- The factor of the éffectivo ea‘fth cadius

8.1  Radio wave propagatlon path in the standard atmosphere draws a loose ‘are of which radlus is
about 4 tunes longcr than’ the’ earth’s radlus and goes farther than the ‘optical line of slght as
shown by the plcture below, and its réfraction radlus is given as below.

radlo wave’s line of 51ght :

opttcal lme of snght (

| U =.x-a (=4a) '

dt’ > dt
a : :
Us=x.a [m] (x54) |- : (55)
; . radio wave refraction radius fm} -
a; true earth radius ‘fm]
X: fdct:or of radio wave refraction radius

(‘—: 4, in the standard atmasphere)

8-2 * . This means that, thmkmg of the radlo wave propagation path-in to 4 straight line, the earth should '
be smoothed more and its effectlve radzus should be grown up simitarly.
_In this situation, the ratio of the effective earth and the true earth radius i is called effectwe edrth

B tadius factor K and shown as the equation below.

R a{xfl) X

K—a;_ — — = . : _._(56).-
R: . effective earth radius {m]
a: - - trug earth radius [m)
X fact_or of radio wave refraction radius’
(= 4, in the standard atmosphere) -
CK: efféctive earth radius factor

8-3 This effective earth radius. factor K depends on the condxtson of the radm wave refractwe index
which is affected by the atmospherlc COﬂdlthﬂS and is calculatcd as. next in the standard atmos-

phere
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84

" (standaid value). |

. '('57)

K= 4{3 ‘is=a_standa'r€] value of the effective earth radius factbr. :

In Phlhppmes K= 4/3 ~ 3/2 may be given, but K= 4/3 should be used when the VHF propaga- '
tion path is calcu]ated (usmg the lowest value) :

'Whe'n the effective earth radius (= X
is drawn into a stragght line as shown below.

calculation of the link bu_dg_et on the VHF,

(K=4/3)

7

(a proﬁle map) .
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. a) is used for a pmﬁle map, a rad1o wave propagation path
Needless to say, this is very convenient for the

/'radiowéve propagation path

an arc of the effective earth radiusK 5



The dlsiance of radio propagation path (The line of s:ght d1stance)

9-1  The dlstance of the pmpagatmu path d whlch is shown by the’ picture below is gn'en as ‘the
' equation below. S ‘

A

| SO

Ka

h: height above sea level

AR L E— el

In the case of the standard atmosphere t]us d 1s ‘calcuiated as below where K=4/3and a=6370
{Km] are used. : :

d=/2X 43X 6370X 10° X h  {m] = 412\/ [Km]
(K=4/3) :

4=412VT K] | — S e (59)
‘ (K.=4l3)_ : '

When the he;ght of the pomts A and B above sea- tevel are b, and hy whlch are shown by the
plcture below, the. dlstance of radto propagat;on path dL is given below '
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dL=+/3Ka (V' +4/F) Im]

or i

dL=4.12 (VT +
(K=4/3)

_«E?) [Km]

(60)

9.2 The distance d is given also by the next nomogiam,

height of antenna -

Nomogram for the distance of radio propagation path

(m) (Km)
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distance of the radic wave propagation path

b T |

- o

table (4)

1004 -. -

effective earth radius factor



10.  The propagation path height above séa level ©

101 The helght of the propagatlon path above sea level between A and B which are shown by the
picture below is given as the equation below :

A o o /- propagation path line

hp .
B, e \
2

d, : d
d
~hy-dy +hy-d; | dydy . : .
q " K {m} . - (62)

hp: - the height of the propagation path between A and'B [m]
hy:  antenna height above sea level, at the point A [m]
hy:  antenna height above sca level, at the point B {m]

d;: “distance between the point A and the point wanted [m]
d;:  distance bl'étv.'r'éen'the point B and the point wanted [m]
A distance between A and B (=d; +d,) [m] .-

: effective earth radius factor '
a: true earth' radivs (= 6370 [Km] ) [m]

hp is also ca_lgulzited as below, using K = 4/3.
hy dp [km] X 10%hy 4y [kn] X103 d, (k] X 10° X d, {km] X 100

‘hp =

. (k~4/3) dlkml . _>< 10% - | 2X 4{3 X .6370 X10°
' hl ol & (kan]- + byl 4 k] d, [k dy [km] “[;n]
' ' dikm] L ' 17 :
hy [61} -dy[km] +hy [m]- dy [kﬁ-l} dy [km] - d, [km] - .
T — - — [m] |—(63)
- (k=4/3)- k] Y |
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11.  Fresnel zone and the first fresnel Zone radius

111 .Zones of'spherica_l \{féve_frdnt _

11-1-1 The picture below shows an instantaneous sitpa'tion_ of the spherical wave front, The
distance between Mn (n=1,2,3 . . .) and the rcceiving point R are b + n- M2 {n=1,2,
..} as shown by the picture. o

el ’l‘

(transmitting point)

11—1'-2:lt is said that the effect which is given to the receiving point R by the whole _Waife front,
is shown by the total secondary effects those are given by all the points in the each Zone
(my,m;,m; ... ) on the wave front,

11-1-3 Owing to the path dlfference of A2, every points within the first zone m, increase the
effect to the recewmg pomt R, but those within the second zone m, decrease it, and
those within the third zone my also increase it. ' :

]1 1-4 The radms of n th zone Tn {n= l 2, 3. ,-').ar'e called the ﬁth fresnel zone radius and are
given by the equatmn helow. . '

a4 ' : |
7n=.\/n_-}_\1—2 (m]  @=1,2,3... déd1'+d2)_' —— (64)

d

From the equatlon (64) the ﬁrst fresinel zone rachus is given by n=1, as the equation
below. - :

'r,;,-/;\_dLE‘& ] | e SR ' (65)

¢ ‘_ (the first fresnel zone radius)

. The inside zone of each radiué is also catled the n th {n=1, 2,3 .. .) fresnel zone.

App. V.29



2 -:Mix_edﬂ effects b.y gach Zone

113

_ 11-2 1 The ﬁeld strength at the receiving point is in propomon ‘to the area of the u th zone -

: and in inverss proportmn to the dlstance between the zone and the rccelvmg point.

S22 t'h'c mixed effects by_e_:aqh zone _aré expresst_ad by S,

‘S=my -y +r1i3 ~Mg o0

B2 DD B | RURS U B
—-2-m, +(--m1 - my +—2—m3 )+(—-—m3 - My -i<=—é—1n5 )f -----

11-2- 3 Because the area of each zone -is nearly the same value (m, Hn 'n_=2_,‘3 ..., the
equatlon below is given. : '

-1t 2—4 The equation above means that the mlxed ali effect by the propagatmn wave {ront is

: 1/2 as much as the effect m; only by the 1st fresnel zone.
This also means that the effect only by the ist fresnei zone is 2 times as much as the ef-
fect by a.ll the wave front : :

Diffraction by a sim'pI'e screen

1131 If 5 hole ‘was made in a infinite screen or wall and was enlarged the field strength should -

be.grown up little by little and become: the maxunum value when the radius of the hole
- was equal to the st fresnel zone radms'n '

" dhole _to'be_ enldrged

' propééafidﬂ paﬂi line

T

tf

— infinite screen :(wall)'_ o

At thj_s:: time thg'-r'ec'e'ivihgr'ﬁeld strength becomes twice than that in the free space.”

If'.'the:radius: o'f'.{he hole was grown up to the 2nd fresnel 'zone_:'rad'iué ¥, the receiving
field strength should become to the first minimum value.
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The picture below shows these siatus,

 the radius of ahole

__E'_,__,_,..D’Ys
‘ ——n
e
‘ :‘)79
Yo ' .
o Ti11
4"

ﬁznﬂ)"ﬁ‘rnl' o

Yoo
= —

_ value'in the free space
i oS

-ﬁgld'streﬁg'th. —— _

11-3- 2 The. plcture below shows a situation when the wave propagatmn path is about to be cover-
"ed by the screen Whlch has a infinite arca. i {OdB} B | /2[ GdB] 0

¥
i
|

(Zone of di'ffracted wave) -

|
N

X Y ne VIR P
B
;3--—<
ab--p |
- 5 |-«
in_ﬁnite screen . 6F--D

clearance he

(from infinite far point)

;;/Value'm the free space

<«  field :st_rength ratio
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" In the plcturc the transmxttmg poinit 1s ‘at the back’ of the paper, ‘and the stralght edge of
the screen appmaches to the center C on the wave propagation path

Under these condmons, the recewmg ﬁeld strength should be shown as the graph on the

nght in the picture. above, :

Accordmg to the graph, if the stralght edge passed through the border of the 1st fresnel

zoiie, the recewmg field strength decreased suddently and became 1f2 times as much as
' that in the free space; when the edge touches the radlo wave propagatton path.

If the edge passed through the radio wave propagatlon path and moved. above, the receiv-
ing field strength also decreased suddently and Eumed in to zZero in the limit of covering.

_ .'T:he.récéiving field 'strengm {0 be shon'ru after when the stréjght 'edge of the sereen passed -
- through above the propagat;on path, is caused only by the diffracted wave, and such a zone
m which there is only diffracted wave, is ca]led the Zone of diffracted wave.

The distance between the propagat;on path and the edge of the screen is called the Clear-
ance he.

114 ° Clearance and Clearance factor '

" a profile map for an example
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11-4-1 The clearance he is expressed by ihe_'nex_t eqﬁation.

{hydy +hyd, _dl;d;]- o | - |
hc:w{ 3 T -hs [m}= . _ = (67)

o < hs height of the mountain by wiuch the propagahon

path between T and R is shut off.

This tem is same as the -
propagation path height hp
shown by the equation (62).]

*

11:4-2 When the effectwe earth radms factor K= 4/3 he is calculated below using the equatlon_

(63) |
o= hp b :{h; )] (] 5 o) 4 'Ikmhda [km]} il ] |69
(k=4/3) S | o .

' 11-4-3 Thé «clearance he to the 1st fresnel zone radius ratio is called the Clearance factor U.

LY } _ : _ (69
_"1’1 : . _ )
he:  “clearance _ . .
7y: - the st fresnel zone radius at the point of an ohstacle
U: clearance’ factor

Accordmg to the equation (67), (69) the clearance hc and the clearance factor U takes
the plus/minus value.

ie. U>0 (he>0) ..., with in ‘the line of sight
U=0 (he=0)  ....... skimming the line of sight
u<o (he<0) e out of the fine of sig_ht

(with in the diffraction zone)

11-5 Diffraction loss and Clearance factor

The diffr’ééﬁon'loss Ldis given'by the tablé (5).

thhm the deep diffraction zone such as W < -1, the diffraction loss Ld is also gwen by the
equatlon beiow

La=201ogw|+':6- [dB] (U<-1) e (70)

U:  clearance factor (= hefy,)
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12. - Propagation modes

(2.1  The picture below shows the physical propagation. modes of radio waves.

(:
- (2):
(3):
(4
(5):
(6):

" diffracted wave

direct wave

ground reflected wave
: - ground wave

surface wave
ionospheric (reflected, scattered) wave

_ R ot } space wave
tropaspheric scattered wave :

122 The useful i:vmpagatioh mode of each frequency band is shown by the table below.

millimeter

App. V'-35

frequency bands micto wave wave
propagation modes VLF | LF | MF'| HF | VHF | UHF | SHF EHF
direct wave % X X | A © © | .© Q@
ground | réflected wave X X X ] X "A O O O
| wave | diffracted wave X X i A A O A 1 X X
. surface wave © © © | A A X X X
 jonospheric reflected wave A O O | © A ] X X X
space - | ionospheric scattered wave X X X | A A X X C X
wave | tropospheric scatiered wave| X X X | X O A A X




12-3 Proﬁﬁg'aiion path forms are classified as below.

Rl e

Free space propagatlon path (direct wave only) _

" Interforenice propagation path (direct wave + reflccted wave)

- Diffraction propagation path (diffracted wave only)
Scattermg propagation path (tropospheric scattered wave only)
Mixing propagation path (combmatlon of others)

13: Propagatlon path models

Propaganon path models of VHF band is classified a3 the next table and plctures below.

. zone for'miof ptopaga'tion path. . . kind of propagation path mode} No. of picture
: ‘free space propagation path free space type (D, (19)
. S ' ) smooth and plane ground reflection type (2}
" insight | interference*** rough and plane ground Gh )
e ‘smooth and spherical grotind ’ s @
rough and spherical ground *** 2 (5)
multi path reflection type *** 1 (6)
smooth and spherical ground diffraction type Q)]
rough and spherical ground *** ()
. knife edge diffraction type ) (9
out of sight | diffraction *** circular top ridge *** (10)
multi ridge *** . an
~ slant ridge_*** . a2
: multi diffraction type “(13)
_ 'scattenng RE tropospheric scattering type (14)
iransition tangent *** . near the horizon type (15)
_ near the ridge type {16)
- mixing ¥** diffraction, reflection type 17
' scattering, diffraction type '(1 8)
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( pictures of propagation path models

A .
M
£y
< K]
(1) free space model ' (2} smooth and plane ground reflection model

3) r(;ugh and plane ground . ' (4) smooth and spherical ground
reflection model i ' reflection model

. (5) rough and spherical grc.)us';d
reflection model

(7) smooth and spherical grouﬁd . 3 i‘o;ig]{.a‘.nd spherical gféund
diffraction model ' diffraction model
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) singte.knifé edge diffraction model I(ID) ' singlé circular ridge 'difffaction model

(11) multi ridge_'diffraction model

(13)  multi d_iffractibn_ model (i4) ﬁopospheﬁc scatfefing model

- / 1st fresnel zone

(15) _ne'ar horizon model : : (16) near ridge model
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an difftaction,reﬂe'ctioﬁ model ~ (18) scattering, diffraction model

e i T — — 1t fresnel zone

S

-..,__\

(1'9) effective free space model (no reflection and no diffraction)

14, Other useful Nombgrams

When we calculate the link: budget, it is helpful to use such the nomograms as shown by the table (6)
to (12). :
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table (6)
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table (7)
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o
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o
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~140.
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fablo (8).

"th.reshoi;iiﬂ helght of antenna {m]

20 100 50 30 20 10
S 50 - 100, 200 500 1,000 2,000°
‘frequency f {MHz} -

. (dB)
N EE

frequency
e
|
b
l

o) 10]

1,000 1,000

£ 5004500

wave (on the ground)

© 2004200

ot
<

-'100-_:100

-y
2
~J
: o
[#%]
T
distance between T a.ndRpomts {k.ni‘]. o
s
H 1
4/3 only)

G
b

vertically polarized wave (_ori the sea)
=
<
75
|
loss L, [dB] (K=

 vertically polarized
th
[==]

20130

'horizontally‘polariz\ed wave (on the ground and sea)

80
90-
100

L=Lo +L,
N:omo';ér'arﬁ‘for_ add'itioflal'i_(')?ss L; [dB] on the spherical ground propagétibn (in sight) -

App:Vi42



horizontally pplarized wave (on the gr_ound__ or seay

table (9)
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table (10)
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table (11):
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Flow diagram’ for an arrangEment of a ¢ircuit planning table (12)

(. The station are ('ie't'e_rm.med' ' )

“The pfro'pagati(_)n .
path will be investigated usin
S © . maps.

Discontinué

B> . the plan -

The profile will be made using maps of
* one-fifty thousandth

L

Calculate the édait_ionai Toss

'I‘h‘e. '

link budget will - Discontinue
be calculated before the” " .the plan -
experiment of the :

~.propagation

1. Measurement of electric field étrengt_h
' {experiment of propagation)

|

- The :additibn_al_ loss _s.hbul_d be corrected, ;
. based on the data of propagation test

A technical proposal; about the antenna.
" system, power 'and‘s_o: on will be made °

Examination of :
‘the proposal.

The level diagram will be made using -
. the proposal equipment parameters

) ' A specification Wi]‘]'_be‘ dfaw_t; up

_ .Comp]e_tio_n '
~ - of planning
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