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Analysis of Medium Wave Propagation and Radiation from Transmitting
Station on the Top of the Mountain.*

Fehn L /NEF R ok EHE
Yoshihiro Norimatsu® , Kazuo Ono* and Mayumi Matsunaga®

Abstract: The propagation characteristic of the radio wave from transmitting station on the top of
mountain has not been clarified though it is necessary to consider setting up the transmitting station in
the mountain areas because of many reasons, such as electromagnetic envilonmental ploblems around
antenna stations and huge cost and area for it.

The researches on transmitting radio waves from the top of mountain are very few as far as the
authors know. There are two main reasons. One is the difficulty of analytical estimation of radio wave
propagation from transmitter to recievers along complex geographical features. The another reasion is the
accepted explanation in broadcasting circles that the conductivity of mountain area is too low for
efficient emission of radio wave.

In this report, we try to overturn an established theory through analytical and experimental studies.The
Furutsu's theory is applied to the analysis of propagation characteristic of the medium wave transmitted
from the antenna on the top of a mountain. The mountains are modeled by the plateau of arbitrary hight
with lower conductivity than those of plains.

Numerical results thus obtained by our model are compared with the experimental results and well
agree with those for the receiver far from antenna. Although the field strength measured at the foot of
mountain is fairly lower than that estimated by the analysis, both results verify that the field strengths
at the propagation distance are satisfactory for broadcasting purpose.

An experimental verification is now beeing planned to verify the control of vertical radiation patterns

from the antenna on the top of mountain.
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Fig. 1 Propagation model on the flat earth.

eJkORl , eJkORZ
Ez = cos?(¢1) R, 4+ Ry-cos®(¢2) =
ejkoRz
+(1—Rv)[1—u’+u'*cos®(¢2) ]+ [1— j20F(p)] - ce (1)

R
BL, XMz T

- 1

T e 6070

Ry— sin (g2 —uy1—u’-cos’(¢2) @
sin (¢2)+ uf1—u’-cos’(¢2)

F(op)=1—jJno e’ erfc(jfo) =+ (3)
erfc : 7R

p =25 LR ) @

o EAEFREE

157



KO IZ RO RE AR L TV D, Q) IFMEEREEZZA TR . KO BERFRES
B IG U7 R OE R 2 89 2 & OIEREK E TR 5, £, BEEKF I
XA TREND p DR E LTRINTWD, T Tpl TR 2R W ERET, FERELE
RHOFHFER & HERIKF L, BB CERIND 2 L BEEEERE & FFEh T D,

2. 2 AR RAGESEIRERICE T 5 LRGN
HIE DS AHR IR SB35 1 D airr

ERRAT B 0, BRI IS (R .

EFTNANER2DLOIZER D, HERIT M ®

O HIFE S AR EE A A R OB A8 R 8 — 7k B ki h

L7 H b B ASHEE OFRAT 21T 5 TV B 78, ol

IR AR L, R o ITERAE

(VT D ABHRE M DL A 1T - 72, k2
HE O H D =00, (LGOS % G di d2 a2

FARICEELL, OB S % h (Zas—as) T d

KT, o, FEAEZEROM Ea (MR

MHLDOEI) FENENFEL LTS, SCHR(19) Fig. 2 Propagation model of transmitter

L (20) X 0 EEAEIT(T) TERIND, on the mountain.

as

A= e_(sszg) [U(/\/FSH-/\/ESl) - it Wt/ /1 )_1
X[/\/tltz/l’lrz cU(S2+j4t2) - U (S1+i0t1) + A ta/12 {U(qz,(/\/FSH-/\/ESl)/pz)
-U (p2,(s2+int2) /p2) }+A/t1/r1{U(q1 J(Wris2+4T281)/ q1)

~U s+t /p)i] ] -

k=27w/L
Ki= K/WK-K ri=di/(di+d,) , r2=d2/(di+dz)
' , — Vert. Pol.
ko= ka/W k- k
ti=—j(k/K2) k-d2/2 si=(as—a)Wk/2d e’
ta=—j(k/K\) k-d1/2 s:=(as-a)vk/2d. e
U@z) = Lezfooe"‘éx - (8)
e z
_ (2 ﬁﬁyw S .
U (z,n/z ) <ﬁ>e de e (n/gx dy 9)

158



3. EIRFMEOBIBEHERUVRANE L DL

3.1 MIRIRALY MK D BERE R %

X (1) &V ARHREEEE & 04 2 210 S 72358 O ZEMIB RS & MIF ARy DB R 2 55 L |
RME CHUBEAL LI2RE IR 2 X 313, P O s E IR 2R L, AR 2R L TnD,
3 KV RO ERHIE S OMEHREREE OB K 0 Z22[ & Mgk DR DOFIG 3 R - T
WORRT RSN TN D, AR OB ERNP K E WIE E MR BRE N ZERTRE LV &< 720
W DARIREERE SO TV D, RIRFIC X 3 I3 EREE O T & 2 22 [ & Hiskis o FiE 5 )
DFRMFEN RSN TN D, RS, HERINVNS WG E Mo & < 72 2 & iR DR )3
NS 7R RO EFAEITEERPREIWVIEE TR TR > T\ D, FRRHITIIRE
MO UNHEBRDFEL TEH T, B AENEMEEBZ NS, > T, IHTHXEDS
B AT EFAICIVAKRELY EHICES SND 2D, KPR E Y FANZITES Shinz & e
v, ERABREPMETT D,

(c)Sea (=80, o=5)

Fig. 3 Vertical pattern of space wave and surface wave.
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Fig. 6 A curve of field strength by comparizon calculation and measurement.
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Fig. 7 Vertical radiation pattern for dipole antenna on the lossy earth.
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Fig. 9 Radiation pattern for a new design antenna on the lossy earth.
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