UNCLASSIFIED

AD NUMBER
AD007039

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Foreign
Government Information; JAN 1953. Other
requests shall be referred to British
Embassy, 3100 Massachusetts Avenue, NW,
Washington, DC 20008.

AUTHORITY
DSTL, AVIA 6/20829, 19 Feb 2009

THIS PAGE IS UNCLASSIFIED

TCT NOTECH

NOTE

R.ADI O BUR&IAP.,34

I
RTIC

17i

R~.53

F A R

1 0 A

N

0

U

G

H,

A

H

T S

N

TECHNICAL NOTE No: RAD.536

A SURVEY OF

LOW REFLECTION COEFFICIENTS
FOR VARIOUS TYPES OF
LAND AND FROZEN SEA FOR
NORMAL INCIDENCE AT 1600 Mc/$
by
J.K.GARLICK, B.Sc., A.M.I.E.E.

OfIN

I

I

Of

T

SUPPLY

lTod .90911? OF. 1 GA4 ~ AND
'hod 00C414410
m II4
cAtio 10 THIPINALr' AlACSma To
Aym
Ake 010"I4NE *t OF "w W N09.CMCA
u
AC , t.9.9t9
am
e- a Ieeedd

" b
.9.

m

w o II M- O

%GW.e I. o*w

~aw4 9A 99.40eof,"awidmm

40.
eaw
Yb ww..g t~in
ee
t
114 OCUIAA, IUWrn

-I f.e

W
OFVAY. L ILAN4. LO9O#4.5w
1

bs*

om 014.

t

ONeAe*
Ifd Atm ~
i.
6134
I' crew
w %tA4h..

.

'

IU

DISTLAIMER NOTICE
00

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
NOT
DO
WHICH
PAGES

REPRODUCE

LEGIBLY.

UNCLASSIFIED
U.D.C. No. 538.566.4
Technical Note No. Had.536
January, 1953
ROYAL A RCRAWf ESTABLISHUINT

FARNbOROUGH

A Survey of Low Reflection Coefficients for
Various Types of Land and Frosen Sea for

Normal Incidefta. at 2.00 me/
by

J.K. Garlick, B.Sc., A.M.Ij...

SUMARY
During development on radio terrain clearance indicators work was
done to measure the rufleotion cotfficiunts from terrains expectei to
have the lowest valuos.
The mbasurements were made ut a frequency of
1600 Mo/s.
They deptnded upon the reeuption in an aircraft flying over

the terrain, of a signal transmitted vertically downwards from the aircraft and reflected back to it.
The reflection coefficient of desert sand agreed with a figure

obtained earlier at 400 Mo/a. by other authorities.
s

It ha4 buen oon-

.eredto be the lowest reflection ooeffioient to be found from a:y

natural terrain.
MHasrmenta over barren frosen arctic torrain or sea covered by
several feet of ice produced reflection oooffioints equal to those from
desert sand.
Over terrain deeply frosen and oovored by deep snow and veetation
however, appreciab Ly maller refl ction coefficients were neasured.

Tech. Note No. Ra4.3d6

LIST OF 22

=

Fs

1

Introduction

3

2

Method of Measurement

3

3

Choice of Terrains

4

Results

6

5

Conc tsions

7

6

Acknowledgements

7

List of lmbols

References

JDetebble Abstraot Cards

LIST OF APPEDICES
Calculation of the Law of Attenuwtion with Height
of the Useful SigxAl recdived by a Pulse Altimeter
from a Surface rough capard with the Wavelength
Calculation of Reflection Coefficients for Various
Terrains for Normal Incidence

2.

1I

Tech. Not* No. RM.536

.....

Introduction
For an airborne iastallation, weight sie and power consumption of
nt s for
when the equi
aiy equipdent are loselr limited, espeoii
A terrain clearance indicator, as an ancillary
gneral installation.
s a piece
piee of epuilment, should clearly accept these limitations.
of" military equipment, however, it is required to operate to a proscribed
standard overiesy type of terrain, so that adequate power must be
produced.
The otrength of a signal transmitted from and received back in the
aircraft depends on the reflection oefficient of the terrain over which
the plane is flying.
Since the trasmission is vertically downwards no
problems of plane of polaribation exist.
l ad
4t
had beenwo such earre sds
be sweuad
terrinlou.
M /su.
other autherties have made measurenents or e reo apntp at he0
The value for the reflecttrn coefficient measured by us at 1600 X
isagreed closely with that at c
o/e.
The figure fd 10,000
e
o ma
would seem to be appreciably smaller.

It was son, 'b

calcultatn

Calculations were m e

ony a

simlfed

of the reflection

sis

a

t arc ti

oefficients of frosen

arctic terrains, and much valuable information was extracted from a report

by Dr. J.ASaxton3.
It was shown, by calculating on a simplified basis, thwt arctnc
avail
terrain could be as bad as, or ven worse than barren desert.
able sources of U.S. mid Canadian inforvation were approached for results
arctic reflection coefficients, but no satisof theory
a e
oenf
It was therefore decided to make
factory information was collected.
actual measurements ovor sub-arotic terrain in Northern Canada in midwinter when complete freezing takes place te a depth of several feet.
2n

ethod of Me/T

ra

ont

The measurements of reflecton coefficient were made by onparing
from a given terrain with a signal
the strength of a reflected sigr
The figure for the reflection coefficient of
reflcated frt open sea.
Seaxton.
na
the paper byDr.
s
water was taken i 0.8 a given
It was possible in moat oases to pake direct coparison with an
The desert measurements were made over coastel
open water reflection.
The froen ground and sea measurements
send in the Sinai Peninsular.
were made in North Canda, either near to Hudson Bay, where there is
to the ret
ise lear
almost always a wide open stretch of water, or
Further checks were made an
TAkes, where open water was also found.
all occasions of the overall loop gai of the equipment in flight.
The equipment used was an experimental model of a terrain clearance
indicator working on a freuency of 1600 No/a.
The transmitter produced
pulses of about 0.5 microsecond duration with a pulse repetition frequenm
of' 10 kc/s,
The pulses refloated from the ground were displayed ana
cathode r y tube on a circua tim bae" an a radial-reflection.

iheight
Swere

4

~on

The gain was chocked using an attenuator and a delay line of coaxial
c able of sufficient delay to allow the pulse to be seen outside Ushe tro
Th attenuation of the cable was oorseeted
break through pulse.
for teprature free the known characteristic* of the cable.
Two levels
chokhd at ful gain, to deterstno a pulse Which m
J t limiting
the cathode ray tube, or a pulse which was Just visible above the noise.

3
!)I

I.
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The met performanoe having been chocked, loasy amble of jawnt
attenuation and negligible delay was introduced nto the transmitter
or receiver oables to produoe a received pulse which could be cheocked
Then, over a
visually and set to a standard amplitude over open sea.
terrain of lower refleotion ooeffioient, attenuation was removed by
known amounts until the received pulse was again of standard amplitude.
A different check was used on some ocoasions, when, with the
attenuation unchanged, the airc;raft was flown from one height over sea
to a different height over a seoond terrain to produce signals of
Assuming a law of attenuation with height, the
standard amplitude.
reflection ooeffioient of the terrain relative to a sea figure can
again be obtained. The law of attenuation with height was assumed
to be a third power law, for reasons given later in Apendix I. These

The flying was mostly done at 10,000 feet or at 20,000 feet.
No great aocour cy was claimed for these measurements, but two
observers made a lario number of measurements, and the results were
repeatable to better than + 2 db.
3

Choice of Terrains

It has been known for a long tir. that the reflection coefficient
of dry desert was very low, being the extrome oase of the variation of
In
the reflection coefficient with the moisture content of a terrain.
fact it has often been assumed that dr- desert provided the lowest
reflection coefficient to be found for any terrain. Moreover, since
desert areas have been frequently flown over for several years, this
fact has been of some importanou, and indeed many measurements have been
made in desert areas.
Figures had been quoted for the reflection coefficient of desert 1
at 400 Nq/s, but the reliability of this infcrmation was not known. It
was therefore decided to carry out measureaents at the frequency of
Care was taken to
1600 M /I used by a terrain clearance indicator.
It was
select an area of loose, shifting, and completely dry sand.
desirable that the area should be coastal so that a direct and rapid
oarism6 f sea and sand roflotio.s could be made.
A suitable area was loated on the north coast of the Sinai
Peninsular between Port Said and El Arish, and it wa there that desert

The north African corat in eneral in liestonerock,
flying was done.
Flying
often by a little send but rarely by loose sand duies.
me carried out over much of this area too fro 31 Alsmein to the
31 Adem-Benghasi area.
At the aome time as this flying progrm was carried out, in
Jun 150, preliminary considerations showed that low reflection might
Until recently there
be expeated frm snow covered, or frosen areas.
was little or no flying done over Ahe arctic, but since arctic flying is
It
beoaming more frequent, it was decided to investigate the problem.
we too late to arrange for a flying programme over arctic terrain In the
winter of 1950-51, and it had to be deferred until the winter of 1951-52.

A recent paper by Dr. JASaxton' treated theoreticlly the refleotiep of radio waves from snow covered or ice covered trains for all
It was shown that due to the vary low attenuation
angles of incidence.
4.
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in snow and iee, the medium below the snow and ice still
played an isporrant part in the behaviour of the terrain.
The paper dealt with the
general case.
The present survey was concerned only with the partioulat ame of normal incidence, and it was found that a simple approach
could be made by treating the problem as one of impedance change, as
shown in Appenix Ir.
The calculations showed the following points,(1)

Normal moist land, when snow covered, could give a slight
decrease of reflection coefficient if the snow was completely

(2)

Dry sand covered by dry snow could give a reflection oooffioUwfpla
otiiu
ient much smalor than the alres4

(3)

Sea covered by ice would have a refleotion coeffioient
appreciably lower than that for open water, but comparable
with moist land.

It was considered that in the arctic, where land and sea are
frozen to a depth of several feet, and where the temperature is very
low, e. g. -501C at the surfaoej the surface layers would be so ompletely frozen that no liquid droplets would remain dispersed thrnughIn such a case the soil could be considered to
out the ice or soil.
have a similar reflection coefficient to the same soil if completely
dry, as the contribution by the frozen moisture content would be
Even if tht. turrain-was completely waterlogged, and then
negligible.
completely frosen out, the reflection coefficient would be expected to
This condition might have a close equivalent over
be still
quite low.
the vast tracts of the arctic and sub-arotic areas of tundra or makeg.
It was therefore decided that a flying prcgraie should be carried
out over Northern Canada in the eoldest part of the winter to check'
these results.
The flying was done during January and February 1952 and mostly
from Fort Churchill on the S.W. shore of Hudson hay, Fort Churchill
It offered accommodation and also
being chosen for various reasons.
It was just about at
the aircraft facilities of a heated hangar..
To the north were vast areas of barren
the edge of the tree line.
Further inland was deep
gravel. - Inland were areas of muAkeg.
Moreforest land, and, of course, there was the ice of Hudson Bay.
over, in general, there is usually a stretch of open water, or lead,
Although the Bay
to be found on 'llndson Bay for use as a omaparison.
freeses over completely, the whole ice asp moves slightly due to winds
and there is generally an open water lead %hichmay be up to a mile or
This is generally to be found near to
so wide and many miles long.
the coast and is mostly on the West side of the Bay, i.e. near to, or
North of Frt Churchill.
The measurements over ice were done in flights out towards Th
Here the ice ae probably up
centre of the ice pack in Hudson Bay.
to9 ' thick, but with a very rough surface and much ice piled up. The
But even here the surcoastal ice would be 3 to 6 feet thick only.
face was rough with huge pressure ridges where the ice was pushed up
to ridges many feet in height.

5.
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The areas to the North of Port OhurohilU and Iekimo Point to
Chesterfield Inlet had vast tracts of barren ground and shingle and
shallow lakes.
As was typical of this sort of terrain, it was #wpt
by wind and as a result had little or isc snow cover, a few inches at
the most. As a result the whole area would be frosen to a considerable depth, i.e. several feet. In fact, being in the permafrost sone,
both gravel and lake would be frozen right down to the permanent frosen
layers.

-

The muskeg areas too had little snow cover and as a result again
all the water pans and the earth oould be expected to be frozen down
to the permafrost level also.
From Fort Churchill the aircraft flew erose Canada to the lorth

of Lake Athebs* PAson to, Eftebarse An AbZek
allowed meuements to be made over terrain*'

Ibis ow
s heavily woode

and contained a large number of lakes.
There was a complete cover
of loose lightly compaoted snow some three feet or more deep.
This
covered lake and land, and also, being different in texture from the
hard fine granular snow as found at Fort Churchi", it thiokly coated
all the branches of the trees.
As a result of the deep snow cover the ground was thermalll
protected and would be less cold, and frosen to a maller depth, than
at Fort Churchill.
The ice on the lakes was les thiok than the &Wy
ice and also would be cmparativey smooth n the sutace.
Further checks on this type of terrain were made in flihte eon
the return journey from Fort Nelsen to fdmonton, and frem Ed onton to
Ottowa, using, in the latter case, open water of Lake 84perior for a
cmparison.

*s

lsults

The figure for the reflection coefficient of sea water was
accepted s 0.85.
It was also knewn that over taptcul glish mist
to sea water
relative
us down
the
reflection
terrain
siabmut 4 to 6 db.
Therecoefficient
was, of coure,
a greater
decrease
over d

sandy soils after a long spell of dry weather.
Desert Baud Dunes
Over the dry shifting sands at Sinai the decrease, cmpared with

a sea reflection, was approzimately 15 db.

lissura
ts over the rocky desert of North Afris shaoed that
the signals warp not quite so weak as from the loose shi/tit sMAS
and a ec

artive figure of"12 db would seem to be reasnal.

Reflections from the pack ice of MdM Sq wone 1 db lees tha

ropm q

s;sea.

The reflection frm te shn lee weat ofsi

r

strength, the only difference being that th the peek le tb pI"e
was less steady and are ragged in she
It is seem that this ftire
is considerably lower than the oslculations ndloated.

6.
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Both trpes of terrain seemed to give a reflection 10 - 13 db
down on sea.
The value was mostly 13 db d on but ocoasionally the
reflected wave seemed to increase in strength.
This vs probably
due to a somehat stronger specular reflection from smooth sheets
of ice itioh were sometimes very extensive, instead of the oustomory
mixture of gravel or muskeg and small ponds.
Inla&d Snow Covored Lakes
The reflection from the snow oovered lakes vas somwhat stronger
than from the roug sea ioo and was nbout 10 db down on sea reflections.
This may partly be due to the foot that the inland lakes being corindicated that the reflection wa largely speoular.
Snow Covered Forest
This provided the weakest signals so far recorded and the value
was repeated each time flyint M0s done over such ground.
The value
Tas consistently 20 db dovn on a sea reflection.
- The above results are oollected together, assuming the reflection
coefficient for vvter to be 0.85.

Terrain

Sea
Dry Desert Sand

Barren Desert Rock
Frozen Sea Ice

Smooth Snow Covered Lakes
Frozen askegand Grovel
Frozen Snow Covered Forest

5

Reflection Relative
to Sea

Reflection Coefficient
as
_-._85 for Se

0
-15 db
-12 db
-13 db
-10 db

0.35
0.15

3.21

0.19
0.27

-10 db

0.27

to -13 db

0.19

-20 db

0,08

ooluoA

The survey has covered all'terrains which were expected to give
very low values of reflection coefficient.
Whilat it is expected that
heavily wooded 24ropeen terrsin or tropioalforests etc. toy well cause
a siigifioant decrease in the coefficient of orainsa' soil, it is not
expected that values as low as for aratic forest will be obtained.

It should be stressed that these low coefficients refer specifiOally to terrain so colA that all moiatre content has been frosen.
Norml gsoc
, am sad ice, even when apparontly well frozen, can tave

smL

droplets of voter distLbuted through twi.

This would tend to

increase the coefficient, so that measurements of snow covered surfaces

in U.. and Indeed in central Sre would, in general, have coefficients
of quite a large volue.

6

&kg, d,, t s
Ohe author wishes to thank the (inistry of Dfono for the voluable

assistance given 1W the Joint Intelligence Bureau in locating the moat
suitable desert and orctic terrain, thm allo mg advance planning to
be mde.
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The Canadan' Defence Rewvoh Board co-operted, In the carrying
out of he flights in Northern C
by proving m
Information
wA ssistaonce in pising the proprate.
By arrnq
for qiLdr.
*R. Greenay, R.C*A.Fo, of their Arotic Researoh Division to Join
the expedition throughout the flying proama, they provided us with
expert a
cvie an arecti terrains ma conditions.
Without thl. aemistaine it would have boon impossible to idea"
the various types of
terrain under the diffioult fying-ocoditiona
encountered.
The flights were carried out in a York aircraft from the Royal
Aircraft Istoblistment.
Whilst in Oanada the aircraft ma attached
to the Ministry of Supply, Climatic Detsohisnt C.&P.A., Edmonton, Albort**
The we

wa carried out under the gpduowe of Ur. VLHorwood

mental propee
as wll an being responsible for maintaining the
equipment and installation.
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Transitter power
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In MM= (Contd.)
R

a

The volteg. ratio of refleoted to inoident fields, i.e. the
refleotion ooefficoent

x

a

The ooMlex relative permittivity of a medium

I

a

Trasmitter swvelength

1

H. Soh&if@el

Die Blek risohen Hohenmesser far FThpo
Deutsohe Akademie fur Luftfrtforshung, 1943.

2

J.3. Clegg

The Book 8attering of 3 am Rdio Waves from
The Earth's Surfaoe.

M Technioal Note T2132 June 1951.
3

J.A

Sexton

Refleotion Coeffioent of Snow and Ioe at

Va. .P.

Wireless Englneer. Vol.27, Pageu 17-25, 1950.
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Calculation of' the Law of t'ttenwation wih
frma ft

e

0-

ei
Wt

A tronsadtter at 0 radiates
power Pt.

The gain in the direotion COA
with respect to en isotropic source
is G, and the distribution pattern
is fl(a), where a is the angle
betmen 0A ad the direction under
Then the power received on an
element of area. 6
at A

h

The power on a unit of ares/
sa

at

B-

_____________

0
a oosa

P+

xG

~BA

f(a)

It has been assued thot if enera from s dipole, or other plane
polarised aerial is inoidont on a surftoe which is rough, thwn the
scattered energy will hae a random polarisation and will be scattered
acoor ing to a suitdble lw.
Let te ratio of re-radiated to incident power at 6a be v ani
the radiation pattern be gE2(a), there g is the pin norml to the
surface. - Then the power re-radiateg from be at B in the direction
of 0 ad available at a mathed serial of equivalent ame A,

x or,(ehcx xr
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x
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or Los
The refleotion ooeffi ients of radlo wvej from gn
covered terrains have been calulated 1 .Sextoe
for ol angles of
incidenoe.
In deoling with the enerl cae, omplex optie
reflection forml. wre used, and it wa oonsidered
toatf
norm
ncidenoe, results oould be obtained using impeanoe disontinuities.
The folloing data ws eztoted from the article
s used s a basis for the coaculations.
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