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Fig. 9. The Monte Carlo method was applied for triangles with respective vertices
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3) DU o&i#Ho, Kk sHBotlozEd, YRoo sinb DV oxhl
FA—Ths. DU o7 DU=0 wo\WTi kA EIHT, EFRSHIN
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Table 1 1 V=5.0km/sec DEETHBHH, A—OZHELLOWT, V 2EXTT
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4) VEE2TYL, FRACLsShohNE, DV, DF edhx b Zudisvy, L
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Table 1.

VAT R L

Distributions of deviations in apparent velocity V, in its
reciprocal U and in direction of approach F, obtained by
the Monte Calro method. The observation net is of the
shape of a triangle with vertices 4 (0.689, 0.314), i.e. 5)
in Fig. 9, B(0,0), C(0,1). Errors in time are regarded
as random samples from a normal population with mean
zero sec. and standard deviation 0.01 sec. Apparent velo-
city was taken as 5.0 km/sec, and 300 samples were made

DISTRIBUTION OF DV

F1 OVER

-10

-9 -8 =7 -6 -5 ~4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 OVER

154 202 40 3
2 69 16A 57 4
2 71 157 64 5 1
1 83 138 57 18 3
188 120 58 25 5 3
5 79 112 8 24 8 3 1
2 78 119 46 30 4 4 4 2
10 82 107 72 17 8 3 1
3 69 134 3 24 6 1
2 77 130 ka4 1R 7 2
3 76 132 70 13 5 1
88 13s A2 14
53 193 st 3
52 197 49 2
39 224 37
31 254 15
26 254 29
1 28 244 27
64 195 39 2
63 158 75 4
68 142 73 16 1
3 62 148 44 29 3
4 80 117 74 17 6 1 1
6 70 11A 76 20 5 4 1
1 82 117 A5 22 S 5 1 1 1
6 B1 115 60 20 13 3 2
3 81 118 47 73 4 4
5 97 113 58 15 5 6 1
84 133 46 14 3
1 82 150 56 9 2

DISTRIBUTION OF IF

F1 OVER

-50

-45 ~49 =35 -30 -25 -20 ~-1% ~10 - % 0 5 10 15 20 25 30 35 40 45 50 OVER

1 2 4 12 26 35 43 52 58 36 21 6 4
1 3 4 13 23 32 S0 47 &g 39 22 9 7
1 1 8 10 17 30 51 61 59 37 16 6 3
1 2 2 12 47 37 58 6n 47 37 17 6 4
1 1 3 @ 20 36 53 60 51 47 14 5
1 3 b 15 42 46 65 Ay 44 15 2
2 1 716 27 59 79 71 32 6
1 6 12 24 85 91 Ay 3D 2
2 1 4 20 66 125 75 7
2 12 59 138 L1 9
10 72137 AS 15 1
110 68 126 71 19 4 1
22 84 102 56 21 6 5 3 1
4 35 &7 84 56 28 18 5 3
12 42 78 66 42 24 22 8 5 1
2 40 34 69 66 40 47 21 4 4 2 1
1 7 18 39 47 57 48 33 22 19 5 4
2 7 8 34 42 56 49 39 21 16 5 1
3 2 14 33 23 46 45 56 39 19 8 9 1
1 4 17 27 33 45 55 a2 45 16 10 3 2
1 310 10 »A 42 47 41 48 41 20 9 1 1
2 4 4 11 18 38 42 51 51 41 28 10
5 111 23 37 44 56 AS 37 19 1
1 1 4 5 9 >0 29 58 54 71 38 8 2
1 2 2 4 18 42 54 79 A3 25 9 1
343 29 60 95 79 20 1
1 5 25 77 111 73 8
1 4 12 67 13t 79 6
2 7 80 134 &7 7 3
6 77 123 60 24 8 2
1 31 63 99 59 32 8 4 2 1
1 33 78 79 51 29 17 8 3 1
12 38 62 6A A5 27 11 14 2 1
13 26 54 65 63 38 23 6 1 1
110 17 41 47 57 52 35 20 11 7 2
2 26 32 59 59 47 35 15 13 7 1
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in each direction of approach at every 10 degrees.

Distribution of deviation DV of apparent velocity.
Distribution of deviation DF of direction of approach.

Distribution of deviation DU of reciprocal of apparent velocity.
Means, standard deviations of DV, DF and DU and correspond-
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ing results by analytical calculations and skewness of DV,
DF, and DU.

DISTRIBUTION OF DU

FI OVER =.2 =-.1# -,16 -.14 ~-,12 -,10 -,08 -.06 -.04 -.02

E(Dv)
~0.067
-0.083

0,142
0.219
0,362
0.160
0.196
0,141
0,103
6,008
0.005
«0.031
~0.015

-0.080 -

~0.054
~0.046
-0,051
0,050
0,119
0.162
0,148
0.225
0.284
0.213
0.189
0,093
0,071
0.003
0.082
-0,063
-0,039

S(DV)
0,373
0.377
n.424
0.530
0.654
0,689
0.863
1.025
1,084
1.312
1.18¢
0.990
0.953

0.3
0,354
0,423

Y

50

49

49

3 68

3 22 71

1 3 24 70

2 15 37 47

1 7 20 27 07
1 9 14 48 59
5 5 27 45 49
3 4 16 36 84
1 4 24 35 55
5 19 29 59

3 12 43 62

12 29 65

2 18 63

1 19 74

2 79

51

50

58

14 67

2 28 72

13 29 77

1 18 37 69

2 4 13 46 62
2 7 18 44 54
4 6 21 35 58
4 7 21 ap 45
B 17 43 53

1 7 16 33 %4
1 12 40 50

5 33 66

4 21 89

9 72

4 62

CAL S(DV)/V SK(DV) F{DU)
54 7.5 ~0.122

# 0.0039
0,281 ¢ 0,0046
0,183 « 0.0041
0.355 & 0,0035
0.238 » 0,0054
0.458 @ n, 0038
0.778 ¢ 0,0034
1.019 « 0.0016
0,955 «=-0.0007
1.621 +~0,0040
1.621 » 0,0026
0.857 9-0.00N9
1.032 » n.noNé
0.822 = 0,0019

© 0.0022
0.618 = 0,0041
0.301 #=-0,0005
0.009 & 0,0047
0.176 # 0.0029

CAL
0,0040
0.0040
0.0038
0.0034
0.0028
0.0022
0,0016
0,0011
0,0007
0,0005
0,0005
9.0007

0.0029
0.0034
0,0038

(d)

.00 .02
152 77
145 A6
145 A1
123 62
w75
84 45
76 59
56 34
49 52
64 39
59 38
78 46
69 63
63 48
71 54
111 72
107 78
129 75
143 90
159 76
144 A
113 68
98 59
78 5%
72 57
63 42
55 62
60 48
55 56
59 53
57 46
74 48
62 81
93 A1
104 76
137 85
S(DU)
0.0159
0.0156
0.0178
0,0218
0.0276
0.0282
0.0328

0.0236
0.0214
0.0163

.04 .06 .08
17 2 1
15 2
15 4
26 8 1
33 11 6
38 9 4
42 14 7
37 20 11
39 17 8
28 22 12
41 20 11
26 21 9
34 19 1
ap 21 7
43 18 8
29 4 1
25 4 1
12 3
15 1
10 2
11 2
31 7
30 9 2
37 14 1
21 19 4
40 20 4
30 17 6
38 19 8
35 21 11
a1 17 7
55 20 7
36 16 3
36 14 2
24 6 2
31 6 2
10 2
CAL  SK(DU)
0.0141 0,698 »
0.0142 0.237 o
0.0169 0,428 »
0.0211 0,430 »
0.0256 0,508 »
0.0300 0.502 ¢
0.0338 0,080 »
.
»
N
-
-
-
.
.
0.0255 0.376 #
0.0210 0.513
0.0168 0.294 ©

sseseess s 60t O

.10

pee

BB AN S

hoRNNBARUNE

E(DF)
-0,663
-0,317

0,754
0.420

12 .14

W16

S(DF)
10,81
11,34
10.37
10,21
9.55
8,83
7.80
6,78
5,16
4,18
4,38
4,96
6.57
7.62
8,94
8,90
10,82
10.57
11,06
11.14
11,42
11,27
9,84
9.70
8,33
6.33
5.10
4,60
4,13
5,22
7,00
7.90
8.48
9,27
10,42
10,23

.18 .20 OVER

CAL SK(DF)
11,44 -0,244
11,43 ~0.129
11,13 -0,353
10.52 -0.144

9.66 =0.372

8,57 -0.352

7.32 -0.711

6,01 =~0.741

10.54
11,13




586 PIRNITINC A R A

ARLTWA,
V o U o376 TlE, EOFMEoWT S ERSHCEN -7 &, v, ¢ hik
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y=— (3.1)
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EOWTD—KKTHAHZ END, IERTES, FACOWIHEEDZ L E2ELD
7 oWE, HRFEEOSHNERDBTINT ENEIRS,)
ZIT, o WOWTCHI RO ERD TR S, (2.2), 2.6) X

ou
ot 4

X Y Y

— 41
- am) = (3.2)

— A—l (X2+ Y?)—1[2 <X
UTehi o T du OIEHERRSE o(ou) 13, HUIRKIOEIESE ¢ X - T
o (on) = Z—TS «/zuAZ—HuBz{—wCz (3.3)

F7 (2.21) wxisT AT

o (0u) = % 7V 1—ccos26a—as) (3.4)

Eleh.

v ZEALS ¥ L EOSBOEE, (2.12), 3.3) wwXiuL v, 69, ou OFEHEEEN
ThZEhn v o 2 3, 1%, 0 Frelbfl+5%. ik Monte Carlo e & » CHE O
E—E7 5.

&T, Table 1 o4, DV, DF OS#HOFEMEL (25) k- TEbhIRLWLI &
THEBLICH, ez 320E 1 Xofkbbic, Taylor BBi% 64 LD 2RETE -
T

1 % ik
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> ot at o 2 ot 4 L)+ 2 ot ot

0l pdte (3.5)

ETRE—BIVWTHAS5. Ll 2oXTH/R2F W oTlEiw, i, Afio
Monte Carlo BDIBE&D X 51T, ota, 6tp, 6fc DEEE O ODEHOHRICES S5 &
DIFFET2ONTIE, (3.5) #FIHALT, BHCINEMABZENTES. Thbb E T
YR LHZtEEbTETHE

Eot)=0,  E(tztcd)=0,  LE((6t4)%)=c*
THHrb

E(v) =%12{

2. 2 2.
0%v 0%v 61}} (3.6)

ot 42 otg? otc?
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D X, Y #HEWT
0%v

N R CA R

0%0 _ X Y Y X
=—2(X24+ Yy (X2 vy ) (xZh —y 22
ot 42 (XF+Y7) < ot 4 +Y6tA><X6tA at,,)

o%u X aY'\? 0 X oY
=41 X234 Y?)-3/2 2 2 SNV (X Yy =
at4® = [(X+Y){<3tA>+<3fA>} ( 04 " 0t 4 ]

b Ly, wy THEHOEE

2
=L w1
A
62
-agé‘ —2'_21AZUA (3 7)
0%u v
ot A

Lkt o TEHEIZ 2T, ROEXDNEDRA.

Elov)= 1 v%* 2 2 2 2 2 72
(50)—3 ye 2(wa+wp? +we?) — (L4 + 1+ %)}

E(6¢)= (lAwA +pwp-lewe) (3.8)

Elou)= ; ZZ (L4121

ThSORIL §2.2 LRBRIBLEL ZENTES, EoE 2R BEbh b Lwatlws
+lowe TONTIE, (2.16) WBERL THFL &, (2.18) LETU ¢q, axy KHAWT

lAwA+lBlUB+lclUC:4R2q sin Z(SZSA‘_(,YA) (3.9)
ticboT
3.2

E(or) = -5 5,21 3¢ cos 2(6a— )}
2 a?
V32 .

E(o¢)= T To%esin 2(g,—a.) (3.10)
1 ot

E(ou)= 7.1 +ecos 2(d4—a4)}

2

EECENTES,

Table 1 (d) Tk Monte Carlo Hic X 5O DFIGME, FHERE & BIFHYe i X
BRERIAVHEEL W5, BEOREE, EHE WL 3.8) %, BEEEFEZEIT oW
Tk (2.12), (3.3) ZHWTW5, Thzoko SK(DV), SK(DU), SK(DF) 13, 24
DELERRTE DT, ok z¥ SK(DV) &
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Ao = B-F
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J 5. > o x
360

Fig. 12. Means and standard deviations of DV and DF, obtained
vertices A (0.709, 0.569), i.e. 2) in Fig. 9, B(0, 0), C(0, 1).

Apparent velocity is taken as:

(a)

5.0 km/sec,

(b)

10.0 km/sec.

for triangle with

Closed and open circles indicate the results obtained by the Monte Carlo method and
by the analytical method respectively. Crosses indicate the results of estimation by use

of equation (2.11).
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> (DV—E(DV))? /{ P (DV——E(DV))Z}W
N N
ER—DHEA L TWA, Flik N=300 o3 Coflichi5,

Table 1 (d) #H% &, EEFEECOWTIE, (2.12), (3.3) o4 LVvsERITs »
TWAHZ L, FHBEOWTIE, CHITER 0 Tiifkd, FHLX - TEMLLTNT,
(3.8) M4 LVELIT I » T B Z LA %,

Monte Carlo i L AECZETOES2ENH LM, 2OEL2EX DV i~
T, DU oF 3B, V Rk&Eienl, ZOERM—FHEIT»TL 5.

EHEOEMZE, DHEOL ZATHENCHAMEN LS FEbhhTwa, DV onwT
L, HEIET DV OfBERKRECHRATREWEY S, V RKE LB E, EOFMA
ThK&EL %, DF wo\Tik, HANCHSEEZ, F0ZEbYHie EDF) b3
MWL - Tb, DU OFBAELIZEAVETHEN, FOREADES DV, DF O&EA
BEoOMIHEOBRK L D /A&,

Fig. 12, Fig. 13 wx=n%h Fig.9 o=MFEEAL 2) BI 4) ofs&cowT (Fig.
11 2), DV, DF OYHEHE - FH#ERZEOF M L HEMAE R LD THE. ZhbO
KT, @ ¥ Monte Carlo Bz X 5%E%, O X (3.8) ¥72i% (2.12) wk » TEHL
JoflA, X ik (2.11) @B T |0f|=r=0.01sec ¢ L TEBLERELL TS, X IF
RCOBE AT X DITKRECIEHC I - T 5,

IHOhoRERLE, WThoBEed, FEHE, BHERFEZC OV, R X 55EL

x,=0.684 , y,=0.455 v=7.0Km/s

E(DV) S(ov) E(DF) S(DF)
= Km Km a4 - . 20°
202 "% 348 9% 172929 $ 45 8oz is e
F
o * Y x
e < P .
i « . x
g)\ P .
s ‘ ]
ax - 3
604 I - o
ax A L]
ar . e
o . o x
o o
o k o
1204 ax o o
an # o
o «
3 - .
[ [ 0
Bx w o
18 0 " -
o o
L # Al
o> - &
ax o o
8" & ce
240+ 9% v o
L 1] -
B ax s -
b F| IS
b ax -
3004 ax Iy -
AL - §
ax - -
i LY B
ax td e
ax b -
3604

Fig. 13. Means and standard deviations of DV and DF, obtained for triangle with
vertices A(0.684, 0455), i.e. 4) in Fig. 9, B(0, 0), C(0, 1). Apparent velocity is taken as
7.0km/sec. Closed and open circles indicate the results obtained by the Monte Carlo
method and by the analytical method respectively. Crosses indicate the results of estima-
tion by use of equation (2.11). ’
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Monte Carlo iz L %R &%, EHLETFSO—FERLTWALEZ Ehbhs,

4. = #

RO EHERLE DX D%, 3 DOBRS OETERE T E, A
BEEBSRF A RET XD, b, BHEHOBEEC L - TRF 5O, &
3 HTOBIEENEREEOEAT, W 2rofHkEERELM -1, Zh
LERERTHIEROED Th 5.

1) RpU#HECoWTE, FERRFMCOWTE, BEE—cERTIme X - Thik
B2, ERMOFREFEL., Tiobb AT 180° Th 5.

2) 3 ENROLAZAED, 1 DOINCA > HFIICEET 5B DWW T, Rhid i
DEMEIE, CHICER A CERT B IOV T, HIEOEAERE, 0
Hegbns, ESARTE, chboMitl 20T E, TCToFucR—Th
5.

3) EZAEIAE=ZMIBTRIIE, 2P EEOKENED LWHRE, BRI
EREL IWFRERDD, BEVWERXLTW%,

4 T HEOKEARS L WFIRREOLOF ML, & 0K s b O3k
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FLdhE, EbbllcThsotd TERWAD, FLL KEDHLOFHEITE
D, BRVHD 2 20PFELTREHEFECTIS X » T, WEDOFHEON
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DT, EOBEREALAV. EHO 3 SEETE, —ERELe 3 A
BT, Fix DRICDHNTHEOHER L BNT 0T, HndEEOBEY
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Fig. 14 o=, Fig. 9 05 CRLEE ZARTEALZ L2 OOLRT, # 33H
T, Table2 13, EELELEEDbNAME, &R 1.0km, Ko HHEZE 0.01
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Table 2 1%, Ft, HBHEAOBREDRCFHTHIENTES,




592 Aok 2 HeF H — I

(® (16) .
0.8
/ AL
(/7)/ \ (»5;//\ <23/>,/ \
/” \ /
0.7 N\ / d A

(6)///\ (14) //\\ (22)’//\\\ %
’ \\ ///
0.6 / NN /,/ N \

(5)/\ 13,7\ 1)\ (28)
S g \
0.5 ./f/ ‘ N / \

Pt

(41,7 (12)/\ 20) "\ (27) 133) ﬂ
% N\
o~4 \ /,/ /

(3) "™ (1 l)/\ (19) (26) (32)
0.3 ~ o

(2) (10) (18) - (25) (31)
0.2 - >

(1 (9) (17) (24) (30)
0.1

14

yA - .
/XA 0.5 0.6 0.7 - 0.8 0.9

Fig. 14. The number of triangle with a vertex at each point in Fig. 9.
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Table 2. Table of standard errors in apparent velocity ¢(0v) and in
direction of approach o(d¢), caleculated for each triangle
with vertices Az, y), B(0,0), C(0,1). The side BC is
taken as 1.0km, standard deviation in time as 0.01sec
and apparent velocity of wave as 5.0km/sec. For the
case of a triangle with its longest side of length a(km),
standard deviation in time of c(sec) and apparent velo-
city of v(km/sec), tabular values are to be multiplied by
4v*zja for o(6v), and by 20vr/a for o(d¢).

Triangle number (1) (2) (3) (4) (5) (6) ] (7) (8)

Coordinates of |~ 95 |05 |05 (05 |05 |05 05 |05
(lem) ¥ 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Length of 5 | 0.510 0.539| 0.583| 0.640| 0.707 | 0.781| 0.860 | 0.943
(k) ¢ 0.510 | 0.539 | 0.583 | 0.640 | 0.707 | 0.781| 0.860 | 0.943
: A |157.38 |136.40 |118.07 |102.68 | 90.00 | 79.61 | 71.08 | 64.01
hggggff angle |\ B 11131 [21.80 | 30.96 |38.66 | 45.00 |50.19 |54.46 | 57.99
C || 11.31 | 21.80 | 30.96 |38.66  45.00 |50.19 |54.46 | 57.99

o 4(deg)

0 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35

10 | 0.64 | 0.44 | 0.39 | 0.37 | 0.36 | 0.36 | 0.36 | 0.35

20 | 1.10 | 0.62 | 0.48 | 0.42 | 0.39 | 0.38 | 0.36 | 0.36

30 | 156 | 0.82 | 0.60 | 0.49 | 0.43 | 0.40 | 038 | 0.36

40 | 199 | 1.02 | 0.71 | 0.56 | 0.48 | 0.43 | 0.39 | 0.37

50 2.36 1.19 0.81 0.63 0.52 0.45 0.40 0.37

60 | 266 | 1.34 | 0.90 | 0.69 | 0.56 | 0.48 | 0.42 . 0.38

70 | 2.8 | 1.44 | 0.97 | 0.73 | 0.59 | 0.49 | 0.43 | 0.38

(o) 8 | 302 | 1.51 | 1.01 | 0.76 | 0.61 | 0.51 | 0.44 | 0.38
(km/sec) 9 | 3.06 | 1.53 | 1.02 | 0.77 | 0.61 | 0.51 | 0.44 | 0.38
100 | 3.02 | 1.51 | 1.01 | 0.76 | 0.61 | 0.51 | 0.44 | 0.38

110 | 2.88 | 1.44 | 0.97 | 0.73 | 0.59 | 0.49 | 0.43 | 0.38

120 | 2.66 | 1.34 | 0.90 | 0.69 | 0.56 | 0.48 | 0.42 | 0.38

130 | 2.3 | 1.19 | 0.81 | 0.63 | 0.52 | 0.45 | 0.40 | 0.37

140 | 1.99 | 1.02 | 0.71 | 0.56 | 0.48 | 0.43 | 0.39 | 0.37

150 || 1.56 | 0.82 | 0.60 | 0.49 | 0.43 | 0.40. | 0.38 | 0.36

160 | 1.10 | 0.62 | 0.48 | 0.42 | 0.39 | 0.38 | 0.36 | 0.36

170 | 0.64 | 0.44 = 0.39 | 0.37  0.36 | 0.36 | 0.36 | 0.35

¢ sldeg)

0 (3.1 |17.5 |11.7 8.8 7.0 5.8 5.0 4.4

10 || 34.6 [17.3 |1L.5 8.7 6.9 5.8 5.0 4.4

20 |33.0 |16.5 |11.1 8.4 6.7 5.7 4.9 4.3

30 [30.5 |15.3 |10.3 7.9 6.4 5.5 4.8 4.3

40 | 27.0 |13.7 9.3 7.2 6.0 5.2 4.6 4.3

50 (22.8 |11.7 8.1 6.4 5.5 4.9 4.5 4.2

60 | 17.9 9.4 6.8 5.6 5.0 4.6 4.3 41

70 \ 12.6 7.1 5.5 4.8 4.5 4.3 4.2 4.1

o (69) 80 | 7.3 5.0 4.5 4.3 4.2 4.1 4.1 4.1
(deg) 90 | 4.1 4.1 4.1 41 4.1 41 4.1 4.1
100 | 7.3 5.0 4.5 4.3 4.2 4.1 4.1 4.1

110 | 12.6 7.1 5.5 4.8 4.5 4.3 4.2 4.1

120 | 17.9 9.4 6.8 5.6 5.0 4.6 4.3 4.1

130 | 22.8 | 11.7 8.1 6.4 5.5 4.9 4.5 4.2

140 || 27.0 |13.7 9.3 7.2 6.0 5.2 4.6 4.3

150 | 30.5 |15.3 |10.3 7.9 6.4 5.5 4.8 4.3

160 | 33.0 |16.5 |11.1 8.4 6.7 5.7 4.9 4.3

170 134.6 !17.3 |11.5 8.7 6.9 5.8 5.0 4.4

(to be continued)
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25. Errors in Apparent Velocity and Direction of Approach
Determined by the Tripartite Net Observation
of a Seismic Signal.

By Takuo MARUYAMA and Ichiro KAYANO,
. Earthquake Research Institute.

Apparent velocity and direction of approach of a seismic phase can be determined
from arrival times at three observation points on the ground surface. Errors in this
determination caused by observational errors in arrival times are investigate by a Monte
Carlo method as well as by analytical methods.

Apparent velocity of a seismic signal is denoted by v and the direction of approach
is specified by the angle ¢ which is measured counterclockwise from a direction chosen
beforehand. Three observation points are denoted by A4, B, C, the corresponding arrival
times by %4, ts, tc, and opposite sides to the vertices A, B, C of the triangle ABC by
a, b, ¢ respectively. If three points are marked in such a way that a counterclockwise
round is made when we go along the border of the triangle in order of 4, B, C, neglect-
ing the higher terms of Taylor’s expansion, we have

ov= 25 (szatA+w35tB+wcatc)

o= _—2_S—(IAMA+IB5tB+lC(HC) ,

where ({4, wy), Uz, wg), (¢, we) are (&, ) components of ﬁE, &i, ;\—1)3 respectively and
S is area of the triangle. (&-axis is taken in the direction of approach and 7-axis in the
direction advanced by 90° from the former.) If we assume that dt4, dfp, 6fc are random
samples from mutually independent populations of which means are zero and standard
deviations are t, the standard deviations of év and ¢ can be written as
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2
a(av)z—vfra«/l—scos 26a—aa,

a(6¢)=%raV1+e-cos 2fa—aa),

where ¢, and a, are angles measured from the direction of B_5; e, a4, and 7. depend
only on the shape of the triangle. Contour maps of ¢, a 4, yav'1—¢, and 7.v/1+¢ are given.

Random numbers made in a digital computer were employed in order to make clear
the frequency distribution of év and 6¢ for a variety of specified combinations of v
and ¢ in several samples of triangle. Examples of frequency distributions are shown
in the form of tables. Small deviations in means of év and d¢ are found. Comparisons
of means and standard deviations are made, between analytical and numerical results,
and satisfactory agreements are attained.

Useful figures and tables for field observations are included.




