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ABSTRACT

The model of Haskell for explosion source time
functions and spectra fails to satisfy data in the
short-period band recorded teleseismically from the
three Amchitka Island underground nuclear tests:

LONG SHOT, MILROW and CANNIKAN, A more recent model
due to Mueller and Murphy satisfies the data quite
well, The difference in the two models is basically in
the falloff at high frequencies, A simple revision of
Haskell's model produces waveforms and spectra nearly
identical to ones from Mueller and Murphy's model,
This revision requires velocity waveforms to have a
rise time of extremely short duration at the elastic
boundary, a premise validated by actual near-field
measurements,

Waveforms are derived from the revised Haskell
model and the Mueller and Murphy model and illustrated
for pressure at the elastic boundary, reduced displace-
ment potential at the elastic boundary, and far-field
displacement, Corresponding spectra are derived and
illustrated,



TABLE OF CONTENTS

Page No,
ABSTRACT
SYNOPSIS OF PREVIOUS WORK ON SOURCE
SPECTRA AND YIELD SCALING 1
BODY-WAVE SCALING FOR AMCHITKA ISLAND TESTS 3
Scaling of first motion amplitudes for
LONG SHOT, MILROW, and CANNIKAN
P-wave spectral ratios at RK-ON 7
GENERALIZED FORMS FOR EXPLOSIVE SOURCE
TIME FUNCTIONS AND SPECTRA 9
Haskell's original formulation 9
Revision of Haskell's model 10
Mueller and Murphy's formulation 15
DISCUSSION 18
REFERENCES 20

3



LIST OF FIGURES

Figure Title

RK-ON smoothed acceleration spectra for
MILROW and LONG SHOT,

Theoretical and observed displacement
ratios for MILROW and LONG SHOT,

Observed and analytic displacement
potgytials for granite (from Haskell,
1967).

Particle velocity recording in near-
field of GASBUGGY detonation (from
Perret, 1960),

Pressure waveforms at the elastic boundary
calculated from revised Haskell's model,

Reduced displacement potential waveforms at
the elastic boundary calculated from revised
Haskell's model,

Far-field displacement waveforms calculated
from revised Haskell's model,

Pressure spectra at the elastic boundary
calculated from revised Haskell's model,

Reduced displacement potential spectra at
the elastic boundary calculated from revised
Haskell's model,

Figure No.

S5a

Sb

Sc

6a

6b

Far-ficld displacement spectra calculated from

revised llaskell's model,

Pressure waveforms at the clastic boundary
calculated from Mucller and Murphy's model,

Reduced displacement potential waveforms at
the elastic boundary calculated from Mueller
and Murphy's model,

6¢c

7b



LIST OF FIGURES (Cont'd.)
Figure Title Figure No,

Far-field displacement waveforms at the
elastic boundary calculated from Mueller
and Murphy's model, 7c

Pressure spectra at the elastic boundary
calculated from Mueller and Murphy's model, 8a

Reduced displacement potential spectra at
the elastic boundary calculated from Mueller
and Murphy's model, 8b

Far-field displacement spectra calculated
from Mueller and Murphy's model, 8c



LIST OF TABLES
Table Title

Ratio of CANNIKAN and MILROW amplitudes
of first motion at seven common stations.

Summary of measured and theoretical first-

motion amplitude ratios for Amchitka Island
explosions,

Table No.

II



SYNOPSIS OF PREVIOUS WORK ON SOURCE
SPECTRA AND YIELD SCALING

The response of an infinite homogeneous elastic
medium to a pressure function acting on the boundary of
a spherical cavity has a well-known solution (e.g.,
Sharpe, 1942; Blake, 1952). The solution for simple
time functions of pressure such as a step or a decay-
ing pulse are straightforward, Recently attempts have
been made to model the exact source time function for
nuclear detonations with the aid of close-in empirical
measurements, Among other reasons, we feel it is
imperative to obtain a nearly exact model for the source
function so that spectral ratios applied to the short-
period band, from 0.2 to 5 cps, can be formed and
analyzed in an intelligent manner for purposes of
discrimination,

Haskell (1967) formulated the source spectrum of
an explosion by fitting a parameterized function to
actual displacement potential functions calculated from
measurements just outside the elastic radius of under-
ground nuclear explosions, The function used results
in a far-field displacement spectrum which is asymptotic
as the inverse of the fourth power of frequency (von
Seggern and Lambert, 1970), This falloff entails a
high-frequency scaling of displacement inversely pro-
portional to the cube root of yield (i.e., large
explosions emit less high frequency energy than small
explosions) and a low-frequency scaling of displacement
proportional to yield,



Mueller and Murphy (1971) have formulated a model
based on theoretical considerations of the medium
response to an explosive source near the surface. The
theoretical underpinnings are basically those of Sharpe
(1942) and Blake (1952). The far=field displacement
spectrum from these models is asymptotic as the inverse
of the square of frequency for high frequencies. This
entails a high-tfrequency scaling of displacement
directly proportional to the cube root of yield, in
contrast to Haskell's model, The low-frequency scaling
is the same as for Haskell's; that is, displacement is
proportional to yicld,

The purposc of this report is to compare the two
models to data taken from teleseismic recordings of
the three Amchitka Island underground tests. A full
devclopment of explosion functions will be made after
reviewing the data; this will include representations
for the pressure and displacement potential at the
elastic radius of the explosion, the far-field dis-
placement, and the spectrum of cach of these functionms,
In this report we exclude the cffects of the free

surface on the theoretical source functions, and for
‘ comparison with theory we attempt to remove the free
surface effects in the data,



BODY-WAVE SCALING POR AMCHITKA ISLAND TESTS

Scaling of first motion amplitudes for LONG SHOT,

MILROW, and CANNIKAN

We will compare the measured relative amplitudes
of the P-wave for the three Amchitka Island tests with
values calculated from the two theoretical scaling
formulas under consideration., The reported yields of
the three explosions are: LONG SHOT, 80 kt; MILROW,

1000 kt; CANNIKAN, 5000 kt. In order to avoid the
effects of the reflection from the surface, which is
delayed approximately a half second relative to the
initial pulse for LONG SHOT (Cohen, 1969) and more for
the other two shots, we must use the unbiased amplitudes
of the initial upward ground motion at the receiver,

By measuring this first quarter-cycle at several common
stations, von Seggern and Lambert (1971) determined the
ratio of MILROW to LONG SHOT amplitude to be 6,49, We
have repeated the same procedure with CANNIKAN and
MILROW at seven common stations for which data could

be obtained at the Seismic Data Laboratory; the measure-
ments are listed in Table I, The average ratio of
CANNIKAN to MILROW amplitude is thus estimated to be
2,56,

From Haskell's scaling theory for granite, we can
calculate using the displacement spectrum formula as
given by von Seggern and Lambert (1970) the relative
amplitudes at a frequency of one cps. From Haskell's
work, one is not able to account for the effects of
small changes in medium properties. The granite scaling



TABLE 1

Station %ll\%i;‘l:_m_
LAO 2.59
KN 2.36
RK 2.63
CR 2.47
HN 2.01
BE 3.16
TFO 2.7¢
Average 2.56
Standard Deviation .35



is uscd because the Auchitka tests apparently follow the
“"hard rock" magnitude-yicld scaling at NTS (von Seggern
and Lambert, 1971). The amplitude ratios are calculated
at one cps because this agrees fairly well with the
period of the first cycle of motion at all the stations
for all three shots, There is a slight shift to lower
frequencies for increasing yield though. The scaling
ratio between two shots in granite at 1 cps is given

by:

1/2 5/2

u, ¥, (1 a3 a0 anclyl/3)
uy PTNAPIY % 7 4 0P 23 L2 STy Y ¥ 1 4 YT
U CRR TR Y177 A% [1 + 4n%67y5/7)5/2

where

u = vertical displacement in far field
Y = yield

G = ,0185 - constant for granite

A =1+ 248

B s ,24 - constant for granite,

Calculations using (1, give a ratio of MILROW to LONG
SHOT amplitude of 6,58 and a ratio of CANNIKAN to
MILROW amplitude of 1,51,

The scaling theory of Mueller and Murphy (1971)
involves considerably more terms which must be esti-
mated from available data, Their scaling relation
between two shots in different media at different
depths at 1 cps is given by:

(1)
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where
Te1 ™ clastic radius
¢ = compressional-wave velocity
u = rigidity modulus
Wo °© ?/rel
B8 = (A + 2u)/4u () is Lame's constant)
a = kuy (k being approximately 2 for granite)
Pos * 1.5 pgh (p is density, g is gravitational

acceleration, and h is depth)
Poe = (4u/3) (x /7 ) (r, is final cavity radius).

The value p ¢ i{s the initial pressure, and Poc is the
residual pressure at large t. Several assumptions must
be made now. We first assume X = 2u thus making 8 = 1.
This implies that Poisson's ratio is equal to .33, a
value more suited to rocks at shallow depth than .25.
We assume that r, scales exactly as the cube root of
yield, and that rc/re1 equals 0,1, Both these assump-
tions are reasonable approximations (Mueller and
Murphy, 1971). For the LONG SHOT site, we use € = 3.5
km/sec as indicated by the velocity log at the LONG
SHOT site (Lambert et al., 1969). For the MILROW site,
we use ¢ = 4,0 km/sec as indicated by the velocity log
prepared by Snyder (1969). We do not as yet know the



the velocity at the CANNIKAN site; but, using an accepted
velocity-depth law of v = Vo * a(h=h;) where v is the
estimated velocity for the CANNIKAN test at 1.8 km depth,
Vo is the MILROW velocity at its 1.2 km depth, and .

a = 1 km/sec/km, we obtain a velocity of 4.6 km/sec for
CANNIKAN, Using the relation A = 2y, we can calculate

the rigidity moduli for all three sites: LONG SHOT, 7.4;
MILROW, 1.6; CANNIKAN, 12,7, To calculate the peak pres-
sures, p ., We use p = 2,4 gm/cc at all three sites as
indicated by the fairly constant density-depth profile

at the LONG SHOT site (Lambert et al,, 1969), The
remainder of the parameters in (2), a, W and Poc» Can
now be calculated, Application of (2) then to the three
tests results in predicted amplitude ratios of MILROW

to LONG SHOT of 7,57 and of CANNIKAN to MILROW of 2.36,

Table II summarizes the observed and calculated
amplitude ratios, Both the scaling relations of Haskell
and Mueller and Murphy agree with the actual MILROW to
LONG SHOT amplitudes quite well, For CANNIKAN to MILROW,
however, Haskell's scaling is significantly in error
while that of Mueller and Murphy agrees very well with
the data, Together with the RK-ON spectral ratios for
LONG SHOT/MILROW due to Sax (1972), it was in fact the
failure of Haskell's scaling theory to correctly predict
the CANNIKAN amplitude which initiated this study,

For thrce reasons the above comparisons cannot be
entirely convincing in supporting Mucller and Murphy's
scaling relation over Haskell's, Firstly, the change in
the spectral shape with increasing yield in conjunction
with the frequency response of the recording systems

/P~



TABLE T1

Milrow Cannikan
long Shot Milrow
Ratio Log (Ratio) Ratio lLog (Ratio)
Measured Data 6.49 .81 2.56 A1
Haskecll's Model 5.61 «75 1,28 .11
Mucller § Murphy's
Model 7.57 .88 2.36 .37



may distort the measured relative amplitudes at 1 cps;
however we have estimated that this effect cannot be
more than 0,1 or 0,2 in the logarithm, Secondly, the
number of assumptions and estimations required in
applying Mueller and Murphy's scaling rclation calls

for considerable error limits on its results, Thirdly,
Haskell's theory allows for no comparison betwcen shots
at different depths and in media other than the four
which he examined and is therefore not a general scaling
theory,

P-wave spectral ruatios at RK-ON

To rcinforce the results of the comparison using
initial P-wavc amplitude data, we will cxamine the
entire short period hand of the recorded Pewaves from
MILRON and LONG SHOT and compare this with spectral
calculations from the two scaling relations,

Specifically, we cxamine the spectra of LONG SIOT
and MILROK P waves at RK-0N as skown by von Scggern and
Lashert (1971)., These unsmoothed spectra are corrected for
noixe hy subtracting out the epcctrum of a noise sample
Just preceding the signals, RE<ON was chosen among the
many stations in that report hecause the signal is abeve
the noise out to S ¢ps at least for LONG SIOT, and
because the nodulation of the spectra by the surface
reflection is mearly ldeally shown in both cases, We
can remove the effect of the surface reflection when we
merely smooth over these medalations hy conmecting
adjacent spectral peaks with straight lines to get the
spectra shoun in Figure 1, Fron these snoothed spectra,

3o
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Pigure 1, RK<ON smoothed acceleration spectra for MILRON wad LONG <Nl



we calculate amplitude ratios of MILROK to LONG SHOT at
0.5 cps intervals and plot them as in EBigure 2, In
addition, the anplitude ratio at long periods can be
obtaincd from the match filter method for Rayloigh waves;
von Seggern and Lanbert report this to be 8.5 at K0,
and we plot this at .05 ¢cps in Figure 2, Using Naskell's
scaling relation for 80 and 1000 kt shots in gramite,

we compute the spectral ratios shown in Figure 2, Using
a revision of Naskell's model to give o falloff at high
frequencics proportional to the inverse of frequency
squarcd as in Yueller and Nurphy's nodel, we calculate
the ratios showm in Figure 2 which agree remarkably

well with the actual Jdata, (This revision will be
discussed in the mest section, but its form is nearly
equivalent to Mueller and Nurphy's, and a full extene
sion of cquation (2) across the band from 0.5 to 5 <ps
would produce a line nearly identical to the solid

one shown in Figure 2,)

Ihe results of comparing spectral ratios at cae
station and First motion amplitudes at several stations
together affirm the validity of the nodel of Nucller
ond Marphy and cast doubt on the validity of Maskell's
model, In the mext section we will delineate the
esseatial physical differences of the eaplosive source
nechanisn as infersed by the tuo models and Jdevelop
general forms for representing the source time functions
amd spectrae

/6
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GENERALIZED FORNS FOK EXI'LOSIVE SOURCL
TINE FUSCTIONS AND SPECTRA

llaskell® f 2

Naskel) (1967) formulated his model by fitting curves
of the type

.H{.:.} 21 e M) s ke o %l_{ , }%;ﬁ - sy

shere v(«) is the asymptotic value for large t, to reduced
displacencnt potentials calculated fron data taken just
outside the elastic radius of several underground nuclear
Jdetonations. As stated by hin, the forn of this function
was chosen s0 as to wake displacement, velocity, and
acceleration functicns continuous at t = 0 (t is the
retarded time referred to the elastic houndary). This
entails, as shoun by von Seggern and Lambert (1970),

the wd depemdence at high frequencies for the far-

field displacement spectrun, Nashell®s curves according
to (3) are apparently cxcellent fits to the data he
shows, éo reproduce his csample for a granite nediun in
Figure 3, llowever, note that a: the heginning of the
waveform, which is the critical arca in relation to the
falloff of the high-frequency portion of the spectrun,
his analytic curve has a slope significantly less than
the real slope, Ko feel that Haskel)'s requirenent of
contingous acceleration and velocity at the elastic
radius is physically too strong, and therefore we can

7 4
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Figure 3, Observed and anmalytic displacement potentiale for granite
(from Haskell, 1967),



safely assume the more idealized case where acceleration
and even velocity are discontinuous at the elastic
boundary of the medium surrounding the explosion. These:
may not be the exact discontinuities, but the jump should
occur in a time span which is nearly instantaneous relative
to the frequemncy baad under consideration., We show in
Figure 4 a reproduction of a particle velocity measure-
mont outside the elastic boundary of the GASBUGGY shot
(Perret, 1960). The velocity takes a large initial

Jump in approximately .01 seconds; this implies that

for frequencies less than approximately 100 cps, the
spectrum is that of an impulse, i.e., flat. In contrast,
Haskell would require particle velocity to be a ramp-
like function which implies an u"2 falloff for high
frequencies in the spectrua,

Bevision of Heskell's model

By removiag the quartic and cubic terms from (3),
we remove the comstraints of coatimuous acceleratioa
ond velocity in the near field. Thea we propose a
seurce model by fitting the function

-1 -tk sy L

to the same data as used by Haskell, Por the granite
case in particular, we get values of k = 16,8 and
B = 2,04 by requiring that (4) fit the pask of the
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measur2d potential and the asymptotic long-term value ¥ (=),
Several calculated points of this curve are shown in Figure 3.

The reduced displacement potential (4) and the pres-
sure function on the elastic radius are related by
(Rodean, equation 4,17):

2.u(t t
d° (sl d[J=r=s]
el a(t) = v . ab? v . ab? vt (5)
ov (=) dte cr,; ~ dt ;:3 V(=) -
Using (4) in (5), we obtain
rel3
- okt 432 (6)
——y—— 0(t) = e " [B(kt)® - Akt + 2B]) + 1
4obw(m)

where A = 2B + 1, and we have assumed k = c/re1
and, with » = 2y, k = Zb/rel. By equation 4,22 of
Rodean (1971), we have for w small in the frequency
domain or t large in the time domain:

3
W((n) = f-g] pOC (7)
4

b2

Applying this relation to (6) results in:

ifl" a(t) = e M B(ke)? - Akg o 2B] + 1 (8)
ocC



if we continue the previous assumption of A = 2y and thus
c? = 4p?, We desire an expression for the far-field dis-
placement also; this can be derived from the reduced
displacement potential (4) if we employ this relation

(Rodean, equation 4,16):

Yt
u(t 1 it=y] 1
= t
ve=y = - 5 -5 * 7 §1= } (9)

For the far-field displacement, we ignore the second
term in (9) and thus have

t)
cr u(t) = - d[%;)] (10)
V=Y G

Substituting (4) in (10) then gives

;§§§ u(t) = kt e Kt[A - Bkt] (11)

where again k = c/rel is assumed,

Equations (8), (4), and (11) give the pressure,
reduced displacement potential, and far-field displace=
ment waveforms, The parameter k is medium dependent; and
we assume as did Haskell, that it scales as the inverse cubc
root of the yield Y, B is a medium-dependent parameter

A3
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which defines the amount of overshoot in reduced dise
Placement potential waveforam. In Figure Sa, Sb, and Sc,
we show' (8), (4), and (11), respectively as a fuaction
of the dimensionless parameter kt for five values of

B: 0, 1, 2, 3, and 4, The case B = 2 for the reduced
potentials in Figure Sb closely corresponds with the
fit of (4) to the granite data of Haskell in Figure 3
when B was calculated to be 2.04. It appears that
equation (4) then can fit observed potentials as well
as Haskell's original function, equation (3). Not only
does the elimination of quartic and cubic terms from
Haskell's function produce a more physically satisfying
function as explained above, but it does so without
suffering any loss of fitting capability,

Spectrs of the above three functions for pressure
at the elastic radius, reduced potemtial at this radius,
and far-field displacement can be derived. We start
with the reduced potential (4); the Fourier transfora
is straightforward, but tedious, and the final form
only is given:

2 2 1/2
c 1 [A®(uw/k)® ¢+ 1
90T YW = w/K) TR (12)

Rodean (equation 4,19) gives the relation between the
pressure spectrum o(w) and ¢(uw) as

o(w) = ;f; (k% - w2+ 1uk) veu) (13)

13-
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Figure Sa. Pressure waveforms at the elastic boundary calculated from
revised Haskell's model.
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Figure Sb, Reduced displacement potential waveforms at the elastic
boundary calculated from revised Haskell's model,
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Figure Sc, Far-field displacement waveforms calculated from revised
Haskell's model,

7



The nodulus of this expression is

1/2
lo(u)| o i: [l - B2 e @iy lo(e) |

Substituting (12) ia (14) and again using k = c/r o1 204
the relation (7), we have 1/2

| |
F=Sr= lo)| = (it 0/M)” - 1)
oc "ol [(w/x)® + 1)

2 |
@ - gy’ . @y’

The far-field displacement spectra can be derived with
the aid of

B - - & Gt

which is the modulus of the Fourier transform of (10).
Using (16) in (12), we obtain

1/2

- [A ‘u{k] l'
‘%T v [(/k)° + 1)

if ve again use k = clr.l. Plots of (12), (15), and (17)
are given in Figures 6a, 6b and 6c, respectively, as

o1

25

(14)

(15)

(16)

a7)



Figure 6a. Pressure spectra st the elastic boundary calculated from
revised Haskell's model,

¥4
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Figure 6b. Reduced displacement potential spectra at the clastic
boundary calculated from revised Haskell's model,



Figure 6¢c, Far-field displacement spectra calculated from
revised Haskell's model,

3/



functions of the dimensionless parameteor w/k for B values
of 0, 1, 2, 3, and 4, Note that the required w"? falloff
of the displacement spectra at high frequencies is present
and that the overshoot in the displacement spectra is
proportional to B,

Mueller and Murphy's formulation

Mueller and Murphy (1971) take a slightly different
approach in deriving scaling relations, They assume the
arbitrary form

51— a(t) = p e"% ot 4+ (18)
oc

for the pressure at the elastic radius where p = po/poc
and Py = Pgs = Poc (pos and Py 2re defined as for
equation (2)) whereas Haskell began with an arbitrary
form for reduced displacement potential, To derive the
reduced displacement potential from the pressure funcs
tion, we transform (18) into the frequency domain,
apply equation (13), and inverse transform back to the
time domain to get the reduced potential function,
Inverse transforms #,011 and #,101 in Nixon (1960) are
cmployed with the damping coefficient set to one-half,
The reduction is straightforward, but again tedious,
and we give only the final result:

1 swgt/2 2a-1) : _
7=y Y(t) = ¢ O {.577] - 1] sin(,866w _t)
v 1-0+q 2
- + 1] cos(.866w t)] (19)
+ 1 : e-ouuot 1
~a+o

N2
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The far-ficld displacement is obtained by use of (10) as
before:

E:%.l_ u(t) = e.uotlz { pa COS(Q“G"Uot)

leaea

(20)
-1.154 (RLL25D . y)gin(, 8660 t) )

leuta®
5 pa e'““ot
leu®a”
The pressure (18) could be plotted as a function of the
dimensionless paraneteraw,t, but the reduced displacement
potential (19) and the far-ficld displacenent (20) cannot,
Thus in fitting observed reduced potentials, Mucller and
Murphy's formulation requires the additional parameter «
to be estimated, The parameter aw,, corresponds to k in
llaskell's formulation, und the parameter p here corresponds
to his 2B. In Figures 7a, 7b and 7¢, we show the plots
of (18), (19), and (20), respectively, as a function of
wo,t for a = 2 when p is assigned values of 0, 1, 2, 3,
and 4, Several other values of a were usced, but a = 2
is the value Muecller and Murphy suggest for rhyolite,
which is compositionally close to granite, For a = 2 and
p = 4 in the reduced potentials of Figure 7b, the curve
closcly corresponds to the revised Haskell potential in
Figurc 5b when B is taken to be 2, approximately the
value we obtained when fitting (4) to the granite data
shown in Figure 3, This shows thec analogy of p to 2B,

Spectra of the above functions for Mucller and
Murphy's model can be obtained by starting with the
easily transformable pressure function (18). The
resulting pressure spectrum is:
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Figure 7a, Pressurc wavcforms at the clastic boundary
calculated from Mucller and Murphy's model,
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Figure 7b, Reduced displacement potential waveforms at the
elastic boundary calculated from Mueller and Murphy's model,
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Figure 7c, Far-field displacement waveforms at the elastic
boundary calculated from Mueller and Murphy's model,
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The reduced potential spectrum follows by applica-
tion of (14): 1/2

L] 00w )? + of

c B
FZIWT;T fww)| = (w/wo) > .
(w/wo) + a (22)
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The far-field displacement spectrum follows from
(22) by application of (16):

' 1/2
(p+1) % (w/u ) ® + o

(w/wo)2 + a2
-1/2

W%é? [u(w)| =
(23)

2
(- (% ¢ (D
0 o}

Note that, as for the corresponding time functions,

the pressure spectrum (21) could be manipulated to be

a function of the variableaw/u%)whereas the reduced
potential spectrum (22) and displacement spectrum (23)
cannot, In Figures 8a, 8b, and 8c we plot (21), (22),
and (23), respectively, for o = 2 with p set from 0 to

4 again, Comparison of Figure 8c with p = 4 to Figure 6¢c
with B = 2 shows the similarity of the revised Haskell
model and the Mueller and Murphy model for a granite-
rhyolite medium,
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Figure 8a, Pressure spectra at the elastic boundary calculated
from Mueller and Murphy's model,
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Figure 8b, Reduced displacement potential spectra at the clastic
boundary calculated from Mueller and Murphy's model,
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Figure 8c, Far-ficld displacement spectra calculated from
Mucller and Murphy's model.
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DISCUSSION

Using teleseismic data, we have shown that a model
for the explosion source function which entails a far-
field displacement spectrum that is inversely propors
tional to uz at high frequencies is the proper choice,
Mueller and Murphy (1971) have already verified this
model using near-field data. Haskell's requirement
that acceleration and velocity to be continuous at the
elastic boundary around the explosion is unnecessary;
they certainly can be considered as discontinuous for
any part of the spectrum capable of being measured
teleseismically, We mention that the ufzdependence at
high frequencies is characteristic of earthquake
models also (Aki, 1967; Brune, 1970),

We have revised Haskell's formulation to obtain an
w2 model and found that the fit to observed potentials
is apparently as good as with his original w™4 model,
We have used Mueller and Murphy's formulation for the
pressure function at the elastic radius to derive
reduced potential and far-field displacement waveforms,
Waveforms and spectra for the two w"2 models are similar,
Observed waveforms can be fit by adjusting the para-
meters in either model, and this will be the subject
of a future report, Especially important is estimation
of the parameter p (or B) which is the ratio of the
overshoot pressure P, to the residual pressure Poc at
the elastic boundary, This value controls the peak in
the far-field spectra and affects spectral ratios in
the band around 1 cps, These pressures can be estimated

4/



using the relations in equation (2) as taken from Mueller
and Murphy, The parameter w, also controls the spectral
shape noar 1 cps, but its affect is predictable since

Wy ® c/r'l and Tol scales as the cube root of yield

when detonation depths are equal (Mueller and Murphy,
1971).
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