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Directional Antenna Systems

Fred Damm
Collins Radio Company
Dallas, Texas

GENERAL

A directional antenna system is a complex
network of radiators, branching, and coupling
circuits that are integrated into a single closely
coupled system. Radio frequency energy is fed to
the individual radiating clements of the array or
system in the proper proportions and phase angle
relationship to produce the desired radiation pat-
tern. The control of the amount of power flowing
to each radiator and its phase angle relationship to
that in the other radiators is the function of a
system of networks for dividing the power, shift-
ing its phase, and matching the various impedances
encountered in the array. This feeder system
should have a degree of flexibility and a range of
adjustment that permits this function to be accom-
plished at the initial tune up and at any time that
the performance of the system is affected by
external changes.

TYPICAL FEEDER SYSTEM

A block diagram of a typical feeder system is
shown in Fig. 1. The power divider is a branching
circuit that divides the total transmitter power
between the individual radiators. The proportions
in which this power is divided is determined by
parameters of the array. Power division can be
accomplished by a wvariety of different circuit
configurations and generally takes a form that is
determined by the personal preference of the
designer or the engineer who is responsible for the
initial tune up.

The power divider is often preceded by a
matching network to give a more precise and
wider range of adjustment of the input impedance
of the feeder system and to provide a degree of
isolation to the input impedance {rom short term
variations occurring in the array.

1Superscript numbers in text refer 1o references at the
end of the chapter.
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The phase control of phase shifting networks
are generally lagging T networks. They usually
have unit impedance transformation, and have a
characteristic impedance equal to that of the
transmission lines that they feed. It is expedient to
use networks which shift the phase by 90° since
greater excursions of phase around this value can
be obtained without affecting the characteristic
impedance seriously. However, the actual phase
shift used is dictated by the overall phase require-
ments of the entire system and it is not always
possible to use a shift of 90° in all of the
networks. It is wise, however, to manipulate the
phases to affect a shift of as near 90° jn as many
networks as is possible.

The primary purpose of the antenna matching
networks is to transform the complex operating
impedance of the antennas to the characteristic
impedance of the transmission lines that feed
them. This impedance is a function of the an-
tenna’s sclf-impedance, the mutual impedances
between the antenna, and the phase and magni-
tude of the field radiated from the antenna.'’? In
some arrays, the impedance of one or two an-
tennas may have a negative resistive component.
This requires that the feed system provide for
feeding power from the antenna back to the
power divider. The phase shift in these networks is
a part of the overall phase problem and must be
considered along with that of the phase shfting
networks and the transmission lines.

Design of networks that have specific trans-
formation and phase properties has been discussed
by several authors.?

POWER DIVIDERS

Any power divider is a form of one of the basic
circuits shown in Fig. 2, or a combination of
several of them. No matter which of these basic
circuits is used, the input impedance is a complex
impedance that may be transformed to any value
of input resistance that is desired. The load
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resistances R, R,, and R; are the input imped-
ances of the phase shifting networks that feed
each of the lines to the antenna. Assuming that
the lines are properly terminated and the phase
shifting networks have a unity transformation
ratio, the resistance of the loads is cqual to the
characteristic impedance of the lines. The voltage
developed across each load is equal to the square
root of the product of the power fed to the
antenna and the impedance of the lines. The phase
relationship between these voltages depends upon
the transformation that occurs within the power
divider.

The magnitude of the phase difference between
these voltages is greater where the voltage differ-
ence is greater and less where the voltage differ-
ence is less, being zero when the voltages are
equal. An exception to this rule occurs when a
tower with a negative resistance exists and power
is fed into the power divider from this tower.
Phase difference may be reduced by increasing the
circulating current in the divider, but, higher losses
occur and a compromise between phase difference
and efficiency must be reached.

DESIGN OF POWER DIVIDERS

The design of power dividers of the type shown
in Fig. 2a by algebraic methods is tedious and
time consuming. However, it can be accomplished
easily and quickly by graphical means.! The
accuracy of this method is as good as design by
the use of a slide rule and it gives a good visual
representation of the currents and voliages in-
volved and their relationship to each other. Design
errors and poor assumptions can be recognized and
corrections can be quickly made.

In the examples shown, vectors with closed
arrowheads represent currents and those with open
arrowheads represent voltages. If rectangular co-
ordinate paper is used, the printed divisions on the
paper can be used for the magnitude of the
vectors and a divider and straight edge used to
transfer them to the vectors. If plain paper is used,
an electrical engineers scale is used for decimal
scale divisions and different scales may be used for
voltages and currents.

Fig. 3 is a vector diagram of the voltages and
currents found in the power divider of Fig. 2a.
From antenna impedance and power division cal-
culations,"? the amount of power flowing to each
of the loads is known and knowing the resistance
of the loads, the magnitudes of the currents and
voltages can be calculated. Since the loads are
assumed to be resistive, the currents and voltages
are in phase for a given load.

The current and voltage /, and F| for the load
with the least power are laid out as shown in the
diagram. The current in the bottom end of the
inductor, I, is determined by the voltage, £, and

Fig. 3. {Scales 1-50 E-20).

the reactance of that portion of the inductor.
Since the value of this reactance has not been
determined, a value of the magnitude of /; can be
assigned to it. The relative phase of the currents in
all the loads is dependent on the magnitude of this
current so some care should be used when assign-
ing a value to it. The magnitude of this current
should be two to four times the value of /; and if
I, is relatively small, J, should be chosen to be at
least as large or slightly larger than /5, the current
in the load receiving the most power.

The vector sum of /; and /I, is /5, the current
flowing in the inductor above the number 1 tap.
The voltage developed across the portion of the
coil between taps 1 and 2 leads /5 by 90°. The
voltage F,, is added vectorially to £, at right
angles to /5 to a distance from the source equal to
E,. E, and [, are then laid out on the diagram
and 7, and /s added vectorially to give /5. The
voltage E,3 across taps 2 and 3 leads /4 by 90°
and is laid out to extend £, in a direction which
is at right angles to /4 to a distance from the
source equal to E3. This procedure is continued
for as many loads as are required, in this case
three, until the current into the top end of the
coil and the total voltage across R3; are deter-
mined. In our diagram, these are /; and E5.



The resistive component of the impedance seen
at the input (at tap 3) is then

P
R = b where P is the total transmitter power.
7

The magnitude of the impedance at the input is

E
z==2
f;
The reactive component of this impedance is
a R
Xy = +jZsin cos™! 2

The Q of the power divider is then

X
0="L
R

and may be extended to any greater value desired
by increasing the amount of reactance above the
upper tap. The @ of the circuit would also be
greater if /, were initially given a higher value.
The circuit may be resonated to produce the
desired input resistance. The input resistance is

Rip = (@* + DR

Since R has been determined, ¢ may be
extended to result in the desired value for Rjy.
The value of @ then is

The resonating capacitor has a reactance of
Rin

Jxe = A

Rin may be adjusted to the value desired for a
common point resistance or may be transformed
to that value by means of an L or T network.>>*

Problem: Design a power divider for a 3-tower
directional array where the power of 10 kilowatts
is divided and fed to the antennas in the following
proportions, 1,800 watts, 3,200 watts, 5,000 watts
by means of transmission lines of 50-ohm imped-
ance. See Fig. 4.

The voltages at the loads are

E, = /PR = /1800 X 50 = 300 volts
E, = /PR = /3200 X 50 = 400 volts
E; = /PR = /35000 X 50 = 500 volts
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600V
15.2 +(12.15
3 <G———— 50§} 5000 WATTS 10A 500V
2 <G—-—— 50 3200 WATTS 8A 400V
1 < 502 1800 WATTS 6A 300V
Fig. 4.
The current in the loads are
I, = P = 800 = 6 amperes
! R 50 P

8 amperes

s _ /3200 _
2 R 50
- _ /5000 _
3 R 50

Referring to Fig. 3, the scale used for current is
50 divisions per inch and voltage scales are 20 per
inch. Draw £, 300 volts, and /,, 6 amperes, and
add /4, 14 amperes lagging /, by 90°. The value
of 14 was chosen arbitrarily. The vector sum of /,
and /, is labeled /5 and has a value of 152
amperes.

£y, is drawn from the end of £, and is
perpendicular to /5. £, is drawn to coincide with
Ey, at a point where £, has a value of 400 volts.
A pair of dividers may be used for this purpose. /,
is drawn along £, to a length of 8 amperes. /,
and /5 are added vectorially resulting in a value of
19.1 amperes for /4. The procedure is continued
until /5 id determined and a value of 25.7 amperes
is measured.

The input resistance then is

10 amperes

10000
= 257) = 15.2 ohms

R =

=)

The magnitude of the impedance is

Z = — = — = 1945 ohms
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The reactive component of the impedance is

15.2

19.45)

4 R
X, = +j Z sin (cos™ )=/ 19.45 sin (cos™

=j12.15 ohms.

The common point impedance may then be
adjusted to 50 ohms or a value larger than this
and then transformed to 50 ohms by an L or T
network.

For example, adjust the input impedance to 70
ohms and then transform to 50 ohms using an L
network as shown in Fig. S.

The Q of the circuit is

g 70
3 ln . = — = =
¢ ﬁ : \% Sr ] I

The resonating capacitor has a reactance of

= -j36.8

To resonate the circuit, the inductive reactance
of the divider must be adjusted to

+i Xy = +jRQ = +/(152)(1.9) = +j28.9

Since at tap 3 we have a reactance of +; 12.15,
the value of reactance to be added is 28.9 — 12.15
=16.75.

The reactance of the inductor to be added above
tap 3 is +j 16.7S ohms.

The total reactance of L, may be determined
by adding up the reactance of all of its parts.
These are determined by dividing the voltage
across each part by the current through it and
adding them together, thus

E. . 300

JA N L W
1[4 ] s j2
E,, 105

' = — =j6.
AT IR AR
Eys 125 )
223 o 2 s g
T T g, T 0%

EXL2
Y YN
— L2

- j 152+ 1215
Ll E 24
e
ECP

- E3

1C2 (o]

<—
<—

2 “<——— E2

€2 c
1 < ]

AY!
1

Fig. 5.

Total reactance is
J X, =j214+7692+/6.55+j16.75=751.62.

The components of the L matching network are
designed as follows:

Xjs = +]-R(common point) Q5
Rin
Q2

Q, is the Q of the L network and is

0
= Cp — =
= = -1 .633
2 \/Rin \/Z

Then the reactance of L, is

g =

Xy, = +7(50)(.633) = +j31.6
j (70) :

X i e = .j110.5.

= 633 ’

The reactance of C; and C, may be com-
bined into one value

X, = = = .j27.6
1 I | 1

+
Xy iXm 368 -j110.5

The vector diagram for the power divider Fig. 3
has been extended to show the graphical design of
the rest of the circuit as we have just designed it.

Currents and voltages at the divider input and
the common point input for the total power are

= Pr = @O—O = 14.14 amperes
Rep 50

Ecp = \/ PrRep = \/ (10000) (50) = 707 volts
P
lin = \/an = ——1070(?0 = 11.95 amperes

Ejn =\/PTRin

The current /4 in the divider and the current in
C, add vectorially to give us the current into the
resonated divider /i and the current in C,, [}, is
leading the voltage across it by 90° Since the
current fj; and £j, are in phase, resonant condi-
tion, they are drawn as shown in Fig. 3. Ej, is
837 volts and when drawn as shown will coincide
with E34 which is the voltage from tap 3 to the
top of the inductor and is drawn perpendicular to
14, the current in the top end of the inductor.

=/ (10,000) (70) = 837 volts



Icy is added to 1o, for the total capacitor
current. The common point current Iep is 14.14
amperes and is drawn to add vectorially with /.,
determining the length of /o,. The voltage at the
common point E¢p is drawn in phase with /¢p and
has a magnitude of 707 volts. Since the common
point current flows through L2 the voltage £y, ,
developed across L2 will lead the current by 90°.
The vector sum of Fjp and Exy, is Ecp.

The magnitude of these vector currents and
voltages may be scaled and their ratio determined
to give the reactance of L2 and C (C1 + (2)

. Exr, . 445 .
X;, =4 = 4 = +j31.6
? Iep 14.14
I 837
Xe= M=y =27

These values agree with those determined earlier.

Problem: Design a power divider for a three-tower
directional array where the power of 10 kilowatts is
divided and fed to the antennas in the following
proportion: 7800 watts, 3200 watts, -1000 watts.
Transmission line impedance is SO ohms. The
solution of this problem will be covered only far
enough to illustrate the procedure necessary to
accommodate the negative power flow.

The load currents and voltages are

E, =+4/(1000)(50) = 224 volts

E, = \/(3200)(50) = 400 volts

E; =+/(7800)(50) = 625 volts

i = w = 447 4 o
| 50 = 4.47 amperes
e 3200 ~

= 5 = 8 amperes

800

Fe= —_— = 12.5 amperes.
3 50 P

Since P, is negative, either the current or voltage
must be negative. A negative current results in a
better phase angle relationship between output
powers so the design will consider only a negative
current for /.

The circuit diagram is shown in Fig. 6 and the
vector diagram in Fig. 7. Symbols used in Fig. 2 are
used in this example and the procedure is the same
as used in the first problem except that now [, is
negative so the vector is drawn in a direction
opposite that of the voltage £,. The outputs are
more nearly in phase in this example. This is due to
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<~———"= 5082 7800 WATTS 12,5 AMPERES 625 VOLTS

<g———~— 5082 3200 WATTS 8 AMPERES 400 VOLTS

<—— 50{! 1000 WATTS - 4.47 AMPERES 224 VOLTS

Fig. 6.

the effect of the negative current flow, /,. /5 in this
example is 21.7 amperes and the input resistance is

P 10000
= = =213 .
R 1?7 W 1 ohms

The magnitude of the impedance at tap 3 is

The reactive component of the impedance is

1.3
8.

3]

-1

4 R
X1 =jZsin cosl7 = +j28 8sin  cos

[\
oo

=+j 194 ohms.

The divider impedance of 21.3 +j 19.4 may then
be transformed to the desired common point
impedance, as was done in the first example.




260 Power Dividers for Directional Antenna Systems

SHUNT POWER DIVIDER

The shunt power divider, as shown in Fig. 2b
consists of a group of variable inductors in parallel
between the common input point and ground. The
loads are connected from the variable taps to
ground and each is adjustable from maximum
voltage to zero voltage. The impedance at the input
of each of these branches depends upon the position
of the tap and is a pure reactance when the tap is at
the minimum position and an impedance consisting
of the reactance of the total inductor in shunt with
the load resistance at the maximum position. Both
the total reactance of the inductor and the
resistance of the load are fixed quantities for any
given application. The series input impedance of
each branch is determined by finding the series
impedance of the load resistance and the portion of
the inductor in shunt with it and adding to this
series impedance the reactance of the remainder of
the coil. The solution of this problem is complicated
by the fact that all of these branches must be
connected to a common voltage source and develop
a voltage at its output that is proportional to a
specified power output.

A series-parallel conversion chart is a valuable
tool for the solution of the problem. This chart is
illustrated in Fig. 8 and consists of a family of
resistance circles on the x axis and a family of
reactance circles on the y axis superimposed on
rectangular grid lines. The solution of the series
impedance of a reactance and resistance in parallel is
accomplished by selecting the parallel resistance
circle and following it to the point where it
coincides with the parallel reactance circle. The
vertical distance of this point from the x axis
represents the series reactance and the horizontal
distance from the y axis represents the series
resistance. There remains, however, the reactance of
the remainder of the inductor above the tap which
must be added to the series reactance of the
impedance for the shunt position. The locus of all
of the impedance points, as the tap is moved from
the top to the bottom of the inductor, is a curve
beginning at the junction of the load resistance
circle and the circle representing the total reactance
of the inductor, terminating on the y axis at the
end of this same reactance circle. A family of these
curves for values to total coil reactances of from
450 to +/150 ohms and a load resistance of 50
ohms have been drawn on the conversion chart.

The procedure for the design of a shunt power
divider will be demonstrated by an example.

Problem. Design a shunt power divider, Fig. 9,
for a three-tower directional array where the total
power of 10 kilowatts is divided and fed to the
antennas in the following proportions, 1,800 watts,
3,200 watts and 5,000 watts by means of transmis-
sion lines of 50-ohm impedance. The total re-
actance of each of the variable inductors is as

assumed to be +/100 ohms. We then use the curve
connecting the end points of the 100 ohm reactance
circle where it coincides with the y axis at one end
and the 500 ohm resistance circle at the other end.
This curve is the locus of all values of branch input
impedance as a 50-ohm load connection is moved
from the top to the bottom of the 100-ohm
inductor. A reference must now be established for
one of the branches to which the other branches are
related.

When the ioad of one of the branches is set at the
top of the inductor, the branch parallel resistance is
50 ohms and the branch parallel reactance is /100
ohms. The series resistance is 40 ohims and the series
reactance is +/20 ohms. This position is shown on
Fig. 8. It is desirable however to move the operating
point down the coil to allow for adjustment
latitude. Adjustment to Point 1, Fig. 8, results in a
parallel resistance, Rp, of 70 ohms and a parallel
reactance, Xp, of 75 ohms.

If the antenna receiving the most power (5,000
watts) is connected to this tap, the input voltage
required is

E =+/PRp =+/5000X70 = 591.6 volts.

This voltage then is the input voltage for all of the
branches.

The parallel resistance for the other branches
may then be determined by

For the second branch, the parallel resistance is

_(591.6)* _

109 .4
3700 9.4 ohms

Rp

and for the third branch, the parallel resistance is

_ (591.6)°

= 194.4 ohms.
1800 oftms

Rp

The points on our locus curve corresponding to
these parallel resistance values are shown as Point 2
and Point 3. The parallel reactances for these points
are read from the chart and are +73 and +80,
respectively.

We then have three parallel resistance values and
three parallel reactance values which when in shunt
result in the input impedance.

The resistance values are again 70, 109.4, and
194.4 ohms. Combined in parallel, they are

1

1 1
—_—+t — + —
Rp,  Rp, Rps

Rpin =
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REACTANCE

. - . ’ Ll . . Sl
Fig. 8. A series-paraliel ccnversion chart. The X axis is a family of resistance circles and Y axis is a family of reactance circles
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The reactance values are again +/75, 73, and 80
ohms. Combined in parallel they are

]

Xpin = = j25.3.
1 1 1
+75 +73 +80
The total power is
2 2
p =L 2 BOLO 16000 watts.
R 35

The parallel resistance of 35 ohms and reactance
of +725.3 are then converted to series resistance and
reactance

Rp Xp* (35) (25.3)
§= 2 S = . S = 12 ohms
Rp?* + Xp (35) +(25.3)
Rp* Xp (35)* (25.3)
= =4j16.6 ohms.

STRPY + Xp2 | (35) +(25.3)2

The series irnpedance is 12 +716.6 ohms.

If all of the taps are moved up on the inductors,
the series resistance is raised. If larger inductors are
used, the series resistance is also raised. This series
impedance may then be transformed to a common
point impedance by adding series inductance and
resonating the circuit with a shunt capacitor as was
done in the examples for a series power divider. The
input impedance may be transformed to any higher
value desired and then transformed to the common
point by means of an L or T network, as was done
in an earlier example.

The phase angle of the currents in the load
referred to the input voltage may now be deter-
mined. This phase angle is the difference between
the input impedance phase angle aud the phase of
the current in the input with respect to the current
in the output. The current in the load and the

current in the shunt portion of the inductor have a
90° phase difference and their vector sum is the
input current. Then the phase angle between the
input current and load current is

= -1 1
= S
ﬁ an -

where I is the inductor shunt current and /; is the
load current. The input impedance phase angle
which also is the phase relationship between input
voltage and current is

a1 Xin

in

¢ = tan

The phase difference between these is the phase
relationship between input voltage, which is our
reference, and the output current.

The input impedances for the branches can be
found in Fig. 8 by reading the x and y axis
dimensions for the points labeled 1, 2, and 3. They
are

Branch 1 (5000 watts) 37.5 +/35
Branch 2 (3200 watts) 33.8 +/50.5
Branch 3 (1800 watts) 27.8 +/68.5

The currents in the loads are determined by the
relation

P
IL = E
and are for
000
Branch 1,1, , = —0 10 amperes
200
Branch 2,1, , = =0 8 amperes
1800
Branch 3,/; 5 = <0 - 6 amperes.

The currents in the shunt portion of the
inductors are determined by the relation

where X is the reactance of the shunt portion.



The X can be determined from Fig. 8 by
dropping our impedance points vertically to the
50-ohm parallel resistance circle and from this point
following the parallel reactance circle to the y axis
where the shunt reactance is read. This may be
checked by measuring the distance from the
impedance point to the 50-chm circle and subtrac-
ting this value from 100.

The shunt reactance for Point 1 is found to be 87
ohms. This distance between Point 1 and the
50-ohm circle is measured and found to be 13 and
confirms the value 87.

The shunt reactance for Point 2 is likewise found
to be 73, and the distance from the point to the
50-ohm circle is measured and found to be 27
confirming the value 73.

In the same manner, the reactance for Point 3 is
found to be 56. The distance here is 44, which
confirms the value 56.

The shunt currents are then found to be

; /PR _+/5000x50 _

51 37 5.75 amperes

>

_V/PR /320050

iy, % 73 = 5.48 amperes
‘PR /1800 50
)| = \/—X = o = 5.36 amperes.

The phase angles of the load currents then
related to the input voltage are

w

5

5.75

= ;) == + tan? =iy

0, tan 373 tan 0 1
50.5 5

@2 1 ‘tﬂl]'l ﬁ Ln tan‘l %48 = -21.80

B ; 68.5 1 5.36 o

= fagpEl 22 o )
05 tan 3738 + tan - 8.2

The phase difference between outputs using ¢,
as a reference are

i = 0°

0, = -8.8°

§; =-132".
HYBRID (SHUNT-SERIES)

POWER DIVIDER

The hybrid power divider, as shown in Fig. 2¢,
consists of a group of L networks each of which
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transforms the load (transmission line) impedance
to a value of resistance that is determined by the
power flowing into its load. Since the input
impedance of each of these networks is greater than
the output impedance, the shunt legs of the L
networks are in parallel at their inputs and can all be
combined as one reactance value equal to the
reactance of all of the shunt legs in parallel. This
reactance is generally capacitative and is not shown
in Fig. 2c. The input impedance of each of the
branches is determined by first selecting the desired
input parallel resistance and detcrmining the voltage
developed across this resistance by the total power
input. The input parallel resistance of each branch is
then determined by the following relationship:

E2
TP

R

where £ is the voltage across the input and P the
power fed to cach branch load.

Knowing both the input ana output resistance,
an L network for each branch may be designed or
Fig. 8 may be used in the following manner. From
the output load resistance value on the x axis,
follow a straiaht line up to each of the input parallel
resistances. The input impedances of each of the
branches are found at the point where the vertical
line crosses each input parallel resistance circle.
Both series and parallel value of input resistance and
reactance may be read at these points. The parallel
reactance of all branches are combined in shunt to
give the total parallel reactance of the input. If this
is inductive, a capacitor having a reactance equal to
this reactance is connected across the input,
resufting in a resonant condition and an input
resistance equal to that of the originally selected
value.

Probleni: Design a power divider, Fig. 10, for a
three-tower directional antenna array where the
total power of | kilowatt is divided and fed to the
antennas in the following proportions: 200 watts,
350 watts, and 450 watts by means of transmission
lines of 50-ohm impedance.

Assume that an input impedance of 62.5 ohms is
specified. This may be transformed to any common
point impedunce desired by means of a T network.

The input voltage for our divider is found by the
following relationship.

E =+ /PR +4/1000x 62.5 = 250 volts

The input parallel resistances for each branch is
then

2 a ¢
R, = %1 = %280& = 312.5 ohms
E? _ (250)°
R S e | a— A ) S
. 7, 350 178.6 ohms
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+) 114.6.!
Y
L®
R3 50 OHMS
450 WATTS
+j 8041
INPUT O YO
L2
Ry 50OHMS
350 WATTS
+)66.6
Y
L1
Ry B0OHMS
200 WATTS
Fig. 10.
q 2s0)?
Ry =— =2""_ = 1389 ohms.
P, 450

Moving in a vertical line up from the 50-ohm
point on the x axis to a Point A on a 312.5-ohm
resistance circle, we find a point whose rectangular
coordinates are 50-ohm resistance and 114.6-ohm
reactance. These are the series components of the
input impedance, and the reactance value 114.6
ohms is the value of the Series Inductor L1. The
parallel components of this impedance are found by
following the circles to their indexes. The parallel
resistance is the value we previously determined
312.5 ohms and the paralle] reactance is found to be
136.2 ohms by following the reactance circle to the
y axis. The series and parallel components are then:

Ris = 50 ohms.

Xg = 4 114.6 ohms
Rip = 312.5 ohms
le = +j 136.2 ohms.

In the same manner, the series and parallel
components for the input impedance of Branch 2
are found to be at Point B.

st = 50 ohms

Xas

+j 80.4 ohrrs

sz = 178.6 ohms

X2,) = +] 111 Oth.

And for Branch 3, the values are found at Point C.

R35 = 50 ohms
X35 = 4j 66.6 ohms

= 138.9 ohms

=
w
™
{

Xsp = +/ 104 ohms.

The parallel resistances are then combined to give
us the input parallel resistance.

| 1

= =.62.5.

1 1 1 1 1 |

+o— 4 i
Rip Ryp ' Rsp 3125 ' 1786 ' 1389

The parallel reactances are then combined to give
us the input parallel reactance.

1 1

= = +j38.6.

1 1 1 1 1 1

—+ — 4 + +
Tz Xip Xap H1362 Hilh 4104

A capacitor of 38.6-ohm reactance is then
connected across the input to resonate the circuit
and to provide a resistive input impedance of 62.5
ohms. As mentioned before, this impedance may be
transformed to any value by means of a T network.

The phase shifts encountered in the branches are
given by this relationship

X
8 = tan' =2
Ry
and g, = tan™ el 66.5°
50
8y = tag" L §451°
3
66.6
0, = tan”! —— = 53.1°
3 an 50

An interesting special case of this power divider
is called the quadrature power divider. Two outputs
are required to have a phase difference of 90° with
any power division ratio. Two L networks are used
with one being a lagging network with an inductor
in the series arm and a capacitor in the shunt arm
and the other a leading network with a capacitor in



the series arm and an inductor in the shunt arm.
Then, if the input parallel resistance has the same
value as the loads, the shunt arms will have equal
values of reactance of opposite sign and can be
omitted and the power divider is a branched
network with a capacitor in one series arm and an
inductor in the other. The solution of this divider is
accomplished in the same manner as the hybrid
divider with the only special requirements being
that the input parallel resistance is the same as the
load resistances, the phase difference is 90° and
only two outputs are used.

CONCLUSION

The generally accepted types of power dividers
have been described and design examples have been
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shown. Many combinations of these types are
possible and possibly desirable depending upon the
particular application involved.

These combinations are left to the ingenuity of
the reader.
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