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Abstract

The focal mechanism of the Hindu Kush earthquake of January
28, 1964 (focal depth; 207 km, magnitude; 6.1, after USCGS) is dis-
cussed by using body waves. On the basis of the experimental as
well as theoretical result on the phase shift of the reflected waves
in the case of two-dimensional model simulating the earth by Shima-
mura and Sato (1965), attention is given to the use of the reflected
phases for the focal mechanism study in this paper.

The most probable solutions of the mechanism are numerically
determined by using both the real polarization angles (¢) and the
apparent polarization angles (7), respectively, where the angle (7) is
obtained from the horizontal surface motion. The difference of the
two solutions is found to be much less than the standard deviation
of the solution. It is concluded that the earthquake can be explained
by the double couple hypothesis since the observations of P and pP
waves are sufficiently satisfied by the most probable solution deter-
mined from the S wave data alone by assuming the hypothesis.

It is suggested that the use of the pP wave is serviceable to
the focal mechanism determination except in the case of shallow
earthquakes, while the use of the PP wave is undesirable because
of its (—n/2)-phase shift.

* Communicated by S. Omote.

** On leave from Geophysical Institute of Tehran University, Iran, to IISEE,
Tokyo, Japan, as a UNESCO participant.
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1. Introduction

In various fields of observational seismology it may be very important
to determine accurately the focal mechanism of the earthquake concerned.
Recently a few attempts were made to determine the focal mechanisms
of intermediate and deep focus earthquakes by the analysis of surface
waves and free oscillations of the earth excited by the earthquakes
(Chander and Brune; 1965, Alsop and Brune; 1965). At present, it does
not seem, however, that the focal mechanisms of the intermediate and
deep focus earthquakes can be obtained accurately and uniquely by the
use of such long-period surface waves.

The observations of the first motion of P waves may provide sufficient
information for determining the fault plane solution in some cases of the
earthquakes. In many cases, however, both of two P-nodal planes cannot
be accurately determined from the P wave data alone because of the
lack of data or the biased distribution of the observing points on the
focal sphere. Assuming the double couple hypothesis, the method of least
squares presented by Hirasawa (1966) may determine a statistically re-
liable solution by use of S wave data. Nevertheless an effort to increase
the number of P wave data is desirable simultaneously with the use of
the S wave data, since the double couple hypothesis assumed in the above
numerical method should be justified for each earthquake in comparison
with the P wave observations though the hypothesis has been commonly
accepted for most of the earthquakes.

In this paper attention will be given to the use of pP-phase for the
focal mechanism study on the basis of the experimental as well as theo-
retical result by Shimamura and Sato (1965).

According to the U.S. Coast and Geodetic Survey, the hypocentral
coordinates of the Hindu Kush earthquake of January 28, 1964, studied
in the present paper are as follows:

Origin Time; 14"09™17° (GMT), Focal depth; 207 km,

Latitude; 36°30'N, Longitude; 70°54'E,
the magnitude being reported to be 6.1. Long period seismograms were
provided by the USCGS. From seismogram readings of pP and sP-phases,
observed arrival time differences between the pP and P and between the
sP and P waves are shown in Fig. 1 in comparison with the theoretical
curves obtained from the results by Jeffreys and Shimshoni (1964). In
the figure the solid circles indicate the observations of (sP-P) and the
open circles those of (pP-P), the numerals inside the parentheses being
the focal depths (%) for the theoretical curves. It is concluded from the
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Fig. 1. Time intervals between pP and P waves and between
sP and P waves versus epicentral distance.

The solid circle indicates the observed interval of (sP-P)
and the open circle that of (pP-P). The numeral inside the
parentheses is the focal depth corresponding to the theoretical
curve by Jeffreys and Shimshoni (1964).

figure that 0.025R (~192km) can be used in the present study as the
focal depth instead of that given by USCGS.

2. P and pP Waves

The data of compression-rarefaction of the P wave are listed in
Table 1. By using the equal area projection of the lower half of the
focal sphere, Fig. 2 shows the radiation pattern of the observed P wave
which is indicated by the circle without cross. The dashed curves in
the figure show P-nodal planes of the graphical solution obtained from
P wave data only by Takano (presented at the annual meeting of the
Seismological Society of Japan, 1964). Although the graphical solution
satisfies all of the P wave data except a few observations near the nodal
lines, it may be apparent from the figure that it cannot be a unique
solution because of the lack of adequate data.

Shimamura and Sato (1965) carried out an experiment on the phase
shift of the reflected waves by using a disk as a two-dimensional model
of the earth. According to their experimental as well as theoretical
results, pP-phase suffers the phase shift by 7 radian due to the reflection
at the surface in general (strictly speaking, = or 0 depending on the angle
of incidence at the surface), while PP-phase should undergo the (—m/2)-
or (w/2)-phase shift throughout its passage from the focus to an observing
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Table 1. Seismogram readings for the P wave.

Station 4 in degree i ar in degree Initial motion iq in degree
AAE 40.0 234.9 + 38.7
ADE 95.0 130.2 Hok —
ANP 44.5 90.0 — 37.3
AQU 4.1 296.0 + 37.5
ATU 37.3 286.9 + 39.5
BAG 48.2 100.9 - 35.9
BUL 69.1 222.6 + 27.9
CHG 30.3 118.0 — 42.2
COP 43.4 315.3 + 37.7
HKC 39.9 98.5 — 38.7
HLW 33.6 270.3 + 40.8
HNR 94.8 98.1 + 20.4
IST 32.8 291.0 + 41.1
GUA 69.3 83.2 * ok —
KEY 40.8 338.3 + 38.5
KON 45.0 321.0 + 37.0
KTG 57.0 336.3 + 32.4
MAL 58.9 294.8 + 31.6
MAN 49.6 102.5 * —
MUN 80.2 142.2 + 23.8
NAI 49.2 227.8 + 35.5
NDI 09.4 143.9 — 81.9
NHA 42.0 115.2 — 38.1
NUR 37.8 324.3 + 39.4
PMG 84.7 105.7 — 22.4
PDA 73.3 304.7 + 26.4
PRE 73.8 219.5 + 26.3
PTO 60.1 301.0 + 31.2
QUE 07.1 208.8 — 90.2
RAB 85.5 98.5 + 22.2
SHI 16.9 250.9 + 62.1
SHL 21.0 115.4 — 50.0
STU 45.8 305.7 + 36.6
TOL 57.4 298.1 + 32.2
VIN 57.2 313.3 + 32.3
WIN 77.6 229.8 + 24.8

4. Epicentral distance.
ay: Azimuth of the great circle path with respect to the epicenter.
23+ Angle of incidence of the ray at the focus.
The positive sign of the initial motion means the vertical upward motion (Com-
pression) and the negative sign the downward (Dilatation). The symbols *, ** represent
the data for S and pP waves.
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Fig. 2. The observations of P and pP waves and graphical

solutions.

The dashed curves are P-nodal planes (solution 1) determined
visually by Takano (1964), and the solid curves correspond to
solution 2 obtained from P and pP observations.

point, which means that the wave form of the PP-phase should be dif-
ferent from that of direct P-phase. This fact had been suggested by
Jeffreys and Lapwood (1957) in the case of a liquid sphere and seen in
the theoretical seismograms computed numerically by Alterman and Abra-
moviei (1965) in the case of a solid sphere, and was clearly ascertained
from the experiment.

In order to increase the number of observations the use of the pP-
phase may be suitable, since, if the wave form of the direct P wave is
expected to be an impulse, the wave form of the pP-phase should be the
same impulse in the opposite sense. On the other hand the use of the
PP-phase may be undesirable, because a sharp onset of the phase cannot
be expected in general. Figure 3 shows the seismograms of the vertical
components on which the pP-phase are read without ambiguity, where
the three-letter codes by USCGS are used to designate the stations. The
epicentral distances and the magnifications of the seismographs are shown
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Table 2. Seismogram readings for the pP wave,

Station Initial motion* 74 in degree
ADE — 20.5
AQU + 38.3
ATU + 40.5
BAG - 37.0
BUL - 28.6
(6(0) -+ 38.5
HKC - 39.7
IST + 42.3
GUA - 28.5
KON + 38.0
KTG 4 33.4
MUN — 24.3
NAI - 36.5
NUR + 40.4
PRE — 26.8
PTO + 32.1
RAB — 22.6
STU + 37.7
TOL + 33.2

* Following the usual convention, the positive sign
means dC and the negative sign ¢D. The angle of incidence
(ia) is measured from vertical upward.

in the figure. In the cases of the GUA and ADE observed amplitudes
of the P wave are too small to determine the initial motion direction,
and seismogram readings were not made for the P wave at the stations.
In the figure the phase arrival time indicated by the dotted line is that
expected for the Jeffreys-Bullen’s travel time table. As may be seen in
the figure, PP-phases have blunt onsets in all cases and the onsets of
the major amplitude do not seem to coincide with the arrival times cal-
culated from the Jeffreys-Bullen’s table, while pP-phases have clear and
sharp onsets, as is expected from the theory and the model experiment
stated before.

Readings of the first motion of the pP-phase on the seismograms
are tabulated in Table 2. After changing the sign of the motion direc-
tion due to the w-phase shift, the observations of the pP-phase are plotted
in Fig. 2 where they are indicated by the circles with cross, the three-
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letter codes also being added to them. It is found in the figure that the
observation of pP-phase at NAI is inconsistent with the graphical solution
shown by the dashed curves. From the seismogram recorded at NAI (cf.
Fig. 3) the compression of the pP-phase is certainly correct, since there
is no possible phase around the pP-phase (PcP-phase should appear be-
tween sP- and PP-phases).

The solution indicated by the solid curves in Fig. 2 is obtained
visually so that all the data of the P- and pP-phases may be consistent
with the solution. However, since any observation should have more or
less the possibility that the reading of its sign is incorrect, resulting
from high background noise, from misidentification of the phase, from
reversed galvanometer wires in the worst case, etc., from the statistical
point of view it is not so significant that the graphical solution does not
have any inconsistent observation. In other words, it cannot be assured
that the solution is the most probable one, Therefore, the graphical
solution obtained here may be nothing but proof of the freedom of the
graphical determination.

Both of the two graphical solutions are listed in Table 4 which will

be given later.

3. Least Squares Solutions from S Wave Data

In this section the use of the polarization angle of the S wave is
made to derive a fault plane solution independent of the P wave obser-
vations and to distinguish the source mechanism of the present earthquake.

Hirasawa (1966) has presented a numerical method of the least
squares for the focal mechanism determination by use of S wave data.
The substantial idea of the method is based upon the assumption that a
finite set of the residuals of the polarization angles of the S waves for
a particular earthquake is sampled from a population of the normal
distribution, where the residual is defined by deviation of the observed
polarization angle from that theoretically expected for the double couple
model. By means of a statistical test he concluded that the above
assumption is appropriate for practical purposes. In the present paper,
therefore, this method is applied to obtain the most probable solution
from the S wave data.

The polarization angle, ¢, of the S wave is defined by the angle
between the S movement and the vertical plane containing the seismic

ray, that is,
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tane = (SH)/(SV),

where (SH) and (SV) are the amplitudes of SH and SV components of
the S wave, respectively. An apparent polarization angle, v, is defined
by the relation,

tany = wy/iy ,

where %, and i, are the horizontal components of the surface motion
produced by the incidence of SH and SV waves, respectively. Assuming
a homogeneous half space, the relation between v and ¢ is expressed by
the following formulae (Nuttli and Whitmore, 1962);

tan v = flyepap-tane,
cos® 21, + 2 sin 4, sin 2i,17(b,/a,)* — sin® 1,
cos %, oS 21,

f(io,bolao) =

’

where, 17, is the angle of incidence of the ray at the free surface, a, and
b, are the velocities of P and S waves, respectively, and the incident
angle is assumed to be less than the critical angle. The apparent polari-

Table 3. Polarization angles of the S wave.

Station ag in degree iq¢ in degree v in degree ¢ in degree
AAE 221.9 39.1 —66.1 —62.8
BAG 124.5 36.5 09.2 08.0
cop 271.0 38.0 38.6 34.6
GUA 124.1 29.8 34.1 31.3
KON 272.7 37.5 35.7 31.8
KTG 253.5 33.8 4.1 40.4
MAN 125.6 36.1 1.1 09.7
MUN 144.5 26.2 —02.5 -02.3
NAI 216.7 36.2 —78.9 -77.3
NHA 131.8 38.3 10.2 8.8
PMG 128.2 24.5 06.4 05.9
RAB 127.0 24.2 09.7 09.0
STU 261.6 37.2 15.3 13.3
VLN 251.3 33.8 26.3 23.4

ag: Azimuth of the great circle path with respect to the station.
r: Apparent polarization angle.
¢: Real polarization angle.
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zation angles, v, were determined by seismogram readings for 14 stations
as shown in Table 3, where the sense of the S motion is disregarded and
the sign convention given by Stauder (1962) is followed.

First, these observed angles (v) are used to find the best solution as
usual, In Figure 4, the dashed curves indicate the P-nodal planes of
the least squares solution (1) obtained by the numerical method. The
standard deviation of the polarization angles (v) is estimated at 11°0, no
secondary minimum being found. In the figure P wave observations and
the graphical solution (the solid curves) obtained from P and pP wave
data are the same as in Fig. 2. It is found from the figure that the
observations of P and pP waves are sufficiently satisfied by this least
squares solution.

S

Fig. 4. The observations of the S wave and least squares
solutions.

Illustrations of the observations of the P waves and the
graphical solution 2 (solid curves) are the same as in Fig. 2. The
dashed curves correspond to the least squares solution (1) derived
from the apparent polarization angle (7), and the dotted curves
to the least squares solution (2) from . The pressure and tension
axes illustrated by the crosses of dotted lines are those for
solution (1).
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Second, in order to see the difference between two solutions obtained
from the apparent polarization angles (v) and from the real polarization
angles (¢), the values of ¢ are computed by making use of the table of
Stigtotap Which has been given by Nuttli and Whitmore (1962), where the
Poisson’s relation is assumed to hold. Providing that the shear velocity
at the surface, b,, can be taken to be 3.5 km/sec, the angle of incidence
() at the surface is calculated by the formula;

Table 4. Fault plane solutions.*
L.S. Sol. (1) L.S. Sol. (2) |GraphicalGraphical
(3] (&) Sol. (1) | Sol. (2)
() —0.31840 —0.31821
Source Parameters {(acg) 0.22467 0.24448
() —0.38076 —0.39841
(V) 0.37312 0.39251
J(sz) 0.03525 0.03393
Elements of the ] (Vse) 0.05073 0.05809
Variance Matrix (Vi) 0.06382 0.06115
(Vis) 0.10866 0.12139
(Vas) 0.00608 0.00550
Variance in rad? (69 0.03658 0.03532
Standard Deviation (@) 1120 1028
Nodal Plane (a) Dip Diree. | — 359241228 | — 37954+12°8 —118° — 64°
Dip Angle 21.3 4.3 21.9 4.2 25 22
Nodal Plane () Dip Direc. 116.1 3.8 115.8 3.7 100 116
Dip Angle 7.1 2.0 70.3 2.1 70 68
Pressure Axis Trend 124.0 5.2 123.3 5.2 88.5 116
Plunge 25.5 2.6 24.7 2.7 23.5 23
Tension Axis Trend —79.4 11.1 | — 795 11.3 | — 56.5| — 64
Plunge 62.6 1.3 63.5 1.3 62 67
Null Axis Trend 204 8.0 29.1 7.7 | —175 26
Plunge 9.5 8.2 9.0 8.1 14 0
Slip Angle Plane (o) 63.0 12.1 65.0 11.9 54.5 90
Plane (b) 80.0 4.1 80.4 4.0 5 90
* The notations should be referred to the paper by Hirasawa (1966). Graphical

solution (1) has been given by Takano (1964) by using the P wave data only, and
graphical solution (2) is determined visually from the P and pP wave data.
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R_H~—l)°—Sin’id,

sin 7, =
R by

where, R being the radius of the earth, H the focal depth (192 km), and
b, the shear velocity at the focus (4.6 km/sec after Bullen, p. 223; 1963).
The values of ¢ are tabulated in Table 3.

The least squares solution (2) obtained from the ¢ is illustrated by
the dotted curves in Fig. 4. The deviation of the solution (2) from the
solution (1) is quite small, which may be natural since the use of
observing points is confined to the stations for which the angles ¢, are
less than 40° as usual. The standard deviation of the polarization angles
(¢) is estimated to be 1028. This value is a little smaller than that for
the solution (1). It may be apparent without any statistical test, how-
ever, that the difference between the two standard deviations is not
significant. The most probable values and their standard deviations for
both of the two least squares solutions are listed in Table 4.

4. Discussions and Conclusions

Chander and Brune (1962) discussed the source mechanism of the
Hindu Kush earthquake of July 6, 1962 (magnitude 63—7) by use of sur-
face waves and body waves. According to their least squares revision
the hypocentral coordinates of this earthquake are 36.48°N and 70.38°E,
and the focal depth is 218 km=+10km. This hypocenter is very close
to that of the earthquake discussed in the present study, and the differ-
ence may be less than about 60 km. They have presented a few examples
of the P and S pulses recorded by the long-period seismographs in their
paper. These wave forms are quite similar to those of the P pulses
given in Fig. 3. It follows that the P pulse from the present earthquake
of 1964 is regarded as an impulse for the long-period standard seismograph.

However, the fault plane solution (the nodal planes; strike EW and
dip 78°+6°S, strike EW and dip 12°+6°N) adopted by Chander and Brune
for the earthquake of 1962 is not quite like that of the present earth-
quake. The trend and plunge of the pressure axis are 180° and 33°
for the 1962 shock, and 124°204-5°2 and 25°5+2°6 for the other. This
difference may be a more than permissible variation in the solutions.

Ritsema (1955) investigated the mechanism of many Hindu Kush
earthquakes that occurred between 1917 and 1952, where the first motion
data of P waves from all the earthquakes were superposed to give a
single solution as if the P waves were those from only one shock. He
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found that the P-axis lies almost horizontal in the direction SE—NW and
that this axis is not in contradiction with the almost NE—SW trending
Hindu Kush mountain system.

Recently, Ritsema (1966) presented fault plane solutions of many
intermediate and shallow earthquakes that had occurred in the Hindu
Kush region, and obtained a kind of average fault plane solution for
each of the intermediate (150-250 km) and shallow (0-100 km) earthquakes.
He derived the interesting conclusion that the direction of the maximum
stress component of the average solution for the shallow shocks is almost
perpendicular to the structural trend of the Hindu Kush mountain system
and, on the other hand, that for the intermediate shocks is approximately
perpendicular to the Himalayas and Karakorum mountain ranges. He also
determined a fault plane solution from the P wave data for the earth-
quake discussed in the present study, that is, the P-nodal planes; strike
N50°E and dip 62°SE, strike N50°E and dip 28°NW. The difference
between his solution and the least squares solution obtained here may be
in the order of the error, while the least squares solution as well as his
solution is significantly different from the average solution for the inter-
mediate shocks and is rather close to that for the shallow shocks. It
is a very interesting question whether this difference of the solutions is
merely due to various preferred orientations of the slip plane at dif-
ferent hypocenters, in spite of the existence of a broad and constant
system of the tectonic force, or really due to different local stress systems.

Hodgson and Adams (1958) have examined the consistency of the
data obtained from the reflected phases with the fault plane solution and
found that the percentages of inconsistencies of pP and PP wave data
are both nearly 50%. They suggested that the data which have been
reported by many different observers should not be used for the focal
mechanism determination. However, the above high percentage of in-
consistancies of the PP wave may be attributed to its (7/2)-phase shift,
and difficulty of finding the first motion of the PP wave may be under-
stood from the seismograms in Fig. 8. Regarding the pP wave, it seems
that the use of the pP phase in the case of shallow earthquakes may be
the reason for the high probability of inconsistent observation. In the
cases of intermediate and deep earthquakes it is apparent from the seis-
mograms presented in this paper that the first motion of the pP-phase
can be read without question. The fact that the first motion data from
PP waves are completely consistent with the least squares solution is
very important, since the solution has been obtained independently of the
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observations of P and pP waves.

In comparison with the conclusion by Hodgson and Adams (1958),
there are some examples in which the pP wave is successfully used for
the focal mechanism study, for instance, the study by Ritsema (1955)
mentioned above, and that by Honda (1962, p. 42). However, at a time
when knowledge about the phase shift of the reflected waves has been
brought to light by theoretical as well as experimental studies, it may
be meaningful to make it clear that the use of pP waves is serviceable
to the focal mechanism determination except in the case of shallow earth-
quakes and that, on the contrary, the use of PP wave type is undesirable
in general, where the PP wave type means the wave for which the phase
- shift is +x/2, for example, PP, pPP, etc.

In deriving the polarization angle of S wave, an effect of the crustal
layering should be taken into account. However, consideration on this
effect is not given in the present paper and will be left as a future
problem for the following reasons:

1. The local crustal structure assigned to each station is unknown.

2. In the case where the incident S wave can be regarded as an
impulse, it may be doubtful to apply directly such a result of the effect
for the periodic case as given by Nuttli (1964).

Main results are summarized as follows:

1. A fault plane solution of the Hindu Kush earthquake of Jan, 28,
1964 is obtained by using the data of apparent polarization angles (v) of
the S wave, that is, the P-nodal planes are (dip direction = —35°2:+1278,
dip angle = 21°3+4°3) and (11621£3°8, 71°1+220), and the pressure
axis is (trend = 124°04-5°2, plunge = 25°5+226).

2. A fault plane solution of the same earthquake is obtained from
the real polarization angles (¢) which are determined by the ratios of the
amplitudes of incident SH to those of SV waves. The difference of this
solution from the former obtained by (v) is very small and much less than
the standard deviation of the solution. Although the estimated variance
of the polarization angles (¢) is a little smaller than that for the angles
(), the difference is insignificant. Therefore, the use of the apparent
polarization angle (v) may be appropriate for the focal mechanism deter-
mination, if they are obtained from the stations at which the incident
angles at the surface are less than about 30°.

3. The most probable solution derived from the S wave data alone
by assuming the double couple model is quite satisfactory to the obser-
vations of P and pP waves. It follows that the Hindu Kush earthquake
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can be explained by the double couple hypothesis.

4. The pressure axis corresponding to the least squares solution for
this earthquake is significantly different from that of the average solution
derived by Ritsema (1966) from many Hindu Kush earthquakes with focal
depths 150-250 km, and is rather similar to that of the average solution
for shallow earthquakes (0-100km) in the same region directed almost
perpendicularly to the structural trend of the Hindu Kush mountain system.

5. The pP wave data may be useful for the focal mechanism deter-
mination, since the first motion can be distinguished without ambiguity
and the agreement of the observations of the pP waves with the solution
from the S wave data is satisfactory. Moreover, it may be better to
avoid the use of PP waves for this purpose, since the PP wave would
suffer (—x/2)-phase shift, or the wave form of the PP would be different
from that of the direct P wave.
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67. Siytick » Hindu Kush #5% (196441 F 28 H) o
A H =X A—pPEOFI e onT

it B 9 Pr
Mt ol A, HEDAYATI

hharae PR M

1964421 A 28 Hizjg-o7: Hindu Kush #15% (X 207Tkm, ~2/ =5 .~ F6.1) DA H =X 1%
R OPINC X D WA, ERFERIROEY TH 5,

1. PR OiRIE A B Btz SPED polarization angle #{#->C, double couple %
{R5E UleliZ 98z & b fault plane solution 238 Sk -, —-o0 P ¥mL, dip direction =
N35%2+12°8W; dip angle = 2128+4°3, 1%, dip direction = N116°1:-328E; dip angle =
T1°1£2°0 TH v, F/-FEHOMNL trend = N124°0+5°2E; plunge = 25°5+296 TH5.

2. A SH X0 SV EoRIEIT XS 5HED polarization angle % {#i->T 6 Hui-
fault plane solution & LyfodFh b OFIFE N TR OFIHERZE L D IX D0/ E s,

3. ST —smbRDOENIAH =R 2L PEK IO pP WoOWTHROBMINE+5c w5+
5. Licai o Tz OithFEL double couple @ £ F LTHW x5,

4. WEMWEOBEERNTC, —IC pP Y OWMIIIEF B TH Y, Elhomb pP D
FMHH I B SE L hkDdbIIc 4 h = XA L2 THSHBER B Lind, pP EOFIA
T = 2 OIS TH A 5. —T, BR—UEE (1965) DBFFEcll St X i, PP EoW%
AL PEDThESRIch, PBHFADHAE D HEETH 5.

5. ZoiEoXFESHOFENL, Ritsema (1966) X oThH % bhic Hindu Kush #50RE
FEFE (150-250 km) OSBRI 2 » = X 212 B} 5 F h (Himalayas-Karakorum mountain
system ZIHFHEZ) L FERIT R b, ﬁ‘b A ¥ FEHE (0-100 km) OSEBWeEEN DT
(Hindu Kush mountain system Z/2/3[I%5) 12395\,



