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At Limiting renge for dedsutian, r_ , the received f1eld
strngth {8 +ual to the sdrimm detectdule fleld strvagth, X, (eay)

B, to propereional o V,:

.". 7o 18 proyertional o v

1.2 If the redar et cnd- the hghist polat of Wie targes are near
the ses, the f1e14 atrengih of the rediatios is laversly .
propertional ‘30 ¥ “or large seluee of r. - AR arpmens siatlar—to
what im 1.1 20 for g dam.. - . c

R T S R .
“tdep ; s
> Qe ¢,
wnvvened
eare wmd § » 0,06 ia the
.3 stemet assumd in
ke
bagiam,
. ’ produse o usaful
in 3 . ) Bhere rengs @ e
uasresned. targét is Y. the* VIR lav aen o

given for this caes; dus 4¢ wiil
can bo ackdewed, © .- ;Y

2, Classifioation of casey
Tadar-applications cam e clansified roughly as fellows -

2.4 _ Datestion of surrase targets fram aiveraft ssd of alreraft
-t:-—nrhn—my%‘um fellses the Jam of 1.4 (r, 43
propertional o J.

2.2 Detsctian of swrfase targeis Wy mufase vessels in

gemsral
wilown the lawof 4.2 (—rytepreperdomal W VT ). AT /ad
\ie datection of alrore’ &u omm inte this class vham We Wwrpst

1e balow the dlavation «f the firet socisom ix- ' ¢ vertical c=verege
Uagrmm of the ses.

Y Drtsation of surfane targets by woderm Allisd 10 om. aeta s
ueially in the ciasa definad dy 4.3,

vV Tmtectior of emall targety

One important case is szcluded from the adowe dlgoussiom.
Aty %0 detact mmall targeta st shers ramges by cmtimstre mwve
ooty is limited by the presanse of see slutter. T ioteasity of
ses clutter dopends @ the-charscteristios of the aet, axd ou the
state of the sea, WL oeme Aargets of prastisal inpertanse give
sSgnl/alntwe ratiss of 2 or J 42 | wWith extating sets in aversge
sonditiane.  If the eche mplitude cen b redooed bWy Whis amne’,
tve target will 0ot be detected at any renge. In
ancald 4 renmbered wiat ot 0w) mplivds 4s proportieal e 6.
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T antheds of cemsiflage by abesrption are considered, which
ppear 0 30 prootischle with presmt mersalr- OF .thase. the first
i pustionlarly spplisshle 49 9etrv mvelangths and in one fore s Yw
avthed develeped by Dr, at Metropolitas Vickers. It s alse
proiably the basis of the D,%,1. repers referved % in theé introdustion.
The sevend nethed 19 partimularly spplicable te cortinetre mvelongths,
- And resserelt eR SaVwriaAls in coomeetion wath this method 14 being
sarvied wn in the U.8.A. :

In Soth methads the incident radiation 48 abeeried in an
Sbporting alenent bashed by & reflesting shett. As the &xstaree of the
seflosting shoot frum the ahesrting edanmst 48 the frequency eritical
Part of this esmatreetian, 14 shauld be realised that the reflesting -
iheot 45 an sssmtisd purt of the aystam, and $hat to Dang Whe adswrhing
olasent hephagerdly 4n frent of ‘\he Warges wuld serve ne useful purpees.

Netiuds of sareaning large areas for novwal incidence am
avaslable in prinedpls, whish aveid this Limatatios, Mt aven Whese womld
suffer from \he olher sl tatiens diessired below, and thy wuld require
W estnalve progriane of Mderial ressarcl \e besons prasticeble.

. It wauld be posadble te comkine Shese €vo methods disseased e
gire Protesiiom at v wdely sesparated mvelangthe at the ooat of swme
daterioration of ssyeening st e sherter wsalamgeh

*  ERERTINE SR IR MERAL BCEDG
* " Rane Anfiolte Sarmes rete) ipsidence

A wdfern f1la of surface resistancs ‘20 % + 377 ame per
sqiare, badied by &-setal-wirface o ddatanie L behind, 43 nom-
rel.o0 for rdiations of norwal inciderse, and mwelemgths A
dven by A o 4L, W1/, N/, av:. P (2) curve (3) shows the
wrwiglag seefficient of such & murfade aver o wve Dead, Af L L8
taken mich that e firet sero reileoMon 16 at \ « 30 = -
“{4e% Lo 37,5 ).  The m0ond ;o refiection cocurs at

A« Qam. Wt 1s conalderably aharpar than the first. It i
lidely Shat the M siresn Would be serviceahle at both
wmvelagths,

Sooh & twalative f11a has been made Ly Metropalitan Vickars
10 6 eslid shant, wr At oould Be replaced by & comatruotion
lonsisking o & re wesh with ins-cted cesistances.

Taking e pelarimtion of e incidans wve an horisomtal ,
the wrem vill emsist of an Lafirita wmtee of infiad tely long
hori amtal wimes, 900sd 3n the vermerl plaw, and Wah

- rASLA e, fatrted AN 2Da Wires at anort inteveals

It the direcHiaon of polarisation of We invidat radiation
13 nat baown, the set Wil sonm vt of woth varvadal and heriamtal
wWren.  The amlysie {s tw same for eah, Ag thers is no sctaal

interfeiance, In Wt fallows w wall thereforn conatder mly
e hordivontal polarisation i :
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The follwwing notation 18 intredioed

4 « vertioal .o .oing of vires (mesh alse
redius of wWres e !

r e

L « spesing of sereen from turges

R o effestive awfeat resistenss of the {nserted
sexbotanees, .

1If the reatatanses we of value g , and ore fnserdsd ot -

.apacings U, tham
4
R 093
thea the asrets {8 4 omtisucue-eurfase, 9 ohas
L, T e S % T L
7y it re : .
aere of s g0t il AL L O

‘rought 40 sere by a sddtehle ehalee-of Bus kespiag
¢s 3.5 wd dsthling ot L
nﬁaﬁ:‘ \-1”-:!-1“‘.&-’ . )iur-ym

Mhadﬁo“mr a) R = 36 oim,

Ledt.5am). The sivimm in the neighhuuried of ) « 130 om 18
broader them that «f the larger mash.

Sumding up Vess results, At cam be sald Watye
(4) Closest weeing te 156 targes and best Tesults are
obtained with contirucus sheet,
{2) The-wmmller the weeh uise, Whe Srwader the winiss,

{3) D optimm valuge ¢f L and R Grp.nd en \be mesh
vlas el wire redive, -

(b) If \be wash 49 Dot 00 lasge, o wWire rudius toe
mall, the reflostion cam o uBds 5079 % tue
wvelangth.

. {5} Adesrption tands at higher lesmunis frequemeies are
of vary &outtul valud,

Pinite terxes. MNopmal incldewrs

2or an spplication of a0 resmilta 0 mall orufy, the
horiscatal lengiss af the “dres san stdll he talmm as iafindte, as
they are long empared W ch A wavelength, dut the mmider-of vires in
the wartical plane is de'srwined by the halghs

'Y
t
g
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I8 40 very ditfioulr to obtain Wheoretisally ¥ie offezt of -
fid s alae of 2%, ut sone indicatian o hat my S ampeeted

prastics, even Af o parenstera of the matiing wwre dstermized
speriaentally for sach surface, and this. wuld iavelwe far we
o 2abour to-be prestioahle,

Altheugt the offecty of finite sise have been illactrated by

azamples asmming the use of netting, simtier results sould shmin
with & contirmacus resiative sheet

Effros of obliayy Ansidende

Radiation obliqualy incident on & target samouflaged for movmal
incidence, 45 Dot oompletely absorved.  Pig.6 chom hew the
aoveaning ceeffidient varies with angle of inctdence, for-an fufinite
‘arges soreensd by-a realastive surface A/, in trant. It riews
fmnnnuummuo.o‘naﬁﬂ nd %0 t at 900,

There is a alighs but unimportant differance between palarisations
paraliel and perpendioalar to the surface

A slmdlar curve would resuls, for angles of inatdence leas
than atout 308, for & finite target and corvectly dimensionsd wet.
The sain lobe of the mflected ray Lies along the direction of the
piically refleated ray, shilat atda lohes vocur back in the
direation of the incidmt ray.  Theee lobes, for mall angles of
inaldende, are rediosd by the sareen Sn the same matie 4s the wmain
1~ 80 that Pig. 6 can be talen as corvectiy tepresenting the
s ning ooefficient for angle of incidence up to Abowt %0°. Por
Fre T Angles, the mreening ooeffidant raees, reaching ¢ at 90°,

T.¥ proparties of this type of sarvening Mave bewn conaidared
wWth partioular refermce to wmrelugthe of the order of 150 o,
It oould, in prinoiple. B¢ applied ta 2entdgutry s wwes, Wt e
type of saveaning descrited in 2 beiow 34 move canveniemt.
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The form of absorber constdeved heve 1 a8 abssrbens layer
Bounted an the surfece of the target. The coakication is nas-reflecting,
for & given dapth of layer. if the dielewctrio constant and the power
factor of the sstarial of the layer are correctly chosen.  Abserbent
Batarials of this typs with dleleotrio conatents betwean 100 and 5000
have been developed in U.8,A.

2. Plane iafinite Serges Normsl irojdemes,

Jor valuds of didlentria conatent greater thaa 2, tne ahest
vill be ron-reflectirg 1€ Uw following cenditions are satisfied

N
L lemrm i)

wag . A0 L L STTEEE (10 p 20

& a dielectric constank

tan § + pewr facter
L o Gy of mwrial in e,
o+ condeetivity (om ohm) ‘!
Vo smeelength in ens.

Taking ¢ as an indpandant variable, Fig. 7 shows, for
A v 10 cm, the required value of L and tn 8, for perfect
screaming. Yor large valme of 8 , L e A approsimtely

¥ o

80 that large diele:tria coanstants are mecessary Af w vish to
sork with suall thitkneness

{!
'

P

PFigs. & 1 grov the (.equaney varjetion of the screening
coufficient for ¢ « §, §, 10 and ‘00, the corrent value of L
and O betng usrd  The affect of & meall alteration of % ia alse
dhown,

- yrper s p———

The freuscy response 18 qul 4 sharp, snd Weoames shasper
the larger s Sinve & te change An depth has the effe:t of
approzimately ahifting the position of sere screesing by ' in

F wmveiength, 4 14 Obvicus that the (holbwes mist be scourade.

To give reasonable band width of soreaning frum ship o
ARIp 1t 18 necesIArY $0 U values of @ not greater tham akout 0.
This wesns (see Pig 7) Ut consideratians of weight prodbit the
U of Whis sethod tar wavelengthe mich gvater thaa 10 oa. B gher
daleatris constants dauid Do weed for ship-4s alr soresming.

48 waa tha dase wi'h netting, Ahe reponas at higher Marmonia
frequencies m.l prodably be too unreliable for usas,

22 Pinite Target

At 10 B wmraLeytn the linsar dimenalons for shich the effect
AC Ciaate atee of the target on the soreening oosfTicient deocames
‘aporeans wre '/'% of thoae for which 1t decanes Ampertaat st 1§
wcrre  For Mus reqson Ufficulties of screening Whe hulls of
Mpa L £o the affast Af fnita aine &0 not Arive,
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2.3 pffect of obligue incidenos

‘ The effeat of cblique tncidence ta vary sisilar to thas found
fer netting, and the rewariks made ewrlier apply to &leleotric
shaets o, Pig. 13 shews the reflsction coesfficient for ¢ = §,
plotted sgainst angle of incidemos; the curve is siailar 0 that
for nevting. (5 8 Desemss larger -+ with dmpth and conductance
changing accerdingly - the reflasticn curve spprocimatetan’6/; ,
vhich 4 also showm 4in the figure, There 16 not such
di fference betmean thees ourves.

24 Jpfect of o filR of mater

The offect of a file of ssa watar (g a 80) oo *he surfaie of
& camouriage sysom, oam be sortaus, Jig.12 chowe how thw
swcrewing coefficims-of -en-otheruli o8 perfest screem varies with
ticiowes of filaas Ao 10 am, A file of thickwes 0.02 m
increases the soreening ceefficiead fram O te 0.08, The effecs
far langer saves caa be sesh fram the curve by facrvesing the:
of whioknens of fils as the mvelengto. It s Dot
nagligille, even at metric wmavelengths, tut the netting described
1a 1 is free from this dafect.

3. PUSISH. LREANOS

The typew of reflection shich together give an echo frm o
targes, c.n he divided roughly inte twe categorien

{a) specular mfleciion
(b) scattared radiation.

Specular reflection arises frem-lArge. nearly flat, surfaces,
which are epprozimately perpendicular te the tranmitter - target
drection. Such surfaces are taoatituted from such parts of the ship

o the ull.,  As already shom, those surfeces are amemble to
camnuflage .

Saattared radiation erises from reflections at mall, or
Srregularly shaped objects, and-fromside rediations from reflections at
larger surfsoes-(oblique incidanon). IS 40 not posaible to reduce
spporciadbly thene radiations by abserptiem.

A ship's superstruoture and masts camot be . amoufiaged becauss
of tha effects of finite asise (impertent even at stimette wveleangtbe
beranse of the Arvegularity of shape) and ocblique incidence. Radar
asritis wiil also contridues to the reflection.

It has bean aammed so0 far that the surface of the carget iteelf
1 e atal backing for the abeorbing alement  In cases An whioh the
aiparatiuamure can 8¢ nsloasd in or proteated by a separsts wreen, the

provles bevomes sasier It seama unlikely that sy cases will coour
in which this can be dove.

I cangIgNy
' Bereening of surface veseely from low sitad sets

Modern Allied vadar deteats all but the smsllest ships wham
their sparstructure firss appears above the horfson. Simce the
mflection from U Wre carmat do smbstantially
redused, saresrdng of the rest of the ship cunot reduce the
datertian renge appreaiadly

AN ]

14

. P | ﬂ»"i'




? b o the ~as daeirided 3w ITT ¢ 3, the datentian range from

n

Vith smalier wips suzh as B boats, ™eflection from YW supers
strazaure §9 ats it rectable at detestson runge, and 4t is very
wlikeiy that thid 2"ld be rduced delow three quarters of the
noraal value by the msthods ocnal dered.

L Pur '} satre gets the mmperstrusture and-wasts contriduts
w08t of tre reflasUiAn at Jimising renge, Decause of the height
vl Ween parey S-Meung againat netre Me asts, therefore,
s wiii net reduce the detastion runge appreciadly

Mips with 13rtca superstruature or with & superstrusture
uf reguier shapge, or In shiza it 1a possible 0 scresn the auper.
atrYsrure by 8 "Butaz Nt aireen can protadbly be soreensd to
“me estant Landing barges which qre ¢ b8 screemd from
ohaervetion from aved, and subsarines say be inaluded 4n thias
claas It 30 unitkaly that e detection rage ean be reduced
Hlow-halfl the value for the unseresrsd targes, and even this Wil

ot be attaned vhan the rarge on the unscreamd. target 45 liad wd
ty the horson

- Targets which 1 v¢ wry smll echess of etrength-net-smah—
gmater than that of wva clutter are usually of falrly regular
shape and are slmays smald Sohmerkels and sulmarine perviscopes-
are the outatanding enampise of (s class. Serewning co~
officiants of adaut 0.3 should b chtainable with suah targeta
whicl wuld 1nvirease conalderebly the diffioulty of detectiom asdd

e clutter Contumtric e oets only are relevant to this
estion

R T

284

2. gerermng of surface targets feam ofrborns sets .

2." In detention of surfece veassls from airdorme sets it fe
possihle that th hall of the sup contridu’es an appreciadle-
pary of the echo at Lmiyng range  Thether or not this is a0

13 Mntarmined by the marea:reristics of the set, and the height
at duch 1t 314 flown

e queation ean M dateruined for & partioular s frow the
variation ¢ Lisiting renge mth haighs, and the operating wave-
length If the hull dews tentrituse, the devestion renge cm b
™auned by mramang  The limitation 4s that the mange will net
be rediond beiow that at which the suprretrusture aloane cen b
deteited - A ™asonable estimate for thie is h\f maxism range.

ww=alr = ght Ha redused to § of mazimum  This 48 subject to
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DEPARTMENT OF DEFENSE
DIRECTORATE FOR FREEDOM OF INFORMATION AND SECURITY REVIEW
1155 DEFENSE PENTAGON

WASHINGTON, DC 20301-1155 ¢

B2 200
Ref: 98-M-0165/A1

This refers to our letter to you dated October 7, 1999, regarding your appeal to the
Information Security Oversight Office for 14 documents previously requested under
Mandatory Declassification Review procedures. One document (AD346727) was
provided to you by our letter dated November 19, 1999.

The review of 11 British documents you requested is complete and there are no
objections to release. Titles of these documents are contained on the enclosed sheet and a

copy of each is enclosed. We will advise you as soon as the reviews of the remaining
/7 twn Adarnimente are econmnleted

1). ) e,
éj&/b Dr> Aetten Sincerely, AD-0>e 799
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Director A’D‘O 5752%
AD- 051 526
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