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PREFACE

In many respects, dual frequency antennas present
problems not associated with those operating at a single
frequency. The various matching devices and adjusting
networks required to align an antenna of the type described
herein must be designed to operate properly at two
frequencies. The dual frequency antennas installed at
Sackville, N. B. by the Canadian Broadcasting Corporation
operate at frequenciles differing by 15% to 20%. (Thus, no
harmonic relationship exists). When first assigned the
task of alleviating the operatling difficulties encountered
in using the antennas as originally designed, very little
technical iInformation in a practical form was available.
The method used to overcome these difficultles and the
development of various design formulas for dual frequency
networks are contained in this thesis.

The author wishes to express his appreciation to
Mr. J. B. Hayes for his guidance and asslistance, and to
other members of the C. B. C. staff, particularly Mr.

W. G. Roxburgh.

Montreal, Que.,
April 17, 1950, R. D. Falrley



INTRODUCTION

Broadside arrays employing tiers of horizontal
colinear elements have attained considerable prominence 1n
the short-wave broadcasting field. One may, in fact, cilte
many of their characteristics as standards by which other
radlating systems are judged. As conventionally designed,
however, the broadside array is used for single frequency
operation only. If consideration be given to the number of
frequency bands which must be used to provide optimum
broadcast service throughout the c¢yclical variations in
ionospheric density, a very costly set of arrays is indicated.
Primarily to reduce this cost, one is led to investigate the
possibllity of modifying the design of the broadside array
to permit operation in two of the adjacent frequency bands
allocated to short-wave broadcasting.

This modification has been carried out by at least
three broadcasting organizations. Although such is the
case, very few design detalls have appeared in technical
periodicals. Some papers have been published(%&£?%ave
treated the dual frequency array rather superficially. One
fact that is apparent, however, is that all three install-
ations employ a different method of impedance matching.
Upon this matching of the antenna impedance to the trans-
mission line at each frequency, hinges the successful
operatlion of the array. It so happens that the degree of

mismatch normally encountered is such that voltage break-

down will occur unless corrective measures are used at an



appropriate location. Conventional impedance matching
devices employed in the usual way are unsatlisfactory.
Before going into detall regarding one method that
has been employed successfully, it is in order that the
principal characteristics of the horizontal broadside array
be reviewed so that other factors in the design for two-
frequency operation may be dealt with. Initlally, let us
consider one of the more common designs for short-wave
broadcasting which mekes use of 32 half-wavelength elements.
It is denoted in one system of nomenclature as an H/4/4/1/R
array. The designation indicates that the elements are

horizontal; that there are four colinear elements in each of

four tlers; that the lowest element is one wavelength above

5round; and that there are two sets or curtains of these

elements, one acting as a reflector. The tiers are spaced

a half-wavelength vertically; the two curtains are spaced
8 quarter-wavelength horizontally. Thls array has a gain
of approximately 20 decibels over a half-wavelength dipole
in free space. Figure 1 shows plan and elevation views of
an H/4/4/1/R array with a graphic explanation of some of
the more common terms used in describing this type of

radliating system.
A strict mathematical analysis of the operation of

a broadside array having two identical curtains is a
laborious procedure. For engineering purposes, sufficiently
accurate results are obtained by assuming that the radlated
power 1s confined to a quadrant of a sphere.(5) The
azimuthal angle, @, then varies between the limits of 0° and

180°, and the zenith angle, €, from 0° to 90°., The mathe-
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matics is further simplified by calculating the horlzontal
and vertical components of the radiation pattern separately.
The equations(®) and patterns for an H/4/4/1/R array are
shown as Figures 2 and 3.

The horizontal broadside array usually has a
minimum of four colinear elements in each tier. For the
purpose of applying power to the array, it is subdivided
into "bays". A bay contains a pair of elements of each
tier, vertically in line, plus those in the other curtain
immediately behind these elements. (See Figure 1). To
produce the vertical pattern shown in Figure 2, the four
tiers must be fed in phase. With a tler spacing of a half-
wavelength, this 1s accomplished very simply by a trans-
position of the transmission line between successive tiers.
To produce the horizontal pattern shown in Figure 3, the
two bays must also be fed in phase. The radiated beam may
be steered or slewed a few degrees off centre aziruthally
by arranging a phase difference in the power fed to each
bay. Figure 4 shows the result of a 90° phase delay in the
feed to one bay of an H/4/4/1/R array. A 90° phase advance
will slew the beam to the other side of centre. The array
can also be made to radiate in the reverse direction by
interchanging the roles of the two curtains.

It will be noted from the equations given in
Figure 3 that the horizontal pattern is independent of the
number of tilers in the array. Thus, an H/4/2/1/R array
has the same horizontal directivity as the H/4/4/1/R array.
However, the patterns in the vertical plane are consider-

sbly different as is shown by a comparison of Figures 3
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and 5. The magnitude of the minor lobe is less serious 1n
short-wave broadcasting than it would be in the medium
frequency range. Since considerable fading occurs even with
an essentially single-lobed pattern due to multiple
reflections of the radiated wave, any additional fading as

a result of a large minor lobe would not, conceivably, have
as noticeable an effect. The gain of an H/4/2/1/R array 1s
approximately 17 declbels. As a result, this array is in
relatively common use where economy has been a major factor
to consider.

The design of the dual frequency arrays at
Sackville, N. B. for the International Service of the
Canadian Broadcasting Corporation was prepared by the
Transmission and Development Department of the C. B. C.

One dual frequency array was designed primarily for the
frequencies 9.63 Mc/s and 11.72 Mc/s; Another for the
frequencies 15.19 M¢/s and 17.82 Mc/s. The arrays are
basically of the H/4/2/1/R type. The height above ground
of the first tler was made one wavelength at the lower
frequency. The tier spacing was a half-wavelength also at
the lower frequency. The two curtains of elements were
separated a quarter-wavelength at the higher freqguency.
The choice of element length was considered in relation to
the impedance matching device that was used.

The input impedance of a full-wave dipole in free
space has been shown by King and Blake(4)to be approximately
2000 ohms for a conductor having.a diameter-to-wavelength
ratio of 3 x 1074, If, for the moment, the mutual impedance

between the varlous elements in the array be neglected, then
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the input impedance of a bay having four tiers would be
about 500 ohms, since there are effectively four full-wave
elements in parallel. The elements in the reflector curtain
are parasitically excited.. In practice this is found to be
a reasonably accurate approach to the input impedance of
each bay of a broadside array. However, the existence of
apprecliable mutual impedance is immediately apparent at
frequencies off resonance if a comparison be made between
the curves of King and Blake(10¢:clte)rorn 5 gipole and that
for an element of an H/4/2/1/R array (Figure 10). The input
impedance of each bay also varies with slewing as a result
of the mutual impedance. In addition, it has been found in
practice that the input impedance 1s modlfied somewhat when
the functions of the two curtains are interchanged electric-
ally. Considering that the curtains are as identical as
physically possible, this may seem rather surprising. The
difference ls probably due to the fact that in one case the
transmission line 1s directly in the beam radiated by the
array. Thus, if the array has two slew posltions 1in both
the forward and reverse directions, a total of six antenna
impedances must be matched. More will be said about this
problem in a later section.

In the initial design, the elements were fed from
a point mid-way between the two tiers by transmission lines
of equal length thus satisfying the requirement of feeding
the tiers in phase at both frequencies. Since the tier
spacing is a half-wave length at the lower frequency, the
feeders to the elements themselves were approximately a

”m0r e
quarter-wavelength long at the same frequency and kess at
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the higher frequency. It so happens that this results in an
impedance mismatch at the common feed point sufflclent to
cause voltage breakdown. To prevent this, an impedance
matching device consisting of a section of line of specific
length and characteristic impedance, was inserted between the
Junction point of the element feeders and the bay feeder.
For simplicity in construction and adjustment, a four-wire
line section was used for matching as shown in Figures 6 and
7. The length of the section and its effective character-
istic impedance are seen to be readily changed. It should
be noted that since this device must improve the lmpedance
match at two frequencies, it must be adjusted as =
compromise.

The design equations for this method of matching(5)
show that to obtain even an approximate match for two imped-
ances, the reactive components of these impedances must be
of the same type. This stipulated that the elements of this
array must resonate either above or below both frequenciles.
In the initial design, the elements were resonated about
8% below the lower operating frequency. A photograph of the
array with the original matching section installed is shown
as Figure 7.

However, operating experience with this dual
frequency array had shown that the original design did not
provide a satisfactorily low value of standing wave ratio
on the transmission lines for all condltions of reversing
and slewing. When it was necessary to use certain beam
directions, stubs on the transmission lines had to be

readjusted to bring the line impedance within the matching
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range of the transmitters. Further, the antenna impedance
itself was such as to produce critical requirements with
respect to matching. Insulators used to support the
original matching section at the central feeding point in
the array were unable to withstand the high voltage
involved. This condition was improved somewhat by using a
self-supporting matching section, but the array remained
critical with respect to wind and lcing conditions to an
unsatisfactory degree. Consequently, this antenna was

again the subject of study and experiment.,



PRELIMINARY INVESTIGATION

Preliminary investigation showed that the
fundamental problem was to find a means of reducing the
degree of impedance mismatch at the junction of the elemeht
feeders and the bay feeders at both operating frequencies.
The fact that the tiers must be fed in phase at both
frequencies, produces the requirement that the element
feeders be of equal length. In the original design, as
noted previously, the element feeders were approximately a
quarter-wavelength long at the lower frequency. Considering
the impedance transforming property of a section of trans-
mission line, there was a possibility that the length of
the element feeders could be so chosen that a satisfactory
match would occur at both frequenciles.

The element impedance at each frequency could
only be estimated so an accurate analysis was impossilble.,
The estimated value of the element impedance, however, was
thought to be sufficiently accurate to indicate whether or
not this method of matching was worthy of consideration.
Accordingly, the standing wave ratlo that would result on
the bay feeders with various lengths of the element
feeders was calculated for both frequencies. This calcul-
ation was made as follows:

At the lower frequency, let the element impedance
be denoted by Z4,,. Then, from basic transmission line

theory, the lmpedance at the input of the element feeder,

Zs’ is given by,



Zoo * JZo tan I (For a line with negligible loss)

Z2,+ jz
where Z, 1s the characteristic impedance of the element
feeder;

and L 1s the length of the element feeder in degrees.

ZS=ZO

00 tan L

If we assume that the ilmpedances of the elements
of each tler are equal for the purpose of calculation, then
the input impedances of the element feeders are equal, since
they are of equal length. The result of these two equal
impedances in parallel forms the terminating impedance of
the bay feeders, Zr'

Writing Zg as 2, /6 ,

Then, 2, = —g—g’- _/___9;_

When the characteristic impedance of the element
feeders is ldentical with the characteristic impedance of the
bay feeders, the standing wave ratio on the bay feeders can
be calculated from,

Zp- Zg

L+ Z
SWRe = r_ 9o

Zr- Zo

ZI'+ ZO

The standing wave ratio was calculated for wvarious
values of L, These calculations can be carried out very
simply with the Smith Transmission Line calculator.(6)

Similarly, Z, and the S.W.R. for the higher
frequency was calculated. The S.W.R. at both frequencies
was plotted against the element feeder length at the lower

frequency. The lowest value of S.W.R. at which the curves



intersected was approximately 3:1. The element feeder
length as a function of the lower frequency for this S.W.R.
was 0.4125 wavelength. If this compromise match could be
obtained in practice, it would be quite satisfactory.

This suggested more accurate investigation.

THE USE OF A SCALE MODEL

The basis of the entire matching scheme 1s an
accurate knowledge of the element impedance at each
frequency. It is very difficult to make the necessary
measurements on an actual array to obtain this for
several reasons. Firstly, 1t is practically impossible
to make S.W.R. measurements on the vertical section of
the bay feeders due to the physical difficulties involved
and the doubtful accuracy of measurements made under such
circumstances. Secondly, measurements made on the
horizontal portion of the bay feeders are lnherently
inaccurate due to the existence of a switch at the junction
of the horizontal and vertical sections. This switch,
which serves to interchange the functlions of the two
curtains, has appreciable capacity. The effect of this
capacity on the S.W.R. depends upon the impedance of the
line at the point where the switch is inserted. This
capacity could be measured and a correction applied to
obtain the true S.W.R. produced by the load, but it
introduces a possible source of error. For these reasons,
and particularly to enable trial-and-error adjustments to

be more easily made, a model of one of the dual frequency
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arrays was constructed.

A model will have properties similar to the full-
scale prototype if certain conditions involving dimensions,
frequency, and material constants are satisfied.(v) An
antenna of sufficiently small size would result 1f the
elements of the model were resonated at approximately 200 Mc/s.
This produced a model whose overall dimensions were 12 feet
long by 8 feet high. A transmitter having a power output of
approximately 25 watts was used in the experiments.

The model was first constructed as a reproduction
to scale of the 15.19/17.82 Mc/s array. As for the original
antenns, the elements were resonated 8% below the desired
lower operating frequency. The elements were made 30.75
inches long which, with a factor of 0.94 to compensate for
end effects, were expected to resonate at approximately
185 Mc/s. Other dimensions were scaled from the original

antennae.

MEASUREMENTS ON THE MODEL ANTENNA

The first measurements made were to determine the
element impedance as a function of frequency. The
impedances were calculated from measureménts of the S.W.R.
on the vertlical section of the bay feeders and the distance
between the nearest Emin point and the common element feed
point. With this information, the lmpedance at the
junction point, Zr’ can be calculated by means of the Smith
Transmission Line Calculator or from the following formula,

derived from baslic transmission line equations,
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Q(tan s *+ cot s) = j(Q2 - 1)
tan s+Qgcot s

r 0

where Z,, is the load impedance;

1s the characteristic impedance of the line;
is the standing wave ratio = Ene /Eml

is the distance in degrees from %h n’
Emin point to the load.

cn£>N

As previously shown, assuming equal element
impedances, Z, 1s equal to one half the input impedance

of a single element feeder, Z Knowing the length of the

S.
element feeder, the element impedance, %502 Mmay be

calculated from the formula,

2%y - JjZ2, tan L
o)
4, - je2, tan L

Zoo
0

where L is the length of the element feeder in degrees.

For the determination of the S.W.R. an electro-
statically coupled type of instrument was used. Circuit
and construction details of this unlt appear as Figures
8 and 9. Since the germanium dlode used in the measuring
circuit has a non-linear voltage versus current character-
istic, i1t was necessary to calibrate the instrument for
accurate measurement of S.W.R.

In the measurement of the antenna impedance, each
value of S.W.R. and distance from an R min point to the load
was repeated at least three times to ensure as great an
accuracy as possible. A graph of the measured element
impedance of an H/4/2/1/R array versus frequency is shown
as Figure 10. It should be noted that at each frequency
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at which measurements are to be made, it 1s essential that
the reflector curtain be in proper adjustment; that equal
power be fed to each bay; and that each bay be fed in
phase. There was one particuler inherent source of error
in these measurements -- the spacing of the lowest element
from ground, the tier spacing, and the separation between
curtains, were actually only correct for an H/4/2/1/R
array at one frequency. However, this error was not
thought to be as great as other possible sources of error
such as is probably in the measurements at the frequencies
used.

In order to determine the length of the element
feeders that would produce the best possible impedance
match with the elements resonant below both operating
frequencies, the S.W.R. on the bay feeders as a function
of the element feeder length was calculated for both
frequencies using the measured value of element impedance.(p’s)
The results were rather unsatisfactory indicating that the
minimum S.W.R. that could be obtained at the two frequencies
was approximately 5:1. This was appreciably different from
the preliminary calculations which had indicated that a
value of about 3:1 could be obtained. The error was in the
estimated value of element impedance used in the preliminary
calculations. The value of 5:1 was deemed unsatlsfactory
so further tests were conducted.

It will be noticed in Figure 10 that the reactance
component of the element impedance 1ls zero at approximately
193 Mc/s. If the operating frequencles are chosen on

either side of this frequency so that the magnitudes of the
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element impedance at both frequencles are more nearly equal,
a better compromise match can be obtained. The S.W.R. on
the bay feeders as a function of the element feeder length
was calculated for two frequencies chosen so that the
frequency at which the element reactance was zero was
approximately the mean., The resulting graph is shown as
Figure 1l. It will be noticed that with an element feeder
length of 0.4275 wavelength at the lower frequency, a S.W.R.
of 3.4:1 can be obtained at both frequencies. This length
of element feeder was substituted in the array and the
resulting S.W.R. on the bay feeders was in close agreement.
(See Figure 11A for feeder construction details.)

The measurements so far had been for an array
designed to operate at frequencies having a ratio of
17.82/15.19. It was also necessary to check if this
system of matching would be satisfactory for the frequency
ratio 11,72/9.63, this ratio being greater than that
previously indicated by about 5%. Using element impedances
from Figure 10 for appropriate frequenclies and calculating
the resulting S.W.R. as a functlon of the element feeder
length as before, it was found that the lowest value
of S.W.R. that could be obtained was 4.2:1l. The graph
ig shown as Flgure 12, This 1s not as good a match as for
the previous case. However, taking other things into
account, 1t was considered satisfactory. Though not
specifically stated previously, it 1s implied that the
S.W.R. will be further reduced by conventional methods on
the horizontal section of the bay feeders. The matching

section in the array is required principally to reduce
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the peak voltage on the line to a value below the corona
point.

One very important result of having one frequency
on each side of the resonant frequency of the elements
became apparent when conventional stubs were used to match
the line to the model array. The antenna has six modes of
operation at each frequency; forward with zero, positive,
or negative slewing; and reverse with zero, positive, or
negative slewing. Initially one would expect that the
matching problems would be identical for the respectively
similar forward and reverse modes., However, this i1s not
the case as stated previously. When matching the antenna
to the line, there are six different S.VW.R.'s, and, what
is more important under conditions actually encountered, the

B

min points are widely separated. This 1s important since

the matching must be a compromise for the six impedances.
With the antenna resonant below either operating
frequency, the Emin points for positive and negative
slewing respectively, lle on either side of the Emin
point for zero slewing. However, with the elements resonant
at the mean fredquency, the Eﬁin points for positive and
negative slewing are practically superimposed. This, in
effect, halved the separation between E i, points and
allowed a much lower S.W.R. to be obtained as a compromise.
Further investigatlion showed that if the 3.W.R. on the bay
feeders could be adjusted to 1l:1 with zero slewing, the

shift of E j,, points with slewing would be practically
negligible. This indicated that for optimum results

con jugate stubbing should be used on the bay feeders
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rather than a simple stub adjusted as a compromise for the
slx impedances at each frequency as formerly employed.

A low S.W.R. is essential if an array is to be
slewed. Firstly, it ensures equal power distribution to
the two halves of the array; and, secondly, since phase
shift and line length are not linearly dependent if
standing waves exist, it is difficult to obtain the proper
angle of slew when an extra section of line is used to
introduce the required phase difference.

This completed the tests on the models.

MATCHING ON THE FULL SCALE ARRAY

In order to produce the results obtained experi-
mentally on the model, some modification to the existing
arrays was necessary. Some changes were easily made;
others were considered impractical at the time. For
instance, a basic requirement was that the elements must
be shortened in order for them to be resonant at the mean
frequency. Since 1t was impractical to move the poles
used to carry the feeder lines to the elements, it was
necessary to separate the two halves of the array. This
modifies the radiation pattern somewhat over and above
the change introduced by shortening the elements. A
representative set of patterns, both horizontal and
vertical, for the various frequencies and modes of oper-
ation, appear as Figures 13 to 18 inclusive.

Further, tests on the model had indicated that

conjugate stubbing on the bay feeders was desirable.
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Unfortunately, the bay feeders were not sufficiently long
to permit this to be done. Iengthening these feeders was
not considered practical at that time since 1t involved
moving some of the necessary switchgear associated with the
array. However, even though the matching on the bay feeders
was a compromise for the six operating modes at each
frequency, the final results were completely satisfactory.
The experiments on the model had indicated that
the length of the element feeders should be 0.4275 wave-
length (at the lower frequency) for the 15/17 Mc/s. array
and 0.3975 for the 9/11 Mc/s. array. For both arrays, it
was necessary to lengthen these feeders by 10% to obtain
equal S.W.R.'s on the bay feeders at both frequencies.
Part of this change, at least, was undoubtedly due to having
to separate the two halves of the array with the resulting
change in antenna impedance. The method used to install
the rather long element feeders 1s shown in Figures 19 and 20.

Comparison of Results

At the transmitting site, there are four dual
frequency antennas: two operating in the 15 Mc/s. and
17 Mc/s. bands, and two in the 9 Mc/s. and 11 Mc/s. bands.
Tabled below are the S.W.R.'s on bay feeders both on the
model and on the full scale arrays after adjustment of the

length of the element feeders.
Experimental Actual

15/17 Mc/s. array - No.l B4 ST
! " n - No.2 4,0
9/11 M¢/s. " - No.l 4.2 4,0

" " " - No.2 4,2

The S.W.R. on the bay feeders was reduced to

approximately 2:1 in all cases by means of a simple stub
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adJusted as a compromise for the six operating modes at
each frequency. On the main transmission line feeding each
antenna, a combination of simple and conjugate stubbing was
employed. The final S.W.R.'s on the lines after all
adjustments were completed averaged l.4:1, the maximum in
any case being 1.8:1.

Although the adjustment of the stubs has been
treated very lightly thus far, let it not be thought that
it is unimportant. A study of Figure 20 will show the
number and variety of stubs used to place a dual frequency
array of this type in working order. It is the purpose of
the remainder of this thesis to derive design equations

21
for the various stubs indicated in Figure 22.
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CONJUGATE PHASING STUBS

To obtain an essentially unindirectional pattern;
l.e., one having a high ratio of forward field to reverse
fleld, it is necessary to obtain the proper phase relation-
shlp between the fields radiated by the two curtains. One
method of doing this is illustrated in Figure 22. By
adjusting the shorting bar at X, the phase of the fleld
radiated by the element GH can be adjusted so that 1t acts
as a reflector to the field radiated by EF by virtue of
cancellation and reinforcement. The position of the short-
ing bar varies with frequency. In order that the reflector
will be in proper adjustment at two frequencies simultane-
ously, a particular type of stubbing is required.

Consider Figure 23. Suppose that A is the required
position of a shorting bar for a frequency, f,, and that B
is the required position for a frequency, fz, If a shorting
bar be placed at C, where the distance AC is a half-wave-
length at fl, the shorting bar effectively appears at A -=-
at the frequency, fl, Further, if a stub be placed at A so
that at the frequency, f,, the impedance at A has the same
value as if a shorting bar were at B, the reflector can be
adjusted at the two frequencies. The stub at A will have
no effect at the frequency, fl’ since a short circuit
appears at this point.

This method of adjusting the reflecting elements of
a dual frequency antenna is believed to have originated with
the Columbia Broadcasting Corporation.

To facllitate the alignment of the dual frequency
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arrays, charts were prepared from equations derived on the
basis of the above method of operation.

If a shorting bar were at B, the admittance at A
looking towards B is given by,

-j¥,cot &

where @ is the distance in degrees from A to B,

At the frequency, fo, the impedance at A looking
towards B is due to two shorted line sections in parallel:
(1) the line from A to C; and (2) the stub, 8° long at A.

The admittance of this combination is given by,

T2 4 180°) - jY,cot ©

-j¥5cot (
1

This expression must equal -jY cot ff. Therefore,

cot (28 x 180°) + cot 8 = cot g
1
and,
f2
cot 8 = cot @ - cot (—f-l- x 180°)
CASE I -- f1) fo
fo o
Then, == x 180° ¢ 180°
1
f
and cot (—g x 180°) is negative, for fﬁ i
1 £q
CASE II -- fl< £y
Then,

f2 o 0
73 * 180 ) 180

20



f
and cot (_3 x 180°) is positive, for £§.<'§
fq 4 2

It is necessary to consider both cases since
either frequency may require a shorting bar nearer the
reflecting element than the other. The position of these
shorting bars for minimum radiation to the rear is deter-
mined experimentally.

For the frequencies 15.19 and 17.82 Mc. the
equations become,

CASEI ©= cot™L (cot ¢, 2.00)

CASE II 6= cot™t (cot # - 1.64)

For the frequencies 9.63 and 11.72 Mc. the

equations become,
CASEI 6= cot™® (cot @+ 1.60)
CASE II © = cot™1 (cot ¢ - 1.23)
Graphs of 6 versus @ for the two cases at each

pair of frequenciles appear as Figures 24 and 25,
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CONJUGATE MATCHING STUBS

A load impedance which is a function of frequency
can be matched to a transmission line at two frequencies
simultaneously providing certain boundary conditions,
which will be defined later, are satisfied. One method of
accomplishment is to use 8 simple matching stub at one
frequency and a conjugate stub at the other. Stubs for
matching at a single frequency are in common use. Charts
which give the length and position of the stub based on
the standing wave pattern are readily available.(a)
Conjugate stubs, however, are not so widely used. Prior
to this writing no charts were known to exist, perhaps
because the preparation of such a chart is very tedious.

The original patent on conjugate stubs 1is held by
Andrew Alford.(g) The design equations given in his patent,
however, are rather complex and in the following pages
somewhat simpler equations are derived. In addition, design
equations for a type of conjugate stub not considered in his
patent are presented.

The principle behind the various types of conjugate
stubs is essentially the same. From basic transmission line
theory, the input impedance of a lossless section of trans-
mission line an~0dd, integral multiple of a quarter-wave-
length long, terminated in a short circult, is infinite.
Phis characteristic is also exhibited by a section of line
an integral multiple of a half-wavelength long, terminated

in an open circuit. 'hat 1s also true is that the impedance

at any point along either of these line sectlons is infinite.
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Because their impedance is infinite, these line sections will
not effect the impedance of a transmission line to which they
may be shunt-connected. In practice, an infinite impedance
cannot be obtained but it 1s sufficiently high as to have a
negligible effect.

This antiresonant property is naturally confined
to certain definite frequencies. (We shall only concern
ourselves with fundamental antiresonant frequency.) At a
frequency off resonance a finite impedance will be placed
across the line. The magnitude of this impedance can be
controlled by the proportioning of the sections of the
conjugate stub and can thus be used for matching at
frequencies off resonance.

The design equations of two different types of
conjugate stubs will be derived. One is a type mentioned in
Andrew Alford's patent; the other is colloquially known as

the "V" stub because of its configuration.

CONVENTIONAL CONJUGATE STUBS

Figure 26 shows the general form of the conjugate
stubs considered by Andrew Alford. The two sections of the
stub may be both shorted, both open, or one of each type
#ith either the shorted or open one nearer the load. All
tyves are essentially equivalent electrically. The type
specifically shown in Figure 26 will be considered in
jetail. It provides one of the smaller assemblies and is
~elatively easy to adjust.

From fundamental transmission line theory, the

.mpedance at any point on a lossless line 1s repeated every
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half-wavelength. Thus, in Figure 26, if d = 180° and M+ N
=90°, the impedance of the line will not be effected as
noted previously (except between Py and P2). This will apply
at the frequency, f;, say. At another frequency, fo, d will
no longer equal 180° and M + N will no longer equal 90°,

The distance, 4, is fixed by the requirements at fq1, but

the proportions of M and N may be changed to secure an

impedance match at fo. That is, at fo,

d = —& x 180°
]

and, M+ N= L2 x 900
f1

For the line to be properly matched at the point,

P,, the input admittance of the line with the stubs attached

must be Y, . Hence,

Yo=Yt Yy

where YO is the characteristic admittance of the line;

Yos is the admittance of the stub at Pl;

Yl i1s the admittance of the line at P, before
the stub was attached,
Then,

The admittance, Y2, at the point, Pz, that will

produce an admittance, Y3, at Py, after being transformed

by a line length of a°, is given by,

(Yo = Yoq) = Y, tan d

° Y, - j(Y5 - Yo5) tan d

Y2=Y

Now the admittance at P2 congists of the
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stub, Y plus the admittance of the line before the stub

ss’?
was attached, Yz

Then,

There are now two expressions for YZ' Bquating these,

(Yo - YOS) - ontan d
0
Yo - (Y, - Y,q) tan @

et Y3= X

and,
Y- Y - j¥.tan 4
0
Y:’;: Yo ( os) ° - Ygq
Y, - j(Yo - Yos) tan d

Again from fundamental transmisgssion line theory for a

lossless line,

YOS = JjY¥,tan M

Yog = =J¥gcot N

where M and N are the length of the line sections in
degrees.
Substituting,

YQ:' ontan M - Ji&fot&l’l ol
Yo - J(Yo - jY¥otan M)tan d

Y, =Y

5 = Y5 * jY¥ocot N

Collecting real and lmaginary components and dividing

numerator and denominator by tan 4,

-y cot d+cot N-j(l+tan M cot d+tan M cot N-cot N cot 4)
5 ¢ cot d - tan M - j

Converting to an impedance and normalizing,
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= cot 4 - tan M - j
3  cot atcot N-j(l+tan M cot d+tan M cot N-cot N cot d)

For any frequency ratio, d and (M + N) can be
zalculated. Then if values of M are assumed, hence N
letermined, Zz can be calculated. For results of
reasonable accuracy, the Smith Transmission Line Calcul-
ator can be used to determine both the S.W.R. that will
produce this impedance and 1ts position relative to a
voltage minimum or maximum., Assumption of various values
of M and N will give sufficient data for the drawing of a
natching chart.

The S.W.R. and the location of zz may be deter-
nined more accurately by formulas. Consider the following:

By definition,

S.‘N .R. = Emax
Bmin

=Q
From basic theory, it is also given by,

1 +|X|

Q =
1 -|x|

there K is the reflection coefficient of the load and 1is
riven by,
Z., + Zo

K =
R

vhere ZR is the load impedance. Hence,
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14+ |23 -1
Q= zz + 1
] - |23z
zz + 1

To calculate the distance, s, from a point of
minimum voltage, EMIN’ toward the load, consider the

following:

In general, considering negligible losses,

2, = 2 Zy + JjZotan @

o)
2o+ JZ,tan ©

where ZS is the input impedance of the line;

Z., is the terminating impedance;

Z0 is the characteristic impedance of the line;

® 1s the length of the line in electrical
degrees.

The 1impedance at the EMIN point 1is a pure

resistance whose value is ZO/Q.(lo)

Taking this value as the input impedance at an
Eyry Polnt and taking Z,, = Zz at a point s° toward the
load from this EMIN point, there 1s obtalned,

Zq Zz + jZotan s
Q 0 ZO + jZStan S

Again writing z, = Zz/2, and simplifying,

1 _ 2z + jtan s

——

Q 1 +jz5tan s
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From which, after writing Zz= Iz +Jxz, and

equating real components,

s = tan™t L
X3
In the general solution there are two cases to
consider:
I. fq greater than fo.

II. fl less than f

o

Since making the stubs conjugate at the higher
frequency (Case I) results in physically smaller stubs and
greater ease of adjustrient at lower S.VW.R.'s, it will be the
only one considered here.

One dual frequency array was designed to operate
principally at the frequencies 9.63 and 11,72 Mc/s; another
at the frequencies 15.19 and 17.82 Mc/s.

For the frequency ratio.I%:Sg, the equation for

Zz becomes,

7o = 1.60 + tan M + j
3 7 1.60-cot N+j(1+1.60 cot N+tan M cot N-1.60 tan M)

15,19
Anéd, for the ratio 17.82 ?

7 = 2,00 + tan M +Aj
3  2,00-cot N+j(1*2.00 cot N+tan M cot N-2.00 tan M)

Charts for matching at these frequencies appear
as PFlgures 27 and 28,

A more general chart with frequency ratio as a

parameter appears as Figure 29. The ratios used were
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0.7, 0.8 and 0.9.

The lowest S.W.R. that can be reduced to unity is
that which requires M= 0. The remaining stub at Pg is then
a common shorted stub whose length is (f5/f;) x 90°,

The S.W.R. on the transmission line can be reduced

to unity providing the susceptance required is not greater

than,

(f2 o
g \_&
Y jco (7, x 907)

THE "v" - TYPR CONJUGATE STUB

As far as is known, the conjugate stub in this
form was first suggested and used by J. E. Hayes of the
Canadian Broadcasting Corporation. Desiring to prepare
matching charts for this type also, design equations were
derived.

Consider Figure 30. The total length of the stub,
M + N, is equal to a quarter-wavelength at the frequency at
which the stub is required to have a negligible effect, f,,
say. At another frequency, fo, the susceptance, (consider-
ing negligible losses), placed across the line to be
matched will depend on the proportions of M and N.

The point of attachment of the stub and the
susceptance required to remove a standing wave can be
calculated as for a single frequency stub. The formulas
derived below are perhaps simpler than found in the

average text in terms of practical application.
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From basic theory,

°© Yo - JYg tan ©

YR’=

where YR i1s the admittance of the load;
YS is the input admittance;

Y, 1s the characteristic admittance;
® 1is the distance in electrical degrees

from Yg to Yr, measured toward Yp.
As indicated previously, the impedance at an
EMIN point on a transmission line 1s a pure resistance
of magnitude Z,/Q, where Q is the standing wave ratio.
Taking an Eypy point as a reference point; i.e., Yg

is the admittance at an Eyyy point,

Yp =Y,
YO - JQYO tan O

In order to remove a standing wave, the admittance
at the point of attachment of the stub, after its install-
ation, must be Y . Since the stub can only add susceptance
(neglecting losses) the conductance component of the line
admittance at the stubbing point must be Y,. Denoting
the susceptance comporient of the line admittance at this

point by B, then,

¥R= Y, + JB

Inserting this value in the general equation,

v QYy - JY, tan ©
°Y, - JQY, tan ©

= Yo + JB

30



Solving this equation for tan® and B, there is

obtained,

+ —
tan © -//1/&
+ -
B = "'YQQ 2(Q__ 1)
The stub 1s, of course, required to have a
susceptance of -B, when the characteristic admittances

of the transmission line and the stub are identical, as is

generally the case. Then, the normalized susceptance of

the stub must be,

R X
=+Q2(Q'l)

where b= B/Y,

After determining the value of the susceptance
required, there remains to be calculated the proportions
of M and N to produce this susceptance.
Again, consider Figure 30.
Now,
Ygg = =jY¥g5cot N
and
Yo = JY¥,tan M
If the required normalized susceptance is b, then,

b = tan M - cot N

and
cot N= tan M - Db

If at £, M+ N = 90°, then at f,,
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M+ N= (fg/f7) x 90°= & (say)

Then,

cot N = cot (8 - M)

From Trigonometry this can be resolved to,

1l + tan 6 tan M
tan 8 - tan M

cot N =

There are now two expressions for cot N.

Equating these,

l+ tan © tan M
tan 6 - tan M

tan M - b =

This can be expressed as the quadratic

equation,

tan®M - b tan M + b tan 8 + 1= 0O

and,

+ 4 2
tan M= b-/b - 4(b tan © + 1)
2
It is now necessary to establish the boundary

conditions.

Again, there are two cases to consider:
I. £,0 1,

II. f5 ) £

And, again, only Case I need be considered to provide a

satisfactory solution to the normal matching problem.
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CASEI £, ) fp

Since © = (fg/fy) x 90°, 6 is less than 90°. It
can be shown that if M + N is less than 90°%, cot N is
greater than tan M. Since both M and N are in the first
qQuadrant, both tan M and cot N are positive. Thereforse,

the equation derived previously,
b=%tan M - cot N

indicates that b must be negative.

Since b is negative and since tan M must be
positive, only the positive root of the expression under
the radical sign in the equation for tan M 1is applicable.

Therefore, the equation for tan M can be rewritten,

-b + /b* + 4(b tan 6 - 1)
2

tan M =

The smallest value of b that will satisfy the

above conditions 1s given by,

b= /b° + 4(b tan 6 - 1)

from which,
b= cot ©

Summarizing: ¥For any two frequencies, fy and fo a
standlng wave ratio existing on a trans-
mission line can be reduced to unity
providing the required normalized

. fo o
susceptance is not less than cot (— x 90V)

f1
where f, is greater than f,,
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A matching chart for the frequency 15.19 Mc.,
the stub being conjugate 17.82 Mc., appears as Figure 31,

A more general chart was drawn by using the ratios
of the two frequencies as a parameter. The values for
which a matching chart was drawn were 0.7, 0.8 and 0.9,
giving values of & of 63°, 72° and 81°., This chart 1s

reproduced as Figure 32.
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SIMULTANEOUS OPERATION

Although it has been arranged that the antenna
and 1ts associated transmission line will accept power at
two frequencies, there remains the problem of connecting
both transmitters to the line so that they may be used
simultaneously. The basic requirement is that a relatively
small amount of power be fed from one transmitter into the
other. Cross-modulation and spurious frequency generation
ususally provide the criteria for successful operation.

The maximum permissable magnitude of each of the above
effects 1is limited not only by good engineering practice
but also by National and International broadcasting
regulations.

The general method of providing for the simul-
taneous operation of two transmitters into a single antenns
is shown diagrammatically in Figure 33. The principal
component of this system is the rejection fllter.

At the frequencies used for short-wave broadcast-
ing, filters composed of sections of transmission line are
practicable. One of the simplest methods using line
gsections as filter elements 1s shown in Figure 34, and has
been patented by P. S. Carter.(ll) The operation of this
arrangement is easily understood.

Consider the line sections at the point, A, and
agssume lossless lines. The -EE stub produces a short

circult at the point, A, -- at the frequency, f2. Since
A2

A is._z- from the junction, B, a theoretically infinite

impedance appears at B looking towards A. Thus, an
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infinitely small amount of power from Transmitter No. 2
will be accepted by the line from Transmitter No. 1. The
open stub at A makes the overall length of the line section
éiil which, being antiresonant, results in the filter having
a4negligible effect on the line impedance at the frequency,
f1. The open stub does not effect the impedance at A, -~
at the frequency, f,, -- since a short-circuit appears at
this point.

The filter at C operates similarly to prevent power
from Transmitter No. 1 being fed to Transmitter No. 2.

Since some loss does exist in the filter sections,
a finlte amount of power will propagate through the filter.
No equations from which accurate filter characteristics
could be determined were presented in Carter's patent. In
order to calculate the rejection ratio both at resonance
and at frequencies slightly off resonance, it is necessary
to consider general transmission line theory without the
simplification of disregarding losses. It has been shown(lz)
that the input impedance of a resonant short-circuited line

section is given by,

Zs = Z, tanh &L

=~ Z, &L (for small values of L)

where Zs is the input impedance;

Z, 1s the characteristic impedance;

L 1is the length of the line section in meters;
and o is the attenuation constant of the line in
nepers per meter.,

The attenuation constant, for copper conductors,

may be calculated from the formula,
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o = 1455 x 107 6yF

r 10g10 d/r

nepers per meter

where f 1s the frequency in cycles per second;
r 1s the radius of the conductor in meters;
and d 1s the spacing between conductors in meters;

From Figure 34, the impedance, Zs , in parallel
with the impedance, ZT’ forms the termination for the
quarter-wavelength section of line from the junction
point of the two transmitter output lines. The impedance,
ZT, is a function of the impedance looking back into the
power amplifier stage of a transmitter, the tank circuit of
which i1is not tuned to the frequency being fed back. Because
of its non-linearity, no attempt was made to calculate this
Impedance, However, if two impedances be placed in parallel,
the magnitude of the resulting impedance is obviously
smaller than either of the initial impedances. Therefore,
since the rejection ratio is inversely proportional to the
magnitude of the terminating impedance of the Quarter-
wavelength line, at least a minimum value of rejection will
be calculated 1f Zq be neglected. Since Zg is extremely
small compared to Z,, the error involved in making this
simplification would be expected to be rather small. (See
Figure 35.)

The problem is then reduced to finding the input
impedance of a section of transmission line three-quarters
of a wavelength long, terminated in a short-clrcuit. For
this section,/@L =§l s where,é is the phase constant of

2
the line in radians per meter. The impedance of an anti-

regsonant line section has been shown to pe(12)
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2 = Z, coth AL

®Z,/ AL (if &L is small)

It has also been shown (12) that the impedance
of an antiresonant line section slightly off resonance is
given by,

Z=Zol+j60(L
XL + j e}

where & is the angular frequency deviation.
For small values of &L and &, &AL is very much
less than unity and the magnitude of Z 1is given very closely

by,
Zo

Y(aL)e+ §<

The angular frequency deviation, & , is related to

| z| =

the frequency by the equation,

S 2% L
v

(f - £,)

where f  1s the resonant frequency in cycles per
second;
f 1s the impressed frequency;
v is the velocity of propagation in the line
section in meters/sec.

At any frequency, the rejection ratio,'T} is given

by,

T Lo

[21]

where ZL is the impedance at the junction point

|zl
L

looking toward the antenna.

If ZL== Z,, as 1s the case for a properly matched
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line, and if it is assumed that this equality holds over the

frequency band under investigation,

1
Y(aL)c+ &2

3
]

1/L
Y2 (2?'21")‘2

v

u

where Af = f - o

Now, La% )‘o
o

where /\o 1s the free space wavelength of o3
Vo 1s the velocity of propagation in free space.

4/3 fo
V(ixv)e + (27AT)e

This 1s the rejection ratio for a § - wavelength
line section. If this line section Wwere connected across a
transmission line feeding an antenna, 1/T' of the power being
propagated would be accepted and dissipated in the stub.
For the case originally considered, (Figure 34) a trans-
mission line leading to a transmitter was connected 1/3 of
the way back from the input end of the 5 - wavelength stub.,
To a very close approximetion, 1/3 of the power accepted by
the line section will be dissipated in the first 3 - wave-
length. Hence, only 2/3 of the input power can be fed to the

transmitter and therefore the rejection ratio should be

increased by 50%; 1i.e., T = 1.5 ',

R 2f,
V{ixv)e + (27 Af)<
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Plots of this equation expressed in decibels for
the 31, 25, 19 and 16 meter short-wave broadcasting bands
with filters resonant at the center of each band, are shown
as Figures 35 to 38 inclusive. Since Af is relatively
small, and further since o¢ is proportional to the square
root of the frequency, & was calculated at the mean
frequency in each band only, and assumed constant throughout
the band.

A rejection filter will naturally upset the impedance
match at the other operating frequency. This mismatch may be
corrected as shown 1n Figure 34 or by means of conventional
stubs. Of these two methods, the former is to be preferred
since it avoids the possibllity of a voltage maximum
occurring between the filter and the matching stub with the
accompanying adverse effects if the vol age 1s suffliclently
high.

Measurements of the filter characteristics were
made as indicated diagrammatically in Figure 39. The filter
was first adjusted at the desired frequency for a minimum
reading on the meter, M. The ratio of the power transmitted
to the antenna, to the power transmitted through the filter
provides a measure of the rejection ratio. Unfortunately
the measurement of the power to the antenna could not be
carried out conveniently. However, the power output of the
transmitter was known to be 50 KW to within about 5%, which
allowed the making of measurements with reasonable accuracy.

A comparison between calculated and measured rejection ratios

for a specific case 4is shown as Figure 35.
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In the region of maximum attenuation, agreement between
measured and calculated values does not appear too good.
However, it was found that the coupling existing between the
two lines to the junction point, B, (Figure 34), prevented
greater measured isolation than approximately 45 db.

This, then, gives the rejection ratio of the filter.
However, there is no indication as yet as to how much of the
return power will be accepted by a transmitter which is
substituted for the measuring circuit. As noted previously
this transmitter is not tuned to the frequency of the power
being fed back. On this premis, one would expect the
impedance looking back into the transmitter to be largely
reactive and hence would hawe a large reflection coefficient.
This would result in only a small fraction of the power
passed by the filter being available to caw8e cross-
modulation or the generation of spurious frequencies. Tests
indicated that the cross-modulation signal was an estimated
20 to 30 db below the noise level of the transmitter when
100 watts was fed back to the transmitter. (If the filter

is correctly resonated, only about 1 to 2 watts are fed back

when the power used is 50 KW.)

By means of a communications-type receiver fitted
with a signal strength meter and situated about 2% miles
from the antenna, spurious frequencies were found to be
down between 70 and 80 db. Thls test was also conducted
with 100 watts fed back to the transmitter. Incldentally,
this power level 1s the maximum encountered when the filter

is resonated at the center of either the 31 or 25 meter band

and the operating frequency is at the extreme edge.
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Measurements on the 19 and 16 meter bands have not been

conducted as yet,
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SUMMARY

It should be mentioned that dual frequency arrays
using the system of impedance matching described in this
thesis have been 1s use for almost two years. The
instability previously apparent with ice loading and/or
high winds was no longer in existence. Standing wave ratios
on certain short feeder lines of the arrays were reduced
from approximately 15:1 to about 4:1. Thils type of matching
also permitted the attainment of much lower standing wave
ratios on the main transmission lines feeding the arrays
than previously possible. Prior to the modifications,
transmitters were unable to be fully loaded under certain
conditions of reversing and slewing without changing the
stubbing on the transmission lines.

As originally constructed, the dual frequency
arrays could be operated at one or the other of the design
frequencies but not at both simultaneously. As a further
refinement, 1lsolating negworks were installed to permit
this simultaneous operation. One of the dual frequency
arrays thus equlpped was tested for a period of four months.
The test was conducted during the winter, this season of
the year producing the severest demand on the stability of
transmission line networks. The test was completely
successful.

One is thus led to the conclusion that dual
frequency arrays of thils type, properly adjusted, are
definitely comparable in performance to much more costly

arrays.
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M ‘L M
Bakelite —" LR M
1 1L 1
2 iR REJ“; 2 QR
T.ri-——7.J )
//*fk/) faj% zﬁ{xk::;\//////’/)rx—ﬁk‘ —= ==
Polystyr;::\‘ Trangmiesion Line

FIGURE 9. CONSTRUCTION DETAILS OF STANDING WAVE INDICATOR.



.
Lobd
b

-—ba

TS

I

]

i

4
4

Haf

| R

8|
) o B

1

IR A BAS—==

|

B

4

i

————

e e
B

B R

bk

b

|
|

|

o

—p

4}

—d e

“+

b i s

t

b4 =+

oo

|

Gt
b
H

17

+4

13

T
2
i

. b

o

1T

44

by

ﬁ—_-. b

]

4

HE

Y
-

v

INPUT  BHPED

o shd

e

i

T

+
)
1

H :

- .

\
.
|

L
a8
d 14

: .'___L:_.‘_

T
+1

RESISTANCE

S LELLELY

R
2 fof

i B e S . e

sEnus

=4

4

y
<+

I..
RS
-

i

-

8

4. i
'7‘97'4 '

{,k

e b

¥
.

red Vaiwes

B
11
% (34

ol
{

4

35

» Mea

0 |

S L & 1 < ot S d

3 F._ i

———t

b

4 -}

L 58 S

-t

—— s o——

L

RS SRS DEENE BRI

—

R R T arae
s

o1t

] e

PR =

St SRS

e IR S

i-.

=

B = .

5
D I

-
YH

3

EESS

(S R

+4

> g.

4

e

+4de

- RO
G gl

—

it
o

- -_0.4 EX kot

‘J._n

i

-

o 5 S
R ISR
A

F e

LS SRS SN B
i

Skt

rRm

R
¢ e

b vd ooy |

-
.
b oea
i

— o

B el v s+

a4k B

{3 O
. hea
Fou b
. iz

b =1
14-

S
..

By

el

o Eb
o e

= TR
H
==

-
T

i

iy




TT 44
1 | W T T T T T oW i R
4 At r - FERaE WA N ﬂ 4 . ++4-4 11 5 3 8 bt
H e HTHE +H ‘.D”T;f i H i:iir.r.f: % ] £l
- e 11 :
i 3P PSS : ! b = 3
in s i+ , ' it T &
t 4 34 S | T } +
T Y _ u - _
o 3 1=t 1 i 7] ; # ! n i 1 “‘. HE
T - o 1 8 i = ! L444 L 3814
H : 1 ] ; , A0 Zudgn bu _
! S ] Sl e L @ 52 0
1 ..\alJ - 5 % 1 $
. 1 !
T1 1 . i I B8 1 1 I 4
g -+ H.z ik 1 i _ ! {4 . E o
+ 15 1 (GBE @8 i ] 2
1 o y HirHT Tt 1 & i
1 ; o 1 !
= I e > 8107 9 0 S B i3 -
1 g IS &R FEBERAR id ' -t - $
B L2 £l i

e

s

Jbd 4

»50

ALl
11

; 1-’++-- e

anan

= W -

bl

-+t

4

441

e
R

Aon

_ _
N BB 13
H 't '] ni
! 1+ 1 et
| 5 p s = |
8 Ra B g o HH 1 =
- ‘m_.; o |4 »
! -4 T [ bt
8 ynan
1 i T T
1 B o
ikt i L -} . b : $ b LLLL
[ 2 BUD N AR YRR ) 1y N i Ak B +H
bop ~ NwE £ 3 1
e ‘ | RS RS B 44 ‘ : 1 3 )
: 1&. ol £y I ! £ Tt = Vﬁur W
0 o 0 i ‘4 : 52 04 6 » 5 5
1 tH EI3paads 1 ! it % du : H1
o L] 4l | L 4 ‘ .._;. 44 et + |ﬁ_.:- i
dd i — ».H 4 i v R ol . x;— R,
o T o T ] ! Erel
-t - -_q.w ) M {¢ 4444 44 h.:.. + : 4+ ,..”,..
e .1H L Py 1 + _1.H. . =t I e
J«r .n.. |1 bl 11 $4-r-4 L...4.P 4 4 T.b%‘ L
+23a1RIA : e i Eaas Ledve san i :Q Res
i ot A .1.»L. | - 4 { 4+ uﬁl_... | _w TA[ 1-1-gd '* kL.
o | &3 F R Y o 3 { b i i by w14 5 i B % EHILEH |
gt b ik o Het 8 b H T TR
ot b ke boaep § o } B e § 4 i %
1 b 4 .T+-.‘n ol &h” W. He " + . ..HH, ﬂhuw,_.w
L R3! 8 ana Enw i fEgues Soaus g% L i =
i s - o ﬁ. J R s = ﬁ 2 -4 4| -4 _..» HJ nw
1 - T-ﬁ. _u. v B 1 . llﬁ F R v . . .
Hi bt .r‘ se fage! S23NCRRE3: joa: : WH‘HT

Y f
-f,f




FIGURE 11A



T

T

I 4 T
G

]

i

1 T
it r hi Bl
T T
] -+ f St o b

{ i
- : 58 . E8E 3

i 51 g 1 S e :
as 2 8 i t]4
18

+

e
gt

1 4-‘7-" '-;

.

- —

-
4

M
i 5 o | EEEE,. o b S i
j-+ o v* ) PR qu#_wLﬁn LT“HHI
lﬁ Ww peal =4 Lr] neL __Li 11
| i 1e] i BEEE: el ot H_ EREsKs
B s N gasy: wazhb zeas
o H =1 AS
i 4 ; “ \‘.n|_'|.l.
i o = i
H Sin 08 pi HH
TEL “_LII

3
1
)|

T

‘]“'

!
T

BOAL

11

-+

- g

g

0
1t

Lyt

HE

4

/

T+
L]
L1
=

-

8

- S

!
+
!
1

-

by

EE T ﬁ‘j’if—ﬁ‘_'

NEE S

-

—t b

11

|-

SR8 Easnauan,
2 1puun
&le

HT

8 §

11

ot
i

i i T
] i #
+ A o T
g : Rzt
T L P ] e
-t b Hll l.“:” -1
B 'S e
1 1
R i {— IRSS R
BAEERe ; — (2 !
6 i EHEER MHJ. =16 B nﬂ.
Pl H . -t
1 + i ¢ AR B B W ),
Tt 11 SEdsERa RS et
| .A.WLA, I i
ot et wa amam
~t1 4+
£ 4

[5G

—

Sites
-+~

g

H

T
.
1

T

4

T

4

Y

F

Ll

-t

HH

L

[

—t i

ARSS

puzan:

i

EEHER RS

h. H
i S ! u. 81 8
4 1 18 Ll Sl
P I x 444 —FW
i 4 EE UMD T 4
b u«k_ I _.r,; Fed 3 -
il :
+ -+

N

-

8

T

T

T+

JR R
nEE

5 E i S

HEE

T

Ly

TENNIFRENS W WwE

T e W. Af ;‘Iw
1 1 ]
s 1_: O 44 hd.fw Bt
36 55 uak 1 Rady tHH
Il.m “y s 4 {- 1411
= ! 1T
H H HH
" |.,H..,‘...
{11t

15

o4O



\
e

i

Heate

4

LA il \,

. BUS
} -

T
\7.

‘i'

RTAORT

TR JUAN

i (N
l“:

Am' U

b

an i

-

e

B ;&;
culat

oy dt
hjf‘ E\\D'._P'";i

dowg) -

lobé devn

pathens ¥ 9,63 s N

A dbi{
]
11-L8

50
310°

407
320°

..-_)I'I
$4()

L
v A4l

1



cul t,t, \ 9_03

Pas

“I* *Je\an width 8135\:101&1\

.\ﬁﬂhﬂﬁiﬁ‘l’h )é( Apﬂy

350° 340°

30
3307

BERABERESE ,l|.,|‘:nlli:ul:alail’,]-i-}-‘iiw

40

yar



FﬁEQUEﬂQ; AR

lcu t m 4a ]1. T.EC. \ 44y
! : 3207
- \Bs (s\eua dong) - 27°
ﬁm ‘*Iine lobe-dovm & 12.6 db‘
| S EEE 'bal DT, 11-Li8|
340° 350° 0 TR 20° 30
20° 10° 350° 340° 330° .

bt T 1) UE T | CVTT TRV TTETT LA [ ERLE PG e S S



. s S 190" 1700 160 150°

Gy 170 180
- =TT

190° 200° 210°

B A R e 350° ~
R T T T T T I T T T T T I T R T T iy crrr i e




Y T 2

160°
200°

150°
210°

140
220°

gle

|

4
—gd 4
-

| Bean -
| A

120°
240°

40"
320°

t

i
kol
17,
1 P
L -

L

350°
10°

0

107
350°

RRREN | SERNRREE 4'T'T'T_F]_TI'I l‘ T

20°
340°

IYHliWTWTTTTFDWTW

30°
330°_

Il fW‘]



40’
x°

50°
10°

50°

150°
210°

l
i

) s

/ /
\ ¥l 4
v v \‘
\ i NS A
\ | AN LT
A bk # LA N
X ) ] FALTIT)
\ | r
A e — I A
!
W AN e 1] j /
3 3 +4
A\ | :

$10°

R

i ; B Y Iy
el < ~/
T S e

i g = “r._ ' 1. .

i R Mgk, S
¥ i ¥ g ¥ N

o O " ¥ 3 - % -~
| _*:, 3 ‘.\____-‘ . : J % i \

— T R - .

Vi T \
iy, R s, = “vm._,' ~
T = 1 i 5 gy )
19 i i T ! iy 2 Ny e’ P S g
T >l Tl -

- et - —— {17 %

= SEcESSzema=es rh
e -"_4 = T

- =t ——t 1 : -,
,—--—r i 2 : i x \ T Lk X
—— 5 . 2 . -
it —— - b /

> 3 Y .

44 g

i
! | ' i‘:“f’.‘ v
R LA AR
HA H NRgga Yoy, 0 Vo Oy 0
T L L T LI ALY
Dl L T ™~ / :7.”(
=t A/ ’ 7~ ¥
! "Jf 4 4 ) ,""./
1 ] e /!
W
I i :

140°
220°

130°
230°

120°
240°

110°
250°

100°
260°

%.’)

270°

Il 80°
|| 280°

70°

290°

60
3007

?..‘ ¥
-\— + Tt 'j: § -I‘_ i
A N\ b . P
|4 TR ; WA < TN
¥ T\ b 5 . ™ 4 y 3
-V y ) \_ A% ¥ v -l P s '
s, ,‘,.. A \.‘:.... _.\\7 X} 5 s 5 l.- .
/ —’- L_\"‘. :*x X - *T 74—‘(\17 \ .
- \ 7 N X i
i v \ i ] ’.'._ h ‘:‘( 1 v
| —VERTI ATTE
,"./' ",“', ." J : l.‘ DU 50 . . A
\*:;\7 “-._:._ " .I ‘.j | 0 'Kl '." ‘(: i 0 ok ".‘
i | C ated patt
e

Beam width
| \Angle of ma
- {Mas mi

'
| 7 [} ' 2o \
T % | | ) | 8
' 4 ~—
y : 'Ii | f i i T | \ -
i s 4 + bt |
/ ’,‘ / 1 ) -
i GURE -
= a? | by } 4

S \pal v b 7 R.D P

] 50°
/A 310°

40)"
320

340°
20°

| i

350°
10°

.i FEARENN 'i T

10° 20°
350° 340°

'W’fTT*(IWIiITI'Il] | TTT] fTIFTT

4 ?

30
30°

1; [




FIGURE 19,



FIGURE 20.



Conjugate i;

phasing stubs

To driven curtain

\_~~ To reflector curtain

)\

r———>
Ordinary

g tub

rdinary stub
«\§+———Conjugate matching stubs

Conjugate ieolating gtube ——

ransmitterse

FIGURE 21.



————~—~3= Direction of
tadiation

——> Transnitter

FIGURE 22.



>
(-

=~ 2 <— 8 )
7
/.
c s/ //

FIGURE 23.

___ ., Reflector

Curtain



1
v+
==
R

T

L

T b1
: : H i i B S Snst

1 I ] % G, i ¢ {
j|»|. 1 Txlcq.w Bk - muu.rTI" “ Ll
— u RN LAyl N

£ 'EERE UV - = o

B EE Sea N as JUE SEAES RE YN &

T

S ENENE R s e SN EFREE R

EREGES BE S REE u T
BETSES N UNNST EUL ESEEDERDE

+— e b ]

T
- 4

HEFBEETE B 2] b il | '
ruadE snuusis 088 snans A -+ EBES B
e il w4t L I

i HT BER E ERARE &

(BHNBAENEEE SELBES D £ % 8% B
4+ttt -~ + St 8

ISHEEERE B i

SN E N

IBEEE REQeNFE 0 L

EESHIREERD S § B !
e ol = o § -

! BERS ANERS
IER RGN ERSDE 2N =43 |
1+ -.Hl 3 HL ,1 .
! \nlcrr, —— -— — . - -
I NS ML A g X 3
SEiNEENRES EA i
EERNREER B 2 }
:
-~
T IS W i
s 1 4 {

«20

.18

.16

lt..~|||t!||. 44 : <+ R :
4443 bt iy F I e -+ 1
=TT T
IS L -4 {11 O
e - = 4 | - 3
GEEERSRERNUES 80S EWA + 3 i
L 4ty pt IR S X - 11
1 $ :
HEI ELEr R2RESNRE & K . ENE B L
SO ENE TR N SN E i s - G e E ~H
IE 0 AN W A S . 1 A
C— — — + .ﬁ ot & B
LEI TR PN 8 W 34 g &
AERE 141 i i & - 4B 8EE T i 1
T3 I - iy +3-
RESHUIRESED + 1 B B
ESREE BN WE R E B 52 P IER S5 5 1
i 3 Q!,I~ * ; IESTERNAS
ESE BES SN FAYRA INAAE S NSS SRS = e
12 SR FESEIEERR I ANERE H it
£ ! L e
Lk

ps
5
+ Ly
t——.’..'. "
HEHH
j
i .14

=3 > IENESUFIEN AN EN! L L m
Ll Sy e IRE el ] i i 1

- by 1 8 3 1 bt

F +4- i - - IS S aE 2

7ol

—_—

e
N MRS R EEEsN
¢ SHIEA .
!
!

/
|~
81

o

Sdud

T
|

J +
/
i
= L
<t
HH
llfi

L
.10

] : _ : % | % =
LB L £ 11 i 4 ! ! - { | ] I
aEENDERDEM N L H 1 i .

=2 t R L
P , | - H i
et - . _.m. +

|
|
1
*.
|
1
|
|
B fekes iy
|
_I
_,u-’ ] S e :
|
/
/

. .‘08'

s riae ey gem

gy i
LL.
'-—TH'J;'
’ -
— : ol
i )2
EE R
Lk
I._u_,._.:l
it
T aaateainli BE
sty
s
C—

}

i
!
|
1
4
)
|
{ I
i i
|
+
i
I

. i ! ) L }
ool fesae squas R e 3 i ' |4 P+ !
4 S3SEaR0e: : JeRss , P RS
..". R H i - $ | w
SR = L i 1 . .
Siai Ui Chaa s pamiiy SaAkh ARSAE Ehsan 6 i , ' ¥ Rah by |
% Ghdny AR B ' : t i ‘ |
e P TRnT suave gy W ——+ o D 5 g o D ) 0 S I T ) O e [ o] e e OB o -
Hw.fl - { b v 4 L
it 8 T i i | }
SkERnd snanl LR E = i |
p4+ 4 ey 3
samadbensl 48 ; :
- 5T A g 1 g . |
SWWREnaR! b ! b - — Mt b o S by
- | - o (Sl
A154s Stk WeARA EE A PO , | |
! 4
i 1

26

24

o kR

20
.18
16
.12
.10
.08
.06
04
.02
0

s i B e e Ry way.

)
I

«26

I

022




-+
H &
L L1} T._‘ : i1
8
“: e
Ty 1
IR
i nazes & |
] <

¥
i
i

J6. I8 3D 2 Sl

14

.08 .10

.06

! ) g £a 1y R
sgusem IE] . : i : ﬂ
A S e, k| L 1 ! ]
138335550 saus ha §EEEd LR nsas dussy sake: :
Hm.wrw...,_. AT : ﬁ . : B D | _h
...1,1'...“.4‘ ” dicgerd: L 1}
idanssenas , 1 ! B . -
SHENTSHDNE @ 4 i } Lt 5L M _
EERETSSURY AuENE | RERE RS " s i 5 ‘
TMY U S SR 111 : 0 14 ; 1 [
H 4 —F 4 - i 6 1 =2 h o .I._ !
» TELLEY . ] } 3 ERB R 1 _. 5T 1
tassl -1 REEEE ENN { f= |
s k& = . A 4 b il > & L
Eaml i 8 @) SERES A8 3 { 3 il SEdad |
Ft T B 1 1 508 T 8
=t N B I w 1 10 '
3w g 45 3l 3 LR O __ i e
" 3 : | : 2158 1 |
= T il et LT . G & “
+ } 9 @t i I3 !
ot ] | | 4
11 ) 1 Nt ”x ' H + ' N
: R s i Bsasame .+
H +7 el
b g rh 538aRhdeian: BRis has L
i L o ¢ . '
i H { Wf |
. . 4 4 [} i —f +
. - "l$1 _.. ,|*|L 5
1 O 1 1 ! H,‘.
H bl ‘ =4 i . !
! 1 1 i ! i |15 i E Cil
i I+ 4 ot i L |
! ; I
H i ' g b
E 1 i S i L
e N ..4 i 1 ] \”ﬁ b L.v»
o e ) & Ao L8 5 i S
1] : 8 3 I S 11 i O 31
: } : &l ; 1 S S
T i) L ! ki - L'l v R
LR i o, ; u ; i :
5l T ¥ | i e X i T T |
S e 9 1 bl B i Y i
ettt - Rash B 4 4 Soe balih hentl SRnE Sase
iR
- > . : o . ’




3
,3;---m_~__m~-~_““_ d _M_F* s T
| / s
Yo ’ 505 : Vss ——— Load
| /-
; Nl
. Smin | /
M /

FIGURE 26,






T R 800 1 S O R 05 - 1
£ } ! ! IBEREE
aas TR T T R e FHRR T 0
it CREE = SN ﬂh.Tw Bt H+ 413, RRRESES T \ -
: IS EEE S SRR ESORA NN SN PR S M S SANG N DY ST A 5 3 +
—b I3 5t H\+T ‘Lqui_vlek H +
t pdgy P TN TS
LS ¢ +4 -t s g B $4
1 + 771 4 “lL“.r L2

iy
1
}

223

Fe
T s

wRaa

.p.
3
1 4
‘T.: : =3
. _1:_* H 11Ty
: g HH HHTHE L .
! T ot 1 :
HHHH 358s H ans H IS
u T - 444 %0 0 H 3 L
L _ . 1 2838
gas= 1] - 1 T " L R
- H. e ol I i 4 BEEmEE
HEH L mr- o - ST v
—t . _ has jmam .
..;M‘ ._.1.. ._, T EREE; 1 +
Lt ; e s Sun 3 5
7 1 4 L oy i - E
T T G It ] . T
i s T EH H +




reot 6

[T FIETITYY LANEENEEE RS |
11 . SEERY ¥ | |
CH-TT-oT |- Lajarrgtg g

,_.Mghn.

S| TAALS [ONIHOAVE TVOArNod
| TENIT NOTSSTRSNVAL

g THATA

LJINLE

«Ik: ]

uﬂm.ﬂ.m ; 1
= r4. . 4 + B

T #
sssamlam |
1B 5 ) i
|IL..4. a
) T L
-1 | s
44| - g
..._Hm.“l* : #1d e
FEHEH W
35 T

1] 1
I
4 *

i ]
EBS! |

1 1 t (0
= SR
EEERESEaERSn

o2 .Hn:.‘.H«1




f_—
\.LA'

FIGURE 30.

i o IJOad



-
INBES RS Mrluh.p ¢w ! -+ 4'..-Ll . LIT uu‘
_ gazzasssses sesassas, T R Lo T e R
$38ges CEEEENNUEE G0EEH & edasvwus {14 S IERE P MRS SRS EETEE A RS e o
S7dgwnas Suuns sange taanls: Hrta T SRR EY BAERT FRERAER w35
e b ase 084 Fa8! ‘ 1 J&Re A5 oo e e e
T IR i+ + yis i = g A PEBE FEE e F e
rriyTit *ﬁ A yx.- _ 1T - T g
- % T TR ] !
3 iEERaIuEEnasEle ganss 8 1 | LEE sy ! haiy id
e 'l ” S E. < 4 u Y * ] . . Y r | MERSERTESS 4 4 =
T Taa R wl T 1 it o - 1 , =
FEEREREUES i | S ) I
=S80 el | EABEA ¥ -1 11 :
TeESEREE wye i : i ! ' ! 1 it 1
- T T 1 * M & f ! 1 g E R b
2 SaBngaSUSE g eRE - : | | Sangs 13 b
S3ne Areinny sy B |1 @ ok g S A 2 t
g e R4 CTEC] fynad fovsy tuuzy oo ST L
B r -— Lid } 4 $ ] 1 -
L i s = ] 9%0°
1 1 . 4 1 1 1
SEuiRsseN somma TenuE b St H T T T T o
IRBANEE2RE - : T am e A RRNE X xR 3
1B 1 r 4 : N 1 AN rl
asasazss esTasais! fret + Hin b e SSot aEREy Eanve s u, 3 A
T3 3 i i RRSE N } - » LITT 1 g 14 i 8
i3aanyassaoadsuny aEege yRE. , { m - H = 80
] T H : N 4 E | + [ ! 44 & 3
e HH ] 25 Sezets i1 . e £
ey 50 FENES A SN L EIREY Ba - : e 4
ﬂ _* = 1 i BE B 4 11 ! i} 3 "
HEHH ThubEacs oousswRREN | goRNRRBUNS NEED , i - {o0T"*
.ruh..‘”.“. »..u‘w.. T . : . + A.f. O”
| § bt { -+ 1

[T

T S S a
¢ dpp 4 4tet
44
1
4

56 R ] K — t 4 1 PN
H | & & LF. it : i H RS T S
- vt L L 44 b
i $ - 3 S £ R
i : e T Wi x L :
. + 4 - N
It , imws geeat inge
: :

e e
!
41
I
t
B 024
1

-+
T
L
-~ e
EE i T 5
Iy | I
anERa 1 Ll
1 YEig
t ] na
Lﬂ. ] i
1 e
T L
sEERE 1 EE
imEEED Liidd
’ i 8
b 4
lﬁ.




{1 ag
3
o g

|
|
|
i
f

5! P THE
2ETuduuaws nees 228 o
= 5 S M 11 | us
SREE. 1 l | R S
HHH i ! | . 4__u
aEE 54 { i \m Tl
p—e—— : + S . { }
SONDN N AT AR RN AR U ) e ! 4
H.IL - m 4 H 1}
) W ) il 11 |
Iiiaeapesssapat Same b uaaas aibuy PURES bedusacss pREERyswdsnsasEuEEE bRy
B ,j ‘

; 4

.........

|

ot ani

|85
=t

b
= @)
i e

oy spuor gy 0
S E

lu.... ﬂudamfmmmmumgwhwa.- ;\_:1. b s e e e FoH T e B R
.f.f.”:.._tn-...m,.u..mufn:x_ﬁu ol gyl : _ ._:.__+ i VERSEE. 105 _H‘:l. b__._ £ie2 n\,ﬂ.___ﬁ .QNA

7—'6_‘ 11
i
i
e
‘ﬁf
bi <4
B
'St
.f
{ T f::' EERE AT as SHRE
s e i
Ao b '/(_"’ 53 589 R sssysesadsets
N
i
LR
1
N
N
_(:% £
.
[=]

H11 T
7 Jj:%*l jas
) ;‘1 ;?L“'T:;}‘ '|‘

B ]

Euan R
b

s IE3IEESEREa:

4_1 T

DEmERD:
Fop

o O I B e o e o ] RN

7:51%?_*
l‘L:—
F
Ia
1%
|
[
|
|
|
|
.
e
o
=
-

PR T

} !
. [
4

&

FEFETTE

HHTH
!

i1

.......

';Ir
i..jq YEBEE
T
r
1
h
e
i
|
3
!
|
I
[
I
|
|




*Ce MYNDIA

o o | ¢y = eboagy |
Ty qoefen T |
q 03 ISYTTI | BuTyoteR | 24 Ie3TUSURI] |
- e L |
Lexxy —<
*baxi TN OF
I T - . |
¢y qoefey _) 90T4A8(Q | 4 boxy

|
| 0 ! Suryosew,
EEE R




‘b 9an3Tg

. 3y Lousnbaayg
3# J933TWSUBLY,

L

- T, 2 >
1 X
» /
be m/mm s
—~
<
clx
_ gl
Buuajuy ﬁ\#}Qﬁl,AN
T
\A B+
LT s
5 x\
VA ,uM‘ | \
e RVE -

Ty Lousnboayg

1# J9917TWSUBLY




F T
W

EEE

4

]
$fstd

+
ass
-

T
—

% 2
H

e

IR EEEEE
L4t

T HH ;

! u.; ! : unw e
11 $= .|*. 1 T ., 3 !
..H..v. 4| .‘“. BEER e - Ly w
HHrE Y Hpp i :

H Lt B o O 0 1 ‘
i T TN : : ]
me iy 3 *.‘I..m . H f
. u ﬁ.“r { ». -

. Tt

' S
5 = N

IEWau.

441

—t e

Lill

HHH

BEE

9.75

i Swin

HTT

H++ ;
L 165 4 0 il s t
a = - A &
asds W me lm t 1t i
= saaET ) pmmmm, asas: o
HoE I 11 T “

——

5

BRERE|

HrH

4+ 4

|
I

H o+

- .

e o O A N

5—‘—-1- B

[11

9.70

T
4~

i

A A
+

R

iy

430 I

-

=

44
11

B

5 ST 5 R S

EwEN

T

o

FER I S
by

2 NESRES

b

HHHH

i3

BE

R

Vi ¥ =W
4 _ﬂ
ﬂ 258 B8 i
i T s N 1
: - m o L
bl ' 1
s -+ M
an 1 3+ :
G |r.. N
n s - a5
EETFEE : TF B ]
nEE e 8 A B P H
S S
‘.....,.vr._ v W.»
EHE
-+ ] 1

IARE
+H
T

CHEREEY

1

th Sheg ]




i Ll L]
asas HE e
T 1 e
[ -
T mmau S Emn HiHT .
* H - - .: T,T 0 1 e 0
yRu-wpEMEEe N I
R R O R T I
rr..._.q» b +
. RS S . . . . o e frr—
eSS asans saug! —H H
ama s H 1 RO 0
AR - et 1 | 1 |
‘%.ik— b d 4 BEEE RERES
_|..% 1 SR Sl fanss
R g RN EES 1 31 8 | 1 4
H . S wa phmad Iis tu sauus hEnayassrs
,HHﬁI...pw 1 I } L RS 88 &
* ->4..~ ] - ]
HA4+++ T ! R
Bas b le_!“_r _ : i ._m. 5
shEset : jassass N
o e T t _ S 5
R e
T B
! B 3 { | +-4
P R +, 4 _ -
1 [ R P G
' o w__

1

i % 4

444 +—+

H— -

1
1
ey

.:%H

1
+
T

:
T
T
l 1
DU EAE
L 4 -
e
28! T
I Ll
H weax
i |

+ =1

;

EEEE
B = R

B EeEmts mrale s S B o

4 i :
_ ShnsnBaaElusEuY KRGS BERNS FRENY EHASH aRAuRGREaE B 58 8:
L HH AREEE NN B e et anass anasaenns BRS o
] 1 1««114.#7 ._.f*.ﬂ 44 14 o b B O 8 ._, ﬁw i a
Ensonza A7 gARE R EEE pnsEE saE HH
} adul buadsanans ARsas i besenad fannciangs iuns T
. S S o fggessantsvannn ted
A nis By - 4_‘_ k“ — + T
EaEatsdauns Auags paama T . | agn cadlBessatnss
1 . g M H i : -
+..ﬁm FE A bhH 8! T; REHE BRwRE B 2R D
HSanss sanns sukuN newna st e rH |
11 T I I T 6 =% 11 i S G|
R T R R H R
HHLH,THHL;LTAHV&._Q HH.TL”J +1+1 o ~+ 1-4 T 4oty flww._
S3EiganEaassauns sansstakas iacgsTEaa ey T z
=il 0G0 EERE 28 (4 { 1 o | HH S
\_L bt o] —lf.tw..“ 11 w 2 Pt 2 _* = _IH_
: T P T ; 358 5 HH
u @ B o ?T. HH &.:- m: ‘:L i+ i peua: 6 WA o
T e e R e B e £ 1 : g +-
- . = o | ™1 T g i i d=be fliecdeet: 1 T = | NI E WrSE fip o 0 0 9 <
. 444 k= w_’.j RSN G e 1113 HT “t i e R . $ e .%.?.A 1 ,_r& 5
4 ‘ ~ EE RN A et o e sl 2 T (1 | gt " {40 - BEETE® QW £ i
I mal LHL,_.mm L w R x\? EHnE pRaYe spnss T : _ ypusussda sswpRamEngpEans sus 1
8 - . SRR B = W S ST B G ! IR RS S
i e e R e ] R R i
! bl L % }big - s } B3 g a g 5 it : =
:: e e R e e T e e 53 RERSRRESSt S i




T € ¥
% 1 T . T IO -
11 SREBN ASnEE .ﬂﬁm. R HH PR -
T EEgeNEasaganamne HH T SESESRigRiasasconsscansis 2 g
1T H ERRESEEn 9. LT L =+ ] .:r.mL _AL lelw
T o iguns A e
- . = S
Basg: Mu% = SR t
85 HHH B e T H S g
22 & sapuaals) ESEnsE Sihng GREAE RRARysanan AEEE, % 5 mo e EC] A
i - —+ : R 2% anmm HHHH
' HHH uEin: 3. 0 i HuE :pr g & 5
4 ¢‘hﬁ ' TN -+ H3HH ] -
I 3 B I W B G O R RS I
H; I G 2R pumhE 1 s
H geias H - s iz pan t M me
H T Sasd §a8 Eaaaigessd Pt a
Bs saaan P HHHHH H -
O EEEE T, i m wn
T H | 2 e
HH T L + sESahSRER = _ .
“i+ 538 R 0 0 R 1 I L
ixn IHE SH N T B L :
Tt < - 4- 4 e T b L
- : g ul o A\ -
11 T IS -+ 4 - +
M S bens T P “
E T . 2EEEEase sEzEeazaw T
1 | N ] i i - -
=+ 3 ! S | B =
SH S PR A 54 S EaE an s
. maaszaasdasanaaEas s Sassnans 1
i A T !
1 S=aksRataad T 2
98 B S , aSasnsas W B
1 EREIS i 1 I
. HH T 54 B
Tk W
THE ] 1

AEEE

B

I
|
i
+
3
1 1§ & A’ A
5 J
= 1 SEBNENEIESRE &
CET ja SR RERBAGRETH A
- L L B 3
L 8 44
H el b A BSEE AR NN S8 AGEBEEBY o P .
mgal £ t 1 11
fEns g e 1131 1w
H ks _,._ ..;..rq s ) Ll Il RS
Bnm 0 !
W | ” i eaa) oot ol O es
] A 0 N
$ ™t — 4
SR AR agEER AR, SueEsmnRasnan:
" L T ey K IBEEE REBRE AENES NEEE. SeEE |
SN SSENE SRR SR E 41 B S S .PU....%L!.TL
1 25 B ) o B @ E T R s
H Ly ....:# I8 ) T ) Ll 5 s 91 0 0 8 0 e e
& & 7 T .- ¥ 1l — - —4q - =
HEET HHEH R Haadisdes | phasy R T
junss Mﬂhnm. ' v : i n 1) R R | 0
K 1| A b L4 1 TR | 4 n (100 R4 i 1 10 ' - -
141 Pt J. ++ 7W¢WM;¢ = _w., 3 A.....rh‘“ ._.1 ‘.__4 T
7% & 3 ﬁl_ w_l +4rt . u A_+,~" _+ | i _%._ 4 . [ N S 4 T
-t |+ 1 = 1 [ J“Thh | r -t 1111 =t T a_f\r
= B s =R } HE ; Jitated
M1 i 5w 8 11
| 1 & 4 4
4 bt + Ca e
B — +—
++ +H4 4=k Ly
= ,.ﬁ. { —_T _Hm 1
t vm.n 6 8 4 H T
1691 B td +.,.
¥ [
B EE ot ot ol =fod HIFT | |
.m,ﬁi!_l ml.—. w..+fu“ 1} .,_”_
B4 o 1] rz..:L ] W ol
i 158832 BRSS! an b




TR ™ TETHTERFTH TR
aEmse N L L..‘ _.f.ﬂ_ 5 FER I 11 g s 1.4 i i
S HAEH R T R B 8 0 s L B
+HH P H T bR T T 1
T P R SRS 8 B Rl o 0 0 I B 5
aEmmES: Busiinay o 48 1 T 5 _ , Vel
H..i...l..'.1 “* H. =t . ” i L i b 4 4 ' i I i .
G S 0000 VL - g 3 il 0 0 1) 2 0 3 0 0 S T ' :
sa2223 aRaik ! ; g i S gy [ sl S A _
M i JERI , = s E 3 A BT R A i
T 1 0 0 0 W _ i+ 14 REELEs! e : | : :
o i | HILErT 1T . _ S
szagd i T ‘ E TR
Aol E 1 0 e i i
Summuy ! i el d s b g =g
T 152 B 50 ) |
|1W,.u_‘ S , : L S i .
[ 444+ - gt 14 s ] 441 4y 4 1
9 : ey - Ay ‘ i s RO B B g ok }
su: - FRBE BadR _ SREERREES S5 .
».ﬂ pot=t4 1 i ) i 1
=p T4 4 44 ' 3 1
1 56 S R i ; 8 T
+[+ 18 D FECL ! 1 = i !
aa8) 7. Sanllnas s g Hid =88 22458
NEEE RS N 4t - t ' ’ - *
T S 5w B 8 RG = s RRD ag L 0
‘.z_,l?f 2 1 o E Eaa H
s L 9 Ly Ty PR A § I - Ll L4
d ) i iR it Ok il } i .
Bammadees ptuys an 8 . _ L
2 ! T , FHH H e e HHHH
iy 8 ! T T : e ! dawBss ppuss asnas ERER SRS wn 2oL REEND
i - T 1 ! :
+ q” ﬁ'_ ,_#.4., A Vot 4444 5
HH 2 EHELE SEuN S=NSE 4D c, M
£ B = [y 0 O O ~_m0m
BN RN IS R k.
H 258 raagaaanny oaoa bas, B
I A HE Tk -~ m
gL . oy 4 8 I 12 B
6 5 't 4 i §
| BIBE N 314 -
S SRS
i Bl s 5 bt
- 1 I w
=1 R 1 £
P . ] B
smaw : ;
[
I*f.r g -ots i Y 2| b
T T Erhrn b
S0 S 9 W ] H+ 1 1 ¥ S
HL T 20 0 D S 0 ERNEE B
- v.flm - nl.p. |_|M.H § = tr 3
LI FE ! 1 | T EEENEE E T Lt Uil 4 4
i - [T 3 BRI I8 L B W 18 s
T dsmeadm SESE SRR RS B Y S A i
= B — 4 4. b AR S L] . ‘o ~ i S e
IT - aves 1 . s awm.
S i a0 W P . -+ el e ’
SHESE N it L e | o o
IR EanEy ESNE RAC T i e ¥
FERESEans SRE NS S +11 2
b “.I.. __H I : .
: L +
6 S S 13T
PR T e
ERESNARENRERS R SASEN @R R L
fv9... vﬂ_.‘r I-.-Hlﬁ ..vL.. ..lh"vwrlﬂ. ,4H
SSRGS A RS ®
£4 0955038002 2000 3520 SNSRI 0
HF L4 ] L1y B 4 .v.ﬂ_k
W ! fJ*AT.Lum‘“—L..H:J. r._ '
B 17 o
T 14 »m _L._._ _F..
: ! s A T EmiE:
- . 4 44 . —t
] + SR EREEuE ! T H
- arl i o i 10 [l
e b 4 _Hq T4+t T ____ -
IEEMTEERS SEDRN AR RN L NS HR RS = ) o5 1 1 T = 1 1
i Babigansdanduidsds Cundh g .;T il : ) : BuBEEE punEn s fuat ngs,
L,l - r.ml._...H EREEETFVHE VNS u.wu ‘.ﬁ.,r._ ¥ ., 4 .‘....“,.khur*.ﬂ
_ gL - e =1 -F__~ {1+ Am‘ 8 S | O et o S R O S A
= E bt b+ ¥ by - : S ! - } ) i 1
- B CREL ua PR ﬁmz “ E e fEEaR R ann ans
B o E i ¥ T P & 17 +-4 - .
P ! PP HHE u geRetsmgszapeay

Sof



191 TTJF uoryoaf mm/ |

*6Y HINODIA

J390WBT [T TW-0WIdY], -

#

BUUSIUY

Jd93 3 TW
- susayg,







McGILL UNIVERSITY LIBRARY
IxM TS 12t

5%
UNACC.






