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THEORETICAL COMKENTS TCJjgE. KISTIAKOWSKI'S MSMORAUDUM 

H. A. Bethe 
June 16, 1944 

Interaction Between Detonation Waves 

•f€Ji' " " "" 

According to our present theoretical belief, regular reflection of a 

detonation wave from a rigid wall is possible only for angles «f inci­

dence up to 45°• At 45 the velocity of the Mach wave is not sufficient 

to keep pace with the interseetion between incident detonation wave and 

reflecting wall. It is estimated that a Mach wave can only exist for 

angles of incident greater than 57 • It is not known what hai^ens between 

45 and 57°; it is possible that two successive reflected shock waves will 

be formed or some still more cooplicated type of reflection may occur. 

I I . Partitions 

Very l i t t l e i s known theoretical ly about delaying partitions* I t seems 

l i k e l y that low sound veloci ty i s desirable and therefore heavy materials 

of high ecfl^ressibility. High density may also be desirable in i t s own 

right . 

I I I . Laises 

It is desired to produce a plane detonation wave using a single detonation 

point. Suppose we use high velocity explosive of detonation velocity C^ 

and low velocity ejgslosive of C2 &s indicated in Figure 1. Let us also 

assume that the detonation velocity is strictly constant in a given explo­

sive and that we do not get any transition effects in going from h i ^ to 

low velocity explosive* Ihether this assuraption is true if being investi­

gated here at present from the theoretical point of view. 
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It then is a siiâ le problem in geometric optics to find the shape of 

the boudary between high and low velocity explosive. We wish the 

detonation to arrive simultaneously at all points along the line AB« 

It is clear that for this purpose the detonation wave must have tra­

velled perpendicular to AB in the low explosive* An example of a 

possibel path of the detonation is given by the line OCD in Figure 1, 

We require that the time taken should be the same for all such paths, i.e< 

OC + CD - constant 
Cl Cp (1) 

It is easily found that this condition requires that the boundary ACB, 

be a hyperbola and that the detonation point 0 be at the far focus of 

the hyperbola. 

Let a be the distance from the detonation point to the apex £ of the 

hyperbola. Then the axes of the hyperbola are 

h^2 
in the direction OE and 

/? = a 

(2) 

(2a) 

in the direction perpendicular to it. In terms of these axes the equation 

of the hyperbola is 

(X - th—f 
2-2 ^ 

(3) 

where the detonation point is the origin and the X axis is in the direction 

0£. 
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The distance of the detonation point 0 from the plane AB is arbitraryj 

the only condition is that A and B lie on the hyperbola. Likewise 

arbitrary is the shape of the outer boundary of the high velocity 

explosive which is sketched with dashes in Figure 1, The explosive 

can be used in a thin slab, i.e. its thickness perpendicular to the 

paper can be thin eoaapared with AB. It would also be possible to use 

thick ej^losive and to rotate Figure 1 about the axis OS. 

In order to get focusing on a reasonably large plane AB with rea­

sonable short distance of the detonation point 0 from the plane it is nec­

essary that the ratio of the two detonation velocities C]^ and C2 ^ as 

large as it can conveniently be made* 

Assume that there is explosive extending below the line AB as 

indicated in Figure 1, Then the detonation front at later times should 

be parallel to AB everywhere below the line AB, and should be circular 

at the ends as indicated by the line FCHE. It would be interesting to 

observe this shape for various thicknesses of the explosive below AB* 

It shotald not make any difference idiether this e^qplosive is high velocity 
> 

or lew velocity but e:iq}eriment8 with high velocity would be sesiewhat more 

^Jy interesting. 

O The deviations from geometric optics are likely to be in the sense 

that the detonation velocity in the low velocity explosive is somewhat 

"̂  greater than nermal idien the explosive is hit by a detonation wave from a 

high velocity explosive especially if it is hit head on. To conpensate for 

this effect it would probably be necessary to increase slightly the height 

of the low velocity explosive near the point S as indicated by the dotted 
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line in Figure 1* It is e3q)ected that no great change from the 

hyperbola is required* 

If no satisfactory results can be obtained with the arrange­

ment in Figure 1, the arrangement in Figtire 2 may be contemplated* 

In this arrangement there is low velocity e:q}losive around the de­

tonation point, the low velocity eaqjlosive forms an ellipse with the 

detonation point at the far focus and the waves are supposed to be 

plane in the high velocity explosive below. This arrangement is de­

finitely inferior to the arrangement in Figure 1 because it uses more 

low velocity and less high velocity explosive* The reason irtiy it might 

be easier to construct is that there is no transition from high to low 

velocity at which deviations from the usual detonation velocity might 

occur. No such deviations are expected for the transition from low to 

high velocity because the detonation wave must n\mm have at least 

the velocity given by the Chapman-Jouget condition. 
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