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Abstracl

The shape of a crater produced by a 454-gm charge of TNT buried 152 mm below the sutface
of a uniform, homogeneous, isotropic medium (sand) was expanded as a Fourier-Bessel series.
The _ coefficients of higher harmonic components show that tendency toward polygonalism need
oot be a consequence of precrater preferential directionality io rhe medium.

Introduction

Polygonalism of catels, both lunar and terestrial, has been known for a long time.
A fairly extensive list of references can be found, e.g., in Fietder (I)6I, p. 180; I)65,
p.  19) .

Speculations as to the causes of polygonalism either advocate precrater lxeferential
directions, or crustal stesses and alterations following crater formation ( Fielder, 1961,
p. 18o: 1965, p. I40,749) or a combination of the two.

Vhile the above interpretatiors may be collecq we want to sho,q/ that neither
need be a necessary condition for polygonalism. Our analysis was carried out on an
experimental crater produced by a detonation of a spherical charge ol 454 gm of Tlrll
in a homogeneous, isotropic medium of virtually zero cohesion. The specifications of
the cate! wele taken from C. V. Fulmer (1965) aad are reproduced in Table 1. The
crate! $/as surveyed immediately following detonation so that oo postcrater changes
were introduced.

Our results show that this crater shows a significant tendency toward "squareness,"

and a slighr one toward "pentagonalism."

Analysis

The shape of the present crater is shown as a contoured map in Figure 1. This shape
was converted into a digital representation in polar coordinates r,8 along I20 ndial
profiles, 3' apart. Along each profile the shape was evaluated ar 40 mm intervals to a
distance of 3.92 m. Tbe origin of the polar coordinate sysrem was directly above the
center of the charge. Accuracy in determinarion of rhe verrical relief is of the orde! of
:t 1mm ( Fulmer, 1965).

The digitalized crater shape, { (r,r1), was then expanded as a Fourier-Bessel series,
( Bmnwell, 7953, p. 82 Gray and Mathews, 1966, p. 117)

l Undergmduate thesis in Physics, University of Puget Sound, Tacoma, Ifrashington !8416.
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TABIE 1. Crater Specifications'D4a.

Explosive

Medium

A. Sphere of TNT, 454 sm
B. DeDth of burial. 152 mm
C. Deionation energy, 2.09 x 1013 ergs

A. Vell-packed, fine'grained, kiln'dried plaster sand
l '  Mojsrure percent , ,0.5
t. Denstry, r.o gm /cm"

B. Saod gtain size: 100 perceat smaller than #8 screen,98 p€r-
cent smaller than #16 screen,66 percent smaller than #30
screen, 11 percent smnller than #50 screen, and 3 percent
smaller than #100 screen.

A. Test-pit saod medium was compacted with the aid of a

Jackson Mechaoical Compactot capable of delivering blows
of lt psi, to a density of approximately 1.1 gm/cn\3.

B. Entire pad area was leveled to a plane sutfare of i 2mm.
C. Area 5 of The Boeing C-o. Tulalip test site, Marysville,

Washingtor.
D. Arca was 7.62 m square and 1.83 m deep, underlain by a

gravel-filled sump.

A. Maximum crater depth : 191 mm
B. Averaee crater radius - 648 mm
C. Maximrm crater radius = 682 mm
D. Average X-Y height : 39 mm
E. Average X-Y l ip- to- l ip d iamerer -  18t0 rDm
F. Crater  volume -  117 x l0bmmJ

Topographic measulements were takeo with a Sraduated track,
bridge, and vertical probe assembly. The crater survey tecorded the
posrshor relief by measuring along traverse< paralleJ and normal
to rhc t racls.  Postshot  e levat ion value\  qere recorded and u.ed
io the construction of cootour maps.

Test Site

Topographic Measurements
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Here J. is the n-th order Bessel ftrnction, and a is the radial distance at which the

relief is assumed to die out. N and S should be infinite, but for practical reasors,

the summation was truncated at

N T  -  q  -  1 ?

The function f (r,O) is the "ttue" ctatet shape, whereas 1(r,O) is its digital represeota-

tion. The coefficients k,," were determined so that the n-th order Bessel function has

its s-th toot dt t : a.
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Figure l. Cootoured map of cratet. (Elevations id millimeters. Contour inte$al 10 mm, exceptthe discontiDuous 5 mm at the periphery of the figufe. )

If the clarer were circularly symmetrical, only the A"" would be finite; the rest of the
4," and B"" would vanish. If, on the other hand, the crater deviates from circular sym-
metryJ those coefficients are also finite. An "elliptic" crater will have a significant con_
tribution to its spectrum in rhe A:", Br.; a "square" 

one in Aa, Ba"; a .,hexagonal', 
one in

46", 86"; and so forth. Likewise, if a crater is faidy cirarlar in the central polrion, but
begins to show polygonalism farther away from the cen er, the contribution will be
noticeable iq the lower values of s; otherwisg in the higher ones.

Equation (2) was solved numerically on the General Electric 6j5 digital com_
Pulet.

Since it is the abso.lute value of the coefficients thar gives the information about
polygonalism, we derived the coefficienrs

\ r
l- 1OOO mm ---l
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Figure 2. Absolute magnitudes of coefficients of specttal components.

These are tabulated in Figure 2 and contourcd at 1 mm intervals for the first 5 mm

as if they represented a cm.inuous function in n and s. (C., have been divided by
two ro account for the coefficient of the absolute term in the Fourier expansion. )

Discussion of Results

Naturally, the dominating contribution to the sp€ctrum of the crater comes from the

A"" coefficienc. A small amount of asymmetry and ellipticity is noticed by the magni-

tudes of Cr" and C2s, resPectively; but with increasing n, the magnirudes decrease

rapidly until we reach n:4ar,d n - 5, indicating a tendency toward a "square'

and a "pentagonal" crater. Beyond n : 5, the coefficients are of the order of a

millimeter- or a fractioo thereof. thus of the order of observational erors.

It may be of some significance that both the low and high trend on Figure 2

(heavy lines ) are slightly inclined toward the east of north. It may mean that, clooer

to the center, the tendency is toward a lover order of polygonalism, whereas farther

away, the shape tends to break up towaid a higher number of lobes.

Figure 3 represents the square roots of sums of squares of the columns of Figure 2:

t2
: (A:" + B":")

( Herq the Do has been omitted because of its much greater magnitude.)

Since elevation data are reliable to approximately -L 1 mm, the level of significance

of those sums is about 1.46 mm. The results are obvious: the ecceotricity of the crater

and the "squareness" are of approximately the same magnitude; the ellipticity and

pentagonalism, while lower than the above contributioos, are significant; the lest of

the harmonic components ale on the verge of, or below, the level of significance.

(4)

( 5 )
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Figure l. Squarelootr of sums of squares of coefficientt of harmonic compo[enas versus n :

Conclusion

Sioce rhere does nor seem to be any reasonable possibility that rhe rnedium in which
the above crate! was generated had any pleclarer preferential directionality, and since
the coefficients of some of the higher harmonics are well above the level of signifi-
carice, 'we condude that precrater directionality is not a ne€essafy condition for crater
polygonalism.

That, of course, opens the quesrion as to what mechanism is reslrcnsible for the
presence of higher hatmonics in rhe crater shape. I(hile an arswe! to the above
question is nor a pan of the present problern, we speculate that the interface betweeo
the 

_ambienr 
medium and the expanding gasses created by the detonation may become

Tafor unstable during the later srages of the exlxnsion process and that crater"polygonalism" 
may be a result of stress concentlarion and 'e$ing along preferential

azimuths of the fascgrowing higher harmonics pemubetion.
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Association News
The annual fall meeting of officers and trustees of the Association was held October 5,

1974, at Ellensburg, \(ashington under the guidance of President John Shrader'

Plans for the spring meeting on March 27, 28, atd 29 at Cetttal Vashington State

College have treen firmed up. At present calls have gone out for papers in all sections

of the Association. Interest in this meeting is growing nPldly. A spcial symposium

concerning refinery location problems is being planned. Also President Shrader has

urrunged ior Mr. Don Porter to entertain following the hanquet'

Oiher business of special interest to members is the Foltosed increase in dues-

to $7.00 for regular members and $3.00 for students, with a $1'00 surcharge if paid

after January 1, 1976. This will be decided upoo by the members next spring'

A membership drive is under way aod each member is being asked to recluit one

new member this year.
Please be reminded to send your 197) dues to R. Naskali, Depanment of Biological

Scieoces, University of ldaho, Moscow, idaho 83843-$5 00 for regular members and

$2.00 for students.
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