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Calculations o f  expected  transmission  loss 
over a single  obstacle  path show t h a t  if condi- 
t ions   a re   r igh t   the  loss w i l l  be less than if the 
obstacle were not  there. Compared to   d i f f r ac t ion  
loss  over a smooth earth,  this  so-called  "obstacle 
gain"  can be appreciable. During  1957, a study 
and experimental  investigation of the  obstacle 
gain  effect in the microwave region was completed, 
This paper  discusses  experimental methods and 
results, describes  si t ing and prediction  tech- 
niques, and outlines  the  instrumentation employed 
i n  the  program. Theoretical and measured losses 
were i n  good agreement. 

Introduction 

Theoretical  predictions and confirming meas- 
urements have demonstrated that  obstructed  paths 
for  terminals below the  radio  horizon may exhibit  
lower transmission loss figures than  propagation 
over the  equivalent smooth ear th  path.  This de- 
crease i n  transmission loss has been  termed 
"obstacle  gain. 

Just as l i g h t  waves are diffracted by a 
s t ra ight  edge, radio waves are   bent   s l ight ly  when 
a  mountain  ridge lies across  the  propagation path, 
Depending  upon the  sharpness of the  top  of  the 
r idse  and diffract ion  angle  involved,  one  of 
several  methods can be used to   predict   the   path 
loss for such a radio  c i rcui t .  Three such meth- 
ods will be discussed i n  a l a t e r   s ec t ion  of this 
paper. 

In 1955, under  Contract No. DA-36-039 SC- 
6b556, Motorola Riverside  Research  Laboratory con- 
ducted an experimental  investigation of mountain 
obstacle  path  transmission.l, The frequencies 
used i n   t h e  measurements  program  were largely i n  
the 50 t o  SO0 Mc region  with  a  limited number of 
checks a t  932 Mc and 1865 Mc. Results were qui te  
favorable  with  the result that  the  Signal  orps 
issued  a new contract (DA-36-039  SC-73057) 4 f o r  
continuing  the  study in the  frequency  range 1700 
t o  %OO Mc. Many of  the same obstacle  paths that 
proved successful a t  the lower frequencies have 
also been usable at  microwave frequencies. 

Before presenting some of  the test  results of 
the  present measurements program, a description 
of  the  physical  equipnent and its parameters w i l l  
be given. A block diagram of the  transmitt ing 
equipment i s  shown i n  Figure 1. 

A t  &SO Mc, the  lowest o f  the microwave test 
frequencies, a 4J61 is the  t ransmit t ing magnetron 
with  an  output of nearly 50 watts cu. The output 
is fed  to  a coupler which transforms from  7/8-inch 
t o  3/8-inch coaxial   l ine and then  through a direc- 
t ional   coupler   to   the  dipole-disc   feed  for   the 
b-foot  parabolic  reflector. The -30 db branch of 
the  coupler is connected t o  a crystal   detector  
and the   r ec t i f i ed  crystal current i s  used as a 
monitor of the  magnetron output power.  The  power 
supply,  modulator,  antenna  elevation  angle  control 
switches, and power output  meter are placed at tb 
operating  position inside the  transmitter van. 
The magnetron, directional  coupler, and crystal  
detector are mounted on the  back of  the  parabolic 
ref lector .  

To convert   the  transmitter  for  operation at 
LOO0 Mc, only t h e  magnetron  and dipole-disc  feed 
are  changed. A QK-117A magnetron with  an  output 
of  approximately 30 watts cw is used a t  t h i s  
frequency. 

A t  8250 Mc, the  output  of a a - 2 6 1  or -262 
magnetron is fed  into a 2-hole direct ional  
coupler  with 30 db a t t enua t ion   t o   t he  power  moni- 
tor ing  crystal   detector .  A Cutler feed is used 
with  the  4-foot  parabolic  reflector as the  
antenna  system. 

The antenna is mounted  on a ro t a rymi l l i ng  
table,  and hence accurate azimuth se t t ings  can be 
maintained  and  repeated. For the f irst  f e w  
measurements i n   t h e  program a TV t p  rota tor  was 
used,  but  gear  slop and d i f f i c u l t y  of returning 
to   exact  azimuth settings necessitated  the  use of 
a more precise method  of azimuth ali-gmnt.  

Figures 2 and 3 are block diagrams of  the 
receiving and cal ibrat ion equipment. The 2h#O Mc 
and 4000 Mc systems are identical   except  for  the 
local  oscil lator  frequency and dipole-disc an- 
tennas. The directional  couplers are so arranged 
that the  received signal feeds  through t o   t h e  
crystal   detector  vith  negligible  at tenuation. 
The output of the  klystron  oscillator  appears a t  
the mixer crystal  after being  attenuated 20 db by 
the  directional  coupler. In the  direction  of  the 
antenna t h i s  same s ignal  is attenuated a minimum 
of LO db. For signal strength  cal ibrat ion pur- 
poses, the  output  of  the  signal  generator  appears 
a t  the  detector   af ter   suffer ing 20 db attenuation 
in the  directional  coupler. An additional 20 db 
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loss (minjmurn) in coupling t o   t h e  antenna due t o  
the  properties  of  the  directional  coupler  pre- 
vents   radiat ion  of  the calibrating  signal frm 
affecting  the  accuracy of measurement. 

The output  signal from the crystal detector 
is f e d   t o   t h e  IF amplifier. The IF amplifier  has 
a bandwidth of approximately 2.5 Mc, a noise 
f igure  of   bet ter   than 2 db, and  a gain of 95 db. 
The AGC voltage i s  plotted  using  the Sanborn pen 
recorder and gives a direct   indication  of  the 
received  signal  strength. An audio  output from 
the  IF amplifier and detector i s  also brought t o  
the  operat ing  posi t ion  to   a id   in   locat ing and 
identifging weak signals. 

The receivjng system f o r  8250 Mc u t i l i z e s   t h e  
same parabolic  reflector  as at the   o ther   t es t  
frequencies  but  uses waveguide plumbing ra ther  
than  coaxial components. The parabolic  reflector 
focuses  the  received signal a t   the   input  of the 
Cutler  feed and the  path is thence  through a 2- 
hole  directional  coupler in  the  direction  of 
negl igible   a t tenuat ion  to  a harmonic mker. The 
output  of  the  klystron  oscillator is s e t   t o  h125 
Mc 215 Mc and f ed   t o   t he  harmonic  mixer, the  out- 
put of which goes t o   t h e  30-Mc IF amplifier. For 
calibration  purposes,  the  output of the signal 
generator is introduced  through  the -18 db l e g  of 
the  directional  coupler. The remainder of  the 
system is as  previously described  for  the two 
lover frequencies. Eiy using the  harmonic mixer, 
only one local osc i l la tor  is required  for a l l  
three  frequencies and this,  of  course,  simplifies 
the  eqnipuent  requirements and operational 
procedure. 

Equipnent character is t ics  were such that path 
losses  of at leas t  200 db  could be measured at  
any  of the  test frequencies. 

A photographic view of the i n t e r i o r  of the 
transmitter  truck is shown in Fignre 5. The 
magnetron power supply is mounted j u s t  above the 
operator 's   table and the modulation  control is 
located just above the  meters and centered on 
the  panel. 

The in te r ior  views of the  receiving  van 
(Fig. 6 )  i l l u s t r a t e  how the signal generators, 
recorder,  and  klystron local osc i l la tor   a re  
mounted. In  addition,  the  dipole-disc and Cutler 
feeds as well as the  directional  coupler  and 
crys ta l  mixer assemblies  are shoun. 

Pr3maz-y power for  operating  the equipment is 
furnished by a 1500-uatt  portable  gasoline  gener- 
a tor .  A tower, variable in height from 14 t o  23 
feet ,  is mounted a t   the   rear   o f   each  van (Fig. &). 

As h d l c a t e d  in t h e  block diagrams, 47.7 Mc 
transceivers are employed f o r  2-uay voice cornu- 
nication in  the  coordination  of  the microwave 
measurements. Qmd antennas are used with this 
equipment t o  achieve  the extra gain necessary  on 
the  higher loss paths. 

Prediction Methods 

If the  ridge  approaches a knife edge at  the 
frequency  involved and the   diffract ion  angle  is 
qui te  smal l  (a  maximum of 5' or 6'1, the  Fresnel 
integral  can be used t o  determine  the  amplitude 
coefficient and t h e   t o t a l  phase shift along  the 
path. In order for  the b i f e  edge d i f f rac t ion  
formula t o  be valid,   the  dhtances from the  
transmitter and receiver to  the  obstacle m u s t  be 
large compared to  obstacle  height,  and this 
height must be la rge  compared t o  a wavelength. 
The horizontal  extension of the  knife edge 
theoretically  should be infinite,   but  practically 
it need o n l y  be large  cmpared  with  obstacle 
height. If the above two conditions  are met, the 
f i e l d  at  the  receiver is given by 

L 

e dv 

w h e r e  Eo is the   f ie ld  that would exist a t   t h e  
receiver under free  space  conditions and 

In the above  formula dl and d2  are  the  distances 
f r o m  t r a n s a i t t e r  and receiver  to  the  obstacle,  
and €ID is the  effective  obstacle  height. If the 
receiver i s  in the shadcru zone behind  the  ridge, 
so that v -2, then  the  following approximate 
formula holds 

"ITJ v 
E - 0.225 

Substi tuting  the valm of  v as previously  defined 
and expressing  logarithmically 20 log C = 10 l o g  

d2 - 51.2. Total path loss would thns be the  
loss due to   d i f f r ac t ion  over  the  knife edge ob- 
s tac le  as determined above plus  the free space 
path loss. (Transmission loss Fn f r e e  space  can 
be expressed as 

D + 20 l o g  & + 10 log  Fnc - 10 l o g   d l  - 10 log 

where Pt i s  radiated power and Pr is power avai l -  
able   a t   the   receiving antenna. Ekpressed in db, 

determining  knife edge diffract ion loss and f ree  
space  path loss is shown in Fygure 7. 

Lb 20 log  d + 20 l o g  Fmc + 36.6) A ncaaogram f m  

If ref lect ion  points  are present on both 
s ides  of the  obstacle and antenna  heights are 
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optimized a possible  12  db improvement i n  t o t a l  
path loss figure is predicted  by &-ray theory. 
However, we were unable to f ind  a path which 
exhibited  such an improvement during the measure- 
ments program. 

When a double  obstacle p t h  is t o  be used, 
an  extension  of  the 20 log C prediction method 
gives a good estimate of  the  path l o s s .  Loss 
over the   f i r s t   obs t ac l e  is determined  using t h e  
transmitter and the peak of  the second obstacle 
as terminal  points. Similarly, using  the  top  of 
t h e  first obstacle and the  receiver   locat ion 89 
terminals,   diffraction lo s s  over the  second peak 
is found.  The free  space  path lo s s  over the 
ent i re   dis tance between transmitter and receiver 
is then added t o   t h e  two d i f f r ac t ion   l o s ses   t o  
give  the  total   predicted loss. 

Experimental resu l t s   ind ica te   tha t   rad io  
waves are attenuated due t o  absorption and possi- 
bly  other causes i f  the wave propagates  close t o  
the  surface of the  ear th   for  any  appreciable  dis- 
tance.  This  attenuation  increases  with frequency. 
If the  obstacle were spherical  rather  than a 
knife edge at the  frequency  being used or  i f  the  
diffraction  angle were too  great,  the ray would 
probably  graze  the  surface for some distance. 
For  such a case, knife edge diffract ion  theory 
would not  predict   sufficient  path loss and a 
different   predict ion method  would be advisable. 
A prediction method  which assumes d i f f rac t ion  by 
a spherical  obstacle,  adapted from the  general 
solut ion by Messrs. van der  Pol and H. Bremmer, 
has been proposed and seems to  offer  considerable 
merit. 

5 

Path loss due t o   d i f f r a c t i o n  assuming a 
spherical  obstacle would be 

and 
V e-I.84f2 ( S ) n  L,= 3.411 A 

where f 2( 6) = 1.56, A = .356 H- 2/3 h- 2/3 TL/3 

and n = - d ( 2  % T) 2/3 X- 
5% 

%, the  obstacle  height, X the  wavelength, 
T the  obstacle  thickness, and  d  the  path  length 
must be i n   t h e  same units. 

If d l  = d2 (obstacle a t  midpath) and T = 
.185H, then 

1.03 % b/3 

n=x 

Substituting  these  values  in formula (2)  and 
changing t o  frequency i n  megacycles and distance 
in miles, we get 

or  changing signs and expressing  conventionally 
as a loss in decibels 

LS = 25 + 10 log  F + 10 log  d - 7.7 ( 3 )  

The t o t a l  loss Ls can  be divided i n t o  two parts,  
Ls1 = 25' and  Ls2 = 10 log  F + 10 log  d  - 7.7. 
Nomograms fo r  determining Ls1 and Ls2 appear as 
Figures 8 and 9 .  For to ta l   pa th  loss, of  course, 
the  spherical   d i f f ract ion loss is added t o   t h e  
f r e e  space loss of the  path  being  investigated. 

The preceding  tu0  prediction methods both 
have theore t ica l   jus t i f ica t ion  and f o r   t h i s  
reason  should be used where practicable. However, 
an  average  path loss value  based  on a number of 
ac tua l   f i e ld  measurements should be of  value i n  
preliminary  estimates  of  the  usefulness  of  a  path. 
Based on a series of measurements over 39 d i f fe r -  
ent  obstacle  paths, 50 db should be added t o   t h e  
free  space loss i n  the  2000-5000 Mc frequency 
range and 56 db in the  5'000-8500 #c  band. 

Once it has been determined t h a t  a suitable 
obstacle  path exists ard predictions have  been 
made to   s ee  if the  avai lable  equipment  can  operate 
s a t i s f a c t o r i l y  Over such a path, the  following 
sitins techniques proved useful  during  the meas- 
urements  program: 

1. Since it is d i f f i c u l t   t o  survey  over an 
appreciable  area using microwave equipment and 
associated  highly  directional  antennas,  the  actud 
signal  strength  surveys  are conducted using VHF 
equipmnt and nondirectional  or wide  beamuidth 
antennas. 

2. The transmitter  truck  tentatively  selects 
a location and transmits VHF carr ier   while   the 
receiver  truck  surveys  the  other  terminal  area  to 
f ind m a x i m u m  signal  strength  spots.  
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3. When a "hot  spot" is found at  a location 
su i tab le   for   se t t ing  up, the  receiver  truck  nay 
t ransmit   tes t  signals at VHF if a more sui table  
location is required a t  the  transmitter end. 

4. When both  locations  are determined, the 
microwave e q u i p e n t  is put  into  operation  after 
taking  special  care in antenna  alignment. The 
following  procedure w a s  used in antenna  alignment: 

a. The bearing between the  terminals is 
determined  from the  map. 

b. With the  aid  of a  Brunton compass or 
transit ,   the  point on the   obs tac le   to  which the 
antenna  should be aimed is determined. 

c. A sighting is made across  the  periphery 
of the   d i sh   to   the   obs tac le  and the  antenna is 
then  turned 90° t o  properly  l ine np in azimuth 
with  the  desired  path.  Alternativekv, a sighting 
can be made on a point 50' from the  desired  path 
and the antenna  aould  not have t o  be rotated. 
Elevation a l i m e n t  is achieved by boresighting 
t o   t h e   t o p  of the  obstacle  through  the  antenna 
opening of the  parabolic  reflector. 

d. Since  there is usually s l igh t   e r ror  in 
the map bearing final azimuth  alignment is 
accmplished by maximizing on a signal. 

5. It may be necessary t o  change antenna 
heights t o  receive an optimum signal. Moving the  
truck a short   distance would accomplish the same 
purpose  where it is not  convenient to  vary  height.  

Test Results 

Figure 10 is a simplified map of t h e   t e s t  
area.  Paths  tested  varied  in  length from about 6 
miles t o  Over 150 miles. The path t e r ra in   var ied  
from barren  desert  type t o  wooded and snow-covered 
types. One path w a s  tested after a moderately 
heavy snow and l a t e r  when the  snow was melted from 
the  ridge. There was very l i t t l e  difference in 
measured path  losses on the  two occasions. 

Profiles of four paths are shorn In F'iwes 
11 through a. The f i rs t  two are  paths more than 
100 miles long which were successfully tested a t  
2&0 Mc. "he th t rd   p ro f i l e  is for a path  nearly 
50 miles i n  length,  the  longest  path  that was 
successfully  negotiated  at all th ree   t e s t  frequen- 
cies. The l a s t   p r o f i l e  is for a double  obstacle 
path and was successfully  tested on ly  at 2450 &. 
Path l o s s  was Zh db more than  predicted by the 
knife edge theory  for  the  path assuming only a 
single  obstacle w a s  present. 

Several &-hour checks  have  been made,  two or 
more at each microwave t e s t  frequency. On a 17- 
mile  path  Kith no ref lect ion points on e i the r   s ide  
of  the  obstacle,  variation  at all th ree   t es t   f re -  
quencies was  no more than 23 db. On longer  paths, 
with and without  reflection  points,  variation was 
as much as +lo db  over  a &-hour test pericd. 

It has becom  evident as a r e s u l t  of a good 
number of  path loss measurements that it is k- 
portant  to  maintain lov diffract ion angles on 
obstacle paths. Even on comparatively  short paths 
i f  the   to ta l   d i f f rac t ion   angle  is greater than 5 
t o  6 degrees,  path  loss is much greater  than 
predicted by knife edge diffraction  theory. For 
long paths, beyond about 30 miles, it is best t o  
keep this total   angle  under h degrees. 

Predictions of expected  path loss Over a 
single  obstacle or short  double-abstacle  path  can 
be made with  considerable accuracy. Predicted 
values were within 0.7 db  of  measured path  losses 
using the  spherical   diffraction  xethod,  with a 
small and consistent  spread on both  sides  of 
actual  path  losses. Knife edge predictions were, 
on the  average,  about 9.0 db low. However, a 
constant  correction  factor would be in order  here, 
since  the  predicted  path  loss was below the  
measured loss for  nearly  every  path  tested.  Eigk 
double-obstacle  paths were  checked  and predictiom 
averaged within 3.5 db of measured path  loss.  

Conchdona. 

Among the  more important  findings  of  the 
measurement and study program are  the  follouing: 

(1) Fully re l iab le  medium t o  long  range 
point-to-point microwaw  communications i n  
mountainous areas can be established  over 
obstructed  transmission  patha, 

(2 )  Although not all obstructed  paths are 
useful,  the  feasibility  of  attempting  comunica- 
tions  over a  given  path  can be determined f r o m  
the b/3 earth  radius  profule. Best terminal sites 
can be consis tent ly   predicted  to  w i t h i n  one mile. 

(3)  Mountain obstacle  transmission  paths 
display broadband frequency  characteristics cover- 
ing  the  frequency  range 50 - 8500 Mc as long as 
the  total   d i f f ract ion  angle  is less   than  6'. For 
greater  angles,  successfnl  paths could  probably 
be established i n  the  VHF and low UHF regions. 

( h )  Successful  techniques have  been devel- 
oped during  the  sxperimental program for s i t i n g  
obstacle  path  terminals and predicting require- 
ments  and  performance. The straightforward 
procedures may be readi ly  adapted t o   f i e l d  use. 

( 5 )  Fade range  over a 2b-hour period on 
paths where there  is negligible  multipath  effect  
is not over +3 db. If multipath  tranamission 
takes  place,  the  fade  range may be as much as S O  
over a 2b-honr period. 

( 6 )  'Fhe type of surface  cover  (rocky, snow, 
barren, or  wooded) at  the   c r e s t  of the  obstacle  
does not s e a  t o  be o f   h p r t a n c e .  

(7) Short  double-obstacle  paths have approx- 
imately 1.25 tisles  the db diffract ion  loss  
exhibited by single  obstacle paths. 
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( 8 )  Where sui table   terrain  exis ts ,   obstacle  
circuits  represent a considerable  saving i n  
in s t a l l a t ion  and  equipment costs compared with 
tropospheric  scatter  installations.  
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m. SAN 
GORGONIO 

Fig. 11. Profile of single-obstacle path  over Mount 
San Gorgonio. 

Fig. 13. Profile of single-obstacle path between Chino 
and Apple Valley. 
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Fig. 12. Profile of single-obstacle path  over Mount 
San Jacinto. 
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Fig.  14. Typical double-obstacle path, 

242 


