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Summary—This paper will provide the microwave engineer
with the basic techmiques of microwave system engineering using
large passive reflectors and will outline the many advantages of
their use. Small passive reflectors of the ‘‘periscope type” have
been used for many years on microwave systems. Large passive
reflectors have also been used but to a much lesser degree. Large
passives may be used at intermediate points on long (200 miles or
more) microwave links in lieu of active repeaters. Most microwave
engineers have little knowledge of system engineering using these
reflectors. This paper describes their use in both the ‘‘near” and
‘‘far flelds” in line-of-sight systems and describes how they may
be used on non-line-of-sight systems (tropospheric scatter and
diffraction systems). Formulas are developed and graphs provided
which will enable the microwave engineer to determine the path
loss of multihop passive reflector systems. Large passive reflectors
should be considered as another tool which can be used by the
microwave engineer for planning and engineering communications
systems. When used effectively with line-of-sight, diffraction and
tropospheric scatter modes of propagation, communication systems
may be engineered more economically, with more reliability and
with a decrease in the operating and maintenance problems.

INTRODUCTION

OR MANY YEARS microwave systems have used
Fpassive reflectors of the “periscope type’’ operating

in the “near field”” of the antenna (Fig. 1(a)). These
small passive reflectors may introduce a slight gain or
loss in the microwave system. The use of these reflectors
in the “near field” has been adequately described.'”*
Passive reflectors may be used in microwave systems in
both the “near field’’ and the “far field.” Even as early as
1945 while microwave systems were still in their infancy,
pioneering experimentation and testing of passive re-
flectors in both the ‘“‘near field”’ and “far field’”’ was being
conducted by the U. S. Army Signal Research and De-
velopment Laboratory, Fort Monmeuth, N. J., (formerly
the Signal Corps Engineering Laboratories)." Large re-
flectors may be used in this manner to extend the distance
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Fig. l—Tyges of passive antenna systems. (a) Periscope type.
(b) Two hop system using sin%e passive reflector. (¢) Three hop
system using .sinile and double passive reflectors. (d) Three
hop system using back-to-back antennas.

between two active microwave terminals or in lieu of
active microwave repeaters. A few articles have been
published on the use of large passive reflectors operating
in the “far field.”*™**

Most microwave engineers have very little knowledge of
system engineering using large passive reflectors even
though these reflectors have been widely used in hundreds
of different locations primarily in mountainous areas. It
is commonly believed that large passive reflectors are
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practical only if they are used on microwave systems where
the reflector is located near one end of the path. They are
more efficient if located near one end of the microwave
path; however, they may also be used on paths of 200 or
more miles (Fig. 1(b) and 1(c)) including diffraction and
tropospheric scatter paths. The use of tropospheric
scatter type equipment (high power transmitters and very
. sensitive receivers) greatly increases the versatility of
large passive reflectors. Two antennas connected back-to-
back by a short transmission line may also be used as a
passive repeater (Fig. 1(d)). However, they are more
expensive and less efficient.

Formulas are developed and graphs are provided which
will enable the microwave engineer to determine the path
loss of muiltihop passive reflector systems using reflectors
in both the ‘““near” and “far” fields. This paper augments
that information previously published and will attempt to
acquaint the microwave engineer with the basic techniques
of microwave system engineering using large passive re-
flectors and to outline many advantages of their use.

NEAR FiELp—FAR FiELD

In order to calculate the loss of a microwave system
using large passive reflectors it must be determined
whether the reflectors are in the “near field” or “far field”
of the terminal antenna. An antenna is normally con-
sidered a point source and transmits a spherical wave.
If this wave front varies from a plane wave by a small
amount Ar (Iig. 2(a)) then the wave front may be con-
sidered as a plane wave. The most commonly accepted
definition of the “far field” is that space in the field of an
antenna where, over a given area, the spherical wave varies
from a plane wave by less than A/16 (Fig. 2(b)).*® If this
variation is more than A/16 the given area is normally
considered to be in the “near field.” Therefore the radius »
of the ‘““near field” is

2a’
r==- o % (1)
where antenna diameter D or reflector side @ and A are
in the same units. Expressing r, D and a in feet and con-
verting A to megacycles we have

D! 2.
=g O i @

The radius of the “near field” for different antenna and
passive reflector sizes is plotted in Fig. 3.

Two different methods are described in this paper for
determining the systems loss when passive reflectors are
used. These methods may be referred to as the “far field”
and “near field” methods.

13 8, Silver, “Microwave Antenna Theory and Design,” M.I.T.
Rad. Lab. Ser., McGraw-Hill Book Co., Inc., New York, N. Y.,
vol. 12, pp. 196-199; 1949.
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Fig. 2—Determination of the ‘“near field.”
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Fig. 3—Radius of the “near field.”

Two Hor SysTeEM UsiNG A Passive REFLECTOR
IN THE “FAR FieLp”

Consider a passive reflector of projected area a* lo-
cated in the “far field” of the terminal antennas (Figs. 1(b)
and 4). A passive reflector has the gain of two back-to-
back aperture antennas. The gain G, of an aperture
antenna is

4xa’

Gl = xz

3



Fig. 4—Determination of passive reflector projected area.
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Fig. 5—Gain of a passive refiector in the “far field.”

Therefore, the gain G, of a 100 per cent efficient passive
reflector is '

0.~ (55, @

and the gain G, of a 95 per cent efficient passive reflector is
2\3
. - 0ss(%7), ®

which expressed in decibels and converting A to frequency
1s

G, = 40 log f + 20 log a* — 97.9, (6

where A
/ = megacycles,
a® = projected area in square feet.

The gain of a passive reflector in the “far field” is plotted
in Fig. 5. The projected area is the effective area of the
reflector in a plane normal to the direction of transmission
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as shown in Fig. 4. Projected area @ is

a’® = A’sin 39, )
where

A* = the actual area,
0 = deflection angle.

Basic transmission loss L, is the ratio of transmitted
power P, to received power P,

i

_IJ} P ’ (8)
which assuming isotropic antennas is
4 2
L= (T) ) 9

which expressed in decibels and converting A to frequency
becomes the familiar free space loss formula

L,=36.6+ 201logf+ 201logd, (10)

where

{ = megacycles,
d = miles.

Free space losses are plotted in Fig. 6 and the gains of
parabolic antennas are plotted in Fig. 7.

By combining the passive reflector gain G, with two
space losses L, ((6) with (10)) we can determine the total
loss L, on a two hop system using a passive reflector in the
“far field"

L, = 171.1 + 20 log d, + 20 log d, ~ 20 log d’,

where

1D

d, = distance from Terminal A to passive reflector in
miles,

d; = distance from Terminal B to passive reflector in
miles,

a® = projected area of passive reflector in sqﬁare feet.

It should be noted that for a two hop microwave system
using a passive reflector in the “far field"” the total space
loss between isotropic antennas is tndependent of frequency.

Space losses L, of two hop systems using passive re-
flectors in the “far field"” are plotted in Fig. 8:

THREE HoP SysTeM UsiNng Passive REFLECTORS
IN THE “FAR FIELD”

Consider two passive reflectors of projected area af,
and a] located in the “far field” of each other and of the
terminal antennas (Fig. 1(c)). By combining the passive
reflector gains G, with three space losses L, ((6) with (10))
we can determine the total loss L, on a three hop system
using two passive reflectors in the “far field”

L, = 305.6 4 20 log d, + 20 log d; + 20 log d,

— 20 log @} — 20 log a3 — 20 log f, (12)
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Fig. 7—Gain of parabolic antenna.

4y % by ta wites

Fig. 8—Space loss on a two hop passive reflector system.

where

d, = distance from Terminal A to Passive Reflector 1
in miles,

d, = distance from Passive Reflector 1 to Passive
Reflector 2 in miles,

d, = distance from Passive Reflector 2 to Terminal B
in miles,

a® = projected area of Passive Reflector 1 in square feet,

a; = projected area of Passive Reflector 2 in square feet.

It should be noted that for a three hop microwave

system using two passive reflectors in the “far field” the

total space loss between isotropic antennas is dependent

on frequency with the loss inversely proportional to the

square of the frequency. Therefore the higher the frequency,

the less the total space loss between isotropic terminal anlennas

on a three hop system.

Usk oF PassivE REFLECTORS IN THE ‘“NEAR FI1eLp”’

There is very little difference in the use of large passive
reflectors in the “near field” and the use of the more
common “periscope type.” The only difference is in the
size of antennas and reflectors and the spacing between
them. As can be seen from Fig. 3 the radius of the ‘“near
field” can be quite large. A 7000 Me, 60-foot antenna has
a “near field” radius of approximately 10 miles. Passive
reflector efficiencies are plotted in Fig. 9. These reflector
efficiencies are the gains and losses of the antenna-re-
flector combination as compared to the antenna alone.

Consider a 7000 Mec, 30-foot antenna with a passive
reflector of projected area of 1200 square feet (approxi-
mately 35-foot projected square) located one mile away.
From Fig. 9, l is approximately 0.8, 1/k is approximately
0.5 and there is no additional loss. Therefore the system
has the same loss as if the terminal antenna was in the
passive reflector location. In effect we have moved the
terminal antenna one mile with no additional loss.

Uske oF DouBLE Passive RELECTORS
IN THE “NEAR F1ELD”

Single passive reflectors as previously described can be
efficiently used when the deflection angle at a repeater site
is greater than approximately 40° or 50°. When the
required deflection angle is less than 40° or 50° double
passive reflectors will normally be more efficient. The
efficiency of double passive reflectors as compared with a
single passive reflector is a function of the wave length,
projected area of the two reflectors and spacing. The use
of double passive reflectors has been adequately described.®
Double passives have a gain or loss over the gain of a
single passive of projected area equal to the projected area
of the smaller of the double passives. These gains or
losses are plotted in Fig. 10.

" The most efficient arrangement of double passives is two
reflectors with equal projected areas located close to each
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other. The additional loss can be kept below 1 db (Fig.
10), if

2Nd

= < 0.13, (13)
where
A = wave length,
d = spacing between reflectors,
a’ = projected area of reflector.

The maximum reflector spacings in which the additional
loss can be kept below 1 db are plotted in Fig. 11. As
can be seen on the higher frequencies the spacing can be
several hundred feet.

INsTALLATION CONSIDERATIONS

The same installation practices used for large parabolic
antennas should be used for large passive reflectors. In
order for the path loss equations used in this paper to be
accurate the passive reflectors must be installed using
good microwave system engineering practices. First
fresnel zone clearance should be maintained on all paths.
If first fresnel zone clearance is not maintained then the
additional loss due to grazing, diffraction or tropospheric
scattering must be considered.

There are additional considerations required when
double passive reflectors are utilized. Consider double
passive reflector installations as shown in Fig. 12. That
portion of the wave front that is reflected by each reflector
must clear the other reflector by several wavelengths.
From the experience gained from the installation of many
double passive reflectors it has been determined the
clearance should be at least 15 wavelengths which is only
approximately 2 feet at 7000 Mc.

Double passive reflectors may be arranged in a sym-
metrical or asymmetrical configuration as shown in Fig. 12.
The minimum spacing between reflectors is determined by
symmetry and the required 15 wavelengths clearance. The
smaller the deflection angle the greater the required
spacing between reflectors. Consider two installations
requiring 50° and 24° deflection angles. At 7000 Mc the
minimum spacings are 67 feet and 146 feet (Fig. 12(a)
and (b)). Although an asymmetrical configuration requires
much less space (Fig. 12(c)) wider reflectors are required
in order to maintain the desired projected width. In Fig. 12
all reflectors have a projected width of 30 feet.

An interference problem may develop when the required
deflection angle is zero or very small. The direct wave may
be propagated to the distant terminal due to diffraction,
scattering, ducting or other means. This direct wave may
be out of phase with the wave from the passive reflector
and cause fading or cancellation. To prevent this type of
problem will require careful investigation of the possible
field strengths of the direct wave. If interference seems
probable one possible solution is the use of two cross
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(e
Fig. 12—Installation of double passive reflectors.

polarized back-to-back parabolic reflector antennas. This
will minimize the interference between the direct and
reflected waves. However, the parabolic reflectors may be
more economical than either tropospheric scatter or
line-of-sight active repeater systems. If back-to-back
parabolic reflector antennas are used they will have to
have a diameter 50 per cent greater than the width of
passive reflectors (assuming square projected area) in order
to have the same gain (see Figs. 5 and 7).

SysTEM PLANNING

If a requirement exists between two non-line-of-sight
locations in which there are one or two intermediate points
which are in line-of-sight of each other and the terminal
locations, then the use of a two or three hop passive
reflector system will normally provide less loss than
tropospheric scatter and may be more economical than
either tropospheric scatter or a line-of-sight system.
Plotted in Fig. 13 are the terminal-to-terminal losses of a
typical 100 mile line-of-sight, passive reflector and
tropospheric scatter systems with 30-foot parabolic
terminal antennas. The tropospheric scatter losses in-
clude “antenna-to-medium" coupling loss.

For example a 100-mile tropospheric scatter system with
0° take off angles will have a terminal-to-terminal loss of
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Fig. 13—Comparison of terminal to terminal loss of a typical
100 mile line-of-sight, tropospheric scatter and passive reflector
systems, each with 30 foot parabolic terminal antennas.

from 123 to 127 db. In contrast a 7000-Mc three-hop
system with 30-foot passive reflectors will have a terminal-
to-terminal loss of 95 db and a two hop system with a 30-
foot passive reflectors will have a terminal-to-terminal
loss of only 72 db. This is an improvement of 29 db for a
three hop system and 51 db for a two hop system. These
improvements would be much greater if there were posi-
tive take off angles on the tropospheric scatter system or if
larger reflectors were used on the passive reflector systems.
Since the path loss on a passive reflector system is pro-
portional to the product of the path distances, any re-
duction in this product by proper site selection will also
reduce the path loss and give an additional improvement
over a tropospheric scatter system.

A 120-channel military microwave system using active
repeaters is routed as shown in Fig. 14. These active
repeaters could be eliminated by increasing the 6-foot
terminal antennas on the A-B link to a diameter of 20
feet, increasing the 4-foot terminal antennas on the
B-C link to a diameter at 30 feet, and installing 30 foot
square (projected area) double passive reflectors at relays
1, 2 and 3. The receive signal levels would be approxi-
mately 30 db above the receiver threshold. The use of
tropospheric scatter would be extremely difficult and
costly. The scatter angle between Terminal A and Termi-
nal B is 1.9° and between Terminal B and Terminal C
is 3.8°. These two links would require 60 foot or larger
antennas in space diversity with transmitter powers of
1 kw or greater on the A-B link and 10 kw or greater on
the B-C link.

A military tropospheric scatter system efficiently uses
large passive reflectors in the “near field” (Fig. 15).
Double 52.5 foot (projected area) reflectors are located
1.4 miles from the 33-foot terminal antenna. The scatter
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Fig. 14—Military microwave system which could efficiently use
large passive reflectors.
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Fig. 15—Military tropospheric scatter system which uses large
passive reflectors.

path from the passive reflectors to the distant terminal is
94 miles with a scatter angle of 0.8°. Communication be-
tween the two terminals via tropospheric scatter with-
out the passive reflectors would be impossible since
the scatter angle between the two terminals ‘would be
almost 12°. From Figs. 9 and 10 it can be determined that
the additional loss introduced by the passive reflectors
is approximately 4 db more than the loss from the passive
reflectors to the distant terminal. The transmitter power
used on this link is only 100 w at 1800 Me.
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EconoMic CONSIDERATIONS

There are many factors involved in the planning and
designing of microwave systems. Economic considera-
tions may determine if a communication requirement will
be met by a line-of-sight active repeater system, line-of-
sight passive repeater system, tropospheric scatter system
or diffraction system.

An active microwave repeater requires buildings,
primary and emergency power, microwave equipment,
access roads, frequent maintenance, and in some cases,
full time operating personnel. In contrast passive re-
peaters may be installed in a normally inaccessable lo-
cation. There are no requirements for buildings, power,
microwave equipment, access roads or operational person-
nel. The passive reflector and all installation materials
may be delivered by any means, even by helicopter.
When passive reflectors are used in lieu of active repeaters
normally an antenna of higher gain will be required at the
terminal sites. A completely new active repeater site costs
approximately $260,000.'* In contrast a passive repeater
using double passive reflectors and high gain antennas at
the terminals (30-foot terminal antennas and 30-foot double
passive reflectors) will only cost approximately $80,000.

Tropospheric scatter systems normally require high
power transmitters, very sensitive receivers in dual,
quadruple and in some cases octuple diversity. The cost
of tropospheric scatter terminals in the typical 100-mile
system previously mentioned would normally be much
greater than that of the passive reflector system due to
the higher system losses. In many cases the use of passive
reflector systems can provide the same grade of service
much more economically.

In addition to the reduction in the initial cost of micro-
wave systems using large passive reflectors there is also a
great reduction in operational cost. Elimination of active
repeaters or a reduction in the power requirements and
complexity of the terminals results in a reduction in the
number of operating and maintenance personnel, reduces
the quantity of spare parts, reduces the cost for commercial
and emergency power and reduces site operation and
maintenance cost.

RELIABILITY

There are many factors which determine the reliability
of a communication system. Reliability is proportional to
the complexity and quantity of the electronic equipment
and to the quantity and quality of operating personnel.
The use of large passive reflectors will in many instances
reduce both the quantity and complexity of the electronic
equipment and reduce the quantity of operating personnel.
These reductions will cause a corresponding increase
in the reliability of the communication system.

14 R. D. Chipp and T. Cosgrove, ‘Economic analysia of com-
munication systems,” presented at 7TH NaT'L COMMUNICATIONS
Symp., Utica, N. Y.; October 2—4, 1961.
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CONCLUSIONS

Large passive reflectors are extremely practical. They
can be used to replace active repeaters on line-of-sight
microwave systems and can also be used on diffraction and
tropospheric scatter systems. By the use of high power
transmitters and very sensitive receivers long, two or
more hop systems may be effectively utilized. The space
loss on a two hop system is independent of frequency and
on a three or more hop system is dependent on frequency
with less loss at the higher frequencies. By the use of
frequencies of several gigacycles with their higher gain
antennas, the system losses can be quite low. Large termi-
nal antennas and passive reflectors may be sited and
installed using the same engineering and installation
practices normally used for tropospheric scatter systems.
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Large passive reflectors are also economical. When used to
replace active microwave repeaters or to extend a tropo-
spheric scatter or diffraction system considerable savings
in initial and operating cost can be realized. The reliability
of communication systems using large passive reflectors
will be considerably higher due to a reduction of the
quantity and/or complexity of the electronic equipment.

Large passive reflectors should be considered as another
tool which can be used by the microwave engineer for
planning and engineering communication systems. When
used effectively with line-of-sight, diffraction and the
tropospheric scatter modes of propagation, communi-
cation systems may be engineered more economically,
with more reliability and with a decrease in the operating’
and maintenance problems.



