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SUMMARY

In this report, six reference horn antennas divided by three bands
to 180z for calibration are produced. Its frequency ranges are from
2.5 to 18CHz, which VSWRs are below 2 : 1, and antenna gains
are above 13dB. The calibration methods of horn antennas in OATS
with conducting plane are sought for. Standard Site Method of
ANSI C63.5 is considered for a calibration method of horn antenna
in OATS.

Also i1n this report, a simple Reference Antenna Method is
proposed. The method 1s basis on 1dea that a information for
electric field at receiving location can give a antenna gain of
transmitting antenna. The existing Reference Antenna Method or
Standard Antenna Method need three antennas - one reference (or
standard) antenna, one antenna under -calibration(AUC) and one
transmitting antenna and also have to measure a insertion loss
between antennas or voltages two times in order to yield antenna
factors. The proposed method uses two antenna, a reference antenna
which 1s known for its antenna factor or can measure a electric
field at receiving location, and one AUCas transmitting. The method
needs to only once measuring setup and also require one time
measurement for the insertion loss or power and voltage. Basic
expressions for the proposed reference antenna method are derived
both in Free space like a anechoic chamber and in Open Area Test
Site (OATS) with a conducting plane. Measuring procedure is
explained. Using reference antenna which factors were already
known for, and NIST type diode loaded standard dipoles used with
receiving only, antenna gains of biconical and LP antenna as AUCs
were measured due to the proposed reference antenna method. And

antenna gains of the AUCs were also measured due to 3-antenna



Standard Site Method in OATS with 60mx30m conducting plane of
Radio Research Agency. The comparison results between the two

methods show good agreement.
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E-7 & <ty ZHdo] A7y fast WdFoer mvpye] Fi} %
= dolm Fo] Wger A w93 dHzE dIH e [2d™ 21.2]
oM HolFw olE M sty] Ak eyt e [19 2.1.3]4 ¢ 2ot

1o
N,
ofl
2
O,
td
oy

(1% 21.2] E-W & obEY

[219) 2.1.3] E-W & e UE sMstr] g8t 718 %

Ste| Y 3}x} Balanis®l] w2
a gl

) E W & el AT A4 2 AAe A
7] thest o] FolAin .

o}
EZ, = Ex’: Hy,:O
E, (x", yv) = Eicos(nx’/a) exp(-jky*/2p1)

H,(x", y) = jE;n/(kan) sin(nx’/a) exp(-jky %/2p)) (2.1.1)
Hy(x', v) = -Ei/n cos(nx’/a) exp(-jky */2p1)
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o714 p; = pecos(we), n = 1/(120m) ©]t}.

e he] ¥ AR UEE -2 < X0 < a2 2 b2 <y < b2
H 9] of] A
I (x", v) = -Eun cos(nx’/a) exp(-jky */2p1) (2.1.2)
(2.1.3)

My (x", v°) = Eicos(nx/a) exp(-jky*/2p1)

oty ME Y J, =y, M

Ooftt. ofell uwhe} 7+ <t

RS 7EAa 9) 9] =
Hu7t WAsls A7) A2 o 2o
Eo = (-jke ™)/(4nr) (Ly + nNo) (2.1.4)
Ey = (jke™)/(4mr) (Lo + nNy) (2.1.5)
o714
Ne = [I's (JxcosOcosd + JycosOsind - J,sinO) exp(jkr cosy) ds” (2.1.6)
(2.1.7)

Ny = [« (~Jxsind + Jycosd)exp(jkr cosy) ds”

Lo = [« (MxcosBcosd + MycosOsind - M,sin®) exp(jkr'cosy) ds” (2.1.8)
(2.1.9)

Ny = [« (-Msind + Mycosd)exp(jkr'cosy) ds”

W2 (2.1.2) 9 w2t (2.1.6)2] Ne=

No = [« [ “Ei/n, cos(mx’/a) exp(-jky */2p1)cosOsind ] exp(jkr cosy) ds”

r'cosy = xX'sinOcosd + y sinOsind

ooz Be Ao fEET
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Ne = [I's [ “Ei/n, cos(nx’/a) exp(-jky */2p1) cosOsind ] expljk(x sinOcosd +
v sinOsind)] ds”

= -Eiv/n cosOsing [ Wgwcos(nx’/a)exp(jkx’sin@coscb)dX’ [ Zexp(~jky /2
p1) exp(jky sinOsin®) dy”

[ an?cos(mx’/a)exp(ikx “sinBcosd)dx” = —(ra/2) [cos(kasinOcosd/2)/{ (kasin®
cosd/2)°~ (1/2)*} 1

o]

I o2 %exp(-iky %/2p1) exp(iky sin@sind) dy”
=/ (np/k) exp(iky*/2p1) [{C(t2)-Clt1) — j{S(to)-S(t)}]

ojt}. o 7] 4

Ct) =y +In(t) + [ (cosu - 1/u du
S(t) = [ o sinu/u du

t1 = ~bi/v/ (2\p1)

t2 = bi/v/ (2Ap1)

ot} =

No = -Ei(na/2) +/ (npi/k) exp(jky*/2p1) cosOsind/n, [ cos(kasin®cosd/2) /
{(kasin©cosd/2)’~ (1/2)°} 1 [{Clt)-C(t)} - H{S(t2)-S(t)}] (2.1.10)

oW fAE FEFRS Fohu

Ny = Ei(na/2) v (mpi/k) exp(jky*/2p1) cosd/n [ cos(kasinOcosd/2) / {(kasin®
cosd/2)*~ (1/2)*} 1 F(ty, to)

Lo = - Eima/2) v (npi/k) exp(jky®/2p1) cosOcosd [ cos(kasinOcosd/2) /
{(kasinOcosd/2)*~ (n/2)*} 1 F(ty, t2)
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Ly = Ei(ma/2) v/ (np/k) exp(jky*/2p1) sind [ cos(kasinOcosd/2) / {(kasin®
cosd/2)*~ (1/2)%} 1 F(ty, t2)

(2.1.11)
F(t, t2) = {C(t)-C(t)} - j{S(t2)-S(t)} & L=t

g Al (21.4), (215), (21.10) 2 (2.1.11D) ¢] s}
AbE A7) A7lE 7h7 The s o] Fojt

Eo = —j (a+/ (kzp1) E1 e ™)/(8r) exp(iky*/2p1) sind (1+cos®) cos(kasin©cosd
/2) / {(kasin©cosd/2)*~ (n/2)*} 1 F(ty, to) (2.1.12)

Ey = —j (a+/ (knpy) Er e ™)/(8r) exp(iky”/2p1) cosd (1+cos®) cos(kasinOcosd
/2) / {(kasinOcosd/2)* (1/2)*} 1 F(ty, to) (2.1.13)

gYeR B W E Eus BAlse A 4

il

= ve 2
Unmax = 17200 [EPmax (2.1.14)

1714

2 2 2
|E| max = |E6| max + |E(1)| max

o] EotHUe A HAE 6=0 ¢l z o2 HWALE Fhu)

A
rfot

ol -
[Eolmax = a+/ (knpy) /(n’r) [E;sind F(ti, to)]

[Eolnax = a+/ (kxpy) /(n°r) |E;cosd Flty, to) (2.1.15)
t = —tp =t o¥

| F(t, t2)| = [ F(t, -t = 2IC(t) - jSI = 2[Ft)| o]t}

aYER (21.14)% e 2

Unmax = 2a%kp1 /(ur) [E1PIF ()] (2.1.16)
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E 7 EQteu7E BAabels S92 2909 WE el 25}

s

r’l

Prd = [ s RelE x H] ds

2 FolAa B4 211 AL§au

Re[E x H] = |E1/*/n cos’(nx’/a) o2& WA} 4

== <N
—

wa = b2 an? IE? cosi(nx/a) dx” = aby/4n [Ed? (2.1.17)

G = 4T[Umax / Prad

A2 (21.16), (21.17) 2 (21.18)% o] &3stH E

o 1
&3 2,
Ge = 4nUnax /Prag = 64apy/mAb; [F()I (2.1.19)

(3) H-H = otgo] a4

H-1 & <telu= 7ia-wol A7)y H3s waor w=yvpyte] i b
o Zolz 7z wgo A Hold Yz AFHA mHe [y 214]
o Al HolFm o]E A elr] {3t Vet xE (2™ 215949 2o}

(219 214] H-A & <ty AFHA w5

15



(18] 2.15] H-H & ¢teyE sjAstr] 93 718 +%

HWH & QHY 759 AdA 2 A M7e o3 2ol Fojxit
E, = E<'= H,’=0

E, (x", v') = Escos(nx’/a) exp(-jky */2ps)

Hy(x7, v°) = -Eo/n cos(nx’/a) exp(-iky */2ps) (2.1.20)

p2 = pncos(yp)

oldel E W EotElvel #A3 §A8 Agow AALE Uput: o7
A = 1_]4.

Unmax = b°p2 /4N B4 [Clw) - COP+[S) - SWTIP)  (2.1.21)
o] 7] A

u= (v (Ap2)/ar —a/~v (Ap2))/ V2
u= (v (Ap2)/ar +a/~/ (Ap2) )/ V2 °]th

H @ E9teLe] 594 488 thgat gon

Pra = bar/dn |Eof* (2.1.22)

rlo

tE o

A

Gu = 4mUmax /Prad = 4mbpy/Aar {[Cw) - CPP+[S) - ST} (2.1.23)
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2 Fojdyt

(3) Han =8 & oty o=

(22 21119 FHu=d & oyl 9oa] =os E ® 2 [ W Foty)
o] AT Up®t WAMAE Predl §5 A%E olgstd thgy 2ol

SERCS

Umax = |Eol? pipz /200 { [Cw) - CONP +[ S) - ST} IF®I?
Pra = aibi/4n, |Eol* (2.1.24)

aYmE g Eoteite] oS

G = 8mpips /(atb) {[C) - CWP+[S) - ST} IF@)

= 7\ /(32ab) GeGu (2.1.25)
olgfst FElo = & HH YL FXRAA Yo AlTES
Al o slo]

P. = (b1 -b) V[ (ps/b1)* - 1/4] (2.1.26)

A A Hol| ) 3}
Py = (a1-a) V[ (pv/a)*- 1/4] (2.1.27)

2 QS P, = P, 7t 4YSHA oW sleis § Eote
2 e8] Brhssria g,

uls
e
Ak
2
o

A 24 JZu=g & SHUS 24 2 AEHNA
K

(1) EHeu AAS 918 AH3
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Lo
) 1/2

(2% 2211 & Stely} =saa ATE T2

™ RE=9t TE BEs EAHAT TEM REs EA6HA] 2=

o
= ¢} .
O A5 EE wuaelq s3eow ddels Axivie] WA WAL thew
s

VxE = —jopH
VxH= -joek (22.1)
o] 7] A

E=[E& v)e'™ E/(x ye'™” E/x ye'¥],
H=[Hx, ye '™ H(x ye '™ H/(x, ye '] (22.2)
ot}

TE == E, =0 o]aL H, =0 o|=& (22.1)¥ (222258 &3 22 #Ar} A
=N

H = -iB/K. dH/dx
H, =-ip/K. dH/dy
Ec = jo/k’e 0H/dy
E, = -jowk 0H/dx (223)

A7) K. = K-Bol k= (ne)2 =33 o] sueeln ki Auus
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f’ﬁ

W E (cutoff wavenumber)Z Ao|H 3 T @oA] Ayl A" 4 = F
17

S0 g o] =) (19 22113 28 =93 29 A1 AR H,
et A AL vt 2k

(0%0x* + 3%/dy + KoHAx, y) = 0. (224)

A FEle] et H(x, y) = X&Y(y)ek e tho] A Heich

dX/d + KX = 0

dY/dy” + K5Y = 0

I+ 1 = K (225)

H,ell gk dvtsli=

= ( Acoskx + Bsinkex ) ( Ceoskyy + Dsinkyy ) ) (2.26)

2 sAEch St mAEe] HAER A71ES

Exx,y) =0, 0<y<b

E(x,y) =0, 0<x<a (2.2.7)

OB (2259 (227 uke}

H(X, v, 2) = Amn cos(mmx/a) cos(nmy/b) e ¥

o]aL,

E(X, v, 2) = (jounn/k’b) A cos(mmx/a) sin(nmy/b) e ™

E(x, v, 2) = (Gounw/k’:a) Am sin(mnx/a) cos(nmy/b) e ¥

Ho(x, v, 2) = (Brmr/k’:a) Am sin(mmx/a) cos(nmy/b) e ¥

H(x, v, 2) = (Bmu/K’h) Am cos(mmx/a) sin(nmy/b) e ' (22.8)

=8
TM REAME H,=0 o] E, =0 o]=2 TE Redish 22 348 AX™

EZ(X’ y’ Z) = anSln(HmX/a) Sln(n]-[y/b) e_jBZ
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E(x, v, z) = (-iBmu/k’a) Bum cos(mmx/a) sin(nmy/b) e '™
E/(x, v, 2) = (-iBnm/k’b) Bu sin(mmx/a) cos(nmy/b) e
He(x, v, 2) = (joen/k’b) B sin(mmx/a) cos(nmy/b) e ¥

H(x, v, z) = (joemn/k:a) B cos(mmx/a) sin(nmy/b) e 1% (22.9)

= dAEH:

o] frgl AonyE TE 9 TM REdA Aspis B 23
B=v (K =V [K - (mm/a)” - (nm/b)” ] (2.2.10)

2 FolAe,

k> ke=+/[ (mr/a)® + (nw/b)* ] (2.2.11)

d o B 7t Agt Hol Evhiel Auprt ZbEsiAl "k a>b 91 A 8
(2283 221D wet TE REdM 7P w2 F3E= m=1, n=0 22 TEp

fo=cky2n=[c+/ (Wa)*1/2n = ¢/2a (2.2.12)

of gk, TM EEdAE (229)¢

ol o714 o= AT AHFI Zo]
wes e gdob wane £3 @ 4

(2210 93k TMy, TMo, 2 TMio
9= B TM = HA Fiis=

f.=ckys2n={c+/ [ (Wa)*+ (wh)*]}/2n (2.2.13)

do. ayee =33s Siele HA Sl A FaE TRy Z=00 24
(22.12) olt}. v<= WSS #A12 (221008 oz FAEHE B= 2n/A,, k= 21/
o, ke =21/Ac ©JEE (2210)& t}&y} 7ro] Hrk

1A=+ (1/A* - /AD (2.2.14)

a3 (221) E=aae] xR Holi= L= A2, F47E] o] Ly= N/47} AZE3
o},
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(2) Etet A2

‘A ]}\1 T‘_l:_ 21 } ]'o
(21.20¢] 231
& ckEke] A

vt

o wE AuEds 9
Srolq 34 gedow WA & kR Asssich 7 gee)
271 AAERE 29 (222), 223) 2 2249 F <21.1>°04

FANe FEow TSk

Bl A AlF =27

24 o (1) o (2) o < (3) H| 3L
a 7.6 4.8 3.3
A 24 12 t
b 4.3 2.65 1.8
B 15 7 5.3 w9
C 30 15.6 12.3 cm
Lg 19 9 75
E 28 15 12
d 0.2
A
a
Lo
<>
Vi v
) )
AHE SHE
[2% 222] & <HEly AA=W A, Sk
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(3) Al&Edol A

[29 2.24] & <te

T

AAE E<tHE HESSe| ¢]ste] <QtH U o]5 & = 'Yo
%01 %a}% U ol 53 slelo] Uoms AAE 24 2 459
(A e), @A), Bde)el AlEgeold Aol izl o] FE 2.22>00 4
<3#2.2.3> :1\1] HH2 [29 225]A4 [28 2.212]04 HolE
(1<)
<HE 222> (AN Y:2.7-60) o5 AlEH 9]
Frequency 3GHz 4GHz 5GHz 6GHz
Gain 15.6 17.71 19.14 20.17
delta 16.47 13.91 12.78 11.53
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3GHz

28 Oct 2010

Ansoft Corporation
Radiation Pattern 1
HFSSDesign1

11:14:30

i
dBiGainTotal) [db]
Phi=0deg
Setup - Sweepl

——
dB(GainTatal) [db]
Phi=30deg
Setup1 : Sweep1

A4GHz

28 Oct 2010

Ansoft Corporation
Radiation Pattern 1
HFSSDesign1

11:15:42

i
dBiGainTotal) [db]
Phi=0deg
Setupl - Sweepl

——
dB(GainTatal) [db]
Phi=30deg
Setup1 : Sweep1

24

[29 225] AWe) 30 = 40z EH 2 HH Al &9
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5GHz

28 Oct 2010
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: = THELAFANPL)ON A Akt ALk
bR HolEREA o]E2H o R QHHY A7 AAEE QtElUE RF 417]
of ddste AsE FAHSY. FEdHUES [1§ 412149 <FHYV X $
& 7o ® olgsty FAWY AQHUE Edhete] FAQMHY, ZETEHIL
3709 <tEIVIE Hast X ske flste] F W 54 Aldo] F Qs
NIST® FF=Qtelvs vha3t #Zo] wA A ey QxS ALkt
AFr = Vre/(Lett VR) = (@Vpe + b)/(Lest Vr) (4.1.5)

o] 714 AFpe AU telvhe] <ty Q1Af, = NIST EFtho] &
Hr = /i3 2 RF Ao 24 RF-DC #AZHE Vpeoll 28| Hety =
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RF Sk, Vpe= NIST #EEthel&o] A6k DC S, Ve NIST thol&
= talste] Agkd WA tElvrr 543 RE AdSh ast b= NIST o
o] %9 RF-DC ¥#A 9] Hlel &<, Ler = NIST tholE& duWHES Fa A
2A AS5Hdo] LIt v #AZE A HEh

A/7 tan(nL/2\) (4.1.6)

AFr = AFsr Vst/Vrr

AFsr = NPLE ZEorevhe] Ak
7} A3k RF A, AFre
A gkl AT QHH Ll
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Er = [/ (30GrP1)l/di
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A 2 d ZHF7 EE Anechoic A <tEY o5 =4

W J1F EE EFE FAHH] SI47h Ay olebd el Q14be] 49
o wheh FAZS) AABE B el A4E #4717k A A Vi
o olstel Ak,

Er = AFgre Vr (4.2.1)

WA 4192 4210 tgsha

t
=
|

= AFge Vi = [/ (30GrP1)]/d (4.2.2)

o] 41718l 4 Mg Zgol e

il

QL
=
ol
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=

rlo

Pr = V%/Zir (4.2.3)

2 Folxith A (4.23)& (422)d tHdste]

AFge v/ ( PrZip) = [/ (30GrPr)l/dy (4.2.3)
= A=Y Arr = Pr/ProlEl s (4.23)2 FSAItHIYS] o5 Groll usl
A theel 4yeh

Gr = di AF%e Zin/(30 A% (4.2.4)

H

O+

2 (4.24)7F $217F dste wAA o
QeI Aol Al d B 4R
Grg AT F7F vk o] WA
TFAIRFH L 2] Qb L Q1%
BlLte] QtelL o5& S g

A4 (4242 BE Fdsd 3 2o

ro, 2 i Hd
-~
it
({4
=
pass

H

O+

Gr(dB) = 2.22 + AFge(dB/m) + 20logd; - Agrr(dB)  (4.2.5)
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PT

(29 431] ok A Al dEete e o5 54

25 HAAWS 717 oAl gS [ 431]04AHH A HAHoZ R
B whAbsbsb wA g vt aket 2ray Rdo] wEd whAlusl EAlsks of
AN FGAN A7)Fe A7s B (418)F FARH tEor Folx
=3

Er = [/ (B0GPp] (e ™/d; - e %/dy) (4.3.1)
A71#e] 582 (43.1)& A7 2 FA S

IErl = v/ (30GtPp) le */d, - e ™*¥2/dy| = +/ (30GtPr) D (4.3.2)
o] 714 D=le™/d; - e "/ dylo 2 A ThS T o] Fol Rt}

D = V{d’+di* - 2didecoslk(do-d)]}/(did) (4.3.3)

A (41.8)¥% (432)F H|

= }“3 L} o) So] I ;A4 (4249
(4.25)= &3 2ol ekl 4 ¢
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Gr = AF%g Zir/(30 D* A%ky) (4.3.4)

Gr(dB) = 2.22 + AFge(dB/m) - 20logD - Arr(dB)  (4.3.5)

b, [’ 43100 M o o] F=AE AN WA (4149 Ep™= L
d¥ SHHIY 2ol hoot thal = Itb =0l Imoll A 4mell A th2 27
&R AT ghol Al A AA <tEly IR AlAEREH

27 o

-

=,

E = v/ (49.1) V{d + di* - 2didscoslk(da—d)1}/(didy) (4.3.6)
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Er = (aVpc + b)/Legs (4.3.7)

WA (437)S (4320 tHYstA (4.34) 2 (4359 FAMSHAl SAoHEH Y
o o]5o] thgu} o] Yejxitt.
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<HE 43.1> Ep™ 9} 20logD|™™ H] a3k

Frequency(MHz) 20logD™™(dB/m) Ep"(dBuV/m)
30 -21.69 476
35 -20.49 -3.56
40 -19.47 -2.56
45 -18.61 -1.69
50 -17.87 -0.95
60 -16.69 0.24
70 -15.83 1.09
30 -15.24 1.69
90 -14.87 2.05
100 -14.71 2.21
120 -14.53 2.39
140 -14.43 2.49
160 -14.36 2.56
180 -14.32 2.60
200 -14.29 2.63
250 -14.24 2.68
300 -14.21 2.71
400 -14.2 2.71
500 -14.35 2.57
600 -14.29 2.63
700 -14.25 2.67
800 -14.23 2.69
900 -14.21 2.71
1000 -14.20 272

Gr = [(aVpe + b)/Le I’ Z1r/(30 D* Pr) (4.3.8)

Gr(dB) = -14.77 + 20log[(aVpc + b)/Lei] = 20logD - Pr(dB)  (4.3.9)

o] 7] (435)% 20logD|™ 7} ¥ X HeA T <teL} Abole] 7ha] ek
Arr(dB)E S48t FAGEYS] o5& Zgtsh=d whe| NISTE vholE
& TASHYE Abgss A A (439 20logDl™ 7 S A3

&

AAE Pr(dB) B Vpegs S48kl AL
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AF? = 4807%/(\*ZirG) (4.3.10)

a8 u2 ARFsk yEFEI VRl od] AlatE FAIQHH U QFHIL o5 W
A2 (4.24), (4.34) Z (4389 (4.3.100& Ag3std vp2y zo] ztz &4
e Lhe] QHH Y 1A SAHMAAN S =T & dTh

AFT = IZOﬁART/D\dlAFRE\/ (ZLRZLT)] (4311)

AFt = 120nDARrT/[NAFreY (ZirZit)] (4.3.12)

AFr = 120nD/A (aVpe + b)/Ler v/ (Pr/Zir)] (4.3.13)
AZIA Zire FAS Ao g dmd ol 50QA 28 Zig=Zir

=50QollA dB= (4.3.11), (4.3.12) ¥ (4.3.13)2 EAletH 7}7} E1r%ﬂr 2ol
FAA

AFr(dB/m) = 1754 - AFge(dB/m) -20log(Adi) + Arr(dB) (4.3.14)

AFr(dB/m) = 1754 - AFge(dB/m) -20log(A/D) + Agrr(dB) (4.3.15)

AFr(dB/m) = 34.53+20log[(aVpc + b)/Lett] ~20log(A/D) +Pr(dB)  (4.3.16)
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A4 d Az 7ETHUERA AT 4 23 ¥

o

(1) ¢telY IAE L4 de= 35

= HarAel A A<l

ot

M2 71EetElvg e fFads &dstr] fskel o
Y QIALE & e GHIYUEA ZEAIR G st 1 #s W
A SASA o HERE A Aol ofdte] <QHEILE IAZE FolX QHE|UE o
stk 1 7]%"’&3]1/}% Schwarzbeck LP UHALPo|H <¢tev} A %247}
el EE=AI A et SA47 <HHY QA=
<% 441>0ﬂ A l-ﬂ_oi—vﬁ} =2 7]= Agilent Network Analyzer 8362BE At
&otdon 4 oY <tHlve 7E tEVS 2& F7< Schwarzbeck
LP UHALPZ 79 StHURI A= 3-tHY BEA @A 9ste] 54
tdth ole& ol &% AMER VIEAAFHA wE A FE4S [2
45110 YeERATE [Z29¥ 4411904 REnkel 2o 7]%%3]4% 2m 3
A F T WA WL FAJMEUE Imel A 4m /‘} & 3
of e}  20logD[™ Sl mole A QtHEH|Y Alo]lo] A& ART(dB) g
stol  20logD|™ 3k <3E 441>E5 AFEsta Ho]’xcié]u (4.35)° wet F
Blvkel wg et Qbelvte] Qtely 1A= Ab=siv. 1 54 A3 H &
A FAH ot SAS kel vuE <FE 442> 2 [1¥ 442]9% [
H 4.4.2] o EASHA

o

/) =}
NS ol )y =2 gt

<3E 441> 7]=<¢te Y Schwarzbeck LP UHALPS] <L}l =}

T b= A z2p telylxt | EFAIdFHORE S| Ao
(MHz) (dB/m) (dB/m) (dB)
300 13.7 13.64 0.04
400 15.9 16.15 -0.25
500 17.3 17.6 -0.3
600 18.9 19.01 -0.11
700 20.1 20.07 0.03
300 20.8 20.66 0.14
900 21.9 21.77 0.13
1000 22.8 22.45 0.35
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LP as Reference antenna
LP as Tx and AUC

L J

=
[ =

| 1
| 10m

1-4m scan ]
Zm fixed

Metwork Analyzer

(19 44.1] A<tg 7]EFEHUH o2 QHH U 1A} AFpes &3l AU+
71% otgLbe] o L ACtH LY o= =4

<E 44.2> Ate 7]—%°PEﬂUr W Z=A DAl oske] Schwarzbeck LP
UHALPE 43 e o5 < Wl
Aljber ZlErE VY &4
Az Alg ey | BFEATENE 54 | FEAggHeR
T A 71E ohelvt 715 243 AUC ol 5
(MHz) Gain(dB) Al Gain(dB) A2
{A} {A}-{C} {B} {B}-{C} {C}
300 6.29 0.23 6.23 0.17 6.06
400 0.91 -0.19 6.16 0.06 6.1
500 6.29 -0.26 6.59 0.03 6.55
600 6.63 -0.11 6.74 0.00 6.74
700 7.07 -0.01 7.04 -0.04 7.08
800 177 0.19 7.63 0.05 7.98
900 7.66 0.26 7.53 0.13 74
1000 8.16 0.53 7.81 0.18 7.63
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Gains Due to Two Methods for LP Antenna
B.50
2.00 :
g 750 *4°
5 7.00 FY A Reference to
- manufacturer's factors
2 650 .
= & g A > Gain due to Standard Site
2 500 A Method
i & Reference to antenna
5.00 factor due to 55M
o S00 1000 1500
Frequency(MHz)
Differences of Gain in Two Methods for LP Antenna
0.60
. 4
0.40
" %
0.20 -
B n =
2 o000 . m ol | -
-0.20 = * * Delta 1
. 5
= It
-0.40 o
=060
O 200 400 600 800 1000 1200
Frequency{MHz)

[T1% 4.4.2] A<tst 7=t U I A H o] sle] Schwarzbeck
LP UHALPE =#Hz3l ¢t o5 A3 Hu

(2) NISTY fFE=tHUE AHget= 45

AvpA oA A2 BHHsta & NISTH diode-loaded 441 A& %

telvt= [29 443]00A HojFEth o] ¢telue FAAR oA &3t
RF A7178< DC dtez SAsto] A4 (4370 osix 243t

2 A

Er = (aVpc + b)/Lest (4.3.7)
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= [28 4451904 FA )

Vrr = 0.0674Vpe + 0.036 (4.4.1)

Induced voitage

Output DC voltage

Signal
Cenerator

Resistive wire

f—
DC Volmeter

I s dn=10GA

[1¥ 4.4.4] NISTE t}o]Z oty L}e] RF-DC =4 +A



RF-DC Relation of Dipole Head

2.000
1.800 | .
1.600 | >
1400 | -
1200 | *

1.000 | *

o.800 |

0.6500

o.400 | -
0200 %
cpoo !

Vdeiv)

* * RF-DC Relation at SOMHz

[19] 4.45] NISTE t}o]& <te|U¢] RF-DC ¥4
o] NISTE X FrlolZ StE|UYE 7|Fo 8 Aotdt 7|FotevyHoes wAY
A} otgly} 2 4] HK116 Rhode Schwarz Biconical Antenna®l 3} 60Mt,
70Miz, 80Miz, 90ME = 100MLE WA 2 (4390 <3lo] tH U o]l 55 =A 3}
Atk =4 T [1" 4.46]90 FAISA T

Gr(dB) = -14.77 + 20log[(aVpc + b)/Les] = 20logD - Pr(dB)  (4.3.9)

Diode-loaded dipole

Bicorucalas Tx and AUC
az Reference antenna
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LN 10m
Power }> i
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Directional
fllt, /
Coupler = | S || G b
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N
(=)
%
SS)
oF
ofk
o,

<HE 443> ZEAetEvpE A Rhode Schwarz Biconical antenna HK116<
NISTY xFTthelE QFEUE o] 83t Abst 7| F=tdH e o s
o Z43 oty o539 RFAEIHOZE A% tHY o5 A

NIST® SLE|UE ol §3 Akl 7| Ze | 724
= 52 ] 2 Z}o|
T Cable Gain | SFEILF [ {A)}-(B}
(M) Pr logp ™™ Ve =
@m | TS | @ | vy | @B ols @
(dB) {A} {B}
60 742 | 178 | -1669 | 1168 | -214 | 244 | 03
70 753 | 195 | -1583 | 1199 | 139 | 097 | 042
80 795 | 209 | -1524 | 1396 | 014 | -043 | 057
90 712 | 223 | -1487 | 1531 | 011 | 018 | -007
100 | 714 | 235 | -1471 | 1514 | 0091 0.7 0.21
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Gains due to Two Method for Biconical
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