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Summary
L '}‘h:i.s instrument was ielly for commevcisl mid-water
crawling, but is equally situation where the depth
of equipment has to be measureﬂ. Tt is designed to give a

continuous monibor of the ¢
of' a self~containcd unit at
vhich sends out an acoustic

an

whilst in use, It consist
towing warn st the net
towards the ship, the frecuency

AP
of the signal being dependent on depth This signel is plecked up

by a hvﬁrophone tovod behind the ship. The receiver unit which is
situated on deck measures the inconing frequency by a simple hetero-
drme method, The present overall accuracy of +ﬂe whole system is
about 15 of full scale over a temperature range of 0°C to 20°0,
with depth ranges of 0 to 200 metres and O to oQO me tres

hoped shortly to improve this by o factor of sbout 2

g

, but it is

Introducticn

This eguirment was initially designed to measure the 3
mid-water trawls. It cen, however, be used in any
i e, In t?':ms

NRare

the depth of equipment is to be meas:
consider its wnylloathon in mid-water trawling, The
for this 1nutrvncnn was 1nspwv 4 by that described bw

and Sheq, B, (1956), which was itself based on one des L by
Dow (1955), The gewafal conception off these instruments has nuch

in comnon,

Princival of Operation

. - o . N . :
The equipment consists of three parts (see Fig, 1); o transmitter,

a receiver, and a recelving hvurovbone. The transmitbter is attached

to the trawl warp (see Pig. 2). The transmitter sends towards the
ship an acemstic signal whose frequency devends on Dressure and thus
on its depth, Thiz is received by o hvdrophone towed astern of the

MVGWOpb\ne foeds a receilver VALCH amclifies the
illator and detects the resulting

ship, The re»e3v1nv

ﬁio~f“equgnﬂv 8 gn&l “bls is then amplified and Ted into a loud-
3p aker, The frequency of the local osecillator is adjusted until

sero beat note 1s obtained on the loudspeaker, and then the depth of

the transmitter may be read directly from a dial which is coupled to
. . 0 ’ 0

the tuning circult (as in a radio receiver

The transmitter new Vres aepth by me irostatic pressure,
The pressure measuring s ar aatrs ',1 ek ““? hod 4o
a parallel plate oanaomto~ thﬂ oag reibonce of

prossure (see Fig, 6,, icor forms part of ance
2 f;k«nunt circuit in a 2ns oscillator (sae Thas
sressure produce ch oi" fregquency of or,

£ tar output is wmplil
tr*ﬂ"{,:wcrwoouy¢ea into o pileso-cleciric aco t*c oubuut tT?L ducer.
This output transducer consists of four ele: 1 oparallel wi
are installed in an oil £illed housing (see ‘T{ 3).  Toam rubber is
fitted behind the rear faces : ¢ el
of' ¢eNergy. The acoustic outp , ¥
window; this window prevents the omn vabno pﬁﬂﬂsuro reic

from being compresscd by hydrostatic pressure and at the
2

T~ e -
by e §ower tirans

provides & reasonably good acoustic match betwsen ca
Tho acous ﬁ ¢ output is about one guarter f a watt and hns a beam

angle of about 30° betwecn hall power poin

E)

the resonant Crequency (about 50 e/ s ) of the

et

In practice



5.

teroidal coil wound on a2 low temperature

o

electric elements are measured and the osecillator frecuency al
to give this i'requency at the greatest depth,i.e, when the bﬁp&piLQMPC
aof the encastre plate is a maxipwa, The capacitance varies from 90
to 150 PF full scale and this gives = ze of Trequency of

N

The coil of the oscillator has to be very carsfully constructed
to reduce its temperaturs coefficient. Tenperature coefficients are
bhe main source of crror in the svstem To get an accuracy of 1% of

scale the btransmitier o ror must have a total tem

1 ; _ perature
tability of 3 cycoles/°C, % ﬁk@xxmmﬁxx&xﬁ&%mxx&uxxxmxnxmnnﬂmkummumxxx

hunehedxenndaoboc mixex oxxeecorniecformergx . With this tyre of coil
the oscillator has a +temp
This iz reduced by choosd
tuning cepacitor which is

iy

ieient of sbout 2 cyoles/oC.
tenperature coelficient for the
21 with thoe precsure plate,

T
3
gr
o

]
D

The transmitter is installed in a pressure case (sce
the Tibre~glass window and encastre plate exposed to

separate couwparitment of +he pressure case houses o & he
battery which is switched on by o pressure switch ot a depth of sbout
10 feet,  This battery supplies power to the tronsmitter and lasts
for 10 hours continuous runninz,

,\r with
A

Receilving Hydrophone (see Fig, 6)

This picks up the acoustical signal from the transmitter with a
piezo=electric transducer identicsl to that in bthe transmitter, It
is towed astern on & sitraln-bearing co-axial cable which carries the
recelved signal to the recelver, The hydrophone contains a single
transistor mmplli,Jﬁq stage whose collector load is in the recelver
(see Pig, 8).

Receiver  (see Fig. 7)

This receives the incoming wl, uﬁ\1¢¢1gu it, and passes I
through a frequency changer whlc : 1UCVQ wn aullo-frequency signal
eqgual to the differsnce betwee: *he wpbomzng 515na1 and the local
seillator freoguency.,  The ]oc(l oscillator covers the same frequency
ce as the trensmititer osclllator, and in use is adjusted to be ob

same freguency as the t ransuither, This is schieved by feeding
lifferonce frequency to a loudsvesnker, and tuning the locu
oscillator until the frecucuncy heard drops to zero,  The difference
frequency must be 1@35 than avproximately 30 cyeles/seo to obtain the
necessary accuracy, and the loudspealier is not capavle of handling
these low Lfcquenoles. The difference frequency signal 1s therefore
amplified and limited so that it aporoaches o square wave, and at low
frequenci€° a series of clicks are heurd, Thus, to find the depth of
the transmitter, the local oscillator is tuned until nothing ls heard
on the speaker, The depth is then read off a previously calibrated
dinl coupled to the tuning capocitor of the lecal oscmilator,

oy

iy

i

At extreme range the signal to nolse ratio wuay be poor, In
these circumstances a slightly different nrobe&urp could be used,
The ecar aets as a very efficient filter and can detect a weak
continuous tone superimposed on a much larger noise background, but
the loudspeaker—-car combination is not efficicnt below about 200 CoTtole
In these circumstances the local osciwlator is tuned to give a
detectable tone on one side of balance, then te Olve the same tone on

the other side of balance, and the ﬂeqn of tho readings is truon,

The receiver also is powsred by & 6 volt lantern baticry.

Periormance
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erall accuracy of this system is 4% of full scale
2 metres or 6 motres, Thig scouracy has to hold over a
rature rangze of 0 Lo 20°

- Due to temperature co;;"s;:fmsz-;tio‘f: problems an overall
of 195 has so far beon cbitained, it is hopet
thi: chortly.

accuracy
&, however, to improve

The whole equipment is transistorized and desi L 3

od for ruggedness,
The weight of the transsitter is 28 1b

in sir,
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yuired to
we will

/ o
(~ratts)
P = Acoustical power transmitted irto the wabter (watts)

B = Electrical transfer efficiency of the transducer

Then P = F x W

he bean i asswied to be conical with a bean angle of @ betwec
§ ints , the solid angle of the transmitte

8 = 2n(1 ~ cos 8/2) radians

5 P . N
Then the transmitter (as ssen from within the tean) arpenrs to
be an omi~lirectional transmitber with an scoastical vower P/

. . )+TT
where P! = P x 5" watts,

leglecting for the moment absorption of energy by the water, within
. . . - . 2 .

th, besn the acoustic loteasity T in ws s/ on® at a distance r oms

from the transmitter is given by v

Tid
P! !
1L = T’:‘;}*:S- = '::.:j;';s 'ii\;'&.t‘ES,'/ G
et = [

2

. ) D ! 2
Now I = wwfee— watts/ on
ac,107 :

« z
where p = sound pressure in dynesscom

-

. Ao B . 3
p = Jdensity of the mediun in arams/em

¢ = volocity of sound in the medium in o/ sec

e —

ee D = Ipo.“i(')?
l\

N

=

= ’"‘“‘00 107

N

- 2 s
= [ ‘unc ’IO dynes/on” ot a distance T oms from the source,

As well as a reduction in gsound prescure due to dispersion, there
is a further reduction due to absorvition :m the sea water, This
o - T A
abgorption is depencent on frecuency (1,I.0. Internsl Report Mo, 13)
o

BARE A
and at 50 lo/s suroximately 12 Cib/ k “Lj_omo“{,r

whers ¢ is the absorption coefficient and is irequency dependent,

Tncluding this effect the received sound pressure o' is
\:v‘
2
oo D! o= p.‘lo 2 c"ivnm/cm

Tm;vmmmmu'tv

o« | Eipc,i107

R lw..m..f

- 2
10 =2 Sr2 dynes/on

i
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This sound pressure when it reaches the hydrophone should be
greater thon the baeliground noise level in the water, The background
nolse is depenlent on the ses stote, bandwidih of the receiving
hydrophone, and the fraoouency range covuvud The background nolse in
the sea decreases 10wmrltbxlonljv with lncreasc of Ireguency Hut to a
first approximation it ma bo regarded as a 1i waoar decrease 1iff the

endwidth is small.

At 50 ke/s the badcs

noise energy in sea state 6 per unit

banuwidtb is 60 db down relstive to (1 dyno/o*g\ This means that
- 2
for a 1 cyole/sec, bandwidth the noise level u4/1~,xldynafom .

Since the total noise energy is vproportional to bandwidth, the
cal noise pressure will be }‘oworrlopa7 to the scuare-roct of the
bxndzldth. (Since Fnergy = Pressure”),

Since the depth telemeter has a bandwidth of 6000 cyele s/ s6¢, the
total background noise pressure =1/ /4000 % V6000 = 008 dvne/cmz for
an orni-directional hydrophone.

However, the receiving hydrophone is directional, and just as
directionality increased the apparent output power of tﬂu transmitter,
so it will reduce the power of the apvarent background noise,

The hydrophone and transmitters have beam sngles of 30° botwe
half-power points. This gives a solid angle S = ?ﬁ(¢ - C08 1%) = O 24,
Thus the power of the appurent background noise is reduced by a factor
of 0+247/hw,

i . . | 024
Therefore the pressure is reduced by a factor of T

the recoiver the backyorowy’ wolsce will oovear to be

. e2) N
= 008 x Qréi = 001 tynO/omz,
A + T

fyayd

Taoresore i %
prossure of U-Oﬂ ’w,u/cu frow the tronsaitter,

nal bo nolzo robio of 11 wo reaquire a

=

/ 210 / o 2
Then p’ = 10 2 [ dynes/om”,

] R 2
Let B = 750, p = 1.gram/oc, ¢ = 1500,10 om/sec,

075,105,102
02l , 1019

o~

S, 001 = 107% J

Giving W = 2.2 U,

‘ e SE T e 2
In practice W = 500 w¥ which gives at 1000 metres ! o= k75 d;neo/om s
i.e, a signal to roise ratio of 475:1,
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20mH PRESSURE PLATE

- ———TOTI0 -
MAX OF 30cm OF MINIATURE C4 [d07C5]
SCREENED CABLE P (1) ;é 220pF
r : & e
i = I~ EARTHY SIDE OF PRESSURE PLATE B TRANSDUCER
Ll 3 - o
1 @
I
it
i 'K“:—’CgpFIZV RI0 36-8Ka RIS 220n ST rrma.
c9 -Pc 10
(TR3) (TR4)
0C 44 \ 0C 44 ._’icu
SuFI2v '\1
J
lum . (12) (13)
S| P12 | Zo TRANSDUCER
oF| MATCHES WITH
o e *0038uF IN /]2
as P2 TEST
o/"‘ 1500 ROINT B
TEST POINT A’ . 2
: =6v
NB
20mH_TORROIDAL CHOKE
DESCRIPTION (3) SCREEN OF LEAD FROM PRESSURE PLATE (12) (13)
(IA) CHOKE PERMALLOY POWDER CORE MUST NOT BE CONNECTED DIRECTLY CORE:-LA 2503 CORE:-LA 2503
CORE CODE:- MM 73A TO EARTH OF MAIN CIRCUIT Py. 48T 30 SWG. Py 5T. 32 SWG.
CORE WP 1067/ EA . Sy. 8T 30 SWG. Sy. 75T 32 SWG.
WINDING :- 10 SECTIONS APPROX. 135T OF
7/40 BE.SS. BUNCHED CONDUCTOR
FINISH:- TAPED 1/2 LAP, 9/16" RAYON
INDUCTANCE TO BE 20mH *10%
(1B) THERE ARE NO LOOSE WIRES INSIDE IT'S HOUSING
(1C) THE RESISTANCE BETWEEN TERMINALS AFTER
WIRING AND ASSEMBLING IS =30n
(2) THAT THERE IS GOOD INSULATION TO PLATE EARTH -
N.I.O. DEPTH TELEMETER MK III
Transmitter  Circuit ' AT
NATIONAL INSTITUTE OF OCEANOGRAPHY. WORMLEY, SURREY. Fin 4-



COMPARTMENT FILLED WITH CASTOR OIL.

ACOUSTIC TRANSDUCER ELEMENT.

GLASS INSULATOR.
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NATIONAL INSTITUTE OF OCEANOGRAPHY. WORMLEY. SURREY.

LIVE LEAD FROM BATTERY.

CAPACITOR MOVABLE PLATE.

FIG. 5.
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NATIONAL INSTITUTE OF OCEONOGRAPHY. WORMLEY. SURREY.



LEADS HERE AS SHORT AND RIGID

N ON PAN A AS_POSSIBLE
88 54 connecTION TO THIS PART EL TR IR

OF CIACUIT TO BE THROUGH INPUT

SCREENED LEAD ONLY i e W

R25 FROM OSCILLATOR
—AVWA—— X X

tCM
— TUNING CAPACITOR WITH

clz[ ¢B] 7] W 0EPTH DIAL

I
|
|
" :1[_—cu = B+
o 2 > 8 L 2 \ @ O
c9o RS R c19 l
RS cs TR3 = 6z oW 1 —
it : -
RO |+na- 18 16
P o . v
- 3 TEST Pom'rse\) f
' Yy «— . \o
TO AF AMPLIFIER V/mo TEST POINT
L N ;
R )
RS R g
R
FROM HYDROPHONE ' ' ; ' :
AMPHENOL SOCKET MS %Ri& %R‘M phs %R 19
3102 A 12S-3P _-?v
R.F AMPLIFIER FREQUENCY CHANGER LOCAL OSCILLATOR
'YY' FROM FREQ. CHANGER
g
f;lz— Ca4 T (VJEMITTER
¥ | TR10 et ==
£ | 6V
. ST | |
€20 . X BASE LOUD SPEAKER 3.a
5% . X_BASE .
-
R P s ca7
: : MAIN
RED  (Z) EMITTER F oSWITCH
R 30 RSZ% R33
A.F AMPLIFIER ) :
A: RED OUTER TERMINAL B. FOLLOW WIRING SCHEME
B : WHITE CORRESPONDING TO A INDICATED IN ORDER TO
V&Z :GREEN OUTER TERMINALS AVOID LOOPS
X 8X:GREEN INNER TERMINALS
NI1O. DEPTH TELEMETER
Receiver Electronics
NATIONAL INSTITUTE OF OCEANOGRAPHY. WORMLEY, SURREY. f_ 5 7









