UNCLASSIFIED

AD NUMBER

AD024876

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; JUL 1952.
Other requests shall be referred to Office
of Naval Research, 800 North Quincy
Street, Arlington, VA 22217-5660.

AUTHORITY

31 Jul 1964, DoDD 5200.10; ONR ltr, 13 Sep
1977

THIS PAGE IS UNCLASSIFIED




Hrmed dervices 1echnical Intormation Hge

PLEASE RETURN THIS COPY TO:

ARMED SERVICES YECHNICAL INFORMATION AGENCY

o OOCUMENT SERYKE CENTER
Knoté Beildis,, Deyton 2, Ohie |

Secoves of our linited supply you are requested to-ret
ohis #3 sesn ez it hus served yowr pucposes so that
R mey be mede oveileble to othees for raference wve.
Vwmwlllhw . | o

S e FE T e R . e i

oo s JuB A et 0 4 37

T

3
o o T VT TSN

-

NOUTICE: WHEN GOVERNMENT OR OTEER DRAWINGS, SPECIFICATIONS OR OTHER DAT
,' ARF USEL' FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELA
' GOVERNMENT PROCUREMENT OPERATION, THE U, S. GOVERNMENT THEREBY INCURS
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT TRE

| . | GOVERNMIINT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE
/' | SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTH
e PERSON OR CORFORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TQO MANUFACT
) ‘ USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERE1

Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, 0H10

P i




|

| NOTICE: THIS DOCUMENT CONTAINS IN FORMATION AFFECTING TR
%«L
NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING

' OF THE ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793 and 794

-THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN |
' ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LA




b

P SRR

D No. 24226

ASTlA FILE COPY

pematr
bl

L

.
SNBSS a2 Z:!_\."." R

iy W

- r‘lw—.:,:,“ “.t: k1.

T

D

be

]

CONPIDENTIAL

Barbor Protection Project
Yale University
New Haven, Connecticut

Technical Report No. 10
(HPP:5103er 031)
39 July 1952

RADAR STUDIES OF MINE SPLASHES
IN OPERATION MUD

R. Beringer, C. Robifxaon. H. C. Mertz

CONFIDENTIAL
SECURITY INFORMATI

orfice of Naval Researchy
pmerican Embassy
- wdon

P e A B e S RN R I D e Sttt oy e ot

" HPP:TR 10




- . .
i . '
. .
i o 3 R L R TR L TR
i .

*

+
'

G
\5, .
o
L
:

N S

e ————

R

3

This dociment contains information affecting
the National defense of the United States
within the meaning of the Espionage lLaws.
Title 18, U.S.C., Sections 793 and 794%. Its
transmisalon or the revelation of its contents
in any manner to an unauthorized person is
prohibited by law.




CONTINENTINL

.

I. INTROD"CTION AND SUMMARY

1. The use of radar for spotting the splashes of air-laid
nines is yet in an experimental staze. Some grogress has been
made in studies! of splash-target cheracteristics, and reasonably
complete specifications four a splash-spotting radar can be set.
However, experieiace in mine-splash 3potting by radar is still
very limited, ani it 13 to te oxpected that other splash character-
istics may be discovered which will strongly influence radar de- |
sign. This report describes the reaults of radar tests in which
the accuracy of locatlon of splashes was investigated.

2. It wac found that the radar echo o a mine-splash has
an evolution or 'drift" in space. Thus aside from any inherent
crroxs in radar range and azinuth calibration, there exists an
arrar Cuz to arblguity In relating the radar--target location with
sne ater-entily woint of the n;ne. In some cases, by analysis
ol vigsual notisn pictures of the splash, this drift can be cor-
melatad with physical motion of the mine after ity initial im-
pact . Juen ricohed ani porpolsing ceems to depand on the water-
aentoy ang.c and zpeed 5 the niine. In gcdditicn to thes: drift
L. Marbox Protoetion ?roject. Teshkalecal Rerort: No. 5, HIP:510:
Tap 219, dated L) Mareh 1952, a repart of July 18-19, 1931,
gtuvdies o7 minn cplcohey at ého Chesapeake Eay Annax or the
vt Rezorven Jaboratory,
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causes, which confuse visual spotting of the mine entry point
as well as radar gspotting, there is apparently a radar drift
which is not observed optically. This phenomenon is assoclated
with the persisting part of the splash echo and is probably due
to drift of the spray.

3. When correct account is taken of the drift, the water-
entry points of mines can be located to within a few yards with
a suitable radar. In the éresen: case the probable error in
the radar entry point was ﬁbout 25 yards, due in part to film
reading inaccuracy. (On the radar acope the echoes were of
dimensions 50 yd x 60 yd.) It does not seem rezaonable to
expect as good precision in an operational radar.

4. 'The tests described here wore a part of Operation
- MUD® carried out during the period 3 December 1951 to 21 Peb-
Tuary 1952 at the Naval Mine Depot, Yorktown, Virginia. Only
those parts of this operation which bear directly on the radar
tests will be discussed here; A brief description follows.

5. In the tests the splashes of mines were located by radar
and compared with the water-entry points as determined by optical
triangulation. Exeept for the actual operation of the radar,
all of the work and coordination of the radar teats was per-
formed by Raval persoﬁel.- The coordinator and sponsor of

2. See Harbor Protection Project. Technical Report No, U
(HPP:100:Ser 00370) for a general description of Operation MUD.
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Operation MUD was the' Armament Branch of the Office of Naval
Research. Officers of this Branch performed the planning and
liaison dutlies. We are also 1ndebte¢ to the Naval officers and
personnel of the Naval Schools of !iine Warfare, Yorktown, Virginisa,
and the Kaval Mine Depot, Yorktown, Virginia, and in particular
to Lt. Cdr. N. H. Prade of the Mine Service Test branch of the
Kaval Mine Depot. In addition to control of the aircraft, mine
recovery, ete., officers and men ol this group performed all of
the construction, maintenance, and guarding duties in connection
with the radar operations.

6. The radar used was the AN/MPG-1 which i1s an X-band
rapid scan radar with rather high resolution in range and azi-
muth. The antenna scans at 16 per zecond over + 5 desfees with
a totali 3 db beam width of 0.6 degrees. The pulse width 1s
0.25 microsec. and the pulse repetition rate is Q00 per sec.
The video information is presented on a range-azimuth (B) scope.
The range and azimuth coordinates of the center of the display 4
are given by a precision dial system. Interpolation on the dis-
play is alded by azimuth marks at + 1 degree anf range marks
at ¥ 1000 yd. In operation the display was centered on the echo
of the raft used as a mine-laying target. The aircraft, falling
mine, and uplash appeared on the B-scope and were photographed

with a 16mm motion picture camera. Range and azimuth relative
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tc the center of the display were scaled from these filus.

' These meaauremenfs could be converted to absclute coordinates

with & knowledge of the coordinates of the center of the display
as derived from the radar dials or optical triangulation oan the
target raft. | |

7. In COperation MUD the water-entry points of the mines
were located optically by a team of observers from the U. 8.
Navy Hydrographic Office under Mr. W. H. Atwood and Mr. W. J.
Goodheart. In comparisons of radar and optical mine entry points
their data were used to locate the radar site and to gtandardize
the radar azimuth and range scales. All of this location pro-
cedure was made possible by the use of & precision ccordinate
grid set up for the York River area by Mr. Atwood!s group. We
are particularly appreciative of the extra work which they digd
in establishing the radar locations on this grid, and in supply-
ins us with charts and ccordinates of the various stations.

8. A list of the mine drops observed with the AN/MPG-1
appears in Table I. Figure 1 shows the operation area. Two
radar sites were used as shown. The circled points aré’the posi-

tions of the target raft on the dates zhown.
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Table I
Mine Drops Observed with an AN/MPQ-1
Consecutive Radapy Mine Release Radar
Drop No. Date Run No. HMine Soeed AL€, Inclination Site
4 .13 Dec. & 26 270 kn 275 £t. level Sandy
| Point
5 5 270 250
6 6 280 250
7 14 Dec. 1 36 268 260 level
8 2 280 220
9 3 281 250
10 19 Dec. 1 36 275 225 level Sandy
11 2 290 250  Polnt
12 3 290 250
13 28 Dec. 1 39 285 2000 45°
14 2 39 250 3000 Y5
15 3 36 285 300 level
32 17 Jan. 1 39 245 2000 50 Cheatha
33 2 260 1600 20
34 3 305 3000 80°
35 4 510 3000 70 to 80"
36 30 Jan. 1 36 275 250 level
37 2 36 290 300 level
38 3 39 310 3000 75

_.,...‘-..,.
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Table I, cont.
ggroage;gt-:ive Date gigago. Mine Speegmeﬁg%]..eag:clfnation Isig.%:r
39 y 36 290 kn 300 ft 1level Cheatha%
1 6 39 300 3000 .70 to 80 ]
42 7 39 310 2800 75 |
43 5 Feh. 1 39 180 350 level
4y 5 Feb. 2 36 260 280
45 6 Pedb. 1 39 260 220
46 2 260 210
47 3 258 240
u8 y 255 250
49 5 36 300 260
50 6 297 255
51 7 240 250
52 8 39 260 270
53 8 Feb. | 265 275 level Cheat:
54 2 265 250
58 6 25 260 250
59 7 25 260 225
60 8 36 295 200
CONPIOELTIAL
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IX. RADAR AND SPLASH LOCATION
9. As mentioned in Paragraph 3 the principal object of the
radar operation was to determine the precision with which mine
entry points could be located by radar. This method consists

essentially of a comparison of the location of the radar splash
echoes with the mine entry pol.ts determined by optical triangula-
tion. In addition to complexitles introduced by the different
coordinate systems of the radar and optical cbservations and by
vadar caiibration errors in range and inhuth, there are several
complexities due to the structure and evolution of the splash
itselr.

10. Unlike the mine-entry point, which can, in principle,
be rpecified to within a region the size of a mine (e.g.'lo £t.),
the splash 18 a relstively large object. Optical f£ilms of splashes
show that they are frequently composed of several separate splashes,
that the separate parts move away from the mine impact point, that
the mine may plane or porpoise and create a wake of considerahle
size, or that it may ricochet and produce well separated mult-
iple splashes. All of these possible courses depend on the opera-
tion of the parachute, if any, and on the speed and altitude of
the mine-laying alrcraft. These conditions are responsible for
gome of the effects noted in tha radar splash observations. In
essence, then, there is not a simple point target -- the splash --

uniquely related %o the minc entry point, but a complex, evolving
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target or targets. FPFigures 2, 3, and 4§ are tracings of splashes
photographed in Operation MUD. They shou»splaah evolution in
typical cases., In Flg 2 the mine madé an almost vertical entry;
the splash 1s also vertical. Pig 3, the aplash from a mine of low
entry angle, shows a forward motion of considerable extent. Pig 4
is a ricochet. These and similar optieal §p1ash analyses will bte
diacuaaeJ further in paragraph 22. ‘

11. A8 defined nere, "drift" is the r;dar target evolution
of a splash in range and azimuth due to ricochet, motion of the
water and spray, porpoising, etc. Vhile of interest to the radar
spotter, 1t 1s only studied so that some method can ke found to
extrapolate to the mine entry point. If this method is found,

a coordinate point can be specified as the best radar determined

mine entry noint.

12, "Precision® is the accuracy with which the radar and
optical mine-entry polnts agree. Lack of agreement 18 possible
for numerous reasons; the drift may be incorrectly interpreted,
the radar and optical spotting may refer to different parts of
a complex splash, or the radar calibration may be in error. Also,
the inherent radar accuracy due to beam-width and pulse-liength

sets a least-count error.
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III. THE TARGET DRIFT

N 13. An analysls of the drift of the radar splash echo can
be made independently of comparison with the optical mine-entry
point, since all of the drift infoxrmation appears on the B scope
films in the local coordinate system of the target area. The

érift is shown plectorially in Fig 5 which 1a3 a get of tracings
of the radar echo from a splash. Similar results are shown in |
Figures 6 - 13 in which the target ccordinates are plotted as a
function of time. These were obtained by projecting single f{rames
= o of the B scope spaced by one seccnd intervale and measuring the
- range and azimuth of the intensity modulated signal relative to
the target raft. In these measurements there is some difficulty
in odtalning the true range of the target due;to its changing
strength and hence variable "blooming" on the scope. This was
roughly corrected for by measuring to the lines of center of the
splash~echo and of the target-raft echo. This procedure is not
exact, due to asymmetyry in the blooming of the echo, but is
superior to use of the leading edge of the targets.

4. The plots of Flgures 6 ~ 12 show echo locations spaced
by i6 trames or one second. The zero time 1s arbitrary and in
most cases occﬁrs when the mine 13 in the air. The aplash evolu~

tion begins a% about one second in most caszss showm.
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15. Figures 6 - 13 do not show all of the 37 drops listed in
Table I. In drops 5, 6, 36, 46, 52, 54 the splash echo was masked
by the echo of the target raft, making analysis of the splash
evolution impoesible.. In drop 38 the camera was started too late
to show the mine entry. In drop 43 the splash was partly off the
B scope screen. |

16. Several generalizations can bé noted from study of
Figures 6 - 13.

A. The splash can be distingulshed from the air-borne
mine by noting a change in the rate of motion of the echo. There
may also be a change in direction at the initial splash point.

The mine in the air is seen to follow the aircraft course.

B. Large target "drifts" always show their principal
motion in the direction of the aireraft course. In most cases
this 18 due to ricochet and porpolsing, which understandably pre-
serve the forward motion of the air-borne mine; indeed these events
do not occur except when a large forward velocity is present at
water impact.

C. In addition to these large "drifts" due to motion of the
mine after initial impact there exists another sort of drift per-
sisting well after the water core of the splash has dissipated.
This drift also generally shows forward motion but is less depend-
able in this respect. This drift of persisting echoes is probdadly
due to motion of the spray.
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D, Some splaghes show no "drift" larger than the reading
errors due to the radar resclution. In some cases these have
been correlated with optical observations which show compact,

vertical splashes. It 1s probably safe to generallize from these

* caﬂes -

17. I% should be pointed cut that none of the drops in
Operation MUD were made at high wind velocities. High winds would
certalnly modify the drift of the spray. There is scme evidence
that the drift of persistent echoes is correlated with wind direc-

tion in the present case.
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IV PRECISION OF MINE-ENTRY LOCATION . ,

18. The preoision of location of the vater-entry points ot
mines by radar 1s best illustrated by rereraneo to Figures § - 13
. Here we have plotted the optically determined water-antry pointa )
as calculated from the trianguiation data of the Hydrographiec orncc
team. ‘The target raft is used as the origin in these plots. On
the same plots are indicated the radar determined mine-entry po:lnta.
These were chosen at the junction between the end of the repid
motion of the target (1nd1cat1ng the air-borne mine) and the be-
ginning of the splash evolution. In nﬁny cases ?hu point is un-
ambiguous from the plots, but in other cases it is not,because of
ricochet and porpolsing of the mine.

19. The radar data of Figures 6 - 13 were not plotted directly
from the range and azimuth dial readings, which were subject to
calibration errors, Lut were standardized by use of the optical
location of the target¢ raft. That is, the coordinates of the
center of the radar display, which is the echo of the maft, were
taken from the optical location of the raft. The mine and splash
echoes were deternined with reference to the center of the B dis-
play by measurement of the film records. In other words, the
coordinate systems of the radar and of the optical triangulation
were made to agree at cne point -- the target raft. The errors
introduced by the dial calibration were not large, about 0.2
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degree in azimuth and 60 yd:;n-;anse, bﬁt it 414 not seem advis-
able to use these raw data 16 ﬁhe ﬁresent éompariaona. In an
operational use of aplaah-spdttiné rada§, calibration errors
would probably be eliminated bi a aimilar procedure.

20. The accuracy of the radarrlocation of mine-sntry points
is collected in Figure 14 which 18 a polar plot of the radar entry
points relative to the optical entry points. Twenty-two casea ave
" plotted; it is seen that thq probable error is 25 yards. This is
close to the feading error of thé radar data.

21, In plotting Fig 14 éeﬁtain of the drops of Table'I were -
rejected as unsuitadle. Drops 4, 5, 6, 7, 8, 9 were not included
because of the lack of optical data on the target raft. Table II
1ists the results of graphical enalysis of these runs using the

optical entry points together witlh the radar entry points as !
determined f{rom the range ahd azimuth dials. é
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TABLE IX '

conaaéutive Yards daviation of radarygggfyhbéiht
Droo Numvepr relative to optical entry point
4 20 ya o ;_7”
5 90
5 60 T
7 10
8 60
9 20

Cther drops listed in Table I and rejected for Fig. 14 were:

brop 26 - Splash obscured by target raft echo, deviation

28

43

46

52

54

45,k8, 51

60 yd from graphical ana.yais.

«amera started too loake %c get entry, deviation
asout 150 yd.

Splash partly off screen. Pcor optical déta,
deviation about 60 yd.

Splash obscurec by target raft echo, deviation
about 40 yd.

Splash obscured by target raft echo, deviation
about 40 yd.

Splash obscured oy target raft echo. Poor
optical dava, deviation about 40 yd.

Ricochet., Opticsl entry points apparently chosen

at first impact rather than final cntry.




22. The erredfszéf forward motion of the splash for minei'
of low entry anglg and of porpoising and ricochat have been men~
tioned in paragraphrlc.' Figures 2, 3, 4 illustrate these effects.
nfortunately, not ail drops of interest were photographed visu—:
ally in such a manner as to permit-determination of time and |
Gistance scales for the splash evolution. However, in those cases
where the splash could be plotted, as in Figures 2, 3, ¥, there
was a definite correlation with the radar data. Table III summar-
izes this informetion. In these visual splash plots the mine
case was used to establish the distance scale and thé veloecity of
the air-borne mine established the film frame-speed, and hence the
time scale. |

TABLE III
Consecutive
Drop Rumber Comments
1% Visual film shows cbmpnct splask, abou!
15 yd forward motion at 4 sec. The
drift of the persistent radar echo is
large but occurs after the splash 1s
terminated optically. Probably due to
spray.
41 Compact vertical splash (Pig 2). Also

no appreciable radar 4rift.
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TABLE 11I, cont.

Consecutive

Drop Ruaber
| 48 Shovt ricochet (Fig W) about 50 ¥d.

Ricochat 1:41::&.4 1n.rndar'¢ltl by
weak soeand tl:znt<apyouring 50 sards
rbruard.at » sec. Long time baockward
- drift probnhly sprny.

52 40 yd. splash motion forward (Pig 3).
Rb radar data dna to masking of aplaah
by target raft.

53 30 ya forward splash motion. Small
short tine redap drift also.
58 20 yd forward splash motion. Small
| radar drift also.
59 , 20 yd rorwérd splash motion. Small
radar drift also.
60 20 yd forward splash motion. Small

radar drift also.

V CONCLUSION
23. This report shows that the water-entry points of air-
laid nines can be determined to good precision (probable error

25 yd) by radar. Hcwaver, there are a number of effects which
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