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original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.
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The following is & memorsndum from von Neumann to Oppenheimer dated 8/28/44.
T0: J. R. OPPENHEIMER
FROM: J. VON NEUMANN

SUBJECT: SURFACE WATER WAVES EXCITED BY AN UNDSRWATER EXFPLOSION

The Navy Bureau of Ordmance, Section Re 2¢ has made experiments on
this subject, and further experiments are now in progress there, as well as

at the Underwater Explosive Laboratory, Div. 2, NDRC, at Woods Hole.

The Bu. Ord. experiments were made with biz charges: 3, 6, 21 and 46 (1)

thousand pounds of TNT, in 40 feet of water, exploded at the bottom. The maximum

bubble radii of these ars about 38, 48, 73, 95 feet, respectively. Thus the two

first ones nearly or just about break surfase, while the two last ones ouzght to .

produce well defined holes, comparable to those which are produced by MeMillan's

procedure. The hole radii ousht to be somewhat less than the computed bubble

radii, since the bubble in the last stuges of its expansion has less than atmos-

éhemo pressure.
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Now onc of chillan's series of observations zZave thls.
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The actual observations on the'46"300 poumdbocﬁﬁ?"e wore as follows: The equiv-
alent hole radius " is of the order of but less than 190' {see above), hence the

scaled up value of 120' is acceptable. Thent

£t :

401 1201 -~ 20 o 40 ggs] 200 8 {
average to ‘o
25 T4 100¢ 4

5600 . -

observed valuss.
So the 46,000 pounds chargze scaled essentially correctly from ¥cflillan's smallest
scale experiments, which were below it by factors of 480 to 120 on the linear scalel

Theoretical offorts were also made to understand the surface wave excitation
by an underwater explosion. The inital work is Kirkwoods, gome modifications were
sugested by Herring, what I desoribe ir the following is a still later versiom,
whioh seemed most satisfaoctory to me.

The caloulations which follow describe the explosion by its zas bubble,
whioh is assuned to be at depth R, in water of depth H, and the bubble is treated
as a point. It is supposed, however, to displace & volume V(t) of water which must
be knowmn as & function of time, i.e., the bubble is desoribed as a point sou;ce.
with the intensity =x(t) ={dV(t))/dt at the time t.

This is, of course, rather far from the "hole in the water" model, but
it may give an idea of the orders of magnitude of the quantities involved.

Using coordinated 2,r (sce Fizure) for a general point P, let
¢ =%(p,t) = §(a.r,t)
be the velocity potential. The

water is treated as incompressible. Figure
Surface
The effeot of the source
R é;ll___egp
onlone would be a velocity field Water H ‘] t
. . ~-& Source (=Bubble

given by the potentisl 1¥

X(t) 1 %2 *°0 eoe seeBattom

¢ 2 mm—— .4-_!-’...&..
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The influence of the -botﬁomns zal:@n ixz.,o acoount by adding an image

point, i.e., by using the potential
1

@ (%) 1 .
s S S R .
s 4T ST (2 - H-R) Jré « (2 - H e« R)*

In order %o acoount for the influence of the surface as well, a further

potential @‘ must be added, whioh is regular everywhere in the water, i.e., the
finel potential is
é-0+3,.

Now the differential equations for @. begone:

(L Vz @, = 0 * {incompressibility),
(2) —-—%-@-’-—- E = 0 {vottom),
2 220

(3) | 3% . } -
— =
ot dz ol

baq’: b Q°§

3t? ¥z z=H (surfacs).

Applying & Bessel trensformation (in r)

= § (e r, )= Swf'(z, k, t) J,(kr) kdk,
(1), (2) are satisfied exactl}; by

£z, ko t) = Flk.t) cosh(zk),

and {3), after a Bessol transformation bcoomes

ozF
cosh (Hk)+ F- gk sinh (Hk)=

btz
329
== j btz g 52 \ ° 'Jo (kl’) rdr =
2
= {gx -3 u%é-é) 5% © ~Hik cosh((ﬁ - R)k)
LI I Nt S S =
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.80, . .E.E ece see 3o
._gz.g___yga F= \ .
RS- SR
where

W = W{k)= (g ktanh (Hk).

This gives

Pareeed oo SRUE-mO
t o2
R S (sx(s)""“;lg d: Z sin@(t - s?)ds +
t0

+ A, (k) cos (t)+B, (k) ein wt).
to o
Assume that the explosion occured at ©t=0Q, i. e., V(t)B80 and =x(t)RO0 for t<O0.

Then necessarily 4):-0 and with it £20, F20 for t<0. Hence for a choice to¢-0
< »
necessarily A‘bo (k) 'Bto (k) %0

Two partial integrations in the utove expression for F allow to replace
‘“’és) by Vis). Remembering to%0
8

2
a¢x(s) by =x(s), and one more, to replace x(s) =

ds?

and its implications, this glives

. cosh _{(H - R) X .
Fe Pk b) = %'1? Zosh (Hx) e .

1 av(s) & g V(s) cosfus(t = s))ds .
A .

© ket dt  cosh (Hk)
' o

Now one ocan put, by continunity t,= 0. The main eff'ects cocur after the

bubble has collapsed. Assume therefore
V.s) 80 for 8O0 as well as

for s>7T,

the To O being the significant bubble period. Assume further +>T. Then
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Fzr(k,T)= -gw ﬁg:hﬁmc) ) (s cos(u)(t 5)) ds
o
From this
T (¢ - R)K) cosh (zk)
= - cosh {(H - c08
é‘ @‘(z.r,t) .g-“' g cosh? (Hk)
o
T
o( v(s) ooséo(t - s)) - J, {xr) rdr.
)

(Remember thatw=w(k) ngk tanh (Hk) )

These formulae allow to compute the velocity, pressure, surface wave

height everywhere. Numerical caloulations are being carried out now in the Bu. Ord.,

Séction Re 2o, Washington, and by the Applied Kathemetiocal Panel Computing Project,

New York.

Some preliminary results seemed to agree reasonably well with the big

charge experimenis,

(P.S. My formulae ouzht to be checked, ‘although 1 think thut they are

oorrect.)
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