University of New Mexico

UNM Digital Repository

Electrical and Computer Engineering ETDs Engineering ETDs

Summer 6-6-1958

Design of an Experiment to Separate Specular and
Scattered Radar Returns

Robert B. Glascock

Follow this and additional works at: https://digitalrepositoryunm.edu/ece etds

b Part of the Electrical and Computer Engineering Commons

Recommended Citation

Glascock, Robert B.. "Design of an Experiment to Separate Specular and Scattered Radar Returns." (1958).
https://digitalrepository.unm.edu/ece_etds/316

This Thesis is brought to you for free and open access by the Engineering ETDs at UNM Digital Repository. It has been accepted for inclusion in
Electrical and Computer Engineering ETDs by an authorized administrator of UNM Digital Repository. For more information, please contact

disc@unm.edu.


https://digitalrepository.unm.edu?utm_source=digitalrepository.unm.edu%2Fece_etds%2F316&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalrepository.unm.edu/ece_etds?utm_source=digitalrepository.unm.edu%2Fece_etds%2F316&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalrepository.unm.edu/eng_etds?utm_source=digitalrepository.unm.edu%2Fece_etds%2F316&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalrepository.unm.edu/ece_etds?utm_source=digitalrepository.unm.edu%2Fece_etds%2F316&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/266?utm_source=digitalrepository.unm.edu%2Fece_etds%2F316&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalrepository.unm.edu/ece_etds/316?utm_source=digitalrepository.unm.edu%2Fece_etds%2F316&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:disc@unm.edu

UNIVERSITY OF NEW MEXICO-UNIVERSITY LIBRARIES
e 0 O ‘
| ‘ 0 01 M
Il ‘ | H I I ‘ ‘H ‘ (1A ORI

Alu4429 DA4ELUE

378.789
U=a30¢gl

1958
cop. 2



' DESIGN OF AN EXPERIMENT - GLASCOCK



THE LIBRARY
UNIVERSITY OF NEW MEXICO

Call No. Accession

378,789 Number

Un30e 2 235352
1958

cop.R










UNIVERSITY OF NEW MEXICO LIBRARY

MANUSCRIPT THESES

Unpublished theses submitted for the Master’s and Doctor’s de-
grees and deposited in the University of New Mexico Library are
open for inspection, but are to be used only with due regard to the
rights of the authors. Bibliographical references may be noted, but
passages may be copied only with the permission of the authors, and
proper credit must be given in subsequent written or published
work. Extensive copying or publication of the thesis in whole or in
part requires also the consent of the Dean of the Graduate School
of the University of New Mexico.

This thesis by Robert B, Glascock

.............................................

has been used by the following persons, whose signatures attest their
acceptance of the above restrictions.

A Library which borrows this thesis for use by its patrons is
expected to secure the signature of each user.

NAME AND ADDRESS DATE







DESIGN OF AN E XPERIMENT TO SEPARATE

SPECULAR AND SCATTERED RADAR RETURNS

By

Robert B. Glascock

A Thesis
Submitted in Partial Fulfillment of the
Reaquirements for the Degree of

Master of Science in Electrical Engineering

The University of New Mexico

1958







This thesis, directed and approved by the candidate’s com-
mittee, has been accepted by the Graduate Committee of the
University of New Mexico in partial fulfillment of the require-
ments for the degree of

MASTER OF SCIENCE

s, AEes

DEAN

3, 19§F R

Thesis committee

9 Ry

v Gl i
o R S B

CHAIRMAN

P oaliin













o #

n
~J

10I'a

ltitudes

Y
tions
J 1 1
o1
Narrow Beam
g o 2
ring o
am Theory
Calculation

Summary of D

L
,
44
of Transmitted Power o
)
T g -
W v t
)

Attenuator ), 8

f ror - | 4 :
;
eturned ¢ A
ross-Sections Reduced Using the Dual C
{ r 'yAca. o ns and sflection

I'oss=oectlions

Ut
ON

of Reflection Coefficients

ata Reduction Procedures

v\
Fa S






DESIGN OF AN EXPERIMENT TO SEPARATE

SPECULAR AND SCATTERED RADAR RETURNS

-

1,0 Introduction

This paper describes the design of a radar experiment
that will be conducted by the U, S. Naval Research Laboratory
at Washington, D.C, The proposed experiment and the background
of the problem are discussed in-‘this section and the theoretical
background, experimental background, and other design consider-
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1.1 Background of the Problem. Radar echoes have been

known to consist of a specular (mirror type) reflection and a
scattered component described by a reflection coefficient and
scattering aross«section per unit area for the groundol The
problem has been to separate these two parameters of the ground
or any radar altimeter system the return may be ac-

~urately predicted., Radar return measurements taken by Sandia

rporation in recent years have been made in such a manner that

effects of reflection and scattering cannot be separated with

any confidence, especially at angles near vertical incidence.

1R, K. Moore and C, S, Williams, Jr., "Radar Return

at Near Vertical Incidence." Proc. IRE.,, Vol., 45, No. 2, Feb.
w‘ryo ?29‘2380
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angles near gragzing incidence and almost no data have been
taken for angles near vertical incidence. The data that have
been taken for angles near vertical incidence have been re-
duced in terms of a scattering cross-section per unit area
and a reflection coefficient. Another method that describes
the return in terms of *the statistical varia*ions of the

eround about a mean ground level has been proposed by Davies

2.3
| £.9.4

and:Moore, However, some of the assumptions made by

Davies do not hold at angles near vertical incidence. Rada:xr

"3
@
H

turn for these two models will be discussed in the following
two sections with an extension on Davies! theory.

2.1 Radar Return at Near-Vertical Incidence. The re-

turn due to specular reflection is given by a single term, but
she return due to scattering involves an integral. These two
types of return will be discussed separatelv.

2.11 Radar Return Due to Specular Reflection. The re-

turn due to specular vower can be developed on 'an image basis
- ive:
.»), K ., 2 2 2 - A\
Ir(€) = /‘Z(f* %’UG (OK™ X (1)
64 7eh=

2H, Davies, "Reflection of Electromagnetic Waves
from a Rough Surface", IEE Monograph #90, (1954),
"is ¥, Moore, "Resolution of Vertical Incidence Re-
i idom and St lar Components™, UNM Exp. Sta. Tech
Report EE-6, (July, 1057) Presented before the URSI Meeting,
Washington, D. C., (May, 1957).

turn into Rand

om and







where Pr(t) is the specular power returned, P, (t-Z%) is

Sp
the transmitted power, G(0) is the gain to a point directly
below the radar, A 1is the wavelength, h is the distance from
the radar to the ground, and K is the Fresnel voltage reflec-
tion coefficient, It should be noted that, after an area a
few Fresnel zones wide is illuminated, essentially specular
power is returned to the radar and this return is not dependent

on any additional area illuminated%

2,12 Radar Return Due to Scattering. The process of

scattering is one wherein the ground reradiates the incident power
in all directions, but with some directivity.5 The development
given in the reference will be répeated for convenience, but not
in the original detail,

Consider an airplane flying over the terrain with a
pulsed radar that periodically illuminates the ground directly
helow and out to seme angle O, where the area illuminated is

defined by the antenna pattern of the radar s2nd the pulse dura-

tion. The return from any scatterer 'dssociated with a small

APaul Drude, Theory of Optics, Longman, Green & Co.
(London, 1913) p. 164.

SMoore and Williams, op. cite. (Ref. 1)







illuminated area, A A, will now be developed with the

geometry illustrated in Figure 4.
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turn from any scatterer, P_(t), will be:
P ) r 2

Bt)= |Ree-8E)GY
4rns
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ere Fr(t) is the returned power from the nth scatterer,

r is the range to the nth scatterer,

Gy is the gain to the nth scatterer,

0, 1s the scattering cross-section of the nth scatterer,
and A is the wavelength of the radar.
The first bracket is the power density incident at the
nth scatterer, the second bracket gives the effect of the ground
‘er reradiated by the antenna at the antenna (and when
ltiplied with the first bracketed quantity gives the power deﬂ%
at the antenna), and the third bracket is the effective
ving aperture of the antenna,

verage power returneu due to scattering is given

) lere the bar indicates “hat any point in the returned
an average of the values at the time, tny in all of

Ml ik £ o
P = \ Rlt-3)Gy Aoy (3)
o z 64r3r? iy
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The notation, P, (t- ;ag), expresses the pulse
power as if the pulse had started when the leading edge touched

the ground, as shown in Figure 5.

Y

o~

Time

A
O

Figure 5

The scattering cross-section is a quantity that would
be very difficult to evaluate for each scatterer on the ground
and, for this reason, a new quantity, éib, s is defined. The

definition for 6p is given in (4).







The quantity in (4) is the scattering cross-
:ction per unit area where the unit area may contain several
scatterers.,
The summation given in (3) must be multiplied by
AA when (4) is substituted into (3), and the sum will be-
come an integral when the increment of area is allowed to ap-

ach zero, resulting in:

Ritys | Ret- 8GO0 0,0 (5)
£ 64714

When the value for dA in the spherical coordinate

the integral becomes:

4 g=21T r=f;
Rlt), = //c;—(,f- 2r) G(6,0)65(6,0)drd (6)

)
- / ¥ 2ol
D=0 T=p,
The integration on Qv can be readily performed

ives a value of 277 on the outside of the integral, if
(@) and 0p (@) are assumed to have circular symmetry with
respect to a vertical axis from the radar to the ground.

This integral gives the power received due to scat-

~

inz, The total power returned is given by the sum of (1)

32
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and (6), the power due to specular and scatter, as shown in

(7)0

r=05
Bty & Bk~ 2h)Giok 5 + @ct-%")Ga(eb;,(e)fc/r o
64rh? B27rer

r=4
The gain and scattering cross-section per unit area
are given as functions of the angle © since this variable is
not altitude dependent,

2.2 Resolution of Return into Specular and Scattered

Components. The basis®s7 for this method of describing the re-
turn uses the statistics of the f%uctua+ions of the ground level
about same mean value. The retufg“is broken up phasorially into
a component with phase that of an area element at the mean level
and a component that contains the effect of the random distribu-
tions of the heights of these area elements around the mean
level of the ground., The distribution of the heights of the
area elements is assumed to follow the normal law, which results
in a normal distribution of the phases associated with the re-
turns from the various area elements intead of the usual as-

sumption of a uniform distribution of the phases.,

6R. K. Moore, op. eit. '(Ref, 3),

7H. Davies, op. cit. (Ref. 2),
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Both of these references develop the return in
terms of the standard deviations of the ground fluctuations
and show how the specular component decreases as the standard
deviation of the fluctuations increases. However, Davies
makes some assumptions that are not always valid near vertical
incidence, Noors does not make the assumptions that make
Davies' development invalid at vertical incidence, but obtains
an integral that cannot be evaluated except by numerical methods,

The experiment that NRL will conduct should verify
Moore's and Davies! theories (except at vertical incidence in
the case of Davies! theory). The experiment will alsd give better
information on the variation of the scattering cross-section
with angles of incidence. The data taken by Sandia could also
be fitted with these curves since the generai shape of the varia-
tions will be known., Comparison will be of particular interest
where NRL flights are made over old Sandia targets.

The attempts to reduce (in terms of the specular-
scatter combination) the large quantities of data taken by Sandia
Corporation will be discussed to give a better insight into
the problems involved in the separation of the scattering cross-
section and reflection coefficient,

3,0 Experimental Backeground.

A great amount of data has been taken in the Sandia

Corporation terrain return program, and a great deal of effort
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has been spent in its analysis, It has been evident since

introduction of the specular-scatter theory that separation
of existing data would be difficult. The method used by
Sandia Corporation to take data and the method used in the
reduction of the dsta are discussed here to illustrate the
problems in their program and how this experiment will over-
come these difficulties.

3.1 Experimental Program Conducted by Sandia Corpora-

tion, Sandia used a pulsed radar in a C-47 with a broad beam
antenna to transmit and receive narrow pulses of the order of
0.1 to O.2usec in width, The calibrations of the transmitted
power varied as much as 7 db between ground and data run cali-
brations and they were not improved until inflight calibrations
were made.8 The data collected after inflight calibrations were
started are more accurately calibrated with respect to the trans-
mitted power, since the fluctuations are no greater than 2 db,
but the ground parameters cannot be readily separated since the
measurements were made with a wide-beam antenna so the power
returned due to the specular and scettering processes was com-

bined.

8F, Janza and R. West, "Accurate Radar Attenuation
Measurements Achieved by Inflight Calibration,™ IRE Trans,
on Instrumentation, pp 23-30, (Oct., 1955).
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The pulse-to-pulse oscilloscope photos were reduced
by the Physical Science Laboratory at New Mexico College of
A % M, A., State College, New Mexico. The method used by PSL
is discussed in the next section which points out some pos-

sible errors in the reduction of the data.

3.2 Reduction Procedures.Applied to Sandia Corporation

Data. The reduction of the Sandia data was performed by remov-
the scattering cross-section per unit area from the integral

of ejuation (6) as an average of the values between the limits of
the integral., The value of the average scattering cross-section
at any time, t,, in the return was found by dividing the average
power returned by the value of the irtegral at the same time,
This did not account for the power due to the specular component
so an exponential, Aexp(-BO) was fitted to the values of the
average scattering cross—seétion. The curve fitting was applied
only to those points that did not have a specular component added
to the scattered power, The exponential was chosen because it
was easy to use, and at the time no better information was
available on the variation ofgp (@) with the angles of incidence,
Such a fit is shown in Figure 6,

It is interesting to combine the power due to scat-
tering and specular return into a single integral, The identity

h = r cos ©, and the properties of the § function lister
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below are needed,
S@#) =00 ¢=0
%0 . B0

4 S0t = |
(0.8
_fwf(é)g (t=-T)dt = F(7)

The proper substitutions of the quantities in (8),

(8)

and the identity into (7) will give the expression below for

the total power returned as a single integral.

o I2
R =XR - L)670) | riKsth-r) + 58| dr (9)
/ 323 B

The bracketed quantity can be reduced further by
using the properties of’'the § function to substitute h3 for
r3,

The quantity in brackets in the above expression,
defined as CTB’ (60 , 1s the value that PSL has deduced
from the data as a first approximation to the average scatter-
ing cross-section. The 5‘ function in the brackets illustrates

> values of the returned power that contain the specular
lent, cannot be used in the reduction of the average scat-

tering cross-section.
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Curves for the actual average scattéring cross=-

section, 5‘0’[9-) , the value reduced by PSL, 53(@) , and
the exponential used in the curve fitting process, 5;'(6})

are shown in PFigure 6.

JNoNC i
o)
>
o
=

&
Scattering Cross-Sect/ons

Figure 6
Very recently a different approach to the problem

has been examined and thé results of the Davies! model have

been fitted to some of the experimental data.’ This method of

9A. R. Edison, "Reflection and Scattering Coefficients
for Several Types of Targets," UNM Exp. Sta. Tech, Report EE-8
(Sept. 1957).
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reducing the Sandia Corporation data is the subject of the
next paragraph,

3.3 Theoretical Curve Fitting to Experimental Data.

The data taken in the Sandia program would be more useful if
theoretical curves for the scattering cross-section could be fit-
sed to the data by adjusting certain parameters.,

The theory described in Section 2.2 may be quite valid,
but the integral has not been completely evaluated, 3o it can-
not be used to find a family of curves to fit the experimental
data for different ground parameters,

Computations of the radar cross-section per unit area
for terrain indicate that the scattering cross-section is dif-
ferent than would be obtained with an isotropic scatterer, A
theoretical development of this pattern which has been presented

10 considers a horizontal correlation distance between

by Davies
irregularities and the standard deviation of the vertical fluc-

tuations as the parameters.

The result, which is based on a perfectly conducting

rough surface, can be expressed as:
8 ,
05 (0) = @sec B exp |-a>tan (o) il
46% ABET

10y, pavies, op. ¢it, (Ref. 6),
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where "a" is the horizontal correlation distance, and "b" is

the standard deviation of vertical fluctuations. Note that
carrying this into @ = 0, is questionable,ll but it will be
done here since nothing better is available.

This expression compares favorably with experime ntal
results obtained for return from farmland and wooded areas when

a suitable loss factor is included to account for absorption in

the ground.

/63-(
A Davies' Theoretical Scattering
jg Cross-Section
8+
4..
0 4 '

o 3 F 5 2 2@

Angle of Incidence, Degrees

Figure 7

Figure 7 gives orne of a family of these curves for a
particular ratio of the ground parameters, a?2/b? = 50, The gen-
eral shape of the curves for different values of 32/b2 is the
same, but they tend to become steeper with increasing values of

the parameter az/bze

1lr, K. Moore, op. cit. (Ref. 3),







.

4,0 Dual Beam Experiment,

Another method of taking data that should lend itself
to easier reduction is one in which both a very small area of
the ground and a larger areaz are illuminated, If the’small area
is small enough so that néarly all the power returned is
specular, this power can be subtracted from the power returned
from the large areaz to give the scattered power returned from
the wide area. These ideas are illustrated in the following
equations,

The power returned from the small area is:

W (11)

and the power returned from the large area is:

Wz = wsp2 t W302 (12)
Wsol should equal Wsp since the power returned due to specular
reflection is independent of illuminated area (assuming the

\

cain)., If the smaller area illuminated is small enough,
tered power returned will be much less than the specular
power and the approximation shown below can be made that:
".']1 - Wsp (13)
:
An approximation to the scattered power returned to
the wide beam antenna can then be obtained by subtracting the

power returned to the narrow beam antenna from the power re-

turned to the wide beam antenna. The approximation for the






scattered power returned to the wide beam can be used to
find the average scattering cross-section.

The idea of illuminating a large and small area so
that the specular and scattered power could be separated is
due to Dr. Pennett L. Basore.*

There are several methods of illuminating a small
and large area on the ground. One method would use a radar
pulsed alternately with long and short pulses; however, this
method would be di fficult because the modulator would have to
put out two alternate pulses of different widths, Another
method would use a wide-beam antenna and a narrow-beam antenna
alternate runs over the same area, but this method would
involve flying over the same area twice which is expensive and
1ifficult, The best method aprears to be one that uses two an-
tennas pulsed alternately, One antenna has a broad beam while
the other has a quite narrow beam, The two antenna beams al-

w returned ‘signals to be measured from a large and a small

-Dag he ground, The ecuations for the return to each an-

1 + 1

tenna due to both scattering and reflection are listed below
and will be examined more thoroughly.

Lol Théory-of The!Dual-Beam Experiment, The returu

to each antenna would be the sum of the specular and scattered

rly with Sandia Corporation.
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power as given in (7). The only difference in the two expres-
sions for the return will be the different gain factors for
each antenna,

The return to the narrow antenna is:

B

0

il

Bk
A (¢- %Q)G,Z(O) pBke +f]\2 7, (t- %E)G;z(e)% B dr (14)

6477 °h? Seny e

and the return to the wide beam antenna would be:

i o 2 i 2
RiE)= 12, (¢~ )GONK ; T ot %‘)@_j{@%(@)dr (15)
6477°h° o e

/

The integral in (14) is assumed to be much less than
the first term (if the antenna beam is narrow enough) so that

it may be dropped out and (1l4) becomes:

6417°h®

R, (¢ 3860 = R, (¢ - B)G3(0), i






|

2L

the value of (16) will be ecqual to the first term in (15), and
(14) may than be subtracted from (15) to give the power re-

turned from the ground due to scattering to the wide beam an-
tenna. With the specular power removed from the total return,
the values of 5372;7 should vary much less than those in

Figure 6, and they should approximate &g ( &) much closer
since the 5 function that was averaged with 63(9) to give

OZ,(EH has been removed. Thus

G (6 = R(8)

£
2 e 2
X (R, (-G (®)dr
3277% r3
h
This appears to be the best method found to date of

(18)

collecting near-vertical radar return data. There will be a
small error in assuming that the return to the.narrow antenna is
all specular, This error is discussed more fully in Section 7.2
and some examples are calculated to illustrate its magnitude.,

Before proceeding to the next section note that the
equality stated in (17) and used in (18) implies not only that
the magnitudes must be equal, but also that the pulse shapes
must be identical,

Figure & shows Pr,, the total returned power, as the
sum of Pr , the scattered power returned to the wide beam an-

502

tenna and £ I the specular power returned to the wide beam
~2







antenna., Prsp is approximately Prl, the total power returned to
2
the narrow beam antenna as discussed in the theory of the dual
beam experiment., To separate Pr when Pr and PPZ are known,
sz 502
Prsc2 is subtracted point by point from Pro. Actually, these

pulses are average pulses, as discussed in 2.12,

Y

Tire
Returwned Fulse

Figure 8

L2 System Parameters, Section 4.1 has developed the

heory for the dual beam experiment, but the parameters given in
the equations must be chosen so that the data will have maximum

significance. These parameters are given in the next sections







26

with the reasons for the selection of the values for each
parameter,

421 Antennas. The narrow-beam antenna should il-
luminate only a very small area beneath the radar so that the
return to it will be almost all spec¢ular. The scattered power
returned due to scattering is a function of the beam width of
the antenna, as shown in (6), Rough calculations indicate
that the beam width of the narrow-beam antenna should be less
than 10° at the half-power points to keep the scattered power
at a minimum,

A 47" diameter parabolic dish at NRL meets this re-
quirement, and the pattern is given in Figure 1. The gain of

this antenna can be computed as:1?

Go= 7(Area) = 777(47)2—,— 939 = 29.7db
b 4(3.6)°
Here the area is the area of a circle with the same diameter
at the dish, and A is the wavelength,
The wide beam width necessary can‘be obtained with a
horn antenna of small dimensions, which is convenient since only
a small amount of room is available to mount the horn con-

centrically with the parabola. A suitable horn has not yet been

12Reference Data for Radio Engineers, Int, Tel. and Tel,
Company, p.700 4th Edition, 67 Broad St., N.Y. 4, N.,Y. (1956).







A

constructed so nothing but an empirical expression can be used

for the gain and pattern,

The gain of the antenna at a point on the axis is

given by:
Gy = 104 B =/g.(?))(4) =15.43 = (/.9db. (20)

where A and B are the aperture dimensions (5" and 4") and A
is the wavelength.13 The dimensions of the aperture of the
horn were chosen because a horn of this size will fit in the
parabola and because these dimensions give a beam width between
the half-power points of about 50° in the E and H plane. With
this beam width enough scattered power is returned to determine
the scattering cross-section over a significant range of angles.
A useful approximation for a horn antenna is G, cos? ne,
where G, is the gain on the axis and n is a factor that will
give the desired beam width at the half-power points., The value
n to give a 50° beam width is 1,8 which gives an antenna gain

‘o
of:

G = 15,4 cos?® 1.80 (21)

3Reference Data for Radio Engineers, op. cit. p. 698
(Ref, 11).
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This approximation can be checked roughly with
14

curves given by Silver,

L.22 Transmitted Frequency. Tt has been shownl?

that "S"™ band is about the highest frequency for which ap-
preciable amounts of specular power are likely to be returned.
For this reason the experiment should be conducted at this or
a lower frequency. "X" band would be a very convenient
frequency to work with because all of the components are smaller
than those for "S" band. However, the fluctuations of the
ground levels are ordinarily so large compared with a wavelength
at "X" band that no appreciable specular power is returned,

"S" band equipment avai;able at NRI, has a frequency of
3280 mec which is near enough to the freouency used by Sandia
Corporation to compare results,

L,23 Pulse Width., In the reduction of the data for the

average scattering cross-section, the limits on the integral are
determined by the pulse width. The range of the limits on the
integral, in turn,determine the range of values of © over which

the values of the scattering cross-section are -determined, It

ligamuel Silver Editor, Microwave Antenna Theory and
Design, Radiation Laboratory Series (McGraw-Hill Book Co., New
York, 1949) pp. 359, 360,

15R. K. Moore, op. cit. (Ref. 3).







29
would be desirable to use as narrow a pulse as possible so
that the values of the average scattering cross-section re-
duced from the data would more nearly approach the actual
values of the scattering cross—section. The narrowest pulse
which can be generated by the NRL equipment is 1/4L4sec. This,
glthough not as narrow as desirable, should be adequate to give
values of<§3?§§that can be fitted with a theoretical curve.
The shape of the pulse is shown in Figure 1.

Lo24 Pulse Shape Distortion. The overall bandwidth of

the receiver that NRL will use in the dual-beam experiment is
5 mc, This value of bandwidth will cause some distortion of each
returned pulse depending on the returned pulse itself.16

If the receiver is divided into two components, the
first consisting of the R.F, Network and the second consisting of
the Amplifier-Detector, it can be shown that the transmitted
pulse passed through the R.F. network can be used as the trans-
mitted pulse with no correction to the returned pulses needed.
The transmitted pulse passed through the R.,F. network is defined
17

o5 {

TOR, A, Hessemer, Jr., and C., S. Williams, Jr.,
"Determination of Radar Cross-Section For a Seattering Ground,"
Sandia Corp. Tech, Memo, 206-54-54, (Sept, 1954),

17
\‘lofe 1'{\).

R. A. Hessemer, Jr., and C., S, Williams, Jr.,
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P* can also be found by convolving the transmitted
pulse with the low pass equivalent to the transfer function of
the receiver.18
To prove the statements made above concerning the use
of B* the assumption that any non-linear element (such as the R.F.

network) must be followed by an element of infinite bandwidth

(such as the Amplifier-Detector) is necessary.19

L.25 Peak Trangmitted Pulse Power. The receiver at
NRL has a dynamic linear range of 8 to 120UV into 50 ohms which
gives a range of 1.28 to 298U .U w with linear I.F, strips. The
range in power over the linear portion of the NRL receiver is
23.5 db starting at the point in the receiver characteristic
where the signal is equal to the noise. The return for any pulse
is assumed to be composed of many phasors of uniform length with
a uniform distribution of phases between O and 27 radians, which
is the random walk problem in two dimensions which gives a Raleigh
distribution with.a range of fading between the 5 percentile values
of 18 db,20 Using the portion of the linear range between 16_L v

and 120_Uv gives a range of signal power of only 17.5 db

18Janza, Hessemer, and Williams "Pulse Response of
Terrain Return Program Receivers", Sandia Corp. Tech. Memo
208=54=54,

19R. A, Hessemer, Jr., and C, S, Williams, Jr.,
Op« okt {Befi 15),

20p, K. Moore, op. cit, (Ref. 1)
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which is not enough dynamic range to accurately take data,
and the problems of setting the transmitted power so that
the returned signals fell in the linear range of the receiver
would be quite difficult.

Above the linear portion of the response curve of
the receiver is an additional 5 db of range which is non-linear.
This section of the response.curve can a2lso be used if the
Amplifier-Detector has a bandwidth greater than that in the
IF. strips.. This is generally the case so no assumption made in
Section 4.24 is invalidated.

A median input of 72ullwatts (or 60Uv) will give
a range of 11.5 db from 16 to 60.uv and 6 db from 60 to 120_L V
which should, with the additional 5 db of non-linear gain of
the IE's, be enough dynamic range to gather useful data. Also,
the transmitted power will not have to be set exactly to obtain
data with the input near 72 u.ltwatts. The transmitted power
with this input should be 1.8, 3,5, 40,5 watts for 4,000', 7,000!
and 12,000' respectively, These calculations are made by di-
viding the product of the peak returned power (for 1 watt trans-
mitted) given in Figures 13, 14 and 15 and the antenna gain squared
into the median power desired at the receiver,

5,0 Experiment Design.

The parameters of the ecuations for the return to the

two antennas, (14) and (15), have been determined except for
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the altitude, targets, PRF and the recording equipment which

must be selected in terms of the eouipment NRL has on hand
and of collecting data that is representative of many targets.
These items will be selected with these two viewpoints in mind,

5.1 Targets. The targets over which data are taken
should be quite varied, with the actual targets selected ac-
cording to the type of target for which data are desired. How-
ever, it would be of some help in the interpretation and com-
parison of the data if the flights were made over some of the
same targets used in the Sandia Corporation experiments., These
targets are listed in Table II by type and the time of year of
the flight, with the conditions of the target also given. A
detailed description of each target can be obtained from Sandia
Corporation so that flights may be made over the exact tar-
gets used.21

Since the targets used by Sandia Corporation are all
over a few hundred miles from Washington, D. C., an airbase near
each one should be used as a base of operations. On the flights
to these points of operation there would be no reason why data
could not be taken for short intervals over some of the cities
and farmland in the flight path of the R5D, This would gather
more data per hour of operation of the aircraft and give much

more total data.

Rlgee Appendix I.







Table II

SANDIA CORPORATION TARGETS

Type

Commercial, Apartment

area

Farms with woods and
fields

Same as 2, with
railroad

Fields

Irrigated fields
and orchard

Dry desert,
vegetation
Lake, small ripples

some

Dry desert, arroyo,
highway

Ocean, swells, sea
state

Orchard
Lake, small waves

Smooth Lake
Rangeland

Fields

Lake, frozen

Location
Ky 0

Ks- L
Osborne, Mo,

Osborne, Mo,
Cameron, Mo,

Cameron, Mo,

Sioux City, Iowa
Sioux City, Iowa
Las Cruces, N.M,

Las Cruces, N.M,
Albuquerque, N.M,

Elephant Butte,
N. M,

Elephant Butte,
N. M.

Near Salton Sea,
Calif,

Near Salton Sea,
Califo

Near Long Beach,
Califo

Santa Ana - Santa
Cruz Islands,
California

El Toreo, Calif,

Salton Sea,
Calif,

Salton Sea,
Calif,

Magdalena, N.M,

Breckenridge,
Minn,

Breckenridge,
Minn,

Bemidji, Minn,

Season

Snow

Summer
Winter

Summer
Winter Light Patches

Summer

Winter 8" deep, 25%
Summer

Sept.

Nov.
Fall

Sept.
Jan,
Fall

Winter

Winter 3 or 4" deep,

dry
Winter 8" deep, dry
Summer

Winter 10" deep, dry







21a

22a
23,
2L,
25
26,
27
28.
29.
30,
31.
32.
33,
3L.

35,
36.

370

Type

Lake, Small
waves
Fields and woods

Lake, heavy ripples
Dry desert, abandoned

runways
Lake, frozen
Salt flats
Forest

Commercial area

Residential area

Airfield Runways
Irrigated fields
with vegetation
Airfield runway
Sandy desert
Sand hills
Lake, waves
Dry Salt Lake
Sand Hills
Desert II
Residential
Residential
Residential
Forest

Airfield
Snowfield

Location

Bemidji, Minn,
Bemidji, Minn.

Bemidji, Minn,
Cabhallo, N. M,
Belen, N,M,

Alexandria, Minn.

Salt Lake

Pine Island,
Minn,

Pine Island,
Minn,

Minneapolis,
Minn.

Minneapolis,
Minn,

Minneapolis,
Minn.

Minneapolis,
Minn,

Albuquerque,
N.M.

Imperial Valley,
Calif.

El Centro,
Calif,

Muroc Target
No. 1

Near Muroc
Lake

Lake Mead,
Calif.

Yucca Lake
Target

1 Mi. No, of

Yuecca Lake

Near Salton
Sea

Santa Ana,
Calif.

Presque Isle,
Me.

Superior, Wis,

S. of Presque Isle

Loring AFB

NE of Presocue Isle

34

Season Snow

Summer

Winter 10" deep,
dry

Summer

Winter

Summer

Winter 12-18",
dry

Summer

Winter 5"

Summer

Winter 7"

Summer

Winter

Winter

Winter Wet Under

Winter

Winter Wet Under

Winter

Winter

Summer

Winter 20"-25"

Winter 10m"-12"

Winter 20"-25"

Winter 20"-25"

Winter 20m-25"







5.2 Altitudes, The altitudes, particularly over

the targets used by Sandia Corvoration should be 4,000, 7,000

and 12,000 feet, or any combination if more than one altitude

can be used. If only one altitude can be used, it should be
approximately 7,000 feet or higher above the terrain. Data

ﬁaken by Sandia Corporation has fewer unexplainable deviations

at these altitudes; that is, the curves ofd’o(e) do not vary
erratically with &9, Sandia Corporation data for these altitudes
would make the comparison between NRL data and Sandia data easier.

5.3 Recording Equipment. The returned pulses will be

displayed on an "A" scope and recorded by explosing each frame of
film with 75 to 100 pulses. This should be adequate to give a
good mean pulse shape for the return from the ground for the
pulses recorded, The mean will either be read from the film with
the use of a microdensitometer or by determining visually what
apprears to be the average returned pulse.

A check on the peak of the mean veslue could also be
obtained by recording only the pesks, as the Wave Propagation
Branch at NRL has been doing in pulse-to-pulse sea return data.
This has the advantage that data taken in this manner can be re-
duced by machine methods and may be more accurate in determining
the peak of the mean than the multi-exposed film, This method
could not be used to record the peak while the multi-exposed film
could be used to gather only the shape of the average returned

pulse.
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