


GLAMIS — BRAWLEY, CALIFORNIA
JULY 7 — AUGUST 14, 1972
5 42.6 MILES, 4 GHz
I To = 38 DAYS
= 3.2 x 106 SECONDS
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" Fig. 12—Threshold switching, Glamis to Brawley, California. Reception at ()
(lamis, main antenna (unprotected), (b) Brawley, 15-foot separation, (c) Glamis,
30-foot separation.

South to Andytown North are summarized in Fig. 13.* At —47 dB
(bottom level of the ppr for this case), the predicted time below level
“in the 148-day test period was insignificant (only a few seconds), and
none was measured. Diversity performance thus conformed to expecta-
tions and the needed improvement in transmission availability was
obtained.

IX. PATHS WITH PASSIVE REPEATERS

Use of passive repeaters (large reflectors of, say, 40 by 48 feet) on
ndges or hilltops is sometimes dictated by terrain or by the unde-
sirability of active repeaters in remote locations (power and mainte-
nance-access problems). Tests on a Mountain Bell hop (Lusk-Wen-
dover, Wyoming) in 1973 established that space diversity is operative
through passive repeaters.® A design procedure for practical cases,
based on the Wyoming results, is:

(2) Determine reflector size to obtain reasonable fade margin.

(%) Estimate unprotected time below level (T) as the sum of the
values of T for the individual legs (distances from reflector to
ends of hop).

SPACE-DIVERSITY ENGINEERING 119



oo et SBl

104

JULY 3, 1972 - DEC. 4, 1972
To = 1.28 x 107 SECONDS

= 148 DAYS
(%)
=]
&103— gy
o NS
» N
YY)
z ~
1 O et
w ANDYTOWN NORTH ~d
2102— FROM ANDYTOWN SOUTH,
- FLORIDA
5 f = 3.910 GHz \
o D = 20.53 MILES \
@ s = 26 FEET \
2710 — 10 L0G v2=-37 “s
[= THRESHOLD AT -44 dB 0,
I, = 90 e
)
1IlJ_L|I!lIII111JJ_LIIIIIII
-25 -30 -35 Z40 ~45 50

LEVEL IN dB RELATIVE TO NORMAL,20 LOG L

Fig. 13—Threshold switch operation at Andytown North, Florida.

(745) Determine improvement needed to meet transmission ays
ability objectives.

(iv) If improvement is needed, determine vertical spacing based
longest leg (use at least 20 or 30 feet) ; use this vertical spaci
at both ends of hop

(v) If an antenna pair is in the near field of a reﬂector ensure th
projected reflector height is not less than the distance fromt
bottom edge of the bottom antenna to the top edge of thet
antenna.

The experimental data obtained at Wendover and Lusk are su
marized in Figs. 14 and 15 (the parameters of the experiment are su
marized in Table III).® Time-below-level differences for individ
antennas in a pair arise from gain differences in instrumentati
chains; curves fitted to the points have the standard decade of timej
10-dB multipath slope in the deep-fade region. The curves fitted tot
simultaneous fading points have the standard decade of time per 5+
slope in the deep-fade region. Space-diversity reception at Lusk
effective (Fig. 15), which is a result that could not be predicted usi
present methods. Successful space-diversity operation at Wendo
could be predicted beforehand by viewing the transmitting antenna
Lusk as a feed illuminating a large aperture (the double reflector
since little fading would be generated on the short Lusk-to-reflect
leg.

The measured improvements at —35 dB, 50 at Wendover and 30
Lusk, are larger than the calculated values of 40 and 16, respective
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WENDOVER, WYOMING
APRIL 12 — JULY 10, 1973

TIME BELOW LEVEL IN SECONDS
S}
©
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102l— = 7.69 x 108 SECONDS
s = 24 FEET
f = 6049 MHz
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Fig. 14—Space diversity on path containing passive repeater ; reception at Wend-
over, Wyoming.

The difference arises partly because use of the longest leg in the cal-
culations is a simple approximation of a complex situation and partly
because some scattering of measured points around the averages pre-
dicted by the equation for I, can be expected.
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LUSK, WYOMING
APRIL 12 — JULY 13, 1973

TIME BELOW LEVEL IN SECONDS

102_
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= 7.95 x 108 SECONDS
s = 24 FEET
f. = 6301 MHz
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Fig. 15—Space diversity on path containing passive repeater ; reception at Lusk,
Wyoming.
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Table Ill — Parameters of Lusk Radio test—Lusk to
Wendover, Wyoming

Reflectors

Two 40- by 48-ft reflectors
separated by 138.5 ft

Path lengths from reflectors:
To Wendover : —
To Lusk

31.5 miles. = |
9.5 miles

Antenna separations at Wendover and Lusk

24 ft (nominal) vertical center ¢,
center

Frequencies :
Wendover 6049 MHz received
Lusk 6301 MHz received
Calculations:

Values of v? arising from gain differences in
instrumentation chains:

Wendover v: =16
Lusk 22 = 0.63
Calculated improvement at —35 dB based on
31.5-mile path length
Wendover (v* = 1.6) Lo =40
Lusk (v* = 0.63) I, =16
Allocation to multipath fading from 1600 X 41/250 = 262 seconds
erformance objectives for 41 miles per ‘year
(3L.5 4+ 9.5)

The multipath objective for the Wendover-Lusk link is 262 seconds
per year one way (see Table III). Even allowing the annual time below
level to increase by a factor of two due to late summer and fall fading,
the objective can be met comfortably with receiver fade margins in
the 35- to 40-dB range.

X. OVER-WATER PATHS

Over-water paths, undesirable because of reflections, are sometimes
unavoidable. When the over-water area is too large to permit shifting
the reflection point off it via a high-low antenna combination, space
diversity can be used to reduce reflection fading. A procedure for
determining antenna spacing is discussed in terms of the geometry

‘Sshown in Fig. 16, in which theé reference plane coineides with the sur-

face of the water during ‘flat-earth” propagation conditions (i.e.,
those obtaining when K, the ratio of equivalent to actual earth radius,
is infinity). The “bulge” height ~ of the surface reflection point A is

h = dids/1.5 K, Gty

where A is in feet when d; and d» are in miles. If the height hs of the
receiving point were changed, then the relative phase of the rays
arriving via the paths TR and TAR would also change. For a fixed
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Fig. 16—Geometry for discussion of over-water paths.
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| Fig. 17—Lake surface at various K values in over-water path example (N denotes
‘| boundary of N'th Fresnel zone at a frequency of 4 GHz).
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