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ASW
Ccw
GPIB
GUI
MTI
PC
RF
SWR
VHF

Abbreviations

Anti Submarine Warfare
Continuous Wave

General Purpose Interface Bus
Graphic User Interface
Moving Target Indication
Personal Computer

Radio Frequency

Standing Wave Ratio

Very High Frequency



Abstract

In this thesis, a program was presented for antenna
measurement with GUI technique. In order to obtain the accuracy
of measurement results and the reduction of the measurement
time, the measurement equipments are automatically controlled by
a proposed program. These equipments are connected by GPIB
cable. The measured data are also normalized automatically by
the proposed program. This software provides visually the
measured results such as a normalized radiation pattern and
antenna gain. As a result, It was confirmed that, the proposed
antenna measurement program showed a good performance.

In addition, measurement results of sonobuoy transmitter was
presented as an example of antenna measurement. A
measurement program for sonobuoy transmitter using GUI
technique was developed, because sonobuoy transmitter should
keep the strict military specification. This program offers
automatic normalization of measured data and shortens
measurement time. In Addition, the SWR and the radiation
patterns and characteristics of sonobuoy transmitter were
measured and estimated. Also the drop out, power density and
spurious radiation of sonobuoy transmitter were measured and
estimated. As a result, sonobuoy transmitter satisfied the military

specification and it showed a good performance.

_iv_



=

A1d A

1.1 4974

_#OT

o
qr
g
o))
A

<A
o
!

il

MJ
ey

=
;OT

ox

B!

o

i

el
X
o

p—

o]

"
o
)
A

il
<
o
Mo

2 xEE o

A4 weee gl Favt sEs

A3}9]

=3
o

aTygn

o))
M

N
o

il

o
o
o

il
=)

)

?_

B

A

2 =47

A2

et Al

ki3

A17171 9

.

0SS
I
—_
o
el
iTl

j—

o

o

of

Q+E| L <

ki3

FAIRE o] 2

©

Fek 2 ol QFHUE SEIA L 3l &40 SHEHY Y

°

=7k

A

7] W Fol ), WEA cteli}e] 7]

= (e}
B

%

ol A

3

o2 ASWE o=

1

0]
pil

g9 3

=

=

ER ot A sd

bl ot

1

9]

°

A}
2l

Al

AERE

[e]
=

il
=

N
JJ
0

-

=
vzel
_Zrl
el
jze]

il

9

I

A7

4 Sonobuoy %4

)B]—

il

z
24

n] =+ o] Military Specification®} Bl 3o 24 =]

}32, Sonobuoy %4

9

Al 2

3 7kt o

0 -
= X

4o

o

o
il

BK
R

Hr
o>

A

il

el
H

H)



o] &3 crEl 24 AnE AN AEDT 7120 e 54
2
1

o] Wol ) ¥ wEolHE olud L
AAstn Aokl B A AP e HH =oAL A
ge]

13 A7+ 5%

Aot A ey 545 98 AF&ste Y=+ Agilent
Abe]l  8530A Microwave Receiver, 8511B Frequency Converter,
83650L  Signal Generator, OrbitAFe]  AL4806-3A  Positioner

Controller So] 9t} 2 =F M= olgf & AHHES GPIB

% ol gste] o 74 qrElviel H4& SHske] ol oty

=r 9] Military Specification®} ¥ a3 F4 3T 2ZH Sonobuoy %41



A 27 A 54 A

2.1 A5k et HAH Axd A

X

flo
N
i)
-
=
12
2
>
ot
)
EL
b
J
i
)
i
2
=2
_O‘L
B

o
[-‘E
a2
o

ol5 Auetdel ARAIZIH vh53 Ao FAFA == 836501
CW Generator® At£319 1, FAAXZE 8511B  Frequency
Converter®} 8530A Microwave ReceiverS AF8-3l% T g <]
o] A4S 98] orbitAbe] AL4806-3A Positioner ControllerE A}
otttk o]t #Z2 SEHL} A A" HAA AL AAE 930
PCel GPIB boardE “dA|star, PCe tHIY 54 vl =S GPIB
cableZ 73St 18 31 Microsoft Visual Basic 6.0 ©o]-838}¢]

et 4 FUES AFH0E Aol AFHA dHY F7

|

—

fs = 70
< 7bestA st A A¥dE PCE FAFT & e AdHY FF
Z2a8s A

a9 212 ¢gHY 54 A2de FAS vEda g CW

= ]
Generatorol A Y42+ $423+= Couplers AA F4letH e}

Frequency Converter® &%+ o]# % Frequency Converter’}
FANTY Fha, AF 5o ANE vefsa dFel Sol e 54
oot s S GHUY 5AS AT HsiA el F414l

b SAGHLE F TROR WAFW FAGE}E o] A&



= FA13}9] Frequency Converter® # & 3tt}l, Microwave Receiver

+ Frequency ConverterZ 4#¥ 35S T35t SAsA

st= QY FA AdE =

Polarization Positioner, <=41¢tH]

Positioner7t 9lol A, ¢teHIVe] AHg 3dE& @grt ol <

A eIV e T8 dhet
2

= U

Hu 24 A2ge AFHoR Ao
MEe HASEG o5 24 47 ¥ 4 g Za

goll A B 2]

Tx Antenna Rx Antenna

Positioner
| Positioner | "
|-Controller Positioner
/ GPIB
_—

cpig B el

Coupler

AL

Signal Generator

29 21 StElv =A Alxa"e] A

Fig. 2.1 Configuration of antenna measurement system.



BASEE GHURRE AGFHoR AdEE AAn oy
Ao mope el §ol2 Qubmow chelihe] Far-Field 4t
54 gusn FAREAE ol 3tel 349 adHOoR BA
th. Far-Field 99 & oreU2 e Pass Axsdrt 24 4%
3 og ARe G 48 wA gk PN W gdomsd &
el gAA ARwes 9Ae Fael Jelss AANEE o

etk AR el ol AEE AT o] kel i oY

A REE GEWE G5EA AsAHY FH q0e EAW
oo dHtE G 4Ag AT QOB F5A ot g
g 5 gom, 54 orlel g E AT =g YA
& Zrevh 19 22% BhelE chelvhel 349 WANIHE ®eFa
21eh,

Y

% 2.2 Yol ZE SrHYe 3AY A E

Fig. 2.2 Radiation pattern of dipole antenna.



2.
T+ E-plane 18] AA9F H P33 x-yHS AAWA = H-plane
olg} FET weA volE tHIYVS Af, AAWE 82 EUs,
AAMLE 0 RS st YTH[3]. 29 2.3& tholE dElve A
AR zZA Al g FoE et v

E-PLANE

H-PLANE

Oy 23 AAHI} ZAHe Ao
Fig. 2.3 Definition of E-plane and H-plane.

el WAL E SA4 ZEae] SAEE

¥
el TE. WA Microwave Receiver?t Positioner Controller?]



GPIB addressE 743t GPIBE o|§3to] ASHANNES A4T
ol Ao Avsel 0 ~ 30 Aol H# ¥ addressE 7HA
i dojof Fr vFo R SAE WA E a2 x2s FYetr] g
picture box® Z7|HAS o, AFRAZE AR S AT E
e Faget A - FR A4RE Y4yt gHor o]
b5 9 = Positionerd] 3] H =3 2% offsets AAstar, SollA o
A3 Signal Generatord =9 Fu¢

SAANL - FE 4RV AFoR

Receiver= &4 <¢telve] &3 943 =¥e7] 9l dual

channel2 AAEC. a8d RE AAL Zya ¥=4 <t}

= v Ao wel 3 AA 7] Microwave Receiver’} Zt=d A= =
AAE HozFd. A A=A NF HAF SAHo Eud
Microwave Receivery PCE A XS AEsta, PCE 413 =4
g FA3 FAHSE AAH text filext AZF T2 WAMYE =

4 Ad3E =9 Tu2]



Read the lnput Data

Y

Creation of Picturebox

Y

Positioner , Receiver
Setting
)

Positioner Axis, Offset
Setting
)

Recelver Setting Dual Channel
! Start, Stop Angle, Freq.
Rotate the Positioner,
Display the Result

¥
Transmit theResulttoPC | ) Amplitude, Phase

Y

Makethe Text file

y

Draw a Graph

Address

Waiting

AR

S 24 ALY S Zeade) #AE

Fig. 2.4 Flowchart of radiation pattern measurement program.

a4 25 HY EAEE ol &sto] AlAT FEIV WANEH =
A zEaHo AgdyE el 54 Fa5, AL T8 45
Positioner®] offset, A4 =34 & A&7 AH A s,
Positioner?] 3@ &%=, WE3y A=

A 4 A= 2dg oz HA



- NBl R as
~ 2R e
e
ray =
" 08

BEBATN "BUS Mode"8I A RE1H

i
BTAF Fi W |

I8 25l S = T

Fig. 2.5 Radiation pattern measurement program.

dH g gGEHYY AR S SAstaar & A5 Spin
Linear'i & o] &3lo WAtHEl S AT 4 2tv}l. Spin Linear® -2
5 954 gEH YA v 3o
&0 IHAA dAFRE DAHATAL, o] F o] gdto] FFA <t
Ast= o]t Spin Linearf o2 =AH
, P2 #1& 9] peak-to-peak

dazRE 954 dHte) F0E 2L & 9

o
>
0
o,
=
i
hl
S
>
FO
o
T
>i
rﬂ
o
2
=
Lot



=

B

.HO
_z#_-

222 o5

!

R

B!

.
o

oo

el
!

rvze)

Nr
o

-

o|J
TR

H)
Nr
il

kel o]

N

b
o
)

X
pE

A

el L7k

b

°]

N
e

b

ol

fvsel

A

)

N

ol

4

(2.1)
(2.1)

% QrEHIVe] o] Solrt[4][5].

=

VA
(G 7)) p=(C9 ,110log 10( P )
s

QHeLhof 3

_Zrl

T

=)

i
b

X
!
o)
Gl

B
o

N

b

2.6

Nk
—_
ar

oy

)

—~
o

L=

A A A

3}

o
=

Al 3 sweep

sweep mode=

Z7]8A 7] AL o]

=

=

=

=

CW Generator

gl

Microwave Receiver
[¢]

5')4

23]

)
Z)

Generator Z}Z

_10_



& FAL tSEEE @ Al T8 FRaE AYsta A& F
T FoE Abold] FAY IJE FE AAIY. Lo
Frequency ConverterolA Alze] <8 .=8xes HAAS 2
Microwave Receiver7} =% d©oJE 2] Ao 545 55 PC
2 AFstes AT o71A Ao AFRe) FFR yolEHE
Z2aPeA FadHe At o8 BAHS AXH Ay =54
H HolHE FA5a o]F o502 WMo, AFF aYzZz o
5 34 498 2990
Inactivethe (. )
| command button | " Set input, output port )
f + ) [ Settotr +sf real/
Initializing of 8530A g Lotransier
L ) L imaginary data )
' R r . )
Set to sweep mode Receive theresult data
" 7 . 7
[ Phaselock at each ( c SENN— )
: onversion to gain
| frequency point | \ . 9 |
f Set start, stop ( 5 ] )
raw agra
\ frequency ) \ grap )
{ ' s * N\
Set measur ed points End
. J \_ J

9% 26 05 24 Zead &A%

Fig. 2.6 Flowchart of gain measurement program.

a8 272 A9 &ME=E o] &5t

A 7} =
Zeagel 49202 teut Agsnd s EFGE Y &

- 11 -



o
™
=
B
o

vzel

v

]
<

wj

0

B
vzel

N

A e EEoheLtel

2P E=

Al grgk =

F arh.

o

A
el

=]
oy
ifln
Eal

w
N

,WO

H)

st

A

)

=

e

= =
a
o
* i)
] e
r i
= = =
g 5 z
=
o kH =
] e G il i
ERTHET =
D5 0266 k3] 5 )
L R e el e - Kk S S 0
= o m = a gl N ﬂ% = 1l
gL tow o o | LHE wD 0
T bE O e i
= o : - LR Ui W
W ez 8. & il il
PR & Tz
T ) &=
Zooeme | Bl GO ©
(IS SR R TR o | e KH %
H A H -
bk
=
=
Ws
e
o
)
o
iy
i

EB

o

=0
I

)
&
o
=)
=
=
=<
=~
@
E
2
o
2
-5
R0

40

10

=, 0l
Gain[dBi]

I‘E*Eﬂ Lt

H

B
N
il

a8 2.7 o]

Fig. 2.7 Gain measurement program

ok L} <]
QHE| L9

7

=
=

3

o
o=H 357

B
ey

&

i

+

ﬂy\_,wo

o]

Ton
<

7ol
i
=
w
lzel

A
ul-
]

—_
o

vze
iTl

el
i

B

oy
r

- 12 -



A3 FARE Z2a9F o] &3 ¢HY A

3.1 ¢tel WA E 54

Azbe rElY WA Y S Ze2ade] HA5S s ASWE
AFE-3F= Sonobuoy 41719 WA EH S At Sonobuoy
15 Witel M4 FAHA reluE AFgetH, A4 FAHFA <
Bl o] 22 WA E & tho]l & QeS| WA E ¥ F st

d 3.1 Sonobuoy FA17]elA Ab&dk= N4 FAHA QHH U

of
E

o
R

N

M

4 ANade YEG

a7

A

g il

B\

5

Shield Room kb

Standard

Sonobuoy Dipole Antenna
Rx

Shielded RF cable

% 31 M4 FARA dHe] BAAE F4 A
Fig. 3.1 Radiation pattern measurement system of A/4 vertical

ground plane antenna.

_13_



S A, 90°e A null points 7FA AFAA F2AHA] e

2 7 AU mebA AFE waed 54 Z2a9

HAW RS as
r2ne
e

a8y y
&0 Fag

a8

PE WA} “BUS Mode"21A]

a9 32 A9y A" 54 A3

Fig. 3.2 Measurement result of radiation pattern.

3.2 ¢HY o] 5 54

AgE orHL oS 24 zZzoade gEuw oS A
A #8982 GHzolo sleeve HEILESE 82 ~ 124
GHzo ] horn ¢rElvte] o5& 247 =434t

a9 339 34% 77 Alkd QAT Y o5 54 xw

- 14 -



a9 HS5E 9 2 GHzo o sleeve $FEIV] o] 5 FA4 34
sleeve ¢tH|U9] o] 5 ZAANRE ettt F21dH Y ZE Rohde
& SchwarzAl9] HF906 ridged horn StHIUE AFE3}% L, o] 5 H]
WE 9% xF SHYEE 1.7 ~ 26 GHze dl9-S 7FA &= Orbit
AFe] SGH430 horn SHEIUE AM&Skdth. B F5AQbH U ALo]
o AgE 3 mE Far-Field 23& $83] UFHFIJ=E 59
Sleeve StE|LU9] o] 5

ol 2 GHz ul 9ol A

19 3.3 Sleeve SHHIL}LE] o]5 =4

Fig. 3.3 Gain measurement of sleeve antenna.

_15_



Program (SRANT Lab, ) 1 =100

% E= T

BT LIS ST FUA2
& SGHA30 (1,7 ~ 2.6 GHz)
" 5GH284 (2.6 ~ 3,95 GHz)
" SGHI0N (8.2 ~ 12.4 GHz)
€ SGHe2 (18 ~ 26,5 GHz)

Gain[dBi] " SGH28 (265 ~ 40 GHz)

S ZnLE ZH FUAlR

\‘w\ e e // L 1 [T ghz=Pe gz M = point

. | BUZTE STl FUAI2
Wl
2.15

-20 0| 5=

23

EZ Homn &%

Az Z B8 | Test 2HILIS STEILICH

Test QHHILE 28
Ol SR EE

=
=
i K}

122 Frequency [GHz] 2.6 BE HomE S3EHL

19 3.4 Sleeve SHHI U Y] o5 =4y

Fig. 3.4 Gain measurement result of sleeve antenna.

%Y 359 3.6 Flann MicrowaveAle] 82 ~ 124 GHzul <]
16240A horn ¢tH| U] o] 5 5424 % horn SHElU S o5 SAH 4
H}E yveldth $29EUEE Rohde & SchwarzAbel HEF906
ridged horn StEIUE AFE8t3aL, o5 HWE 93 EF GHU=R
= 82 ~ 124 GHzY W9 7IA &= OrbitAbe] SGHION horn <1
U= ARgstlo =g FEAGEHY Atole] Age 3 mE

Far-Fiel sl W= & 5k A TH8I.

o
BN
M
tlo
of\
Sh

_16_



19 35 Horn ¢He|U 9] o] 5 =4

Fig. 3.5 Gain measurement of horn antenna.

-l =

w 0O|S=% Program (SRANT Lah,)

40

‘GainldBil

12.4
Test 2HLI=

EF HomnZ SZEUCH
EZ Hom &
Test SHILL S5

Frequency [GHz]
- |

R
2}

Jn

sk o]

CHLI =HZs
1% 3.6 Horn $tE|WVE o] =
Fig. 3.6 Gain measurement result of horn antenna

o5 2423 A FH5 geelA 20 dB of
horn QFHIY Al ZAHI9ZF A&

o
.

- 17 -

Horn °te|0 9]

o5& HUTE oA

9



_18_



Al 4 & Sonobuoy 41719 =A

otelv} =A9 vt e o & Sonobuoy 41719 EAS =H5)
7] g Az"E FEHea, 54 HE AZEAE A A
WA oYU WA E, dEdE
SAE dHolHE FHAFHe dHIS df, ofE aHZ=E HA ¢

FOES gr zZeade GUI $Aoz Taddd. AEwAd
=

" 412 iAol ARS8 = Sonobuoye] WS WERWITH
Sonobuoy= ¥l el FFEHEL] S R AE AN e
FHlE mety SFEALHE F& FEVI(EHAEER Edh
Sonobuoy¥ A HMWof walk Agidlo] W= AgE E1 EA4 9

=)
=

% Sonobuoy® e A
5 =

P
T

T AL =8 222 35 U 2 AdielA
3

7l e fAE AZe] FFeotstr] HE AT St e
2 o8 7H9 SonobuoyE Filste] FHFoRREY &= =73}

of e AAE detst= Aolw. o2 A Sonobuoy=
2 WEsto] Favld ARE FAsA =M,

=
olu] Abg%+= F$AF34= Military Specificationdl /1 A3 VHF

_19_



e ARSSHAl E 101,

Sonobuoy

/

Submarine

13 4.1 Sonobuoy 41719 71

Fig. 4.1 Concept of Sonobuoy transmitter.

o] Alzdlo] A% = VHF(136 MHz ~ 1735 MHz)t

=
=
spectrum® E217]1% ¢ Hol A AurA o] xwaa o

2 o
AW

of Fota & 4 ok =Y oI vaA 2 Hola

1=
Wrhs Aol Alor Aol wolams Fusel A&7ER
o}

|
H

o
i

esle 4% ® ohe A gol A Evk: FHe Atk F %
5% o FEAYAMTDE 9% A4 As 2719 FA4A ol
LoonthE ¥ Fus gge AuvhE Age] 43 ® Fus

_20_



7b F7bEel wE ol EA Y @§AENRE ATdse B34 =(Blind
Speed)ell daiA = FdAow Hivts FHEo] Avk. =T
2RE WRALE o] Fug UG E wAlVE HA o,
Zol Fog WAL WH A FRATE A oot FHolA
HkAbshef o] Afolo] dojt BT Aol AA oA
o FHo FAAYHFEFF ALY 2¥] B)E FHA=
PR vk g B o3 §AAY Y] S AS vE
nZrelq 2 v o388 d(NulDol A7 g dige] dojue
IE 2 doh mEbA o] Fag oS AT 4
2 gAY gl A7 AHg ArF el Agtsitt. o

el o] F Aot Z AFeAE

g gse AYEtE 3

o T Sk
£ oo > BN
Mo Nt B Jo

il
)

it

—_—

_I
N om

2

ol
2
I~
e
i)

i
il
kel
i
ot
ofy
)
>

o
ZAse H5e wAG

=
A== B sk 1]

4.2.1 Sonobuoy $47]9 &A A€ 4

Adaekdol s VHFH F3b543 7HA = SFHYVAI =" o] WAL
H3 4671 Hallds g e duperde]l dasit. o olfr e
Far-Fieldol A HAi RS 4 3HA ¥ 22 Far-Fieldel #&d ¢
Aol =717 4757 wWEelth 4 (41)& Far-Fieldg "HE5A17] =
Al GHURE AYE YEUle Ao® A A F F54l
QhEluF Akole] A= ctelue] A7 ef Ab&Fabgro] &7

S
=

- 21 -



(4.1)

2
ps 250"
71 A e FFAEIUINY] A", pE SrEIV] XWHA A
E ool A FATHI2I3L WebA o A2 ol g3te] ¥ ZAo] B
agk Aoty FFALH UL AYE A W 1 4139 2
=
® 41 AadAd e FFAbH U A
Table 4.1 Distance between transmitting antenna and receiving
antenna in anechoic chamber.
T 3 (f) 136 MHz 154 MHz 173.5 MHz
- (N) 2.2 m 1.948 m 1.73 m
21 ehe . , |
2w A (D) 3.47 m 3.08 m 2.73 m
EagEe
m 9.74 m 8.64 m
712 (R)
o] 7] A FAGEHYE FAHAY HdEAHUE Aol 46 cm
olal MA e FAHFIFo sl A AVIE 7hxITh g FAlE
Hubs Wby EEgelE HUE Agagon, FAcH LS &
A p=2n,(4+ »HE ANHAAG. EIF WAEF ,=(0.5 cm=E
AL, po= wHaoE ALbE AT
kA FaAlekH Ukl Al E 1095 mE dolok sy, o] =
wEals Aot A 40| ool Bl B AFE 94 A}
- 22 -



op

il

L
k%

g o] FFAtE Ut A= 11 m2 §to] Far-Field

2 w3 A skl m=3 Military Specificationol] A A 3 F 341
7} 136 ~ 1735 MHzo| 2=, 7} e Fut49 136 MHz, 7%
=2 Fu49 1735 MHz 8]l FTAF942A 154 MHzol A

>
)
Lo
A

X,
tlo
5\
2
ofs

2

Military Specification®] W2 Sonobuoy %
o 29 42+ A3dd WolA Sonobuoy FA7IE ZAHsH7] 9%
A"l FAEE Bola 9t} Sonobuoy 41715 Myt =
e Aol ofd oA FAHE dsA HW
Sonobuoy #4717} 7HAl= A &3 54 & 5 gl7] wWiold. o
g A e o] wlg Foeta e AATHe] JUYE AAL
AE ARG A SAHAH. F4 =

Abolel A& 11 mojar, =% Ao] A4 Microwave Receiver
£ Ssto] A AEE ArHd dHste] WA E S 1A &

o3
AN .

Ae= o

o

o

Shielded ]
Control Room Standard
M/W Dipole Antenna

Rx

Recelver

Shielded RF cable

9 4.2 Sonobuoy A4S H3 A" FAHAE

Fig. 4.2 System Configuration for Sonobuoy measurement.

_23_



4.2.2 Sonobuoy ¢tHI Y] F+x

7% 43€ Sonobuoy SHEIVRe] FEE Uehdth of QrEE
FAHAY R hHLe] ZolE 46 emE wAH o] 9ow,
_]

A" = (L& ol &8st AFagolAe] <ol Aol A4t

rr

A
B
>
ai)
[>
o

it
o
ofo
ol
o
2
=
£
9
1o,
wy
o
Ll
N

al
ol EHE ol LFIHAA FXs=E Sk Az e

N
2
z
-
rlr
ol—N
i
2
ot
00
[\
0O
o
N
32
K
w
X
o)

5
lo
N
£
>
i)
S
o
o)
=

jn)
lo

£
Ll
:[o
Ry
ro
v

.ol F

COAX 63 [nH] e ;A: 'I\-ﬁ_ -------

d 34 [pFI__ | 82Q
REIN Matching

Circuit

19 4.3 Sonobuoy SHHIUC] FX

Fig. 4.3 Structure of Sonobuoy antenna.
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Fig. 4.9 Radiation pattern of Vertical polarization.
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Table 4.2 Measurement result of vertical polarization.

05° ~ 3% | 3° ~ 16° | 15° ~ 60° 90°

MIL 3.6.3.1 |-16 dB ©] 4 -3 dB o] |-12 dB ©]4H-20 dB ©] 3}

Sonobuoy -
-3dB ©°]%| -3 dB °]% [-12 dB o] A&|-25 dB ©] s}

transmitter
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Fig. 4.12 Radiation pattern of horizontal polarization.
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Table 4.4 Measurement result of power density.

Z49 A9 AYFF7)
Ad | Fasp
[dBm] | [mW] | A¢V] | AFA]

32 136.000 20.5 112.1 175 0.25
38 138.250 20.4 110.9 175 0.25
43 140.125 20.6 113.8 175 0.25
48 142.000 20.4 110.8 175 0.25
54 144.250 20.5 113.5 175 0.25
59 146.125 20.6 114.7 175 0.25
64 148.000 20.7 116.2 175 0.25
70 150.250 20.8 119.8 175 0.25
75 152.125 20.9 123.1 175 0.25
30 154.000 21.0 124.9 175 0.25
36 156.250 21.0 127.2 175 0.25
91 158.125 20.9 122.7 175 0.25
96 160.000 20.8 119.6 175 0.25
1 162.250 20.7 118.3 175 0.25
19 164.125 20.6 114.7 175 0.25
6 166.000 20.6 115.2 175 0.25

168.250 20.5 1114 175 0.25
27 170.125 20.4 108.9 175 0.25
14 172.000 20.3 107.2 175 0.25
16 173.500 20.2 105.3 175 0.25
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Fig. 4.15 Measurement result of power density.
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Fig. 4.16 Spurious radiation.
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