
•2 ______ - _ _ -
034 862 NAVAL WEAPONS STATION YORKTOWN VA F~ G 20/1DESIGN AND DEVELOPMENT OF THE SIGNAL, UNDERWATER SOUND, MX 123 ——ETC (U)

DEC 76 E Y MCGANN , R M JOHNSON
UNCLASSIFIED NWSY—TR— 16—3 NL

~ çjp~ U_NIlE a II



I ~~~ L ~ 2.8 il12.5I . I..) L orn~~~

_ _ _  

L~ 0 2.2
_______ L 

j3.6L

I . I ~~~~ 

I~ IOH~°

1.25 HIU~
4 ~f lfl I.6



NWSY
76~3

DES IGN AND DEVELOPMENT OF THE
SIGNAL , UNDERWATER SOUND , MK 123 MOD 0

DECEMBER 1976

NWS
NAVAL WEAPONS STATION , YORKTOWN , VIRGINIA 23691

bjj
_________  E. Yancey McGann and Robert M. Johnson

~~~~ Naval Explosives Development Engineering, Department

~~t c~~~~-
~~~ ç2~ \~\~‘

~ STATIOI
~

Approved for pubitc releases dt.strihuti.on unltmi.ted



r 
-

UNCLASSIFI ED
SECUR ITy CLASSIFICATION OF T H I S  PAGE (tTh.n 0.1. fnf.r.d) 

_____________________________________

DC~~r~bT ~~~~~~A?If~I.I ~~‘ E  R EAD INSTRUCTION S
!~~L U 1J I ~ I I#~J~~UIlILI ~ I MI IUI~ ~~~~~ BEFORE COMPLET ING FORM

( 1
A 

~~~~~~~~~~~~~~~~~~~~ 2. GOVT ACCESSION NO. 3 RECIPiENT’S C A T A L O G  NuMBER

~~ NWS Y— T R -76-~J 
(

4 TIT I.~ ~qd S~ b i j i i a i  S. TYPE OF REPORT a PERIOD COVERED

1~ cSIGN AND DEVELOPMENT OF THE ____________________
SIGN AL ,,3~JNDERWAT ER ~OUND , 1K 123 MOD 1)

, 
a. PERFORMING ORG. REPORT NUMBE R

~ ...Au T HORfaI S. CONTRACT OR GRAN T NUMBER(l)

rt M. Joh~~o~~ _
~ PERFORMING ORGANr ZA TION NAME AND ADDRESS 10. PROGRAM ELEMENT PROJECT . TASK

A REA S WORK UNIT NUMBERSNaval Weapons Station
Yorktown , Virginia 23691 NUSC NPT P.V. 4 0005
(Code 50) 

____________________________

C O N T R O L UN GO F F I C ENA M E AND ADOR~~SS ‘—— _— .l /
_ _ _ _

~

_ .. I~~~~~~~~~~ R~~~~AJ1. 
•

~~~~~~~ 
/5_ -( J~ Dec _J—76J ‘

/ — T1 NU M B E WOV W A G E S

~~~~~~ J i—u and 1—1 1
~4 VON !TORING AGENCY NAME & AODRESS(II ditl.~.nt Controllgná OffI c ..) IS. SECURITY CLASS. (of lhl. r•port)

UNCLASSIFIED
15.. OECLA SSIFI CATIO N/ DOWP4G RA DIN1~SCHEDULE

~6 DISTRIJUTION STATEMENT (of th i s  RIport)

Approved for public release; distribution unl imited . -

17. D ISTRIBUTION STATEM ENT (of CA. abafract .nt.r.d in Block 20, II dl ff.rwt iron. R.port)

~~~~ ~~~~~~~~~

,

IS . SU PPLEMEN TARY NOTES .
.
~~ - . . v -

1 9. K EY WO RDS (Con linu. on r•v erae aid. It n.c..aaty aid Id.ntily by block i n b r )  - .

Underwater explosives .
Underwater Sound Signal .
Hydroadiabatic fuze .
Underwater acoustics.

~~
aA B S r R A C T  (ConUflu e on rave, ., aid. if n.c..aaty aid id.ntify by block rnmeb.r)

This report describes an underwater ordnance item, the Signal ,
Underwater Sound (SUS), Mk 123 Mod 0, recently released for Fleet
use that incorporates a new type of explosive train which has a
fuze containing no moving parts. The simplicit y , safety, reliabil ity
and ruggedness of thi s fuze make it worthy of consideration for use
in other ordnance items .

DD 1 j A N 73 1473 EoiTio N or uwv e5~~~o.soLETa~~~~’5~~~
’ 

‘~~~
‘UNCLASSIFIED 

____SECURITY CLASSIFICATION OF THIS PA QE (~~Isn D~~. 

—.---- -~ --- ~~— - -~~ ~~~~~~~~~~~~~~~~~~~ -



r - - - _____________________________________

.. . . u W I T Y  C L A S S I F I C A T I O N  QF T H I S  PAGE(Wh a i  LIst. En~.r.d)

SECURITY CI. *551 FICATION or THIS PAQE(WRat DaM Lii,on~J



-
~~--~~~~

NWSY TR 76-3

FOREWORD

1. This is a report documenting the design and development of the
Signal , Underwate r Sound , Mk 123 Mod 0 which utilizes a hydroadiabatic
fuze. This fuze has no moving parts and requires no out—of-line
safety features .

2. The effort reported herein was authorized and funded under the
Naval Underwater Systems Center , Newport Project Order 4-0005.

Released by

a? 177 ~~~4~-
W. McBRIDE , Director Under authority of
Naval Explosives Development LEO A. HIBSON , JR.

Engineering Department CoHinanding Officer
December 1976
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DESIGN AND DEVEL OPMENT OF THE

SIGNAL , UNDERWATER SOUND , MK 123 MCD 0

I. GENERAL

Underwater  Sound Signa l s , or SUS , have been used for many years
as inexpensive , high energy acoustic sources . All SUS contain an
explosive charge that is detonated by a hydrostatically operated
mechanism. The acoustic energy produced by the detonation of an
explosive charge is used for many underwater applications , including
bottom mapping , l ong range signal transmission , position fixing , and
anti-submarine warfare . SUS are inexpensive , safe, easy to use and
versatile. They can be launched from aircraft and surface ships , and
the one described in this report can be launched from submerged sub-
marines .

The 71k 1 23 Mod 0 51)5 was developed to replace the obsolete Mk 9 series
SUS and represents a significant advance in signal safety and reli-
ability . It is used for range tracking of submarines during training
exercises. The signal is designed to be launched nose end first from
signal ejection tubes in submarines by standard hand raming procedures
at depths of less than 300 feet. It sinks at a terminal velocity of
13 feet per second and detonates a 4-ounce explosive charge at a depth
of 1000 plus or minus 100 feet.

The Mk 123 Mod 0 SUS design features a hydroadiabatic fuze and a bore
and launch depth safety mechanism. The fuze employs the principles of
the hydroadiabatic detonator’ to initiate the explosive charge . This
revolutionary new device meets the requirements for fuzes (or arming
and firing mechanisms), but contains no moving parts . An out-of-line
arming mechanism , which is standard wi th all other military ordnance ,
is not required since no prima ry explosive is used. Firing is accom-
plished when hydrostatic pressure shears a metal sealing disc and the
rapi d inrush of water adiabatically compresses a column of air which
results in a rapid rise in temperature of the air that in turn ignites
a co l umn of expl os i ve.

‘McGann , E. Yancey , N WSY TR 70-4 , Development and Testing of the
h’ydroadiabatic Detonator, 31 Jul  1970
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Since the Mk 123 Mod 0 SLJ S is launched from the signal ejector tube
on a submarine , provision must be made to ensure that the signal can-
not be detonated in the tube . As a result , this signal is equipped
wi th a bore and launch depth safety mechanism that would not be used
on surface or air launched SUS . This mechani sm incorporates the only
moving parts in the Mk 123 Mod 0 SUS and prevents initiation of the
explosive when the signal is in the signal tube bore , regardless of
submarine depth , or when the signal is inadvertently launched at a
~depth greater than 325 plus or minus 25 feet. The technical manual ,
NAVSEA OD 49903, : . , • ‘:“: ~~~~ ~~~, ~er cz~ ion and Launching, Underwater
Sound ~~

‘
~~~~~~~‘: ‘

, ~~~~~ . ‘;! 2 , specifies a launch depth of 200 feet
or less.

Composition CH-6 , a standard booster ma terial , and Composition A- 3 ,
a standard main charge material , are the only explosive mixtures used
in the signal. Both mixtures consist of RDX and a desensitizing
coating , thus RDX is the only explosive contained in this signal .
Since RDX is virtually inactive chemically, the Mk 123 Mod 0 SUS will
have an indefinite shelf life , limited only by the life of the 0—ring
seals.

II. DESCRIPTION

Figure 1 is a general arrangement of the Mk 123 Mod 0 SUS;
Figure 2 shows the details of the hydroadiabatic fuze; Figure 3 is a
photograph of a sectionalized model of the signal; and Figure 4 is a
photograph of the complete unit. The overall dimensions of the signal
are 3 inches in diameter (plus the 1/8-inch thick by 5/8-inch wide
valve release lever) by 15 inches l ong . The total weight of the
signal is 6.6 pounds .

The hydroadiabatic fuze , Figure 2 , is an assembly of a body , shear
disc assembly, washer , cap , disc  and adapter. The body, washer and
disc are stainless steel . The cap and adapter are steel , cadmium
plated . The body has a conical cavity leading into a straight bore
which contains a column of Composition CH-6 pressed in place at
10,000 pounds per square inch. The shear disc assembly, which is
commonly used in deep sound signals, includes a thin gold shear disc;
a stainless steel shear washer , wi th a ca lib rated , sharp edged hole;
a phenolic washer; and a soft copper ferrule. The ferrule is spun
over to contain the other parts of the assembly. The cap screws
onto the body and is torqued to compress the washer and shear disc
assembly, formi ng metal-to-metal seals between the shear disc , shear
washer , ferrule and body . The adapter , which contains a booster
cavity and an air gap hole, is screwed to the body and torqued to
secure the .003 inch thick disc in place

.2
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The Mk 123 Mod 0 SUS , Figure 1 , is an assembly consisting of a nose ,
hydroadiabatic fuze, booster , main charge , felt pad , cover, tail tube ,
tail cap, and bore and launch depth safety mechanism. The nose,
cover , tail tube and tail cap are aluminum. The guide pins are steel ,
cadmi um plated . The booster is Composition CH-6 and the main charge
is Composition A-3 . The guide pins are pressed in the side of the
nose. The hydroadiabatic fuze is screwed into the nose and staked in
place. Coating compound is applied to fill the gap between the fuze
and the bore in the nose to prevent any loose explosive material from
coming between two metal surfaces. The booster and main charge are
firmly held in place when the tail tube is screwed into the nose
against the cover and the felt pad . The tail cap is oriented to
align the safety pin hole with the guide pins and secured to the tail
tube by the two set screws . Locking compound is used on the threads
of the tail tube and the set screws. 0-rings , one on the fuze and
one under the cover , seal the explosive compartments from water entry .

The bore and launch depth safety mechanism consists of a valve ,
0-ring, valve spring , valve release assembly, release spring, ball ,
valve release lever and safety pin. The ba l l  is chrome alloy steel
and the other metal parts are s teel , cadmium plated . In the assembled
s igna l , the valve release lever is retained against the side of the
nose by the safety pin at one end and by the valve release assembly
at the other end . The two guide pins in the nose engage holes in the
valve release lever to prevent longitudinal or tangential movement.
The valve release lever retains the ball from radial movement; the
ball retains the valve release assembly by engaging a detent groove ;
the valve release assembl y compresses the release spring and retains
the valve ; and the valve compresses the valve spring . The portion of
the valve with the 0-ring fits the radiused hole in the cap of the
hydroad iabat ic  fuze , thus sealing the entry to the shear disc
assembly.

III. OPERATION

The Mk 123 Mod 0 SUS is normally launched while the submarine
is submerged between periscope depth and 200 feet. The signal is
installed in the signal ejection tube , nose end first and oriented so
the valve release lever is engaged in the bore rider groove in the
tube . The SUS is pushed by hand until stopped by the safety pin.
The safety pin is then removed and the signal is pushed approximately
2 inches beyond the breech opening and maintained in this position
while the hand rammer (ejector) is secured . After the outboard
signal tube door is opened , water enters , surrounds the signal and
fills the free flooding tail tube . The hand rammer is then cranked
rapidly to the end of its travel , assuring that the signal clears
the tube.

3
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Immediately after clearing the signal ejection tube and tube exten-
sion , the valve release leve r is no longer restra ined . The release
spring pushes the valve releas~ assembly to cam the ball outward ,
pivoting the valve release lever off of the guide pins . The release
spring continues to push the va l ve release assembly until it is dis-
engaged from the nose. Both the valve release assembly and lever
fall free of the signal . If the launch depth is more than 300 plus
or minus 25 feet, the valve is retained to seal the shear disc assembly
by hydrostatic pressure , and the signal will sink to the sea bottom
without detonating. If the launch depth is less , the va l ve release
spring will force the valve out of the hole in the cap of the fuze,
exposing the shear disc assembly to the ambient pressure . The valve
and spring fall free and the signal sinks with a stable trajectory ,
accelerating to a terminal velocity of 13 feet per second .

When the Mk 123 ~1od 0 SUS reach2s a depth of 1 000 plus or minus 100
feet, hydrostatic pr r~ ;ure punches a hole through the shear disc
assembly in the hydro adiab atic fuze. The inrushing water acts as a
piston to adiabatically compress the air in the conical cavity which
terminates in the highly co~ fined CH-6 column . The rapid temperature
rise of the air init iates a burning reaction in the explosive col umn .
If this column was very long , the reaction would transform to a
detonation. Based on previous work 2 , the inclusion of a metal disc
plus an air gap is used to minimize the length of the explosive train.
When the burning reaction reaches the disc , it ruptures and fragments .
The pressure ratio across the bursting disc constitutes a shock wave .
The s hock wave and hot disc fragments speed across the air gap and
initiate high order detonation of the booster. The booster then
initiates high order detonation of the 4-ounce Composition A—3 main
charge to provide a broadband sound pressure level of 168 decibels
relative to 1 dyne/cm 2 at 1 yard .

IV. TESTS

In addition to numerous functional tests in pressure pots and
at sea , the hydroadiabatic fuze and the complete SUS passed the
following safety tests :

Fuze configuration -

• Jolt.

• Jumb le.

2Cooper , P. W. , Armour Research Foundation of Illinois Institute of
3 Technology , ~~~~~ / c ~~~~v AP .~~~ ‘ ~t. D 2 78 , Ord Project lb . TiV2—8109

Contract No. D / —  11-O22— .~Oi—ORD—2892

4
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• 40-foot drop .

• Transportation vibration.

• 5-foot drop.

• Shock.

Complete Mk 123 Mod 0 SUS -

• Temperature and humidity (28-day).

• Transportation vibration .

• Shipboard vibration.

• Recurring impact.

• Temperature and humidity (4-day).

• 5-foot drop.

• 40-foot drop.

• Slow cook-off.

• Fast cook-off .

• Propagation.

• Launch depth safety .

The da ta package ? containing the details of the above tests was sub-
mitted to the Weapon System Explosives Safety Review Board (WSESRB).
The WSESRB recommended approval of the initial production run of one
thousand signals for service use . It was recommended that, for
follow on production , consideration be given to develop ing a means
to prevent installing the signal into the ej ection tube if the bore
and launch depth safety mechanism had been removed . The drawings
will be changed to include this feature.

3NAVWPNSTA Yorktown ltr 504:EYM :dgh of 12 May 1976 to NAVSEA (SEA—04H3) ,
Subj : Release of the Signal , Underwater Sound , Mk 123 Mod 0, to
service use

5
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At the suggestion of the representative frorii the Naval Explosive
Ordnance Disposal Fi ci l it y , Indian Head , the WSESRB recommended that
an informa tion test be conducted to determi ne the sympathetic reaction
of the fuze in air.  The results would ass i s t  in the preparation of
a render safe procedure . T hi s tes t was conducte d and a report ’~ was
su bmitted to the WSESRB . It was concluded that an overpressure as a
resul t o f a n a ir b las t ex p los i on w i ll not cause an ex pose d hydro-
adiabat i c fuze to deton a te the si gnal

Function tests determined that the hydro adiabatic fuze operates re-
liabl y even after being subjected to conditions after which it is not
required to function (i.e., jolt, jumble , 40-foot drop and shock).
This indicates the ruggednes .~ of the fuze .

V . SUMMARY

T he Mk 123 Mod 0 SUS i s uniq ue in m i l i ta ry  ordnance and repre-
sents a significant break~~rou gh in conventional fi ring train design.
The design of the explosive train is a model of simplici ty which , by
elimina ti ng complex mechan is rs wi th interlocking parts , shou ld prove
almost fool proof . Sa fety is greatl y enhanced by eliminating primary
ex p losives and b~ ro t hav ir i j mechanism s in the explosive train sub-
ject to various shoc~ an d vibr a tion forces during its log istic life .
The features arid advar t~•~es of this signal can be summarized as
follows :

• The exp losive tra i n h.~. no moving parts .

• The hydroadiabatic fuze is very rugged and functions even
after bei ng subjec .?d to such tests as 40-foot drop .

• No primary explos i ve is used .

• Standard service approved explosives ~ used , the most
sensitive of whic h is CH-6 , a recognized booster material .

• The single explosive material in the signal , RDX , is
chemically inactive with good temperature resistance .

• No ou t-of-line safety mechanism is required and hence , no
safety pin or wi re is required in the firing train.

~NAVWP NSTA Yorktown ltr 504 :EYM:dgh of 10 Sep 1976 to NAVSEA (SEA-04H),
Subj : Signal , Underwate r Sound , Mk 123 Mod 0; effect of air blast on

6



NWSY TR 76-3

V I .  REFERENCES

1 McGann , t .  Yancey , NWSY TR 70-4, Development and Testing of
• -. :~ t~~~ LL~ t( V , 31 Jul 1970

2 Cooper , P . W. , Armour Research Foundation of Illinois Institute
of Technology , P i r - ~~i Report .4RF Project DY/8, Ord Project No.

C ~1:~z~ zbt  7o.

3 NAVW PNSTA Yorktown ltr 504:EYM :dgh of 12 May 1976 to NAVSEA
(SEA -04H3) , Subj : Release of the Signal , Underwater Sound ,
Mk 123 Mod 0, to serv ice use

4 NAVWPNSTA Yorktown ltr 504:EYM :dgh of 10 Sep 1976 to NAVSEA
(SEA-04H), Subj : Signal , Underwater Sound , Mk 1 23 Mod 0;
effect of air blast on

7

_______ 

A

- -— .--~~~~~~ --~~ —— --—~~~~~~~ - --~~~~~ — .- — —~~~- .--~~~~~~~ -~~ -~~~~~ _ _ _



- _ _ _ _-_ _ _  
~~~~~~~~~ -~~~~~ .~~

NWSY TR 76-3

t1)-

. 4”  t

~~~~~~~•~
- r.

~ &
~~- r b ~~~~~~~- ..-

~~~- -_j 
~7 ~~~

- ;
~~~~ t::4.., .~ ~

~~~~~~~~~~~~~~ ~- r -  / 0~~- ‘r 4— f-~r ’-~~
- d..~ 4

~ } ~~~~ ~~~~~~ /
~~~

— --_j

____- _ - ,
~~~~~~ . .,_. , ‘

I .

~~~~~~ .
, . 

.•.

—
- . ‘ i~ /~~’ ’ / .j

-
~~ I ‘ .

~~~~~~~~~~~~ r~ ~~~~~~~~
~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~0 • . — 4— - .- -•.4 •

~~~. 
Ia 
~4. J ~

1~
/ /  1

~~~~~~~ ~~~ 
~~~~~~~~~~ 

- I .

:~! 
/ I Y .77/ ~~~ L

T 

I!I~

~ .

.

~~~H1 4

* 1

~
1 .— ---_J

8 

_ _  _ _ _



r 
- 

~~~~~~~~~~~~~~~~~~ - - -
~~~~~~-~ -,

NWSY TR 76-3

S
w

L) 4,, S

-J ~~

4,)

I
,

*

1 

~~

9 

-~~- -~~~---._ _ _~~----~~ -—- -.---- ..---~~~~~~~~~~—--—-~~~ --



r 

- 

~~~~~~~~~~~~~~ 

- - ---~

NWSY TR 76-3

‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

w

I.
LI..

I.. • . . 

. 
.4 .

. -~~~~~‘:; .

10



- -- —---—~~~-,-~-- - ---- -.---- — -~~~ ~~~~~~~~~~~ .- ~~~~~~~~~~~~~~~~~~ - — -

NWSY TR 76-3

- ‘ • ,-. -:~ -~ -

4..

4.
.~ 

.
~~~~~~~~

. 

-

a .. .1~

k
I, • 

.t~
‘
~ “I :- . I—

1%

V .

4 .
- LU

w t ’ il 
.

~~~~ 

.
. 

-~
•~~~A •-

~~~~~ ~
; .  

~ . LU

LI..

/

‘
S ~~~~~~~~~~~~~~~~~~~~~~~~~ 

-,‘ -

11

~ 

- -- -~~~~~~~ --~~~~~~~~-~~~~ - - ~~~~~~~~~~~~~~~~~--. - -



NWSY TR 76-3

IN ITIAL DISTR IBUTION

Copies

C ommander , Naval A ir Systems Command
Washington , DC 20361

(AIR-370) 1
(A IR-370A ) 1
(A IR-533olG ) 1

Commander , Naval Sea Systems Command
Washin gton , DC 20362

(SEA-0342) I
(SEA-04H) 1
(SEA-6600l) 1
(SEA-992E) 1

Commander , Anti-Submarine Warfa re Sys tems Projects Office
Washington , DC 20360

(ASW- 0l ) 1
(ASW-l0 0) 1
(ASW -3 12) 1

Chief of Naval Research
800 North Quincy Street
Arlington , VA 22217

(ONR-l 02-OS) 1
Attn : Technical Library 1

Chief of Nava l Operations
Navy Department
Was hington , DC 20350

(NOP—0 95) 1
(NOP -4l1) 1

Commander , Naval Electronic Systems Command
Washington , DC 20360

(PME- 124) 1

Project Manager , Anti-Submarine Warfare Systems Project
Department of the Navy
Washington , DC 20360

• (PM-4) 1

Commanding Officer, Naval Underwater Systems Center

1 Newport, RI 02840
Attn : ~)ohn R. Hinves (Code 3714) 1

Technical Libra ry 1

1 of 5



r

NWSY TR 76-3

INITIAL DISTRIBUTION (contd )

Copies

Administrator , Defense Documentation Center for Scientific
and Technical Information (DDC)

Bldg. No. 5, Cameron Station
Alexandria , VA 22314 12

Chairma n , Department of Defense Explosives Safety Board
Forrestal Bldg., Room 6A145
Washington , DC 20314 1

Deputy Director for Contract Administration Services
Cameron Station
Alexandria , VA 22314

(DcAS-QS) 1

Director , Naval Research Laboratory
Washington , DC 20375

(Code 109) 1

Commander , Naval Surface Weapons Center
White Oak Laboratory
Silver Spring , ME) 20910

At tn: Dr. David Bradley 1
M. M. Kietherman I
E. A. Christian 1
Technical Libra ry 1

Commander , Naval Surface Weapons Center
Dahlgren Laboratory
Dahlgren , VA 22448

Attn: Morley Shamblen 1
Technical Library 1

Commanding Officer , Nava l Ocean Researc h and Development
Activity

Bay St. Louis , MS 39520
(Code Ol ) 1
(Code 301) 1
(Code 320) 1
Attn : Technical Library 1

Commander , Nava l Undersea Center
San Diego , CA 92132

(Code 5O3) 1
Attn : Technical Library 1

Director , SOFAR Sta ti on
FPO New York 09560 1

2of 5

- - -



NWSY TR 76-3

INITIAL DISTRIBUTION (contd )

Copies

Coninander, Nava l Weapons Center
China Lake , CA 93555

Attn: Dr . R. Reed , Jr. (Code 454) 1
Technical Library 1

Commanding Officer, Naval Weapons Station
Yorktow n , VA 23691

(Code 016) 1

Commander , Naval Air Development Center
Johnsvi 1 le
Warminster , PA 18974

Attn : P. Haas 1

Division Superintendent , Underwater Sound Reference
Division

Nava l Research Laboratory
P.O. Box 8337
Orlando , FL 32806

Attn : Dr. Pete Rogers 1

Commander , U.S. Army Armament Command
Rock Island , IL 61201

(DRSAR—SF) 1

Deputy Inspector General for Inspection and Safe ty, IISAF
Norton Air Force Base, CA 92409

(160/ 5 EV ) 1

Woods Hole Oceanographic Institution
Woods Hole , MA 02543

Attn: Fred Hess 1

The Johns Hopkins Univers i ty, Applied Physics Laboratory
Johns Hopkins Road
Laure l , MD 20810

Attn : Dr. F. K. Hill 1

Bell Telephone Laboratories
Room 3B-207
Whippany , NJ 07980

Attn : R. D. Worley 1

Underwater Systems, Inc .
Worl d Bldg., 8121 Georg ia Ave .
Silver Spring , MD 20910

Attn : Dr. M. S. Weinstein 1

3of 5 

~-.-~~~~~~~~~~~~ --~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



NWSY TR 76-3

INITIAL DISTRIBUTION (contd )

Copies

Tracor , Inc .
1 601 Research Blvd .
Rockvi l le , MD 20850

Attn: R. F . Hall (Jefferson Plaza ) 
A. F . Wittenborn 

Univers i ty of Miami , School of Marine and Atmosphere
Science

10 Rickenbacker Causeway
Miami , FL 33149

Attn : Dr. S. C. Daubin 

Art hur D . Lit t le , Inc .
32 Acorn Park
Cambridge , MA 02140

Att n: J. H. Cawley 

Universit y of Auckland , Department of Physics
Private Bag
Auckland , New Zealan d

Attn: A . Kibblewh i te 

Univers ity of Michigan , Cooley Electronics Lab
Cooley Bld g., N. Campus
Ann Ar bor , MI 48109

Attn : Dr. T. Birdsall

Univers ity of Texas , Applied Research Lab
P .O. Drawer 8029
Austin , TX 78712

Attn: Dr. L. 0. Hampton

Polar Research
6767 Hollister Avenue
Goleta , CA 93017

Attn : C. R. Greene 

Science Applications , Inc .
1651 Old Meadow Road
McLean , VA 22101

Attn : Dr. J. H. Hanna

Texas Instruments
P.O. Box 5474
Dallas , TX 75222

Attn: A. Kirs t 

4of 5 

-- ~~~~~~~~~~~~~~ -~~ ~~------ — 
-— 8



NWSY TR 76-3

INITIAL DISTRIBUTION (contd)

Copies

Ocean Data Systems , Inc.
3978 Sorrento Valle y Blvd ., Suite F
San Diego , CA 92121

Attn: J. M . Snodgrass

Xonic s , Inc .
6849 Hayvenhurst Drive
Van Nuys , CA 91406

Attn : Dr . W. Williams

Orican Corporation
223 Avenide de la Plaza
La Jolla , CA 92307

Attn: Dr. 0. Aispach 

Canadia~ Defense Liaison Staff
2450 Massachusetts Ave.,  NW
Washin g ton , DC 20008

Attn: Dr . A. M. Patterson

Chie f, Defense Research Establishment Atlantic
Box 1012
Dartmouth , Nova Scotia B2Y3Z7

Attn : Dr. R. Hughes

Chief , Defense Research Establishment Pacific
Force Mail Office
Victor ia , British Columbia VOS-lBO

Attn : J. Thorleifson 

Undersea Research Corp .
777 Leesburg Pike , Suite 306
Falls Church , VA 22043

Attn : C . Mathemy 

Western Electric Company , Reynolda Pl ant
Silas Creek Parkway & Reynolda Rd.
W in.~ton-Sa lern, NC 27016

Attn : H. S. Mingus 

• Marine Physical Labs
Scripps Institute of Oceanograpny
La Jolla , CA 92307

Attn : Dr. G. B. Morris 

S of 5  

—- -- - - -


