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EFFECT OF PARASITIC CURRENTS IN ANTENNAS OF
UHF RADIC RANGES ON HCORIZONTAL FIELD PATTERN

INTRODUCTICK

The term "parasitic currents" as used in this Note designates antenna currerts
excited by mutual coupling (through space) between two or more antemnas  Specifically,
the case of 3 loop antennas present in the UHF radic ranges 1s considered here  Of
interest are the parasitic currents produced 1n the side antennas by current in the
center antenna The purpose of this Note 1s to furnish a gualitataive picture of the
effect of these parasitic currents on field strength, course sharpness, and clearance
of the horizontal field pattern

No attempt has been maae to analyze the complex nature of the coupling between
locp antennas, especially since 1t 1s simple to measure relative magnitude and phase
of the parasitic currents

As 1nsufficient experimental data of tre relationship between parasitic cur-
rents and their phase angle as a function of the tuning adjustments of the side anten-
nas are availlable, a simple series circuirt was assumed whese resistance 1s essentially
the radiation resistance, and whose reactance 1s varied by antenna tuming

THE FIELD PATTERN EQUATION

Consider 3 identical loop antennas, 1, 2, 3, 1n a horizontal plane, with cen-
ters 1n a straight line and spaced S degrees, a5 shown in fagure 1

Call the current in the center antenna k, and let the current i1n each side
antenna, 1n the absence of parasitic currents, be unity  Superposed on unit currents
1in the side antennas assume a parasitic current p with phase angle § with respect to
current k¥ Figure 2 shows the vector diagram of these currents

The relative i1nstantaneous field intensity i1n the plane of the antennas, at
distance r, in the direction § {figure 1), 1s (for r A)

1) B(t) =cosw (¢ - L) |:k+ 2 sin (S 51n6)]

+ cos {Lu(t —-%) +-d}2p cos (S sin@)

The terms 1in the bracket give the contributions due to current k in the center
antenna, and due to unmit current in each side antenna whose phase angle 15 + and - 90
degrees, respectively, referred to the current in tre center antenna

The second member of egquation 1 gives the contraibution of the parasitic cur-
rents It w11l be observed that the parasitic field 1s symmetraical to the course
(=0, m) Therefore, the bean patterns with parasitic currents in the side antennas
remain symmetrical to the course, but theilr shape 15 changed

Phase § and magnitude p of the parasitic currents can be varied, although not
independently, by tuning adjustments of the side antennas At resonance the parasitic
current 15 p, and 1s in phase with the induced emf, let 1ts phase angle, with respect
to the current k in the center antenna, at resonance, be §g Measurements have shown
that for the uswal antenna spacangs,f, 15 a positive angle in the first or second quad-
rant At resonance the parasitic current 1s assumed to be Iamited by tre radiaticn
resistance plus r-f resistance of the antenna  The phase angle of tre parasitic cur-
rant can be reduced from 8,tod by adjusting the antenna tuning such that 1t offers an
inductave reactance to the parasitic emf Call the angle between parasitic emf and



parasitic current ¥ . In the absence of experirentzl information assume tre relation
2) p=op, cos?

where p 15 the parasitic current with the side antennas cut of resonance  Assume
furtner that after detuning the siade antennas the current in the center antenna be
readjusted to 1ts criginal value, 1 e , that the parasitic emf be constant

Equations 1), 2), and 3) are i1llustrated in figure 3

Introducing equaticns 2 and 3 i1nto eguation 1 the relative amplitude of the
field strengtl in a given direction & , with parasitic currents p of phase angle §
(referred to the current in the center antenra}, 1s found to be

4) E ::{{K + 2 s1n (S s1n @ i}z +I? P, COS (6o —6) cos (5 sin 61 2

+4 p, cos (6,— ) cos § cos (S sin @) [k + 2 sin (S sin 9)]}1/2

With reference to figure 3 the locus of the end point of the parasitic current
vector appearing in field strength equations 1 and 4 1s a carcle wath center C  With
the side antennas rescnated the contribution of the parasitic current 1s AE  As in-
ductive reactance 1s introduced i1n the side anternas by detuning, the parasitic cur-
rent decreases, and the endpoint of the corresponding vector moves from E to D, B A.
Keeping the current in the center antenna and the non-parasitic current in the side
antennas constant (CGA) 1t 1s apparent that for a particular phase angle &' the field
strength CD 15 maximum This condition 15 obtained 1f OCD 1s i1n a straight line, and
1s given by

5)  Bpax :{[k + 250 (8 sn 9)]® +[p, cos (5 sun 0)]?

+ 2 po cos 8, cos (3 san @) [k + 2 s1in (5 s1n 9)]}1/2

+ Do cos (8 s1n @)

Fizure 4 shows the vector aiagram of the currents appearing in the field
strength eguation for directinns § = 0%, T 30%, 148 6°,+90°, In figures 5 and 6 the
diagrams for field strength on-course and at rigtt angles to the course are shown,
assuming the same constants as for figure 4 The field strength on-course can either
be 1increased or decreased by changing the parasitic currents from their resonance
value AR 1n figure 5 Maxamum and rminimum values of field strength on course are OD
and OD', respectavely

At right angles to the course (fagure 6) the mnor lobe field strengtn is O'H,
and the field strenmgth at 4+90° 15 OB The clearance, therefore, 1s C(90°) = CB/0'B,
with phase angle § of the parasitic current It w11l be observed that the minor lobe
fi1e2ld strensth, with the constants chosen, 15 never zero  Its minimum value 1s G'P
with a phase angle § of -14 2°, 1ts raximum 15 O'¢

The maximum field strength on course (6 = 0) 1s

6) Fo. = {kz + p02+ 2 py k cos 60}1/2 + P

In the absence of parasitic currents (por= 0) t7e field strength on course
equals k  However, 1n order to obtain a better comparison of tre relative field
strengths with parasitic currents, the curves 1in figure 7 are for constant radiated
power 1n the horizontal plane This regmres integration of the field patterns in all
directions (§ = mto 8 = - ) and w1ll be desecribed i1n more detail in another note



The phase angle § of tre parasitic current giving maximum field strength in
direction ¢ 1s found by maximizang equation 4 It 1s

V1 -1 [ po cos (S sin@) sin 2 ﬁ°+[k + 2 s1n (S s1n @) ] sin &, |
Po cos (5 sing) cos 2§+ [k + 2 s1in {5 sin 6)] cos 50J

On course (#=0) this simplifies to

g) ﬁ':i tan_l [po s1n 2 §, + k sin 60:‘
2

Po cos 2 §, + k cos b,

COURSE SHARFNESS WITH PARASITIC CURRENTS

Starting from eguaticn 4 with parasitic currents p of phase angle 4 , and
calling S 51n9:g§ the course sharpness 1\p 18

(k + 08)2 4 4p® + 4p cos § (k + n3)| 12
(k - nS)2 + 4p2 + 4p cos § (k - nS)

9) Ny =

This compares with the ccurse sharpness N 1n the absence of parasitic currents
Fiven by

:k+nS
k - nd

10) N
where n = 0 915 x 1073
with spacing S5 1n degrees

Parasitic currents i1n general reduce the clearance between two associated bean patterns,
and tre direction of maximmm field strength and of the minor lobes 15 shifted

FIELD STRENITH AND CLEARANCE AT RIGHT
ANGLES TO COURSE WITH PARASITIC CURHRENTS

Entering equation 4 with § = 7/2 gives

11) Fp( Tr/2)={(k + 2 sin 5)2 + (2 p cos 8)2

+4 pecosd cos 8 (k+ 2 sin S)}l/2

In the case without parasitic currents we have
12) F(m/2) =k +2 s1n §

For equal radiated power in the horizontal plane equation 12 has to be multa-
plied by a scale factor which 15 tne ratio of the rms value of the horizeontal field

patterns integrated over 360°

With parasitic currents the clearance at 90° off course 1s

(k + 2 san S)2+ (2p cos 8)2 +AP cosfcos 5 (k + 2 sin S) 1/2

{k - 2 sin 5)2 + (21:| cos 5)2 + Z;p cosdcos S (k — 2 s1n 3)

13) ¢ (7 /2)=



compared to

k+ 2 sin S

A AT

without parasitic currents

EXAMPLES

In figures 8, 9, and 10, horizontal field patterns are shown, with parasitic
currents in the side antennas for antenna spacings 5=120° and for the current ratie
k=2 TWith the side antennas 1n resonance the parasitic current p, = 1 with phase
angle §, = 60° 1s assumed The sclid-line bean patterns in figure 8 apply for these
constants  The dashed pattern in the same figure 1s for the case of no parasitic cur-
rents. It will be noticed that parasitic currents increase the field strength on
course, and that the clearance i1n general 1s decreased, especially at right angles to
the course

In order to compare the two field patterns shown in figure & with the radiated
power 1n the two cases equal, the dashed pattern has tc be enlarged by a scale factor
of 1 13

Figures 9 and 10 show the horizontal field patterns with the side antennas
out of tune (inductively), whereby magnitude and phase of the parasitic current 1s
reduced

In faigure 7 the results of the previous drawings are summarized The phase
angle 4 13 varied from +60° at resonance to -30° farthest off resonance (no parasitic
current), and the corresponding parasitic current, course sharprness, 90° clearance
and relative field strengths are shown

CONCLUSIONS

Caution must be exercised i1n making use of the parasitic currents in the side
antennas of UHF radio ranges to modify the horizontal field pattern

The parasitic currents change the field strength on-course, magnitude and
direction of maximum field strength and of mincr lobes The darections of zero or
mnmum field strength are not changed, and the symmetry of two associated bean pat-
terns with respect to the course 1s not affected by parasitic currents (1 e , the
course 1s not shifted)

The field strength on-course can be either increased or decreased over that
cbtained 1n the absence of parasitic currents by detuning the side antennas

If the side antennas are at resonance or detuned to offer am inductive react-
ance, signal strength on-course 15 1ncreased and course sharpness dscreased by the
parasitic currents For certain capacitive tuning adjustments of the side antennas
the field strengtn on-course in decreased and the course sharpness increased

The clearance can be either increased or decreased by parasitic currents,
depending on side antenna tuning and on pg, dg 5 k, 8 For specific cases the vector
diagrams can be drawn and studied regarding the effect of parasitic currents on
clearance and course sharpness

1t 15 believed that, i1n general, the advantage of increased signal strength
on—course due to parasitic currents i1s lost by the decrease 1n course sharpness In
spec1al cases where course sharpness need not be high, the field strength on-course can
be increased in the order of 50 per cent by using the parasitic currents in the side
antennas
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WITH PARASITIC CURRENTS SIDE ANTENNA [N RESONANCE
————— WITHOUT PARASITIC CURRENTS

k=2 1

K 120" >BJ—e—120" >
+907 0° Fo0’
PARASITIC [p=1=p p=1=p
CURRENT 3 5=+60°=1 8,=+60°=4

Iigure 8 Effect of Parasiic Currenls in Side Antennas on Horzontal 11eld Pattern
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