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For the same object of investigation as stated in an earlier paper,”
we shall solve the problem of a cylindrical heterogeneous matter included
in a gravitating semi-infinite elastic solid in a state of plane stress, and
study the difference in stress distribution of two cases, the state of the
semi-infinite medium of one being a plane strain and the other plane
stress. '

In the present study we take the following expressions® of 4, 2w,
4" and 2w” as particular solutions of the equilibriumm equations of the
gravitating semi-infinite solid and the cylindrical inclusion :
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which differ from the expressions used in problems relating to plane
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1) G. Nisgrmura and T. TARAvAMA, “On Stresses in the Interior and in the Vicinity
of a Spherical Inclusion in a gravitating Semi-infinite Elastic Solid,” Bull. Earthq. Res.
Inst., 11 (1933).

G. NismimurA and T. TagavamA,” On Stresses in the Interior and in the Vicinity
of a Horizontal Cylindrical Inclusion of Circular Section in a Gravitating Semi-infinite
Elastic Solid,” Bull. Farthq. Res. Inst., 11 (1933).

2) The notations of all physical quantities used in this paper have the same mean-
ings as those in the previous paper.
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strain.”
The respective displacements u,v and u’, »” corresponding to (1) and
(2) are obtained by the method used in the precedlng papers. They
are expressed by
—Pg 2
“8u
3pg 2
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o =——2= 57 5'gr*sin .
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The stresses corresponding to (1), (2) and (8), (4), respectively, are given
by
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p’gr’ cos @,
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m«:%pgrcose, 00— —%pgrcos 0, 0= ——%pgrsin 6, ..(5)

—

:%pgrcosﬁ 00’ =— Pgrcos@, 76’———1-pg7's1n6 (6)

As complementary so]utlons of 4,2 and 4, 2%’ of the equilibrium
equations of two solids, we use the same expressions which were used
in the preceding paper,” so that the displacement expressions u, v, u’, v’
and the stress expressions 17y 00, 22, 16, 11", 00, 22, 16" corresponding to
these dilatations and rotations are the same as those of the previous
paper.

Now the stress components of a gravitating semi-infinite elastic
solid, the state of which is one of plane stress, having no heterogeneous
inclusion in its interior are expressed by

- 1 3 1 1
o + 2 cos f ——- cos 20 +— cos 36,
7 2 po& " 3 pg€ co 1 Pgr 08

00— _% pgf—{—%pgr cos 9+%pgg cos‘,‘29—%pgr cos 34,\...(7)

0= _%pgq' sin 6+—;-pg§ sin 26—% pygr sin 36.

3) In the plane strain problem we took the following expressions as particular solu-
tions of the equilibrium equations :
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4) G. NisHIMURA and T. TARAYAMA, loc. cit.

cos 8, 2o’ =0.
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These expressions are obtained by the x
following conditions: The normal and the
shearing components of stress vanish at the _ 7
horizontal surface z=§&, and the stress at
any point in the solid increases linearly

with increase in its position from the upper 7/// . 2
: / &

surface of the solid. This semi-infinite solid

is in a state of plane stress. Expressions Y )
(7) differ from those in the case of a plane / 7
strain problem. ' ‘ °,\”

Now the boundary conditions of the 8 i
present study are as follows: the heteroge- / / /
neous inclusion and the outer medium are /// 7

perfectly cemented at the contact surface,
so that they cannot slide upon each other
at the boundary. In all the spaces in the medium distant from the
inclusion the stress distributions are equal to those expressed by (7).

Adjusting the arbitrary constants of the general expressions of dis-
placement and stress to satisfy these conditions, we obtain the final
results of the stresses in the gravitating semi-infinite medium and in
the inclusion.
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where 3, dc,y oy, Dy Doy and s, Doy Doy, Doy oy are expressed by the
following determinants :
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The foregoing results bring to light many interesting facts, some of
which we have summarised as follows :

1. The stress distributions in the medium and in the inclusion vary,
in general, with variation of radial distance from the center of inclusion
and with variation of azimuthal direction. The magnitudes of all stresses
at all points in and around the inclusion vary with the magnitudes
of both densities p, p’, the elastic constants of both solids, the distance
£ between the free surface of the semi-infinite solid and the center of
inclusion, and with the radius ¢ of the cylindrical inclusion.

2. All components of stresses in the interior of both the gravitating
semi-infinite solid and the gravitating inclusion are expressed by three
terms related to pg#, pga, and p’ga respectively.

3. The respective magnitudes related to the terms pg€ of 7:;'\, 979\, and

76 become constant along the radial direction when the position in the
medium is far from the inclusion.

{ —~ o~
4. The respective magnitudes related to the terms pga of 7, 66,

and 76 tend to increase linearly along the radial direction when the
positions in the medium are far from the inclusion.

5. The respective magnitudes related to the term p’ga of oj;, 2]
and 76 tend to decrease and finally vanish along the radial directions,
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becoming inversely proportional to the radial distance from the center
of the inclusion when the positions are far from the inclusion.
6. The magnitudes of the terms related to pg€ of all components

of stress r’, 86" and 7@’ in the cylindrical inclusion, although constant
along the radial direction, are not so along the azimuthal direction.

7. The magnitudes of the terms related to pga and p’ga of the
respective components of stresses increase linearly along the radial dir-
ection but not along the azimuthal direction.

8. The stress distributions in the medium, especially around the
inclusion, are much affected by the presence of inclusion, and the effect
of inclusion upon the stress distributions in the medium, especially in
the vicinity of the inclusion, decrease also when the distance between
the position in the medium and the center of the inclusion become
large.

9. The magnitudes of all terms related to pg€, pge and p’ga of
stresses in the inclusion vary with variation in magnitude of the elastic
constants of both solids.

10. The distribution of stresses and the magnitudes of stresses all
differ according as to whether the state of the medium is one of plane
stross or whether the solids are in plane strain.

To find the general properties above mentioned we shall study more
closely the stress distributions in and around the inclusion.

When the Poisson ratio of each of the solids are %1—, the stress

distributions in and around the inclusion are expressed by

r
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A few examples in which different values of <or %) are given
p
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are shown below :
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b@’:pgf[ _%4-% cos 26] +pga[i(§> cos 0—%<L> oS 39]

a
4 p'ga,[ __é_@) +%<%)3] COS B, wveene e (32)
= pgg[%] sin 20+ pga[li2<%> sin 9_%(%) sin 36]
- p'ga[ _%(%) _Ilé(%)] SO, e &

+

oot - (50 -5 a(0) () )
(2} 5) e oo
)0 () feos ]
'+p'ga[%<%)_%<%>3]coso, e (3)
{3 o]
30+ H(2)- o

1/7r 1/aV\*, 4/a\°
_afrN_LfeN 2/ a 3
=gl () eose]



466 G. NisEmmura, T. Taxavama and K. Kanar [Vol. X1,

- 15 15 5(r 15/ ¢
" ng[ 22 99 °% ] Pga[28 o) 0T\ ) e

3/7r 5/r
'ga| =) -2 0, . 37
+pga[4<a> 28(a>]cos (7

= 15 15 15/ r 15/ 7\
00 =pgt| —2422¢ s29] [~(—> e__<_> o 39]
ng[ gu Tog 00520 | HPI0| 5o ) cos 0= ) oo

, 1/a 11/ o \?
+Pga[——6—<7>+4—2<7>JCOSG, e e et e e aeeaean (38)

0 :pgf[;—gJ sin 20 + Pga[2—5§(1> sin 0~411—Z<L> sin 39]

a a

+ p'ga,[ _%%) _2_58%)] Sing, ... U (39)

-|-p'gvaz|:é<—b)—l<—g 3]cosé’, e .. (40)
6\r 3

COSH, vvvi i ... (41)



Part 3] Stresses in an Inclusion in a Gravitating Solid. 467
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These results are numerically calculated and tabulated in the annexed
tables and shewn in the annexed figures. These figures shew the pro-
perties of stress distributions in and around the inclusion already
discussed.

When the cylindrical inclusion is more rigid than the surrounding
medium, the magnitudes of the respective terms with respect to pgo

and pg€ of Yooy 0ygy TT'rocy T0ra ore large, as are those of the
terms related to p'ga of 10, and 7&,... The magnitudes of the terms
related to p'ga of P7y.q and q;’,.:a, however, are small in this case.

When the cylindrical inclusion is more rigid than the surrounding
mechum, the magmtudes of the respective terms related to pgg€ and pga

of 09,., are generally small, while those of the terms related to 00’0y on
the contrary, are generall} large The terms related to p’ga of the

components of stresses 00,., and 0¢',_, have special distributions, different
from those of all other stress components, when the magnitude of

4
£ is large.

: 1
- When the Poisson’s ratio of each of the two solids are Py the effective

radius of the existence of inclusion upon the stress distributions in the -
medium is about 2 times the radius of the inclusion. The rigidity ratio

£ has little effect upon this effective radius.
®
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Even when ¥ =oc, the magnitudes of all terms related to pga, pgé

and p’ga of stresses in the inclusion are finite.

For the differences in magnitude of stresses in and around the inclu-
sion for the case when the medium is in plane stress and when it is
in plane strain, the following table shews the magnitudes of stresses at

’
special points in the two cases when A=g, M =p" and i:% and oo.
©w
Table 1.
(Ordinary figures=plane stress)
Figures in italics=plane strain
1% ‘Stress r
I components a o pge PgE r'ga
- 1 o° 0-130 —0-428 0727
0116 —0428 0727
90 1 60° 0-833
0809
1 90° —2'143
—1'95
1 0° —006
—006
;?) 1 90° 0-130
0717
1 45° 0214
3 0143
1 90 —0'273
1 —0'273
5 = N
rr! 1 0 0-130 —0-428 0727
0116 —0428 0727
06’ 1 60° 0-141
0141
1 90° 4 —0-428
' —0428
1 0° 01818
01818
9’ 1 90° 0130
0117
1 45° 0214
0143
1 90° —0273
-0'278

(to be continued.)

LA
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Table I. (continued).

" # Stress o
| compononts o ¢ rga Pyt p'ya
r 1 0° 0625 —1:500 | 0500
0760 —1-500 0.500
60 1 0° 0209
0-250
1 90° 0
-017
o 1 0° 0167
0167
0 1 90° 0625
0750
1 45° 0750
0500
1 90° , —~0°500
—0°500
7";' 1 0° 0°625 —1-500 050
0750 —1°500 0°50
00’ 1 45° 0795
1237
1 90° —1'50
L —~1°50 "
1 [0 —0
= —0° 50
70’ 1 90° 0625
0750
1 45° 0750
0°500
1 90° —0°500
, —0°500

This table shews that the magnitudes related to pga and pgé of all
stress components in and around the inclusion are generally different in
the two cases, but the magnitude related to p’ga of all stress components
is exactly the same in both cases.

When the state of the medium is one of plane stress, the stress
distribution in the medium far from the inclusion are not affected by
the elasticity constants of the medium, but in the case of plane strain
they are affected by the elasticity constants of the medium.
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Fig. 2a. Distribution of the terms
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Fig. 2b. Distribution of the terms
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Fig. 2c. Distribution of the terms
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Fig. 3a. Distribution of the terms
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Fig. 3b. Distribution of the terms
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related to pga of 69 and 66" when %:%

Fig. 8c. Distribution of the terms
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Fig. 4a. Distribution of the terms
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Fig. 5a. [Distribution of the terms
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~~ ~~ 4
velated to pg& of rr and ' when%=1.

Fig. 5b. Distributi-n of the terms
,i'=1

related to pga of rr and 7' when 7

Fig. 5c. Distribution of the terms
’l’l
—=1

related to p'ga of 7r and 7' when u

related to p'ga of 76 and 16’ when i
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Fig. 6a. Distribution of the terms'
£ -1, Tie 7a. Distribution of the terms
!

related to pgg& of 66 and 66’ when &=
F related to pg& of 76 and ;79_' when 77=1.

Fig. 6b. Distribution of the terms
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Fig. 6¢c. Distribution of the terms
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related to p’ga of 66 and 66’ when %: .

Fig. 7c¢. Distribution of the terms-
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Fig. 8a. Distribution of the terms
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Fig. 8b. .Distribution of the terms
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Fig. 9a. Distribution of the terms
~ ~ !
related to pg# of 69 and 66’ when %=5.

60"

X

]

Fig. 9b. Distribution of the terms
related to pga of 99 and 66' when

F 5,

H

Fig. 9c. Distribution of the terms
Py Py ’
related to p'ga of 66 and 66" when %=5.
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— —_ ! — . !
related to p'ga of r¢ and r¢' "when i’%=5. related to p’ga of #r and rr’ when I—;—=co.
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Fig. 12a. Distribution of the terms Fig. 13a. Dlstl‘lb}itlon ,(,)f the Ft,erms
related to pyE of 69 and 68’ when # —co,  Telated to pg€ of r6 and r6' when it
ll

Fig. 12b. Distribution of the terms

, — —~ ' Fig. 18b. Distribution of the terms
related to pga of 69 and 66’ when %=oo.

~—~~ ~~ ’
related to pga of r¢ and r0’ when %:oo.

0 '

Fig. 12¢c. Distribution of the terms Fig. 13c. Distribution of the terms
_— —~~ ! ~~ ~~ ’
related to p’ga of 6 and 66’ when %=oo. related to p'ge of r6 and r6' when % =00.
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Table IIa.
Magnitudes of the respective terms related to pgf, pge and p'ga
ol

of rrre=a (=rr'r=q) when —=
s 5

N 0° 10° 20° 30° 45° 60° 70° 80° 90°
P9E —0428 | —0415 | - 0-378 | —0321 | —0-214 | —0107 | —0050 | — 0013 0
Py 0130 | 0115 0075 | 0020 | —0:060 | —0096 | —0°085 | —0050
plga 0737 | 0716 | 0683 | 0630| 0514| 0363 0248 | 0126

N 100° 110° 120° 135° 150° 160° 17¢° 180°
r9E —0013 | —0050 | —0107 | —0-214 | —0-321 | —0-378 | —0-415 | —0428
PJa 0050 | 0085 | 0096 | 0060 |—0020|—0075 |—0115 —0130
plga —0126 | —0248 [ —0'363 | —0'514 | 0630 | —0683 | —0716 | —0727

Table IIb.

Magnitudes of the respective terms related to pgé, pga and p'ga
— '
of 609r-a when F = —.
,1«

5
N 0° 10° 20° 30° 45° 60° 70° 80° 90°
P& 05713 04893| 0:2543|—01077 |- 07857 |—1'4687 | ~18260 |—~2-0607 | - 21427
pga —0368 |—0281 |—0047 0269 | 0700 | 0833 | 0693 0393 0
p'ga —0°0600 | —0-0590 | —00563 | 00520 | - 0-0423 | —0'030 |~00205|—0-0104 0
N 100° 110° 120° 135° 150° 160° 170° 180°
PYE —2:0607 | ~ 1'8260|—1-4637 |- 0-7857 |—0'1077 | 02543| 04893} 05713
Py —0393 |-0693 |—0'833 |-0700 (—0269 0047 | 0281 | 0368
o'ga 00104| 00205| 00300| 00428| 00520| 0:0563| 0:0590| 00600

Table IIc.
Magnitudes of the respective terms related to pgé, pga and p'ga
of 66'r-a When %:l.

5

T 0| e | 1w | 20 | 80 | 4 | 607 | 700 | 8° | O
pyE 0 |—0018 |-0050 [—0107 |—0214 |-0321 |—0378 |—0415 | —0428
pga  |—00390|—0:0254| 00106| 00591| 01288| 0'1411| 01159, 00653, O
plaa 01818| 01790, 01710 01570| 01280 00906 00620\ 00316) 0

6| 100° 110° 120° 135° 150° 160° 170° 180°

pqE —0415 |—0'378 |—0321 |—0214 |—0107 |—-0050 |-0013 0
PI — 00653 |—01159 | —0'1411 | — 01238 | —0-0591 |—0°0106 | 00254 00390
p'ga —00316 |— 00620 |~ 00906 [—0-1280 | —0-1570 | —0-1710 —01790—0-1818
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Table TIId.
Magnitudes of the respectlve terms related to pgg&, pga and p'ga
of rGr -a (= r0’1 =a) when li—%.

N 0° 10° 20° 30° 45° 60° 70° 80° 90°
pyE 0 0073 0138 0186 0214 0186 0138 0073 0
pga 0 —0050 | —0085 | —0-096 | —0-060 0020 0075 0115 0130
p'ga 0 | —0047 | 0093 | —0136 | - 0193 | ~0°286 | —~0256 | —0-268 | —0273

N 100° 110° 120° 1385° 150° 160° 170° 180°
PoE —0073 | —0138 |-—0186 | —0-214 | —0'186 | - 0188 | —0'073 0
pIa 0'115_ 0075 0020 | —0060 | —0-096 | —0085 | —0050 0
ploa —0268 | —0256 | —0236 | —~0:193 | —0136 | —0:093 | —0-047 0

Table IIla.
Magnitudes of the reSpectlve terms related to pg&, pga and p'ga
of 777 a (= rr: =q) When ,i—l

N 0° 10° 20° 30° 45° 60° 70° 80° 90°
pIE —1000 | —0970 | —0:883 | —0'750 | —0500 | —0-250 | —0117 | —0-030 0
poa 0333 0298 0203 0072 | —0118 | —0208 | —0188 | —0'110 0
poa 0667 0656 0627 0578 0472 0333 0228 | 0116 0

N 100° 110° 120° 135° 150° 160° 170° 180°

: PIE —0030 | -0117 | —0250 | —0'500 | —0-750 | —0-883 | —0-970 | —1-000
pya 0110 0188 0208 0118 | —0072 | —0-203 | — 0298 | —0-333
p'ga —0116 | —0228 | —0333 | —0'472 | —0'578 | —0427 | —0656 | —0'667
Table IIIb.
Magnitudes of the respectlve terms related to pg%, pga and p'ga
of 86r-a (80'r-q) when %_

N 0 10° 20° 30° 45° 60° 70° 80° 90°
PIE 0 —0030 | —0117 | ~0250 | —0-500 | —0750 | —0-883 | —0°970 | —1'00
pIa 0 0030 0110 0217 0354 0400 0-302 0169 0
plga. 0 0 0 0 0 0 0 0 0

N 100° | 110° | 120° | 185° | 150° | 160° | 170° | 180°
PoE —0970 | —0:883 | —0'750 | —0-500 | —0-250 | —0-117 | -~ 0030 0
pIa —0169 | —0320 | —0400 | —0°354 | —0-217 | —0'110 | —0:030 0
p'ga 0 0 0 0 0 0 0 0
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Table Illc.
Magnitudes of the respective terms related to pgé,

KaNaT. [(Vol. XI,

pge and p'ga

of 70rea (=r6'r=a) when £y
: F

N 0° 10° 20° 30° 45° 60° 70° 80° 90°
pyE 0 0171 0-321 0433 0-500 0433 0321 0171 0
rJa 0 —-0110 - 0189 | —~0208 | —0117 0072 0203 0299 0333
plga 0 —0058 | ~0'114 | —0-167 | ~0236 | —0288 | —0-313 | —0328 | —0:333

N 100° 110° 120° 135° 150° 160° 170° 18¢°
pyE —0171 | —0'321 | —0-433 | —0:500 | ~0433 | ~¢:321 | —0-171 | ~ O
pga 0299 0203 0072 | - 0117 | --0-208 | —0189 | —0°-110 0
p'ga —0:828 | —0'318 | —0-288 | - 0236 | ~ 0167 | - 0'114 | —0058 0

Table IVa.
Magnitudes of the respective terms related to pg&, pga and p’ga
— ~—~ ! :
of rrr=a (=rr'r-a) when £ =5,

N 0° 10 | 200 | 80° | 45° 60° 70° | 80° | 90°
PIE —1364 | —1824 | —1205 | ~1:024 | —0683 | —0342 | —0'161 | — 0042 0
paa 0519 0471 0338 0155 | - 0115 | —0:252 | — 0234 | —0'139 0
p'oa 0572 0563 0537 0495 0404 0-286 0195 0099 0

N 100° 110° 120° 135° 150° 160° 170° 180°
pgé —0042 | —0161 | —0°'842 | —0683 | —1:024 | —~1-205 | —1-324 | —1'366
pga 0139 0234 0252 0115 | —0'155 | —0-338 | —0471 | - 0:519
p'ga —0:099 | - 0195 | —0286 | —04C4 | —0495 | —0'537 | — 0563 | —0572

Table IVb.

Magnitudes of ‘the respective terms re}ated to pgé&, pga and p'ga

of 06r-a when %:5.

N 0° 10° 20° 30° 45° 60° 70° 80° 90°
PoE —0363 | —0861 | —0352 | —0-34L | —0-318 —0295 | —0284 | —0275 | —0273
P 0178 | 0172 | 0156 | 0134 | 0083 | 0054 | 0033 | 0016 0
p'ga 0095 | 0094 | 0090| 0083 |. 0067 | 0048 | 0033 | 0016 0

N 100° 110° 120° 135° 150° 160° 170° 180°
PIE —0275 | —0284 | ~0'295 | —0318 | —0-341 | —0:352 | —0-361 | —0'363
pJa —0016 | —0033 | —0-054 | —0'083 | —0'134 | —00156| ~0172 | —0'178
pga —0016 | —0033 | —0:048 | —0067 | —0'083 | —0:090 | —0094 | —0095




Part 3.] Stresses in an Inclusion in a Gravitating Solid. 479
Table IVe.
Magnitudes of the respective terms related to pg&, pga and p'ga
of 96'r-a when ¥=5.
14

N | 100 | 20° | 30° | 4 | 60> | 70° | 80° | 90°
poE 0 —0041 | —0'159 | —0:341 | —0:682 | —1-023 | —1-205 | —1-323 | —1-364
pIa 0195 283 0334 0465 0620 0609 0478 0263 0
ploa ~0:286 | —0-282 | —0-268 | —0'248 | —0-202 | - 0’143 | —0-098 | — 0050 0

N 100° 110° | 120° 135° 150° 160° 170° 180°
PoE —1328 | —1:205 | —1:023 | —0632 | —0-341 | —0-159 | —0'041 0
poa —0263 | —0478 | —0:609 | —0:620 | —0465 | —0-334 | - 0233 | —0-195
ploa 0050 | 0098 | 0143 | 0202 | 0248 | 0268 0282| 0286

Table IVd.
Magnitudes of the respective terms related to pg£, pga and p'ga
—_ — ' .
of 10r=q ( =7‘9’r=a,) when -H— =5.
}l«

N 0° 1.° 20° 30° 45° 60° 70° 80° 90°
pyE 0 0233 | 0438 | 0591 0682 | 0591 0438 0233 0
pga 0 —0139 | —0234 | —0252 | —0115 0155 0338 0471 0619
ploa 0 —0075 | —0146 | —0214 | —03(3 | 0372 | —0403 | —0422 | —0'429

N 100° 110° 120° 135° 150° 160° 170° 180°
poE ~0233 | —0438 | —0591 | —0682 | —0°591 | - 0438 | —0233 0
rga 0471 0338 | 0155 | —0115 | —0252 | —0-234 | —0139 0
pga —0422 | —0403 | —=0'372 | —0303 | —0214 | —0'146 | —0075 0

Table Va.
Magnitudes of the respective terms related to pg&, pga and p'ga
of 7req (=17"r—a) when £ =co,

N 0 | 100 | 20 | s0° | 4 | e | 700 | s0° | o90°
PoE -1500 | —1'456 | —1'325 | —1'125 | —0750 | —~0:375 | —0175 | —0-045 0
pga 0625 0571 0422 0216 | —0088 | —0250 | —0239 | —0°143 0
plga 0500 | 0492 | 0470 | 0433 | 0353 | 0250 | 0171 0087 0

o] w0 | e | e [ s | wsee | oaee | ame | o1se°
P9E —0045 | —0'175 | —0'375 | —0'750 | —1'125 | —1-325 | —1°455 | —1-500
pIa 0143 0239 0250 0088 | —0216 | —0422 | —0571 | —0425
p'ga —0087 | —0171 | —0250 | —0-353 | —0'433 | —0470 | —0492 | —0-500
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Table Vb.
Magnitudes of the respective terms rellated to pgg&, pga and p'ga
of §0r-q when %=oo.

\j o 10° 20° 30° 45° 60° 70° 80° 90°
P9k —05000 |—0'4850 | —0-4410|—0:3750 | —0-2500 | - 01250 |~ 00585 |[—0:0150| 0
pga 02085 01905| 01410 00723 |—0-0294 (—0-0833|—00797 |—00480| 0
Py 01670 01645| 01570 01445 01180| 0083¢| 00571| 00290 0

N 100° | 110° | 126° | 135° | 150° | 160° | 170° | 180°
pyk —00150 |—0-0585 | —0"1250 | —0:2500 | —0-3750 | — 0-4410 |—0-4850 | 0-5000
poa 0:0480| 00797 00833| 00294|—00723 |—01410 |—0:1905 | —0-2085
plga  [—00290|—0-0571 |—00834 |—0-1180 |—01445 | - 0:1570 |—0-1645 |—0-1670

Table Ve.

Magnitudes of the respective terms related to pg& pga and p'ga

— '
of 66'r=a when ’%=oo.

0° 10° 20° 30° 45° 60° 70° 80° 90°

/

PaE 0 —0045 | —=0175 | —0:375 | —0°750 | —1'125 | —1'325 |—~1'455 | —1500
pya 0375 | 0414 | 0518 | 0650 0795 | 0750 | 0575| 038175 0
pga —050 |~0493 | —0470 | —0433 | —0353 | —0-250 | —0'171 |—0'087 0

/

100° 110° 120° 135° 150° 160° 170° 180°

pyE —1455 | ~1:325 | -~ 1125 | —0'750 | —0:875 | —0'175 | —0045 | 0

roa ~03175| = 0575 | —0750 | —0795 | —0:650 | —0'518 | —0414 | —0:375

p'ga 0087 | 0171 | 0250 | 0353 0433 | 0470 0493 0500
Table Vd.

Magnitudes of the respective terms related to pgg&, pga and p'ga
!

of 76r=a (=76'y=a) when %=oo.

N | 100 | 200 | 800 | 45 | 60° | 70° | 80° | a0
POE 0 | 0256| 0482 | 0650 | 0750 | 0650 | 0482 0256| 0
Pga 0 |-0143|—0239 | —0250 | 0088 | 0216| 0422 0571 0625
p'ga 0 | —0087 | —0171 | ~0:250 | —0:353 | —0433 | —0470 | 0492 | —0:500

T 0| | ne |1 | omr | 1500 | o160 | 1700 | 1800
pgE | ~0256 | —0482 | —0650 | —0750 | —0:650 | 0482 | —0256 | 0
pga 0571 | 0422 | 0216 | —0088 | —0250 | —0239 | —0143 | 0
plga | ~0492 | —0470 | —0483 | —0853 | —0-250 | 0171 | 0087 | 0
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481
Table VIa.
Magnitudes of the respective terms of pg&, pga and p'ga
of 77‘9:00 and 79-00 when Tl
0=630 8630 po5
"‘ 7:;: TAr,
N 0 o5 | 10 | 10 | 11 12 15 | 20 | 80 | 40

o |P9E |- 0428 |—0428 | —0428 |—0428 |—0409 |—0-422 ~0535 |—0696 |—0'852 |—0'914
? pga 0 0065 | 0130 | 0130 | 0242 | 0384 | 0840 | 1525 2702 | 3783
® p'ga 0 0363 | 0727 | 0727 | 0677 | 0633 | 0524 | 0404 0274 | 0207
% £9E |—00883|—0-0883| — 00883 —0-0883|—0-1791| — 0-2311 —02781|—0'2711|—02427|— 02982
:f‘l; pJa 0 |—00476 —0-0955 — 00955/ —0-0251|—0:0052| 0-0378 0-0743] 01806 0-2906
< |p'ga 0 01651 03302 0'3302| 03083 0-2883 0-2377| 01832 0-1242] 0-0939

Table VIb.
Magnitudes of the respective terms of pg, roa and p'ga
of 806-c0 and 66'9-00 wWhen ’li:L.
8 =600 8 =60° 5
090 0100
oo o
0 05 10 10 11 12 15 20 30 40
. pIE 0 0 0 05720, 03517| 02165 00423 00178 00211 00145
? pga 0 |—00195-00390|—03682|— 01764/ —0:0703 00468 00700 0°0544| 00417
® plga 0 0-0909] 01818/ —0-0606|—0-0717|— 00778 —0:0796| — 0-0700| — 0-05615|— 00400
o |PIE —03220 —0-3220| —03220|—1-4642 — 12798 — 1-1561| —0-9610| — 0-8482 —0'7870,—0.7696
=
f nga 0 00706/ 01412] 08342 06964 06365 06351 07850 1-1478) 1'5183
® qa 0 00455/  0°0909) —0-0303| — 00358 —0-0388| — 0-0399| —0-0350 —0:0257|—0-0200
o |PgE [—04280/—0-4280 —04280| — 21430 — 18233 —1'6135|—12957| — 1'1250|—1-0423|— 10213
[
S poa 0 0 0 0 0 0 0 0 0 0
® \ptgal 0 0 0 0 0 0 0 0 0 0
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Table Vle.

Magnitudes of the respective terms of pg€, pga and p'ga

—~ —~ ! 1
of rfg-se and rf'9-30 When E_=

S - 5
6500 850 F
, 0 79"
a
0 05 10 10 11 12 15 2:0 30 40
. |moE | 01855 | 018550 01855 01855 03325 04177 0-5067| 0-5103] 0-4789| 04611
(=
5 lpga 0 |—00478 —00957|—00957|— 02635 - 0-3675|—0-5431| —0-7374| — 11088/ — 14845
® |p'ga 0 |—00683—01365—01865|—01156 —01002 —0'0712|—0-0488|—0-0297|— 00216
& pgE | 02140 | 0214 | 02140 02140 03841 04820, 05844 0-5892 05528 05324
T Pya 0 |-00299 —0:0597|— 0 597|—0-2025|—0-2950|— 04660 —0-6640| — 1-0270|—1-3900
® p'ga 0 | —00965/—01930{—0-1930/—0-1636/ —0-1415| — 0-1007| —0-0682| — 0.0420|— 0-0306
o pgE 0 0 0 0 0 0 0 0 0 0
°||3 rJa 0 00649 01297 01297| 01984 02184 01944] 01328 00728 00494
® p'ga —0'1363|—02725|—0-2725| —("2311|—0-2005| —0-1424| — 0-0966| —0°0593| 00434
Table VIla.
Magnitudes of the respective terms of pg€, pga and p'ga
of 7r0-0c and rr'e—cc when Fo=1.
9=€3° =063
a
0 05 10 10 11 1-2 15 20 30 40
. pg€ | —1 -1 -1 -1 -1 -1 -1 -1 -1 -1
? pya 0 01667 0.3333| 0:3333| 04684/ 06006 09944 1-6043| 27292 3:7941
=)
p'ga (3333 0'6667| 06667| 06316 05994 0:5056; 0'3957| 02708 02059
. |PgE |—02061—02061 — 02061 —0-2061|—02061| - 02061|—0-2061|— (12061} - 0-2061) — (2061
w0
Q? pga 0 |- 01046/—02091|—0-2091|—01841{—0-1599|—0-0891| 0°0073| 01578 02806
® |p'ga 0 01513 0-3027| 0-3027| 0-2870| 0-2721] 02296 01797 011232 00934
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. Table VIIb.
Magnitudes of the respective terms of pg, pga and p'ga
of 699 o0 and 66’ 0=0c when &—1
0 :==600 =600 H
0 =90° 0 =909
T 60 a6’
Cl o o5 | 10| 10| 11] 12| 16| 20| 30| 40
. |poE 0 0 0 0 i 0 0 0 0 0
T lpga| o 0 0 0 | 0021 00424 00617 0-0624] 00492 00391
® pgal 0 0 0 0 |—00261]—0:0424/—00617| —0-0624| ~0-0492(— 0-0891
o |P9E| =CT5 =075 |~075 |=075 |—075 |-075 |—075 |—g75 |—-075 |—075
% pya 0 | 01875 03750 0-3750| 04256 0-4711] 05934] ¢7813 11496 15195
® iplgal 0 0 0 0 |—00130/—0-0211|—00309| — (0315 — 0-0246| — 0-0195
o |P9E| -1 -1 -1 -1 -1 -1 -1 -1 -1 —1
S lpga| 0 0 0 04 0] o 0 0 0 0
® |p'gal 0O 0 0 0 0 0 0 0 0
Table VIIc.
Magnitudes of the respective terms of pg&, pga and ploa
of 78-s00 and r6'g-se when 'i—
0=450 0=450 Vo
8 =00° 8 =400
N ol o5 | 10| 10| 11| 12| 15| 20| 30| 40
o |P7E | 0433 0433 | 0433 | 0433 | 0433 | 0433 | 0433 | 0433 | 0433 | 0433
% pga 0 —-01042|—02083|—0-2083| — 0-2742| — 0-3323| — 0-4824| — 0:6979) —1-0942| — 1-4779
® p'gal 0 |—00834—0'1667|—01668 —0'1383|—01177|—0-0801| —0-0521| —0:0308| - 0-0221
. [POE| 0B 05 05 05 05 | 05 05 05 05 05
? pya 0 |—00589|—0-1178} - 01178 - 0:1935|— 0-2575|— 0-4165|— 0-6330| — 1°0180| — 1-3850
® ip'gal 0 |—01178/- 0-2357|—0-2357| - 0:1960| — 01668 — 01133 —0-0757|— 0-0436| 00314
. |P9E 0 0 0 0 0 0 0 0 0 0
% Py 0 | 01667 03333 (3333 02767 0-2356] 01603 01042 00616 00443
= |p'ga| 0 |-01667|—0:3333|—03333|~02767| - 0-2356/ — 0-1603| — 0-1042|— 0-0616|— 0-0443
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Table VIIIa.

Magnitudes of the respective terms of pg£, pga and p'ga
’

P — 5
of rrg=cc and rr'e=cc when =5,
=63° =630 I-lv

~ —

» rr rr
a
0 05 10 10 11 12 15 2:0 3.0 40
o 1f g& |—1:3636|—1-3636| - 1:3636|—1'3636 —1-3760| —1:3670|—1-2955| — 1 1929|— 1-0941| —1-0547
?1 pga 0 0:2597| 05195 05195 06560, 07729 11092 16617, 27480 3-8u23
B
p'ga 0 02857| 05714 05714) 05600 05440, 04774 03838 02678 0-2044
o |pgE |—02811 —02811|—02811|—0-2811|—02231|—~0-1931| —0-1605| - 0-1648|—0-1828|— 01920
? pya 0 |—01278/—02557|—0-2557|—0-2656|—0-2498| —0-1620| - 0:0322] 01443 02746
® \p'ga 0 01297) 0:2594| 02594] 02551 02472 02168 0-1743| 01216| 00928

Table VIz[Ib.

Magnitudes of the respective terms of pgE, pge and p'ga

of 809=0c and 6;5’9=o° when £ =5.
9 =60° 9=60° [1«
0=900 0=900
r 00 66’
N 0 o5 | 10| 1o | 11| 12| 15| 20 | 80 | 40
pgg| 0 0 0 |—03635—02239—0-1380|—0-0268] 00114 00185 00093

o
T poa 0 00974] 01948] 01774/ 01118 00811 00543 00506/ 00438 00366
® p'gal 0 |-01429|—02857| 00954 00456/ 00129 —00334|—00505| - 0:0457| —0-0376

pgE |~10227|—10227|— 1:0227|— 02952~ 0-4120| - 04915| ~ 0'6155| ~0'6874|— 07265— 07376

B loga| 0 | ososl ocoss 00519 02319 03499 0554 07758 11497 15190
 |yga| 0 |-00714—01428 00477 00228 00065|—0:0167 —00253—0:0228 00188
| pgE |~ 1:3636—1:3636|~1:3636| — 0:2725| —0'4750| ~ 06094 —0'8L18|~ 09204 09781 0:9865
S |pga| O 0 0 0 0 0 0 0 0 0
D)

plgal O 0 0 0 0 0 0 0 0 0

-
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Table VIIIc.

Magnitudes of the respective terms of pg#, pga and plua

— —_~ ’
of 769300 and 76'g_z0 when ﬁ=5.
0=450 @=450 ,l

6=900 6=90°

0 05 10 | 10 15 20 30 40

—_

Pyt | 05905 | 05905 05905 05975 04960 04440 03860/ 03840 04040/ 04150
poa | O |=01258 02516 — 02516/~ 0259302956 - 04350 ~ 06693/~ 10839 —1-4733
Plgal 0 [=01070/—0-2148- 02143

\\\\\\

05738 0:5117] 0-4461 04431) 04664 04794
—03740--06800| - 1-0100|— 1-3800
—01340/—0'0820/— 00461 -0'0325

Pga| 0 [=00575—01150/—01150

- )y

P9E 0 0 0 0 0 0 0 0 0 0
> |pga 0 02599 "0:5197) 05197 03697 0-2800 01557 00934 00565 00419

—_—

Table IXa.

Magnitudes of the respective terms of PIE; pga and p'ga
’

—_ ~ p
of rro=ec and r'g_ge when £ =
0=630 6=63° J22

— —~

rr rr

—  --m

0 05 | 10 | 10 | 11 12 1 15 | 20 | 30 | 49
PE |~ 15000/~15000)— 1.5000|— 15000/~ 1-5195| - 1-5060 —1°4062| - 1-2656) - 11295| ~1:0753
T |pga 0 | 03125 06250 06250 07520 08570 116320 16878 27563 38060
Lo
Plgal 0 | 025 | 05 | 05 | o063 05027 04568| 03748 0-2647| 02083

P9E |—0-3092/—0-3092] - 0-3092 —0.3092/—0-2286/— 01843 —0'1429/—01492/— 01740 —0'1867
pPIa 0 |—01284—023569 —02569/—0-2831| — 02738 —01845/~-00449) 01398 0-2726
p'ga 0 01185 02270 02270 02306/ 02285 0-2072 01708 01204] 0:0928

r
a

63°

7]
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Table IXb.
Magnitudes of the respective terms of pgE, pga and p'ga
— —_ [
of 60p=0c and 0fa=c° when F — .
6=60° 0:=60°
9=00° 9=90°
r 6\6 6’5'
r -
N 0 o5 | 10| 10| 11| r2 | 15| 20| 30 40
. |poE 0 0 0 |—05000- 03065 —01892 _0:0368] 00156 00185 00127
T |ega o | 01875 o750 02090 01176 00755 0:0410{ 00416 00405 00350
® p'ga 0 |—02500{—0-5000 01666 00993 0°0542|—00123|—(0-0416 —0:0431| 00365
. |poE |—11250 —1-1950| —1-1250|— 01250, —02870| — 03947 —0°5651|—06641|— 07176/ — 07329
%’ pga 0 | 03750, 07500—00833) 071459 02033 05399 07708 11491 15197
@ \pgal 0 |—01250—02500 00834 0:0496] 00271|—0-0063—0-0208|—00215|—0-0182
. |P9E —1-5000|—1-5000{—1:5000 0 |—02805 —0-4632| —0-7412|— 0-8906| — 0-9630| — 09814
‘cf’[u pga| O 0 0 0 0 0 0 0 0 0
@ |p'ga| O 0 0 0 0 0 0 0 0 0
Table IXe.
Magnitudes of the respective terms of pqE, pga and p'ga
of 769=300 and 70'9-500 When P =,
0:=45° 0:=45° 1
6=900 9900
r
0 05 10 10 11 12 | 13 20 30 40
| pge | 06495 06495 06495 06495 05195 04460 03690, 03650, 03930, 04080
% pga o0 |—0125(—02500|—02500/—02408 —02686 — 04125 — 06563 —1-0794|— 14712
S |pgal 0 |—01250—02500 — 09500 —0°2010| — 0-1661| —01049| —00625|—0-0339) —0-0235
_ |pgE | 07500 07500 0:7500| 07500] 06000 05155 04258 04219 04537 04717
% pga 0 |—00442 —00884—00884 — 01258 —0-1788 —0+3500|—0'5985|—1-0050 —1-3800
< lptga| 0 |—01768 — 03535 —0-3535| —0:2850| —0-2350] — 01483 —0-0885) —00480{— 00332
R R R o | of o o
% pga 03125 06250 06250 04311 03170 01645 0:0938] 00559 00415
® p'ga| 0 |—02500—05000 - 0-5000|—0-4021] — 0-3324| —0-2097| —0-1250 —0-0677|—00469
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