program for near—field to far-field transformation. The test
parameters like z, (the distance of the near-field aperture from
the array) and the defective element number are also memorized in

the same file.
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72,2 Near field processing

The near field program JACK30 (see appendix E) calls data
from a permanent file (MES...), to a local file (FINX-TAPE7). The
near field to far field transformations, according to equations
(5.15) and (5.12), are then carried out using a discrete Fourier
transform algorithm for the "reference” and ‘'defective" arrays.
The "subtraction method" equations (2.12) to (2.14) are then
applied to resolve equivalent substitute element array far £field
pattern over the appropriate angular region, according to the
measurement geometry. The results are then displayed against
s=sin®, numerically and graphically. In addition the "angular
spectrum method" is applied using a computer NAG routine (CO6ADF)
for F.F.T. of the normalized angular spectrum (which is
asymptotically proportional to the far field pattern) to derive
the aperture field illumination function via equation (5.9). 1If
the "a.c.f. method" is implemented then subroutine COREL0O3 (see
Appendix E) 1is wused to find the autocorrelation function of the
angular spectrum before application of the F.F.T., as explained
earlier (see section 5.3). The aperture power illumination rather
than the aperture magnitude illumination, is then derived and

displayed.

7.2.3 Simulation of near field measurements

Subroutine EJIX (see Appendix E) could be used with
program JACK30 before the actual measurements have taken place.
The subroutine simulates the near field measurements of a cos2 +
pedestal or a uniformly illuminated ideal N-element array with or
without defects. It can also be used as a comparative check on

the experimental results.
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7.3 The near-field experimental results

7.3.1 Open waveguide patterns

The single element near field phase é pattern is given by

the hyperbolic parametric equation

B —x? = 2 (7.1)
§ = =R2 T/ (7.2)

where R, x and z, as given in Fig. 7.3

> X

rx——i |

Fig. 7.3 Simplified geometry of near field measurement

The amplitude A (assuming isotropic radiators) is inversly

proportional to R. Hence
3 Y
AoC1/R = 1/(x® +22 )* = cos8/z, (7.3)

These functions are described in Fig. 7.4 and 7.5
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Fig.7.4 Phase Fig.7.5 Amplitude

representation representation

The amplitude function for two horizontal dipoles is
further modified by the fac‘tor cosz 8. However when the E-plane
of two open waveguides 1is concerned then a {sinc( ITWs/A )]2'
(where W the waveguide width in the E-plane) modifies the
expression of equation (7.3) (uniform illumination) and hence the

modified near field amplitude function will be given by
A oc cos B[ (sinmTWs/A )/ TWs/x ) ]z
Yo . . 2
= (1-52 )2 (sinc TWs/A ) (7.4)

Near field measurement results for two open waveguides, one

transmitting and the other receiving are shown in Fig. 7.6
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Fig. 7.6 Near field measurements of an open ended

waveguide radiator at 5.7 GHz z =19.5cm

Fig. 7.6 gives the amplitude and phase as a function of x, in the
near field measurement with z°=19.5cm. The phase curve behaves
according to the hyperbolic function expected from equations
(7.1),(7.2). The discontinuities occuring at multiples of 2%r.
The amplitude curve behaves close to that given by equation (7.4)
the differences are less than ldb at %45 degrees and less than 3db
at 165 degrees, which is reasonable because the sinc? form is
only a rather crude estimate. The importance of these
measurements lies in the fact that the equivalent substitute
element 1is expected to give a similiar result in the near field.
The difference should be in the location of the axis of symmetry

that 1is expected to be located opposite the location of the
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defective element.

The direct measurements of single elements radiating from
an 8-slot array (where all the other elements are covered by metal

tapes) are demonstrated in Figures 7.7 and 7.8.
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Fig. 7.7 shows the phase curves of elements 2, 4 and 6 radiating.
The curves show an hyperbolic variation similiar to those
described by Chignell [ 23] for a dipole affected by the baffle

wall, although no such walls are present.

The amplitude curves are described in Fig. 7.8. Element
2 amplitude is lower than element 4 or 6 as expected, due to the
cos 2 + pedestal illuminationmn. The tendency of the mean
amplitude curve is similiar to that of Fig. 7.6 (open ended
waveguide). However it has a higher ripple, which is caused by
interference with stray radiation. The amount of stray radiation
present in these measurements can be judged from the near field
measurements where all elements are covered (the lower curve of
Fig. 7.8). The stray radiation is superimposed and therefore
affects the radiation from element 2 more than 4 or 6, due to the
lower illumination of 2 compared to 4 or 6.

The far-field transformation of the radiation from

element 6 is shown in Figs. 7.9 and 7.10.
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Fig.7.9 shows the magnitude in db of the far field pattern of
element 6 radiating. Use is made of the near-field to far-field
transformation of program JACK30 (as explained earlier), but
without wusing the subtraction method algorithm. The amplitude
shows a fairly constant amplitude, with variations of 1less than
about +5db over the direction range which applies to the
measurements. The phase curve shows the expected correct slope,
according to equation (2.14), arising from the location of element
6 with respect to the array center and to the measurement centre
(x"=%x=0). The phase variation around the mean ideal slope-line is
about +15 deg over most of the range |s|{.5 with about 4+50 deg

close to s=10.6. It is to be noted that the nature and size of
the phase variation enables a correc£ decision to be made in
practice concerning the defective- element number.

7.3.2 The subtraction method

The detection of missing elements will be demonstrated om
an 8 element array. It will be recalled that elements at equal
distances put on dpposite sides of the array center are expected
to result in slope-lines of opposite sense. The comparison
between the case of an ideal array and the actual array will be
based on slope-lines rather than on the absolute phase-lines. (As
the subtraction method, equation (2.14), needs the slope and not

the absolute phase-line).

A demonstration of missing elements 3 or 6 (by covering
the appropriate element with metal tape) is given in Figures

(7,11) to (7.14).
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Figs. 7.11 and 7.13 show the amplitude (in db) of the non
defective 8-element array, the defective array, and the equivalent
substitute element pattern magnitude where element 6 (Fig.7.l11) or
element 3 (Fig. 7.13) are covered by pieces of metal tape. In
Fig. 7.12 and 7.14 the phase patterns are shown of the equivalent
substitute element of the defective element 6 (Fig. 7.12) and
element 3 (Fig. 7.14). The ideal slope lines, give the phase

variation of the computed values using the subtraction method.

Both measured patterns show the correct mean slope value.
The phase variations when element 6 1is missing are +15deg at most
(apart from +30deg at the edges). The phase variations for
element 3 missing are much larger and reach about 120deg close to
the edges. However it should be noted that the agreement between
the theoretical and experimental slopes for the phase variation is
excellent when the amplitude of the equivalent substitute element
is roughiy constant. The amplitude curves, Fig.(7.11) and(7.13),
also show lower ripple for the equivalent substitute magnitude
pattern of missing element 6 compared to that when element 3 is

missing .

These results are in accord with the mutual coupling
effect model outlined in chapter 4, Figs. (4.8) to (4.11). There
the main reason for excessive wvariation 1is related to the
asymmetry caused by forward reflected power due to the metal tape
cover of the radiating element. Hence element 3 causes higher

asymmetry than element 6.

It can thefefore be concluded that the subtraction method
of monitoring can be applied to actual arrays, based on the

promising results of this test. Other aspects, such as the set-up
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instability and thresholds proposed for the subtraction method

will be given in section 7.3.5.

7.3.3 The angular spectrum method

The 30-slot array was subjected to defects in either
element 13 or element 18. The detection of these will now be
examined with the angular spectrum method algorithm. The
technique is described in subsection 7.2.2; the results are given
in Figures 7.15 and 7.16, which show aperture illumination deduced
from the angular spectrum in the main beam region. A smooth curve
similiar to the cosz + pedestal illumination can be imagined for
the non-defective array. The aperture illumination of the
defective array has an anomaly (a "hole") in the vicinity of the

missing element 13 or 18 respectively.

In these same figures the derived aperture field for the
equivalent substitute element is given. It can be seen that in
both cases a clear indication of the location of ﬁhe missing
element is given. It can therefore be concluded that the angular
spectrum method is also a practical ménitoring method that can

usefully be applied to actual arrays.



490 1

420

normalized
magnitude

-350

-280

210

140

+G70

nondefective array
defective array
equivalent substitute element

N=30 k=13

Fig.7.15 The angular spectrum method,
main~lobe region

missing element No. 13.

l‘
; A -
\ ”~ .,-' ) RN
s ~ ! \ 1Y . 3] 71 X -
R TR P Y AV U SNPTORN g N
-40 -30 | 6 30 40 aperture axis
-af2 aperture +a/2
_>

-

- V69T —



-490

-420

‘350

normalized
magnitude

-280

210

140

Q70

A O R O U P e

............ nondefective array

defective array

----- equivalent substitute element

N=30 K:_IB

Fig.7.16 The angular spectrum method,
main-lobe region

missing element No. 18.

aperture

30 40 aperture axis

- 9691 -~



- 170 -

7.3.4 The autocorrelation (a.c.f.) method

The autocorrelation function method will be demonstrated
in the side lobe region of the 30-slot array. The array will be
subjected to the same defects as before. The measurements are now

taken from x.; =-165cm to x,,,=35cm (X, 15 opposite element

MmUAR

number 1). The measurement aperture is placed at z,=110cm, hence

the direction cosines s<.45 to 0.8 are covered.

Attention should be paid to the fact that the
1/7+6/7 cos? rather than the uniform illumination (which was
demonstrated in subsection 5.2.2 is now present. Therefore the
power peaks of the edge elements are now expected to be fainter by
about (1/6)z if a center element of the array is missing. The

results are demonstrated in Figs. 7.17 to 7.20.
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Figs. 7.17 and 7.18 show the real and imaginary components of the
autocorrelation function for missing elements to the left and to
the right of the array centre. Attention should be paid to the
imaginary component of the a.c.f. which is of opposite polarity

for defects to the right and to the left of the array center.

The Fourier transform of the a.c.f. of the angular
spectrum, in the side—lobe region is approximating the modified
aperture power illumination as explained in subsection 5.2.2 (but
with a fainter edge-element response, as explained earlier, due to
the cos? +ped illumination). The modified aperture power
illumination derived from side-lobe region measurements is given

in Figs 7.19 and 7.20.
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Figs. 7.19 and 7.20 show the modified aperture power illumination
calculated from measurements in the side-lobe region. The
illumination due to the equivalent substitute element 13 or 18
missing are pointed out in the relevant figure. Hence it can be
concluded that, as with the other two methods, the a.c.f. method

can be used with actual arrays.

This concludes the demonstration of the three methods
applied to actual arrays. The sensitivity to instability and the

problem of thresholds will be discussed next.

7.3.5 Sensitivity to instability ( and thresholds)

An experiment has been carried out to examine the effect
of instability in the measurements on the performance of the

subtraction method.

The angular spectrum method and the a.c.f. method both
use absolute magnitudes for comparison in order to identify
defective elements by anomalies in the aperture illumination. The
subtraction method, however, uses a comparison between complex
numbers. Hence it is more important to check the effects of these

instabilities with the subtraction method in particular.

It should be noted however that in the case of the
angular spectrum and the a.c.f. methods a constant phase drift
will have practically no effect on the resulting magnitudes.
However a drift in the measured magnitude will result in a

proportional change in the aperture illuminatioun functione.

The effect on the subtraction method of any drift could

introduce an apparent defect. The resulting error pattern is the
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phasor subtraction of the two reference patterns measured before
and after a drift has been introduced into the measuring
instrumentation (i.e. in amplitude and phase). It is expected
that the effect will be noticed more severely in the main beam
region where the subtraction of two large complex numbers might
result in a large error due to a small amplitude or phase error.
In the side~lobe region the effect is fainter according to the
ratio of the main beam to side lobe levels. There the effect of
amplitude or phase drift will be minimal and will, in practice,
not affect the phase slope (although the absolute phase can be
affected). Therefore the subtraction method is expected to be
affected in a similar manner to the other two methods in the side

lobe region.

A demonstration of using the near field reference pattern
to resolve defects after 5 days with drifts of about 1 to 2 db in

magnitude and 40 deg. in phase is given in Figs. 7.21 to 7.25.
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Figs. 7.21 to 7.23 give the far field patterns derived from
near-field measurements. Figs. 7.21 and 7.22 show the far field
magnitude patterns of missing element 13. In Fig. 7.21 the
reference used is measured shortly before the introduction of the
defect, while in Fig. 7.22 a reference measured 5 days earlier is
used. Fig.7.23 shows the far field pattern of the two reference
measurements taken 5 days apart, when no defect is present.
Comparing the substitute element pattern of a defective array with
this non-defective array shows a difference of about 10 db (the
pattern of the substitute missing element is 10 db stronger than
the non-defective condition). The phase patterns are given in

Figs. 7.24 and 7.25.
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Fig. 7.24 shows the phase patterns of element 13 missing where
only a short time has elapsed between the measurements of the
reference and the defective array. In Fig. 7.25 the same
defective array measurements are compared to a reference measured
5 days earlier. As can be judged from the graphs, the delay has

no appreciable affect on the resulting phase slope line.

Another important result 1s derived by checking the
previously mentioned 10 db difference between an apparent defect
(due to drift between two reference patterns) and an actual
defect. A recommendation 1is therefore made to use a -6db level
threshold tov differentiate between an actual defect and an

apparent one.
Summarizing the results of sensitivity to instability:

The preferred region for all three methods is in the side
lobe region. The subtraction method is expected to be the most
vulnerable of the three methods if it is used in the main lobe

region in the presence of unstable measurements.

A threshold level of about 6 db can be used in the
side~lobe region to distinguish between an apparent defect and an
actual one, and 1ignoring the phase 1line deviations in the
direction cosine regions , below that threshold. For higher
instabilities or for a greater delay in taking the reference
patten measurements other values for the threshold could be found
adequate. Hence wusing the monitoring methods in the side- lobe
region enables the use of measurement systems which have inferior
qualities. This is another example of the advantage of using the

side-lobe region for measurement.
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The experimental investigation was preceded by a series

of supporting tests. These are described next.

7.4 Details of some supporting tests

Inspection of the equations wused in the near—-field to
far-field transformation, the following variables are to be
considered: wavelength, phase, amplitude and geometry. Therefore
the first part of the experimental investigation was dedicated to
assessing the systematic and dynamic errors in the measurement of

these variables.

7.4,.1 Static and dynamic errors

The following tests have been conducted:

Long term stability measurements

Frequency stability of the microwave power source. (Fig 7.26)

Phase and amplitude stability of the set-up. (Fig. 7.27)

Stability of x-coordinate reading.

The dynamic tests included

-~ Phase and amplitude jitter due to bending of the coaxial cable.

backlash of the drive mechanism related to the helical

potentiometer output signal.

- Repeatability of the drive mechanism when motion in the same

direction is examined.
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Fig. 7.26 shows the frequency of the Gunn source measured over
sequences of several hours. The result is about =-12MHz/hour
frequency drift. In Fig. 7.27 the total phase shift is given as
a function of time. Two groups are noticed: small changes of
about +4deg/hour and large ones of about +35deg/hour. The reason
for these differences was identified with the cable length wused
between "test" and "reference'" channels of the Network Analyzer.
Hence the effect is mainly due to the frequency instability of the

source (according to Fig. 7.26).

The results of these and of the additional stability

tests are summarized in table 7.1.

Table 7.1

Set—-up instability errors

Mesured quantities Error

Bias errors

Frequency stability <-12MHz/hour

Gain stability <+.5 to-2.0 db/hour
Phase stability (3m cable) <+35deg/hour

Phase stability (l.3m cable) <+4deg/hour

Stability of x-positioner <30.5cm/hour Parallelism
<£0.5cm (estimate)
Translation orthogonality < +2deg (estimate)

Dynamic errors
Phase jitter due to bending (radius>10cm)

< #10deg
Backlash of x-positioner < +0.5cm
Repeatability of x-positioner (same direction)
<*0.2cm

Note Set-up tests at 5.,7GHz measured after 15 minutes warm up
time.

7442 Antenna tests (and stray radiation)

The following tests have been made in addition to those
previously described, to find out the effect of blocking a

radiating slot with metal tape (used to introduce artificial
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defects 1in the array). These are the V.S.W.R. test (results are
given for 30 and 8-slot arrays in table 7.ﬂ, and aperture
illumination (see Fig. 7.28 ) before and after blocking of a

radiatingslot by a metal tape.

In addition, the effect of finite screening of available
instruments was checked, by measuring the near field radiation
level when all the elements were covered by metal tépe. The
results of this check were mentioned earlier in subsection 7.3.1
and appear in Fig. 7.8.

Table 7.2
Input V.S.W.R. function of radiator blocking

element V.S.W.R. element V.S.W.R.
30-slot array

no blocking 1.11 17 1.2
1 1.11 18 1.28
5 1.16 19 1.26
11 1.18 20 1.16
13 1.17 26 1.18
14 l.1 13+14 1.21
15 1.05 13+15 1.17
16 1.15 13+18 1.37

8-slot array

no blocking 1.65 fully blocked 1.035
1 blocked 1.74 1 radiating 1.09
2" 1.74 2" 1.1
3" ' 1.78 3" 1.17
4 " 1.27 4 " 1.29
5" 1.57 5" 1.48
6" 1.88 6" 1.26
7" 1.71 7" 1.15
8 " 1.62 g " 1.09
244 " 1.55

Input V.S.W.R. function of obstruction by probe motion at z,=25cm
of 8-slot array was changed from 1.65 (no obstruction ) into 1.58
(with obsruction), when probe was positioned opposite elements
2,3,

Checking table 7.2 the conclusion is reached that the effect of

covering the 30-slot array with metal tape has less influence on

the input V.S.W.R. than with the 8-slot array. Also covering an
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element which has a higher 1llumination has a larger effect on the

input V.S.W.R.,

The effect of covering a radiating slot with a metal tape will be

given next. (see Fig 7.28)
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The changes in the aperture distribution shown in Fig. 7.28 are

as follows.

In the forward direction (towards the 1load) the amplitude is
raised by about 0.2 to 0.5 db . In the backward direction
(reflection towards the generator) a decrease by about -1db is
noticed (in the 3-4 neighbouring elements). This confirms in part
the model used when mutual coupling effects were discussed in

chapter 4 (the forward reflected power model).

7.4.3 Comparison of far field measurements

In order to check the applicability of the set up and of
the processing (program JACK30), an experiment has been performed
to compare the near field measurements transformed to the far
field with actual far field measurements. The only antenna that
could be checked inside the Microwave laboratory was the 8-slot

array, which allows a practical indoors Rayleigh distance

(R=2a? / ) of about 2.8 meter.

The 8~slot array near field measurements of subsection
7.3.2 have been compared to the pattern measured at 3.0 meter
assumed to be the far field. The "far-field" set-up is shown in

plate 7.4. The far-field measurement results are shown in Fig.

7.29.
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Plate 7.4 Far field measurement set-up of the 8-slot array
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Fig 7.29 Far field measurements of an 8-slot array at 5.7 GHz
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The continuous curve in Fig. 7.29 gives the direct measurement of
far field in db, wusing the set-up of plate 7.4. The computed
results from near field measurements are marked as circles on the
graph. The results show very good agreement : the 3 db beam width
and the 10 db beam width of the main beam differ by 0.3 and 0.6db

respectively.

7.4.4 Discussion of the results of the preliminary

tests

The conclusion that can be drawn concerning the
reliability of the monitoring methods that have been recommended
are as follows. The frequency change of 0.02% (per hour) has a
negligeable effect when the wavelength is considered. However,
due to the unavoidable path 1length differences, this frequency
instability might cause a phase change of about 40deg per hour.
In addition a second order-effect on the phase slope-line of about
4deg/meter of probe scanning was observed. The effect of phase or
gain reference changes using the subtraction method, when two
reference patterns are compared, might result in a difference
pattern even when no defects are imposed on the array. However,
in an actual MLS phased-array this question might not arrise as
there the frequency is stabilized. This effect has been discussed
already in subsection 7.3.5. The main result from the V.S.W.R.
measurement is that blocking of radiating elements having higher
illumination has a larger effect on the reflected power, and hence

on the aperture illumination, which was rather to be expected.

More meaningful are the measurements of modified aperture
illumination due to metal blocking. It was found that similar

changes occur in the neighbouring elements, when various locations
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were chosen for the imposed defects. The main effect (see
Fig.7.28) is the increase in the forward power, apart from the
"hole" due to the blocked element. This is similar to the model
used in chapter 4 for the internal coupling effects (forward
reflected power). This effect is expected to be of second order
in actual systems which are not fed in series. The results of the
far field measurements comparison to the near field measurements
show that the system including the program are of good quality in

spite of the errors discussed in the present section.

7.5 Summary and discussion

The monitoring methods recommended in this work have been
found to give the expected results, for artificial . defects of

single missing elements in the array.

Hence a partial verification of the theoretical methods
proposed has been achievéd. A full wverification of the method
proposed will be possible only 1if one-~to—one models of actual
phased-arrays, with frequency stabilized source, could be checked
using the same methods, in particular in the far field. Some
conclusions can also be drawn concerning the wuse of practical
measurement system (with phase and amplitude instabilities). 1In
such cases, a threshold should be applied below which results are
to be ignored and only results complying with the threshold are to
be considered for the methods. This means that the long term

instabilities can be tolerated in practice.

The side-lobe region have been found to be preferable for

measurement, as being least sensitive to parameter instabilities.

The shape of the phase deviation for differnt locations
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of the artificial defect (to the right or to the left of the array
centre), justify in part the model of internal coupling
(asymmetrical reflections due to a defect, as explained in chapter
4). The shape of the phase deviations also mean that mutual
coupling (external) has only a second order effect compared to the
internal coupling and hence is not of prime interest in arrays
with interelement spacings of about 0.7, as wused in the
experiments. It is believed that MLS arrays (although with .61
interelement spacings) are expected to have lower internal

coupling effects due to the power distribution network structure.

The near field to far field comparison shows encouraging
results with the laboratory set-up used for these experiments and
can be regarded as an overall check on the quality of the

experimental system.



- 190 -

CHAPTER 8

COMPARISON OF THE METHODS

In previous chapters several monitoring techniques have
been analyzed, and also tested by computer simulation and in part
by experiments. A comparison will now be made between the
different methods proposed and their applicability demonstrated in
a specific example in the form of a proposed monitoring system for

the MLS phased-array.

8.1 Analysis tools used

Effectively two analysis tools have been suggested and
used in this work. These are the equivalent substitute element

technique and the approximations to the Fresnel integral.

8.1.1 The equivalent substitute element technique

This technique proposed the representation of defective
elements by their equivalent substitute array (equation 2.4).
This representation gives simplified results if a single element
is defective in the array, and where defects are of a static
nature like a constant amplitude and/or phase defects. In the
dynamic case of a stuck phase-shifter, a modified result is
expected (see equations 3.19 and 3.19a). This is further
modified if a thinned phase-shift network is used, i.e., where
single phase—shifters are used to control the phase of a group of
elements (a sub—-array). An important feature of the equivalent
substitute element technique is its inherent normalized phase-line
resulting when a single element is defective in the array. This
means that the resulting phase-line is independent of the

illumination function of array elements. (Hence it 1is very
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attractive for use in practical arrays).

8.1.2 The approximation to the Fresnel integral

Another 1important tool that has been investigated 1s an
approximation to the Fresnel integral. This representation is
specifically helpful in describing the near field (Fresmel region)
of a scanning~beam aperture antenna in terms of the antenna
aperture illumination and the angle scanning function. The use of
this presentation has been described in chapter 6 and will be
summarized in a later section dealing with the near-field

monitoring technique.

8.1.3 Simulation models used

Simulation on the computer has been found to be a most
useful tool as an aid to analysis. Two main tasks have been
performed by the simulation. The first was to produce a
verification of the analysis, modelling antennas and defective
elements in the presence of a variaty of excitation errors, so as
to represent actual array performance. The simulation was also
used as a kind of "scratch pad" to check and produce ideas leading
to new methods. As it 1s very easy to come to erroneous
conclusions, care was taken to check the quality of the simulation
and in particular whether any errors were present in the computer
programs developed, or in the equations and parameters used in the
models. As an example thé quality of the random number generator
called as a computer function (RANGET), was checked with a
subroutine CORELO3 (see Appendix E) developed to calculate the
autocorrelation function. The computer results have been compared

to the -expected statistical equations. This comparison then led
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to two conclusions. First, that the random number generator is of
a good quality of statistically independent numbers, for the sizes
used. It also had an accompanying important conclusion that the
autocorrelation  function subroutine used was correct. Line
printer graphics (computer library GRAFIC and GRAFIT), although of
insufficient resolution, have been widely used to produce fast and
inexpensive displays of selected numerical results, so that spot
checks could be used to trace any anomalies in the programs and,
also, to enable an immediate assessﬁent of the results. The
simulation included programs of the far-field and the near field
patterns of N element array of various illumination functions,
subjected to defects in single or multiple elements or subarrays,
in the presence of random phase excitation errors. The models
assumed perfect tracking analogue phase-shifters. Defects of a
dynamic nature were examined when, for example, a single
phase-shifter was held fixed while the others changed in the
prescribed manner. Dynamic phase—shift errors, due to digital
quantization of the phase, have been combined in a statistical
rather than a deterministic way, which facilitates their
modelling. It 1is also ecconomical, and gives the results neatly
in the form of an envelope. A preassigned range of uniformly
distributed random  phase—shifts are added to the correct
calculated values of phase-shift. This range could represent the
inaccuracy due to the wvalue of the least significant bit in an
m-bit phase shifter. Then, two types of random excitation errors
have accordingly been used - statie or d&namic, depending on
whether the random number generator was reset or mnot after each
sequence of phase settings. Static errors can represent actual

phase errors due to production inaccuracies of array elements;
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dynamic errors represent, as explained earlier, the built in phase

quantization.

Mutual coupling effects were 1incorporated in the
simulation using normalized values of mutual impedances according
to Carter’s [ 9] equations, for the external coupling. While
internal coupling was represented by a simplified model of forward
and/or backward reflected power, due to the supposed defect.
These effects were incorporated as an equivalent substitute array,
the illumination of which is a function of the values derived from

the calculated mutual coupling effects.

Near fields of antenna apertures have been simulated
using the Fresmnel-Huygens diffraction formula. NAG Routine
functions, (S20ADF and S20ACF) given by a series approximation due
to Abramowitz and Stegun [ 25] have been used for the evaluation
of the cosine and sine integrals. Near—-field to far-field
transformation used the discrete Fourier transformation (D.F.T.),
using NAG Subroutines (CO6ADF). However, D.F.T. programs had to
be developed (by the author) in cases when the required number of
transformed values was larger than the number of input samples
available (the standard procedure which is available as a NAG
Routine has gqual input and output samples). For example the
transformation of near-field to far-field patterns used this

technique to achieve small directiomn increments.

Near-field measurements simulation was helped by an
auxiliary Subroutine EJIX (see Appendix E). This subroutine
calculated the near~field received over a 1linear measurement
region from an N-element transmitting array. And was used, for

example, to find out how critical the near-field sampling
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increments were in terms of the resulting far—-field pattern.
Additional programs are given in Appendix E are DBPMES used for
preprocessing to translate data from the X-Y recorder plot into
phase and amplitude in the required format for program JACK30.

Program JACK20 for mutual coupling between parallel dipoles.
Program JACK42 near field focusing of near fields diffracted from
a uniformly illuminated aperture. Program JACK37 as before but
for half cosine aperture field. Program JACK38 as before but
for cosine over pedestal illumination . Program - JACK45 for far
field radiation from a pyramidal horn antenna with a predetermined

phase error.

8.2 A summary and comparison of the monitoring methods

Far-field and near~field monitoring methods have been

suggested. The far field methods included:

- The subtraction method.

- the angular spectrum(direct) method, and

- The autocorrelation function {(a.c.f.) method.

These three physically distinct methods also correspond
to three quite distinct levels of processing, in that they demand

an increasing amount of processing time for their implementation.

The near field methods included:

~ The near-field monitoring technique.

— The integral and

~ Internal monitoring.
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These methods will also be compared. Special attention
will now be paid to their applicability to monitoring the MLS

phased-array antennas.

The subtraction method, based on the representation of
defective elements by their equivalent substitute array, has been
found to be a most efficient method. Specifically where é single
element has become defective in the array. Then in the case of
defects 1in ideal arrays only a few measurement samples are needed
to resolve the phase ambiguity and give the equivalent substitute
element phase-line, thereby enabling the identification of the
location of the defective element and the type of defect. As
explained in chapter 3 this method could be used for practically

any type of illumination function, including thinned arrays.

This capability, of identifying the type of defect, is
not available in the other two methods used, namely, the angular
spectrum (direct) method and the a.c.f. method. It is also not
available, as explained in the introduction (chapter 1 ), in the
method suggested by Ransom and Mittra { 2]. Although those other
methods enable the identification of one or of several defective
elements occuring at one time in the array. However, with the
expected reliability of operational phased-arrays like the MLS,
this type of defect occurrence 1is highly improbable. Hence
sequentially memorizing the occurrence of defects in the array
could be used instead as an aid to maintenance. A simple
criterion can be used for the monitoring and control thresholds.
For example, the maximum percentage of defective elements, say
10%, of the array, can be tolerated (see Bendix corporation

experimental investigation [ 4] ) before a shut down procedure
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(see ICAO [ 6]) and alarm are to be initiated. Hence, the
subtraction method can be used to monitor a multitude of defects
in practical antenna arrays. A4n additional important advantage of
the subtraction method arises from the fact that the expected
processing time needed is very short, enabling real-time decisions
to be made. Incidentally, the time required is far below the 1
second reaction time required by ICAO Standards And Recommended

Practices (SARPS) [ 6].

Alternatively, or in parallel, it is possible to use the
other methods to verify the findings of the subtraction method or,
if real-time processing 1is possible, to use them altogether in

order to make a decision.

The two other methods, the angular spectrum and the
a.c.f. methods, wuse the aperture illumination magnitude and
power, accordingly, for a decision on the presence of defective
elements due to anomalies in the aperture distribution. The
angular spectrum method requires a longer processing time than the
subtraction method, due to the far-field to aperture axis
transformation needed. As is evident, this method required many
data samples to be Fourier transformed to achieve the normalized
aperture illumination function. The resulting illumination
function magnitude, is to be compared with a reference aperture
illumination pattern of the array, before it became defective.
Then, using proper thresholds to minimize false alarms, a decision
can be taken on the location of defective elements over the array
aperture. As will be shown, in section 8.4, the angular spectrum
(direct) method still enables real-time processing, especially if

F.F.T. processing is available on the system's already installed
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microcomputer.

The autocorrelation method is expected to give results of
higher quality (fewer false alarms in a given measurement ‘''noise"
background), due to its inherent smoothing capability. This
smoothing is a result of correlating many data samples which are
used to extract the periodic oscillations, due to elements failure
(see section 5.3), before transforming into the aperture plane.
This means a longer processing time than that required by the

angular spectrum (direct) method.

The near field monitoring methods give the following
results. The near field monitoring technique (section 6.2) is
expected to give a reconstructed main-beam scanning by near-field
(Fresnel region) measurementse. The main importance of the
near—field monitoring technique, which is based on approximations
to the Fresnel integral (chapter 6 ), is in the non necessity for
corrections to be made in the transmitting array and in its
real-time (main-beam pointing) monitoring capability. This is due
to the fact that no further near~field to far-field (Fourier)
transformation are needed. In addition it requires only a few
(say 10) sampling elements over the near field monitoring antenna
.aperture. However, the requirement that this aperture should be
extended to the length of the transmitting antenna 1is a
disadvantage. It must be pointed out that the subtraction method
could be used in the array near-field if a single element (or a
single subarray) is concerned. It is then only necessary for the
measurements to be performed in the far-field of the single

eledent (or sub-array), as explained in section 2.7.

In addition it can be speculated, based on the simulation
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of the near—-field received by a single monitor element (section
6.2.1 and figure 6.4a), that the near field far side-lobe pattern
behaves in a manner very similar to that of the far-field. Hence,
if this 1s really the case, the near-field far side-lobe region
can be used for the detection of a multitude of defective elements
using the far field‘ monitoring techniques, with no need for
additional preceding near-field to far-field transformations.
However, a modification may be needed to take account of the

residual parallax effects.

The other near—field techniques, namely the
integral/internal monitoring, are techniques already used for
getting the far-field pattern from very near-field monitoring (see
Bendix [ 4] ) as explained in section 6.3. The suggestion which
was presented, using the serial waveguide sampler, has shown that
main-beams scanned to about 5ldeg, 33deg or 22deg using standard
-waveguides are detected. Therefore the two main beam locations at
+51, +33 or #22 degrees, of the MLS angular coverage (+60deg.),
can be detected if wuse is made of the two opposite ends of the
serial waveguide samplers. This may be found advantageous for

simplifying the monitoring of the main beam scan coverage.

Having compared the different methods from an analytical
point of view, backed up by simulation, it is instructive to

recall the experience using actual arrays.

8.3 A summary of the experimental investigation

The experimental investigation was aimed at getting
additional verification, where possible, of the methods suggested,

and of their simulation on a computer. The measurements have been
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limited to the near-field radiated from linear slot waveguide
antennas, operating at a frequency close to that used by the MLS.
The array elements were subjected to artificial defects.
Far—-field monitoring methods have been used for the detection of
defective elements in the array, after transforming the
measurements to the far-field, using computer programs. The
outcome was that these computed patterns have been shown to be
similar to those predicted by simulation where mutual coupling
effects have been included. Hence, some verification of the
far~field monitoring methods has been achieved. Also far field
pattern measurements have been made and results very close to
those of the near-field measurement after being transformed to the
far field have been obtained in the main beam region (see section
7.4.3). Hence a further confirmation of the programs used from

near field to the far-field has been reached.

In addition, it has been demonstrated that the far
side-lobe region is a preferred region, compared to the main-lobe

region, as explained in section 2.3.

An important result was the outcome of the long term
stability experiments of section 7.3.5. It was shown that
practical measurement systems are sufficiently stable. A shift of
about 40 degrees in phase and of about 2 db in magnitude between
two such measurements, cuased no significant change in the
resulting phase-line of a defective element, using the subtraction
method. The two reference patterns in this instance were measured
5 days apart. Also in the calculation of aperture illumination
using the angular spectrum methods, no significant difference has

been noticed. These stability measurements have shown that a
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threshold 1is important, to distinguish between the case of
defective elements and that of an unstable reference. A
difference of about 10 db has been observed between the case of a
missing element and that due to the subtraction of two unstable
reference patterns. Hence a 6db level, below the magnitude

expected from a missing element, can be wused as a practical

threshold.

8.4 Comparison of the required processing

The complexity of processing 1is dependent on the
monitoring method to be used. Hence, there are three main levels
of processing, (see section 8.2). The processing is composed of
two parts: the .preprocessing and the main processing.
Preprocessing 1is necessary to normalize the measured quantities,
before the monitoring algorithms can be examined in the main
processing. The amount of preprocessing needed is therefore
dependent on such factors as the dynamic range and accuracy of
measured signal variables. These, in turn, affect the design of
the measurement system. Preﬁrocessing and processing Qill be

discussed in the following two sectiomns.

8.4.1 Preprocessing and signal measurements

Magnitude and phase are the wvariables to be measured.
However the quantities used in all the monitoring methods are in
effect the real and imaginary parts of the complex signal. Hence,
heasurement of real and imaginary parts of the complex signal are

preferable than the measurement of the signal magnitude and phase.

The necessary dynamic range 1is dependent on the

measurement region. If main—-beam and side-lobe regions are to be
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included, then about 50db dynamic range is required. However, 1if
only the far side-lobe region is of interest, them a 20 to 30 db
dynamic range can be sufficient, enabling linear circuits to be
used. This 1s to be preferred as the circuitry is simplified and
becomes cheaper. If a 50db dynamic range 1is required, then
non-linear circuitry, such as 1logarithmic amplifiers, might be
necessary. Due to the non—linear measurements additional
preprocessing in order to achieve linearization has to be wused,
before the moniéoring algorithms can be examined. This is in
addition to the more complex and expensive circuitry required,
like instanteneous logarithmic amplifiers and phase matched

limiters.

A block diagram of the above circuits will now be

described.

The quadriphase-demodulator widely wused 1in monopulse
Radar and data communication, enables one to obtain unambiguous
measurements of the phase difference ¢ between two input signals,
resolved into two quadrature output bipolar video channels 1 and

Q. A block diagram is describd in Fig. 8.l.



IocAcos ¢
Sfjhaloc H23¢4 | ¢=(¢4-¢2) ) ) Reference oc
QecAsing - ol
2
S < |
Ba‘-o *noo(.
Fig. 8.1 Block diagram of the quadriphase-demodulator

The output signals Ioc Acos ¢ and Qo< Asin ¢ can be used as long
as the expected dynamic range of the input signal does not exceed
about 20db. In practice the dynamic range is larger, hence,
non-linear circuits should be wused. A constant transmission
phase-shift 1limiter can be wused to establish a constant input
signal for the qudriphase-demodulator. A sample of the input
signal before 1limiting can be detected by a logarithmic video

amplifier, as shown in Fig. 8.2.
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Fig. 8.2 A wide dynamic range quadriphase-~demodulator

Here, three data samples are necessary instead of the two needed
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in the linear case (Fig. 8.1). As explained earlier in this
section an additional translation of log A into A will be needed
in the preprocessing. This value will then be multiplied by the I
and Q values of the amplitude limited signal, in order to resolve
the two orthogonal samples needed for processing.
Quadrature-demodulators, limiters and logarithmic amplifiers are
available commercially with sufficient accuracies in the I.F.
frequencies (see Appendix F). It will, therefore, be recommended

that phase and amplitude detection be performed at I.F.

8.4.2 Processing

The approximate number of operations necessary for the
processing of the different monitoring methods, will now be
discussed. Following section 8.4.1 it will be assumed that
normalized real (designated I, i.e., Inphase) and imaginary
(designated Q, i.e., Quadrature) signals are to be processed,

according to the appropriate algorithms, as follows.

The subtraction method

For ideal antennas, only two complex samples are required
in two direction-cosines of the array, for the detecton of
defects, using this method. The defect in a single element can be

located using the linear equation (see equation 2.14 ).

K=A(4- 754 )+B 1RGN (8.1)

Where, two arctangent functions of the resulting equivalent
substitute element ratio Q/I, give the two phase~line points Q{
and ¢2, in the two directions 9, and 82.
A= X/2td [ sin %—sin %] , Where d is the interelement spacing.
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Fixing 6, and qz, in advance, makes A a constant which could be
calculated and placed in memory beforehand. In order to calculate
the total phase 1t is necessary to resolve the phase ambiguity.
This can be done by adding one to two more samples, with direction
cosines sufficiently closely spaced. From equation (8.1l), it is
clear that the steepest phase slope-line will occur when an edge

element of the array is defective. Then
(sin § -sin 8, | = Al a |4>4 —?2- | (8.2)

As an example : for an aperture  a=50A , and required
— - = —-— ~

A(f—-((f‘ g)g /2, then A8 C) 62) should be € 1/4 deg , near the

broadside direction. For actual antennas and measurements this

small number of samples might not be sufficient. A statistical

estimation of a phase regression-line will then be needed, using

tens of data samples.

Summarizing, the number of operations required, each
time, using the subtraction method according to equation (8.1)

will be

1 addition

2 subtractiouns

1 multiplication
1 division

1 inverse trigonometrical function

This is assuming an inphase and phase—quadrature (1-Q)
representaion of the complex signals. It is self evident that the
number of operations required in an actual monitoring system, play
an important role in determinating the type of microcomputer to be

used for real time monitoring and production of alarms.
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The higher levels of processing will now be summarized.
It will be assumed, as before, that quadrature channels are used

to represent the complex signals.

According to the Nyquist criterion, the number of samples
required, using the angular spectrum method, is dependent on the
array dimension (a/j ) and the maximum measured scan angle. For
example, for a/an =50 and |sin 6[{ 1, a minimum of 100 samples are
required. The resulting resolution in the aperture-axis 1is
dependent on the maximum scan angle (see section 5.1). 1In order
to assess the complexity of processing quantitatively, 128 samples
are assumed to be Fourier transformed (D.F.T.), giving the
aperture distributionm. Using the F.F.T. algorithm it can be
shown that about 1800 additions and 1800 multiplications are
needed. If F.F.T. processing is not available, than the D.F.T.

might require about 18 times more additions and multiplications.

Using the autocorrelation method and assuming M=64
shifted samples and F.F.T. calculated over 128 points, it can be
shown that about 75 000 additions and 40 000 multiplications are
needed. As before, if F.F.T. processing is not available, then
the D.F.T. might require about 105 000 additions and about 70 000

multiplications.

In addition, it should be mentioned that for actual
antenna arrays additional criteria, such as thresholds, are to be

used which add to the number of operations required.

Summarizing, the first level of processing, the
subtraction method, is adequate for real-time processing in actual

monitoring systems using microcomputer processing. The second
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level of processing, the angular-spectrum method, might still be
used for real time processing, assuming F.F.T. processors are
available for the monitoring system. The third 1level, the
autocorrelation function method, can only be used in non real-time

processing, hence, it is less practical.

Having made a comparison between the monitoring methods,
an attempt will now be made to design a system to monitor an MLS
antenna. The exercise is admittedly academic, but is nevertheless

instructive.

8.5 A tentative proposal for a practical monitoring

system (MLS - phased array)

A proposal for a practical monitoring system for an MLS
Azimuth phased array will be made based on a hypothetical MLS

system specification given in table 8.1 and in Fig. 8.3.

Table 8.1

Hypothetical MLS Azimuth system specification

Frequency range (200 channels) 5.03-5.09 GHz
Beam scanning rate 20000 deg/sec
Scan limits 240 deg
Beamwidth 1 deg
Polarization vertical
Array 96 elements
Interelement spacing «61 X
Number of phase-shifters 16
Phase quantization 4 bit (22.5deg)
Phase cycling 13.5 Hz
Subarrays (Rotman lens)
Number of subarrays 16 (of 6 element each)
Lens switched beam ports 16

Aperture distribution 27 db (Taylor taper)
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Fig. 8.3 Block diagram of MLS phased array

The monitoring system for the MLS phased~array specified
in Table 8.1 and Fig. 8.3 1is outlined in Table 8.2. The
monitoring is composed of two main tasks. The direct measurements
giving the beam pointing error. The indirect measurements giving
maintenance alarms in the presence of failed elements in the

array. Using a preassigned number, for multielement failure, a

downgrade or shut down alarm can be produced (see ICAO [ 6] or

Appendix A)
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Table 8.2

Tentative monitoring system specification

Frequency range 4.95-5.2 GHz
Instantaneous frequency band width 5 MHz
Dynamic range 50 db
Accuracy of magnitude measurements 0.5 db
Accuracy of phase measurements 10 deg
Repeatability of phase measurements 5 deg
Proportional angle signals error (direct measurement)
Beam pointing accuracy 0.01 deg
Side~lobe level and ERP 0.5 db
Number of selected directons in the angle coverage region
internal/integral monitoring 3
Field monitoring (near field or far field)
1

Indirect measurement of proportional angle signal errors
Number of preassigned multielement failure

12

Levels of alarms 2

Maintenance alarm 1

Down grade/shut down alarm 1
Reaction time

proportional angle monitoring 0.5 sec

Element failure processing 0.5 sec

8.5.1 Definition of the monitoring system

A near-field monitoring system is assumed for the
detection of defects. This enables minimization of interference

and multipath effects.

The monitoring system will be composed of a single
monitor antenna, preferably a pyramidal horn, 1located in the
Fresnel region, about 1/10 the Rayleigh distance from the
transmitting antenna. ( If a near-field real time beam pointing
monitoring scheme is required, then a planar monitor antenna
should be used (see section 6.1). This or alternatively far-field
monitoring might be required as the internal/integral monitoring
does not give information on pointing errors due to mechanical or
geometrical changes. ) Internal or integral monitoring, is to be

used for the detection of defects in parallel with the near field
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antenna. The near field antenna will enable the determination of
any geometrical shift of the array, and will also be used 1in the
subtraction method for the detection of single defective elements
in the array. The angular spectrum method (and the a.c.f.
method) should only be used with internal/integral monitoring to
avoid the additional processing required of near-field to

far—-field transformations.

The phase detecting system should be composed of two
quadrature (I-Q) channels to minimize processing operations (see

Figo 8-1)-

The phase reference to the monitoring system will be
taken from a single side band (S8.S.B.) shifted frequency. The
difference between the transmitted frequency and the S.S.B. will
be used for the I.F. frequecy of the monitor receiver. The
availability of commercial circuits (see Appendx F), leads to the
recommendation of using an I.F. centre frequency in the range 30
to 160  MHz. As the required dynamic range is 50 db an
instanteneous logarithmic I.F. amplifier should be used for the
detecton of amplitude. The phase is to be determined by a
quadratic demodulator where its input signal is normalized by a
limiter (with a constant transmission phase~shift), as explained
in section 8.4.1 and Fig.8.2. This arrangement can achieve the
required amplitude and phase accuracies over the dynamic range of
the input signal. The I.F. width is given by the expected phase
jumps of the scanning array. The MLS specification is an angular
scanning rate of 20000 deg/sec, over a range of +40 deg 1in
azimuth. qsing a 4-bit phase-shifter, this leads to an average 4

microsecond period for one phase bit, resulting in a minimum width



- 210 -

of about 240 KHz. Hence I.F. circuitry with a 5 to 10 MHz
band-width, which is normally available (see Appendix F), will be

adequate.

The instanteneous main-beam pointing angle will be

determined from a synchronous timing signal fed from the MLS.

The processing system should include an update memory to
record sequentially the presence of all defective elements, using
the subtraction method. Periodically, the angular spectrum method
will be wused for comparison, with the memorized updated defects.
An alarm will be given 1if more than a preassigned number of

elements are found to be defective.

8.5.2 A simplified block diagram

Following the system’s definition and the explanations in
8.5.1, it 1s now possible to describe a practical monitoring

scheme. The system might be arranged as shown in Fig. 8.4
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Several of the more important sections of the monitoring system
will now be described in detail. These are the phase and
amplitude receiver, the 1internal monitoring serial waveguide

sampler and the monitoring near field antennas.

The phase and amplitude receiver has a wide dynamic
range, as described in section 8.4.1 and Fig.8.2 . The reference

and input signals are shifted to the L.F. as indicated in Fig.
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Fig. 8.5 Block diagram of the Phase Amplitude receiver

It is assumed that the S.5.B. frequency is produced in the
frequency generation circuitry in the MLS transmitter. A sample

of the transmitted frequency 1is also taken to produce the
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reference I.F. channel, using down conversion through a mixer
(plus I.F. preamplifier). The signal input from the antenna (or
internal) monitoring, is also down converted, similarly. The I1.F.
signal from the monitor is normalized in amplitude in a 1limiter,
of a constant transmission phase-shift type. It is then fed as
the input signal to the quadriphase-demodulator, and its phase
compared to the reference signal. the input signal to the limiter
is also cdupled to an I.F. instanteneous logarithmic amplifier
with a wide dynamic range. Three output signals are then
avallable: Log A, I and Q. Example of circuits available
commercially are summarized in table 8.3 (for details see

Appendix F).

Table 8.3

Examples of commercially available circuits

Producer

Circuit

R.H.G. OLEKTRON M.C.L.

Cat No Cat No Cat No
Quadriphase DPD6010  PC~60
Demodulator
Limiter
(constant phase) ICSL6010 PLS-1
Logarithmic
Amplifier LST6010

The internal monitoring system will now be described. It is
assumed that three angles of scanned beams are required. Two
close to the edges of the angular coverage , between 30 and 40
deg, and one beam close to the boresight inside the range +3 deg.
As explained in section 6.3, for sampler of the same hand (slots)
a series waveguide will produce two beams according to the wvalue

of arcsin(.)d’ha). If a standard wavegude Narda band XN is used
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(a=1.372",b=0.622"), then the angles of the reproduced main beam
will be at approximately +33 deg, 1if the two edges of the
waveguide sampler are used. The beam close to the boresight can
be reproduced using the standard C-band waveguide {a=1.872",
b=0.872" ) and opposite hand slots are to be wused. It can be
shown that a beam at an angle of about 2.9 deg, will then be
produced. As before the +2.9 or the -2.9 deg can be chosen,

according to the waveguide sampler edge used, see Fig. 8.6,

main-beam
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+33 re production
Fig. 8.6 Description of internal monitor waveguide samplers.

Two side by side waveguide samplers of different waveguide cross

section are used for internal monitoring.

For the near-field monitor antenna a medium-gain or even
a low-gain antenna, can be used. However, in order to minimize
the effects of multipath, a medium gain pyramidal horn 1is
recommended; the requirement being that its beamwidth will be
sufficient to cover the antenna aperture. A 16 to 20 db gain
symmetrical (pyramidal) horn can be used, giving a distance of a

few (say 4 to 6) aperture widths from the array, then it will fully
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cover the array aperture. The near field horn can be used mainly
for the detection of defects in the array elements, in parallel
with the internal monitoring, wusing the subtraction method as
explained in sections 2.7 and 8.2. It can also be used, after
transformation of mnear-field to far-field, with the angular
spectrum and a.c.fe. methods. But as this requires much more
processing only non~real-time analysis can be assumed in that

case.

The main beam—pointing error is to be detected using a
far-field monitor (at the Rayleigh distance). A similar horm can
be wused. A real-time receiver similar to the airborne one is to
be fed to the microprocessor, as a monitor input. As explained,
due to expected excessive multipath affects, it is not recommended
that the far-field monitoring be used for the identification of

defects in the array elements.

The far-field monitoring of main beam pointing errors, is
the simplest one. However, as explained in chapter 6, a near
field focused monitor antenna can be used instead. This 1is not
justified economically, unless a decision to wuse a real-time
near-field (Fresnel region) monitor antenna is made. Such an
antenna can have the followng shape, according to section 6.1 and

as described in Fig. 8.7
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According to sections 6.1 and 6.2 , about 10 to 15 sampling
elements are sufficient to comply with the Nyquist criterion, in a
distance of 4 to 6 aperture widths. These elements are to be

equally distributed over the planar aperture.
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CHAPTER 9

CONCLUSIONS

The motivation for the present work arose from the
author’s discovery of gaps 1in the solutions which are available to
monitor the performance of phased-array antemnas. In particular,
methods of dealing with the identification of defects in the

elements of the array were lacking.

First a method of simplifying the representation of
defective elements in antenna arrays was sought. The equivalent
substitute element technique, suggested in chapter 2, turns out to
be a very efficient tool for this purpose. In this technique the
defective array is represented as a superposition of two arrays -
the ideal array and the equivalent substitute array. The
far~field pattern of the defective array is then given by the
superposition of the pattern of the ideal array and that of the

equivalent substitute array.

The inverse problem, the detection of defective elements
in the array due to anomalies in its far-field pattern, has been
solved in several different ways. These are the subtraction
method, the angular spectrum (direct) method and the
autocorrelation method. In the near field the near-field
monitoring technique and internal/integral monitoring have been

examined.

The first method, the subtraction method, involves the
subtraction of the far-field pattern of the ideal array from that
of the defective array. The result is, therefore, the equivalent

-

substitute array far-field pattern. It has been shown that for
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the case of a single defective element in the array its
identification is straightforward. The location of the defective
element 1s a linear function of the phase of the substitute array
pattern. Therefore the process suggested for the identification
of a single defective element in the array is quite simple, at

least where defects in ideal arrays are concerned.

More realistic array models have been 1incorporated into
the analysis by the inclusion of effects of random phase
excitation and mutual coupling into the antenna model. It has
been shown that using simple statistical estimation (a linear
regression line) of the phase-line a correct identification of a

single defective element can be achieved.

It was further suggested that use be made of the far
side—~lobe region for monitoring. There, the variations due to the
presence of defective elements is more pronounced than in the
main-beam region. Hence, a higher sensitivity to the presence of
defects and a greater immunity to the effect of measurement-noise
is aéhieved. For the same reason thé danger of large errors
generated by the subtraction of two large numbers, reproducing the
substitute element pattern, is minimized in that region. In
addition, the analysis and the experimental investigation have
shown that thresholds, to minimize false alarms, are easier to
implement in the side-lobe region. This is ipportant in cases
where long-term instabilities are expected in the measurement

system.

A question still remains: could this simple method be
used as a general method in the presence of many defective

elements in the array ? The answer given to that is in the
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affirmative, but with the following assumption, which seems
justified, that failures do not occur in more than a single
element of the array at any one time. Then, the subtraction
method can be implemented sequentially with one modification; an
updated reference pattern is to be used rather then the original
reference. The process will then be one of memorizing the
previously detected elements and applying the modified subtration
method sequentially. Taking into account the high reliability of
present and future solid-state phased-array antennas, the failure
of more than a single element at one time is very unlikely. This

assumption is recommended for further investigation.

An additional important feature of the subtraction method
is its possible application in near-field monitoring. It has been
explained in section 2.7 that in the case of a defective single
element or single subarray the subtraction method does not require
the measurements to be performed in the far-field of the complete
array. It is merely necessary to be in the far-field of the
element or the subarray (thchever is being sought), since the

field due to the complete array is subtracted out.

Before continuing with the other proposed monitoring
methods, the findings on mutual coupling effects on the monitoring
will first be summarized. Mutual coupling can be thought of as
consisting of two components, one external and the other internal
(see chapter 4). The extermal component can be represented by an
equivalent substitute subarray symmetrical, in large arrays, about
the location of the defective radiating element. The internal
component can in many cases be represented by an odd-symmetrical

equivalent substitute subarray (e.g., in a serial waveguide slot
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antenna). This odd symmetry causes relatively larger errors in
the fault detection process than the symmetrical equivalent
substitute array. However, in practical arrays, many of which are
using directional feed distribution networks and non-reciprocal
phase-shifters, the internal component is expected to have only a
second-order effect on the monitoring. The external component is
dependent on the interelement separation. For separatiomns greater
than 0.5A , this component is about one order of magnitude less
than that of the equivalent substitute element. Hence a ripple is
introduced on the resulting phase—line of the substitute element.
This can be smoothed using a statistical regression line, as

explained previously.

The other far-field wmonitoring methods, the angular
spectrum method and the autocorrelation function (a.c.f.) method
are based on the Fourier transform relation between the far-field
pattern of the array and the aperture illumination. In comparison
to Ransom and Mittra’s [ 2] method the angular spectrum method
gives a simpler solution, as only the Fourier transform of the
far-field pattern is needed to derive the aperture illumination.
In contrast, the method suggested by Ransom and Mittra requires
the Fourier transform of two functions. The a.c.f. technique is
a method to derive the aperture power illumination, rather than
the magnitude illumination which is derived using the angular
spectrum method or Ransom and Mittra’s method. It is based on the
known Wiener-Kinchine [ 14] transform relation between the
autocorrelation and the power spectrum. This method requires the
process of deriving the autocorrelation function of the far-field
pattern before Fourier transforming onto the aperture axis. This

process of autocorrelation has the adventage of smoothing the data
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before taking the Fourier transform, where the angular spectrum
method does not. However, the disadvantage 1s that it 1s a
time-consuming process; so that where real-time processing is
concerned the angular spectrum method is the preferred ome. The
application of the angular spectrum method and the a.c.f. method
in the far side-lobe region has been shown to give results which
are directly applicable to the monitoring of defects. The
resulting aperture pattern emphasizes the edge elements and the
defective elements of the array. Hence, as in the subtraction
method, the far side-lobe region gives results which are directly
related to the requirements of the wmonitoring system in most
cases. However, it has been shown that for cases 1like stuck
phase-shifters (chapter 3) measurements which cover the main lobe

as well as the side-lobe regions are more useful.

A summary of the far-field monitoring methods will now be
given. The simplest meghod, out of the three investigated, is the
subtraction method which requires the minimum number of processing
operations out of the three. The method can be used sequentially
for the detection of multiple defects, as long as they occur one

at a time. It can also be used in real-time monitoring.

The angular spectrum method requires more processing than
the subtraction method. However, it can still be used with modern
processors in real time monitoring. A dedicated F.F.T. processor
would reduce the required processing by an order of magnitude. It
therefore seems worthwhile to investigate whether such processing

devices can be implemented economically.
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The a.c.f. method requires an even larger amount of
processing, hence it 1s recommended only for non real-time

processing.

The two methods, the angular spectrum and the a.c.f., can
be used periodically to check the detection of defective elements

by the subtraction method.

Turning now to the near-field methods, they can be
divided into two groups. One group deals with very close-in field
monitoring of the array, and the second uses the Fresnel region of

the radiation from the array for monitoring.

The two methods of internal or integral monitoring use
the very close-in field of the array. The composite field,
measured by the internal/integral monitoring system, gives the
far-field patterns of the array. Hence the far field methods can
be used with the internal/integral monitoring system. However,
these methods do not give information on beam pointing errors due
to, say, an external mechanical shift of the full array system.
Hence, a far-field or a near field (Fresmel region) main—-beam
pointing error detection is necessary in addition. The far-field
main-beam pointing uses a(simple antenna. However, uncontrolled
multipath errors can be introduced, thus causing uncertainty in
the decisions. In order to overcome possible multipath errors,
methods for Fresnel-region monitoring can be used. Focusing of
the transmitting array is one possibility, as explained in section
l.1. This method is not always acceptable in practice, as it
changes the original aperture phase distribution. Hence, the

monitor is not measuring the real transmitted wavefront signal.
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A near field monitoring technique has therefore been
proposed (in chapter 6) to overcome the above problem. It
suggests a monitor antenna to be focused onto the transmitting
array antenna, with no changes in the transmitting array signal.
The idea was developed using the properties of the Fresnel
integral to describe the aperture diffraction according to the
Huygens—-Fresnel formula. Analysis and computer simulation has
shown that the main-beam and the near side lobes of a scanning
phased-array antenna can be reproduced, with a good quality, in
‘the focused monitor antenna. This requires the monitor antenna to
be 1laid out in parallel to the geometrical aperture of the
transmitting array. In this scheme the number of sampling
elements required over the monitoring aperture, has been
demonstrated by computer simulation to be quite modest. For
distances of a few apertures between the transmitting and
monitoring arrays the simulations have shown that only few
sampling elements (about ten) may be necessary. This proposal
makes available an additional technique for near field monitoring,

if required.

As explained in chapter 7 the analysis and computer
simulation have been accompanied in part by experimental
investigation. A near-field measurement set—up has been used with
waveguide slot linear arrays. The arrays have been subjected to
synthetic defects and the monitoring methods have, in part, been
demonstrated and verified. The near-field wmonitoring technique
has not been investigated experimentally and is, therefore,

recommended for further experimental investigation.
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A final point will be made concerning the experience
gained wusing computer simulations. It was found that computer
simulations accompanied by the line printer graphical output are a
very important tool for fast but rough analysis with Iimmediate
feed back. This can be vital in the early stages of an analysis
in gaining familiarity with the subject and leading to new ideas.
It can also be used as a replacement for a more precise and
difficult analysis (which can follow later), as with the case of
the near field monitoring technique (chapter 6). There, the
technique proposed, based on an approximation to the Fresnel
integral, was later checked against a precise "experiment", using

NAG-Functions to represent the Fresnel integral.
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APPENDIX A

Reproduced selected sections from ICAO

Standards And Recommended Practices (SARPS)

for the MLS [ 6]
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1.0 - Definitions
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cause aircraft displacement from the desired course. These perturbations fall
within the Yoop guidance bandwidth of an aircraft. Path Following Error
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Path Follouing Lofse. The Path Follewing Ervor with the mean course &l ignment

error conponant reioved.
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2.5.2 The DME/M transponder antenna shall be 1. ted as close as possible
to the gpproach azimuth clement,

2.5.3 The transponder delay shall be adjusted to produce zero range
fudication at the transponder antenna site.

pistance information shall be provided throughcut anycovcrage
a\‘L LY | A

2.5.4
volune in which azimuth guidance is-avatlable.

2.6 - Coordinate System
The MLS azimuth angle information shall be rodiated in conical or

The coordinate system in use shall be indicated by the
(he MLS olevation and flare information shall be

planar coordinates.
auxiliary data transmissions.
radiated in conical co-ordinates.

2.7 - Hunitor and Control

Konitor and contro} equipment shall be associated with each
functiona) element,

2.71.1
perfcruiance category of operations.
initiate action-to restore normal operations, downgrade performance categories,
or remave the elcient from service, as appropriate to the situation.

2.7.2 tocal and rcmote contrals shall be provided to facilitate
maintenance actions and Lo allow switch over with redundant cquipment, downgrad-
ing of performance categories, or removal of facilities from service.

tonitors shall assure juidance qualities appropriate to the
then malfunctions occur, the monitors shall

3.0 - Signal Format (Angle and Data Functions)
3.1 - General

foth angle and data inturmation shall bz transmitted by time
A Preamble shall

3.1.1
Givision scltiplexing (TiM) on a
jdentify the particular type of informaticn being transmitted so that each
:wed is an independent entity, and proper decoding of a function
Data and Preaable shall be

single frequency channel,

function trensy
doos nat depand an itc rosition in the ssouence.,
medul ated using the Divfercntial Phase Shift Keying (OPSK) technigue, -

10

A ' ) 3.2 - CHARNEL [ZATION

" . © o3z

[N p—

5090.7 MMz and sumbered 500 to 699 as per Table 3.1.

z e~ -

ié 3a%The pairing of the MLS channel and the channel of the associated rargieg
f. equipment shall be taken in accordance with the provisions in Charter 3.5, Tabie
3 A (OHME Channeling and Pairing).
K]
]
8
1
4 N
E' p : I:itial tmplementation of MLS shall be in accordance with the s.a9es irdicited
: n 4X, Annex 1 .
;: o ex 10, Part §I Sep Coioammy
F. k~”3 2.4 Frcquenfy Tolerance. Thc oparating r;dlo frc,,-r‘/ of
beooovnd facilitiesn shall not vary more then plus or rinuf 9 RNz frea

The frequency stability shx)l Lz zuch thet
the nominal

the ass1gnod freguency.
there is no more than a plus or minus 50 tiz d"VIatlon ron
(requency during any one-sccond jnterval,

i 3.2.5 lataference. The transmitted signal shell be such that,

Ef‘during the transwiss';n time, the mean pover ﬁv"fILv rﬁn‘~ & height of
: 600 peters (2,000 fee ‘h311 mt exceed -100.% ufo? {or angle

. d quidance and -95.5 d°'/n3 for data, as measured in a 150 g4z

bandwiduh centered et a fr;qu"ncy cf 240 kllz or rora fru" the pening?

i freguency.

3.3.3
up to tuenty degrees frun the vertically polarized wo.ition.

o3

3.4 - Function Sequence

occur in any position in the TP saquence,
transmissions of any onre furction shal.
protectio. ‘ron synchronous interference.

described in Appendix X.

1l

Note.-A transmission sequence that satisfied {he requireients of 3.4

The functional elements shall be capable of operating on any cre of
200 channcls spaced 200 kHz' cpart with center frequencies betueen 5021.0 12 eong

? than one-quarter of the allowable gath following error eppliceble at that
o tocation.

All system cccuracy limits are to be mat with the recefving ¢rteana

Each function transmission shall be an independent entit ¥ uhich can
The tire interval betirun rezatizive
Le varied in a manser which provides

is

-

C e g
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3.6.3 - ANGLE SCAN ENCODI S
Anguler information shal) be encoded by the arount of time
separation between the centroid of the T0 and FRO scanning teem pulses.
coding shall be linear with time and given by the formular. .

fngular

.

g = Uo"t) %

wvheres

0 - = Receiver angle in degrees

t = Time sepsration fn microseconds betiween TO and £RO pulses

T, = Time szparation in microseconds between TO and FRO pulses
corresponding o 2era degrees.

Y = Scan velecity in degrees par microsecond. .

NCTE.- Yhe tiaieg requircients are {1Nustrated in Figue 3-2.

3.6.3.1  scan Velocity (V) - The scon velocity shall be as 1:sted fn Tabie
3.8 for each function. The tolerance oa the scan velocity shall be sufvicient
to meet the eccuracy requircments.

3.6.3.2  2evo Degree Time (Ty) - The zero degree time for cach function
shall be as Visied in.Table 3.5. The tolerance on the zero degree time shall be
sufficient to reet the occuracy requirenents, '
3.6.3.3  nicpaint Timz (Tp) - The durctiﬁn {n microseeum 3 between the .
refevence time and the midpoint between TO and FRO pulses is listed 1n Table :
3.5, )

[ 3.6.3.4  fAround Padiated Test Time (Tt). The time duration between “T0" and :
| “fR0" pulses of the ground radiated test shall be as Visted in Table 3.5. S

19
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| . i’ABLE 3.5 SINGLE .SCAN '.HMI-I.’G CONSTANTS
,' ¥
[ I ] | [ !
é FNCTION | AuGLE scan | mAxinet | | | | {
i | et JVAE OF| T, | (Peg | Ty | Pause | Ty | e
Li‘ | {DEG) t {usec) | (usec) | susee) | Tusee) | (usec™; (usec) | (oo
i I l | | | ! I
Azt | -62° to +62° | 13,000 | 6,200 0.02G| 8,200 €€3 | 13,032.3) -7
§ AztkuTH [ | | | | | |
(1o Y IL) ~42° to +42° 9,000 | 4,800 0.020. 6,20] €39 [ 9.133.2] a2
PISSED N N |
*APPROACII ] | ] | | i
AzILUYL .| -42* to +42° 9,000 | 4,00] 0.020] 5,300) 50 | sazaz| -~
FLEVATION -1.3°to 430.7¢ 3,600 | 3,467] o0.020] 2z0600] 400 | |
beERE ELEVAVIOW | -2° to #12.7 3,373 | 2,933] o.om0f 2,467) 400 | o | o
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. O
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for alphanuneric character data,  The content and timing of the Auxilicry Duata i .
< : i
words are doscribed in Appendix X. g " the runway ceuterline in the direction of the approach to ‘oin the
2 ' approach region, ’
$:0—~Sigmat-Format—{Range -Function}s. PO '
‘ e Dedetas | : t
: e tofio]an } ve (b} vertically between !
Note.-The MLS DUE has 's‘e_vgr_'p]..techx-\ical issucd which must be resolved before ‘.! ; (1) 8 feet above the runway surface ‘
al)[‘ropl‘iate'_gr.lﬁt‘S:‘\RPS can ba provided. Proposed draft SARPS for DHE should be ‘i; B (1) a conical surfece orfginating at the azicuth facility frelinzs at
av.w.»il‘:;ﬁ__fgvl_::'lg_“l‘f}]?_ OF, CATVY IO s et e i e . 20° above the horizontal up to a hefght of 600 nmeters (20C0
M T : feet). ;
5.0 - Ground Subsystem Characteristics }% . ' !
;’ , RECOAMENDATION. -The azimuth facility should provide vertical caverzsz up to 20°
Introduction [ ' :
) 53» ! above the horizontal.
3 R
. b N
» SYS o defined and w . .
The ground subsystem technical and)o:*eratiu::l :haract:ristics are defineg - 5.1.1.1.3 The minimum proportional quidance ‘sector thall bz +10° sbost the
i N N 3 1 d
specified dn this chanter. This includes standords on the coverages, power 1 q runway centerline. Khere the proportional guidence scrtor provided is less then

iti -acies, o sont iti uirements for the P
densities, accuracies, monitoring and control and siting req ! the minimum lateral coverage specified in Paragrephs 5.1.1.1.1 ang 5.1.1.2.c)enzzimn

various fecilities, ) signals shall be provided to supplement the pro,.cticnal secicr.

5.1 - Aztmuth " §.1.1.2 The missed approach ezimuth facility shall provide proparticnsl
'{1 " guidance in at least the following volume of spice:
5.1.1 - COVERAGE k :
{M“u—‘ i ' - (@) lite-ally and longitudinally within a sector +20° 2bout the runuey
5.1.1.1  The approzch azimuthshall provide guidance 1n at least the i : i centerline originating at the missed approach azimuth ;acility and exterding in
follouing voluve of space: " F ’ the direction of the missed approach at lcast to 5 rm from the rumay stop end,
5.1.1.1.1 Approach bagion . ]j (b) vertically
: . i ° 3 | (i) Runway recgion
(¢} Llaterally end longitudinally yithin a sector $40° about the runway | “ l . Between B feet above the runuay surface and a cenical surfics
centerling originating at the datum point and extending in the v,
]

. | originatii 1 .t the missed approach azinmuth fecility ii~',nz2 2t
direction of the approach to 20 nm from the runway threshold, . : .

! E 20° above the horizontal up to a hefght of 60G meters (2200
i oy feet).
(b) Vertically buetween : ) ! U :
. . H
’ . H’" : RECOMMENDAT1ON: he misséd approach azimutn facility should provide cuidence
(1) a conical surface originating 8 feet above the runway threshold . -

) ¢ to 30° above the horizontal,
in¢liced at .9° above the harizontal, and , ' i .

ii) a conical surface originating at the azimuth facility inclined at o
(i1) ¢ b su € = 5 - y Note.-there obstacles penetrate the lower covai-age limits, guidance reed rot

© Lt a : s . " - ; )
15° above the horizontal to a height o! €)00 meters (20,000 . i : be provided at less than 1ine of sight heights.
feet). L : .
£ {i1) Missed Approech Region
Note.-there intervening obstecles penetrate the .9° surface, g.idance need not i

Between & conical surface originating 8 fect #dove the runuay
be provided 2t lass then Vine of sight heights. . o stop end, inclined zt 0.9° above the horizental, ard a ccnical
- .surface originating at tke missed epproach aricuth faciiity,
inclincd at 15° above the horizoutal ¢ to a height ¢ Y4750
meters (5000 fcct);

§.1.1.1.2 tumy WNegion
(a) tLaterally ard longitudin2lly within a sector 150 fect each side of the

reniay cénterline beginning et the stop end and extending parallel with . 22
i . Z
2 - !

1€ ~
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any other signal in the JWpropriatL c\earance sector.

shall be
at least 3 dB greater than any other signa! In the «ppropriate 0CI sector (left,
right, and rear).

’ 5.1.1.4 Cut of Coverage lndicat:or. (0CI) - OC!I signals, where used,

5.1.1. 4.1 RECGMENDATION. -OCI signals should be provided in all lateral

Hew para to read as follows:
“5.1.1.% Around Radiated Test
{ART) - 68T signads shal? he
- provided throughout the
. coveraqes iwdicated in
pavagraphs 5,1.1.1 and
5.1.1.2."

23 Add now para
5.1.1.5

ANTENNA BEAMNIDTH (3 dB)

FUNCTION/PARAHETER DPSK 1° 2° 3°
POLIR CENSITY (dBuw/m2) . -B9.5 -88(1} -85.5¢1) -82  )(2)
AT
POUER DENSITY (de/mz) -31 -79.5 ~77 -73.5

UL

D LPPROCa A

{1} At the reference datum, the power density shall be greater than that indi-
cated in the Table by at least 15 dB, At 8 feet above the run-yuy surface,
the pouer density shall be greater than that indicated” in the Table by at
least 5 dB.

(2) For A? (High Rate' *he povier density can be reduced as described in the
Guidmce Meterial.

5.1.3 - ACCURACY

.

[y

5.1.2.1 At the appropriate reference datum the AZ functional element shall
provide performance in accordance with the error components listed in Table 5-1.

Kote.-The overall accuracy limits {. Table 5-1-1 include, errors from all causes

such as atrborne instrunentation, mean course alignment, and multipath propsoa-

tign effecta.  Detatlaed accurecy budyguls are laciuded (0 the guidance motcrial,

23
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TARLE 5-1 - AZIRUTH S CUHACY .
TABLE 5-1-1 - SYSTE ACCURALY
ERROR COMPOHENT | - APPROACH AZ1iNTH | PISSTD APOROSCH FI1ISTH

PATH F .M ".O4ING ERRGR | $6 HCTER, (=20 FT) | 46 BETERS (420 77)

‘ PP ‘ cee et

1
m

TABLE 5-1-2 - STIGHAL-T1-SPACE 111075

ERRGR_COUPONENT | APPROACH AZYiHTH PISSES fhopnntii pllim i
PATIL FOLLOUING ROISE |
(95% PROSABILITY) | A3.5HETIRS (IS FT) | 2.8 BE3IRS (W1V.577)

CONTROL :OTION LOISE |
. {954 prosatILITY) | 43 HETERS @_10 n)

+3 METERS (110 FT)

b et e e e

Note,~Contro) Motion Hoise includes both the ground and propigstica crror

components. Fi5 Y8

| I PO
\ :

ne werpateate

Note.~It is intended that the error limits are to te applicd cver o
interval that includes the reference datun, 7he interpretaticn of th2 reisure-
ment interval appropriate for fhght tnspection 1s discusced in the g:idanze

ToasureT e

material,

5.1.3.2 For the approach azfmuth facility the equivaleat aaculer Path
Following Noise accuracy shall be maintained along the centerline out 3 a rocnge
of 3500 feet from the reference datun point.

RECO!-‘%E‘I'DAT[ON.—Tho approach aziiuih functional element should

ter, {12.5

5.1.3.3
provide a path fo)lomng error nut greater then plus or mings 4 e
feet). )

5.1.3.4 Pegradation Allowance
‘l‘fﬂu,.‘ ,n.\w“ ~!,
5.1.3.4.1 The:lmcar accuracy specified at the reference datun shall b..

maintained throughout the runway coverage region cefined in Paragrach S.1.1.4.

Ho[e.-To determine the allowable ervors in other reg1ore. the ~curicy,
LadV b
at the reference datun should .first be convert d frea itz [emn alens onnuler

value with an origin at the antenna.

5.1.3.4.2 The allouable engular path follcuing error celculated for the
reference datun chall be allowed to increase linearly to the coverays celrs
3s indicated in Table 5-%-1,

© we g e .

. et ee e o

- €T -



T

5.1.3.4.3 At the reference datum, in no case shall the control iotion noise
exceed 0.1 degree. Furthermore, 1t shall not cxaceed 0.1 degree out to a range
of 10 mr.

§.1.3.4.4  For the approach azimuth facility, along the centerline from a

range of 3500 feet out to a range of 7000 feet from the reference datun point
the equivalent path following noise error is permitted to i"‘ﬂ:-':f.":.'“‘r‘;"ffﬂ‘.\.y(na'

Beyond this patat the combined course a)ignment ervor and pmh/sh'ull be within
the overall path follcwing error.

Table §-X-1, ALLOWABLE AZIMYUTH CRROR DLGRADATION

LINEARLY ALLOUABLE ERROR DEGRADATION

' } uITH | i Aznaunn WITH
o LRROZ_COFPONENT | DISTARCE | AMGLE | ELEVATION ANGLE

() PATH FOLLOWIXG ERROR } 10 0.2 DEGRLE AT 1.5:1 2:1 FRON 9

~ | THE LraTooF |  oEGREES TO

’ CUVERAGE ALONG 15 DEGREES
THE CLNTERLINE

CONTROL MOTION KOISE : 10 0.20 LGREE | 1300 | none
’ AT THE LWIT OF | OuT TO 40°
COVERAGE ALONG
THE CEHTERLINE
!

65.1.4 - MONITOR AND COHTROL
e
( ) 5.1.4.1 The m.n.tor system shall cause the radiation to cease if ‘any of
’ the following conditions persist for longer than the periods specified:

. (a} Theve is a shift in the one-second average of the estimates of the roro
.. degree course line of mora ilan 4.8 meters (15.7 feet) at the reference
! datum,

{b) Tnare is a change in the ground equipment performance vhich would cause
the errer, 1f neasured along any radial, to exceod the 1fnits specificd
in Paragraph 5.1.3.3 for a pericd of more than one second. .

{c) There is a reduction in the radiated pouer to less than that necessary
to preduce the requivements of Paraaraph 5.1.2 for a period of more
then cne sccoid,

2Ma
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{d) There fs an error in the preemble DPSK transmissicns which cocues more
than once in any one second. : '

(e) The timing tolerances specified in X.2 are excceded for a pericd of
more than one second.

{(f) The temporal (11N generated by the ground subsystem, when oizured oror

1
y any 10 seconds, exceeds 0.03 degrees.

I

S.1.4.1.1  Desfgn and operation of the ranitor systea shall be onsistent
with the requiresent that radiation shall ceace and & warning shall te orcyidee

at the designated control points in the event of failure of the coniinr yLtesn
ftself.

TABLE 5-2. AZIMUTH MONITOR MARNING LINITS

KEAN CCLRSE LIVE 1ineT

FACLL.TY AT THE REFERLNCE FAV:It

APPROFCH AZIMUTH PLUS (R MINUS 4.6 HETERS (15.7 FEET)

- £€£7 -

MISSLD. APPROACH AZINUTH PLUS (R MERUS 4.8 MLTERS (i5.7 FZZT)

5.1.4.2 RECOI'ZKDATION. <Hhen a path following ervor of nlus cr cinus 4
meters (13.5 feet) is being maintained fer 5.1.3.2, the mean ccurse lins limite
of Table 5-2 should be reduced to pl us or minus 3.2 meters (10.5 fect) oo the
reference datum,

5.1.4.3 The mean course alignment of the 2>imuth facility shell ta
adjusted and maintained to one half the 1imits snown fn Teble 5-2.

Note. -]t is intended that facilities be odjusied end maintained <o thet tha
Vimits specified in Paragraph 5.1.4.3 are reached on very rare occasicae,
5.1.4.4 The period during wvhich erroneous guidance infaraztion is racizeed
shall be as short as precticable and shall nst exceed cne sccond. Atizapts S
¢lear the fault by resetting the primary equipnent or by switching o czarcsy
equipment shall be completed within the } seromd prricd,  If the ;eul'. is r.;.
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After
shutdowa, no attempts shall be wade to restore service until a perfod of 20
seconds has elapsed.

cleared within the time allowed, the facility shall be shutdown.

itote.-Detailed monitoring configurations and information on facility down-
grading and shutdown are provided in the guidance material.

5.1.5 « SITING

5.1.5.1 The approach azimuth facility antenna system siall .ormally be
located on the extension of the centerline of the runvay beyond the stop end,
and the antennd shall be adjusted so that the zero degree course line will be at
the refaerence datum. '

5.1.5.2 The missed approach azimuth facility antenna system shall normally
be lucated on the extension of the centerline of the runway at the threshold
end, and the antenna shall be adjusted so that the zero degree course line will
be at the missed approach azimuth i1 3farence datum.

Hote.-When siting the approech azimuth or missed approach azimuth antenna along
the extended runway centerline is not practical, alternative siting configura-
tions are provided for in the guidance material,

5.2 - Llevation
5.2.1 - COVERAGE

5.2.1.1 The approach elevation facility shall provide proportional
guidance In at least the followtng volune of space.

(a) Laterally within a scctor originating at the datun point which s at
least cqual to . the propertional guidance sector provided by ihe

approach aziwmuth facility,

’ kb) Ltongitudinally, frcm 250 feet from the datva “oint to 20 am from
threshold.

{c¢) Vertically within the sector bounded by:

(i) a surface 8 fect above the runway
(1i) a conical surface originating at the datum point faclined at .9°

above the horizontal, and -

26
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{111) a conical surface originating at the datua point inclircd at 7.5°-

above the horfzontal up to heights of 66CO meters (20,CI2 feet).

5.2.1.1.1 RECO/MERDATION. -The elevation facility shauld rrovide cuicunce
greater than 7.5° above the hofzontal where necessery to meet operating
requirenents.

Note.-there intervening obstacles panetrate “the 0.9° surface, guidance roes
not be provided at less than line of sfght heights.

5.2.1.2 Flare Elevation - The Flare Elevit.cn facility shall previde
proportional guidance information in at lcast the following volu=e of spice:

(a) Laterally and longitudinally.over the runway surface and within a '
sector +10° about the runway ceatertine originating at a point on the
ruiway 2500 feet from threshold and cxtending to 5 ra from thresiold in
the dircection of the approach.

(b) Vertically within the sector bounded by:

(1) surfaces 8 feet and 150 feet above the runway

(i1} a conical surface originating 8 fect bove the rumuey surface 23
the threshild inclined at .9° above the horizentel

{i11) a conical surface originating on the runvay 2,500 fe=b frem
the threshold inclined at 7.5 Cegrees abova the horfzental
up to 5000 feet.

$.2.1.3 Elevation Antenna Lateral Radiation Pattern:.

5:2.1.3.1. RECOIAENDATICN - The horizontal pattern of the Approach Elaveticn
and Flare Elevation antennas should gradually de-emphasise tha signal ew:y frea

27
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T I MABLE D=3 T LLEVALEUN ACLURACY A0 b8 CRERCE DAL

ERROR  CGHPONENT ’ APPROACH ELEVATION FLARE

PATH FSLY.0HTHG £RROR

antenna boresight, The horizontal pattern of the Approach Elevation should be (95 rIRCENT PROBAGILITY) 40.6 WITER (2 FFET) 20.6 VETER (2 7LET)
reduced by 3d8 at 20 degreas off boresight and by GdB at 40 degrees. The i‘ CONTROL 13iSE . .
horizontal pattern of the Flare Elevation should be reduced as low as Ton (95 PERCENT PROBABILITY) +0.3 HETFR 11 FonT) N2 HFIER N FrnTy
procticable beyond 10 degrees off bo.~esight and by at least 12 dB at 40 degrees 2 29 Hote Delete existing Note and ot
of f boresight. : . {Tedle 5-3) stitute the fadleuwirg flatc: "It is
. A intended that the i
. ) o epplied oves
5.2.1.4 Proportional guidance shall be provided throughout the vertical E :g,_;:j\,;']l L‘m?.‘ inc;u:';‘.s the
elevation coverage. Clearance signals shall- not be used to supglenent the . reference datyn.  Tho interere-
. N . ’ t.t on of the paxseremant inlerval
p_ropo:.wnal sector. 4 appropriate far (lian: inspaction
f is discussed ip tha Suidance
5.2.1.5 0.C.1. Elevation. " i dateriall” .
! J
o ! j
[N .
[} N N
t . -~ wateeu U.UD Qejrees.
te "’
TABLE §5-X-2
5.2.2 " Power Density - The power density for the Presmble transmission . ) ERROR COMPONENT HITH DISTANCE
- .2 ! . {
shall nat be less than -89.5d2N/F under cperation weather conditfons at any PATH FOLLOWIKG CRROR 70 0.20° AT 20 i 1N
point within coverage. The power density for the engle signal shall be not less . ALONG THE CENTERLIMN
than -88.0d3/u2 under operational waather conditions at any point within ®
covarzge. N
CONTROL MOTI10it NOISE TO 0.1° AT 10 KM AD JHOR HoLE
. : THEN T0 0.2° AT 2n 14l
5.2.3 - ACCURACY ALONG THE CENTEPLINE
- ] Y i ' A
5.2.3.1 General - The Approach Elevation and-Flare E]e\./ation shall provide l X 5.2.4 - HORITOR AlID CONTROL-
perfornance at the reference datum in eccordance with the <r-or components i '
W i - . - 3 i i i .
Tisted in Teble 5-3. The flare Elevation accurcy applies throughout the entire O E 5.2.4.1 The monitor and control system chall act to ensure that asy of “ite
flare coverage z0ne, . s following conditions do not persist for longer than the periods spacifict: '
1
Note, ~Fewe oo nmx»eut,—m'.-paHv—fo*'imﬂfrg’m"‘md"c""m“""’“J““""""’c""53‘"‘"' ! (a) There is a shift in the one-sccond aversge of the stinatas of cay
thaaeidsnes deetoniah, o i i
] . ) ) i connissioned glide path of more than 0.4 meters (1.3 feot) av iwe
Tha  cdarald feratey, b wWhowl Takle 8 -3 wlida crvnis | } reference ditum.

n . .

v AL vt il en eilrme  woebruacewdalitn, mean . .

(b} There is a reduction in the radiated pover to less than that recessary
to produce the requircments of Paragroph 5.0.2 for a period of « ure

than one second,

. . . P
€O L ox.b.av. Wik, tmaA wall T Rt S e Oy e le

. I Y c tle S‘w.f.d'.-a-a—lf
Dikallet stcwbony by e wbadot o

= pom——r—
ey o oo ———

8 el . ) 1
(c) There is an error in the preashYe DDCY trancnizzfons vhich crnacs —op -

28 ; than euce fa any one sccond,
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(¢} The tining tolerances specitivd in X.2 ave excocded for 3 juried of

more than one sccond.

(e) The temporal CHH generated by the ground s.bjystem, when measured over
any 10 seconds, exceeds 0.03 degrees.

5.2.4.1.1 Design and operation of the munitor system shall be consfstent with
the requirenent that radiation shall cease and a warning shall be provided at
the designated control points in the cvent of failure of the monitor system
itself.

TABLE 5-4. ELEVATION HONITOR WARHING LUIYIYS

FACILITY MEAN GLIDEPATH LIAIT AT THE REFERENCE DATUM

APPROACH ELEVATION PLUS (R HINUS 0.4 METERS (1.3 fEET)

FLARE [LLVATION PLUS (R MINUS 0.4 METERS (1.3 FEET)

5.2.4.2 The elevation facilities shall be adjusted and maintained to

tolerances equal to one half those shown in Table 5-4,
INIIWEY
S et Ly Glile

(;_;::,g',f’.u PDRT R (0N

5.2.5 - SITING

The Approach Elevation and Flare Elevation £hva’l be located beyond
the threshold of the runway being served and offset from the runway centerline.
The distance offset from rumway centerline shall be consistent with obstruction
cYearance prectices given in YCAO Annex 14, The antenna shall have the mininumn
height necessary ty satisfy the ground clearance requiredents necessary i suit
tozal operating conditions. .

The Approach Elevation shall be sited so that the

. operationally preferred glide path crosses the
threshold at a height of 50 feet above the runway ruyface. then collocated with
an 1LS gllde poth , the same LS and M S glide paths shouldbe coincident stove

5.2.5.1

the rumay threshold.

5.2.5.2 RECCAMERDATIOH. -The Flare Elevation antenna should be located
ahout 1070 meters (3500 feet) along the runway frea threshold. ’

5.2.5.3 the 5iting Coordinates of the Approach Elevation ond Flarc

tlevatton aatennas shall be transettied en the Daty Chennel as deffind in 5,306,

0

.
.
. o . [ s
QC W Gatioda Aol qarn il e be iy un ol aamsls hedaadTivmnt. L
: Vv Sea, gez e icaetfornts g Ve
[ g - AW VO Y SN

*
.‘i -
5.3 - Data
. 5.3.1 = COYEPAGE
"5.3.1.1 The Basic and Auxiliary Data shall be radieted througtout i

D S —

coverage volume in which Azimuth auidance is available. N % eemy

5.3.1.2 The power density for the OPSK signals <hall not ba lese than the
levels indicated in Table 5-X, under operational weether conditicas, at any
point within coverage.

5.3.2 - ACCURACY

5.3.2.1  The phase imbalance in the DPSK modulation {n the 0 ¢eirce 2nd 120
degree phase states shall be less than plus or minus 10 degrees,

C G racniige e e .

. 5.3.3 - SITIG

SRRV AR

5.3.3.1 Data shall be transmitted frem the Approach Azimuth facility ifere
. practicable. .
5.3.4 - MONITOR AND CONTROL
5.3.4.1 Monitor System - The Monftor systom shall provide a warsing %0 the

designated control points if the radiated power s less than that nerezssey
provide the requirement of 5.1.2 or if an error in a data word tranzzissicn is
detected.

5.3.4.2 Control Actiohs - 1f any crror i: repeated on Lwd conczgutise
updates in an individual data field, the rediation of thic field sholl cza<e
within one second,

5.3.5 - BASIC DATA

" 5,3.5. Basic data shall be trensmitted by all ground subsystes. Prosis-
fon shal} bte mede for the transmission of six Basic Data wWords, each with e

3

e et g

- 9t -



5.3.6.3.1
they are to be read. The serial transmission of a character shall be with the
Tower order bit (by) transmitted first and the parity bit (bg) transmitted
last.

W o e et T

il ey
— \M\.

Note.~The MLS DME has_sevenal technlcal tssues. uhlch must b resolved before
applop||1(L destt” SnPlS can Le provided.
awuu.vl e-dale—1979-er—e¢drly " 1uos =

7.0 « Airbriene Receiver and Assaciated Data Processing Equipment

The following ftens shall be defincd to the level essential to
determine system performance.

7.1 - COVERAGE

In order that the total MLS guidance system shall mecet its
performance requirements, the overall airborne system performance, allowing for
airborne equipment producticn and in-service tolerances, and under aircraft
manocuvers and attitudes normally encountered within the coverage volume, shall

be:

' (i) Amere the radiated signal power densities are the minimum allowsble
under paragraph 5.1.2, the airborne equipment shall ‘be able to ecquire
the signals, and any decoded angle guidance signal shall have a
control motion noise component not exceeding 0.2 degrees.

(it) Uhere the radiated signal powar density is higin enough to make the
airborne receiver noic2 contribution insignificant,
equipment shall not deyrade the

the airborne

accuracy of any decoded angle guidance
signs) by arcatar than 10,017 degrees (path following error) and
40.015 degrees {azimuth) +0,01 degrees {elevs.fon) control motion
noise.

{i1i) The performance ia (i) and (1f) shall bLe wet when, 1 addition,

interference is received at a level not exceeding that specified in

paragraph 3.2.3.1.

33

Alphanumeric characters shall be transmitted in the order in vhich

Proposed dnaft SARPS for DHE.. should be

R RSN

[ ———

LS | ./ S

e . Sl o~ 2

R gl ik

T TR

R~ vl v+ SIS

.
\

(iv) The performance shall be met rhere the radiated sfgnal power density
exceeds the minimun specificd in (1) abcve by €0 dB.

7.2 ~ RECOMMENDATION

: The materfal in Tablc 7.1 below indicatas an acceptadle anans of
satisfying the airborne system accuracy reguirements:
IOLLPSNCES (1) }

TABLE 7.1 - . AIPRORNE LCOLPACY

95% Probability

[o1H]

FUNCTION '
MEAY CCLeR

Instrementation/™)]  sur (- Tetal 72}

e e e

Ad
. |
AZIMUTH +.017° +.007° | +013 | +.015°
L
c.eif’ l {
ELEVATION + .007 | +.007 | +.00
| I

At g (oeded doanakie .
(1)/_Specif1ed at Refercnce Datist, Coanlizliga entey =Sseldch i liverdo Crpes
(2) RSS of Instruaentation and SIR Componants. !
(3) Instrumentation Error includes a!) receiver error sources with tha

exception of SiR cuzonents. In geacral, these coaponents ara ot
beamwidth depandent. .

(A) Signal-to-noise ratfo error (SiIR) is induced by recciver thersal pafse.

1 - .

s

. 7.3 - ANGLE ACQUISITION AND VALIDATICH LOGIC REACTICHS

7.3.1 The afrbtorne recefver shall te capeble of deccding 2l angles
within the appro;riate specified coverzge sectors. FAngle ecquisition shail b»
achieved within 1 second when the minimum poswer level §s received.

—LEZf'



TABLE X-2 APPROACH PZBWTH FUCTICH TING

i et g Pt e

! r -t ] ] ] [ FISSED ' T
‘ anen, | APPROACH APPR. APPROACH APPR.
b l FLAR R 1RUTH FUARE | ELEV. AZIEUTH ELEV. |  FLAE | :
- 15 bz aoer |
(o) SEQUERCE #8 1 tATA : EVLNT , ULSE ez | TIMD (aS)
WORDS : i |. _ {
S ' ' I o PREAMDLE ' | o | o-2.c000
; . " ' . . . ; N
i fev. | Fume it FME | CLEV. | (eva. 360° AZ) fev | e h BEGI 1S CODS. BIT 2 l 3,089
; : a BEGIH ARTENRA SELECT PULSE 25 | 1.6657
! | v BUGIN RIGHT GUIDARCE PULST 31 | 2.0257
! {b) SEQUENCE ## 2 ‘ BEGIN LEFT CLIDAICE PULSE | 33 | 22680
. f BEGIN REAR OCI PULSE | 35 | 2.2323
s 10 15 2 25 30 35 40 45 5 55 60 ., n BEGIN LEFT OCI PULSE | 37 I 2,40 7
; ) : TINE (HILLISECONDS) 623 i BEGIN RIGNT OCT FULSE | 39 [ 2,503
‘ DATA RATES:  APPROAN AZITH 13.5 HZ S 4 BEGIY 10 TEST PULSE l v 21333
" APPROACH ELEVATION w5m ’ END TO TEST PULSE; BEGIN TO SCAW | | ]
HISSED APPROACH AZIAUTH 6.75 N2 v g (-62.00°) i 43 | 2.2567
FLARE 40.5 HZ 56 l BECIN TO SCAN (-42.00°) I 53 , 3.9657
. . . [ BEGIH TO SCAN (-12.67°) ] 1) | .332
S 1 T N T ; 10 SCAI AUGLE = 0° L B
T ) ' END TO SCAN (+12.67°) 99 i 6.65¢0
TABLE X-3 APHRCACH [LEVAVION FURCTION TIMING ! END T0 SCANl (+42.67°) 124 . 80567
4 | cLock i EHD TO SCA (+62.00°); BEGIN PAUSE 136 9.0567
EVERT PULSE RUHSER | TIME (MS) ; WD SCAK 140.5 . 9.3507
| i END PAUSE; BEGIH FRO SCAN (+62.00°) 145 i 9.6507
| | " ' BEGIN FRO SCAN (+42.00°) 160 [ 10.587
PREN'BLE 0-24 | 0-1.6000 i BEGIN 11O SCAR (+12.67°) 122 ©12.133
PRUCESSCR PAUSE . 24-26 | 1.6000-1.7333 ' FRO SCAHl AUGLE = 0° 191.5 127057
BEGHR 21 PPULSE 26 | 1.733 i END FRO CAH (~12.67%) . 201 13,4000
BEGIN TO CAR (-1.3°) 28 | 1.8667 {ﬁ END FRG SCAN (-42.00°) 223 14.8557
10 SCiii NUGLE = 0° _ 29 T 10333 ' END FRO SCAN (-62.00°); BEGIN FRO | _ ,
EHD T0 SCAH (18.0°) 35 ] 2.3323 % TEST PULSE | 228 15.£657
KD T0 SCAN (+16.0%) 41 2.7333 : END FUICTION (AIRBCRIE) | 230 | 15,0523
EKD T0 SCAN (+30.67°); BESUM PAUSE | 52 3.4667 ' END GUARD TIME; END FURCTICH 243 | 16.260
RID SCAl 55 3. 666 Co (GROUID) |
EKD PAUSE: GEGIN FRO SCAN (+30.67°) 58 3.8367 i !
BLGIN FRO SCAN {+16.0%) 69 | 4.6000
BEGIN FRO STAN (+€.0°) Cs 5.000 : EIR T T0 PAUSE R0 O cures
FRO SCAN ANGLE = 0° | 81 5. 4000 PREAMDLE SIGHALS |, “SCAN TIke SCAN  1EST Tivs
£XD FRO SCAM (-1.3°); . .
ERD FLACTLON (AIRSCRIE) 7] 5.0607 o e ey e N e N e N = ey
£RD GUARD TIMEG END FUICTION
{crcuo) 8 5.6667 [ I v A ' NA_fT
| o - e L1 L] N R
! ]

Moere 3=1, - Angle fuetion drownizt ion
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APPENDIX B

Expected error in estimating the far-field

phase reference (the random case)

The resultant field E; of an N element array excited
with constant amplitude E, and random statistically independent

phase fluctuation in the range :
B AL
A
The estimated mean field E, equals
A N
Exy = EoZexp{ijg }
A4

in direction of maximum beam (s=0, for broadside array) whose

expectation (mean) has been shown to be :
{ b
<EN >=E°QT{," jexp{j\f' }d\k = E_ sinch (B.1)
~b
in the direction of maximum radiation (s=0),

Estimated resultant phase of the full array (on beam)
A

A
y = arg<E~) N s
1%
(L Ze™)
= arctan | n N i34 ]
4 N A
(% = ed )
-L . H
= arctan '}l %‘Sm?; (B.2)
v Z cos¥a
Expectation of 3) would be (fpr a full array)
b
A : ,
<y =L J“’jwy" 4 .0 ., (B.3)
.50 al Sinch ’

2 b
Iy § cspedp;
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Estimated resultant phase of an array with missing element K

{on beam)

A
5/0\ = arctauIM (EN)K
K Re (E’X/)k

where Im(E/,:/) = ——Zsiny +—-siny - -—-sinﬁ(
IV 4 (Ghk)

4
= - — l4
m < sin% Nsin SOK (B.4)

of full array effect of missing element
In the same way

Re(EM) NZ --—cos Y (B.5)

Pictorially

A
3"%}9 > %7 Y-4¥
A
where A)O maximum phase fluctuation of the resultant of (E N )K
A T+
in respect to (EA/) Maximum J’ will occur when sinﬁ _1,

A
then Re(EM )K =Re(E~ ); (owing to cosﬁ:()), i.e.,

A e

5 Sim Yk
A ~ arctan P bR A3 (B.6)
\‘fw Re(EW)

A
A good approximation to Re(EN) for large N and b§m2 is the

expectation of Re(Ey);

A
Re(EM)Z‘- <Re(E py) > = sinc b (B.7)
hence
4 smY,
A}’ Zarctan — K (B.8)

max Sinch
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i s
but : max]ff 1=b henceAY Marctan N_ ™5 .
T Max Simec b

since sincb=sinb/b
Ajo Zarctan b/N=b/N (B.9)

mOX
For other values of | 1<b

%
4 S'c"ny A

AY = “ K = 1 B.10

Y Sarctan S(mob N Stmch 8 nEPK ( )

For b=M/2 sincb=0.6366 hence for this value of b AX\!& will be
about 607 larger. For bg /4 then sincb (S practically equal to 1.

This could be represented in the following figure

. ¥ CL
Gine ba@ ii]
R
N ™~
osl |
N : f
3 i -
% % H

For example, for N=100 element array and &% =Tf72, the max
difference between estimated resultant phase of the defective
array radiation in respect to the non-defective resultant phase

will be: Abo § 1/100 = 0.6 degree
may

for the direction of maximum radiation (i.e., s=0 for broadside

antenna array)

Note: The importance of this analysis is the possibility of
utilizing the main beam scan as a good phase-reference for

monitoring.
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APPENDIX C

Angular a.c.f. of the angular spectrum and the

aperture 1llumination

Following Ratcliffe [ 14], utilization has been made of
the dual transform pair of the angular autocorrelation function
(aec.f.) of the angular spectrum and the array aperture power
illumination (see section 5.3). Using the relations of the
transform pair of angular spectrum and the aperture illumination,
expressions for the dual transform pair of angular a.c.f. of the

angular spectrum and the aperture power illumination, will be

derived.

Cl Angular spectrum and aperture illumination

The dual Fourier transform relation :

20
F(s) = f& f(x) exp{jksx}dx
e (c.1)
oD
f(x) = /[ F(s) exp{-jkxslds
“oe

where f£(x) 1is the aperture illumination, and F(s) is the angular

spectrum, with s=sin @,

C2 A.c.f. of the angular spectrum  and aperture power

illumination

The autocorrelation function (a.c.f.) of the angular

spectrum can be defined as

F -4

f(s’) - fF(s) F¥e+8) ds (C.3)

-~ o

The Fourier transform of f( &) is
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S(Ifd}') )= fﬂe‘) exp{- jkx 6 }d¢’
o

>
= H F(s) F*s+®) ds exp{-jkx & }df (Cat)
bl ad
changing the order of integration in equation (C.4) gives:
> >
= f F(s) [f F¥(s+6') exp{~jkxb'}d¢” ] ds (C.5)
u¢ -0

. %
Integration of | f F( eeseeeedf 1 after replacing -s’=s+§' ,

will give:
g 3

[ } F (s+€') exp{-jkx §) df ] =
~30

> %
= exp{jksx}] F (-s’) exp{ijks’x}(-) ds’
~20

Replacing ‘§=-x » it can be shown (see Papoulis [ 16], p.16) that
o

fF*(—S’) eXP{-jRS'§ H(=) ds’=(=) f*(g) (C.6)
-0 .
now
~o
jF(s) exp{-jks¢ }ds = f(g) (C.7)
~0

Therefore, multiplying expression (C.6) times (C.7) will give:
%( (L&) 1= (P f*<§>
=(=) £(=x) £ (%) ==1£(x)|° (c.8)

Use of the relation between the inverse Fourier transform of the
ae.c.f, of the angular spectrum and the aperture power

illumination has been made in section 5.3.
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APPENDIC D

Approximations to the near field of a half-cosine aperture field

A more detailed derivation of the results given in

section 6.2.2 are presented in this Appendix.

Following simllar stages for deriving equations (6.2) to
(6.5) in section 6.1, the diffraction of a cosine aperture

illumination can be shown to be equal to

2
g(x) = exp{-jkR}exp{-Jkpg-}1(s) (0.1)

The term I(s) is given by

Y2 1
) ' ar A ,
I(s) = _[V‘EExp{+J—a_-S }+exp{—3a.§ } 1 exp{ J-;,;f-}exp{:;ksj }dj

(D.2)

Where 1I(s) the normalized near field over the =z-axis. The
far-field will be derived after ignoring the parabolic phase term

in equation (D.2). Hence

K T
I_(s) =f[exp{+j- Hexp{-jo § 1 ] exp{iks ¢ }d (D.3)
20 L asy a_s @ g ‘S g

where Igo(s) the far-field normalized field pattern.

It can be shown that the far field is given by
ras

v

(L) <£:—‘>’*

Ioc(s)c*? (D.4)

This expression will be used for comparison with the reproduced

far-field pattern described below.

As before , for mnear—field monitoring of a scanning
phased array, the s(=sin®) should be replaced by (s-x/R). Where R

the distance between the antennas and x the sampling element
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location in the x—-axis (monitoring aperture). The following 1is

the result

X
I(s-x/R)oc exp{ j-g-}‘R[-?—'-é-—/E)-‘FL]Z }*
7 a AR 206-%
¥ wz Ve Tw
+hyds %5@—(%'-}‘4‘9+ 4y
: X
+expug“[&fi_h_/a). _ L1

2'a_ [/ 2(5—’5’5) _4
*{g-el/:—R'-z /7( ) 1+

4| Td ., ( 2(5~—’%>)
Y

+—-) J+

a ) ]} (D'S)

for which, as before, the following assumptions will be made:

The aperture a and the distance R are much greater than
the wavelength (a,R>>N), and that R=n.a where n varies

from 1 to 10. et sesesssceense o---oo..-.-ococo-'-o(D 6)

Hence, the term % y o in the JL [ -----1, could be ignored in

relation to i{hk .« As has been shown, the Fresnel integral is
insensitive to small changes of arguments larger than 1 . Hence
the following approximation is achieved (Attention is drawn to the

fact that the 1/a term is not ignored in the exponential phase

terms):

i 4
I(s-x/R)= | exp{jg)‘R(_ﬂ‘&T/—’Q +

¥
+exp{j;“—; )\R(-z-'-{é—)-\-‘/‘e" - ;1"‘)2'} 1*

AR Q(S-X/ﬁ
2 Y

a .
L
[T a AR 20-%R)
+§4{TEE+ .é,-[ N 1) (D.7)

—

+
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Opening the brackets in the exp, and expx terms, where exp,

expz the first and second exponential accordingly, we get :

(1) (2) (3) (&) (3) (6)
™ SR, MR x% x Ak

exp +exp = exp{jT( » & Tag AR iy X )} o+
s R X X 28X
+exp{j ¢ :R Sq' } 2‘%»! *R t r - )““)} (D.8)

It is instructive to analyze the six terms of exp4 and expz , 1n

equation (D.8)

- Term(l) Is independent of x and affects all elements of the
receiving aperture (the monitor antenna).

- Term (2) is dependent on s but has opposite signs in exp4 and
eXp,y -

- Term (3) is a constant.

~ Term (4) is the parabolic phase term which is cancelled, as with
the uniform illumination (shown erlier in section 6.1.l), by the
parabolic phase term outside the integral of equation (6.1.3).

~ Term (5) is a linear phase term function of the position onuly,
but has opposite signs in exp, and expz .

~ Term (6) is the known linear phase scanned array term.

The other terms in equation (D.7), given by the Fresnel integrals
are, again, assumed to be approximated by a constant amplitude and

phase over the receiving antenna aperture.

A comparison will be made between the terms given by the
expected far—-field of a cosine illuminated aperture, and those
terms which cause differences between the expected and the
reproduced patterns will be discussed. This will lead to the

definition of the near field monitoring antenna.’
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From equations (D.3) and (D.4) the far-field is given by

an integral of the form

%
[ explam (- 2= - 22y prexp 3T+ - 2 ) ax (9.9)
-Q/w

Ignoring terms (1) and (3) in equation (D.8), we are left with the

following expression.

exp{]j fF(+ -'?-@- - -’S-)}exp{j‘fr(— .‘2,;)( —) 1+

+exp{jM(- = --)}exp{ﬁl‘(— } (D.10)

This will be wused as the field diffracted over the monitoring
aperture (the x~axis) from the transmitter, proportional to the

expression,

SX SR

exp{jW(- =) }cos[ T (- 5~ +%‘) 1. (D.11)

This expression 1is to be integrated over —-b/2<x<+b/2 for getting
the monitoring signal. now the far-field, equation 03.9), is

given by the integral over -a/2<}:<+a/2 of the expression
exp{j (- &i&) }eos(frx/a) (D.12)

Hence we have to correct for the term fIsR/a in equatiom (D.ll).

By trigonometry,

cos[ T (sR/a~x/a)]=cos MsR/a cos Mx/a - sin MsR/a sin fTx/a

(9.13)

Now, examining the r.h.s. terms in equation (D.13) then for s<<1,

which is true for the main-beam region and if R/agl, then
sin( fTsR/a) =0 .

Therefore,
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cos[(sR/a - x/a)]=cosTx/a , (D.14)

s<<1
i.e., the required expression, equal to that needed in equation

(D.12), has been achieved.

Hence, summarizing, it can be stated that the far-field
main-beam is approximated from near—-field measurements by the

following procedure:

- (1) The signal should be integrated over the receiving aperture
placed in parallel to the transmitting array and having the same
aperture length.

- (2) The seperation between the receiving and transmitting

apertures should be small, of the order of R/a{l .

Thus the system described in Fig. 6.3 will also be
adequate for monitoring a cosine illuminated aperture
scanning~beam, if only the seperation between receiving and

transmitting antenna is decreased according to (2) above.
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APPENDIX E

Computer programs listing

The following computer programs will be listed.

Far field of N element array with

random phase error

Far field of N=8 element array, with
mutual coupling (uses values computed in

JACK20 ), and with random phase error.

Subroutine to compute the correlation
function of the angular spectrum for JACK1S8

(or JACK19)

Mutual coupling between broadside

parallel dipoles.

Near field measurements, far field NN

element array.

Subroutine to be used with JACK30.

Simulation of near field measurements.

Subroutine to be used with JACK30 to

introduce controlled shift of measured data.

A program to change measured values
from x~y plot in centimeters into db and

phase angle, using linear calibration.

Page
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265

268

271

279

280

281
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A Subroutine to be used with DBMESI

for shifting data.

Monitoring in the near field with a

focused antenna, cosine illumination.

Monitoring in the near field with a

focused antenna, cosine square over pedestal.

Monitoring in the near field with a focused

antenna, sine illuminatiomn.

Near field of an aperture antenna

with uniform illumination.

Angular spectrum of a Pyramidal horn

with YI/2 phase error, Fresnel integral.

Page

283

284

287

290

293

295
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Cc- FAR FIELD OF N ELEMENT ARRAY
C UNIFORM DISTRIBUTION , RANDOM PHASE ERROR
C THIS PROGRAM IS LINEAR WITH SIN(ANGLE)

PROGRAM JACK18(INPUT=500B,0UTPUT,TAPE5=INPUT, TAPE6=OUTPUT)
COMMON X(4,400),Y(4,400),Z(4,400),AX(500),BY(500),CY(500),

1 BZ(500),CZ(500),DZ(500),YC(500),XC(500),
2 ARXY(500),AIXY(500),VAS(50) ,
3 AXY(350),SXY(350),V(350),SVS(350),SVA(350)

DIMENSION W1(250), W2(20),AR(250),BJ(250), IW(250) , AFT(350)
DIMENSION MS(350)
DIMENSION XDB(100),XPH(100),XAM(100),YDB(100),YPH(100),YAM(100)
DIMENSION AATZ(100),AAZ(100),AXZ(100) ,XYZ(350),ZC(100)
DIMENSION Y1(350)
COMPLEX AMPT ,AMPTL, AMPTZ ,AMPY
COMPLEX AMPTX,AMPTY,AMPZ
COMPLEX AMPTO
NOLIST
C CHOOSE INVERSE(INVFT=1) OR FORWARD(INVFT=0) FOR F.F.T.
INVFT=0
C INITIALIZE 100 SIZE ARRAYS DIMENSION
IXNIL=0
DO 51 NIL=1,100
IXNIL=TXNIL+1
XDB(NIL)=0.0
XPH(NIL)=0.0
XAM(NIL)=0.0
YDB(NIL)=0.0
YPH(NIL)=0.0
YAM(NIL)=0.0
AATZ(NIL)=0.0
AAZ(NIL)=0.0
AXZ(IXNIL)= FLOAT(IXNIL)
MS (NIL)=0
ZC(NIL)=0.0
AR(NIL)=0.0
BJ(NIL)=0.0
51 CONTINUE

WRITE(6,19)
19 FORMAT(1X//3X," LMIN LMAX MMIN MMAX KX I0 11",
% N RP PRO"// )

READ(5,13) LMIN
READ( 5,13)LMAX
READ(5,13) MMIN
READ(5,13)MMAX
READ(5,13) KX
READ(5,13) I0
READ(5,13) Il
READ(5,13) INEAR
READ(5,13) IAMPL
READ(5,13) NN

13 FORMAT(14)
READ(5,15)RP
READ(5,15) PRO

15 FORMAT(F10.2)
PI=4.%ATAN(1l.)
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P=180./PI
READ(S5, 791) Al
READ(S5,793) 1AM, IPH
791 FORMAT( F10.3 )

793 FORMAT(2(14))
1X=0
AMX=0.0
IXSTOP=1
IYSTOP=1

6666 CONTINUE
WRITE(6,17 )LMIN,LMAX ,MMIN ,MMAX,KX,10,11,RP, PRO,INEAR,IAMPL,NN

17 FORMAT(3X, 7(1X,14),2(F10.2),7H INEAR=,Il1,7H IAMPL=,Il,4H NN=,13)

WRITE(6,90)

C RANDOM NOISE GENERATOR IS RESET WHEN RP .LT.-.1 , OTHERWISE NONRESET
IRESET=0
IF(RP.LT.~.1) IRESET=1
RPP=ABS(RP)
AL=2.*PI/RPP

$=0.61
C INITIALIZE 350 SIZE ARRAYS DIMENSION

DO 65 INIL=1,350
X(1,INIL)=0.0
X(2,INIL)=0.0
X(3,INIL)=0.0
X(4,INIL)=0.0
Y(1,INIL)=0.0
Y(2,INIL)=0.0
Y(3,INIL)=0.0
Y(4,INIL)=0.0
Y1(INIL)= 0.0
AX(INIL)=0.0
ARXY(INIL)=0.0
AIXY(INIL)=0.0

SVA(INIL)=0.0
SVS(INIL)=0.0
SXY(INIL)=0.0
AXY(INIL)=0.0
XC(INIL)=0.0

YC(INIL)=0.0

AFT(INIL)=0.0
65 CONTINUE

=KX

NV=KX

KS=KX

NIW=250

NW1=250

NW2=20

IFAIL=0

DEL=0.00001

THO=0.0

K=0

KC=240
THO=0.0
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EN=0.0
EN1=0.0
CN=NN
c NN IS THE NUMBER OF ELEMENTS IN THE ARRAY
RL=FLOAT(I0)/CN
RU=FLOAT(Il)/CN
CALL RANSET(PI)

WRITE(6,90)
WRITE(6,90)
WRITE(6,31)
31 FORMAT(3X,"J ANG PHE AME QE RE PHL
1AM1 QEL REL PHO AMO Qo0 RO"//)
DO 9 J= LMIN,LMAX
c CHANGE INITIAL VALUE OF RANSET FOR DIFF. EXPERIMENTS
IF(IRESET.EQ.1) CALL RANSET(PI)
C=J
cc=C
o THE FOLLOWING 4 STATEMENTS ARE INTENDED TO CHANGE X SCALE TO SIN
MOD=J/KC
IF(ABS(C) «GT .FLOAT(KC)) CC=2.*FLOAT(MOD)*KC - C
IF(ABS(FLOAT(MOD)).GT.1.)CC=0.0
SIC=CC/FLOAT(KC)
THP=ASIN(SIC)
AMPT=0.0
AMPTZ=0.0
AMPT1=0.0
AMPY=0.0
11223 CONTINUE
113=0
C CHOOSE NUMBER OF ELEMENTS IN SUBARRAY NSUB=
NSUB=6
IF(11.EQ.0) NSUB=l
IF((I1+NSUB-1).GT.NN) NSUB=NN-I1+1
G=FLOAT(I1)+FLOAT(NSUB-1)%*0.5
C CHOOSE DEFECTIVE ELEMENT AMPLITUDE RATIO Al= AND PHASE Pl=
Al=l.
P1=0.0

APY=1.0
I14=0
AMPTO0=0.0
AMPT1=0.0
AMPY=0.0
AMPZ=0.0
AMPTZ=0.0
C CALCULATE NORMALIZED FAR-FIELD OF THE NN ELEMENT ARRAY
DO 10 I=1,NN
13=0
R1J=0.0
RA=RANF(0.0)
PR=(RA-0.5)*AL*PRO
D=1
F=2.%PI1*5*(D~(CN+1.)*.5)*SIN(THO)
APS=—(2.*PI*3*(D-(CN+1.)*.5)*SIN(THP))+ PR
FT=F+APS
A=1.



- 254 -

C- CHANGES FOR NEAR FIELD MONITORING
XIl= S*(D-(CN+l.)*.5)
IF(INEAR.EQ.1l) RIJ=-2.*PI*SQRT((XI1~XJ2)**2,+PD**2,)
FT=F+APS+R1J

C~ FOR CS SQUARE OVER A PEDESTAL , CHANGE A AS FOLLOWES
IF(TAMPL.EQ.1l) ALl=1./7+6./7*(COS(XIL/((CN+1.)* ,5)*P1*,5))**2,
IF(IAMPL.EQ.1) A=AIl
A2=A
IF( I1.EQ.IFIX(G+.5)) A2=A
AMPT=A*CEXP(CMPLX(0.,FT))+AMPT
IF(I.GE.I1.AND.I.LE.(I1+NSUB-1)) 13=1

IF(I3.EQ.1) FF=F+P14+RIJ
IF( I3.EQ.l) AMPTO=A*CEXP(CMPLX(0.,FT))+AMPTO
IF(I3.EQ.1) AMPY=Al*A*CEXP(CMPLX(O.,FF))+AMPY
IF(I3.EQ.1) MS(I)=I
10 CONTINUE
K=K+1
RIJ=0.0
F=2.*PI*S*(G~(CN+1.)*.5)*SIN(THO)
S=—(2*PI*S*(G~(CN+1.)*.5)*SIN(THP))
FT1=F+APS
FT2=F+P1
C- TO CHANGE REF. MIS/STUCK FROM FAR FIELD INTO NEAR FIELD
XI1=S*(G-(CN+1.)%.5)
IF(INEAR.EQ.1) RIJ=-2.*PI*SQRT((XI1-XJ2)*%2.+PD*%*2,)
FT1=F+APS+RIJ
FT2=F+P1+RLJ
AMPZ=A2*CEXP(CMPLX(0.,FT1))
AMPTZ=A1*CEXP(CMPLX(0.,FT2))—~AMPZ
AMPT1=AMPT-AMPT(+AMPY
AMPT1=APY*AMPT]
X(1,K)=(CABS(AMPT)/CN)
X(3,K)=AIMAG(AMPT )+1.E-10
X(4,K)=REAL (AMPT)
X(2,K)=ATAN2(X(3,K),X(4,K)) *180./PI
Y(3,K)=AIMAG(AMPT1)+1 .E-10
Y(4,K)=REAL (AMPT1)
Y(2,K)=ATAN2(Y(3,K),¥(4,K))*180./PL
Y(1,K)=(CABS(AMPT1)/CN)
Z(3,K)=Y(3,K)-X(3,K)+1.E-10
Z(4,K)=Y(4,K)-X(4,K)+1.E-10
Z(2,K)=ATAN2(Z(3,K),Z(4,K))*180./PI
Z(1,K)=SQRT(Z(4,K)*Z(4,K)+Z(3,K)*Z(3,K))
ARXY (K)=X(4,K)
AIXY(K)=X(3,K)
IF(INVFT.EQ.1) AIXY(K)=-AIXY(K)
SVA(K)=Y(3,K)
SVS(K)=Y(4,K)
IF(INVFT. EQ.1) SVA(K)=-SVA(K)
AR(K)=Z(4,K)
BJ(K)=Z(3,K)
IF(INVFT.EQ.1) BJ(K)=-BJ(K)
AIM1=ATMAG(AMPZ)+1 .E-10
REL1=REAL (AMPZ)
Y1 (K)=ATAN2(AIMI ,RELI)*180./PI
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AIM2=AIMAG(AMPTZ)+1.E-10
REL2=REAL(AMPTZ)
DZ(K)=ATAN2(AIM2,REL2)*180./ PI
AX(K)=8IC
XC(K)=20.*ALOG10(X(1,K))
IF(IX1.GT.1) ¥(1,K)= .00001
YC(K)=20.*(ALOG10(Y(1,K)))
ZC(K)=20.*(ALOGLO(Z(1,K)))

C REARRANGE CORRECT ORDER OF F.F.T. COMPONENTS

33

V(K)=FLOAT(K~1)

KKX=KX/2 +1
IF(K.GT.KKX) V(K)=FLOAT(K~1) - FLOAT(KX)
WRITE(6,33)J,THP*P , Z(2,K),z(1,K),z2(3,K),Z2(4,K),Y(2,K),

1Y(1,K),¥(3,K),¥(4,K),X(2,K) »X(1,K),X(3,K),X(4,K)
FORMAT(1X,14, F6.1,3(2X,F6.1,1X,F8.4,1X,F9.4,1X,F9.4))
BY(K)= X(l,K)

CY(K)= Y(1,K)

BZ(K)= 2(1,K)

CZ(K)= Z(2,K)

IF(BY(K).GT.0.3) BY(K)=0.3

IF(CY(K).GT.0.3) CY(K)=0.3

EN1=(Y(l,K)+EN1)

EN=(Y(1,K)*Y(1,K)+EN)

CONTINUE

WRITE(6,90)

WRITE(6,90)

CLL=FLOAT (LMAX~LMIN)

IF(CLL.LE.1.0)CLL=1.

EN1=EN1/CLL

EN=EN/CLL

WRITE (6,1230) II3

C DESCRIBE ARRAY OF ELEMENTS WHERE "0"= NO DEFECT , "(.NE.(Q)"=DEFECT

1230

1240
1200

1220

13131

3100

FORMAT(3X,"MISSING ELEMENTS="'",13," MISS. ELEMENTS NUMBERS ARE"//)
WRITE(6,1240) (MS(K),K=1,40)

WRITE(6,1240)(MS(K),K=41,80)

WRITE(6,1240)(MS(K),K=81,100)

FORMAT(3X,4013//)

WRITE(6,1200)

FORMAT(1H///3X,"10 11 MIS.ELS ABS ENERGY"///)
WRITE(6,1220) 10,11, II3  ,EN1,EN
FORMAT(2X,3(13,3X),2(F10.5,2X))

GOTO13131

CALL CORELO3(LMIN,LMAX,MMIN,MMAX,KP)

CONTINUE

SQN=NV

SQN=SQRT (SQN)

CALL CO6ADF( ARXY,AIXY,N,NV,KS,IW,NIW,Wl,NWl,W2,NW2,IFAIL )
IF(IFAIL.NE.Q)GOTO 210

DO 3100 L=1,N

AXY (L)=SQRT (ARXY (L)*ARXY (L)+AIXY(L)*AIXY( L))/SQN
IF(ABS(ARXY(L)) .LE.DEL)ARXY(L)=DEL

IF(INVFT.EQ.1) AIXY(L)=-AIXY(L)

SXY(L)= ATAN2(AIXY(L) , ARXY(L))*180./PI

CONTINUE

CALL CO6ADF(SVS,SVA, N,NV,KS, IW,NIW,Wl,NWl,W2,NW2,IFAIL )
DO 3120 L=1,N
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SVS(L)=SVS(L)/SQN
IF( ABS(SVS(L)).LE.DEL) SVS(L)=DEL
SVA(L)=SVA(L)/SQN
IF(INVFT.EQ. 1) SVA(L)=-SVA(L)
AFT(L)=SQRT(SVS(L)*SVS(L)+SVA(L)*SVA(L))
3120 CONTINUE
CALL CO6ADF(AR, BJ , N, NV,KS, IW, NIW,Wl,NWl,W2,NW2,IFAIL )
DO 3110 L=1,N
IF(ABS(AR(L)).LE.DEL) AR(L)=DEL
ARL=AR(L)/SQN
BJL=BJ(L)/SQN
AR(L)=SQRT (ARL*ARL+BJL*BJL)
IF(INVFT.EQ.1) BJL=-BJL
BJ(L)=ATAN2(BJL,ARL)*180./PI
3110 CONTINUE
WRITE(6,992) (IW(I),I=1,5)
992 FORMAT(1H///3X, 18HOPTIMUM VALUES ARE/2X,3HKF=, 17/2X,
*SHKMAX=,15/2X,4HNIW=, 16/2X, 4HNWl=, I6/2X, 4HNW2=, 16///)
GOTO 800
210 WRITE(6,991) IFAIL
991 FORMAT (1H ,24HFAILURE IN CO6ADF,IFAIL=, I4)
WRITE(6,992) (IW(1),I=1,5)
800 CONTINUE
WRITE(6,90)
WRITE(6,90)
90 FORMAT(1X//)
WRITE(6,880)

880 FORMAT(9X,"SIN REL FX  IMG FX ABS FX PHASE FX" ,"
* FTRY FIJY AFTY AFXZ PH.Z"//)
DO 21 MM=1,KX
LD=MM
MN=MM~1

WRITE (6,850) MN, AX(LD), ARXY(MM),AIXY(MM), AXY(MM),SXY(MM)

* | SVS(MM),SVA(MM), AFT(MM), AR(MM), BJ(MM)
850 FORMAT(1X,I4,1X, F6.3 , 3(3X,F8.4),5X,F6.1, 4(3X,F8.4),5X,F6.1 )
21 CONTINUE

C LINE PRINTER GRAPHICS OUTPUT
KK=KX
K=KX
KKZ=2*KK
KKK=3*KK
KZ=0
AFT(1)=0.0
AR(1)=0.0
DO 777 LXY=1,KKK
KZ=KZ+1
K2Z=KZ
IF(KZ.GT .KK )K22=KZ-KK
IF(KZ.GT .2%KK)K2Z=KZ~2*KK
AX(KZ)=AX(K2Z)
V(KZ)=V(K2Z)
IF (KZ.LE .KK)XYZ(KZ ) =XC(K2Z)
IF (KZ.LE.2*KK.AND.KZ.GT .KK)XYZ(KZ)=YC(K2Z)
IF(KZ.LE.3*KK.AND.KZ.GT . 2*KK ) XYZ(KZ ) =ZC(K2Z)
IF(KZ.LE.2*KK.AND.KZ.GT .KK) CZ(KZ)=Y1(K2Z)
IF (KZ.LE.3*KK.AND.KZ.GT .2*KK) CZ(KZ)=DZ(K2Z)
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IF(KZ.LE.2*KK.AND ,KZ.GT .KK) AXY(KZ)= AFT(K2Z)
IF(KZ.LE.3*KK.AND.KZ.GT « 2*KK )AXY (KZ)=AR(K2Z)
IF(KZ.LE.2*KK.AND.KZ.GT .KK) SXY(KZ)=ATAN2( SVA(K2Z),SVS(K2Z2))*P
IF(KZ.LE.3*KK.AND ,KZ.GT . 2*KK)SXY(KZ)=BJ(K2Z)
IF(XYZ(XZ).LE.-50.) XYZ(KZ)=-50.

CONTINUE

LKK=LX*2

MZ=0

CALL GRAFIT(AX, XYZ, KKK, KK, KK, -70)

SINE ANG. "#"-DB FULL ARRAY,,"X"~DB DEFECT. ARRAY, "0"-DB MISS. EL.
WRITE(6,173)

FORMAT(2X,"X=SIN ANG. Y=FAR FLD. DB , *- FULL ARRAY, X-DEF. 0-MS")
CALL GRAFIC(AX,CZ,KK)

WRITE(6,45)

FORMAT(2X,"X=SIN ANG.Y=*—PHASE SB.A.,X-PH. MS EL(CTR),0-PH.ST.C")
WRITE(6,3000) LMIN,LMAX,MMIN,MMAX, KX,I0,Il,IRESET,PRO,RPP

CALL GRAFIT( V, AXY,KKK,KK,KK,~70)

WRITE(6,4120)

FORMAT( 10X,"X=APERTUR,Y=%-MAG FFT X,X-FFT Y , O-FFT Z ")
WRITE(6,3003) LMIN,LMAX,MMIN,MMAX, KX,I0,I1,IRESET,PRO,RPP,
* INEAR,IAMPL

CALL GRAFIT( V, SXY,KKK,KK,KK,~70)

WRITE(6,450)

FORMAT (10X, "X=APERTURE , Y=*-FFT X PHASE, X- FFT PHASE Y, O-FT P 2")
FORMAT(3X,6H LMIN=,14,6H LMAX=,I4,6H MMIN=,I4,6H MMAX=,I4,

1 124 NO SAMPLES=,I4,11H MISS ELEM= ,I3,1X,I3,8H IRESET= ,Il ,

27H PHASE=,F2.0 ,4H*PI/,F5.1 )

FORMAT(3X,6H LMIN=,14,6H LMAX=,14,6H MMIN=,14,6H MMAX=,14,

1 12H NO SAMPLES=,14,11H MISS ELEM= ,13,1X,I3,8H IRESET= ,Il ,

27H PHASE=,F2.0 ,4H*PI1/,F5.1, 7H INEAR=,I1,7H IAMPL=,Il )
SToP

END

END OF FILE
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- FAR FIELD OF N ELEMENT ARRAY

INCLUDING MUTUAL COUPLING EFFECTS

DATA OF MUTUAL COUPLING FOR 8-ELEMENT ARRAY IS GIVEN IN

NORMALIZED AMPLITUDE=AZA12( ) AND PHASE=APH12( )

UNIFORM DISTRIBUTION , RANDOM PHASE ERROR

THIS PROGRAM IS LINEAR WITH SIN(ANGLE)

PROGRAM JACK19(INPUT=131B,0UTPUT=131B,TAPES=INPUT, TAPE6=0UTPUT)
COMMON X(4,350),Y(4,350),Z(4,350),AX(500),BY(500),CY(500),

1 BZ(500),CZ(500),DZ(500),YC(500),XC(500),
2 ARXY(450) ,AIXY(450),VAS(50)
3 AXY(350),SXY(350),V(350),SVS(350) ,SVA(350)

DIMENSION W1(250), W2(20),AR(250),BJ(250), IW(250) , AFT(350)
DIMENSION MS(350)

DIMENSION XDB(100),XPH(100),XAM(100),YDB(100),YPH(100),YAM(100)
DIMENSION AATZ(100),AAZ(100),AXZ(100) ,XYZ(350),ZC(100)
DIMENSION Y1(350),AZA12(10),APH12(10)

COMPLEX AMPT ,AMPTL, AMPTZ ,AMPY

COMPLEX AMPTX,AMPTY,AMPZ

COMPLEX AMPTO
DATA(AZAL2(M),M=1,8)/.0,.0547,.0808,.1488,1.0,.1488,.0808,.0547/
DATA(APH12(L),L=1,8)/0.0,112.,-10.,-126.,0.0,-126.,~10.,112./

C CHOOSE INVERSE(INVFT=1) OR FORWARD(INVFT=0) FOR F.F.T.
INVFT=0
C INITIALIZE 100 SIZE ARRAYS DIMENSION

IXNIL=0

DO 51 NIL=1,100

IXNIL=IXNIL+1

XDB(NIL)=0.0

XPH(NIL)=0.0

XAM(NIL)=0.0

YDB(NIL)=0.0

YPH(NIL)=0.0

YAM(NIL)=0.0

AATZ(NIL)=0.0

AAZ(NIL)=0.0

AXZ(IXNIL)= FLOAT(IXNIL)

MS (NIL)=0

ZC(NIL)=0.0

AR(NIL)=0.0

BJ(NIL)=0.0

51 CONTINUE
WRITE(6,16)

16 FORMAT(5X,"VALUES LMIN,LMAX ,MMIN,MMAX,KX,10,I1,INEAR,IAMPL,NN")
READ(5, )LMIN,LMAX,MMIN,MMAX,KX,10,I1,INEAR,IAMPL,NN
WRITE(6,18)

18 FORMAT(5X,"VALUES Al ,RP,PRO , IAM,IPH, NSUB , KC ")

READ(5, )AL,RP,PRO,IAM,IPH,NSUB,KC
WRITE(6,19)NSUB
19 FORMAT(1X//3X," LMIN LMAX MMIN MMAX KX 10 I1",

* RP PRO NSUB=",I14//)
PI=4 . *ATAN(1.)

P=180./PI

IX1=0

LX=0

AMX=0.0

IXSTOP=1

IYSTOP=1

6666 CONTINUE

Ao
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WRITE(6,17 )LMIN,LMAX MMIN ,MMAX,KX,10,11,RP, PRO,INEAR,IAMPL,NN
17 FORMAT(3X, 7(1X,14),2(F10.2),7H INEAR=,1I1,7H IAMPL=,I1,4H NN=,13)
WRITE(6,90)

RANDOM NOISE GENERATOR IS RESET WHEN RP .LT.-.l
IRESET=0
IF(RP.LT.-.1) IRESET=1
RPP=ABS (RP)
AL=2.%PI/RPP

» OTHERWISE NONRESET

CHOOSE S=.61 FOR MLS (100 ELEMENT ) S=.687 FOR 8 ELEMENTS ARRAY
$=0.687
INITIALIZE 350 SIZE ARRAYS DIMENSION
DO 65 INIL=1,350
X(1,INIL)=0.0
X(2,INIL)=0.0
X(3,INIL)=0.0
X(4,INIL)=0.0
¥(1,INIL)=0.0
¥(2,INIL)=0.0
¥(3,INIL)=0.0
Y(4,INIL)=0.0
Y1(INIL)= 0.0
AX(INIL)=0.0
ARXY(INIL)=0.0
AIXY(INIL)=0.0
SVA(INIL)=0.0
SVS(INIL)=0.0
SXY(INIL)=0.0
AXY(INIL)=0.0
XC(INIL)=0.0
YC(INIL)=0.0
AFT(INIL)=0.0
65 CONTINUE
N=KX
NV=KX
KS=KX
NIW=250
NW1=250
NW2=20
IFAIL=0
DEL=0.00001
THO=0.0
K=0
THO=ASIN(0.18)
EN=0.0
EN1=0.0
CN=NN
NN IS THE NUMBER OF ELEMENTS IN THE ARRAY
RL=FLOAT(I0)/CN
RU=FLOAT(I1)/CN
CALL RANSET(PI)

WRITE(6,90)
WRITE(6,90)
WRITE(6,31)



- 260 -

31 FORMAT(3X,"J ANG PHE AME QE RE PH1

1AM1 QEl RE1 PHO AMO Qo0 RO"//)
DO 9 J= LMIN,LMAX

C CHANGE INITIAL VALUE OF RANSET FOR DIFF. EXPERIMENTS
IF(IRESET.EQ.1l) CALL RANSET(PI)
C=J
cc=C

c THE FOLLOWING 4 STATEMENTS ARE INTENDED TO CHANGE X SCALE TO SIN
MOD=J/KC

IF(ABS(C) .GT.FLOAT(KC)) CC=2.*FLOAT(MOD)*KC - C
IF(ABS(FLOAT(MOD)) .GT.1.)CC=0.0
SIC=CC/FLOAT(KC)
THP=ASIN(SIC)
AMPT=0.0
AMPTZ=0.0
AMPT1=0.0
AMPY=0.0
11223 CONTINUE
I113=0
IF(I1.EQ.0) NSUB=1
NSBB=(NSUB-1)/2
NSB=4-NSBB
A2=1.
KM=1
G=FLOAT(Il)
Al=0.

APY=1.0
P1=0.0
14=0
AMPT0=0.0
AMPT1=0.0
AMPY=0.0
AMPZ=0.0
AMPTZ=0.0
DO 10 I=1,NN
I3=0
RIJ=0.0
=RANF(0.0)
PR=(RA~0.5)*AL*PRO
D=I
F=2.,*PI*S*(D~(CN+1.)*.5)*SIN(THO)
APS=—(2.*PI*S*(D-(CN+1.)*.5)*SIN(THP))+ PR
FT=F+APS
A=1.
C- CHANGES FOR NEAR FIELD MONITORING
XIl= S*(D-(CN+1.)*.5)
IF(INEAR.EQ.1) RIJ=-2.*PI*SQRT((XI1-XJ2)**2,+PD**2,)
FT=F+APS+RLJ
C- FOR CS SQUARF OVER A PEDESTAL , CHANGE A AS FOLLOWES
IF(IAMPL.EQ.1) AIl=1./7.+6./7.*(COS(XIL/((CN+1.)*.5)%PI*,5))%%2,
IF(IAMPL.EQ.1) A=AIl
IF( I.EQ.IFIX(G+.5)) A2=A
AMPT=A*CEXP(CMPLX(0.,FT))+AMPT
IF(I.GE.(I1-NSBB) .AND.I.LE.(I1+NSBB))I3=1
IF(I3.EQ.1)KM=I-I1+5
IF(I.GT.(I1+NSBB))KM=1
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PH12=APH12(KM)/P
AM12=AZA12 (KM)

IF(I3.EQ.1) FF=FT+PH12
IF( I3.EQ.1) AMPTO=A*CEXP(CMPLX(O0.,FT))+AMPTO
IF(I3.EQ.1) AMPY=AM12*CEXP(CMPLX(O.,FF))+AMPY
IF(I3.EQ.1) MS(I)=I

10 CONTINUE
K=K+1
RIJ=0.0
F=2 . *PL*S*(G-(CN+1.)*.5)*SIN(THO)
APS=-(2.*PI*S*(G-(CN+1.)*.5)*SIN(THP))
FT1=F+APS
FT2=F+P1

C- TO CHANGE REF. MIS/STUCK FROM FAR FIELD INTO NEAR FIELD

XI1=8%(G=(CN+1.)*.5)
IF(INEAR.EQ.1) RIJ=-2.%PI*SQRT((XI1-XJ2)**2,4+PD*%2,)
FT1=F+APS+RIJ
FT2=F+P1+RLJ
AMPZ=A2*CEXP (CMPLX(0.,FT1))
AMPTZ=A1*CEXP (CMPLX(0.,FT2))—-AMPZ
AMPT1=AMPT-AMPTO+AMPY
AMPT1=APY*AMPT1
AMPT1=AMPT-A2*AMPY
X(1,K)=(CABS(AMPT)/CN)
X(3,K)=AIMAG(AMPT)+1.E~10
X(4 ,K)=REAL (AMPT)
X(2,K)=ATAN2(X(3,K),X(4,K)) *180./PI
Y(3,K)=AIMAG(AMPT1)+1.E~10
Y(4,K)=REAL (AMPT1)
Y(2,K)=ATAN2(Y¥(3,K),¥(4,K))*180./PI
Y(1,K)=(CABS(AMPT1)/CN)
Z(3,K)=Y(3,K)~X(3,K)+L.E~10
2(4,K)=Y(4,K)=X(4,K)+1 E-10
Z(2,K)=ATAN2(Z(3,K),Z(4,K))*180./PI
Z(1,K)=SQRT(Z(4,K)*Z(4,K)+Z(3,K)*Z(3,K))
ARXY(K)=X(4,K)
AIXY(K)=X(3,K)
IF (INVFT.EQ.1) AIXY(K)=-AIXY(K)
SVA(K)=¥(3,K)
SVS(K)=Y(4,K)
IF(INVFT. EQ.1l) SVA(K)=—SVA(K)
AR(K)=Z(4,K)
BJ(K)=Z(3,K)
IF(INVFT.EQ.1) BJ(K)=-BJ(K)
AIM1=AIMAG(AMPZ)+1 .E-10
REL1=REAL(AMPZ)
Y1 (K)=ATAN2(AIMI ,REL1)*180./PL
AIM2=AIMAG(AMPTZ)+1.E-10
REL2=REAL(AMPTZ)
DZ(K)=ATAN2(AIM2 ,REL2)*180./ PI
AX(K)=SIC
XC(K)=20.*ALOGL0(X(1,K))
IF(IX1.GT.1) Y(1,K)= .00001
YC(K)=20.*(ALOG10(Y(1,K)))
ZC(K)=20.*(ALOGLO(Z(1,K)))
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C REARRANGE CORRECT ORDER OF F.F.T. COMPONENTS
V(K)=FLOAT(K-1)

KKX=KX/2 +1
IF(K.GT .KKX) V(K)=FLOAT(K-1) - FLOAT(KX)
WRITE(6,33)J,THP*P , 2(2,K),z(1,X),2(3,K),2(4,K),¥(2,K),

1¥(1,K),¥(3,K),¥(4,K),X(2,K) »X(1,K),X(3,K),X(4,K)
33 FORMAT(1X,I4, F6.1,3(2X,F6.1,1X,F8.4,1X,F9.4,1X,F9.4))
BY(K)= X(1,K)
CY(K)= Y(1,K)
BZ(K)= Z(1,K)
CZ(X)= Z(2,K)
IF(BY(K).GT.0.3) BY(K)=0.3
IF(CY(K).GT.0.3) CY(K)=0.3
EN1=(Y(l,K)+ENL)
EN=(Y(1,K)*Y(1,K)+EN)
9 CONTINUE
WRITE(6,90)
WRITE(6,90)
CLL=FLOAT(LMAX-LMIN)
IF(CLL.LE.1.0)CLL=1.
EN1=EN1/CLL
EN=EN/CLL
C DESCRIBE ARRAY OF ELEMENTS WHERE '"0"=NO DEFECT , "(.NE.O)"=DEFECT
C
WRITE (6,1230) 1I1I3
1230 FORMAT(3X,'"MISSING ELEMENTS=",I13," MISS. ELEMENTS NUMBERS ARE"//)
WRITE(6,1240) (MS(K),K=1,40)
WRITE(6,1240)(MS(K),K=41,80)
WRITE(6,1240)(MS(K),K=81,100)
1240 FORMAT(3X,4013//)
WRITE(6,1200)
1200 FORMAT(1H///3X,"10 Il MIS.ELS ABS ENERGY"///)
WRITE(6,1220) 10,I1, II3  ,ENI,EN
1220 FORMAT(2X,3(13,3X),2(F10.5,2X))
C CANCEL NEXT LINE (GOTO ....) IF USE OF COREL IS REQUIRED
GOTO13131
CALL CORELO3(LMIN,LMAX,MMIN,MMAX,KP)
13131 CONTINUE :
SQN=NV
SQN=SQRT (SQN)
CALL CO6ADF( ARXY,AIXY,N,NV,KS,IW,NIW,Wl,NWl,W2,NW2,IFAIL )
IF(IFAIL.NE.0)GOTO 210

DO 3100 L=1,N
AXY (L)=SQRT (ARXY (L) *ARXY (L)+AIXY (L)*AIXY( L))/SQN
IF (ABS (ARXY(L)) .LE .DEL)ARXY (L )=DEL
IF(INVFT.EQ.1) AIXY(L)=-AIXY(L)
SXY(L)= ATAN2(AIXY(L) , ARXY(L))*180./PI .
3100 CONTINUE
CALL CO6ADF(SVS,SVA, N,NV,KS, IW,NIW,Wl,NWl,W2,NW2,IFAIL )
DO 3120 L=1,N
SVS(L)=SVS(L)/SQN
IF( ABS(SVS(L)).LE.DEL) SVS(L)=DEL
SVA(L)=SVA(L)/SQN
IF(INVFT.EQ. 1) SVA(L)=-SVA(L)
AFT(L)=SQRT(SVS(L)*SVS(L)+SVA(L)*SVA(L))
3120 CONTINUE
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CALL CO6ADF(AR, BJ , N, NV,KS, IW, NIW,Wl,NWi,W2,NW2,IFAIL )
DO 3110 L=1,N
IF(ABS(AR(L)) .LE.DEL) AR(L)=DEL
ARL=AR(L)/SQN
BJL=BJ(L)/SQN
AR(L)=SQRT (ARL*ARL+BJL*BJL)
IF(INVFT.EQ.1) BJL=-BJL
BJ(L)=ATAN2(BJL,ARL)*180 ./PI
3110 CONTINUE
WRITE(6,992) (IW(I),I=1,5)
992 FORMAT(1H///3X, 18HOPTIMUM VALUES ARE/2X,3HKF=, 17/2X,
*SHKMAX=,15/2X,4HNIW=, 16/2X, 4HNWl=, 16/2X, 4HNW2=, 16///)
GOTO 800
210 WRITE(6,991) IFAIL
991 FORMAT (1H ,24HFAILURE IN CO6ADF,IFAIL=, I4)
WRITE(6,992) (IW(I),I=1,5)
800 CONTINUE
WRITE(6,90)
WRITE(6,90)
90 FORMAT(1X//)
WRLITE(6,880)
880 FORMAT(9X,"SIN REL FX IMG FX ABS FX PHASE FX" ,"
* FTRY FIJY AFTY AFXZ PH.Z"//)
DO 21 MM=1,KX
LD=MM
MN=MM-1
WRITE (6,850) MN, AX(LD), ARXY(MM),AIXY(MM), AXY(MM),SXY(MM)
% | SVS(MM),SVA(MM), AFT(MM), AR(MM), BJ(MM)
850 FORMAT(1X,I4,1X, F6.3 , 3(3X,F8.4),5X,F6.1, 4(3X,F8.4),5X,F6.1 )
21 CONTINUE
c
C LINE PRINTER GRAF OUTPUT SECTION
C
=KX
K=KX
KKZ=2*KK
KKK=3%*KK
KZ=0
DO 777 LXY=1,KKK
KZ=KZ+1
K2Z=KZ
IF(KZ.GT .KK)K2Z=KZ-KK
IF(KZ.GT . 2%KK)K2Z=KZ~2*KK
AX(KZ)=AX(K2Z)
V(KZ)=V(K2Z)
IF(KZ.LE.KK)XYZ(KZ)=XC(K2Z)
IF(KZ.LE.2*KK.AND.KZ.GT .KK)XYZ(KZ )=YC(K2Z)
IF(KZ.LE.3*KK.AND.KZ.GT .2*KK)XYZ(KZ)=2C(K2Z)
IF(KZ.LE.2*%KK.AND.KZ .GT .KK) CZ(KZ)=Y1(K22)
IF(KZ.LE.3*KK.AND.KZ.GT .2*KK) CZ(KZ)=DZ(K2Z)
IF(KZ.LE.2*KK.AND.KZ.GT .KK) AXY(KZ)= AFT(K2Z)
IF(KZ.LE.3*KK.AND.KZ.GT . 2*KK) AXY (KZ ) =AR(K2Z)
IF(KZ.LE.2*KK.AND .KZ.GT .KK) SXY(KZ)=ATAN2( SVA(K2Z),SVS(K2Z))*P
IF(KZ.LE.3*KK.AND.KZ.GT .2*KK)SXY (KZ)=BJ(K2Z)
IF(XYZ(KZ).LE.=-50.) XYZ(KZ)=-50.
777 CONTINUE
LKK=LX*2
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MzZ=0

50 FORMAT(1H1)
CALL GRAFIT(AX, XYZ, KKK, KK, KK, -70)
C- X=SINE ANG. "*"-DB FULL ARRAY,,"X"-DB DEFECT. ARRAY, "0"-DB MISS. EL.
WRITE(6,173)
173 FORMAT(2X,"X=SIN ANG. Y=FAR FLD. DB , - FULL ARRAY, X-DEF. 0-MS'")
CALL GRAFIC(AX,CZ,KK)
WRITE(6,45)
45 FORMAT(2X,"X=SIN ANG.Y= -PHASE SB.A.,X-PH. MS EL(CTR),0-PH.ST.C")
WRITE(6,3000) LMIN,LMAX,MMIN,MMAX, KX,I0,Il,IRESET,PRO,RPP
CALL GRAFIT( V, AXY,KKK,KK,KK,-70)
WRITE(6,4120)
4120 FORMAT( 10X,"X=APERTUR,Y= -MAG FFT X,X-FFT Y , O-FFT Z ")
WRITE(6,3003) LMIN,LMAX,MMIN,MMAX, KX,I0,Il,IRESET,PRO,RPP,
* INEAR, IAMPL
CALL GRAFIT( V, SXY,KKK,KK,KK,-70)
WRITE(6,450)
450 FORMAT(10X,"X=APERTURE,Y= -FFT X PHASE, X~ FFT PHASE Y, O-FT P Z")
3000 FORMAT(3X,6H LMIN=,I4,6H LMAX=,I4,6H MMIN=,14,6H MMAX=,I4,
1 12H NO SAMPLES=,I4,11H MISS ELEM= ,I3,1X,I3,8H IRESET= ,Il ,
27H PHASE=,F2.0 ,4H*PI/,F5.1 )
3003 FORMAT(3X,6H LMIN=,I14,6H LMAX=,I4,6H MMIN=,I4,6H MMAX=,I4,
1 12H NO SAMPLES=,I4,11H MISS ELEM= ,I3,1X,I3,8H IRESET= ,Il ,
27H PHASE=,F2.0 ,4H*PI/,F5.1, 7H INEAR=,Il,7H IAMPL=,Il )
1000 STOP
END
END OF FILE
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SUBROUTINE CORELO3(LMIN,LMAX,MMIN,MMAX,KP )

COMMON Y(4,400),X(4,400),Z(4,400) ,AX(500) ,BY(500),CY(500),

1 BZ(500),CZ(500),DZ(500),YC(500),XC(500),

2 ARXY (500) ,AIXY(500) ,VAS(50) ,

3 AXY (350),SXY(350),V(350) ,SVS(350),SVA(350)

KP - NUMBER OF TERM IN THE OUTPUT ARRAY OF COREL

M IS THE DIFFERENCE INDEX OF THE CORELATION COEFICIENT -  C(M)

KP=0

DO 6 M=MMIN ,MMAX
KL=0
$44=0.0
833=0.0
$43=0.0
§34=0.0
S11=0.0
§118=0.0
S4A=0.0
S3A=0.0
S1A=0.0
S5114=0.0
S4B=0.0
S3B=0.0
S1B=0.0
S11B=0.0
V4A=0.0
V3A=0.0
V1A=0.0
V11A=0.0
V4B=0.0
V3B=0.0
V1B=0.0
V11B=0.0
LL=0
KP=KP+1
L=M+1
NM=LMAX~LMIN-M

LL IS THE INDEX OF DISCRETE ANG . SPECT. IN THE (LMIN+LL) DIRECTION

OR LL IS THE INDEX OF THE SUMATION X1
LM IS THE INDEX OF THE SUMATION X2 -  LM=LL+M
THE SUMATION IS PERFORMED ONLY OVER (N-M) TERMS
N IS THE NUMBER OF TERMS - N=LMAX-LMIN+1 . HENCE
THE IF STATMENT TERMINATES THE DO 5 AFTER INDEX (LMAX-M)
X(1, )=ABS X(3, ) = IMAGINARY X(4, ) = REAL
DO 5 K=LMIN,LMAX
LL=LL+1
KL=KL+1
LM=LL+M

IF(LL.GT.NM) GOTO 3

A SUMATION OVER Xl INDEX LL
S4A=X(4,LL)+S4A
S3A=X(3,LL)+534
S1A=X(l,LL)+S1A
S11A=X(1,LL)**2.+S11A

B SUMATION OVER X2 INDEX LM=LL+M
S4B=X(4,LM)+S4B
$3B=X(3,LM)+S3B
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S1B=X(1,LM)+S1B

SI1B=X(1l,LM)**2.+S11B
SUMATION OVER CROSS MULTIPLICATIONS
Shh=X(4 ,LL)*X (4 ,LM)+S44
$33=X(3,LL)*X(3,LM)+S33
S43=X(4,LL)*X(3,LM)+543
$34=X(3,LL)*X(4,LM)+S34
S11=X(1,LL)*X(1,LM)+S11
S115=X(1,LL)**2.#X(1,LM)**2. +5118§
SUMATION OF SQUARE TERMS FOR THE VARIANCE CALCULATION

A SUMATION OVER THE X1 TERMS
V4A=X(4,LL)*X(4,LL)+V4A
V3A=X(3,LL)*X(3,LL)+V3A
VIA=X(1,LL)*X(1,LL)+ViA
V11A=X(1l,LL)**4. +V11lA

B SUMATION OVER THE X2 TERMS
V4B=X(4 ,LM)*X(4 ,LM)+V4B
V3B=X(3,LM)*X(3,LM)+V3B
V1B=X(1,LM)*X(1,LM)+V1lB
V11B=X(1,LM)**4, +V11B

5 CONTINUE
KS=KL
IF(KL.LE.1) KS=1
CL=FLOAT(KS)
IF(KS.LT.1)GOTO 4
VRZA=V4A~S4A*S4A/CL
VIZA=V3A-S3A*S34A/CL
VRZB=V4B-54B*S54B/CL
VIZB=V3B-S3B*S3B/CL
VZA=VRZA+VIZA
VZB=VRZB+VIZB
SAZ=SQRT(VZA)
SBZ=SQRT(VZB)
VAB=5AZ*SBZ
VSA=V1A-S1A*S1A/CL
VSB=V1B-S1B*S1B/CL
IF(VSA.LT.0.0)VSA=ABS(VSA)
IF(VSB.LT.0.0) VSB=ABS(VSB)
VA=SQRT(VSA*VSB)
VSSA=V11A-S11A*S11A/CL
VSSB=V11B-S11B*S11B/CL
IF(VSSA.LT.0.0) VSSA=ABS(VSSA)
IF(VSSB.LT.0.0) VSSB=ABS(VSSB)
VSS=SQRT(VSSA*VSSB)
ARXY (L)=((S544+533)~(S4A*S4B+S3A*S3B)/CL)/VAB
AIXY(L)=((S43-834)~-(S4A*S3B-S3A*S4B)/CL)/VAB
AXY(L)=(S11-S1A*S1B/CL)/VA
SXY(L)=(S11S-S11A*S11B/CL)/VSS
SVS(L)=ARXY(L)
SVA(L)=AIXY (L)

4 CONTINUE
IF(KP.GT.1)GOTO 8
VAS(1)=CL
VAS(2)=544
VAS(3)=833
VAS(4)=843
VAS(5)=834
VAS(6)=S4A
VAS(7)=S3A
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VAS(8)=54B
VAS(9)=S3B
VAS(10)=VRZA
VAS(11)=VIZA
VAS(12)=VRZB
VAS(13)=V1iZB
VAS(14)=VZA
VAS(15)=VZB
VAS(16)=VAB
VAS(17)=VSA
VAS(18)=VSB
VAS(19)=VA
VAS(20)=VssA
VAS(21)=VSSB
VAS(22)=VSS
VAS(23)=FLOAT(L)

8 CONTINUE

6 CONTINUE
RETURN
END

END OF FILE
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- MUTUAL COUPLING BETWEEN BROADSIDE PARALLEL DIPOLES
PROGRAM JACK20(INPUT,QUTPUT,TAPE5=INPUT,TAPE6=0UTPUT)
DIMENSION X(500),Y(500),X1(150),X2(150),X3(150),X4(150)

* X5(150),X6(150),X7(150),X8(150),X9(150),X10(150),X11(150),XX(120)
COMPLEX Z,21,211,221,XPS1
PI=4.%ATAN(l.)

DEL=0.0000001

GAMA=0.57721566490153

EXGAMA=1.78107241799019

P=180./P1

D1=’0¢5

Cc=30.

GHZ=5.0

WRITE(6,70)

FORMAT(5X,"VALUES EL.LENGTH=D1,GHZ,LMIN,LMAX,KC ")

READ(5,*)D1,GHZ ,LMIN,LMAX,KC

LAMBDA=C/GHZ

AK=2 .*PI/LAMBDA

D=2.*PI*Dl

CI= S13ACF(2.*D,1)

SI=S13ADF(2.*D,1)

REL1=GAMA+ALOG(2 .*D)-CI

AIM1=SI- PI/2.

REL1=30.*RELL

IF(ABS(REL]).LE.DEL) REL1=DEL

AIM1=30.*AIMl

Zll= CMPLX(REL1,AIMl)

AT=ATAN2(REL1 ,AIM1)*180./P1

WRITE(6,52)

FORMAT(3X//// )

WRITE(6,90) REL1,AIMI,AT

FORMAT(3X,"RLZ=",F10.5,5X,"IM.2=",F10.5, 5X,"PH.Z=",F6.1 )

WRITE(6,52)

WRITE(6,80)

FORMAT(2X," K S DB.C PH.12 IM12"
%" RE 12 M z1 RE.Z1 PH(Z1-Z11) Z120 PH.120 C1DB"
2, v(zy)/v(zin™

WRITE(6,50)

FORMAT(1X//)

K=0

DO10 I=LMIN,LMAX

K=K+1

S=FLOAT( I)/FLOAT(KC)

A=2 .,%PI*S

G=SQRT( A*A+D*D)

D1=A

D2=G+D

D3=G-D

SI1=S13ADF(D1,1)-P1/2.

SI2=S13ADF(D2,1)-PI/2.

SI3=S13ADF(D3,1)-P1/2.

CI1=S13ACF(D1,1)

CI2=S13ACF(D2,1)

CI13=S13ACF(D3,1)

REL=2.*CI1-CI2-CI3

IF(ABS(REL) .LE.DEL*.01) REL=DEL*.0l

AIM=-(2.%SI1-SI2-S13)

IF(ABS(REL).LE.DEL*.01) REL=DEL*.0l
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AIM=-(2.*SI1-SI2-SI3)

Z21=30 .*CMPLX(REL,AIM)

CP= CABS(Z2l) / (2.*%REL1)

PHZ=ATAN2 (REAL(Z21) ,AIMAG(Z21))*180./P1

Z1=Z114+221

X1(K)=S

X2(K)=20.*ALOG10(CP)

PS1=(A-PI/2.)

XPS1=CEXP(CMPLX(0.,PS1))

REXPS1=REAL(XPS1)

IF (ABS (REXPS1) .LE.DEL)REXPS1=DEL

AIMXPS1=AIMAG(XPS1)

PSM=ATAN2 (REXPS1,-AIMXPS1)

X10(K)=PSM*P

X3(K)= PHZ- X10(K)

AX3=X3(K)

IF(AX3.GE.180.)X3(K)=AX3-180.
IF(AX3.GE.270.)X3(K)=360.-AX3
IF(AX3.LE.~180.)X3(K)=AX3+180.
IF(AX3.LE.=270.)X3(K)=AX3+360.

X3(K)=-X3(K)

X4(K)=AIMAG(Z21)

X5(K)= REAL(Z2l)

X6 (K)=AIMAG(Z1)

X7(K)= REAL(Z1)

APH=( ATAN2(REAL(Z1),AIMAG(Z1))-ATAN2(REAL(Z11),AIMAG(Z11)))*P
X8(K)=APH

REL2=X7(K)

CPl= CABS(Z21)/(2.*REL2)

X11(K)= 20.*ALOG10(CPl)
2120=120./A*CEXP(0.0,-(A-P1/2.))

X9(K)= 120./A

XX(K)= CABS(Z1)/CABS(Zll)

WRITE(6,100) K,X1(K),X2(K),X3(K),X4(K),X5(K),X6(K),X7(K)
* X8(K),X9(K),X10(K) ,X11(K) ,XX(K)

CONTINUE
FORMAT(3X,14,2X,F8.4,2X,F6.2,2X,F6.1,2X,4(F8.4,2X),F6.1
* 2X,F8.4,2X,F6.1,2X,F8.2,2X,F8.4 )

CALL GRAFIC(X1,X2,K)

WRITE(6,110)

FORMAT(10X,"X=SPACING S/LAMBDA, Y= MUTUAL COUPLING DB. "
CALL GRAFIC(X1,X3,K)

WRITE(6,120)

FORMAT(10X,"X=SPACING S/LAMBDA, Y= PH.Z21 - PH. Z120 ")
CALL GRAFIC(X1,X4,K)

WRITE(6,130)

FORMAT(10X,"X=SPACING S/LAMBDA, Y= IMAG Z21")

CALL GRAFIC(X1,X5,K)

WRITE(6,140)

FORMAT( 10X," X=SPACING S/LAMBDA, Y=REAL Z21" )

CALL GRAFIC(X1,X8,K)

WRITE(6,150)

FORMAT(10X,"X=SPACING S/LAMBDA, Y= PH.Z1-PH.Z11")

CALL GRAFIC(Xl, X11,K)

WRITE(6,160)

FORMAT(10X,"X=SPACING, Y=CORRECTED COUPLING DB.(REAL(Z1)) ")
CALL GRAFIC(XI,XX,K)
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WRITE(6,170)
170 FORMAT( 10X,"X=SPACING, Y=VOLTAGE RATIO COUPLED/UNCOUPLED EL. ")
STOP
END
END OF FILE
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. C- NEAR FIELD MEASURMENTS , FAR FIELD NN ELEMENT ARRAY
c XDB(),YDB() MEASURED FIELD IN DB. XPH YPH MEASURED PHASE IN DEG
c THIS PROGRAM IS LINEAR WITH SIN(ANGLE)

PROGRAM JACK30(INPUT=131B,0UTPUT=131B,FINX,TAPE5=INPUT,

* TAPE6=OUTPUT,TAPE7=FINX)

COMMON X(4,400),Y(4,400),Z(4,400) ,AX(500) ,BY(500),

1 BZ(500),CZ(500) ,DZ(500),YC(500) ,XC(500),

2 ARXY(500) ,AIXY(500),VAS(100)

3 AXY(350),5XY(350) ,V(350),5VS(350),SVA(350)
DIMENSION W1(250), W2(20),AR(250),BJ(250), IW(250) , AFT(350)
DIMENSION MS(350)

DIMENSION XDB(100),XPH(100),XAM(100),YDB(100),YPH(100),YAM(100)
DIMENSION AATZ(100),AAZ(100),AXZ(100) ,XYZ(350),ZC(100)
DIMENSION Y1(350)
COMPLEX AMPT ,AMPT1, AMPTZ ,AMPY
COMPLEX AMPTX,AMPTY,AMPZ
COMPLEX AMPTO
NOLIST
INVFT=0
C INITIALIZE 100 SIZE ARRAYS DIMENSION
IXNIL=0
DO 51 NIL=1,100
IXNIL=IXNIL+1
XDB(NIL)=0.0
XPH(NIL)=0.0
XAM(NIL)=0.0
YDB(NIL)=0.0
YPH(NIL)=0.0
YAM(NIL)=0.0
AATZ(NIL)=0.0
AAZ(NIL)=0.0
AXZ(IXNIL)= FLOAT(IXNIL)

MS (NIL)=0
ZC(NIL)=0.0
AR(NIL)=0.0
BJ(NIL)=0.0
VAS(NIL)=0.0

51 CONTINUE

WRITE(6,19)
19 FORMAT(1X//3X," LMIN LMAX MMIN MMAX XX 1I0 11",
* RP PRO"//)

READ(5,13) LMIN
READ( 5,13)LMAX
READ(5,13) MMIN
READ(5,13)MMAX
READ(5,13) KX
READ(5,13) I0
READ(5,13) Il
READ(5,13) INEAR
READ(5,13) IAMPL
READ(5,13) NN

13 FORMAT(I4)
READ(5,15)RP
READ(5,15) PRO

15 FORMAT(F10.2)
PI=4.*ATAN(1.)
P=180./PL
DEL=0.00001
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READ(5, 791) Al
READ(5,793) IAM, IPH
791 FORMAT( F10.3 )
793 FORMAT(2(I4))
LX=0
AMX=0.0
IXSTOP=1
IYSTOP=1
1ZOK=0
IEJIX=0
IF(IAM.GE.10.AND.IPH.GE.10 )IEJIX=l
IF(IEJIX.EQ.1) LX=41
IF(IEJIX.EQ.1) GOTO 666
DO 53 LLX=1,100
LX=LX+1
C READ NEAR FIELD MEASUREMENTS DATA FROM TAPE7
READ(7,55) XDB(LX),XPH(LX),IXSTOP ,IZOK
IF(IXSTOP.LT.0)GOTO 121
DBX=XDB(LX)/20.0
XAM(LX)=FLOAT (NN)*10.0**DBX
XPH(LX)=XPH(LX)/P
AMX=AMX+XAM(LX)
53 CONTINUE
121 CONTINUE
LX=LX-1
55 FORMAT(F10.2,F10.2,I4,16 )
I11=0
IF(I1.EQ.0.AND.I0.EQ.0)I11=1
IF( (-IXSTOP).GT.l) GOTO 666
LY=0
DO 57 LLY=1,100
LY=LY+1
READ(7,55) YDB(LY),YPH(LY),IYSTOP
IF((-IYSTOP).GT.1)I1=(~-IYSTOP)
IF(Il1.EQ.1)I1=0
IF(LY.EQ.I1) MS(LY)=LY
IF(IYSTOP.LT.0) GOTO 23
DBY=YDB(LY)/20.0
YPH(LY)=YPH(LY)/P
YAM(LY)= FLOAT(NN)*10.0%**DBY
57 CONTINUE
23 CONTINUE
LY=LY-1
666 CONTINUE
IX1=0
IF( (-IXSTOP).GT.l) Il=(-IXSTOP)
IF( (-IXSTOP).GT.1)IXl= (-IXSTOP)
NN2=NN
NN=LX
WRITE(6,17 )LMIN,LMAX ,MMIN ,MMAX,KX,10,11,RP, PRO,INEAR,IAMPL,NN
17 FORMAT(3X, 7(1X,I14),2(F10.2),7H INEAR=,I1,7H IAMPL=,Il,4H NN=,I3)
WRITE(6,90)
ST8=.18
ST16=.08
S2= .404
N8=8
$=0.404
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Nl= N8

N2=LX

STHO=ST8

58=.687

S1=S8

Z0K=20.
IF(IZOK.LT.0)ZOK=ABS(FLOAT(IZOK))*0.1
WRITE(6, 178)

FORMAT( 3X," Nl N2 Sl 52 ZOK STHO "
WRITE(6,176) Nl,N2, S1,S2,ZOK, STHO

FORMAT( 3X,2(I4), 4(2X, F8.4) /1)

WRITE(6,129)

FORMAT(3X," 1I X DB XAMP XPHASE Y DB Y AMP "

3
*" Y PHASE REAL Z IMAG Z AMP 7  PHASE 2",11X,"VAS PH.Z"//)
AMPTX=0.
AMPTY=0.
AMPZ=0.
IL=0
PD=20K/5.26
CN=LX
LI=0
IF(IEJIX.EQ.0) GOTO 6161
CALL EJIX(XAM,XPH,N1,N2,S1,S2,PD ,STHO, 0, O , AMX,1,10 )

CALL EJIX(YAM,YPH,N1,N2,S1,52,PD ,STHO, 0, Il , AMX,1,10 )
CONTINUE
H=1.
IF(IEJIX.EQ.1) H=-1.
DO 125 II=1,LX
IL=IL+1
PX=XPH(IL)
AMPTX=XAM( IL)*CEXP (CMPLX(0.,PX))
PY=YPH(IL)
AMPTY=YAM( IL)*CEXP (CMPLX(0.,PY))
AMPZ= AMPTY - AMPTX
RIZ=REAL(AMPZ)
AIZ=AIMAG(AMPZ)
IF(ABS(RIZ).LE.DEL) RIZ=DEL
ATZ= ATAN2(AIZ,RIZ)*P
AZ=CABS(AMPZ)
AATZ( IL)= ATZ
AAZ(IL)=AZ

D=FLOAT(IL)
TANTO=S%*(D—(CN+1.)*.5)/PD
THP=ATAN(TANTO)

F=H*2 . *PT*PD*COS (THP)

SUBT=0.

IMT=1
IF(IL.GT.1)SUBT=AATZ(IL~1)-AATZ(IL)
IF(SUBT .GT.0.)IMT=-1
IF(ABS(SUBT).GT.180.) LI=LI+IMT
FT= F+ATZ/P

VASI= FT  -FLOAT(LI)*2.*PI
IF(IL.EQ.1)VASO=VASI
VAS(IL)=VASI-VASO

WRITE(6,127) IL,XDB(IL),XAM(IL),XPH(IL)*P, YDB(IL),YAM(IL),



- 274 -

1 YPH(IL)*P,RIZ,AIZ,AZ,ATZ ,VAS(IL)/(2.*PI)
127 FORMAT( 3X, I4, 11(2X,F8.3))
125 CONTINUE

12521 CONTINUE
C START NEAR FIELD TO FAR FIELD TRANSFORMATION
C INITIALIZE 350 SIZE ARRAYS DIMENSION

DO 65 INIL=1,350

X(1,INIL)=0.0

X(2,INIL)=0.0

X(3,INIL)=0.0

X(4,INIL)=0.0

Y(1,INIL)=0.0

Y(2,INIL)=0.0

Y(3,INIL)=0.0

Y(4,INIL)=0.0

Y1(INIL)= 0.0

AX(INIL)=0.0

ARXY( INIL)=0.0

AIXY(INIL)=0.0

SVA(INIL)=0.0
SVS(INIL)=0.0
SXY(INIL)=0.0

AXY (INIL)=0.0

XC(INIL)=0.0

YC(INIL)=0.0

AFT(INIL)=0.0

65 CONTINUE

N=KX

NV=KX

KS=KX

NIW=250
NW1=250
NW2=20

IFAIL=0

TH0=0.0

K=0

KC=50

PD=Z0K/5.26
THO=0.0
EN=0.0
EN1=0.0
CN=NN
C NN IS THE NUMBER OF ELEMENTS IN THE ARRAY
RL=FLOAT(IO)/CN
RU=FLOAT(I1)/CN
WRITE(6,90)
WRITE(6,31)
31 FORMAT(3X,"J ANG PHE AME QE RE PH1
1aM1 QEL RE1 PHO AMO Q0 RO"//)

DO 9 J= LMIN,LMAX
c=J
cC=C
c THE FOLLOWING 4 STATEMENTS ARE INTENDED TO CHANGE X SCALE TO SIN
MOD=J/KC
IF(ABS(C) .GT.FLOAT(KC)) CC=2.*FLOAT(MOD)*KC - C
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IF(ABS(FLOAT(MOD)) «.GT.1.)CC=0.0
SIC=CC/FLOAT(KC)
THP=ASIN(SIC)
AMPT=0.0
AMPTZ=0.0
AMPT1=0.0
AMPY=0.0
CONTINUE

I13=0

P1=0.0

14=0

AMPT0=0.0
AMPT1=0.0
AMPY=0.0
AMPZ=0.0
AMPTZ=0.0

C START D.F.T. LOOP

11

DO 11 I=1,LX

D=FLOAT(IL)

F=H*2 ,*PI*PD*COS ( THP )

APS=~(2 %PI*S*(D~(CN+1.)*.5)*SIN(THP))~ XPH(I)
APY=~(2 . *PI*S%(D~(CN+1.)*.5)*SIN(THP))~ YPH(I)
FT=F+APS

TF=F+APY

A=XAM(I)/AMX -

B=YAM(I)/AMX

AMPT=A*CEXP (CMPLX(0.,FT) )+AMPT
AMPY=B*CEXP (CMPLX(0. ,TF ) )+AMPY
IF(I11.EQ.1)AMPY=AMPT

CONTINUE

AMPT1=AMPY

K=K+1

X(1,K)=(CABS(AMPT)/CN)
X(3,K)=AIMAG(AMPT )+1 .E~10
X(4,K)=REAL(AMPT)
X(2,K)=ATAN2(X(3,K),X(4,K)) *180./PIL
Y(3,K)=AIMAG(AMPT1)+1.E~10
Y(4,K)=REAL (AMPT1)
Y(2,K)=ATAN2(Y(3,K),¥(4,K))*180./PI
Y(1,K)=(CABS(AMPT1)/CN)
z(3,K)=Y(3,K)-X(3,K)+1 .E~-10
Z(4,K)=Y(4,K)-X(4,K)+1.E~10
Z(2,K)=ATAN2(Z(3,K),2(4,K))*180./PI
Z(1,K)=SQRT(Z(4,K)*Z(4,K)+Z(3,K)*Z(3,K))
ARXY (K)=X(4&,K)

AIXY(K)=X(3,K)

FF(INVFT.EQ.1) AIXY(K)=-AIXY(K)
SVA(K)=Y(3,K)

SVS(K)=Y(4,K)

IF(INVFT. EQ.1) SVA(K)=-SVA(K)
AR(K)=2(4,K)

BJ(K)=Z(3,K)

IF(INVFT.EQ.1) BJ(K)=-BJ(K)
AIM1=AIMAG(AMPZ)+1.E-10
REL1=REAL(AMPZ)

Y1 (K)=ATAN2 (AIM] ,REL1)*180./PI
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AIM2=AIMAG(AMPTZ)+1.E~10
REL2=REAL(AMPTZ)
DZ(K)=ATAN2(AIM2,REL2)*180./ PI
AX(K)=SIC
XC(K)=20.*ALOG10(X(1,K))
IF(IX1.GT.l) Y(1,K)= .00001
YC(K)=20.*(ALOG1O(Y(1,K)))
ZC(K)=20.*(ALOG10(Z(1,K)))
V(K)=FLOAT(K-1)

KKX=KX/2 +1
IF(K.GT.KKX) V(K)=FLOAT(K~1) - FLOAT(KX)
WRITE(6,33)J,THP*P , 2(2,K),2(1,K),2(3,K),2(4,K),¥(2,K),

1Y(1,K),Y(3,K),Y(4,K),X(2,K) ,X(1,K),X(3,K),X(4,K)
33 FORMAT(1X,I4, F6.1,3(2X,F6.1,1X,F8.4,1X,F9.4,1X,F9.4))
BY(K)= X(1,K)
BZ(K)= Z(1,K)
CZ(K)= 2(2,K)
IF(BY(K).GT.0.3) BY(K)=0.3
EN1=(Y(1l,K)+EN1)
EN=(Y(1,K)*Y(1,K)+EN)
9 CONTINUE

WRITE(6,90)
WRITE(6,90)
CLL=FLOAT(LMAX-LMIN)
IF(CLL.LE.1.0)CLL=1.
EN1=EN1/CLL
EN=EN/CLL
WRITE (6,1230) II3

1230 FORMAT(3X,"MISSING ELEMENTS=",13," MISS. ELEMENTS NUMBERS ARE'"//)
WRITE(6,1240) (MS(K),K=1,40)
WRITE(6,1240)(MS(K),K=41,80)
WRITE(6,1240)(MS(K),K=81,100)

1240 FORMAT(3X,4013//)
WRITE(6,1200)

1200 FORMAT(1H///3X,"10 11 MIS.ELS ABS ENERGY"///)
WRITE(6,1220) 10,11, II3  ,EN1,EN

1220 FORMAT(2X,3(13,3X),2(F10.5,2X))
SQN=NV
SQN=SQRT(SQN)
CALL CO6ADF( ARXY,AIXY,N,NV,KS,IW,NIW,Wl,NWl,W2,NW2,IFAIL )
IF(IFAIL.NE.0)GOTO 210
DO 3100 L=1,N
AXY(L)=SQRT(ARXY(L)*ARXY (L)+AIXY(L)*AIXY( L))/SQN
IF(ABS(ARXY(L)) .LE,DEL)ARXY(L)=DEL
IF(INVFT.EQ.1) AIXY(L)=-AIXY(L)
SXY(L)= ATAN2(AIXY(L) , ARXY(L))*180./PI

3100 CONTINUE
CALL CO6ADF(SVS,SVA, N,NV,KS, IW,NIW,Wl,NWl,W2,NW2,IFAIL )
DO 3120 L=1,N :
SVS(L)=SVS(L)/SQN
IF( ABS(SVS(L)).LE.DEL) SVS(L)=DEL
SVA(L)=SVA(L)/SQN
IF(INVFT.EQ. 1) SVA(L)=-SVA(L)
AFT(L)=SQRT(SVS(L)*SVS(L)+SVA(L)*SVA(L))

3120 CONTINUE
CALL CO6ADF(AR, BJ , N, NV,KS, IW, NIW,Wl,NW1,W2,NW2,IFAIL )
DO 3110 L=1,N
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IF(ABS(AR(L)) .LE.DEL) AR(L)=DEL
ARL=AR(L)/SQN
BJL=BJ(L)/SQN
AR(L)=SQRT (ARL*ARL+BJL*BJL)
IF(INVFT.EQ.l) BJL=-BJL
BJ(L)=ATAN2(BJL,ARL)*180./PI
3110 CONTINUE
WRITE(6,992) (IW(I),I=1,5)
992 FORMAT(1H///3X, L8HOPTIMUM VALUES ARE/2X,3HKF=, 17/2X,
*5HKMAX=,15/2X,4HNIW=, 16/2X, 4HNWl=, 16/2X, 4HNW2=, 16///)
GOTO 800
210 WRITE(6,991) IFAIL
991 FORMAT (lH ,24HFAILURE IN CO6ADF,IFAIL=, I4)
WRITE(6,992) (IW(I),I=1,5)
800 CONTINUE
WRITE(6,90)
WRITE(6,90)
WRITE(6,880)
880 FORMAT(9X,"SIN REL FX IMG FX ABS FX PHASE FX" ,"
* FTRY FIJY AFTY AFXZ PH.Z"//)
DO 21 MM=1,KX
LD=MM
MN=MM-1
WRITE (6,850) MN, AX(LD), ARXY(MM),AIXY(MM), AXY(MM),SXY(MM)
* | SVS(MM),SVA(MM), AFT(MM), AR(MM), BJ(MM)
850 FORMAT(1X,I4,1X, F6.3 , 3(3X,F8.4),5X,F6.1, 4(3X,F8.4),5X,F6.1 )
21 CONTINUE

90 FORMAT(1X//)

C LINE PRINTER GRAPHICS OUTPUT

KK=KX
K=KX
KKZ=2*KK
KKK=3%KK
KZ=0
DO 777 LXY=1,KKK
KZ=KZ+1
K2Z=KZ
IF(KZ.GT .KK)K2Z=KZ-KK
IF(KZ.GT . 2*KK )K2Z=KZ~2 *KK
AX(KZ)=AX(K2Z)
V(KZ)=V(K2Z)
IF(KZ.LE.KK)XYZ(KZ)=XC(K2Z)
IF(KZ.LE.2*KK .AND.KZ.GT .KK)XYZ(KZ)=YC(K2Z)
IF(KZ.LE.3*KK .AND .KZ.GT . 2*KK)XYZ(KZ)=ZC(K2Z2)
IF(KZ.LE.2*KK .AND .KZ.GT .KK) CZ(KZ)=Y1(K2Z)
IF(KZ.LE.3*KK.AND.KZ.GT .2*KK) CZ(KZ)=DZ(K2Z)
IF(KZ.LE.2*KK .AND .KZ.GT .KK) AXY(KZ)= AFT(K2Z)
IF(KZ.LE.3*KK.AND .KZ.GT . 2%KK) AXY (KZ )=AR(K2Z)
IF(KZ.LE.3*KK.AND.KZ.GT . 2*KK)AXY (KZ )=ABS (AR (K2Z)~AR(N/2))
IF(KZ.LE.2*KK.AND.KZ.GT .KK) SXY(KZ)=ATAN2( SVA(K2Z),SVS(K2Z))*P
IF(KZ.LE.3*KK.AND.KZ.GT .2*KK) SXY(KZ)=BJ(K2Z)
IF(XYZ(KZ) .LE.-70.) XYZ(KZ)=-70.

777 CONTINUE
LKK=LX*2
MZ=0
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DO 779 LZZ=1,LKK
MZ=MZ+1
M2Z=MZ
IF(MZ.GT .LX)M2Z=MZ-LX
IF(MZ.GT . 2*LX)M22=MZ-2*LX
AXZ(MZ )=AXZ(M2Z)
IF(MZ.LE.LX)AATZ(MZ )=AATZ (M2Z)
IF(MZ.LE .2%LX.AND.MZ .GT . LX) AATZ (MZ ) =AAZ (M2Z ) *15.
779 CONTINUE
50 FORMAT(1HI)
CALL GRAFIT(AXZ,AATZ,LKK,LX,LX,~70)
C - X=APERTURE LINEAR SCALE. "*"- PHASE(Z),"X"- =15.%AMP(Z),NEAR FIELD.
WRITE(6,171) .
171 FORMAT(10X,"X=APERTURE AXIS. Y= *— PHASE Z , X- 15.*AMP(Z),NR.FL")

CALL GRAFIT(AX, XYZ, KKK, KK, KK, -70)
'C- X=SINE ANG. "*"-DB FULL ARRAY,,"X"-DB DEFECT. ARRAY, "0"-DB MISS. EL.
WRITE(6,173)
173 FORMAT(2X,"X=SIN ANG. Y=FAR FLD. DB , *- FULL ARRAY, X-DEF. 0-MS")
CALL GRAFIC(AX,CZ,KK)
WRITE(6,45)
45 FORMAT(2X,"X=SIN ANG.Y=*-PHASE SB.A.,X~PH. MS EL(CTR),0-PH.ST.C")
WRITE(6,3000) LMIN,LMAX,MMIN,MMAX, KX,I0,Il,IRESET,PRO,RPP
CALL GRAFIT( V, AXY,KKK,KK,KK,-70)
WRITE(6,4120)
4120 FORMAT( 10X,"X=APERTUR,Y=*-MAG FFT X,X-FFT Y , O-FFT z ")
WRITE(6,3003) LMIN,LMAX,MMIN,MMAX, KX,10,Il,IRESET,PRO,RPP,
* INEAR,IAMPL
CALL GRAFIT( V, SXY,KKK,KK,KK,-70)
WRITE(6,450)
450 FORMAT(LOX,"X=APERTURE,Y=*-FFT X PHASE, X- FFT PHASE Y, O-FT P 2")
3000 FORMAT(3X,6H LMIN=,I4,6H LMAX=,I14,6H MMIN=,I4,6H MMAX=,14,
1 12H NO SAMPLES=,I4,11H MISS ELEM= ,I3,1X,I3,8H IRESET= ,Il ,
274 PHASE=,F2.0 ,4H*PI/,F5.1 )
3003 FORMAT(3X,6H LMIN=,I4,6H LMAX=,I4,6H MMIN=,I4,6H MMAX=,14,
1 12H NO SAMPLES=,I4,11H MISS ELEM= ,I13,1X,I3,8H IRESET= ,Il ,
27H PHASE=,F2.0 ,4H*PI/,F5.1, 7H INEAR=,I1,7H IAMPL=,Il )
1000 STOP
END
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SUBROUTINE EJIX(XAM,XPH,N1,N2,S1,S2,PD ,STHO,I0,Il ,AMX ,IT,M

SIMULATION OF NEAR FIELD

M=0 FOR SYMETRICAL COUPLING

M=1 FOR ASYMETRICAL COUPLING
M=10 FOR NO INTERNAL COUPLING

DIMENSION XAM(100), XPH(100)
COMPLEX EJI , EJ , EJ1
PI=4.*ATAN(1l.)

P=180./PL

DEL=.0000001

AMX=0.0

THE FOLLOWING 4 STATEMENTS ARE INTENDED INTERNAL COUPLING IN W/G

GL=5.26/9.233

G1=FLOAT(Il)

XX1=(Gl-FLOAT(N1+1)*.5)*S1

AAl=1./6.+6./7 *(COS(XXL/(FLOAT(NI+1)*,5)*PI*.5))**2,
XX2=-2 ., %#PI*XX1 *STHO

Do 3 J=1,N2

EJ=0.0

JE=J

XJ2= (FLOAT(JE) - FLOAT(N2+1)*.5 )*S2

DO 5 I=1,Nl

XI1=(FLOAT(I)~FLOAT(N1+1)#*.5)*S1

AIl= 1./7¢ + 6./7.%(COS(XIL/(FLOAT(N1+1)*,5)*P1%,5))%*2,
RIJ=SQRT((XI1-XJ2)*#*2,+PD #%*2,)
IF(1I.EQ.10.0R.I.EQ.Il) AIl=0.0

AlJ= =2 .*PL#*( XI1*STHO  +R1J)

C THE FOLLOWING 7 STATEMENTS ARE INTENDED INTERNAL COUPLING IN W/G

B=SQRT(2.)/2. .
IF(M.EQ.1.AND.I.LT.I1)B=—SQRT(2.)/2.
IF(M.EQ.2)B=0.
IF(M.EQ.2.AND.I.GT.I1)B=l.
XI3=(Gl-FLOAT(I))*S1#2.%PI*GL
XI2=-ABS(XI3) +XX2
EJ1=B*AA1*CEXP (CMPLX(0.,XI12))
IF(M.EQ.10)EJ1=0.0
EJI=AI1*(1.+EJ1)/RIJ*CEXP(CMPLX(0.,AIJ))
TETA=ATAN2 ((XJ2-XI1),PD)
IF(IT.EQ.1) EJI=EJI*COS(TETA)
IF(IT.EQ.2) EJI=EJI*(COS(TETA))*%2,
EJ=EJI+EJ
CONTINUE
XAM(J)= CABS(EJ) *10.
XRM= REAL(EJ)
XIM= AIMAG(EJ)
IF( ABS(XRM).LE.DEL)XRM=DEL
XPH(J)= ATAN2(XIM,XRM)

=AMX+XAM( J)
CONTINUE
RETURN
END

END OF FILE
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SUBROUTINE SHIFTOL( XDB, XAM,XPH,YDB,YAM,YPH , Al, IAM,IPH,NN,NN2)
DIMENSION XDB(100),XAM(100),XPH(100),YDB(100),YAM(100),YPH(100),
*DB(100),PH(100)
IF(IAM.EQ.0.AND.IPH.EQ.O)GOTO 10
PI=4.%ATAN(l.)
DEL= .0l
IX=0
IF(Al .LE.~DEL)IX=-1
DO 2 K=1,NN
DB(K)=YDB(K)
IF(IX.EQ.-1)DB(K)=XDB(K)
PH(K)=YPH(K)
IF (IX.EQ.=1)PH(K)= XPH(X)
2 CONTINUE
H1=ABS(Al)
IH1=INT(HL)
Hi=Hl1 - ABS(FLOAT(IHl))
Gl= 1.0 -Hl
JX=INT(ABS(Al))
L=0
DO 3 I=1,NN
L=L+1
IF(I.GT.(NN~-JX~1)) GOTO 9
IF(IAM.EQ.0) GOTO 11
YD=G1*DB(I+JX) +HI*DB(I+JX+1)
11 IF(IPH.EQ.0) GOTO 13
YPP=PH(I+JX+1) - PH(I+JX)
IPM=0
IF(ABS(YPP).GT.PI)IPM=1
B=1.
IF(YPP.LT.0.0) B=-1.
PM=PH(I+JX)+B*2.* PI
YP=GLl*PH(I+JX)+H1*PH(I+JX+1)
IF(IPM.EQ.1) YP=Gl*PM +HL*PH(I+JX+1)
IF(ABS(YP).GT.PL.AND.YP.GT.0.0) YP=YP~2,.*%PI
IF(ABS(YP).GT .PI.AND.YP.LT.0.0) YP=2,*PI+YP
13 CONTINUE
IF(IAM.EQ.0) YD=DB(I)
IF(IPH.EQ.0) YP=PH(I)
DBY= YD/20.
AMY=FLOAT(NN2)#10 .0**DBY
IF(IX.EQ.0) YDB(I) =YD
IF(IX.EQ.0) YAM(I)=AMY
IF(IX.EQ.0) YPH(I)=YP
IF(IX.EQ.-1)XDB(I1)=YD
IF(IX.EQ. -1) XAM(I)=AMY
IF(IX.EQ.-1)XPH(I)= YP
CONTINUE
CONTINUE
NN2=L-1
10 CONTINUE
RETURN
END
END OF FILE

O W
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THIS PROGRAM CHANGES MEASURED VALUES IN CM OF X~Y PLOT 70

DB AND PHASE(DEG) ACCORDING TO CALIBRATION CHART ASSUMED
TO BE LINEAR IN DB AND PHASE
PROGRAM DBPMES1(INPUT=131B,0UTPUT=131B,FIGX,FIGY,

* TAPES5=INPUT,TAPE6=OQUTPUT,TAPE7=FIGX,TAPE8=FIGY)
DIMENSION XDCM(100) ,XPCM(100),YDCM(100),YPCM(100)
DIMENSION XDB(100),XPH(100),YDB(100),YPH(100)

INORDER=1
READ(5, )DELX,DELYDB,DELYPH

DELX IS THE ABSISA SHIFT OF THE GRAPH IN CM TO THE REF.

DELYDB IS THE ORDINATE SHIFT OF DB IN CM TO THE REF.

DELYPH IS THE ORDINATE SHIFT OF PH IN CM TO THE REF.
DEL=0.000001

PI’ATAN(]. o)*4o

DB0=10.25

PHO=8.15

CONSTDB=-10 025*400/903
CONSTPH=8.15%360./15.7
APH=-360./15.7

ADB=40./9.3

I=0

DO 10 M=1,100

READ(7, )XDCM(M),XPCM(M)
I=1+1
IF(XPCM(M).GT.0.0)GOTO 120
READ(7, )IXSTOP,IZOK

GOTO 122

CONTINUE

CONTINUE

CONTINUE

IL=I-1

LX=I

CALL SHIFT1(XDCM,XPCM, 0.0, 0.0, 0.0, LX )
DO 1000 I=1,IL
XDB(I)=XDCM(I)*ADB+CONSTDB
XPH(I)=XPCM(L)*APH+CONSTPH

GOTO 15

WRITE(6,12)XDB(I),XPH(I),Z0K,I

FORMAT(5X, "XDB=",F7.2," XPH=",6F7.2," ZOK=",F7.2,4X,I4)
CONTINUE

CONTINUE

XDB(IL+1)=XPH(IL+1)=DEL
ZOK=FLOAT(IABS (IZOK))

K=0

DO 20 M=1,100

READ(8, )YDCM(M),YPCM(M)
K=K+1

IF(YPCM(M).GT.0.0)GOTO 130
READ(8, )IYSTOP

GOTO 133

CONTINUE

CONTINUE

CONTINUE

CALL SHIFT1(YDCM,YPCM,DELX,DELYDB,DELYPH,LX )
DO 2000 K=1,IL

YDB(K) =YDCM(K)*ADB +CONSTDB
YPH(K)=YPCM(K)*APH +CONSTPH
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2000 CONTINUE
YDB(IL+1)=YPH(IL+1)=DEL
IIXSTOP=0
IIZO0K=0
IIYSTOP=0
IF(INORDER.EQ.1)GOTO 45
DO 22 I=1,IL
K=IL+1-1
XDCM(K)=XDB(1I)
XPCM(K)=XPH(I)
YDCM(K)=YDB(I)
YPCM(K)=YPH(I)
22 CONTINUE
DO 55 I=1,IL+1
IF(1.EQ.IL+1)IIXSTOP=IXSTOP
IF(I.EQ.IL+1)IIZ0OK=IZ0K
XDCM(IL+1)=XPCM(IL+1)=YDCM(IL+1)=YPCM(IL+1)=DEL
WRITE(6,80)XDCM(I),XPCM(I),IIXSTOP,I1Z0K
55 CONTINUE
DO 65 I=1,IL+l
IF(I.EQ.IL+1)IIYSTOP=IYSTOP
WRITE(6,80)YDCM(I),YPCM(I),IIYSTOP
65 CONTINUE
GOTO 75
45 CONTINUE
DO 40 I=1,IL+1
IF(I.EQ.IL+1)IIXSTOP=IXSTOP
IF(I.EQ.IL+1)IIZOK= IZOK
WRITE(6,80)XDB(I),XPH(I),IIXSTOP,IIZ0K
40 CONTINUE
80 FORMAT(1X,F9.2,F10.2,I4,16)
DO 60 I=1,IL+l
IF(I.EQ.IL+1)IIYSTOP=IYSTOP
WRITE(6,80)YDB(I),YPH(I),IIYSTOP
60 CONTINUE
75 CONTINUE
STOP
END
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SUBROUTINE SHIFTLl(XDCM,XPCM,DELX,DELYDB,DELYPH,LX

DIMENSION XDCM(100) ,XPCM(100)
DEL=0.000001
PI=4.%ATAN(L.)
IF(ABS(DELX).LE.DEL)GO TO 100
K=0
DO 10 I=1,LX-l
K=K+1
DCM=XDCM(1I)
DDCM=XDCM( I+1)
A=DDCM~-DCM
PCM=XPCM(1I)
DPCM=XPCM(I+1)
P=DPCM-PCM
IF(ABS(P).GE.7.)P=0.0
XDCM(I)=DCM+A*DELX
XPCM(I)=PCM+P*DELX

10 CONTINUE

100 CONTINUE
IF(ABS(DELYDB) .LE.DEL)GOTO 200
DO 20 I=1,LX
DCM=XDCM(I)
XDCM(I)=DGM+DELYDB
20 CONTINUE
200 CONTINUE
IF(ABS(DELYPH).LE.DEL)GOTO 300
DO 30 I=1,LX
PCM=XPCM(I)
XPCM(I)=PCM+DELYPH
30 CONTINUE
300 CONTINUE
RETURN
END
END OF FILE
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c- MONITORING IN THE NEAR FIELD WITH A FOCUSED ANTENNA, COS ILLUMIN
PROGRAM JACK37 (INPUT=131B,0UTPUT=131B, TAPES=INPUT
* TAPE61,TAPE66 , TAPE6=0UTPUT)
COMMON X(500),Y(500),21(500),22(500),23(500),Z4(500),25(500)
DIMENSION IBCD(3),NUM(4),XN(10)
COMPLEX FO0,AJ,V1,VV,V20,VA,VP,VM
DATA(IBCD(M),M=1,3)/10H A B R W,l10H LMIN LMAX,l10H KC NG DX/
PI=4 . *ATAN(1.)
DEL=0.0001
AJ=0.5*CMPLX(1l., 1.)
WRITE(6,50)
11S=IPH=0
50 FORMAT(10X,"VALUES,A,B,R,W,LMIN,LMAX,KC, IMAX")
READ(5,*)A,B,R,W,LMIN,LMAX,KC, IMAX

WRITE(6,70)IIS,IPH

70 FORMAT(5X,"  IIS(CORRECTION)=",I2," IPH=",I2)
READ(5,*)IIS,IPH
WRITE(6,60)A,B,R,W,LMIN, LMAX, KC, IMAX
WRITE(6,70)IIS,IPH

60 FORMAT(5X,4(F10.5,2X),4(15,2X))
IF((LMAX-LMIN) .GT.150 )LMAX=LMIN+150
KK=LMAX-LMIN+1
R=R*A
A=A*Y
B=B*A
R=R*W
P=SQRT(2./(R*W))

K=0

BK=FLOAT( IMAX-1)
IF(ABS(BK).LE.DEL)BK=1.

DX=B/BK

CC=1./(FLOAT(IMAX))

WRITE(6,150)

150 FORMAT(10X,"K S V2 DF Ve V7 AT "“//)

DO 5 L=LMIN,LMAX

K=K+1

S=FLOAT(L)/FLOAT(KC)

" V1=0.0

VA=0.0

DO 7 I=1,IMAX

XX=(FLOAT(I)-FLOAT (IMAX+1)*0.5)*DX
Ul=(+(S*R-XX)+A/2.)*P
U2=(~(S*R-XX)+A/2.)*P
U3=P*A/2.-1./P*(2.%(S=XX/R)/W+l./A)
U4=P*A/2 .+1./P*(2.*(S~-XX/R)/W+Ll./A)
U5=P*A/2.-1./P*(2.*(S-XX/R)/W-1./A)
U6=P*A/2.+1./P*(2.*(S-XX/R)/W-1./4)
FM=PI*( R*S/A-XX/A-2.*S*XX/W)

© FP=PI*(-R*S/A+XX/A-2.*S*XX/W)
X1=S20ADF(U1,1)

Y1=S20ACF(U1,1)

X2=S20ADF(U2,1)

Y2=S20ACF(U2,1)

X3=S20ADF(U3,1)

Y3=S20ACF(U3,1)

X4=S20ADF(U4,1)

Y4=S20ACF(U4,1)

X5=S20ADF(U5,1)

Y5=S20ACF(U5,1)

X6=S20ADF(U6,1)
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Y6=S20ACF(U6,1)

VV=CMPLX(X1,-Y1)+CMPLX(X2,-Y2)

VP=(CMPLX(X3,~Y3)+CMPLX (X% ,-Y4))*CEXP (CMPLX(0.,FP))

YM=(CMPLX(X5,~Y5)+CMPLX(X6 ,-Y6) )*CEXP(CMPLX(0.,FM))

F=—2  *PL/W*XX*S

FF=PI*XX/A

CSNR=COS (FF)

SSNR=SIN(FF)

XDR=~PL*XX*XX/(W*R)

SRA=PI*S*R/A

CSSR=COS(SRA)

IF(ABS(CSSR) .LE.DEL)CSSR=DEL

SSSR=SIN(SRA)

CISR=1./CSSR

TGSR=SSSR*CISR

SIGN=1.0

IF(I1S.LT.0)SIGN=-1.0

CF=1.0

IF(IABS(IIS).EQ.1)CF=CISR

IF(IABS(IIS).EQ.2)CF=CISR*(1.0+SIGN*TGSR*SSNR)

IF(IABS(IIS).EQ.3)CF=CISR*( SIGN*TGSR*SSNR)

VA=VA+(VP+VM) *CF

V1=V1+CSNR*VV*CEXP (CMPLX(0.,F))

7 CONTINUE

V1i=VA

V8=CABS(VA)

V2=CABS(V1)*CC

REL1=REAL(V1)

AIM1=AIMAG(V1)

IF(ABS(REL1) .LE.DEL)REL1=DEL

AT=ATAN2 (REL1,AIM1)*180./PI

V3=AT

VF1=V2

IF(VF1.LE.DEL)VF1=DEL

DF=20.*ALOG10(VF1)

TETA=PI*A*S/W

TET1=TETA+P1/2.

TET2=TETA-PI/2.

IF(ABS(TET1) .LE.DEL)TET1=DEL

IF(ABS(TET2) .LE.DEL)TET2=DEL

ASN1=SIN(TET1)

ASN2=SIN(TET2)

ACSN=ASN1/TET1+ASN2/TET2

ASN=SIN(TETA)

IF(ABS(TETA) .LE .DEL)TETA=DEL

IF(ABS(TETA) .LE .DEL )ASN=DEL

ASNX=ASN/TETA

V6=ABS (ASNX)

V6=ABS (ACSN)

V66=V6

1F(V66.LE .DEL)V66=DEL

V7=20.*ALOG10(V66)

WRITE(6,200)K,S,V2,DF,V6,V7,AT
200 FORMAT(1X,14,6(F10.5))

FD1=DF+10.

DF=FD1

IF(DF.LE.-40.)DF=-40.

IF(DF.GE.30.)DF=30.

IF(V7 .LE.=40.)V7=-40.
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X(K)=S
X(K+KK) =8
Z2(K)=V2
Z3(K)=V3
Z5(K)=DF
Y(K)=V6
Z1(K)=V7
IF(IPH.EQ.1)Z1(K)=AT/10.
Z5(K+KK)=21(K)
NUM( 1 )=NUM(2 )=NUM(3)=KK
5 CONTINUE
KK=LMAX-LMIN+1
XN(1)=A
XN(2)=0.0
XN(3)=R
AN(4)=W
XN(5)=FLOAT(LMIN)
XN(6)=FLOAT(LMAX)
XN(7)=FLOAT(KC)
XN(8)=000
XN(9)=DX
NDEC=0
CC=0.75
YY=2.0
DO 3 1I=1,9
XX1=CC*FLOAT(I)
3 CONTINUE
CALL GRAFIT(X,Z5,2*KK,KK,KK,-70)
WRITE(6,100)

100 FORMAT(10X,"X=SIN ANGL, Y=DB.*NR FLD+10.DB,X=FAR FLD")
WRITE(6,50)
WRITE(6,60)A,B,R,W,LMIN,LMAX,KC, IMAX
WRITE(6,70)I1S,IPH
STOP
END

END OF FILE
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c- MONITORING IN THE NEAR FIELD WITH A FOCUSED ANTENNA, COS.SQ.+PED
PROGRAM JACK38(INPUT=131B,0UTPUT=131B,TAPE5=INPUT
* TAPE61 ,TAPE66 , TAPE6=OUTPUT)
COMMON X(500),Y(500),21(500),22(500),Z3(500),Z4(500),25(500)
DIMENSION IBCD(3),NUM(4),XN(10)
COMPLEX F00,AJ,V1,VV,v20,VA,VP,VM
DATA(IBCD(M),M=1,3)/10H A B R W,10H LMIN LMAX,10H KC NG DX/
PI=4.%ATAN(1.)
DEL=0.0001
AJ=0.5*CMPLX(l., 1.)
WRITE(6,50)
11S=1PH=0
CF1=0.5714
CF2=0.4285
50 FORMAT(10X,"VALUES,A,B,R,W,LMIN,LMAX,KC, IMAX")
READ(5,*)A,B,R,W,LMIN,LMAX,KC, IMAX
WRITE(6,70)CF1,CF2,IPH
70 FORMAT(5X," CF1(0.5714)=",F6.3," CF2(0.4285)=",F6.3," IPH=",12)
READ(5,*)CF1,CF2,IPH
WRITE(6,60)A,B,R,W,LMIN,LMAX,KC, IMAX
WRITE(6,70)CF1,CF2,IPH
60 FORMAT(5X,4(F10.5,2X),4(I5,2X))
IF((LMAX-LMIN) .GT.150)LMAX=LMIN+150
KK=LMAX~-LMIN+1
R=R*A
=A*W
B=B*A
=R*W
P=SQRT(2./(R*W))
K=0
BK=FLOAT(IMAX-1)
IF(ABS(BK) .LE.DEL)BK=1.
DX=B/BK
CC=1./(FLOAT(IMAX))
WRITE(6,150)
150 FORMAT(l0X,"K S V2 DF V6 V7 AT "“//)
DO 5 L=LMIN,LMAX
K=K+1
S=FLOAT(L)/FLOAT(KC)
V1=0.0
VA=0.0
DO 7 I=1,IMAX
XX=(FLOAT(I)-FLOAT ( IMAX~+1)%0.5)*DX
Ul=(+(S*R-XX)+A/2.)*P
U2=(~(S*R-XX)+A/2.)*P
U3=P*A/2.-1./P*(2.%(S~XX/R)/W+2./A)
U4=P*A/2 o+1./P*(2.%(S~XX/R)/W+2./A)
U5=P*A/2.~1./P*(2.%(S~XX/R)/W=2./A)
U6=P*A/2 +1./P*(2.%(S~XX/R)/W-2./A)
AA=1./(A%A)
=PI#( 2.%R*S/A-2 .¥XX/A~2 .*S*XX/WHW*R*AA)
FP=PI%*(~2 . XR*S/A+2 .*XX/A-2 .*S*XX/WHW*R*AA)
X1=520ADF(UL,1)
Y1=520ACF(Ul,1)
X2=S20ADF(U2,1)
¥2=820ACF(U2,1)
X3=520ADF(U3,1)
Y3=520ACF(U3,1)
X4=S20ADF(U4,1)
Y4=820ACF(U4,1)
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X5=S20ADF(US,1)

Y5=S320ACF(U5,1)

X6=S20ADF(U6,1)

Y6=820ACF(U6,1)

VV=CMPLX (X1 ,-Y1 )+CMPLX (X2 ,-Y2)

VP=(CMPLX(X3,-Y3)+CMPLX (X4 ,~Y4))*CEXP (CMPLX(0.,FP))

VM=(CMPLX (X5 ,-Y5)+CMPLX (X6 ,-Y6))*CEXP (CMPLX(0.,FM))

F=-2.*PI/W*XX*S

FF=PI*XX/A

CSNR=COS (FF)

SSNR=SIN(FF)

XDR=-PI*XX*XX/(W*R)

SRA=PI*S*R/A

CSSR=COS (SRA)

IF(ABS(CSSR) .LE.DEL)CSSR=DEL

SSSR=SIN(SRA)

CISR=1./CSSR

TGSR=SSSR*CISR

SIGN=1.0

IF(IIS.LT.0)SIGN=-1.0

CF=1.0

IF(IABS(IIS).EQ.1)CF=CISR

IF(IABS(IIS).EQ.2)CF=CISR*(1.0+SIGN*TGSR*SSNR)

IF(IABS(IIS).EQ.3)CF=CISR*( SIGN*TGSR*SSNR)

VA=VA+CF 2% (VP+VM)+CF 1 ¥VV*CEXP (CMPLX(0.,F))

V1=V1+CSNR*VV*CEXP (CMPLX(0.,F))

7 CONTINUE

Vi=VA

V8=CABS(VA)

V2=CABS(V1)*CC

REL1=REAL(V1)

AIMI=ATMAG(V1)

IF(ABS(REL]).LE.DEL)REL1=DEL

AT=ATAN2 (REL1,AIM1)*180./PI

V3=AT

VF1=v2

IF(VF1.LE.DEL)VF1=DEL

DF=20.*ALOG10(VF1)

TETA=PI*A*S/W

TETL=TETA+PI

TET2=TETA-PI

IF(ABS(TET1).LE.DEL)TET1=DEL

IF(ABS(TET2) .LE .DEL) TET2=DEL

ASN1=SIN(TET1)

ASN2=SIN(TET2)

ACSN=ASN1 /TET1+ASN2/TET2

ACSN=CF2*ACSN

ASN=SIN(TETA)

IF(ABS(TETA) .LE.DEL)TETA=DEL

IF(ABS(TETA).LE.DEL)ASN=DEL

ASNX=ASN/TETA

ASNX=CF1*ASNX

V6=ABS (ASNX)

V6=ABS (ACSN+ASNX)

V66=V6

IF(V66.LE .DEL)V66=DEL

V7=20 .*ALOGLO(V66)

WRITE(6,200)K,S,V2,DF,V6,V7 ,AT
200 FORMAT(1X,I4,6(F10.5))
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FD1=DF+10.

DF=FD1
IF(DF.LE.=40.)DF=-40.
IF(DF.GE.30.)DF=30.
IF(V7 .LE.=40.)V7=-40.
X(K)=S
X(K+KK)=3
22(K)=V2
Z3(K)=V3
Z5(K)=DF
Y(K)=V6
Z1(K)=V7
IF(IPH.EQ.1)Z1(K)=AT/10.
25 (K+KK)=21(K)
NUM( 1 )=NUM( 2 )=NUM(3)=KK

5 CONTINUE
KK=LMAX-LMIN+1
XN(1)=A
XN(2)=0.0
XN(3)=R
XN(4)=W
XN(5)=FLOAT(LMIN)
XN( 6 )=FLOAT(LMAX)
XN(7)=FLOAT(KC)
XN(8)=0.0
XN(9)=DX
NDEC=0
€C=0.75
YY=2.0
DO 3 1I=1,9
XX1=CC*FLOAT(I)

3 CONTINUE
CALL GRAFIT(X,Z5,2*KK,KK,KK,=-70)
WRITE(6,100)

100 FORMAT(10X,"X=SIN ANGL, Y=DB.*NR FLD+10.DB,X=FAR FLD")
WRITE(6,50)
WRITE(6,60)A,B,R,W,LMIN ,LMAX,KC, IMAX
WRITE(6,70)CF1,CF2,IPH
STOP
END

END OF FILE
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MONITORING IN THE NEAR FIELD WITH A FOCUSED ANTENNA, SIN ILLUMIN
PROGRAM JACK39(INPUT=131B,0UTPUT=131B, TAPES=INPUT
* , TAPE61 ,TAPE66 , TAPE6=OUTPUT)
COMMON X(500),Y¥(500),21(500),22(500),23(500),24(500),25(500)
DIMENSION IBCD(3),NUM(4),XN(10)
COMPLEX F00,AJ,V1,VV,V20,VA,VP,VM
DATA(IBCD(M),M=1,3)/10H A B R W,10H LMIN LMAX,10H KC NG DX/
PI=4.*ATAN(l.)
DEL=0.0001
AJ=0.5*CMPLX(1l., 1.)
WRITE(6,50)
I11S=IPH=0
FORMAT(10X,""VALUES,A,B,R,W,LMIN,LMAX,KC, IMAX"")
READ(5,*)A,B,R,W,LMIN,LMAX ,KC, IMAX
WRITE(6,70)I1S,IPH .
FORMAT(5X,"  IIS(CORRECTION)=",I2," IPH=",612)
READ(5,*)I1S,IPH
WRITE(6,60)A,B,R,W,LMIN,LMAX,KC, IMAX
WRITE(6,70)I1S,IPH
FORMAT (5X,4(F10.5,2X),4(15,2X))
IF ((LMAX-LMIN) .GT.150)LMAX=LMIN+150
=LMAX-LMIN+1
R=R*A
A=A*Y
B=B*A
R=R*W
P=SQRT(2./(R*W))
K=0
BK=FLOAT( IMAX-1)
IF(ABS(BK).LE.DEL)BK=1.
DX=B/BK
CC=1./(FLOAT(IMAX))
WRITE(6,150)
FORMAT(10X,"K S V2 DF V6 V7 AT “//)
DO 5 L=LMIN,LMAX
K=K+1
S=FLOAT(L)/FLOAT(KC)
V1=0.0
VA=0.0
DO 7 I=1,IMAX
XX=(FLOAT(I)-FLOAT (IMAX+1)*0.5)*DX
Ul=(4+(S*R-XX)+A/2.)*P
U2=(-(S*R-XX)+A/2.)*P
U3=P*A/2.-1./P*(2.%(S-XX/R)/W+l./A)
U4=P*A/2 .+1./P*(2.*%(S-XX/R)/W+1l./A)
U5=P*A/2 .~1./P*(2.*%(S~XX/R)/W-1./A)
U6=P*A/2 +1./P*(2.%(S-XX/R)/W~1./4)
FM=PI*( R*S/A-XX/A-2.*S*XX/W)
FP=PI*(-R*S/A+XX/A-2 .*S*XX/W)
X1=S20ADF(Ul,1)
Y1=S20ACF(Ul,1)
X2=820ADF(U2,1)
¥2=S20ACF(U2,1)
X3=S20ADF(U3,1)
Y3=S20ACF(U3,1)
X4=S20ADF (U4,1)
Y4=S20ACF(U4,1)
X5=S20ADF(U5,1)
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Y5=520ACF(U5,1)

X6=520ADF(U6,1)

Y6=S20ACF(U6,1)

VV=CMPLX(X1,-Yl )+CMPLX(X2,-Y2)

VP=(CMPLX(X3,~Y3)+CMPLX(X4,-Y4))*CEXP(CMPLX(0.,FP))

VM=(CMPLX(X5,~Y5)+CMPLX(X6,-Y6))*CEXP (CMPLX(0.,FM))
=-2 (K*PI /W*XX*S

FF=PI*XX/A

CSNR=COS (FF)

SSNR=SIN(FF)

XDR=—-PIL*XX*XX/(W*R)
SRA=PI*S*R/A

CSSR=COS(SRA)
IF(ABS(CSSR).LE.DEL)CSSR=DEL
SSSR=SIN(SRA)

CISR=1./CSSR

TGSR=SSSR*CISR

SIGN=1.0

IF(IIS.LT.0)SIGN=-1.0

CF=1.0
IF(IABS(IIS).EQ.1)CF=CISR

IF(IABS(IIS).EQ.2)CF=CISR*(1.0+SIGN*TGSR*SSNR)

IF(IABS(IIS).EQ.3)CF=CISR*( SLGN*TGSR*SSNR)

VA=VA+(VP-VM)*CF

V1=V1+CSNR*VV*CEXP (CMPLX(0.,F))
CONTINUE

V1=vA

V8=CABS(VA)

V2=CABS(V1)*CC

REL1=REAL(V1)

AIM1=AIMAG(V1)

IF(ABS(RELLl) .LE.DEL)REL1=DEL

AT=ATAN2 (REL1,AIM1)*180./P1

V3=AT

VF1=V2

IF(VFl.LE.DEL)VF1=DEL

DF=20 .*ALOGL1O(VF1)

TETA=PI*A*S /W

TET1=TETA+PI/2.

TET2=TETA-P1/2.

IF(ABS(TET1) .LE.DEL)TET1=DEL
IF(ABS(TET2) .LE.DEL)TET2=DEL

ASN1=SIN(TET1)

ASN2=SIN(TET2)

ACSN=ASN1/TET1~ASN2/TET2

ASN=SIN(TETA)
IF(ABS(TETA) .LE .DEL)TETA=DEL
IF(ABS(TETA) .LE .DEL)ASN=DEL

ASNX=ASN/TETA

V6=ABS (ASNX)

V6=ABS (ACSN)

V66=V6

IF(V66.LE.DEL)V66=DEL

V7=20.*ALOG10(V66)

WRITE(6,200)K,S,V2,DF,V6,V7,AT

FORMAT(1X,I14,6(F10.5))

FD1=DF+10.
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DF=FDI
IF(DF.LE .~40.)DF==40.
IF(DF.GE.30.)DF=30.
IF(V7 .LE.-40.)V7==40.
X(K)=8
X(K+KK)=$
22(K)=V2
23(K)=V3
Z5(K)=DF
Y(K)=V6
21(K)=v7
IF(IPH.EQ.1)Z1(K)=AT/10.
25 (K+KK)=21(K)
NUM(1 )=NUM(2 )=NUM(3 )=KK
5 CONTINUE
=LMAX~LMIN+1
XN(1)=A
XN(2)=0.0
XN(3)=R
XN(4)=W
XN(5)=FLOAT(LMIN)
XN(6)=FLOAT(LMAX)
XN(7)=FLOAT(KC)
XN(8)=0.0
XN(9)=DX
NDEC=0
CC=0.75
YY=2.0
DO 3 I=1,9
XX1=CC*FLOAT (L)
3 CONTINUE
CALL GRAFIT(X,Z5,2%KK,KK,KK,-70)
WRITE(6,100)

100 FORMAT(10X,"X=SIN ANGL, Y=DB.*NR FLD+10.DB,X=FAR FLD")
WRITE(6,50)
WRITE(6,60)A,B,R,W,LMIN,LMAX,KC, IMAX
WRITE(6,70)IIS,IPH
STOP
END

END OF FILE
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NEAR FIELD OF APERTURE ANTENNA UNIFORM ILLUMINATION
PROGRAM JACK42(INPUT=131B,0UTPUT, TAPES=INPUT,TAPE6=0UTPUT)
DIMENSION X(500),Y(500),21(500),22(500),23(500),24(500)
COMPLEX F00,AJ,V1,VV ,V20
PI=4.*ATAN(1.)

DEL=0.0000001
AJ=0.5%CMPLX(1l., 1.)
KC=20
KC=40
KC=10
KC=100
ALZ=1.
W=1.
A=10 %W
A=50 %W
ALZ=A%A
ALZ=A*A/30.
ALZ=A*A/3.
ALZ=A*A*10.
ALZ=A*W
ALZ=2 J*A*W
ALZ=A*A/2.
ALZ=A%*A%2,
P=SQRT(2./ALZ)
K=0
WRITE(6,3)
3 FORMAT(2X," NO X Ul U2 c(u1) ",
%" S(U1) c(u2) S(U2) ABS( W(U))  20LOG(W) "//)
DO 5 L=0,100
=K+1
S=FLOAT(L)/FLOAT(KC)*A
Ul=(=S+A/2.)*P
Ul=S
U2=(~S~A/2.)*P
X1=S20ADF(U1,1)
Y1=520ACF (Ul,1)
V1=CMPLX(X1,-Y1)
X2=S20ADF(U2,1)
Y2=S20ACF(U2,1)
V20=CMPLX(X2,-Y2)
VV=AJ*(V1-V20)
V2=CABS(VV)
V2=CABS(V1)
V22=V2
IF(V22.LE .DEL)V22=DEL
V3=20 .%ALOG10(V22)
REL=X1
IF(ABS(REL) .LE.DEL)REL=DEL
V3=ATAN2(REL,-Y1)*180./PI
X(K)=S
Y(K)=V2
Z1(K)=V3
WRITE(6,8) K,S,Ul,U2,Xl,~Yl,X2,-Y2,v2,V3
8 FORMAT(2X,14,9(2X,F10.5))
IF(V3.LE.-80.) V3=-80.
5 CONTINUE
WRITE(6,30)
30 FORMAT( 2X///)



- 294 -

CALL GRAFIC(X,Y,100)
WRITE(6,10)

10 FORMAT(10X,"X=X , Y=AMPLITUDE W(U) . N.B. U=X*SQRT(2./ALZ) ")
CALL GRAFIC(X,Z21,100)
WRITE(6,12)

12 FORMAT(10X,"X=X , Y=AMPLITUDE W(U)IN DB. N.B. U=X*SQRT(2./ALZ)"")
STOP
END

END OF FILE
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ANGULAR SPECTRUM OF PYRAMIDAL HORN WITH PI/2 PHASE ERROR .FRESNEL INT
PROGRAM JACK45(INPUT=131B,0UTPUT, TAPES=INPUT,TAPE6=0UTPUT)
DIMENSION X(500),Y(500),Z1(500),22(500),23(500),24(500) ,Z25(500)
COMPLEX F00,AJ,V1,VV ,v20 ,VO,V9,VU,VD
PI=4.*ATAN(1.)

DEL=0.0000001
AJ=0.5%CMPLX(l., 1.)
KC=50
W=1.
A=10 %W
B=A
EL=0.5%A%A/W
HL=EL
ALZ=EL*W
ZLA=EL/W
P=SQRT(2./ALZ)
Pl=P*A/2.
Q=SQRT(2.*ZLA)
R=1./SQRT(2.*ALZ)
T=SQRT(ALZ/2.)
WRITE(6,3)
3 FORMAT(2X," NO SIN ANG ABS(INT 1) AMP UNT 1 DB "
*# " ABS(INT 2) ABS(INT 2) DB ABS(SINC) SINC DB" //)
K=0
DO 5 L=0,100
K=K+1
S=FLOAT(L)/FLOAT(KC)
Ul=(P1l~Q*S)
U2=(PL+Q*S)
U3=B*R+(2.*S/W=1./B)*T
U4=B*R-(2.*S/W-1./B)*T
U5=B#*R+(2.*S/W+1./B)*T
U6=B*R—(2.*S/W+1./B)*T
FM=PI/4.*ALZ*(2.%S/W-1./B)%*2
FP=PL/4 KALZ*(2.%S/W+l./B)**2
X1=S20ADF(U1,1)
Y1=S20ACF(U1,1)
X2=S20ADF(U2,1)
¥2=S20ACF(U2,1)
X3=S20ADF(U3,1)
Y3=S20ACF(U3,1)
X4=S20ADF(U4,1)
Y4=520ACF(U4,1)
X5=520ADF(U5,1)
¥5=520ACF(U5,1)
X6=520ADF(U6,1)
Y6=520ACF (U6,1)
V1=CMPLX(X1 ,~Yl )+CMPLX(X2,-Y2)
VV=(CMPLX(X3,~Y3)+CMPLX (X4 ,~Y4))*CEXP(CMPLX(O.,FM) )+
*( CMPLX (X5, ~Y5 )+CMPLX (X6 , -Y6) ) *CEXP(CMPLX (0. ,FP))
V2=CABS(V1)
V22=V2
IF(V22.LE.DEL)V22=DEL
V3=20.*ALOG10(V22)
V4=CABS(VV)
V44=V4
IF(V44 ,LE .DEL)V44=DEL
V5=20 . *ALOGLO(V44)

’
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TETA=PI*A*S/W
ASN=SIN(TETA)
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IF(ABS(TETA) .LE.DEL)TETA=DEL
IF(ABS(TETA) .LE. DEL) ASN=DEL

ASNX=ASN/TETA

V6=ABS (ASNX)

V66=V6
IF(V66.LE.DEL)V66=DEL
V7=20.*ALOG10( V66)

WRITE(6,8) K,S,V2,V3,V4,V5,V6,V7

FORMAT(2X,14,7(2X,F10.5))
IF(V3.LE.-60.) V3=-60.
IF(V5.LE.~60.) V5=-60.
IF(V7 «LE.-60 -) V7="60o
X(K)=S

22(K)=V2

Z3(K)=V3

Z4(K)=V4

Z5(K)=V5

Y(K)=V6

Z1(K)=V7

CONTINUE

WRITE(6,30)

FORMAT( 2X///)

CALL GRAFIC(X,Z2,100)
WRITE(6,10)

FORMAT(10X," X=SIN ANGLE,
CALL GRAFIC(X,Z3,100)
WRITE(6,12)

FORMAT(10X," X=SIN ANGLE,
CALL GRAFIC(X,Z&4,100)
WRITE(6,14)

FORMAT(10X," X=SIN ANGLE,
CALL GRAFIC(X,Z5,100)
WRITE(6,16)

FORMAT(10X," X=SIN ANGLE,
CALL GRAFIC(X,Y ,100)
WRITE(6,18)

FORMAT(10X," X=SIN ANGLE,
CALL GRAFIC(X,Z1,100)
WRITE(6,20)

FORMAT(10X," X=SIN ANGLE,
STOP

END

END OF FILE

Y=AMP

Y=AMP

Y=AMP

Y=AMP

Y=AMP

DB

UNIFORM+PI/2

UNIFORM+PI/2

COSINE+PI/2

DB COSINE+PI/2

DB

SIN(X)/X™)

SIN(X)/X™)

ll)

ll)

H)

ll)
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APPENDIX F

Commerciflly advertized electronic products

Company

Olektron

R.H.G.

M.C.L.

302

314
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OLEKTRON's Series FP8 Modutators, which include the JPM Quadri-
phase Modulator illusirated. cover the range from 4 10 560 MHz in
octave bands. The increcsed circuit density and package inte-
gration have resulted in overallimproved performance. integrated
FP8 style packages are available for the following devices.

O JPM Series Quadriphcse Modulator — use TTLor ECL gates
directly for modulation drive,

O PC Series Phase Comparator or Quadriphase Demodulator or
Resolver — using same basic circuit.

£3- CDBQ Series Quadrature IF Mixer — IF outputs are in phase
quadrature.

0 S$SB Series Single Sideband Medulator ~ quadrature modulation
signals opplied ot IF ports can be analog or digital
land Q signals.

O IRM Series Image Reject Mixer — IF signals are applied into an
external quadrature combiner and image responses are
suppressed.

Model £P8-JPM Series Modulator measures 0.81 x 0.84 x 0.14 inches.

Delivery 6 to 8 weeks from receipt of crder.

Whatever your application or degree of complexity, if not in stock,

we can supply it in @ matter of saverat weeks.

For additional information
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‘Phase Comparators
SERIES PC
The PC Series of phase compara- e A

tors provide two de outputs proportional

to the sine and cosine of the phase

belween a reference and an

Input RF signal. Stancard units are
available in Flatpack {prefix FPS) or Pin
Header (prefix P) ar in conneclor ver-

,,3 diflerence

sion (praiix with connector type).

FUNCTIONAL SCHEMATIC, PHASE COMPARATOR

A A

+2F, i
C WoveLno. T CONNECTOR ) SN
3 PREFIX - TYPE Fy o0 g é o F, R
. ] ’ o- " SMAQMM) | AEFERENCE FD PO | sianaL i
" B- BNC cos 0 INPUT :
T NG +27, !
S- SEALECTRO , :
NOTE: The two F, signsls must be property
terminated in order 1Q cealze the Iy capaodity
of the device. Oektron manulaciures rum-
ature diplexers for this special purpose. ° i
Lo i v & e ammesin s Feedons o me e veme - ' b
’ . ;
- H
. i
- 5 H
SERIES PC  PHASE COMPARATORS "~
. |i
> = S s (i - 1 - L $
FREQUENCY 8ef INPUT oUTPUT i
MODEL NO. RANGE LEVEL LEVEL my P-P PHASE PHASE ERROR
(L4 H] (+dtm) {08m) {nominal) RANGE {man)
N . O L . . R
PC-15 10-20 19 Q 300 0-360° 5 ]
| PC30_ | 2040 10 ) 300 0360 | 5 i
4080 10 0 300 0360 5 i
PC-120 80-160 10 0 300 0-360° . :
PCA50_| 100200 10 0 300 0-360° B ‘
PC240 | 180320 10 0 300 0.360° 5 !
PC300 | 225400 10 0 300 0-360° 5 ;
} PC-400 _ | 300500 10 0 300 0360° 5
PCS00 | 400600 10 0 300 0360 5 :
PCBO0_ | 700900 0| o 300 0360 5
] PC1000 | 800-1200 0|0 300 03600 50
‘ H
l i
]
l SMA, SEALECTRO li
&7 oexTrON 27 ‘
. . — ) :
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Attenuators and
Phase Shifters

OLEKTRON's line of impedance
matched attenuators and phase
shifters are designed for radar and
signal processing applications. Units
inciude both analog and digital controt
types. Attenuators utihze PIN diodes
as the contro! element and analog
phase shifters utitize varactor diodes.
For applications where RF impedance
match is not required at high attenua-
tion levels the Balanced PIN Diode
modulators described on page 10 may
be used as current control attenuators.

SERIES ATT-100 MATCHED PIN GIODE ATTENUATORS
S RALA w4 SRR A O bt A N

These economical unils cover band-
widths in excess of a decade.

The Series ATT-100 impedance
matched PIN diode attenuators utilize
quadrature matching networks and PIN
dioae with tong minority carrier life-
times. This series is designed for IF
system applications where small size is
required. Standard packages include
the illustrated P1 Header and Relay
Header. Pairs with matched phase and
ampiitude characleristics can be sup-
plied on request.

INSERTION ) PP
MOQOEL FREQUENCY Lass ATTENUATION IMPEDANCE
NO, RANGE {min) RANGE 2 VSWi
{MHy) . (d8) - (d8) {ohms) (max)
b . - -
P1-ATT-100-60 608 15 32 50 1.5:1
P1-ATT-110-60 €026 15 32 75 1.5:1
P1-ATT-100-30 0=3 1.5 32 % 1.5:1
| PIATT-110:30 _ | 10=3 15 32 75 1.5:1
| P1-ATT-100-120 | 120210 15 32 50 1501
P1-ATT-100-200 =20 1.5 30 50 1.5.1
e o s vy —ene s B S A —
CHARACTERISTIC CURYVES OF MATCHED PIN DIODE ATTENUATORS
5¢ N —1 ATT 100—’(!\ | ! -
L——' - -
% é L2 h 1 XM‘:&::L-‘, P ]
@ L=
wWE g S s : T 2AN
gg w0 N~ S sy X PICAL TRANSMISSION PHASE SHIFT
o - p3le] -
o .20 l i l
©
£% o 180
= 0 10 1§ 20 P .
: CONTROL CURRENT (mA) D s ,
: i g
b sop— 8 AN
R | x
Z R \ | LOW CURRENT REGION B ng
g 3c——1 1 NON-PHASE INVERTING :_: /
2 ' =
=4 ) a 0
& *I HIGH CURRENT REGICN /
E o e PHASE INVEARTING 0 .
s : — 5
celd I j - s
Y 3 - 1
[ B 10 15 20 é5 0 10 S ) 4 50 ;
b ATTENUATION SETTING (18) |
: j
- !
13
LR O L SR> FUP VR = - b j e o a J

JL=7 OLEXTRON 33
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PIN Diode Bridge
Attenuators

OLEKTRON's PIN diode bridge
attenuators are designed fcr signal
amplitude control applications where
extreme flatness of attenuation versus
frequency, and iow inherent phase shift
versus control setling are required. The
PIN diode bridge attenuators require a
symmetlrical source of bias such as
standard * 5 volts used in systems
with high performance and control

- voltage source. Bridges are inherently
biphasal and‘a reversal of control
voltage polarity results in a reversal of
transmitted RF or IF signals.

The ATTB Series of attenuators
tabulated on page 35 are iflustrations
of standard units available in standard
relay leader, R package, or cur FP8§
flatpack. We can supply custom units
taitored to your requirements includ-
ing special controi and bias voltage
and dynamic range requirements.

»
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Digital
Attenuators

OLEKTRON's digita! attenuators are
designed primarily for RF/IF signal pro-
cessing applications requiring rapid
discrete level changing under TTL |
control. Units feature TTL compatible
control and balanced PIN diode
switches to switch attenuator sections.
The leakage of control transients inlo
the attenuator RF output or input is
kept below 50 MV peak by the
balanced circuits.

The basic DATT Series is offered
in the illustrated pin package. Several
attenuator steps can be cascaded to
form multiple step attenuators. Only a
single 5-volt supply is required.

QOLEKTRON can supply on
request other package configurations
with muitiple step binary or decimal
coded attenuators for your special
applications.

! 100

® ® @ ol

[ [

S
92%0

®

012

@
0. !Z—lJ‘
0250

e f-
/ GND PIN
0.03 0IA.

INSULATED PIN
003 DA

TYPE P PACKAGE FOR DIGITAL ATTENUATOR

TYPICAL TRANSMISSION CHARACTERISTIC FOR R.ATT B.70

VOLTAGE TRANSMISSION (VOLTS)

[*] 2 4 1]

CONTROL VOLTAGE (VOLTS)

34 [ OLEKTRON
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a For high resolution systems: <10 nanosecond rise times.
1 For frequency agile systems: identical log curves over wide frequency swaths.

The combination of microwave transistors and 1C
echnology results in an extension of frequency up
:0 1 Gigahertz where the performance shown in fig-
ire A was achieved. In the UHF band, frequency
-waths of 200-300 MHz are covered in a single

amplifier. This results in extremely fast rise times
for very wide-band signals and, in addition, a shift-
ing center frequency will produce virtually identical
log curves anywhere in the band'(see figure B).

Center Operating Dynamic Linearity?
Model Freq. (MH2) BW (MH2) Range (dB)’ (dB) Price?
ICLT150 150 100-200 70 =1 $ 975
ICLT300 300 200-400 60 =1 1100
ICLT375 375 250-500 §0 %15 1150
ICLT450 450 300-600 60 *15 1250
ICLT475 475 400-530 60 =15 1100
ICLT625 625 550-700 - 60 +1.5 1200
ICLY?775 775 700-850 60 *2 1300
ICLT925 Q25 850-1000 60 *2 1400
{CLT1000 1000 950-1050 60 x2 1460

STANDARD SPECIFICATIONS:

a) DC Coupled video.

b) OQutput voltage: 1.25 Voits into 93Q

c}  Inputimpedance: 50Q

J) Power: & 12VDC at 80 ma typ. (= 15VDC, add Suffix
“G", no charge).

a)  Size:3-25/32" x 1-1/12" x 15/32~

}  Weight: <4 oz.

NOTES: :

1. inputrangeisfrom ~865t0 ~-5dBm.(0to —70dBm
on 70 d8 range units).

2. Nominal at center frequency for standard units.
Add +=1dBfor -30°Cto +71°C.

Ealad el

3. Standard Units: Prices shown are for standard
units optimized for operation at center frequency
with pulse rise times of <10 nanoseconds.

4. Frequency Agile Units: $250 additional. Add Sutfix
“A". These units are optimized for use over entire
operating band with CW or pulsed signais—see
reverse side for additional specitications.

5. Limited IF output: $75 additional, add Suffix 'B”.

OPTIONS (Contact Factory)

Up to 80 dB dynamic range units available.

Units with hermetically sealed transistors available.
Special configurations.

Special center frequency/bandwidth combinations.
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LOGARITHMIC IF AMPLIFIERS

u True Log Campression Dynamic Ranges to 80 dB

LST SERIES
Center Band. Rise input
Freq. widih time Range

Madet (MH2) {MH1) lusec) {dB) Ptlcs

LST1002 10 3 0.30 80 $700

LST2005 20 5 020 80 700

LST3002 30 2 0.50 8¢ 620

LSTI00 a0 ] 0.10 80 620

LST6010 80 10 0.10 80 520

LS76020 €0 20 003 80 650

LST700 70 10 0.10 80 650

LST7030 70 30 004 g0 700

A R A

LST! 1 X

LST16040 180 40 003 80 825 MODEL L573010

|

NOTES: —_—

1. Input dynamic range referenced to Q ¢Bm high end (nominal).
%. Viceooumu‘(o.éf)\oZ.SV((yp)inlo‘}lQ. Units direct coupied. STANDARD MODELS
. ,E!",,,‘,f;;,“{;’ouf’puﬁ?{,g‘g“' range ® 93 ohm Video Load Capability m DC Coupled Video
. P r =12V ? =18V, e C*, N/C, N . enrs .
s °w°t V@ 10ma (2 15V, 2dd Sultle"C i This series otiers the user high fidelity “'logging™ o!
OPTIONS: . . RFY gaske wide dynamic signal ranges thru the use of succes-
1. 2::,gﬁgff!fgg;gﬂ:‘é?"mﬁﬁ' line filtering and RFY gaskeled covers. sive detection and video summing.

2. SMA connectors: 3dd suttix "SMA™ additional cost $25.
3. 90 ¢Bdynamic ranges, contact factory.

LLT SERIES
Center Band- Rise tnput
Freq. width time Range
Modes (MHZ) (MHZ) {useQ) (a8} Price H
LLT1003 10 3 0.30 80 $795 ‘
LLT2005 20 5 020 80 795
' LLTI002 30 2 050 L] 680
LLT3010 30 10 0.10 80 680
LL}smo 60 10 0.10 88 680
LLTE020 60 20 0.05 8 750 .
LLT7010 70 10 0.10 80 750 MODEL tLT3002 ;
NOTES:
;. U\‘gul dynamlcovggge ;eslsrenced 10 g dBm high end (ngmmal) .MINIATURE MODELS
. €0 output: 10 (typ) into 9312 direct Couple
3. Uneanty: =148 over da" ' # Reduced Volume = RFiProtected
4. Limited IF outpul: 0d . . N . .
5. Power s12Va@ 70ma(‘ 15V, add sulttix "C", NIC) The “LLT™ series duplicates the “LST” performance
In 112 the package volume.
This chart shows a typical \ransfer curve of a ldg amplie
2-5)4 fier. Note that input signals from —80 to 0 dBm may be
23 Ly T accommodated and will provide an output which is com-
[z
5 MODEL LST3010 / ' pressed so that it varies from 0.25 to 2.5 or 20 dB. Note
Q 0 v g - also that = 1 dB accuracy is obtained over an 80 dB por-
1 : tion of that range and that the average slooe of the
§ 13 ; transier characteristic is equal 10 28 mv perd8.
1
'g 1o ,/ + Laits are avaitable with wider dynamic ranges and/or
S / ! better linearity. For details, contact factory.
@ 08} 50u t
s \
N > "Fgao 03 Range (= 18 Accuracy) =—iey

80 ~70 -60 %0 -40 -30 -0 -10 0 +10
IF INPUT (dBm}
INPUT-QUTPUT CHARACTERISTIC
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B Constant Transmission Phase Shift

HYBRID IC IF LIMITERS

@& Wide Dynamic Range o Models to 400 MHz

| Matched Sets Available f@1 Pulse and CW Operation B Small Size

v MODEL ICSL3010

STANDARD MODELS

The ICSU limiters offer outstanding performance
over a wide dynamiic range. The use of input filters,
multiple !imiting stages and a buffered output help
to reduce internally generated phase error as well as
load change variations. The amplifiers utilize se-
lected components and are stabilized from - 40°
to + 70°C.

MINIATURE MODELS

The ICUL series of constant phase [F limiters feature
higher operating frequencies and smaller size and
weight than have been previously available. The
aluminum housed units measure only 2-1/2" x
1-172” x 15/32" and weigh only two ounces.

SPECIFICATIONS:

1. Inputdynamicrange: ~70to ~5dBm

2. Phase shift over input range: <5°{ < 10° for 160, 200 and
400 MHz models)

3. Output level variation over input range: <0.5d8

4. Noisefigure: <1048

5. !nputZ: 50 chms&VSWR 1.5:1 max

8. Output Z: 50 ohms, VSWR 1.5:1 max

MODEL ICuL400

N STANDARD MODELS
ICSY, SERIES ’

Center Min. Nominal

Fteq. Banawidth”  Output
Modet {MH2) (MH2) {dB8m) Price
1CSLa010 Kie} 10 +10 $675
ICSL6010 60 10 +10 675
1CSL6020 60 20 +10 675
ICSL7010 70 10 +10 675
1CSL16Q20 160 20 +10 750

MINIATURE MODELS

ICUL SERIES

Center Min, Nominal

Freq. Bandwidth Qutpul
Model {MHD) - {MH2} {dBm) Price
ICUL3010 30 10 +10 $750
1ICUL6010 60 10 +10 750
ICUL7010 70 10 +10 750
ICUL16020 160 20 +10 825
ICUL200 200 50 +10 895
ICUL400 400 100 +10 995

7. Operating Temperature Range: - 40°Cto +70°C.
8, Power: — 12VDC at 150 ma (typ)
(- 15VDC, add Suttix “C", N/C)

NOTE: Units designed to work with pulsed or CW signals.
Typically 100 nanosecond pulses for 10 MHz bandwiaths
and 50 nanosecond pulses for 20 MHz bandwidths.

All RHG limiting amplitiers and subsystems are dynam-
icatly aligned and tested utilizing the amplitude sweep-
ing RHG Log Test Set (TSL series). This technigue pre-
sents an instantaneous dynamic display of phase vs.
input amplitude on a standard oscilloscope. The overatl
affects of agjusting any part of the device or subsystem
are immediately seen. It is particularly advantageous
when matching multiple channets.

This technique is made possible by the wide range
amplitude sweeping characteristics of the RHG TSL
test set. The linear sweep range of 80 dB allows straight-
forward scope calibration for the horizentat {in dBicm).
The use of a conventional output phase detector pro-
vides a direct readout of phase shift in degrees on the
vertical axis.
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|IC LIMITERS—MATCHED SETS

m 2 and 3 Channels

B Frequencies to 400 MHz =& Matchingto £2.5°

TR o

ICSLM PHASE MATCHED SETS

Matched sets of limiters are available for mono-
pulse and other applications requiring constant
phase transmission characteristics and accurate
matching over input dynamic range and tempera-

ICSLM SERIES  Center Min,

Freq. Bandwidlh Price for Price for
Modei (MHz) (MHz} 2channels_ Jchanneis
tCSLM3010 30 10 $1550 $2325
ICSLMB010 60 10 1550 2325
ICSLMEQ20 60 20 1650 2325
ICSLM7010 70 10 1550 2325
ICSLM1€020 160 20 2000 3000

Basic Specifications:
The basic specilications are the same as those of the
standard ICSU series.

ADDITIONAL SPECIFICATIONS

2Channels—phase maiched over - 70to — 5dBm
input range:
+2.5° at room temperature (30 thru 160 MHz)
*50*from —40°Clo +70°C
+5.0° at room temperature (200 thry 400 MH2z)
210* from -40°Cto +70°C

To Order: 2 channel set, add suttix——2C"

ICULM PHASE MATCHED SETS

ture. Offered in 2 or 3 channet sets, they utilizc the
Super ICSL and ICUL limiters (sce reverse side)
and miect all of the specifications of that serics.

ICULM SERIES C;'"" - Min.

req. Bandwidih Price for Price for

Model {MH2) {MH2) 2¢hannels 3 channeis
ICULM3010 30 10 $1700 32550
ICULME010 60 10 1700 2550
ICULMT7010 70 10 1700 2550
ICULM16020 160 20 1850 2775
1CULM200 200 50 1930 2985
ICULMA400 400 100 2190 3285

Basic Specifications:
The basic specificalions are the same as those of the standard
ICUL series.

3 Channels —phase matched over - 7010 ~5dBm
input range:
+3.0° at room temperatyre
=6.0°from —40°Cto + 70°C (30 thru 160 MH2)
+6.0* at room temperature
%12°lrom -~ 40°C o + 70°C (200 thru 400 MH2)
To Order: 3 channel set, add suffix—3C"

R

For Reliability, Innovation, and Service

NG ELECTRONICS LARORATCRY - INC
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[F PHASE DETECTOR SUBSYSTEMS

m Self-contained B Smallsize m 1C construction & MIL grade
u Tracking radars = [nterferometers m Direction Finders & Test Equipment

R S Lo o

RHG now offers a line of complete IF phase detec-
tor subsystems, These phase detectors produce direct-
coupled video output(s) that are functions of the
instantanecous phase difference between the IF in-
puts, over a wide range of input levels. The phase
detectors are optimized for pulsed signals, but are
equally usecable for C\WV or analog inputs,

The phasc detector subsystems are intended for
use in monopulse and interferometer receivers as
well as for use in instrumentation. They are complete
subsystems, incorporating all necessary limiters, IF

components, and video amplifiers, requiring only
IF input and video output connections and DC
power {or operation. Each subsystem is fully cali-
brated and characterized. This eliminates the usual
interfacing and alignment difficulties encountered
when assembling a system from individual com-
ponents.

This data sheet describes three of the most com-
mon types of phase detectors. Other configurations
are available on special order.

RHG is pleased to provide this section to assist professional engineering personnel
with some of the new *‘language’’ being used in the field.

Angular Accuracy

Anqular accuracy is defined as the difference, in degrees, be-
tween the actual input phase ditierence and the phase differ-
ence determined from the outpul voitage using the nominal
phase detector transter function. in these phase detectors. ac-
curacy is guaranteed for phase angles within = 45° of crossover.
Forexample:
For cosine output:
-135°< ¢ < —45°,45° < § < 135°
For sine output:
-180° < ¢ < -135% -45° < § < 45°,
135° < § < 180°

Ratio Accurécy

On a return to boresight system, the levels and phase polarity
of the 4 (difference) inputs relative to the £ (sum) input, are
measured. The accuracy s defined as how closely the system
can detect crossover, i.e.. zero 4 leve). This accuracy is stated
as the highest ratio of &X that will produce a zero output voitage.

Settling Time

Settling time is the time required for the phase detector output
to stabilize within rated accuracy limits, for a pulsed IF input.

Dynamic Range

The phase detector is guaranteed to be within rated-accuracy
as long as both input levels are within the specified dynamic
range, and as long as the difference in input fevels is no greater
than 30 d8.

Information Bandwidth

The inlormation bandwidth is the subsystem 3 d8 IF bandwidth
{relerred to the input). The video bancwidth is amply wide to be
transparent to the information bancdwidth.

Accuracy Bandwidth

The accuracy bandwidth is the range of center Irequencies
cver which rated accuracy is maintained. This is of necessity
less than the information bandwidth,

P WY T YR
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WO CHANNEL, SINGLE OUTPUT PHASE DETECTOR SUDBSYSTEM!

e - . . - -
| PD&QPD SERIES
IF B
INPUTS PHASE | e
- Ao—— LIMITER SHIFT
| . | NETWORK ot -
i uTPUT
: PHASE VIDEO o
; DETECTOR AMP &
; -
. PHASE
© Bo—— LIMITER SHIFT
‘ NETWORK [ *
! :
f * 0 for PD Mode! El= 2.5cos 0(PD Model)
| ~ " 90° for QPO Model

E2 = 2.5sin D(QPD Model

S

-

The two channel, single output phase detector sub-
systems are intended for use in phase demodulator
systems where the ¢xpected input phase difference
is less than +90°, Both in-phase (cos D output)and

quadrature (sin @ output) models are available.
Separate limiters and IF processing modules are

mounted to a common base plate with all power

connections made to a single barrier strip.

Center

information  Accuracy Settling Angufar
) Freq. Bandwidth  Bandwidth =~ Time Accuracy

Model {MHz2) (\H2z) {MH2) (usec) (degrees) Price

in-Phane

PD 3010 30 10 2 0.1 +5 $2.250
PO6010 60 10 2 0.1 1) 2,250
PD6020 60 20 4 0.03 %5 2,350
PD7020 70 20 4 0.08 3] 2,350
PD16020 160 20 4 0.08 *7 2,650
uadrature .
QPD3010 30 10 2 0.1 +5 2,275
QPD6010 60 10 2 0.1 =5 2,275
QPD6020 60 20 4 0.08 +5 2,375
QPD7020 70 20 4 0.08 +5 2,375
QPD16020 160 20 4 0.08 *7 2,675

ADDITIONAL SPECIFICATIONS
50 Q (VSWR 1.5:1 nom)

1. Input Impedance:

- 2. Input Dynamic Range:
3. Input Level Difference:
4. Output Impedance:

5. Connectors:
6. Power:

NOTES

Oto -60dBm(-5t0 - 60d8mfor160Mqumts)

0to30dB
75Q
SMA

> 12V {2 15V available N/C, add Suffix “C")

1. See Glossary (page 33) for detailed definitions of terms.
2. Special parameters, other frequencies, etc. are available—Contact factory.
3. PD and QPD models are available toc use with one limiter channel and an external reference—Contact factory.
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TWO CHANNEL,
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DUAL QUTPUT PHASE DETECTOR SUBSYSTEMS

DPD SERIES
INPUTS o e
U QUTPUTS
1 F PHASE VIDEO |
(Ren) ° LIMITER SPUITTER |g° DETECTOR| | AMPLIFIER[ 2 €1
!
o* :
o | 1 F PHASE VIDEO
& UMITER SPLITTER [00° DETECTOR|[ | AMPLIFIER[ 2 E2
‘ 6 =28 ~ZA Et= 25cos®
E2=25sin 9

The two channel, dual output phase detector sub-
system offers, by means of the two quadrature out-
puts, an unambiguous measurement of the input
phase difference. This technique is used in angular
measuring devices such as interferometers, direction

finders and instrumentation,

The two limiters and the IF processor are
mounted to an aluminum base plate with all power
connections brought out to a single barrier strip.

v

Center Information  Accuracy Settling Angular

Freq. Bandwidth 2ndwidth Time _  Accuracy
Model {MH2) (MH2) (MHz) usec) (degrees) Price
DFD3010 30 10 2 0.1 =5* $2,500
DFDE010 60 10 2 0.1 *5° 2,500
DPDE020 &0 20 4 0.08 =5 2,600
DPD7020 70 20 4 0.08 *5° 2,600
DPD16020 160 20 4 0.08 =7° 2,950

ADDITIONAL SPECIFICATIONS

1. Input Dynamic Range:

Qto - 60dBm(—51t0 —60dBm for 160 MHz)

2. Input Levei Difference: 0to30d8

3. Idput Impedance: 50 2 (VSWR 1.5:1 nom)
4. Qutput impedance: 750

5. Connectors: SMA

6. Power:

+12V(+ 15V available N/C, add Suffix “C".)

NOTES
1. See Glossary (page 33) for detailed definitions of terms.
2. Special parameters, olher frequencies, etc. are available

| SRS |

~—Contact factory.
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TECHNICAL =

DOUBLE BALANCED MIC MIXERS
DATA B v AND MIXER PREAMPS

To fill the growing need for multioctave devices in
surveillance, ECM, and other specialized receiver
applications, RHG has developed a complete line
of double balanced mixers, and double balanced
imageless mixers—obtainable with or without built
in IF preamplifiers.

These MIC (Microwave Integrated Circuitry)
mixers provide coverage of upto 1 to 26 GHz ina
single assembly. This performance has been achieved
through the use of a unique microwave configura-
tion. Excellent performance is maintained over five
octaves with extremely low intermodulation distor-
tion and high isolation.

Available since late 1969 the ““DM* series of
double balanced mixers, in standard octave or
multioctave versions, has gained wide acceptance
in both prototype and production applications.

Recent developments at RHG have produced a 1
to 26 GHz unit, and the industry’s smallest 1 to ¢8
GHz mixer (1/2” x /2" x 1/2"). RHG’s leadership
in the mixer field is evidenced by the growing num-
ber of imitators. However, only at RHG can the
customer receive the latest technology coupled with
custom designs and ongoing service.

In addition, all RHG mixers can be provided
with a fully integrated IF preamp, with {F coverage
spanning | MHz to4 GHz.
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DM SERIES TECHNICAL DATA
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IF RESPONSE OF DM, OMX, & DMH SERIES
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DOUBLE BALANCED MIC MIXERS

| 1.0to 18 GHz in one mixer & Low IM

OCTAVE MODELS

Tap Max

Freq. N.F. (%) N.F.(1)

Model No. (GHN (¢B) (d8) Price
OM1.2 10to 20 65 75 $250
DM2.4 20t0 40 70 8.0 250
DMy-8 40ta 80 70 80 280 .
DMB-12 8010120 80 9.0 315
DOM12:18 12010180 9.0 100 395
MULTIOCTAVE MODELS

OM1-4 1010 4.0 10 80 280
OM1.8 1010 80 70 890 295
OM1.12 1010120 80 90 350
OMm1.18 1001890 a9 100 450
DMS1-28 1.010260 80 95 695
The OMS 1.26 is tully descnbed on an individual DMS 1-26 data sheel.
NOTES:

1. Based on 1.5dBIF noise figure,

2. RF & LO VSWR: 251 0yp)

3. WOinjection: +5t0 + 10dBm(lyp).

4, Connectors: SMA all ports (for leed thru terminat at IF output—add

Sultix “PT"~nog chargel.

5. LO1oRF I1SO: > 2048,

STANDARD QPTIONS

1. IF response 10 500 MHZz: add sut!ix “A”, $10 additional.

2. Low corner noise dioges: reduce 1/l norsa 1n “Zero IF" applications.
Add sutlix "B, 350 adeitionat.

STANDARD MODELS
m DC10300 MHzZIF = 11026 GHz RF/LO

The “DM" serles utilizes a rugged cast housing and soeciat
SMA connectors to provide reliatia performance.

OCTAVE MOOELS
Typ. Typ.
l%.z.zm)m N.F.(d8){1)

Model No. Freq.{GHz) 8m L0 -10dBmLO Price
DMB 12 1102 80 120 $335
OMB 24 2104 85 12, 335
oMB 4.8 4108 9.5 130 360
oMB 812 81012 100 149 440
DMB 1218 121018 1.5 155 525
MULTIOCTAVE MODELS
omM8 112 11012 9.0 130 495
- DMB 2-18 2t018 1o 150 625

The DMB 2-18 is fuily described on an individual OMB 2-18 gata sheet.
NOTES:

1. NF includes: 1.5d8 IF contribution.
2. IF coverage: 10 to 300 MRz

3. LO/RF 130lation: 18 dB typ.

4. RFILO VSWR:2.0:1 typ.

5. Bias: + 12V at2matyp.

§. For!F 10500 MH2: add
suttix “A™, $50 additionat
{not available on DMB1.-2
ar OMB1.12.

e T e iy

STARVED LO MODELS
= Operationat ~10dBmLO = 11018GHz

For application where LO power is minimal, the "DMB™ serles
provides alf the benetits of doubly balanced mixers.

DCto2 GHz IF MODELS
sz. Max,
N.F.(1) N.F.(N

Model No. Freq.(GHD) {dB) {d8) Price
OMX 2:4 204 8.0 20 3395
oMx 4.8 4108 849 90 425
OMX 8-12 8t012 9.0 100 450
OMX 12-18 21018 100 10 475
108 GHzIF MODEL

DMH2.18C 2810180 3.0 1m0 $560

The DMH2-18C 15 fully gescnbded on an individuat OMH2-18C data sheet.

NOTES:

1. N.F.includes 1.5 a8 IF gontribution.

2. LOinjection: + 10d8m.

3. LOtoRF 1SO: > 204B( > 16 ¢B on DMH),

MICROWAVE IF MODELS

m IFCoverageto 8 GHz, a RF/LOto 18 GHz

1Fs to 8 GHz lor up or down conversion. The “DMX'™ and
“DMH" series provide state-of-the-art performance.

e
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DOUBLE BALANCED MIC MIXER PREAMPS

M1t026 GHz wICPreamps =& SmallSize

STANDARD & SPECIAL PREAMP MODELS

Every RHG mixer can be supplied with a wide range
of IF preamplifiers. These IC preamps are mechan-
ically and electrically integrated with the mixer to
provide optimum noise {igure. The use of a mixer/
preamp assures this optimum noise performaance,
since the mixer/preamp interfacz is a key factor

OCTAVF MODELS

and is often improperly established when separate
mixers and preamps are used.

The models listed on the following pages reflect
many of the most requested combinations, 1f your
needs are not met by a standard. we will be happy
to provide a special unit on request, .

MULTIOCTAVE MODELS

IF TYP  MAX iF
Model Freq/BW N.F. .F. Model Freq/BW N.F,

RF Band Number MHz (d8) (dB) _ Price RF Band Number MHz {d8} Price
L-Band DM1-2/10A 60110 7.0 80 8575 0.1101.0GH2 OMO.1.1/10A 60710 See $ 675
1.0-2.0GHz DM1.2/1108 60/20 .0 8.0 575 OMO0.1-1/108 60/20 note 675

OM1-2/10C 30110 7.0 8.0 575 DMO0.1-1/10C 30/10 below 675
§-8and DM2.4/10A 60/110 7.5 85 575 1.0108.0GHz DM1-8/10A 60/10 See 625
2.0-4.0GH2 DM2-4/108 60120 7.5 85 575 DM1-81108 60/20 Note 1 625
. DOM2.4/10C 30110 7.5 85 575 DM1-8/10C 30/10_below 825
C-Band OM4.8110A 600 75 85 575 101012.0GH2 DM1-12710A 60110 See 695
4.0.8.0GHz 0OM4-8/108 60120 7.5 85 575 DM1-12/108 €0/20 Note1 695

OM4.8/10C 30110725 85 575 OM1-12110C 30/10_below 695
X-8and DM8-12/10A 60110 8.5 9.5 625 1.01018.0GHz DM1.18/10A 60110 See 870
8.0-12.0 GHz OM8-12/108 60120 8.5 9.5 625 DM1-18/108 60/120 Note 1 870

OMB-12/112C 30110 8BS a5 625 OM1-18/10C 30/10 below 870
Ku.-Bangd OM12:1810A 6010 95 105 745 1.0t026.0 GHz DM1-26/10A 60/10 See 1080
12.0-18.0 GH2 OM12-18/108 60120 95 105 745 OM1.26/1108 €0/20 Notet 1050

DM12.18/10C 30/t 95 10.5 745 DM1-26110C 30/1C below 1050
K-Band OM18-26110A  60/10 8.5 100 995 :
18.0.26.0 GHz DM18-26/108 60726 8.5 100 995

OM18-26/10C 3010 85 100 995  NOTES:

. . To orcer, rept thin with
SPECIAL PREAMPS: Dzzg:n:"y’:g::;,‘;d ewt

Cent.  Band RF.If

Preamp Freq.  width Gain  *Addit. *Addit.
Type (MH2) (MMzmim (dBmin)  N.F. Cost
10KK - 10 2 25 0.5 $40
10LL 20 6 285 00 40
100 70 10 25 0.0 25
1044 70 30 25 0.0 25
1088 120 20 25 1.0 40
100D 130 50 25 1.0 50
10HH 10 to 200 20 10 50

*Agded to mixer preamp with 10A preamp type

For 160 MHz modets, ses “EF™ series on reverse side

1. Noise figure of muiticctave models is typically
<10dB0.1t0 1.0GHz
< 8dB1.0to8GHz
<10dB8.0to 26 GHz
VSWR: Typically 2.5:1
LOinfection: +7 o +10dBm
tF output capabitity: > 0 dBm(all models)
LO-AF isolation: 20 ¢8
Impedance tevel: 50Q. all ports
Connectors: SMA -
Gain{RF-IF): 25 ¢B (min) unless noted otherwise
Weight: Approx. 3 oz.
Power: + 12 VOC at 20 ma(typ)
For +15VEC add sultix“C™ (no charge).
Most units avaitable with biasable mixers tor low LO power,
Contact factory for getails.

CueNOLAILN
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DOUBLE BALANCED MIC MIXER PREAMPS

@ Special Purpose Mixer Preamps  m MIC/IC Construction

GAIN AND PHASE MATCHED MODELS WITH ELECTRONIC GAIN CONTROL

OCYAVE MODELS MULTIOCTAVE MODELS
F N.F.  PricePer IF N.F.  Price Per
RF Band AMods! Number Freq/BW  (dB) Channei() RF Band Model Number Freq/8W  {dB) Channel{h
L-Band MDM1.2/12A 60/10 7.7 $ 675 1.01012.0 GHz MDM1-12/12A 60/10 See 798
1.0t0 20GHz MOM1-2/128 60/20 7.7 675 MOM1-12/12B 60/20 Note 2 798
MDM1-212C 3010 77 675 MDM1-12/12C 30/10 795
S-Band MOM2-4/12A 63110 8.2 675 1.0t0 18,0 GHz MOM1-18/12A 60/10 See 970
201040GHz MOM24/128 60120 82 675 MOMI-18/128 60120 Note 2 970
MOM2.412C 3010 82 675 . MOM1:18/12C 30113 279
1.0t0 28 GHz MDOM1-26112A 6G/10  Se 1220
s}oatangc oH mgw-gllgg 20’50 g % g;g e MOM128/128 - 60/20 Noffe 2 1220
010 8. z M4.811 Q120 MOM1-26/12 ! 22
MOMa-8112C 30110 82 675 Mi-2n2c 30n0 1220
X-Band MDMa8-12112A 60710 9.2 725 NOTES:
-Ban -121 /1 - 1. Forsingle channel with gain conteal, $50. less pert unit.
Blo12GHz  MOMB12128 020 22 L] 2. NF: <9d8108GHz <10d810 12 GHz < 11dB 0 26 GHt
. 3. Overall RF-IF Gain: 20 d8 min.
Ku-Band MOM12-18/12A4 6010 9.7 845 4. RF-LOlsolation: 20 B min.
121018 GHz MOM12.18/12B 60120 97 845 5. Power: +12VDC at 90 ma(typ).
MODM1218M12C 3010 97 45 + 15 VOC available N/C. add sulfix “C™
K-Band -~ MDM18.26/10A  60/10 10.5 1095 6. Matching: +5°and = 1d8B over specified gain controt
181026 GHz MDM18.26/108  60/20 105 1095 and temperature ranges.
MDM18-26/10C 30110 105 1095 7. Gain Control Range: 2048 tor0 to - 3V (nom.) .
8. Meets MIL-E 5400, Class !l requirernents (-30° to +71°C)
ECMANDSURVEILLANCEMODELSWITH 160 MHz IF AND HIGH QUTPUT CAPABILITY
OCTAVE MODELS MULTIOCTAVE MODELS
TYP MAX TYe MAX
RF Band Model Numbar N.F.{dB)} N.F.(dB} Price RF Band Modai Number N.F.{dB) N.F.{dB) Price
L-Band DM1-2/14EF 7.0 80 $725 0.25to 1 GHz OMQ.25-1/14EF 10.0 110 § 825
1.0102.0GHz 1.01012GHz____ DMI-12/14EF 95 _ 10.5 sq
S-Band DM2-4/14EF 75 8.5 725 1.0to 1B GH2 OM1-18114EF 105 115 1025
201040GHz 1.0t0 26 GHz OM1.26114EF 1.0 120 127%
C-8and OM4-8/14EF 75 85 725
40108.0GHz ADDITIONAL SPECIFICATIONS:
X-Band DMB-1214EF 85 95 800 1. LOPower: +10dBm
8.0t0 120 GHz 2. LO-RFIsolation 20 8
Ku-8and OM12-18/14EF 395 105 925 3. RF-IF Gain: 25 d8 (min)
12010 18.0GHz 4. Qutput Power: + 13dBm at 148 compression,
K-Band DM 18-26/14EF 10.0 110 nr 5. IF Freq/Bandwidth: 160/50 MH2.
18to 26 GH2 6. Umtstestedto: Temperature: -54°Cto +71°C

Vibration: Curve 1A of MIL-E-5400L (= 10g's to 2000 Hz
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TAK SERIES

.T'r' "‘)~i..‘/

MILSPECT
MODEL FREQUENCY | DASHNO.|  cOST
TAKS 10KHz - 250 MHz —  [s17.95(19)
TAKSR | S0KHz - 200 MHz 0IN | $14.45 (5:24)
TAKS | 0.5 MHz- 600 hinz — [317.85(19)

[TTAK-ER | 5 MHz- 500 MHAz 02N [ $14.45(5-24)]

»TAKT ZMHz- 1000 MAzZ| — | $19.95(1

t MIL-M-28837/ 1A~
o IF port is not OC counled

DESCRIPTION — Only 0.2 inches high, the Tow profile
TAK series of double hatanced mixers cover a very broad
frequency ranges from 10 KHz to 1C00 MHz. Exhibiting a flat
conversion loss, these low profile units have a conversion
loss typically 5.5 dB and isolation typicaily greater than 40 dB,
Packaged within an RF! shielded metai enclosure and her-
metically sealed heacer. this low profile unit is cnly .084
cubic inches, The TAK series has its 8 pins located on a
0.2 inch grid, ’

Internal components include well matched hot-carrier diodes
and extra wideband transmission line iransformers -sup-
ported with silicone rutbber for vibration and shock require-
ments,

DIMENSIONS AND CONNECTIONS

LETTER M OVER PIN 2
BLUE BEAD PIN )

k-3

BOTTOM VIEW 030 Dis x X, L7 (8)
Pinson 0.2 Grid

FEATURES

Broacband: 10 KHz to 1000 MHz

Low Conversion Los3s: typically less than 5.5 dB
High Isolation: typically greater than 40 dB

Low Profile: 0.C67 in., 0.4” x 0.8” PC area,
0.2” high

High Reliability: meets MIL-M-28837/1A, 100%
tested, 1 year guarantee

Low Cost: as low as $14.95 in small quantity
APPLICATIONS

* Frequency mixing

* Puise and amplitude modulation

® Phase detection

e Current controlled attenuation

¢ Bi-phase modulation

ABSOLUTE MAXIMUNM RATINGS

* Input Power: 50 mW
® Peak IF Input Current: 40 mA
® Operating and Storage Temp.: ~55°C 0 +100°C
® Pin Temperature: (10 sec.! +280°C
* Envir al Specifi See Index Page

CONVERSICN LOSS vs FREQUENCY

RS, 1 11

L—ees ._L..L.

T s

Caavetion Luss, &8
s & -

1solalion, 68
AXEEEIN

RIBERE S
: I

t 2

Feroeny, M2

}_ A 1 B | CJDO)E |F
IN .8 17 .21 .2 4 .37
_—{"—‘mu zon"I_‘ls.s ] 53150 I'x'_!—o.x 53

- PIN LAYOUT
i 5] 7 | ] &R
3
N Ao s [ 3 1
Eg - RF T 38| 1 s
¥ 34t [ 34| s8]
i 2 $ (Ground [2.5.6.7|2.56.712,5.6.7] 23,47}
b 2 Case

Growd| 2 l2s67] — |aa7

MOTE: PINS 3 ANJ 4 MUST BE CON-

WE!IGHT 3.7 grar#smn TOSTHR 13 ounces

CONYVERSION L0SS vs FREQUENCY
T T TT

Comarsion Lass, 48
-

I
HE
i
2

P 1 s 0 L ]

& Coove1300 Loso, 68

P8 em 2 Mg 20
pea Nvd WU E N b Y § we 2625 £ 14th St Brookiyn, NT 11235(212) 753-02C/00m. Telex 125350/intl. Telex 620155
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TAK Series
10 KHz {o 1020 Nitlz
SPECIFICATIONS: 50 Ohms

PSR SO

et Ll i=Clrenits

. MIXING
CONVERSION LOSS AND I1SOLATION
! _Frequency Range, MHz___ ] Conversion Loss, 46 - Tsolation, v ]
One Octave Tower Band £ege 1o Uppee Band Edge Ta
. One Decace Higher Mid hnu One Octave Lower
nu’:ﬁff‘gg-___;:;?e_ [lore _ l‘DI' N T A e e
Modet No, L0 RF IF Tvo. Maz,”  Tva. Mar. | o, MinT " Typ. Min. | Tva. Min, ~ Tro. Min. Tye. Min. Tys. Wi, { Layout]
IAKS 101250 01250 0C2%0 55 70 6585 ) 60 50 55 45 | S0 35 45 30 40 30 35 5 jFig.l
TAK-SR {.05-200 .05-200  0C-200 5565 580 | 55 50 50 45 | 45 35 40 30 | 45 35 40 30 | Fig.3
TAK-6 |.5500 5500 0C-5L0 S575 6585 1 60 S0 55 45 | 50 30 45 30 40 25 30 20 | Fig.l
TAKER [5-500 5-500 DC.S00 | 6070 6580 ! S5 50 49 40 | 45 30 40 25 |35 30 30 25 | Fig.4
TAK-?  |200C0 21000 5500 5575 6585 45 30 45 30 | 35 20 35 20 |30 20 30 20 |Fig.2
SIGNAL 1 dB COMPRESS!ON LEVEL -
Meded Wa. 1 rar s T nnse [ Tik8 | TAK-GR | TAX.T
SIGNALLEVEL, (B 1§ +#1 | +1 ] +1 | +1 | +1 | PHASE DETECTION
Model No. TAR-S TAR- IR TAK-& TAKSR | Tax.7
ELECTRONIC ATTENUATION | OC OFFSET, tmV) TYP, 1 \ ] ) -
' Model N#. [acs [ rarsa | rans [ 1acsa [ maxa] DC POLARITY NEG | NEG | NeG NEG —
me UM ATIERUATION. (20 mA 1503 1.7¢8 | 35c8) 3508 | — | { Maxikun QUTPUT, VOUTSITYP.) 2% 28 |25 |8 | =~
Models TAK-5R, TAK-6R...
Exact electrical and mechanical replacements for M6D and RISE respectively.

MODELS TAK-3, TAK-6

CONVERSION LOSS vs L0 POWER CONVERSION LOSS CHANGE vs it FREQUENCY CONYERSION LOSS vs RF 1NPUT LEVEL
]
- 1 | . 7 e LT . ILIXYILLTi-)
s, . - ; gg—{-—-L}—L. --L-t ®
S : IS i
] i S O o ; ;
—r e N E é
e e e e i B e R ;
1 A A O S G RO
RN » 1
. L0 Power, S8m
LORF (SOLATION vs FREJUENCY
» | RS SR Mt
JSFEEET T
P ot A s :
3 241 4 é
at—{—1 4 -
» L
; I
] 3 ]
Frequency, Witz
MODEL TAK-7
CONVERSION LOSS s LG POWER

LO Power, S
TSGLATION v3 FREQUENCY

Convession Loss, ¢8
- -

CONVERSION 10SS ¥s RF IPPUT LEVEL
{0 foNTE 37 cte
P .

holatisn, 98

1t

I Ty
Frequency. %z
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NMay Q°
2-Way
;‘lJr‘j c’r‘\ mmr—:"\/ ,«\r\ Al r\ r‘nr—\
p@\/\l tabs aol-Us E>TRY (‘:l 7 ..')ﬂ[l\\u_uu
. FEATURES
PSC-2 SERIES * Broadband, 2 KHz 1o 1000 MHz
Excellent Balance, typically, phase balance within
1°, amplitude balance within 0.05 d8
Low Insertion Loss, typically less than 0.6 dB
High Isolation, typically better than 25 dB
Hesmetically Scaled & RFI Shiclded
Miniature, 0.128 in3, 0.4" x 0.8” PC area 0.4" high

High Reliabilily, 100% tested, one year guarantee
¢ Low Cost, as little 25 $9.95 in small quantity

APPLICATIONS

* Split an input signal Into two equal In-phase outputs
* Combine signals from two dilferent sources

® Add signals vectorially

® Provide RF logic capabllity

MODEL FREQUENCY 2 (Ghms) £OsT ABSOLUTE MAXIMUM RATINGS
PSC-21 100 KHz - 400 MHz 50 $ 9.95(6-49) ¢ Operating and Storage Temp. -55°C to +100°C
PSC-2-1W | 1MHz-650MHz 50 |$14.95(6-49) : Ein Temperature: (10 sec.) +260°C
75622 TRAz ~60 Mtz 50 [319.95 645 nvironmental Specifications: See index Pagoe
PSC-24~ [ 10MHz-10000Hz [ 50 [$19.95(649) MODEL PSC-2-2

NATIONAL STANDARD NUMBERS  PSC-2.1  NSN 5820-00-543-0139
For 75t models see page 113,

“INSERTION LOSS vs FREQUENCY

DESCRIPTION — The Series PSC-2 2-way power
splitter/combiner 1s a high performance broad band hybrid
junction. internally, tesminations and transformers are
provided (o ensure a well matched 50 ohm impedance at ail
ports Signals fed 1o the input S port are equally divided, in
phase, to the two output (1 and 2) perts. Simitarly, signals led
info ports 1 and 2 are vecionally summed attne oulput Sport.
Typically, gver mast of the trequency range, the phase
balance is within 1 degree and the amplitude balance s within
(5 08.

High reliability < associated with every MCLunit. Every unitis
100% tested and carries a one year guaraniee.

lasertion Loss, d8

bolation, 69

DIMENSIONS AND CONNECTIONS

TOP VIEW

VSWR »s FREQUENCY

S e ‘_:'. [l

Letter M over pin 2 -~
MCL Biue bead pin 1

N'N‘ (o

—'r ~ I n g ST
£ ! 3 2 Z —‘ J PING) Froqency btz
Fl o o o .
3l 16 8] /" ~ -{":’ms asans MPUTUDE UXGALANCE vs FREGLENCY
. e, 7 2 T H
BOTTOM VIEW &Jg.gt&:‘mll = . - _L, '.'Ct. +
) i e e
701:00 385 Aoﬂ 1.370[.400 S o T RN 7
m.ns 31 3.7018.1 91101 T e ;T
= & 1 12 s
Freguancy, Vi
WEIGHT 5.2 grams 0.18 ounces
rns ra 5’/“\ Araman sl '
ey Qd U UET ST U o i h.lQ) 2625 €. 14th St, Brooklyn, NY 11235(212)763-0200/06m. Telex lzs—iﬁﬁllnﬂ Telex 620158
101
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PSC-2 Series ‘ MNARr~A e ' rema
2 KHz to 1000 MHz. b Ll 0=G Gireuits

MOOEL psc.2.1 PSC-2-1w PSC-2:2 .PSC-24
FREQUENCY RANCE (W'H2) 0.1-400 1-650 2 KHz- 60 MH2 10- 1000
NOHINAL PHASE Q2 [ . Qo 0
IMP_[_D_A_ME[. ALL PORTS 50 ehms S0 chmsg 50 chms 50 chms
ISOLATION JETWEEN Typ. Min. Typ. Min, Typ. Min. Typ. Min,
QUIPUT 1214 2,¢B 2.40 MH 40 30 10-200 MHz kEH 25 15 KH2.8 MHz 40 e 10.100 MH2 30 25

0.4-403 MH2 2% 20 1-€50 MHz 2% 20 4 KHE-60 MH2 2 20 100-1000 Mz % 0
0.1.0.4 MMz 20 15
INSERTION LOSS, B Toyp. Max, Typ. Max, \gn. Max, Typ. Max,
{Abave 3 dB Spiit) 0.1-100 MHz .2 08 1.200 MH2 93 06 10 KHz-3 MH? .2 04 10-100 MH2 0.8 1.0
109200 1K 0.4 0.75 ] 200-500 MHz 0s 09 2 KH2-20 MR 03 06 100-1000 MH2 0.7 1.2
2004C0 MHr 0.6 1.0 $00-850 MHz 0.7 1.0 20 MH2-60 MHz 0.6 1.0
PHASE UNBALANCE, Typ. Max, Typ. Max, Typ. Max, Typ. Max,
DEGREES 0.1-120 MHz JS 2 1-100 MHZ 25 20 10 KHz.3 MH2 0.5 2 10-100 MHz 0.5 2
100.200 MHe 1 3 100-400 MH2 10 o 2 KHZ-20 WHe 1 k| 100300 MH2 1.0 ]
200400 MHe 2 4 4C0-650 MMz 20 40 20 MHZ-60 MHz 2 4 400-1000 MK2 8.0 20
AMPLITUDE UNBALANCE, ¢8 Typ. Max, . Typ. Max, Typ. Max, Typ.  Max.
0.1.100 MKz 0.05 6.1%5 | 1.100 Mz 0.05 0.15 | 2XKHz-20MH2 0.0 0.15 | 10.100 Muz 01 02
100-209 MKz 005, 0.2 100-400 MH2 0.05 0.20 | 20 MH260 MHz 0.1 03 100-1000 MH2 0.2 0.4
200-400 MHz 33 0.3 400-650 MHz 0.10 0.30
YSWR 1.2 typ. 1.2 typ. 1.2 typ. 1.2 Typ,
MATCHED POWER RATING 1 watt max, 1 walt max. 1 watt max. 1 waltmax.
INTERNAL LOAD DISS. 0.12 watt 0.12 watt 0.12 watt 0.12 watt
- MODELS PSC-2-1, PSC-2-1W
-
T — - P
FNS!IHUN L0SS vs FREQUENCY ' ;ISOUATION vs FREQUENCY
: r—t‘--: . .l ] 1
g9 - : T
[ ARSI
fau Lo
3 -
£ Cee
© _ - - "- Z z
4 1t 810 R ]
Frequency, K42 Frequency, Mg
PHASE UNBALANCE vs FREQUENCY ' QUTPOT PORT YSWR vs FREQUENCY
b-een 1 lF
¥r 1
ir
p-|
R L) S
H I3
4, 12 1 11 %10 30 100
Frequency, Mz
. MODEL PSC-2-4
IRSERTION 10SS vs FREQUENCY ISOLATION vs FREQUENCY SUM PORT YSWR vs FREQUENCY
o
[ N . -4
T ; :
v —ESCA u /
gn-_..q_ ’-]r—‘l 1 Eu S y4
2y - s Sy s Y S =
3 A [} "
. ° = i 1 TR .
L 11351 10 03 10 R | T2 80 0 0o oo 4 12 s 1 1000
. Frequency, MHZ Frequency. Wit Frequency, Wi
PHASE vs FREQUENCY QUTPUT PORT ¥YSWR vs FREQUENCY 1
= : T U 7 P S .
R , 2
b i
Ed T
£ + j——e " =4 _1
= u il SR e S -
4 ) W0 1 1900 1 11 410 10 1000 .
Frequency, YHz Frequency, Wiz
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2-Way 90°

POWER SPLITTERIC
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PSCQ-2 SERIES

| i(u v 1T

FEATURES

e Broadband, 12 MHz to 180 MHz

e Excellent Balance, typically, phase deviation from
quadrature less than 1°, amplitudeunbalance 0.6 4B
Low Insertion Loss, typically average loss is less
than 0.3 dB

High tsolaticn, typically better than 25 d8
Hermetically Sealed & RF| Shiclded

Minlature, 0.128 in3, 0.4” x 0.8" PC area 0.4” high
High Reliability, 100% tested, one year quarantee
® Low Cosl, as litlle as $12.95 in smal! quantity

APPLICATIONS

* Split an inpul signal Into two equal phase quad-
rature outputs

DESCRIPTION — Tne Senies PSCO-2 2-way power
splitter/combiner is a high performance broad bang hybrid
junction. Signals ted into the input S port are equally divided,
90° out of phase to the tv.a output ports. Similarly, signais fed
into ports 1and 2 are vectonaily summed at the cutput S port.
Typically, over most of the frequency range. the phase
batance is within 1 degree and the amplitude balanceis within
0.6 dB.

The PSCQ-2 is ruggedly canstructed to provide reliable
service under severe environmental conditions. This
hermetically sealed unit perfarms well under high relative
humidity condi*ons and over temperature extremes from
-55°C to +100°C.

High reliability is associated with every MCL unit. Everyunitis
100% tested and carries a one year guarantee.

DIMENSIONS AND CONNECTICNS

TOP VIEW

Letter M over pin 2
MCL Blue bead pin 1

REF

-5

—

30N PIN 5)

o--iTEﬂMIMTE WITH

030 Dia x ¥, Lg

BOTTOM VIEW on0.26nd

GND
I s 567,
-

AlB81C1D)EYF
TNC{776[ #00[ 385 200 3701 .460
CEEXIE L IR TRV ACEN FUN

WEIGHT

MODEL FREQUENCY | Z(Ohms)|  COST » Add signals vectorlally

[PSCa213 | 12WRz- 18Rz | 50 | $12.95 (5439 . mage elect mixers

[PSCQ2-14 [ T2z~ 16 1Az 50 | 312.95(549)] ABSOLUTE MAXIMUM RATINGS

| PSCQ-240"_| 23 Wiz~ 40z 50 [S16.95(549) * Operating and Storage Temp.  ~55°C to +100°C
| PSCQ-2'50 | 25 Mz S0MHz 50 [$19.95(545] o Bin Temperature: | (10 sec)  +260°C
[ PST:250 65 Milz 90 1Az 55 $19.95 549) nvironmental Specifications: See Index Pago
PSCA-2-180 | 120 MHZ- T80 MHz 50 [SI995(549

TWO-TONE
INTERMODULATION MEASUREMENT

RF INPUT CONDITIONS

TONE 1 . 50 Mtz at +7dBm INPUT
TONE 2 -81MH; at +7dBm INPUT
SPECTRUM DISPLAY
RESOLUTION - 500kHiz PER DIVISION
VERTICAL - 10 dB PERDIVISION

= R
B i -

SPLCTRUM
ANALYZER

¥ _/._._.,.- Rt e e St e
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2 SPLITVERICOLNBIL
XAV .1 h\x « vk RV LSS X L_-x
h[OO[L _?5-!240-2-40 PS_CQ_-?«SG P_Sf_lg:Z_-f.‘U PSCD 2 180
FREGUERCY TANGE(MHD) 23-90 25-30 §5-90 120180
NOMINAL PHASE 900 90° 90 50°
CE. A $0 ohms 50 chms 50 onms 50 ohms
[T 1SOLATION BETWEEN Typ. Min, Tyo. Man, 1ya, Kin, Tys. Min,
|_OUTPUT 1 and 2. 6B a1 18 30 20 30 20 23 15
[TINSERTION 16$S. 0B Typ. Max, Typ. Mas, Tyn. Max. Typ. Mazx,
{Average of Coupled 0.3 a.7 03 0.7 03 0.7 03 0.7
Outputs Less 3 dD) g
PHASE DEVIATICN FROM Typ. Max. Typ. Max, Typ. Mazx. \'yp. Max,
| _QUADRATURE, DEGREES 1 4 1 3 1 E )
AMPLITUDE UNBALANCE, dD Typ. Max, Tyo. Mar, Typ, Max, l’y 9. Max.
1.0 1.5 0.4 1.5 0.4 1.2 (] 1.2
YSWR l._Z_!yD. 1.2 typ. 1.2 typ. 1.35 typ.
INPUT POWER RATING 2 watts max, 2 watts mar. 2 watts max. 2 watts max.
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. MODEL PSCQ-2-40
INSERTION LOSS vs FREQUENCY 1SOLATION vs FREQUENCY SUM PORT YSWR vs FREQUENCY
@ R H B . . i + - u M [ -
1 L] - . - ; - ; " I :
} . -
: 3 i e B R
i i 1 3 - : s
! i sova i T P T
" » F] ] 1 2 » [
: Frequency, Sz Frequency. Mg Frequency, ¥He
i AMPLITUDE UNBALANCE vs FREQUENCY PHASE BEVIATION vs FREGUENCY OUTPUT PORT VSAR vs FREQUINGY
i T . 7 v T A T M
H Y . - 2 : — W
i - — it \| s 5 //= U ) 1
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i Frequency, Wiz - Frequency, Mz Frequency, M
i
{ MODEL PSCQ-2-50
: [INSERTION 0SS vs FAEQUENCY 1SOLATION ve FREQUENCY SUN PORT VSWR 15 FREQUERCY
13 ARZYE ) o8 TNEZRITICAL 1488 r r
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Frequency, MHz
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PSCQ-2 Scries S B n B ,n,
Mt : ERI=G ST
12 Mtiz to 100 MHz WUE Liv i &2 »
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MODEL PSCQ-2-90
:!l(eS‘[lR’Y‘lelhll.g‘S.S.‘vls‘fﬂ[ﬂUENCV EOUHON vs FREQUENCY SUM PORT YSWR vs FRESUENCY
he , i ) — - ' 4 L
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. ity > LIS R v 4
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. [ 1 3 e .
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Frequency, sy Freguency. WH: -
PRASE DEVIATION vs FREGUENCY QUTPUT PDRT YSWR vs FREQUENCY
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MODEL PSCQ-2-180

INSERTION LOSS ys FREQUENCY

feotgoe

Msertion tesy, ¢B

i
1SOUATION ¥s FREQUENCY SUM PORT VSWR vs FREQUENCY "1
- — T m !
) 3
5
+ T t
T t o
I 1
0
W w it
Frecuency, Mz Frequency, WMz Frequency, MH2 : 1
QUTPUT PORT VSWR vs FREQUENCY i
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Frequency, MHz
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Broadband
,\ l.".l"‘
LILAITERS
FEATURES .
* Broadband: 3 KHz to 900 MHz
PLS SERIES ' e Large Dynamic Range: +3 dBm to +20 dBm
s Excellent Phase Characleristics
e Miniature: 0.128 in? 0.4” x 0.8” PC area,
0.4” high
¢ High Reliability: 100% tested
. e Low Cost: as low as $18.95 (5-49)

APPLICATIONS
¢ Stabilizing generator outputs

MODEL FREQUENCY Z(0hms) ¢osT J Prowdmg constant amplitude signals in phase .

. sensitive systems

PLS-1 | 100KHz-150MHz | S0 | S18.95(5-49) * Reducing amplitude variations in FM detection

PLS-2 100 MHz - 200 MHz 50 $18.95 (5-49) systems

-PLS-6 JKHz -1 MHz 50 $29.95 (5-49) ABSOLUTE MAXIMUM RATINGS

(O WY

PR RN

DESCRIPTION —Having a volume of only .128 cu.
inches, the FLY series covers a very broad frequency range
from 3 KHz to 900 MHz. They have a dynamic range from
4310 +20dBm and provide axceptionally hard limiting of a
.05 dB output change per dB input change,

The PLS series has been designed to provide very smali
phase variations as the inpu* 'evel {s changed. A bias current
of about 3 mA from a 50 @ source is required to excite the
PLS limlter,

When the PLS serles limiter Is used with Mini-Circuits ZHL
series amplifiers, a cons'ant +15 dBm output can be ob-
tained from .4 to 900 MHz,

Packaged within an RF| shieided metal enclasura and

. hermetically sea'ed header, thase high performance uniis

have their pins orienied on a 0.2 inch grid.

Only well matched hot-carrier digdes and ruggedly con-
structed transmission line transformers are used. Internaily,
every component is bonded to the header and case with

" silicone rubber to provide suger reliable protection against

shock, vibration and acceleration,

DIMENSIONS AND CONNECTIONS
TOP VIEW

Letter M over pin 2
Blue bead pin 1

=3 3

f(sm[: |

BOTIOM V!t 030 Dia 1 X, Lg
oM viEw an0.2Grid

iN. 710 l 00 3 S 400 370 COD
wmN9s]2031 9,710,171 9.3010.1

u1' i
1 PINS FOR €ASE GROUND
Model Neo. Ping
-1 2
2 -2 2.56,7
CONTROL = 6 -
NOTE: PINS 3 AND $ MUST 8|
CONNECTED TOGETHER £HER‘1ALLY
WEIGHT 5.2 grams .18 ounces
fQ: nEamg

m E‘./u Jn

DD T T T S,

® Input Power: 100 mW
e Peak IF {nput Current: 40 mA
® Operating and Storage Temp.: —55°C to +100°C
® Pin Temperature: (10 sec.) +260°C
o Envir tal Specificati See Index Page
‘ MODEL PLS-6=mrmreenm
QUTPUT LEVEL vs FREQUENCY
it | .
§ =L 1 : et
A e —
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g * T T
- | I R e 1t
m n a1 121 351 ]
Frequency, Mz
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- | S T N W S A AR 1)
+* + W +l6 *2
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’ T 1
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g - [l 1 I
p i H RENINT T
- Y AR TR LV vt 8
2 AR . I
Y W4T IR IR | ' N AN
) 1 . ] 0 1
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M e
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SPECIFICATIONS: 50 Ohms
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trout [CQutcutlevel| Conlrat .
Frequency| l:;vgl (tu;.n::l" C.:‘rl’:l LU lnnn't ".'."" chm R Indut Leve), ¢80 C;‘:l’m
Magel| Ricce | Facrg Current Scurce Liniting Current
Ho, M2 edmn 3 mé) fmiredance (A Out/Aln 28/¢8) Relative Phase Variation m aty, { price
PLS-1} 0.0-150 }+6-+ 20| = L.5¢8m | S ohms | £6.+13 |+ 10-2- 16 |+ 16.+20 +6-+10|+10‘+16]r+15~+20 J }5-48 (31895 .
Ty2. 0.1 0.1 0.2 05 1 05 [ 1o
PLS-21 100-900 |+ 3-4+15[ ~5d3m | 50 chms | +3-4+8 |+8-+12 |+12.+15 Entice Range
Tre. Typ. Max, [Typ. Max. [Typ. Max. T lyp. 2° Max, 10 |5-43 $18.95
01 02 j01 02 [0.2 04
PLS-5] 0.003-1 {+6-4-20) ~3dBm | S0 ohms | +6-4+10 ]+ 10-+16 [+ 16-+20 Fuil Rarce
Typ. Typ. Max, | Typ. Max. {Typ. Max, 2°Typ. 1.0°Max, 5 |5-49]$29.95
02 |05 0 (.05 15
MODEL PLS-1
QUTPUT LEVEL v FRECUENCY BUTPUT LEYEL s INPUT I PHASE YARWATION vs INPUT
. -l +
T 1 17 —————————— g N . : !
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