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Source Mechanism from Spectrums of Long-Period Surface Waves 
2. The Kamchatka Earthquake of November 4, 19521 

ARI BEN-MENAHEM AND M. NAFI TOKSDZ 
California Institute of Technology, Seismological Laboratory, Pasadena 

Abstract. Fourier analysis of mantle Love and Rayleigh waves from the source of the 
Kamchatka earthquake of November 4, 1952, recorded on t.he Benioff linear strain seismograph 
at Pasadena, furnished further evidence in support of the moving-source theory. Amplitude 
and phase spectrums of G" Go, 0:., G4, R., and It. were processed to obtain information on the 
mechanism at the source. Both the directivity and the differential phase agree on a unilateral 
fault of 700 km which ruptured with a speed of 3 km/sec in the direct.ion N 146" W. The fault 
length is in good agreement with the extent of aftershock distribution in the month of Novem­
ber 1952. The initial phases of Love and Rayleigh waves agree on a mechanism of a right 
orthogonal double couple with a time dependence which is close to the Heaviside step function. 

Introduction. In previous work [Ben-M ena­

hem and Toksoz, 1962], the source mechanism 

of the Mongolian earthquake of December 4, 
1957, was obtained from the Fourier spectrums 

of Rayleigh waves recorded at Pasadena. In the 
present paper a study of the source mechanism 
is reported, using both the Rayleigh and the 
LOI-e wa,-es. We are able to derive not only the 
dynamic parameters of fault length and rup­
ture speed, but also the initial time function 
and the force system. 

The Kamchatka earthquake occurred on N 0-
rember 4, 1952, 16h 58m 22s UT at the initial 
epicenter, 52.6°N, 160.3°E [1.8.8.]. The Rich­
ter magnitude was 81,4. This earthquake had 
been associated with first observation of the 
free oscillations of the earth [Benioff, 1958] 
and first studies of the structure of the upper 
mantle by means of long-period surface waves 
[Ewing and Press, 1954]. It was also studied in 
connection with aftershock distribution [Hutch­
ill-son, 1954; Bdth and Benioff, 1958], propaga­
tion of G waves [Sat 0, 1958], and direction of 
huIting [Hodgson, 1956]. 

In our analysis we used the N -S and E-W 
components of the Pasadena linear strain seis­
mograph. The original seismograms are shown 
in Figures 1 and 2. The signal R3 on the N-8 
component could not be retraced without am­
biguity and was therefore discarded. 

1 Contribution 1146, Division of Geological Sci­
mces, California Institute of Technology, Pasa­
dena. 

Preparatory operations on the time series. 
The data pertinent to the analyzed signals are 
shown in Table 1. Each wave train was digitized 
at equal intervals of 2 seconds and Fourier 
analyzed on the Caltech IBM 7090 electronic 
computer. Prior to the Fourier analysis, the 
traces were filtered with a low-pass digital filter. 
A typical filter response is given in Figure 3_ 

Distances over the earth's surface were com­
puted for the international ellipsoid using 
Rudo's formula [Bomford, 1952]. Geodesics 
have been approximated by normal sections. 
The error due to this approximation is less 
than 1 meter, and is probably smaller than the 
deviation of the international ellipsoid from 
the geoid. Azimuths and central angles were 
computed from formulas of Bullen [1947] _ tn 
in Table 1 is the time delay of the signal onset 
with reference to the time of origin of the 
earthquake. In these computations a program 
written by Alexander [1963] was used. 

The position of Pasadena relative to the 
source of the earthquake is shown in Figure 4. 
The original separated traces of the signals are 
shown in Figures 5, 6, 7, and 8. Some filtered 
signals are given in Figure 9. 

The entire scheme of the data processing is 
shown in Figure 10. To begin with, auxiliary 
data such as time of origin and initial epicenter 
are used to obtain the station-to-epicenter ge­
ometry and the expected arrivals of the various 
Love and Rayleigh phases. Once the signals are 
located and found to have a sufficient amount 
of power in the spectral region of interest, they 
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Fig.!. The Pasadenl1 E-\Y linel1r strain record (Tg = 70 Rec) of the Kamchatlm earthqul1ke. 

are checked for purity by consulting conven­
tionaJ dispersion and travel-time curves. Possi­
ble interference with body waves and higher 
modes of surface waves have to be checked 
carefully before the Fourier analysis. After the 

analysis the phase velocities and the attenuation 
coefficients are compared with known data for 
similar paths. It is always advantageous to per­
form the Fourier analysis for various sizes of 
windows for each signal and compare the re­
sulting spectrums. Next, the resulting phase 
spectrums are used in pairs to compute the 
phase velocities. Figure 11 shows curves for 
phase and group velocities of the fundamental 
Love and Rayleigh modes. Measurements of 
phase velocit.ies have been reported in detail 
elsewhere [Tokgoz and Ben-Menahern, 1963]. 

Theoretical model. Ben-M enahem [1960J 
investigated the effect of the source finiteness 
on radiation of seismic waves from simple 
models of fault planes. The integrated displace­
ment spectrum from a strike-slip fault of length 

';" '."\ 

. N-$ 

b, moving with a velocity V is given by 

..1,(8) sin X () ( ) 
u, = 

V� - x--
Lw N" w, h 

·exp {w(t - �) - x +  rn� + 15 + e,] (3) 

where (110, u,' u,) is the displacement vector in 
a cylindrical coordinate system with the initial 

epicenter at the origin and the station at a point 
(r,O) on the free surface. The fault is pointing 

=== ::: 
t 

G2 

= 

Fig. 2. The Pasadena N-S linear strain record (To = 70 sec) of the Kamchatka earthquake. 
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TABLE 1. The Digitized Signals Recorded on the Linear Strain Seismograph at Pasadena, California 

(34°08'54"N, 118°1O'18"W) 

Distance 
Period of Traveled, 

Signal Component Galvanometer km 

10 

N-S 
E-W 
E-W 

N-S 
N-S 
N-S 
E-W 
N-S 
E-W 
N-S 

9 n=241 sec. 

L11=2 sec. 

70 
70 
70 

180 
180 

70 
70 
70 
70 
70 

� 5 FILTER RESPONSE 
-
I-
<I: 
..J4 w 
n:: 

3 

2 

33,493 
33,493 
46,571 

6,539 
33,493 
33,493 
33,493 
46,571 
46,571 
73,525 

Onset of Wave 
h m s 

19 19 06 
19 18 54 
20 14 06 

17 20 16 
19 00 16 
19 05 07 
19 04 31 
19 51 06 
19 51 54 
21 35 07 

t", sec 

8444 
8432 

11744 

1314 
7314 
7605 
7569 

10364 
10412 
16605 

Group Velocity 
Window, 

km/sec 

Begin End 

3.97 
3.97 
3.96 

4.97 
4.58 
4.40 
4.42 
4.49 
4.47 
4.43 

3.47 
3.45 
3.41 

3.90 
4.08 
4.22 
4.20 
4.19 
4.17 
4.26 

Record 
Length, sec 

1200 
1266 
1914 

360 
900 
320 
402 
740 
762 
654 

in t.he X direction, B is measured positively 
counterclockwise, and the z axis is chosen posi­
tive upward. B. is the angle between the fault 
line and the line from the source to the sta­
tion; it is taken positive in count.erclockwise 
direction when observed from above t.he half­
space. u. is the Love wave displacement and u. 
and u. are the components of the Rayleigh 
wave motion. The amplitude response func­
t.ions of the elastic medium, N.(ro,h), N •• (bl,h), 
and Nor (ro,h), can be obtained explicitly by 
solving the wa.ve equation for a layered medium 
with a directional source in one of the layers. 
m( r./2) is the polar phase shift of surface waves 
for m polar passages [Brune et al., 1961]. 

The source is assumed to be specified as a 
product of three factors: (1) The spatial factor 
A(B)e", which depends on the force system, (2) 
the temporal factor L (CJ.)) e<G("'), which is the 
Fourier transform of the source time function, 
and (3) the propagation factor (sin XIX)e-u:, 
where X = robl2C (Clv - cos Bo), which arises 
from the assumption that the rupture along 
the fault is moving horizontally with a uni­
form speed V along a segment of length b. 

°o��-L�--���--L-��� 0.01 0.02 

The values of the spatial factors for three 
elementary force systems, the single force, the 
couple (dipole with moment), and the orthog­
onal double couple (obtained by the super­
position of two couples at 90°), are listed in 
Table 2. Some of the cases given in this table 
were discussed in detail by Aki [1962]. The 
case of the double couple was treated recently 
by Haskell [1963]. 

FREQUENCY (CPS) 
Fig. 3. Response of the digital filter used to 

eliminate high-frequency noise from the digitized 
signals. 
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Fig. 4. Position o.f Pasadena relative to the source of the Kamchatka earthquake. Black line 
indicates part of geodesic, traveled by surface waves . 

We will now show how to construct the far 
displacement field for an arbitrary force system. 
Consider an orthogonal coordinate system and 
let a unit force R be applied to the origin of 
this system. R may be written in the form 
R = ae, + be2 + ceo, where e" e2, and e3 are 
unit vectors along the x" X2, and X3 axes, and 
a, b, and c are the direction cosines of R. Let 
the displacement vector at a station P due to 
the unit force eJ be (uh Vh wJ) . The total dis­
placement U, due to R may then be expressed 
as 

Us (aul + bU2 + cus)el 

+ (avI + bV2 + CV:l) e2 

+ (awl + bwz + cWa)ea (4) 
The displacements U 0 due to a couple are ob­
tained from the singlet displacements U, by 
differentiating the vector U, in the direction of 
the couple arm. Let S be a unit vector along 
the arm of the couple formed by R, then U c = 

(S' 'V) Us. Expressing the operator 'V by the 
coordinates (r, e, z) of the point of observation 
with respect to the fixed source, we obtain 

Uc = [ cos (r s) � + sin (r, s) ..E... 
' ar r ae 

+ cos (e" s) a�Jus (5) 

To derive the displacement field of a double­
couple source we first define the vectors 
F, (u,., u,., u,,), F 2 ( v" V2, v.), and F. (w" W2, 
w.), and rewrite the singlet displacement vec-

G2 N-S 

/9:01:00 

.6 t = + 15.7 sec. 

G4 N-S 
2/:31=00 

� 

KAMCHATKA 
Nov. 4, /952 

Tg = 70 sec. 

/9:14:00 

--a.f I+­
/ min. 

Fig. 5. The unfiltered traces of mantle Love 
waves G, and G., N-S (T. = 70 sec), of the Kam­
chatka earthquake. 
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KAMCHATKA 
Nov. 4. /952 

R2 E-W 

U=3.97 km/sec 
j 

Fig. 6. The unfiltered traces of mantle Rayleigh waves R2 and R3, E-W CT, = 70 sec), of the 
Kamchatka earthquake. 

tor in the form Us = (R·F,)e, + (R·F,)e2 + 
iR.F,)e3. Substituting this representation into 

the equation U. = (S· V) US, we obtain Uc = 
[R·(S·V)F,Je, + [R· (S·V )F2Je2 + [R· 
(S· Y') F 3J e3. The double-couple displacements 
U" are obtained by a superposition of the fields 
of two orthogonal couples . Skipping the inter­
mediate steps, we obtain 

U" = (M· V X F1)el 
+ (M·V X F2)e2 + (M·V X Fa)e3 (6) 

where M = (S X R) is a unit moment vector. 
We now consider some useful examples. We 

ms,y assume without loss of generality that a 
unit force R (sin A, 0, - cos A) with a moment 
arm Sea, /3, y) is ap plied at (0,0, - h). From 

--l I-­
I MIN 

Fig. 7. The unfiltered traces of mantle Love 
waves G2 and G3, E-W (T. = 70 sec), of the Kam­
chatka earthquake. 

(5) and Table 2 we derive the far field of a 
right couple, 

Uo = e -ih/4 sin A. sin e 

· [(a cos e + 13 sin e) + i-y CljCl(knh)]No 

Ur = ei�/4 [(a cos e + 13 sin e) + i-y CljCl(knh)] 

· [s in A cos e Nrr - i cos A Nzrl (7) 
Uz = e-i"./4 [(a cos e + 13 sin e) + i-y aja(k"h)] 

· [sin A cos eNzr - i cos ANu] 
The functions Nrz in (7) are the medium ampli­
tude-response factor due to a force in the posi­
tive z direction . The common factor L (w) exp 
[i(wt - kr) + im{7T/2) + i8Jh/r is sup­
pressed. Notice that the differentiation with 
respect to h introduces phase shifts which de­
pend on the polar angle () . 

We now study the case in which R = (I, 0, 0) 
and S = CO, sin 8, - cos 8). 8 is the dip angle. 
From (7) we find that the spatial phase for this 
case is 

where 

qo = 

EO = -� 7r _ tan-I (qO 
.
cot 0) 

4 sm () 

Er = � - tan-I (!J..:.. .COU) (8) 4 \ Sill e 
__ � _ . _I (qz cot 0) 

€z - 4 tan sin () 

ClNojCl(k"h) 

(9) 
To derive the far field of a double-couple 
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.6 t=+IS.7sec. --tol I--
I MIN 

Fig. 8. The unfiltered traces of mantle surface waves G., N-S and Ro N-S (T. = 70 sec), of 
the Kamchatka earthquake. Amplitude scales are not equal. 

source from (6) the operator V is expressed in 
cylindrical coordinates and the vectors F, are 
obtained from Table 2 in the form 
Fe = (sin fJei3�/4N8' 

cos fJe-ir/4Ne, 0) 

Fr = (cos fJe-ir/4Nrr, 

sin fJe-· .. /4Nrr, e,,,/4Nrz) 

F. = (cos fJe-i3r/4N ... 

sin fJe-i3,./4N • . , e-ir/4Nu) 

(10) 

The results are straightforward and will not be 
given here. The double-couple spatial phases 
for the particular case chosen earlier, will be 

= 
/4 + t -l(qe sin fJ cot 0) 

EO 7C" an 
cos 2fJ 

= /4 + t -l ( Sr - qr) cot 0) 
Er 7C" an 2 sin fJ 

= 
_ /4 + t -1(8. - q.) cot 0) 

E. 7C" an 
2 sin fJ 

where 8r = N .. INrr and S. = N •• IN ••. 

(11) 

Source parameters from amplitude spectrums. 

Let us now evaluate the fault parameters from 
Ro and R. of the Kamchatka earthquake of 
November 4, 1952. The amplitude spectrums 
of these waves for the period range 250 > T > 

50 sec are shown in Figure 12. Figure 13 shows a 
comparison between the observed directivity as 
computed from the amplitude ratio of R./R, 
and the theoretical directivity as computed from 
the function [Ben-Menahem, 1960] 

D = 
(% + cos fJo)[ sin �(% - cos (0) 

(�. - cos fJo)[ sin ;�( �r + cosOo) 
(12) 

In this case, the best fit was obtained with the 
value b = 700 km, V = 3 km/sec, and B. = 
1400• Except for the first maximum, which lies 
outside our spectral window, the match be­
tween the other extremes is satisfactory. 

Source mechanism from the phase spectrum�. 

19:52:54 

Fig. 9. Mantle Love waves G. and G. E-W 
filtered with a low-pass digital filter. Amplitude 
scales are not equal. 
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Fig. 10. Data processing routine for study of source mechanism from long-period surface waves. 
Broken dashed line indicates operations that were not performed in the present study. 
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Fig. 11. Phase and group velocities of Love and Rayleigh waves in the period range 
80 < T < 350 sec as measured from records of few major earthquakes recorded at Pasadena, 
California. 
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TABLE 2. Spatial Factors of Basic Force Configurations for the Leading Terms of Love and Rayleigh 
Displacements 

Configuration Symbol u" Ur Uz 
single force up (+l t 0 eiJj- e-i-f-

+ e-i� .�". 
single force down (-l 0 1'1'. 

SinQe
i ¥' ... ·3". 

single force east (+l - cosQ e- ' r cosB e'T 

singe
-if- ·3'- '11' 

singie force west (-l ...... cosBe''- cosQe'T 

s i n2Q. if . ¥- .:. .. 
ieft latera I couple � 5 i n2Qe-' sin2Qe'r 

(+l 

sin2ge -i¥ ... 
5 i n2Qe -if-rl ght lateral couple :::t=. 5 i n2QS''T 

( -) 
.r . ". 

s i n2ge-
/f right orthogonal * 

cos2Qe'T sin2Qe'T 
doub Ie coup Ie 

,J" _,·51f' .J .. 

ieft orthogonal * 
cos2ge-'r 5 i n29 e "T $ i n2QelT 

double couple 

Consider a wave train recorded at a large dis­
tance Am. from the initial epicenter. It can be 
represented in the form of a Fourier integral 
(see equations 2, 3, and 4), 

space, time, and finiteness phases. \Dl ••• is the 
instrumental phase shift. 

F(t) = L: jew) exp i[wt - Mm 

In practice, the inverse operation on the time 
series at the station is performed with the as­
sumption that F(t) = 0 outside the range tm < 
t < tm + L, where L is the record length. Hence 

+ (m - 1) 7C'/2 + IPo + IPins.l dw (13) L: F(t)e-'''' dt 
where j(oo) is the total spectral amplitude due 
to the source, the propagation, the absorption, 
and the instrumental response. \Do incorporates 

200 142.S PERIOD IN SEC. 
100 83.3 66.6 58.8 

Re E-W 
KAMCHATKA 
Nov. 4, 1952 

en 
!:: 
z 
=> 
>-
!i 1000 a::IO,OOO 
!:: 
1Il 
a:: 
<C 
� 
lJJ 
§ 1000 
I-
:i c.. 
:::;: 
<C 

JOO 
10 15 

FREQUENCY IN MILLICYCLES!SEC. 

52.6 

Fig. 12. Amplitude spectrums of mantle Rayleigh waves R. and Ra, E-W. 

(14) 
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200 142.8 

b=700km 
v=3 km/sec 
$,,= 140· 

66.6 
® 

KAMCHATKA 
Nov. 4, 1952 

0.1 L.......L--:!5:----'--L----.l...--'---'::6-L--'----''----'--L--IL5--'---L-...l..----1-2...l0 
IN MILLICYCLES/SEC. 

Fig. 13. Observed versus calculated directivity for mantle Rayleigh waves R./R. on a semilog 
scale. 

where t ... is the time delay of the window onset 
with respect to the time of origin. Comparing 
(13) with (14) we obtain, 

�o = 
-lliL F(T) sin WT dTJ -tan L 

i F(T) cos WT dT 

+ f(llctn _ tm) _ (m �.12 
- lPinat + integer (15) 

We shall name rpo the initial phase of the signal. 
To derive this phase from the data we must 
know the epicentral distance 1:::.."" the time delay 
t .. , the phase velocities, and the instrumental 
phase shift. We have computed the initial phases 
for the signals of Table 1. A sample of a detailed 
calculation is shown in Table 3. Phase velocities 
for G waves were computed from G. - G. E-W 
[Toksoz and Ben-M enahem, 1963J for the pe­
riod range 125 < T < 333. For the period range 
S3 < T < 125 we used the data of the Mon­
golian earthquake of December 4, 1957, since 
the pair G, - G. was not available for compu­
tations of phase velocities in the short-period 
range. The Rayleigh wave velocities were also 
taken from the data of the Mongolian earth­
quake. 

A comparison between the propagation phases 

of the various G signals is given in Table 4. The 
values for the signals that were written by a 
galvanometer of 180 sec are slightly more nega­
tive because of different instrumental phase 
shift. The over-all fit of the results indicates a 
good coherence for the pairs Gt - G. and G. -
G. and hence demonstrates the dependability 
of the Fourier analysis. The empty spaces in the 
columns indicate a lower-power band for which 
the phases were not reliable. 

The derivation of the source mechanism is 
summed up in Tables 5 and 6. We have assumed 
that the total initial phase is the algebraic sum 
of the space phase, the time phase, and the 
propagation phase. The first operation is to sub­
tract the initial phases of, say, Gn+! from the 
initial phase of G" and check whether the differ­
ential phase thus obtained is constant or fre­
quency dependent. In the latter case one can 
further check whether the differential phase fits 
the simple theory of a moving strike-slip fault. 
According to this theory the initial phase due 
to the fault's motion is given by the expression 
- bf/2C(  C/V ± cos 80), The theory thus pre­
dicts a phase difference of b cos 801>" between 
G" and Gn+1• If the observed differential phase 
Srpo is multiplied by the wavelength >.., the result 
is the constant (b cos 80). 

We now correct the absolute initial phases of 
each signal for finiteness and instrument re­
sponse. The remaining phase is therefore com-



5216 BEN-MENAHEM AND TOKSoZ 

TABLE 3. Detailed Calculation of the Propaga- of our source model. Moreover, the final results tion Phase for G2 justify the basic assumption in retrospect. 

j, c, 
mc/s km/sec A* Bt G2t 

3.0 5.310 .102 0.917 -0.815 
3.2 5.230 .069 0.951 -0.882 
3.4 5.166 .059 0.986 -0.927 
3.6 5.119 .056 1.021 -0.965 
3.8 5.076 .062 1.058 -0.996 
4.0 5.037 .072 1.095 -1.023 
4.2 5.002 .083 1.133 -1.050 
4.4 4.971 .092 1.171 -1 . 079 
4.6 4.942 .108 1.211 -1.103 
4.8 4.915 .128 1.251 -1.123 
5.0 4.891 .145 1.292 -1.147 
5.2 4.869 .161 1.335 -1.174 
5.4 4.848 .184 1.378 -1.194 
5.6 4.829 .204 1.422 -1.218 
5.8 4.810 .236 1.468 -1.232 
6.0 4.791 .281 1.515 -1.234 
6.2 4.772 .338 1.563 -1.225 
6.4 4.754 .398 1.612 -1.214 
6.6 4.737 .496 1.662 -1.202 
6.8 4.722 .512 1.712 -1.200 
7.0 4.711 .534 1.764 -1.230 
7.2 4.701 .551 1.815 -1.264 
7.4 4.691 .574 1.866 -1.292 
7.6 4.685 .558 1.917 -1.359 
7.8 4.679 .545 1.967 -1.422 
8.0 4.674§ .524 2.016 -1.492 
8.2 4.670 .494 2.065 -1.571 
8.4 4.662 .518 2.112 -1.594 
8.6 4.653 .561 2.159 -1.598 
8.8 4.646 .582 2.204 -1.622 
9.0 4.639 .608 2.249 -1.641 
9.2 4.632 .638 2.293 -1.655 
9.4 4.626 .659 2.336 -1.677 
9.6 4.620 .683 2.379 -1.696 
9.8 4.613 .727 2.421 -1.694 

10.0 4.608 .744 2.463 -1. 719 

* A = 3.75 + j(33493/C - 7569). 
t B = Fourier integral phase. 
t G2= A-B. 
§ Phase velocities for frequencies above 8.0 mc/s 

are from data of the Mongolian earthquake of 
December 4, 1957. 

posed of a temporal phase (which, alth ough it 
may be frequ ency dependent, should be the same 
for all Love and Rayleigh waves) and the spatial 
phase. At this stage we make use of Table 2, to 
equalize all initial phases in such a way that the 
remaining phase functions will be the same for 
all the signals. Achieving the balance with four 

signals such as G., G., R., and R. means that 
there is a harmony between the various details 

Following th is approach , then, we computed 
the differential phase 8\00 for the pairs R. - R, 
and G. - Gs. The results , which are shown in 
Table 5, yielded 470 krn for the average of b 
. cos 80 over the spectral window 80 < t < 250 
sec. The final stage of the calculations is given 
in Table 6. The finiteness correction was com­
puted for b = 700 km and V r = 3 km/sec. The 
instrumental correction was computed for the 
horizontal electromagnet ic l in ear strain seismo­
graph with a velocity transducer coupled di. 
rectly to a galv anometer having a free period 
of 70 sec at critical damping. Th e phase response 
of the strain seismograph is [Benioff, 1935] [ Rayle igh waves] 

= 
[ co

.

s2 a 1 
Love waves -sm 2a [. -I[ 2TIT. J] . exp � tan 1 _ (TIT.) 2 (16) 

where a is the ray azimuth, measured positivel\, 
from th e  rod's direction , T is the period, and T, 
is the period of the galvanometer. 

Finally, we must fix the frequency response 

of the strain seismograph at the limits T = 0 
and T = 00 under the sign convention adopted 
in the usual t est of the instrument. This is im­
portant since we are interested in displacements 
at the sou rce , and therefore we intend to use 

th e strain seismograph as a displacement reo 
corder. The convention is followed that com· 
pression (taken in the Fourier analysis as posi· 
tive) is equivalent to 'outward from the source' 

and dilatation is equivalent to 'toward the 

source.' The instrumental phase shift will then 
be zero for T = 0 and 7r for T = 00. Hence the 
instrumental correction is given by _7r-1 tan'! 
TIT •. This is true for both Love and Rayleigh 
waves when the displacement component along 
the direction of th e strained rod is under con· 
sideration. However, one should remember that 
two perpendicular s train rods will register an 
incoming G w ave with oppos ite pol arities [Beni. 
off and Gutenberg, 1952]. The previous sign 
con vention (K. Aki, personal communicationj 
can be used in order to determine which of the 
two componen ts is positive. 

Let us now return to Table 6. If we correct 
the initial phase of the Rayleigh waves R. and 
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Demonstration of Phase Coherence of G Wave Signals (N-S components corrected by 7r 
for instrumental directional shift) 

Phase = N - m/4 + f(!:"m/C - tm) - Fourier Phase 

I, :'.lc/s G2 E-W 70 G2 N-S 70 G2 N-S 180 G, N-S 70 G, N-S 180 G, E-W 70 G, N-S 70 

:3.4 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 
9.8 

10.0 

-0.927 
-0.965 
-0.996 
-1.023 
-1.050 
-1.079 
-1. 103 

-1.123 
-1 . 147 
-1.174 
-1.194 
-1.218 
-1.232 
-1 . 234 

-1.225 
-1 . 214 

-1 . 202 
-1.200 
-1.230 
-1 . 264 
-1.292 
-1.359 
-1.422 
-1.492 
-1.571 
-1.594 
-1.598 
-1.622 
-1.641 
-1.655 

-1.677 
-1.696 
-1 . 694 
-1.719 

-0.836 -0.984 
-0.884 - 1.014 

-0.925 -1.042 
-0.961 -1.070 
-0.996 -1.099 
-1.033 -l . 134 
-1.064 -1.165 
-1.092 -1 . 188 
-1.121 -1.219 
-1.151 -1.251 

-1.175 -1.279 
-1.203 -1.314 

-1.218 -1. 340 
-1.222 -1.353 
-1.214 -1.352 
-1.202 -1.344 
-1.190 -1.329 
-1.187 -1.320 
-1 . 215 - 1.342 
-1.248 -1.368 
-1.275 -1.390 
- 1.341 -1 . 453 

-1.403 -1.561 
- 1 . 474 -1.587 
-1.554 -1.665 
-1.579 -1.685 
-1.587 -1.679 
-1. 615 -1.690 
-1. 638 -1.691 
-1.656 -1.686 
-1.684 -1.690 
-l. 709 -1.692 
-1. 714 -1.676 
-l. 746 -1.691 

R, for the spatial phase of a right lateral couple 
(Table 2, Figure 4) the residuals will center 
around 7r/2. To obtain similar residuals with the 
Love waves we shall have to correct it for a left 
lateral couple (+0.375). This apparent contra­
diction can be resolved if we assume that the 
force system was that of a right double couple, 
such as is shown in Figure 4. The inner ring in 
this figure shows the quadrant distribution sin 
28 appropriate for the Rayleigh wave radiation 
from a right lateral couple or a right double 
couple, whereas the outer ring gives the distri­
bution cos 28 corresponding to the Love wave 
radiation from a right double couple. It seems, 
therefore, that of all simple force systems, the 

- 0.843 -1.156 
-0.893 -1.216 
-0.933 -1.263 
-0.966 -l.315 
-1.000 -1.363 
-1.042 -1.423 
-1.070 -1.492 
-1.090 -1.608 
-1.122 -1.700 
-1.154 -1.932 -l.818 
-1.177 -2. 011 -1.878 
- 1.209 -2.096 -1 . 928 -2.022 
-1.224 -2.100 -1.956 -2.027 
-1. 226 -2.106 - l . 966 -2.020 

-1.225 -2.111 -1.959 -2.001 
-1.233 - 2 . 123 -1.950 -1.982 
-1.226 -2.131 -1.939 -1.962 
-1.213 -2.147 -1.937 -1 . 950 

-1.218 -2.163 -1.978 -1 . 972 
-1.287 -2.167 -2.019 -1.981 
-1.293 -2.198 -2.043 -2.000 

-1.364 -2.219 -2. 114 -2. 046 
-1.382 -2.239 -2.174 -2.098 
-1.391 -2.261 -2 . 243 -2 . 162 
-1 . 467 -2.273 -2.326 - 2.245 
-1.462 -2.280 -2.335 -2 .255 
-1.432 -2.290 -2.323 -2.241 
-1.460 -2.300 -2 . 343 -2.260 
-1.488 -2.307 -2.364 -2.277 
-1.506 -2.317 -2.384 -2.295 
- 1.553 -2.327 -2 . 427 - 2. 348 
-1.594 - 2 . 482 - 2 . 447 
-1.592 -2.538 -2 . 566 

-1.647 - 2 . 660 -2.662 

double-couple system is the only one which 
yields the same time function for the four sig­
nals Ra, Ra, Ga, and Ga. 

The interpretation of the temporal phase is the 
next step in this process. The values of the 
residuals are listed in Table 6 and plotted for 
Ga and Ra in Figure 14. To make these results 
meaningful we must first estimate the error in­
volved in the evaluation of the initial phases. 
Since we have practically eliminated the error 
in the epicentral distance, we need to consider 
only the error due to inaccuracies in the phase 
velocities. This is given by 

d..po � - 6.dC/AC (17) 



TABLE 5. Derivation of the Fault Length of the Kamchatka Earthquake from the Differential Phases of Love and Rayleigh Waves 01 
I>.;) 
....... 

Love Waves Rayleigh Waves 00 

I, T, A 0'1'0 = b cos ()o, Xli'f'[, = b cos ()o, 
MC/B sec G2 Ga 0'1'0 = G2 - Ga X, km km R. R3 0'1'0 = R. - R3 A, km km 

4.0 250.0 - l . 023 -l.315 0.292 1259.2 367 -0 . 500 -0.837 0.337 1229.0 414 
4.2 238.1 - 1 . 050 -1.363 0.313 1191.0 373 -0.529 -0.872 0.343 1147.6 3\)4 
4.4 227.2 -l.079 -1.423 0.344 1129.8 388 -0.530 - 0.917 0 . 387 1078.9 418 
4.6 217.4 -1.103 -1.492 0.389 1074.3 418 -0.467 -0.941 0 . 474 1018.5 483 
4.8 208 . 3 -1.123 -1.608 0.485 1024.0 496 -0.447 - 0 . 969 0 . 522 961.5 502 
5.0 200.0 -1.147 - 1 . 700 0.553 978.2 541 -0.580 - l . 111 0 . 531 IH4.0 485 
5.2 192.3 - l . 174 -l.818 0.644 936.2 603 -0 . 614 -1.163 0 . 549 868.3 477 
5.4 185.1 -1.194 -1.878 0.684 897 . 8 614 -0.588 -1.175 0.587 829.8 487 
5.6 178.6 -1.218 -1.928 0.710 862.3 612 -0.606 -1.242 0.636 792.1 504 td 5.8 172.4 -1.232 -1 . 956 0.724 829.3 600 -0 . 576 -1.228 0.652 759.6 495 tIj 
6.0 166.6 -1 . 234 -l.966 0.732 798.5 584 -0.614 -1.283 0.669 728.7 487 Z 
6.2 161.2 -1.225 -1.959 0.734 769.5 565 -0.639 -1.315 0.675 702.6 474 I 

6.4 156 . 2 -1.214 -1.950 0.736 742 . 8 547 -0.637 - 1.372 0 .735 674.8 496 � tIj 6.6 151.5 - 1 . 202 -l. 939 0.737 717.7 529 -0.707 -l.435 0. 728 650.0 473 Z 
6.8 147 . 0 -1.200 -1.937 0.737 694.4 512 -0.771 -1.517 0.746 629.6 532 > 
7.0 142 . 8 - l . 230 -l. 978 0.748 673.0 503 - 0 . 891 -1.675 0.784 610.0 478 ::q 
7.2 138.9 - 1.264 -2.019 0.755 652 . 9 493 -0.950 - 1 . 754 0.804 591.2 534 tIj 
7.4 135.1 -1.292 -2.043 0.751 633.9 476 -1.040 -1.904 0.864 574.2 496 � 
7 . 6 131.6 -1.359 -2 . 114 0.754 616.4 465 - 1 . 140 -1.915 0 . 775 557.4 432 > 
7.8 128.2 -1.422 - 2 . 174 0.752 600.0 451 -1.173 -2.034 0.861 540.9 466 Z 
8.0 125.0 -1 .492 -2.243 0.751 584.3 439 -1.226 -2.135 0.909 525.6 477 t:J 
8.2 121. 9 -1.571 -2 . 326 0 . 752 569.5 428 >-,3 
8.4 119.0 -1.594 -2.335 0.741 550.0 411 0 
8.6 116 . 2 -1.598 -2.323 0.725 541.0 392 P1 
8 . 8 113.6 -1.622 -2.343 0.721 527.9 380 

w 0 
9.0 111.1 -1.641 -2.364 0.685 515.4 353 N 
9.2 108.6 -1.655 -2.384 0 . 723 503.5 364 
9.4 106.3 -1.677 -2.427 0.750 492 . 1 369 
9.6 104.1 -1.696 -2.482 0.786 481.2 378 
9.8 102.0 -1.694 -2.538 0 . 844 470.7 397 

10.0 100.0 -1.719 - 2.660 0.941 460.5 433 
10 . 2 98 . 0 -1.724 - 2.737 1.013 451.2 457 
10 . 4 96.1 -1.741 -2.802 1.061 442 . 0 469 
10.6 94.3 -1.756 -2.846 1.090 433.2 472 
10 . 8 92.6 -l. 750 - 2 . 859 1.109 424.6 471 
11.0 90.9 -1.777 -2.863 1.086 416 . 5 452 
11 .2 89.3 -l.793 -2.890 1 . 097 408 . 6 448 
11.4 87.7 - l.786 -2.897 l.Ul 401.1 445 
11.6 86 . 2 -l. 795 -2.925 1.130 393.8 445 
U.8 84.7 -1.837 -3.048 1.211 386 . 8 468 
12.0 83.3 -1.849 -3.072 1.223 880.0 465 

Average 405 Avorage ·17() 



TABLE u. IJerivutioll of the TClnpoT1l1 PhU.RH li'unet.iun of LIm I<mnduLt.ku. Earthquake frOfn the Absolute rho..se."t of I ... ove n.nd H.a.yleigh Wa.vmJ l,l�--W ( '1'. � 70) 

Love Waves (Spatial correction +0.875) Rayleigh Waves (Spatial correction +0.375) 

Finite- Tem- Finite- Tem- Fillite- Tem- Fillite- Tem-
ness pora! ness pora! ness pora! ness poral 

f, T, Cor- Phase of Cor- Phase of Cor- Phase of Cor- Phase of 
mc/s sec -¥linll l G. rectioll G. G. recti on G. R. rection R. R, rection R. 

3 . 4  294 . 1 - 0 . 426 - 0 . 927 0 . 236 - 0 . 241 - 1 . 1 56 0 . 557 - 0 . 149 - 0 . 406 0 . 236 - 0 . 220 - 0 . 41 5  0 . 556 - 0 . 009 
3 . 6  277 . 7  - 0 . 421 - 0 . 965 0 . 248 - 0 . 263 - 1 . 216 0 . 592 - 0 . 170 - 0 . 480 0 . 246 - 0 . 280 - 0 . 598 0 . 593 - 0 . 1 18 
3 . 8  263 . 1 - 0 . 417 - 0 . 996 0 . 260 - 0 . 278 - 1 . 263 0 . 626 - 0 . 1 79 - 0 . 463 0 . 256 - 0 . 249 - 0 . 728 0 . 630 - 0 . 100 
4 . 0  250 - 0 . 413 - 1 . 023 0 . 272 - 0 . 289 - 1 . 31 5  0 . 66 1  - 0 . 192 - 0 . 500 0 . 266 - 0 . 272 - 0 . 837 0 . 667 - 0 . 208 
4 . 2 238 . 1 - 0 . 409 - 1 . 050 0 . 284 - 0 . 300 - 1 . 363 0 . 696 - 0 . 201 - 0 . 529 0 . 276 - 0 . 287 - 0 . 872 0 . 704 - 0 . 202 
4 . 4  227 . 2  - 0 . 405 - 1 . 079 0 . 296 - 0 . 313 - 1 . 423 0 . 730 - 0 . 223 - 0 . 530 0 . 285 - 0 . 275 - 0 . 91 7  0 . 741 - 0 . 206 t-< 4 . 6  217 . 4  - 0 . 401 - 1 . 103 0 . 308 - 0 . 321 - 1 . 492 0 . 764 - 0 . 254 - 0 . 467 0 . 295 - 0 . 198 - 0 . 941 0 . 778 - 0 . 189 0 
4 . 8  208 . 3  - 0 . 397 - 1 . 123 0 . 32 1  - 0 . 324 - 1 . 608 0 . 800 - 0 . 330 - 0 . 447 0 . 304 - 0 . 1 65 - 0 . 969 0 . 81 5  - 0 . 276 >z: 
5 . 0  200 - 0 . 393 - 1 . 147 0 . 333 - 0 . 332 - 1 . 700 0 . 833 - 0 . 385 - 0 . 580 0 . 314 - 0 . 284 - 1 . 1 1 1  0 . 852 - 0 . 277 Q 
5 . 2  1 92 . 3  - 0 . 389 - 1 . 174 0 . 345 - 0 . 343 - 1 . 8 18 0 . 868 - 0 . 464 - 0 . 6 14 0 . 323 - 0 . 205 - 1 . 163 0 . 889 - 0 . 288 I 

5 . 4  185 . 1  - 0 . 385 - 1 . 194 0 . 357 - 0 . 347 - 1 . 878 0 . 903 - 0 . 485 - 0 . 588 0 . 333 - 0 . 265 - 1 . 175 0 . 927 - 0 . 258 '"d l?::l 5 . 6  178 . 6 - 0 . 381 - 1 . 218 0 , 360 - 0 . 356 - 1 . 928 0 . 937 - 0 . 498 - 0 . 606 0 . 3,13 - 0 . 270 - 1 . 242 0 . 964 - 0 . 285 � 5 . 8  172 . 4  - 0 . 377 - 1 . 233 0 . 381  - 0 . 354 - 1 . 956 0 . 972 - 0 . 486 - 0 . 576 0 . 352 - 0 . 226 - 1 . 228 1 . 001 - 0 . 229 ..... 
6 . 0  166 . 6  - 0 . 373 - 1 . 234 0 . 393 - 0 . 339 - 1 . 966 1 . 006 - 0 . 458 - 0 . 61 4  0 . 362 - 0 . 250 - 1 . 283 1 . 038 - 0 . 243 0 
6 . 2  161 . 2 - 0 . 370 - 1 . 225 0 . 406 - 0 . 3 1 3  - 1 . 959 1 . 041 - 0 . 412 - 0 . 639 0 . 372 - 0 . 261 - 1 . 3 15 1 . 075 - 0 . 234 tJ 
6 . 4  156 . 2  - 0 . 366 - 1 . 21 4  0 . 418 - 0 . 287 - 1 .  950 1 . 075 - 0 . 366 - 0 . 637 0 . 381 - 0 . 247 - 1 . 372 1 . 1 1 2  - 0 . 251 U1 
6 . 6 151 . 5  - 0 . 362 - 1 . 202 0 . 430 - 0 . 259 - 1 . 939 1 . 1 1 0  - 0 . 31 6  - 0 . 707 0 . 39 1  - 0 . 303 - 1 . 435 1 . 149 - 0 . 273 d 
6 . 8 147 . 0  - 0 . 358 - 1 . 200 0 . 442 - 0 . 241 - 1 . 937 1 . 144 - 0 . 276 - 0 . 77 1  0 . 401 - 0 . 353 - 1 . 5 17 1 . 186 - 0 . 3 14 � 
7 . 0  142 . 8 - 0 . 355 - 1 . 230 0 . 454 - 0 . 256 - 1 . 978 1 . 1 79 - 0 . 279 - 0 . 89 1  0 . 41 1  - 0 . 460 - 1 . 675 1 . 223 - 0 . 432 � 7 . 2  138 . 9 - 0 . 351 - 1 . 264 0 . 466 - 0 . 274 - 2 . 019 1 . 214 - 0 . 281 - 0 . 950 0 . 420 - 0 . 506 - 1 . 754 1 . 260 - 0 . 469 () 7 . 4  135 . 1  - 0 . 348 - 1 . 292 0 . 478 - 0 . 287 - 2 . 043 1 . 248 - 0 . 268 M 
7 . 6  131 . 6  - 0 . 344 - 1 . 359 0 . 490 - 0 . 338 - 2 . 1 1 4  1 . 283 - 0 . 300 

::i'1 7 e 8  128 . 2  '- 0 . 341 - 1 . 422 0 . 502 - 0 . 385 - 2 . 174 1 . 3 17 - 0 . 323 
8 . 0  125 . 0  - 0 . 337 - 1 . 492 0 . 515 - 0 . 439 - 2 . 243 1 . 352 - 0 . 353 > 8 . 2  121 . 9  - 0 . 334 - 1 . 571  0 . 527 - 0 . 503 - 2 . 326 1 . 386 - 0 . 400 -< 
8 . 4  1 19 . 0  - 0 . 33 1  - 1 . 594 0 . 539 - 0 . 51 1  - 2 . 335 1 . 42 1  - 0 . 370 M 
8 . 6 .  1 16 . 2 - 0 . 327 - 1 . 598 0 . 55 1  - 0 . 499 - 2 . 323 1 . 455 - 0 . 320 po 
8 . 8 1 13 . 6  - 0 . 324 - 1 . 622 0 . 563 - 0 . 508 - 2 . 343 1 . 490 - 0 . 302 t>.:> 
9 . 0  1 1 1 . 1  - 0 . 321 - 1 . 641 0 . 575 - 0 . 512 - 2 . 364 1 . 524 - 0 . 286 
9 . 2  1 08 . 6  - 0 . 3 1 8  - 1 . 655 0 . 587 - 0 . 51 1  - 2 . 384 1 . 559 - 0 . 268 
9 . 4  106 . 3  ' - 0 . 31 5  - 1 . 677 0 . 600 - 0 . 517 - 2 . 427 1 . 594 - 0 . 273 
9 . 6  104 . 1  - 0 . 312 - 1 . 696 0 . 612 - 0 . 520 - 2 . 482 1 . 628 - 0 . 290 
9 . 8  102 . 0  - 0 . 309 - 1 . 694 0 . 624 - 0 . 503 - 2 . 538 1 . 663 - 0 . 308 

10 . 0  100 . 0 - 0 . 305 - 1 . 719 0 . 636 - 0 . 513 - 2 . 660 1 . 697 - 0 . 400 
1 0 . 2 98 . 0  - 0 . 303 - 1 . 724 0 . 648 - 0 . 504 - 2 . 737 1 . 732 - 0 . 433 
10 . 4  96 . 1  - 0 . 300 - 1 . 741 0 . 660 - 0 . 506 - 2 . 802 1 . 766 - 0 . 461 
1 0 . 6  94 . 3  -.0 . 297 - 1 . 756 0 . 672 - 0 . 506 - 2 . 846' 1 . 801 - 0 . 467 
10 . 8 92 . 6  -0 . 294 - 1 . 750 0 . 684 - 0 . 485 - 2 . 859 1 . 835 - 0 . 443 
1 1 . 0 90 . 9  - 0 . 291 - 1 . 777 0 . 697 - 0 . 496 - 2 . 863 1 . 870 - 0 . 409 
1 1 . 2 89 . 3  - 0 . 288 - 1 . 793 0 . 709 - 0 . 497 - 2 . 890 1 . 904 - 0 . 400 
1 1 . 4  87 . 7 - 0 . 286. - 1 . 786 0 . 721 - 0 . 475 - 2 . 897 1 . 939 - 0 . 368 
1 1 . 6  86 . 2  - 0 . 283 - 1 .  795 0 . 733 - 0 . 470 - 2 . 925 1 . 973 - 0 . 360 
1 1 . 8  84 . 7  - 0 . 280 - 1 . 837 0 . 745 - 0 . 497 - 3 . 048 2 . 008 - 0 . 395 c.n 
12 . 0  83 . 3  - 0 . 278 - 1 . 849 0 . 757 - 0 . 494 - 3 . 072 2 . 043 - 0 . 431 � ...... 

CO 
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Fig. 1 4 .  The observed phase spectrums of the source time function and the reconstructed 
source time function of the Kamchatka earthquake . 

If we take de = 0.01 km/sec, the error in the 
initial phase is 0.Q7 circle at T = 250 sec, 0.10 
circle at T = 145 sec , and 0 .2 circle at T = 
80 sec . The phases at shorter periods show very 
little scatter, which suggests that the actual 
error was rather small . However, the fact that 
we used the phase velocities of the Mongolia 
earthquake for periods shorter than 125 sec does 
not allow us to accept these results with abso­
lute certainty. We conclude, therefore, that the 
initial temporal phase of the Kamchatka earth­
quake is between - rr/2 and -7r + cot-' ( lOla) , 
which is the best fit for the empirical phase datn 
(Figure 14) . 

We can now invoke causality in order to re­
cover the time function itself from the phases, 
using the Kramers-Kronig dispersion relations 
[Kramers, 1927 ; Kronig, 1926] . Let G (t)  be a 
causal time function, G (t) = 0 for t < 0, with 
a spectrum g «(r) ) exp [if3 (0) ) ] .  By means of 
the dispersion relations it is possible to express 
the amplitude in terms of the phases through 
the form 

2 1'" y(3(y) In [g(w) 1 = -- P 2 '  2 dy 
7r 0 Y - w 

( 1 8) 

where P stands for the principal value of the 

integral . For f3 = -r./2 we obtain g(O) )  = 1/(1} 
which in turn leads to the unit step function . To 
find the time function corresponding to the 
empirical phase f3 (y )  = -7r + cot-' (y/a) we 
integrate ( 18) and obtain g (10)  = alw (a" + 

(02) '/" . The Fourier transform of g (w) e};p[ip 
(10 )  ] then yields the simple time function . 

GCt) = 1 - e- a '  ( 19) 
This curve is plotted in Figure 14 with a = 1/22 
as derived from the data. 

Auxiliary data. Bath and Benioff [1958] 
showed that the geographical distribution of the 
Kamchatka earthquake aftershocks in the period 

November 1952 to December 1956 were distrib­
uted over an area approximately 1030 km long 
by 240 km wide. Hutchinson [ 1954] studied the 
aftershock distribution of this earthquake in 
November 1952. His map, which serves as the 
basis of our Figure 15 shows an area 675 km 
long and 240 km wide. Th e line that passes 
through the epicenter and bisects the aftershoek 
area lengthwise makes an angle of 1400 with the 
geodesic to Pasadena. These findings, based on 
Hutchinson's data, are in excellent agreement 
with our results. We believe that the e:l.'1ension 
of 1030 km as obtained by BiHh and Benioff 
represents a wider seismic zone which extends 
beyond the active fault that caused the earth­

quake of November 4, 1952 . It is quite inter­
esting to note that this extension occurred 
mainly north of the main epicenter. It seems 
likely that the length of the aftershock zone in 
a relatively short period following the roain 
shock is a good measure of the active fault dur­
ing the earthquake. We checked this conjecture 
for the Mongolia earthquake of December 4, 
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Fig. 15. Aftershock distribution in the month 
of November 1952 at the source region of the 
Kamchatka earthquake. 

1957 [Ben-1I1 enahem and Toksoz, 1962] , and 
found that the aftershock area had reached the 
length of 500 km seven days after the main 
shock . 

Focal depth. A method of  deriving the focal 
depth from the spectrums of surface waves has 
not been found yet. One may, however , put an 
upper bound to the focal depth by the following 
reasoning : the horizontal Rayleigh component 
due to a force system with a horizontal com­

ponent shows a change in the sign of the dis­
placement at a particular critical frequency 
which depends on the focal depth. For an 

homogeneous half-space we have the simple 
relation . 

h = (0 . 1 9) X criti cal wavelength (20) 

The phase of the time function of the Kam­
chatka earthquake did not show a jump of To for 
periods dO'lvn to 100 sec. This suggests that the 

focal depth was less than 80 km. Hutchinson 
[ 1954] and Bath and Benioff [ 1958] agree on an 
average focal depth of 60 km. 

Conclusion. A source mechanism has been 

deduced from spectrums of mantle Love and 

Rayleigh waves from the Kamchatka earth-

quake of November 4, 1952. The final results 
are : 

Fault length 
Rupture speed 
Angle of fault to 

station 

b = 700 ± 50 km 
V = 3 ± 0.25 km/sec 
e = 140° ± 5 ° 

The error was evaluated in the following way. 
We assumed that the experimental error in 

measuring the product ( b  cos e) arises mainly 
from erro rs in the phase velocities. Since the 
errors in the initial phases are d<po = dC (.6.. -

t.J / TC', the error in the product >"8<po will be 

dC Ct.3 - .6..) /G. With t.3 - t.2 = 13078 km and 
dG/C = V2 per cent, we get d e b  cos eo) "'" 65 km, 
which is in good agreement with the difference 
between ( b  cos eo) = 532 km, as measured from 
the amplitudes, and ( b  cos eo) = 470 km, as 
measured from the phases . Furthennore , since 
deb coseo) = db coseo + bd ( coseo ) , the 
error of 65 kl11 in ( b  cos e )  will corresp ond to an 
error of about 50 km in b and 5 0  in the angle. 
This splitting is quite reasonable, but it is not 

unique . 

We did not have any check on the rupture 
speed of the present shock, and we therefore 
adopted an average error which was found by 
us for the rupture speed of the Alaska earth­
quake of July 10, 1958. In general , there is a 
possibility of estimating the average rupture 
speed of a maj or earthquake by checking the 
duration of some phenomena associated with 
the shock, such as tsunamis, T phases, or air 
waves. 

The unit of stress dislocation seems to be tha.t 
of a right double couple rather than that of a 
single right couple . 

The time function of the spatial stress dislo­

cation is equal or close to the unit step function . 

There is indirect evidence that the focal depth 
did not exeeed 80 km. 
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