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AY JZATION OF TEST

l. The tests herein remorted were authorized by 3Bureauw of Ships
letter, reference {a) and (b). Additional pertinent information was given

in references (c) to (J) inclusive,

References: (a) BuShips ltr. S67/46 (10-18-DR6) of 23 Oct.

1940 to Director, NRL.

(b) BuShips Ltr, 567/46 (10-18-DR6) of 17 Dec,
1940 to Director, NRL,

(¢) BuShips ltr. $67/46 (12-31-DR6) of 9 Jan, 1941 to
Chief of Naval Operations,

{d) Opnav. conf., 1ltr, (SC) S67 op-20-E/AB (063020)
of 6 Sept. 1940 to BuShips.

(e) BuShips conf, ltr. S5/567 (9~6-DR6) of 25 Oct.
1940 to Opnav,

(£) BuShips Ltr. $67/46 (10-18~DR6) of 24 Oct. 1940

to Comdt, NYd. ‘/ash.
(g) Comsubrolfor dispaich 131543 of Hov. 1940 to

Conarol for. .
(h) BuShips Ltr, S67/46 (12-31-DR6) of 2 Jan. 1941
to Opnav,
(1) BuShips Ltr. $67/46 (12-31-DR6} of 15 Feb. 1741
t0 Opnave
(3) NRL Report R-1669.
OBJECT OF TEST
2e The object of the test herein reported vas to investi_ate the
ines with mesns ond equipuent o receive

practicability of equipping subnar
low irecuency tranumissions while completely submerged.

it was necessary to make the follovin, te is:

To deter. ine this,

(a) The signal stren,th and signel to noise ratio re-
ceived by various types of antennas at various depths

and for varions frequencies.

na

(b) The besttype of coupling device (input transfor.er a
the

tuning unit) to transfer the received si_nals [rom
antennas to the receiver equipmait,

In order to cbtain otier pertinent infor.aiion other tests vere j:ade asg
Tfollows:

(1) Underwater bearin;, of tranamitter by null method,

(2) wQ" of loops.
(3) Effact of Sea bottom on signals.

(4) lioise survey of ship,




AESTRACT OF TESTS

3. Except for the prelinminary tests on the coupling transforiner
unit, the tests ware performed on board the USS 3-30, on which ship the
test equipment had Leen installed, The electrical tests concueted to
Ceternine 2, above, were as follows:

{a) Characteristics of loo: input trensformer.,

(b) Flectrical charecteristics of aitenna systems.

(¢) Loop " " 's and overall QM ‘g,

(d) iicrovolts input to loops, microvolts input tc the

receiver, and siynal %o noise ratio for veriovs depths

. ) of submevrgenca for sach antenna

(e} The same as (d)} for cifierent radio frequencies,

(f) The same as (d) for bay water and ocean :ater,

(g) Effect of depth uf ocean bottom on received si_nels.

(h) Directional effect of "Yard" lcop on received siznals,

(L) Noise survey of ship's superstructure,

COHFIDENTIAL - 2=




COLCLUSIUHS

{a) The result s of this investigation show thel uncervieter re-
ception of low radio-frequency signals is feesible, ' lth
the equipment used, 3i_nals of 1000 microvelts per ueter in
air should be readable to a depth of 34 feet (above loop) in
ocean wator and 38 feet (above loop) in water of le ss salinity
(similar to Chesapealie Bay water at Smith's Point)., This, a8
pointed out by Bureau of Ships (reference {i)) would bz the
approximate depth for usable sig -als from N5S(17.8 Ley) st
2000 miles, predicated on the basis of no atmospherics., rurther
at periscope depths {loop depth 10 feet), a field strength of
mly 30 microvolts per meter in air would be needed {or this
gare frequency, which would be a distance for NSS of 7000-8000
nauticgl miles, agein predicated by the absence of statice.
These calculations have been made on the basis of a one to one
signal to noise ratio and are therefore near the limit of
readeble signals; however, as incicated above, static has not
been considered, end will be the limiting factor for sunmer
time conditions and in the tropics and will materially reduce
the range for readable giznals either on the surface or sub-
nerged; on the other hand, as indicated below in (c), the
ship's noise was the limiting factor, reduction of vhich would
make for a greater depth of reedable signsl under ideal atmos-
pheric conditione, In considering static as a limitin; factor
it is assumed that the ratio of signal to static vill not ma~-
terially change whether reception ic acvenplisned Iro. g sub-
merged, cr an above water, loop collector,

(b) The concentratec loops, "Yard! and "LV, although not su zoly-
ing as many microvolts to tae receiver es the clearing line
loops, were more eificacious vecause of the lower noise level,
The "Yard" loop was the better of the two.

(¢) ‘i4th the equipment used, the ship's noise vas the liniting
factor for Gepth of subner ence. lor a ziven receiver sensi-
tivity (high enough to sroduce noise on all loops;, the srounded
tft. loop had the preatest ncise, next veing the rorvard loocp,
and then the "Yard" loop, with slightly greater noise than
the WDQ" loop. This is as might be expected, considering the
relative couplin: of the various loops to the hull, in which
there is lmovn to be large induced currents, This induced
current could be expected from the use of the powerful d.c.
machinery inside the hull. fnother source of this incduced
hull voltaze might possibly be fronm the electrolytic action
set up by dissimilar wetels of the shiip v. 'n in salt water.

For instance, the difference in yotentirl vetyreen copoer and
iron in sea water is .13 volts and betwcon lrass and iron, it
i5 417 volts. Inasimich as the liditing noise vas worse In
the ocean than in the bay, tihere nay be some besis for tnis
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last premise, t mig.t oe possible with ii.-roved positiening
»f a concentrated loop and with shorter, better shicliued le:ads,

to reduce the noise pick-up. Probabiy the nci<e lacter woula
be a problem for each type of suvmarine, if not for each individual
vesgsel,

(d) The inmit couplin; transformer is of satic factor: dosi m, &7

gives a coupling of about 7C to 85%, which, corbined with its
high "gW, e¢ives a very good overall "% and voltare step-un
tor the whole systen, It vas found that a s1i,™t nismatch

of the input impedance (lower impeaance than locown)} gave an im-
proved "Q" X step-up ratio with a decreased " Jf loop, as

in submergence, An improvement <f QY ¥ stonoup ratio sdght
be secured by a better molybdenurpermalloy corej; on the other
hand, a well desiyned transformer with a cormercial iron-dust
core misht give somewhat poorer rosults at an aporeciable sav-
ing in cost Lt on odincer<ase in size,

() The depth of sea bottom sevns to have practically nc « f'fect on
the roeeived signal strength,
(f£) The dirvctional citect of the "Yard" loop (;resumatly the same

with the other loops) is quitc pronounceas Signals frowm JEA
show a very marked minimum with the plane of the loop at 90°
from the station tearinz, Bearings can be taken with good ac-
curacy, In this comnection, it is tu be notcd that maximum
submergence for a given station can be sccurcd only when the
loop is on the *maximum" of the stztion or srthin aporoximotoely
+ 10° or + 180° + 10° of this bearing, The loops on the USS
5-30 werc fixed in position, and mountcd with the plane of loop
parallcl to thce longitudinal axis of the ship, It also should
be noted thet it may be possible that the hull of thc ship it-
self nay pick up som: signal and reflect this into the leop,
consequently a rotatablce loop cross ways of the ship might not
produce in the recciver the signal strength as indicatced in this
report, Even though this were true, a loop plr-cd well gbovc
the deck probably would not be so affected becausce of the repid
attcnuation of thic signals by water,

(g) The cxperimc.tal date checks very well with the theorctical
attenmuation of s:inals with depth for various frequi.cicss The
lowcyr the frequoncy, the lower the attenuation. For the exam-
ple given in (a) above, (1000 microvolts in zir ivinz o loop
depth of 34 foet at 17,8 Key), 6000 microvolts would be rcquired
for the samo depth at 32.8 Key.

(h) The best physical shape of the loop for undervater rocception
is not the samc as in alr but is long and narrow, with thc long
side parallcl to the surface of the watcer, However, the goin
in signal strength over that for s cenventional loop may not be

CGIFIDENTIAL
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worth while becsuse of mechanical cons derations., (Plate 23)
Further loop desiyn characteristics were not riede in these tests,
However the loop ®..# 13, characteristics, and effectiveness com
bined with NRIL Report R-1669 (reference {j)) may be used 28 a
starting point in the design of the best loop for undervater low
radio-frequency recestions,

(1) It is to be noted that ne natural static entered into the re-
sults of the tests,

{3) Sumaary of factors entering into the underwater reception of
low frequency radio signals,

(1} The lower the freque:acy, the greater the submergence
possible for a given surface field strength,

(2) Bearing of tihe loope

(3) Location of loop for leagst ship's noiss pick up.

(4) Desin of lo
M.
{

op, includinz "' ", effective heizht, and
physical s

(5} Design of couplin; unit, including ", couplinz ratio,
and impedance values,

{6) Coupling to receiver,

C. FILE!TIAL




RECO; ; # LATIONS

The tests as herein recorded indicate that the cquiprment, &s

installed on the USS 330 is capable of satis{-ctory undervater recoption
of low radio-frequency sipgnals, There are certain immove.ents that
might be made. 'ith this in view, the followin, recommendaticns are iades

(a)

(b)

(d)

{e)

(£)

That underwater reception of low radico-frequency si-nals be
considered as practicable and useful for cownmnicotion L due
regard is placed on .epth limitations, w-ich are ~overned by
the frequency employed and the field strenith at Lhe smface,

That in such instelistiong a loop of optinum clectrical chara-
cteristics comsatible wilh Lhe nocecsary ec snical featires
be desizned, the "Wardh loop bein, used as a reference frow

which to s.arte.

That consideration be jiven to tle desirsbility ol rotating
said loop wvotin Uur bLearin, murposes onc {or oLipinia- U maxi-
mue signal strenstih without the necessity of turnin. the «hip,

That consideration be given to the desiyn of the input coupling
transformer a3 to whether maximum eificiency must ve had or if
a lower efficiency can be tolerated with a vossible decrease in
the unit cost,

That consideration be iven to the input circuit desin ~i the

recceiver used, in order to maintain a high overall "q" of the
system, '

That consideration bu given to the possible wmethods of reducing
the interfering "ship's noisen,

L LEL T
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.ATZRIAL UNLER TEST

b
(a)

{b)

(¢)

(d)

The material under test consisted of the following:

One - Input couplin: device. The input couplinz unit to the

Hill receiver was essentially s tightly-coupled transforier with
the secondary tuned by a 1C00 micromicrofarad variable concen-
ser, In order to iet the most signal atrength pousivle out of
the loop systems, it was necessary to keep the . M and coupling
coefficient as high as possible; for this reason high permeability
iron (‘.estern Electric 2-81 ,olybdenum permalloy) was usec as the
transformer core. The primary and secondary consisted of pie
windings alternated to pive zs nesr unity couplin: as possible,
Universal-wound litz sw:ire coils were used, The transformer

was thoroughly impregnated in Superla “ax. The prinary vasg
tapped so that an input impedance of either 22 or 114 microhen-
ries could be obtain:d to match the loops. The se:ondary in-
ductance was 303 nil. ihenries, Due to the hizh impedance-ratio,
a reasonably soall variable capacitor could He used to tune the
loop. The ocutput of this system coupled to ‘' he ;rid of the
first r.f, tuve of lue P/K, while the pground return ‘as made
thraugh a 5 megohm resistor to the grid return of this tube,

.iade by the Naval Resesrci laboratoary. (Tables 1 anc 2 and
Plates 26, 27, and ?C)o

tne - R'K receiver, Th's was a stencard tyne R'I’, with the

input coupling transicrrer connected to the 7rid of the first
tube. (ilo. RV 46044 Serial 512) !anufactured by P,C.%. (Plate 28)

One - Clearing line loop (crounded to the hull). keferred to
hereinafter as the ift Clearing line Loop, it was wacde of rub-
ber coverec wire secured by .arlin line to thc aft clearin; line,
The wire was Jdo. 6 witu epproximately 3/16 inch insvletion (1/20

.0.D. approx). It vas well g rounued Lo the ship's hull at the

foot of the aft stanchion vhile the "hizh" end was brou-ht cown
from the clearing line to the re_ular ship's racio lead-in in-
sulator, The approxiinate len:;th was 55 feet with the height

of the high and low ends of the flat top portion being respective-
ly 10 feet and 4 feet above the deck, (Plate 22, Tables 3 and 4)

ne - Clearin: line locp (unsrounded) keferred to iereinafter
as the Forward (I'ore) Cleerin; line loop, it was rezular submarine
loop cable secured by norcelain clanps to the forward clearing
line, This wes seven conductor No. 10 wire with aporoximately
3/4" rubber insulation, the outsice diameter bein- anproximately
2 inches, The "high" end was brought down from thc #AM frruges to
he ship's radio leac-in insulator vhile the "low" return was
laid along the deck (secured thereto by marlin line) anc brouzht
up threough the connin; tower structure to the ship's radio lead-
in insulator. The appro:dnate len_ th v:as 69 feet - ith the
heipghts of the high end low ends of the flat tcp poriion teing

CoOFILEITLAL




(e)

(1)

recpectively 14 erl :nu 5 fent rcove ‘ne ueck, (rlate 23,
Tatls 5 and 4)

One - "D.M" loop. 1515 was ¢ standard aval Jdirce.ion-rinder
locp mounted on tie starvoard side of the ship just ai't of the
conning tower, This loop is ncwe of 2 turns of stranded vire
{(equivalent to A0 = S _azugej, havint a mean dia-eter of 20,5
inches, (Plate 23, Tables 3 and 4).

One - "ard" Icop. U.is loop was made by the itadio Leioratorv
of the ‘¢ashin :ton lavy Yard to the sugrestcc sn-cirlicatiasns of
the MNaval Reccarch Leboratory, it was unr e uv of 21 tuvrus of
llos 10 rubber covered wire (,/7121 packard czble) in a loop of 21
inches, outside diai.eter, 1l¢ inches - inside ciarneter, This
was »laced inside of a loop shaped box wmede of 1t ozk boards

22 inches in overall cinensions with cross section of 3 - 1/2
inches, This box was placed inside 2 second loop suapea Lox
made of 1" oak boards, 3C inches in overcil diuensions with a
cross section of 9 inches, The space teuween vias filled with
Ozite. This loop was mounted sianilerly to the "D " loop but

on the port sice of tihe ship, The Jead-in wires, as in the
"DAM, passed into the conning tower through a specially nade
stuffing box. The lecad~in wires then going throush the conning
tower hatch into the control room and to the receivinz equipment
located on tihe Zyroscoplc compass table. (ilates 23 and-24,
Tables 3, 4 and 5).

I ETHOD 0; TES

e

The following instruments or svparatus were employed in conduct-

ing the tests described herein:

(a)

()
(c)
(d)

{e)

(£)
6.

Standard Sigznal CGenerator, General Radio . odel IN CiAG 60064 -
Serial 18,

Output . eter, General fadio Company, 483C -~ o, 92.
Output ‘eter, Ballantine, :odel 300 - !llo, 14,
Osciilograph, Dumont, iocel 168 -~ Ho. 927.

wQn seter (liocifiec ior 17 Key.), Boonton Racio Company 100A -
o, 177

Condenser Bank, o, 14, Pattern 1797 - No. 2073,
The loops were installed on the USS §-30 by the Radic Lsboratory

of the ‘.ashinzton Navy Yard. The lead-ins for the "Yaru" and "DQY loops
were brought into the ship throuzh a special stuffing box in the coanning
tower, vhile, for those of the clearing line loops, use was made of the
ship's regular radio lead-in insulators. Cn the 5-30, these are mounted

ENTL, -



aft of the connin: ﬁower near the ":" frares, to which the top end of the
clearinz line loops were secured. )Plates 23 and 24).

7e During these tests the US5 5-30 oéeratcd out of . naapolis,
Maryland, £ preliminary test was made on 20 Decemper 1940 to deteruine if
any changes or further equipment were necessary for the tests,

Be Regular tects were made during Janwary and lebruary 1941 as
follows:

(a) January 6~9, Near Smith's Point in Chesapeake Bay, irea
76° 110 1 between 37° 43" N and 37° 51! i,

{b) January 13-17. Off the Virzinia Capes. Area 76° 11! i
gg; 35" H on a bearin; of 153° for a distance of 25 navtical
es,

{c) February 17-20. Near Smith's Point in Chesaneake Bay., Area
n6° 11! ¥ between 37° 43! il and 37° 51! 1.

D Tests were nade on specliel transmission Jrom stetions LBA - 24
ley, and NSS - 1544, 17.8 and 3%.8 Ley., as well as tests on these stetions
and on ".CI - 18.4 Kcys. duringz their repular schedules,

10. 3y means of a switch on the coupling device, an;” of the loups
could be coupled to the proper input inpedence of the input trans ormer, i
gacond switch made it possible to insert the terminals of the signal zenerato
in the circuit of the loop under test or connect them directly to the re-
ceiver terminals, This switch also permitted the coupling ol the "3 | eter
to the secondary of the input transformer for muking secondary "' peasure-

ments,

11, The "M of the loops was measured, using the "." meter zs a
source of 17 Key. r.f. and the Ballantine ..eter to reasure the inpul and
loop voltages. The "Q" vas telien as the ratic of loop voltage to the input
voltage. . condenser bank of 2 .xicrofarads totel capacitvy was used to tune

the loop to 17 icye

12, An output meter vith 60C ohi:s termination was used to indicate
the stancard output and the nouise level of the receiver, It wns 3100 used
in conjunction with the kil sensitivity control to reasvr. tne gttenuation
of sizn:=1 wvith subnerged depth,

13, It was found in the prelimirarv tests that the hest r criver
(R-:7) adjust.:ent for ell conditicnsws as follovs:

{a) e ., Trirmer -- 50.

(b) Kegeneration Contrcl - 3.

{c) Ve - off,

(d) .r.Tuning - n, 770 - 1300 position 3.

- P
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14 In mepsuring the microvolt:s to tac loop ana to Ui TeCelvid,
readings for a given test (frequency and station) were taken for all loops
at a given depth and then for other succeedin_ deptha. (See Table 7 for
a condensed sample of readinzs.) Actually the ship, when subrersed, might
not maintain a given depth for all loop readinzs 60 that the actual denth
was recorded when adjustments cf the recelver were made, The complete
1ist of readings taken are as follows: Date end Time; Tearing; Signel Identi-
fication; Signal lrequency; Tuning iUnit - Selector Switeh (Loop), and Tial
Setting; Receiver-Band, lrequency Diel, Fegeneration Control, Sensitivity
Control, R.F. Trimmer, and A,F. Tuning; Output-tignal and Hoise on Tuning,
Noise only on tuning, Signal and lioise with Se Ge in Primary end Nolse only
with S, Ge in Primary; Signal Generator-Primary Reading snd sctial micro-
volts and receiver reading and actual microvolts; Location of submarineg
®Q" ; eter - Secondary "QU, Capacity and "yr leter Dial,

15, Though the methoa used in 14, above, vould give the attenuation
of signal with depth, separate dives were also made in which the output
signal vas read on the output meter for every 2-foot cepth from the surface
down to the limiting noise level, l.hen the output volts dropped off by an
ordar of 10, the sensitivity of the recelver i:as readjusted so that the run
could be continued. In calculatin the result ant output the noise volts
were subtracted from the signal and noise reading.

16, In the test of the effect of the sea bottom, the ship traveled
al & conatant submerged depth (veriscope depth + 2 ft., locp depth 9 + 2 ft.)
for a distance of 25 nautical miles which covered a sea bottom depth of 20
to 500 fathoms, Output meter readings were taken continuously, the sub-
mergec depth being recorded for each readinge.

17, In testing for the Learing of *he transmitting stetion, the
ship was moved through a 360° arc.

ig, L noise survey was made of the ship's superstructure bv utiliz-
inz a loop, connected by a lon; two wire shielded microphone catle, to the
input couplinz transformer, The test loop was counled as closely as pos-
sible to the metal of the deck and superstructure to determine eny particu-
iar noise spot. In this test varicus speeds (electric drive) were tried,
t1so during actual diving operations, a test of noise was made uncer cif-
ferent actual diving procedure.

DaTs RECORDED
19. Complete data were recorded for all tests conducted, This in-
foruation is contesined in Tebles 1 to 8 and Plates 1 to 2B, inclusive.
20, Submerged depth + 1
14 crovolts received Signal ¢ 10%
Signal /Noise ratio + 10%
Output lieter Reading + 107
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RESULTS Q' TEST

2, idlcrovolts to the recejver with submergence depth, The clear-
ing line loops, due to their large size, supplied a greater value of nicro-
volts to tie receiver than the small concentrated loops; however, ave to
the sreater noise Pick-up in the cleariny line loops, reception of signals
was not as satisfactory at as g:at depths as on the small loops, This was
true both in the bay and ocean, Unfortunately, in the ocean tests, the
siiip's batteries were low so that the receiver voltage was down 3074, A
later check indicated that, vith nomal voltage, the mocrovolts to the re-
ceiver should be increased by 14% with no inerease in the siznal Mmoise
ratio,. The result s for the ocean tests have been corrected for this, The
limiting noise was of two main types - commtator noise and crashes, The
commtator noise was present anly occasionally while the crashes were present
on high receiver sensitivity on the clcaring line loops and to & lesser ex—
tent on the small loops, (See rietes 1 to 11, inclusive.)

2, Ileld Strenzth in Adr with Depth of Rece’ rakle Si:nals. Theae
curves were calculated froi: flat 8 1 to 11, inclus'vz. ond from the lnown
field strength of NB\ in Chesap=ake Iay, assuming a pcrsible reedable signal
havin; a 1 to 1 signal to noise ratio, (Plates 1/ to 19, inclusive).

<3e Experiment of of the Theoretical Attenuation, The experi-
wental results of attenuation with depth anc frequency check vithin experi-
inentel error with the theory (reference (j)). (Plates 12 and 13).

2, The effect of the depth o the sea bottom. The depth of the
sea bottou seems to have practically no cffect on the strength of the signals.

(Plates 2C and 21),

25, Determination of Station Begring by "Swinging" the Loop Antenna.
L test of the bearing of NB. with the "Yard" loop, both on the surface and
at periscope depth (13' to loop, 45' to keel) checks perfectly withi tue true
bearing and is indicat.d by a very sharp winimum, (Plate 22)

26, Test of Yor ard Clesrin- Line Ioop. In order to determine the

best type of clearing line loop, meessuremente were mede of ricrovolts input
to tue receiver with the Forward Clearing Line Loop as originallv installed,
with the loop cut and grounded to the hull at the forward end, and with the
loop cut and left open at the top of the forward stanchion, Best results
were had in the original method as more noise and less siznal were received
in the other cases, "hen used open as aflat top antenna the sijnal strength
was dovn to one tenth of the orizinal. However, in this latter case, proper
natching was not obtainable; when connected directly to the receiver vi thout
the loop transformer, no signals could be hear: at 60 feet (keel depth, 27

feet, loop depth), (Table 7).

g loigse Survey. . test was carried out to trv to determine the
source of the ship's noise but this was inconclusive in results, .. test

loon, connected to the receiving equipment ty a tvo wire shielded line, was



carried abo gn s Ship's dech and superstiucture, il was coupied as
closely as po7sible to tie etal structure Lut no ciinn_e in noise was noted
Yor various positions on this stiucture or vith various speeds (electric
drivej. . further test with the loop closely coupled to the inside of the
hull *ras rmade during a dive, "ith the receiver adiusted to ~ive over one
helf volt of noise, no change vas noted during various divin: ooerations,
These operations included various soeeds, operation o/ divin; vanes, onera-
“ion of st-erin; rudder motor, oreration ol ballast pumps, and a comnlete
Stop of all equipment, The “drin; of tiiis ship is very old e1¢ continuous
ciecking is nade to eliminate exiraneous fsrounds® conseqrently as none of
t..e zevere "cras.es", obtained in the occan tests, vere preset it may be
nossible that these erashes arose irom some intermittent "_rounch, iiowever,
it 1s relt that the results es in:icated above are not conclusive in any
vay. (Teble 8).

20, Theorelical considerations of the desi.m ol n loop for uncer-
~aler reception su__usted b ref--ruice (j) indicate thet a narrow ioop with
its lonz side parallel to the water surface is best. This is wore -ro-
nounced the larger the loop, (“eference (i) end Plate 2},

CHIF y
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29, The results of tnis inveatizstion show that underwater recep-
tion of low radio-frequency signels is feasible, Vith the equipment used,
signals of 1000 micravolts per meter in air should be readasble to a denth
of 3/ feet (above loop) in ocean water end 38 feet (above loop) in water
of less salinity (similar io Chesapeske Day water at Smith's Point)., This,
as pointed out by Bureau of Ships (reference (1)) would be the approximate
depth for usable signal from NSS (17.8 Kcy) at 2000 miles, predicated on
the basis of no atmospherics, lurther, at periscope depths (loop depth
10 feet), a field strength of only 30 microvolts per meter in air would be
needed for this same frequency, which would be a distance for NSS of 77000~
8000 nautical miles, again predicated by the sbsence of static. These
calculations have been made on the basia of a one to one signal to noise
ratio and are therefore near the limit of readsble signals; however, as
indicated above, static has not been considered, and will be the limiting
factor for summer time conditions and in the tropics and will materially
reduce the range for readeble signals elther on the surface or subumerged;
on the other hand, as indicated below in 31, the ship's nolse was the
limitin: factar, reduction of which would make for e greater depth of
readable signal under ideal atmospheric conditions. In considering static
&5 & limiting factor it is assumed that the ratio of signal to static will
not materislly chanze whether reception is sccomplished from a submerged,
or an above water, loop collector.

30. The concentrated loops, "Yard" and "DQ", although not s pply-
ing as many microvolts to the receiver as the clearing line loups, were
more efficacious because of the lower noise level, The "Yard" loop was

the better of the two.

31, viith the equipment used, the shipfs noice was the liniting
factor for depth of submergence, For a glven receiver sensitivity (high
enouzh to produce noise on all loops), the grounded Aft, loop had the
greatest noise, next beiny the Forv:ard loop, and then the "Yard loop, with
slightly preater noise than the "L, loop. Thic is as mi- ht be expected,
conisidering the relative couplin- of the various loops t.o the hull, in
- dch there is lmown to be larze induced currents. This induced current
could be expected {rom the use of the powerful d.c. machinery inside the

snpthor source of this induced hull voltage ri-ht possibly be from

L B |
Ul ¢ Al usia
i mpdaTa AP o Ship wnen 1n

the electrolytic action set \p by dissinilar metals of the ship wnen 1n
salt water, For instance, the difference in potential between copper and
jron in sea water is ,13 volts md between brass anc iron, it is .17 volts,
Inasiuch as the limiting noise was worse in the ocean than in the bay,
there may be some basis for this last prenise, It might be po:sible with
improved positioning of a concer.trated loop and with shorter, better
shielded leads, to reduce the noise pick-up. Probably Uie noise factor
would be a problem for each type of submarine, if not for each individual

vessel,

<o The input coupling transforier is of satisf-ctory cesi n. It

4ves a coupling of sbout 70 to 855, wich, cobined with its hi‘h now,
;ives a very good overall " and voltaj,e step-up for the wholr ocvsten,




It was fornd that a slizht nismnteh of the input impecance (lover 11 pecance
than loop) gave an ilmproved "} . step up retic with a decreased "sf of
loop, as in submerzgernce, ;n improvenent, of W:M x step up rotio mirht be
secur:d by a better molybdenum-perialloy core; on the other hand, a vell
desi-ned transforer with a comwercial iron-dust core qight _ive sopevhat
poorer results at an apprecisble savin: in cost but an increase in size,

, 33. The depth of sea bottor: seems to have practically no eifect on
tie received si;nal stiren;th,

3 The directional effect of the "Yarc® loop (presw.sbly the same
vrith the other loops) is quite pronounced. 3i¢nals from i show a very
zarked vdnimum vith the plane of the loop at 90° from the station bearinz.
Bearin;s cen be talien with good eccurecy. In this connuetion, it is to
be noted that maximum submerience for g :iven stetion can be secured only
when tie loop is on the Mmaximum" of the station or within anproxi:ately
+ 10° or + 180° + 10° of this bearin,. The loops on the ULS i~30 were
fixed in position, and imounted vriih the plane of loop parallel to the lonzi-
tudinal axis of the ship. It also shouwld be noted that it may be possible
that the hull of the ship itsels may pick up some si_nal and reflect this
into the loop, consequently a rotatable loop cross vays of the ship mi ht
not produce in the receiver the si_nal strensth as inaicated in ihis rveport.
Lven “hough this were true, a loop placed well above the deck probably vould
not be so affected because of the rapid attenuation of the si_nals by water,

35 The experimental data checks very well with the theoretical
sttenuation of signals with depth for various frequencies. The lower the
frequeacy, the lower the attenuation, For the example ;iven in (a) ebove,
(1000 microvolts in air givinz = loop depth of 34 feet at 17.6 Lcy), 6000
microvolts would be required for the same depth at 32.8 Icy.

. 36. The best physical shape o the loop for underwater recspiion
is not the same as in air but is lon, enc narrow, vith the lon-; side par-
allel to the surface of the water, liowever, the ein in si;nal strenjth
over that for a conventional loop may not be worth while because of iie-
cisnical considerations. (Pate 23) Further loop desin charecteristics
were not made in these tests, iowever the loop '." 's, characteristics,
anc efiectiveness combined with iltL Report R-1669 (reference (j)) ray be
used as a startin, point in the desi n of the best loop for undervater low
radio-frequeacy receptions, :

B It is to be noted that no natural static entered into tne re-
sults of the tests,

38. Suauary of factors enterin into the uncerwater recenticn of
low freque.ncy redio signals

(a) The lower the frequency, the zreater the sumner,ence
possible for a ;iven surface field strength,

(b) Dearing of the loop.

- 10 -




(¢) Location of loop for least slip's noice nicl up,

(da) Design of loop, incluvdaing, " ", eifective hei;ht, end
physical shape.

(e) LDecizn of coupliing unit, including "V, couniing retio,
and impedance values,

(1) Couplingz to receiver,

COUFITE TIaL
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TABLY 1

Electrical Constants of Loop Input Transforner

ngn nm Coeflficient
Transformer Resistance Inductance 1000 17 of
Section Connections Ohns Microhenries Cycles hKey Couplin.:
A 1-2 080 114 7.2 47 . A58
2-3 040 41 4¢3 28 o 744
B 1-2 . 060 114 7.0 A . 865
1"3 - 037 22 2 . 5 — . 715
2-3 <043 41 4.0 26 .91
A+ 2 1-2+1=-2 428 15 72 89
Secondary 75.2 303 milli-
henries 27 105

vote: Section A 1-3 used for low impedance loops ("D?M, etc.) and Section A 1-2
used for hither impedance {"Yard"™ loop)

TA’!T A ]
fatasis &

Yeasurement of "Q" x Step—-up Ratio at 17 Key.

Transformer Pri. Inductance "Q" x Step-up Ratio Res. Added
liicrohenries No. added . R Added Ohms
1 #2
Simalating
Loop
L8 428 6&n 190 5
114+ 670 300 5
41 500 320 5
22 380 300 5
123 114 1200 440 1
41w 1160 600 1
22 1100 640 1
4, 41 1680 £80 1//
114 1000 480 1
22 1560 720 1/%

#Condition used in Tests on USS - §-30
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TABLE 3

Electriecal Constants of Loops on USS 8~30

Resistance to

Inductance Ground
Loop Microhenries Megohms
"Yard® 550 1400 -~ 1800
"pgn 90 5000 - 8000+
Aft. CL. {grounded) 45
For. CL. 70 4,2
TABLE 4

"Q" of Loops on USS 5-30

Leop nQw cffective Secondary nQus
Air Subnmerged Air Subnerged
Bay Ocean Bay Ocean
"Yardn 4 b &3 60 50 45
npon 6.7 5.4 3.7 30 20 -
Aft CL(gr.) 11 L 3.3 40 - -
For. CL 16 7.85 7 50 30 20

#lleasured in secondary of couplin- transformer. Readings below 30
viere estimated. -—- Readin-~s too low to measure,

#itlo readins taken.

TABLE 5
nor of tard Loop with Submerged Dejp.:
(Bay Water)
Loop Depth )
Feet
Surface 70
O 55 + 5
A 50
9! 43
10! 47
10 50

¥ iaves breaking over loop.

COLFIDENTI..L



Depth
Jaure
(Depth
to keel)

faat

Surface

328308 EE8 213834

Loop

?!Yardﬂ
npQy
ACL
FCL
Yard®
nmu
ACL
FCL
nyard"
npQe
ACL
FCL
HYard®
L9 AL
ACL
FCL

Sengi-
tivity
Readiny

€.3
8.5
6
6.1
6.8
9.0
8.3
8.0
9.2,
9.6

8.3
9.8
10.0

9.0

R Y e el -
*

Sample Set of R adings

Qutput

Siz. +
noise
on
tunin-
Yolts

[ ] [ ] L ] L] L ] [ ] [ ] [ ] !r
0 0 \0 18 \3 O \D D DD

.« ® 2
=3 DD

1.9

No signals any loop

CONFIDENTILAL

Moise
only

Volts

0
0
0
0
3
.l
o7
.1
3
.2
o1
-8
3

b

TABLE 6

Sir. +
noise
S.G. Noise
in Sec.only
Volts Volts
1.73 0
1.8 0
1.75 0
1.76 0
1.7 2
1.65 1
1.7 6
1.8 2
1.8 .3
1.75 1
1.8 )
1.8 .7
7 3
1.7 3

Sisnal Tenerator

Primary
Actual
Micro-
Readin~ wolts

Secondary

Actual
l'iero-

Readinz wvolts

§30 4.05
280 1.22
6500 28.3
5300 23.1
270 1.1€
130 .57
400 1.74
450 1.91
63 27
20 .087
340 1.48
14 061
‘ » 017
55 024,

2300
1400
95000
€8000
670
550
2000
2000
310
9%
2300
51

18

370

1150
00
15800
16300
335
225
1000
1000
155
48
1150
25

9

185



23’3& A z

Result of rhanges in Forward Clearing Line Loop
¢er - 18.4 I'ce in ay -- DBearing 0°)

Depth Sensi- Output “icrovolts
Loop to keel to loop tivity Sig.: Holse Noise To To
feot feet Reacins volts aly loop Receiver
Complete icop 40 7 647 1.9 0  23.2 8150 =
60 27 7e3 1.9 ol 4435 1300
' 70 37 7.8 1.9 o2 4e35 1100
60 27 8,0 1.9 o3 2.61 600
70 37 8e3 1.9 .8 .78 400
Cut and open 40 7 8.1 1.9 15 - - 500
60 27 8,8 1,9 9 -- 120

* Keying dots

Notes .ith open loop coanectec te secondary of transforier
{zrid of tube) no siznal obtained &£t 60 feet (to keel).

T¢, 8
Noise Survey

Test Loop Outside

Receiver
Sensitivity Operation Qutput emnarks

Q. Slowv speead o7 ) Dame over 211 parte

Qe Normal speed .7 ) of deck and superstructure

Test loop Inside #

9 Normal specd .6~ 9

9. ¥ast speed H - .9

9 Stop 9

9. Slow speed bH - L9

9. Trim pumps 6 - .9

9. Diving vanes b~ oG

% Closely coupled to ret-1 hull,

gg.:-i; IDE.JII -L
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SUBMARINE DEPTH IN FEET

- : _ = . ER
, e * . .
i ! te N © &
H < [ H » .
i H i ! ~
S A R S T : vy T ! -
P v g s PG I 7 S N e W B L T u T
] S S S e 444 SN AT S P o Dl I 0 e U0 Bt it e s T e I [ S o G R e § W =
SE PO A S s S & 1 O PN e o S 0t S et = e - o S [ e S et 13 0% 1 g
I it i DO I & g B 0 S v 4 333 S o - ’ T = T
I L 1.7 i P 0 SIS SO S R SpORS TN Rt 1: ks ..
L HIE R g 3311 — {1 P ol 2l e Gt O S0 68 B et o 0 S a5
bl ¥ ey 4 Pt e o 8 e =
e T [
: AL E S e S SR by e & S B ke —— I s S et o i e o - :
e %. 4701 R T EE RS D ) 3 7 e g e s e e e f M
i E 5 4~ N
i R N HAHT R e kg : :
u - T o [P - b o, £ 15 1 ] \W\J - = /
” F : ; e e e I ErhE
! — -t -4 P tr St 4 et 5 SR g D +-4 - SRR %y B
e [ [ o S B S G npy Y G ol !
% ; & g S 4 R - . H e g |.r|L|1| spe " P‘U.\. it b
r g R o S S S A B —+ - — Kk e
PR it AT Ty HiE g — HEATY
v I L 1,Hvu‘“hH oy s s Pt 1 2 2 0 o ] e e o B S e = e aem e g3 1
P H X S St O S iy G Sy S P e g -3 o [ it o 5 o Sk g 271 I o - e a1 18 1 :
CE At - 0 e et i S 21 B SR e i o o 1S R B 1o
! t 50 I 8 e S el a5 63 O 30 e g § SRS ik B S 30 S0 S R B R e st e
i RIS S AyigGupell pics B intbn o B i 5~ dE i o il Npal & i off By 10
ﬂn ﬁi ERIES 98 . Pt - e Sans luil Mt ‘w f =
B . T -+ 4 b (i o 0 e ot T e Sy D et ) AN o 11T Tt T e g
L H SRR I 0 s S e = 0 A 8 Sy ) B eprnaliaia) o g B [y P o f o e Sl R 155 u,
P - 2 915 i o oy ot mam LA -4 : i,
N 4 % iAo T+t
3 e i o =% z:f: ..IA_vwvh " N B
: i 1 AT Pg IS S
£y Tha 1= L™ g 3 =
. e, W L ¥ L > i o ~ Q
1 E ’ 4P . 7 TINg
RSB ¥ o e : £
4k : - AT - e
R re= = SR E :
: [T P R S5 B e R B
5 4 L o s . + ;
1] B Ew A = s 1- ke Ik
i . iy e -+ t -
g 2 B o SR I ettt & 8 fid B2 ol S -
CUEIH HE e TR - ‘
: 114 ] TETS i e ERRISIZ AR S iy
= w 13 a4t e oy §f 1 J,,W! FS Bt TRl oy e o s s gl 5 o 8 S i r
: BRI = i a8 e ey 1 1 7 81 e I =k
: EA I B o a a% 1T S T =t R e N R LU R 1% SBEI
s T i = B s o I RE S S CHNE S N 2 g = ok BESE IO
e g =t FA s A HFRT R : de iEE SRS P T
i (T B ERE R0 SN ED QA T —+1 o e = BRI S e oy i iy i Bl B LR e B
pR .55 E e SHNDE Dl [ I SN e v A S . ook M A SN - . 473 = 1 0 by Gl
» {1 ) e st 8 R i S = S R T = 0 S s i e O (0 i 1 ) L = ROy Sl ok v w5 8 15 8 R 16 35 o SO
- H» o Frp TWT ——— ik v i 0 8 e b At B e e P e M R ] ¢
g : S A 0 A RS SO o 5 Ml A T 38 B o St DTt o - =T P ) . ¥ gL £ i . N
_ 1 gt e ol S Oy s ol B S s 1 1 I oy = it BT e T v 1 I Rt e s e E o
- e R sy et ik ety b 15 ! oy A sk I e Rk et o s S G I %
g etad =T o o e ey e v il s et 8 B B G B
4 i1 b ~—— - e 53 b 23wl Eaali snsmnt ¢ 4 1 —+1 + 1F
L I SEEE e FEeT = e B o g S (o e S Y e e 1 e 2 e e ey T
i1 3 4l s L HE R el piny €5 01 ) iz B v iy s Bt S I35 1
T e e R e e e e e e e T
4+ ) (A N A S e S B O g LA = Y A
oy S s B L e e (o r g r e 4+ i Y
B S N R O = 1 -} l—fj——f-—= ] - 11— -4 =
peds 1 i 1 s Ml el = T .L.%Lu
. L= “ ~+ :
1 , . . . _— M -Q o Q
i , . : . _ . - ~ i ™~
- - ) . 5 e I ; = E »
; , E - ) ; . .
e | o ‘ kwﬂ:wnwk 1 SUTOAOHIUW .
| , i L ] o . : ‘
i i : : k
i
1 ¥
o - ’ . i
B ¥ [ . ¥ * _“4
i R ! : b " Q
% i o . y
. ! x| v /. ' ’

(70 KEEL)
PLATE 3

.

#



Jo
1‘4&1‘ . : = =
=i - SN
£ I : IER A
= RIEn [EEEN AN

[

\il [

t

Fropreeel

=t

|
il

[EEEN b
i ;

3
P PR S

gl

P
-

e

8
R
5

i

ik
i

rr._ ;;h_Ll:r,< ‘ ‘ ;
L )

1+
1

+

il
i

'

4
i
i
T

NEE &ST/

‘Ij‘“t

T
i
3

Yt
V:x\_.l:!,—li--__ 4
3 ; s s

-

i

i
e

b

. s pYSIS T

T

s
N

N+
oy

L
X

60

T

N S B g

-t

Fra

[y

-3 IR
E, ’:
A SANEE M.WVH.N.HT;
EARE Y
EERY I
‘w.!,
L

g u] T

1

P =2
R A

T et
o

T

-t

3

AJ--.-*J...,

5

EIW &

gt

Ty e

———

T

-.4—.‘:__!

il

[

ji'
o
.‘«\e{_‘Ll [L
i
i
HES
M
el

t
SR N
1
L

gl

e

;3».47.,.,

B
o o = f
RSO N YRR SRS & oo pi -
FH e o 5 18 Al St e vt 13t

F

i
t

1
T
L
;J T
i

b,

Fine
T
i
-
1!
il
IEN
i

+

SERUS . LR
T
il

T
T SR

K 8)

el

NEIVSSYA 'QOOMEON

0D HOOR A400D

sy

¢ ! ,

S

’-—’—i

YIAITOFY OL SLTONSNOIW

SUBMARINE DEPTH IN FEET

(70 KEEL)




)00

go

60

40

< ' IRA SR 2

i
. ; [= .
S ,\._ . m - v
= | o g vg - i )
e~ " N # : _ : _ oJ\( " . I
o i : = - PR b iR

‘W YFAIFOFH Ol SLIOACHNOIW

i w |
: _ R
. } , A .
£ b
) N, i i
w - ! - i ;
1 »
I :
a i
Aﬂ T. L o i T S I M ﬂ = e [ S M 3 ¥ e i
N Yoo s W o o , v QS S B T
Wl i oo % 1 108 A S 8 0 554 i , E 4 B (s Givaliaia §
N 0 ol 2o I [ it e Sy L] v
- ! o
S o 1] , = e 3 3 o
- o o , i ’ S . 4 —]
b - J= | - + =] 3 SR
; 3 i B e Sop i I B
4 e [ - 7 L, 5 i
5 — 13-4+ - o B [
[ 3 E ] o g S
s o ! - o
o I - ! D g O T R
» i+ H W — M S ;\
: B S ok I ]
i —
L e - [ o E
B, " ; S gt o
P - m i lrl‘!l,
FoOT - | 1] i
SV S o [ S g o o B
My ; 1 : ] P g e g r—1 34
'
e SR Sy ! SR N G D S A B! gt i
. I St . e e s o - . = s s o
[ e Tt iy O ¥ I et o I i ;1 3
f AN S S B 1 g i ,v f O e i - —— 3
" T
[ TN S S f B 1 tomet Soamen i s I I By b o @i g =
Ewin o (5 i e e ol Gy o s & gme - 1
o s ] S o S vl e e 3 g 4
[y inhs sowmmats i ¥ 0T34 e ]
g fomp St Somgg 2 U (g 03 e e e 3 S £ 850 P 8 i e m—
[ R N SRS N i S S 00 D 4 I e S Sl e L R
[ QU S Fas i s arl (1 e ok A A it Snn e I g g i ot o i S
PO - I NN E . . - [ o re— e - ﬂ —4 3 i. b b
il S 4k g G a6 i it s s O O O . —
S P oyt 0 0 85 S {951 -0 B Gw MRS 4 Sn g v S O 0N o . )
= SERS AT RN
o . = 2 T —T
- -+ 4 — oo errans Byl BN . —4 »d g gikr & -
e [ . IL.G.Frt_l,bJ - 1.1 - 4 - -
- L 41— e 4414 - y o
I N RSN (i i B e 8 —
o s oy o 5 s 10 08 W el S ol Sy 3 iy B g gl | Sold
= g o ST O S A A 0y it e PR LT L4 L~ 41
= —+ | —-g — == ERSE S b T S —— — s
- P S e N 4 -4 41ttt — R ] -
e g SR f z i: ) Troun
el T14 - C3L734 A I i s
s S 1 - , : . : i SN )
= o L —p— I - — o o]
B e Sl e o B S 4.4 —tf =t PR o e == = O
. +-4- + -4 B JOUE T iy = B A S 3 =1
il 2 i el et i [ N 0 N T
- —4 -} B o vl O S ] b
g by e s o 3 Y
. oh L X o o . o e ) il g gl
5 . b —- g L g . - b - e - 4+ 4. - — -
o ;
T3] v F Tt 1 S % o g e o ]
. i Seod i 54 5 S o 2 e ]
) ) A i T v 81 . 1 I pumgamiek: & fs 6 N ] o
] 1 400 A . S 1] o’ o 2 [1311 4 e o i
1T = R T E o ot g e Fmid
N ¢ ﬁ.m‘-”_ Jo S8 B o | ot o v H — — A S - Pl Shdiil 1
s ; B (e g 0 e e 5 ) et skt 2 18 317 - il 3
3 = 4 _IAT!!» oy I (—— L [~ R A
6 G Shas e g N B e . = i 0 0 ER S W
T L. S S o £ = gl dapiil i Ik = .
. R e il e ) P 44N~y 1 1 1] - L S
% =2 T S, -4 4 — 44 1 4~ —_—t—e LR - [ QI Y
v AR err‘ll"l.’.u -1 e SIETRD SSEUUSIS N I U S (W SR GO ol ol [ S Y S . L. — - 4
v G S ] 4 33 by ¥ = Ee i 08
b — i 4 4~ 4 1 —— gL | il SRS ) B
e 22 111 el L] - 6 e S o (s 5 0 0 O B TS i oenl s con .
433 0 SR G L1 41 5 . ¥ il P g S §
s Sk Sk = . (0 S e el e S R I e e oty e i R ol O s .
s E: I S5 SRS ) T g Ty I S g i 2N DS s e | 1
i SR S S I M R L O EPWS - S U A N A B : - & B .
4 [ b - [ N iy -y By S 3 — 4 o= - b -
: 1 ~ Eiriais . Sl o o .3 LT <f Jo Mt ]
- % 553 B ) s 1 [} Enan . e PO hom
] - +—f 4 o LE - —_— H i, = ER St e SH B — —
: 4l o ava pmatie opein ol | {1 o8 0 ETTE i ol ok g o o S S e e - 1
; <4 1. il t 4 — = ; 4 A S :
1 iy = 8 o 1 e i W RE DR S o T = -] bt
L e A B s Sotielh Bptatt o v o b m B 1 : . i T+ pe—4 ST
i i ——
] 8 (e iy e =¥ o = b 3 R s
<y L SO S 4 - o 51 o et I
b - F =133~ I I e ol
X 4 L o-d-t—b i e o .- 1 o
' - LY [

i

SUBMARINE DEPTH IN FEET (ro KEEL)

.




- : !
| o y
» b - | L
] . - R .
#, “ ﬁ r .W .”
m i it % ‘.0
o ! 1
- PRI o0t a IR T R o S T N H E
- o8 e el e s b b e} t—t - 3 w - i e o LTy vy g —" ¥ TES I
: e R R R R s S S e SR aa R ST S R A i = ks
: LR S LR < -
- s e 1 3 S e 10 g i G O A s e et B B T X Y S 2 Fo A3 ]
2 R R g e e S s SN & g o A, AT iioed i 10 0l IR N e Rl et & O 2 3 S8 e e I o O Q
a2 B o i S o B s (8 (100 07 5 1 o ¢ B e e St R i BRI = e M R e S = TR T L
§ s Dot et St e g B b Rt 18 Bl o s i1 F T F
g SR (il o £ 1) S o i e i e b o e ol ol (e el e e 1 18 e S S o T H R
2 e e e B = ot g e Bl o o 0 e S o I o o s 3 58 2 s NG SN SN S B I SR
8 B e e 1 i S v g gl st £ o R e e M B e Sl i £ 05 SR MR £ S 1= T A
- o iy = [ ey Sy g o Sy e Cr T — =9
. LT HE A SR o i S o e ey B N S S5 AP el ekt Al 6 & 12 0 s ittt : . TN
4- Pt b i s ol Sowvan S mumna B S S il o r T —1t —=1 1t 4 +t+4 i 1 4 . H l
SR Sl ol vl P o1 JW..H,H_. | s e s it 8 8 0 g S 18 75 S s D R Pk Tl B +5513 A RN BN S i i ~N
: el T R 5 o I 5 i i g o o e 48 o o 1415 S ) G4 AR : ~
| i R ey 4 0 8 iy} S G o W i ) 1 i 134 4413 173 i gy g | 4 | o k- < Jd o :
. T T R T e R £ - U
I RIE R S Sl = o B S o iy SE= el s oy o SR R A et B R 2 51 S IR SR IS & O O N B N -
] L : T iR T1 - H T T s T e Tl i e S X
SR o O g e = TEEY Ee S o me wat - = i 11 = o] »
) ‘ oty B ol ~ P S SR il S 6 5 it ol L
i NS B S E ; . b1 i B SRR I A A £ o O] . N _N
RS e B kR T M - = 7 T
& R I e ] ok o 40 SR A CR et g P oSS - S IR R I © e
M T N 11" 1 \wl.l“\\'i],|. [ ¢ ..\n.. - g w‘ivl i -
285 Tan AN e LT W ‘ A
RE L, - I - - » . 2 = T
1T iR = SO R L AR SEEN e aa Y
%1 T R . ‘T b . ; A .WL 11 55
ER RN ; : SR P Suh oy doviendueust o of Bt S abow e ot e s Pl SR W
35 IS IR AR R e
g = " T . . 1 4 = . o
L - 7T . H t o . » : 4 - = . v & =
IRER N R R I e L AN SR SR A ER " T
43 ) — dpedo o BE T PP .
4 ik = 7 R 38 ] B RE L
: ] f1 — > L1 A i Q
bt + 3 - — : , -
HEE nIE= % SHEREES TR g
it E ]l | 1l i1 Q
Ay L..,\ e H BER S SR R 8 O SA B S S B :
=L, ..Wl“vz.wsxth =3 S , B B 6 Bl ol Bl IR0 S T S N Yy
F iR o e R $
f 4 +t ] o=+ [N ‘ - i1z i H Fl g ded b b e T8 -~
| LRSI I o A B3y SER : LI ER B S
3 S e +14 3 S &
1 _ i g L Fe [ I3 410t - 1t e - ; i i
s "t i T4 o I = b LR s S it e Rl 4 m< 1 i A
T ‘ , i — i DC b3
| RSN T M e B TS EUIREERE B
: . JRHN B el < L] I ; i
EERE BT e 3 ,;L& 4 i fvoued: & < - . M
By = 1 b e ¢\ ‘ I 10t i Tl
e IR R I Ren i Q U
1 § i > % i o z SN g T
[FEERH ﬂ HEER NS I ED ~N
: : S S S S S 5 55 BI5 N S SR
] ; 2) SRR B B 2 A A
11 i JEE o AT 1.8
: +{— .H 4 W E ¥ i H
. : o 5 = i EREN I P AR TSR :
L L e 1 R e b L
Hit 1 : Al I R Rt £ 3 o O O R S : :
ipsdy ! Poan SR bbb H SR SN : i
i - b £E 5 ;
” = = 1 b .0
Q W ) ~
_ -~ , | M ~
,
& FA/S UWQW CL SLTCAONOIW
i i
_ - N
kY H
/
. 1 '
- : |
1 il
& : _
_
i




1
'

S-30 AT, SMITHS POINT'.

S -
H 3.
3
9
s

41'9/{" .

CXt

00

O NA NPIRE | it
SUBMARINE DEPTH IN FEET (To KEEFL)

*

NES ~15. 94 KEY |

t

SI6NAL STRENQTH WITH.DEPTYH. | . .

fowa
S O -
Vemse i 1
P
! i
.....

....

H
AR e e

o
AOf

~ | N, ..., oy
o1 A/ %ﬁkw&\\%kwq\_ NI MOTIE qp

i
Lo 5

RPLATE 7 e



i

Le

SIGNAL STRENGTH WITH DEPTH .

N8BS - 178 KOV
S-30 AT .SMITHS POINT . |

.

O

: 57 NS S "
1% SIGHAL/MoISE

"

1

- wo morsEl

’_ra

SIGNAL/NO/SE.

%

i . 54
;

-

/00

SUBNIRRINE DEPTH IN FEET (o HEEL)

~ N N
AN NZLIW S SLITONCHDIW MOTIF @p
“ -

PLATE &




.

SIGNAL STRENGTH WITH DEPTH
@ WIS MICROVOLTS /METER

NBA-24 HCY.
5-30 AT SMITHE POINT

b

!

1

. e Vs W . ..
SRS O SIS TS S OS

Lo

FEE R~ TR T

/00

SUBMARINE DEPTH IN FEET (70 HEEL)

_ .
: -
: i
‘
: sy
- )
. S . h
E T
; .
‘ ' .
H
[ - < i .
: PESE s,
- +
s B . !
, P
) '
H BN :
i — I i

. n @

R
9
% ™~ Il 2
S NI FFLTN S SLTONOY W

MOT3IE8 9P

4ot




TmiaE Laad
C e b
P i ik
|
ol g
e el

)l

1
S5/GNAL STRENGTHN WITH DEPTH |
= ‘ i L E

WCI ~/8.4 KCY

5-30 AT SMITHS POINT. . .

Vot

TR DONESOSN IS SIS

1

......

1
1
1

R

. ca- 3
R s r.Ji.‘#f?;,'mficf.w e e el L

b
T

N

—— e b

.-

/00

&O
SUBMARINE DEPTH IN FELT (70 HEEL)

; L i i
i A TN p T P
Rt T SN (USRI SO "

//m : % ~N

N = on
SN SFLIW /SLTOACH DN AMOTZ

b
T
g qp

Se

L
¥
—- .ﬂ< - ; - sy
@ RTINS My ) : “ ] ; :
— rw.M .‘. . + % 1 o H., m — e —— A g e — — 114.+.' —— - 1|n.!¢..|.1 -
* e i . " ¥ . ’ ; : b H y : | E
: : .. R ) ' ; P ; i {
i, . s e R “ay ! i ] : _,
Lo ; P, S s s : ! | 3 !

PPLATE 10




S/GNAL STRENGTH WITH DEPTH.

NSS -32.8 KCY
5-30 OFF VIRGINIA CAPES

A
g
4

T
A

L , .
qu- Tn .. 1 s r [

: L Wy E_. ' I

R ! ;

. QN ; ,

B A TR Ty

,,,,, oL N R Lo

” 1 N5 N : .
RIS MM FUR B

” ez “ “

T
..

IK“ /0

.........

/00
(ro KELL)

o

&
I

AN TS

s /sy

N ™ *
TOACYIIN MOT7E G P

56 ,' s g cegE

SUBMARINE DEPTH IN FEET

PLATE //




t*:. . S & , 4 &

PLATE 12

o

HS P

T
1

i
:
.
+

e q
1

e e

r

(o

~2’*K,, Y

O

B T R

.——

M/

H

L é-z
NET
X ﬁf iy
s
:,j

ESAPEA
8A

TV

. REL
G As Fu
. CHE

o

i -

OEPTH IN FEET (TO CENTER OF tooP)




: i L5

N N

R e L <

ISR L B

o}
S-S | |

R

X W _ w

“o‘T,ﬂif ,,

WY 9

_M M“Nw m“ Al

ROy

= ~N !

]
t
i

TED F
ss*ig.m

o

R

RREC

TIVE. FIELD S
o

OFF VIRGINIA

i i Tl s d
s by g g

co.

4

s

LOOR DEPTH IN FEET (YARD)

AL N A . DA T S

HAONIHLS GII/d FAILYIZS

. o lo .
- _ ! ' ~ * m

v
YUASS Siooe XIAOD




1 N 5
i i
¢ 3
&«
. ¥ !
R SRR S W T e ot 5 8 BT .0 Al o) ) EER TR o e :
' _ ‘ mlJ T _ g Wi ol sy 05, 790 G O 5 unwwr. 1 5 . _v . A”F
: ; S N e -0 T i o A i 2 2 ol et e I amatiol | |
RS s TEER ey e G e g e g o g NELE T T
I , e B S I SRR e i A S 5 0 08 5 ARt R S 5 | P T4
o B ; A b R s T M i . 1 L
[ iy - T O R L L. IR O 441 - . % -
' - L e M B — 4 B =l S T st i el et . } - e
7 C : - [ u 4 )wa of s —_ - F ! ¥ - o 4
- . [ = . ol o I -+ A T : - - -
5 s - 0 1 S P o B et S B —H
i1 1. I N T S0 T ST e S - 1 1
‘ : it 44 e § 3~ 2 b 1 Y.
S R GRS SR SR R -
i i ¥ 414 b = :
m “tped Tl wmw. kA i 1
e bt et S - e—HHH
Bk Titazb oy Ao L A
RIS LR e - 1 - LI
ibet 1 z L4 13 ;
- i B H w - y
/ R o1 " b i
e S O I S il i il S
T fr[ ; R T A e :.AAI
S i3y I + Z1 44
1 ity s T
iyttt : e I i e M 1o
T 413 B IR T CE . 14 F O
2 AH T 2 d 3 ¢
. ﬂnn) - I va o _v“‘%. - "\ M i = i§
- SCIER S RN e S IS R R
) AN i 3 } e 8 1
- 1 ] = 4
N Jw i
The ! 1.
I 1711_,
4
m.
2y

B
i P

F AW 4

I—:-{— E R Bty

T
B

ks

i
.

F AV BNV IR

1

4 - - g ,
: S . g : 3 = i
, ! i ARG AR Rl WL = ISR I8 -
v - Y il oS
i ; .?1 m i it h‘l._ - b | ﬁ 1o
300 B3 S B g - O Sl
R T o St E 7 TTrTI IS Ea e e Hds =
) 44 “ “ 4 [ [ b " ﬁ_ﬁ 1
BRI R B e S vLid N
¥ LI S e e T
wt Py re P B HEEESE R (a8
i DI RS I 4 L B R BT B 3 IL ﬁ.._ -
Jo]-4 2 L3 0 -4 B W L |
T P S A A R P 1T i
. 1 L 4 EIE St s - | S a4
' + vl . L3 Tiw..rA 1.
fpz 2ot Lo H E 1T 3o, L. sl . ol

IV NI WLONT

8-

¥LS Q?F7/S 5

1
3

L8]

SUBMARINE DEPTH IN FEET (TOo KEEL)

PLATE (4




§° , ki i
BN |
[ ; , |
,
| . Y
a g __ i o | e
SR NEEEE B BRIy L : : i .
ISR Tm.\un.._._h..ww,‘Nh--.uT-LN BEE R e H SERE Wy
T 5 8y e s e s 1 8 O R R S S = MO8 S LA SRS S L RO O R : i~
bl o L LT L T s it icEs & <
sHSNIZANE g ¥ = sl b Bed T F IR N N R S P S -y
HEL I o8 -1 b S TFIE T i T T ] - &
] e SR L NIRRT iU 3 9Q
SEEREIREE IAF SEHNGY 48 S e e s o] | Ee y
R S TN S Ef 8! Pl e S o B IR O I B s & 38 SR R 0 S T S S R = SR e
hs Li : S ' s EER ST S RO S5 I S S 1 % 44 ; Q .
: o : = ! R b o O 0 ol ; ] W ! : K
T T T TR IS e e A
: -1 SESES B 41 w S . A : ’ " N
q Sas PR SRS I s G A I IR S P - SOOI S S Q
;- 0 i I EISER e B 3] Tid 1 e S g
£ BRERES: _ i BSEN fes ,WV.- IRAE NS RN -
: ; 1 P e * b1t v 1 g
L ool PRy Tl s e b Y
7T SRR N = T e A/ Ty
iy SRR SRR L 114:fi b= 'Q N
! : i i ; B Ei e : Q y
, R R S B4 S 5T 1 EE SN IS B A
rheda 3 SRR £y P 2
. . H -+ . .
_ R : - Lalftd ~
i AR EE N iTTS
"0 ISR Wi, N S QS SRR 3 U5 2 U U O T =B : ’
IR HANS < 4 .L - ot Q
TN AR T £ E & 1EEE e N
R b R IERRREE L:-.ﬁ 1 IR 9y
T qod TR M e Q
£ KRR Neg o T ArH "
7y T ] :
i e do PN Pt et i
- RSN L d
: +t o , ~—11+ S0 SR O
i RN BN USRI R m
- [ s e E -+ i f: e
. I =1 B .L. Lt T HE R uw I
. (RSN o e T T 2 JHE e Ty e ol
; i o Sk R PR R Y ISR EE RN T M M
14 ; e, mge ammc . 7 S TR P e s T
T R e EE R oot e YR NS ; SIREREIaN L §5 o -3
HR e s IR = IR O 11 beded H S
TIeq ISR NI 1T B SRR L.u_ww“l T EI AR T R RS2 e = 9
_I:,l i o1 . Pl BV TRy B B - <l i e M o e St BN “ bttt
SN T M : " = SN 43 o e T ! L.l g o = fims ,M.JL
NESSRNE S51£8 51 Ty Tl T R P YT
i T : { i _ -t o e
iRE FLEEE s I A RN 2] i Sl 4 e
_ Tl - S0 0 I SR D REE mut IS SN =
T FH T B Izes rar : =
- m hy\ 4 ¢ m. W - \M.ruw“IU.Jh w....l.!'lﬁ. o} ‘AH‘\ " m oo ”w; ﬁ‘ | s ) o
1 = [+ H P S N g W 0 R I B i I ] A !
FEERNE SR TR AT RS B iR ;
Vidd ) SR et NS i nt Bt TRriErs o fipHE S B ]

N

. ~ “ ”
« ] f .
¥ILIW/SLTOAOYIIN  HIV NI HLONTHLS @731

+

3LLIENMIVESVIN "QOCMEON "ON] ANYAWOD HOOA XIJO



b
bbb
]

r

B e Ta Tt por ey

»

T A e Lol e e TN

1000

[o]

(2
]
T 207 i
ﬁﬁ BRI SO A S . -
-k S G A (28 i L E
- S TR SRR 1 B S Bl B U e r
_,A‘ ) — _r a \|lgw - - . - -
N E I 4 ) = s
: i # : L 1&1 PItis
) 4 & 4 agy iy s3] 2 e, 3
Tt ERR A ; - —1 AT M =
._ P ; ~ : + T o by e o 88
I b IR RS 12 i W RS
i L N + S i 1
: RS S By X% R el e 3 It S
b i TeR SEENE
i [ Sy o w 1 5
o1 T 1 i S .
U HEES i
: . - 414 g ; . I PO I
0 PR P i d 1
' | SEE R R e S
: \ﬂ_—f L Lo 4 SEENE
v SRR~ N 55 SR b
o g 3 <] on™ e S — - T ]
: w y ,AUML S - SR
PPN .. ; oy g g
. T \ - TR S : ; .
Ry : AR EE BRI E
+ o e U - " - B e — . a4 B T
Y _, SEE T F | CEF TN £y
ey i : i ! { SER N [
. TN TR ER 283
[/ I SRR -
i ! NN 55 SR ONS IS B TR S AT
i e SO e - H ; I 3
i RS- SR L, 1 i i 11 ﬁ,
I LT ; i X
M . m m ! I.T ,. b ; IR TR
{ ] I e B S B I[I»./.!r _ I 50 I SE T O S SR
i . . 4 : ] 1 ;
. : ; e 1 L
e T - Al TR ! !
Lo ey - Wi R EE B
BesS S 1585
. 1. .- - . 1 L LI (1 ———p - 1 4 o
B e e o i o e TP L
R i [ £~ Nl RS
! P FL T il . . b
R Te o D SER R N L
LIRS “" 1 ! i SO T B | ISR
Pige L@ N p AN : P
,,Lr,‘.... . P . AR ; . _H
IEERRE S AT e
' . g 3 i1 ¢ N » a - | -
ﬁ y - SRR RS B s b Sl o et e o
S il : : il P S . S P 1
o i i i i 13 - i
Sy + - ' - il
e c 171 b & I e, T Ui
;L ! P : G : Dol !
I H i I e - - o L @ = - + 4
R : A s it e : s :
. ., ” 1 . . - i o B L_I\ m ”
Fod L 8! L

&

&0

40
SUBMARINE OEPTH IN FEET (ro KEEL)

&0

20

2

PLATE 16



]

_ &
- e T —
s e
HERS : ¥ ; i
vt i =
. 4
' 1 1.3 {
vty 4 o —
1= . T W B w
diT 1 :
! 4 !

I
'

rre

1
L

T

=3
|

/00

e o b w4
£ s .
oA f
1 H .
NCIVOFUUIE W SN S|

ki
]

i

<
TEER R BN
B G e S o T

et ._.‘1',;_ P -
T

b,

B Aea LRl S "

'
i

g0

L Lm.l. S
R 5 i
gl ] SIERE _ _
AW SE3 5 SIICE b e
v I IR i a1
Bs o ia Mv._” i E 1o
b 3 v 4
i 2 .~y - ISR .
TRitE AR
| =t r P e
-4 ! T 1 & S
EASSPET i 3 T
23 FEE i Sy
. ..,wu_ M.,Lw!.l ity ﬁ@.
B S a8 ST i
m ‘- ,A P S Mgl w< R = | ‘...u. vu...,!. i
: L . o 2 LT F 3 g - _
3 EREAER _. S EOEis 3L
NS S e IIEE;
R , - . B & B e 55
- r‘fﬂ vﬂw - - - = I.Mlﬁuw ‘_.t A.,.u! ulh.iszu _.1_ '
SRAEE 5 M dilich o g
B S dgeiea e b EEEE" N
Ieeia! . EIEh: -
‘- 4 7 - 140 Mo laek g 4 4 114 -1
- i ol b +- iuh S s Sl % G v A o
H R s Lty
T e . o
hd -
NTLINW,SLYONON DIN 31t NI HIONIFHLS T7319
A Ce
) 7\
I ' , -
" 4, o =
: . _ | ..W ; i ! °©

-~

.

SUBMARINE DEPTH IN FEET (T0 KEEL)

-
»

PLATE 17




1
'

B

o iy
r
P W -
=F B!
0
= T
—T TI Y1l ikl g
et — 4 -
o epaniiugie &5 O B0 300 s o 7 A i |
welie 05 ot g ) s ) el 1
St SR =
- » L a
- Wi ,TV Ea O -
TN ) —
ilyye selliionns @ B e 00

b— +—- 4 ¥+ 14
T S 444+ -
i S o —
8 DENAN 0 S G

DS SN

T
'

3 3 HI - - 4 e
— 343" ] 1 3 H
e o T
i e : 8 s
o et wu.,..[ -] 1 1 s
[~ '} S ; P ; - L4
Y Aty - 1 3 El_u = = J LI T B SN 2 M. 1 L1 - -4 (-1 = o [ S S - - .ol
- 4+ Ty “. 'ill. “ ‘ “Ar‘ll‘“' = a r— B = = o B EEE B S S A — P T -3 - s
= —11 |r.|J.. o i .l' [ - 1" |..m|..fmw . S e et i Sl B B o I o oot 4
- 4+ 4+ 4-F 4 - 17T —1 } - - n
- — 24 e — —3 E o b —oird P -4 F--7-1 4 " - 4 < E 4
-+ -1~ 1 i =y W, .ﬁﬂ 4 N B Gy F1-1° B gl ERERRE
% s S (o U] s e 3 —— - LY I - [ & 1 O N B v B iy Wi [ S iy s S S
i 1 - il S g -3 ] 4 - i E—— 3§ - +tg—t-3-4
- iy 3 i ol iy 1.m~ phin S5t i o —_— b (s o 5 15 9% B : :
al. [ 1 N A WY A 2 { 44 " p— 1132
i 1 [0 A0 S T sy A A N 1% Gty - f i [ B 2 §
] ey 5 0 i o 0 R o ST it e e I 5 1 ] ¢ IR e R wi-} 134
T T IE s e a0 o Tt il e St S (N S i 6 ey i i i 4 b - ] !
— -4 - - 44 — 5 . A P —
e Y Bt e e e i S 5 s B Fo s
200 oy bl T Sk A s S N O o O i B T SO et aieutanl &
et N i e b i R S A et e e o et T R

SUBMARINE DEPTH IN FEET (Fo KE£L)

. i g oy A g
$ - 5 [ £ 2 JF I N R AR -
_— 3 A I O ‘A_....lll\..ﬂ —i -4 4 ISR ) —. - 3-F ] L £ At ] .mw
— U 0% 0 15 R S EPSING R § s S SN S0 SRR U SO e T
T Iﬂ‘rﬁ._yu.rln - AT - e oo 41 e i il S S S 1 N G AT 8 g o < Pl i A
0 S D S o - - B Jhpe, WY mt UG Rl Ul A SRR iy P s TSy S . GO _ )i
i sistoial L 08 ool o o gt 34 94 S0 fal Aok sty F vy o v B £ 5 O 5 8 by ifpunad o
-_— = . s LR SR SO Y. S — b e - ga » e t
3 BEE o et 38 S e 2l 1 s £ U5 iny i of B - o B g - T
s il i ol U 35 5 1y el euny NP it B 15 (o el o e o S iy a O i e Tt z Vo
: = : e et B (S U8 [ o 7 Mt e O o Sl o 5 o e et ) e L
SEB g R IE oL e S D S O B ; B0 00 0 ol F o g AN s v 1 5 S o e o s i (o el St st =l I I % O S0 5 28 0 I - e
13- I S e SR St = U 2 2 B = O o 31 Fegpig s bor e EERRE B s st 0 0 A A (A i s p n)
4 f = P i iy U S S— e wiponsiie A AR e Mg R ok i . L { T
1] 144+ -3 T3 <= -1+ 3 Y W S M I s e I e ] = L}U‘ i 111.0 + N - f
: o Sy g S Qs Syt afbdiootes o 0 3 g G o S g et s o o A s o o - et s s 1 Sl s e M o £ e i e I 8 B o A e = I b
FURRE 5 uh qu 1 5 (e Juaiy Smimiia Y 1 e e e 20w ok R ] e o g ey g i e N B 5 S B0 Sy wou ooy S
p e B Y R R P R - S S hipu- sy S 4~ +-% 4 § [ AN e
LA | -w s b et SN R e b & & o e o o e it RS RN i L e 2 g o 2.9 P | 3 1 e e s 8T o8 o 21 2 et ) B A R e
11 : - otk . QU A [y & = e Santacs oo oF 00 - Y R U S A L - —4 -1 S W S — T BN 0 N D SR e . - . i
b - — — - 4 -+ — T P =k B 1 - - - - o= - [ S
sEdSiia 2 = iy 1 [ i 4 +3 o : t44-+ 4 - LT o IJHf . b
"l e s oo oo o i I s S L P s sl i pouliy O % iooe i by o i’ 1 9 i B = i i s ok of B i 6 — i O s et
, T e A S R S R e e e
5 . . : e +-1-1- - - ¥ p P50 S S G S A et O JREw Gf —+ {1 ). S SR VORR M
y Ao b 4§ + —t et 4 4 : S e i ol e e R e P 11w. v- o~ — 4 —- TS B A
R\

o4
1000
o .

; , )
. & B

- m, ! o
e - YUIW/SLTONOYOIW Y1V NI HIONIYLS T13IS

(Y

_ ,
S 1 i - i
F] / = " & i

“ﬁ | B o R ) Q

|

F “ i
B

1

b

~ m S
N R




| 3 m
|
P e
iyl T ! w
H Hp.:” : R R EN I B i S B AR T
il ﬁ T L T X
TIRE : S IR RN e i £ 0 0 Al Sl v 2 o o N
: 1 ¢ "1 V- L Proe- -
IEREE it Ty P = it e : 5 RS e
. HT Pl : IR IS E R IR, B BREH Q
j ] 53 S VIS B 55 o R UE 1 e e Al T S
MHERRE : SEREIEE S AR B 1E; ~
SEPR : t SESEI E T S bt - RN ™
;‘m*é_ m,f B - 3- ﬂ. : \,u m..yu..‘. R ...m- ,\L 41_.w% T E
e g T IR e e h
H‘,vaw..... : —i - W,b D s X iR ERE T 5 44 A
RIS I NN SEAEREEe eI 1L AR S SE i I R AR R B 8 N
T g 5N DR £ _n.mtw R il 1 3 o S B ~t -
N1ty m SIENE ; ot N
118 (N ! : : M I ' ‘ - R o
NiigRe i LT eI s e R e Sl 1 <
| : £ N b+ 1231 3 i . c : ;
Niieiig ! : e R LIRE I S N
bl 17 _.Tr,im ,“ SR g T
,~ “‘ : 1 S H k = T P HLT My\# ,..; N ! .ﬂ N
N _;. h g P i - = % R :_.(ﬂ - 1- - v.*v., ~
RO L T N RN *
WG OIT b BRI EL — N
g Dl S {fw EISER B * Q
R IR iR R A R R B i BRI : Q
R - 0 Ll ELTRE T
, “ I AE B E . "
1 fst H- i - N
W % z
; - AT 4 B iy AT
SN RN i RSN N AP
T T SERE SN 3
i b 'y B EESw ﬁflﬁlri@ Q
o = ~ i i i wl ok 4 i
: 3o i AR DN S >
+ Ho b i AR A 0
; 11 S I R ¢ .
el rn|_. M.Pw|r< er. + w|wllmf!..r1a,rL > )
IR ERTS I O P 411 il 1™
. o 1 A5 G A SR S
s - ﬂ i ] Lm
* e N RN :
: S IR IR I : S ¢
i T._ (AN
i 33 Al _ E ol . h..,,,,(;t.‘w h i
gl et

o

o771 IS LT0A 0N D1 -
/ Y¥OIW - MIV NI HIONFYLS G737/




U4

._ww wm\\,w Qv, um.

o ey @ Ot

B

o :,Mi.m.w.m.f.,m,_wwf!r%ﬂtkk.ut %Rw.u 470 E\m.m., b_.mimx- .

W L ADN b S/ SSW YILLIWGN VYL ,
#26.6 GIAIZIZH MO WOLLOG VIS HO LI74AF -

e i T
3

3
%

SHwWoMNLY s

: - door

3
f‘r)

v}
Q
N

MILIIV LAdINO

PLArs 2.




-

-

ALt

C AMNIH mm_mu 240 :x\ m.mz; bm.mi
. u\{ QR"2L — SSN MILLIWENWAL

Bk L T s SR

Q$

[T T T T T ey rr e s

._.

v m—— l..QL o ——re

~
!
!
‘w.m,ﬁ,w

o mw H

13

B e o G A S

2 ‘

, Evtq% twu

o¢

. ) o¢,r oor

. ..1113..!.1-.Li e I
B + '
S :

?Qq VO V0L LOF VIS SO JIFSAR

%

SIS tr o

=

N¥FLIN LNASLRO

ArE 24

e,



}«"h'i-: TN ";np'.:l.aﬂ‘ﬁ/ w\ “:
(QUTAUT No ATIVE y |
(‘?j’ /T HoT _‘»\4\4?&5 yé:prg k

.

GLF'-' ros

N, N

CRNE BMFTZ
[ 2

<]

LR

.
¥
< e
0 o
4
i '3
QW
< o3
un 7 .\g
f
z &« ]
3
w O 4 i
a0 g =
NG 5
ro @ ; &
Wy i
6 < t2 &
5 it
g o [
6 :
el
ol
w
~




I
»r!«.tmrb ey

P <
SIS e e g 5 2 E
T——Y / oy A e e

ST : :
e P

n.. ST e ui.:r.tum‘.:w.\.. v







i »
A E
\/‘ ! . bl ’ - ‘x 4 -‘ * ¥
C i /,L}‘_f_.,’/, o 2.0 A /15' P
OO S A CTS Y .
- o T \/ o A ¥ .
- oo B0 B VO AR

o =) ARUYELEN
- EE ALY
2T MAUYIOEAUT
£l NICHEL
/7 //ﬁ) N
_ C APEARENT FEZHATIITY 26
LAY IR Y - .
B gty ARG
CL LGNS LA
TAOR L AT IF
SLCOALIARY ~ .
3 ES T, I
. G50 TS At

H

L



' e, i .
YA g -y
& o o y o B

. D% ST . ‘ v -
. & .9{::'

4 4 7?"

! T . "

P A
' *: =

Cors, AL, s s
SELER e P
B bl % Y
) (\ e —/k;

RN

~ &/
T
& —
Vs
5 4
o ‘s
*

< of
v e
AN Y e

B




L) ,O/A&g;/wyf CF CONNECTIONE,
_ “

o
lr . 2
.
* o
N
N
o
A
‘\ .

A s = - N _____Q_‘ff?‘/ - -

%

1’

{
=) %»1 AFF CL. FOAE Y

o
i
e
L,
W

s i FE

}
T Fo oS i *
BESEi |

el ff N
RIS B
SR I Y {(‘

L= i

W ST PRe
- L IR

e iro WAETER)

: N
¥ }C C/ e o ?
R0 ‘
LRI U T &
" PN i |
] S
R . , Py
LAE TSk - : g
VIE LA o o ll . R '{::’/u_ pAIA
TF Bt 7 ! o i T BANK
- - {
Pl e
g 2 A

Loop G EE

R S——— ey

J
L

&1

e
FECEINER

7O L ORE -

.
i
t
i

]

e

BAl AN TIE
R TAIE I

PLATE 27




N i e

Assume!

z:u&mm‘wn oN THE LEION
OF UNDRHWATEN LOOPS

Induc tance appratimalely same fui 2 jrmi s aas

v
1 llgmlfft at top of looy

Frenusncy .4 Noy.

From Plate 12 sttenuation ie (x) YA . . A B O

Loop

Attenuwation of Unltage 1° Mai V.itage
ajgpal at bottom ot tom ¢f awvy ver fovt
£.7% DB L
4.75 DR Ry G
1.58 OR A .

i
g
a .

o
e
PO P DTN

ﬁb‘-ﬁ.r“._‘ N

) tarl w e p %
gt ‘ ‘.- oy - . »
i R R S . o tay.” s ST



Naval Research Laboratory
Technical Library
Research Reports Section
DATE: 10 January, 2000
FROM: Mary Templeman, Code 5227 5
&8N
TO: De-Shumaker—Code—5506- & . Lewrredy, Co e
cc: Chuck Rogers, Code 1221.1 (2~ ! [a5/e0
SUBJ: Review of NRL Report(s)
Dear Sir/Madam:

1. Please revi

O

NRL-FR-3605, FR-1669 and FR-1717 for:

Possible Distribution Change
Possible Change in Classification

ary Templeman Z

(202)767-3 25
maryt@library.nrl.navy.mil

The subject report can be:

X

O
O

Changed to Distribution A (Unlimited)
Changed to Classification
Other:

fxw«l} A/zmw@ t/z(/oo

Signature Date



UNCLASSIFIED

UNCLASSIFIED



