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l rne— s ha ring ~ntr o1S “a~ imize f lexibility of grap hics d i sp lay on either dry-

~aper or f br r~~ ;itic CRT recorders . .;
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Abs t rac t

The sy s t e r~ descr ibed prov ides wide operationa l 11- x ib il ttv at

any operating frequenc y t rotii S kHz to over 800 kHz (except for a

small hand around 455 kHz) limited mainl y by the availability of

tranRd ncers. V.i ri .-ihlt ’ pulse width , variable receiver bandwidth ,

low t t c , ’j v i t  n.- ’ is t , various t i n~e variable gain functions and wide

syste r- dvn~ti~:i~ rdnge characterized the sVSte~i . }iuil t-in time —

s h ar i n g  c ’n t r e l s  r~tx i r -~~:e i l e x i h i l i ty  of  grap hics disp lay on eithe r

dry-paper . - t  ih r~-~ opti c C~ T recorders.
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A Tt1s11J..) , ~~ 1 1 1  -~~ RF:Qy~.~ci U .F SO~~~R S \ s f u -~ F R  ~-~C.A l~~~~ R 1  ~~~ .

AN!) OCEA N DYNAI ’I l ( S  S !’t L ) lF S

Dcvi’ 1 op i ng tnt crc s t , based ~n t he’ work ‘1 Munk , Pre’ni ~~~, .t nd Ft ~ her-
1

~nd ~‘th.’rs , i n  the invest i g at t. ’u of ; v , i r i e t v  o f  shall~~ - 4.- ( .uu ui depth)

phent~ it’ na at the ~~‘ ( d s  Hole Oceanograp hic In . - t  itut ion led in the t i . i d— 7 0 ’i to

- i re ’quir.-r~ r s t  i . ’r .i high re so lu t ion  sona r ‘.vst ’’ i t . f- . i r l v  tests , t o  dt ’t .r rine

t e’asihi i t t v , u t i  l t : ,-d  seve ra l  t y p e s ol ce~ in i ’r c l a l l v  iv.il j a h i t ’ ec h sounders

wh ic h had he en mod ii i ed .‘ I rn re-as  v t he a v a t  lab . ga in and t . ‘ I rp r eve ’ front —

end noi se ’ p . r t o r i - . .ern. . 1 h e ’~ t t ’St ~~~, i n  w h ie l ,  a va n - t v  o t  f re que nc ies , r t —

c e t d t n ~ Si Oer - e - ’  a r~i t . w i n g . ‘n I  lgur.i t te n , e.’.’ re  t r ied , i i i — , d at ;t t - t . - r r i n ing  not

o n l y  the f,’.eci ~~~li t y • ‘ t  ,tL euMt ~~C:I l Iv  s t u dy i ng  the c i  ~ ‘us part i c u l i t e -  regir~ ’s

and the h~ dr ’dv : i .e-  ~~ p e’ner.i -na . ; t  I m i d  hr t ueii~, hut pt  v ided ‘~ i~~t i c  lent  data

t -  es t a b l i s h  des ign paranie’te ’rc for an op t  im..~~ s’~-s t e r .

I. The r~os t  important e - q u t ro rw n t  c ~ ‘ -
~~~

i-  . - t ’ - t e n ~ln.-d t o  b e:

~ td~’ c pi ’ rat log I rc’quenc v t i o g .  . Sin~ i lu II ( ‘ ( ( “ I t t  ‘ t a r g e t s ’’ , e i ther

1 ‘;l ,f ;a I or di In’; .- 
• va i- .- in si e r — ,~ci 4’r I I ir,~ t or range t .  a

c ’w c on t I n t ’ ‘- r a . I rt ’qucnc U S i t t -  a I i’’~ ~. H - p  t e severa l  hundreds

ot  ~H.’ ire  t .  quired In ord er t pt i ; i ~~ .’ b ot h  r * - . -. ’ m u t  ion , target

dot i t t  Ion , and hi- ab ii i t  v t h. cy st .‘r t determine the dominant

- i t t  .- r i  O~ mec hani Sr ~‘I’ Ing ~h~~e i-v - I  st  a p.c r t ic ul a r location -

2 .  1.-ow qycter’ noise level. In -r d ’- r to l ’ta in all possible information

frt ir’, the target echoes and to incr e~a’o SV S I I ’ r n  detect ion ranges ,

system noiSe (I.e . receiver front end noise) must he lower than the

received a~ hient noise from the sea in the hand s of interest. Sea

state ~i’ re noise - (Kn uds en6) varies from about -50 dh re l/d yi~e/cui
2

sp*~ctrtmi leve l at one kHz to a low thcoretical ) on the order of

-80 t o  -90 dh in the 90-100 kHz range , risi ng again with frequenc y

a resu l t  of  Increasing r.’lecular motion as this uiiniunw~ is passed.
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Pr,it t ica I ir- ’~ ta en transducer st us it iv ity  , t vp ica l 1- .’ —7 5 t o  —9 5 db

no ‘volt ‘dyne ‘cm 2 f requent I’ require red ’ ive r  ‘‘ f ront  end s ” w i th

equiva lent  input net so —2 0 t o  — ~~ db he’ low on.- r:i cto v ol t

4,— ‘. I .-~ — 1 5 0 .-I 1.- V ) . Such I ow not -~~‘
- p. t I - nnanc o re’q u i r ~ s ~ art-lu

. l . -s mgn and c ’~siip~’nt’ nt S c  l e t  t lot;

W h i 1 t’ such low no i so Ii ~ urt-  s .e i t ’ not a 1 wa~ s ti~~~’ I cii , t’spt- m all y at

n. ~ iit - n  1 0 5  he’ I ow 50— t ’ O kH. due- o t h. , ‘i : ;f ’ I ne d ‘ - I  I . -
~ t s ot ~

- hip

gent- rat  -d no i so and i I ow n o t  s o around the’ t , -w bod y , . - t  c a s  1 .-n.e l i v

the sh ip  f s  s topped and ,ill. -’w,’d to  dr i t t .  ifl t h is  rod~ - al l ! ‘a ilahle

us. ’ t u l s t - n s i t t v j t v  is put t .  w, ’rk ,

3. Wi di- sys e r  d’. liar.; r angi’ . I is o rd e ’ r t be ’ a l l ’ . o de t c c  t t l i e’ low

si g nal l e v e l s  r e s u l t i n g  t r . -’r t b1 c i t  ; c i p, t .  ‘;~~a t t . - r ’ ,ng rie’chan isms

.ls ’—’ . - I I  as t o he .eh le ’ to ou’.esurt ’  r’ - t l e c t i v i t v  ~t . c r g - t  s t re ng thi  of

lang . - di s - r e ’t e ’ targets , the s y s t . - ~ ~~u,; t he able’ t o  pas r and d is pl a \

signals rang ing in acip i it  - ide over thr . .-  . i  :.ur  de; ad , - s  y~u- Si; dh)

S ince n. ‘ - x i  ~t lug d i sp lav ’-s di tr can a p pt o ~~ h ( f i t S  dvn ar-ic range- .

t w-  t . - ‘.- h n i q c i e ~; a t .  c otTrse ’fl lv ‘v - p 1. - -_ - .-d ‘‘ ; c p p .  d’’ ca in ‘ ; t s o ,

sons’ - ri 0 1  1 v - ’ — v.4 r 1 c -  Ii’ - g.e in ( FV(~

Fl. - x i h m l i t ~ In or~1.’ r t o  r~e~- ’  the System -0- .-iilaptahle ’  as  p o s s i b l e  to

v e n i o t o .  t .  ‘o . i r C l ; ’ - - ; ; r v v - - . v e s~~e 1s , it must he L I -n t  Igured fo r  towing

n~ t he’ rans d uce rs  in a simp le “I I sb ”, A S u i t e - -I tra nsduc e rs rus t

he pr ovid e d f r  operation at a va r :,-tv of frequencies such as:

:‘u ~ Hz , 100 ~~~ 200 kHz , 300 kllz , -c ud 500 kHz. Oth er transducer s

rwi v , n occasi on , he used w i t h  t he’ s ’ .- ’;t em and , In fact , virt uall y

my transducer should hi ’ usable. A ~~ . -t c o nstruct e d es peci all y for

t~~lc ay s t . -r however would provid e c e r t a i n  features such as c ouimo nality

of r.’ iint 1mg and connector s fi nd would he phys ica l l y In te rc h ang eable

in the t . -u-hndies,

p
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Si’ S !F~~ Pi l l  I i)S - Pl i ’~

Re’ce ’ tv ’ - r

it w a s  dec 1 clod , based , ‘ is the ear l  10 r w ’  r~, , tha t the’ m i x  01 analog and

d ig i ta l  c m r i - u it  svs tt ’rni. woul d cmphasi.’e d i g i t a l ~~- n m r ’ .’1 end lnc- q i ; . - is~~v

gi n’. rat ion , hi; i 1- ’.’ c c.r;p it ’ t e ’ 1 v .4 us log : n the signa l pi - - es sing (Fi gure’ 1)

I . - r~’c . ’ 1 Vt ’  r i s re.q u I red to t ilts ’ . l ie ’ ‘i kU. t o  ~ i -~ 
- 

~- II: requency range

b, , ‘ ,i si  lv t urie’d t , var m. ‘us t r ‘.- a’ . ui i ’ s  i n t I; range , and ,c 11 ~l ~e :;; ;i i s  must

be ~;t o r~ Sa: ige ’a! ’  lo - I’ g m t a 1 c ont ro 1 i s I e 1 t t . ‘ be’ des i ral’ i t ’  1 1 1 or no othe r

re - - c s. ’n t han re’pt ’~1 t a S l i t  v . R. -c ‘.‘ iv ’ .’ r handwid t u s  cat S t  f ’ s ’ i - us t ant end re’pea t —

1 -  r.-~ u ‘ne ’ - p ’ m ~ c : rig I re - quenc V t o  - in. - t I e r .  Ri- . .-  vi ’ r hi .~nk 1 ng and s i g rca 1

g,c t mu g r us t  f - i c pn .v ; .h- cl . ly e -  t , ’fl~i5 0 1  ?i - p t - a i . e ’ i. - t i r t - — v a n i a b l e — g a m i; (TV G

. re re’qu ; i- t a t

a s . ’ o a superhe U roth-n’ - r ‘ . c 1 ’ ,~. r ,e l  1 ‘ . ‘ws I t  i i i ; ;  ug by d i g it a l

coot tO . ‘.~t h.’ s o t  :;.‘si.~er use d b r  tb. I,’c .e l O S L  i l . e t t ’r ,  ~‘n tt o t ~nj t \ ’  of

r -  cpc’ns .- - i t  di I e r - a t  r”.~ue ’nc i , - ’ u  Is re - ad i  l v  acc ’r p l I ‘.- h.- .: w; th the use of

r.- -;u. -nc ’.’ ( i F i  t i l t .  r - ’ . S\’ S t e ~v- .“,‘e - r a l l  ~- amn is readily ad itis ted

and .‘a u n  s t a h i  1; tv ;s go ,’d . A a ’.- fr. - ’~i ii- niv w i t h i n  t he’ de - s :gn t d t ~~~i’ , e x c e pt ( lie

cv - ,e iI eo~ ot  : r  ‘ ; - -n~ I t - s  .-iu~ - , mu d -. ““ kllz can he re - i  ‘ ;v ’ - d w tt h e qua l t a c i  l i t ’ ,- .

Trancr  i t t e r

1;e - t ransr: i t i ,  r r -  -~~- : i  rrru,-n ts .ere- St r am c lu b  to rw ard  . The’ wide I i- e-quenc v

r e t i g ’ - and ri- pea tahi  l i t’ .- requir em ents again pr ess b r  s -~nt 1 1 ( 5 1  ? e  r con t ro l .

‘.‘ - c r ’.,ih le’ pulse w id th , in ncnnbe r ot cyc l e’s tr ans ru itted also dictates tiic ’ us e

of d ig ita l ont r.l  . The’ low duty cycle of a sonar -v ’ t i -ru , typ icall y less

than one or two percent , allows for the generation of high pulse power in a

small physic -c l package.

Recorder and Control

rhe system ~~st be capable of full contro l of the recorder used (EPC 4600).

All noc”ss,-i r’,’ timing, gating and drive s ignals  ar e t o  be provided .
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1 rat i  sd u c e ~

A s e - i  e ’ t  rans du c ’ ’ r s  and essoc istod t ow  hodi’: :; .e r ’ -  p r 1 ’v i d ’ - d  . At

2t50 kiiz a f ’ ’.- ,ciow dth (-iri t lie ‘rch’r - I o i l ’  , l. ~ r’ ‘ 1 s ti i t  d w!i i  ir at  t Ii’ .

lowe t t r’ .-qu .  tic los I, _‘O .cnd 37 k IL’ ) lu - ti -w id th  of 15 and . f e - c  re- e s  r t sp . - .- - t i v’ .  I

a t . - d ie  t , t t e ’d 5’.’ t b. spac e - ,cv a i  I d - i ’  -

‘~v’; h~i I’1’~ P~~
1 le lN

~h~- s’.- s t . ’r~ hl,’ck diagram F l o u r ’ .’ )  show’s t h e ’  v a  or func t ions  pri v i d e - d

w hich S i r ’ .- f le t  .-s, ;;cr ’- for  the .ccou’ ,t mc m is s i o n ,  Not sli&’wni are the va r i ous  d u ck ,

., -nt r i , i t u i I  I In.- s f i ,t r i  ng I t i t ; i  t i - u s  as t h i t ’ \ ’  w o u ld  C le t  1. - i’ up tb ’ .  d iagraru and

a n ’  - t iv i’ n t  tona l.

I mu let I 0 v - l i t ;  t - i i  n - ; - t  t v-nv- nc - I  5’.- ; -  r : n’ .nc e - 
- t l ~ p t e - a r j ’  l it  1, r is in

hotl y , I t  i il u’ , - c  a 1, -v not s’ . ( < tuv - I r.- ii i-nd f’ol I. w ed

l’v i .- -r - t  .-h- pr - ,‘ m - c: ’ i ’ - ,e l ’ l’  ga in  iv p l I t I er/li no dv; v r - i - - c u t; i s  cont v. - laSh-

in I -  o r  stt -ps ; .5 , ~~~~ . .‘ , ~5 dl-’ . by t r o t  pa: ;. 1 s w i t ~~h;.

sr m t  - I - . e’ i v .- r  ( T “~ ) sw lb ihl i ng and pr’ .‘trj .- Ii c t  pr . -  t - .- t 1 . - m u  i s by ra-ans

o I Sb t ‘
~ V ‘ i t ,  c - This v--c - hod c o s t  a - - . - T ; ,  p - —a t tn t m - ’ ; - i ’  t Su i t  r e- s t i l t  a in

r u m  n - iv -o— - it  c 4i Inc t iv- ’ - I - - an- n i t  i - n  - ‘. . i -
‘ C l o s e  t ’  t am : ;  - - and li t 1 ’ .-

, l t  .- t e d e t  1 . - n  of  no ise p. - r m t-r en, e . B a c k — i -  — b.i .- k S t i o t t k v  d i o d e s  e t h - ’ , t i ve l v

It . ’ t r c ; -. ’ c r i t t  - r .- l ur ; n g  r e-c - . iv .-r tin.’ m m n i r u i i i r i ~; no i s e  trot ’, tb.

p -w e  r crp l i t  I . ’  - r pi - - u ; . -  on the t ra n’.-ra t lit;.

Pr  - ‘,- i c : on i s :—adt ’ - - r i n s e r t  u - ’:; c t  ‘‘c alt S rat i , - n ’ s ignals o t o t bc’ pro —

-c r- n ; i ti . - r .  it:’ ‘‘ t a l c ’ an. ’ r a the r  for c s t a ’ i i s h ;n g  that th ,- i - . has been no

- 1 o r - e d i t  ion of s v s t ’ -v - p.- r f ’ r v - uanc . - - tur ing an - ‘ p c - r a t  i — n  than 1’ r  d u t e rru i n i ng

abs. ’ l i t  e g.c i ns .  r h o - s e -  are es tahi i she’d in t h e  1,’ iho ra t o rv  -

A 11 of t he ’ s, I unc ens and c o n t t ’  1 s ma ndat e  t he us’. ot a ruji I t I -con —

i b m - t o n  t w ’ u m w  c a b l e . The sv s to ru  uses TTRSA- S (S tw ict c ’d’ sbi elded pair s

c a b l e  t - ‘ r the .-lee t r i a I I i : ; . . t ion . 1 he’ pream p i i f  i e’r’. arc packaged two per

pressure housing giving t w o  Iri -qI i c ’ n( les (channels) fed tr ’ir a sing le cable.
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~n d’.’~ k a . 5 dli Ii tie anip i i i i c r  i s . cv a’_ I a !’ It - i o r i a i  s i  mi - signa l c - v c ’ l

i t  n( ’ t t’ S — c . I l v .  Flit ’ I u t S t  t u t w t t c ’n,c l ‘. t ’ c ~’ e - em t I;. i i . - ,  ;~~ i s a tour quadrant

mult is - i l i, r wh i cli 
~
‘
~~

- -
~~ 

i,It ’s  bob S v-a nt i- I l  ~:a in and t I ri,’ — v ~c v ia l - i i t -  -g ui in I, lVC ) ucc t

i’V G i au -j  t - , - m mi - r , c t  ion is by means o t  lw ’ ’ muit ip iv imig d j i ’ i t a l — t ’ ’ — ,iti,ilc’~- (D/A

~ .- ‘ r i vort  v , c :m. - t ‘, - umnt ’ - r u ;  w h ich  count up f ;-  u u ’ c rc’ i -  lull sca le ’  ( 10 V i  in

whatever er i i c f m i . -  t- .-~- .- ’r d.- - r  di ap i,.’. s t a le ’ i; m u - l e v I e d . r t i at  is , ;rr’.-ape cti v e ’ of

t l’ e ’ ; ’ ’*’.’ . ’.- ’ sp i ed ci  dls p l l v  sp l i t  (d e ta i l e d  I t t .  v i  at - it -i t . -d , s’,’ s t e ’liu cai n is

rumri:m ’-c~v; uuu r.’ d i u i t m ’I v u c t t ’ - r  t h e ’  t i ’ . . : m s r ’,t pulse’ ,~od r lu ~ a t i  rnax ;v ’cc r, a t  t he- t ; , : . - t

hand .-et ge - c l  S. Ii ‘~p la’. It whi ci ‘- v - n  rat o I s a li c t . -d . I.i near  ;:cr i -u ( 1 / t

a n .  a -~ e m 1 ,c l -  1.’ I i  ~~
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I”’, ~m ;r. - ,‘ Sv ’itt ’v- thl . - .-c ’,~ It mmd clr.-lr-
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r d  a t  eni.’ e- osc ii Ii.’ scm .- ’ pe ’ and .--at - ’m ,- ra lu S t  - . 1 b r  dvn~-c v- ic s t u d i e s .

lout’: tit’i i t c ar e ’ for t .’r;pe ’ r m c t ’ ; t ’ .- and d t -p th t c - c - rd  im;g .

Fi .a;r’  5 S”c t i - ’ ; ;  .- iI I~~O kH: record i ng on fltm nks 01 Hm id su ’ri I . lmmv. - ’r; a hu iw ing

up 1 . - ’ n i t - m e i u t e ’n t i f ia b l t’  refi .’ct i ng .sc atte - r i n g ‘ m u r t a c i ’ s , . The-

s t a i r - c a s e in the center was mad e by the 1o~ t’ring of a CTD/ro settc
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