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11 Introduction. In the communication between two points, antennas

are used to transmit ?nd receive modulated carriers which is, in
general, linearly pola}ized'wave. The receiving antennas must be placed
parallel to the direction of electric field to pick up the modulated
_carriers., In some cases, such as moving antenna, its orientation
sometimes is not parallel to the electric field directioén. The antennas
are then developed to produce circularly polarized wave which the
direction'of electric field rotates around the direction of propagation
so‘thaﬁ receiving antennas can arbitrarily oriented, |

Te2 Elliptical Polarization. The plane of polarization, or simply "the

polarization of radio wave, is defined by the direction in which
the_eiectric véctor is aligned during the passage of at least one
full cycle. In the gene?al case, both the magnitude and the pointing
of the electric vector will vary during each cycle and the electric
vector will map out an ellipse in the plane normal to the direction
of propagation at the point of observation. In this general case.
the polarization of the wave is said to be elliptical.

It is cinvenient to consider linear polarization and circular polar-
ization as: special case of elliptical polarization. The electric field
vectors for a: linearly polarized wave are shown in Fige 1=1ae The
magnitude and direction of the electrié field E are indicated as a
function of distance for a given instant to time. In Fige 1=1b the

wave ig viewed from the direction of the vositive 7 axis ( wave
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approaching reader)s. The electric field E varies in magnitude bete
ween positive and negative EZ' the direction of E being confined
to the ¥ direction. In Fige 1=1c the instantaneous space distribu-
tion of E is presented for an elliptically polarized wave traveling
in the positive Z direction, As>viewed from the positive z axis,
the tip of the electric field vector E a# a fixed positive z desc-
ribes an ellipse with major and minor semiaxes E2 and E1 as shown
in Fige. 1-1d. The special case of the linearly polarized wave of
Fige 1~1a and b aceurs when E1 = 0. On the other hand, when

E1 = E2 the ellipse becomes a circle and we have another special
case of elliptical polarization called circular polarization. The
variation of E for a circularly polarized wave is illustrated by
Fige 1=1e and f.

An elliptically polarized wave may be regarded as the resultant
of two linearly polarized waves of the same frequency. Assume that
both waves are traveling in the positive Z directiem and that the
plane of polarization of one wave is in the X direction and the
other in the Y direction as in Fig. 1-2. If X is horizontal, the
wave with E in the X direction may elso be called a horizontally
rolarized wave and the wave with E in the Y direction a vertically
pollarized waves

Let the instantaneous electric field of the hordizontally polarized
wave be designated Ex and the instantaneous: electric field of the
vertically polarized wave be designated as;Ey. Then as & function
of time and distance,

E, = E,sin(wt-gz) (1)

- ]
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and Ey = E231n(wt7ez+$) (2)
where E1 = amplitude of horizontally polarized wave
E2 = amplitude of vertically polarized wave
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ly polarizgd wave is then as the reference for phase)

i

time-phase angle by which Ey leads;Ex (the horizontal-

The component of the field in the z direction is everywhere zecro
(Ezzo). The instantaneous values of the fields may also be expre=

ssed as the imaginary (Im) of a complex functions Thus,

E = Iméx = E1Imej(Wt7ﬁz)
= E,sin(wt—pz) (3ea)
and E, = B,sin(wt-pz+8) (3eb)
where éx = quj(wt7ﬁz) (hea)
B, = Egej(Wt7ﬁz+5$ (4ab)

The instantaneous value of the total field E resulting from two

linearly polarized wave is

E = iE,sin(wt-pz) + ansin(wt762+53‘ (5)
At z=0, (5) reduces to
E = iE,sinwt + jEzsin(wt+éS (6)

Evaluating (6) as a functiom of time t and plotting the values of
the total field E, the time variation of E in the X~Y plane is ob-
taineds In general the tip of the vector E describes a locus that
andcs,= 90: the ellipse becomes. a circle,

is an ellipse. If E, = E

1 2
The fact that, in genersl, the locus: is an ellipse may be shown
in another way by proving that (1) and (2) with 2=0 are the paran~

etric equations of an ellipse. Thus, we have

E, = E1 sinwt (7)
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Ey = Easin(wt+é) _ (8)
where wt is the independent variable. The procedure used in the
proof will be to eliminate wt and remrange the resulting express-
ion into the form of the equation for an éllipse& First we expand

(8). That is,

Ey = Ez(sinwt.coség + coswt.siné ) (9)
From (7)
sinwt = EE (10)
s

We also can write

coswt =,11—sin2wt

el 1—EEX./E1)2 (11)
Substituting (10) and (11) into (9) and rearranging and squaring

yield
2
E_ = 2 ‘é
}Zc - ZEXE cosg p E =Bin2 (12)
Eq By R

Dividing by sin%g s (12) can be reduced to

2 2 { | (13)
aEx o bExEy + cEy =) 3
where a = 1/Efsinag
b = 2cosg/E1Ezsin2§

e = 1/E§sin25'
Equation (13) may be recognized as the equation for an ellipse
in its most general form, the axes of the polarization ellipse not,
in general, co-inciding with the X &nd Y axes (Fige 1-3)s This is

the general case of elliptical polarization. The segment OA is
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the semimajor axis, and the line segment OB is the semiminor axis
of the ellipse. The ratio OA to OB is. called the axial ratio(AR)
of the polarization ellipse: or simply the axiall ratie. Thus,

Axial ratio = QA
: OB

Returning now to (12), three special cases will be considered.
Case 1 The Ey is either exactly in phase or 180° out of phase
with E . Then &= k77, where k=0,1,24000 and quation(12)
then reducess.to
E_ = 3E.E (14)
Thus, when the two linearly polarized component waves are exact-
1y in phase or 180° out of phase, the resultant in linearly pola-~
rized with E, in general, not in x or y direction.
Case 2 Next concider the situation where EX and Ey are in time
phase quadrature. That is;
= A+2k 7 (15)
where k=0;31:2ys000¢ i

Then the cross product term in (12) disappears and (12) redvces

to
’ 2 2
Efz v Oy - 1 (16)
2 e
Ty B

That is an ellipse with its axes coincident with the coordinate
axesa. This is a special case of elliptical polarizatian.

@ase 3 Finally consider Case: 2 for the special condition of

.

E1=Eéo Then (16) becones

E‘2 EZ - Ei ' £47)

S
=7 "y
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This is the equationnof circle. Hence, when the two linearly po-
larized waves are in time phase quadrature and also are equal in
amplitude, the resultant wave is circularly polarized. According
to (17) the locus of the tip of the vector E is a: circle. That is,
at a fixed position on the Z-axis: theresultant eleci¥ric field vec-
tor E is constant in magnitude and rotates uniformly with time in
the X-Y pliane completing one revolution each cycles To determine
the revolution direction, let us rewrite (7) and (8) for the spec-

\
ial case we are considering, namely,

ér: 1%£E 77 and E1= Ez

where ; = 0y1y92y0csane .
Then, when k is: even

E_ = +E sinwt (18)

E, /3 +E, coswt (19)
and when k is odd Ex is: the same but

Ey = ~E,cosut ' (20)

Consider first the case where k. is even (g=77_;, BY e etc).

When t=o0, Exzo, and Ey=+E1 so that E is in theapoiitive Y directione
One guarter of a,cycle:later.Ex=+E4 and Ey:o so that E is in the

positive x direction. Hence, at a. fixed positienw on the Z axis the
resultant electric: field vector E rotates in a clockwise direction

as illustrated in Fig. 1-5a. Next consider the case for k odd(d;: 5/‘5
: £

1

Y direction. One quater cycle later Ex=+E1 and Ey:o so that E is

2Z57 etc.) when t=o, E =0 and Ey:-E so that E is in the negative

in the positive X direction. Hence at a fixed position on the Z

axis the resultant electric fieldi vector E rotates im counterclo-
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ckwise direction as illustrated in Figes 1-5be. The wave is traveling
in the posifive Z direction(out of page) in both this case and the

one illustrated by Fig. 1-5a. To avoid any uncertainty as to the

wave direction, we can call the first case "clockwise circular po-

larization wave approaching" and the second case "counterclockwise
circular polarization wave approaching",

1¢3 Circular Polarization. -

. e e

1¢3.1 Gombinations of electric and nagnetic antennas Gircular

polarization can be achieved by a combination of electric and mag-
netic antennas provided that the field produced‘by these antennas
are equal in magnetude and in time phase quadrature. A simple case
of this combination is a horizontal loop and a vertical dipoXe. The
time phase quadrature relationship is a fundamental melationship
between the field& of the loop and dipole when their currents are

in phase. If the loop and dipole are oriented as. in Fig. 1~6, the

field in the plcne of the loop are given by

B, = 303, (ka)ed VOl (21)
E, = C1ej(wt-kr) (22)
where C and C1 = constants

k == 25/

/L = free-space wavelength

a = radius of loop

r = distance from center of loop

J1 = Bessel function of the first order

provided that the currents in the loop and dipole are in phase.

Thus, if

"
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- CJ,(ka) = C, (&%)
the resulting field of the combination will be circularly polariz-
4

eds Equation(23) will’true if the loop diameter is less than about
O0s6 wavelength and the dipole length is less than a half wavelength,
In this particlar combination it should be noted that the resulting
radiation pattern is circularly polarized at all points since the
individual pattern of the and dipole are essentially the same. Ho-
wever, in practice this is difficuit to obtain, except over narrow
bandwidtls, because of the different impedance characteristics of

the loop and dipole.

L
TR
St : Cy findes
Fedline H Feed line
1]
I
! ’
Fige 1-6 Horizontal Fige 1-7 Slotted-cylinder
loop and vertical dipole circularly polarized antenna.

A second combination is that shown in Fige 1=7, consisting of two
vertical one<half wavelength-long cylinders in which vertical slots
are cute. Feeding the two vertical cylinders will give a vertically
polarized omnidirectionzl pattern in the:pleme normall to the axis
of the cylinders, while feeding the two slots will give a horizon-
tslly polarized pattern in thesame plane, If the power to both fe-
eding arrangements is adjusted to be equal and the phase adjusted

by controlling theilength of the feed line such that the two are




57

?w%illgé ciréularly
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in time-phase quadrature, the resulting patﬁérﬁ
polarized.
The normal radiation(broadside) mode of @& helix can zlso be consi-

dered as a combinatiom of electric and mognetic antennas(dipole znd

5 . .
o -

loops) pfoducing circular polafizztion.

A pair of crossed slots in the broad wall of a rectangulexr wave
guide in which the field configurations in the waveguide are such =
that one slot is in time~phase quadrature with the other can also
be considered as & combination of electric and magnetic antenncs
producing circular polarization. This combination will be discussecd
in more detail in the following sectione

1. 3.2 Combinations of similar antennas Two or more antennas when

properly oriented in either time phase or space phase or a combiun.
-tion of both may be used to give a circularly polarized radiation

T10° 110

- — — \\:;;—~—»a-
ST
1190
Fig. 1-8 Crossed dipoles Fige 1-9 Crossed dipoles current
current in phase quadrature. in phase /U/4 separation.

field. A simple case is a pair of crossed half-wavelength dipoles.
In Fig 1«8 eircular polarization is obtained by having the equ~nl

currents in the dipoles in phase quadrature; Radiation in one direc .
~tion is right circularly polarized and left circularly polarized

in the opposite direction. If the pair of crossed dipoles are fed
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in phase and separated in space by a quater wavelength as shown in
Figs 1-9, circular'polarizatioh is. again produced: In both of these
combinations the resulting field is circularly polarized only on =axis.,
The di#viation in eircularity as: a  fanction of the off-axis angle is
‘plotted in Fig. 1-10. Another case of a simple combination of simil-
ar antennas to produce circular polarization is a pair of narrow sl-
ots at right angles: and located at the proper point in the brcad wall
of a rectangular wawe-guide. This may be explained by noting that ..
the equations for transverse and longitudinal magnetic fields of the

doﬁinant(TE1o)mode in ®ectangular aneguide(Fig; 1=11)are

/ A\ ZL 2 _.gjgr d :
Hx 7 E%nl1 (Za) Raadl1

= «iH ,-—»-—’n aﬂ.—x |
Hz /. Jho-’-Qa \ a A

From these two equatdons: it may be seen that the fieié;?%§g;£ﬁnphae
quadrature and there are two ¥&luesm of x at which Bx = Hé + These v
values of x are given by

x =§ctn”‘[iZ<§-§)2-1_ ] (26)

Two crossed slots at either of these points will then radiate circs
ularly polarized energy. The orientation of the slots is arbitrary,
and they may be made resonant and thus radiate a large amount of po-
wer. The theorectical. axial ratio for x=a/k is shown in Fig. 1-12,
which give circular polarization at a frequency for whichﬂ’:Za/fE:

The eqaiangular spiral, which is one of a class of freguency-indep-
endent antennas, where the antenna is completely defined by angles,
is another case of a combination of similar antennas which produce

circular polarization. If a. conductor with edges defined by the two

3 Loy
-
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curves
fz = ke2® (27)
and B = kea(a—g) (28)
is cimbined with a second conductor defined by the two curves
5= kea(é—??) (29)
ale -7-8) , . (30)

and ﬁ_: ke
(which simply is the first conductor with a 180° rotation), the res-

ult is the balanced antenna of infinite length, In practice, the an-
tenna will be finite in size and therefore limited in operation as a
functiom of frequency. Fig. 1-13 shows a practical antenna.

If the arm lengthis longer than approximetely one wavelength, the
field on the axis: perpendicular to the plane of the antenna: will be
circularly polarized. Pattern bandwidths of better than 20:1 have
been nmeasured with this type of antenna with correspondingly good
impedance bandwidths,

An omnidirectional circularly polarized antenna. can be obtained by
four in phase half wavelength dipoles arrayed in a circle of about.
one~third wavelength in diameter end inclined to the horizontal asA
shown in Fig. 1-14. The axial ratio in the horizontal plane for this
configuration is less than 1db.

The same general type of pattern can also be obtained by using an
array of inclined slots on a cylinder feeding a biconical horn(Fig.
1=15). ih this case the slant length of the biconical horn is adjus-
ted to give @ time phase quadrature relationship between the two
modes of propagation for horizmontal and vertical polarization. There

is no simple theorectical relationship that enables one to specify




Fige 1=14 Four-dipoles ommidirectional

.

circularly polarized antenna, bicenical.

NENNNNNN
ND-'T-// \i\a\:\;\l\} \1\\

Fig. 1-16 Circularly polarized Yagi.
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Fige. 1=-17 Examples of symmetrical and asymmetrical

dual-mode horns.

Fige 1=15 Circularly polarized
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the slant length to give circuler polarizaﬁid@ifggdﬁitiis-best done
on an experimental basis.

The combination: of crossed half wavelength dipoles can be used %o
feed a crossed Yagi structure to give a directienal circularly »nola-
rized beam as suggested in Fig, 1-16.

Directional beam can, in general, be produced by using any of the

basic combinations in arrays.

1¢3+3 Dual mode horn radiatérs A conventional waveguide horn uny

be used for the radiati~n and beaming of circularly polarized waves,
provided that it is fed with waveguide capable of propagating verti-
cally and horizontall& polarized wave simultaneously. The horn may
be ecither symmetrical o asymmetrical, that is, square(round) or rc-
ctangular(elliptical)., Fig. 1-17 illustrates the two types.
Symmetrical case. A circularly polarized field will be obtained on
the peak of the radiation pattern when the horn is fed through the
square waveguide with egual amplitude vertically and hoiiz%%aally
polarized modes arranged to be in quadrature. The radiated:will not,
in general, be circularlypolarized at othér'points on the radiation
pattern because the verticadly and horizontally polarized radiation
ratterns will be different beamwfdths in almost‘any particular »Hlane
of intéreste Such is the case because the horizontal dimension(Tor
example) of the aperture is an E-plane dimension for the horizontally
polarized field and an H-plane dimension for the vertically polarizcd
field, Fig. 1-18 illustrates a typical variation in ellipticity as a
furiction of position on the radiation pattern.

Asymmetrical case. The previous discussion is also applicable to a-
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symmetrical horn, except that circularly polarized fields on the peak
of the radiation pattern will not be obtained unless allowance is
made for the differente in phase velocity of the vertically and hor-
izontally polarized waves within the asymmetrical horn flare. This
differential phase shift may attain quite large values in some horns.
Foé'example, a measured differential phase shift of about 220° has
been observed at 2,800 Mc in a horn having a flare length of about

14 ine, a width of 2.84 in., and a hight of 7.8 in.

The magnetude of differential phase shift can be computed to an ac-
curacy of perhaps 10 per cent by evaluatin%.the integral

Differential phase shift = j [ /505—- /3<6v ] f—{f
by pol  wpel

in which 1, is the flared length of the horn, and is based simply
on the appropriate width of the flare andthe operating wavelength.
Fi%;, 1-19 shows the information in detail. Note that the differente
ial phase shift may vary fairly rapidly with frequency. In the exan-
ple mentioned abovez the differential phase shift increased about

15°* for every 100 Mc decrease in frequency between 2,900 and 2,700Mc

1¢ 5o 44 Transmission type polarizers.Transmission polarizers are des-

igned to take existing linearly polarized energy and transform it in
to circularly polarized energye. The advantage of such polarizers is
that their design is relatively independent of the echaracteristics
of the source of the wave on which they operate. The disadvantage is
that this type of polarizer tends to be quite large physically and
difficult to modify or adju§t.

A transmissionqtype»polarizer is a strucrure that exhibits a diff-

erential phase shift to two mutually perpendicular clectric vector
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This differential phase shift is then adjusted to be‘9o; and assuning
the two perpendicular vectors are equal in magnetude, circular pola-
rization results,

The simplest type of polarizer is @ parallel metal plate structure
Fige 1=21s In this structure, the incident linearly polarized energy
is incident at an angle of 45* to the plane of the metal plates, so
that there are two equal field componemts, one parallel to the plates
and one perpendicular to the plates. The component perpendicular to
the plates: will pass through the structure undisturbed, while the ¢
component parallel to the plates will see a parallel~plate waveguide
structure, and hence a phase shift relativeto free-space propagation.
If the spacing and thélength of the plates are adjusted so that the
fiéld parallel to the plates is advanced 72/4(90° )in phase with resn-
ect to the fiéld perpendicular to the plates, the two field at the
exit of the plates are now in space-and-time quadrature, and hence
result in a circularly polarized wave, This structure is commonly
referred to as a "quarter-wave plate."

The parallel plate structure is an anisotropic dielectric, with =
dielectric constant less than unity. Any anisotropic dielectric,reg-
ardless of dielectric constant, will act as a transmission=-type pol-

arizer, provided that the amplitude and phase requirements are mct.

Te3e5 Reflection type polarizers. Reflection type polarizers gre o
essentially transmission~type polarizers cut in half and placed on

a conducting sheet.

The simplest type of reflection-type polarizer is a series of metal
vanes on a conducting sheet. These vanes are one=eighth~wavelength

-~
[%
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highe The incident energy is polarized at 450 to the vanes, so that
the component parallel to the vanes is reflected by edges of the va-
nes and the component perpendicular to the vanes is reflected by the
conducting sheet, this delaying it 900 with respect to the parallel
component and producing circular polarization,

Another method of obtaining circular polarization utilizes the dif
ference in phase between the perpendicular and parallel components,
when total reflected from the surface of a lossless dielectric, This
occurs if the dielectric constant e is greater than 5.8. The angle =R
at which this occurs is given by sin%%=2/(e+1).

Te3 Scope of Study.

Te3+1 To make a theoretical research by means of approaching
things e.ge image antenna etec.

Te3+2 To analyse to find out the function of polarization in terns
of variations concerned. X

1e¢3.3 To make an experiment in testing the theoretical result.

1.3.4 To compare of experimented and theoretical to see and

discuss the differenoes,
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