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2 3}
Ml 3 &. Antenna Measurements

3—-1. Input impedance? &%
— VSWR (Voltage Standing Wave Ratio)
— Bandwidth of an antenna

- =3 Al Z=9al0oF & AI&E (balun, body—-effect S)

3—-2. Radiation pattern measurement
- =3 Al FOolot & At E (53 22X source S)
— Rayleigh distance2 Fraunhofer region boundary

— W2 JHAl antenna & ranges
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3—3. Gain measurements
— Review on Friis transmission formula as basis of the gain measurement methods
— Two methods for the gain measurements
i ) Gain — transfer (Gain—Comparison) measurements
ii ) Absolute — gain measurements
R { Two—antenna method

Three—antenna method

3—4. Polarization measurements
— Review on the polarization concept
— polarization measurements
i ) dumbbell polarization curve
ii ) axial ratio (AR)

)
iii) polarization ratio (P)
iv)

tilt angle(z) of the polarization ellipse
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Ml 3 &. Antenna Measurements

The main parameters which are used to characterize an antenna are
(a) input impedance (b) radiation pattern (polar diagram)
(c) gain (d) polarization
note) scale modeling
3—-1. Input impedance2 =&

Einc The reflection coefficient
: Ere1‘
Antenna 7
0 = Eref :Zin_ZO
[ * Einc  Zin tZo
Zy 1 SHO SH UEA,

An antenna is usually fed via a coaxial cable or other form of transmission line, and a 50Q

characteristic impedance is usually taken as standard.

Powerl SH{AM E™ . .
Zin : antenna input impedance,

2

Zin—Zg Zy : line characteristic impedance,

Zin +ZO

Pref _ ‘F‘Z
Fllnc

I' : voltage reflection coefficient.
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What needs usually to be found is
‘1‘*‘: Zln(f)_ZO

Zin(f)+ 24
VSWR (Voltage Standing Wave Ratio) measurements

1 <VSWR =V Vinin = (1+[T])/(1-|T|) < 0, [T|=0 (impedance matched)0l & VSWR =1
,using a field probe in a slotted line at microwave.

2B = swept frequency network analyzer& AIE6t0H, SHGI DA 6t= bandlll 2 12| &2 A

=4 PHAHIZ T=[Me) 2 750
1+T _
Zin =T 2LEH Z,, S 20I5HH ¢ =L

=X 2Z W (measured result)= 21E S Ml (nearby object) I QO™ AEHE| HEIE =01 QUL 1S 2K
| reactive field2 HaIAI I HU £ = 2ALE & X} OH(radiated field)

|
E U2 LISE 2HILE 222 BHALAIZ == D] IHZO0I L},

pal
|0

Bandwidth of an antenna
—-BW of an antenna can be defined in terms of a variation in any of its measurable properties such

as input impedance or Q(quality factor).
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Input impedance is often the limiting factor for useful antenna performance, so the impedance
bandwidth is an important parameters. .
The 3dB points for this are the frequencies for which [T =5 0=

1
N
o log p = log|T| Important !

> f

2
2 Prad = Finc (1_‘F‘ )
—— 10log p“ = 20log p

(absorbed)
= 20log| T'| = 20log (1/+/2)
= —7[dB] —
4 P — — P
Liam] Note) no unigue definition rad ™ T e
) . : r
Things to consider prior to measurement :
i ) small antennall &3, 2& cableO|L} 2 2| nearby object ¥&ts = A3} P (adorbed)
ol OF 5t , S A0 unbalanced currentE S &= 60t StCt. (Ofel 18 & X) <P,
Test antenna element
J
[ ] r
Connecting wire——
Jgoupling A OHHILIO cable2 HZEIMZE [ =did =

Unbalance current \_l/ Undesired unbalanced current
=

= coaxial cablel| QIR EHO I S22 &= currentS

803(% ! ! Unbalanced / CE2 =0|D 2% cabled OOz s2c=
abie Current 510t BHCL
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I=X CtHILIC EXHd= =dHo)| Aot unbalanced EEH 2| coaxial cables H&ol= &2, =
HIQF 20| B A GHA £ 2 unbalanced currentdt AN X E= A LHYE =5 /D SH A9
(@)

HetE S AStAIZ It UL 0l2f8 B ALZ2 &= A0l balunOICH.(OtcH O& & X)

sleeve 114

Coaxial
cable

N

|1
|1
|1
I~ 1

N Y
Shorted to " Shorted together
Coax’s outer Coaxial

conductor cable

Metal ﬁi Ky <!> ]

Spertopf (bazooka balun). Two—wire line balun.

Disadvantage : Narrow Bandwidth.

Note) ferrite ringS AFE0+0 undesired mode currentE & =% UL},
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©Z Otel Ot 201 chokeE AIEE =

ULCE.
s
N |
I
AAS e gz \ KI-\\ of
Cable
I
T~
Semi rigid cable
Choke
Network Analyzer
Choke coil on a semi-rigid cable
Note) =& OHHILIO HZ S cablel HIZ 2222 S 2= undesired mode currentS Ml 2ot
ot ChokeE AtZot=0l O H LI A CHHILERF choke 2t Hel= Jtsst et & H ol OF StCt.
| |8t S At
— 7 —

"' choke & cablelf =
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=
TT O

H OF.

ol

A

rr
Nlo

LAl =

ii) Antenna structure= ¢
O VHF-UHF portable radio(Otef 1&)ol ALE

(J;\Zfeed
&4

():”EC
= =

— | —

DN s

H>

ﬁ

Radio
body

Radio—bodyJl CHHILE
X9 Ld2E A HSHCH

ol antenna element configurationBte £

o

HI

At

AH D+
S ™

ol

H

Radio bodyJ} radiating element2| OteH 2l Bt(half)
FEE FHEHHIESR)
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i) 28 OtHILID} portable radio unitOl Lt pocket—sized equipmentl Wi & (built=in)ElH A= 2L, T

S 2| MIIHXI B0l =2lol0F &tCt.

W, A28 WESC B2, oHHILY HZE 32 2 & (circuit structure in the equipment) &0 CHH|
Lie| = SR Z&oHA 20| =0, dUEHAE =HOHO0E 2 H&st /AXE ASSHAH 28 ol
OOt 2RIt %
=M, HZ cable Jt 3=

A OHOF &HCF. jgll
eI SHLXHE

Si5H0l ZHE, IS QEILIe BSHXe To 20lE Jtsd
OB cabledt QHEILL PSH 20 HZE S0l A AWBHAI}
A

J1J1 MH=0IC.

Antenna element

L — — P Built=in
A V / Antenna
: | Coaxial cable
| : for measurement
| _k L .| Circuit <’2 1
£ — blocks ™~
| }/l | | Rl

Radio unit with a
Built—in antenna.

AT, cable 2 (cabledt &4 HAE)O 2L HO| cable

Cable connection to radio
Unit for measurement.

2101 0il CHEt calibration0] A &3] 0|2 O MOk
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3—-2. Radiation pattern measurement
Measurement of the “far field” radiation pattern are usually required.
In general, E=E(r,6,9)

— e_jkOr
Asr— o, E= f(0,0)- " v

where, f(6,9); complex radiation pattern

v ; polarization vector (unit vector)

tell 218 2 standard spherical polar coordinate system= LIEFHCE.

Z
/R\ \\\
v AN ~
\ N e
/ N N
/ \ \\
/ A N
Y B N
/ X (r.0.0):
/ \EH \\
/ r \ \

/ 9 \\ \\
/ \ \
! \ \
: ‘ 3

\ 7
|
| ¢ \‘ /// y
| | ///
| -
1 X +

-

_____________ Spherical polar coordinate system
£ £, amplitude radiation pattern | f(6.4)| £ =X 35t 1, polarization(H It) vector= 204 & =29
independent component2 E& %D M20, ®ig& X

AP HECZDZ S N2 independent
polarizationil tIS&%= & =F2 radiation patterns = & StL}.

o to

-10 -



Radio Education and Research Center

ale
IJ

Ote & & antennall =& QU= aircraftl radiation patterns fst EHE 2O UL,

z

b oo
<27 )

IA
ASS

vAzimuthal pattern( @ = 2%, 0

$=270°

» Elevation pattern( @ = D&, 0<O<71 )

| 6=180°

Aircraft antenna coordinate

Jl=2& 0l pattern cut2

i ) azimuth X—Yy plane, ii)role y-z plane, iii) pitch x—z plane.
E3|, 3™ M x—-yHHZS J|=O2 50 V(vertical) ™ I} 9% H(horizontal) T IOl 2 AlE25tJ| & StC}.
Olet B azimuth plane cuttl M E, =Ey, Ey =E4JF &Lt =& roll planedt pitch planelll A=
EiE EH-‘/—'E¢O|[__,|'
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010 =28t "ttt 20| 2HHILE pattern® three dimensional®l Gl A HIZ HI{eIs0| UL [TetA
minimum number of two—dimensional pattern2 A3 AIS6HAH Tl=0l, HEXQ 0| JF A2 =20l
E-plane patterndt H-plane pattern(minimum number=2)0]| C}.

0l 2 et two—dimensional pattern= pattern—cut 0|2t & etC}.

Typical equipment configuration for radiation pattern measurement

Fixed
Antenna antenna
under test

Turntable

Transmitter

Receiver

« y Radiation pattern
servo —e— Plotter |—aa— Detector measurement configuration

_

AOZ turntablell D& E II=AE OHHILIE S MGHH N

2 = plane pattern cuttll ot =&lot == =
= aircraftl noseE ?IZ &o6tH ot S ™AIFIHAN pattern2S

radiation pattern=S S&stCH Jt& M2

2 HEH, role-plane cut patterne & H = CF. 1o



Radio Education and Research Center

~I/=3 CHHILI(antenna under test)2 A2 E T =, 0|2 BHIHZ, A B EZ2 ol & reciprocity0f
OloH M =< ot radiation pattern € =0 d&&do=z 20|et M= otH = L.

Radiation pattern measurementO| A 2| potential error source
i ) support and cables attached to the antenna

ii ) finite distance
iii ) reflections from the ground or surrounding objects.

~Ob

oIr
o
o

, LIS £ = fiber glassZ =l minimum support structureJdt AF= & 04 Of

o
[m

— Support structure can affect the pattern in two ways.

a) by reflection or scattering of the radiation

b) by directly perturbing the radiation pattern by altering the current distribution on the antenna.
— Effects due to cables can sometimes be diagnosed by varying the cable run to the antenna

— |n some cases, it is impossible to attach a battery—driven oscillator to the antenna

ex) inside an aircraft model.

(" cable AZ0| ZRotXl &EH EE=2).

- 18 -
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In order to obtain accurate far field radiation patterns, the range length R needs to be sufficiently

large.[2DJ} K| ghEH]
Note) I =& =42 QOHHILF XA &
2| 0

i) R >2(O|12 +d22)//1 for plane wavefront.  AFIIDF WO OO D)0 612 2.
O J10Il A dy ; the largest linear dimension of the antenna under test
d, ; the largest dimension of the other antenna

R>2(d;%+d, %)/ 4 ; Rayleigh criterion.

> This ensures that the phase deviations from a plane wavefront are within +22.5°

— Review on the “Rayleigh criterion.”

consider the following geometry;

04 210l Al P; a point source radiator as a transmitter

d; a linear aperture dimension d of the receiving antenna

- 14 -
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The variation of phase across the aperture;

d. 27 d 27 zd d/2 #d® &«
op=—sinf-—=—-0-—=—- = <—  Srx— - sin@ =6,
¢ > ik RNl v /1 — (.. sin@=6, forsmall@)
e —
0 ~
OOIM r =2d2/ﬂ.)% Rayleigh distancect1) 8tLt. J
dy — | d;
OFQl &AMl OFEILIDF 1™ Hel rad Do UCHD 6HA. ‘|
Hel 1ol Rayleigh conditionES Bt=EolJ| ol M= 2 Al AN ¥
: r :
€ >

r>2(d? +dy?)/ A.

i) An alternative method adopted in a compact range (where d, is chosen to be large) (using
reflector antenna) such that R« 2d,?/4 and the wavefront is again approximately plane.

: CATR

)) /
Test $ reflector
zone | §

< —d,

t Vertex

’

’
Parabolic/
surface

’
U
4
4

A Compact Antenna Test Range (CATR) synthesizes

planar phasefronts by collimating spherical waves with

a section of paraboloidal reflector.

_15_



Radio Education and Research Center

HO

FOl Al CHE Rayleigh distanee r _(Zdz /A )2 slitOll 28t diffraction 2HUHAME THF0H 2 2 A
USGHCH [& X CHHILE B8 | 4-2&8 &X]

Om
O|I

E

—Fraunhofer region boundary

i) R HE=2 SIERY (first null); point Al SHE .
— sing, = 1/a.
1C sin g,

i tand, =a/2Z =~sin@n (.- cos@, =1).
||) 0 / 0 v COS(90 O( 0 )

/_[a\- — sing, =tand, (for small 6,)
zel=z|a|= ) _ 2 OHEILE A=Al far field
\12/ ~Afa=8/22,=7,=a /21 (Fraunhofer region)®l
] boundary HE& A S,
iii) | For Z<<z, , Jlot&& (geometrical optics)
For Zz>>2,, 22l&38 (physical optics)

£ = Fraunhofer diffraction theory.
3el

[

|> &

LLJ I

% |t is interesting to note that the above two other finite distance criteria are the same to each other.
The radiation pattern measurements should be based on the direct signal between the two antennas.
Any indirect signal paths, such as a reflection from the ground, create errors in the measured pattern.
Most antenna range (which is a facility used to measure antenna radiation characteristics) are designed

to have strong direct illumination of the test antenna with weak indirect illumination. 6
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Antenna ranges
i ) elevated range
i) slant range
iii) anechoic chamber (RAM : Radio absorbent material)
)
)

Iv) compact range
v ) near—field range Fiberglass
oy
Source Antenna \
T .(\— ---------- — p— . T D
C /
'~ /%
) 30m
hy ~ h,
~ Source Antenna
SN 45%
y = y A\ Image
< > » 30m )
R
Elevated Range Slant Range

Geometries of elevated and slant range.
— Ref. for elevated range ; IEEE Standard Test Procedures for Antennas, IEEE Std 149-1979,
published by IEEE, inc., 1979.
- Ref. for slant range ; P. W. Arnorld, “The ‘slant’ Antenna Range” |IEEE Trans. Antenna
Propagation, Vol. AP-14, No.5, pp.658 — 659, Sep. 1966.

_17_
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3—3. Gain measurements

—Basis of the gain measurement methods.

Friis transmission formula ;

\
/Eeiving antenna

Transmitting anteﬂa/
\

A transmitting and receiving system in the communication link.

P 2 2v[ 4o ?
O4 J1 0l Al F:p(l_‘rt‘ )(1_‘Fr‘ )( j -G (&, 4)-Gr (6 .4)

t P
|l
AR

G (6. ¢) ; gain of the transmitting antenna in the direction of the receiving antenna,

P ; polarization mismatch factor

(6.4) : position angles of the receiving antenna relative to the transmitting antenna,
I'y ; reflection coefficient in the feed line,

Pt(l—\Ft\Z) , total radiated power.

-18 -
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2, 1 . . . . . .
R (1— || )W-Gt(t%,m , power density per unit area in the direction of the receiving
T

. antenna a distance r away,
INC

I, ; input reflection coefficient for the receiving antenna,
G, (6, ¢ ) ; gain of the receiving antenna in the direction of the transmitting antenna,

P, ; received power in the receiving antenna,

2
= A AR = - 02 G (G, ) P
dr

Ae
O D10l A effective receiving cross section (area).

0Ll S=41 OHHILEDF maximum signalOl =4I &= BHXIE O /LA Af, impedance match 2t

polarization matchJt T HUCHD JFESHH,

2
% go (L]
R, Ay

-19 -
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Two methods for the gain measurements

{

i ) Gain—transfer (Gain—comparison) measurements

ii ) Absolute—gain measurements

i ) Gain—transfer (Gain—comparison) measurements — comparison method

< Standard
antenna

Receiver
»° “ Plane wave
@— - from distant
? -— source
Power meter
% Antenna . .
under test Gain Comparison method.

—A standard antenna of known gain is used, where the gain has been established either
by previous calibration or by theoretical calculation.
The received signal level with the standard antenna is recorded ; the unknown is then
switched to or substituted, and gain or attenuation inserted to obtain the same level. This

G then measures the difference in gain.

The two representative antennas as gain standards
1. resonant 4/2dipole (with a gain of about 2.1dB)

2. Pyramidal horn antenna (with a gain ranging from 12~25dB) 20
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£002 FHEA (surrounding

Oit¥

Note) Pyramidal horn antenna 2| &<t directivity It & <3|
environment)2l a2 2H 4 gr=C}.
ii JAbsolute—gain measurements
- &4 OHHILE 2t2] HElDt r0l 11 far—field criterion= Bt 06t polarization match2 impedance
matchJt &0 10 maximum directional radiationOl Ol & X &= alignTl O §ACHLD IHE

- 0| &=, Friss 8 24l

2
% ao (AT
R Ay

0l Z logarithmic decibel € EiZ E& o™,

2
Azr )~ P Arr R
Gt-er]de(Tj F:LB 5 (Gu)yg + (G ) =200, (7j+10|oglo [F{J

I (G)gg gain of the transmitting antenna (dB),
(Gr)yg : 0ain of the receiving antenna (dB),

P ; received power (W),

R ; transmitted power (W),

r , antenna separation (m),
A . operating wavelength (m).

-21 -
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Two—Antenna Method

OhQl &4 Al OE|ILE] gain (01S)01 SYGHLHY = G =Gy,
0l F=

Gy )dB =(Gr )dB ’

Arr
‘. 2(Gt )dB - 2(GI’ )dB - 20'0910 (7]4‘10'0910 Ft

Ve

1 Ay P
. (Gt)dB :(Gr)dB :E{ZOIOQ10 (7j+1OIog10 F: }

Ol &= 0lEolt AHel r, & 22 —-2/ HlE 5E8

Al
t

B. Three—Antenna Method
00 SHEAIABIONA S

I
o]

CHHILIDI S ZotAl 228 3J12 CHHILIE AtE0tH Ml B12] 8= Sot:H,

25 OtHILIS| gains &€ =L,

Al JHSl QHHILE a, b, cJb ULCHLD BFAL.
Ol & 248 SHHILIE &80t & of Mg ZAl(in dB)

4rr
(Gt)gg +(Gr )gg =200, (—ﬂ )+10'09m —r] S M85t
- 22 -
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o O AAl Prb Pre Prc o = =X =0 A ) C o)
Fo SANA r, A2 , , Ol HIE s&otH O0|Kl= 3, & 30| & CHHIL} a, b,
I:)ta Pta I:)tb

cll 2 gain=2 &€ H = L.
Xl =2 =28t two—antenna method @ three—antenna methode= Gt 22 errorE ZE&ol)| ¢ 2
Sz U3 AUl S2loioF StCt.

i ) the system is frequency stable,
. . L 2D?
ii ) the antennas meet the far field criteria| R >7 ;

iii) the antennas are aligned for boresight radiation,

iv) all the components are impedance and polarization matched,

v ) there is a minimum of proximity effects and multipath interference.

- 23 -
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3—4. Polarization measurements

MAOEel Lstdol HIE B = EFRE ®H O (elliptical polarization)O|Ch. A& ® 1O

t(linear
polarization) Lt ® & H O} (circular polarization)= EF S B 1| special caselfl oHE = CH 04 D10l A
= CHHILF 28 | X T2 BIC HES S 0 AZUN U B2 S, [&X @ OHHILF Z2&!
C1-128 ] S DA Ch=5&t B} SEfe A EHOIe |E HHIONN HotH 250 20
— Mg ® O (Linear polarization)
X N
L e E, RSHEIE 02 XSHE0] J10 A &I
“ H _
4 (E8 XHAHIS) E O BH&F0] L ™S S I}
/' ,Z
Y4 l 4 S~ » Note) MHQ HUtEterQ| J|&.
"y E, |:|y

, AHeEo2 moF MEoH JtHA XA HE E 9 Y

= 02—» ol IH O| At
ex) E(z)=E,e*a-jE,e’a HAd E, 2t

E(z,t) = Re{E(z)e"”’t}

- 24 -
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= E,, cos(at —k,z)a, + E, sin(at - K, 2)a,

= E,, cos[k,(z — (o/k,)D)]a, - E,, sin[k,(z - (a/k,)t)]4,

t=021 AIZOIA

E(z,0) = E,, cos(k,2)d, — E,, sin(k,2)d, ,

z=092 XI&EOA

E(0,t) = E,, cos(wt)d, +E,, sin(wt)d, Ol

E(0,t) = E,, cos(wt)d, + E,, sin(wt)d,

y
T T
ot + — ot =—
2 4
ot=r
717 wt=0 X
counter
clockwise | 37
direction ols —~
E, = E, =10l 2tCtet AL E AW
X—y BHAMUAN B2 AEZS WMt BEAIH

CIB2 0IE Toll(E#)otH,

| &2=01? 0l 21010l M
right—handed circularly polarized wave(# g

1) &= positive circularly polarized wave.

_25_
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HEohA &l BIHS statHE 28 (tip)0l 2tE= AEO0l o

st TEE OIC

[

b

i

&HH 2 At
E(0,t) = Egy cos(wt)ay, +Eqy sin(wt)a, = E,(0,t)a, +E, (0,t)a, .

Ex(o’t) Ey(oit)
- cosat = E (0,t)/E,,, sinwt=E(0,)/E,
cos’wt+sinwt=1 0|2 2, {EX(O,'[)/EOX}Z+{Ey(0,t)/EOy}2 =1

(x/a)?+(y/b)? =1, {E,(0,1)/E,, ' +{E,(01)/E, )" =1

y E,(0,t)
/b\<elipse(a%) E,

X
—a

0x

-b

-E

0y

E, #E,, : elliptical polarized(Et& & 1I}),

E,. = E,, ; circularly polarized(2 & #1t).

1=

Remind) 2§ E& Al E(z) =E,e'd - jE,e a2 26, — ] —e " pgloz Yy gtsLol
sto| MH M2 E,e™ 0Ol 8lotd 90" (=7/2) 2
& XA AS S 2l0|stC

—_—

- 26 -
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o0 yder d= dADE xgek dF A0 Blote 90" 2 #{af0] &AM UCHL oFH

. B _ —Jkezz iE —Jkozz
- E(z) = E,e"™a + jE, e "a,.

phasor (GIJI0IA B2IA By, Eyy = Aa2 IHE)
=AlXl E(z,1) = Re{E(z)e"”’t}z E,, cos(at—k,z)d, —E,, sin(wt—k,z)a,

- E(0,t) = E,, cos(at)d, — E,, sin(at)d,

® wt=0 dets Aot el H0l ol E
— left—handed circularly polarization(Z fie  1t)

clockwise ex) 223 A4 s
direction wt=

IR

; B # EOy

ot =

NN

El 2 = T} (elliptical polarization)

_27_
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XI2MA S (BB 4 (L) B S I 200 et &

question ; SF0 Yy &tsF S22 MAH P x 2ek M H

jk —» Koz =
OerOZ JE e]OZ

T

LY e MO A0l XSEAE HHO SIAN HISHe W0 (=X AE B
H

Cydsgd=E2 A A0l x deEdE A2 Aa0l BlotK 90°(=7/2) & E 2,
H

Yy

2HOIl RI & XH0I0F LB O™ EHIHIF k72

E(z) = E,.e "'a, +E, e

e
<
JA
e
x
og
&
=]

Ans ; A& O} (¢ 02 &X)

- 28 -
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[a]
U SUCH Y LEHHO HRZA
E(z) = Epe' e g, +E, 06 g, = HEE= dFE d240 24
\_Y_} —
E E
X

O X ® IOd| (polarization ratio) PE &2

= d2ote
j(oy —0. i
P = Ey/EX = (Eoy/EOX)-eJ( Yo%) _ (Eoy/EOX)-ejﬁ,where 0=0,-06, 0 &1,
%/_/
OIZ22H Y&E= dAH2 A&0l

XUt MA Q| ANMNECH o[rad]BHS &AM JACHD 2 = AL

Ey/St)
E, | (EoxC0SS, Eoy)
L~ — AR (Axial ratio : =H])
Minor akis B H(Eox » Egy COS0)
(&=) / =0A/OB (1 < AR <)
T N
4 Ex (t) . .
/ E,, — Tilt angle of the ellipse .
% ] 2Eqy Egy COSO
tan2r = 5 5
Maj i _
?J§Fr£?|s Eox EOy

- 29 -
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2Eq, Eqny COSO
— tan 27 = 0x =0y

E(z) = Egye e 10%q, + By 010V e THo7g,
E
X

Ey

(019101 M Egu@ Egy

i
g
10
0z
Uz
>
il

>~
0

ZFH z=00M =AIXl Ex(t)2 Ey(t) E +*otH
Ex(t)= Re{Exejmt}: Re{EOxejaxejwt}: Eox COs(at +06y) -+ (1)
Ey(t)= Re{Eyej“’t}: Re{EOyej5yej“’t}= Egy COS(at+5,) -+ (2)

(1) Al (2)alez2H

Ey (t) =Ccoswt Cosd, —sinwt sindy -+ (3)
0x

E, (t

—y():cosa)t cosSy —sinawt sinsy - (4)
EOy

- 30 -
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H=0HA,
(3) x cos§y — (4) XCOSOy;
Ex(t)cosd, Ey(t)cosdy

= sin wt-(sin oy €0s &y —C0s , sin dy) = sinwt-sin (5, —dy) = sinwt-sind
EOx EOy — -(5)

o
CIDIIN 5=5,-5,0ICH OFEDIX HAIQZ (3)xsing, — (4) xsindy ;

Ex(t)sinoy Ey(t)sindy

= cos wt-(sin Jy C0S Jy —COSJy SINJy) = coswt-sin (Jy —Jy) = coswt-sind

E E
0x Oy T - (B)
(5)° +(6)*;
2 . . 2
E(t)cosd, ~ Ey (t)cos oy .\ Ex(t)sinoy ~ E, (t)sin oy
Eox Eoy Eox Boy

= (sinwt sin§)* + (coswt sin)* = (sin” wt+cos’ wt)sin® & =sin* &

1

2 2
g {Ex—(t)} + {Ey—(t)} — Z{EX(t)}{Ey(t)}-(cosd COS dy +Sin oy, Sin oy )
Eox E Eox E Y y_

oy oy —~—
cos(o, —3,) = Coso

— {Ex—(t)}z+ {Ey—(t)}z— Z{Ex—(t)} : {Ey—(t)} .C0SS =sin’§. -(7)
Eox Eoy Eox Eoy
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(7)°x(Egy) °

Ey, ) E
; [%J L E ) 2+{Ey(t)} 2—2(%}-{Ex(t)}-{Ey(t)}-cos5:(Eoy) sin 26

0x £ 0x H——Z’

P|E
O1I10IH —Y = |P| (1=
EOx

< PP { Ex®} “ = 2[P|-{ E®)}{ Ey ()} coss +{ E, (1)} ? = PR Eg2-sin2s ()
U general form

A{E D} ? +B{E, O}-{E,Of +c{E, ®°=D ()

Conic section, where A= |P°, B=—2|P|cos & C=1, D=|P* Egy2 -sin% 5
B2—4AC =0 ; a parabola B2-4AC = (- Z‘P‘cosé) _4“3‘
B?*—4AC >0 : a hyperbola — _4‘P‘ (1- cos %)
B°—4AC <0 ; a ellipse — _4‘P‘ sin?s <0
EQ -~ ellipse.

rcos(f+y) = Ex(t), rsin(@+y) =E(t),
s.rcos@dcosy —rsindsiny = E, (1),

e1 e2
>Ex(t) and [singcosy +rcosgsiny = Ey(t).
2 e]_
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. e1COoSy —e,siny = E,(t)

+(10)
epcosy +eqsiny = Ey(t) }

(10)al= (9)al0l KAGHH &HelotH,

A(e cosy —e, sinz//)2+B(elcosz//—e2 siny) (e, cosy +¢; siny)+C (e, cosy +e; sin w)? = D.
Ey Ex E, E,

y y

A Helote Aeje, sin 2y

Ae12 cos? y + Ae22 sin? y — 2Ae e, cosy sin v Be,e, cos 2y

~

+ Be12 cosz//sint//—Bez2 sinycosy +Beje, cos? y — Beje, sin® y

» -
: ‘ 8 — Cee,sin 2
+ Ce22 cos® z//+Ce12 sin? v+ 2Cee, cosy siny =D 12 v

= (Acoszy/+Bcosw sinl//+Csin2w) e12+(ésin21//—Bsin W COSy + CcosZK) e22

o B
+ (Bcoszw—Bsinzw +Csin2y —Asin2y) e e, =D
P - S

B covs 2y u

Bcos2y +(C—A)sin2y =00| TI0{0F ae’+Be," =D o SEHDF &0 22 D2 0A

€6 MHH JUlM =0 =06 e, Ol old= Er2E0[ =L 0l B2 w=r.
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- — 2EqpyEqy COSO
B cos 2y = (A—C)sin 2y = - sin2y _ tan 2y = B _ 2\P2\0055 ZZ\P\0025 _ 0x2 0y :
COS 2y A-C  |p"1 1-|P|”  (Eox)” —(Eqy)
(GO0 y =7) .
‘P‘ (-‘P‘=E0y/E0x)
/—/%
oo tan2r = o '2E0y COS(Z - 2( oy o )Cosf
(Eox)” = (Eoy)®  1-(Epy /Eqx)
A
P’
Eoel®Y E
Remind) P = Oye.5 Weld 5=5,-,
Eoxe”*  Eox
-
P |
E
tanZT:Z‘P ‘008'25 P = oy
1-|P | Eox
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Polarization measurements

, A linearly polarized directional antenna, mounted so it can be rotated, is connected to a detector

calibrated to read relative field intensity as shown below:

~

==

Antenna under test 6 =

Rotate test probe wdetector

(a) Measuring system.

%

Linear Elliptical Circular

(b) Typical patterns.

Polarization measuring system and typical patterns. a5
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For an elliptically polarized test antenna, a dumbbell polarization curve (usually referred to as
polarization pattern) is generated. Why?

Answer ;

The tip of the instantaneous electric field vector from the test antenna lies on the polarization
ellipse and rotates at the frequency of the wave.

The output voltage of the LP (Linear polarized) probe o« peak projection of the electric field
onto the LP orientation line at angle 4.

— the distance OP (in the figure below) projected from the tangent point T on the ellipse

— the locus of points P as the LP probe is rotated is fatter than the ellipse.

Line of orientation of LP probe—antenna
Polarization pattern

major axis

Polarization ellipse

w =1 ; tilt angle.

Elliptical polarization
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Line of orientation of LP probe—antenna _

Polarization ellipse.

A . .
\for example, 57 dipole probe (receiving) antenna.

— LP probe response (RMS output voltage) is proportional to the projection of the peak (tip) of
the electric field onto the LP orientation line at angle @ .

Note) The polarization pattern gives the axial ratio magnitude |AR|and the tilt angle z of the
polarization ellipse, but not the sense.
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P o
\ y‘}N Polarization pattern (probe response)
Oy
~ -
-~ y Note) 2t 0ll probe (=41 SHHILIOI S Z &)
y < T J Ol A powe;% =&dotH
/ /E P (Eo ) 2
/ 0 PX py: VZZ‘P‘ 0] g1
X x  (Eox)
- N . J
- -7 Polarization ellipse Probe resp\(;nseE} rms output voltage=
N \ ZoiRe Y- _|pjg 20t
VX EOX
£ 2
Py ( Oy)

E
From the measurement of polarization pattern, v

0x
2
P, E
=2 = p|? and tanZT:&Cosﬁ
Py | Eox 1_‘p‘
04|10l Al P(polarization ratio) =|P \ew
—
_| Boy |, i(8y-5) ==
EOx

2 2 2
— + P, (E . P, (E , =, Power o (%7 }
PX (E()x)2 |: y ( Oy) X ( OX) ( )

and & are obtained by use of

§=05, - 5.
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— Rotating—source method

; OFel & 3 20| linearly polarized source CHHILIE IR ¥l SIX™AIDID SAIUH AUT

(antenna under test)E 1R &S| 8| &AII|H

AUT

Linear receiver

polarization

P —
High speed \/
Low speed

AZ

[m)
0jo
|
ol
&
my
ro

pattern= & =LC}. — rotating source method.
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dB axial T )

ratio

WV

- Maxima and minima correspond to alignment of the source with the major and minor

axis of the polarization ellipse, respectively.

— The AR (axial ratio) is obtained from the envelopes of the pattern. This method is used

for testing nearly circularly polarized antennas.
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B Concluding remarks

— Let’s review what we have discussed in Chapter. 3

Kl 3 &. Antenna Measurements
3—-1. Input impedance& &
- VSWR (Voltage Standing Wave Ratio).
— Bandwidth of an antenna.
- £& A F2oli0F & AIEE (balun, body-effect S).
3—2. Radiation pattern measurement
- =& Al F2oloF & AMEE (58 Xt source S).
— Rayleigh distance 2 Fraunhofer region boundary.
- ({4 IHKl antenna =& ranges.
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3—3. Gain measurements
— Review on Friis transmission formula as basis of the gain measurement methods.
— Two methods for the gain measurements.
i ) Gain — transfer (Gain—Comparison) measurements.
ii ) Absolute — gain measurements.
N { Two—antenna method.
Three—antenna method.

3—4. Polarization measurements
— Review on the polarization concept.
— polarization measurements.
i ) dumbbell polarization curve.
ii ) axial ratio (AR).
iii) polarization ratio (P).
iv) tilt angle(?) of the polarization ellipse.
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