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Introduction

Attempts thusfar to treet the motion of ships in ccsau waves have been
almost exclusively limited to semi-empirical methods based on the Froude-
Kriloff hypothesis. That is, the effeot of the ship on the indiocent wave is
assumsd to be contained in two terms involving first and second derivatives
multiplied by oconstants calied the damping faotor and virtual mass respectively.
These constants are then determined experimentally by oscillation of the object
in s¢ill water. The foroing funotion of the resulting differential equation
of motion is thern taken as the pressures due to the undisturbed incident wava,

The procedure just outlined has toenm prosented in detail by Fuchs(l)‘ for
the ocase of a rectangular block ng‘ sinple harmonic motion, and the results
goneralized by Fuchs end HacCamy( y to the case of non-periodie motions, It
wes felt by the author, therefore,that such considerations had been carried
suffiolently fer to warrant a more oritical analysiz s the problem of ship
motion. To this end a study of the hydrodynamic problems involved was begun,
with the ultimate goal of obtaining solutions which are complete within them-
selves and do not depend on experimental data. In order to deal with the sim-
Dleat ceses, mathsmatiocally the investigations have been limited to the two
dimensional problem of an infinitely long circular oylinder and the three dimen-
sionnl problem of a sphurs.

The present report represents the first results of the above atudy and
deals exciusively with the oylinder. A portion of this problem has been con-
sidored by Urseil (S » 1amely, the foaroced oscillation of the .oylinder. Ursell's
results yleld the veritcal force on the oylinder in a form exactly like that de-
soribsd above except that tho virtual mass and damping factors are now functions
of frequoncy. From this solution we obtain an epproximation of the heaving mo-
tion in incident waves by ncgleoting the diffraction by the moving cylinder.
Tis approximate solution is found t¢ be valid for waves which are long com-
pared to the diameter of the sylinder.
Tho mathod weed heore 4z sssentially that rscommsnded hy Weinblum and
8t Denis(z). The ldeea of introducing virtual mass and demping factors, as
determined from the forced oscillation of the objsoct was investigated by
Havelook 5). Ee succeeded in obtaining an approximation to the damping factor

by assuming the object might be replaced, in foroed oscillation. by an equiva-
lent distribution of souroces.

Another apprcximate solution, obteined by an entirely different method,
ic found to yield good agreement with observed values provided the waves ere

For figures in parenthesis see References at end of report.
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short compared to tho diameter. This method involves replacing the usual free
surface oondition for the velocity potential, ® , by the simplﬁr condition, ¢= 0.
The condition, * O . has been previously used by J.L. Taylor 6) and others;
again, however, only for the case of forced oscillation. The present report ap-
pears to be the first effort to axtend the methcd to treat freely floating otjeocts.
A discussion of this simplified boundary condition is givsn in the appendix, and
it is shown unav it is indeed the proper approximation to use in oconsidering large
frequencies, i.e., short waves.

Using these two approximate sclutions it is found to be possible to pre-~
diot th> heaving motion of the oylinder with good accuracy over almost the entire
range of frequencies considered.

Forced Oscillation of a Cirocular Cylinder

We surpose a fluid, infinitely deep. oconupying the region — ® < x<+® O y <@

so that y = O 1is a free surface. The problem treated by Ursell is the rolm
lowing. An infinitely long circular oylinder of radius 0O, is placed with its
ceuter at the origin, (O, O ), and made to oscillate vertically with simple har-
monic motion of small amplitude. We will not review Ursell's procedure in de-
tail, but will content ourselves with giving the results, which are needed for
the subsequent developments. Briefly, Ursell obtains & solution by assuming the
velooity potential may be represented as a superposition of the potential due to
a point source at the origin, and an infinite series of non-orthogonal harxonis
funotions, satisfying the free surface condition. A method for computing the oco-
effioients in the expansion is given and & proof given for the convergence of the
series,

For our purposoe the important result .of Ursell's work is the wertical force
per wnit width on the oylinder. It is found that if g represents the heaving
motion, the force may bte written in the form

2 3 F
Folt)s M (252) 4 +N(FF2) G +2pa0l

(1)
where o is the frequenocy of the motion, | H the density of rluid and g the
acceleration of gravity. The functions M and N are given by

Mu(o‘o oA 2m(_cr'o)
9 g kel 9 3 (2)

2 Mo{T ) A9 a/g) No( 7% 9/9) B( 7" 9/g)
A%(0% 0/g)+ B2(OF 0/g) ’

e

N(SZE):2p0a

with m, A, B +tabulated funotions. The functions Mo and No are not tabulated
explicitly but may be easily determined by equating the average work done over a
oyocle tc the average rate of propagation of energy outward. This condition leads
to

Mo A —No B = % 7°
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which together with the expression for m

’

(M B AN, A

Az <+ BZ ’
permits the caloculation of Mg and Ny and hence the second term in the force,

It is to bs noted that the force as given by Equation (1) has ihe same
form as has been assumed in previous reports. However, the quantities M’ end
N are no longer constants, but are functions of frequency. These funotions
are plotted in Figury 1, with the walues obtained by oscillation in stiil water
indicated. We see that although the experimental values do not differ too much
from the theoretical values at the same freguency, they differ quite radically
frem theoretical values at octher frequencies,

Heaving Motion fur Long Wavss

To obtain n approximate solution to the problem of finding the motion
of the o¥1%nder in an incident wave truin, we prcsssd uow aiong the iines used
by ¥uchs Lin an cariier reporte That is, we assume the hsaving to be periocdia
with the same frequency as the incident wave, and we add t5 the force already ob-
tained, the force due to the undisturbed incident wuve. The resulting differen-
tial equation for ; differs from that given by Fuchs in that the cosfflcients
of the first and second derivatives are functions of frequenoy. Such aun 2ssump-
tion means that we are neglecting the effect of diffraction of the incident wave
by the moving oylincer.

For purposes of oslculation we introduce polar co-ordisates ( r, 8

where r is measured radially outward from the origin and 6 1is measured from the
positive y axis (which is vertiocally downward). The veloocity potential of the

incidert =wave is
A -k
¢ 15— e cos (kx-ot) ,

where A 48 the amplitude and k= 4%3- ° From Bernoulli's equation the
periodic part of the pressure i=s

P i g Gy

and tae resulting vertioal force per unit width on the oylindar ie

) + e " 8
FlMNt)=apgA ¢ Y sin(kasin@-ct) cos 6d8
- mfe
’7’.2 =
:-2apgA snot | e 0056 o0 (ko an B) cos 648 .
Now °
-k ) i id @ N n .
e ooosecost_ka sin§) = Re (e7° € )= Re 2 (—-'-2—;%"—&— 9'"9
n:o

;_i'" koﬂ
= E: L——%TTL—'L— cos n 6
n:0

3
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thus, integrating term by term, we find for the force,

o n ;. o\N w2
FoP(t) s -20pgasin ot 5 S fkal f cosn8 cos 44
f: 0 2
=—2apgAsnot f(ka) ,
where
. " i 2 i 4 [ 6

With the notation

M(52) s g ratp (14 m(250))

_ N(T' 99) 2_ 2 uga0 _ 20{._:'9
2b: w@Taq) @ T WM(oT as9) 197 T M(cTajg
the differential squation of motion beoomes

2
%T,§-+2b:—t§- +w L 1o Af (ka)sinot

The steady state solutlion is

g - fo f(ka) A
(w® -ct)t+ 4bt o*

s0 that the relative heaving amplitude is

[(m2 —o?)sin ot + 2b o cos O’l] (4)

‘\/(wz _0.2)2 + 4 p? ol

1L/al

This ratii %s plotted in Figure 2 with comparison to the observed walues
obtained by Sibull?), me agreement is seen to bs quite good for the first por-
tion of the ocurve where the waves are long oompared to tha diameter of ths oyl-
inder. but tha theorericel rssults drop off too rapidly as the wave length shortens.
The theory does, however, seem to be adequate for the rcgion of maximim heavingz

sewwe y hsrEn
-~

Haaviné Motion for Short Waves

In dissussicg wave motion invclving a free surfuce, ut say y=0,
one has to deal, tc a first approxima?ion, with the bounds:;y condition

o"zﬁ—g%—?:o or y =0

1t is shown in the appendix, howevsr, ‘hat for large frequencies, this oondition
reduces toc the simpler one ¢ 0 on y=0. We are lsd then to search for a
function harmonio in the domain of the fiuid, vanishing on the portion of y- 0
corresponding to the free surfaoe, and having a prescribted normal 2srivetive on
the oylinder,



This simplified prcblem may be solved by str: = iforec. methods of
separation of variables. We prefer to give the soiulL'~~ 3» ter-< of & Green's
function having a logarithmic singularity. The latisr ... ..2 s, of cocurss,
exacily equivalent to the rormer inscfar as the forimi ~s:_ulsli ..y &9 concsrned.
but the modification of sources to satisfy the complsie free surface condition is
known(8 » and it is felt that the prmsent method might serve es e first step in a
series soluticn tc the complsis probleme That is, one could pet & second approxi-
mation which satisfied the free surfacs condition but no longer satizfied the con-
dition at the oylinder; then ocorrect again for the condition at the cylinder, ete.
Such a technique hes been used with some success by Havelock (9) to study the motion
prodused by oompletely submerged objieocts.

It will be oonvenient for thie section to measure the polar angle, 2] R
positively oclookt=ise fram the positive x-axis. Let F=(r, ¥), Q=(p, Q)
represent two points, and R bs the dis%ance between them. Consider the funotion

Gy (P, Q) defined by

| |
G, (P,Q) = —log r - log — log =, (6)
i+ p? = 2rpoos(l -y) A\/'zﬁ-%:—Zr;—zoos(B-W)
G, (P, Q) is harmonic for P # Q and has a logarithmic singularity for
P=Q . Using the identity
| < |
lo { } = = r" cos
9 J1-2rcosx +r? ngon ’ 1S (7)
we find :
< [ a?"
Gizlogp— 2 - {fn'*' P }cosn(@-u‘/)
Nz
from wnlislk i1v foliows that

If we define

(fr+ P -2rp cos(8+4’)1 [~/r + 975 ~29 M5 cos
G(P Q): — — — + | *
A 7 g ve ot B

A) G (P,Q) harmonic for P #¥ad in — o <x <+ o O<y<ow;
B) G- log R regulur in the same region ;
C) G=0 on y=0;
D) LG—:O on p =0,
dp '
He remark further that

G (r, ¢, p, €1 =0 (1/p) as

>

2 ——

e ® A s
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Furthermore the conditions that ¢> bte bounded at @ and be O on y=C demand
that o
$p,8):=00) as p—=o - (10)

We are now in a position to express the velocily potential 4) satisfy~
ing the &tove mentioned conditions. We apply Green's thecrem,

T w9y -v92wds: S (v Jv —viu-')dt ’
D

2 2
whers (2. 0‘12 + a‘zr sy D is a region in the plans, C 1is its boundery,

and N is the exterior normal to C . For D we take the region bounded by
the oylinder, the line y=(0 , a large semi-circle of relius K and center
at the origin, and a small cirole of radius € aad center at {7, ¥ ) .

Then both G and ¢ are harmonic in D and Green's theorem applies, with
the left hand side equal to zero. Using conditions (9) and (10) the integral
over large semi-circle vanishes as K—= ® , TUsing (B) the integral over the
small circls tends to 27 f,’) (r, ¥) as €= 0, Conseguently using (C)

and (D), and letting K— o , € —0,
L s IR 2N I o

where Cc is the lower half of the oylinder. Again using the identity (7) we
find

G(r,y,a,8):=2 + (%\)n cosn(B+y)-2 % -";— (':—)" cos n (8 — )
: |

n nz

D
-8

% (%_)n sin n 8 sin ny . (12)
Frcm Bquations (11) and (12),

ple s -5E 5 o (&) smay [ 2L (0, 09048 . ()
The pressure is obtained from

plr, ¥y, t)= y%—?— :
Hencs, {or the vertical foroe on the cylinder we have

Fv(t):po‘[:”(‘g—?—)nzc sin \Pdt‘;:.—,uazfov (a_opz_th)mo sin 8d86.

(14)

Tc make the connestion between cur resultis and the theory of scurces in a
fluid we nced only note that the fumction G, { P, Q) as given by Equation (€),
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is merely the superposition of line sources of unit utrongth at (o, 9) and
the inverse point with respest to the circle, i.e., (0 /0, 5 J»and & sink

of strepgth one at the origin., If we modify these sources as indicated by
Kennard\®' we will have a function sztisfying the complete frae surfacs conditio

Yul no longer having zero normal derivative on the oyiinder.

l:'

e We ccasider two ocases. PFirst the foroed oscillation of ithe oylinder
with a veicoity u (i)} . Then ( 6¢t ) o = —g—t‘i— sin § .
From Bquation (14). Jp P
Fv“)(t)=—vl_r1r,u, a? —;——fg " (15)

This result is & familiar one, being the force on ths lower half of a cylinder
moving vertiocally with velocity u , in an infinite fluid. The second case is
to correspond to tha diffractel wave nroduced by au incident plane wave,

) -k
¢“=9(,—Ae Y cos (kx-ot), k= o¥g
inolident on a rigid oylinder. In this instance we take

kasn8  os (kacos 8+6 - ot);

(72F) . c9nNe

the term in the force multiplying cos o t is 0dd with respes

d'

L 20
-

d = mw/2 , and

/2

'Fv‘“=—2k#9A°2J{; D(8) sin 848 sin ot , (16)

-ko sin A

where D(8):= ¢ sin (ka cos @ +8)

then represents the forcs 2us o ths diffracted wave. To solve the problem of

the moticn of the oylinder due to an incident rave, we combine thess last two
reésults. ¥We azzumd the motion of the sylinder i

=l sin({ot+e).
For the total velooity potential we tvake

¢= ¢(l)+ ¢(2)+¢(i)’

whirs @ is %hs poieatial due To motion of oyiimder, and is the po-
tential of the diffracted wave, from a rigid oylinder. By construction we then
have - i
2 i
%f : da¢r L2 . =0

and, hence,

o¢ _ 3¢ L,

or =~ Or B

o cos (ot+e)cos8 at r=a,
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which is the desired boundary condition. On combining Equation (3) of the pre-
vious section with Equetion (15) and (16) we can oocmpute the vertical foroe on
the cylinder. The equation of motion then becomes

2 2 r rd 'n'/

- 2
por oot dtl sin(otte):— {Zp.gkzxczjo D(8) sin 84d8

+2pgAaf(ka) } sin ot
from which it follews that € =0 and

TR {fo””o(e) sn 846 + Likall . (17)

The oonolusion €:=0 means that liis motion of the oylinder is either :n

phase, or exactly 180° out of phase with the pressure dus +o the inoident wave
at x=0.

The results from Bquation (17) are plotted on Figure 2 for the rugion of
higher frequenoies. For amaller frequencies, the results cease to bs of wvalue
but it is seen that between the two approximate theories included ir this report.
it is possible to oover almost the entire range of frequenoies with considerabls
accuracy.

For purposes of oomparison the results usinz wvelues of the viriual
mass and damping factors which are oonstant and equal to their experimentally de-
termined values are included in Figure 2. It is seen that the maximum smplitude
predicted in this menner is nearly 20 perosnt too high, while the method of this
report yields the maximum almost exactly.

Future Studies

The analysis of the present report may be repsatsd for the case of the
sphers, althcugh the prooedures are semewhat more oomplicated. The solution for
large ¢ has been cbtained and the numerical caloulations have been carried ocut.
The formal solution to the forced osoillation problem has also been obtained and
ealoulations ars undsv why. 1he calculations involve golutions of systems of
linear equaticns and are quite iengthy.

It mey be remarked that despite its apparent complications, the priblem
of ths sphsrs seems to be fundamsntally simpler than that of the cylinder. The
reason ig that the wave motion due to the presenca of the sphers vuaishss av

infizdty‘\*/ and one is left with the incident wave cnly. The oylinder on the
other hand produces waves whioh remain finite at infinity and it is rot clear what
one should tako as conditiocns at infinity.

It ie in fact possible to obtain formally a oompiste solution to the
problem of the motion of a sphere in aun incident wave. This solution has been
obtained and involves some additional numerical oaloulations, in addition to which
thers are soricus convergence questions still unanswersé, It is howevar, planned
to present these results ip the near future.



0

R L g

Eoe o T TR

é
5
g
:

i
2
®
P

9
geferenoes I
(1) Fuohs, R.A., Series 29 Issue 49, Institute of Zngineering Research, University:
of California; Pebruary 1951,
(2) Fuchs, R.A.,and MacCamy, R.C. Series 61, Issue 2, Institute of Enginaaring
Reesarch, Uaivsrsity of Calif; July, 198%.
(3) Ursell, F., Quarterly Journal Mechanics and Applied Mathematics; vol. 2,
part 3, 1949.
(4) Weinblum, G., and St. Denis, M., Trans. of the Society of Naval Arckr’teots
and Marins Eangineers; vol. 58, 1950.
(6) Havelock, T.H., Philosophical Mag.: wvol. 33, 1942.
(6) Taylor, J.L., Philosophiocal Mag.; series 7, vol. 9, 1930.
(7) 8ibtul, 0., Series 61, Issue 1, Inst. of Eugineering Research, University of
Califorpiay July 1953.
(8) Kennard, B.K., Quarterly of Applied Mathematics; wol 7, 1949, |
(9) John, F., Communiocations of Applied Mathematios; vol. 3, no. 1, 1950.




e

S | ]

T R A W M o e | MR RO/ VR0 DTN | 45 O ER OB o

Appendix - Discussion 2f th» Swwmisee Goniition
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In order to study the simpiified @ cundary conditien, =0, we first
consider the exact soluticn of ths nroni:m of waves of fresquency, ¢ , in the
presence cf cbstacles cof tounded ovnsic .nestion. Suppese that the depth of the
water 1s finite, N , and let R dencte the rsgiocn of the fluid exisrior to ths

cbstecle. In this rcgion the potential, ¢ , loay be expanded in a ssries of
¢ aracteristic functioens,

]
@ = Agy €05 Kol x-xy,) cosh kyly+h) + “; A, cos k, (y+h) cosh b, {x~xg), )
(A-1

where ko, T ikn ers rcots of the equation,

0%z gk tonh k h

and the Ap are constants. These ccnstants could be determined if ¢ wero
known over the vertical section x =y;, -h<y <{ . However, for
our purpose it suffices to remark that, in water of large depth, the pctential
quickly apprcaches the form

¢ = Ao €0s ko (x=xp) cosh k(y+h)

as the distance from the obstacle increases. Hence. we have

wnioch, in the case of paricdlc moticn, means

!
$=0(A )  for y:0 . (a-2) l
Now the surface elavaticn, 7 , is obtaired from ¢> by means cof the equa- i’
tion
LLae , 5
1 9 Ot i
2

")50(% Ao) - (-3) ;

)

Now ist O bo a dimensicn of the cbstacle. We may determine the de- 'Ff.'
pendence of Ay and ccnsequently of db and 7 on O by a simple dimensicnal °
argument. The variables of the prcblem may be taken as a0, ¢ and g. We then set {
A°=O(ga aﬁ a? ) 2 4

) . {lengzth) :

and determine a, B ., Yy 8o that A hee the propsr dimensions, namely time . ,"
This calculaticn gives »
Ao=0(g° gt a gzma \\

for some a . Thus we have f
;

¢=O(ga "2 G270y L y: 0, 17=O(ga-' g2 g% (A-4) ‘%
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A-2
Now thz vsloceity potential of a progresciwe wavs 15 given by
_ gA cosh kg (y + h ) : )
D = = Ses ko T cos (ko x — o t) , (4=5)

v.ere A is an amplitude. For the cases in which we are interested, namely, the
motion produced by forced oscillation of & cyliinder, end by the diffraction of an
incident wave about such a oylinder, we wish to have the wave motion at infinity bs
of the torm in Equation (A-5), with A bounded. It follows then, by comparing
Bquations (A-4) and (A-~5), that

a

¢

Ws have shown, therefore, that to obtain motions produced by an obstacle of bounded
cross-section, which give finite wave heights at infinity, we should solve the
problem obtained by setting ¢:=0 on the free surface.

s that is,

O (/o) at y=90, n=0(01) .

Sems— .y [
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San Diegn §52, Calirf

Chief, Bureau of Yards and Docks

Nowir Noarnawrdrvund
SHAVYy ~LOparlumenv

Washington 25, D.C.

Commanding secreral
Resoarch and Developnent Div.

Dept of the Army
washington 25, D.C.

Commandiny Officer

Caubridge Field Station

230 Albany St.

Cembridge 39, Masc. Attn CRHSL
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National Resenrch Council

2101 Constitution Ave.
Aashington 25 D,C.

Attn:s Comm. on ‘ndersea Warfare

Project AROWL, U.S. Naval Air Station

Bldg R-48

.Norfolk, Virginia

Dept of 4serology
U.S. Naval Post Graduate School

Koptersy, Calif,

Cormandant (0AO), U.S. Coast Guard
1300 BE. St. M.,
Washington 25,D.C.

Director, U.S. Coast & Geodetic Survey

Dept of Conmierce
Washington 25, D.C.

U.S. Army, Beach Ercsicn Board
5201 Little Falls Rd. N
Washington 16, D.C.

Dept of the Army,

Office of the Chief of Engrs.
Attn:Library.

Washingten 25, D.C.

Mr. A.L. Cochran

Chief, Jydrology and Hydr. gdranch
Chief of Engineers

Greavelly Point

Washingtor, D.C.

Comnanding; Officer

U.S. Naval CE Research & Evaluation Lab

Construction Battalion Center
Port Hueneme, Calif.

Dept. of Engineering,
University ol Calif.
Bserkeley, Calif,

The Oceanographic Inst,
Florida State University
Taliahassee, Florida

Head, Dept of Oceanozraphy
University of Washington
Seattle, .ashington

Copnies
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Assresses

Bingham Ccewnographic foundation
Yale University,
New Havsn, Connecticut

Dept of Consarwation
Cornell University
Itheca, N.Y. Attn: Dr. J. Ayers
Director,

Lamont Geologicsal Observatory
Torrey Ciiff,

Palisades, N.Y.

Allen Hancock Foundation
University of Southern Calif.
Los Angeles 7, Calif.

Director
Nerragansett Marine Lab.
Kingsten, R.I.

Dirsctor

Chesapeake Bay Inst.
Box 426A RFD #2
Annapeclis, MNd,

Head, Dept. of Ocsanography
Texns A & M College
College Station, Texas

Dr. Willard J. Pierson
New Yorik University
University Heights

New York 53, N.Y.

Director

Hawail Marine Lab.
University of Hawaii
Bonolulu, T.H.

Director
Marine Lab, University of Miami
Coral Gaklies, Fla.

Head, Dept of Oceanogruphy
Brown University
Providence, R.I.

Dept of Zoology
Rutgere University
New Brunswick, N.J.
Attn: Dr. H. Haskins
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Library, Scripps Inst. of Oceanography
la Jolilm, Calif.

Director
Woods iole Oceanograrhic Inst.
woods Hole, iass.

Director, U.S. Fish and wildlife Serv.
Dept of the T terior
Washin_ ton 25 D.C. Attas Dr. L.A.Valford

U.8. Fish and Wildlife Serv.
P.0. Box 3830
Honolulu, T.H.

U.S. Fish and Wildlife Serv.
Wceds Hole, Mass

U.S. rish and V/ildlife Serv.
Fort Crockett,
Galveston, Texas

Y.S. Pish & Wildlife Serwv.,
450 B. Jondan Hall,
Stenford University
Stanford, Calif,

U.S. Waterways Experiment Station
Vicksburg, Miss.

U.5. BEngineers Office
San Francisco Dist,

180 New Liontgomery St.
San Francisco 19, Calif.

U.S. Engineers Office

Los Angeles Dist.

P.0., Box 17277, Foy Station
Los Angeles 17, Calif.

Office of Honolulu Area Engrs.
P.0. Box 2240

Honolulu, T.H.

theirman, Shis to Shore Coutinuing Bd.
.S. Atlantic Flest

Corrander Amphibious Group 2

FPO, N.Y., N.Y.

eE=

Commander, Amphibious Forces
Pecific Fleet
San Francisco, Calif.
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Addrassee

Coumeondsr

Acphibious. fraining Command
U.S. Pacific Fleet

3un Diego 32, Calif,

bre Mo St. Dennis

David Taylor liodel Basin
Navy Dept.

Washington 25, D.C.

Dist. Engineer, Corps of Engrs.
Jacksonville Dist,
575 Riverside avs,
Jacksonville, Fla.

Missouri River Division
Corps of Engrs,

P.0. Box 1216

Oraha 1, Nebraska

Cormsndant oi Marine Corps Schocl
Quantico, Va,

Sir Clsude Inglis, CIE

Dir. of Hydraulics Research

% Office of Haval Kes. or. Orfice
Navy No 100, FPO. N.Y., MN.Y.

Counandant

Hq. Marine Corps R-4 Rm 2131
Arlingior Annex

Wrshington D.C.

Attng Lt-Col. Hd.H. Riche

Chief

Andraws Air Force Base

Washington 25, D.C.
ttn: ir. 3%one.

U.S. Army Transportation Corp
Research and Developrent
Fort Eustis, Va.

Attn: kr. J.R. Cloyd

British Joint Services uission
Main Navy Bldg
Washington 25, b.C.

California A-adery of Sciences
Golden Gate Park

San rrancisco,; C.lif.

Atin: Dr. R.C. niller
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