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AUTWTZATION OF TEST

1. The tests herein renorted were authorized by 3.1ureau of Shipb

letter, reference (a) and (b). Additional pertinent information was given

in references (c) to (J) inclusive.

References: (a) BuShips ltr. S67/46 (1O-18-DR6) of 23 Oct.
1940 to Director, NRL.

(b) BTShips Ltr, 567/46 (1O-18-DR6) of 17 Dec.
1940 to Director, NRL.

(c) BuShips ltr. S67/46 (12-31-DR6) of 9 Jan. 1941 to
Chief of Naval Operations.

(d) Opnav. conf. Itr. (Sc) 567 op-20-E/AB (063020)
of 6 Sept. 1940 to BuShips.

(e) BuShips conf, ltr. SS/567 (9-6-DR6) of 25 Oct.

1940 to Opnav.
(f) BuShips Ltr. $67/46 (10-18-DR6)

to Comdt. NYd. 'lash.
(g) Comsubrolfor dispatch 131543 of

Corarolfor.
(h) BuShips Ltr. S67/46 (12-31-DR6)

to Opnav,
(i) BiShips Ltr. S67/46 (12-31-DR6)

to Opnav.
(j) NRL Report R-1669.

of 24 Oct. 1940

Nov. 1940 to

of 2 Jan. 1941

of 15 Feb. 1941

aLEWT O EUT

2, The object of the test herein reported was to investi-jte 
the

precticability of equippinc subraarines with means and ecyipnent to receive

low frequency tranumis.3ions while completely suberged. To deter' ine this,

it was necessary to make the follv-In0 te ts:

(a) The signal strength and sigpnel to noise ratio re-

ceived by various types of antennas at varioous depths

and for varou s frequencies.

(b) The best type of coupling device (input transfor.. er and

tuning unit) to transfer the received si.,nals frory the

antennas to the receiver eTnipm8at.

In order to
follovis:

cbtain other pertinent infor.a L on other tests were jiade as

(1) Underwater beartih, of transaitter by null aethod.

(2) 'Q" of loops.

(3) Effect of Sea bottor. on signals.

(4) I;otse s;rvey of s!ip.

C.; IE TIAL 1 I"



ADTyRlPCT OF T-STS

3. Except for the prelininary tests on the coupling transformerunit, the tests were performed on board the USS 5-30, on which ship the
test equipment had been installed, The electrical tests concucted to
deterrtne 2, above, were as follows:

(a) Characteristics of loo, input trnsfoAer.

('b) Flectrical charecteristics of entenna systems.

c) Loop I ' and overall IQ 1 s.

(d) 'icrovolts input to loops, i.J.crovolts input tc the
receiver, and siLnal to noise ratio for vario's depths
of submergence for eaca antenna

ke) The same as (d) for ifferent radio frequencies.

(f) The satie as (d) for bay water and ocean ate.r.

(g) Effect of depth w:S ocean botton on received sijne!s

(h) Directional effect of "Yard" lop on received uinals.

(i) Noise survey of ship's superstncture.

CO FIDWTIAL -2 -



CO±.C Lusiur4S

(a) The resuLt. s of this investigation show thst uncer'ater re-

ception of low radio-.frecuency signals is feesible, 'th

the equipment used, ,i~nals of 1000 microvolts per meter in

air should be readable to a depth of 34 feet (above loop) in

ocean water and 38 feet (above loop) in water of le ss salinity

(similar to Chesapeake Bay water at Smith's Point). This, as

pointed out by Bureau of Ships (reference (i)) would b- the

approximate depth for usable sig als from NSS(17.8 Fcy) at

2000 miles, predicated on the basis of no atmospherics, rurther

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 7000-8000

nautical miles, again predicated by the absence of static.

These calculations have been made on the basis of a one to one

signal to noise ratio and are therefore near the limit of

readable signals; however, as ineicated above, static has not

been considered, and will be the limiting factor for su.mer

time conditions and in the tropics and will .materially reduce

the range for readable ai nals either on the surface or sub-

merged; on the other hand, as indicated belr in (c), the

ship's noise was the limiting factor, reduction if -hich would

make for a greater depth of reedable signal under ideal atmos-

pheric conditions. In considering static as a limitin- factor

it is assumed that the ratio of signal to static -rill not ma-

terially change whether reception is accomplisned -ro.l e suub-

merged,or an above water, loop collector.

(b) The concentrated loops, "Yard" and "D'O, although not su-

ing as many microvolts to ti(. receiver es the clearin line

loops, were more elficaciour uecaese of the lower noise level.

The 'Yard" loop was the better of the two.

(c) 1ith the equip xent used, the ship's noise was the lir.-iting

factor for depth of submergence. lor a ziven receiver sensi-

tivity (high enough to produce noise on all loops), the srounded

Aft. loop had the greatest noise, next being the iConiard loop,

and then the "Yard" loop, with slightly greater noise than

the "DQ" loop. This is as nmght be expected, considering the

relative couplinL of the various loops to the hull, in vhich

there is Imovn to be large induced currents, This induced

current could be expected from the use of the powerful 
d...

.achtner i.side the hull. Another source of this induced

hull voltage might possibly be from the electrolytic action

set up by dizsimi.!ar metls of the ship w. ,n in salt water.

For instance, the difference in .)otentirl oetweer copoer and

iron in sea rater is .13 volts and betwuon I.rass and iron, it

is .17 volts. Inasvnch as the li,tlng noise v'as worse In

the ocean than in the bay, there may be some basis for this

Z:KI, LliIAL



last premise. it 'dg..t we possible Ahj tl, . rovad nosi ticr in ;
of a concentrated loop and with slt-rter, better s:iul]ed Iads,
to reduce tihe noise Dick-up. Probably the noio factrr WDxIld
be a problem for each type of suumarine, if not for each individual
vessel.

(d) The in:'ut cotplir±:: transformer is of satt f tctt r d:.si n. it
gives a coupling of about 70 to 355, which: c.mrbine& i th its
high "Of", S;ives a very good overall "Q" and volt ae step'-u
for the whole svstc ., It was found that a JijtV mismatch
of the input impedance (lower impeoanLce than loop) gave am ilm-
proved "q" x step-up ratio with a decreased "Q" of loop, as
in submergence. ;m improvement of "Q" x sto--_up ratio i1 ght
be secured by a better rolybdenw.-permalloy core; on the other
hand, a well designed transformer with a connercial iron-dust
core might give somewhat poorer results at an ajyreciable sav-
ing in cost but an increase in size.

(e) The depth of sea bottom suums to have practically no Vf :t on
the received siga.nl strength

(f) The directional effect of the "Yard" loop (presumably the same
with the other loops) is quitc pronouncea. Siknals fro:: W,h
show a very marked minimum with the plane uf the loop at 90'
from the station baring. Bearinas can b taken with good ac-
curacy. In thisi connection, it is to be notcd that maximum
submergence for a given station can be secured only Whcn the
loop is on the Qmaximum" of the station or within approxiraatly
1O° or + 1800 1 10 of this bearing. Th loops on the USS

S-30 were fixed in position, and mounted with the plane of loop
parallel to the longitudinal axis of the ship. It also should
be noted that it may be possible that the hull of the ship it-
self may pick up somr signal and reflect this into the loop,
consequently a rotatable loop cross ways of the ship might not
produce in the receivcr the signal strength as indicated in this
report. Even though this were true, a loop plrocd well above
the deck probably would not be so affected because of the rapid
attenuation of the signals by water.

(g) The experime.tnl data checks very well with the theoretical
attenuation of s ;nals with depth for various froqu.ncics. The
lower the frcqucncy, the laiur the attenuation. For the exam-
plc given in (a) above, (1000 microvolts in air ;iving n loop
depth of 34 fet at 17.8 Kcy), 6000 microvolts would be required
for the same depth at 32.8 Kcy.

(h) The best physical shape of the loop for underwater rucuption
is not the same as in air but is long and narrow, with the long
side parallul to th, surface of the watcr. However, the gain
in signal strength over that for n conventional loop may nAt be

C C Q F2bD -AL



worth while because of mechanical cons derations. (Plate 23,
Further loop desi; charateristics were not race in these tests.
However the loop " 's, characteristics, and effectiveness com-
bined with NRL Report R-1669 (reference (j)) may be used es a
starting point in the design of the best loop for undervater low
radio-frequency rece-tions.

(i) It is to be noted that no natural static entered into the re-
sults of the tests,

(j) Smary of factors entering into the underwater reception of
low frequency radio signals.

(1) The lower the frequeacy, the greater the submergence
nRo1ih1l for a given surface field strengths

(2) Bearing of the loop.

(3) Location of loop for least ship's noise pick up,

(4) Desin of loop, includin ,tI,' effective hei:htand
physical sape.

(5) Design of couplin- unit, including " ", couplin-; ratio,
and irnpedence values.

(6) Coupling to receiver.

CO. ' ILLTTAL



PC • DATIONS

The tests as herein recorded indicate tit Urh eq'ip erit, s
installed on the USS 5-30 is capable of satisf octory undervater m-cwfti on
of low radio-frequency signals. There are cert n imm oxc.,:cnts that
might be made. <'ith this in vtew, the followinv recommendal.ion.; ar, lade:

(a) That underwater reception of low radio-freqiuicy si -:l'; be
considered as practicable and useful for co.:..-tnicztion if due
regard is placed on .epth limitntionu, .v ich are rrovernid by
the frequency employed and the field stronth at !-he sufacl.

(b) That in such instfllotiono a loop of opt.ijru clect.rical] chara-
cteristics ,..atlble vith lhc hn.2cu-;ury ..:rc icfl feat, i-es
be debied. 1nI, r 1, ',n ein used as a refer.nce aro,,
which to Sc;art.

(c) Thatconsideration be ,iven to tlxi desir-bil.ity of rotzittm:
said loop Uoth .r )earin, purposos r-nc fo' ol;till:s t U naxi-
mum signal stren-th without the necessity of turn in., thr :jp 0

(d) That consideration be given to the desi m of Ue input. coupling
transformer a3 to whether maximum elficiency must .,e had or if
a lower efficiency can be tolerated with a po;sble decrease in
the unit cost.

(e) That consideration be siven to the input circuit dosi- ,n -f the
receiver used, in order to maintain a high overall "4" of the
system.

(f) That consideration be given to the possible methods of reducin:
the interfering ".hin's n -ie.

CO-.&i.'iD TIAL
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: LTERIAL LUtJIER TEST

4. The material under test consisted of the following: -

(a) One - Input couolin2 device. The input coupling unit to the
f;.i" receiver was essentially a tightly-coupled transfor-,er with
the secondary tuned by a 1000 nmicromicrofarau variable conden-
ser, In order to :et the most signal strenth pousiule out of
the loop systems, it was necessary to keep the ", and coupling
coefficient as high as possible; for this reason high peneability
iron ('.estern Electric 2-81 1 olybdenum peraalloy) was use.a as the
transfonaer core. The primary and -econdary consisted of pie
windings alternated to give as nerr unity couplin as possible.
Universal-wound litz ;:,ire coils were used. The transforer
was thoroughly impregnated in Superla 'ax. The primary was
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 high impedance-ratio,
a reasonably snall variable capacitor could be used to tune the
loop. The output of this system coupled to' he ,rid of the
first r.f. tuue of tiie P!,", vile the ground return 'ras made
through a 5 megohm resistor to the grid return of tris tube.
Jade by the Naval Reseerc; laboratory. (Table s I and 2 end
Plates 26, 27, and 2).

(b) One - Rf.X receiver. Th :s was a stan6ard tyToe .*', w th the
input coupling transfonrrer co:nected to the ?rid .f the first
tube. (7o. RV 46044 Serial 512) ! anufactured by P.0.. (P]Pte 28)

(c) One - Clearin, Line Loop ( zroundcd to the hull). Referred to
hereinafter as the .Aft Clearing Line Loop, it was ia(e Of rub-
ber covered wire secured tr ...arlin line to the aft cleerinw line.
The wire was Jo. 6 with epproximately 3/16 inch insul.tion (1/2"
O.D. approx). It was well erounued to the ship's hull at the
foot of the aft stanchion vhile the "hich" end was broLu ,ht doawn
froma the clearing line to the regular ship's raCio lead-in in-
sulator. The approximate lent;th was 55 feet with the height
of the high and lm' ends of the flat top portion be-ing respective-
ly 10 feet and 4 feet above the deck, (Plate 23, Fables 3 and 4)

(d) One - Clearin:. Line Loop (un:rounded) Referred to hereinafter
as the Forward (Pore) Clearing Line Loop, it was regular sutarine
loop cable secured by oorcelain cla~ps to 'he forward clearing
line. This was seven conductor No. 10 wire with aporoximately
3/4" rubber insulation, the outside diameter be-inc approximately
2 inches. The "high" end was brought down from the. "A" frructs to
,he ship's radio lead-in insulator -hile the "lov" return was
laid along the deck (secured thereto by marlin line) and brought
up through the conning tower structure to the ship's radio lead-
in insulator. The appro;iW,,ate len,.gth .:as 69 feet - ith the
heights of the high and low ends of the flat tcp porK' on being

COF.!'IATIgL
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respectively 14 _'oL &no 5 feet rO_ 0 ": eck. (Klate 23,
ablk s 3 aud 4)

(e) One - "D," Loop. ihi5 was e standard naval dirc,on-finder
loop mounted on the starboard side of the ship just at of the
conning tower. This loop is .rwcue of 8 tUrns of stranded wire
(equivalent to A-6 7 $ ,auge), havin; a mean dia:.eter of 20.5
inches, (Plate 23, Tables 3 and 4).

(f) oe - "Yard" IooP. -s loop was made by the P. io L.-1ratoi
of the lNashjin;ton Navy Yard to the suggestec sp,-cificat Kn:s of
the Naval Research Leboratory. it was tmr- e up of 21 tunis of
No. 10 rubber covered wire (,/121 packard cable) in a loop of 21
inches, outside dia1.,eter, it inches - inside cUaeter. This
was ;laced inside of a loop shaped box made of 1" oak boards
22 inches in overall diuensions with cross section of 3 - 1/2
inches. This box was placed inside a second loop shapeu box
rmde of 1 oak boards, 30 inche in over-il LL4,aensiols wlithi a
cross section of 9 inches. The space betweenwas filled with
Ozite. This loop was mounted sivilarly to the "DA" loop but
on the port side of the ship. The 3ead-in wires, as in the
"DQ", passed into the conning tower through a specially made
stuffing box. The lead-i.n ircs then going through the conning
tower hatch into the control room and to the receiving equipment
located on the lyroscopic compass table. (r'lates 23 and-24,
Tables 3, 4 and 5).

XTHOD 0? TPaT

5. The following instruments or prparatus were employed in conduct-
ing the teats described heroin:

(a) Standard Signal Generator, General Radio odel LN CAG 60004-
Serial 18,

(b) Output Veter, General Tadio Company, 483C - No. 92.

(c) Output .'eter, Ballantine, odel 300 - No. 14.

(d) Oscillograph, Dmont, oel 168 - No. 927.

(e) *Q" Ueter (odified for 17 KNy.), Boonton Raio Company 1OOA -

No. i7.

() Condenser Bank, to. 14, Pattern 1797 - No. 2073.

6, The loops were installed on the USS S-30 by the Radio Laboratory
of the ':ashinzton avy Yard. The lead-ins for the "YarcY and "DQ" loops
were broght into the ship throush a special stuffing box in the conning
tower, Wile, for those of the clesring line loops, use was made of the
ship's regular radio lead.n insulators. On the S-30, these are mounted

-4-



aft of the connin.g; tower near the ".-" fr.Les, to which the top end of the
clearing line loops were secured. )Plates 23 and 24),

7. During these tests the USS S-30 operated out of :t iapolis,
Maryland. k preliminary test was made on 20 December 1940 to deternine if
any changes or further equipment were necessary for the tests.

8. Regular tests were made during January and lebruary 1941 as
follows t

(a) January 6-9. Near Smith's Point in Chesapeake Bay. Area
76• 311I 1 between 37* 43' N and 37' 51' 1-.

(b) January 13-17. Off the Virginia Capes. Area 76 11' ;i
36" 35' N4 on a bearini o^ 153* for a distance of 25 nautical
miles.

(c) February 17-20.. Near Smith's Point in Chesapeake Bay. Area
76" 1' W between 37' 43' 71 and 371 51' B.

9. Tests were made on special transmission from stations 1-iBA - 24
Key. and N3 - 1544, 17.8 and 32.8 Kcy., as well as tests on these stptons
and on '.CI - 18.4 K(y. during their regular schedules.

10. b' means of a switch on the couplin& device, arC- of the lo,ps
could be coupled to the proper input impedence of the inAut trans 'ormer, A
second switch made it possible to insert the terminals of the siznel :enerator
in the circuit of the loop under test or connect them directly to the re-
ceiver terminals. This mitch also permitted the coupling of the -' eter
to the secondary of the input transformer for making secondary ,'i" measure-
ments.

11, The S" of the loops was measured, using the i" meter as a
Wf.r .I anti +'o P

source of 1 Awt" .. . a ..n Ballantine :-eter to .e.ure the npt and
loop voltages. The "Q" Yas taken as the ratio of loop v6ltage to the input
voltage. , condenser bank of 2 ticrofarads totpl capacity was used to tune
the loop to 17 Ncy.O

12. An outrntt meter with 600 ohws terminatinn ,, 'srl tn inrir-ne
the stanuard output and the noise level of the receiver. It w.s also used
in conJunction with the KR11 sensitivity control to neas,.,., t.e atten-uaton

of si-n;l vrith submaerged depth.

13. It was found in te preininar-, tests thr.t the best r rc,.r
(R :) adjust,.ent for Lll conditicns~'s as follo-s:

(a) v. i. Trirzer -- 50.
(1) Regeneration Control- l.
(c) !.VC - Off.
(d) .....Tuning - ;, 770- 1300 positior 3.

- 5-Ce: v :DE u.u.



14. In measuring the rnicrovolt8 to thc loop and to t!t receiver,

readings for a given test (frequency ad station) 
were taken for all J oops

at a given depth and than for other succeedin_ 
depths. (See Table 7 for

a condensed sample of readiny.) Actually the ship, when subperged, might

not maintain a given depth for all loop readings 
so that the actual deoth

was recorded when adjustments of the receiver were 
made. The complete

list of readings taken are as follows: Date end Tim.e; Baring; Signa Identi-

fication; Signal Frequency; Tuning Unit - Selector Switch (Loop), and Tial

Setting; Receiver-Band, irequency Dial, Releneration 
Control, 5ensitivity

Control, R.F. Trimer, and A.F. Tuning; Output-igf
al and loise on Tuning,

Noise only on tunings Signal and Doise with S. 0. in Primary cnd Nioise only

with S. G. in Primary; Signal Generator-Primary 
Reading end sctual micro-

volts and receiver reading and actual iniicrovolts; 
Location of submarine;

"QII i eter - Secondary "Q", Capacity and "Q" 1..eter Dial.

15. Though the methoo used in 14, above, 
ould uive the attenuation

of signal with depth, separate dives were also made in vhich thp output

signal was read on the output meter for every 
2-foot depth from the surface

down to the limiting noise level. Uien the output VWlts dropped off by an

order of 10, the sensitivity of the receiver vas readjusted 
so that the run

could be continued. In calculatinc the resultant 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

at a constant submerged depth (periscope depth 
± 2 ft., loop depth 9 ± 2 ft.)

for a distance of 25 nautical miles which covered a sea bottom depth of 20

to 500 fathoms. Output meter nadings were taken continuously, the 
sub-

merged depth being recorded for each reading.

170 In testing for the bearing of Whe transmitting stetion, the

ship was moved through a 360" arc.

18. A noise survey was Waede of the ship's superstructure b
, utiliz-

ing a loop, connected by a long two wire shielded microphone 
cable, to the

input coupling transformer. The test loop was coupled as closely as pos-

sible to the metal of the deck and superstructure to detenmine any particu-

lar noise spt., in this test v-arius speeds (electric drive) were tried.

Also ring actual diving operations, a test of noise was made 
unter dif-

ferent actual diving procedure.

DATA RMORDED

19. Complete data were recorded for all tests conducted. 
This in-

fonaation is contained in Tables 1 to 8 and 
Plates 1 to 28, inclusive.

PRO0 19 BUM

20s Subterged depth ± '

Licrovolts received Signal ± 10%

Signal/Noise ratio ± 10%

atput Ueter Reading_± 10%

c,'aflDvTIAL -6-
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23. ;Kicrovolts to the receiver with subuerpenc depth. The clear-in- line loops, due to their large size, supplied a greater vslue of r.icro-
volts to the receiver than the small concentrated loops; however, cie to
the greater noise pick-up in the clearing line loops, reception of signals
was not as satisfactory at an g: )at depths as on the small loops. This was
true both in the bay and ocean. Unfortunately, in the ocean tests, the
ship's batteries were low so that the receiver voltage was down 30,. AL
later check indicated that, with nortal. voltage, the mocrovolts to the re-
ceiver should be increased 4y 14% with no increase in the siznal/noise
ratio. The results for the ocean teats have been corrected for this. The
lLiiting noise was of two main types - cornutator noise and crashes. The
commutator noise weq present only occasion.ally while the crashes were present
on high receiver sensitivity on the cloarin line loops and to a lesser ex-
tent on the small loops. (See riLtes 1 to 11, inclusive.)

22. Field Stren-th in A-ir with Depth of P. C-& r-tle Si.-jjs. These
curves were calculated Srou: lat s 1 to 11, inclus:va. and from the known
field strength of N31 in Chesapeake Lay, assuming a pcsible reedable signal
havin.- a 1 to 1 signal to noise ratio. (Plates 14 to 19, inclusive).

23. EMrimental Proof of the Theoretical Attenuation. The experi-
wental results of attenuation with depth anct frequency check v.i thin experi-
mental error with the theory (reference (j)). (Plates 12 and 13).

24, The effect of the deq.-th a the sea bottom,. The depth of the
sea bottom seems to have practically no affect on the strength of the signals.
(Platea 20 and 21).

25. Determination of Station Dearing by "Swining," the Loop Antenna.
test of the bearinb of 1M. with t Il "Yard" loop, both on the surface and

at periscope depth (13' to loop, 45' to keel) checks perfectly with toe true
bearing and is indicatd by a very sharp idinimum. (Plate 22)

26. Test of For- ard Clerin-, Line Loop. In order to determine the
best type of clearing line loop, measurements were made of microvolts input
to te receiver with the Forward Clearing Line Loop as originall installed,rrith the loop cut and arounded to +.he h,,11 a+ +ha for --..a A w .%th 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 signal were received
in the other cases. Then used open as aflat top antenna the si nal strength
was dcan to one tenth of the original. However, in this latter case, proper
natching was not obtainablej when connected directly to the receiver without
the loop transformer, no signals could be heari at 60 feet (keel depth, 27
feet, loop depth). (Table 7).

27. Noise Survey. ; test ras carried out to try to determine the
source of the ship's noise but this was inconclusive in results. * . test
loo-, connected to the receivinr- equpment by a tro wire shielded line, was

-7-
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carriedi ai'n, 5 IL upFLt) Ot tre. it, was couipled asclosely as o sible to ti~e .-eta! structure but no cin. e in noise vas notedfor various Positions on thiis structure or vrith various speeds (electricdrive). .. further test vith the loop closely" coupled to Lhe inside of thehul ias rmade during a dive. ith the receiver adjusted to -ive over onehcl, volt of nokse, no change .-as noted during various divin ;Vo)rations."he:.e operations included various s -eeds, operation oi div in;, vanes, -,:-!era-tion of st erig rudder motor, operation of ba)llast pups, and a completestop of all equi!xyent. The tIrin of th.is ship is vez. old Pno continuouscherkin is zade to eliminate extraneous "roi " ccnsecp'oitly as none oft.e severe "cras.tes", obtained in the ocean tests, vere prese-t it riay beoossible that these crashes arose fron some internittent ",round 1 . liowever,it is felt that the results as in ,icated above are not co.,cluscve in any,ay. (rable 8).

2b, TheoreLical considerations of the desi.-n of n loop "or unier-ater reception su ested b, ref,.rnce (j) indicate that a narro., -loop withits lon2 side parpllel to t:,e water btirface is be:zt. 'his is i...ore .-ro-nounced the larger the loop. (hieference (j) and Plate 2,.).

-8-



29. The results of this investigation show that underwater recep-

tim of low radio-frequency signals is feasible. Trith the equipment used,

signals of 1000 microvolts per meter in air should be readable to a depth

of 34 feet (above loop) in ocean water Pnd 38 feet (above loop) in water

of less salinity (similar to Chesapeake Bay water at Smith's Point). This,

as pointed out by Bureau of Ships (reference (i)) 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 7000-

8000 nautical miles, again predicated by the absence of static. These

calculations have been made on the basis of a one to one signal to noise

ratio and are therefore near the limit of readable signals; h wever, 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 readable signals either on the surface or submerged;

on the other hand, as indicated below in 31, the ship's noise was the

limiting factor, reduction of which would make for P greater depth of

readable signal under ideal atmospheric conditions. In considering static

as a limiting factor it is assumed that the ratio of signal to static will

not materiallDy change whether reception is eccomplished from a submerged,

or an above water, loop collector.

30. The concentrated loops, "Yard" and "DQ", although not sopply-

ing as r"ny microvolts to the receiver as the clearing line loc:ps, were
more efuicacious because of t.he Lower noise level. The "Yard" loop was

the better of the two.

31. With the equipment used, the ship's noise was the limiting

factor for depth of mbmergence. For a given receiver sensitivity (high

enough to produce noise on all loops), the grounded 
Aft. loop had the

greatest noise, next being the Forw.ard loop, and then the "Yard loop, with

slightly greater noise than the "D." loop. Thir is as raitht be expected,

considering the relative couplin- of the various loops to the hull, in

Itch there is .irancwn to be larje induced currents. This induced current

could be expected from the use of the powerful d.c. machinery inside the

hl Anther source of' this induced hull voltage i:i -,ht possibly be from

the electrolytic action set up by dis lialar .eta. o the ship ........

salt water. For instance,.the difference in potential between copper and

iron in sea water is .13 volts -nd between brass -d iron, it is .17 volts.

Inasiauch as the limiting noise was worse in the ocean than in the bay,

there may be some basis for this last premise. It might be po; s i ble with

improved positioning of a concentrated loop and with shorter, better

shielded leads. to reduce the noise pick-up. Probably Uit noise factor

would be a problem for each type of submarine, if not for ench individual

Yes sel.

32. The input coupling transfor:ier is of satisfnctory caes' n. It

Aies a coupling of -bout 70 to 85% wt A ch, co-bined with its hi-h " '.

;ives a very good overall 'K" and voltP.,e step-up for the iiiol-- system.

CO1'TS1,2TIAL



T a f.....a t. a slight iqm+ath of h .. np nt impecknce (low'er i.Lpedance

than loop) gave an improved "tl step up ratio with a decreased "Q" of

loop, as in submergence. .n iproveent of Il-t x step up rr-tio nidtht be

securd by a better raolybdenum-pena) loy core; on the other hand, a well

designed trpnsfonier with a coimmaercial iron-dust core ;--dght ir SCneCwhat

poorer results at an appreciable savinz in cost but an increa:se in size.

33. The depth of sea bottori seems to have prnctic1lly no effect on
tiie received sig;nal stren-,th.

34, The directional effect of the "Yar"' loop (presuably the same
writh the other loops) is quite pronounced. Signals from Hmi!V1 show a very
marked Iinimum with the plane of the loop at 90 ° from the station bearing.
Bearings can be taken withi good eccurecy. In this connection, it is to
be noted that muximum submergence for a Aven station can be secured only
when the loop is on the 'hwci.aun" of the stption or within aoProd:2tely
± 10c or + 3:806* 10 of this bearin., The loops on the USS >-30 were

fixed in position, and mounted vrith the plane of loop parallel to the longi-
tudinal axis of the ship. It also slhould be noted that it ay be possible
that the hull of the ship itself may pick up some sigmal and relic ct this
into the loop, consequently a rotatable loop cross ways of the ship i1,ht
not produce in the receiver the sinal strength as inaicated in thls eport.
Even though this were true, a loop placed well above the deck probably Vould

not be so affected because of the rapid attenuation of the sinals by water.

35. The experimental data checks very well with the theoretical
ettenuaton of signals with uepth for various frequencies. The lower the
frequency, the lower the attenuation, For the example given in (a) above,

(1000 microvolts in air givin, P loop depth of 34 feet at 17.8 !icy), 6000

microvolts would be required for the same depth at 32.8 Kcy.

36. The best physical shape d[ the loop for underwater reception
is not the 8me as in air but is lon, and narrow, with the lon- side par-
allel to the surface of the water. hLoever, the gain in sig.nal strength
over that for a conventional loop may not be worth wiLle because of L-e-

capnical considerations. (late 23) Itrthur loop desin characteristics
were not made in these tests. tiowever the loop -." Is, characteristics,
and effectiveness combined with ilL Report Pb-1669 (reference (j)) nay be

used a5 a sLartirLa point in the Cast yr of the best loon Lor .. er.ater % Uw
radio-frequacy receptions.

37. It is to be noted that no natural staLic entered into the re-

sults of the tests.

38. Stmnrary of factors enterin. into the uncerwater receotion of

low frequency rcdio signals

(a) The lower the frequency, the greater the am.ergence
possible for a given surface field strength.

(b) Bearing 'of the loop.

- 10-



(c) Location of loop for least sliip's noise 2ic]h up.
(di) Design of loop, inclxcin " ', e.iTtective hei,ht, tnd

plysical shape.
Ce) L gn of' coupinu; unit, includin- "Q-", coup-iag ratio,

and impedance va.lues.

(a') Coupling to receiver.

cQIJFI1 EJ. T A r .,.L
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TABLE 1

Electrical Constants oI' Loop Input Transforaer

Transformer
Section

A

B

Secondary

Connections

1-2
1-3
2-3
1-2
1-3
2-3

1-2+1-2

Resistance
Ohns

.080

. 040
.040* 060

* 037
.043

75.2

Inductance
IMicrohenries

114
22
1

114
22
41

428
303 milli-

1000
Cycles

t1- II

17

LeyZ

7.2
2.4
4.3
7.0
2.5
4.0

15

Coefficient
of

Couplin-;

.858

.71
• 744
.865
.715
.91
.89

henries 27 105

Note: Section A 1-3 used for low impedance loops ("D9, etc.)
used for hi-her imUpedancU ("Yard", loop)

and Section A 1-2

TA"ET T2

Measurement of ,Q" x Step-up Ratio at 17 Kcy.

Transformer Pri. Inductance
Microhenries

"Q" x Step-up Ratio
No. added R. R Added

Res. Added
Ohms

Simulating
Loop
46e

123

44

*Conodition used in Tests on USS - S-30

428
114*
41
22

114
41*
22
41

114
22

660
670
500
380

1200
1160
1100
1680
1000
1560

190
300
320
300
440
600
640
880
480
720

5
5
5
5
1
1
:1



Electrical Constants of Loops on USS S-30

,,Yardlt
"DQ"

Aft. CL. (grounded)
For. CL.

Inductance
icrohenries

550
90
45
70

Resistance to
GroundN. Meg~ohms

1400 - 1800

5000 - 8000+

4.2

TABLE 4

"Q" of Loops on USS S-30

Loop ,IQW

Air

"Yard" 74
"IDQ" 6.7

Aft CL(gr.) 11
For. CL 16

Submerged
Bay Ocean

5.4

7.85

43
3.7
3.3
7

Effective 5 econdary ,,Qh,*
Air Submerged

Bay Ocean

60 50 45
30 20 --

4 0 ... .50 3

*4reasured in seconda.y- of... -...s d, i -upll , transformer. Readiqs below 30
vere estimated. - Reedin-s too low to measure.

**Ulo reading taken.

TABLE 5

"7" of Yard Loop with Submerged Dew.:,
(Bay 'Water)

Loop Depth
Feet

Surface
0*
4,
9,

10'
10'

*-iaves breaking over loop.

Q

70
55 * 5
50
43
47
50

CiIDSQ4TL



TABLE 6

Sample Set of R adlngs

Output
Sim. +
noise

Sensi- on Noise
tivity tuninz only

_ o2 Readin Volts Volts

Depth
Gaure

(Depth
to keel)

feet

Surface

40

50
48
48
48
62
60
60
60
70

9.0

1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9

1.9
1.9

.7

1.9
loop

Si!. +
noise
S.0. Noise
in Sec.only
Volts Volts

O 1.73
0 1.8
0 1.75
O 1.76
.3 1.7
• 1 1.65
.7 1.7
. 1 1.8
.3 1.8
.2 1.75

•1 1.8
.8 1.8
.3 .7

.4 1.7

Si,;-?al Generator
Primary

Actual
Micro-

Readin volts

930
280

6500
5300

270
130
400
450
63
20

340
14
4

.3 55

4.05
1.22

28.3
23.1

1. 18
.57

1.74
1.91

.27

.087

1.48
.061
.017

.24

Secondary
Actual
Mcro-

neadin' Volta

2300
1400

95000
98000

670
550

20W0
2000
310

96

2300
51
18

1150
moo

15800
16300

335
225
1000
1000
155
48

1150
25

9

370 185

CCNFIDNTI.L

8. 3
8.5
6
6.-

9.0
8.3
800
9.2
9.6

8.3
9.8

10.0

nYard"
NDQII

ACL
FCL

"Yard"
"DQ"

ACL
FCL

"Yard"
"DQ"

ACLFCL
*Yard"'In"

ACL
FCL
No signals any



Result of r'hanges in Forward Clearing Line Loop
(.CI - 18.4 Kc. in -ay -- 3earing 00)

Depth
to keel to loop
IvsL- --frnL

Sensi-
tivity

Output
Sig.[; Noise Noise

volts nlvl

1 icrovol 5s
To To

Lop Receiver

Complete loop 4

Cut and grounded 4
6
7

Cut and open 4
6

*Keying dots

Notes 'dith open loop
(arid of tube)

coxiecte&
no signal

to secondary of transfor ier
obtained tt 60 feet (to keel).

TBLE S

Noise Survey

Test Loop outside

Or'ration,

Slow speed
Normal speed

Same ovor all parts
of deck and superst.ructure

Test Loop Inside *

Normal sp, cd
Fast speed
Stop
Slow speed
Trim pumps
Diving vanes

.6- .9

.6 - .9

.9
.6- .9
.6- .9
.6 - .9

* Cloaely coupled to etl hull,

Loop

6.7
7.3
7.8
7.3
8,0
8.3
8.1
8.8

1.91.9
1,91.9
1.9
1.9
1,9
1.9
1.9

23.2
4.35
4.35

10.9
2,61

.78

0
.1
.2
0

.3

.8

.15

.9

8150 *
1300
i100
4700

600
400
500
120

Receiver
9esitivity

Remarks

Cailip-MITI-1
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